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1. INTRODUCTION 

Avro Report No. LOG/1O5/43 was issued in September, 1956. The object of 

the report was to establish an informed basis for discussion m. th the 

R.C.A.F. with the purpose of arriving at a decision on what ac tion should 

be taken to arrive at the best type of engine handling equipmen t to support 

the Arrow in Squadron operations. 

'lhe report covered in detail both the J75 and Orenda "Iroquois" install­

ations together with associated ground handling equipment. It was 

recommended that as the J75 version of the Avro .Arrow would not go into 

squadron service, the engine handling equipment proposed by Avro should be 

accepted and that the equipment required for the Iroquois should be the 

subject of further study. The R.C.A.F., thrrugh the medium of the Maintenance 

and Ground Equipment Sub-committee, has accepted the recommendation that the 

J75 ground equipment as proposed should be adopted and Iroquois ground equip­

ment should be further investigated. 

In order to broaden the scope of this investigation, Avro Aircraft Limited 

invited the Air Logistics Corp. of California to put forward a proposal 

using elements of their engine handling equipment known as the Air-Log 

system. Concurrently, Avro Aircraft Limited decided to investigate, independ­

ently, an engine handling method which would eliminate the necessity of em­

ploying engine slinging equipment in the vicinity of the aircraft during 

engine change procedure. 
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Introduction Cont I d ... 

'.lhe purpose of this Addendum is to present and review the Avro Aircraft 

Limited and Air Logistics proposals and to recommend to the R, C.A. F. a 

course of action. 
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2. DESIGN CONSIDERATIONS. 

The aircraft design features, mich in turn influence t he ground 

equipment, are fully discussed in chapter 2 of repor t LOG/1O5/43. 

The followin g recapitulat ion is given to highlight t he main 

f ea t u re s of t he airc r aft engine ins tall a tion -.h ich directly aff ects 

the design of t h e ground handling equipment. 

2.1 Engine Mounts. 

It will be seen from Fig . 4 of repor t LOG/1O5/43 t hat t he I roquois 

engine is suspende d f rom the unders ide of the wing by thr ee struts, 

one on the front inboard side and two at the rear , whi ch pick up 

on either side of the engine moun t i ng r ing a t station 732. 

Horizontal forces are taken by the front and r ear centre mounts 

which are loca ted in t he wing on the centre line of t he engi ne; 

t hese normal ly pick up with sockets in the engi ne and are retracted 

during the engine change procedure , I t shoul d be noted tha t dur ing 

i nstallation, t he r elative position of t he se mounts and the engine 

sockets are not visible. 

2.2 Engine and Air Frame Clearances. 

As illustra ted in Fig . 3 of Report LOG/1O5/43 the clearances 

be tween the engine and shroud are very l imited, and pos sibl e points 

of i nterference are not r eadi ly visible during engine removal or 

ins talla t i on, The diameter of the Iroquois af t erburner is such that 

it i s not possible to insert removabl e r ails be tween t he engine and 

CONF I DEN TI AL PAGE. NO. J. 
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2.2 Engine and Air Frame Clearances Cont'd ... 

fuselage walls to support the engine during removal and install­

ation as was the case w.i. t h the J,75 version. 

2.3 Access. 

With the exception of various service doors in the unde rside of 

the fuselage, the en gine is completely enclosed in t he Airframe 

structure forward of station 742. A removable door of 33 inches 

in width extends rearward from station 742 to station 783 mich 

is the attachment point fo r the removable tailcone f airing. It 

will be appreciated therefore that the only part of the en gine 

which is readily accessibl e for attaching ground equipment is 

through the 33 inch door opening aft of station 742. The rear 

engine mounting ring is situated at s tati on 732, which is 10 inches 

forwartl of the access door and therefore cannot be used f or 

rupporting the engine in its installed position. The only point 

capable of supporting the weight of the engine aft of the door 

opening is the afterburner flange at 745. Two brackets have been 

provided at this position for attaching ground equipment. It 

should be noted t hat only limited loads can be applied to the 

brackets , mich are re s tricted to 7501b thrust in the fore and aft 

direction . 

2.4 Specification AIR - 7 - 4. 

It is a requirement of Jl.C.A.F. Spee. Aill 7 - 4 that it is possible 

to change a complete power plant in 30 minutes. There is some 

reason to beli eve that this requirement will prove more difficult 

CONFIDENTIAL PAGE NO. 4. 
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2.4 Specification AIR - 7 - 4- Cont ' d •• • 

t o meet with the I r oquois than with the J75 inst al l a tion. It is, 

therefor e , most important that the ground equipment i s desi gned 

so as t o require the minimum amount of t ime f or its operation. 

