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I " 1 INTRODUCTION

ABSTRACT

In October 1955 the RCAF requested AVRO to conduct certain engineering

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

support and rnaintain the ARROW 2 in squadron use.

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

rnent best suited for rapid turnaround and efficient lst line rnaintenance of

the weapon systern.

I " Z PURPOSE OF THIS REPOR T

The purpose of this report is:

(") To outline the turnaround and lst line rnaintenance hangar require-

(b)

(.)

(d)

rnents "

To review the ground support equiprnent for rnain and forward base

activities.

To state the procedures and personnel requirernents for turnaround

and lst line rnaintenance.

To rnake recornrnendations on the facilities and equipment for turn-

around and Ist line rnaintenance.

1. 3 DISCUSSION

This report is based on a squadron strength of lZ aircraft. Of these, there

are six in Ist line maintenance, operating at nine sorties per day. This is

the peace tirne training prograrrr requirernent and is derived frorn proposed

specification AIR 7-4 issue 4, which requires an aircraft utilization of Z0

hours per aircraft per rnonth:



Squadron hours per rnonth

Assurne effective flying days

Squadron hours/day

Average sortie

Nurnber of sorties per
squadron per day

IZ aircraft

ZO

240 -- rz
ZO

I hour

LZ

$rflfrddryffe

x Z0 = 240 hours

Operational capabilities in excess of this will be achieved in wartirne, but

cannot be realistically estirnated until sorne operating experience is gained.

F{owever, provision should be rnade for realizing the highest potential at all

tirnes "

The report reviews the operational concept and outlines the rnain technlcal

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

deterrnlne the type of hangar and equiprnent best suited for conducting turn-

arounds and lst line rnaintenance.

Recornrnendations are rnade for all the necessary facilities and equiprnent

except that required for hydrant refuelling. A prelirninary study has been

rnad.e in this area with the intention of establishing the advantages of hydrant

refuelling (if any), and to outline the requirernents for a prelirninary cost

e stirnate.

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

actual purnping tirne, but this rnethod of refuelling rnay be necessary in order

to obtain a supply of cool fuel,if flights above Mach 1.5 are conternplated.

?



T"4 CONCLUSIONS AND RECOMMENDATIONS

}.4. 1 HANGARS

(") AIR 7-4 requires that for one squadron a hangar consisting of four

separate bays is required in which turnarounds or lst line maintenance

can be perforrned.

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

The separate bays are necessary, as taxiing in and out is an essential

feature if the turnaround tirne is to be rnet"

A hangar which rneets the requirernents is shown in Figure 18. The

size has been dictated by the lst line maintenance requirernents whlch

include an allowance of 30 feet for engine changing. An econorny in

size could be effected by either perforrning engine changes with the

hangar doors open, or transferring this function to 2nd line servicing.

if this is considered, then it would be feasible to adapt the readiness

type of hangar for erection as separate modules, with additional space

between thern for equiprnent installation and storage.

No inforrnation has been released on the ultirnate armament to be carried

by the ARROW" Any complication arising frorn handling arnralnert other

than Sparrow rnissiles should be considered before finalizing the hangar

de s ign"

(b) It is recornrnended that the turnaround hangar be zoned near the readi-

ness hangars to isolate the noise nuisance factor and for convenience as

a secondary r:eadiness facility"
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Frorn the theoretical considerations of noise attenuation in chapter 7.3,

it appears desirable that the hangar should be 2000 feet frorn the rnain-

runway and 2000 feet frorn the 2nd line rnaintenance and adrninistrative

areas.

(.) Heating in the cornbined turnaround and rnaintenance hangar should be

at least 50or.. This will provide a cornfortable working ternperature

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

craftrs water boiler.

Power requirernents for the equiprnent in the 4-bay turnaround hangar

will arnount to 1108 KVA, which includes an estirnated Z4O KVA for

hydrant refuelling purnp s.

In view of the aircraftts high wing c-onstructlonrunder wing flarneproof

llghting is recornrnended for rnaintenance work.

(")

1.4. Z EQUIPMENT

(") Static industrial type equiprnent is recornrnended for use in the turn-

around hangar for providing cooling air and a-c polver to the aircraft"

This can be obtained at a lower initial capital cost, is rnore econorni-

(b)

cal to rnaintain, and will reduce the quantity of expensive rnobile

equiprnent required.

The equiprnent for field use is entirely rnobile and air transportable in

a C119 aircraft. A dernonstration is desirable to establish the nurnber

of C1I9 aircraft necessary to support a forward base detachrnent.

No provision has been rnade in the turnaround hangars for handling

weapons other than by rneans of a cornplete weapon pack rrhich has been

serviced and loaded in the weapon storage and test facility" This will

(d)

(.)

4
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(.)

(o)

(.)

ra)

(u)

{i4f#ddss/rffi

meet the turnaround tirne and elirninate the risk involved in handling

rnissiles in the hangar"

3 OTHER FACiLITIES REOUIRED

A weapon storage and test facility wiil be required. This will include

a rnissile test and assernbly building, a rnissile fusing building and. a

weapon pack servicing and loading area. A prelirninary report has

been issued on this subJect (AvRo LcG/r05/36). A tinat report will

be issued at a later date.

An engine and aircrafi run-up wiIl be required to accornrnodate noise

suppressors. This will be the sub3ect of a separate report.

Covered space wi1l" be required for storage and rnaintenance of ground

equr.prnent such as engine star:ting units, power and cooling air trucks,

4000 psi hydraulic rigs, nitrogen cornpressors, engine change equip-

rnent and access plat{orrns" This requirernent will be reviewed in the

Znd line rnaintenance study.

A faciiity wili be required for handling, storing and chargi.ng the liquid

oxygen convertors" A building layout to rneet this requirernent is shown

in Figure 21.

'water softening equiprnent is required at the turnaround hangar tcr

purify the waier for use in the aircraftts heat exchanger boiler. The

water should be purified and softened io contain not rnore than 5 parts

p e r rnilL ion of s cale - forrning s ub stance s. Two stage ionizati.on ol the

type cornrnercially available is recotrtrnended.

3
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L.4.4 TIME STUDY - TURNAROUNDS AND PRIMARY INSPECTIONS - II
AND PERSONNEL REQUIRED

It appears frorn a theoretical tirne study of the turnaround functions that l4

rnen will be required to cornplet an aircraft within 15 rninutes, using the pro-

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

of 250 gallons per rninuterthrough each of two hoses. This tirne rnay be

achieved in the proposed hangar irrespective of weather conditions. The

tirne study is illustrated in Figure 17.

The nurnber of rnen required to cornplete a prirnary inspection within three

hours cannot be realistically established without a dernonstration using RCAF

skill leveIs under norrnal environment. However, it appears frorn a theore-

tical tirne study that a tearn of lZ trad.esrnen plus 2 technicians occupying the

cockpits will be necessary. This tearn can cornplete the airfrarne inspection

in approxirnately I hour 5 rninutes, and the ASTRA I inspection in about 2

hours 40 rninutes. It should be noted that these figures are prelirninary only,

and subject to confirrnation by a Personnel Requirernents Data Study now being

rnade at AVRO.

The nurnber of tearns necessary to perforrn prirnary inspections will be

related to the frequency of these inspections. It is understood that inthe

initial stages,the period between inspections will be 24 hours.

I " 4.5 T'UEL TEMPERATURES

If Mach 2 flight rnissions are conternplated, it will be necessary to establish

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

ing in the open and in hangars in tropieal surnmers. It will also be necessary
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to establish refuelling tender and hydrant delivery ternperatures under sirnilar'-'

circurnstances to deterrnine if hangar and tender cooling is necessary' A

rnethod of keeping the fuel cool by covering the aircraft wings with insulat-

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

1.4. 6 MISCELLANEOUS RECOMMENDATIONS

(") A sui.tably adapted vehicle is recornrnended for use in collecting drag

(b)

(")

(d)

chutes frorn a central parachute packing facility, and delivering thern

to the turnaround hangar. A requirernent 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 reletrsed on the run-

way.

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

will be required for lst and Znd line servicing. These will be rnobile,

of light structure, and house the ASTRA I portable test equiprnent,

plus a hoist for radorne and radar rernoval .

The tTUNITOWTt D-8 tractor is suitable for towing the ARRO'W at the

flight 1ine, but it is recornrnended that each base be equipped with

some tractors of 10,000 Ib draw-bar pul1 for winter use. 
t

The tractor for towing the weapon pack hoist trolley should not exceed

five feet in height. Thls wLll perrnit the tractor to pass r:nder the fuse*

lage when towing a trolley into position for unloading
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' 2".0 INTRODUC TION

2 " L AUTHOR ITY FOR ST UDY

RCAI" letter AMC 1038 CN-I00 (Act Z-1) dated 27 Septernber 1955,detai1ed

certain engineering studies to be prepared by AVRO to ensure that the RCAF

would be adequately prepared to support and rnaintain ARROIrV aircraft in the

fleld"

RCAF letter S1038-105-II (ACE-l) dated 4 October L955, frorn TSD's/

A.V. Roe Canada Lirnited to AVRO set out in detail AVROTs development

responsibility regarding ARROW ground support equiprnent. List 2, appended

to that letter, ca1led up specific engineering studies to cover the accornrno-

dation procedures and equiprnent needed for the ARROW 2 aircraft for lst

line rnaintenance and for turnarounds.

Z"Z SCOPE OT'STUDY

In accordance with the RCAF request for engineering studies of facllities for

the ARRO'W 2 Weapon Systern, the scope of this report is:

(f) To review the operational concept.

(2) To outline the engineering asPects of the ARROYf 2 weapon systern

' which wl1l influence the equiprnent, procedures and accorrmodation

required for turnarounds and lst line rnaintenance'

(3) To review the Ist line ground support equiprnent requlrernents.

(4) To outline the proced.ures, equiprnent and personael required for:

(") Turnarounds

(b) Ist line rnaintenance

(5) To outline the Ist line rnaintenance hangar requirernents"
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(6) To recomrnend accorrlrrrodation, equipment and procedures to be

adopted to discharge the lst line rnaintenance requirernents rapidly

and efficiently.

9
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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 arnended by RCAF letter 536-38-105 (eeO) of. L7

Feb. I958 in respect of squadron strength and turnaround tirne. Although

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

is taken to represent current RCAF requirernents'

The pertinent Points

as folLows:

which relate to turnaround and lst line rnaintenance are

Object

,,The object in the operation of the ARROW weapon systern in tirne of war will

be the attainrnent of the highest possible operational potential at all tirnes'

In tirne of peace the operation of the weapon systern will be concerned prirn-

arily with attaining and rnaintaining a high d.egree of proficiency in the all

weather ro1e. It will consist of a lirnited operational prograrn superirnposed

on a training Program.

The object of the operational sorties will be considered as training. The rnain

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

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

these factors in rnind throughout the developrnent o{ their design'rt

AIR 7-4 Issue 4, Pata.3.l.Z

Para._3. L 1

Batt1e State

rrThe conc€pt is based on

each, at a prePared all

one or rnore squadrons of

weather base. With EO% of

I2 operational aircraft,

the aircraft undergoing

IO
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:raft rd" #minor rnaintenance, each squadron will be required to maintain two

at the state of readiness or standby at all tirnes and as rrrany of the

air craft
,ql
d.

rernainder

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

AiR ?-4 Issue 4, Para. 3. 1. 3

Forward Base

"In exceptional circurnstances, the squadron rnay be required to operate frorn

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 norrnally will return to the rnain base when scrarnbled. Should they be

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

thern for return to rnain base is required. This is a detached operation which

the rnain base rnust be capable of supporting up to a rnaxirnum of 50% of unit

establishrnent. Ind.ividual aircraft will not norrnally rernain on the forward

base longer than the tirne between prirnary inspections. The servicing equip-

rnent required to prepare aircraft at a forward base for return to the'rnain

base rnust be air transportable, with trained personnel to carry out the oper-

ation, in a C I I9 or sirnilar transport airplane" I'

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

Building Facilities

rrFor each squadron, the airfield shall include the following structures:

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

(b) Hangar(s) to house four aircraft undergoingtturnaroundi or first line

rnaintenance.

Hangars to house six aircraft undergoing second or third line rnainten-

ance,

11

(.)
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(d) A rnissile preparation and storage facility.

(") 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 ornitted frorn AIR 7-4.

AIR 7*4 Issue 4, Para.. 3.2

Tirne Lirnits

3"2" L TURNAROUNDS

The rnaintenance organization of the weapons systern shall be able to receive

and turnaround operational aircraft at a rate of 4 every 15 rninutes, provided

the aircraft involved have no rnajor unserviceabilities. The aircraft and

ground support equiprnent sha1l be designed to rneet this requirernent, due

regard being given to the reliability and rnaintainability of the aircraft and

ground support equiprnent. rl

NOTE: It should be noted that the ARROW Z t,as been designed with the

original RCAF concept of a five rninute turnaround in rnind. To

rneet the wartirne objective of the highest possible operational

potential at all tirnes, it is recornmended that this rninirrlurrr turn-

around tirne be fully utilized, by providing hangars and ground

support equiprnent of equal capability.

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

R eplac ernent

"An aircraft scrarnbled frorn or becorning unserviceable in a readiness hangar

is to be replaced by a serviceable aircraftror returned to the readiness state

in a rnaxirnurn of l5 rninutes 'r

IZ
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Utilization Para. 3. Z. 4

rrThe alrcraft together with the support of the ground support equiprnent and

the RCAF shall be capable of a utilization of not less than Z0 hours per

rnonth.rl

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

t'lst line rnaintenance is defined as the series of rnaintenance operations which

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

within three hours. These operations will consist of:

(") PrirnarY insPe ctrons "

(b) Fault isolation.

(.) Fault rectification"

(d) Spe cial insPe ctions "

(u) Alignrnent of relevant systerns.rr

AIR 7-4 Issue 4, Para. 2.2.5

nTurnaround is defined as a series of rnaintenance oPerations whlch will be

done on the aircraft that 1and.-in at least a near serviceable state, and shall

includ.e the replenishrnent of all consurrrable stores, (including rnissiles) and

rninor rectification to enable the aircraft to perforrn the cornbat rnission.rt

IJ
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REVIE\M OF ARROW 2 MAIN TECHNICAL FEATURES

4.1 AIRFRAME

4.1"L GENERAL

The ARROIff 2 is a twin-engine, all weather, supersonic interceptor, armed

with four Sparrow 2D air-to-air guided rnissiles and powered by two Orenda

llroquoisr engines with afterburners. The general arrangelnent of the air-

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

Wing span

Length

He ight

Main landing gear

Wheel base

Weight - basic

* norrnal take-off

- rnaxirnurn take -off

- rnaxirnurn for jacking

Tire pressures

- rnain

- nose

50 ft 0 in.

83 ft 9 in.

Zl It 3 Ln.

25 ft I in.

30 ft 1 in"

43,000 lb.

60,000 lb.

68,000 lb.

55, 000 lb"

250 psig

I70 psig

4.I"Z TURNAROUND

The airfrarne rnaintenance functions which rnust be accornplished durlng turn-

around consist of the following:

(") Inspect visually for structural darnage or distortion.

(b) Check that all access doors and panels are secure'

(.) Check for signs of leaks frorn hydraulic, fuel, and lubricating oi1

systerns. I4



MAX. WEIGHT 68,000 LBS.

NORMAL WEIGHT 60,000 LBS.

MAX. LANDING
WEIGHT 55,OOO LBS.

