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A broad understanding of the nature and behavior of designing,
developing and producing a jet aircraft engine is essential to a clear
understanding of the details involved. It has been demonstrated in
the past that the best possible manner of assimilating an understanding
of a complicated and obscure arrangement of facts is by the use of a
simile and in this particular case it is highly desirable to approach
the task of understanding the details involved in the process unde:
consideration by the use of a simile, While a number of similes do
exist which can serve very well to clarify some separate point in the
discussion there is only one that adequately demonstrates the whole
process,

This simile is the generation, education and life of a human
being °

While the process of bringing a jet aircraft engine into existence
isy; 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 paraliel if the
creative design engineering organization is considered as the father
and the experimental shop as the mother,

In both ceses the result is that an imtricate entity is brought
into being which must be ™bropght up" and educated to perform a useful
function during its lifetime,

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

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

After a long process of this development, both €ntities are sub
Jected to an examination which establishes whether or not they have
reached the stage that they can begin the performance of the task at
which this development was aimed, The individual passes an examination
and gets a degree. The engine passes a qualification test, and, 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 fact that each cne
of these entities is ready to begin the task for which it was being
prepared over a long period of time.

One major consideration that must be kept clearly in mind is
the point at which this degree is obtained must be correctly timed
if beth the individual and the engine sre to be successful, There is a
very definite "deadline" between success and failure in both cases.
If ap individual gets a degree too late to use it in life, or if am
engine is developed to qualification test standard after it has become
obsolete, both have crossed this "deadline". With the individual this
may mean complete failure, with the engine there is no doubt it i=
ecomplete failurs,

Both from this peint on must develop or be developed much further
before they reach peek efficiency. The one goes through this in
learning how to fill a position, while the other one goes through it
while being produced and providing the power to fly aircraft.

Adopting an individuwal and licensing an engine complete this
simile. If an individual is adopted early in his life, then the
adoptees and the educational institutions have the.job on their hands
of developing him to a point where he can satisfactorily discharge his
purpose in life. If an engine is licensed early in life, then the
licensee and the test facilities have the same task., The difference
between adopting and licensing compared with doing the complete job
is that the entity has been brought into existence only. The work
from this point on does not change.

While advice may be given by the creators of the entities,
they cannot successfully participate in the "bringing up" process.
This mist be left in the hands of the adoptees and ligensees. 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 their ideas on how it should be done are greatly different.
Clashes in this respect between them would be inevitable and the
results on the child catastrophic. This applies no less to licensing
an engine,

If this process is started 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 only to suit the
entity to the changed environments. The point at which basic changes
can be made has passed.

If this simile is kept in mind in reviewing this study, it will be
much easier to grasp the significance of the things that have been
said and Lo understand the nature of the complicated activities that
must be carried out in designing, developing and producing jet engines.

S.H. Deeks

March 15, 1954
Revised: March 31, 1954
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for the su onic airframe being designed and developed for the
R.C.A.F. by V. Roe (Canada) Limited. Can this be done by obtaining
a license to menufacture an engine designed and developed in some
other country, by an arrangement in which A.V. Roe would develop some
other company’¥s design, or by A.V. Roe designing and developing an
ngine of their ownm? This is the question that rmst be answered.
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N ENGINE FOR THE ATRFRAME UNDER_CONSIDERATION

This p«»rt of this memorandum exam T detail the five
considerations referred to in the introduction regarding the different
roaches that can be considered for providing an engine for the air-
under review, These are:

(a)

en developed to the point

f another company's design in
the design.

(b)

1 (= op an engine i arallel with another

L 8ES81 ance.

(d) Procure the i Tom S0 other company in its finished
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IT IS SUITABLE FOR LICENSING

If a licensing arrangement is considered, it must be on the only
reasonable basis of carrying out a 1icensing 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 either one or the
other of the followings

(a) Find a saf *actory engine which is proven in production
and then license it immediately.

(b) Failing this, wait until a tisfactory engine has progressed
to the point where it is suiteble for licensing.

We can dispose of choice (a) immediately, because it is known that
no engine is in production + the present time that is suitable for
the production installation requirements of the airframe under consid-
eration.

