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Avro Canada's Orenda
The puper which tollows was

gioen by D. V. Knowles, Chiel
Deaelopm,ent Engineer ol Aaro
Canada's Cas Turbine Enginaar-
ing Diaisiont betore the serrri-
ilttt,ual m,eeting o,t the The Aruter-
ican So'ciety ol Mechanical Eru-
gi,nae'rs, held in T,o'ronto, lune
11-74. It corucerns the deaelop-
wtent history ol the Au'ro Canadu
Orenda jet engine, 'the lirst air-
cralt engine to be put into
quant:ity pr,oductiotn in Canada.
The rated thrust ol the Orend,a is
revealed in the Tiaper as being
ouer 61000 lbs., and its luel con,
sum,ptinn is ab,out l.OO l,bs./lb.
thrust:/hr., both ol the lorgoing
ratings being uncler sea l,euel
static conditions. The engirue has
be,en, brought trom, the initial
design stage to production in n
period ol 4Yz yenrs) du,ring
uthich time SrOOO hours of bench
testing and 750 hours ol llying
haoe been cornpleted,.

Introduction: The beginnings of thc
Avro Orenda extend much- further
back in history than the discussions
which produced the first design layout"

I

THE DEVELOPMENT OF

To appreciate the project fully it is

necessary to start in L942 when reports
about the whittle je t-propulsion en-

gine began to reach Canada. )ust prior
to that time the Canadian government
hacl seerl the country's aircraft indr-rs-

try slowed down ancJ so:letimes haltecl
awaiting engines fror-n abroad, for there
wlls no native aircraft er-rgine industry.
The ir-rforrnatiorr received through the
heavy wartime cloal< o1' security seemed
to indicate that the new errgine w.ls
light, of great power, easy to design
ancl simple to manulacture. In fact it:

appeared to offer the possibility of
establishing a Canadian e ngine indus-
try without the costly delay which
would have been rcquired to set up an
internationalll, cornpe titive piston en-
gine enterprise.

I-ate in 1942 s,enior officers ol, the
I{oyal Canadian Air Ilorce investigated
the situation and as a result a technical
mission was sent to (ireat Britain early
ir-r 1943 to study the new develol)menr.
Some olt the e nthusiastic reports llrove d
tt; be groundless. I lowe\/cr-, tlre groul)
recommendecl that Canacla c,ould make
an importa nt contrilru tion to the Brit-

ish program by establishing a colcl

weather experimer-rtal station tcl test

i.t engines u nder tempe rature condi-
tions which prevail at altitude or even

at sea levcl in the Arctic. The pro;ect
was assigned tcl the Nation al ]lesearch
Council cllt Canada atrd has Lreen re-

ported belirre the Society an.J elsewhere
( I{ef. I s 2). The mission also sug-
gested the creation of a gas turbine
research establishr-rrent witl-r the thought
of setting up a development and manu-
facturing orgtnization at a later clate.

The lonler step was taken irr 1944
when the governlxent set up a crowrl
colnperrly, Turbcl llesearch Limited, to
carry out all Canadian research worl<
oll ga.s turbine engines. Thc collrpan)/
took over the National ]lesearch (loun-
cil's cold weather testing activities arrd
began [o recmit a research anC design
stalT.

This tearn was selected and traine d,
some Lreing sent to E,ngland for Iurther
training. Plan.s for a research estab-
lishnre,t \^/ere .st.artc<I. Irrut llel,ore they
were cornpletc thc.scope oltthe rrctiviry
was broadenecl to incluclc actual cn-
gine desigrr. A provisional enginc speci*
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TABLE I

Loyout commenced-SePf. 3rd, 1946.

Loyout design finolized'ond detoil-
ing commenced-Dec. 6th, 1945.

betoil drowing issue commenced-
Moy lst, 1947 ,

Detoil drcwing issue
Jon. l5+h, 1948.

First engine delivered

-Feb. 8th, 1949.

completed-

to Test House

First psp-Psf,. lO'th, 1949.

100 Hrs. running comPleted-APril
4th, t949.

Engine fi,rst ron of design toke-off
speed-Moy 3rd, 1949.- 

Engine first delivered design Per-
formonss-Ilqy l0th, 1949.

500 Hrs running comPleted-JulY
2lst, 1949.

1000 Hrs. running completed-Sept.
23rd, 1949.

2000 Hrs. running comPleted-Feb'
t0+h, 1950.

First officiol fligh+ cleoronce st de-
sign roting-Mo,rch 2nd, 1950.

First fligh+ (in Loncoster flying test
bed )-July l3+h, 1950.

First fligh+ in service tyPe oircroft*
Oct. 5th, 1950.

Fi,rst 100 hours flYing-Oct. 20+h,

r 950.
5000 Hrs. running comPletedlFeb'

sth, 1951.

fication was agreed uppn with the

Royal Canadian Air Force and design
work started. At the same time tenta-

tive layouts of a development and

manufacturing plant were done.

This phase continued until the

spring of 1946. At that time the gov-
ernme nt, in furtherance of its policy
of turning over a large number of

government controlle d e nte rprises to

private industry, assigned the task of

design, manu{acture and de velopment
to A. V. Roe Canada Limited, a mein-

ber of an English group of companies

which had produced many famous

aircraft e ngines. The allied funda-
mental research work was turned over

to the National Research Council to
whom the cold test facilities reve rted.

Background: At the time the Turbo
Re search Limited project was trans-

ferred to Avro Canada a small engine

named the "Chinook" was in an ad-

vanced state of design. In orcler to con-

firm clasign assumptions, e stablish

manufacturing techniques, get develop-

me n t experience, and e ducate subcon-

tractors a decision was made to build
this engine on a development basis.

The work slowly gained momentum
as precision machinery became avail-

uble, manufacturing techniques were

worke d out, and foundries overcame

their initial difficulties with compli-
cated castings. At the same time la-

boratory space was allotted, test houses

designed ar-rd the power plant of a

wartime exPlosive s Plant at Nobel,

Ontario was acquire d for use as the

nucleus of a full scale test plant for
compre ssors, combustors and turbine s'

Much of the test equipment designed

by Turbo Research Limited was manu-

factured in the Avro shoPs and in-

stalled in the experimental laboratories.

This wcrk culminated in th: frrst run"

ning o[ the Chinook H,ngine on lvlarch

17 ,1948.In the ensuing twenty months

over 1,000 hours were logged on

Chinook e ngines and the thrust was

increased from the original design

value of 2,600 1[:s. to a figure well over

3,000 lbs.

History: In the late surnmer of L946,

twenty months be fore the Chinook
first ran, the design group we re Pre-
sented with a problem which made the

current manufacturing and organiza-
tional difficulties seem insignificant.
The RCAF requested Avro to develoP

an e ngine for the twin-engined long
range fighter being designed by the

Aircralt l)ivision of the company. The
Specification called for an engine of a

thrust equal to that of the largest en-

gines on the drawing boards of British
and American companies.

With the Chinook a decision was

made to name engines after Indian
spirits. Following this tradition the
new prroject was christe ned the
"Ore nda"-xn Iroquois spirit whose
presence in an object or person confers
powe r. f)esign studie s were started in
September 1946, and finalized at the
end of the year when detailing was
commenced. Drawings began to appear
in the shops in Nday 1947 but the draw-
ing issue was not complete until lan-
uary 1948. There were two reasons for
this seemingly long time required to
issue the design. The first was a policy
decision to do the detail design ex-
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tremely carefully in order that a mlnl-
mum of developrnent difficulties would
be built into the prototype. The second

was the result of a crisis which arose in
the sutnffIer of 1947 whe n de veloP-

nrent u,ork at the E,nglish firm com-

n:rissioned to design the combustion
equipme nt, indicated that a longer
combustor would be nece ssary to as-

sure reasonable performance . This dis-

covery had a substantial effect on de-

sign progress as it necessitated a com-

ple te redesign of the backbone cast-

irg, shafting and turbine bearing to
accommodate the lengthened combus-

tion chamber.

The first engine was assembled and
delivered to the test house on February
Bth, 1949. Two days later after pre-
liminary motoring trials, the first at-
tempted start was successful. In the
ensuing weeks the wisdom of the care-

ful design policy was proven for there
were no imme diate operating prob-
lems, in fact the engine logged its first
100 hours in I wee k's time and accum-
ulated almost 1,000 hours of running
with only minor rebuilds in 8 months.
The e ngine as it is now be ing pro-
ducecl does not incorporate any basic
difTerences from the original design.

