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THE PROBLEM OF PRODUCIBILITY 

4 January 1955 

GENERALNIBLO: Admiral Hague, ladies, and gentlemen: Yesterday 

you heard about the value of a good mllitary-industry relationship. In 

commercial practice the essential !'elationship is sometimes called the 
c1~stomer-dealer-industry team, wherein the distributor and the dealer 
act as the "go between." They must represent the interest of the manu- 
facturer by selling more products. They must also repr,~'sent the interest 
of their customers by keeping them satisfied, also by transmitting to the 
manufacturer recommendations for essential improvements that the 
customers want incorporated in the firm's future manufacfured goods. 

We must incorporate this customer-dealer-industry relationship 
within our military-industry team if we are to achieve success in combat 
with the least difficulty to our economy. Although our technical services, 
our air materiel personnel~ and our Navy bureaus have a monopoly within 
their respective fields, and hence are in competition, they must still act 
as go-betweens. They must represent both our using troops and commer- 
cial industry. 

Producibility of military equipment is a positiveproblem of commer- 
cial industry. On the other hand the practicability of its use--the ease 
of maintenance and the ease of servicing and the reliability of that equip- 
ment during combat operations--is a definite problem of our using troops. 
As potential future wholesale productive producer logisticians, you must 
strive to perfect the relationship between our using troops and commercial 
industry. In other words you must strive to incorporate within our 
military-industry team that full concept of customer-dealer-industry 
relationship if you are to achieve economic mobilization. 

We are very fortunate this morning in having with us Mr. Theodore 
A. Smith, Vice President and General Manager of the Engineering Prod- 
ucts Division of the Radio Corporation of America. He will discuss 
"The Problem of Producibility" of military equipment. 

Mr. Smith, it is a pleasure to welcome you back to our faculty of 
guest speakers and to present you to this year's class of the Industrial 

College. 



MR. SMITH: Admiral Hague, General Niblo, gentlemen: It is 
both a pleasure and a compliment to have the opportunity to discuss 
with you the challenging subject of producibility of military equip- 

ment. The producibility of military equipment forms the core of the 
relationship between industry and the military which is so vital for our 
national defense. During World Wars I and If, it was demonstrated 
beyond all doubt that a strong, well-equipped American military force, 
backed up by the tremendous resources of our industrial capacity, 
could not be defeated. The combination of industry and the military 
met and solved many problems, but many production problems still 
remain to be solved. It is my purpose today to review some of these 
problems for our mutual benefit. 

In many periods of the past, military weapons and devices remained 
static for long periods of time. But today, our comprehensive military 
plan requires that equipment be of the latest type, perform new functions, 
and have advantages over that possessed by a potential enemy. Of course, 
it must be available when needed--in sufficient quantities~-it must be 
reliable, and of reasonable cost. Herein lie the basic problems of pro- 
ducibility. 

Our military needs are ever changing toward greater performance 
and greater complexity. What about industryls ability to produce such 
high-performance equipment? Industry, does its best job when it pro- 
duces long runs of completely designed and tested items of familiar types. 
Between these two concepts--the new, the unusual, the better equipment 
needed by the military, and the older, the known, the established, with 
which industry is familiar--lies the area of most of our difficulty. 

As the military contracts with industry for equipment, the number 
of any one item may be only a handful, or it may be many thousands. The 
equipmenl may be very simple, in which case there is little problem, 
or it may be extremely complex, demanding the highest talents of our 
scientists and engineers, compounded with the ablest skills of our best 

production people. The equipment may be a standard item, in which case 
production is merely routine, or it may be a newly designed product. 

Most problems of producibility are in this latter area, where the 
fast-moving demands of modern technology result in increasingly com- 
plicated gear and in increasingly stringent specifications for producing 
it. It is in this field, where engineering research and development are 

"pushing the art, " that the military specifications are typically demanding 
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more than was ever heretofore accomplished on the factory floor. But 

there is an even further step where science is unfolding entirely new 

principles which demand for their utilization the development of brand 

new ideas, new techniques, and new methods. 

In order to speak to you of matters within rny own knowledge and 

experience, I must talk on the subject of producibility with reference 

to electronic equipment problems. This area is certainly one which 

should stimulate some interesting discussion, because there have been 

electronic production problems. 

The Comptroller of the Air Materiel Command, General P. W. Smith, 

said in a recent speech, "In the field of jet engines, for instance, and 

electronic equipment--the heart and soul of our new planes--we are in 

t r oub le. " 

H e  w e n t  on  to  p o i n t  o u t :  

"That is understandable in view of the extreme complexity 

and the specialized requirements for this type of equipment .... 
The fact is that we have some magnificent designs, but in too 

many instances, we cannot produce them with the functional 
quality we need, at a price within our budget, in effective quantity, 

on time. " 

Now, General Smith's comments refer specifLcally to the factors 
of time, cost, and quality, or reliability. These three factors are the 

keys to the problem of producibility of electronic equipment. 

I should like to talk to you particularly about these problems of 

time, cost, and reliability in relation to the producibility of electronic 
equipment. While I refer particularly to electronics, by extension, 

many of the principles apply to any new, rapidly advancing technical 

field. 

Let us talk for a minute about performance of equipment. Please 

note particularly that General Smith made no adverse reference to the 

performance of equipment. Those who have pointed up the problems 

of electronics have never made much of an issue of the ability of the 

gear to do things which no one guessed would be possible only a few 
years ago. We can design radar with superaccuracy. We can think up 

navigational devices which will locate a needle in a haystack. We can 

build a model of a computer which will jugg]e dozens of variable quantities 
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a n a j  in fou r  m i c r o s e c o n d s ,  te l l  you how m a n y  c o s m i c  r a y s  f e l l  on the 
P e n t a g o n  yes  t e r d a y .  

It is a fact that the technical accomplishments of electronics are 
taken pretty much for granted. No one is complaining that the things 

which we need to do cannot be done. As manufacturers, we face tighter 
and tighter technical specifications and more demanding requirements. 

If fire-control systems for rockets are needed, our engineers design 

them. If a guidance system for a missile is asked of us, we take it in 

our stride. We no sooner have one design on the drawing board than 
another is in the development stage. 

This is the order of the day. It is the nature of the cold war to 
demand the greatest possible performance from our equipment so 

as to be ready at any instant with superior weapons and operational 

systems. It is a requirement that we shall never be satisfied with what 
we have but constantly be in search for something which will add more 

performance features. It is undoubtedly vital for us to do so, lest our 

potential enemies contrive weapons which will outperform and outdo us. 

Certainly no war can be fought with the last warls weapons. 

