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In considering the subject "Production of an All Weather Long Range 

Jet Fighter", it seems logical to consider, briefly, the thinking behind 

the necessity for producing such an airplane. What are the 

operational requirements ? 

I have here a quotation from a standard schoolboy's Atlas: 

"Canada comprises the whole northern part of the North 

American continent excepting Alaska. Including the Arctic 

Archipelago lying between the 60th meridian on the east 

and the 141st'meridian on the west and extending from the 

northern boundaries of the United States to the North Pole. 

The total area of the country is over 3 3/4 million square : 

miles. °CT 20 1954 

These simple geographic statements when considered from a 

defence standpoint become facts that stagger the imagination. How 

can such a vast territory be defended? First of all it seems logical 

to assume that the potential threat to this courtry is by air. Again 

we ask, "How can Canada be effectively defended against air attack?" 
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It is fortunate, indeed, that we have people in our Government 

and in private industry who can see clearly into the future, not in the 

forecast of actual events but rather in the development of scientific 

equipment. Ail of us have rather definite ideas of what to expect 

of aircraft in the near future. We know that our potential enemies 

cap develop and are developing advanced bombers that are faster, 

that can attain higher maximum altitudes, and that will carry weapons 

that are more deadly and more accurate than anything that is in use 

today. Those things we must assume. Our airforce planners have 

estimated the probable speed and ceiling of near future bombers. In 

order to intercept and destroy such potential enemies after detection, 

we must have an airplane that can fly a long way, engage the enemy 

and return. This means that a terrific amount of fuel must be carried 

to feed the best available engines. This interceptor must have great 

speed to be able to make contact in a very short time and to be able 

to out-fly the enemy once contact is made. It must carry deadly 

weapons of the latest types and it must be equipped with the latest 

electronic devices for detecting and combating the enemy, under 

possible blind conditions. These basic requirements plus many 

others are the facts that determine the size and approximate 

configuration of the required aircraft. You can see that we are not 

talking about fighters and interceptors in the class of Spitfire, Hurricane 

or Mustang, nor are we any longer considering our present best 
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fighters. We are talkirg about a 15 to 20 ton airplane that will fly 

in excess of the speed of sound and perhaps attain a ceiling of something 

over 10 miles. Airforce technicians and analysts who estimate future 

threats work closely with aircraft design teams in deciding in detail 

the specifications for the airframe and at the same time, develop such 

items as armament, radio, radar, pressurization, refrigeration, heating, 

etc. 

At the close of World War II, defence planners accurately estimated 

the requirements that would be necessary in 1954 and as a result they 

are getting the CF-100 long range jet interceptor which has the speed, 

maximum altitude, fuel capacity, radar facilities and fire power to 

intercept and destroy any known bomber in existence today. The time 

from conception through design, development and quantity production, 

though normal for the aircraft industry world wide, was a long 5 years. 

We can say accurately that it takes about five years for aircraft 

manufacturers in any country to produce aircraft in quantity from the 

beginning of design. 

Past practice has been a development production cycle that began 

with the hand building of experimental prototypes, flight testing and 

then tooling for quantity production. The initial stage in this cycle, 

the hand building of prototypes, required that engineering design releases 

be only sufficient to enable first class aircfaft workers to make parts 
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strictly by hand methods, cutting and fitting on a trial and error basis. 

This results in an aircraft that may be a thing of beauty and may 

perform remarkably, but one that cannot be duplicated part for part. 

Further there will never be a desire to duplicate such an airplane part 

by part simply becuase parts were not developed with any thought as 

to ease of tooling and producing. This results in having to release 

a complete new set of detailed dimensioned drawings before processing, 

tool design and tool manufacture can be done. Then it becomes possible 

to manufacture detail parts in quantity and proceed with the business of 

making airplanes. 

About five years after the original thinking started, usable production 

aircraft begin to be delivered. By this time the aircraft is obsolete, 

and so are those that have been planned for the next year and the next. 

It becomes evident that we must find a way to reduce that five years as 

much as possible. 

