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1. INTRODUCTION 

1.1 Pl.ll'pose of Report 

The Company hasp through the medium of the CF- 105 Development 
Co- or dinating Committeep the Mainten,ance Sub- committee and the 
Ground Support Equipment Sub-committee 1 kept the Royal Canadian 
Air Force i nf ormed of the Cl.ll'rent design concept of ground 
equi pment for engine handlingp power plant build-up, transporta­
tion and installation i n CF-105 aircr af t. 

At the CF-105 Mock-up Engineering Evaluation Conference held at 
Malton in Februa.ry p 1956 the RCAF asked t he Company that certain 
changes be i nvestigated in respect of t he mock- up ground equipment 
demonstrated for engine installation and r emoval. These change 
requests were: 

c-6 A positive mechanical lock be provided on the engine 
change stand to conf irm elevation of forward rails -
hydraulic achieved elevation may not be sufficiently 
reliable for transpor ting engines. 

C- 7 Th'e engine stand should be provided with steadying 
jack to raise it off wheels and fix its position 
during operation - a small movement of the stand can 
str~in the stand to r ail joints. 

C-8 That the engine stand shall be capable of being towed 
with the engine in place and positive braking be 
provi ded - this would allow the engine to be trans­
ported on the stand and to minimize loads on the 
airframeo 

C-12 Engine change trolley equipped with a cable and winch 
to effect the actual engagement of t he trolley to the 
side rails - to ease and has t en t he a ttachment. 

C-22 Engine change stand should be made to fold in order 
to reduce overall height aft$r removal or before 
installation - to facili t ate movement in hangar • 

The Company has studied these change reque sts and deemed it necessary 
to present all the information which is curr ently available on this 
sub,j ect and its recommendations in one comprehensive report. 

The pl.U'pose of this report is to establish an informed basis for 
discussion with the RCAFp with the obj ect of arriving at a decision 
on what action is presently required to arrive at the best type of 
engine handling equipment to support CF-105 squadron operations. 

C O N F I D E N T I A L PAGE NO. 1 
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lo2 Scope of Report 

L3 

In order to fulfill its purpose 9 this report includes a description o_f 
the sal ient features of the power plant installation and explains how 
these have influenced the method which has presentl y been adopted for 
install~ng and removing the engineo It also discusses power plant 
maintenance with respe~t to engine handling and provides a detailed 
desc~i pti on of the proposed equipment for both Pratt and Whitney J75 
and Orenda "Iroquois" power unitso 

The Company's recommendations on policy are to be f ound in the conclu­
sion of thi s reporto 

Development Programme 

CF- 105 aircraf t allotted to the aircraf t development progr amme will be 
fitted with Pratt and 1/hitney J75 power plants wi th exception of 
aircraft No. 6 which has been reserved for fl ight development of the 
Orenda "Iroquoi s no A total of .31 J75 engines have currently been order-

~ ed for the development programme and it is planned that aircraft Noo 11 
and all subsequent aircraft will be fitted wi th "Iroquois" engineso 

The design of handling equipment for the J 75 engine and power plant is 
now complete and manufacture of t he units will commence immediately 
DDP authorizat i on i s r eceived. This equipment has to be made available 
to the Co mpany 1 s manufac t uring division by 1st March v 1957. 

The cr i t ical dimensions for the "Iroquois " engine differ considerably 
from thos e of the J75 engine with the result that the engine handling 
equi pment for one installation is unsuitable f or t he other . Complete 
particulars of the "Iroquois" are not available yet and the design of 
the aircr af t installation is therefore still at a _pr el i mi nary stage; 
however 9 the features wh eh influence the general design of the 
handling equipment for this engine have been est ablished o It is 
essential t hat the detail design of the "Iroquois" ground equipment 
be completed by 1st February 1 1957 in order that t he hardware shall be 
available by 1s t Novemberv 1957. 

The Company has recently sought the advice of the Air Logistics Corpora­
tion of Pa sadena 9 California 9 who have specialized in th e design and 
manufacture of prototype engine handling equipment for some of the 
latest USAF aircraft. AVRO Aircraft Ltdo has i nvited t his Company to 
submi t an engi neering proposal for such equipment with respect t o the 
"Iroquois" installationo 

c _o N FI DE N T I A L PAGE NOo 2 
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AIRCRAF'l' DESIGN FEATURES 

2ol Aircraft Specification 

The following paragraphs~ extract.ed f r om AIR 7=4 issue 3 titled 
11Supersonic All=weathe.r Interceptor Aircraft Type CF105" 1 makes 
reference to engine removal and installa tiom = 

parao 6.lo3 

pa.rao 6 0303 

parao 6oJo4 

The engine and afterburner installation shall be ") 
designed so that the complete unit in operating 
condition may be removed and another unit installed 
and ready for running in not more than thirl 
minutes . This shall be accomplished with no special 
tools other than an engine sling and an engine hoist 
or suitable trolley. The thirty minute peI'iod shall / 
not include time required to set up or synchronize 
the engine controls . 

