
e ngineering perfect ion . the better and 
cheaper is the produn it can turn out. 

T he Engineering T eam: R. D. His­
cocks. design engineer for de Ha\'i lland 
Canada. pointed out \\"hen he accepted 
the i\ !cCurdy Trophl" :lt the Canadian 
Aeronautical lnstitute ·s dinner last 

MaY. that aeronautical engineering to­

day is a te:11111vork proposition. Here 
is the root of the difficu lty. T o collect 
together the technically superior engi­
neers and d ra ftsmen. and then weld 
them into a team is a job in itself. To 
keep this ream technical! , on its roes. 
in the rapidly chanfcing field of aero­
naut ics. and to keep their thoughts 
Ao\\"ing accura tely and clearlv from 

Quality 
• Engineering 

B!/ GROUP CAPTAIN H . R. FOOTTIT 

"Quality in engineering is one 
of t he manifest.:itions of what 
I call t he Second Industrial 
Revolut ion." 

-Vc~l Cronstedr' 

IN T H E MID-THIRTIE S, the 
Vhstern \Vorld was enduring an 
u neasy peace. Already the t ram p 

of German and Ita lian boots, and the 
th underous cries of " H eil H itler" and 
"Duce•·, were ra ising the black clouds 
of war on the horizon. In the d ying 
over the face of Europe and ·western 
Ci,·ilizat ion. If war came, in which 
camp would Russia's armies stack their 
rifles? 

In musty diplomatic offices a q uiet 
campaign was being blueprinted to in­
d uce Russia to the side of the West. 
Parr of th is plan was to g ive techn ical 
aid to Stalin 's current "Fi1-e Year Plan.'· 
As the plot blossomed into actual ity, 
teams of Russian engineers coursed 
th rough major industrial layou ts in 
Europe and :f\."orth America. F altering 
q uestion followed fa ltering q uestion 
around tht: conferenct: table. Slowly the 
Russ ians eked out the information they 
req ui red. A nd in many cases a licens­
ing ag rt:ement fo llowed. 

A Lesson Learned: In one instance 
the old V ultee Aircraft Corporation 
sold a license to Russia to bui ld the 
Vultce V-1 I att:ick homht:r . But once 
the cng int:e ring drawings and reports 

• f )ircrt,Jr of J:'111;flJtrn11;•, (;f!,· T 10 /,fftf 

Di,, .. , /. I '. liut Canarlu /.11/ . 

were shipped behind the Russian fron­
t ier, trouble started. For the \ ·.11 was a 
relatively new airplane and the eng i­
neering had been done by a small 
g roup in a hurry. Between R ussia's 
lack of skilled t radesmen with prod uc­
t ion know-how, a nd the poor quality 
of the engineeri ng, the g reat Moscow 
plant came to a slow halt. A U.S. 
engineering-production ream, seconded 
to R ussia. solved the problem. But the 
Russians had learned that, like all 
things under th e sun, there is a cer­
tain "quality" to engineering . 

Q ual ity, as applied to engineering, is 
perhaps too broad a term . Bur here 
h igh quality eng ineering means nor 
only technical superiority, but engineer­
ing w hich h as the stamp of lucid 
accuracy on it so that it reflects clearly 
the engineering department's inten­
t ions. Thus it flows smooth ly through 
the records office, the loft, production 
planning, tooling, purchasing and all 
the multitude of control points that 
make up a modern ind ustrial complex. 
F inally, of course, the mechanic in the 
shop makes up the part with ease and 
fits it perfectl y into the a irplane. 

High qua lity engineering 1s the 
soug ht-after goal of every ind ustrial 
orga nization. It is probably never at­

tained in an absolute sense. But the 
up-hill figh t goes on from the time the 
first line is put on a drawing, until the 
l:1st product rolls 011t of the shop. for 
the clost:r a company can come to this 

m ind to paper. day in and day out. is 
impossible of human attainment. But 
to continually strive for this ideal, is to 
continually strive for the pay-off of 
high qual ity eng ineering. 

W ith the " big stick'. of ai r power a 
\' ital factor in this warmongering 
world . we a re more apt to associate 
quality in engineering with the abi lity 
of the engineers and draftsmen to 
design pans th::n can he readi lv turned 
out on a quantity production basis . 
This producibil ity facet of engineering 
(]Ualin· is certain ly an importan t one. 
Production records sifted from statis-

Q ua lit~· in e n1,:inecring ( to p ) s im­
p li fie, the productio n worker,' j o l, 
( be lo w ) . H i 1,:h standard , in c n­
:,!'inceri n~ n1ean ~ produ<'lion ca n be 
ca rrie d out I,, · worke r;. o f ('0111-

parativc h · low· ,k ills. w ithou t anv 
Sa('rifice ·of quali t~· in th e fin is he d 
product. 



t ies of World 'Nar II show that this 

feature, and the skill of the manage­
menr, w ere the two fac tors that deter­
mined the time a company took to tool 
up and produce a modern war plane. 