After careful study of statistics on the development and manufacture of 

aircraft over the past 15 years, the following plan has been evolved. It 

is now thought possible because of our present engineering abilities and 

research equipment, to design an initial flight article that is extremely 

close to the specifications developed by wind tunnel work. In other 

words design engineering will make a complete release the first time 

with all details fully dimensioned. 
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The time lapse for so doing is little greater than would eventually 

have been necessary for a full production release but saves the time1 

needed for a prototype release,, What has been accomplished? All 

parts and assemblies can be planned for production. Tool designs for 

production can be started immediately. These are production tools 

which would have to be made later anyway but can now be ready to be 

used in making the first parts for the prototype. In the past, convenience 

tools were made by the skilled workers and generally afterwards scrapped. 

Assembly jigs can be designed and built that will take no longer than 

would have been necessary for a prototype but, again, these are 

production jigs that will not have to be scrapped or rebuilt. Inter- 

changeability media can be incorporated from the beginning. Of course, 

only one set of tools will be built at this stage. Further, only those tools 

that are economically feasible for making a few parts will be built. But 

those parts that are machined by non-production methods will still be 

made accurately to detailed dimensions. Sub-assemblies that later will 

be tooled are now incorporated in main jigs. It is now possible to 

make several prototypes that are alike and that are the same as future 

production models except for those changes that are incorporated as a 

result of thorough testing. In other words revisions that are a result 

of research and testing are the only changes necessary and those would 

have to be made under any system, but those changes that would have 

occurred due to the difference of method of manufacture are eliminated. 
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All changes must be carelly recorded in the form of concurrent detail 

drawings. Tool drawings must be kept abreast of the changes and tools 

reworked or rebuilt as necessary. The elapsed time will be no longer 

or very little longer than with the old method, but since all engineering 

details, all production planning and processing papers, all tool designs 

and some actual tools have been kept current, production in quantity 

can start immediately and can accelerate rapidly as the remainder of 

the tool plus duplicate tooling and convenience tooling are completed. 

Approximately two years of elapsed time have been saved. 

Now, let us consider the cost of such a program. Much to the 

surprise of most proponents of this theory the saving in cost can be 

enormous. It should not cost more. It has been determined that 

except in very unusual cases no greater than 25% scrap loss has 

occurred in past programs. 25% sounds like a lot but the loss is 

at a point in production where it is the cheapest. Sheet metal tools 

and sheet metal parts are the greatest affected. The cost of these items 

more than the cost of the same items under the old system is negligible, 

and the wrong or spoiled parts because of hand methods, are practically 

eliminated. Further, expensive castings and forgings are not 

involved since nearly all parts of this nature must necessarily be 

hogged from raw stock in the beginning. The real saving in cost is 

in the lower labor cost of producing the first several production models. 
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The cost of the first production aircraft will be reduced to the point 

where the cost will now be in the general area of 15 to 20 man hours 

per pound where 25 to 40 is more normal under previous methods. 

Take this difference over 20 tons of airframe and a considerable saving 

has resulted. 

The reason for this saving can best be explained by reference to the 

now common tool of aircraft industrial engineers, the learning or 

reduction curve,. The use of learning curves is a major subject in 

itself and I shall not go into detail at this time concerning it. It is 

sufficient to say that learning as applied by the aircraft industry means 

plant wide learning rather than the learning of the individual worker on 

the machine or bench. By that I mean the flow of paper, materials, 

purchased parts, tools, both production and general, and learning of all 

the service functions that aid direct labor as well as the direct laborers' 

learning, all go together to make up a reduction of direct labor cost 

from one unit of work to succeeding units. 

The fact that such reduction occurs is common knowledge, and it is 

also well known that the high cost of direct labor on the first units 

produced is caused by the fact that all of these supplementary functions 

must be perfected as the first units are being produced. 

Under this plan most of these functions will have been perfected 
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daring the prototype manufacturing and since tools will have been proven 

and direct labor methods basically unchanged from prototype manufacture 

to quantity production, the consequent lowering of direct labor cost on 

the fi rst production units is the inevitable result. 

Now let us consider the effect and responsibility on the indirect or 

service functions of an aircraft plant. 

