
The Integration of Industry 
By GROUP CAPTAIN H. R. FOOTTIT 

"The scope of aeronautics is 
widening at such a pace that the 
aircraft industry is still pioneer­
ing." 

-S. Scott Hall 

HE WAS A MARTYR in a way. 
The British had sent him over 
to the U.S. experimental statio"h 

at McCook Field to demonstrate the 
latest developments in their Guardian 
Angel parachute. 

So in July, 1919, Lieutenant Cald­
well dimbed into the waiting ~ircra.ft 
with the pilot and they took off. 
Stowed on the aircraft, with a static 
line attached to Caldwell, was the 
parachute. As the pilot brought the 
plane over the field Caldwell clambered 
out and jumped. Something went 
wrong. Caldwell 's fa lling body yanked 
the static line tight, the parachute 
pulled out, but it caught on the air­
craft. As the watchers below held their 
breath, the line between the parachute 
and Caldwell snapped. The lieutenant 
plunged to his death. 

Turning Point: Although a life had 
been sacrificed to the goddess of pro­
gress, Caldwell's death marked a turn-

ing point. The development of the 
free falling parachute-attached dir­
ectly to the wearer instead of the air­
craft-began with new enthusiasm. 
Parachute men such as Major E. L. 
Hoffman, Floyd Smith, and Leslie L. 
Irvin brought the free falling chute 
to fruition. As the years slipped .by 
from that dire day in 1919, the para­
chute became such a standard, fixed 
size piece of equipment for military 
craft that the aircraft designer no 
longer bothered about it. All he had 
to do was to provide a simple stowage. 

This detached attitude of the de­
signer to the parachute, the radio, and 
other items of ground and airborne 
equipment was to prevail for the next 
35 years. Then systems thinking 
arrived . Now the parachute is only a 
part of an escape system; the radio is 
part of an integrated electronic system; 
the auto-pilot is part of an automatic 
flight control system; and the ground 
starter cart is part of a servicing 
system. 

As the fire of this systems thinking 
swept through the aircraft manufac­
turer 's engineering department, it kin­
dl~d a small flame at the top. Now 

managers are beginning to ask, "If we 
have to integrate our airplane design 
with all these special systems manu­
facturers, why don't we integrate the 
cdmpanies themselves?" In the past 
there have been such integrations, but 
these have taken place mainly for eco­
nomic reasons. The vast Hawker­
Siddeley group in the U.K., with its 
A.V. Roe off-shoot in Cariada, and the 
United Aircraft Corporation in the 
U.S. are cases in point. But now we 
are seeing company integrations to get 
a project done, whether it be a guided 
missile, a jet transport, or a military 
interceptor. This is a new idea and a 
powerful one. And I think it fore­
shadows a new and better era in the 
purchase of tomorrow's civil and mili­
tary air power. 

Design Proposal: In the past the 
usual purchasing procedure for an air­
craft that was still on the drawing 
board, was to have the designer sub­
mit his proposal to the customer. The 
aircraft man often allowed a limited 
choice in engines, and an unlimited 
choice in practically everything else 
that went into the new plane. Ground 
support equipment wasn't even thought 

To he produced for British European Airways by. an aeronautical combine comprising de Havtlland, Hunting and 
Fairey interests, is the new DH-121 jet airliner. Rolls-Royce RB-141 hy-pass engines will power new transport. 
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Involved in one of first 
experiments in integ- ' 
rated design was the 
8-29, with Boeing, Gen­
eral Electric & USAAF 
working closely in de­
velopment of the 'bomb­
er's defensive system. 

of. However, a contract would be 
signed. Then the aircraft comrany 
would march merrily on its way as 
though the only thing that mattered 
was to get the airframe drawings roll­
ing into the shop. Installation engineers 
from the engine manufacturer would 
arrive and were looked on as a 
necessary nuisance. Airborne and 
ground equipment representatives were 
another necessary evil. In many cases 
it was only by continual prodding from 
the customer and long, drawn out 
meetings between customer, equipment 
supplier and aircraft designer, that 
somehow all the airborne equipment 
got stowed in the airplane and the 
ground support equipment delivered 
to the tarmac. In many cases, too, this 
ideal was only reached many months 
after the customer had taken delivery 
of the product. 