SECRET

TIRE PRESSURES

MAIN - 260 P.S. l.s
NOSE - 170 P. S.l.s

1A',' 6"

FlG.I LEADING DIMENSIONS

I5



SEC RET

SELECTOR LEVER

SPRING DAMPER

MAIN CANOPY

,VENT LINES

DRAG CHUIE BOX

BRIDLE tINE

TURNBUCKLE

TENSION
REGULATOR

SUSPENSION LINES

FIG.2 DRAG CHUTE INSTALLATION
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(d)

(")

(f)

Inspect wheels, brakes and tires.

Inspect the cockpits and clean the windshields.

RepLace the dragchute. This is stowed in a cornpartrnent 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 rnen in approxirnately five

rninutes, when the control lever in the pilotrs cockpit has been reset"

Access to the dragchute compartrnent will require a workstand approxi-

rnately 7 ft. - 6 in high" Asbestos rnats will be required to protect

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

The dragchute attachrnent fittings are approxirnately I ft. - 6 in above

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

4"t.3 lst LINE MAINTENANCE

It is anticipated that l st line rnaintenance work on the airframe will consist

rnainly of the following functions:

(a,) Pre-flight, turnaround, post-flight and prirnary inspections.

(b) 'Washing and cleaning the aircraft.

(.) Functional tests of all sub-systerns.

(d) Minor repairs, lncluding fault analysis and replacernent of cornponents

when the work is not likely to require more than three hours for corn-

pletion.

The first line rnaintenance work will therefore require suitable workstands,

platforrns, jacks and test rigs, and the hangars rnust have adequate space

for storing this equiprnent when it is not in use. The GSErs iequired for

lst line rnaintenance is shown in Figure 3"

t7
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4.2 ENGINES

4.2. L GENERAL

The ARROW Z aircraft is fitted wlth two orenda Iroquois engines, each

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

with afterburner, und.er sea level static conditions, In addition, each engine

d.rives a 40 KVA oil-cooled generator through a constant speed drive unit,

and hydraulic and fuel purnps through an aircraft accessories gear box'

Separate lubricating systerns are installed for each generator and its drive

unit, and each aircraft accessories gear box. A11 of these systerns use oil

to Specification MIL-L-7808, Grade 1010, so that only one lubricating oil

dispenser is required for servicing the aircraft.

The engines are rnounted inside the rear fuselage, and are installed and

rernoved frorn the rear of the aircraft, using a epecial stand as shown in

Figure 4. With the engines installed, the oil level cannot be rneasured

directly. The oi1 tanks are filled. after each flight, through cornbined fill/

overflow valves so that an adequate supply of oi1 is assured, and the oil

consurnption can be ascertained. The filling and overflow connectiong will

be accessible through service doors in the fuselage'

An oxygen systern is installed on the Iroquois engine to assist cornbustion

during relights at high altitude. The supply is stored in gaseous forrn in a

bottle charged to 1800 psi and is adequate for approxirnately 20 relights-

The bottle would not norrnally be checked during turnaround. 'When it is

necessary to replenish the systernrthe used bottle is rernoved and replaced

by a ful1 one. The used bottle is then recharged, away frorn the aircraft'

zo
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The engines are started by air turbine systerns. This rnethod of starting was

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

AVRO report LOG/LOs/g, 'TARROW 2 Readiness Facility", (M"y 1957) these

starters iequire a supply of hot, rnediurn pressure air, as detailed. below in,

order to rneet the scrarnble requirernents:

Altitude Sea Level Sea Level Sea Level

Arnbient Ternperature -65oF +590F +1000F

Flow (Lb/rnin/engine 145 (rninirnum) I 12 (rninirnurn) 101 (minirnurn)

Pressure (psi absolute 60 (rninirnurn) 50 47

Ternperature 240 to 5000F. 360 to 5000r. 390 to 50ooF

It is recomrnended. that gas turbine compre€sors be used to supply the air

for engine starting, and that provision be rnade in the turnaround hangars

for ducting the air und.er the floor to the aircraft location. Access to the

starting air couplings on the ARROTff Z is shown ln Figure 5.

4,2,2 TURNAROUND

During turnaround, the following rnaintenance operations will be required on

the Iroquois engines:

(1) During shut-d.own, observe that both engines run down srnoothly within

the specified tirne lirnit.

(Z) Replenish engine oi1 supplies. The gear box and generator drive sys-

terns will not require checking during turnaround.

(3) Inspect for signs of fuel, oil and hydraulic fluid leaks, and darnage to

the jet pipe, r.ozzles and turbines-

(4) Connect hoses frorn the starting air supplies"

ZL
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4.2.3 lst LINE MAiNTENANCE

lst line rnaintenance work on the engine installation will include prlrnary

inspections, replacernent of oxygen bottles, checking and replenishing the oil

supply for the gear box and generator drive systerns, and also rernoval and

instalLation of the engines" Engine installation and rernoval is discussed fully

in Avro Aircraft report LOG/105/43, t'CF-105 Power Plant Ground Support

Equiprnentrr (October I956). The engine rnust be rnoved aft 19 ft - 6.2 ,r:

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

placed on a transportation doI1y. As shown in Figure 6 space should be avail-

able in the lst line rnaintenace hangars for engine installation and rernoval,

and for storing the engine installa.tion stands when they are not in use.

A rnobile gantry is being designed by AVRO for lifting the engine off the

engine change stand to the transportatlon dolly when an overhead crane is not

available. The estirnated weight of the power plant is 4,916 lb., and an over-

head crane systern of 6, 000 1b. capacity is recornrnended for rnain base use,

wherever installation is possible.

The alternative equiprnent for engine changing utilizes the englne transporta-

tion stand as part of the engine installation equiprnent" The transportatlon

stand is rnanufactured by the Air Logistics Corporation, and is described

fully in AVRO report LOG /105/43 rrCI.-105 - Power Plant Ground Support

Equiprnentrr. While the overall length of this equiprnent is not as great as

the AVRO engine changing equiprnent, equivalent space is required at the

rear of the aircraft in order to manoeuvre the transportation trolley (See

Figure 6).
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be extinguished, and illurninate again if all the fr-rel 1eve1 sensing valves

and shut-off valves are operaiing satisfactorily.

(f ) Select the refuel switches to the ON position.

(g) When re{uel;ing has been cornpleted, sele ct the reruel switche s CFF .

rernove the retueliing nazzLes, replace the dust covers on the refuelling

adaptors, and close a1I access panels"

During refuel-Ling, air and {ue1 vapour frorn the tanks w,ii be ducted through

lhe tank pressurizatrcn systern and overboard through two ports on the bottorn

or Lhe fuselage as shown in Figure 9. In order to per'rylit aircraft refueliing

Lns..de a hangar, ihese ports have been designed so that exhaust ducts rnay be

atrached to the aircrajt" The {urnes would then be ducted outside the hangar

by exhaust. {ans.

+"3"3 DEFUELLING

Arrcraft defr-rehing will be required when any oI rhe following first line rnain-

t enance work is perlorrned"

t li Engine rernova.l and installation, landing gear retraction tests, fire

conirol and na.viga.;i.on equiprnent aIignrnent" etc. of ali of which require

jacking the aircr:ail. The weight rnust not exceed 55,000 lb" when lift-

i.g the aircraft at the wing and. fuselage jacking points.

(ZJ Tasks which require access to fuel systern components rnounted wi.thin

the iuel ianks"

( 3i OfI -loading fuel Jor training or test f lights.

The fuel ls rernoved throelgh the two defrrel-ing points by either of two rnethods'

3t
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(") Using an external air supply and refuelling tender suction.

(b) By refuelling tender suction along without an air supply.

The forrner rnethod is recornrnended for general useTas this requires less

suction frorn the defuelling purnps, and air rnust be available for fuel trans-

fer tests.

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

(") Ground the aircraft.

(b) Switch rnaster refuel switch to OFF AND DEFUEL

(") Pressurize the fuel systern. A1low 30 seconds for the tank pressure to

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

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

inch diarneter flexible pipe terrninating in a Janitrol coupling (part

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

AVRO drawing No. 7 -2254-15677.

(d) Start the defuelling purnps. The nozzle suction should not exceed 1.0

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

colLector tanks are ernptied first, air will be adrnitted and will prevent

further defuelling.

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

If the tanks are fullrthe rate will be high and if rnost of the tanks are

ernpty the rate will be as 1ow as 32 IGPM.

z^r (f ) When the defuelling rate fal1s below Z0 IGPM, with nozzle suction 1.0

psiBrit rnay be assurned that the transfer tanks are ernpty.

(g) The collector tanks are then defuelled with the air supply shut off.

3Z



With an air supply of 25 psia

ARROW Z . DEI'UELLING
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the defuelling characteristics are as follows:

WITH AIR PRESSURE AND TENDER SUCTION

Defuel Cond,ition
Defuel Rate

Per Sub-Systern
IGPM

Nozzle Pres -
sure Required

PSIG

Air Supp1y
Reqtd Per A/C

at 25 psia.

(") A11 transfer tanks fu1l
and defuelling to-
gether (ttOO gallons
per sub-systern)

z0
40
60
80

I00
117

2.7
2.2
1.6
.9

- .l
- I.0

3.3 lbs/min
4.4 lbs /rnir.
5.4 lbs/rnin
6. 5 lbs/rnin
6. 9 lbsr/rnin
8.5 lbs/rnin

(b) Collector tank,
altitude s below
8000 ft.
(t46 gallons per
s ub - systern).

IO
15
ZO

40

- .7
- 1.0
- 1.5
- 5.5

No air required
Air shut off

Method (t) Using tender or hydrant suction on1y, with no air supply

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

(t) With the master switch in the OFF AND DEFUEL position, 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.

Disconnect the release 1ine.

The defuelling characteristics are shown in the following table:

JJ
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ARROW Z - DEFUELLiNG WITH TENDER SUCTION ONLY

Defuel Rate Nozzle Pres-
Defuel Condition Per Sub-Systern sure Required

IG PM PSIG

(") A11 transfer
tanks full and
defuelling to-
gether (t tOO

gatlons per sub-
systern)

za
40
60
80

100
120
140

- I. 6 Air release line
- L.7 frorn collector
- 2.0 tank has to be
- 3.4 disconnected and
- 6.0 blankedror flarne
- 8.0 trap to be sealed
- 10. 5 of.f..

(b) Collector tank (t46 l0
gallons per sub-
systern).

15
20
30
40

- o"7
- 1.0
- r.5
- 3.2
- 5.5

4.3.4 PRESSURIZATION AND FUEL TRANSFER TESTS

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

tank pressurization and fuel transfer tests, for which the {ollowing air supply

ls necessary:

Pressure 50 - 60 psia desirable

85 psia rnaxirnurn

Flow: 9 lbs/rnin at 50 psia

lL.? Lbs/rnin at 60 psia

Ternplrature Not to exceed 350otr' (tt"*).

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

an alr ejector used in the systern.
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The defuelling rnay also be conducted using 50-60 psia air pressure, but an

increased air flow will be required as follows:

AIR SUPPLY I'OR DEFUELLING, USING 50 - 50 psia

P re ss ure Flow

at 50 psia
at 50 psia

10 1bs,/rnin.
10.6 lbs/rnin.

4.3.5 AIR SUPPLY

The air supply for fuel systern pressurization, transfer tests and defuelling

rnay be obtained frorn the rnain hangar supply or frorn a rnobile rig. The air

supply required will be tZ Lbs/rnin. at 50 psia with ternperature not to exceed

3 500I..

There is no suitable rnobile rig in use with the RCAF at present but the

Iroquois engine starting unit is capable of rneeting the presaure and flow

requirernents. This unit, however, delivers air at ternperatues up to 500"F

depending on arnblent conditions, and a heat exchanger will be necessary to

reduce this ternperature to below the rnaxirnulTr of 350"F, acceptable for fuel

tank tests. A srnaIl portable air-to-air heat exchanger is at present being

designed for this purpose by AVRO.

4. 3. 6 l st LINE MAINTENANCE

lst line rnaintenance on the fuel systern will consist of visual checks for leaks

and for venting frorn the tank vent systern at the flarne trap outlets. In addi-

tion, functioning checks on the 1ow pressure cocks, cross feed cocks and 1ow

5)
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pressure warning lights will be required. No routine engine run will be

rnade during prirnary inspections. However, an engine run will be necessary

to cornpletely function the fuel systern after rectification of defects.

Test

fuel

The

4.4

4" 4.

The

(")

(b)

{")

sets will be provided to check the functioning and serviceability of the

contents gauges and fuel systern centre of gravity control sequence units.

latter equiprnent is stil1 in the design stage.

HYDRAULIC SYSTEM

1 GENERAL

ARROW Z is equipped with three separate 4000 psi hydraulic systerns:

Utility services hydraulic systern

Flying controls hydraulic systern A

Flying controls hydraulic systern B.

Tire flying controls hydraulic systern is duplicated, and identified A and B.

The utility systern operates the arrnarnent systern, speed brakes, landing

gear, wheel brakes and nose wheel steering sub-systern. Each systern uses

hydraulic fluid to Specification MIL-O-5606 and is powered by two purrrps,

one driven frorn each engine through an aircraft accessories gear box" Each

purnp delivers Z0 US GPM of fluid at 4000 psi, and accurnulators are fitted

to reduce pressure fluctuations, and to perrnit lowering of the landing gear,

and braking under errergency conditions. A hydraulically pressurized corn-

pensator is installed in the return side of each systern to provide reserve

fluid, and to pressurize tlne purnp inlets. In addition, a 1000 psi sub:systern

is used to operate the radar antenna drive. This is powered frorn one of the

40OO psi flying control systerns. The 4000 psi hydraulic systems rnay be

36



ti *{i$"#$S.ft'$i

ASTRA I - HYDRAULIC
GROUND CONNECIIONS

IN NOSE WHEEL WELI

STATION 572
GROUND CHARGING CONNECTIONS

UTILITY HYDRAULICS
LOWER FUSELAGE

STATION 6r'4
FLYING CONTROT HYDRAULICS

LOWER FUSELAGE

FIG.IO HYDRAULIC SERVICE COUPTINGS
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operated on the ground by supplying fluid frorn a ground rig through self -

sealing, quick-disconnect couplings as shown in Figure 10. A hydraulic test

rig for this purpose has been designed to AVROCAN Specification E-466.

This rig is capable of supplying a flow of 40 US GPM at 4000 psi to one air-

craft systern or ZO US GPM at 4000 psi to both flying control systerns Cirnult-

aneously. Fluid rnay be ad.d.ed to the systerns through the return line coup-

1ings. The radar antenna drive systern rnay be operated on the ground either

by energizing the 4000 psi flying control systern or directly frorn a 1000 psi

external supply.

4"4"2 TURNAROU}{D

Norrnally, the hydraulic systerns will not require inspection or servicing

during turnaround.

4"4"3 lst LINE MAINTENANCE

First line rnaintenance on the hydraulic systerns will consist of the following:

(")

(b)

(.)

(d)

Checking and adjusting cornpensator fluid levels.

Checking and adjusting accurnulator pressures.

Filling and bleeding the systerns.

Systerns functional tests.

The access polnts for these servicing functions are shown in Figure 10, and

the foll.owing support equiprnent is required:

(I) Hydraulic test rig - 40 US GPM at 4000 psi.