Early aircraft built to this specifi cat ion.shall be 
equipped with two Pratt and Whitney J75 P3 or J75 P5 
gas turbine jet propulsion engines with afterburners. 

Within the limits imposed by the design of the engine 
and afterburneri the engine complete with afterburner 
and engine accessoriesp shall form a quickly detach­
able unit which will be readily removable from the 
airer aft P with a minimum disassembly of the aircraft. 

All engine controls 9 fuel lines and electrical leads 
shall incorporate quickly detachable connector s to 
facilitate engine installation ancj. removal. 

Special attention shall be given to the engine and 1 

ac essc-.ry installations so that maintenance and 
inspection will be facilitated to the utmosto 

Power Plant Xnsta1latio£ 

A twin engine installation mounted within the rear fuselage has been 
adopted for this airm·aft as this configuration 9 which keeps body drag 
to a minimum9 was found to be the one best suited for high speed flight • 
This arrangement 9 however 9 presen ts a new problem with regard to engine 
installation 9 removal and se.r11icingo Due attention has been given to 
this aspect when designing the rear fuselage, the high delta wing 
configuration and the air intake/fuselage design precludes installation 
or removal of the engine either from above or from the front; the only 
me thods meriting serious consideration are indicated overleafg= 
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(a) The installation of large access hatches beneath the rear 
fuselage and in the engine shroud, This would provide 
access to the lower portion of the power unit and enable 
its removal and installation by means of a vertical hois t , 

(b) Installing the engine by passing it axially, from a position 
behind the aircraft, into the engine shroud and removing it 
by the same means. In this case, relatively small access 
hatches would be provided so that primary maintenance may be 
carried out on the power plants whilst in position in the 
engine shroud. 

The first concept was thought to be the more convenient from the view­
point of engine handling and ground servicing but the associated 
structural penalties, which are discussed below, were found to far 
outweigh its advantages . 

Since the very thin wing of this aircraft will distort considerably 
in certain flight conditions , it was necessary to design t he rear fuse­
lage to accommodate both vertical and lateral deflections; this has 
been achieved by providing rigid support along the aircraft centre line 
and pin joint attachments at the outboard pick-up points of fuselage 
frames to the wing structure , A flexible fuselage of this type contri­
butes to the primary aircraft structure but precludes the installation 
of large access ha tches. 

A further factor is that the engine shroud, which from a structural 
viewpoint is treated as a pressure vessel, has a differential pressure 
of 16 to 20 psi applied across it. Here again the provision of large 
access doors, which would be necessary for engine ins tallation and 
removal, would i nevitably result in a considerable increase instruct­
ural weight and thereo✓ detrac t from the aircraft's performance, 

In view of the foregoing, it was decided that power plants shall be 
moved within their shroud on rail(s) and that the handling equipment 
would be located at the rear of the aircraft. The de sign of both the 
power plant installation and its associated ground handling equipment 
had to provide for a power plant change, excluding synchronization of 
engine controls, in not more than thirty minutes. It is interesting to 
note that an approach simi lar to that outlined above has been taken by 
at least two other aircraft concerns producing a delta-wing fighter. 

2,3 Pr att & Whitney J75 Installation 

The engineering work on the J75 installation is now at an advanced stage, 
Figure 1 shows a side elevation of the power plant within the rear 
fuselage; the critical clearances between the power plant and the shroud 
are indicated in the accompanying cross sectional views, In order to 
effect installation and removal, it is essential that the engine change 

C O N F I D E N T I A L PAGE NO. 4 
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f acility shall have a traverse of a t least 23 feet 6 inches. The 
estimated weight of the power plant i s 6, 443 pounds. 

From perusal of Figure 2 which illus t rates the engine mounting, it will 
be seen that the power plant is suspended f rom a ttachments to the wing; 
both s t at i c and flight loads are trans mit ted directly to the wing 
str11cture and the yellow arrows i ndica t e t he load s taken by each mount. 
The rear f usel age serves as a fai ring for the power plants and accommo­
da tes the greater part of the aircraft services between t he power pl-ant 
shrouds . 

The power unit is mounted from five points of which t wo ar e located on 
the compressor· inlet casing at the f r ont and i n t he plane of the turbine 
at the rear. These take the vertical and thru s t loads whilst t he rear 
mount linkage is designed to obviate t or s i onal l oads , due to wing 

•. distor t ion, being transmitted to the engine case. The rear centre 
f i tting serves to centralize the engine and to re s train it from l a teral 
motion. 

Sufficient clearance exists between t he J75 power pl ant and its shroud 
to permit t wo engine rails, which are items of handl ing equipment, to 
be slid into position on suppor t br ackets in the shroud. The power 
plant is moved in and out of the shroud on roller s fitted at its four 
lower mounting points; these rollers are r aised clear of the rails when 
the power plant is mounted in position. 

