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and aircraft production 
By GROUP CAPTAIN H. R.. E'OOTTIT 

"Engineer: One who man­
age ngines, or direct the 
artillery f an army. 

-Dictioruwy f th Eng lish 
£ angtUJ.,g, , 175S. 

DR. SAMUEL Johnson penned 
these words for his famous 
dictionary. For this was the ac­

cepted definition ( an engineer in the 
da when John on , nd his friend 
Jame Bo well aroused through the 
street of London rown io th n, aJI 
hours of I.be morning. The great era 
o science, en ioeering, and product.ion 
had yet to emerge from d1e ogg think­
ing of the alchemist and pseud • 
cientists of the fiddle res. 

1n fact, ome twenty year were to 
slide by until de Rozier took r the 
ai r iD the ga Montgolfie r Brorher~· 
hot air balloon· over 100 year unti l 
Lenoir ran hi. fi r t crude int rnal om­
bustioo engine, whi ·h ir Ge r~c ;a)• 

le had foreseen om ye rs be re .rnd 
pred icted that th '·explo ion ma hine'· 
would be u ed or m nned Ai h ; and, 
of course, ome l.50 year were c pa 
before the Wright Brother ·o red , er 
the and dunes of Kitty H awk. 

First Steps: Keeping pa e wiLh th .,4 

advancements iJl cien.rific kno\ I cl e 
and engi11eering kDow-hm were rh 
fir t crude experiment in mass produ • 
tion technique . A.bout the tim·e cl 
Rozier wa. ballooning over France, 
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:mother · ren hman, LeBl;in w. toy­
ing with the ide:1 of ma ' produci.ng 
mu keLs. Thoma. Jcffer on unearthed 
LeBlan and \ rote rom P, ri • Lo John 
Ja in the . . in 17 5: • 
rnent is made here i_o th 
of mu kers .. . It consist 
ing of eve ry part of them so exa tl y 
alike. th at what belon s co any one, 
may be used for e er other musket in 
rhc magaz.ine." 

Accuracy, the mother of mass pro­
duction, had been discovered. And Eli 
Whitney, some 15 years later, was to 
light the same torch in the U.S. and 
see the flame of mechanical duplication 
spread to clocks, engines, and printing 
presses. So through the centuries eng­
ineering and production have been 
tightly bonded together. And when 
considered relative to the modern air­
craft industry the bond is longer and 
tighter. 

For ai rcraft ca nnot be produced like 
pots and pans, without the backing of 
large engineering staffs. This fact is of 
prime importance to Ca nada and 
Canadians. H istor} has shown that 
Canadian inJustn· has had a great 
thirst fo r the Droduction oi iorei,,n . "' 
designs ot a! :11 ost e,·e r~ in ,!us,r ial item. 
Coupled \,·ith rhis (!e,ire rus been the 
\·ague ieelin_; tha : ec:;::,ter:n _; sta ffs 
are not requ ired. B~:: ,i:.~:-.E t produc­
tion \\' o u 1 d x : ~:;-:--:ed \\·ithout 

engineers . And the war potential of 
the Canadian aircraft industry would 
crumble unless the engineer were there 
in force to buttress the production line. 

The Difference: Before outlining the 
role played by engineers, it is vital to 
understand how aircraft production 
differs generally from other produc­
tion processing. Everett B. Schaefer, 
assistant chief engineer of the Cana­
dair Limited, explains it this way: 
"The use of the term 'production ' 
when applied to aircraft, usually con­
fuses people. It brings to the mind's 
eye long, mechanical assembly lines, 
similar to those used in the manu­
facture of automobiles, radios, and re­
frigerators. l n comparison to these true 
production lines, the aircraft produc­
tion line is nothing more than a series 
of pilot runs th at never really get into 
large scale production .'' 

Coming from an engineering execu­
ti ve of the company that recently 
turned over to the Hon. Brooke Clax­
ton :rnJ Air Marshal C. R. Siemon, 
RCAF. the l ,000th Sabre fighter, this 
is an important statement. Of course, 
it is quite right. This enviable Cana­
Jai r proJ uction run, which stretched 
o •er c,·cral •cir.-. i me rely :i few 
da, OUtJ l1t in the :1utomotive worlJ. 
Furthermore. Lhe I .000rh '::i bre wa ,1 

. brc -; t.hi~ 1110 le! bei ng preceded by 
wo other l:trge s , I productir 11 Sabre . 
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the 2 and the 4. 