(Z) Hydraulic test rig - 9 US GPM at 1000 psi"

(3) Hydraulic fluid dispenser with five rnicron filtration"

(4) 5000 psi nitrogen supply for charging accurnulators.
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4.5 OXYGEN SYSTEM

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

one for norrnal use and one for errrergency use. For the norrnal supply liquid

oxygen is carried in a 5" 0 litre converter and is converted to gaseous oxygen

at 70 psi" Frorn the converter, the oxygen flows to a pressure regulator on

each ejection seat and thence to the crewts oxygen rnasks and partial pres-

sure suits. The supply is adequate for the aircraftrs longest ferry rnission

or for three high-speed cornbat rnissions (t-t/Z hours), provided that no

rnore trran Z|hours have elapsed since the converter was fil1ed. The con-

verter weighs 23.5 Lb. when filled and is rnounted on a tray in the dorsal

fairing irnrnediately behind the rear cockpit. Access to the converter is

gained through a dosr in the fairing and all connections are of the quick-

disconnect type, so that a converter can be replaced in approxirnately 3

rninutes. The instali.ation is shown in Figure 11.

In the errrergency oxygen systernrgaseous oxygen is stored at I800 psi in a 50

cubic inch capacity cyllnder rnounted on each ejection seat. The supply is

adequate f.or 2O rninutes of crew breathing.

4.5" I TURNAROUNDS

Replenishrnent is made at turnarounds by rernoving the convertor and replac-

ing it with a full one.

No servicing is required in the errlergency oxygen systern other than a visual

check of the contents gauge"

4 " 5. Z lst LINE MAINTENANCE

This will consist of a visual inspection and functional check of the oxygen

regulator and convertor quantity indicator.
39
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4 " 6 THE PNE UMATIC SYSTEMS

Two basic pneurrratic systerns are used in the ARROW Z; a high pressure

storage systern and a low pressure systern'

+"6"1 THE HIGH PRESSURE SYSTEM

power for landing gean ernergency operation is obtained frorn a 5000 psi

nit:ogen storage bottle rnounted in the fuselage below the air condltioning

equiprnent bay. A plessLlre gauge and charging point are located in the nose

wheel weIl. Nitrogen is used to eiirninate the possibility of a diesel exploslon

when rhe high pressure gas cornes into contact with the hydraulic oi1 in the

landrng gear actuator.

Alr or nitrogen, stored at 3000 psi is used for transferring fuel frorn the

over,load tank to the rnaln tanks. This will only be required for ferry rnissions.

A mobire cornpressor manufactured to AVROCAN Specificatlon E-333 wilL

provide either cc lpressed nirrogen or air to replenish these storage sys-

'i-errrs 
"

4.6. Z TFIE LOW PRESSURE SYSTEM

The 1ow pressure systern is sub-divided into three sub-systerns:

(") Fuel tank pressurization systern

(b) Equiprnentpressurization systern

(.) The pitot-static systern.

4"6.2"1 Fuel Tank Pressurization

The fuel tank pressurization systern draws ai.r at 65 psia frorn the air con-

d"i"iion;ng sysrem to pressurize the fuselage tanks to zz l/z psia and the wing

r.anks ro l9 psiarto prevent boiling and to effect transfer of fuel.

+-,.^ J ,rj'3tu&#
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4. 6. Z. Z Equiprnent Pressurlzation

The equiprnent pressurizaiion systern draws its air frorn the water evapor-

ator in the air conditioning syster-n at 65 psia. The air passes through a 200

rnesh screen and water trap which rnay be drained periodically. This air is

used to pressurize the cockpit canopy seals at 20 psig (with relief valve set-

ting ai 25 psi.g) , the arrnarnent pack seals at Z0 psig, the crew rnernbers

antr g suit at up to 10 psig and the electronic systern wave guides.

4"6"2.3 The Pitot-static Systern

A bocrn rnounted on ihe nose, and a probe rnounted on the fin sense arnbient

pressure condiiions for operaiing flight instrurnents and cabin pressure con-

trol valves.

Turnarounds

No rnaintenance is required at turnarounds other than a visual check of the

pressure gauges on the errrergency nitrogen high pressure bottle, and a visual

check of the nose boorn and fin probes"

F: r:s: Line Maintenance

This w:.11 consist of a visual check as at'iurnarounds, plus a leak test of the

pitor-static systern.

Salisfactory oper:ati.on oI the canopy seal and crews anti-g suit will be apparent

to the aircrew and no rnainrenance is required unless an unserviceable report

is r:ecei"ved. Shotrld a cockpir pressurization systern check be necess?rl, a

i..esr rrg wiil be requi::ed. This shouid be capable of supplylng 20 psig for

canopy seal rnflation, and at least 50 CFM at 6 psig to cover cockpit pressure

reglrlarion and relief valve tests '
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A Godfrey cabin pressure test rig Type tf/CeN (nCaf +C/2374) or Type

IE/AAN (nCef 4G/1815) should be suitable for this purpose. The Type

4GiZ374 ts being evaluated on the ARROW 1.

4 7 ANTI-ICING AND DE -'ICING

1"7.I ANTI-ICING

Anti-icing protection is provided as follows:

(") Electro-therrnal panels lor the canopy windows

in; Electro-therrnal elernents {or air data sensing heads,

(c) Hot air bleed Ior the struts in the engine front frarne section and engine

nose bu11et.

+.i " Z DE-ICING PROTECTIOI\

De - icing prctecrion is provided for the cornplete surface of the air intake

ramp and ihe inside surface o{ the rarnp lips by an electro-therrnal cyclic

de-rcing sysiern. The systernrwhich is cornpletely autornaticrsheds ice in

srnall pieces to prevent darnage to the engine or airfrarne

+.7 " 3 TURNAROUNDS AND 1ST LINE MAINTENANCE

No .:ervicing is required at ti:.rnarounds and only functional checks are

required at prirnarY insPections,

4. I AiR CONDITIO*NILI_G

Becau.se of the operational role o{ the ARROW Z, rrtany iterns of electrical

and elecrronic equiprnent have been designed for forced air cooling" These

iterns rely on a continuous ilow of air to rnaintain the ternperatures at an

acceptable 1evel" in flight, the cor:ling air is obtained frorn the aircraft air

conditioning sysiern. The systelTr uses air: bled frorn the engine cornpressors

and cooled through an air-to-ait hear exchanger, a water boiler and an
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expansion turbine. The cool air is then ducted to the cockpits and. equiprnent

bays and is finally exhausted overboard.

For ground operation, cocling air can be supplied to the aircraft through two

autornatic quick r:elease couplings, which are located in the bottorn of the

fuselage, forwald o1 the arlTrarnent bay, as shown in Figure 3. A rninirnurn

a.-r ilow of I50 lbfrninute, at a ternperature not higher than 55'F, and at a

pressure of 4.5 psig is required at the aircraft to rnaintain adequate cooling

throughoui the aircraft. This air supply should contain no free rnoisture.

Srnce ther:e is no provision for adjusting the distribution of air within the air-

craft, as various loads are switched on and off, this quantity of air must be

s;pplied to the arrcraft whenever external a-c electrical power is used.

+.8. 1 TURNAROUNDS

During t:urnaround., no inspection or rnaintenance work is required on the air-

c'ondli: ioning sysLern, but cooling air rnust be supplied frorn an external source

and the boiler rnusi he filled with pure water, Water has been chosen as a

col,1ing rnediurn because oI its high latent heat of evaporation. Pure water

is required in order to prevent deposits frorn forrning within the boiler,

the::eby reducing iis efficiency.

Three acceptable sources of water have been considered:

1. Fi.liered rain waier or rnelted snow. to which sodiurn sulphite has been

added to inhibit corrosion.

Z. Main drinking water supply which has been sortened by twc-stage

ionlzation to leave nol rnore than 5 parts per rni.1l.ion of scaLe forrning

substances"
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3" Distilled water.

In view of the large quanti;ies oi water involved, the softened rnain drinking

water supply appears to be the rnost reliable source. The capacity of the

:.uoiler in the ARROW Z is 25 gallons. and it is estirnated that a replenishrnen',

of e4 galions wili be reqriired after a cornbat rnission in which speeds ol

Mach Z have been atiained. The boiler is designed to withstand freezing, bul

a s;ppIy of hot water (l6O'f; will be requir:ed for replenishrnent at forward"

hases, in su"b-zero weather'. The liiiing point for the boiler is illustrated in

Fig.ire 12.

7.8. Z lST LINE MAINTENANCE

Sho;l"d a de-[ect be reported in the air conditioning systerrr, a quick check rnay

-i: e rna.de of the iernpera:ures and pressures in the systern by connecting a test

r.j;x to a -receptacle in the nose wheel we1L. This test unit uses therrnocouples

-r:r1 pl.iois perrnanently installed in the air conditi.oning systern. It will be

necessary- to run the engines to perforrn this testrso that the cornplete sys-

r.ern is iunctioned"

I"9 ELECTRICAL SYSTEM

+. 9" 1 ALTERNAT"NG CURRENT POWER REQUIREMENTS

The ARROW 2 alreraft is equipped with two cornpletely independent and self-

eonrained eLectr:lcal systerns, one being powered frorn each aircraft engine.

Eacn sysxern c..htains ia;s power frorn a 40 KVA, LZOfZOBY, 3 phase, 400 cps

a-; generator which is dr:iven by its aircrat.i engine through a constani-speed

dri.,e unii." Direct curren: at 27.5V is obtained frorn two 4.5 KW transforrner-

rert'r1ler cni.ts, each supplied t:r:orn one of the a-c systerns. These d-c ou.tpu,ts

a;re paralleiied to feed all the aircral't d-c services.
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As soon after landing as possible the safety pins must be inserted in the

drogue g,*,

and the canopy cartridge firing sear.

prior to each flight, it will be necessary to rernove these pins and place thern

in their stowage positions, after the pilot has secured hirnself in his seat"

Each seat carries a cornbined parachute and seat harness. The parachute is

considered as part of the seat but rnay be rernoved independently for periodic

repacking"

Each seat weighs Il0 pound.s and requires a minirnurn headroorn of five feet

for rernoval" Before rernoval, the seat rnust be cornpletely dlsarrned.

Rernoval rnay be rnade by two lrlen, and it is recornrnended that the seat be

rernoved rnanually to avoid distorting the seat slipper pads and guide ehannels.

However, it is recornrnend.ed that an overhead hoist be available to take the

weight and lower the seat to the groundras the task is awkward and hazardous

in view of the height of the cockpit" For field use, it is desirable that a self

rnobile hoist sirnilar to the GIRAFFE rnodel I-G-40 should' be used"

The cartridges rnust be changed periodically but the change rnay be phased

in with Znd line rnaintenance when the seats would be rernoved frorn the air-

craft. However, the cartrid.ges can also be changed with the seats installed"

This is done by elevating the seat pan to rnaxirnurn installed height, dis-

connecting the top attachrnent pin and tilting the seat to its rnaxirnurn forward

pos ition"

6Z
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The pressure in the ernergency oxygen bottle should be checked and a visual

inspection of the seat, parachute and operating rnechanisrns should be con-

duct<!d, at prlrnary inspection to ensure cleanliness and serviceability.

4. L5 AIRCREW EQUIPMENT

Special flying clothing and equiprnent will be necessary for aircrew as follows:

1. Pressure helrnet

Z. Pressure vest

3" g suits

4" Leg restraints

5, Heavy clothing such as boots and rnittens'

Facilities for handling this equiprnent together with aircrew showers, toilets,

rest and locker roorns would be desirable and should be located as close to

ihe turnaround hangar as possible.
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5.0 GROUND SUPPORT EQUIPMENT

5. r GENEBAI,

In chapter 4 the ARROW Z rnaintenahce requirernents during turnarounds and

lst line rnaintenance were reviewed. From this review, the ground support

equipment required for the ARROW Z has been deterrnined and is surnrnarized

in Table I. Recornrnendations for specific eqiriprnent for field and hangar

use are listed in Tables Z and 3'

Tabie I (a)

TURNAROUND-- BASIC REOUIREMENTS

F unction Descriptibn bf Seivice
Required

Equiprnent
Requiied

l. R efuel ZW6 Irnperial. galIons.
flow of 500 gprn to 1000
rnax. through two hoses
psi.

-Tender or hydrant sYstern.
-Access stands for connect-
ing hoses to refuel adaPt-
Grs '

-Fuel vapour exhaust sYstern.

T otal
gprn
at 50

) A-c and
d-c power
rnaintaining
ASTRA I at
standby"

Up to 40 KVA of 115/Z0OY,
400 cycle, 3 phase a-c
power to Avrocan SPec.
E - 500.

5 arnp . at Z7 .5Y d-c to
operate a-c relaYs in the
aircraft.

Cooling air supPly. Mini-
rnurn of 150 1bs/rninute at
55oF. at 4" 5 psig at the
a ir c raft.

Cornbined power and air con-
ditioning trucks or seParate
static generating Plant and
separate air conditioning
unit.

3. R eload Rernove pack and replace
with loaded pack.

Ernpty hoist trolleY and re-
ptacernent loaded Pack on
hoist tro1ley.

Change of
airc rew

Cockpit access Platforrn or
access catwalk.

4.
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5.

6"

Function

Drag
chute

Replenish
water in
air con -
ditioning
systern
boiler.

Oxygen,
replenish

Engine oil
replenish

Check
auxiliary
gearbox
o il.

10" Inter:corn
Tele-
s c rarnble

I1" Align
ve rtical
heading &
r efe r ence
systern "

12. Engine
star:ting

R eplace

Add up to 24Irnperial gallons
of pure water per cornbat
rnis sion.

Change liquid oxygen con-
ve rte r

Max. consurnption 3 Pints/
engine/hour at rnilitarY rated
speed. Refill at pressure
point until oil is observed
at overflow pipe.

Replenish as necessary.
Should not norrnallY require
replenishrnent at turnarounds "

Cable connects aircrew,
ground crew operations roorn
and engine starters through
nose wheel recePtacle.

Deterrnine aircraft heading
to *. -tf 4" Method not yet
firrnly established).

Hot, rnediurn pressure air;500
VA at 1I5Y, 400 cPs a-c to
warrr arnplifiers in engine
fuel flow control units; 50

arnp at Z8V d-c; signal wires
to control starting cYcle
frorn aircraft.

Equiprnent

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

Main water supply with
overhead delivery hose
and autornatic shut-off and
refi1I r.ozzle, or rnobile
water tanker with heater
unit. Access ladder or
catwalk.

R eplacernent converte r,
access ladder or catwalk.

Replenishing trailer 20
gallons oi1.

Engine oil replenishing
unit.

Cable frorn hangar or frorn
engine starter(s).

Gas turbine cornPressor
unit(s). If two units are
used to provide sirnult-
aneous engine starts,
cabling is required in
accordance with AVRO
drawing 7-4427 -1I3.

7.

8.

9.

Description of Service
Required
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Systern

1. Astra I Prirnary lnspection

Fault isolation

Rectification

Replenishrnent

2 Engine s Prirnary inspection
intake s

Engine change

Table I (b)

- atr

ri;rtrd.$i$$#Fra*

Equiprnent Required

Ground supply lLS/200V
400 cps 40 KVA.
Cooling air supply:
Main hydraulic power rig.
Radar antenna hydraulic
power rig.
Node servicing dock.
Fin servicing stand"
Flre control test set.
AFCS test set'
Darnper test set.
Pitot-Static test set.
G-lirniter test set .

UHF test set'
Doppler te6t set'
Vert. heading and Ref.
systern test set.
Radar horner test set-
D.R. test set.

Fire control cornPuter
test set.
AFCS auxiliary tegt set.
Darnper auxili.ary test set.
Pitot-Static test set.
G -lirniter te st set .

Electronic spares trolleY,
Electronic replacernent units '

Hydraulic reservoir filler.
Coollng oi1 tank filler,

Access ladder.
Flarne proof insPectlon 1arnP.

