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FOREWORD 

A broad understanding of the nature and behavior of designing, 
developi ng and producing a jet aircraft engine is essential to a clear 
understanding of the detnila involved. It has been demonstrated in 
the past that the best possible manner of assimilating an undrrstanding 
of a complicated and obs cure arrangement of fa.cts is by the use of a 
simile and in this particular case it is highly desirable to approach 
the t ask of understanding the details involved in the process under 
consideration by the use of a simile. While a number of similes do 
exist which can serve very well to clnrify some separate point in the 
discussion there is only one t hat adequately demonstrates the whole 
process. 

This simile is the generation~ education and life of a human 
being. 

While the pro cess of bringing a jet aircraft engine into existence 
is 9 in many respects~ a more painful one than bringing a human being 
into existence, since both of the parties involved are subject to birth 
pains that do not begin at the time of birth only, but begin at the 
very start of the process, it is still a striking parallel if the 
creative design engineering organization is considered as the father 
and the experimental shop as the mother. 

In both ce.ses the r esult is that an intricate entity is brought 
into 1::x~ing which must be "brought up" and educated to perform a useful 
function during its lifetime. 

The next phase is the education of each of these entities. In 
the case of one it is a mat ter of developi ng both the mental and 
emotional characteristics that will prepare the individual to fill a 
useful place in the social world. In the other case, it is a matter 
of developing the mechanical and aerodynalllic characteristics to enable 
the engine to fill a useful role in the aviation world. 

The schools and universities perform this function in the case of 
the individualD while t he developing and testing organizations perform 
this function in the case of the engine. The parents i in both cases 
continue to perform a very useful and indispensable part during this 
period . 

After a long process of this development, both entities are sub­
jected t o an examination which establishes whether or not they have 
reached the stage that they can begin the ~erformance of the task at 
which this development was aimed. The individual passes an examination 
and gets a degree. The engine passes a qualification test, andj in 
effect, gets a degree by the customer signing a contract clearing it 
for production and flight. 
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Both of these examinations are evidence of the f act that eooh one 
of these entitie$ is ready t o begin the task for which it was being 
prepared over a long period of t ime . 

One major @onsideration t hat must be kept clearly in mind it! 
the point at which this degree i s obtained nru.s·t be correctly timed 
if both the individual and t he engine are to be euccessfulo There ia a 
very definite 11deadl:ine 11 between success and failure in both casel!!l.o 
If an individual gets a, degree too late to use it in lif'e.s, or if an 
engine is developed to qualification t est standard after it has becooo 
obsolete, both have crossed this "deadline". Wit h t he individual this 
may mean complete failure~ with the engine there is no doubt it 1gs 
complete f ailUl"cl~ 

Both from this point on must devel op or be developed much furthe~ 
before they rea@h peak efficiencyo The one goes through this in 
learning how to fill a position~ while the ot her one goes through it 
while being produced and providing the power to fly aircraft. 

Adopting an individual and licensing an engine complete th:15 
s:I.m:Ue. If an individual i s adopted early in his life, then the 
adoptees and the edu@ational inst itutions have the.job on their hands 
of devAloping him to a point where he can satisf actorily discharge his 
purpose in life. If an engine is licensed ear'.cy in life~ then the 
licensee and the test facilities have the same task. The differen@e 
between adopting and licensing compared wi th doing the complete job 
is that the entity bas been brought int o exist ence on'.cyo The work 
from this point on does not change~ 

While advice may be given by the creators of the entities9 
t hey cannot success.fully participate in the "bringing up" processo 
This must be left in the hands of the adoptees and licensees" Two 
sets of parents~ no matter how close or how far apart they may be, 
cannot successfully develop one child because their methods of doing 
it and the i r ideas on how it should be done are greatly differento 
Clashes in this respect between them would be inevitable and the 
results on the child catast rophic o This applies no less to licensing 
an engine. 

If this pro~ess is start ed after the point at which the degree 
has been obtained$ then both the adoptee and the licensee have to 
accept what has been done with perhaps minor changes on'.cy to suit the 
entity to t he changed environments. The point at which basic changes 
can be made has passedo 

If this simile is kept in mind in reviewing this iitud,y9 it .rill ~ 
much easier to gr,ai!p the si~ ican©e of the things that have been 
said and to understand the nature of t he complicated activitiee that 
must be carried out :in deeigningJl developing and producing jet eng:ineso 

S.Ho Dew 
Maroo 1,~ 1954 

Revised& March 31, 1954 
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f]tOVIDillG _ _A l'O.·TER PLANT FOR THE SUPERSONIC AIRFRAME: 

JNTRODUCTION 

BEING DE§_lG:t'IBD AND DEVEI.DPED BY 

A. V..:.. ROE (CANAD~_1Il{l].'E_A 

The consideration before us deals with the most advantageous 
means by which power plants can be provided when t hey are required 
for the supersonic airframe being designed and developed for the 
R. C.A.F . by A.V. Roe (Canada) L:im.ited. Can this be done by obtaining 
a l icense to manufacture an engine designed and developed in some 
other country, by an arrangement in which A.V. Roe would develop some 
other company1s design, or by A.V. Roe designing and developing an 
engine of their own? This is the question t hat CTUst be answered6 

A detailed analysis of the factors involved and a thorough exam­
ination of each of the courses of' action that can be t aken will have 
to be made to deter.mine which one of them is besto 

Thi.s analysi.s and examination is curried out in this memor andum 
in three major parts. These a.reg 

Pa.rt li The evolution of thA desi6'Il and development of a jet 
engine ,, 

Part 2~ The effect on elapsed t:i.Jne of carrying out t he di frerent 
arrangements whj_ch muct be considered .. 

Part Jg 1be effect on economics of carrying out the different 
arrangements which must be considered . 

The following are comments in summary form relat ed to these 
,. . .:r ,e partsz 

EA.~T 1. 

A decision regarding the course of action which should be followed 
to accomplish our purpose within the t ime l :im.its established by the 
airframe delivcrie~illost satisfactorily, most economically, and most 
advantageously from all points of vi ew can only be made intelligently 
by 1mdersta.nding what is invol ved in the evolut ion of the design and 
development of a jet engine with respect to the f ollowing: 

(a) The design periodo 
(b) The development per:i.odo 
(c) The elapsed time requ1rement for a jet engine design a:od 

development. 
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PART l. (Cont'd) 

(d) 

(e) 
(f) 

The pattern of the evolution of a jet engine design and 
development. 
The economics of a j et engine des i gn and development. 
The nature of producing an engine under l i cense. 

Each of these points is considered separ atel y under Part 1 of 
this memorandum. 

}?ART 2 

Once having reached an understanding of the factor s cover ed by 
Part 1, consideration rirust then be given to the effect of carrying 
out the various means of providing engines suitable for t his airfra.IOO 
application to determine which course of action will meet the air­
frame delivery requirements and at the same time do this in t he most 
economical, reliable and advantageous manner possible . 

There 1.re only five different approaches possible in the consi.d­
E>ration of this problem. These are i 

(a) 

(b) 

(c) 

(d) 

(e) 

License an engine after it bas been developed to the point 
where it is suitable for licensing. 
Design and develop an engine of another company 1s des i gn 
:In parallel with the originator of the design . 
Design and develop an engine in parallel wi th anot her 
company with their technical assistance~ 
Procure the engine from some other company in its finished 
state. 
Design and develop an engine in Canada. 

Each of these a;mroaches is examined in some detail in Part 2 
of this memorandum. 

The economics of carrying out the various arrangements that can 
be considered while they are not vital are import ant and should in­
fluence our course of action, if, all other things being at least 
equal, there is an economic advantage involved. Time, of course, is 
the essence of this whole matter and nmst take precedence over 
economy. The economics of each arrangement i s consider ed in detail 
in Part J of this memorandum. 
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We believe that the evidence contained herein conclusively 
demonstrates that~ 

l. It is completely impractical to attempt to have two companies 
collaborate in the design and development of an engine regard­
less of the type of arrangement that is made. Nothing can be 
gained, but r.ruch can be lost by involving two companies in one 
design, regardless of the point at which an association might 
be initiated during the design and development periods .. 

The reasons for this arei 

(a) Contributions to the design and development of an engine 
nrost be made "on the spot11 o Two companies cannot part­
icipate in a deRign and be at different locations, regard­
less of how close or how far apart they may be. 

(b) Comnrunication systems are inadequate to substitute for the 
transmission of information and knowledge by discussion. 

(c) Even if these difficulties were overcome, two companies 
could not succesr-fully participate in one design without 
reconciling their design standards arrl manufacturing tech­
niqueso No two companies design, develop and manufacture 
engines in the same manner and a design, to be successfull 
in a given company, must reflect that company's standards 
and methods. 

(d) It would cost "1Uch more than designinf and developing an 
engine of our owno 

(e) It would take .Longer and the result would be having air­
frrones ready to fly with no engines available initially. 

2o It is comp} etely :unpractical to license an engine under a con­
ventional licensing arrangement and hope to deliver engines to 
the airframe when they are required because such an arrangement 
would result ini 

(a) A delay odrom one to two years compared with AoV. Roe' s 
engine program before the engine is suitable for licensing 
and a further deL .y of from one to two years before pro­
duction deliveries starto This would be from three to 
four years late for the airframe requirement s because our 
own program ls a very 11tight11 
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2. (b) The engine, ring team no,1 uorking at Malton would have to 
be disbanded and organized on a smaller basis when some 
design was ready for licensing, which would possibly be 
about 1959-60. It would be a difficult task indeed to 
build up an organizat:i.on in Canada again t o carry out the 
work required to introduce a design into production and 
a jet engine production facility cannot operate and produce 
engines unless it is supported by a fully qualified engin­
eering organizationo 

(c) The cost of paying the license fees, re-establishing an 
engineering or•'.anization, arranging for release to pro­
duction and collllllU1lication expense would be very l arge o 
While it is not possible to state definitely what these 
costs would be, some indication can be obtained from 
revlewing 11.censing arrangements of the past . 

3o Tne only possible ~a1;.s of providing production engines on time 
for this airframe and produce them in Canada is to proceed 
post-haste with our mm design and deve1opment program~ 
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THE EVOL11TION OF TEE DF:SIG T AND DE\IE:LQPJ~N'i' OF A JET ENGINE 

Thfo part of tJ-,-.: ruenorandwn examines ir, .sor,e letail the evolution 
of th do.:-ign nd dev lopnent of a jet engir und--1 the headings refer­
red to in the lntroduction. These are~ 

('1) Tl1E: D, v lop.nont Period 

{c) The elapsed time requirement for u. jet Gnt,irle 
d,3si ,n and deYelopm, nt, 

1 J) The pat .:rn of the evcluticn of a Jvt en61nr.:) design 
and developbnt. 

(f' ·rho na+ u e .,;: r,rud 1 inz c.r. en ,ino unJ13r license . 
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THE DESIGff PERIOD 

During the periocl of original design the1·e are three major consider= 
ations necessary to understanding the nature and purpose of the work 
involved. These are: 

lo The types of organizational unitso 

2o The objectives these units are attempting to accomplish. 