2.5 Summar y of Desi gn Limitations. 

The foll owing condi t i ons are imposed on the des ign of t he ground 

equipment by t he aircraf t engine i nstal lation. 

a) De tachabl e rai ls cannot be used to suppor t and guide the 

engine during the chan ge procedur e . 

b ) Owing to small cl earances b etween the engi ne and f usel age 

it is essential to design the chan ge-stand so that exact 

alignment i s ensured . 

c) Means must be provided t o ensure that the engine i s 

proper ly positioned in a ll directi ons, so t ha t the engine 

mounts can b e enter ed i nt o t heir sockets . 

d) The rear suppor t b racket s and after burner flan ge a r e only 

capable of supporting t he engine whil s t i t is being trav ­

er sed slowl y a l ong t he engine change-s tan d; under no 

ci rcumstances can they be r el ied upon t o suppor t t he engine 

'\ i f the s tand were detached f rom the ai rc raft and manoeuvred . 

IIE'ORM 1749 A 

e) The gr ound equi pment must be des igned f or a minimum time of 

operati on, i f the requireMent of AIJ? 7 - 4 i s to be met. 
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2.6 Change Stand Design Jequirements. 

As the large diameter of the Iroquois afterburner precludes the 

use of removable rails, some alternative means of supporting and 

guiding the f orward portion of the engine within the fuselage 

during removal and installation, had to be provided. This guide, 

ther efo re, must of necessity be fixed and remain in the airf r ame 

at all times. In order to minimize the weight penalty, it was 

decided to use one r ail only for this purpose whi ch is positioned 

on the outboard side of the fuselage, extending from a point 3 

inches forward of the front engine mount t o S inches aft of station 

742. During removal and installation, the forward portion of the 

engine is supported by a roller, attached to the forward engine 

mount, which runs on the fixed fuselage rail. During engine 

removal and installation, the rear of the engine is supported by 

a carrier on the change-stand which i s attached to brackets mounted 

on the afte rburner flan ge . The torque resulti ng from the tendency 

of the engine to rotate about the front side roller must, therefore, 

be taken by the rear carrier. With t he engine withdrawn to a 

point where the side roller is nearing t he end of the fuselage 

rail, a second carrier must be positioned so as to support the 

front portion of the engi ne prior to i t being fully w.i. thdrawn from 

the airframe. 
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3. CHANGE STAND CONFIGURATION. 

From the foregoing, it will be seen tha t cer tain charact eristics 

of the stand are determined by the aircraft engine i ns tallation. 

For example: -

(a) The change stand must be a ttached i n a suitable mann er to 

the airf rame to ensure proper alignment between the engine 

and the shroud. 

(b) 'Various limit stops must be provided t o ensure pr oper f orward 

and aft positioning. 

(c) The engine must be supported by, and t r ave r sed on carriers 

running in rails on the change-stand. 

Having provided for the fixed requirement s , the f ol lo,-r.i.ng choice 

remains open:-

(i) The change-stand to be i n the f orm of a set of rails on wheels 

.-hich is coupl ed to t he airf r ame and r emains statio through­

out the change procedure . The engi ne when w.l. t hdrawn from the 

airframe i s lifted from the change-s t and by a hoist or crane 

onto a low transport t r ailer whioh can a l s o serve as a work­

stand . The replacement engine is then hoi sted f rom a second 

trailer onto the change-stand and i nstalled. 

(ii) The change-stand to c onsist of t wo units. The f i r st unit to 

be a short version of the stand descri bed in (i) above . 

The s econd unit ccmpris ing a trail er which is mounted on 

sprung, steerable pneumatic .-heels. Thi s t r ailer to be 

adjustable in hei ght. When f ul ly lowered, the centre of 
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3. Change Stand Configuration Cont'd, ... 

gravity of the engine must be sufficiently low t o ensure 

stability during towing of the trailer. 

In this a rrangement the engine change procedure is a s follows:-

Attach first unit to fuselage. Pos i tion and at tach trailer 

to rear of first unit. Withdraw engine f rom fu sel a ge, 

uncouple trailer upon mich the removed engine is now 

supported, an d wheel clear, Pos ition and attach second 

trailer complete with r epl acement engine, and install, 

CONFIDENTIAL PAGE NO. 8. 
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4. ENGINE CHANGE-STAND TO AVRO SCHEME # 1. 

In order that Avro Aircraft Limited should have some equipment available 

for installing the mock-up I roquois engine in the interim Avro Arrow 

fuselage mock-up , it was decided to proceed with the manufacture of a 

prototype engine change-stand to the configuration referred to in para. 

3, choi ce number (i). 

This configuration was chosen primarily because i t was by f ar the most 

simple and could be drawn and manufactured quickly. Secondly, it was 

felt that the basic concept had some merit and should be evaluated against 

equipment based on other concepts. 

'.lhe main features of the scheme and its operation are illustrated on 

Figs. 1 and 2. 

'.lhe advantages can be summarised as:-

(a) The stand is simple and should prove relatively inexpensive to 

produce on a production basis. 

(b) As the stand is always manoeuvred less an engine , little effort is 

required to position and atta ch to the aircraft . Since the stand 

is not a transporter, the wheels can have steel rims which further 

'\ increase its manoeuvreability. 