The highlights of the clevelopment
history are recorded in chart form in
Table 1.

General: The Orenda is an axial florry

i.t engine having l0 compressor
stage s, six combustion chambers, a

single stage turbine and an exhaust
cone. lJnder sea-level static conditions
the version now in production has a

thrust in excess of 6,000 lbs., and a

specific fuel consumption of about 1.00

lb. per hour per pound or thrust. The
,Jry weight is about 2,5AA lbs. The
nominal diameter is 42 inches and the
overall length is very close ro 10 fr.

Two mounting arrangements are pos-
silrle. The first is a four point suspen-
sion with two trunnions on the turbine
nozzle box and two mounting pads on
the centre casting. The second is a

three point pick-up having two trun-
nions on the centre casting and an ad-
justable strut on the backbone casting,
A cliagramatic section of the engine is
shown in Fig. 2 and an exterior view
in FiS. l"

Cornpressor: The corrrpressor intake
is a magnesium alloy casting having
an annular air entry around a housing
which contains the drive gear box far
the engine auxiliaries and rhe compres-

FlG. 4t FATIGUE .*tt[J],, TENTH $TAGE RoTon

sor front bearing. The housing is sup-

porte d by six struts which contain the
auxiliary drive shafts, lubrication lines,
the rrnocouple le ads, and starter cables.

The electric starting motor is mounted
on the housing and is covered by the
entry bullet.

The rotor is compose d of discs
mounted on an internal drum. The
first nine stages have aluminun: discs
while the tenth disc is steel. A stepped
sealing ring projects from the rear of
the tenth stage disc into a gland
mounted on the centre casting. A small
flow of air is perrnitted to escape past
this seal and is used for cooling the rear
face of the turbine disc. The blades are
retaine d in the discs by a forrn of
"fir frees" fixing for the first three
stages and dovetails for the remaining
ones" The first, second, third, and tenth
rotor blades are stee l. The re st are an
alurninum alloy. Rotor and staror blades
are unshrouded. The rotor is supported
on a bearing in the intake casring and
on the centre in the centre castirg.

The compressor stator casings are
of rnagnesium alloy. The stationary
blades are mounted by dovetails in
rings which are re tained in place by
lips on interstage spacers which in rurn
are bolted to the stator casing. Pro-
vision is made for bleeding air for
e r rgine and aircraf t purposes at the
second, fifth, and eight srages.

Centre Section and Backbone: The
centre section is an aluminum alloy
czrsting containing rhe diffusing ducrs
leading from the compressor r0 the
combustion chambers. The centre bear-
irg assembly is mounred inside the

CHIEF DEVELOPMENT
ENGINEERING DIV.

FlG. 5: CRACKED TURBINE TlP.

FlG. 6: VIBRATION PA'TTERN OF TUftBINE BLADE
IN SECOND COMPTEX MOBE.
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centre section. The rotor is r-e tained
axially and the rotor thrust absorbed
at this point. The cen tre be aring as-

sembly consists of two lrearings with
accurately ground spacer rings betweerl
them which permit the bearings tcr

share the thrust load. The bearing
housing is spherically ground on its
outer dianreter to allow the bearing to
accorxmodate angular rnisalignment of
the nrain shaft due to aircraltt n:ran-
oeuvers. The bearing housing is spring
loade d against a composite rubber
thrust ring which deforms slightly
with angular nrisalignment but n-rain-
tains the axial location of the rotor
assernbly.

The backl:one is a castir]g ol light
alloy joining the centre section ar-rd the
turbine nozzle box. The turbine [-rear-

ing is nrounted on an interna.l flange at
the rear of the backbone .

Combustion Chambers: The six com-
bustion chambers are bolted to the
cetltre casting at the front and are a

slicling {it in the nozzle box at the
rear. They are arranged around the
backbone. Interconnector tubes are
provided betwee n chambers [o allow
crossfiring on light-up. Torch ignite rs
i\re nlounted on two interconnectors
for ignition purposes. These consist of
a cast aluminum expansion sectior: arrd
a rnild steel outer casing with a high
temp-erature allr:y flanre tube mountecl
wit[rin. The atomizing burners are
nlounted on 1:ads orr the dif{user ducts
and project irrto the conrtrustior-r cham-
ber.

Nozzle Box: This assembly

o1: a r,velded structure oI steel

and pressings. The turbine
blades :rre mou nted into it as

12

consrsts

castings
nazzl.e

well as

rhe transition ducts which lead the pro-
ducts of combustion from each cham-
ber to the nozzle annulus. The shroud
ring which surrounds the turbine rotor
blades is attachecl to the nazzle box.

Turb.ine and l)rive Shaft: The tur-
bine consists of an austenitic steel disc

with an integral stub shaft. The blades

of r:ickel-chromium ailoy are mounted
on its periphery Lry "fir tree" fixings.
The turbine bearing is mouuted on a

sle eve on the stub sha{t section. The
stulr shafr is attached to the nrain shaft
which drives the compressor through
a splir:ed coupling near the centre bear-
ing. The lront ltace and rear ltaces of
the turbine disc .rre cooled by fifth
staqe air and tenth stage air respec-
tively. The tr-rrbine be:rring is cooled
by secotrd stage air.

'fail Cone: This assembly is t-abri-

cated largely from stainless s[eel slreet.

I t consists olt an oute r conp and an
irr rrer bulle t supportecl front I and rear
lry fou r tubr-rla r stru[s .ove]re,l by a

I'airing. Tenth stage air is ponducted
through the front struts and forward
to the fr ont ol, the bullet. Ftro* here
it flows outwarcl between the face of
the bullet and the turbine dir. escap-

FATIGUE CRACK IN SEVENTH STAGE
ROTOR BLADE.

FlG. 7: FAILURE OF CENTRE BEARING THRUST RING.

ing into the gas stream at the clisc

periphery. The r:uter surltace of the
tail cone is insul;rted by a {ihre glass

and {oil blanke t protected by alum-
inum covers.

Fuel System: The fuel system is the
means ol controlling engine output.
The pilot's th rottle is cotr trccted to a rl

altitude-sensitive sche d uling-type flow
control u n it which var,es the delive ry
ol two e ngine-driven purnps through
rl servo-system to tnaintain engine
speed constant lor any thrrottle setting
irrespective of altitude. The pumps
have integral overspeed governors. The
re maining fuel syste m components
are :-A solenoid ope rated re ducing
valve to supply fue I to the torch
igniters; a flow distributor to meter the
flow to the burners; six double orifice
l-rurners arranged to allow good atom-
ization over a wide flow range; dump
valve. .

A high pressure shut-off cock for the

pilot and a low pressure filte r are in-
corporated in the flow control unit.

Lubrication System: The lubricant
is supplied by the oil pump to the rotor
bearings, gearboxe s, front bearing seal

and drive shaf t flexible coupling
through a ring main. Pressure is kept
constant in the main by a pressure con-
trol valve which returns excess oil to

the rese rvoir. Se parate scavenge pump
ele ments are used to pump lubricant
fronr the following sumpst ( I ) Rear
lrearing; (2) Centre bearing; (3) Front
oil drains; (4) Flexible coupling.

These discharge into the oil reservoir

which is a tank of 13 Impe rial pints
capacity. The lubricant returned from
the re ar and centre bearings is cooled

bv a he at e xchanger which uses in-
coming I'uel as a coolant. The ring
nrain system operates at 15-17 psi. The
engine oil consumption is about 1 pint
per hottr.

Cooling Air System: Air is ble d

I:rcm the compressor at the second,

fifth and tenth stages and used for
cooling as ftollows:
I. Eecond Stage Air**

(") backbone cavity
(t ) turbine lrearing
(. ) nozzle box

2. Fifth Stage Air
(,) centre bearing
(lr) front face of turbine disc

3. Tenth Stage Air-
Rear face of turbine disc.

Starting: Starting is effected by a 32
volt electric motor housed in the noseFIG. 8:

AIRCRAFT'



NOTE: EXOIANON OUE
TO FIRST AND SECOND

PERCENTAGE FULL SPEEO

FlG. 9: INTERFERENCE DIAGRAM
SEVENTH STAGE ROTOR BIADE.
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bullet. An over-riding clutch disengages
the start€r motor when the e ngine
reaches self sustaining speed. The rest
of the starting systenr consists of the
booster coils for the torch igniter sparl<

plugs and the con trol circuir for the
torch igniter reclucirrg valve. An ex-
terual sequence control is necessary to
ensure that starting curre nt, fue I fclr

the torch ignite rs, and powe r for the
torch igniter spark plug are provided
at the corre ct times to penrrit cle an
starts.