3. The nature of the effort these units must engage in to accomplish 
their objectives, 

L The types of organizational units involved are as follows: 

(a) Aerodynamic Design 
(b) •rechnical Administration 
(c) Mechanical Design 
(d) Stress Engineering 
(e) Drafting 
(f) Producibility Engineering 
(g) Experimental Tool Th:lsign 
(h) Experimental Machine Shop 
(i) Experimental Procurement 
(j) Development Engineering 
(k) Aerodynamic and Thermodynamic Laboratories 
(1) Mechanical Laboratories 
(m) Test Engineering 
(n) Mock-up Shops 
(o) Production Tooling 
(p) Production Machine Shop 
(q) Production Procurement 

Figures 1 and 2 demonstrate both the type of work required by 
each of these organizational units as well as where it starts in 
the prograrnrne o Each of these units have specific tasks they must 
accomplish during the design period to ensure an efficient operation 
duri.ng the development and production phases of the progrrunme. 

The important fact to note about these activities is that they go 
on in parallel during the greater part of the design period as is 
demonstrated in figure 2 and that they are interrelated as is 
demonstrated in figure! • 

The objectives these units are attempting to accomplish during 
this period are as fol1owsg 

(a) Design an engine that will~ 

(1) Meet the design specification. 

F 
I 
u 
u 
R 
E 

I 
N 
D 

X 



PRIVATE 

2o (a) (Cont'd) 

(2) Be producible on experimental shop machine tools. 

(3) Be economically producible on production shop machine 
tools. 

(4) Be producible from materials that are available now or 
will be ava.ilable when production starts. 

(b) Make preparations for providing the development organization 
with engi.nes as follows; 

(1) Make changes in experimental shop tooling. 

(2) Procure materials for buildlng experimental engines. 

(3) Pro cure or manui'acture experimental parts for first 
batch {about three) development engines. 

(4) Build first experimental engine, 

(c) Make preparations to satisfy contractual requirements as 
follows: 

(1) Prepare preliminary model specification 

(2) Prepare mock-up of engine. 

(3) Ensure installation suitability of engine. 

(d) Make preparations for testing engines and components as 
follows~ 

(1) Prepare test beds for engines, 

(2) ModH'y component testing apparatus for testing parts. 

(3) Build test specimens of components. 

( e) Make preparation for production of engine as follows: 

(1) Review production tooling. 

(2) Commence to develop sources of production material in 
conjunction wi.th experimental procurement. 
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The nature of the effort these units must engage in to accomplish 
their objectives. 

There are two major considerations necessary to understanding the 
'3.ctivities during this period and their effect on the r-emainder of 
the programme. These are: 

(a) The reasons for the varlous a0tivities. 
(b) The nature of the process of an engine design activity. 

(a) The reasons for the various activities 

Briefly the reasons for the activities during this period are 
to: 

(1) Provide an ongine with which the development engineers 
can begin the testing program • . 

(2) Prepare for the developmnnt program that must begin 
as soon as the engine is 'l.Vailable . 

(3) Commence preparation for the production program. 

The important consideration under this itom is that all of 
these a:tivities mur:t occur d1rins the design period or a 
serious delay will occur i.n the development period which will 
reflect itself all the way do1,./Il the line to a delay in 
production deliveries. 

The desi,;n and preparation of test facilities and apparatus 
is just as i nport.ant as the design of the engine. Lack of 
proper facilities at the correct time can have just as serious 
effect on delaying the program as lack of some vital part of 
the engine. 

A. V Lovesay O.B.E., B.Se., FR.Ae.S. in his lecture before 
the Royal Aeronautical Society, London, said: "The design of 
the testing program for an engine and its components is no less 
important than the design of the engine itself, and time 
devoted to careful thought in this direction is well repaid. 
The design of speci.al equipment or instrumentation should 
run in parallel with the main design so that when the engine 
or component is built special test apparatus is available for 
the first run. 11 

(b) The nature of the process of an engine design activity 

In some respects at least, designing and building the first 
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3 • ( b) ( Con . 1 d ) 

engine is not ,raatly differ: t from designing and construc­
ting a buildinr:r, The architect must pr0pare plans and then 
in conjunction with all kinds of b1 i g skills, convert 
thoae plans into a physicnl st: , tUI , Collaboration is 
essential. an::l. ench different ski1.l has to contribute his-part 
at the right time and in agreement with the others, or the 
results are a1 ything 1Jut satisfactory, The major differences 
in building a jet engrne are that this collaboration must 
begin at the stage of prepar.i.ng the plans and when the engine 
is built thF> work L s _jnst started, not finished , 

The prin~ip 1 consU1-<1tion is thF~ the organizational units 
involved must wor-k very closely tor,Gthor during this period , 
M in construct in<' i:.. buildine, !lY Jr";f_One must be on the loc­
,tirm to m ko their contributJ.on. ,rng th8ir contribution must 

½e •11:ie in th•'.' Mrr,:>t so1t101w0, T:1:: r:;"' for this is 
tL1t ,, c ontribt,.t ion c11nn.1t be 1n::dH by an:y; one -,f them s ingly, 
It "l'.1.st be made in con iunctirm ~,ith and wi+h the c::mcurrence 
Qf or:e 1 or m. re >f t.h<3 other tmitt.. Independe11t decis ions 
~ n,,rma11y irlpo-:; -ible. 

It is not a matter 01 completing c,ne part such as in a 
machine <ihop 01,10. Llr:, au.:1 101 '""" ii.,b it to :;tores, It is 
a matter of progressing the ,,rhole design at the same rate, 
Each oo.rt i:; desig:te-1 in parallel si,1ce a change in one can 
effect oue or more ,1 the others or a change of :aaterial in 
cme part can drai:1,~i1.,ally efiect the whole design. 

N mt. ~han15es ttrd 11.lue i i ,5 ,1is ,.iro"ess. 'l'he evolution 
qf .h.., :it: li0 .1 of or,e oa.rt can hav _ as many as twenty sketches 
oof ,1 tJ • 11~ 1t •!:L.lJ&_final a.nl in_. ~,he more complicated parts 
the lL 1 ,..,r is 1 1ch higher than _tlli• An example of the type 
of work that is dor,~ can be observed by referring to figure 
nur..b ,r 14, This shows thP evolll:tion of the design of a turb­
ine blade, By multiplying the number of sketches per part 
by tho numbtr of parts in an engine~ some understanding e f the 
magnit..do of the tas', can be reached. Literally thousands 
of sketches mu~t b~ preRared, All of these sketches have to 
be discussed amo~,;i__must be cq_-_o,rdina,ted by the organizational 
units involved before the design can be final.ized . 
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Tm D1;;VELOPMENT PERIOD 

ThL per i . .., io,1 1. .. d.Jvc' pmcnt n ,ir,e is 11vr-.ilable 
a l •-' d,' its r j .,.. l hi d vc.L~ m ,t of ~ r.; 'le to a ata 1durd 
die 'lte,1 by the ontr t .. ..11 specifi ..ithm. It r 1t s this 1roal when 
it pcses ii'> q.ial!.ficdtion te.;t. Juhsc 1e t 1 v ~,pmnt has as its 
obje,•tive L.1prove Jent., 1.1 thi; ·tcv-1d 1rd with rE "P' ~t to performance, 
m cranico.l rtJ ~i 1b1 ~1 V, 'JI ) iuctio.1 .. •ani 1 it, .d 5 '.'Vice imr,rovc•l t• . 

o :: ~ ier t 1 >ll o' th • ri rt .s r,vJ.o 1 w1 l 1r ,h<' .;, me he·1dincs o.s 
the "Desi6n l:'oriod11 • 

1. Ehe 110 or 'd. t.L . ll lll":;_ts t:1 d, 1 er 1tli1,e 1 in the "De,ien 
PP.riod" :u1r,1 ..ir, ,.uri,~ th.1.i rit i w.;• 1 t.n ir 01:Jje>ctivos Jo ew~t 
altAr 'i. As su:.,n r J + ne e11~111e n•r s 10 3t of the engineering or0 c1,l-

il>" ti ,n ler::'or•1~ .n'VL'e 1\mctiJn t) tht,; dev ilopment enzineers 
in th ir Effort. t i V L., tid ~v JI) rroduct. 

( ) D, v 1 
runnin 

t t. ~ "- -.l .d . .,, 

11tilit1 

l ~ l r 

rrc ,•h11n • :, 1 ly " i r '[.rr,:ci ,1Lally by c;rou'lrl 
,mit .t,le, for flif,ht in a flying tout bed. 

(b) Fli["hv tci~t tr.e un0'iL. in tl f1,yir.r • ;t bed to e.,tablisl. 

( ) 

(J) 

tn ... t t1 <.1H'>1p1 i.i-!l dr &cttiJft1c ,cy at altitude and ensure 
t10.t :!.t 1.. ::-uital:Jle t, in~·v.:1 ir d. airframe as a prime 
mo;er .. 

C r 
e1 L 

~ll h 

r'1 
ha' r 

, tt t, tr. • nt , , vi. f 1,l r':>Wld running to i,rovo th 
t.; sr , )ry f J• u..,e 1.1 .;ervice in the Air For~e 

1 t 1 ~ •Or>" ly wi h ,.,r01,.us!tion requirements. 

1 i ifi,J.Ll 'llJ 1,e rt tki. certific~ Lh ine 
-•quirem.,nt, of (c) dbove. 