E . B. Schaefer's statement, though 
made in a time of peace, is just as 
relatively true in time of war. The 
production run of airplanes of one 
type may be longer, but so are the 
production runs of jeeps and trucks. 
And the shorter run of aircraft re­
quires a large team of engineers to get 
the run started, and keep it going 
with up to the minute fighting air­
craft, 

Complexity & Change: The two 
major reasons for the short run military 
aircraft production, and the engineers 
required to keep it going, can be sum­
med up in the words "complexi ty" and 
"change". The intricate construction 
and equipment, and the necessity to 
meet rapidly changing operational de­
mands, has screened out aircraft pro­
duction from consumer goods produc­
tion. These two modern factors are the 
backdrop to the words of J. A. Morley, 
Sales & Service Director fo r A. V. 
Roe Canada; "In 1943 for every special­
ized radar and electronic job the air­
craft manufacturer needed one tech­
nician for every 1,000 employees. To­
day one out of every 24 employees is 
needed for such a job. At that time 
one out of 22 employees was an 
engineering or technically trained man. 
Today the proportion is one out of 
eight." 

The two basic divisions in an ai r­
craft program which call for a high 
percentage of engineering talent over 
a long period of time are : (a) getting 
a new design, either one's own or one 
pioneered by another company, in to 
production, and (b) routine and model 
changes to keep the latest version roll­
ing from the line. 

In Canada, the A. V. Roe Company 
that sprawls on the edge of Malton 
airport, is the one example of a firm 
th a'.t designed, prototyped, developed, 
and finally produced in quantity, the 
all-weather CF-100 with its Orenda 
engines. It is a well recognized fac t in 
aeronautical engineering circles that 
the tremendous engineering effort re­
quired to get the prototype into large 
production is usually not much less 
than the effort required to design and 
develop the first airp!ane. 

The Hard Way: Avro's Aircraft 
Division found this out the hard way . 
To get the CF -100 production moving 
in the early '50s the same design team 
was har-d at work, often far into the 
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night, trying to productionize the pro­
totype design, correct the stream of 
operationa l and flying deficiencies that 
were spewing from early company 
and RCAF Aight tests, and investigate 
the advances in fire power that were to 
eventually result in the present oper­
ational version, the Mark 4. 

This initial flood of changes, even 
two years ago, required a 30 to 40 per 
cent change in what was then con­
sidered production tooling: 15,000 tem­
plates, 7,000 forming tools and dies, 
3,000 machine tools, and 125 major 
assembly jigs - with many more to 
follow as production reached a peak. 
Though engineering has slowed down 
a fot now, the effort behind the Mark 
4 CF-100 program is still a large item 
on the company's bill for engineering. 

The engineering pressure behind 
getting and keeping a new design in 
production is probably better recogniz­
ed than the parallel effort that is 
required to get and keep someone else's 
de s ign in production. Canadair's 
modern plant on the fringes of Mont­
real houses one of the world's larges t 
manufacturers that has specialized in 
this type of aircraft production. And 
they have achieved world wide recog­
nition for the skill they have shown 
in doing it. 

Silver Star: The lates t Canadair pro­
duction line that was set moving in 

this fashion was that fo r the Lockheed­
designed "Silver Star" (T-33 ) jet 
trainer for the RCAF, with a Rolls­
Royce Nene replacing the original 
Allison engine. The growth of engineer­
ing man-hours from the firs t package 
of drawings ai r-mailed from California, 
to the estimated end of the contract is 
shown in Fig. 1. A glance at this 
gra ph shows tha t the engineering man­
hours reached a peak shortly after 
the first airc raft moved out of the fiml 
assembly hangar. And then the peak 
steadied into a plateau. Even the estim­
ated monthly man-hours in the future, 
and within sigh t of the end of the 
planned contract, are still about 50%, 
of the peak figures. 

What keeps so many engineers busy 
for so long? Initially every Lockheed 
T-33 drawing received must be run 
through the Canadair engineer depart­
ment. Changes are made as necessary 
so the drawings fit Canadair's s,andard 
procedures and materials, processes and 
methods of manufacture. Any chang~s 
required by the RCAF are also made 
at this time. To make changes, the 
Canadair design team must be as 
thorough ly conversant with these draw­
ings, and the resulting parts, as Lock­
heed. Consequently, there is a large 
element of plain study that adds up 
the hours in this first phase. When 
the drawings for a fighter run between 
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1. DESIGN 
(a) Inve·stigation of N.A. changes & release to shop. 
(b) Investigation of service changes & redesign. 
{c) Redesign to overcome manufacturing difficulties. 
( d) Preparation of engineering change proposals. 
(e) Preparation & release of material & equipment changes. 