Particular attention has been paid t o the design of the engine attach­
ments to facilitate quick removal and installation. The Only ad j ustments 
normally necessary are to the rear outboard strut, whlch raises the 
engine into position b/ means of a wor m gear , and the eccentric in the 
rear central fitting. 

Orenda 11Iroguois 11 Installation 

Al though the design of the "Iroquois" ins t al lation is still at a prelim­
inary stage 9 the main factors influencing its installation and r emoval 
have however been laid down in order t ha t the design of the engine 
handling equipment may proceed . The cross-sect i onal views in Figure 3 
indicate that the clearances be tween t he "I roquois" and its shroud are 
more critical ~ especially in the af t er burner ar ea, than those pertaining 
to the J75 engine; these dimensions precluded t he ad option of t he twin 
rail method described for the J75 power plant. It wa s found that the 
most satisfactory solution to this probl em wa s to provide a single fixed 
rail on the outboard side of each engine shroud and t he f actor s influencing 
this decision were:-

(a) A single rail keeps aircraft structural wei ght down to a 
minimum. 

(b) The outboard location is the mos t suitabl e f rom the 
structural viewpoint. 

C O N F I D E N T I A L PAGE NO. 5 
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The function of this rail is merely to support and to guide the front 
of the power plant within the shroud; the rear of the engine would have 
to be supported and restrained from toppling by a car1·ier running in· a 
track on the engine change stand o 

It is estimated that the weight of this power plant will be slightly in 
excess of 4,900 poundso A further factor to be taken into account when 
designing the handling equipment for the "Iroquois" power plant is that 
the loads applied to the rear aircraft structure during engine installa­
tion and reuoval must not exceed 750 poundso 

The engine installation in the aircraft, shown ih Figure 4, is basically 
the same as that described for the J75 excepting that, 

1) 

2) 

3) 

A front centre fitting is provided to ~ake engine thrust and 
transverse loadso 
The front inboard strut handles only vertical loads. There 
is no front outboard strut. 
There is no necessity for the interconnecting linkage. between 
the rear vertical struts . 

The rear centre fitting serves the same purpose, namely to take side 
loads as it did on the J75 installationo 

C O N F I D E N T I A L PAGE NO. 6 
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3. DESIGN CONSIDERATIONS FOR HANDLING EQUIPMENT 

3.1 Factors Influencin!L_~ 

In designi ng the engine handling equipment for both Pratt and Whitney J75 
and Orenda "Iroquois'' po.,er plants the following factors had to be taken 
into accountg= 

10 Power plant weights and dimensions as listed below~ 

Estimated weight (lbl 

Engine dry 
Power Plant 

Dimensiol:llL,(ins) 

Overall length of power plant 
Mino clearance between engine and 

shroud 
To remove engine r it has to be 
withdrawn 

301 

O.98 

282.80 

,Iroquois 

264023 

234.20 

2o Having regard to the length of the engines and the small clear­
ances which exist between the power plants and the engine shroud~ 
it is essential that they shall be kept aligned with and central 
to the shroudo 

Since deflection of the aircraft's undercarriage struts will vary 
with load distribution within the aircraft, it will be necessary 
to jack the aircraft to a predetermined height and attitude whilst 
moving power plants i n or out of the shroudo 

J. The rear fuselage structure has not been designed to withstand 
abnormal verticalv fore or aft loads such as those which might be 
applied during engine installation or whilst aligning the engine 
change stand to the aircrafto It is therefore essential that the 
engine change stand shall be a very rigid structure and that due 
provision be made for positioning it rapidly so that it will al ign 
accurately with the engine shroudo 

4. It is desirable that it be possible to change both aircraft power I 
plants simultaneously o 

The work involved in building up a power plant, see Chapters 5 r 
and 6v is fairly cons iderableo The ground staff must have good 
access in order that they can accomplish this work efficiently. 

C O N F I D E N T I A L PAGE NOo 7 
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3.2 

Ci r cumstances have compelled AVRO to make a conservative approach in 
the design.__of this equipment as it was imperative that it should be 
avai labl e in time fer the manufacture and the support of the development 
aircraft; furthermore 9 an actual aircraft and engine will not be avail­
abl e f or experimentation. 

Alternative Confiw·at+.ill"Y-~ 

During the prelimi1ary de3ign study, consider a t i on has been given to the 
f ollowing alternaUve configurations&= 

1. One all •purpose rlgid dolly which woul d be em ployed for assembling 
the power plant. for its transportation and also f or its installa­
tion into or removal from the air fr ame. 

2. (a) Adopting the Air Log system, descr i bed i n Chapter 7 g produced 
by the Air Lcgistics Corporation. The main element is the 
Model 4O00-A heavy duty positioning trailer which is made 
fully adju::;1,abrn by means of hydraulic and irreversible screw 
actuators. 