Mechqnicql Development
fhe early developlnen r. running

showed that the engine lived up to ex-
pectations from the perlornlance stand-
point, the predicte d thrust be ing ob-

tained with design speecl a nd j.t pipe
temperature at an early 1;oint. Starting
was excellent, a.nd acceleration reason-

able. The engine showed a slight in-
stability in the r egiorr of 70%, of full
.speed, howe ver, this was not a linr-
itation on test bed running. Oil con-
sumption was ve ry h igh . 'l-enth stage

stator blades showed a regr etable ten-
dency to conre off in cluantities, and
turbine bl:rcies develope<l cracks at the
tip near the tr ailing edge.

Lubrication Troubles: ()il cor]sutxp-
tion contir:ued to give trouble on most
slrcc:ee(ling engines, lrut their perform-
ance in t.his respect was extremely
e rratic. Ilefore dr is problern coulcl be

tackled it was necessar), to get a proper
adjustment olt lrearing oil flows, cool-
ing air flows and air fioq, to pressur-
izecl glands. When the se we re tor-
rectecl to give satisfa.ctory bear:ing con*

\ .fr.i "E'

ditions tlrc oil consumption still re-

mained high, lnitial attet'npts to local-
LZe the oil loss were nrisle:rding but, ir
was fi nally tracecl tr: the tur bir re Lresrr-

ing area. Se ve ral months we I e take n

up in trying clifferent sunrp an d sca-

\/enlle arrangenlents) ne\v seal designs

and flinger rirrgs. Finally checl<s rnacle

with a very accurateiy calibrated oil
syst.em showed that the scavenge flow
was equal io that suppliecl to the

be aring.
The only clue seemecl to be that etil

loss was small at lourer speecls or until
the engine had been runnin g ltsr sor)e-

time. Ab<lut the same time an adequate
test machine Lrecame available. The
rear bearing assembly ope rated with
negligible loss otr the test rig. A
thorough check of the cletailed clesign

was rhen macle as the eviclence seented

to point to a tenr peratu re e{Tect an d

Farallel Fliqhts
Under ct grenerql order (4/5L), the

ATB hcrs recently set forth neur regiu-
lations covering the circumstcrnces
under which non-scheduled cqrriers
may opercrte over schedule routes
crnd protected regulcrr specilic point
routes" These circumstqnces include:
emergency llights; specific flights
made with the concurrence of the
Class 1 or 2 ccrrrier concerned,' llights
specilically crpproved by the ATB;
flights using aircrcft hcrving cl dis-
posable locrd oI not more thcrn 2,000
lbs, on scheduled routes of TCA.
CPA, and MCA; Ilights using crircrcrft
with o disposcrble locrd oI not more
than 1,20A lbs., on QCA scheduled
routes,' lliqihts using qircralt with dis-
posable load of not more than 2,000
Ibs. on Class I or 2 services of Ri-
mouski Airlines, See ATB Order
4/51 for full details.

tlris was confirrned for the orrly clifler-
e nce between rig ancl enginer conclitions
\ /as the relative tenrperature of the
components. T'he trouble was apparent
when it was cliscovere cJ tha t 

^ stce I

sleeve supporting thc bear:ing, rvhich
was an ilrterference {it irr an alunrirrunr
casting, was not sealing one ol. the oil
clrillings in the casting. UncJer operar-
ing conditions the casting had a greerter
thermal expansion t.harr had been an-
ticipate cl thus re lieving thc intcrl'erenc:e
fit and o1'ten pennitting oi] to escape.

f'he encl r:f the oil dr illing was plug-
gecl ancl after c:r:nfirntatory tests it \ /ils
announcecl, with sofire enrbarl assme nt,
that the oil consunrptior-r problern r /as

solve d "

During thc coursc ol dc,r,cl()pnler)t

ttre rest of the oil systern behavccl \/er-\r

rvell. Thcre were no aeration difficr-rl-
ties. Very littlc c#ort was re quirerJ to
gct aclequate veutirrg ut'ratUlenteuts for:

oil tanl<s ancl sunlps, although pressLrr-

iz';tLt<>n oi the oil ta n l<s producecl spec-

tacular results at tirne s before the
pr oblenr \l/es cur ed.

Stator ljailures: l['he i'ailures of tenth
stage stators \t/ere initially tracecl to
f:atigue crack s rnrhich were the result
of i n Lcro-ystallirre corrosion (Fig. 3. )
Other bl:r<Jes irr tlre engine were also
ltour-rcl to be subject to th is form ol
attack. The nraterial use cl in the later
stages of the c.onlpressor was changed
to a sinrilar material which was rlore
resistant. to this kirrd ol corrosion.
Flor,\rever, tlre lailures althor_rgh nof as
frecluent., continuecl tcl give trouble, ap-
pearing now as ordinar), fatigue cracks
(trig. 4). A stucly of the resonance
conditions of the blade showed that it:
rr/:rs being exciterl by the tenth rotor in
the seconcl flexural r.:rocle. Strain gauge
tests indicated thar rhe blade would lre
strong e nough it nrade ilr .steel. The
change proved to be a satisfact<lry
sol u tion.

TIre turbine blacle cracks (Irig.5)
or iginated in rhe blade rips ,,"*, the
trailing eclge. As originally clesigrred
the blade hacl a 1,earher edge which
wrrs pr-ovided tn l)re\/ent sericlus dan:-
age in case ol tip rubs wLrich rnight
occur duc to the srrrall cleurance used.
A slrrvey of the noclal pertterns nf the
vibration modes occuring in the rlrn-

'i,g r ,rge shrlrved that the seconcl
conrplex nrode ( ItiS. 6) had an area of
high ben tJing stre ss exrenrling right ro
thc tip. Cracks srarrecl in rht thin
l:eathel e dge arr d we re propagate cl

along the ]ine olt hish srress. As the
lreiravior ol'turbirrc shroucJ ring urrc]er

IST FLEXURAL
MODE

IST TORSIONAL

MODE

zND FLEXURAL zND TORSIONAL IST COMPLEXMODT MOOE MOOE

FlG. I o: VIBRATION PATTERNS FOR
SEVENTH STAGE ROTOR BLADE.
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ope rating conditions was established
it was possible to employ satisfactory
tip clearances without the danger of
rubs. Since the need for the l eathe r
edge hacl disappeared it was deleted in
order to strengthen the blade tip. This
proved to lre an effective remedy.

Further Difficulties: As more run-
ning hours we re accumulate d further
difficulties lregan to crop up. Almost
all engines were inclined to heavy rub-
bing of the tenth stage peripheral seal

with comple te loss of its effectivene ss.

This was thought to happen on run-
ning down from high speeds when the
pressure behind the tenth stage disc

decreased rapidly bur a high pr€ssure

could remain rnomentarily between the
ninth and tenth discs causing the disc

to flex and the stepped sealing ring to
foul its gland. The interstage cavity
was vented through the tenth stage
disc which ,cured the trouble "

Considerable work was involved in
the development of the flexible thrust
ring of the centre bearing assembly.
This feature was incorporated in the
design to look after angular misalign-
merlt resulting from flight manoeuvres.
A similar design had been used on the
Chinook engine and proved to lre an

excellent method of obtaining the re-
quired degree of angular flexibility.

As originally designe d the rings
were of soft rubber with slotted steel

corne r braces. They su{Te red consider-
ably from e xtrusion of the rubber
around the edges of the corner lrraces,

through the slots in the corner braces
and from the unbracecl corners ( FiS.
7) . The resulting collapse of the ring
permitted the compressor to move for-
ward and foul the stator assemt ly. This
was partially remedied by placing a

strip of tape lretween the corner brace

and the rubber. A further variation con-

sisted of binding the ring with nylon
tape. However, it was difficult to cure
the ring to the required dimensions
even under pressure as the tape trind-
irg tended to make the ring oval after
curing. Under operating conditions the
ring would assurne the rectangular
shape intended with reducrion of its
axial dimension and compressor ltoui-
ing coulcl still occur. The problcm was
finally solved by using a composire
ring with a hard exterior and sott core
without binding which did nor alter
rJimensionally during operation.