From this procedure it is obvious 
that the customer had to dabble deep 
in the design and the phasing of the 
whole pmject, if he ever wanted to get 
his equipment in operation in a reason­
able time. With this new concept of 
integration, however, I think that we 
are going to see these companies get 
together right from the proposal stage. 
Thus, in the days to come the customer 
will buy a "packaged deal" from the 
first proposal specification to the com­
pleted project. And if he does, it 
should cost him less and save him time. 

Although this may sound like a new 
novel approach to purchasing we have 
already nibbled at such an idea in the 
past. Some fifteen years ago, for ex­
ample, the U.S. Army Air Force de­
cided that the B-29 bomber should 
have its defensive armament designed 
in conjunction with the airframe. The 
Air Force had arrived at this decision 
by a process of bitter experience. For 
the B-29's predecessor, the B-17 Flying 
Fortress, had run into trouble in fight-
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ing the air war in Europe during the 
early days of World War II. The B-17 
had been called a Flying Fortress since 
it was equipped with five hand held 
guns. This defensive armament had 
been laid out by Boeing almost in the 
same way they provided the parachute 
stowages. When the Fortress went into 
battle it turned out to be an easy prey 
for the Nazi fighters. The B-17 had 
too little fire power, too many areas of 
single gun coverage, and too many 
blind spots. 

Defensive Armament: After the B-29 
contract was signed and the design 
under way, the USAAF sat down with 
Boeing and General Electric to look 
into the defensive armament. The com­
panies decided bo integz:ate their efforts. 
As R. A. Averitt of General Electric's 
Aviation Division said in 1945, "For 
the first time an attempt was made to 
design the defensive armament as a 
complete system providing a maximum 
of protection with a minimum .of addi­
tional weight and drag imposed on the 
airplane." As a result of this integra­
tion the B-29 went into service with 
five remotely controlled turrets, and a 
tail cannon. Moreover, the guns were 
aimed and fired with the aid of 
mechanical computers that ground in 
corrections of speed, altitude and firing 
range. The whole system was laid out 
to give good protection to the bomber 
with wide, overlapping fields of fire. 

Like everything else that must be 
battle proven, there were many changes 
to the B-29's defensive system after it 
went into service. Yet relativ~ly speak­
ing this integration of Boeing's and 
General Electric's design, development 
and production efforts was a marked 
success. Th~ first stumbling steps 
towards the integration of the aero­
nautical industry had started. But it 
was only the beginning. To the missile 
designers must go the honors for point-

ing out the road to complete integra­
tion, that the airplane companies are 
just now starting to tread. 

It all began at the end of World 
War II. The U.S. Army was capti­
vated, like the rest of the world, by 
the great strides the Germans had 
taken in the development of their V-1 
and V-2 missiles. The missile age had 
arrived and the Army intended to be 
in on it. They called in the Bell Tele­
phone Co. Now it happened that Bell 
had coined the word "Bell System" 
towards the end of the 19th Century, 
and their engineers were well versed 
in system thinking. Moreover, Bell, 
during the war had been an associate 
manufacturer for the Army in produc­
ing a part of an anti-aircraft fire con­
trol system. As a result they received 
innumerable complaints about mis­
matched units of the system, since it 
contained many parts and boxes from 
other manufacturers. It was obvious to 
Bell that the fire control equipment 
had not been engineered along the in­
tegrated, system lines that they had 
pioneered for their telephone network. 

System Thinking: With this back­
ground Bell was in a good position to 
get into the missile game when the 
Army called them in to do a study. 
B~ll's engineers soon started to look at 
the missile in the way they were used 
to-as a complete system. After five 
months of study they suggested that 
other companies be integrated into the 
missile system design. The Army 
agreed . The result was the Nike, an 
anti-aircraft missile that has since been 
slated for the defence of n1any major 
U.S. cities from coast to coast. The 
integration of industry to fulfil this 
task centered mainly around Bell, their 
affiliate the Western Electric Co., and 
Douglas aircraft. 