The pace of this technical race against time tends to leave behind 
the matter of producing quantities of devices. It may be advantageous 

to use practical realism in evaluating the need for new features in order 

to reduce producibility problems. In a rapidly developing field such as 

electronics, where tomorrow we will use a tube we only dreamed of 

today, the problems of producibility are very different from those in a 

stabilized field where techniques are known and all basic problems have 
been solved. 

I would like to talk for a moment on the subject of complexity. The 

initial consequence of rapid development and pushing back of the frontiers 

of knowledge is complexity. Pascal, the philosopher, once wrote, "I have 

made this letter rather long only because I have not had time to make it 

shorter." There has not been time, for the most part, to simplify our 
designs, so we must do with complex ones. The normal consequence of 
attaining an objective with some difficulty is a complex design. If we can 

continue to work on the design, we can take much of the complexity out 
of i t .  

Let me give you an example of a commercial situation. The first 

experimental models of compatible color television receivers we built 
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in 1949 had 108 tubes. Our first commercial model, which was pro- 
duced in 1954, contained 37 tubes. In 1955 we will put into production 
sets with only 28 tubes. Naturally, the 1955 model will be easier to 
produce and much less expensive than the original one. But we stuck 
with the problem. Having developed a color set, we worked toward 
simplification and cost reduction. This is the usual process in com- 
mercial development. Competition forces every manufacturer to 
follow step in attempting to simplify and cut costs. But the motives 
of military development are not the same as the commercial motives. 
If improved accuracy will increase the probability of fire control, we 
must constantly strive for greater accuracy rather than for simpler 
equipment. Hence we are not always able to "stay with" military design 
and take the complexity out of it. 

We are faced with several other goals in military designing which 
lead us toward complexity. To carry a greater payload, we must 
eliminate weight and make our equipment smaller and smaller. At the 
demand for greater and greater speed, we must substitute electronics 
for a slow-acting human brain. We must compensate for lack of trained 
operating personnel by making our equipment self-operating. Miniatur- 
ized, automatic, and self-operating equipment can be designed, but the 
consequence is apt to be increased complexity. 

There is one other factor which influences the design of our equip- 
ment. It is that we have exhausted the variations of simple designs. 
Until we have discovered and made practical new principles for achiev- 
ing the desired high performance, we are stuck with complications. As 
an example of this kind of thing, consider the steamship. If we were 
obliged to construct modern ships using paddle wheels for propulsion, 
what problems we would face. The use of screw propellers simplified 
a number of ship-design problems. Here, a new principle made un- 
necessary the complex functions of an older method. 

There are gradually coming into being new principles of electronics 
which may result in less complexity. Magnetic amplifiers and transistors 
are examples. When they can be applied, they are useful in simplifying 
some of our systems, particularly from a power-supply standpoint. 

H o w e v e r ,  c o m p l e x i t y ,  p e r  se ,  is not n e c e s s a r i l y  an o v e r p o w e r i n g  
p r o b l e m .  A good m a n y  h igh ly  c o m p l e x  e l e c t r o n i c  c i r c u i t s  a r e  in g e n e r a l  
u se  which  can be e a s i l y  s u p p l i e d  c o m m e r c i a l l y  and a r e  e x t r e m e l y  r e l i a b l e .  



When you watch a picture originating in a studio in New York on 

a television set here in Washington, you are observing the result of 

some 700 vacuum tubes operating in unison, not counting those in 

your own set. If one of these many tubes should fail during the broad- 
cast, the picture, the sound, or both, would be interrupted at the 

Washington station and the network would be obliged to refund several 

hundred dollars to the advertiser. For important network broadcasts, 
a large number of broadcasting stations are interconnected and the 

failure of one tube could affect reception in numerous areas. Yet 
failure seldom occurs; witness the fact that television shows are com- 

mercially feasible and make money. Further, the equipment to do the 

job is available in quantity and is not particularly difficult to keep in 

adjustment. 

It is, of course, an obvious fact that, as the number of circuit 

elements in a piece of apparatus increases, the cost will go up, the 
problems of producibility will be augmented, and the statistical prob- 

ability of failure will become much greater than in a piece of equip- 
ment having a smaller number of parts of the same kind. Yet the 

apparatus with the greater number of parts may still be quite satis- 

factory if it has been fully tested over a long period of time. 

The fear of complexity must be tinctured with the element of reality. 

A 22-tube TV set of today is cheaper, easier to make, and more reliable 
than a 10-tube radio of 1930. An automobile of today with automatic 

transmission is cheaper, can be built more rapidly, and is of a higher 

order of reliability than many relatively simple 1910 models. 

We have learned to make better designs and better components. We 

have produced cars for a good many years. Seldom does a military sup- 
plier make the same kind of article for a long time. In the instance of 
military equipment, complexity can become a formidable obstacle because 

of the unfamiliarity with the details of the device bred of lack of experience 

and of newness. Time, if it were available, would take a sting out of com- 

plexity. 

Hence the danger we face is that, to attain greater performance within 
a short time, we utilize the means which first become available without 
opportunity to simplify or to fully check out the hidden weaknesses. Such 
complexity is apt to result in unreliability, even though complex devices, 
fully tested and developed over a reasonable period of time, may be very 

s atisf ac tory. 
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Chart i, page 8.--This chart illustrates the problems encountered 

in putting a new, complex piece of military equipment into use. This is 

one of the most complex slides I have ever seen. It was taken from the 

proceedings of the Institute of Radio Engineers, and was intended to show 

what happens over a period of time when you put a new and very complex 

p i e c e  of e l e c t r o n i c  e q u i p m e n t  in to  u s e .  If you  wi l l  n o t i c e  the " o p e r a t o r ' s  
t a s k "  c u r v e  on the s l i d e ,  f i r s t ,  the job f o r  the m a n  who itas to r u n  the 
e q u i p m e n t  b e c o m e s  i n c r e a s i n g l y  d i f f i c u l t .  As he b e c o m e s  f a m i l i a r  wi th  
it, i t  b e c o m e s  v e r y  m u c h  s i m p l e r .  The  h i g h e r  o r d i n a t e  i n d i c a t e s  tha t  
the job w a s  s o m e t h i n g  v e r y  h a r d  to do, and a l o w e r  one s h o w s  tha t  it was  
e a s y .  