\~' hat eng ineer ing has achieved along 
th is line, is \\'h:n \'al Cronstedt, Direc­
tor ol Engineering for .'\ no Canada ·s 
Gas Turbine DiYision, ca lls the Second 
Industrial RcYolution. O ut of several 
hundred Pratt & V,' hitney engines built 
d uring four years of the last war, O\'er 
two-thirds were manufactured by un­

skilled licensees. without any prel'ious 
a ircraft experience. 

This fact adds weight to Val Cron­
stedt's words: ' 'During the last war 
such compl icated products as aircraft 
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bcr of pn:cis1on parts " ·ill increase, 

making this factor oi e\·en g reater im­
portance. Yet the tighter the tolerance 
on parts, the more difficult and costly 
they a re to make. Drawings that call 
for excessi\'ely close t.alerances, also call 
for wasting man-hours :rnd money. 

Jarry H yd raulics of 1\ lontreal. a 
Ca nadian cont ractor with a \\·icle repu­
tation for h igh qual ity workmanship 
in the aircraft hydrau lics and landing 
gear field, has had consider:ible exper­
ience on p recision manufacture . 

Says John W. Truran. an execuril'e 
of Jarry, "Basically, in a ircraft hy­
d raulics, the secret of quality in engi­
neering lies in knowing where to apply 
high precision and where not to. There 
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engines were made, not by skilled 
workmen, but by laundresses, wait­
resses. h ousewi \'CS. street sweepers, and 
cooks. Thev diJ this after only a few 
days instruction on the part each had 
to play in the ir industrial role. To 
accept this hard fact. is to accept the 
equally true one that the q uality in 
engineering in all its phases- d rawings. 
specifications, assembly anJ test inst ruc­

t ion s, etc.,- had reached a high degree 
of development." 

Precision in Production: T he re is an 

important side to this producihility that 
must not he forgotten . This is pre­
c isio n. And as the performance of mil i­
t:iry and cornrncrcial aircr:ift rise with 
th l' rapid p;in· of tn li11ology, the 1H11n 

have been m any exam ples in our 
manufacturing experience where draw­
mgs called for extremely close 
tolerances, simply because the designer 
has assumed that a ll h ydraul ic com­
ponents must be kept to such t ight 
d imensions. Our own serYice experi ­
ence has shown that in many such 
cases normal shop limits would suffice. 
O n the other hand, we sometimes find 
parts, such as an actuating cyl inder, 

which will call fo r a relat ively rough 
fin ish of 32 m icro-inches. Jarry's ex­
perience on such as this dictates a finer 
4-6 m icro-inches finish to ensure satis­
fac tory service." 

Applying the correct d imensional 
limit , to cnsun- good ~cr\'ICt'. easy 

manufact ure. and illlcrchangc:,l., il it y. 

hom:\er. is only one of tht many sides 
of quality engineering. But what is the 
founcl::nion for ensuring high quality 
e ngineering; Val Constedt, one o( the 
pioneers in aeronautical engineering . 
has d ra w n from his backg round of 
o\·er 40 years in the business. and states 
fran k ly that qual ity in engineering 
springs from the "moral fibre' ' of the 
engineering dep:irtment. Ii the moral 
fibre is hig h, then the qual ity of the 

engineering is high . 

on record 

0 :\/E OF THE building blocks for 
maintaining a top moral fibre is 
an engineering records organiza­

tion. This is the pol iceman of the 
engineering department that ensures 
that the drawings are explicit in their 
instructions to unskilled workmen, that 
all pans lists and assembly lists are pris­
t ine in the ir accuraC\' . and that the 
engineering change system is m ain­
tained and functioning 111 such ;1 

manner that there is ne\'er an y question 
of Engineering's intentions and instruc­
tions to Production, purchasing. outside 
Yendors, and others. 

Under Cronstedt ·s experienced eye, 
Ano's Gas T urbine Engineering ha\'C 
bui lt up a recording svstem that makes 
extensiYe use of punch card business 
machines. According to A no, and 
verified by the experience of Pratt & 
\ \ ' hitney and ~ ' right Aeronautical 
Corporation, a mechanica l recording 
system is the only answer to keeping 
track of the thousands of pa rts and the 
thousands of changes that go into a 
modern airc raft engine. 