As it finally worked out the produc­
tion of the Nike was split about 
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equally, with Western building the 
radars, command and control trailers, 
and various miscellaneous gear, while 
Douglas was respo nsible for the mis­
sile ai rframe, launcher and control 
equi pment. Since ike is one of the 
earliest missi les in the Western World 
to go into service, there is no doubt 
that this in tegration of the industry 
wa a resounding success. 

This Bell, Western Electric and 
Douglas type of merger is not a perma­
nent business structure. Instead it is a 
team assembled to complete a particu­
lar project. Our aircraft industry, in­
cluding the engine and equipment 
manufacturers, have not, in general, 
grasped this idea when it comes to 
proposing a new civil or military air­
plane. The thinking in the airplane 
world runs more 'to the building of 
permanent business structures by cor­
porate mergers. Canadair Ltd. in 
Montreal is a part of the General Dy­
namics Corporation. And A.V. Roe 
Canada Limited in Toronto is not only 
a member of the British Hawker Sid­
deley Group, but has been busily build­
ing its own Canadian corporate struc­
tu re. 

Mining to Jets: I was talking to E. 
G. Mahoney, manager of the Ottawa 
office of A vro Aircraft Limited. He 
told me that "the A.V. Roe Canada 
organization now includes 42 subsidi­
ary companies." These vary all the way 
from mining coal to designing and 
producing intricate jet engines and 
equipment. The aeronautical division 
of the corporation is headed by Vice 
President Fred T. Smye. It includes 
Avro Aircraft, Orenda Engines, Cana­
dian Applied Research, and Canadian 
Steel Improvement. Only the future 
will tell whether this type of perma-

nent organization will band together 
with others to come forward with an 
integrated design proposal for some 
new military or civil air system. To 
date they have shown little tendency 
to do so. In fact companies that have 
an aircraft division and an engine divi­
sion, m ch as the Bris,tol Aeroplane 
organ•ization in the U ,K., have been 
notor,ious for their lack of integ-ration 
even whe,n they've been embroiled 
in the same projeot. For some reason 
a,ircraft divisi::ms tended to wo,rk far 
better w~th an independent engine 
man ufaoturer. 

In the U.K. the governme nt has 
adopted a definite policy of trying to 
get these aeronautical organizations 
together. As Minister of Aviation 
Harold Watkinson said recently, "Both 
the Minister of Supply and I feel that 
a policy of merged effort should be 
encouraged and we shall exert what­
ever influence we can in this direction 
in placing future orders." His words 
were directed at the corporate struggle 
that had been going on in England 
as both Bristol and de Havilland tried 
to land a contract for a new jet trans­
port. 

The story began when British Euro­
pean Airways issued a requirement for 
a • 100 passenger, 1700 mile range jet 
airliner. To keep their fleet modern 
BEA had previously ordered some 
Comet 4's as an interim measure. Now 
they wanted a new jetliner for oper­
ations commencing about 1964. When 
the specification for the new transport 
was sent out, four British companies, 
Vickers, Avro, Bristol and de Havil­
land submitted design proposals. The 
Government was particularly keen that 
the project should be financed from 
company funds. None of the firms felt 
that they could risk their finances on 

this venture. So the project remained 
dormant. 

Tri-Motor: Bristol 's had proposed a 
tri-motor jet, with the engines mounted 
close to the tail. This was the Bristol 
200. The Hawker Siddeley Group 
looked over the proposal and decided 
that they would plunge into the con­
tractual pool with Bristol. So it was 
subsequently announced that a separate 
company would be formed by the two 
organizations for the single purpose of 
designing and building the Bristol 200. 
Hawker Siddeley, backed by capita] 
and reserves of some $157 million 
would own 65% of the new corpora­
tion, and Bristol, with capital of $4-
rnillion, would have 35% , 

An impressive Board of Director 
was lined up with representatives fro m 
Bristol's, Hawker Siddeley, and Short 
and Harland, associate producers of 
the Bristol Britannia. Sir Arnold H all. 
former head of the Royal Aircraft 
Establishment, would be the manag­
ing director, and Dr. A. E. Russell. 
technical head of Bristol's would be the 
Chief Engineer. Apparently the com­
pany would only materialize when 
they were assured of an order. Since 
the de H avilland design was being 
rumoured as being the BEA choice, 
the skeleton Bristol-Hawker Siddeley 
group lost no time in looking into 
other markets. E. Burns, Ottawa repre­
sentative for Bristol Canada told me 
last month that Dr. Russell and a team 
from the group were going around the 
U.S. carriers to see what interest they 
could arouse for the Bristol 200. 