(c) '.lhe total number of operations required during the .change procedure 

is less than with other schemes. 

(d) Work-stand also serves as transporter trailer . 
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4. Engine Change-Stand to Avro Scheme# 1 Cont'd .•. 

(e) Both engines can be changed simultaneously. 

The disadvantage is that a separate means of slinging the engine 

from the s tand ~nto the trailer is required dur i ng engine change 

procedure. This may be accomplished with a mobile cr ane, or 

alternatively with a mono-rail structure, a s shown i n Fig. L 

4.1 Detailed procedure. 

In order to establish some comparison between the proposals , a 

step by step engine change procedure, together with e stimated 

times, is given below. It will be appreciated t hat t he described 

procedure covers only the main operations affecting the ground 

equipment. 

With the aircraft supported on j acks , and all cowls and doors 

removed, proceed as follows:-

1. With both carriers locked in the fully 

forward position lower (hydraulically) t he 

front end of the change-stand and wheel 

into position under the rear of the engine. 

2. Raise (hydraulic hand pump) forward end of 

stand until indexing lines on stand bracket 

Estimated Time . 
(Minutes) 

1.00 

correspond with marks on fuselage frame. ,50 

carry forward 1.50 

C O N F I D E N T I A L PAGE NO. 10. 
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4.1 Detailed procedure Cont'd ... 

Es timated Time. 
(Minutes) 

carried forward 

3. Engage pins securing stand to rear fuselage 

brackets , lock rear of s tand by engaging screw 

jack with ground . 

4. Unlock rear carrier, engage and secure carrier 

jacks with rear support brackets mounted on 

afte rbu me r flange . 

5. Engage carrier lock. 

6. Disconnect all engine mounts and services. 

7. Release carrier l ock, withdraw engine until 

rear carrier engages stop in mid position of 

stand. 

8. Engage front carrier jack with pad siu.iated on 

underside of engine, r aise jack until engine 

roller is clear of rail mounted on outboard 

side of fuselage. 

9. Release stop and fully withdraw engine. 

carry forward 

CONFIDENTIAL 
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4.1 Detailed procedure Cont 1 d •.• 

Estima ted Time . 

(Mi nutes ) 

carried forward 

10. Attach engine sling. 

11. Operate l ifting gear (overhead hoist or crane) 

remove pins securing rear carrier jacks to 

afterburner b rackets. 

12. Lift engine clear of change-stand. 

13. Deposi t and attach eng:ine on t ransport/work 

trailer. 

17.00 

.50 

.50 

.50 

1.50 

14. Transfer sling to new engine to be installed. .50 

15 . "Rl.ise new engine from its trailer and pl ace 

on change-stand. 

16. Insert pins in rear carrier jacks and after­

burner brackets. Remove engine sling . 

17. Unlock rear carrier, traverse engine towards 

2.00 

1.00 

°" aircraft until first stop position is engaged 

with rear carrier. . 50 

carry forward 24.00 

C O N F I D E N T I A L PAGE NO. 12. 
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4.1 Detailed procedure Cont' d ... 

Estimated Time . 
(Mi nu tes) 

carried forward 24.00 

18. Check that eng ine roller is lined up with 

fuselage rail. 

19. Move rear carrier into second l ock position 

vhich places the rol l er over the rail. 

3'.:J. Lower front carrier jack - ensure that roller 

is properly engaged with rail. 

21. Roll engine right home, lock rear carrier, 

connect engine stru.ts and engine mounts. 

22. Disengage rear carrier from afterburner brackets, 

remove pins attaching stand to fuselage. 

23. Lower, and remove stand . 

Estimated Total Time 

CONFIDENTIAL 
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.25 

.25 

4.00 

.50 

.25 

29. 50 minutes. 
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ENGINE CHANGE ST.AND TO AVRO SCHEME # 2. 

At the time of requesting the Air Logistics Corp. to prepar e a pr oposal 

for Avro Arrow/Iroquois engine change equipment, it was decided by Avro 

Aircraft Limited to investigate an alternative scheme which would not 

entail the use of a hoist or crane for removing and replacing engines. 

'!his then presents a third alternative f or consideration by the R.C.A . F. 

The main features of this scheme and its opera tion are shown in Figs. 

3, 4 and .5 . 

The advantages and disadvantages are summarised as f ollows :­

Advantages - No hoist or crane is required dur ing the engine change 

procedure. 

Disadvantages 

(a) The equipment is more complicated and expensive . 

(b) More effort and time is required to position the trailer 

to the adaptor stand, firstly because of the additional 

weight of the engine on the trailer , and sec9ndly because 

of t® greater :drag of the pneumati c tyres. 

(c) Tue total number of operations is more than required in 

Avro Aircraft Scheme # 1. 

(d) The wide track of the trailer which is required for stab ­

ility during towing rules out t he possibility of changing 

both engines simultaneously. 