(b) Some thought was also devoted to evol ving a design whereby 
the 111roquois 16 engine could be installed into the airframe 
direct from its storage can by i ncor porating integral rails 
in the can UJ.d a detachable end ; provision being made for 
p sitioning ~be can behind t he aircraft wi t h either a self­
contained l.lft.;.ng mechanism or by adapting the Air=Log System. 

J . Two separate engine dollies. One bei ng specifically designed for 
power plant build-up and transpor t ation and the other specifically 
for the purpose of. its instal lation and removal. 

The first configuration was reJected at the outset as its high centre of 
gravity = some 5 :,r 6 feet above the ground - r enders it unsuitable for 
transportation purposes~ furthermore it would be difficult to manoeuvre on 
pneumatic tires w.d accessibility for power plant build- up would inevitably 
be r estricted . 

Although the Air Logi~ • :,ncept has much to co mmend itp it was decided 
not to adopt it for the J75 powered pr ototype aircraft as (a) it is dubious 
whe t her the !!odel 4OO0--·A trailer 9 with its knuckle joint linkage, has 
sufficient rigidity to obviate the possibility of excessive loads being 
t ransrnit,ted to the rew· fu::ielage structurep (b) the wheelbase and rail 
l ength of the existing ·1nit would be too short, (c ) t he overall width of 
the unit is rn ex~ess of 6 f't. 9 this precludes the possibi lity of both 
aircraft p0wer plant;s Lsine; ~hanged simultaneously~ (d) it would be more 
difficult to posit on accurately as compared to the l ast- mentioned concept 
and (e) the traver~e of the engine advance mechanism was found to be too 
shor t . 

C O N F I D E N T I A L PAGE NO. 8 
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The third configuration was the one finally chosen for the J75 installat ion 
as it provided the degree of rigidity which was necessary to obvia t e t he 
possibility of structural damage to the aircraft, also the engine change 
stand could be readily manoeuvred into position. The cost of purchase 
should also weigh in its favour in t hat: = 

(a) It will be rnanufac~ured from commercial materials. 
(b) A considerable saving would be realized due to the fac t that 

a maintenance establishment for 12 aircraft would only 
require two engine change stands toge ther with s ix power 
plant dollies. These would be relat ively cheap to manufac t ure 
as compared to an alternative establishment of six all purpose 
dollies. 

The lead tirie available for the design of the engine handling e quipment 
for the "Iroquois" power plant permit s the Company to pur sue the following 
policy g-

(a) For its Engineering Department to proceed with its design of 
engine handling equipment. The current approach is similar 
to that for the J75 engine ; it provides f or engine servicing 
dollies and engine change stands. 

(b) Inviting the Air Logi stic Corporation to submit their engin-
eering proposal. 

The Air Logistic Corporation has recently accept ed our invitation and 
subj ect to obtaining the necessary security clearance, one of their 
engineers will shortly be visiting Malton to investi gate the engine installa­
tion in the CF-105 aircraft. It is in tended tha t these two proposals shall 
be evaluatedF also that the findings and recommendations will be made avail­
able to the Royal Canadian Air 1rorce in due course. 

3.3 Design Objectives 

Concurrent w:i.. th the foregoing decision in respec t of the configuration of 
the equipment~ the followinf design object ives were established by the 
Engineering Department regarding this equipment: 

1. The design of the engine change stand must be stra i ghtforward and 
shall feature only simple mechanical device s , Only commercial 
materials are to be employed . 

2. The equipment shall be transportable in a Fairchild C- ll9F aircraft. 

3. The resistance to rolling and castoring is known to be less when 
using cast steel wheels as compared with pneumatic tires of the 
same diameter on a smooth concrete surface. It was therefore 
decided that a) the engine change s tand should be fitted with 
steel castors to facilitate nanoeuvring 9 whilst b) the servicing 
dollies shall be equipped with pneumatic tires of not less than 

C O N F I D E N T I A L PAGE NO. 9 
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16 inches diameter; these are better suited for rough surfaces 
and the tire serves as a shock absorber medium. 

To further facilitate aligning the engine change stand to the 
aircraft , it was decided that the procedure for changing a power 
plant would be as outlined below:= 

a) Jack aircraft to the predetermined height and attitude. -
b) Align engine stand to the aircraft. 
c) Withdraw the time expired or defective power plant on to the 

stand and then, by means of a crane or hoist, t ransfer it to 
a servicing dolly. 

The replacement power plant would be installed by reversing the 
aforesaid procedure. 

5. It is desirable that provision shall be made for changing port J 1. 
and starboard power plants simultaneously • 

6. The engine servicing dolly shall provide optimum accessibility 
to the power plant and have a low centre of gravity when loaded; 
it shall be an air transportable unit. 

Cranes or other lifting devices used for this plirpose must in the case of 
-the J75 be capable of raising a load of not less than 7,000 lb; it shall 
have a lift of at least 14 feet and a reach of 3 feet. The lifting device 
for the Iroquois engine shall be capable of ·raising_6 9 000 lb; it shall 
have a lift of 12½ feet and a reach of 3 feet. 