PRODUCTION ENGINEERING: During the design period Production 

Engineering people will be working very closely with Engineering in 

order that, where possible, detail parts are designed for ease of 

production, and Production Engineering can obtain as much advance 

information as possible. In this manner interchangeability components 

can be selected and plans made for insuring interchangeability from the 

first article where possible. Metal and plaster die models can be 

constructed in advance of manufacture of form dies. These will aid 

in avoiding countless changes to parts and tooling that are largely 

trial and error otherwise. In addition, aircraft designers can view 

their efforts in full scale, three dimensional models so that lines may 

be altered where it seems advisable. 

As fast as detail drawings are released the process planning will 

be done so that operation sheets can be prepared, tool design orders 

written, tools designed and tool manufacturing orders prepared. 
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Tool manufacturing orders for those tools deemed necessary for 

prototype work will be scheduled and released» 

Production Engineers, who, of course, are responsible for 

determining how each part shall be made, can order sooner any expensive 

machine equipment such as special extra capacity, mills or sheet 

stretching machines that require many months to obtain. 

In short all tooling activities will be completed before and during the 

building of the prototype aircraft except for the actual fabrication of 

those tools not needed for the prototype. As changes occur due to the 

building and testing of the prototype, all processing papers, tool designs 

and, of course, those tools in use, will be kept up to date. 

INDUSTRIAL ENGINEERING: As operation sheets are completed by 

planning, estimators can establish standards. Operations other than 

machining can be studied as they occur, because now these operations 

will not change appreciably from the prototype manufacture. Standards 

having been established, highly accurate manpower figures can be 

forecast and detailed production schedules can be prepared. The cost 

of the impending production program can be estimated accurately, much 

more accurately than without this information. Later when the 

production program starts, performance reports can start immediately 

on a realistic basis. Management reports will be accurate rather than 

the "seat of the pants" method necessary until later in the program. 
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PRODUCTION CONTROL: There are many facets of production control 

that will benefit from the advance information. The fact that all parts 

will have been processed by planning and standards applied by 

Industrial Engineering allows Production Control to determine the load 

for each type of machine in the machine shop as well as in sheet 

metal fabrication. Any possible need for future sub-contracting of 

parts will be apparent. Since the size and shape of all parts will be 

known it is now possible to determine the type and size of storage 

facilities as well as the necessary floor area required for such storage. 

As I mentioned earlier, the perfection of Production Control systems 

plays a vital part in reducing the hours of direct labor and reduces 

immeasurably the lost or idle time of direct workers who are waiting 

for tools, materials or parts. 

PROCUREMENT: Since this method calls for detailed drawings, proper 

material lists can be established much earlier than before. As a 

consequence materials can be ordered with a much greater degree of 

accuracy than the bulk type orders necessary in the past. A consequent 

saving of the material dollar is obvious and the right material is on hand 

consideiably sooner. 

SALES AND SERVICE: Contract pricing of spares as well as of the 

complete program is done with a much greater degree of accuracy at 

the time when that accuracy is needed. Usually pricing of these 
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contracts depends entirely on statistics of past programs with very 

little knowledge of the current one. Since standards are established 

before the production program, better pricing results. Sales and 

Service manuals and brochures will be forthcoming sooner, due to the 

advanced information. 

Proper administration of this plan can and will result in a substantial 

saving in cost, but perhaps more important, it produces aircraft in 

quantity approximately two years ahead of other known methods and thus 

makes available more nearly up to date equipment in order that we may 

always stay ahead in the armament race. Variations of this theory are 

now in use in the United States. An article in Aviation Week of April 12, 

1954, outlines briefly the current thinking of the United States Air Force 

along these lines. The article states that the Boeing B-52, the North 

American F-100, the Convair F-102, McDonnel F-101, Douglas C-133 

and Lockheed C-130 are all being produced under modifications of this 

program. 

The content of what I have said is a summary of the thinking that has 

been taking place at A.V.Roe Canada Ltd. Our reasons for concern in 

this matter are patriotic as well as selfish. We feel that we have an 

obligation to Canada and to all free countries, to keep abreast of anything 

that is possible in other countries, friendly as well as unfriendly, and 

we are definitely obligated to our Company and to ourselves to produce 
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as economically as possible. 

It is indeed unfortunate that so much of our thoughts and efforts 

must be directed toward protecting ourselves against agression. It 

is our fervent prayer that this situation will be changed as soon as 

possible, and that we can then concentrate on the peacetime development 

of our country. 
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