De Havillands solved ~heir .financia'l 
problem by teanl!ing uip ( 67 ½ % in­
terest) wiith rhe Hun1nin,g Group 
(22½ % ), and Fairey . Aviation 

(Continued on page 122 ) 

The missirfe industry pioneered in product development by integration of effort, with such successful result~ as 
that shown below. Sequence photos record January 10th launching of. an Atlas 1ICBM from Cape Canaveral, Florida. 
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moved from Montreal to new quarters 
in H amilton with 10,000 sq. ft. of 
plant area. In their new location , the 
Simmonds firms plan gradually to ex­
pand repair and service faci lities, even­
tually manufacturing a selection of 
suitable components, for which they 
are Canadian licensees, that are now 
manufactured elsewhere to Simmonds 
specifications. Included in line of pro­
prietary aircraft accessories which 
Simmonds supplies and services in 
Canada is fuel gauging equipment 
used in TCA aircraft. 

•Daystrom Ltd.: Formed recently at 
Toronto to handle sales, service assem­
bly and manufacture of Daystrom Inc. 
electronic products in Canada. Manu­
facture of gyros and accelerometers 
for aircraft and guided missiles is 
planned at Canadian subsidiary's new 
plant. 

•Rotaire Ltd.: An affi liate of Gen­
aire Ltd., Rotaire specializes in heli­
copter repair, overhaul, maintenance 
and engineering, catering to needs of 
Canadian operators of military and 
civil rotary wing aircraft. Firm is 
supported by Genaire's shop faci lities 
at St. Catharines and Malton. Working 

Manufactured 
& 

Refinished to 

parties provide technical service m the 
field. 

SPARROW 
(Continued /mm page 88) 

torpedo that has been developed by 
the Canadian Armament Research & 

Development Establishment. Practi­
cally nothing has been said officially 
about this weapon, but it is slated for 
service with both the RCN and the 
RCAF, presumably as armament for 
the CS2F-1 Tracker and the CP-107 
Argus. 

Although there is now some evi­
dence of progress in the Canadian 
missile program, the-re is still little 
indication as to what the next step 
might be. As C. F. Hembery, president 
o,f Computing Devices o.f Canada, 
said at the 1957 AITA general meeting: 

"Canada's place in missile develop­
ment is not yet clear. The basic ques­
tion is this: Can Canada afford to sup­
port a full scale development program 
on one or more types of guided missiles 
specifically adapted to Canadian de­
fence, or must we rely on American 
and British developments? We have 

R.C.A.F. &· Commercial Specifications 

tried both ways, with the Velvet Glove 
and the Sparrow 2. If we attempt to 
manufacture foreign developments, we 
must accept the delays which this ap­
proach entails. If we try to do our own 
research and development, we must be 
prepared to bear the costs. 

"The cost-s of development are con­
siderable, and it is inevitable that much 
work already done elsewhere must be 
duplicated because of security restric­
tions. The argument in favor of manu­
facturing under license is mainly econ­
omy. We avoid duplication of effort, 
and we save engineering man hours. 
On the other hand, we may lose up to 
two or three years in getting a missile 
i11Jto operational use. 

"In favor of developing our own 
missiles, it is said that against the 
money cost must be balance the value 
of building up a reservoir or experi­
enced personnel which we can use if 
we find ourselves unable to obtain 
equipment from our allies." 

FOOTTIT 
( Continued from page 94) 

(10% )- In thi,s way it was possible to 
finance tihe dea1[ ,priviaitely. A new com­
pany ~ms !been formed c'aHed "Airtraft 
Manufacturing Co. L1Jd .," or "Airto". 
Rolls-R'Oyce, ,in ,their usu1al manne•r, 
a•re financing the engines. lt was re­
cen:rl y ,announced 1rhait rrhe Govern­
ment had given Briltish European Air­
ways the go-ahead to negotiate with de 
Hav,ililands and itiheir associates 6or the 
D.H. 121 jet itmnis,por1t. So in 111he end 
it looks as 1t1hougih de Hav•i1liJ.ands have 
won ,the rn.!Ce. And the Briti9h Gov­
ernmenlt lhras acihieved a measure of 
success in irlheir prodding for an inite­
gralt:i'on orf 1industry. 