(e) The trailer cannot serve as work-stand, and a separate 

work-stand is necessary. 
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.5.1 Detailed Procedure. 

With the aircraft supported on jacks a nd cowls removed, proceed 

as follows:-

Estima ted Ti.me. 
(Minut~ 

1. Position the adaptor stand under t he rear of 

the engine, adjust height (hydraulically ) of 

the front l egs so that the index marks on t he 

stand brackets correspond with the rear fusel age 

frame. 

2. Se cure stand to f uselage , lock rear of stand to 

floor -wt t h screw-jack. 

3. Manoeuvre the engine t railer into position at 

the rear of the adaptor stand, level trailer 

until it corresponds in height and attitude with 

the adaptor stand. 

4. Coupl e stand and trailer together, raise rear of 

trailer until the top portion of the stand and 

trailer rails are tightly butted . 

.5. Trave r se both carrie rs from the trailer to the 

for ward en d of adaptor stand . 

1,00 

1.00 

1..50 

1.00 

. .50 

carry forward .5.oo 
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5.1 Detailed Procedure Cont'd ... 
Esti mated Time . 

(Minutes) 

carried forward 

6. Attach rear carrier screwjaok to support braokets 

mounted on engine afterburner flange, and lock 

oradle. 

Disconnect all engine mounts and servioes. 

8. Withdraw engine until mid position stop is 

engaged. 

9. Engage front carrier jack with jacking pad on 

engine, raise j ack until engine roller is clear 

of fuselage rail. 

10. Release stop and fully withdraw engine , both 

carriers supporting the engine are now on the 

trailer and clear of the adaptor stand. 

11. Raise both support struts on forward end of 

trailer, adjust height of engine with front 

carrier jack, until struts ar e engaged with front 

engine mounts. 

5.oo 

1.00 

11.00 

1.00 

. 75 

1.00 

• 75 

12. Secure struts and lower front carrier jack. . 75 

oarry forward 21. 25 
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5.1 Detailed Procedure Cont'd .. , 
Esti.ma ted Time. 

(Minutes) 

carried forward 21.25 

13. Riise both rear support struts and attach to 

rear engine mount ring, the correct height is 

obtained by means of a screwjack mounted in the 

top end of the struts. 

14. 11:!move the weight of the engine from the rear 

carrier by operating the support strut screw 

j acks. 

15. Uncouple t he trailer from the adaptor stand, and 

pull clear. (The trail er must be lowered prior to 

towing) 

16. Wheel seoond trailer, upon mich is mounted the 

engine to be installed, into position. 

17. Adjust height and attitude to agree with adaptor 

stand. 

18 . Couple trailer to stand, ensure that rails are 

correctly butted. 

19. Connect rear carrier jacks to r ear support brackets 

on engine afterburner. 

.so 

.25 

1.00 

.so 

1.00 

1.00 

car ry f orward 25. 75 
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5.1 Detailed Procedure Cont 1 d ... 
Estimated Time. 

(Minutes ) 

carried forward 

20. Transfer weight of engine from rear support 

struts to carrier by operating screw jacks in 

struts. 

21. Fold struts clear of engine. 

22. Support front of engine by raising front carrier 

25. 75 

• 25 

.25 

jack, disconnect and fold front support struts. .50 

23. 'Iraverse engine forward until fi rst mid position 

stop is engaged, check that engine roller is in 

line with rail. 

24. Move engine forward until second stop is engaged, 

lower front carrier jack, ensure that roller is 

engaged with rail. 

25. Release stop and traverse engine to its installed 

position. 

1.00 

.50 

1.50 

26. Lock rear carrier, connec t engine struts and engage 

engine mounts. 4. 00 

27. Disengage rear carrier, and traverse both carriers 

rearward onto trailer. 

carry forward 

CONFIDENTIAL 
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5 .1 Detailed Procedure Cont I d ... 

carried forward 

Estimated Time 
(Minutes) 

34.00 

28. Disconnect trailer from change stand and remove. .25 

29. Disconnect adaptor stand from rear fuselage. .25 

Estimated Total Time 34.50 minutes 

6. AIR LOGISTICS CORP. PROPOSAL# DP/23-56. 

6.1 The Air Log System Analysis for Avro Arrow Aircraft Engine Handling. 

,1 The Air Log System Anal ysis deals primarily with changing the Avro 

Arrow Iroquois engine, using as many elements of standard Air-Log equip­

ment as possible. 

Secondly suggestions are made concerning the possible use of this equip­

ment for performing other servicing operations on the Avro Arrow Aircraft. 

These latter suggestions are reviewed in Chapter 7 of this addendum. 

'Ihe main features of the proposed engine changing scheme and the equipment 

involved are illustrated on Figs. 6, 7 and 8. 

It will be seen that the principle items of equipment are standard Air-Log 

units, the special equipment required in conjunction with the Avro Arrow 

Iroquois installation is confined to:-

(a) The Extension Stand. 

(b) Fore and Aft Positioning Adaptors. 