Replacernent engine in trolLeY.
Engine change stand.
Ernpty transPort trolleY.
5000 lb" capacitY hoist,
Aircraft jacks -

Engine sling and bearn

Ist LINE MAINTENANCE :_-BASIC REQUIREME.NTS

Description of Service
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Systern

2. (Cont'd)

__ 
r. "..lnli." :l 1:ll::

Oil replenishrnent

Oxygen replenishrnent

Equiprnent Required

Replenishing trailer Z0

gallons oil capacity.

Replacernent bottle.

3. Airfrarne
general

Towing

Def ue1Ling

Fuel transfer & regulation
te sts

Tractor 10,000 lbs. draw-
bar puIl.
Tow bar or bridle.
Nose wheel steer arm.

Tender.
Air supply 50-60 psia 1Z

lbs/rninute at 350oF (rnax).

Air supply 50-50 psia I2
lbs/rninute at 350oF max.

Nose
s e ction

Ar:rnarnent
bay

Hydraulic
equiprnent
bay

1{ ing
(one side)

Prirnary inspection

Prirnary inspeetion

Prirnary inspection

Prirnary inspection

Access stand (ACaf
4c /15e6)

Access stand (nCaf
4G /1596],

Hydraulic bleed & charge
unit.
Cornpressor, nitrogen
5000 psi

Access stand to landing gear
bay roof (ncar 4G/15961
Rubber rnats for uPPer sur-
face

Dorsal
area

Prirnary inspection Cockpit access stand

Ernpennage Prirnary inspection Fin servicing stand

Cockpit Prirnary inspection Cockplt access stand.
Hoist.

4" Electrical Prirnary inspection Access pldtforrn (RCAr.
4G /r596\t

Hoist trolley, for rernoval
of pack and transPorting it
to the arrnarrlent storage and
test facllity.

5" Arrnarnent Prirnary inspection

b1
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5"2 TURNAROUNDS

The original concept (AiR 7 -4 lssue 2) required that a turnaround be

cornpleted. in five rninutes. Consequently, the aircraft has been designed with

this in view and can take refuelling flows of up to 500 gallons per rninute

through each of trro points. However, hydrant refuelling and other quick

access facilities will be required to achieve turnarounds within the required

tirne. A prelirninary tirne study using this equiprnent showed that this rnight

be realized in about seven rninutes.

The turnaround tirne has now been relaxed to four aircraft in 15 rninutes and

this rnay be achieved using field equiprnent and tender refuelling. The equip-

rnent required is listed in Table Z (").

It is desirable that the rninirnurn turnaround tirne be achieved and it is

recorrlrnend.ed that the ground support equiprnent be designed to realize the

ful1 capabilities of the alrcraft. This equlprnent is listed ln Table 2 (b).

68

Systern Description of Service Equiprnent Required

5. (Cont'd) Aircraft test set (pack and
rnissile sirnulator)

6 " Instru-
rnents

Primary inspection Use access platforrn already
placed.

7. Safety
equip-
rnent

Prirnary inspectlon

Drag chute replacernerit

Hoist for seat rernoval and
replacernent.
Access platforrn (nCef
4G /r5e6l
Asbestos blankets and
gloves.
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Table 2 (a)

TURNAROUND AT FORW'ARD BASES

Se rvice s
R equired

Equiprnent
R ecornrnende d

Quantity
for turn -
around in 4

e/c in I5 rnins

Ref ue1Ling Tender, RCAF have rnade ProPosal
for GFE tender of 3200 gallons capa-
city and refueltring tate 250 gal ' f rnin-
ute ihrough each of two hoses at 50

psi.

Ac ce s s platforrn 3 6 inch hi gh, 4

steps up.

4 in irnrnediate use
plus 5 standby, as
one tender will
only refuel one
aircraft "

8 (2 per aircraft)

Z, (aS Electric
power

(b) Cooling
air supPlY

A cornbined air condition and elec-
tric power trailer which will Pro-
vide 1L5/200V 400 cPs 3 Phase a-c
and I50 lbs/rninute air at 4-l/Z
psig at 55o (Ivtax)

The trailer will have lirnited self
rnobility.

4

3. Reload Weapon pack hoist trolleY - ernPtY
Weapon pack hoist trolLey - loaded
with replacernent Pack

4
4

4 " Cockpii Mobile access platforrn" Existing
alternative types are to be evalu-
ated by RCAF.

4

Drag chute
replacernent

Drag chute collection vehicle.
Access stands.
Drag chutes
Asbestos rnats and aProns for
personnel

I vehicle
4 stands
4 drag chutes
4 sets

6. Water replen-
lshrnent air
condition
boiler

Trailer 50 gallons with oll-fired
heater and special autornatic shut-
off refilling nozzle.

4
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Service s
Required

Equiprnent
Recornrnended

Quantity
for turn-

around of 4
A/C in I5 rnins.

7 " Oxygen
replenish

50 gal1on liquid oxygen storage
trailer (Cff)
Spare converters
Insulated trailer for safe stowage
and transport of eonverters'
(converters evaPorate aPProx.
i titr" of liquid oxygen in 24 hours)

i

4
I

B. Engine and
auxiliarY
gear box.

Engine oil trailer, 20 gallon capacity
Avrocan E'473

4

9. Engine
Starting

A gas turbine compressor unit on a
rnobile trailer is recornrnended for
supplying the hot rnediurn pressure
air for engine starting.

The unit will consist-of: gas turbine
coryrpres sor, Z7 .5 V 50 arnP d-c
generator, batterY, a 500 VA 400

cps 1I5 volt single Phase suPPIY,

intercorn junction boxes, electric
and intercom suPPlY cable to the
nose landing gear recePtacle and
two air delivery hoses.
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Table 2 (b)

SECRET

Uru01&a;,3;:#

Service s

R equired

TURNAROUNDS rN PREPARED l4xca3-a

Equiprnent
Recomrnended

Hydrant systern to supply 1,000 gal1on/
rninute to each aircraft at 50 psi with
satellite storage tanks in turnaround
area. This sytern requires a 1ocal supply
of ernergency electrical power for purnp

house operation as insurance against
hydro -electric failure .

A dispenser incorporating filters, water
separators, rneters and an air elirninator
is required in each turnaround bay'

There are no detailed proposals at present'

Although the rnaxilrlLllrl short duration load
for Ist line rnaintenance oPeration on the

ARROW 2 is estirnated to be 31' 5 KYA at
present, it is recornrnended that rnotor

lenerator sets be installed to provide
up to 40 KVA of 1I 5 /200 \to1t 400 cPs 3

phase power to each aircraft' The
characteristics of this Power should rneet
Avrocan Spec. E-500 (40 KVA generators)r
and. the generator should be driven by a
synchronous rnotor in order to obtain the
specified frequencY of 400 cPs'

A unit with suitable current character-
istics apPears to be the Motor Corpora-
tionts Model #1050 of 50 KVA rating'
This capacity is in excess of the irnrned-
iate know requirernents per aircraft and

a 40 KVA set would be suitable if avail-
able. This unit does not rneet the over-
load requirernents specified in Avrocan
E-500,but this is considered unnecessary
for ground operation.

Q uant ity
for turn-

around in 4

AIC in 4 bays

R efuel

E1e ctrical
power

4

4
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Services
Required

3. Conditioned
air suPPlY

Alternative
to Z and 3.

4" Reload

Cockpit
access

5.

6. Drag chute
replacernent

$Je'#9"$ffi.ryril#

Quantity
for turn-

around of 4
A/C in 4 bays

Electrically driven stationary equip -
rnent, to supply 150 lbs/air rninute
at 4-l/Z psig at 55oF (rnaxirnurn)'
at- the aircraft, with the air contain-
ing no free rnoisture.

A proposal by the John Inglis Co' Ltd'
as subrnitted in Avro rePort LOC} /
lO5/9 rrReadiness Facilitytr is an

exarnple of a suitable unit.

The powerf aft conditioning unit re-
cornrnended in Table 2 (a) para'Z (")
and (b) for use at forward bases rnight
be used in turnaround hangars but this
is not recornrnended for the following
reasons:

(a) Lower initial cost for industrial
rnachinery.

(b) t ower 1evel of skiI1 for rnainten-
ance and less {requent rnainten-
ance required for industrial
rnachinery.

(c) Lower noise 1eve1.

Equiprnent
Recornrnended

'Weapon pack hoist - ernPtY
Weapon pack hoist - loaded with
replacernent Pack

Mobile access platforrn. Existing
alternative types are to be evalu-
ated by RCAF.

Acces s stand
Drag chutes
Asbestos rnats and aProns for
personnel.

AT

4
4 sets
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Equiprnent
Recornrnended

Replacernent liquid oxygen conve rters'
Trailer insulated for transportation of
converters (nCaf Drg. 551561)

Trailer engine oil replenishrnent 20

gaIlon GFE to Avrocan SPe c. E-473

UHct${H$FFl'*

QuantitY
for turn-

around of 4
x/C in 4 bays

7.

Services
Required

'Water

replenish-
rnent

8. Oxygen

9. Engine &
gearbox oil
replenish-
rnent.

10" Intercorn

1I. Engine
starting

'Water softening Plant caPable of
delivering 1Z gallons per rninute to
each turnaround bay through an over-
head hose deliverY sYstern.

Hose terrninating in a I inch diarneter
autornatic shut-off filler nozzle such
as "Filornatic'r #tStl rnanufactured by
O. P. W. Corporation, Cincinnati and
rnodif ied to suit ARROW 2. Flow
requirernents are based on cornpleting
turnaround replenishrnent of 24 gallons
in 2 rninutes" Water softening equip-
rnent is not specified as this will vary
with the quality of the water in each
1oca1ity.

Cables are required for interconnect-
ing the aircraft and starter units; air-
craft and ground crew; aircraft
and the Bel1 TelePhone CornPanY
t' Te1e scrarnble rr systern.

A gas turbine colrrpressor unit com-
plete with a generator to suPPlY 50

arnp Z7 " 5 volt d-c and 500VA source
of 1I5 400 cps single phase a-c power
is proposed for the turnaround
hangar. The unit would also carrY
junction boxes for intercorn as des-
cribed in itern I0. This is identical
to the proposed trailer unit recorn-
rnended for field use"

4

t1

4

4

4



Services
R equired

UNCttrSSffiEr;l

Quantity
for turn -

around of 4
A/c in 4 bays

tz"

I I. (Cont'd) The direct current frorn this unit
should be fed to a junction box which
would also receive an identical supply
frorn a hangar d-c source to operate
the intercorn systelr] on occasions
when the engine starting cornPressor
is not running.

The starters should be interconnected
so that either starter can start any
engine.'

Ernergency
d-c for
starting
engines and
operati.ng
inte r c orn
when engine
starters are
not running"

5.3 Ist LINE MAINTENANCE

The lst line rnaintenance tasks are as follows:

(") PrirnaryinsPections.

(b) Fault isolati.on.

(.) Fault rectification"

(d) Spe cial inspe ctions .

(.) Alignrnent o{ systerns

The rna3or 1st line rnaintenance task is the recurring prirnary inspection' The

equiprnent necessary to perform this function is listed in Table 3' Cooling air

and.40,l cycle a-c power will be required for each aircraft. The static

rnachinery already proposed will be adequare in size and quantity"

Equi.prnent
Recornrnended

Power rectifier RCAF GFE 5P/47
(vallory #vA 3000) ZzlY 60 cps, 3

phase input
Z0-32 volt 100 arnP outPut

or
rnotor generator set 5ef 60 500 volt
50/60 cps 3 phase inPut 23-33 volt
500 arnp output.
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Table 3

l St LINE MAINTENANCE

E quiprnent R e cornrnende dFunction

ASTRA 1 -
prirnary
inspection
access.

Radar
antenna
transve rse
{or function
te st

Fire
control
systern
te st

Trans -
portation
radar
trans -
ceiver and
radorne

Replenish-
rnent radar
hydraulics

Nose servi.cing dock. A light-weight tubular structure
ernbracing both sides and front of nose section with facility
for radorne and radar rernoval, and suitable storage space

for electronic test sets.

Design studY in hand bY AVRO

A standard RCAF Greer vnit 4G/ZZZ or sirnilar electrically
driven unit is recornrnended for use during fault rectification
when the rnain hydraulic rig is not in use' Estirnated power

consurnption is 5 KVA at 550 volt 3 phase 60 cps a-c'

rnotor drive is required for use at

8 US gallons/rnin at 1000 Psig'

An estirnated.Z KVA of IJ'5 volt 400 cps 3-phase a-c [s
required for the FCS test set. An outlet frorn the stationary
rnotor generator set should be provided' since this power

should be frorn the sarne source as the aircraft source.

Special handling equiprnent to be designed by AVRO'

A rninirnurn of 30 psig will be required to replenish this
reservoir with oi1 to specification MIL-O -5606' The tank

has 80 cubic inch capacity. The hand-operated Godfrey

filler and bleed unit RCAF 4G /rcZS could be used for this

PurPose.

uses OS-45-1 oil. A sPecial
for replenishing this sYstern, in

A sirnilar unit with gas
forward bases to suPPlY

The radar cooling sYstern
fi11er is being considered
view of the srna11 quantitY of special oil involved.
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Function

Air intakec
inspection

Engine
change.

Engine
oi1 replen-
ishrnent

Uffifitfi$w$il;

Equipment R e cornmende d

Servlcing stand, elevating RCAF 4G/1596' To be shared

iy "irrrJrr.re 
for landing gear inspection in rnain wheel bay"

AVRO design as illustrated in Figure 13'

Trailer, Z0 gallons capacity, hand operated' to Avrocan
Specification E -473'

The weight of the aircraft will be about 60' 000 1b when

loaded fIr its prirnary cornbat rnission and 68' 000 1b for
ferry rnissions. The aircraft is designed to be towed

frorn the nose landing gear, with draw bar loads up to

10,000 lbs. No particular tractor is recornrnended' but

it is d.esirable that the draw bar pull should be at least
equal to the shear pin value in the towbar' The norrnal
towing loads on tard' 1eve1 surfaces will be approxirnately
3,00d- 4,000 1bs, but will be hisher when starting on

grades or in snow. A rrUnitowrt tractor Type D' 8 is suit-
Ibt. to, norrnal purposes and is a convenient size for
handling the weaPon Pack trolleY'

Atankandsuctionunitofatleast3200galloncapacitywill
be required to receive the fu11 load {rorn one aircraft' It is

recornrnended. that d.efuelling be carried out by using tender

suction and cornpressed' air' It is proposed to use air frorn

the engine startJr after it has been passed through a heat

e=.h"riger and' filter. The heat exchanger and filter are

p".".rrily being designed by AVRO' A 10 rnicron filter and

water trap will be required in the air supply line'

Air supply frorn engine starter unit via a rnobile heat

excharrger unit, ernploying air-to-air cooling'

A hydraulic replenishing trailer of 8 gallon capacity

nCef Gr.E +Cit8Z5 rnanufactured' by Godfrey Engineering
Co" and. rnodified' by AVRO to take alternative filters and

Airf rarne

I Defuelling

Defuel,
air pres -
sure (also
required
for flow
te sts)

5.

l6

6. Hydraulic

couplings is being evaluated.

?



7.

Function

6. (Cont'd)

Hydraulic
systerns
functioning

Pneurnatic
systerns
charging

Fin
se rvicing
stand

The rnotors
Part Nors.
(A.o"r.)"

8.

A 100-foot long power supply cable terrninates in a three-
pin, four-wire piog, rypi-cnousE-HINDS #APJ3463' This

rnates with wa11 receptacle Type CROUSE -HINDS # AR 342

(30 arnp).