L . .:> i • l, J 1ti ~nary 
l l L -l~ll b.)' ~hl.l r'ir~t f r 1e i 7 i1 

ar 0 r 1 se +o ryrodu •ion. Th .iy r.ust t ,r ,.1 n 
J:. rst nJ be~ .. 1~e.:i 

they J .10~8 , 1t 1r.i iit 
tn~ tl. •: t - 1.~+ 
not known whether or nvt they are suit,a,~e. 

a nUJDber if t i__ :__.x,f~ 
1 1, u 1, t r >ueh 

1t L i._, Jt,age it is 

TL, es ent,i1 iHf, rence :let•-1(.;u,1 c,t.·n.~e, in the design that ure 
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:. (Cont 1d) 

ma,iP 1.n ~ne dE"'ll ,p ,E'!nt pt-r1od ·cmpured wHh those made in the 
d.'e ien P"'"iod 1.s tr.•,+, th,• P,r.pine now der1onstrate8 whc.t is 
'll'Satis 'uc+u~- [ •., pnv1dir,,r th,-, te.;t ene-ineers can correctly 
in "'rprc+ wlu t r :1.'1" ,J ~. ~r+ tnr to tell theh the dffiOtmt 

f assumption i~ n1t:..l"'lr <c. & "':;r.- . t .• l ·eqL :rol dur r,g the origu1al 
design. Th ; ::.."r.ci in mt1:1t, ,.,. r •cesr1.tJ', ',•i based on 
·alcula tl.,) 1 • l 1cl 'J.Sul , t t 

This provir. , p1 o,•c;c tlrill? tr La ';Grl.,) l -rer nr, s that about eight 
t:.01:..sF_ni 0n~ins rurr~n' J:r, 1•·s on th- c.,• Ll"• 1 1.,.i run ..,_s well as 
v>-icut onJ > ·" •• , .y t , tl.o ir,c.1il ;1y_1 . u.rs . Many l,t,st on 
, 0rnponen+, nu.;t '.lso be ca.rried out ("Ill 1-x'- ~!l c ·odyr amic .md mech­
anical te~y ri1:,.~ s,Jpar<.te from engi., r r.1 • 6 , This latter type 
of teat is used where the trouble is l,cal .nd of mechmical 
origin, The rigs which are used are constructed in such a manner 
t ;1c t tre similate tr n irie c mdi t ior.s, Running is carried out 
1.-i1tl:•:,d tJ e expense J.Il' sometirlcs t 1e time penalty of engine 
r'lr !l.~l.1~ 9 

Tr.is whole r nJCf S.J is ,n,, of "lri•.~ 1,l rror" <L.lrl tl:·e develc.,_:nen 
e 1,zi '"er· mtst try m+ lllllny U•'fcr • .t 2 .,s..1f"S to solve a pr1 blem, 
'.:..i c , m C',t...,es 'l. null"bE r ,f t•. •SC sclwP'HS ur~ tried befo.;:e the design 

r "n"', l, s, t ,.,,_t V . ..r.· r Jf t ri· ls is a multiple of the 
r 1ml r of 1.ang(•~ rr·id3. 

Experie.1C'e nas pr-:rv-..r. T ha, _t-Jd.I t, l":S t 1rourh an average of four 
c1:ianges d,1ri~ this purioJ and thec:0 involve an average of ten 
v"a..rin er, z t.,dcJ-,, An cJn6 irn:, has a: many as three thousand to 
+ O,lI' th"llJand f rts a..1d conseq'.lently .ih~.r.!Ll!~_tnousands of 
"'"rJ~r"'a""w"'i"'n .. g._~---'2... .. h .. a""n""g._e __ s-"ma--. ""d--'-E. duri.ng this pro,1ess, 

Fig...u- J 3 sh.)W"! ill chart form the various relationships of the 
,rganizational units d,iring this period, 

7 irure 15 shows an historical record of changes required to solve 
a representative problem. 

Tlie •hang'-'s, r.)&ulti"li; from 1,;velopment experience made in the 
resign standard as original.1.y laid down must go through the same 
process as the original paper design. Everything that was said 
·bout the original paper design applies during this period as well. 
'.:Qhe organizati.onal units must make a common_effort in parallel to 
ake these changes satisfactory , 

In briefer terms, the whole process involves the manufacture of 
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part J u:. l , iil,hn t, 1em n 0 enc;i., e.,, or test rigs and r unning 
the en~ine .>r r1"'E in~ 11 >'atL.:t" ard \, 'aknesses are fomid and 
.,. hen goinF' t'.ru 'l t .. c- ye,' e c-.rer and over until the development 
un,-;inJe'"S a1<" << c,J.LE'l ~hat tne Jc-~ ~s s 1table f or i nclusion 
in the qual.1f.1c 'iu~01 L,0% ene;ine and ~,3~N :e to production . The 
<!Langer re·n1trnb from +,hese activit, s -'lre rnade progressive l}" 
i n the drawin,~s, pFirt s lists and sp1, 1 •• ati.:,ns so that these 
are satisfuct.o. i r ledse to produi: .. i';U l.S soon a.s t he en;: ine 
has demonstratt,d U s suitabHit.>7 for produ t ion and service . 
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THE ELAPSED T~~QUIREMENT FOR A SJi:T ENGINE DEVELOPMENT 

The period of elap:-:ecl time required for t he design and development 
of a new aircraft engine ii woll sis .,ablished, and supported , not onl y 

by the ten to twelve years experience the world has had i n t he j e t 
engine field. but also the b:r-oader expE'r Le1we in the piston engi ne 
fieldo 

The total elapsed time' .,.equire0 f.r the desig11 and development of 
a jet engine from the time he crea l' dr,signr>rs and engineers s tart 
making calculations, sket-',es and dra1-a, ,, Lu.til the engine has passed 
its qualification t,-,s:, E,t 1ts rat,Jd perfor,1anoe, is nJrmally five years , 
and the 'Jeriod o:" time from passin6 the rma1 \ficatlon test U..'1til del iveries 
to the air-frame fo:-- which the engi 1, i s ll tend,,d fl from one to two yec1,rs , 
or a tota·; of from six to .3• ven yer>rs from ,he ,ommencement of design 
:u:til +-,he f 1 rs-: pr-i,iuet.· on dE 1 i very o 

Figure r11t"Jlber 6, • ,get 1,:,r with the r_l,·"',e comments shows the 
1.istory of some of tr., "' _ or j t engine d&veL Jme.,ts of the worl d, and 
demonstrates thi'3 to D8 f,,,r,tuaL 

Since changes lr hum.n otivi,y iraolving intellect 1 education and 
it> ,bJ:,,)lJgy, all of ·1r.1cb 0.re es, ,mt.ial to this type of endeavour are 
.,ro6ressive, and n0t .u,stantaneous, it is certain that we can expect 
history to repeat itself with some jJo.provement in elaps ed time in the 
next cycle of jet engine design a nd development whi ch is the one under 
consideration. The principal factor contribut ing to the shortening of 
the CLc.psed time c tr.e progrAss that has been made i n the technology, 
, rf a 1d sdence r i', tul 0 tbis field of endeavour . Part of the ga in in 

h J rt ep, et is off~, t t: the increa sed complexity of the engine a nd 
, 1er,Jfore the ,;i'ir jn <c J.n.psGd time i s l ess t han woul d be expectedo 

i-.1r Lory haf d<>n•r,nttrated c.orLlusively that any company in the worlct 
tod<.., wruld still r,0, 1 ..rir0 from four to fi.vo years t o create and dev elc,p 
a ,omplet ely new design o:: a jet en6ine to uali fica t ion tes t s t andard 
9,nd f1•om one t o two years fi•om pa s sing qw.,,lifi cat.ion test to prove 
~ t in produ,,.- ion and to deliver the f i rst production engine. 
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THE PATTERN OF EVOLUTION OF A JET ENGINE DEVELOPMENT 

Within the total period of aeven years a pattern i s followed in 
the design, development and production proving of a jet engine, The 
following periods of elapsed time between each stage of de:,;ign, devel­
opment and production have been established as normal: 

Beginning of the design to first 
experimental engine delivery 

First engine run to first flight 

First flight to ql11lllfication test 

TOTAL 

First production engine delivery 

Proving in prodt1ction 

15 months 

23 months 

22 months 

60 months 

12 mont hs 

12 months 

84 mont hs 

Confirmation of these periods can be obtained by reference to 
figures numbered 7 to 10 and their relative comments . 
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THE ECONOMICS OF A J'.C:T ENGLIB DEVELOPMENT 

The process of desirnrng and developing a jet engine up to qual­
ification test stand&rd, s h'-'-~ bLe"l 1eMonstrated covers a period of 
from four to five yoars, ~ 0 follows~ definite pattern. Closely 
related to this is the fac+ 1 t the' co..,'; of designing and devel oping 
a jet e"lgine also follow u .a.tterr and l'3 confined within a total 
limit. 

These two f'l.cto::-s ar£> closely intL 1rE ved ,.md any change in the one 
effects the other Le::'r ,~· funjs rn _iJle correc+ imount at the right 
~ime can lent~'her. t.tie e L.psed t:i,me consider .. •• 1y and conseg uently inc­
rease the costs. Failure for other than economic reasons to stay within 
the four to fi7e yo&r period can also increase the cost considerably, 

Consideration of the.se facts is arranged unde r t wo major headings . 
These are: 

1, 

2. 

1. 

The total cos· of desir,r,ing and developing an en6ine to qw:ilification 
tnst standl'lrct. 

The relationsh\' of coi:. ~ to tne different :.ypes of effort 
required ) the ene,n 'die '.ltter,1 of der,igning and developinr; a jet 
eagine to qualifnation t.est stJ.nd,1rd . 

T1e total cos·., Qf designir,g and developing an engine to qualif­
ication test standard 

The followii-g costs whl.ch are related to three of the major axial 
f low engines in prod1ction today, which are a lso reflected in 
figur, nW1lber 11, deJJ1"nstrate that from $30,000,000 to $40,000,000 
are required to de8ign and develop an engine to qualification test 
atandard . 

(a ) $22,000,000 
(b) $45 ,OOO,OOO 
(c) $32,000,000 

Within this total wne,unt, a definite pattern of expenditure is 
"ollowed, m d ea .h typP C'l expunditllI'e represents the different 
types of effort which are ·equired on different phases of the 
programme. 

In addition to history subsLantiati".lg the total costs, a detailed 
wmlysL, under prec!ent day con::ll tions of t he manpower and material 
requirements for designing and developing a jet engine to qualification 
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1. (Gont 1 d) 

2, 

test standard has been made which also demonstrates that t hese total 
costs will fall within the $30, 000,000 to $40,000,000 range, 
Figure number 12 show::: these costs in graph form . 

The relationship of costs to the different phases of a design and 
development programme 

The foll owing table of expenditure indicates the cost of the various 
phases of t he programme required to design and develop a jet engine 
to qualification test standard: 

Aerodynamic Design 
Mechani cal Design 
Building Experimental 

Engines 
Testing 
Development 
M9.terial Costs 

$ 445,000 
2,oc:9,000 

18,479,000 
6,713,000 
1,453,000 

10,621, 000 

$39,720,000 

Figure 12 i.ndicates the cumulative effect of these costs over 
the four to five year period of design and development, 
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THE NATUF.E OF PRODUCI]fil.AN E JGI_~ UNDfill. LICENSE 

A liceni:-inp: arran?,eme'lt can only be made successfully when there 
is somethin1_; satisfactory to 1 c• nse, thnt is, a product that has not 
only been designed and developed, but one th, , has a lso proven its 
produceability . When .,hj s has been done, the licensee can undertake to 
produce the engine as issued to them at t'.is stage, or in other words , 
to mal:e a copy of it with freedom only to make changes that wil 1 not 
effect the design standard as represented by the licensor's drawings, 
parts lists and specifications . 