If you  wi l l  n o t i c e  the r e l i a b i l i t y  c u r v e ,  you  wil l  s e e  the e f f e c t  of 
r e d u c e d  r e l i a b i l i t y  f r o m  the new e q u i p m e n t  and then  i n c r e a s e d  r e l i a b i l i t y  
as  p r o b l e m s  a r e  s o l v e d .  The  c o m p l e x i t y  of the e q u i p m e n t  g o e s  up as  t i m e  
g o e s  on, i n d i c a t i n g  tha t  the e q u i p m e n t  w a s  m a d e  m o r e  a u t o m a t i c .  The  
i n s t r u m e n t  a c c u r a c y ,  wh ich  is the c u r v e  at  the v e r y  top, s h o w s  t h a t  the  
m o r e  c o m p l e x  e q u i p m e n t  has  r e s u l t e d  in m u c h  g r e a t e r  a c c u r a c y .  The  
a p p a r a t u s  e x e m p l i f i e d  in the s e r i e s  of c u r v e s  is f i r e - c o n t r o l  e q u i p m e n t ,  
bu t  it is not  so  i d e n t i f i e d  in the p u b l i c a t i o n .  

The point which this curve was intended to show is that through 
experience and time equipment, it becomes more reliable. The initial 
problems gradually wash out; but frequently we don't have enough time 
to allow for solution of problems. 

Another point which was mentioned by General Smith, and which has 
become a very serious problem in connection with the producability of 
the equipment, is that of the time factor--the time to produce. 

One of the reasons why electronic equipment is frequently late for 
delivery is that sometimes it is not started soon enough. There is an 
impression in some quarters that it takes much less time to design 
and build a search radar or a fire-control system than it does to merely 
build the vehicle in which it is to go. It is not possible to design and 
build the electronics in the time it takes merely to build the vehicle--at 
least, not successfully. 

I submit that time is required to do a good job of designing and 
building electronic gear. In high-performance equipment, the designer 
must study the requirements carefully. He must know what is needed, 
not merely what the specifications call for, but how the gear is to be 

used. He then embarks upon a program of designing and testing sections 
of the circuitry. A "Breadboard" model is usually constructed. 
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Drawings are made and an engineering prototype is constructed. This 
is tested and changes are made to correct any deficiencies. In the inter- 
im, special parts have been designed and ordered, and they are checked 
out. Drawings are corrected after the engineering model has been tested 
out--often in a field test requiring several months--and production is 
begun. 

The bill of material is prepared for ordering parts. Manufacturing 
engineers decide which components are to be purchased and which are to 
be fabricated. Purchase orders are then issued. Fabrication of parts 
begins. Schedules for assembly are established. Purchase items are 
inspected and sometimes rejected and rebuilt. Assembly of subunits is 
started and they are tested. Changes are made if the toolmade parts 
differ substantially from the handmade parts used in the model. Final 
assembly begins; then type tests; and, at last, acceptance tests of pro- 
duction items. 

Chart 2, page 10.--This chart shows a typical time schedule for the 
design and production of a moderately complex piece of electronic gear 
with most of the steps in sequence. You will note that the planned 
elapsed time is 154 weeks. 

Delivery intervals for purchased items depend largely upon the order 
board at the supplier~s plant and, of course, upon whether the item is a 
standard one or a newly designed item. 

In practice all of the steps are not taken in sequence as indicated on 
this chart. For example, in order to compress the time, production 
parts are often ordered or fabricated during the type tests. Sometimes 
production begins before the type test is carried out. If the article goes 
through the test i00 percent, everything is fine. If not, the parts must 
be changed or reworked. 

Some processes can be carried out logically in parallel with a mini- 
mum of risk. For instance, time can be gained in "breaking down" the 
job for production while the engineering model is being tested. If changes 
occur, only certain paperwork must be redone. 

I do not believe that the schedule shown on this particular chart 
would be acceptable in any normal military procurement, because the 
time element is too long. 

As a result, in order to reduce the time element, manufacturers 
attempt to compress the schedule by paralleling functions. 
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Chart 3, page 12.--Chart 3 shows how some of these functions 
can be carried out !n parallel. While you are performing one function, 
such as ordering parts, you are going ahead and doing the engineering 
work. 'While you are type-testing the model equipment, you actually 
start production of the mode]. 

Note that the overall time has been reduced from 154 weeks to 
104 weeks. 

Such compressions are effective if everything works out, with no 
failures. But, if a parts supplier muffs the ball, or the characteristics 
of the production model differ from the engineering model, the schedule 
will not be met. l~nere is no allowance for any major problems which 
may be encountered. Considering the number of parts in a piece of 
electronic apparatus and that, to attain the newly required high perform- 
ance, many of the parts will have been made for the first time, you can 
readily see that there is a risk of missing such a schedule. 

Of course if the equipment is a rerun or merely, an older design 
slightly modified, then the factors of uncertainty are greatly reduced. 
It is in the field of brandnew designs that a safety factor is needed in our 
schedules, but seldom obtained. 

Why, you may ask, should the production model not be identical 
with the engineering prototype ? I have already mentioned that the latte.r 
may be handmade, while the production units are constructed from tools. 
In dealing with parts whose requirements relate to size, shape, strength, 
or other physical factors, some problems occur which are familiar to 
the designe~rs of aircraft or ordnance. But in electronics we deal with a 
host of dimensions in addition to the conventional ones. We are also con- 
cerned with dielectric qualities, resistivity, and magnetic properties, 
and these qualities assume varying proportions in accordance with the 
frequency, power, temperature, or humidity. They are not properties 
which can be detected by the eye or by a gage. They require secondary 
perception by complex test apparatus. Often their properties are inter- 
related so that, while some elements by themselves seem satisfactory, 
in combination, problems are encountered. 

I should like to tell you about a gear which caused us a great deal 
of trouble. Now, gears are not a new invention, and this one, which 
served to drive a rotating tuning coil, was peculiar only in that it had 
to insulate the motor from the coil. It was not even a particularly 
precise gear. Just a gear! 
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We made it of nylon and put it in our model. In the model it worked 
very satisfactorily. Then, when we operated the completed equipment 
during the life test, we found that the teeth of the gear would strip. So 
we redesigned it. We made our calculations all over again and figured 
out the strength required for the gear teeth, and we added alittle more 
safety factor, and put it in the equipment. Much to our surprise, the 
teeth stripped all over again. So we had gears built of different material 
of greater strength. The teeth also stripped. At that point we started a 
little detective work. We finally found that the gear happened to be located 
in an electric field from the coil. In the engineering model, because of 
a slightly different placement of parts, there was no difficulty, but in 
production the electric field introduced enough heat in the gear so that 
the teeth softened, and of course the gear teeth then stripped. So what 
we did in this case was to provide other means of insulating the coil, 
made the gear out of steel, and had no further troubles. 

This was a very simple sort of situation to cope with. Most problems 
are more complex. Yet there was no easy way to measure the field from 
the coil wid-~ respect to its effect on nearby parts. Many of the effects we 
encounter are equally intangible yet very important. It makes dealing 
with conventional physical characteristics seem very simple indeed. 