In addition to the foregoing, provision will also have to be made for 
lifting J75 engines and the Iroquois power plants in their shipping 
containers on and off transportation trucks j also for transferring the 
power units out to servicing dollies. It will be necessary to have a 
crane capable of raising lOj OOO pounds to ,handle the J75 engine in its 
container ; it shall , in addition j have a lift of not less than 8 feet and 
a reach of 3 feet 9 inches or more. The lifting device for the Iroquois 
power plant shall be similar excepting that it shall in this case be 
capable of raising 11 j OOO pounds • 

C O N F I D E N T I A L PAGE NO. 10 
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POWER PLANT MAINTENANCE CONSIDERATIONS 

4.1 Periodic and Unscheduled Maintenance 

Bo th the power plants chosen for installation in the CF-105 are still at 
the development stage and it is premature to discuss in any detail the 
inspection and maintenance procedures pertaining to these engines and their 
associated equipment. It is inevitable that the engines will require 
frequent maintenance and that they will have a short overhaul life until 
such time as their reliability has been established. 

From the information which is currently available it would seem9 that 
preflight, daily and minor inspections will be carried out with the power 
plant in position. It willp however 9 probably b'e necessary to withdraw 
the power plant from its shroud in order to carry out major inspections 
and to change components not readily accessible whilst the engine is in 
position. 

4.2 Air Base Facilities 

The Logistic Office at AVHO is currently engaged on a study of the air 
base facilities which are necessary to support the CF-105 aircraft under 
service conditions. To datep only preliminary work has been done on the 
engine change facilities to be provided in second line maintenance 
hangars . The proposed schemep which is described in this sub-chapterp 
may yet be subject to considerable change; the present concept of hangar 
lifting equipment has to a large measure been influenced by the following 
observations made by RCAF representatives;-

1. An appreciable amount of hangar floor space would be required to 
manoeuvre a crane whilst changing engines and also to drive it in 
and out of the hangar. For this reason 9 a crane is not favoured, 
more especially as we are already concerned about the effective 
hangar area which will be taken up by other items of ground support 
equipment for the aircraft. 

2. The operation of' a crane powered by an LC. engine contravenes 
current Air Force safety regulations - it would seem likely, subject 
to certain precautionary measures being taken , that this regulation 
would be waived if no other suitable lifting device were provided 
in second line maintenance hangars • 

3. If there was no alternative lifting device available in second line 
maintenance hangarsp it would be necessary to have a crane - an 
expensive item of equipment - available a t all times for changing 
power plants. 

4. The RCAF does not intend to use manually operated cranes for this 
work as they are unwieldy and too slow. 

C O N F I D E N T I A L PAGE NO. 11 
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Figure 5 illustrates a plan view of an RCAF second line maintenance hangar 
with six CF-105 aircraft in position; this arrangement allows liberal 
working space around the aircraft and an equipment area at the centre of 
the hangar o The diagram shows an engine change stand aligned with the 
bottom left hand aircraft and two servicing dollies - one with the power 
plant to be installed and the other for transporting the defective or 
time expired engine unit back to the workshopo The power units are handled 
by means of a monorail hoist in which the tracks are supported by frames 
which are either fixed t o the floor of the hangar or alternatively mounted 
on flush fitting rails so that it may serve any of the three aircraft shown 
in the lower par·t of the illustration. 

The possibility of supporting the monorail hoist from the hangar roof is 
currently being taken up by AVRO with those responsible for the design of .y 
second line maintenance hangru·s. The suitability of such a roof hoist for · 
changing other airframe components is being investigated . 

C O N F I D E N T I A L PAGE NOo 12 
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5.1 

J75 GROUND SUPPCRT EQUIPMENT 

The main engineering effort has to date been directed towards the J75 
engine handling equipment. A prototype unit was displayed at the Mock-up 
Evaluation Confe1·ence and the improved design for development aircraft 
has been submitted to the RCAR for approval. 

Power Plant Build- up Eguipment 

Figure 6 has been prepared to indicate the components to be installed 
when building up a J75 power plant for installation in the aircraft. 
The power unit is supplied by Pratt and Whitney in two cans, one contain­
ing the engine and the other the afterburner. It has been estimated that 
48 manhours will be required to build up the power plant so that it is 
ready for installation; this work would in the normal course of events 
be carried out whilst the eneine is in the servicing dolly, shown in 
Figure 71 and with the aid of the engine and afterburner slings shown. 
The servicing dolly consists of a simple tubular frame mounted on four twin 
pneumatic wheels 9 the front ones being mounted on shimmy dampers and the 
rear wheels are on spring swivel lock castors; the latter should be in 
the locked position whilst towing. 

The power plant is supported by brackets which engage on the power plant 
handling rollers, incorporated in each of the rear brackets is a Lord 
shock mounting. 

Temporary struts are also provided to support the rear of the engine 
during power plant build- up. 