(c) Fore and Aft Transport Adaptors . 
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6 .1 Cont'd .•. 

1he engine change procedure proposed by the Air Logistic Corp . is very 

similar in principle to the Avro Scheme# 2 and, it is estimated, will 

take the same amount of time to perform. 

6. 2 Detailed Procedure. 

With the Aircraft supported on jacks and cowls removed, proceed as 

follows:-

(1) Position the Auxiliary Extension Stand under the rear of the engine, 

raise and pin stand positioning brackets. Adjust rail height of 

Auxiliary Stand until brackets pick up with rear fuselage frame. 

(2) SeC'Ure stand to fuselage. 

(3) Mount aft positioning adaptor on stand, with engine pick up exten­

sions lowered, position adaptor under engine afterburner brackets, 

raise and pin extensions. 

(4) Adjust screw jacks as required, insert pins securing adaptor ex­

tensions to afterburner brackets and lock adaptor to stand. 

(5) Manoeuvre 4000A trailer into position. Adjust height and angle so 

that the rails of the extension stand and trailer correspond. Lower 

trailer steady rests (ground locks) . Lock rails of stand and 

t railer together. 

(6) Disconnect all engine mounts and services. 

(7) Attach telescopic winch strut to aft positioning adaptor . 

(8) Unlock aft adaptor and withdraw engine until aft adaptor reaches 

stop on rear of extension stand. 

(9) Mount forward positioning adaptor on front end of extension stand. 
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6 . 2 Detailed Procedure Cont'd ... 

(10) Adjust screw jack until engine roller is clear of fuselage rail. 

(11) Fully withdraw engine so that both fore and aft adaptors are clear 

of the extension stand and supported by the 4000A trailer . 

(12) Mount transport adaptors to forward positioning adaptor, r elease 

screw jack. 

(13) Install aft transport adaptor, disengage aft positioning adaptor 

from afterburner brackets. 

(14) Release trailer steady rests (ground locks). 

(15) Uncouple trailer from extension stand and pull clear. 

(16) Wheel second traile~ upon which is mounted the engine to be installed, 

into position, and reverse the sequence 1-15. 
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ALTERNATIVE USE OF AIR-LOG EQUIPMENT. 

'Ihe Air Logistic Corp. Proposal states that many advantages would be 

derived by standardizing on their equipment; among the advantages claimed 

are increased servicing efficiency and reduction in capital outlay . It is 

claimed that this is due in part to the multi-purpose capability of the 

equipment which allows it to be used for several different servicing 

operations in addition to engine handling. Several possible alternative 

uses for this equipment are shown in connection with the Avro Arrow Aircraft. 

Before reviewing these individually the following comments are offered for 

c onsidera ti on. 

The Air-Log equipment was primarily developed for handling large jet 

engines weighing up to 8000 l bs, and in this connection the equipment un­

doubtedly has merit, its use for other servicing operations is to some 

degree a compromise which does not necessarily lead to the most economical 

use of the equipment or the efficient perf ormance of the servicing opera­

tion. 

A lengthy study would be required to review all aspects of this subject. 

As this is not the purpose of this AddGndum, it is proposed to review 

the main features of one example only. 

It is considered that 2 sets of engine changing equipment would suffice to 

support a Squadron of Aircraft of the Avro Arrow class . The equipment 

would operate in the second line maintenance area and must be on hand at 

all times to deal with unscheduled engine changes, and also to cater for 
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Continued ... 

engine removal for access to equipment in rear equipment area , If, as 

the Air-Logistic Corp. claim, the equipment is suitable for performing 

other servicing functions, additional equipment must be scaled for this 

purpose. 

It is suggested in the Air-Log System Analysis that their model 4OOOA 

Trailer could be used for loading missiles onto aircraft. Under service 

conditions this muld be done at an arming or turn round point which could 

be some distance from the second line maintenance area. Current R.C.A.F. 

operational requirements call for 5 aircraft to be turned round in a period 

of 15 minutes. This would require the use of 5 trailers which are in 

addition to those required for engine handling. It will be appreciated, 

therefore, that it is not a matter of using the same equipment to handle 

engines and load missiles in a dual capacity, but to provide equipment 

primarily designed for engine handling to load missiles, and more than 

twice the "engine handling" number of trailers wruld be required for the 

purpose of loading missiles. This poses the foll01v.i.ng questions. 

(a) As a missile loader can the 4OOOA trailer perform the operation 

as efficiently as equipment designed sp ecifically for the purpose? 

(b) Is it economical to provision it for this purpose? 