It is on this basis that most, i f not all , successful licensing 
arran6 ements have been conducted. This is evident by an examination 
of the licensing arrangements of the past. ( 3e, Fie , " · 2 ) 

Air CoMl'lodore Banks, in his speech at the =.:i.;hth Annual Flight 
Propulsion Meeting I.A,::;. Cleveland entitled "The Birth of an Engine", 
said "When considering a licensed en6ine, it is important not to make 
wy changes from the origi.r.al purely to f'lcilitate producti on. In 
fact, a licensed engine should be a nchineRe copy" of the original with 
regard to both materi.a1s and manufacture . 

11An engine that has just passed the type or model test, i s still 
in the early dev .lopment tage and, therefore, more vulnerable to 
engineering and material changes" . 

When a licensing arrangement is considered it can only be 
considered, from a practical point of view at least, t o take effect 
1 rnen the licensor has a proven finished product to license. The 

'censor does not l.dve a proven finished product in the jet engine 
industry until it has passed the production phase when nwnerous changes 
are being made. These are required as a result of the fact that when 
the engine is first being produced it is "still in the early development 
stage". This proving period is from one to two years after the qualif• 
iGction test has been run. 

The licensee does not have a clear release of the licensed design 
until this stage ii:i passed and then he must still take additional time 
o complete his pr·c luct1on arrangements and then produce and start to 

ieliver engines. This is another period of from one to two years, 
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TIE EFFECT.3 OF C1lRRYING OUT DIFFERENT .ARRANGEJ:£NT.3 TO PnOVI!E 

AN ENGINE FOR THE AIR.FRAME UNDER CONSIDERATION 

This part of this memorandum examines in some detail the five 
considerations referred to in the introduction regarding the different 
approaches that can be considered for providing an engine for the air­
frame under review. These are: 

(a) License an engine after it has been developed to the point 
where it is suitable for licensing . 

(b) Design and develop an engine of another company ' s design i n 
parallel with the originator of the design. 

(c) Desi6n and develop aL engine in parallel with another 
company with their technical assistance . 

(d) Procure the e·1gine from some other cor.ipany in its fi!J.ished 
state. 

(e) Design and develop an engine in C£mada , 
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LICENSE AN :NGINE AFTER IT HAS BEEN DEW.LOPED TO THE POINT WHERE 

IT IS SUITABLE FOR LICENS ING 

If a licensing arrangement is considered, it must be on the o~ 
reasonable basis of carrying out a licensing arrangement, and that is 
to license an engine that has proven itself in production. Our course 
of action to provide an engine by this means is eithe,r one or the 
other of the following: 

(a) 

(b) 

Find a satisfactory engine which is proven in production 
and then license it immediately, 
Failing this, wait until a satisfactory engine has progressed 
to the point where it is suitable for l icensing. 

1Je can dispose of choice (a) immediately, because it i s knevm that 
no engine is in production i t the present time that is suitable for 
the production installation requirements of the airframe under consid-

eration. 

This leaves us with choice (b) o~, and at this point we must 
examine whether or not this can be accomplished and still meet the 
date on which engines are required, 

Figure No. 5 indicates the elapsed time required to ca:rry out an 
engine design and development and to release this design and place it 
in quantity production. It i s necessary for us to establish at what 
point in this cycle the licensor can release the design to the 
licensee and comply with a conventional licensing a:rrangement .. 

Reference is again made to Air Commodore Banks' statement that 
11An engine that has just passed the Type or Model Test is still in 
the early development stage and therefore more vulnerable to~­
eering and :material changes 11

• 

It is only at the point where most of these changes have been 
made , that the licensee can satisfactorily produce the design, which 
would be from six to seven ye~rs after the licensor began the deeim• 
Added to this period is the time required by the licensee to get the 
engine in production and deliver engine~. This would be an additional 
period of from one to two years. The total elapsed time, therefore, 
for a licensed engine to reach production deliveries in t he licensee 's 
plant from the beginning of the design by the licensor is from 
seven to eight years . 
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The t arget date for the pilot batch of product i on aircraft is 
1958. In order t o meet this date , we will have t o begin to deliver 
engines no l at er t han the fall of 1958. 

Start ing from this date and going backward, we would have to 
find an engine t hat had: 

(a) Commenced its design in the fall of 1950 
(b) Fir st engine run about the fall of 1951• 
(c) Qualification test to be passed early in 1955• 
(d) Proven for production and ready for licensing early in 1957• 

There is no engine, to our knowledge, suitable for this appli­
cation t hat is in such a state of development. The engines which 
might be considered suitable are at least :two years behind thi§, 
?cheduleo 

Since it is obvious that a licensing arrangement conduct ed on 
the convent ional basis of licensing the engine after it has been 
proven in production is unsatisfactory from a time point of view, 
the question n'lturally arises, 11What can be done, if anything, t o 
eliminate or shorten this time discrepancy," The only thing that 
possibly can be considered is to bring the licensee into the design 
before t he engine is developed to qualification test s tandard, and 
proven itself in production. If such a course of action wer e con­
sidered, and it was agreeable to all the parties involved, then the 
consideration is 11What type of arrangement should be carri ed out, 
and at what point should the licensee be introduced to the desi gn'l

11 

These alternatives are considered under headings (2) and (3 ) 
r eferred to in the introduction. 
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DESIGN AND DEVELOP AN ENG~ OF ArGTHER COMPANY'S DESIGN IN PARALIEL 

WITH THE o; IGINATOR OF THE DESIGN 

No such arrangement, to our lrnowledge, bas ev0 r been undertaken, 
but for the purpose of exploring ev~ry possible angle , we should at 
least exariine the condition: n which such mi ar-angement would be 
involved. 

The question that ':mst first be answered is 11.At what point should 
the licensee col!lr.l,nce picking up the dl:'sign? 11 

\le have already considered in some detail the various phases of 
activity in the design and dev1lop~ent of an engine to qualification 
test standard and it is only up to this point that the possibilit y 
of such an llIT r .. (e .. ient needs to be considered, since any arrangement 
after this po1.nt would obviously be a conventional licensing arrange­
ment which ha:, already been discus ed. 

This narrows our consider, tiuns down to the following phases in 
thr p, ttern of resifl1 and dev· lopment: 

.L. BeRinnint of the 'lesign to the first engine run. 
2. First engine run to Flight S11bstantiation Test • 

• Flight Substantiation test to Qualification test. 

Each of these periods are consider~d separately hereunder . 

lo B~m.n.L,._ Q_ t P D- si£T""" to the First En11ine Run 

If it ~e~e c nsi red advisable to introduce the licensee to the 
u.eslr,r .. duriw; this pe:dod there are two factors which must be 
thoroughly exrunfried before a dec-ision is made . These are: 

(a) What prt can the licensee effectively take to accomplish 
our obJectives. 

(b) WMt is the effect of the nature of the activities on the 
part play• d by the licensee . 

''hat part can the licensee effectively take to accomplish our 
c,bj1$ctives~ 

Thar~ is no means of r~ving the license involved in the design 
dur.ing tMs p,riod. except by ac· ,u.al participation in the origina;l., 
design btica, 1se tp.ere i.s nothing else with which he can becore 
involved. 
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1. Begi!ining of the Design to the F~rst ~np;ine RU!! (Cont'd) 

What is the effect of the nature of the activities on the part 
played by the licenseeg 

An examin,tion of the nature of th0 work that is carried on during 
this p, riod is es~ential to determine whether or not the licensee 
could participate in the designo 

The objective of ~he activities during this period are covered 
in Part 1 of this memorandum. A review of these objectives ? to­
g, ther with Figure l, 2 and 14, wl.11 demonstrate the impractib­
ility of two con1,anles at differE1:rt locations participating in 
the same design. 

As i.ndicated in Part 1 under thf 11Des1gn. Period11 , the means of 
acC'Ol!!plir.l:.ing these objectives i.s not an activity where one 
person performs an Op'ration and passes it on to the next one; 
soTiewhat aftE:r the "laDiler of parts flouing through a machfof' 
r.hop. It is a co-ordinated effort _ _Qf sey, raJ. different t es of' 
organizational rr its 02eratin~ in D ralle].. 

Becau:c:0 Lt Is a l)rocess which goes throue;h an evolution to which 
differ0nt types of contributions are made by different types of 
organizational units, the particM)_ap,:ts rrru.st be sitting sid~ 
~ide to :ne.ko the contribut:1.on. 

This is further complicated by the fact that no two engj~ £.tiJ:ill. 
orgrmi ajJ.9ns ('•y01.ve the de~_Q/' nn engine in t he same wr~ 
'·Tith • ac .. ::,Y .i;r~ ~~ r s1uts. 

:r~ §~tantiation TP8t 

t ,r Tnt,_ tg_~f'.J,,-ation Test 

The..:P two ~ riods n <>d c-cnsiderution in pr.rallel since they are 
sub~ect to + 1' o.m Cl"'"l.d tio:ns as defined under the Developmcint 
Proce:; s in I a t ~ . the d..1.ff erence being one of degree only . 

Siner th 
!i.=: _m + 
!:_h!!(_c 

LS ~ttempting to duplicate the development 
~~ange th~ licensor ma~es and reflect 

d V(lopment orogra~ . 

Reference is here JDJde to the Development Period and the charts 
n.own ir ~ :~es 2, 1. end 15, which demonstrate the activity 

, volv 1 lu.-1.n..,. tnis pr-riod~ 
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2 . f irs t R:im t.2 fli"'ht Substantiation Test 
F}_ight §i_gtantht' G 'rest t.o Miifi~;tioit.1.est (Cont 1 d) 

Attention js e"p dally directed to the mnnb,r of changes that 
haw· to be made to the engine design during this period, which 
m_result jn thou !_Ulds of drn"Winf" chRnges and each of these 
chanees hev~ .. tQ...P co'1JI'IUnicated to tr~ licensee . 