Because of the many added dimensions imposed by the characteristics 
of electronic circuits, production pz:oblems are apt to be more difficult 
and more time -consuming than in the case of mechanical or ordinary 
electrical devices. Perhaps I can give you a somewhat parallel example. 
In the process of printing pictures in a magazine, plates are made and 
then these require handwork, etching, and other adjustments to compensate 
for the paper, ink, and so on. In making an average plate for printing in 
black and white, seven hours may be needed for production plate adjust- 
ments. But if the added dimensions of color are added, the plate may 
require as much as 80 hours of work in the process of production. We 
must either make proper allowance for the added dimensions of electron- 
ics or find new ways to produce electronic equipment. 

General Smith made some reference to the cost factor. I would like 
to discuss that for a moment with you. 

The cost of electronic equipment has increased markedly since 
World War II. So has the cost of aircraft, tanks, guns, and ot~her 
materiel. A wartime communications set of a certain type cost the 
Government 1,130 dollars. The equipment set now used costs in the 
order of 4,000 dollars. 
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l~he differences are due to several factors. First, costs have 

increased generally--compare, for exalr.ple, the price of automobiles 

prewar and now. Second, high performance equipment costs more 

money. An atom bc,~nb, obviously, costs more than a blockbuster. 

Third, we are not in general making quantities of miiitary products 

which would result in obtaining the lowest costs. The demands for 

improved performance result in constantly changed designs so that 

in many cases, as we get to the point of having production run smoothly 

and economically, we stop and start all over again. 

The starting costs of tooling, training of personnel, acquiring test 

equipment, setting up a line, become a very major factor, unless pro- 
duction of equipment is large enough to make these fixed costs become 

small on a unit basis. As taxpayers, we have no desire to see ware- 
houses crammed with unneeded gear. But with limited production 

requirements during the cold war~ costs are bound to be higher. 

None of these cost problems are unique to electronics. They apply 

to all types of military equip~r~ent. Expenditures for electronics may 

have increased disproportionally because more electronics is used today 
than previously. It is acase that the white horses eat more than the black 
ones because there are more white horses. 

If we are able to permit more time for designing apparatus, if we are 

able to extend the life of designs by modification rather than by supplant- 

ing them with new designs, if we do not expect more new functions of our 

apparatus, we can reduce costs--otherwise the cost is likely to go still 

higher. 

Now I would like to talk with you for a few minutes on the subject of 

reliability. General Smith referred to that subject. It is one we consider 

of the greatest importance today, and certainly one of our major problems. 

There is no question about it; no matter what we do in improving airplanes, 

guns, or electronics to make them more reliable, it has a bearing on the 

cost factor. 

I want to leave with you the fact that the problem of reliability will 

also have an effect on the cost of military equipment and make it go still 

higher. 

In a speech before the Radio-Electronics-Television Manufacturers 

Association this fall, Mr. W. H. Martin, Deputy Assistant Secretary of 

Defense (Application Engineering), said in part, and I should like to quote: 
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"Exposure to the rigorous conditions of combat and to 
climatic and other conditions far beyond normal experience 
with civilian electronic equipment produced failures of aston- 
ishing proportions. Even the requirements based on World 
War II experience are in many aspects inadequate for today's 

conditions. 

"The push on the part of the military to get electronics 

to do the needed, but next to impossible, things, and the 

eagerness of the electronics industry to meet the challenge, 

have led to a situation which has put the industry on the spot 
and poses to it the necessity of taking stock and seeing what 

can be done to bring about a proper balance." 

The Air Force Chief of Staff, General Twining, said in a recent 
address before the American Ordnance Association: 

"Electronics also has given us a lot of trouble. At the speeds 

and altitudes we operate at today, human reactions are no longer 
enough to do the job. We must depend on electronic bombsights 

and gunsights, fire-control systems, radar, and radio sets, electron- 
ic engine contro~s~ and so on. One dead tube can have the same 

effect on the combat effectiveness of an airplane as a dead pilot at 
the controls. A multi-million dollar bomber can fly halfway around 
the world but, when over she target, if one electronic part fails, all 

the thousands of man-hours, millions of dollars, and training and 
effort has been for nothing. More important, American lives may 

have been lost for nothing. Transistors will help solve our electron- 

ics problem, but truly, the vacuum tube or the transistor is today's 
counterpart of the famous horseshoe nail. " 

I have quoted two eminent authorities who feel that there is a pressing 

current problem with the reliability of electronic equipment. There are 

many others who feel likewise. In fact it has become so popular to beat 
the old horse that a number of difficulties only remotely connected with 

electronics are often attributed to the same source. 

However, let us grant there is a major problem and look into it. The 
subject is one which has a great effect upon the producibility of electronic 
equipment. With your permission, therefore, I shall explore it as 
thoroughly as my time will permit. I shall try to outline what seem tc 

me to be principal causes of the problem and offer suggestions for a 

solution. 
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One of our greatest present difficulties with respect to reliability 
is to tell soon enough whether or not the equipment we are producing is 
or is not reliable. Present military acceptance tests will not in general 
tell us so. At one time we produced a quantity of sonobuoys. In addition 
to ordinary inspection, type tests, and acceptance, we were required to 
submit a number of samples at the start of each week's production for 
dropping from a plane into the water. The results of such drops determin- 
ed the quality standing for the week. 

This was an awkward way of doing it, but it had many advantages. 
In some instances the buoys were incorrectly launched, at times planes 
could not fly, and the question of airplane priorities sometimes arose. 
Nevertheless, such tests did give a positive answer as to reliability. In 
many other cases it is not practicable to make immediate tests on produc- 
tion items in the field, or field tests take so long that large quantities of 
equipments are produced before the results are known. It is too late 
then to take action, except after the fact. 

In the case of new equipment, engineering models are usually field- 
tested prior to production. However, there is no guarantee that produc- 
tion equipments will behave exactly like the models. Parts and circuits 
will probably have been changed. Handmade components will be supplant- 
ed with toolmade items. All of the parts used in production may not be 
of the same quality as the original parts used. 

We would like to know at once whether the equipment will perform 
reliably, yet most equipment is accepted on the basis of performance 
and not reliability. More emphasis is placed upon a hairline variation 
in specifications than in the number of hours the gear will run. Of course 
type tests of a few samples are made, but the quantity is insufficient to 
yield any complete data. 

Real field tests in military enviromnent are often of great duration. 
It is impossible to await the results or production will be long delayed. 
The sensible course is to devise factory tests which will provide data 
comparable to field tests. We have attempted, in RCA, to take such a 
course. By testing a large number of production samples for relatively 
long periods under conditions carefully devised to simulate normal field 
operation, we have been able to obtain data, the pattern of which was 
closely verified by field tests a number of months later. Our factory 
tests added to the cost, but were cheaper than large-scale field tests 
and much more rapid. The results could be fed back to engineering and 
to manufacturing so that fixes could be made quickly and the reliability 
of the product improved substantially. 
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Much more work needs to be done to devise tests applicable to 
various types of equipment. This is a broad research problem which 
might prove to be of the greatest importance in solving reliability 
situations. We intend to continue our efforts, but it is evident that 
no one company can do the complete job. This is something which 
the Department of Defense could consider, in fact they have already 
approached the problem. 