'lhe first requisite for any ground equipment required f or the "turn round" 

of an aircraft is that it can perform its function in th e most convenient 

manner, the shortest time, and requires a minimum of personnel for its 

operation . 
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It is considered t hat t he most suitable equipment, f or installing miss i les 

would be a light trailer incorpor ating a winch. The trailer would trans ­

port the mis siles from t he "Ready Uici® Stor-3 1' to the airc:raftj and raise 

the missile from the t railer to t he ai:l'icraft by mea.>1s of cables attached to 

the l auncher r ail, In this manner the missil e is free to swing into 

position and the proper r el ati on of the mi3sile to the rail is as suredj t hus 

eliminat.ing the necessit y of accurately positioning t he trailer with 

respect t o the aircr aft. The trailer described would weigh about 400lbs 
! 

and be r elatively inexpensive t o manufac·ture on a production basis. '.Ihe 

Air-Log Trailer Model 4000A, because of its engine handling capability is 

somewhat cumbersome j measuring 12°6u X 6°6" and wei ghing 2500lbs. The 

proouction cces t of each of these trailers c,mpl ete wi th adaptor s is in the 

order of $89 000 , An a ircraft et the Avr,o Arrw t ype is expec ted to be 

i n Squacl.ron service for a peri:<d 1}f ±'rc-m 6 to 8 yea:rs . During this time 

ea.eh aircraft can conceivably be a:'\'l:lled and disarmed some 13 500 times . It 

f ol l mirs that each mis sile loader will probably h-s operated several t.'1.ous and 

times. 

To swnmarize it would r equire a hig er capital outlay to provision 4000A 

Trailers far missile handling than t o design and produce more simple equip­

mclnt for this purpose. It would perform. t,he arming functions very in­

efficiently. It is cl aimed by t he Ai:r~Log Corp. that as the:ir equipment 

can be readily converted to s erve any a:ir c::..•aft. it never becomes obsolete. 

On the other hand it shoul;:l be b•OTM in mind. tha any grc,1::nd equipment 

which has been in continuous use f or a period of 6 to 8 years will have 
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Continued ... 

greatly deteriorated and would undoubtedly prove expensive to r epon4tion 

so that it would be capable of a further period of several years service 

with a later aircraft. 

7.1 Proposal 1. Air-Log Equipment used for handling Avro Arrow Armament Pack . 

It is probable that the Avro Arrow Aircraft will be re-armed by changing 

the Armament Pack. Upon removal from the aircraft, the discharged pack 

will be conveyed upon its Hoist/Trailer to an armament building mere it 

will be raised with the Hoist/Transport into a servicing stand. '.!his 

supports the pack in approximately the same r elationship to the ground 

tha t it occupies when in the aircraft. The pack will be checked out and 

re-armed while supported in the service stand; upon completion of thi s 

operation the pack is lowered from the work stand by the Hoist/Transpor t 

and conveyed to the ready use armament store. 

If this arming method is adopted it becomes a matter of prime importance 

that the packs can be changed during aircraft turn round in the shortest 

possible time. 

The alternative between flight re-arming procedure of the Avro Arrow would 

be to load each missile individually, and this will require that an external 

hydraulic power suppl y be coupled to the aircraft to extend and retract 

the missile launcher rails . 

Even if this latter re-arming procedure were adopted it is still necessary 

to frequently remove the armament pack for servicing, and also in order 

to gain access to the armament bay area for inspection and maintenance of 
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Continued ... 

other aircraft services. 

Ground equipment capable of rapi d and convenient removal and re­

installation of the armament pack is therefore a necessity. 

'lhe Avro Arrow armament pack measures approximately 16 1 in length 

by 8 1 in width and 2 1 in depth, its armed weight i s 400Olb s. The 

pack nests into the underside of the aircraft fuselage and is attached 

to the aircraft by 4 toggle action fasteners, one of which is situated 

in each corner of the pack. 

'lhe ground equipment designed by Avro Aircraft Ltd. for removing and 

replacing the pack is in the form of a box frame measuring 91 X 81 

and weighing lOOOlbs. 'lhe frame is supported on 4 spring castor wheel 

assemblies -which are equipped with direction locks and parking brakes. 

Tow bars are provided which allow the Hoi st/Transporter to be towed 

in both a fore and aft and sideways direction . This feature was 

incorporated at the express request of the R.C .A.F . so that the pack 

assembly is normally towed with the pack in the fore and aft direction 

bet.ieen the aircraft and armament building, and can also be towed 

sideways for positioning under the aircraft. The hoist frame contains 

a pneumatically operated cable assembly with an automatic balancing 

arrangement. 

Hoisting the pack into the aircraft is achieved by hooking 4 cables 

from the hoist onto points on the aircraft fuselage and operating the 
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• self contained pneumatic system. This retracts the cables and raises 
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the H(4st/Transporter, complete with the armament pack, up to t he aircraft. 

The fact that the pack and hoist assembly is suspended from the aircraft 

ensures proper position so that the packs will line up with t he fuselage 

guide rails or that minor mal-alignment is corrected by the assembly 

swinging over on the cables. In this manner it i s poss i ble to have the 

pack as nmch as 15 inches out of position under the aircraft initially, 

and still achieve satisfactory installation . 

It was demonstrated during the Avro Arrow Mock-up eval uation conference 

that an armament pack can be changed in under 5 minutes using the ground 

equipment described. 