. (b) only, and at this point we st

This e
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) The target date for the pilot batch of production aircraft is
1958, In order to meet this date, we will have to begin to deliver
engines no later than the fall of 1958,

Starting from this date and going backwerd, we would have to
£ind an engine that had:

(a) Commenced its design in the fall of 1950

(b) First engine run about the fall of 1951.

(¢) 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 that is in such a state of developnent. The engines which
might be considered suitable are at least tuwo years behind this
scheduleo

Since it is obvious that a licensing arrangement conducted on
the conventional basis of 1icensing the engine after it has been
proven in production is unsatisfactory from a time point of view,
the question naturally arises, "What can be done, if anythings to
eliminate or shorten this time discrepancy?" The only thing that
possibly can be considered is to bring the licensee into the design
before the engine 1s developed to ualification test standard, end
proven itself in production. Tf such a course of actlon were con=
sidered, gggbig_gg;dgggcegpig‘jglgggL thg,p;rtiggﬂ}nvglved, then the
consideration is 'What type of arrangement should be carried out,
and at what point should the 1icensee be introduced to the design?"

These alternatives are considered under headings (2) and (3)
referred to in the introduction.
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DESIGN AND DEVELOP AN ENGIN

ITH ANOTHER COMPANY FROM

THEIR DESIGN AND VITH THEIR TECHIICAL ASSISTANCE

If such a cour ction as this we considered, it must be
considered in the light of the stage of development that has been

ached by prospective engines that would be suitable for this appli-
ation, together with the advantages and disadvantages that would
sult vhen compared with the program of the distinctly Canadian
designed and developed engine which is being carried on as a private
venture by A.V. Roeo

A licensing arrangement made at this time
suitable for this application, would provide t
engine only. It could not be more than this s
not exist.

e licensee with a paper

s of any engine design
ince more than this does

¢ venture by A.V. Roe has
therefore, our consideration
of A.V. Roe Canada picking up a
if such merits exist, and dropping

The engine bein I
reached the point of a pa
is confined to examining

paper design of some oth
their own engine.

These merits can only exist in one of the following factors:

. Economic adventagee
2+ Shortening of time period required to deliver enginese
3, Heliability of the design.

nsidered separately hereundere.

The question treated separately and
reference here is mad 3, which demonstrates that there
would be no ecconomic advantage but that it would cost consider-
ably more as a result of licensing or technical assistance and
commmmnication costs,

There would be no advantage in this respecte
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Blapsed Time
While it is not possible to determine the delay that would result,

it is obvious that a considerable ds
is due to the following factse

ay would be inevitable. This

(a) Negotiations would have to be completed and arrangements
made for information to be commumicated to use

(b) Our engineers would have to become familiar with a new engine
design and commence to alter it to suit our manufacturing
techniques and material supply.

(¢c) The morale of engineering st T would teke a very severe
drop and the enthusiasm and inpetus that has been generated
in our staff for our own engine could not possibly be
duplicatede.

No advantage could possibly result as far as improvement in
elapsed time is concerned. Un the contrary, a very serious delay
would result and since the prograr for provision of an engine for
this application is already an extre: ely difficult one to meet,
it would be inevitable that we would fail to meet the production

dates for the production airfrar under such an arrangemente.

Reliability of the

The consideration under this head -ssity involves a
comparison of the capabilities of aft engine companies who are
designing engines suitable for this applicatione

Since we are examining the implications of licensing an engine at
the paper stage only, the Qque stion of mechanical reliability is a
somewhat irrelative consideration, since regardless of whether we
develop our own paper engine or develop a licensed paper engine,

the mechanical reliability o: > the engine is dependent on A.V. Roee

Consideration is confined to the serodynemic reliability of the

design. History will bear evidence to the fact that the Engin-

eering Dep Lgtmen‘twci‘ ADVTRoe Canada possesses the ability to
produce erodynamic designs which are second to none enywhere.