Business Cards: Punch cards gi\·ing 
the basic drawing data . ca lled the 
Drawing Ti tle /\!aster . are supple­
mented wi th ca rds for the ?'\ umer ical 
Pans List, A lphabetic Pans List. Ma­
terial Specifica tions. Inspection and 
Processing, \,\'e ight :\nalysis. and many 
others. 

Through the use of these cards the 
Engineering Department can log \·alu­
able data, and answer many specific 
questions in an efficient and speedy 
manner. For example, the Procurement 
Department asked for the details on 

parts for a particular model Orenda 
engi ne th at were made from aluminum 
casting, forging, or extrusion, and from 
magnesium casti ng. 13y feedi ng the 
cards throug h the business machine, 
the answer was co mpleted and printed 
in k " tli;111 1 ho11n,. 

. /ll,C!..: .-ll'T 



In a nother case. it \\·as decided that 

a ll parts finished in black oxide would 
he ch:1ngl'd to a phosphate treatrnrnl. 

By push ing the l nspcction and Process 

ca rds through a h igh speed sort ing ma­
chine. th:ll can h :rndle these at a r:ne 
of (,()() :1 minute . the numbers or t he 

dr:1wings requiring this change were 

sifted out in less than l O minutes. 
M easure of E fficiency: This business­

like manner boosts engineering effi­
ciency. T he other importa111 building 

b lock to keeping the high sta nda rd of 
Cronsteclt's engineering team. is to 
m easure th is efficiency. This he does 

by a number or stati stic:il controls, such 
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).';roun<l in to the results to conYert them 

;o full scale. for example. if the mini­

mum <l rag coefficient cun ·e for a fast 

a irplane required a large correction fac­
tor in c01werting from model to full 

scale. the n the quality of t he engi­
neering is far from maintain ing a peak 
st:inda rd. ( Fig ure l ) : too m :1ny ques­

tion nurks are inheren t in such correc­

t ions. 
Test by D esign: T his test apµroach 

to engineering is particula rly im po n:in t 

in the design o f a g :.is tu rbine eng ine. 
A . C. Lon :sey. a Fellow of the R oya l 

Aeronautical Society. told th at a ugust 
body, " T he design of the test ing pro-
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as comparatiYe cost surYeys. an <l the 

maintenance or a running curYe of 
engirn:c.:ring changes caused by drawing 
errors. 

\ \'ith thi s up-to-date eng 111eering 

reco rding and reporting system. and a 
high lJUot;1 of top technical personnel. 

t hen the last most important factor is 
the engineer ing approach to any tech­

nical problem, wh <.:th<.:r it be the design 
of a n<.:w axi al compressor blade or 
merely a rc,·amp<.:d fuel line. 

Pre,cnt thy a <.: ron;1utical engineering 
is in th<.: throes of convnting to a 

qual it y approach hy test. In essence 
1nore ground test work is being carri<.:d 
out 1111tkr cond it ion, which sim ulate. 
as clo,ely as po~sihk . actual fligh t. 

h -cn in t he C:ISC o r wind tun n<.:l t<.:sts, 
1hc '!l!:i!ii: o t' tl, c 1111111cl 11111st diminatc 
1:i r.~c (<11:nt io11 l;1(t ,,r, d1.1t h .1ve to he 

g ram £or an engine a nd its componen ts 
1s no less important than the desig n 
oi the engine itself. and time dnoted 
to careful thought in this di rect ion is 
\\·ell repa id . The design of specia l 

equipment o r instrumentatio n should 

run parallel "·ith the main des ig n so 
that when the engine or compone 111 

is built. special test apparatus is a\·ail­
ahle for the fi rst run." 

We a rc apt to th ink that t his 
per iod is relatively com pleted when the 
engine goes up on the test stand fo r 
its official 150 hour q ualification run. 

But such is not the case. r\ ir Com­
mo<lore F. ]{. Banks, the \\·ell-k 110w11 

British autho ri t y on engines has stated 
tha t, "t\n engine that has just passed 

the type or model test. is st ill in the 
c:i rly dc ,·elopmcnt stage :rnd, th ere­
fo re. more ,·u!lH.:rabi<: to engineer ing 

and m aterial changes ... 

Val Cronstedt 's w ide experience con­

firm s this Yiew. He has found that a 
modern axial flow turbo-jet will ha\-e a 

furthe r one to two Years ground run­
ning . including some a ir tests in a 

fly ing test bed. A ll -in-all. the engine 
will log some 10.000 running hours 

befo re it h as amassed a h ig h qu::ilit y 
techn ical background that w ill make 
it suitable for use in production aircraft. 