2. LIAISON 
{a) General liaison with manufacturing on specs, etc. 
(b) Salvage of unacceptably manufactured parts. 
{c) Investigation of manufacturing difficulties. 
(d) Representation at sub-contrcrctors plants. 

3. FUNCTIONAL PROCEDURES 

(a) Preparation & release of functional test schedules. 
(b) Test equipment difficulties & malfunction of systems. 

4. MATERIALS & PROCESSES 
(a) Preparation & maintenance of specifications. 
(b) Technical assistance to shop on materials & proce-sses. 
(c) Operation of materials laboratory. 

5. AERODYNAMICS 
(a) Reports on changes affecting aerodynamics. 
(b) Performance estimates - opera.ting data for pilots. 

6. STRESS 
(a) Reports on changes affecting strength. 
(b) Check & approval of changed structure drawings. 

7. STRUCTURAL TEST 
(a) Operation of test laboratory & conduct of tests. 
(b) Reports on test results. 

8. WEIGHT 
(a) Weight & balance estimates on changes. 
(b) Weight check on new and changed drawings. 
(c) Weight & balance check & report on product aircraft. 

FIGWl!l.E 4-

PRO0UCT'ION E.NGlNUltlN~ FUNCTIONS 

10,000 and 15,000, it is not hard to see 
how the engineering time builds up. 

A survey of the engineering record 
of the F-86 Sabre will answer the gues­
tion on what keeps the engineers going 
after pmduction is moving. The first 
Canadair Sabre flew on August 9, 
1950 - just four years ago. In these 
four years there has been a steady 
flood of changes: some originating 
with the original designer, North Am­
erican, and some originating with 
Canadair, from both company and 
RCAF reguirements. All in all, in the 
last rhree years, these have added up 
to 50,000 separate engineering change 
orders. The Sabre engineering man­
hours and the log of changes for 1952 
and 1953 are shown in Figure 2. This 
is a staggering record to anyone that 
thinks that aircraft can be produced 
without the aid of engineers. 

Model Change: Part of this im­
pressive change schedule can be lump­
ed under the heading "model change". 
In this case the modifications are so 
extensive, and they affect the operation 
of the aircraft so much as a whole, that 
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a new designation is tagged on the air­
pla ne. A typical case is the Sabre 5. In 
rhis case the General Electric J-47 
engine of the Sabre 4 was replaced by 
the Avro Orenda engine to improve the 
performance of the aircraft to meet a 
stepped up threat. The new aircraft 
was labelled the Sabre 5. 

This sounds like a simple change. 
As W. B. Boggs, production engineer 
for Canadair jokingly tells it, "I well 
remember the initial discussions on thi 
change. Someone told us tha t all we 
had to do was build a large reamer 
and ream a hole for the larger diameter 
Orenda engine. But the results were 
far from this. It ended up with a 50% 
change in the structural parts of the 
aircraft! " 

The impact of the Sabre 5 on the 
normal man-hours is shown in Figure 
3. In essence, the peak engineering 
man-hour month, just about doubled 
the normal produotion run engineering 
man-hours previously logged. 

Model changes and routine changes, 
of course, do not occupy the complete 
time of a production engi neering de-

partment. Other engineering worK 
filters through the organization. The 
complete breakdown of work for the 
S.rbre production contract can be sum­
marized as shown in Figure 4. Even 
a quick sca n of this list shows that 
engineers and aircraft production are 
welded together into what we now call 
a "production faci lity". And this com­
bined operation is a precious link in 
the defence of Canada. 

Vance Report: The Canadian In­
dustrial Preparedness Association has 
long highlighted the importance of 
Dhese facilities. Last year they circular­
ized their members with a summary of 
the U .S. "Vance Report" . This report 
was prepared by a committee headed 
by Mr. Harold Vance, President of 
the Studebaker Corporation. The com­
mittee 's job was to review the defence 
of the U.S. in relation to its industrial 
strength. The Preparedness Association 
reported , "The (Vance) Committee 
notes that productive capacity is the 
greatest single deterrent to would-be 
aggressors, and consequently, any im­
pairment of that deterrent, by neglect 
or dbsolesence, is dangerous." 