It is considered that the Air-Log Trailer Model 4000A is not suitable as 

ground equipment for changing the Avro Arrow Armament pack for the follow­

ing reasons: -

(a) The model 4000A Trailer is designed f or t owing in one direction only, 

the wheels can be set at 90° to the normal direction travel, This is 

a cumbersome procedure which entails supporting the frame of the 

trailer on its extension legs, relieving all weight from the wheels, 

disconnecting the steering arms and radius rods, and locking the 

wheels to 90° to their former position. In this condition the Trailer 

cannot be steered and therefore, cannot be accurately positioned. 

A model 4000A Trailer complete with an armament pack will not pass 

under the rear fuselage and therefore cannot be accurately positioned 
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from this direction . An approach from the front is also rest ricted in 

this case by the nose undercarriage. It would appear extremely difficult 

if not impossible to accurately position the trailer under the a ircraft 

unless the pack were mounted transversely, which means that it wruld 

always be towed sideways, which is not in accordanc e with R.C .A.F. stated 

requirements. 

(b) The use of the model 4000A Trailer for raising aircraft components into 

position requires that the trailer is very accurately positioned in the 

first instance. Some adjustment is provided in the stand for final position­

ing, this is, however, limited to 2 11 in one direc tion. 

Assuming that the difficulties in positioning the trailer under the air­

craft as outlined in (a) above were overcome by transversely mounting 

the pack on the Trailer, it is considered that inserting the armament pack 

into the Avro Arrow fuselage would prove to be a very tedious and slow 

operation. It is also considered that there is every possibility of 

damaging the pack or aircraft structure by either interference caused by 

mal-positioning, or exerting a side load on the pack during its insertion, 

which would result in damage to the armament pack guide rails. This could 

occur without being readily apparent to the ground crew while inserting 

the pack . In short it is considered that the 4000A Air- Log Trailer is a 

most unsuitable piece of ground equipment for the frequent and rapid chang­

ing of the Avro Arrow armament pack. 

7.2 Proposal 2. Air-Log Equipment used for loading Missiles - Avro Arrow Aircraft . 

Some basic disadvantages in using the Air -Log model 4000A Trailer for 
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• l oading missiles have be en discussed earlier in this chapter; the remarks 

were not confined to any part icu a r airc raft and were put for-ward to 

i ndicate that it is neither economical or desirable to use the equipment 

f .:!>r t his purpose. As applied t o the Avro Arrow configura tion the pos sib­

ility of using the Air-Log trailer for loading missiles is further com­

plicated by t he fac t that it is difficult, t o position the t railer under 

the aircraft i n a fore and aft direc tion. SecondJ.y the launcher rails 

• 
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are staggered both i n hei ght and in a f or e and aft pl ane . Taking all things 

into consi deration the Air-Log tra iler i s net suit able f or thi s task. 

7 .3 Proposal .3 . Air-Log F,quipment Repl a .:;i ng Fork Lif t Tru k . 

The Fork Lift Truck was ori gina~ show on the Avrc Arr ow ground equip­

ment l i st as general purpose equipment f◊r handling c ra ted stores and 

• ther i terns wit h no specific aircraft servicing operation i n mind. 

7.4 Propos al 4. Air-Log Equi pment - Rudder Storage Cradle. 

Although this i t em is included n t_he Avro Arrow gr ound equi pment lis t it 

is not intended t o desi gn a cr adle e spacia lly f or thi s purpose. 

7 .$ Prcposal 5. Air-Log Equipment - Engin Removal Gr ~ . 

The ac ceptance of t he Air-Log equi pment f o engine handling would eliminate 

the use of a crane during the engine changs procedure , Same f o:rm of engine 

lif ting will hmrever 9 s till be requir ed t o r emove and r eplace t he engine 

i n the shippi ng case . 

7 .6 Propos al 6. Air-Log Equipment - Auxiliary Fuel T-3.nk H:9.nd.li~ . 

It would appear tha t the Air- Log Tr.a~ '..ar Mndel /.iOOOA c l d be u:sed i'or 

i nstal ling and removing the Au:rllim~y Fue l T-ank s •::haduled f or the Avro 
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7. 7 Proposal 7. Air-Log Equipment - Radome and Pr ooe Dolly. 

A light trailer for transporting the Radome and Probe assembly has been 

included in the Avro Arrow ground equipment list. Pending a sm.dy of 

the requirements of the Astral system as a whole, it is not possible to 

de temine what form this equipment should t ake. 

7.8 Propo.sal 8. Air- Log Equipment - Li quid Oxygen Converter Trailer. 

'lhis equipment is intended as a means of conveying the aircraft oxygen 

converters from the area where they are charged to the aircraft. Each 

converter will be housed in an insulated compartment, the total weight 

carried will be in the order of 200lbs. The container will therefore be 

in the nature of an egg crate on wheels, and could be mounted on any 

suitable flat top hand truck, or have its own wheels. It i s thought that 

as the equipment will be in continuous use, it is advisable that it should 

be mounted on i ts own wheels , as any other trailer al located for the purpose 

of carTYing the c rate would be tied up for the life of the equipment . 