General Twining mentioned the vulnerability of electronic equip- 
ment .to the failure of a single part. This is a characteristic of 
electronic apparatus which is not necessarily true of all other military 
materiel. Many electronic systems consist of chains with elements in 
series. The failure of one link disrupts the system. Obviously, the more 
complex the system, the more components are used, and the greater the 
statistical chance of failure. 

It is  c l e a r  that  as e q u i p m e n t  b e c o m e s  m o r e  c o m p l e x  we m u s t  b e c o m e  
m o r e  d e m a n d i n g  of i nd iv idua l  c o m p o n e n t s .  But how m u c h  s o ?  We need  to 
know q u a n t i t a t i v e l y  the f i g u r e  of m e r i t  we a r e  s e e k i n g .  

P r e s e n t  s p e c i f i c a t i o n s  as to r e l i a b i l i t y  in m i l i t a r y  c o n t r a c t s  m a y  not  
be too d e f i n i t e .  In g e n e r a l  the G o v e r n m e n t  takes  the pos i t ion  that  the 
e q u i p m e n t  shou ld  s e r v e  i ts  n e e d s  or  e l s e  the m a n u f a c t u r e r  wi l l  be in hot  
w a t e r ,  but it u s u a l l y  fa i l s  to def ine  what  i ts  needs  a r e .  That  is  up to the 
c o n t r a c t o r  to f ind out .  

H o w e v e r ,  by f a i l i n g  to s t a t e  i ts  r e q u i r e m e n t s  in t e r m s  wh ich  can  be 
c l e a r l y  u n d e r s t o o d ,  the G o v e r n m e n t  is c e r t a i n l y  c o n t r i b u t i n g  in a m a j o r  
d e g r e e  to the u n r e l i a b i l i t y  of e q u i p m e n t .  If a p p a r a t u s  is p u r c h a s e d  c o m -  
p e t i t i v e l y ,  how can  the b i d d e r  d e c i d e  on the qua l i ty  to supp ly  when ,  in 
g e n e r a l ,  if he put** m o r e  r e l i a b i l i t y  into the e q u i p m e n t  he is going  to 
i n c u r  i n c r e a s e d  cos t  and m a y  lose  out in the b idd ing .  This  s i t u a t i o n  not  
only c r e a t e s  no i n c e n t i v e  to p r o v i d e  r e l i a b l e  e q u i p m e n t  but  p l a c e s  a 
p r e m i u m  on u n r e l i a b i l i t y .  

Some c u r r e n t  c o n t r a c t s  con t a in  r e q u i r e m e n t s  that  e q u i p m e n t s  s h a l l  
be c a p a b l e  of t r o u b l e - f r e e  o p e r a t i o n  fo r  200 h o u r s .  Such m e t h o d s  of 
s p e c i f y i n g  r e l i a b i l i t y  a r e  the e q u i v a l e n t  of s t a t i n g  that  a l l  ba l l  b e a r i n g s  
p u r c h a s e d  s h o u l d  be p e r f e c t l y  r o u n d .  Of c o u r s e  they n e v e r  a r e .  It is 
n e c e s s a r y  to def ine  the l i m i t s ,  if the i t e m  is to be p r o d u c e d  in quan t i t y .  
F o r  e x a m p l e ,  a r e q u i r e m e n t  m i g h t  be that  9 out of 10 e q u i p m e n t s  would  
be  c a p a b l e  of o p e r a t i o n  fo r  200 h o u r s  wi thou t  f a i l u r e  u n d e r  a s p e c i f i e d  
s e r i e s  of t es t  c o n d i t i o n s .  T h e s e  tes t  cond i t i ons  shou ld  be c a p a b l e  of 
b e i n g  p e r f o r m e d  in the f a c t o r y ,  ye t  shou ld ,  as I have  p r e v i o u s l y  s t a t e d ,  
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be related to field experience. Furthermore, "failure" should be 
defined carefully and should be related to performance. 

Now, the h i g h e r  the p e r c e n t a g e  of e q u i p m e n t s  r e q u i r e d  to m e e t  
the t e s t s ,  o r  the g r e a t e r  the n u m b e r  of h o u r s  wi thou t  f a i l u r e ,  the h i g h e r  
w i l l  be the c o s t  of the e q u i p m e n t .  M i l i t a r y  p l a n n e r s  m a y  be c a l l e d  upon  
to we igh  the added  r e l i a b i l i t y  in t e r m s  of the added  c o s t .  W h e r e  p r a c t i -  
c a b l e ,  in s o m e  c a s e s  it m a y  be l e s s  c o s t l y  to c o n s i d e r  s p a r e  e q u i p m e n t  
r a t h e r  than p u s h i n g  r e l i a b i l i t y  to the u t m o s t .  

The number of hours of trouble-free use is a matter relating to the 
service for which the equipment is intended. A piece of shipboard elec- 
tronic gear should have a useful life thousands of times longer than that 
in a guided missile. Yet the latter might require a guarantee of freedom 
from deterioration under conditions of long storage as well as very high 
reliability for a short period. 

With definite specifications of reliability, all manufacturers would 
be placed upon an equal basis in designing equipment and in bidding. Tl~e 
area of interpretation of reliability would be minimized. The Government 
should be able to procure products of known reliability and could prove it 
by test. 

I h a s t e n  to e x p l a i n  that  the p r o c e d u r e  I have  s u g g e s t e d  is p r e s e n t l y  
c o s t l y  and d i f f i cu l t  to put into e f f ec t .  I s t i c k  to m y  guns ,  h o w e v e r ,  that 
i t  shou ld  be our  goal  fo r  the e a r l i e s t  p o s s i b l e  r e a l i z a t i o n .  

Why is it difficult? Because to achieve the desired degree of relia- 
bility, we must be able to rate each of the thousands of components used 
in a complex electronic device in the same manner. We should "know that 
the resistors, for example, would be capable of operation without failure 
at the r a t e  of 999 out of 1, 000 f o r  200 h o u r s .  By s e l e c t i o n  of s u i t a b l e  
r e l i a b i l i t y  index  f i g u r e s ,  we cou ld  then d e s i g n  s a t i s f a c t o r y  end e q u i p m e n t .  