•:foe <:ollIDrunicat~on sys -,. equirAd ,o a<!complish this obviously 
would have. to bF' a trel.l.E:ndo lS one, bu"':. the point that must be 
stres ed here .:.s that no corn.rrrun.t.-.. JJ.QP._ellten can subs titute for 
the rt acr_Q'l£.....!i...-: t,..-, ~ exclwl~ rf ini' o!'l"lation and t he co­
ordi.nateg__gon ributir>nr1 thr,:!_ _pl'V!._ .. ., be ~-:tde to succes ·ful!:'[ 
desj.gn and dev ~ a~_e!¥(in~. 

It r.rust b rE "lbFrE.d hFrc th t tr, ic •nsee ,mst not onJy be 
advised of' tt ch<nre, bi.:.t ,, ll :?t n.derstand the reason for it 
and ,ha'" i •, is in-1-,ended -1-,0 .. c •ompli"h. Even if this dil'ficult 
problem w~re ov,rcome, in ord r .. o 1uplicate the develop~Ent, 
the resultn obtJJ.ined frc 1 tt "t _ o..rcl tho concJusions reached as 
?-.. ~.§!s:µlt .2L..!J:!1.a.1ysinr hsts l'{!"Jld bav to be the same . This wollJ.g 
be a hTtp.~:ipr_JJ_o_:: sil- le tas1c, Re ul b on engines produced from 
the sa~c drPwir-•s qre not the sa.rn and consideration of r,etting 
the same results on di'f'ferent e.n ,1n.-.n in dil'ferent companiN: in 
different counuries thi.n'.:l.n u:d roeth".lds differ would b< 
compJ.rit 1y 1,mr.calis,. ic ,, 

It is por..,ible to riv c0nsid ration t~ resolving difference and 
decidirr. on a co~.mon rE wt, b-1t rer~ arain this is not realistic 
br cat.SP o: tl.E' r ~ 1.' 1 ty w • th which chnnges are nade . !_pp.rt en 

hi~!__giL_eL r,r. c- h :_!lg_ , lv iiJrpu.ld be go:ing thrg_u.z.h 
Pd'!itiop_: er ~ _ p - llel iJ;h solvini:r differencG: anil 
notl:-:irP" but ~ n:;:u:: ~ '1 anr ('rustration could result from such 
, cthn. If "1 r r ,t ,, )ne, .. l: n eh_ c~L.}!_oulrJ ho 
.-Je_&il{Ping_ "' 'i c1 .., tr , dit'f 'l'.'E""".~ ..... f)l_...'...l).':..§., ...-hich would be a 
violn"ion of tr o~ thi arran~ rrent and would make it 
null ar.c. vuid . 

C'nce suc'1 p o m, re 'lID.St not lose sif)lt of 
corrrr~Ht1.~d 01 lv1 • .i to thB co-ordination re-

e J.l of introduc'!. ,., 1 hanges in the design that 
i~ producti0n ftor ua.lification test has b, n 

pa..,sed. ~t r< "ga. :n, 'J" cc n be invo-ved i.n a tremendous numb I' 

of changes , a:::.1 of wh.:.ch v uld br subject to the same dil'f i -
cul ties outlln d 'h r for cl- """e:; up to qualification tPstw 
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2. First Run t o Flight Substant:i.ation Test 
flight Substantiation Test to _gy,alification Test (Cont 1d) 

Our conclusions are that this course of action is completely 
impractical, both from an economic and elapsed t ime point of 
view. It would cost twice as rrruch at least to take an :i.ndf._ter­
m:i.nate 1..2.D.@.LPWiod_of time and the results would obviously be 
unsatisfactory~ 
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DESIGN Alm DEVELOP AN ENGII:E rn PARALLEL lJITH ANOTHER COMPANY FROM 

THElR DESIGN AND :!ITH THEIR TECHFICAL ASSIST~ 

If such a course of action as this were considered, it must be 
considered in the light of the stage of development that has been 
reached by prospective engines that would be sui table f or thlll appli­
cation, together with the advantages and disadvantages that would 
result when compared with the program of the distinctly Canadian 
designed and developed engine which is being carri ed on as a private 
venture by A.V. Roe. 

A licensing arrange1ent made at this time, of any engine design 
suitable for thi s application, would provide the l icensee with a paper 
engine only. It could not be more t han this since mor e t han this does 
not exist. 

The engin~ _ _pein_g_q_11.·_ried as a private ,zentme by A.V. Roe has 
reached the poirit of a paper engine. and therefore, our consider ation 
is confined to examining the merits of A.V. Roe Canada picking up a 
paper design of some other company, if such merits exist, and dropping 
the ir own engi ne. 

These merits can only exist in one of the following f actors : 

1 . Economic advantage . 
2. Short ening of time period required to deliver engines. 
3. Reliability of the design. 

These factors are considered seporate1y hereunder. 

1 . Economic Advant.@..©a 

The question of economics has been treated separat ely and 
reference here ls made to Part 3, which demonstr ates that t here 
would be no economic advantage but t hat it would cost consider­
abl y more as a result of licensing or t echnical assistance and 
comnrunication costs . 

There would be no advantage in this respect . 
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2. Elapsed Tiloo 

While it is not po :,sible t o deter mine the delay that would result 
it is obvious that a considerable delay would be inevitable. Thi: 
is due to the following f acts~ 

(a) 

(b) 

(c) 

Negotiations would have to be complet ed and arrangements 
made for information t o be communicated t o us. 
Our engineers would have to b"'come familiar with a new engine 
design and commence t o alter it to suit our manufactming 
t echniques and materi al supply . 
The morale of engineering staff would take a very severe 
drop and t he enthusiasm and :inpetus that has been generated 
in our staff for our own engine could not possibly be 
duplicated. 

No advantage could possibly result as far as improvement in 
elapsed time i.s concerned. On the contrary , a very serious delay 
would result and since the program for provis ion of an engine for 
this application is already an extremely difficult one to meet, 
it would be inevitable that we would fail t o meet the production 
dates for the production airframes under such an arrangement. 

3. Reliability of the Design 

The consideration under this heading of necessity involves a 
comparison of the capabilities of the aircraft engine ~ompanies who are 
designing engines suitable for this application. 

Since we are examining the implications of licensing an engine at 
the paper stage only, the question of mechanical reliability is a 
somewhat irrelative consideration, since regard.less of whether we 
develop our mm paper engine or develop a licensed paper engine, 
the mechanical re 1 iabili ty of the engine is dependent on A. V. Roe• 

Consideration is confined to the aerodynamic reliability of the 
design. History will bear evidence to the fact that the Engin­
eering Department of A.V. Roe Canada possesses the ability to 
produce aerodynamic designs which are second to none any,.rhere. 

This i s not a..."l unsupported general statement. Evidence of its 
authenticity can be observed from facts about aerodynamic engine 
designs from sever a l of the world' s best aircraft engine firms 
in Figure No . 16. 
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J. Reliability of the Design (Cont 1d) 

Our conclusions under thls consideration are that the re is nothing 
to gain and much to lose by licens ing someone else 1s paper engine. 
It would cost more, talce loneor and there is no GUB-rantee that the 
reliability of another company's aerodynamic design would be 
greater than our mm. On the contrary, there is evidence to indi­
cate that it might not be as good. 
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PRCX::UFE THE ENGI NE FROM SOME OT.HE:R COMPANY IN ITS FINISHED STATE 

vfui le i t i s conceded tha t such action as this could be La!cen with 
ren."'0:1.~bl e assurance that an en6i ne would be made available when re­
q:.iired , there are three major f c1 ctors uhich require serious cons irier­
at i on before such action \'J.f"' initiated, 

These are : 

1. 

1 . The effect on Canada ' s industrial life , 
2 . The effect on the jet aircraft engine in:iustry in Canada. 
3 . The de pendence on z.noth0.r coMpany in another cow1try to 

provide engines to us duri nz armed conflict . 

The Ef..'.'o et on Canada I s Industrial Life 

The ~nnsideratio>1 of thi s f actor involves both the economic and 
industrial life of C;_,. 1~da. I t is i:rn,'Jossibl o in ci. few short lines to 
demonstrate the t r e: 1 ,us ef.J'.'cct of an 1..ircraft en6 ine i nrlu t.r on 
the t;:ichnolog i cal adva•1ces, the .1w.lui'uctnrin.._; techniques, the neu 
t:;?e s of ma.chine tools , the developr.1ent of new materials, the 
technicul educational programs a1d other aspects of industrial 
a'.:!tivity in a country, but it dUdt h.J rcr,1• bered thci.t the c.ircrn.rt 
engi ne inc1.ustry is the :,rimG pion.:icr of •0 rogr0s s in these thin6s . 
Any country t hat wishes to est,:..bll~h and !:uintain itself in the 
vanguard of the natior1s leading the world to a mature and well 
developed economic and indu~trial life canriot do so 1,i thout tne 
pioneerinJ r esult in; from such un itirlu -try. It wa '3 ti,e air era.ft 
industry that gave A:. eric..1 much of its Mo.nuf'ucturing potent i a l tod.:1y- ­
tlillt gave the uorld su h materials .1s 1na6nesium, nickel und aluminUJ'l 
that c:::-eated new -,rt s und s cience'3 who ·' applic ... tion is alno 3 t. 
uni ve2·sal in their ralationshi p to runufactur in6 iniustr ie,., o thar 
thru1 tile a.ircrci.ft industry . 

Second rate nations must r emain second rate nations without an a ir­
craft industry . It is i mpossible for a count:r; without an a ircraft 
i ndustry to keep p,1 c,:i with other c ,rn1tries who do have aircraft 
i ndustri es . 

2 , The Effect on the Jet Aircraft Engine Industry in Canada 

Obvious l :' t he jet enJi.no industrJ a~ vs .... ablished with ;:;r ec1t fore­
sight 01 the part of the Canadian Government und which has now 
developel froin adolescence into prime ma ood over the years since 
194G u ::,uld be con.Jletely red rn1dant . Tho en;ineoring talent would 
be scattered to the four winds , m)stly outside Canada, •1here they 
woul-1 s~e'.: work con.;enial to their qualificcJ.tions und interest s . 

The rn,:i.nufacturin6 ~acilities established at _;reut cost uould be 
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diverted to some use less relative to industrial growth and 
national safety. 

The Dependence on Another Company in Another Country to Provide 
Engines to us During Armed Conflict 

This is the most serious of any of the disadvantages of following 
this course of action. If the technical and production facilities 
in a country on which we were dependent for engines for our air­
craft were destroyed, our airframes would be valueless. 

Even if the country were not destroyed, the best that we could 
hope for under conditions of armed conflict would be secondary 
consideration. Any country in such circumstances would be pre­
occupied with its o·,m safety. Our requirements would likely 
receive first consideration only to the extent that they con­
tributed to the other country's safety. Beyond this, our require­
ments would be secondary, 

We feel verJ strongly that we should be self-sufficient as far as 
it is possible for us to be. 