Aircraft Installation 

Figure 7 also shows an engine change stand aligned with and connected to 
the detachable rails in the engine shroud. The stand, see also paragraphs 
1 and 2 9 consists of a tubular frame structure mounted on four swivel lock 
steel castors ; the front of the stand can be elevated to align with the 
shroud by means of manually operated hydraulic rams which are integral with 
the legs; when the stand is in position it is restrained from moving by two 
foot operated truck locks mounted at the rear of the unit. The engine is 
supported by means of four rollers which are integral with its mounting 
points; the se run on angles fitted to the stand and on two extension rails 
which are readily installed on fixed attachments within the engine shroud. 
The rails are normally carried on support brackets on either side of the 
stand . 

The engine is advanced into and withdrawn from the shroud by means of a 
double-crank spur gear mechanism, see photograph 2 9 this operates a closed 
chain circuit which runs in a track extending the entire length of the 
stana; there is provision for the installation of a strut from this chain 
to an attach ment at the bottom of the engine. Automatic braking devices 
are incorporated in the engine advance/withdrawal mechanism. Folding 
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5. 3 

service platforms are provided on either side of the stand to enable 
t he ground staff to gain reasonable access to the power unit . 

Handling Eguipment 

The other items of handling equipment are lifting slings, see Figur e 7 , 
f or both the engine/power plant and afterburner. The engine s l ing 
consists of an "I" beam with chain and cable pick- up links to t he engine ; 
provision is made for moving the point of suspension to coi ncide with the 
centre of gravity of either the engine or the power plant. 

5. 4 Engine Change Procedure 

Having jacked the aircraft , removed the stinger, tail cone and the 
appropriate engine access panels ~ the power plant change procedure will 
be as follows: -

1. Enter the change rails into the shroud and lock in position 
with pins at station 803 on the inboard rail and s tation 742 
on the outboard rail. 

2. Manoeuvre the cLange stand into position behind the a ircraft 
and raise the front of the stand to align with t he r ails in 
the s~roud and engage the pins through the attachments; apply 
the mechanical locks on the hydraulic rams. The rear of the 
stand is then restrained from moving by depressing the truck 
locks at the rear of the stand . 

3. 

5. 

Advance the engine winching device until the connecting strut 
engages with the engine attachment point, then lock the winch­
ing mechanism in this position. 

By this stage other members of the engine change team wil l have 
broken all the service connections .and ascertained that t hey 
are clear of the power plant. 

The engine is now lowered onto the rails in the following manner :­

Disconnect front outboard strut. 
"Disconnect front inboard mounting. 
Extend the rear outboard strut until the 
rear rollers contact the rails then disconnect 
rear centre fitting, the rear outboard strut 
and finally the rear inboard strut. 

The engine may now be withdrawn out of the shroud and transferred 
on to a servicing dolly by a crane or some other lifting device. 

This replacement engine may be installed by reversing the above mentioned 
pr ocedure; it is imperative that the rear inboard mount must be connected 
bef ore the rear outboard mount. 
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6. 

6.1 

6.2 

IROQUOIS GROUND SUPPORT EQUIPMENT 

The lead time available for the design of the •~Iroquois 11 ground support 
equipment 9 as explained in Chapter 39 has allowed the Engineering Department 
to proceed with an improved design and also to invite the Air Logistic Corp­
oration to submit their engineering proposals. These concepts will be 
evaluated in due course. 

The AVRO design for this equipment is as yet far from complete 9 nevertheless 
there is sufficient of the salient information now available to describe the 
features of some of the i tems. The basic engineering approach follows along 
much the same line as that for the J75 handling equipment; the general 
configuration 9f the equipment will be as illustrated in figure 8 and photo­
graph 3. 

Power Plant Build=up Equipment 

Al though no engineerlng wor 1~ has been done on the design of this unit, its 
general configuration has been decided upon. From perusal of figure 79 it 
will be seen that the general arrangement of this item will be fundamentally 
much the same as that for ~he J75 power plant; it will consist of a low slung 
frame mounted on pneumatic wheels for transportability and will provide 
excellent accessibility for working on the power plant . 

Aircraft Installation Eguipment 

The prototype unit of the engine change stand is now nearing co_mpletion, it 
will be used for the purpose of intoducing and removing the "Iroquois" in 
the rear fuselage mock=up for this power unit. From figure 8 it will be 
seen that the unit is of much the same overall length as the change stand 
for the J75 engine. The frame is made in light alloy and is of beam 
construction; it is mounted on four swivel lock steel castors and the front 
end may be elevated wnen in position behind the aircraft by means of built­
in hydraulic rams which are manually operated; a screw type levelling jack 
is fitted at the back of the stand to eliminate the tendency of lateral or 
longitudinal motion. 