In general there are no ratings available for components. We are 
flying by the seat of our pants. If we happen to run into bad weather there 
are no instruments to guide us. Some work has been started in this direc- 
tion, however. In our company, we are testing sample-purchased compo- 
nents in lots, operating them under service conditions for long periods and 
thus establishing tentative ratings for our own use. Frequently such tests 
enable us to suggest modifications to the manufacturer which result in a 
subs tantially improved product. 
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M a n y  of the c o m p o n e n t s  u s e d  in e l e c t r o n i c  a p p a r a t u s  a r e  m a n u -  
f a c t u r e d  by  s m a l l  c o m p a n i e s  who do not  h a v e  e i t h e r  the t e c h n i c a l  o r  
the f i n a n c i a l  m e a n s  to r u n  l a r g e - s c a l e  t e s t s  of t h e i r  p r o d u c t s  u n d e r  
v a r i o u s  c o n d i t i o n s  w h i c h  a r e  not  p r e s e n t l y  d e f i n e d .  

F u r t h e r m o r e ,  a s u b s t a n t i a l  p o r t i o n  of t h e i r  b u s i n e s s - - a n d  of ten 
the m o s t  p r o f i t a b l e - - m a y  f a l l  in c o m m e r c i a l  c a m g o r l e s  w h e r e  s u c h  
r a t i n g s  a r e  not  n e e d e d  b e c a u s e  wi th  con t i nuous  p r o d u c t i o n  a m p l e  d a t a  
a r e  a v a i l a b l e  to  c o n t r o l  qua l i t y .  H e n c e ,  t h e r e  m u s t  be  s o m e  i n c e n t i v e  
f o r  t h e m  to d e t e r m i n e  the r a t i n g  of t h e i r  p r o d u c t  f o r  r i g i d  m i l i t a r y  
e n v i r o n m e n t a l  u s e .  

The n e e d e d  qua l i t y  of c o m p o n e n t s  in a c o m p l e x  d e v i c e  is a t e r r i f y i n g  
f a c t o r .  If an  e q u i p m e n t  c o n t a i n s  10, 000 c o m p o n e n t s ,  as  s o m e  do, and 
ff the a v e r a g e  f a i l u r e  r a t e  wi th in  the d e s i r e d  l i fe  p e r i o d  of e a c h  c o m p o -  
nen t  is  on ly  one  in 10, 000, then,  s t a t i s t i c a l l y ,  e v e r y  e q u i p m e n t  m a y  f a i l .  
We would  n e e d  an  a v e r a g e  f a i l u r e  r a t e  f o r  the c o m p o n e n t s  not  e x c e e d i n g  
one in 100, 000 to ob ta in  an e q u i p m e n t  f a i l u r e  r a t e  oi only one in 10 d u r -  
ing  the l i fe  p e r i o d .  

It is p r e t t y  obvious  that  no one c a n  p o s s i b l y  t e s t  100 ,000  of e v e r y  1 
one of 10, 000 c o m p o n e n t s  fo r ,  say ,  200 h o u r s .  This  wou ld  m e a n  2 x 101 

to ta l  t e s t  h o u r s  or  s o m e  20, 000, 000 y e a r s ,  a s s u m i n g  that  t h e r e  w e r e  no 
c o m m o n  i t e m s  u s e d .  F o r t u n a t e l y ,  h o w e v e r ,  we do have  a n u m b e r  of 
c o m m o n  types  of c o m p o n e n t s  so  that  we c a n  l i fe  t es t ,  but  i t  i s  a f o r m i d a b l e  
a n d  c o s t l y  p r o c e s s  a l l  the s a m e .  A l a r g e  p e r c e n t a g e  of the c o m p o n e n t s  
p r o d u c e d  wou ld  n e e d  to be  t e s t e d  f o r  l i fe  to e s t a b l i s h  s i g n i f i c a n t  da t a .  

Bu t  t h e r e  a r e  a l s o  p r a c t i c a l  th ings  w h i c h  can  be  d o n e .  We c a n  a c c u m u -  
l a t e  v a r i o u s  t y p e s  of d a t a  wh ich  wi l l  p r o v i d e  us wi th  a r u l e - o f - t h u m b  r a t i n g .  
We c a n  a n a l y z e  d a t a  f r o m  f i e ld  r e p o r t s  on the f a i l u r e  of c o m p o n e n t s  in 
e q u i p m e n t  • I t  t hen  b e c o m e s  p o s s i b l e  to d i r e c t  our  a t t e n t i o n  to t h o s e  i t e m s  

m o s t  r e s p o n s i b l e  f o r  our  t r o u b l e s .  We c a n  d e v i s e  a c c e l e r a t e d  l i fe  t e s t s  
in  s o m e  i n s t a n c e s  w h i c h  m a y  p r o v i d e  c l u e s  as  to wha t  w i l l  h a p p e n  d u r i n g  
n o r m a l  l i f e .  T e s t s ,  f o r  e x a m p l e ,  u n d e r  e x t r e m e s  of t e m p e r a t u r e ,  both  
co ld  and  hot ,  m a y  p o s s i b l y  r e v e a l  d e f e c t s  qu i ck ly  w h i c h  would  n o r m a l l y  
o c c u r  l a t e r .  We can  t e s t  m o r e  e x h a u s t i v e l y  the  i t e m s  w h i c h  a r e  m o r e  
s u b j e c t  to w e a r  o r  d e t e r i o r a t i o n .  We can  s t u d y  the i m p o r t a n c e  of s u d d e n  
f a i l u r e  v e r s u s  n o r m a l  d e t e r i o r a t i o n  and  d e t e r m i n e  w h i c h  c a u s e s  the m o s t  
t r o u b l e  in  any  i t e m .  

In s o m e  i n s t a n c e s  it  m a y  be  c h e a p e r  to d u p l i c a t e  c i r c u i t  e l e m e n t s  
and to u s e  " r e d u n d a n c y "  to p r o v i d e  a d d i t i o n a l  r e l i a b i l i t y .  
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We can u t i l i ze  the " shakedown"  technique fo r  components  or  end 
e q u i p m e n t s .  E x p e r i e n c e  ind ica tes  that ,  in gene ra l ,  l a t en t  defec t s  a r e  
l i ke ly  to be r e v e a l e d  wi thin  some  per iod  of " shakedown"  ope ra t ion .  

C h a r t  4, page 21. - - T h i s  cha r t  shows that  if you take a new p iece  
of e l e c t r o n i c  equ ipment  and run  it for  a c e r t a i n  length  of t ime you a r e  
apt  to have m o r e  f a i l u r e s  du r ing  the in i t i a l  pe r iod  than l a t e r .  You wi l l  
not ice  that  a f te r  a c e r t a i n  number  of hours  the equ ipment  b e c o m e s  
shaken  down and m o r e  r e l i a b l e .  We a re  taking our  e l e c t r o n i c  gea r  and 
runn ing  it a n u m b e r  of hour s  be fo re  we ship  i t .  In this  way,  we in  
RCA, hope to f ind out h idden defec ts  which o the rwise  would not appea r  
unt i l  l a t e r .  