Front Bearing Seal: The fronr lrcar-
ing seal went through several stages

of development to produce a satisfac-

CANAD'AN SIEET IMPRAV EMENT

Inilustry flumpllnent
Canada's rapidly expcrnding avicr-

tion industry is soon to be crug-
mented by the construction oI cl new
steel Iorging plant necrr Toronto lor
Cancrdian Steel ImProvement Lim-
ited, cr wholly owned subsidiarY of
the Steel Improvement & Forge Cont-
pqny ol Cleveland,, Ohio. The mcrin
initial activity of the new Plant,
which will at Iirst employ crbout tBO

workers, witl be the lorging oI tur-
bine ctnd compressor blades lor Avro
Ccnqdcr Orendas,

Actucrl loccrtion ol the Cclncrdian
Steel Improvement plont (see clrchi-
tect's drcwing above) is to be in
Etobicoke townshiP, iust over the
boundqry line o{ New Toronto. Erec-
tion is scheduled {or completion be-
f ore the end oI the Present YeGr.
The building pictured will hcrve
some 41,000 square f eet ol floor
spctce.

Genercrl managrer o{ the new firnr
is Cyril I. LubY, who wcts ExPeri-
mentll Works Mcnager lor the Bris-
tol Aeroplone Compcrny Limited, En-
gine Division, in Bristol, Englcrnd,
until the time oI his new crPPoint-
ment.

OlIiciols ol the Cleveland com-
pqny say that theY hcrve lor some
ii*" considered Ccrnodcr cts cr logiccrl
Iield lor expcnsion' Speciol cltten-
tion hcrd been given for several
yeqrs to improvements in the meth-
ods of producing precision f orgings
of high hecrt resistant qucrlities- The
compcrny has c ten million dollor
bcrcklog oI orders crnd, uP to this
time, hqs been supPlYing turbine
blcrdes and compressor blqdes to
Avro Canadq. Continuing to serve
Cancrdq's needs would have requir-
ed expansion crnywcry, so the ex-
pcrnsion is being mqde with the
construction oI the Toronto plcnt.

Steel Improvement & Forge is $11

otd Clevelcrnd compcrnY which has
mcrde <r nqme lor itsell in the lorge
industry by continuous resecrrch
crnd pioneering in lorging methods.
Estcrblished in l913 crs c commercictl
hecrt trecrting plcrnt, it hss played
crn importcrnt port in the conduct of
two wcrs, crs well crs in the pecce-
time economy ol North Americcr"
During World Wcrr II Steel Improve"

ment worked closely with aircrcrlt
crnd" clrmqment concerns, amolrgr
them Bristol AeroPlcrne.

The companY became more direct'
ly interested in aviation with the
development oI the turbo-super-
charger. The high oPeroting tern-
percrtures oI the turbo-superchqrgrer
iurbine wheel necessitcrted the use
of heclt resistcrnt stainless steels,
which do not respond to normcrl hecrt
trecrting methods of imProving
strength. Steel Irnprovement devel-
oped ct work hcrrdening method
thcrt improved the physiccrl proper'
ties of thes,e mcrterials by c lorging
process, crnd successfullY mcrde
large numbers of the turbines. The
compqny points out thcrt manY oI
the problems clssociuted with iet
engrines crre similar to those Pre-
sented by turbo-s,uPerchqrgers,
though in most cc:ses these crre
grecrtly aggrravated. Of{icicrls scY
that experience with the super-
chcrrger turbine wheel hcrs assisted
Steel Improvement engineers in un-
derstqnding crnd solving the greuter
problems of the iet propulsion
engine.

Chcrrles H. Smith, Sr,, who, crs

sales mqnqger, directed the first pio-
neering oI the compqny, wcts mcrde
president, trecrsurer crnd greneral
manclgrer in 1925. Two yeqrs lcrtcr
the present plcrnt wqs built, this
now employing around 800 me!r,
Mr. Smith died in 1942 and vscts
succeeded by his son, Chcrrles H.
Smith, IY., who hod specicrlized in
the study o{ the forging oI high
hecrt resistant metols in his linal
yeqrs crt the Mosscrchusetts Institute
ol Technology.

Vice president in charge of engi-
neeringr is Aubrey H. Milnes, ct
grcrducrte of Victorio University in
Mcrnchester, England. Mr. Milnes
wcrs engineering representcrtive of
the Bristol Aeroplane Company on
its U.S. contrqcts during World War
II <xnd mcrde his hecrdquarters in
the Steel Improvement plcrnt Ior live
yecrs, After thclt he spent two
yeors in intensive study of the prob*
lerns oI forging turbine blodes, r€*
turning to the company trs chief
engineer in 1947.
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torlr rle sign. '1'he scltl in (lLlcstiol) is

irrtrorlur-erl bc[rirrd thc l'rotrt bcaring tll"

the r.orn I)rcrssor l otor to l)rcvcl) t lLrbri-

c:ant ltrorn csculling into tlre cavity itn-
nrcdiatcly irr ltron t oI: the {irst I otor
rliscs. ll-1-ris specc is rrt.:r tJcprcssion ol
1.5-2 psi as it is connccted to the c:onl-

i)rc.ssor air passager:r[reacl .rltthe lirst
stag-e rotors. The be:rring :rrcu is at at-
tnosphcric pressrrre. "['he originul sea]

\r/u.s a carbc;n ring held in pl:rce agrinst:r
c:.tst. iron rublring surluce tr), a single
lrelic'al spring rvith ir prcssll rtzetl glancl
on the sha ltt lls :r f urtlrcr seal. 'f his
arr:tngernent did rrot rvorl< rvcll as the
sirrgle hclical spring did nor bear
evcnl), on thc curlrorr ring. T'he result
wus u ne ven heav)/ wear of the .seulirrg
surltuces. Sul-rsecluently rr c:llbon ring
seal strpported [r1, 1 nr u ltiplicity oI
srnall spring.s wa.s atloptr:cl. At this tinre
it \\/:rs clecided to rlelete the glarrcl ils
Ill'l unltece.ssar)/ collrplication.

ll'he new seal worl<cd we ll on rig
te sl-s bu t was err:rtic or) the engine. It
\\/rls th or:gh t rhe t the d ilTere ntial
tl-rer'nal cxpansion of the rotor ancl
stator c:rsirrg was causing the trclr-rblc
by pcrn:ritting the sealirrg surfaces t<r

move apart. This \\/ils checlied b),in_
trc;ducing \4iear plugs neAr the scal
vi,hich .sl'rrirve cJ thar Iittle clifTere'riel
exPa,sio, was takirrg place. wherr this
\ /ns estublishecl u largr: nurnlrer of seals
werre exilnrinecJ antl it wlls rliscovered
tl-rat t he s;:rirg rute ,,d trave l ,lr seals
,lt supplierJ wa.s var-1rip.r consider-1bly
Itr.,r spe cificaticrr. when the se \\/ere
brought ., clcr close r cor trol tl-re
t rouble rlisrrpl)carerl.