The power plant is supported on the change stand by means of two r oller 
mounted carriers= see photograph 4 and accompanying notes - running in 
separate channel section tracks which are bolted to the frliffie. The engine 
is supported at its rear mountings by means of pins which engage on adjust­
able struts on the main carrier; this positive method of attachment is 
essential as it provides the only means of restraining the power plant f rom 
toppling whilst being r:-ioved in and out of its shroud. The other carrier 
supports the front of the engine by mean·s of a centrally located hydraulic 
jack engaging with a support pad on the undersurface of the engine case. 
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6.3 

The engine advancing mechanism and the braking device~ shown in photograph 
4, are also incorporated on the rear trolley. The former consists of a 
rack and pinion which is manually operated by means of a double crank; the 
brake mechanism consists of a screw jack expanding a linkage until the brake 
pads engage on the steel track. 

Handling Equipment 

The only other item of handling equipment for the Iroquois is an engine 
sling which is similar in configuration with that designed for the J75 
power plant . 

6.4 Engine Change Procedure 

With the aircraft jacked 9 the stinger and tail cone and the appropriate 
engine panels removed the power plant change procedure will be as follows:-

1. Manoeuvre the engine change stand into position behind the 
aircraft. The front legs of the stand should at this stage 
be fully compressed so as to clear the engine afterburner; 
both carriers being in the fully forward position and the 
screw jackSon the rear carrier fully withdrawn. 

2. When in position~ the front of the stand is jacked until 
two registers engage with the airframe and align with the 
neutral position on the airframe pick up slots. Apply the 
mechanical locks at the front and rear of the stand to 
prevent further movement. 

3. Move the main carrier until it aligns with the engine pick 
up flange ~ raise the screw jacks until they align with the 
engine suppor t brackets and engage the pip pins. Now apply 
the brake on the main carrier to lock it in this position. 

4. Lower the front of the engine until its single roller rides 
on the outboard monorail which is integral with the shroud 
and then retract the engine thrust pin, 

5. Ensure that the engine mounts and all service connections 
are broken and clear of the engine. 

6. Release the brake on the main carrier and withdraw the power 
unit until the main carrier engages the spring-loaded locks, 
shown in photograph 4~ on either side of the frame of the 
stand . 

7. Align the front carrier and raise the hydraulic jack to 
engage with the support pad at the front of the engine. 
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8. Release the spring-loaded lock on the main carrier and crank 
· the engine to the fully aft position. 

9. Attach the engine sling, withdraw the pip pins attaching the 
engine to the main carrier and transfer the power plant on to 
an engine servi cing dolly. 

The replacement power unit is installed by reversing aforesaid procedure . 
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7. AIR LOGISTIC CORPORATION EQUIPMENT 

7.1 Description of Existing Equipment 

The Air Logistic Corporation have developed a range of ground support 
equipment known as the 11Air-Log Sys tem" which is intended to serve a wide 
variety of aircraft. The equipment was primarily designed for engine/ 
power plant handling but it also has other applications; information 
currently available indicates that their products are being purchased by 
the U.S. Air Force , Navy and Marine Corps to support a wide range of ' 
aircraft . The equipment consists of the basic elements illustrated in 
figure 9 and is briefly described below:-

Model 2000 

Model 3000 

Model 3100 

Model 3400 

Transportation trailer consisting of a simple 
frame mounted on pneumatic tires. It is similar 
in appearance to Model 3000 shown overleaf. 

Transportation and build-up trailer. 

Folding lightweight engine work stand. 

A yoke hoist which can be mounted on Model 2000, 
3000 and 4000 trailers also to Model 3100 work 
stand. 

Model 4000-A Heavy duty positioning trailer. This is the key 
element in the Air-Log System. It is adjustable 
in height, tilt, roll and yaw, by means of a 
combination of hydraulic and irreversible screw 
actuators. 

Model 5000 A trailer with provision for rotating the engine 
through an angle of 210° about its own axis; it 
is suitable for power plant build-up and engine 
overhaul. 

All the above models incorporate a matched set of "I" section rails and 
their design has been directed so that engines (or other components) can 
be readily transferred from one model to another; this feature greatly 
reduces the problem of intermediate handling . 

7.2 Discussion 

The basic design objective of the Air-Log System has been to provide 
ground support equipment which may serve a variety of aircraft and may 
be used for a maximum number of functions on each type. The advantages 
claimed by the manufacturer for the system are: 

1. If a service or an operating organization standardizes on 
their equipment for a wide range of aircraft they will be 
able to reduce procurement and supply cost. 
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2. Elimination of conventional ground handling equipment. 