This is not an unsupported general statement., BEvidence of its
authenticity can be observed from facts about aerodynamic engine
designs from several of the worldts best aircraft engine firms
in Figure No. 16.
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Reliability of the Design (Cont!d)

Our conclusions under this consideration are that there is nothing
to gain and much to lose by licensing someone else's paper engine.
It would cost more, take longer and there is no guarantee that the
reliability of another company!s aerodynamic design would be
greater than our ovn. On the contrary, there is evidence to indi-
cate that it might not be as good,
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PROCURE THE ENGING FROM SOME OTHER COMPANY IN ITS FINISHED STATE

le it is conceded that such action as this
reasoucble assurance that an enzine would be made a
113 ~

<

three major factors which require

juired, there are
R T - T B A - R L
ation before such action initiated.

1. The effect on Canada's industrial life.
2. The effect on the jet aircraft engine industry in Canada.
3. The dependence on another company in another country to

provide engines to us during armed conflict.,

e The Effect on Canada's Industrial Life

The ~nnsideration of this factor involv
industrial life of C t is imp to
demonstrate the tr 1ous effect of ar n
the technologilcal advances, the nmunufac
of machine tools, the development
educational programs and oth
activity in a country, but it must be i1

things.
in the
well
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ploneering resultin try. It was the aircraft
indus 1 today--

1t gave An

that gave the world ¢ and aluminum
that eated new arts ) 3
11 in their r o3 ies other

an the aircraft in
Second rate nations an aire-
craft industry. It
industry to keep poce
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remain second rate nations
npossible for a country witho an aircraft
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h other countries who do have aircrarlt

23 The Effect on the Jet Aircraft Engine Industry in Canada

stablished with
Government and which
anhood over
1y The engineering tale
the four winds, mostly outside Canada, where they

ssel: work congenial to their qualifications and interests.

Tha manufacturins lfacilities established at great cost would be




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 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 own 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 very strong we should be self-sufficient as far as
it is possible for

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 TENGINE 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 is based on the following factss

l. A.V. Roe has an engine design at almost as advanced a stage as
any other engine suiteble for this application and they are proe=
ceeding with the program of design and development of this engine
with dispatch.

2. The program laid down for this engine as shown in Figure 17,
which, while it is better than has been done in the past, is not
unrealistic. This program will provide production engines on time.

3¢ A.V. Roe have demonstrated their ability 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 dedign when compared with any engine design
and manufacturing company in the world.

4o Success and security generates complacency and consequently
impetus and the "will to win" suffer when such a condition
exists. When a condition exists whose final result is one of
11ife or = death", impetus and the "will to win" receive a
stimilus that cannot be provided any other way. This type of
condition exists when we are at ware.

The A.V. Roe engineering team 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 time, can they survive. The impetus and will
to win generated by this condition cannot possibly be duplicated
anywhere in the world today because there is no other organiz=
ation that depends for its existence on this one program.

This ensures that the Canadian Govermment will get more for each
dollar invested in A.V. Roe than they can possibly get elsewhere.
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THE EFFECT ON ECONOMICS OF CARRYING OUT THE DIFFERENT ARRANGEMENTS
S

CUSSED IN PART 2

This part of the memorandum deals with the economics of the various
arrangements under consideration using the same headings as the discus-
sion in Part 2, These are:

()

(b)

(e)

(a)

(e)

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

Design and develop an engine of another company's design
in parallel with the originator of the design.

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

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

Design and develop an engine in Canada.
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LICENSING AN ENGINE AFTER IT HAS BEEN DEVELOPED TO THE POINT WHERE IT
IS SUITABLE FOR LICENSING

Of necessity, remarks regarding economics under this heading must
be general, It is not possible to know what the cconomic arrangements
would be, but history can provide some indication of what might be
expected as far as license fees are concerned. Reference is here made
to Figure number 13 which indicates that the license fees alone could
equal a very large portion of the cost of designing and developing an
engine of our own, As a matter of fact Robert Schlaiffer says licensing
a foreign engine would be no cheaper than designing and developing an
engine of our own.

In addition to the original license fee, there would be costs in
connection with:

1Ly Production royalties

2, Communication which would be very extensive. Literally thousands
of explanations would have to be made by the original designers
in getting the design into production.

3. Familiarizing an Engineering staff with the licensed design.

Lo Establishing a new engineering team when the licensed design is
ready. The existing team would be disbanded since there would be
a period of from three to four years in which there would be nothing
for them to do.