A stand.ard. RCAF stand (4C /L230) is proposed for access to

the upper parts of the fin and rudder'

uffictd$$- aun

E quiprnent R e cornrnende d

Each cornpensator is replenished through the aircraft 1ow

pressure ground connections' The total capacity of the

hydraulic systern is 26I*p. gallons and the delivery rate

of the dispenser is 1/Z gallon per rninute at 150 psi

A trailer rnanufactured to Avrocan specification E-466 will
provide up to 40 u.s. galLons/rninute at pressures up to 4000

p"ig, for ground testing of the hydraulic systern operation of

ln" ayirrg controls and retraction of the landing gear, rnissile
launchers, sPeed brakes etc'

The trailer is equipped with two hydraulic Purnps each driven
by 50 hp rnotors, one hydraulic purnp with a I0 hp rnotor and

two fan rnotors rated at l/3 hp each' The rig operates frorn
a 550V, 50 cPs, 3-Phase a-c suPPlY'

Power is supplied to the electric rnotors which drive the

hydraulic purnps, through a 100 foot cable consisting of 3 sLze

tO' cond.uctors and I size 12 conductor' The cable terrn-
inates in a 200 arnp. 4 pin plug, type CROUSE-HINDS

#Apzo468, which rnates with wa1l receptacle CROUSE-HINDS

Type A. R. E. A. 20427 .

are started by Allen Bradley rnagnetic starters
B" U" L. 709 (D.o. C. ) and 709 (C" O. C' ) and 709

AtrailerrnanufacturedbytheGodfreyEngineeringCo.to
Avrocan specification E-333 will provide either air or nltro-
gen at up; 5000 psig at 15 SCI.M for charging aircraft
pneurnatic systerns, inflating tires, replenishing the air
Lottles in the weapon pack hoist trolley and the landing gear

ernergency nitrogen bottles.

The trailer is equipped with a corrrPressor driven by a 15

hp rnotor po*"r.d frorn 550 volt, 60 cpa, 3-phase supply'

q

77



10.

11

Function

Ejection
seat
rernoval

Oxygen
recharging
ejector
seat &
engine re -
light oxy-
gen bottles .

Liquid
oxygen

Additional
iterns

Equiprnent R e cornrnende d

A rnobile, elevating and extending
is being investigated for rernoval
doorsrrudders and control boxes'
be rnade in the near future.

lJficr&ffi[ffil]

hydraulic powered hoist
of ejection seats, canoPy
A recornrnendation wiIl

oxygen supply trailer is suitable

LZ.

I3.

A standard RCAF gaseous
for this purpose.

tion for which theY are required'

A trailer to RCAF D"g. 551661 for the transportation of

conve rte rs.

Special tools, boresighting equiprnent and slings are :

sary for various operations at lst line rnaintenance'
will be listed in the rnaintenance schedule against the

neces -
These
oPera-
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6.0 PROCEDURES AND PERSONNEL

A prelirninary study has been rnade of the

for rapid and efficient performance of the

ance functions.

Three cases have been considered and the findings are presented under these

separate headings:

t.

)

3.

Turnarounds at forward bases.

Turnarounds at rnain base in prepared hangar.

First line rnaintenance functions.

ffrdt;ffi.'.qtHr;."
,, qk

procedures and personnel necessary

turnarounds and first line rnainten-

It is realized that these iterns are estirnates and will have to be confirrned by

practical dernonstrations, when an aircraft becornes avallable. It is proposed

that thi.s be done during the contractor0s dernonstration of the cornplete weapon

systern "

No atternpt is rnade to place servicing functions within the revised RCAF trade

structure now being planned. The number of rnen suggested in this report is

based on the optirnurn nurnber of rnen required to perforrn certain tasks within

a tirne lirnit. Existing tade classifications have been used.

5. 1 TURNAROUNDS AT FORWARD BASES

To rneet the operational requirernents of four turnarounds in l5 rninutes, it

will be necessary to position the rnobile ground equiprneat ready for irnrnediate

use. The equiprnent should be positioned in a rnanner sirnilar to that illus-

trated in Figure I8 for the turnaround hangar at a main base.

The tirne study illustrated in Figure 15 is based on four sets of rnobile
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equipment being positioned on a planned site with each aircraft taxiing up to

the correct position. Sorne tirne will be lost in bringing the mobile cockpit

access platforrn, refuelling tender and water tanker into position when corrl-

pared with the fixed facilities in the turnaround hangar.

Frorn Figure I5, a tirne of 8-lfZ rninutes appears reasonable under ideal

weather condition for the cornpletion of a turnaround at a forward base.

However, an allowance should be rnade for adverse weather conditions, when

sorrle of the work will be hazardous and rnore difficult to perforrn.

The tasks to be perforrned at a forward base turnaround are listed in

Figure 15. Frorn this analysis the nurnber of rnen required to handle one

aircraft is as fcillows: '

Safety equiprnerrt worke rs
Arrnourers
Tender drivers
Airfrarne rnechanics
Refueller s

Engine rnechanic
Electrician
Turnaround controller

T otal

lf
4t'
Ir
z
Zr
Zr-
lr'
1

L4

I'our such tearns will be required to cornplete four turnarounds within fifteen

rninutes, handling four aircraft sirnultaneously. In addition, extra person-

ne1 and equlprnent will be required if it is desirable to sustain forward base

activities for any length of tirne. These will be ernployed on the additional

refuelLing tenders necessary, and on servicing and replenishing the ground

equiprnent rigs.
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2999-iA5-

sEcs.
p8$ r

MINUTES
OPERATION

l

2

3

A

5

6

7

8

9

to

il
12

t3

l4
t<

16

17

18

l9

20

21

22

23

24

26

z/
28

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 CHUTE LEVER

LOAD DRAG CHUTE

CHANGE AIRCREWS

AIRCREW COCKPIT CHECK

REMOVE WEAPON PACK

INSIALT REPLACEMENT PACK

ALIGN VERT.REF.AND HEADING SYSTEM

REPLENISH WATER

REPLACE LIQUID OXYGEN CONVERTOR

REPLENISH ENGINE AND GEAR BOX OIL

INSPECT ENGINES

CONNECT/TEST/REFUEL & DISCONNECT

INSPECT AIRFRAME

CHECK ARMAMENT CIRCUIT

CHECK CIRCUIT BREAKERS

CONNECT ENGINE STARTER

WITHDRAW COCKPIT LADDER

ARM WEAPON PACK

START ENGINES

CHECK RELEASE OF GROUND COUPLINGS

TAXI 2OOO FEET TO RUNWAY

NOT APPLICABTE OUTDOORS

r-:-=]
f:=-' -l

ARMOURER il
ELECTRICIAN #I

ENGINE MAN -I

ENGINE MAN 12

AIRFRAME MEN "I 2, 3 & 4

tr
E
tr
E

f=l-] ATRCREw

.I EQUIPMENT MAN

fT'.:-l.:ll:-
F,--.--TET,,l'-i-

I:::TI,.-'',,.IIT:1 ARMoURERS #1,2,3 & 4

fTT'i-=Ff ARM.,RERS *1' 2' 3 & 4

TIME NOT KNOWN BUT ONE MAN IS ALLOWED FOR FIVE MINUIES

ffi ATRFRAMEMAN+I

ffi AIRFRAMEMANT2

ffi ENGINE MAN #I

ffi...-"-i ENGINE

MEN # &4

il ELEcrRrcr,AN #l

ENGINE MAN +2 El
AIRFRAME MEN !'I 2, 3 & 4 ffiI
ErEcTRrcrAN or E
Prlor & ENGTNE MAN 1r E]
ENGTNE MAN #2 D

rffil ATRFRAME"Ti'II. I I

ELECrRrcrAN,r 
| |n ll

2,3&4 ffi.I I Intl
,AN'I E Inliffirl#li ,.1 [r:,;::,il'\:.r

rnx,caqnsre cooq wenrHri oulooons , i g
ap

IAKE-OFF CAPABTE r

TOTAT IEAM

SAFETY EQUIPMENT

ARMOURERS

AIRFRAME

ENGINE

ELECTRICIAN

TENDER DRIVER

CONTROLLER

-l

-4

-4 (INCLUDES 2 REFUELLERS)

-2

-l
-l

-I SERVES TWO AIRCRAFT

REFUEL W|TH ONE TENDER AT 5OO GPM / MAX. AND ESTIMATED MEAN FLOW 4OO GPM

FIG.Is TURNANOUND TIME STUDY - FORWARD BASE - OUTDOORS
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As the estirnated. tirne is 8-12 rninutes, there are 6-I/Z rainutes in hand to

alLow for adverse weaiher and stil1 cornplete the turnarounds within l5

rninutes "

It should be noted that the proposed refuelling tender is of 3200 gallon

capacity and that one tender wiLl therefore be required to refill each aircraft

to the cornbat rnission load of 2026 ga11ons.

6 " 2 TURNAROUNDS AT MAINI BASE

The RCAF has specified that turnaround at rnain bases should be perforrned

under cover. and proposed that a type of turnaround hangar be built to realize

the fu11 turnaround capability of the ARRO1M.

1 is suggested hydrant re{uelling be incorporated at a flow rate of 1000 gprn

r-hrough two hoses to each aircraft. This will reduce to an estirnated 700

gprn due to shut-off of certain aircraft tanks as they becorne fuI1, and this

figure is used in the calculation"

The procedure to be adopted in the turnaround hangar is similar to that to be

fol;owed in the field, i. e. the aircraft taxies into the hangar. Electrical

power and cooling air are plugged in prior to shutting down the engines, and

the airc::aft is then refuelLed, rearrned and serviced. The aircraft rnay then

be started and taxied oui, or rnaintained at either readiness or standby'

Frorn Figure 15 which lists the operations to be perforrned, it is calculated

rha: an aircraft should be ready {or taxiing in six rninutes. Thus, two air-

cr:aft could be phased through one turnaround bay within fifteen rninutes and

one servicing tearn could handle the two aircraft"
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SECRET

{J##t#s$$Ff{$

MlNUrEs Igg | 2 3 4 s 6 7 '--8-----Ji'r : ---:--- l_ I -i
t lorsln,r,r wEApoN PACK F ARMoURER' #l

z {couNecr A.c. PowER ELECTRICIAN #1

g lcoNNrcr coNDlrloNED AIR EJ ENGINE MAN #l

, i ao"*r., oRouND,Nre*-co*. B
rl

ENGINE MAN #2. 1 PIPEs i ffi ENGINE MAN #25 ICONNECT FUEL-VENT I ,

o i exc,ur RUN DowN TIME ffix- l- 
crss sreNo EE ATRFRAME uoN *,,12 **s7 POSITION COCKPIT AC

8 TNSERT sEAT sAFETY PlNs i,-1--ffi1 AtRcREw i

RESET DRAG CHUTE LEVER

9 'IOAD DRAG CHUTE ,nL,r*r*i MAN #l

to cHANcE ArRcREws f---.,.ffi-l I I

il ArRcREw cocKPrT cHEcK lT:Tr --1 
I I

12 uNLoAD wEApoN pAcK f------.Tl ARMoURERS tt, 2, 3 & 4

13 toAD REPLAcEMENT PACK tffiI'-f-l--] ln"nounrn's il' 2' 3 & 4
ltt3 roAD REpLA6EMENT PA6K tffiI'-F::T] lauounris t1,2' 3 & 4
rl

tr' ALTGN VERTTCALANDHEADTNG T|ME NOT KNoWN BUT oNE MAN ls AuowED FOR FIVE MINUTES. 
I

nrrineNce sYsTEM I I

15 REPLENISH WATER L+.--J.:
16 REPLACE LIQUID OX. CONVERT. [ ':''r, i' :"''',' " 'r.;',::'::r 'l AIRFRAME MAN #2

tt

AIRFRAME MAN #I

21 CHECK ARMAMENT CIRCUIT

22 cHEcK ctRCUtT BREAKERS aLtutrrBsf,f ELECTRIGIAN 'l:
23 CoNNECT ENGINE STARTER ry rNblNr MAN '2

tEF !-

17 REPLENISH ENGINE AND GEAR ffi TU.GINE MAN 
''IBOX OtL I I

rB rNspEcr ENcrNEs --rTl ex'crNe uiN,r

19 CONNECT, TEST, REFUEL, 'AIRFRAME MEN =3 & A

I

tlli:TFI
' ;;A*jic1''-" '"''--' l l

[:1 rrirnarur MEN =2, 3 AND 420 INSPECT AIRFRAME t , r

23 CONNECT ENGINE STARTER *:_ "'-|', ,

24 REMovE cocKPlr AccEss srAND [.-.iil AIRFRAME MEN =l AND 2

25 ARM wEApoN pAcK ELECTRICIAN =1 E 
-l 

I

26 START EN61NES PILOT AND ENGINE MAN 'i E| 
IL r _.^..._....26 START ENGINES : ?lLUl ANU ENt,lNE MAI] sl 
l

27 cHEcK RE-LEASE oF GRouND E I ructue MAN =2

couPLrNGS l I

28 IAXI 2OOO FEET TO RUNWAY

TOTAT TEAM SAFETY EQUIPMENT _'I

ARMOURERS_4

AIRFRAME-4 (INCLUDES 2 REFUELERS)

ENGINE _2
ELECTRICIAN _1

HYDRANT MAN-1 (SERVES Z OIVS)

CONTROLLER_I(SERVES 2 BAYS)

REFUET FROM HYDRANT AT IOOO GPM/MAX. AND ESTIMATED MEAN FIOW OF 7OO GPM

FIG. 16 TIME SIUDY-TURNAROUND IN PREPARED HANGAR
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Each tearn will consist of 14 men, as follows:

Safety equiprnent worke r
Arrnoure r
Airf rarne
Refuellers
Engine Mechanics
Electrician
Hydrant operator
Turnaround conLroller

6.

It

nl$st#$$#$ r

T otal

I
4
2

Z

Z

I
I serves Z bays

_ fj"rves Z bays

l4

FIRST LINE MAINTENANCE

is considered that the prirnary inspection is the rnajor function in lst line

rnaintenance and is typical of the work, the ground support equiprnent and

manpower required" An assessrnent of the tasks to be perforrned has been

made, using the ARRO'lV I prelirninary rnaintenance schedule, with due

allowance for the ASTRA I systern and other differences between ARROV/ I

and Z known to exist at present. These tasks are listed in Figure I7 as

functions to be perforrned. No atternpt has been rnade to deterrnine an opti-

rnurn sequence, as it is felt that this can only be achieved realistically, by

practical dernonstration, F{owever, estirnated tirnes for prirnary inspection

functions for the various trades are shown in Figure 17. This reveals that a

prirnary inspection on the aircraft (less the ASTRA I systern) rnay be corn-

pleted in about t hour 5 rninutes. However, it appears that 2 hours 55

rninutes rnay be necessary to cornplete a prirnary inspectlon on the aircraft

when the ASTRA systern is included. Although the prirnary inspection cycle

will ultirnately be rnuch longer, it is believed that the ARROW will be i{tia11y

placed on a prirnary inspection cycle of. 24 hours. It follows therefore, that

about three hours will be each day on this task" A prelirninary report
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AIRCRAFT SYSTEM

1 ELECI RONICS

2 ELECTRICAL

3, AIRFRAME

4 ENGINE

5, INSTRUMENTS

6, ARMAMENT

7. SAFETY EQUIPMENT

SIGN 1.14

ti ffi#il$$$!rffi$'

THE FOLLOWING ASSUMPTIONS

THAT COCKPIT MAN A IS A

THAT COCKPIT MAN B IS A

HAVE BEEN MADE IN THIS ANAIYSIS

SENIOR TECHNICIAN

SENIOR ELECTRONICS TECHNICIAN

THAT UNKOWN ASTRA MAINTENANCE REQUIREMENTS WILL NOT BRING TOTAL

TIME OF PRIMARY INSPECTION TO MORE THAN

2 HOURS 40 MINS.

THAI NO RECTIFICAIION WORK IS NECESSARY

FIG. 17 TIME STUDY SUMMARY - PRIMARY TNSPECT|ONS (CXanr I OF rO )
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ELECTRONIC SYSTEM

OPERATION

RADAR SUB.SYSTEM

I SEMI AUTO TEST

2 ANTENNA HYDRAULICS-LEVEL

3 TRANSMIITER-POWER SUPPLY
VOLTAGE TEST

4 COOLING LIQUID-tEVEL

COMPUTER SUB- SYSTEM

I SEMI AUTOMATIC TEST

2 PRESSURIZATION CHECK
-DEHYDRATOR CRYSIAL CHECK

INFRA-RED SUB.SYSTEM

I SEMI AUTOMATIC TESI

2 COOLING NITROGEN CHECK

MISSILE AUXITIARY SYSTEM

I SEMI . AUTOMATIC TEST

TELECOMMUNICATIONS

I AN/AIC-]OA FUNCTION

2 AN/ARC-52 U,H.F. FUNCTION

3 AN/APX-25A FUNCTION

4 AN/APX-26 SELF rEST l
I

5 AN/APX_27 SELF TEST ,

6 AN/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

IO AN/ARA-25 UHF/DF
RECEPTION & ROTATION

,I1 AN/ARN -6 RADIO COMPASS
FUNCTION

MINUTES

10 20 30 4o_-,tq_l-H&-t-o -24---39*-44.. 59-llrB-19 -"?q
30 40 50 3 HR.