E ngineers, bound as they are to 
Canadian aircraft productive capacity, 
are thus as vita l to this country as the 
bricks, mortar, and machine tools of 
the contractor's plant. Yet we in Can­
ada just do not turn out enough young 
engineers to meet the demand. The 
Right Hon. C. D. Howe, Min ister 
of Defe nce Production, told the stu­
dents of the University of Toronto two 
year ago, "I can foresee no possibility 
of the supply of engineering graduates 
ever exceeding the demand, in this 
ex-pa nding country of ours." 

And A. V. Roe surveyed the aeronau­
tica l fidd early this year and reported 
'that, "on ly two aeronautical engineers 
are expected to be grad uated in Can­
ada this year, though the nation "s 
aviation industry is operating at a 
peacetime peak and the demand for 
scientists is high ." 

More Engineers: To keep our war­
essential aircraft productive capacity 
gorng, including i,ts life-blood of 
engineers, we need to inject more 
young aeronautical engineers into the 
stream, and keep them there. The 
Canadian Industrial Preparedness As­
sociation has also worried over tµi s 
problem. "If our defence production 
potential is to be as great as is desir­
able, some careful consideration must 

( Continued nn on.I!, 6?) 
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PROTEUS 
( Co11tint1ed from page 14) 

from the engine. The electric starter 
and starting pump are mounted on 
~he engine gearbox. 

Control System: Like all British 
turboprops, the Proteus has single­
lever control. The propeller is auto­
matic, the blades adjusting to take 
the power being delivered as the en­
gine speed is varied by altering the 
fuel supply by the single lever. 

It is important to appreciate that the 
pilot controls the "boiler" by varying 
is fuel supply and from the output of 
the "boiler" the power turbine extracts 
the urge to drive the propeller. When 
the engine is idling, or when it is be­
ing started, there is barely enough 
surplus energy after the compressor 
turbine to turn the propeller. A fea­
ture of the Proteus is that, while the 
operating rpm of the compressor/ 
turbine are 11,000 to 12,000, the pro­
peller rpm at cruising power are only 
about 1,000. This low propeller rpm, 
which is not at all influenced by the 
compressor/ turbine speed, make's the 
Proteus a very quiet engine. Even at 
foll take-off power the propeller rpm, 
and therefore the tip speeds, are low 
and the Britannia, for instance, is very 
much quieter than any other airplane 
of its size and power. 

The Britannia Accident: The fire 
that led to the loss of the Bristol Bri­
tannia prototype last winter was 
caljsed by the failure of a non-standard 
experimental engine. The sequence of 
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be given to building up a pool of 
skilled tradesmen and technical person­
nel !by building up the industries which 
can keep them usefully employed and 
hence up to date m their particular 
occupation." 

This last phrase is particularly im­
portant. Once the engineering team is 
assembled and integrated into our air­
craft industry, sufficient contracts mmt 
be kept flowing to keep the team on 
its toes. The CIPA underlines this 
point: "There is no known way of 
mothlballing technical knowledge and 
know-how. The provision of these con­
stituents of manufacturing capacity is 
of equal importance to the provision of 
machines, buildings, power, and ma­
terial resources." 

Mr. K. Ebel, vice-president, Engin­
eering, for Canadair, holds the same 
views. "Engineers are a vital part of 
aircraft production. But as engineering 
ta·pers off towards the end of a produc­
tion contract we must fill in the gap 
with new engineering work. You can't 
just keep the men sitting around, since 
you can't stock-pile engineering talent. 
It rusts, rots, or runs away unless it is 
kept busy." 

Peace-loving Canadians everywhere 
can well pay heed to hi s words. For 
the defence of the West may hinge 
heavily on our engineers and the air­
craft production lines they help to 
support. 

GOVERNMENT 
AIRWAYS 

P.O. Box 850 

FRINC~ ALBERT SASK. 

AN and NAS Screws and Bolts . 
Our Specialty AN 509 and 525 - NAS 220 

through 225. 
Drilled Fillister head AN 500 - 501 502 

and 503. 
AN 4 through AN 10 d iameter Bolts . 
Close tolerance Bolts . 
Special Bolts and Bushings. 
Aircraft Fittings. 

2-3 week delivery on mill 
runs AN 5 thru AN ID. 

for your requirements call-

~CbU!S 
SALES CO., INC. 

Distributors of 
Aircraft and Industrial Hardware 
38 GRANT ST., BUFFALO 13, N.Y. 
Telephone Elmwood 1568 1569 
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