\ Vhat this extended test pe riod means 

in terms o f dollars and time is sho\\'n 

in a relat ive manner in F igure ~-

Four Times 4,000: .-\s the engine 
goes th roug h thousands of ch::inges in 
its life. from b irth to obsolescence. this 

test app roach to techn ical qual itY in 
e ng ineering is constantly m a intained . 

The extent of these changes can be 
he judged from Ano Gas Turbine's 

e xperience. They fou nd that eYen in 
the deYelopment period e\·e ry p:irt or 

the engine went throug h :in :1\-erage of 
four changes. an<l c:1ch change in ­
H, lved a n a verage of ten dr:1wing 
changes. 'With an engine the size of the 
Orenda. which has ab::,ut -l .000 parts. 

the qual ity of the engineering that is 
i1n oh·e<l with ch ,111ges alone. literall y 

runs through tho usands of dr::iwings. 

This same 9u:1l ity concept for a new 
design o f airplanc is also in eYidencc 

at m:1 jor air r rame plants. At one time 
the airframe man ufacturer <lid every­

thing to rush through his firs t design 
and get the prototYpe into the air . Bu t 

a irplanes today arc costlv items. :\n<l 
there are too ma:1 y p:1ns that m ay go 

~nonl! \\·ith fatal results. Hence the 

mode;n m anu foctu rer often delays the 
fi rst fligh t or h is p rototype and allows 
his engineering department to de,·elop 

quality in the fi rst in stance.: by running 
as mam· tests as they can. h i, therefore 
not unusual to s~e "·ork ing m ock -ups 

of complete: po wered c:mtrol S\'stems, 
hvdr;iulic systems. fut:! systems. an<l 
o ;her m ajor. intricate pans ~fa modern 

a irp lane. T hese are instrumented :rnd 
set up in the shop. and operate as 
closely as possib le to the act ua l insta l­

l:1t ion . long beiore the first a irplane is 
wheeled out o f the hangar doors. 

This test appro::ich to high qua litv 
e ng ineering. coupled with a h igh stan<l­

a rd of prod ucibil ity and technical exce!­

k ncc:. ;1n<l maintainc:<l ln- a rig id 

reporting ;1nd recording system. add 

t•.p to :1 top " moral fi bre" in any engi­
nec.:ri ng organization . That t h is is im ­
portant in this n.:st lt:ss decade is echoed 

. //kCR. !FT 



th is continen t. You "il l he he.iring 
more from .\ \'ro Ca n:1da ( ;as Turbine 

Division design and engineering teams 

before long ." 

Present with Si r Thomas at the cere­
mony were: La<lv Sopwith; Sir Frank 
Spriggs. m anaging directo r of Hawkt: r 

SiJJeley Group: Sir Roy Oohson, Avro 

Can:ida chairman of the board ; 'vV. R. 
.\,fcLachbn. vice-p residen t & general 

manager of :\ \'fo Canada's G as Tur­
bine Di\'ision: C rawford Gordon, Jr., 
. -\ \'fO Canada president & general 

manager. 

.-\ mong the spec ial guests were a 
number of \Vorld \V:1r I pilots. all ' 
of whom haJ Hown Sopwith aircraft 

at that time. These in..:luJeJ: .·\ir 
.\farshal 'vV . . -\. Cu rtis, ,·ice-chairman 

of the board ot .-\ \'fO C:inad:i : Gerry 
~,-.1sh. who holds the doubt fu l dist inc­
tion of ha,·ing been shot down by ,·on 
Richrofen 1d1ile Ay ing a Sopwith Tri­
plane : .\-kl .-\lexan<le r. a Toronto exec­
uti ,·e : . \. r-. Sandv .\fac OonalJ. sales 

manager for de I-Ll\·ilhnd : Quinn 
Shirriff. and Stanlev McCrudJen. All 
flew with the Roval '-',1,·:d .\ir Sen·ice. 

QUALITY IN ENGINEERING 

( <:o,uinucd f rom page 1-1 1 

by L·s. \F Secret:iry H arold E . T albott. 
"fn the present ai r atomic age. it is 
imper:ui,·c that we maint:iin at all 
times qualitati ,·e superiority.·• .-\nd 

qual it:ni,·e superiority has its roots in 

top quality enginee ring. 

fohn \V . T ru ran of Jarry sums 1t up 

more simplv. "Top quality in engi­
neering, once achie,·ed. gi,·es p ride to 

:.ill the people that ha,·e a hand in 
p roducing it. and low cost with last­
ing satisfaction, to the customer.'' 