It is e s s e n t i a l ,  however ,  that we have an adequate  feedback  of 
i n f o r m a t i o n  as  to f a i l u r e s  and the i r  c ause s ,  and that  c a r e fu l  s t a t i s t i c a l  
a n a l y s i s  be p rov ided  in o r d e r  to improve  components  and to provide  
equ ipment  d e s i g n e r s  with adequa te  work ing  data .  

Recogn i t i on  of the p r o b l e m  of component  r e l i a b i l i t y  has  c e r t a i n l y  
o c c u r r e d  wi th in  the i n d u s t r y .  R a d i o - E l e c t r o n i c s - T e l e v i s i o n  Manufac -  
t u r e r s  A s s o c i a t i o n  groups a r e  s tudy ing  the p r o b l e m .  Mr .  M a r t i n ' s  
office has  e s t a b l i s h e d  an a d v i s o r y  group on R e l i a b i l i t y  of E l e c t r o n i c  
Equ ipment ,  under  the c h a i r m a n s h i p  of Mr .  L. M° C lemen t ,  whose 
m e m b e r s h i p  inc ludes  r e p r e s e n t a t i o n  f r o m  the e l e c t r o n i c s  i n d u s t r y  and 
the m i l i t a r y .  A few tubes have been teste~l and r e l i a b i l i t y  index f i g u r e s  
e s t a b l i s h e d .  Component  m a n u f a c t u r e r s  a r e  taking ac t ion  a l so .  Never the-  
l e s s ,  much  r e m a i n s  to be done to so lve  the g e n e r a l  p r o b l e m  of component  
r e l i a b i l i t y .  

An a l l i ed  p r o b l e m  af fec t ing  r e l i a b i l i t y  is  that  of w o r k m a n s h i p  in 
a s s e m b l y .  This  is a b road  sub jec t ,  but I should  l ike  to point  out that,  
in l a r g e  product ion ,  good w o r k m a n s h i p  is  ach ieved  e c o n o m i c a l l y  by 
cont inuous p roduc t ion  which p e r m i t s  w o r k e r s  to become  f a m i l i a r  wi th  
the demands  of the spec i f i c  job.  Workmansh ip  p r o b l e m s  a r e  accen tua ted  
by i n t e r r u p t i o n s  which r e s u l t  in new labor  taking over  and going through 
a l e a r n i n g  pe r i od .  

If we a r e  to ach ieve  the goal  of g r e a t l y  i n c r e a s e d  r e l i a b i l i t y ,  we wi l l  
a l m o s t  c e r t a i n l y  f ind that the equ ipment  wi l l  cos t  a g r e a t  deal  m o r e ,  at  
l e a s t  in the in i t i a l  s t a g e s .  Without  comple te  da ta  on component  r e l i a b i l i t y ,  
we wil l  tend to l ean  over  backward  in o rde r  to p lay  s a f e .  We m a y  have  
to " o v e r t e s t "  in o rde r  to be s u r e .  We m u s t  go through this s t age  in  o r d e r  to 
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m a k e  p r o g r e s s .  If m a n u f a c t u r e r s  e n g a g e d  in  such  w o r k  a r e  to be r a t e d  
by c o m p e t i t i v e  p r i c i n g  a lone ,  I doubt  that  m u c h  can  be a c c o m p l i s h e d ,  
s i n c e  those  who put the m o s t  in to  r e l i a b i l i t y  wi l l  be  p e n a l i z e d .  H o w e v e r ,  
wi th  e x p e r i e n c e  and k n o w l e d g e  we m a y  e x p e c t  c o s t s  to be r e d u c e d .  

E v e n  with s u b s t a n t i a l l y  g r e a t e r  cos t s  f o r  r e l i a b l e  e q u i p m e n t ,  the 
G o v e r n m e n t  m a y  save  v e r y  l a r g e  s u m s .  I quote  aga in  f r o m  M r .  W. H.  
M a r t i n :  

"I was told r e c e n t l y  that,  f o r  a c e r t a i n  type of c o m p l e x  
a i r b o r n e  e l e c t r o n i c  e q u i p m e n t ,  s o m e t h i n g  over  t h r e e  m a n - h o u r s  
of m a i n t e n a n c e  is r e q u i r e d  fo r  each  h o u r  in f l igh t .  A s tudy  by 
RAND s h o w e d  that  the c o s t  of m a i n t a i n i n g  e l e c t r o n i c  e q u i p m e n t  
in  the A i r  F o r c e  is  about  twice  as m u c h  p e r  y e a r  as the f i r s t  
c o s t  of the e q u i p m e n t .  A Navy e s t i m a t e  e x p r e s s e d  the m a i n t e -  
nance  c o s t  d u r i n g  the l i fe  of the e q u i p m e n t  as  about  ten  t i m e s  
the f i r s t  c o s t  . . . .  Obv ious ly  i n c r e a s e d  r e l i a b i l i t y  can  pay  
l a r g e  d i v i d e n d s - - w i t h  accoun t  be ing  t aken  only of the d i r e c t  
t ang ib le  f a c t o r s . "  

I p r e v i o u s l y  m e n t i o n e d  the n e e d  fo r  s u f f i c i e n t  t i m e  to do a good 
job in p r o d u c i n g  e q u i p m e n t .  A good m a n y  e l e c t r o n i c  jobs  a r e  r u s h  
j o b s .  It is u n r e a s o n a b l e  to e x p e c t  that  the r e l i a b i l i t y  of e q u i p m e n t  
r u s h e d  th rough  d e v e l o p m e n t  and p r o d u c t i o n  wi l l  be  as good as  when  
adequa t e  t i m e  is  a l l owed .  At t i m e s  the n e e d  m a y  be so p r e s s i n g  
that  r u s h  s c h e d u l e s  a r e  e s s e n t i a l ,  ye t  i f e e l  s u r e  that  t h e r e  a r e  t i m e s  
w h e n  o l d e r  e q u i p m e n t  m i g h t  be u s e d  l o n g e r  in o r d e r  to m a k e  the n e w e r  
d e s i g n  m o r e  s a t i s f a c t o r y .  