From all these points of view, the advantages are all in our favour 
if we decide to design, develop and produco our own engine, rather 
than procure one from another country. 
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DESIGN AND DEVELOP AN ENGINE IN CANADA 

The conclusions developed from all other alternatives for supply 
of an engine for this airframe demonstrate that, when time and economy 
influence the consideration, the only way to produce an engine in 
Canada in time to fly the aircraft and at reasonable cost is to proceed 
post-haste with A. V. Roe 's own design and development program. 

This conclusion i s based on the following facts: 

1. A.V. Roe has an engine design at almost as advanced a stage as 
any other engine suitabl e for this application and they are pro­
ceeding with the program of design and development of this engine 
with dispatch. 

2. The pr ograTJJ l aid dmm for this engine as shown in Figure 17, 
which, while it is better t han has been done in the past, is not 
unrealistic. This program will provide production engines on time. 

J. A.V. Roe have demonstrated their abilit y to design and develop jet 
engines within the same period of elapsed time, within the amount 
of expenditure of money and with equal reliability in both aero­
dynamic and mechanical design when compared with any engine design 
and manufacturing company in the world-

4. Success and security generates complacency and consequently 
impetus and the 11will to win" suffer when such a condition 
exists. When a condition exists whose final result is one of 
"life or . death11 , :illlpetus and the "will to win11 receive a 
stimulus t hat cannot be provided any other way. This type of 
condition exi sts when we are at war. 

The A.V. Roe engineering t eam find themselves in a somewhat 
similar situation. They realize that only by meeting the engine 
requirements for this npplication with respect to performance, 
economy and elapsed t ime, can they survive. The impetus and will 
to win generated by this condition cannot possib]y be duplicated 
anywhere in the wor l d today because there is no other organiz­
ation that depends f or its existence on this one program. 

This ensures that the Canadian Goverrunent will get more for each 
dollar invested in A.V. Roe than they can possibly get elsewhere. 
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THE EFFECT O'l ECONOMICS OF CARRYING our THE DIFFERE:JT ARRANGEMENTS 
DISCUSSED IN PART 2 

This part of the memorandum deals with the economics of the various 
arrangements under consideration using the same headings a s the discus­
s i on in Part 2. These are : 

(a ) License an engine after it has been developed to the point 
where it is sui table for licensing. 

(b) De si gn and develop an engine of another company's design 
in parallel with the originator of the design . 

(c) Design and develop an engine in parallel with another 
company with their technical assistance. 

(d) Procure the engine from some other company in its finished 
state. 

(e) De sign and develop an engine in Canada. 
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LICENSING AN ENGINE AFTER IT HAS BEEN DEVELOPED TO THE POINT WHERE IT 
IS SUI TABIB FOR LI CENSI NG 

Of necessity, remarks regarding economics under this headi ng must 
be general . I t is not possibl e to know what the economic ar rangements 
would be, but history can provide some i ndication of what might be 
expected as far as license fees are concerned. Reference i s here made 
to Figure number 13 which i ndicat es that the license fees alone could 
equal a very large portion of the cost of des i gning and devel opi ng an 
engine of our own . As a matte r of fact Robert Schlaiffer says licensing 
a foreign engine woul d be no cheaper than des i gning and devel opi ng an 
engine of our own. 

In addition t o the or i gi nal license fee , there would be costs i n 
connection with : 

1. Production royalties 

2. Communi cation which would be very extensive. Literal l y thousands 
of explanations wo uld have to be made by the original des i gners 
in gett i ng t he design into production. 

3. Familiarizing an Engineering staff with the licensed des i gn . 

4. Establishing a new engineering team when the licensed des i gn is 
ready. The existing t eam would be disbanded since the r e would be 
a period of from three to four years in which there would be not hing 
for them t o do. 

5. Altering the licensor's drawings so that our production personnel 
could interpret the drm,in;s or alternatively trai ni ng t he produc­
tion staff to interpret t he drawings in accordance with the licen­
sor's des i Jn and drafting standards . 

6. Developing sources of supply for materials which would not be 
used in a Canadian design. 

7. Changi ng our t ools and manufacturing techniques to suit the 
licensed design. These changes would be those that would be in 
addit ion to what would be required by e. ,::;-madian des i gn. 

Some indication of the co st of placing a l icensed des i g1 i~ prod­
uction can be obtained by refer ence to the Pratt & Uhitney lico,1se 
arrangement with Rol :' Royce on the Nene and Tay engin:.s . K1c!J 0f 
these engines absorbed ::iver 1,000,000 manho urs in chatigL1g the 
drawings and gctt in;, the des i gn i nto production . in terms of today ' s 
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costs per manhour in labour, material and overhead, this would amount to 
many millions of dollars. Ouj, problem would in some respects be more 
complicated than this license arrangement since Pratt & Whitney had 
an engineering organization waitinb and both r eady and willing to tackle 
t he problem. At the time a licensed desi gn would be ready for us to 
tackle, we would have to build such an organization. 
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DES I GN AND DEVELOP AN ENGINE OF A}l"OTHER COMPANY 'S DES IGN IN PARALLEL 
WITH THE ORI GINATOR OF THE DESIGN 

The assumption in the beginning of this argument, is that some 
company, suitably qualified would be agreeable to a course of action 
that would commit them to permitting another company to have free 
access to all the information during the evolution of their design and 
development of an engine that would enable A. V. Roe Canada t o duplicate 
the effort in their own plant . It is advisable to point out that they 
would not likely agree to such action. 

~oint at which this arrangement be~ins is irrelative insofar 
as costs are concerned , since both companies would be developing si mi lar 
engines in p:;trallel , and the cost in both companies woul d not be l es s 
than if they were each independently developing their own des i gn . They 
would actually be more costly, since additional effort would be r equir ed 
in both cases in connection with carrying out the techni cal ass i stance 
programme and very extensive communication costs would also be i ncurred. 

The savings initially would be the cost of the aerodynami c desi gn 
activity for the first twelve months in the company rece i ving the tech­
nical assi:-;tance. This would amount to approximately $100,000. This 
would be a very small contribution towards the cost of liaison and 
technical assistance . 
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TlIB EFFECT ON THESE COSTS OF CARRYING OUT A TECHNICAL ASSISTANCE PROGRAM 

In consideration of the effect of eliminating certain parts of a 
pr ogram of engine design and development, we can, by identifying this 
part with the type of effort involved, together with the relative cost 
of the effort deterrolli.e the changes in total cost of the program. 

If a decis ion were made to start on a program of collaboration 
with some other company in the design and development of an engine, 
the fir st logical starting point would be when the contributing 
company had something on which collaboration could begin. 

The j'irst point wou.ld be at the paper engine stage, which would be 
about one year after the design started. The effect on the economics 
of such an endeavour can be observed f rom reference to Figure 12. vie 
would not be required to spend a part of the $'145,000 for the aero­
dynamic des ign. As indicated previously this would amount to appr ox­
imately $100, 000 . This part would be the cost of this effort for the 
first t welve months only, since aerodynamic design work would have to 
carry on subsequent to this in parallel with the mechanical design. 

Ste.rting at this point, we would have to begin with t he aero­
dynamic design provided to us and carry out all the remaining types 
of effort in the same manner as we would for our mm design, except 
we would have addit ional costs to pay to the contributing company for 
their technical assistance, plus cost of cormnunication. 

Regardless of the point, between the commencement of the design 
and the qualification test, at which a technical assistance ar r ange­
ment was placed into effect, the economic results would be the same. 
The reason for this is that regardless of the point at which collabor­
ation began, the only reasonabl e apprp~ach is for both companies to 
develop separate engines in parallei and consequently we would save 
only the part of the aerodynamic design costs referred to above in 
the licensee's plant. At this point, we nrust not overlook the fact 
that the Canadian effort for producing an aerodynamic design at the 
point it could be licensed has already been expended, and looking at 
the whole problem from the point of view of the expenditure of effort 
nothing would be saved but a considerable loss would be sustained 
because of the additional effort required to become familiar with and 
prepare for the production of a different design than our own. F 
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The advantage of beginning t he collaboration later would be 
that the contri buting company would be in a better position to 
provide t echnical assistance and the aerodynamic design would be 
developed furt her. The disadvantage is, that we would still have to 
go through the normal cycle of design and development, no matter when 
we started, and t he later we start ed , the l ater we would have uro­
duction engines. 
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PROCURE AN ENGINE FROM SOME OTHER COMPANY IN ITS FINISHED ST~ 

The question of economic advantage cannot be considered under 
this item because it is not lmo,m how the design and development 
costs would be applied to production, nor is it known whether the 
engine would be produced for more than this applicationo 

It can be safely said that design and development costs would 
not be greatly different from these costs on our design and develop­
ment and that if the engine were exclusively designed, developed and 
produced for this application, there would be no economic advantage~ 

I 
l 
u 

I 
N 
D 

X 



PIUVA'IE 

DESIGN AllD DEVELOP AN ENGINE IN CANADA 

There is no means by which an engine can be designed and 
developed more economically than by designing and developing our own 
engine. This cost will be between $30)000,000 and $40,000,000, but 
can be considered an investment rather than an expense in view of 
the great contribution to the industrial and economic growth it makes 
to this country. It is not only an investment in national growth, 
but what is, in some respects more important, an investment in 
national safety. By no other means can we be self sufficient in 
the contribution this industry makes to national safety. 
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,:O'JCJ,U3 IONS 

T.1c concl.rn i ons r Gc1cr 0d fro:n thJ cons i lor at i on'; of thi s st udy 
.:.re t h 1t: 

1. We c, 11.1ot un,fartt le t--i Jrvol op 'lnother comp,m:,r ' s design wit' out : 

(u ) DG] vin the pr Yl.uction yiro,;r a:1·1O of :w cn,_; i no f or t h ::i 
ui '"'r ,,e . 

( ,J ) 'jpe .,r1 11£: ·nor e no n-7 tl.!i...l, i f vo de. i e ncd c1 nd rJ..·vcl '1 ;,vd our 
o ? .. • 1 , .. ,t ·c.,;•i ii e • 

2. 1fo c"' rmot undertal e a lice ic i t)J urran0 emc 1t wi thout del ..i.yine t he 
product i on of enginc3 f or t he <1 i rf i:-a;ne by frcm '.-110 t J three 
year'.l, 

J. We c..i.'1 1 'L buy a pro1uct i o'1 e n6 i '1a 11ith:)Ut ,:;erious r epercuc:Ji ons 
on our economic a nd in<iul"trial growth uarl n t i ·1. .1 .~i'~1· 

4, We ca n onlr f ulfill the time ..;che iule und not 011l y lllB.intab, but 
L.11--1ove 011. our economic and i ndust r i al 5rowt.h us well d 3 ..;ave on 
bot,h ef for t a.1d 1O,iey by dcsignin.., , ,1cve lo;Ji'1b and riamu\,.c t uri 1g 
our own engine i '1 Ca.iada . 