MENTOR 

( Cv ntinued fro m p,1g,• /9 J 

cle:.ir expect for the o<ld puff of cumu­
lus . fn the air. we encountered prac­

tically no turbulence sa,·e :i mild 
bumpi ness ,it the 3 - ·t.000 fr. le,·cl. 

T he :, irp l:rne in which l'light Lieut­
enant Bill LI\der and [ Hew w:.is. 

like the others Jeli,·ered to the RC.-\F . 
almost identical to the USAF ,·ersion. 

the onl y ,·:Hi:ltions being sligh t o nes 

in cockpit :1nd instrument byout. 

.-\ctuallv, this pa rt ic ular machine , 
which bore the markings "PX 105". 

.\iovcmber, 195,J 

,qs one of the lir,t dc li •:crt:d h\' Can:1-

d ian Car & foundry to the RC,\ f, 

an<l since it was being used for test 
pu rposes by CEPE, it was fitted with 
some special lest instrumentation, such 
as a Pott<:r Flow meter. It also haJ a 

r:1dio rnmpass, which, I understand, 

is not to be standa rd equipment in 

the RC,-\f \'ers ion. Seems this equip· 

men is quite heavy and its weigh t 

might cut down performance too 
much . T he .\-'1ento r test course w ill 

learn to use the rad io compass in I-lar­
,·a rds (in which they wi ll take a ten­

hour course - though to keep them 

''p 11 rc" of I l.1rl';ml influrncc, which 

cou ld prevent a tr u<.: a ssessment of the 

Mentor test, they will not actual ly 
take off o r land the higgcr mach ine) . 

Touch of Color: PX 105 featured 

a natu ral aluminum finish relieved 
only by tht: bright ye llow vertical tail 

~u rfaccs, ~rn<l the normal RCAf ma rk­

ings . Evidentl y all the RC1\f Men­

tors are 1-inished in this manner, and 

Jo not ha\'e the trad itional "all yel­

low" p:i int job . 

:---.-ormal ly, the instructor s its in the 

rea r seat :ind the pupil in front : after 

some discussion it was decided that 

ea.-ra.'{'.C~~ cro~r-t 
~~ Yes ,;,, . . . ' "'"'"""' J<> '°"'" 

111 most cases . .. often the first appc:.irancc. 
It gives a prcttv good idc:1 of 11·hat lies under the 

surf:ice .. .. 1lthough 11·c will :idmit that thcrc 
arc ,ome deceitful dandies. 

:\ ppc:tranccs count in aircr:1ft too1 .-\ gooJ 
:ippe:irance indic:ites a well-kept cr:ift because good 

:tppe:trance indicat<.:s attention . And that cared-for 
appearance instills confidence where confidence 

is nceded as 11-cll as increasing the ai rcraft' s value. 

.\ good appearance is so easily and 
inexpensi1·eh· obtained and maintained todav on anv 

,teropbne 11·it h tried and proven products. He~c·s h<lll_-: 

ALUMINUM AIRCRAFT 
Nevr-Dull, a chemically impregnated cotton wadding, is 
an aluminum polish contain ing cle aning solvents that re­
move corrosion, carbon exhaust marks, wax, tar, grease, ra in 
marks, grit, petroleum and deposits around rivets and a long 
skin joints. Nevr- Dull produces an extremely high lustre, eas1 
quickly, and leaves a long- lasting protective g loss, Just rub it 
wipe clean, and you' ll be keeping up appe arances the best, most e cor.omical 
way known. Specified by the R.C.A.F, 

FABRIC OR PLYWOOD AIRCRAFT 
SKYLAC . .. the successor to dopes ... has been 

critically checke d and e xtensively tested over mill ions 
of miles unde r actual flight conditions by major 

airlines. Now it is ready for private plane 
owne rs and operators. Skylac, durable, weather and 

flame resistant finish for aircraft surfaces produces 
a better final finish in four to five coats than normally 

possible with nine to ten coats of other 
finishes. You can maintain appearances, too, in any 

one of an extensive range of colours. 

NEVR•P/JLL . TH~~COMPANY.'. c.AHA,DllLTD. 

'l<J1,J JI /I \ St. Johns, P Q . ~~~ABB\ _ -= ~ 
nd 

£.11C..~ .~ To:onto On~. ~ J~HHt a ~....,,, ....... ,. '".::::'.::~.· ··--·~ -, , .,"j 
are available through your neareu dea/e~, ~~:::::::.a-------~ 

or wrire lor further inlormal ion lo 
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