3. It is suitable for air transportation. 

The concept has much t o commend it and their system has been given serious 
consideration by the design staff at Malton. There was insufficient time 
available to permit AVRO to invite Air Logistics to submit their proposals 
for J75 power plant handling equipment. In the case of the "Iroquois" 
engine , however, there still is sufficient lead time for AVRO to take this 
course; a representative of the firm will be visiting M~lton to study its 
installation in the CF- 1O5 for the week commencing October 1st, 1956. It 
is unlikely that the present installation, 6f the "Iroquois" in the CF-1O5 
lends itself to the use of their standard equipment, but it is expected 
that the Air Logistic Corporation will submit a design proposal • 
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COMMENTS ON RCAF CHANGE REQf!ESTS 

Representatives of the Royal Canadian Air Force attending the CF-1O5 ·Mock-up 
Engineering Evaluation Conference requested that certain changes should be 
made to the design of the equipment demonstratedo The change requests 
together with the Company 9 s present comments are as follows: 

C- 6 A positive mechanical lock be provided on the engine 
change stand to confirm elevation of forward rails -
hydraulic achieved elevation may not be sufficiently 
reliable for transporting engines. 

Comment~ This has been incorporatedo 

C- 7 The engine stand should be provided with steadying 
jack to raise it off wheels and fix its position 
during operation - a small movement of the stand can 
strain the stand to rail jointso 

c-8 

Comment: This has been incorporatedo 

That the engine ~stand shall be capable of being 
towed with the el'lgine in place and positive braking 
be provided - this would allow the engine to be 
transported on the stand and to minimize loads on 
the airframe. 

Commenti The AVRO design philosophy 9 see Chapter 3 p 
makes no provision for towing the stand with the 
engine in place~ consequently provision for posi tive 
braking would not seem necessaryo 

" 

C-12 Engine change trolley equipped with a cable and winch 

C-22 

to effect the actual engagement of the trolley to the 
side rails - to ease and hasten the attachment. 

Comment i The airframe structure has not been designed 
to withstand such loadso The main consideration which 
has influenced the Company 1 s present design of engine 
handling equipment has been not to jeopardize the 
aircraft 8 s performance by building in additional weight 
or drag. 

Engine change stand should be made to fold in order to 
reduce overall height after removal or before installa­
tion - to facilitate movement in hangar. 

FORM 1749 A C O N F I D E N T I A L PAGE NO. 19 



~EE:------ - -WG/105/43 

• 

• 

• . -
FORM 1749 A 

Comment~ If it is intended that one dolly shal l be 
employed for power plant removal 1 installation and 
transportation, it is essential that this should be a 
collapsible unit . This configuration was considered 
by AVRO in the preliminary design study and rejected 
for reasons given in this report. The proposal now 
sought by AVRO from the Air Logistics Corporation for 
the "Iroquois" power unit may be along the lines 
suggested by the RCAF. 

It will be appreciated that the foregoing requests refer specifically to 
the mock- up units of J75 handling equipment which were demonstrated during 
the CF- 105 Hock- up Conference . 
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9. CONCLUSION AND RECOMMENDATIONS 

When emphasis is placed on combat performance in the design of an aircraft, 
increased complexity together with additional maintenance problems an~ the 
need for more ground handling equipment is in many cases inevitable. It 
became apparent, during preliminary studies, t hat a new engineering approach 
would be necessary when designing engine handling equipment to support 
CF-1O5 aircraft . 

The observations which have been made by RCAF representatives, regarding 
the operational suitability of the existing design concept , have led to 
AVRO reviewing its engineering approach in the light of their comments and 
other information which is now available. The Engineering Department at 
AVRO is satisfied that itspresent policy, which is outlined below, does in 
the circumstances appear to be the logical course to follow at this stage. 

1. To 
as 
in 

2. (a) 

(b) 

proceed with the manufacture of the engine handling equipment, 
presently designed, to support the J75 power plants installed 
development aircraft. 

To evaluate its design conept for the "Iroquois" handling 
equipment in comparison with an engineering proposal now 
sought from the Air Logistics Corporation. It is intended 
that the findings shall be made available to and discussed 
with RCAF representatives. 
To manufacture at least one set of "Iroquois" handling 
equipment to present AVRO design to meet the i mmediate 
demands of our Experimental and Production Departments. It 
is recognized that another design conept for power plant 
handling equipment ill& provide the ultimate solution to the 
problem; it, is felt~ however, that this should be evolved 
during the course of the aircraft development programme so 
that full advantage can be taken of the experience gained 
with the existing equipment and so that a possible alterna­
tive design concept can be tried out on an actual aircraft. 

3. Having established , in practi ce , the configuration of the power 
plant handling equipment which is best suited to support the 
CF- 1O5 in service , the chosen design should then be modified in 
the light of experience gained on development aircraft • 
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PHOTOGRAPH 4 

CLOSE UP OF THE PROTOTYPE IROQUOIS ENGINE CHANGE STAND 

NOTE : 

1. Beam type frame construction. 

2. Main carrier is on the left hand side; this runs in the upper track, The 
adjus table struts, the rack and pinion advancing mechanism, and the 
handle actuating the expanding brake are shown. 

J. Spring-loaded locks on either side of the frame. 

4. Front carrier is on the right hand side ; this runs on the lower track. The 
hydraulic jack and its actuating handle are shown in position. 

CONFIDENTML 