:i . 'lut,hi ng can be gained by 1.rai ti ".lJ f Jr some other engi ic d eoi 6.1 to 
. -~·ove i !,s elf ruor e sati ~~act 0r/ +hw1 our own, s i ilce there is 10 
;:1eans by uhich a ,1,:,thc1 e ngi ne ~~ 1 b t:J ,)l·od uced i n Canada i ,1 t Lae 
~(Jj: ·'.he p: 0J•1c ti,:,n a i r -·rarnes. }hch good r.an r e :,ult from t he 
...:~ 1 '.~n Crovern.1eJ' t pro7i h 16 i L..; ~ .\1 >;->Oi. I; Jl t his C:mpa.1y 

I
s 

c.cior~ ,s i nce '-llLf '1101 u 'iuvc the 1 ,ow,ir to C"l:>ve ~ ·Y 10 of t he 
o, 1 .... l.H ...... 1 , 11..1t c.1re 

1
_,.r·t.; 011\.1~ ...... u J.. i___, 0 ,u 0-1~-J:.:·11 t o Lih .; c 

\,,..1.-1-0 , b~u .,01 ! l..i.. .. ;'~ ~i:Jcto 
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1 . Des i gn Process Chart 

2. Desi3n Process Flow Chart 

3, Development Process Chart 

4. Devel opinent Process Flo\! Cho.rt ( i ncluded i n Chart 2 ) 

5. Representative Jet Engine Design and D,3velopmcnt 
Programme 

6. History of Engine Development to Q. T, Standa r d and 
Production Delivery 

7. History of Enuine DNiign to First Experimental Engine 
Delivery 

8, History of Ln, :im, Dev8lopnent from First Eng i ne Run 
to First Flight 

9. History of En .ine Development fro:n First Flight t o 
Qualification Test 

10. History of Enr;ine Devc;lop.uent from Qu.J.liftcation Test 
to Production Delivery 

11. Cost History 0f Th1&e M<ljor J8t Ai r craft l!:ngines 

12. C,)r;t Ch.~.rt Showing the Nature of Jet Engine Des i gn 
and Development Costs 

11,. Bxan.p1l- of the Design Evolution of a Jet Engi ne Part 

15, lli~:c.1 •.pJ.e of the ;;;volution of a Part in Development 

16. Fac"ts About Aerodynamic Designs 

17. PS 13 Engi'1e Ttme Schedule Programme 
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REMARKS ON FIG URE NO. 7 

This chart demonstrates that from 12 to 15 months are required. 
from the bef,ill iing of the d8sign ,i' u jet cn6i.ae until the first e 1,_;"., J 

runs, 

In ins ,,a.1c-es where a longer or rihorter period has been tc• ',e:• -~be:..'c 
arc · er7) lo6 ic::il reasons exp la i.nin::; the rUscrepancy, The follo· ·i1 
con°1,•nts c,::nlc.in t 1c greate"'- rl.ifferonf!Jl ,n the enJines shown on t ~e 

c,iart-, 

The 10•1·; de, i 61• pc.,r ~ , 1 J'1 ~ his en.;ine is accounted f or by re. )11 

of tn~ fact th~,t Canudu \/US c.st,~b1ishing an industry in this Ll' 
,-.,1 l ,.._c buil'llni ip an cn•~i113eri1\~ stc1.,'f du,·•in~ this d0sign periY'. 
It .s ~ntc1c:stin · to n)to th. t, uring tho rc110.ining ph.1ses of de·,, J -

,.1 r •,nc ,~:!.. 1 'JSed. -:im0s on the O ·e1v1a corpare favourabl;\' with oLh-J.c • 

~ 

Tr11:, di' ·rE;pa .cy here ~:::; , h ,..;r, ~t ·:11,l ic attributed to th1o f r-
.1.t: 1 1.3 I 0 '" n 1 dif:::.c,17 .' ri+h tl1eir comp.·os,,or which u.,d.1L1·) 

, ,useC: l'lc •r 11 ttin:; .. ;,e 1.bi:1_ r mnir.."'. TLi.s difficulty \ .s n0t 
h",i,J::;cd nf until au ,r-ra1,;e·1cr• ·r ~: ;ct•lC wi.th lt.O,S . to use Ar ••• :.ou::: 

Jiddcley Moto1•s to ll]lp thG 1 1, icll '·.h'3 )I'Oblcn1. 

Tn ·., d.1.scrc, J· .,cy 1.s ac.:c.:iunted for by the fuat that this e:1gine 
.r..1s desi nerl. '.lri,i•1all:r by J•htropolitan Vic'.(er::: and was transferr :1 to 
i. ,trun ,>L de°l.E" Hcto.~ who redesir.ned 1t for product io!1 , 

H tro v· •.' '.t ~; ont.ns on the desig:i ancl A.S.M. took 10 mo,1ti,s 
,CJ Tedesi6'1 t, I t e d "'i n Jw.d been done completely by A.:3,", it 
is ~- fe t,.., v • ll..t -t:., f•lupro'3. t.:.rr.e fo,.. this phase would h!.ive been 
so:rewi,erc0 be ,w~en 10 c. ld 23 !'loir• hs and would likely have coI1Jparcd 
fr.,:;m•ably uith the avcra c elapsed time for other designs. 

J-5 7 T1irlo Was12 

Tu ",~rt de~ign pPrlod on this engine was due to the tremendous 
post. uar GdJrt Pratt & Whitney put in the proj ect after their war 
: • t1 .. ,~ts :'lr the p:ston engines were cancelled. It wa" a life a.,d 
i ~ n ~ ru;.,_;l for them to remain leaders in the aircraft i~•1gino indu"try 

• t. J- :1 1 J. l.1r~c r. nginee1·ing or ganization, almost w1li::u,tcd f,mds 
~-11 .. tremeHdriu.i .a11ufuc•ur 1 n_; nd testing facility at their d:1.s",Jsal. 



J-57 Turbo Wasp ( Cont I d) 

A considerable amount of work was carried out , prior to the 
commencement of drawings, on rig tests and trials on an original jet 
engine design which must have made some contribution to this de s ign, 

This engine is a pure jet version of the Theseus which was a low 
nriority task. Brh·tols had suffi.cient orders for other types of 
~ngines on their books and therefore did not press their jet engine 
w:irk very hard. 

This was a low priority job at 3ristols. 

Centrifr ;al Eni{ines 

The design period on these <-ngines was generally shorter than 
for axials and turboprops because they were much less compl ex to 
design. 

8 

9 







RE!:1ARKS ON FIGURE NUMBER 8 

This chn.rt demonstrates that from 16 to 27 months are required 
to develop an axial flow engine from the first run until it is suit­
able for flight in a flying test bed. 

It also demonstrates that turbo props fall within this period 
also, The two turbo props which are shown as taking much longer uere 
ready for flight long before they flew. The period of t ime fron when 
the engines were ready to fly until they were installed was unusually 
long, This was possibly due to the fact that the aircraft were not 
available when the engines were ready. 

A shorter period is required for the centrifugal engines becruse 
they are much less complex and are easier to clear for flight. 

9 







REMARKS ON FIGURE NUMBER 9 

Information is not so plentiful on t he last phase of the devel­
opment of jet engines, but what is shown does demonstrate that it 
takes from 18 to 22 months to develop a jet engine to qualification 
test standard after its first flight. 

One of the factors that is missing from this chart that is 
essential to make a proper assessment of the elapsed time required, 
is the number of engine running hours on each of the engines. 
Reference i s here made to the development period discussion in Part 1 
of this memorandum in which it was pointed out that it takes from 
8000 to 10,000 engine running hours before an engine can be considered 
to be developed to a sufficiently :r:iature state to release to pro-

duction. 

It is po Eible to pass a qualification test without having run 
this number of hours, but this is an unwise course to follow since 
the weaknesses and lir.lit1tions tha t should have been discovered 
during this running will be postponed until the engines are in pro­
duction and service, with nmch more drastic results. 

If the "ll:l.turity of an engine is measured in terms of engine 
running hours, then the elapsed time for this phase will be about 
V. _;ionths. This is demonstrated on the engines for which information 
is availabl e. The four axial engines were run the following number 
of hours to the points shown on the chart: 

Orenda 
Avon 
Sapphire 
J57 Turbowasp 

(1) Partially estimated 

9,000 
7,000 (1) 
7,000 (1) 

14~ 200 







Fig, lO 

ELAPS2D TIM;; Flt..Ql1._"'-U·).;_,12IQATIO!J T3ST TO PRODUC'I'lt.J" l DELIVERY 

'I'he el:i.psod t:.me b-·t,men qualification test aad the firnt pro­
duct.ion delivery i.., controlled by the point at which production are 
authorized to commence •·oducin:c,. , delicate balance has to be struck 
between bri ;in

0 
prorlucti'.m into the pro;;ral'l before the qualification 

test hr~ been rW1 and involving them in the ch,t,1ces through which the 
defign goes in the development nerio 1 b.lld orovi lin,· engines when they ~ 
are required. 

If a company is willi1t, to ~ubjoct its -roiuction f"cility to 
the conf1i:aion that aris s IYJ star-tin~ too Cc • ly "ome time can be 
s..:.ved in the delivery o.f tno first pro·1uction .,nri,1e, but tile effect 
on provinf, the er1r;ine in proiuction to rr.a\e it suitable for licensing 
·snot eh .. ged. The fact still rem .... ins that rogci.rdless of uhen 
1rro uction start , it is still in o.n OJ.rly development stage when it 
!l, s >B.ss-ed its qualif lcation test ··.nd still must o through the 
s:J.Jlle prov1n:; process '.Ju fore it can be licensed, 

Fron the economics point of 7iew it is ..in unwise course t o fol l ow 
to stav•t prorluction e'lrlier than the quulL.'ication test point . It 
is w1doubtedly more cc'>'lOmical and infi::litely easier to introduce a 
cnar\ ' in the d eic:t11 before iiarts :....1 e i·1 production and service since 
no c:rnside, .ttion has to be r;iveri to ,J,.1.11, J .Ln nroduction tooling, 
interruptin., the pr::> luction line and .iometime,; ,roduction testi ng, 
scr, p;,inb of parts and 1~at0rial and retrofits in service which ca.1 
i nvoLre '!loJifications in the fiell ,,s wcl 1 n s at overhaul. The 
objective Jhould. be to make a super--effort to find a cure to all thci 
p;..•oale ni· pos ,.;i ble b-3fore the encr ine is released t o production , 

Reference to the attached chart indicates that when o.n engine is 
started in production at the time of or after the qualification test 
has b en passed it takes about one y~o.r before the first engine is 
ready for delivery. Where production starts before the qualification 
test, engines arc: ready for delivery sooner than this. The differ-
ence between these two· approacheR is in the one case engines are delivered 

3ooner but both prorluction and service are subjected to the coS
t 

and 
diffic 'lty of introducing additional chrnges while on the other hand 
engines are not delivered as soon but producti on and service are bo

th 

spn.red the cost and difficulty of introducing many changes. 