Rotor Failure: ( )rrc ,f rhc ,rore rli{,}i-
t-ult lrr.blcr,s dicl n,t be.rrne al)l)ilrent
ulttil lrlmosI rr )/etr ol tcsting hac] beelr
clone unrl cngine s had logged abou t
2,()00 h'urs rlt oper-,ti".'r-herr ;r si,-
gL: seventh si;rgc rcltr,rr l,ailerl lollc,wcrl
l-ly several tnore w,ithi. il sltrtrt lteriorl,
sorl]c on engirrcs with relatively l,erv
hrurs.lt^rl,i,g (Fi.rr. 8). IruilLrrcs cor)-
tinucd to o(:c:rrr in ill)l):lrentllr rarrrlclni
{trrshirrr thereal'ter. such l':riltrres al)l)eur
rs iatigr-rc crur,l<s. l-his trouble 'uvill

servc to shciw tlic nruny stcl-rs rvhich
lurc olttcrr r)ecess{u-)/ to g^ct :r setisl:ltctorlz

solutiorr to clcvelr)prnr::r)t rliflictrlties irr

:rirr:ra1'[ errgirrcs. T]rcy ;lrc tlre result o{,

thc high vibratory strcsscs itttlucctl irr

thc blarle lry th: crlitrc'itlcttt-c ttlrot)c tli"

thr: tt:ttrtrai {reclr,rettt'ies rl1: tlre llladc'

r,rrith alt exc,iting 1'orce such 1s that

causecl lr1' the passage of the blade

I,q

J-47 PIant
A plant is currentlY beinE

constructed of Downsview Air-
port, neur Toronto, f or the re-
pair crnd overhaul of Genercxl
Electric I-47 iet engines, the
type used in the F-86. The new
plcrnt, the steelwork o{ which
hqs been completed, will be
operuted bY the Ccrncldion
Genercrl Electric Co*,PanY Lim-
ited. The CGE building is
loccrted crdiacen.t to the de
Hqviland iet engine overhaul
plcrnt, where DH Goblins from
Vcrmpires crre rebuilt. It is ct

one-st'oreY structure meqsuring
crpproximcrtely 200 feet bY 120
f eet. No inf orrnation concern-
ing the new plant is'at Present
avcilable frcm either Canadian
General Electric 'or the Depcrrt-
ment 'of Defence Production.

through the wakes of the preceding

row of blades.

The first step is a precautior-ritry one

tul<en in the design stage . f'he luncla-

nrental flextrral ancl torsional critical
ltrequenc-ies of all blatles are calculatetl"
A checl< is then nracle to determine
that tlrese rrre not in resolta.nce with
l<nou,u excitiirg ltrequetrcies rvithin thc

engine operati ng re ng'e. .t\ s it is ve t )/

ditficult to c:alc-ulate tlre ltrecluctrc:ies <.rl'

highcr tnoc]es o1' r,ibr:rtion vr,hicl-r coultl
cuuse trouble these are l'outrcl e xlteri-
nre tr tally vvhcn the first lrlacles are

manul:actured. Fronl this irrIorn-ratior-r

an "interlterencc diagranr" is plotted
I"or-cach blade. A typical diagram is

slr orvtr irr Itig. 9 . The l:recluency o I'

vari<-rus e xciting 1'orc-es is plottcrl againsr
e rrgine spec'cl il nd thc crit ical fre clue ll-

lnstrumsnt ftatinqs
There crre to be two classes oI in-

.strument ratings in Canqda in future,
according to ct recent DoT Informu-
tion Circulcrr (A128/51). Class I rat-
ings will be issued to pilots whose
instrument Ilying ability meets the
required standctrd. Pilots holding this
rcrting mqy fly as Iirst or second pilot
under IFn. Clcrss II rotings will be
issued to pilots whose instrument fly-
ing ability is of u sale standard, but
who, beccruse of limited background
crnd experience, hos failed to demon-
strate the skill and precision neces-
sctry to obtcrin a Clcrss I rating. Pilots
holding Class II ratings may fly os
co-pilot only under IFB.

cics o1' t-he blatlc itre also plottetl. At
rhe. s1-reccl where the lirre s cross tlre"

blade u,ill bc in resollillrcc rvith tht:

ext'iting ltrcqtrencY.

Vibration Patteru: At tlrc titnc thc

blaclc' ltre tlltetrcie s ;lre tie tcrrninetl t[re

vibratioultl p:-tttcl'l) o1'each nrotle is

siucliecl atrt.l rec.orcled to lLssist irr tlrc

ide ntilicution o1' :tny l-tilur-cs. It is ttsual

to clo lbout 15() te.sts of this tyl)e 1'or nt't

engine such as the Or-ctttJ;t. A sct o1'

vibration prttterlls is shou,tr in Fig. 10.

The lines ;uttl tlarl< Aretts itrt-liclrtc

ncldes.

As the failurcs beilrg c:onsiclcretl

wcrre solner.vhaI sporaclic ltncJ as there

\v:ls:.r great sltread betu,cen the lc'ngths
ol'running tin-re which 1;roducecl I'ail-

Lrres ir was suspec-ted that thc tr-raterial

niight Lrc ut iau1t. Oortsecllrel)tly, il

survel \ /as macle ol' tl-re ph1,5i1",1 prop-
erties o{'the batches olt nraterial 1'ronr

r,r,hich tl-re ltailed blacles hatl been made
ar-rcl these were coplpared rvith the

properties o1 batches rn,hich dit-l not
produce any failtr res. This threrv little
lisht on the situation. Sint-e tl-re experi-
tr-rental engines hacl lrccn userd ltor il
variety of tests it slrrvey olt the runt-ring
history of all engitres vvas rnacle by
plotting the operatirrg tinre in eac,h

I 00 rpm speed range. I t \r/rls not pos-
sible tcl draw uny cotrcltrsions from :.1

corxparison of histories <llt engines
rvhich had failed bledes and those

wirich had not.'fhe study \,vas nar-
rorvecl clourn to a colr-rlrarison of his-
tories I0 hours, 5 hours :rncJ I hour
1;rior to ltailure 'urrith the idea o{"estab-
lish ing .speecl rrlrr{res r.t,hic}r ca u serl
ltailure. T"his ulso provcd lbcrltive.

Inexp,licable: As nror-c failures oc*
r:urrerl they'werc tcntiltivcly iclerrtificd
ltrotn the r,otl:rl patte rrr sur\/e )/s as

beirrg caused by eitlrer ser:oncl torsic-,nal
nrode or the {-rrst Lrontplex morle l-roth
o1: u,hich r;ccurred r.r,ithin the n-rnning
range, llut it wils still not possiblc to
explain hc,rv sorre engines c'or-rlci rlul
.scvcrrl lrr-rnclrecl [rorrrs wit]rout failure
rund othcrs rvoulcl fail irr Iess tlrarr or)c
huudrecl hours vvhcn the lirrowu.scat-
tcr o{. thc errdurru)cc prurperties o1,rhc
trr:rtcriel \A/AS talicrr into attcount.
Ii'ailed bltdes wcre crlrcl'ully exilrlrirretj
f'or manLlflrcttrrirrg fllrws :rr-rd incon-
sistencies such ils v;rrirtions in rlric.k-
nerss anrl tr-eilirrg edge nrrlirrs u,ithout
rcstr I t"

( 'l' /r c con c'lu tl in g lttrt't o'f t h i s l)i;t'p('t'
ruill appc'ar in thc ,.\c1tIr:nrhrr issr,tr" il[
,t I RC R,{I;7' .)

llvnrhnul
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T*I{ DEYSIOPMENT CF

Pur* | I

,\s :joott ;.Is it \\rlts ;t111-:ltrent thar rhe

,eilr,rres \\,'ere not isoieted olles a de-

cisior-l \vas it-r:.tde to studv the problern

using strairl glluge techniques. T his

involved the cleveloprnlenI of e slip-

ring unit [o transmit the minr-ite strairt

grluge signals frorn the rotor irt high
speeds w'ithc',t-tt electricai tlistortion.
Several t-t-lr; nths oi laborato rv rvo rk

anil eng, tre testing \,ve re requireci be-

fore aI] atle'qLltte siip ring lttrit. proper

instrulltetrtlttiotr er-rtl reiiallle rviring
rne thor is we re e steblisherl. it wrls then

lloss ible to clt:re rnl itle the relative mag-

nitr-rtles oitthe stresscs in the tilrious

resorlrtnces;.ttrtl list,r the vvitlth r:f the

re:so llli l'l cc l-'a tr cls.