Independent Action: What the 
Brini~h Government iha,s •done by 

HELICOPTER Maintenance, Repair, Overhaul and Engineering 

Canada's First International 

Helicopter Overhaul Company 

will Service, Salvage, Pick Up 

and Deliver anyw~ere in 

Canada or the U.S.A. 

• D.O.T. Approved 

• C.A.A, Appi-oved 

• Bell Helicopter Approved 

• Lycoming Engine Sales 
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"I-·or r·uu lntormahon Contac-t A. R. Limmert , Managing Director" 

Our personnel, shop 

facilities, equipment 

and complete stock of 

spares, are available for 

immediate specialized 

service for all types of 

Rotary Wing Aircraft. 

P,O. 1B'O•X 303, M 1.t<LTON, O'NITl<RIO, ·BU~LH 6-2'131 P.O. IIOX 84, ST. CATHl<RINE'S, ON<TA'R:•o , MUTlJl<L 4-1165 
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COMING EVENTS 

April 8-11- SAE National Aeronautic Meet­
ing H otel Commodore, New York City. 

April 14-17-Design Engineering Con­
ference, International Am1:1l1ithea tre, Chicago, 
Ill. 

April 21-22-AITA Semi-Annual Meeting, 
Empress H otel , Victoria, B.C. 

April 22-25-AGAR'D Wind T unnel & 
Model Testing Panel Meeting on Ballistics, 
Freiburg, Breisgau, Germany. 

April 28-30-IAS/USAF Office of Scientific 
Research Astronautics Symposium , D enver, 
Colorado. 

May 19-22-Annual National Conference, 
Sot. of Aeronautical Weight Engineers, Bel­
mont Plaza, New Yo rk City. 

May 26-27-CAI Annual General Meeting, 
King Edwa rd Hotel , Toronto. 

June 9-10-Canad ian Conference for Com­
puting and Data Processing, University of 
Toronto. 

June 14--A-ir Force Da y across Canada. 
June 24-26-3lst Meeting, Aviation Distri­

butors & Mfrs. Assoc., Mt. Washington Hotel, 
Rretton Woods, N.H. 

October 8-10-IRE 1958 Co nvention & 
Exposition, Automotive Hldg. , Exhibition 
Park, Toronto. 

vei'1ed coating, some Amerii'Cian com­
pa nies ,a•re n'Olw idoi ng on ,tlhe<ir own. 
Nor!th American 1A1viia1tion and 'Phi:JJ,i,ps 
Petrofoum :have :formed 1a joint com­
pany calfod A·sltrodyne Int o ripora'ted. 
This firm :wii1l1l ·spetila•l1ize ,in ~he de­
vei!-opmen't and pmdut t ion of solid 
propelilen:t-s 1wihrich wouM !be suitalble 
for ·sudh 1m'us•s,rles as ,tihe Reds,~one and 
~he Th1or. There is n•o ,indioaltion yelt 
rha1t 'l'hiis new camipany wilt! propose a 
new missi'1e 1projeot. Bu't •some of t'he 
ingredien'ts fo r such a to•urse are cer­
ta'ini!y ,there. Simiiliarly lthe well known 
Aeroje't Oonpomirio n lhais formed g 
pa rtner~h up agreemen't w i'th the 
Stauffer Ohemicia'l Company Ito work 
on boron !based ,pmpe'Hernts. Anicl oithe r 
mergers and alliances seem to be shap­
ing uip on tlhe Ame11itan scene. 