7.9 Proposal 9. Air-Log Equipment - Outer Wing Removal Dolly:. 

It is considered that the Air-Log Model 4000A Trailer with suitable 

adaptors would prove satisfactory f or thi s func tion. 

7.10 Proposal 10. Air Log Equipment - Fin Dol ];y: . 

It is considered that the remova l and replacement of the Avro Arrow Air­

craft fin is a major operation and will in all probability be performed by 

a contractor working par -cy; thi s view has al so been expressed by the R.C.A.F. 

maintenance sub-committee, who have recommended that no R.C.A.F . ground 
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equipment should be selected for t his purpose. 

7 .ll Proposal ll. Air-Log Equipment - Armament Pack Test Stand. 

A stand is required to support the armament pack while undergoing main­

tenance and functional checks. The pack will be hoisted into the stand 

by the Hoist/Trailer in the same manner as it is raised into the aircraft, 

the underside of the pack must remain clear so that the launcher rail 

extension mechanism can be operated. It is thought that the Air-Log Corp. 

included this stand among the uses to which their equipment could be put 

due to a lack of understanding of its function . 

7.12 Proposal 12. Air-Log Equipment - Aileron, Elevator an d Control Box Removal 
Stand 

It is considered that the Air-Log Model 4000A Trailer with suitable 

adaptors, would prove satisfactory for this function. 

7.13 Proposal 13. Air-Log Equipment - Outer li.ing Storage Cradle . 

Remarks as in 7.4 above. 

7.14 Proposal 14, Air-Log Equipment - Aircraft Components Slings. 

Component slings for major portions of the Avro Arrow fuselage have been 

included in the g round equipment list. These are required during the 

production and assembly stage of the air fra:rre, but will not be required 

by the R.C.A.F. for maintenance. In any case most of the components are 

too large to be supported by one Air-Log Stand . 

7.15 Proposal 15 . Air-Log Equipment - Engine Removal Stand . 

Air-Log equipment can be considered suitable as discussed in previous 

chapters of the Addendum. 
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7.16 Proposal 16 . Air-Log Equipment - Engine Stand. 

Remarks as in 7.15 above. 

7.17 Proposal 17. Air-Log Equipment - Fin Cradle . 

Remarks as in 7.10 above. 

7.18 Proposal 18. Air-Log Equipment - Missile Li fting To.ckle . 

With the exception of arming aircraft all lifting and individual handling 

of the missiles will be confined to the missile handling faci lity. The 

equipment for -this area is presently being proposed by Canadair to the 

R.C .A.F. if, as is believed, s linging of missiles is required suitable 

equipment will be included in Canadair's proposal. 

7.19 Proposal 19 . Air-Log Equipment - Armament Pack Sling . 

In general the Avro Arrow armament pack will either be:­

(a) In an aircraft. 

(b) On the Hoist/Transporter. 

(c) In the Test Stand. 

A sling will however be required f or the occasion where a pack has been 

shipped in a packing case, or if major structional repairs have been 

carried out which could not be done in the Test Stand . 

7.~ Proposal 20 . Air-Log Equipment - Engine Sl ing . 

'lhe Air-Log engine handling sys tem woul d reduce the number of engine slings 

required, Engine slinging will be required for removing and replacing 

engines in their shipping containers. 

7.21 Proposal 21 . Air-Log, Equipment - Radome Sling. 

Remarks as in para. 7. 7 above. 
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CONCLUSIONS AND REX::OMMENDATIONS. 

The Air Logistic Corporation's preliminary engineering proposal had 

not been submitted at the time that Avro Aircraft Limited had completed 

its Scheme# 2. It is therefore interesting to note that the general 

concept and technical details of these two schemes are very similar. 

As for initial cost and availability, the Air Logistics proposal has 

every advantage, because the main items of equipment included in their 

proposal are already in existence . 

With regard to Squadron operation of the Avro Arrow the R.C.A.F. will 

therefore have to decide between two concepts . These concepts are the 

Avro Aircraft Limited Scheme # 1 and the scheme submitted by the Air 

Logistics Corporation at the request of Avro , 

The theoretical pros and cons of these two concepts have been stated in 

the text of this Addendum. We believe that these theoretical consider­

ations are not sufficient to reach a conclusion, and for the R.C.A.F. 

to base a rather far reaching decision on . 

It is therefore recommended that one set of the equipment proposed by 

the Air Logistics Corp. be obtained for evaluation purposes. It is 

further recommended that during the mock-up conference of the Avro Arrow/ 

Iroquois installation, scheduled for July 1957, a demonstration be 

conducted using (a) Air-Log equipment and (b) Avro Aircraft prototype equip­

ment conforming to Scheme# 1. 
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