Regardless of the delivery date of engines, it is important to 
rem.ember that the de si m still must ~o through the same deve lopnent and­
production process bef~ro {t is proven sufficiently for licensing. The 
, d t · · f to 1,1•0 years a.1. ter 
~o UC ion portion of this process takes rom one ' 

tne qualif'ication test has been po.ssed , 



PRIVATE 

The one possible moans of providing engines earl i er f or the 
airframe and at the sar~e time avoiding the cost and confusi on of 
introducing a design too early int:J product ion is to use a Pilot 
Production Shop . 

~ ,~, ;_;:, 
;;; 

By t his means it i s poss ible to introduce Production peopl e t o t he C,, 
design at some r ea,;onable point betwee n the fli sht substo.11tiat,ion q: 
test a,1d the q~lificution test :,"i thout involving a l a r ge cmnbers~m~ c3 
~ri.(9.rtlzat~o;i which 1'.1ust oo fed ~~~h. a ~arg v olume of parts to utilize !!!law 
its '11,:wity economically and eiricierrcl y . S:;' 

Tlie use of a Pilot PrJluction Sho'J has all the advantages of 
introducing Production us early ~s possibl 'J to the design, but none of 
the disadvanta s of the cost of operatin'' a nd t he efficient uses of 
a l arse or.:sa,1izc1tio11. Wher1 it ls necessary to make a change in parts 
that h ve b{•en released to production through a Production Pilot Shop 
disrupting a planned and ordered flo ,1 of work i s avoided, and changes 
io not effect the largo qua.nti ties of product ion tooling a s well as 
large quantlU:,s of production parts tuat are e i ther in stores or in 
process , Better arrangements Hith vendors are also pos;:-ible. 

The employees resp,)nsible for the Pilot Production Shop can l ater 
direct the Production activiti3s, 

Since under thi arran ·ement cllu.1,;es in the des i gn, a s a result 
of develosl'lent exp0rie; ce and clmn_g~s in the de s i gn to fac ilita t e 
roduction ar-, bein,7 11.:1.ie in parallel, some savin;;; in e l apsed time 
fni~ the quulification tes~ point Lmt il the first pro "iuction engi ne is 
:lehvered can be made, and consoque•,t,ly un en;; l ne be ing desif,ned, 
developei aud produced i,1 this mu "lnor c:c..1 b8 r e.Jriy for l icensing 
soon<3r, good exa.':!nle of this type of operation was Pratt & t-Jhitne·r 's 
J57 Turbo '•f:isp and the lico,wing arr.'.ln e,nent that was made wit h Ford 
less.;,a,- ''e f't t l "f" t· t t l •• " "'- " r a ""~ , q ..J. i icu ion es was passec , 

f T~e one 11li..jor Hs,J..,v~ "'°'• in this type of an operation i s the 
ac~ tnat t. ure is cons:.derabl:: a ',Utional load pl aced on the des i gn 

offi ce to ffi;i;m cli-,t1"0s in d2si,,·ns thut are coming from two s eparate 
~~c d • . 0 

-, es urrng th, developr18nt period, If the de sign office can 
~cc~r.u

1
.nodate these cha:igeo, and are oo organized that they can suti ::ifar -

on Y co-ord • , t • h th Ina e c ,an,.; ~,-3 that ure m ... de for development purposes wit 
osbee t hat are lllil.de to facili tato product ion, then ooth time and money 

can saved. 

exte ~b?ousl~ th? design offi ce would have to be staffed to a greater 
does n t or this kl~d of an operation than for one in wh i ch prod uction 

no begin unt i l the qu<il ification test ha s been passed . 



PRIVATE 

I f it is absolutely essential, and it usu:,.lly i s in the jet 
ai rcraft engine business to have engines earlier than they could be 
obtained by commencing production at the ql.ldl ification test point, then 
having a Pilot Production Shop is the best possible manner in which 
to accomplish this and i s the most economical on both money and elapsed 
time, 

















Fig. 13-1 

COSTS OF LICENSING ARRANGEME:NTS 

Part 8f the cost of licensing arrangements, other than the cost 
of introducing another company's design into production, can be ob­
served from the following facts: 

1. The Ministry of Supply and the British House of Commons on 
December 15, 1952, stated that some 12} million dollars had been 
received on the Sapphire and Tay licenses. 

2. Senate Appropriation Sub-Committee in the United States about 
July, 1953, stated that the Wright Aeronautical Corporation were 
paying Armstrong Siddeley 11otors $499,800 for rights to build 
the Sapphire and on angineillproduced at Buick Armstrong Siddeley 
Motors will receive {62.50 per engine. 

Whether the amount paid by the U.S .A.F. is in addition to the 
above , has not been inr1icated, but it was stated in the same article 
that the U.S.A.F. had paid Armstrong Siddeley Motors 12.3 million 
dollars for the SapphireD 

3, It is reported that the Olympus license originally cost Curtiss­
\fright $3,000,000. 

4. It is reported that the U. S. Gov0rrunent paid the British Govern­
ment $4))000,000 for all Whittle patents. Originally this amount 
was !aojoOO,OOO, but was changed to $4,000,000 later. 

5, It bas been reported that the contract between Armstrong Siddeley 
Motors and Curtiss-Wright on the Sapphire was to net Armstrong 
Siddeley Motors $35,000, 000 for a fixed number of engines. 

In considerina a licensing arrangement from an economic point of 
view, it nrust be r:membered that over and above the initial license 
fee and royalties that have t o be paid there is a tremendous coSt re­
lated to getting a licensed design into production, Some indication 
of the magnitude of these costs can be observed from a statement rnade 
b~ Pratt & Whitney to the effect that on each of the Nene ~n~ Tay 
licensed engines there was 1 000 000 manhours spent in addition to 
other costs in connection with ~terials, tools etc. 
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EXAMPIE OF THE EVOLUTION OF A PART IN DE ' 

The figures numbered 15-1 and 15-2 demonstrate the nature of the 
activity that is required to develop a part from its original form until 
it is proven in production. Figure 15-1 demonstrates the number of trials 
that have to occur and the interrelationships of these trials. Many of 
them fall by the wayside and never do reach the production stage and many 
of them become production changes. 

Figure 15-2 gives some indication of the physical nature of these 
changes. Changes in this type of part fall into t hree major categories . 
These are: 

1. Material 
2, Protective Finish 
3, Design 

There i s also an interrelationship among these major groupings 
as well as a relationship among the changes themselves. That is a rni:-terial 
change can effect the de sign or a design change can effect the material 
or a change in the form of the blade can effect both the design and the 
material as well as other related parts. 
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I. RR!5ie 
2. RR 57 BARSTOCK 
3 RR 57 FORGED 
4. TITANIUM I 
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BLADE CHART 
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9TH STAGE ROTOR BLADES 

SURFACE TREATMENT EVALUATION 
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FACTS ABOUT AERODYNAMIC DESIGNS 

A. V. Roe Canada Limited 

Chinook 

fig. 16 

' 

The Chinook engine, in its fi"rst t • run, me its design pr essure 
ratio, mass flow and efficiency. 

Orenda 

. . The Orenda en~ine went into production and service with t he 
original aerodynamic design with no changes from the design as it 
was prepared originally on the drawing board . This was t he Series 
2 engine. 

This engine also met its design pres -;ure ratio mass flow and 
efficiency on its first run. ' 

The only fault that could be found with it was that t he accel­
eration times were a little long, and these were cur ed on t he Orenda 
8 by redesign of the first two stages of the compressor. 

This aerodynamic design has been devel oped i n t he Series 11 with 
an increase in mass flow of lCY} over the original design , and better 
surge characteristics t han in the Series 8, 

CT.103 Te 3t Comuressor 

This test compressor met its design pressur e r atio, its mass f low 
requirement, and ef ficiency r ating on the f i rst run, and has since 
been in-::reased by 5 ~ mass flow as a result of minor changes. 

The only fault with this aerodynamic design was that it exhibited 
a surge line kink, but we are more than confident that on the next 
build or two, this will ba cured. 

Rolls Royce Limited 

Avon 

The original compressor design was so poor t hat a considerable 
period of the initial engine development work had.to be done with the 
first four stages of the compressor removed. During this period, the 
engine ran at a rating of about 3500 lbs. 

No neat aerodynamic cure was ever f ound f or.this ~ompres~or 
defic i ency, and even the RA .7 producti on engine is equipped with 



Avon (Cont 'd) 

a clumsy and complicated mechanical system of variable inlet guide 
vane and blow-off valves i n order to meet accel er ation requirements. 

Later ver sions of the Avon do not have the sarqe compressor as 
that ori gi nally designed by Rolls Royce . The cor:ipressor on these l at er 
versions is the Sapphire compr essor, which was provided to them by 
ar rangement with the Mini stry of Supply i n which there was some 11hor se­
trading II with Armstrong Siddeley Motors in connect ion with flutter 
problems. Rolls Royce agreed to trade t heir 11 Jmow howtt on curing 
these flutter problems, for the privilege of usi ng the Sapphire 
compressor. 

This compressor was originally designed by Hetro-Vick. 

The Mamba 

This engine was des i gned for a pre ssure rati o of 5:1, and on first 
testing gave a pressure ratio of only 3½il. 

The Python 

Power Jets had to sort out the turbine troubles on this engine 
for Armstrong Siddeley Motors. 

Bristol Aircr aft 

These us 

The original aerodynamic design of this engine was 20% wrong on 
the turbine throat areas in the earl y st ages of development. 

Westinghouse 

24- C Engine 

had a des ioan pressure rat i o of 4,7 to 1 and on the This engine 
first test gave only 3.7 to 1 . 

Violent surging at 10, 000 to l0,600 rpm. was experienced. The 

design rpm, was 12,000. 