Other Approaches: ,\r tire srtllle tirne

the proirlern \\'its being attacked using

n-lore acl hoc rnethotls b,v running
engines to.l tesi schedule rvhich con-

sistecl of eqLrrll operating periods at

l; r.p.m. sireetl int'reme Ilts. rvith [re-

,-lLrellt inspectiot-r ot ttre biadcs through
vieurit-tg poris in the colilpressor cllslllg

in order to tleter;nitre the speeci r:1 llii
in rvhich f eiltrres occLlrred ltrd the

leirgth of tilttt: reqr-iired rtt speed io i)r'o-

tiuce f ailure s. The strrtin gtll-lge resis

,rnd engine rlttrtring cotthrineti thlll
both sLrsilecied rcsotulnL'es \\'cre coutri-
br-rting to ri-re tror-rltle ltrii c:,ttirlisired lr

si;ecd rellgr n'hich s1-rolrltl br'lvcidetl
in order to 1:r:r'ettt t:rlt::t.ircs rrntil a

re riesigneri blade ccr-lid be rllillluiac-
tureri arlil provell. As clrplrcitv for

#y Ir. 
'?. 

il(r{}W[trS

n-luuufacturing ne\v blade tlesigns wes

alreaLlv strained. seve rAl interirn soiu-
[ions rvere tried usi.ng the eristing
blades. These reclucecl the incidence of
laiiure con:;iCerablv. The hrst rvas rl

change in the n umber of stato r blaclts

precetling the rotors in 'uvhich lailrires
rvere occurring. The sirth anC seventh

statcrs orginally had equ:rl numl;er:;

oi blades in eaci-r ro\,v. [t tv.ts thorght
rhat rhis ilight be ceusir-rg trcubie. i.IS

both tire leacling irn,J traili ng e clgcs r: i
the biacle 'roui,-i rece ive inrpr-rlses et

the sa:ne lime thi-rs increasir-rs the

coriprliiru cf the excitirtg iorcc.

T1-re nuinber oi bl'rtles in the sirth
stittor r0\\,' wAS increeseci 1t)' . ttr

correct this conciition :.1rltl to lllove the

resonance spced awev t'ro l-t ti-re crttis-

i r-rg s peed r:.1rtge. Ti-,e rcs ults o I rh is

c-hrrnge \\'ere be neficirrl rtS iar as tirc'

7th rotor Ltiacies \\rere concertre cl' Hol"'-

ever. it had the effect of car-rsing Etil

stege rotor feiiures ltlier long operrlt-

ing periods. The seconcl interirn soir:-

tion wils intrclr-luced 'uvhett it r'l,'lts rleter-

nrineti thrrt the relativc rrtJexing oI

the 7th rotor rc\!'to the prec:eciiitg

rotor r()\\'s had lln xi)pre . ial;ie efTe :r

o11 blatie liie. ,'\s origirrellv built t.rr:

relative positions oi th: bl'rdes i.r the

i'aricus rotor st:lges were tluite r:.tntlom.

I)Lrring the special engiue tests lll'-'n-

tir-rr-red lbove one engine rill) for sevt:rai

hr-rndrecl hours withor-rt iailure vvirile

rnother tailerl L;lades consistentlY r,'zitlr

a [er.v hours of running. l]oth engines

rvere carefullv eran-rined icr colnpo-

ltent- variations. the oniv ai.:tlarent

difierence being the indexing oi the

rotor blades. When the method oi'

Lrlade indexing was reversed on the

two e ngines their biade breaking abili-
ties did also. This largelv explarrred

the r.vide 'ariations 
in ruttnins tirne

to failr-rre. The iar,orable inclexing wrls

then adopted as standarC for all en-

sines. Furrhe r studie s rvith contrclied
indexing variations are now prci,ee dir-ru

usirrg strain gauEes to get quantitil'e
ir-rforinaticn to guicie iiiture rvork.

Three Choices; T-he hnal soluticn
oi blacle r,,ibretion prolrlerns reqr-iires

thrt one of rhe foilou,ing col-lrses shail

lte aclopted:
( a ) the d;r:nping r.tiorl or the bla,lc

root sh;rll be incre:lserl sr-rtEcientlv tir

prevent the blade ironr beir-rg over-
stre ssecl.

( b ) The biatle shail be strenstticneri
to be able to rvithstiul'-l the vii-rratorv
STTESSES 

"

( c ) the bleiie shall l,r: rerlesigneri or
the erciting ir:'<iLlerl*v itlterecl sc thrrt
the lratural ircrluenl,ol the biatie docs
trot coincicJe u,ith the rrorrLrlesonre ex,
citine freqLrenc\/ n'ith-n the eng.rre
t;peratir-rg rrlngc.

The final nlctht;tl ri'r.ls .irloirtetl rls the
solutiotr lor this prrrticulrrr problcill.

Performqmce Developnnen+

As n-reutit: nrri crr rlic r. tire ( ) retrilrt
geve littlc perl'onnil nci trotrhle as

Scptcnrl,er, lqSl drr€#/#f,f
1i

Avro Canada's Orenda
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FlG. I I: VARIATION OF THRUST
NOZZLE AREA, CHI NOOK

originally clesigned. The stariing char-
ar:te ristics \\,ere gc>cld. ,\s a he t]ge

against possible difficuities a test stand
sl-artirrg r-r-rotor \\rlts provide cl u,hich
could turn the ensine ai idling speed
lttrd the engine itseltt lr,rls iruiit r,r.itlr

blow-off r'ulves to perillit tl-re earlv
stages to rirn unstallecl at lciu,speetls.
The initiel tests sirou,ed that an ciectri-
cal startirrg rnotor cli'reasonal-rie size
tvoulcl be :rble to acceleraie the engine
to pull-A\\,'11\i slteed u,itholrt troultle and
that the Lrse of blor,,.oi valves \\,'AS

u n necess;tr\,.

J-he engine exhibiteC e distinr-t
change of note at about (r()'- - oit t'ul1

speed ancl solre instabiiitl' at 7i)-- . of
iull speed. The first pheno:lrenor') \\,ft;{

associated u,ith the ur-rstallirrs o1'the
earlt, co:ltpres.ior stages and tl-re iatier
\\1as an inclication tliat the er-igir-ic rvAS

operating close tcl the surgr 1l0int at
th is speecl.

First Step: The first stel) in the per-
fornrance develol)rlrent \\'ils the tJricr-
tnii't;rtion cl{t the correct ttrririr;e nozzlt
guiCe \'ar-le throat areu for hcst pe r-

forirrance. This cilr-I be cluite criticai
n,hen the nazzles are cie sig ne rl to
ope rate choke d as is usuai u,irh nrclst

i.t engines. The oprtirir urn nrszzle

gr-ride vane area is a tunction oltthe
slope of the tnass-flovr' \'ersus pressure
ratio curve of the compressor. I f the
rate of char-rge of slope is iarge. s;r,ali
variaticins ir-r tl-rroat area can hrve an

appreciable:rffect on er-rgine oLrti)Lrt.

Sinc:e it is aln-rost inr;rossible to preCict
the shapre of the curve it i.s nr:c.s:;arv
to adjust the nozzle area and.the ratio
betrveen nazzle ar ea a nd Je t nrercl

erplerirnentall,v t<l cllrtair-r nrarinlum
output u'ith in the establishecl I inrits of
cornbustion temperature and speed.

This \\'as done quickiv on the

f)renda. u'hich prr.,r'ed [o be n-r uch ]e ss

sensitive irr this regard than tl-re

Chinook. u,here sn-rall variaticll-ls cuuseC

considerable t-hange in output as

shorvn ir-r Fig. I 1.

As rnentic-rnecl a bo v e, evicierrce

shrlr.r,'ed that the Orerrda \\'lts unstablc

in il llarrowl 1;ortion ol the o1:erating

ran!{e. ConsequetttlY. it \\'lls ttot sLlr-

prising r.r'hen the engine shon'etJ a

tendettL'v t() surge during rapid ltc-celcr-

Irt,iorrs. It ivlls kttoll't-t thlrt tlris u'oulrl

rril usc lllorc trou[;le at ltltitttdc. .\() ir

thorough investigation cf rlre cotlli)i cs-

sor churacteristics wes c arrie d ottt orl

thc ('onlprcssor rig lttttl leriirt'tl ()t'i tirc

tt:st lrc.l. Tiris $'tlrk reVcalecl ll nris-

n-ratchirrg l)eru'een tire carlier and later

striges o1' tire col]lpressor. T)'pital llless

{1ciu'-1-rressure rlrtio ctlrves olt thc {irst

sttrge atrcl e lltter stltge ltre givetr irr
Itig. 1l shou'it-tg the' u'orkitrg poirrt'

The S:1111s trrluillc hatl shor'r'it tlP oll

the (lirittook. tt'herc it \\'ils ltssociatetI

u,ith ve 11; lou' otrtler lelocities at the

tilt,f tl-re frrst stalic rottlr as shrl*'tr

i,, tl-re velocitv traverse lric''rlg the [lajc
trig ] 3. \\Ihen telllirerrlture au.l i)res-

s L] re lraYerse s \\rere c10 ire o n the

()rencla it \\'rts coniirn-retl that the situ-

ation \\.as siruiiar. .t sat-.sfllctor\I .soiu-

tiorr iracl l-,een u'orke .l out itor the

Chinook on i1 [r-l'(l stage t]olllpressor te )t

rig. Itig. I I :,hotvs hou' tire PressLlre

ratio o1' the first.stage \\'lIS itrcreased i')'

restasgering the inlet guicle valles arlcl

first rotors. As tiris \\;ts rlrtitcr elts\'

to clc,, it \\i11s trie d oil the ( )re nda' I t

clid acirie ve lrctter tt-ratching, but as

the reiative air veiocities \\rere hix'hcr

on the ()renda. ancl the resteggc;:ing

effecrecl an increasecl angle cf iircitlr:ttct'

on l}-ie rotor i..''iades. the overlili c()lll-

t)res ot efficiencr' \\'rts lou'er u'ith li

corisecluent sericus loss oit erlgine per-

itoi tuanc-e.