5. Altering the licensor's drawings so that our production personnel
could interoret the drawings or alternatively training the produc-
tion staff to interpret the drawings in accordance with the licen-
sor's desizn and drafting standards.

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

s Changing our tools and manufacturing techniques to suit the )
licensed design. These changes would be those thet would be in
addition to what would be required by e Cunadian design.

Some indication of the cost of placing a licensed desig: in prod-
uction can be obtained by reference to the Pratt & Whitney license
arrangement with Rolls Royce on the Nene and Tay engincs, BEach of
these engines absorbed over )00, 000 manhours in changing the
drawinos‘;nd getting the design into 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, Our problem would in some respects be more
complicated than this license arrangement since Pratt & Whitney had

an engineering organization waiting and both ready and willing to tackle
the problem. At the time a licensed design would be ready for us to
tackle, we would have to build such an organization.




PRIVATE

o

DESIGN AND DEVELOP AN ENGINE OF ANOTHER COMPANY'S DESIGN IN PARALIEL
WITH THE ORIGINATOR 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 compeny to have free
access to all the information during the cvolution of their design and
development of an engine that would enable A. V. Roe Canada to duplicate
the effort in their own plant. It is advisable to point out that they
would not likely agree to such action.

The point at which this arrangement begins is irrelative insofar
as costs are concerned, since both companies would be developing similar
engines in parallel, and the cost in both companies would not be less
than if they were each independently developing their own design. They
would actually be more costly, since additional effort would be required
in both cases in connection with carrying out the technical assistance
programme and very extensive communication costs would also be incurred.

The savings initially would be the cost of the aerodynamic design
activity for the first twelve months in the company receiving the tech-
nical assistance. This would amount to approximately $100,000. This

ry small contribution towards the cost of liaison and
stance.
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THE EFFECT ON_THESE COSTS OF CARRYING OUT A TECHNICAL ASSISTANCE PROGRAM

In consideration of the effect of eliminating certain parts of 2
program 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 determine the changes in total cost of the program.

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

The first point would be at the paper engine stage, which would b
about one year after the design started. The effect on the economics
of such an endeavour can be observed from reference to Figure 12. Ve
would not be required to spend a part of the $445,000 for the aero-
dynamic design. As indicated previously this would amount to approx=
imately $100,000. This part would be the cost of this effort for the
first twelve months only, since aerodynamic design work would have to
carry on subsequent to this in parallel with the mechanical design.

Starting at this point, we would have to begin with the aero-
dynamic design provided to us and carry out all the remaining types
of effort in the same manner as we would for our own design, except
we_would have additional costs to pay to the contributing company for
their technical assistance, plus cost of communication.

Regardless of the point, between the commencement of the design
and the qualification test, at which a technical assistance arrange=-
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 reasonable approgch is for both companies to
develop separate engines in parallel end consequently we would save
only the part of the aerodynamic design costs referred to above in
the licensee's plent. At this point, we must 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
becanse of the additional effort required to become familiar with and
prepare for the production of a different design than our owne
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The advantage of beginning the collaboration later would be
that the contributing company would be in a better position to
provide technical assistance and the aerodynamic design would be
developed further. The disadvantage is, that we would still have to
go through the normal cycle of design and development, no matter when
we started, and the later we started, the later we would have pro-
duction engines.
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PROCURE_AI ENGINE FROM SOME OTHER COMPANY IN ITS FINISHED STATE

The question of economic advantage cannot be considered under
this item because it is not known 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 application.

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, deéveloped and
produced for this application, there would be no economic advantage.




DESIGN AND 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 mekes to national safety.
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REMARKS ON FIGURE NUMBER 8

This chart 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 ing test bed.

1t also demonstrates that turbo props fall within this period
also. The two turbo props which are shown as taking mich longer were
light lon oy flew. The period of time from when

were ready to fly until they were installed was unusually
long. This was possibly due to the ct that the aircraft were not
available when the engines were readye

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










REMARKS ON_FIGURE NUMBER 9

Information is not so plentiful on the last phase of the devel-
opment of jet engines, but what is shown does demonstrate that it

1 18 to 22 months to develop a jet engine to qualification
~ard after i*.fs- first flighte.

One of the factors that is missing from this chart that is
v

essential to m a proper assessment of the elapsed time required,
is the number oi engine running !

on each of the engines.