I-1 ELECTRONI€S .t AND .3 (+r IS COCKPIT r.rrnr^r@ r

tr ELECTRoNICs ,3

I.T--l ELECTRoNTcs =3

tr ELECTRoNIGS =3

ETECTRONICS "3

=2 AND r' (PlN)

f:l ELEcrRoNrcs ,t AND .4

I-T1 ELEcTRoNtcs .l AND '4

fT-l EtEcrRoNlcs =l AND =4

,l
,l

1

f-ffi] ELEcrRoNlcs +3 wlrH coc(prr ,r,r,o,N@

tr ELECIRoNtcs +3

E I ELECrRoNlcs .3
H
Ei8il rLEcrndNlcs "3

f:l ELECrRoNrcs -2 tN cocKPtr

f.:l ELEcTRoNrcs =2

t i-'' I ELEcrRoNtcs .2

f:l ELEcrRoNtcs

l

ELECTRONICS

FIG.17 TIME STUDY - PRIMARY INSPECTIONS(CHART 2 OF IO)
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MINUTES
OPERATION

DOPPTER TEST

VERTICAL HEADING AND
REFERENCE SYSTEM

AUTOMATIC FTIGHI CONIROT

SYSTEM TEST

DAMPING SYSTEM TEST

DEAD RECi(ONING COMPUTER TEST

RADAR HOMER AN/ARD 5OI

HR. l0 20 30

NOT KNOWN AT PTESENT

NOTE:

IT IS ASSUMED THAT TESTS

ON THE ABOVE WILL BE CARRIED OUT

BY COCKPIT MEN A AND B AND

ELECTRONICS MAN +5 AND THAT THE TIME

TAKEN WILL NOT BRING THE AGGREGATE

BEYOND 2 HOURS 40 MINUTES.

TOTAL ELECTRONICS TEAM 5 MEN.

FIG. I7 TIME SIUDY - PRIMARY INSPECTIONS (CHART 3 OF IO)
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OPERATION
MINUTES

ro 20 30 40 50 rHR. lO 20 30 40 50 2HR. I0 20 30 40 - 5.0.3HR.

ENGINES

r TNTAKE DUCTS I
coMPRESSOR lNLErs I vlsuAL
ACCESS STAND I

2 ENcTNE BAY PtPtNc I
ACCESSORIES i vlsuAl
ACCESS DOORS )

3 ENGINE BAY DRAINS I
THROTTLE LTNKAGES I vtsueL
ACCESSORY DRIVES 

I

ACCESS DOORS )

4 IGNITERS FUNCTION

5 AFTERBURNER .I

TA|L P|PE I vtsuar
3RD STAGE TURBINT I

6 POWER LEVER FUNCTION WITH

SAFETY EQUIPMENT

I CHECK SEAT SAFETY PINS

2 SEAT VISUAL

3 PARACHUTE I
SEAT HARNESS I VISUAL
EMERGENCY OXYGEN 

'4 DRAG CHUTE MECHANISM

5 LOAD DRAG CHUTE

ARMAMENT

I DISARM PACK

2 UNLOAD PACK

3 CHECK ATTACHMENTS VISUAL

4 CHECK ARM CIRCUIT

5 LOAD REPLACEMENT
PACK

INSTRUMENTS

1 SKIN TEMP, SENSOR VISUAL

2 PITOT/STATIC

3 PITOT HEATER

4 COCKPIT INSTRUMENTS VISUAL

5 LIQUID OXYGEN CONTENTS
GAUGE CHECK

6 FUNCTION OXYGEN
REGULATOR USING MASK

LEAK TEST

FUNCTION

l

.i.l

lc
E

tr

3

E
u

u
E

j

Ed

;
i

i

i

I

i

I

I

I

ocK
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I

I

I

I

:

{nuc
I
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l

I

I
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ls
E

tE
.E

I

I

r*
I
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i
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l
I
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EN(
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I

AN
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l
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l
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l
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L
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l
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l
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I NOSE LANDING GEAR CLEAN

TIRES CHECK AND CHARGE

2 LANDING GEAR NITROGEN CHECK

3 FLYING CONTROLS CHECK

4 HYDRAULIC COMPONENTS-VISUAL

5 ELECTRONICS ACCESS DOORS.
REMOVE AND REPLACE

6 WORKSTAND PLACE AND

ARMAMENT BAY ROOF

I FUEL LEAKS

2 BRAKE CONTROL VALVE

3 MANUAL DUMPVALVE

4 HOT AIR FILTER

5 WEAPON PACK ATTACHMENT
VISUAL

6 WORKSTAND PLACE AND REMOVE

DUCI BAY

I ACCESS DOORS I,2.3
REMOVE AND REPLACE

2 FUEL TANKS DRAIN
CONDENSATE

20 30 40 50 I HR. lo 20
MINUTES
30 4() 50

u$d$t&$$Fr$g#

2HR. lO 20 30 40 50 3HR.

VISUAL

VISUAL

VISUAL

VISUAL

ffi

AIRFRA^ E MAN +l

AIRFRAME MAN *2

4

7

8

FUEL TRANSFER PUMPS

FUEL PRESSURE
REGULATORS

DIFFERENTIAL AIR AND
PRESSURE REGULATOR

PRESSURE RELIEF
VALVE

FUEL PIPING

FUEL LEAKS

AIRFRAMT MAN *2i

TIO. 17 T]ME SIUDY - PRIMARY TNSPECTIONS(CHART 5 OT IO)
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FUSETAGE DUCT

I.ELECTRONIC EQUIPMENT ACCESS
DOORS REMOVE AND REPLACE

2. HYDRAULIC ACCUMULATORS
COMPENSATORS
BTEED/PRESSURIZE/TOP UP FLUIDi
CLEAN / VISU,At
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 CONTROT VALVE
SPEED BRAKE ACTUATORS
THERMAL BY.PASS VALVE

VISUAL CHECK ON ABOVE

4. L.P. FUEL SHUT.OFF AND CR,OSS-FEED
AND ISOIATION VALVE. CHECK IN
CONJUNCTION WITH COCKPIT
CONTROL

ENGINE BAY
LACCESS PANELS NOS. l, 2,3, & 4

REMOVE AND REPLACE

JOor-I05-I C5

4. ACCUMULATORS
COMPENSATORS BLEED,

PRESSURIZE TOP.UP FLUID
VISUAL AND CLEAN

5. ATLERON AND ELEVATOR vlsull
P,ARALLEL SERVO

' tll, Ji'"Tl,,|[ 1'*oo' HIPff vrsuAL

3. ACCUMULATOR I
HYDR.AULIC PUMPS I vtsulr
PRESSURE sWlTcH I "--^-
HIGH PRESSURE FILTER J

MINUTES

40 50 tHR.

EI

EI

E

Itl
Iir

@

, Bl

j

l

uPd$#.$$$fFflH.

2HR. l0 20 30 40 50 3

i

.I
AIRFRAME AAI\N #1,I
t: 

)

ATRFRAME MA{ #l

ATRFRAME MA].| #l

arRrname]ran{ rrr

AIRFRAME

I

AIRFfrAMEll

t2

t2

I

Az

I

:

i

I

I

tl>

I

I
l

I

,L

,N
L

i

Nl

I

i

I

(
i
I

AIRFRAME MA

FIG. 17 TIME sTUDY. PRIMARY INSPECTIONS (CHARI 5 OF IO)
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E

tI

EI

E
:iE
i

E

f3

-a

{rfirrgsssrrra,e

OPERATION

TANK

4 INTEGRAL FUEL TANKS-
-FUEL LEAKS

CONDENSATE DRAIN *3, 5,
6, 7, 8 TANKS DRAIN

REFUETING CONTROL PANEL
VISUAL

ELEVATOR AND AILERON
CONTROL BOXES

wrNG (oTHER S|DE)

SAME AS ABOVE

LEAKS

DORSAT AREA

I PLACE LEADING
EDGE ,ACCESS LADDER

2 PLACE WALK MATS

AIR CONDIT|ONING EQUIP. VISUAL

WA,TER BOILER VISUAL

OXYGEN CONVERTOR.
STOWAGE VISUAL

ACCESS FAIRINGS VISUAL

REMOVE LADDER AND MATS

AIRFRAAAE MAN #I

tr ATRFRAME MAN #l

E! ltnrner'.te MAN *l

lllry,Il!ii.,.|t

@

E
E?ffi, 1

I0 20

wrNG (oNE S|DE) 
i

I MA|N LANDTNG GEAR LIQUID SPRING 
.|., 

.o*
COMPENSATOR; TIRES; lf,-(;
STRUCIURE; DOORS; lvrsul1
WHEELS AND BRAKES )
PRESSURE CHECKS,

MAIN JACKS )vtsull
ooon rlcrs I nNo
uPLocKS JculN.
REFUELLTNG ACCESS DOOR I
REFUELLING ADAPTOR AND CAP I VISUAL
GATE VALVE )
CONDENSATE DRAIN NO.4 DRAIN

5

6

E

3

4

5

6

7

AIRFRAME #3

A,IRFRAME #3

AIRFRAME

AIRFRAME

AIRFRAME +3

AIRFRAME +3

FIG.I7 TIME STUDY - PRIMARY INSPECTIONS (CHART TOFIO)
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EMPENNAGE

I POSITION FIN ACCESS PLATFORM

2 FIN VISUAL

3 RUDDER CONTROL BOX LEAKS

4 ACTUATORS VISUAL

5 PANELS, ELECTRONICS
REMOVE AND REPLACE

6 REMOVE FIN ACCESS PLATFORM

COCKPII

I WINDSHIELD/CANOPY/FLOOR
VISUAL AND CLEAN

2 CONTROL COLUMN AND RUDDER
BAR FUNCTION IN CONJUNCNON
WITH OUTSIDE OPERATOR

3 L.P, FUEL SHUTOFF COCK A.ND
CROSS FEED SELECTOR. FUNCTION
IN CONJUNCTION WITH OUTSIDE
OPERATOR.

4 FUEL CONTENTS VISUAL

l

;

E

T

E

B

{rf-drgd$$#,,q#,
. ratix

E

E

COCKFIT 5) auo

TIG.17 TIME STUDY - PRIMARY INSPECTIONS (CHARTsOFIO)
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ro 20 30 40 so 3HR.OPERAIION
MINUIES

20 30 40 50 lHR. lo ?o 30 40 50 2HR.

ETECTRICAT

NOSE

I BATTERY

2 WIRING

VISUAL E

u'suo.- 'E
ELECTRICIA,N #1

3 RA.DAR NOSE AIR CONDITIONING
VALVE SWITCH AND LISTEN

4 RA,M AIR VALVES SWITCH AND
LISTEN

5 LANDING GEAB LOCK
MICROSWITCHES

TRANSFORMERS
CIRCUIT BREAKERS
LANDtNc AND TAxl LIGHTSfvtsuAl E
PANEL E3 AND E6
TERMINAL STRIP E8 AND E9
MASTER WARNING BOX
ELECTRICAL CONNECTORS
AND WIRING

B

E

ARMAMENT BAY

1 ACCESSORY PANEL
DISTRIBUTION PANEL
TERMINAL STRIPS
WIRING VISUAL

ffi

DUCT BAY

1 unlN REFUEL AND TEST PANEL
MAIN POWER PANEL

GROUND FAULT RELAYS
i TRANSFORMER RECTIFIERS
i WIRING

CONNECTORS VISUAL

2 FUEL TRANSFER PUMPS
SWITCH AND FUNCTION

3 FIRE EXTINGUISHERS TEST SWITCH
FUNCTION

ENGINE BAY

I FIRE EXTINGUISHER BOTTLE SECURITY
AND PRESSURE CHECK

2 WIRING AND CONNECTORS VISUAL

E"".-$,'--'--f.,3l 
l

T

E,
il

Iiil
rl

t.
B

FtG. 17 T|ME sruDY - PRIMARY lNsPEcTloNs (CHART e or to )
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AND

AND

AND

AND

AND
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20 30 40OPERATION

ENGINES

]. ELECTRICAL CONNECTORS AND
WIRING IGNITERS ETC.

WINGS AND FIN

I. NAVIGATION LIGHTS VISUAL

2. LANDING GEAR VTSUAL
MrcRoswrTcH

ro 20 30 19 .._s-o. !

MINUTES

20 30 40 50 2 HR. IO

ELECTRICIAN

ETECTRICIAN +I

COCKPIT l,{AN

COCFPIT MAN

COCKPIT MAN
;

cocrPrr MAN
l

l

COCKPIT MAN

ELEcTRTcAL coNNECToRS m
AND WIRING VISUAL

REFUELLING PANEL LIGHTS
AND SWITCHES FUNCTION

COCKPIT

I. FIRE DETECTION

2. COCKPIT LIGHTS

TEST

TEST

3. BAILOUT WARNING LIGHTS

4. NAVTGATION AND rEST
LANDING AND TAXI LIGHTS

5, CANOPY ACTUATORS
INTERNAL AND EXTERNAL TEST

6. DRAG CHUTE SOLENOID TEST

FINAT

I. SIGN 114 OR EQUIVALENT
MAINTENANCE CARDS

2. TURNAROUND COMPLETED

FtG. rz TIME STUDy - pRrMARy INSpECTIONS (CHART tO OF.IO)
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be advisable

Rearrning and

be perforrned

on the ASTRA rnaintenance, recomfiIends that this equiprnent should have a

it is desirable that theprirnary inspection every 4B hours. Consequently,

ARROW rnatch this as soon as possible'

While the aircraft is on prirnary inspection, it appears desirable that a senior

technician (basica111. an airfrarne technician) , "t 
oota occupy the front cock-

pit to perforrn cornplete cockpit checkl plus an electronic specialist in the

rear cockpit.