AN ltlhese ,in1tegra1tions of •industry 
have a high n'O'te falbeled "mono po1ly" 
- a word wi1th ia ,sour !tone in Western 
democrac ies wihere [a,ws ia,re spec-ifi­
caHy framed Ito conitroij sutih venitures. 
Yet t here are cer:ta1in ndva n'l'ages. 
Large companies ca n effic'.ienltl!y dis­
tribu te the jobs to rtheir own ·9pecial­
ized plan : o,·erhead, •packfog, •shi,p-

and :md ino- tend to !be 

search. 
power of 
WiUilams 
Economics of E_ 
unifie1d dema 
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can often !be pur­
at lower prices; 

ailable fo r re-

nwo WO'r'ld wa-rs tended 'ro bring com­
pan'ies !togeth er. Some of them •then 
s,nayed ~oge t!h.er "•so as ito ,have a repre­
se nmative !body caipalble of negoitiating 
wli'cli 1rhe G'overrnmen1t." ln other 
words, 'b-ig wor1ds cian come ·firOim big 
business and the government will sit 
up 'and 1,iSften. Bu't we worry lesit the 
diredtion of ende1avour 1th ey're propo-s­
ing ·is in tlhe in'teres't of C'Oun:t:,ry or 
merely in the interest of the company. 

Economists •r-ecogrnize 1oha1t tihese 
Jgrge firms •wi'th only one so urce of 
business require a stable and straight 
fo rward production run to remain 
efficient. Si nce itlhe aircro& indusltry is 
noted for its vidlenlt ups and d'()fWns 
i't wiH need 11:0lp rate management to 
sai,J a Sltraiglht cour,se. Moreover, as 
Gert rude Wi-11\'iams poinits ou't, "Every 
1ncrea·se in ,nhe scalle 'Olf 1producrion 
puts a lbi't m ore s'troin on lthe 'capacity 
oif 1the men wh'O a re in 1conltrol a't ,the 
top. N ot on ly does direction become 
more ,diffit u:llt, but any rnii:stake in 
judgment is more e~pensive 1a nid more 
disa9trous." The ne t remiits of itihese 
inrtegraitions, ~hen, is a hig\hily 'tuned 
company iorgan'izia'ti'on -that ·can easily 
swing to cositlly discords 1iif 1tlhe man­
agemelllt or tihe iprojec't develop even a 
sJ.ighlt ,degree of fos,talbi'lity. 

The Only Way: Rega,r:d'less of 'tlhese 
d isadvanita:ges, I 1t1hink i!'halt :the only 
way ,we ,can ever ge't 1rlhese complex 
a,irp1ane o r ·mis·s-il]e -systems 'in:to !being 
- wi,nh aH 1their a-irlfr.ames, engines, 
electronics, 1speda'i1ized equilpment, 
ground s•upport unirts, system•s train­
ers, crew 1tra'ine rs, groun1d dec'tronic 
a1i'd s, an1d a myr,i·ad ·of olther gea•r--,i-s 
by •an irntegraltion df ,indu,s,t•ry. This ,in­
tegration does not necessa rily have to 
be a ,per,ma nent business ·sttruclture. In 
faot h ere a re a !few inldicaltrons ,tha:r it 
may be !better ,ii£ ,j,r •isn 't. Wi1rh 1nhe 
proper ma n·agemenit, however, T ,don't 
,tlh,ink it 1ma1uters. T he ba,sic ipoi111t is 
t hat the conltrac'rors, frqm ,t,he first li ne 
on ,pa,per, must get 1wge~her as 'a team. 
For if 1rhe tteiaim ·can',t iphase •in 111hese 
complex, 1over1'aippi11'g 1devel'oipmen1rs, <to 
produce the lbes1t sy,site111 in m iniimum 
time wiith m'inimum cosit, 1bhen no one 
can. 

As S. S'Cott Bia.JI of 1rhe Ministry of 
Su,p,plly sa,id some t ime ago, ",11he air­
craft industry is still pioneering ." And 
if 1t1hey idon'lt ,get rrogeither a nd pioneer 
vhe ,imegra,tio n. of ,rhei,r :i nd u,stry then 
ome orher inidustria,J ·or-ga ni zia1bion iwiill 
rep in and do it for them. The time is 

fa t ru nning out. 
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HARDWARE 
Bolts - Nuts - Fitting, etc. 
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Circuit Breakers, etc. 
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• ELECTRICAL CABLE 

• BATTERIES 
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• HOSE-MILH-6000 
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Sales and Overhaul 
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