Ref r .nce is here made to the dcv period discussion in Part 1
} :,'h](,b ;i: ] out that it takes from

before an engine can be considered

5OCO to 75,0(‘"“ engine
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The one possible means of providing engines earlier for the
irframe and at the same time avoiding the cost and confusion of
introducing a design too early into production is to use a Pilot

o

Production Shop.

introduce Production people to the
een the flight vubQUuJGiation
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Fig. 13~-1
COSTS OF LICENSING ARRANGEMENTS

Fart of 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 125 million dollars had been
received cn 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 Motors $499,800 for rights to build
the Sapphire and on enginss produced 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 indicated, 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 Sapphire.

3. It is reported that the Olympus license originally cost Curtiss-
Wright $3,000,000.

be Tt is reported that the U.S. Government paid the British Gevern-
ment $/,000,000 for all Vhittle patents. Originally this amount
was $10,000,000, but was changed to $4,000,000 later.

50 It has 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 considering a licensing arrangement from an economic point of
view, it must be remembered that over and above the initial license
fee and royalties that have to be paid there is a tremendous E:oSt re-
leted to getting a licensed design into production. Some indication
of the magnitude of these costs can be observed from a statement made
by Pratt & Uhitney to the effect that on each of the Nene and Tay
lcensed engines there was 1,000,000 manhours spent in addition to
Other costs in connection with materials, tools etce
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EXAMPIE OF THE EVOLUTION OF A PART IN DEVAIDRNWT

) ?he fiva?S numbered 15-1 and 15-2 demonstrate the nature of the
gct%v1ty tn&t.ls 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 roduction sta
of them become production changes. : o

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

1. Materisl
2. Protective Finish
3. Design

There is also an interrelationship among these major groupings
as well as a relationship among the changes themselwves. That is a material
change can effect the design 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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Fige 16
FACTS ABOUT ATRODYNAMIC DESIGNS

A. V., Boe Canada Limited

Chinook

Chinook engine, in its first run, met its design pressure
ss flow and efficiency L

The Orenda engine went into production and service with the
riginal aerodynamic design with no changes from the design as it
was prepared originally on the drawi coard. This was the Series
y rine,

This
efficiency on

sign pressure ratio, mass flow and

its first run.

The only fault that could be found with it was that the acecel-
eration times were ittle long, and these were cured on the Orenda
by redesign of the first two stages of the compressor.
This aerodynamic design has b velopei in the Series 11 with
increase in 1 flow of 10% over ti original design, and better
A':Llcs than in the Series 8,

its design pressure ratio, its mass flow
rating on the first run, and has since
by 5o ma 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, thls will be cured.

Rolls Royce Limited

Avon

The ori

zin L con pLe“sor design was so poor that a considerable
period of the ; ine development work had to be dome with the
:"i""f+ four st of 1 nonvrer.or removed. During this period, the
ine ran at a rating of about 3500 lbs.

cure was ever found for this compressor

N : . T
No neat aerodynamic
RA,7 production engine is equipped with

deficiency, and even the




Avon (Conttd)

a clumsy and complicated mechan
-

icael system of variable inlet guide
vane blow-off valves in orde

r to meet acceleration requirements.

R
Q

Later versions of the Avon do not have the same compressor as

hat originally designed by Rolls Royce. The c01pressor on these later
versions is the Sapphire compressor, which was provided to them by
arrangement with the Ministry of Supply in whlch there was some "horc -
trading" with Armstrong Siddeley Lolorq in connchlon with flutuc“
problems. Rolls Royce agreed to t
these flutter problems, for the
Ccompressor.

This compressor was ori

111y designed by Metro-Vick.
The Mamba

This engine was designed for a nressure ratio of 5:1, and on fi
testing gave a pressure rxtlo of only 3%s

The Python

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

=]

Bristol Aircraft

Theseus

The original aerodynamic design of this engine was 20% wrong on
the turbine throat areas in the early stages of development,

Westinghouse

24~-C Engine

his engine hu. nressure ratio of 4.7 to 1 and on the
o

gave onl

10 50 10,600 r erienced. The
Violent at 10,000 to 10,600 rpm. was €Xp