The nurnber of rrren necessary to perforrn the prirnary inspection has been

calculated frorn the tasks to be perforrned. (as listed in Figure 17). The

tearn is as follows:

Electronic rnechanics
Electricians
Airfrarne rnechanics
Engine rnechanics
Instrurnent rne chanic s
Safety equipment worker
Electronic technician

(rear cockpit)
Controller, senior

technician

Total I O ;asr\&Y'..aq., U{&t : ?'+

Refuelling and reloading have not been included in the flgures above. These

5

I
3

1

I
t

I

functions are considered as part of the turnaround, and it will

to cornplete thern before corrr.Irlencing the prirnary inspection.

the replacernent of the liquid oxygen converter would of course

after the primary inspection was corrlpleted.

t4

.f,;iio 
r.-3*-l**- !"b&S L

".iin,I l* URd .i,arAt fi<tA7^*""
i -- * *
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HANGARS7.0

7. T OPERATIONAL REQUIREMENTS

specification AIR 7 -4 lssue 4 states that the building facilities for one squad-

ron will consist of the following:

(") Hangar(s) to accornrnodate two aircraft at standby

(b) Hangar(s) to accornrnodate five aircraft undergoing turnaround or first

line rnaintenance '

(.) Hangar(s) to accornrnodate seven aircraft undergoing Znd or 3rd line

rnaintenance.

This was based on a squadron strength of. tZ operational and Z trainer air-

craft.

However, the specification will be arnended to show a squadron strengthof' L2

aircraft disposed as follows:

(") Two aircraft in the standby hangar(s)

(b) Four aircraft in the turnaround and lst line rnaintenance hangar(s)

(.) six aircraft in the Znd line rnaintenance hangar(s)

This aircraft distribution assurnes a 50% aircraft availability for lst line

activity. However, this figure can be exPected to irnprove and ?5% should

be considered as a reasonable wartirne objective'

7.2 PROPOSED HANGAR SIZES

7.2. L COMBINED TURNAROUND AND lSt LiNE MAINTENANCE HANGAR

To rneet the I00% covered space requirernents for aircraft undergoing lst

line rnalntenance and to satisfy the turnaround specification, this hangar
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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 equiprnent, personnel, spares, sub-stores and offices.

The hangar and its associated services are illustrated in Figure 18. It

should be noted that the blast wa11 in this illustration separates each pair of

bays frorn the shop area oni.y.

7 .3 HANGAR LOCATION

Two points dictate the optirnurn sites for lst line hangars. These are:

(") Departrnent of Transport regulations.

(b) The noise nuisance factor.

Condition (a)

The Departrnent of Transport regulations require that hangars should not be

sited within 1000 feet of the centre line of runways. It will be seen frorn

Figure 19 that this requirernent is rnet in the proposed layout of an ideal air

base for the ARROW weapon systern.

Condition (b)

The noise nuisance factor associated with a single ARROW 2 at take-off is

presented in Tables 1, Z and 3. These figures have been derived frorn

ernpirical rules but are, however, believed to be suJficiently accurate for

this appraisal, pending the publication of field trials results. These trials

were recently conducted on an Iroquois engine at RCAF station North B"y.

It will be seen frorn Table Z t]nat at 1500 feet frorn the centre line of the run-

wayra noise 1evel of. LZ3 decibels rnay be expected in still air. Attenuation

due to distance would be further varied by weather conditions and the
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insulating effect of build.ings. For exarnple if this level reduces to lI8

decibels, a noise level is achieved cornparable to that which rnay be expec-

ted within the turnaround hangar frorn aircraft taxiing in and out'

Table 1

SOUND PRESSURE LEYELS AT TAKE -OFF

Table Z

ATTENUATION DUE TO DISTANCE

ENGINES CONDITION STATIC THR UST
PER ENGINE

NOISE
LEVEL AT 150 FEET

Z -Orenda

Ir oquo i s

Afte rburne r

OFF 18, 400 lb 14I decibel

Z -Orenda

Iroquois

Afte rburne r

ON

25,000 lb I48 decibel

NOISE LEVEL
DISTANCE
(FEE r)

DECIBEL DROP AF'TER BURNER
OFI'

AFTERBURNER
ON

150
zz5
300
500

I 000
r 500
z 000
2500
3 000
4000
5000
6000
7000

NIL
z
6

LZ

ZO

z5
30
33
36
42
48
53
60

r4t
139
I35
tz9
tzl
r16
111
108
105
99
93
88
81

148
146
L42
136
128
L23
118
115
ttz
r06
100

q5
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Table 3

INTERPRETATION OF NOISE LEVELS

DECIBELS LEVELS

70
80
90

100
110
TZO

r40
150

Average street
Noisy office
Noisy factory
Boiler factory
Annoyance leveI
Dis cornfort level
Pain threshold
Mechanical darnage threshold to

human tissue

The rnaxirnurn noise level occurs at approxirnately 135o and 225" frorn the

aircraft head.ing. Consequently, a distance of 1500 feet along either of these

lines will give a distance of I500 **J7 , say 1000 feet frorn the line of

travel of the aircraft'

The perforrnance of Ist line rnaintenance in the turnaround hangar will neces-

sitate the hangar being sited farther frorn the rnain runway, than if it was

reserved- for turnarounds only. In order to obtain attenuation of take-off

noise to I15 db, it will be necessary to site the hangar at least 2,000 ft frorn

the rnain runway.

The Znd line rnaintenance area will be at least 2,000 ft frorn the turnaround

area, and 4000 ft frorn the rnain runway in order to reduce the noises frorn

these sources to approxirnately I03 db. This noise leve1 is estirnated to

occur approxirnately nine tirnes per dav, i. e., the peacetirne nurnber of

daily sorties, per squadron.
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7.4 LIGHTING AND HEATING

7 .4. I LIGHTING

(") No new rnajor tighting requirements are necessary in the existing RCAF

hangars for 1st line rtaintenance, but all lightins in the turnaround

hangar should be explosion proof in view of the large quantity of fuel

to be handled at tu::narounds.

The hydrant pressure -refuelling proposed for use in the turnaround

hangar cornprises a colTlpletely closed circuit with the aircraft fuel

tanks being vented to atrnosphere by extractor fans through flexible

piping. However, it is recornrnended that alL lighting be explosion

proof to reduce the fire risk - if a fuel leak did occur during refuelling

it would be at very high flow rate.

(b) Explosion proof, portable underwing lighting is desirable for lst line

rnai.ntenance in view o{ the high wing construction of the ARROW and the

fact that rnost of the work will be carried out frorn ulder the aircraft.

(.) Taxiing into the turnaround hangar at night would be facilitated if the

internal hangar lights were arranged to forrn a centre 1ine, i. e. a

guide line for the piiot.

7.4.2 HEATING

The ternperature in the cornbined turnaround and lst line rnaintenance hangar

should. be at least 50oF. This will provide a cornfortable working ternpera-

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

craftls water boiler.
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7.5 EQUIPMENT INSTALLATION

The equiprnent, cornprising engine starters, air conditioning plant and a -c

generators should be readily relnovable for overhaul . The cooling air,

starting air and. fuel venti.g pipes should be ducted under the hanoar floor

to locations under the aircraft. Flexible hoses would be run frorn these out-

1ets. Refuel hoses and power leads would be reeled out frorn the hangar

wal1 .

The position of the aircraft in the hangar will be constant and the relative

positions of the ground service connections on the aircraft are shown in

F igure 1 3.

The connections at the aircra{t, reading from the front of the aircraft to

rear, are surrlrrlarized in the following table:

GRO UND SER VICE
CONNEC T ION

DETAILS OF CONNECTION

Nose le g receptacle Lanyard operated quick disconnect plug
to AVRO STANDARD z CS'C-l4Z
Plug rnanufactured by E. B. Wiggins
#9500 A 5V.

1{ iring

Quantity-lp"rA/C

Air conditioning supply

Hose
Quantity - Z per Af C

Autornatic quick disconne ct couplings
to AVRO D*g. 7 -ZZ52-198
3 -l /Z inch dia. insulated
flexible ho s e

94



t,t{jiii$x3T",?
.r : iJ

GROUND SERVICE
CONNECTION

DETAILS OF CONNECTION

A-C supply

W iring
Quantity - | per Af C

ARROW I AM 3430 - cornplete with cable
in standard lengths
ARROW Z AVRO Standard CS-P-123
cornplete with cable
(f nis itern not yet qualified)
AYRO D*g. 7-4427 -79 and AVRO Spec-
E-531

4 Static discharge
hangar floor
Quantity - 1 per

efCto

^/c

Quick disconnect, static coupling
cornplete with cab1e.
Appleton Electric Co. Type #9386

Engiire starting, corrl-
pressed air connections
(2\
Hoses (Z)
Line diagrarn - Starting
air supply to two bays

Refuel nozzle (frose)
Refuel adaptor (aircraft)
Quantity -ZperA/C

Fuel tank.vent outlets

Quantity -ZperA/C

Lanyard-operated, quick-disconnect
coupling, Wiggins # CSC-141-3A
3 - l f Z" ins ulated, flexible ho se s

MIL-N-5878 A (to rnate wltln A/C adaptor
MrL-A-5878 B)

Figure 9.
NOTE: The hangar fuel tank vent outlet

rnust be protected by a safety gauze
to elirninate possibility of ignition
flash back to the venting sYstern

Controls for engine starting, intercorn. and telescrarnble should be routed to

a control roorn. The control roorn should be well insulated against aircraft

and equiprnent noise, It is suggested that this roorn be constructed of

rrretalc1ad, soundproof rnaterial sirnilar to the soundproof roorns rnanufactured

by Industrial Acoustics Co. Inc., New York or Koppers Co. Inc., Baltirnore'

These vendors offer what appears to be suitable soundproof roorns with

attenuation of better than 40 decibels, particularly in the frequency ranges

which would ef{ect voice cornrnunication. "Noise 1ock" windows and doors
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are also available plus "quiet ductrr ventilators for use when the doors are

c1osed.. As noise levels of up to LZO decibels lrray be expected in the turn-

around" hangar d.uring taxiing awav a reduction in noise 1eve1s down to B0-85

is essential if cornrnunication is to be rnaintained"

The catwalk frorn the crew roolTI to the cockpit should be suspended {rorn the

roof to perrnit a clear taxi-wav for the aircraft af"ter cornpletion of the turn-

a-round. The end of the catwalk rnust 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 REQUiREMENTS

7 .6. I TURNAROUNDS ONLY

During turnarounds the ASTRA

sequently a 550 volt 60 cYcle 3

I systern will be rnaintained at standby. Con-

phase power supply will be required to each

50 KVA

I34 KVA

1. 5 KVA

60 KVA

aircrait as follows:

(") 400 cps generator (output 40 KVA)

(b) Cooling air rnachinery (esimated)

(.) ZB volt d-c 50 arnP (rectified)

(d) Hydrant refuel Purnp s Z per aircraft
{estiroated 30 KVA per purnp delivering
500 gpm at 70 PSi.)

T otal 245. 5 KVA

For a four bay-turnaround hangar in which four aircraft are being turned

around sirnultaneously, a total of 982 KVA will be required. The other

hangar services such as lighting and heating which have not been included

should be added to this tota1.
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7 . 6 .2 l st LINE MAINTENANCE

For I st line rnaintenance, 550 volt 60 cycle

will be required at each aircraft posit'ion to

in addition to the a-c power and cooling air'

(") 400 cps generators (output 40 KVA)

(b) Cooling air rnachinerv

(.) Z8 volt c1-c 50 arnp (rectifier)

(d) 4000 psi hydraulic rig

(.) Radar hvdraulic rig

(f ) Nitrogen con-IPres sor

3 phase

ope rate

These

T otal

be required forIn addition, I10

equiprnent at l0

volt 60 cycle outlets will

KVA.

In a 4-bay turnaround hangar, in which

bay should be equipped with outlets for

that each bay would consurne rnaxirnurn

rnaintenance is to be perforrned, each

the above equiprnent, but is is unlikely

powe r s irnultaneouslY'

As surning

ance, the

that two aircraft are on turnarounds and two on

total load for four bays would be as follows:-

2 turnarounds at 245 KYA each =

Z lst line rnaintenance at 309 KVA each

T otal

first line rnainten-

490 KVA

618 KVA

1I08 KVA

The other hangar services such

have not been included should be

as lighting, heating and

added to this total"

tjisfffl#ffi$flI':

electrical power outlets

ground servicing rigs,

are as follows:-

- 50 KVA

- I34 KVA

- 1.5 KVA

- IO5 KVA

- 5 KVA

_ 14 KVA

309.5 KVA

electronic test

power tools which
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An emergency supply should be provided as insurance against main hydro-

electric failure.

7 .7 HYDRANT REFUELLING

7.7.I 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 sqr:adrons. This is the rnost econo-

rnical and efficient rnethod of dealing with the large quantities of fuel involved

in the daily opera.tion of interceptor squadrons, using high perforrrance gas

turbine aircraft. The rnain advantage of the hydrant systern is its ability to

handle the large quantity of fuel involved at all tirnes, 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 g6rntlat missions per day at

the present cornbat fuel load, i.s 25 x2026 Imperical gallons, i.e. 50,650

gallons. (tt should be noted also that the cornbat fuel load is likely to be

increased on subsequent rnarks of ARRO1M).

7 "7 .l. I Tender Requirernents

The proposed tender will have a capacity of 3,200 gallons and a delivery rate

of.Z5O gallons per rninute through each of two hoses. Each tender can serve

one ai.rcraft through two refuelling points. Thus four tenders will be

required per squadron to actively support the turnarouad hangar to rneet the

specification that four aircraft be turned around in fifteen rninutes. Con-

sequently on a two squadron airbase eight tenders will be required. Since

one tend.er can fill only one aircraft to the cornbat load of 2r 026 gallons, it

follows that a redeployrnent of tenders rnust be rnade to rneet a succeeding

wave of four aircraft. In this cds€1two tenders will be required per aircraft
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as the tenders now only hold 3ZOO - ZOZ5 = Ii?4 gallons. The eight tenders

would then need replenishing frorn bulk stock. Replenishrnent of these eight

tenders would be required twice a day, on the basis of total fuel required per

day, divided by total tender capacity as follows:

25 sorties (Z squadrons) x 2026 gallons per sortie

8 tenders x 3200 gallons each

- 50,650 i. e. Z refills are required.
z5:6oo

During these two refuelling periods there would be no refuelling facility avail-

able at the turnaround hangar, unless four ryIore tenders were stading by,

already filled, while the eight ernpty tenders were being refilled'

The total nurnber of tenders required will therefore, be 12 plus one in

irnrnediate reserve. This figure does not allow for rotation through the

garage for periodic rnaintenance. At this rninirnurn figure of t3 tend.ers, the

total capital outlay is estirnated to be $312,000. The cost of garage and

rnaintenance facilities, spares, overheads aad labour rnust be added to this

figure.

7.7. l.Z Hydrant Requirernents

The hydrant systern only requires the following:

(") Satellite storage tanks located near the. turnaround hangar.

(b) 16 purnps at 500 gprn each (i. e. two for each of eight turnaround bays).

These purnps plus two reserve purnps, would be located in a purnp

house near the satellite tanks.

(") Piping frorn the satellite tanks to the aircraft'

(d) purnps and piping frorn the bulk store to the satellite tanks'

99



(.) Dispensers with filters, water separators, air separators and flow

rneterg.

The purnps proposed. for the hydrant systern would be capable of delivering

500 gallons per rninute per hose, rnaking a total of 1000 gallons per rninute to

each aircraft. The aircraft has been designed to receive fuel at 1000 galLons

per rninute through two refuel points at 50 psig at the nozzle with a desirable

rnaxirnurn surge pressure of 90 psig (but not exceeding I20 psig)'

It is evident that the h'trdrant systern will double the tender delivery rate.