Desired E,ffect: The hrst [\\'(] stltges

oi' tl:e engine \\/ere the it recie signed.

usi ng radial eq uilibriutl principles to
get rl better veiocitr, distr-ib,.ttiott. This
had the desireC eflect o1 inrl--rovins the

n-:atchirig ott the front ;rtt i bacii st:tge s

oi' the coil-lpres:ior couside raitlt'. I rr

conse c] Lrence the ac-celerrttiotr \','ilS

greatlv in-rproved. For purposes oi
assessing the acceleratir;n pote ntial oi'

an engine :]n c,r'eriueling curve is

plotted on a spreecl basis. This shou,s

the:ririlit-r,of the engine to accept i:uel

ove r that re quired ioi' ste acly slate
operation at ani,speed. u'iihr.r,.tt sLrrg-

ing thc c(-)nlpressor or erieeding iet

lline te in1:eratlrrc lin-ritations. The e xtra
jtr-re1 rel)resents. r,i course. the ernerg\'

thaI is available l'or acceieraiir-rn. T]'iri-
cai civerf ue li:rg curve s ttor engine s

incorilorating the original ar-rd revisecl

conlpressors are shou'n in FiS. 1r.

An ir)terestiug feature of the original
clcsign l.\'a.s the splitter vane iocute d

in the rii{Tuse rs }tjg. I6. -I'hesc \!'crc'

itrcr-rr1-rorated in order tr,r improve the
Velc,citi, distribution t, tire co1')rbustio,
charnbcrs. i\s sh()\\1n lr),, Lovesfiy ( ]tei.
I ) it IX)()r vclr,t ity prr,lile cun lcecl to
scrious lrrit:kling irr co:llillrstir-rn i:ltaitr-
lltrs. -l'hc 

ir.ri pr()\'ci)l('rlt in outle t

-r'rlo.'itv rii:,t ributir;rr clie cie rl bv rirt

WITH TURBINE
ENGIINE..
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spiitters is shor,r,n in FiS. 17 . Consicier-
able difficultv \\ras experienced in ile-
signing an aeroclvnarnicallv acce ptairie
splitter u,hich did not suffer farigr-re
f ail ures d ue to br-rffering of rhe air
strearn consequentlr, this feature \\ras

deleted. Aithough sorne cc,mbnsrior:
chambe rs have f ailed due to iruck j ins
it has been after ver\i lcrrg ireriocls oi
engine running and is nor con.,ii.ierr,,
to be a lirnitation on the engir re .

Combustion Development: As men-
tioned previouslv the comL'rusrion:j),s-
tern of the Orenda engine \\ras

deveioped [r), an Epglish frrm r,r.hic-h

has provided comLrustion e quiprne nt
for lnanv British engines. Ir is nol
inte nded to cover the developmenr
lr,ork done on this fcrr-r of co:nbustion
chamber as it has been done r,ei)' irblr
eiseq,here (Ref. 1 & 51. Suffice it ro
say that this par[ of the e ngine has

given verv little tror-rble, both frorn the
standpoint of reiiabilitv and periernr--
a llce .

Flight Development
The Ilight testir:g rrf the ()renia

began in an Avro Lancaster bonri-rc:-

suitabl\i moCifieri for test u,ork FiE. j t.
The or:tboard piston engines \\iere rii-
lnoved. The ]et engines \lrere rnoi;nt-:d
in the ir place in ne rv nacelles Fig. 19.

,t completelv ne\\,' fuel svstem \\/es

installed to serve the i.t e ngines. Nose
ancJ tail fairings w,ere added to repi;rce

thc i-ror:rh sight position arrd the tail
t t:rrct. \cu, f ucl tanks w'ere insralled
iri the lrornb bays to al]r.ru' e noligh ltuel

tr; lrc c;rrrier] for Iong te.st flights. Nrtv
r:ocltpit instrLlnlentation, controls. anr]

.strrrti tlg slrstcr)"l s we re provided {or
the i.t crrgirlcs. i\11 r')on-cssential mili-
tltrv c(lLrilrrncltt tr\Ias clclct"cd. Ar: exten-
.sivc rcvisir,llr ol' thc ;.rircraltt services

\{'lls turrJcrtairclr to rnukc tire eircrrrfr

I,e

more usel'ul as a test vehicle . A [e st

ol'rserver's iruncl \\ras installecl to duplr-
cate thc instrurnentaticln usec] in
ground testirrg arrC an elal-rrlrare autn-
n-ratic observe r \\,as c1e signed and
cleveloped to recorrl all irlportant tesi
llletsu rentctrts"

IVIany Advantages: The Lancasrer
iras lltaIl\: aclr'lrntages as a flr,ipg test
bed. I t has been ertensivell, usecl for
this puri)ose irr (]reat Britain, and its
flving characreristics vo,'ith i.t engine s

are r.vell knou'n. The aircraft chosen
\\ras built at l\,ialton during rhe last
war. Consecluend,v, the staff were
fan-riliar r.r,ith it, permirting modifica-
tions to be designed. manufacrured ancl
installed rapidir.. Spares \\,,ere readilr,
availa[-rle and service cre\\,s krie ll, the
aircraft u,el1. An aircraft of this r),pe
u'ill carrv enough f uei for ser,cial irours
of test {11,ing. It perrnits grear flex-
rbiiitl,in the ir-rstallation of insrru-

FlG. l6: DIAGRAMATIC SECTON
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nlentation d ue to its size. I t is ncil
depender-rt upon the j.t engin e s exce pt
during take ofr. Hon,e ver, its ce iling
lirnits fi1,ing to about 33,000 ft., u,hich
is i ar short of the recluire d operational
altitude ttor i.t engines. The 3i1f s2me

rarl onl\, be fiou,n at rloderate speeds,

ancl aerobatic s are out o1- the que stion.
It niight seen-r th:rt the first limiteLion
urould i-le a serious one. hon,er,er at

33,(){X) ft. 93' ol the telti)erature vari-
ation and 82t.",_ of the pressurc
variation be trn,een grou ncl level and re.

cluired nlaxir"r-runl operatiorral altirurle
have taken plac.e. Oonsecluclltly, test
conditions ;ire not as t'ar f rom t hose
experiencccl ar higfrer altirucles us it
lvouid aI)l)ear initiuiJv.

Useful Tool: "fhc ( )rcncla l-anLastcr
ha.s 1)roven to lrc a ve ri: usei'ui cicvciop-
ntcrlt tooi. Tcsts har,c i;cen donc on:.1
nuttrl.lcr ril' cngines, \,r:ril'\,ing thc
tncthocl ol i,rc<)ictint ulrrtrrtlc lrcrl-orrrr-

ance ertci the variatiotr to be expected

l-retq,eep engirres of a t\rpe. Ignitiou
triais have beetr tnetle to establish

li:rirt-up techniques atrd linritatiotrs.
Pern-rissible acceleration retes havc been

cletermined, the effect oltaltitude ot.r

the contrr.,l anrl governing s1'stetns have

bee n studiecl. Cotnbustion sta];iiitv
iin'rits have been chccked. The re-

liabilitv oi'the 1u1-rrication svstem hris

been pro\'ell.

Irurther {light testing }ras becrt

carriecl ortt in a North American FE6

Sabre aircraft. This has ertended the

rarlge of'testing to verv rluch higher
aitituiJes and flight speeds than has

beer: possiirle u,ith the I-ancaster. [);rr-

o1'tire notable teatures oi this u,ork has

been the erploration o1'the stabilitr'
trimits of the conlbustion chan:ber
u'hich has shou,n itselJ'to l"re exrren'relr'

goccl in this regard.

Test Equipmenf

I t u,ould req uire se veral separate

p ape rs to d es cri be the erire rim e tr tr.l

equii)llent and tecl-rniclues used in the

cler elollirerlt of the (-): e nda. Thc dc-

sign of- such eqr,riirn-reni is an art in
itseli f or it must of ten u,ithstan ci tirc
sa're te1-)rperature a r-r J stress cc;n cli-

tions as the elrgir-re pari:s being testecl.

It cannct be a gre at ilcal hear,ie r or
stiffer fcr engine conditions u,ould no:
Lle simr-rlated ancl ),et tes;i equii:-:icni
tnusi be much nrore reliai,le thar-r th,-

parts on test. T'iris re'qi-rire s thar c{)ri

siCcrable efcr[ rrrust ir-- exp:nCec] ui)on
the design of test rigs anri erp:r,:lle n:al
plant. tr,iost aircralt engine coinpunies
have accumLtlated a great varietv ot
such ecluiprrent over a pcrtod oi' 1,g',.-.

\\Ihe n a ne\\' probie :r ar,se s it i:
cften pcssible to constr';ct Au urg.:irilr
re-iuired test rig fron: eqr.rip-rent ai-

readv on har-rd, in f act .sorlle \ er:\,

r':rluable eruerir.nental n.orli has beer,

done on such "ha)i-\r,ir:" sel-LiDs. In
r"he case of the OrenCa th^s \r'a.s n'lcre
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dittrcult :rs no lal'roratorv facilities
existcd initialll'. Thr:ir tlcsign 'rnc! c.)rr

stnlctiorr r.r':rs proccc,lirru itr lrarallcl
',r'ith thc .-ngittc s t,rli. ']'ltis tttccssi'

tlttrd :ttr ('\lr('nl( rlci:rct rri itttllrovis:t-

tion at timcs n'heu troulrlc arosc. A
case in point \\:as thc ole ruight cr;tr'

struction of a flou' checkirrg rig for
f uel syste rn distr'il-utors rvhich was

leshed up fronr six nroditied garba.e,e

c:lns, illl oil drunr, sou-re galvanized
iron and a comntercial r.veigh scale

u,hen the program u'as suddenly beset

with a rash o[ ter-nperature distribution
difficulties.

Test and Development Centre: One
fortunate circumstance u'as the acquisi.
tion o{ a steam generating plant u,hich
had a large air compressor installation
associated lr'ith it. The plant had been
part of a lr,artime explosive factory at
Nobel, Ontario, about 180 miles north
of Malton. This permitted the earlv
erection of compressor atrd combustion
test facilities. The plant has norv been
expanded to include two compressor
rigs, full pressure, low pressure, and
altitude combustion resr bays, a cascade
wind tunnel, high speed air flow rigs.
a turbine test rig, a small combustion
chemistry laboratory and an experi-
mental machine shop. While rhis
equipment has proven to be r,ery valu"
able, considerable effort u,as required
to commission the new facilities at the
same time as the engine manufacture
was proceeding.

An important part of the success of
the Orenda development program has

been the presence of a strong instru,
ment design and manufactur^ng group
from the very early stages. This has

permitted the developrnent of many
special measuring techniques and aut.o-

matic rig controls r,r,ith associated datr
ploming gear u'hich har,e greatly in'
creased the usefulness of some of the
test facilities. One phase of this work
is being described in conjunction u,ith
thc presentation of this paper (Ref. 6).

Conclusions

It has been stated that there is nc,

device as sirnple in conception but as

con-rplicated in rcsolution as an aircraft
gas turbine. The author hopes the
reasons for this havc been made clear
to those r.r,ho arc unfamiliar with the
aircraft irrdustry, and that they u,ill
have gaincd irom this paper some idcx
<.,f the scoyre ancl nlagnitude of thc
wt,rk rc<lrrircd in tlr.r cloping lt success-

fuI aero crrginc. -l'hc I'catures which

20

rlistinguish this l.,rarrch of engirreering
l'rorl othcrs ilrc:

(l) l'hc 1',lirrstrrl<ing aurl oftcrr
r-iuor()lrs ilr:.siglr rlre'tlrorls enrplovcrl irr
thc thcrntorl),,',,,tnic, ntcclr:rrriclri. :rrr..i

ttrctrrllurgicrrl 1lh:lst:s ol' thc u,c,rl<.. ] n

this conilection it sl-rotrlrl be uoted that
it \\1as originallr,thoi-rght t.t engines
u'ouid reciuir6: les:; effort to design thrui
pistr-rn engines. This \\,.1.s undoulrteciir,
true irr the crlse ot' the original engincs
o1. the type intrccluced l-rv the 1.liorreer.
Sir Frank \\'hittie. Since then. hou.-
ever. great de ntancis have lreen urlttie
in the u,a), of inc:reased tirrust. less ftrei
L-ollsumption. lon'er u,eight lnc] iretter
operatior-ral qualities. 'fhis hls tencled

F'|GUR" o;*EI8riJ,u:ltilf ''"* oN

to produce larger and nlore cortrl.,1i-

cated engir-res recltiirirrg more engineer-

ing efTori.
(2') The extetrt r:t the u,orli retlr-rircd

during the developnlellt period. f'his
involves the constructicltr olt a tt rtntl-lcr

of prototvpe engitrcs to pe rn-rit prc,ir

lems to be attackecl in paraiiel. anil thr
provision <-r1t a large test plant ir-r orde;"

to develop inclivitluel cotlll)olle nt.s It.r

give the tlaxit-ttuut in the u'il)'o1:rt-
liabiiity ilnci perfc,rnrance.

(3) The elai;sed titrre 1'riit'n the ini
tiation of a new itroiect tr; the conr-

mencerne nt olt the llrod uction. This is

iargei1, due to the 'i\\'o lloirtts IiteI)

tioned abuve conlltined u'ith the l'rrct

that protot)/i)e etrgines irre ltroduccrl
r,iritI sip-rple tr.reling br,"1oh sirop"
nre tho<ls and }ie ttr'e take cr",nsiderabl.

[irne t0 cortstruct.
Adrnirable Treatise: fhese points are

elaborrrtecl anrl intleed the u'irole {ielrl

olt lrircral't cttgiltc devel<"l1lillc!)t covcrt:<i

f'r1, Ii*nks in his pxper "l-lte Art oi

tlrc ,'\ircrrrft ll-ngirle" ilicf i )

(,ortrirrg l,:r.",li to thc ()r'ctrtlli lrt',icct

slrc...ific:rJlr':

]" ,,\rr t'ttgittc o1' lttivilllt"c(l tlt:sign

ir:rs bcclt .lcve loire t.l'

:. Iiirjrtr tcst lrlant llrtd iair0rilt(,}rt,

i'aciiitics hilr'e beet: provitlctl'
i. l::;ire ritr-rctrtll :r tt tl ilrc'dttcti.tl

ll.)iii rti lr;ictr.rrillg orgalliz:itiilt-rs irllvc lleCtt

c re lttctl.
+. '['irc s]ro1l stafl ]ras i-reetr traitlt'ci tcr

clo rvork of an ltcct-lrllcY arld cr:rnpii-

c;.rtirtp rlot I)re\,iriuslv u nclertltke rr irr

Cartatltl.
Al1 o1'tiris has taken place u'ithirr

tire s1)rt-e of 11,'; \/ears .iuring u'hit-h

[iinr. i.iii.)0 irc:urs of itench testing and

15ti i:,,,:ls oi flving irave beeu accolll-

;riisht,i,. This is the statldard ri'hicir

Ilanlis has set as" i',eirtg tire rlesirrrbie

time ior an establisired colllpa n\: to

bring an advancecl engirle design ilrtr;
prod iiction.
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