This is rnainly d.ue to the fact that a larger purnping station rnay be used than

could be transported in a tender.

Other advantages of the hydrant systern are:

(") Etirnination of the eight tenders, which are rnajor iterns requiring

large space for rnanoeuvring, with consequent hindrance to other

ope rations.

(b) Subject to further investigation, the possible elirnination of cooling

requirernents {or the fuel. The fuel in the aircraft tanks should not

exceed 70oF prior to take-off on a rnission involving flight at Mach Z

or 110oF prior to take-off on rnissions involving flight at Mach 1.5"

Fuel in tenders standing in hot sun can attain lI0oF and although this pro-

blero will require a solution for forward base activities it can be rninirnized

by the use of hydrant supply frorn buried storage tanks and delivery 1ines,

at rnain base"
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(")

Assurning a Z0 day period of sustained hostilities without replenishrnent

of the rnain base supply, the bulk store would require a capacity of

1,013,000 gallons. i.e. Z0 days at25 sortiesper day using 2026

gallons per sortie.

(b) Satellite Tanks

The satellite tanks would be

hangar as possible in order

The satellite tanks will be

the rnain storage tanks, by

required as close to the turnaround

to rninirnize the delivery line length"

replenished at a lower rate frorn

purnping units located at the rnain

€f$*l&t$$#sTffi:#

7.2 ESSENTIALS OF PROPOSED HYDRANT RET'UELLING SYSTEMS
(r'rcuRE zo)

Main Storage Tank Area

This area contains the rnain tanks which rnay 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

s upplies.

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 nurnber of sorties to be flown

frorn the air base, the cornbat role fuel load and the duration of cornbat

conditions which it is desired to rnaintain, without the need for bulk

replenishrnent. As this inforrnation is not yet available, the following

examples of fuel quantities involved, have been based on 25 training

rnissions per day, per two squadrons.
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bulk store. The capacity of the satellite tanks will be deterrnined

by the daily consurnption rate and the duration of tirne considered

tolerable for isolation {rorrr the bulk supply.

Assurning a three day isolation frorn rnain tank area, the capacity of

satellite tanks would be 3 days at 25 sorties per day using 2026 gallons

each sortie = 151,950 ga11ons.

Purnp Houses

A purnp house is required at each of the storage tank areas. The rnain

bulk fuel store purnp house will be capable of rnaintaining the satellite

tanks ful1 at all tirnes. This will ensure that ful1 capacity is available

at the satellite tanks in the event of any failure or breakdown in the

fuel supply systern.

The satellite tank purnp house will deliver fuel at 500 gprn through each

of two lines to two hydrant valves for each airc::aft, with 50 psig pres-

sure at the aircraft nozzle. An ernergency electric power supply will

be available at each purnp house.

The rnaxirnurn nurnber of aircraft to be refuelled sirnultaneously in

the proposed turnaround hangar is eight. Thus, the total power

requirernents will be based on l6 purnps, each purnping 500 gprn at

the sarne tirne, and this arnounts to an estirnated 16 x 30 = 480 hp"

There should be two standby purnps with suitable change-over valves

to perrnit thetrr to supply any delivery 1ine"

A typical purnp, to rneet the requirer:rent, is the GORMAN-RUPP
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centrifugal purnp. This purnp consurrles 30 hp at deliver:y head of 7O

psig. The basic dirnensions of this unit are estirnated at 6 ft by Z f.t

by z ft high, weighing abou.t 400 lbs " Further investigation is

proposed, to estabiish optimum purnps and equipment layout, before

firm recornrrlendations can be rnade.

(d) Pipe Lines

The rnajor factors in the design of pipe lines are fluid pressure, fluid.

velocity, type of f1uid, pipe line lengths and shut-of{ closing tirnes.

Pipe line lengths should be kept to a rninirnurrr, particularly in the case

of the lines frorn the satellite tanks to the hydrant valve in ord.er ,".r

reduce the friction losses to a rninirnurn. A11 underground pipe lines

should be treated to prevent corrosion. Above ground route rnarkers

should be laid to prevent inadvertent darnage by excavators. Two pipe

lines carrying 500 gprn each will be required frorn the satellite tanks

to each aircraft position.

There will be a total of eight aircraft bays in the prepared turnaround

hangar and 15 lines will be required frorn the satellite tank purnp

house, i. e. two lines to each aircraft.

Flexible link-up hoses will be 2 l fZ in. diarneter of proven rnaterial,

terrninating in a nozzLe at the aircraft coupling.

F iltration

A ten rnicron Iilter will be required. in each of the d.elivery lines to r-he

aircraft. Specifications MiL-E -\0a7 and 8593 require gas turbines to

operate on fuel strained to 200 rrresh (24 rnicrons). Standard practice

&rxrS[S{&b*er_-*r
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for normal use, as recornmended by the Arnerican Petroleum Institute

(BuUetin L50l/55) is ten rnicrons. Five to ten rnicron filtrarion equip-

rnent is available with corrrbined water separation capabilities" A

typical unit for flow rates at 500 gallons per rninute is the Frarn-

Warner Lewis vertical separator /f.tlter, four feet in diarneter an6

seven feet high. The use of these units assurnes separate 1i1es at 500

gprn. In this case, two units wiil be required per aircraft.

It is desirable that these units be located. as close to the aircraft as

possible in order to elirninate the possiblity of foreign rnatter, such as

pipe sca1e, being delivered to the aircraft tanks. The aircraft filters

will retain srna11 quantities of contarninants without prejudice to the

fuel flow, but large deposits of scale could cause fuel starvation.

Hydrant Valves

These hydrant valves are specially designed for quick coupling and

uncoupling without loss of fuel and are set flush in the floor. Hvdrant

valves in currrent use are available to take a Z-l/Z inch hose. As these

are the same size as the NATO aircraft couplingrit would be econornical

to standardize on this size. Two valves would be required. for each

aircraft; i. e. each refuelling bay in the turnaround. hangar would. have

four hydrant valves. A shut-off valve is required in each line upstrearn

of the hydrant valve, to shut-off the supply for rnaintenance on the

va1ve.

Hydrant Dispensers

These are normally rnobile carts or self -propeiled trucks ca:.::f ing

trtr#rdWff#

(e)
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hose reels, air elirninators, rnetering units, filters and water separa-

tors.

The units are rnobiie to perrrrit their rerrloval frorn the {1 ight apron to

give incorning aircraft free access to the hydrant" In the proposed

turnaround hangar the dispensing equiprnent would be located in a

central section between each pair of bays. Mobility is required., how -

ever, so that the equiprrrent can be rnoved for servicing and filter

cartridge changing. The rnobile rig should be vapour proof to localize

furnes frorn leads. A ventilation outlet in the trolley would be connected

to a blown air duct with an outlet at hangar roof level.

There is no known trolley suitable for the pllrpose discussed, but

design would only consist of rnounting standard equiprnent on a suitable

trolley.

One trolley would be required to service one aircraft. Each trolley

would carry two sets of the following:

Air elirninator.

Fuel rneters.

Cornbined water separator and filter

Anti-surge valve

Inlet hose - short (hydrant to dispenser)

Outlet hose - short (dispenser to hangar floor pipe)

Stowage for pipes
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(h) Method of Control

The rnain feed purnps at the satellite tanks may be sta::ted autornatically

by pressure drop at cor:nr:'rencernent of re{uelLing, or by push button

control. The iatter rrrethod is preferred as the ha.zar:d.s of mainta.ining

the systern constantly under pressure are elirninated. Push button

control rnay be effected bv either the operator who couples the hose to

the aircraft or by the rnan who reads the refuel rrreters and operates the

flow control valve on the dispenser unit. As the latter d.oes not require

rernote electrical control' it is to be prefe rred.

7 .7 .3 CONCLUSION

The case for hydrant refuelling has been reviewed and shown to be desirable

frorn the operational point of view, in that double the tender flow rates rnay

be used with consequent irnprovernent in turnaround tirne. IJltirnate operating

costs are considerably less than using the equivalent rnobile tendgrs. It is

also believed that the initial capital cost rnay be acceptable when offset against

the reduced nurnber of tenders required. However, the initial capital cost

has not been investigated. This is deferred pending RCAF acceptance of the

hydrant refuelling concept.
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8. O T'ACILITIES REOUIRED FOR STORING AND

8. I SERVICING TECHNIQUE

For crew breathing, liquid oxygen is carried in the aircraft in a 5 iitre (I.32

U. S. gallon) converter. An inherent feature of liquid oxygen converters is

that a delay of about l0 rninutes is required between filling and prod.gction of

gaseous oxygen. This tirne plus the five to ten rninutes required for refilling

rneans that the turnaround tirne becornes excessive. Consequently, the

converter has been designed to be readily rernovable and replaceable with a

ful1y charged unit. Thus, a supply of fu1Iy charged converters will be neces-

sary. These rnu5t be stored outside the hangar area in a location free frorn

oi1 and grease" The s'torage facility would also be required to handle the

converter servicing and periodic checks. AVROts proposals for this facility

are illustrated in Figure 21 and described as follows:

8.2 DESCRIPTION OF PROPOSED FACILITY

The facility consists essentially of three areas:

1. Carport area for bulk storage tanks.

Z. Workshop and converter storage roorrL

3. Garage and loading area.

8.2.1 CARPORT AREA FOR BULK STORAGE TANKS

This atea will house the bulk storage tanks and rnobile trailers. The

requirernents for one squadron are calculated to be one 500 gaIlon tank

and one 50 gallon tank. The tanks are stored in the open but are protected

by a roof..and side wa1ls. Storage in the open is rnore economical since

building cost is reduced and there is no requirernents for special ventilation

ff&{;e&ffi$fffl#
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equipment to prevent concentration of oxygen gas. Details of the tanks are

as follows:

(.) 50 galIon trailer (USAF Type_I,I4:t)

This consists c{ a vacuurn insulated container rnounted on a four wheel

trailer. The unit is norn-ia11y 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:

SECRET
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Weight-f ul1

ltreight-ernpty

Length

Height

width

1550 ib

r000 lb

106 in.

51 in.

67 t /z in.

Evaporation loss rate - 2.5 gallons (5%) per 24 hours.

The loss rate over a seven days period would be lz.5 gallons, leaving

32. 5 gallons for servicing aircraft converters" This quantity would

fLLL 24 converters if there was no wastage during filling" However, a

wastage factor rnust be allowed because during the initial stages of

converter filling there will be a discharge of gas until the delivery

hose is cooled down to liquid oxygen ternperature ( - Z97oI.). This

figure will d.epend. on the length of hose and frequency of filring. A

realistic figure cannot be quoted until sorne operating experience is

obtained. However, a 50 ga11on trailer will be adequate for theforward

base actiwity specified in AIR 7-4 i.e. six aircraft at forward. base for
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(b)

refill on landing, and six refills after a combat sortie to enable the

aircraft to return to rnain base.

150 gallon storage tank (USAF Type B - l)

This tank is sirnilar in construction to the 50 ga1lon trailer and rnay be

rnounted on a trolley or skid. It is air transportable and rnay be used

instead of the 50 ga11on trailer to support forward base activities if

extended operations are Iikely.

The leading particulars of this tank are as follows:

Weight-fu11 2330 Ib

Weight-ernpty 890 lb

Length 100 I /Z in

\Midth 50 in

Height 54 t/Z in

Evaporation 3. 3 gallons in 24 hours (Z.Zrlr)

The loss rate over seven days will therefore be 23 gallons, leaving IZ7

gallons for servicing aircraft converters. This quantity would tilL 97

converters if there was no wastage during filling.

(") 500 gallon storage tank (USAF Type C. I)

This tank is norrnally reserved for bulk storage at rnain base. It is

norrnally used to replenish the 50 gallon trailer which in turn charges

the converters. However, the tank could be rnodified to enable it to

fill converters direct. This is desirable in the proposed facility.

The leading particulars are:
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'We ight -f ull

lileight-ernpty

Length

width

Height

Evaporation

7 3t5 tb

2340 tb

146 I /z in

65 t/z in

70 lfZ tn

5 gallons in 24 hours (1flo)

The loss rate in seven days would arnount to 35 gallons, i. e. i40

gallons in a four week period. This would leave 360 gallons for filling

convertersrif there was no wastage.

The peacetirne requirernent per squadron will be based on nine sorties

per day. Assurning 20 effective days per rnonth, and a full converter

required at each sortie, 180 converter fills will be required per rnonth.

This will amount to Z5Z gallons which can be met from the 350 gallons

left in rnain tank, with 30% left over for wastage. The actual arnount

likely to be wasted is not knowr5but if operating experience shows this

to be higher, the total quantity stored rnay be increased.

From the foregoing, a suitable bulkstorage for one squadron would consist

of one 500 gallon tank plus one 50 gallon trailer. Double this quantity would

be required for two squadrons. The proposed rnethod of storage would be

in the carport area already described, with converters being filled in the

open. The converters would be placed on rnounting 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

ILZ



avoid concentration of oxygen gas. This is possible ia 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 fu1l.

A vacuurn purnp will be required for periodic rnaintenance of the vacuurrr

insulation of the foregoing tanks. A rotary vacuurn purnp, type USAI. /VrA-l/

nurnber 8200 -957320 or sirnilar, will be necessary. A power supply will be

required to operate the purnps.

8.2.2 WORKSHOP AND CONVERTER STORAGE ROOM

A space of. Z0 ft by Z0 ft appears necessary to accornrnodate the following:

(") Storage shelves for converters, at a convenient height. Space for 30

converters should be allowed for two squadrons :

Nurnber of aircraft in Ist line requiring
space converters.

Nurnber of aircraft in second line with
converters rernoved for storage and
servicing

Spare 5

30Total

The space required would arnount to approxirnately 15 ft by 3

ft by 7 tt. The dirnensions of the converter are ahown on AVRO

drawing 7 -2L54-14.

(b) 'Workbench for checking converter quantity capacitance probe. A

liquid oxygen quantity gauging systern will be required for this purpose.

The wiring diagrarn is illustrated in AVRO report No. 7Z/SYSTEMS

ZL/30. A rnains power supply wilt be required to operate a rotary

nt.Y#gsffff,-,jfl,
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(.)

(d)

(")

(f )

(e)

8.2.3

&r $4.&.

converter for supply of II5V 400 cycle A-C power at Z arnps.

'work bench and scales for weighing and checking evaporation loss.

Locker to store special clothing for personnel ernployed in {i11ing

converters.

Locker for special tools and cleaning rnaterials.

Desk and records.

First aid equiprnent. The requirernent for special ciothing and first

aid suitable for handiing liquid oxygen has not been investigated as it

is felt this should be the subject of specialist advice.

TRANSPORT TRAILER GARAGE

in the event of a fire in the area.

Special safety precautions for personnel are contained in RCAF

EO Z0-I15-9.A. and in AVRO report 7t/MAINT ZL/Z (ennOW t -

Orygen, G round Servicing Equiprnent).

The workshop and converter storage roorrr should be adequately vented.

A basernent is undesirable as oxygen gas is heavier than air.

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 oi1 spillage

frorn the tractors to an area rernote frorn the bulk store.

8.3 SAFETY PRECAUTIONS

(") The installation of bulk liquid oxygen should be rnade in consultation with

specialists of the supply agency. Outside storage is to be preferred for

reasons stated previously, and for quick access for removal of tanks

(b)

(.)

(d)

Ii4
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za' (") A plensiful water supply should be available in case of spillage of

liqutd oxygen.

(f ) A staff of two is desirable in this facility at all tirnes in case of

accidents.

(g) Heating should be piped frorn an adjacent area if possible in order to

avoid having a heating unit near the oxygen facility.
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