I have  devo t ed  a good dea l  of t ime  to this  s u b j e c t  b e c a u s e  i t  is one 
of the m o s t  i m p o r t a n t  a s p e c t s  of the p r o d u c i b i l i t y  of e l e c t r o n i c  equ ip -  
m e n t .  I have  dea l t  with only  a few of i ts  m a n y  f a c e t s .  To s u m m a r i z e ,  
i t  s e e m s  to m e  that  we n e e d  to do the fo l l owing  th ings  in o r d e r  to i m -  
p r o v e  r e l i a b i l i t y :  

D e v i s e  e q u i p m e n t  t e s t s  m o r e  r e p r e s e n t a t i v e  of f i e ld  c o n d i t i o n s .  

Speci fy  d e s i r e d  e q u i p m e n t  r e l i a b i l i t y  in d e t a i l .  

Set  goal  of r e l i a b i l i t y  index  r a t i n g s  fo r  c o m p o n e n t s .  

E s t a b l i s h  t en t a t i ve  r e l i a b i l i t y  r a t i n g s  fo r  c o m p o n e n t s  b a s e d  on 
f i e l d  r e p o r t s  and s a m p l e  t e s t s .  
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E s t a b l i s h  t e s t  m e t h o d s  to a c c u m u l a t e  a c c e l e r a t e d  c o m p o n e n t  l i fe  

i n f o r m a t i o n .  

Recognize the value of "shakedown" testing. 

P l a n  fo r  con t inuous  p r o d u c t i o n  as m u c h  as p o s s i b l e .  

Do not  p e n a l i z e  m a n u f a c t u r e r s  who s t r i v e  to m a k e  r e l i a b l e  

e q u i p m e n t .  

Al low s u f f i c i e n t  t ime  to do a good job.  

What  can we do in o r d e r  to p lan  fo r  g r e a t e r  r e l i a b i l i t y  in p r o d u c i n g  
our  e q u i p m e n t  ? 

First, with respect to design development leading to production, 
I believe that the present methods of developing, producing a quantity, 
and then starting a new development program, often with another con- 
tractor, should be considerably modified in order to solve some current 
problems. The present methods too often are wasteful of engineering 
resources, know-how, and production capabilities. The following is a 
suggested procedure for conserving resources and making for better 

producibility. 

The c o n t r a c t o r  s e l e c t e d  fo r  d e v e l o p m e n t  of an i m p o r t a n t  e q u i p m e n t  
s h o u l d  be qua l i f i ed  to a h igh  d e g r e e  fo r  both e n g i n e e r i n g  and p r o d u c t i o n .  
He s h o u l d  be  w i l l i ng  to m a k e  a l o n g - t e r m  c o m m i t m e n t  fo r  s u c h  a p r o g r a m .  
I n a s m u c h  as  the d e v e l o p m e n t  c o s t  is  u sua l l y  m i n o r  with r e s p e c t  to p r o -  
d u c t i on  and  m a i n t e n a n c e  cos t s ,  e m p h a s i s  on d e v e l o p m e n t  c o s t  shou ld  be 
m i n i m i z e d .  I b e l i e v e  the G o v e r n m e n t  wi l l  s ave  m o n e y  by s p e n d i n g  a d e -  
qua te  s u m s  on d e v e l o p m e n t  and not s e l e c t i n g  b i d d e r s  on the b a s i s  of c o m -  
p e t i t i v e  p r i c i n g  but  p r i m a r i l y f r o m  e x c e l l e n c e  of p r o p o s a l s  and o t h e r  
q u a l i f i c a t i o n s .  

Next ,  a f t e r  a d e s i g n  has  b e e n  c o m p l e t e d ,  m o d e l s  t e s t ed ,  and p r o -  
duc t ion  d e l i v e r i e s  s t a r t e d ,  f a c t o r y  r e l i a b i l i t y  t e s t s  wh ich  I h a v e  d e s c r i b e d  
p r e v i o u s l y  shou ld  be u n d e r t a k e n .  The s p e c i f i c a t i o n s  I or  such  t e s t s  
shou ld  be a p a r t  of the o r i g i n a l  c o n t r a c t .  I a l s o  f e e l  s t r o n g l y  that  i t  i s  
i m p o s s i b l e  to a s s u r e  s a t i s f a c t o r y  r e s u l t s  u n l e s s  the d e s i g n e r  is a l s o  
the i n i t i a l  p r o d u c e r .  S u c c e s s f u l  e q u i p m e n t  d e s i g n s  canno t  be m a d e  wi th -  
out the b e n e f i t  of p r o d u c t i o n  e x p e r i e n c e  on the e q u i p m e n t .  To a s s i g n  a 
d e s i g n  c o n t r a c t  to one c o n t r a c t o r  and the f i r s t  p r o d u c t i o n  r e s p o n s i b ~ i t y  
to a n o t h e r  is to r e l i e v e  both  of r e s p o n s i b i l i t y  and to l e ave  the G o v e r n m e n t  
h o l d i n g  the bag  with a d e s i g n  which  m a y  or m a y  not  be  p r o d u c i b l e .  
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As soon as  pos s ib l e  a f t e r  p roduc t ion  has  begun,  f ie ld  t e s t s  should  

be s t a r t e d .  These  m a y  be s p e c i a l  "PrOving ~ o u n d "  t e s t s  made  in 
m i l i t a r y  env i ronmen t ;  they m a y  be .tests upon ac tua l  p e r m a n e n t  equip-  
m e n t  i n s t a l l a t i o n s  c a r e f u l l y  obse rved  and unde r  con t ro l l ed  condi t ions  
to e l i m i n a t e  i r r e l e v a n t  f a c t o r s .  

The s a m e  c o n t r a c t o r  should  be r e q u i r e d  at once to unde r t ake  an 
i m p r o v e m e n t  p r o g r a m  and r e d e s i g n  of the equ ipment  ba sed  upon p r o -  
duc t ion  e x p e r i e n c e  and the r e s u l t  of f ie ld  t e s t s .  The de s ign  e n g i n e e r s  
should  not only have  a c c e s s  to f ie ld da ta  but should be p r e s e n t  du r ing  
some  of the t e s t s .  Ut i l i z ing  the i r  e x p e r i e n c e ,  bo thwi th in  the f a c t o r y  
and in the f ield,  the des ign  should be modif ied  in o r d e r  to p rov ide  g r e a t e r  
r e l i a b i l i t y ,  to r educe  cos t s ,  and to accommoda te  the des ign  to the p r o b ,  
l e m s  of us ing  p e r s o n n e l .  

The quant i ty  o rde r ed  fo r  in i t i a l  p roduc t ion  should  be Limited unt i l  
the r e d e s i g n e d  a p p a r a t u s  can be d e l i v e r e d .  The in i t i a l  p roduc t ion  
should  be c o n s i d e r e d  as  a pi lot  run,  not in tended fo r  p e r m a n e n t  usage ,  
but to be r e p l a c e d  by the f ina l  r e d e s i g n e d  g e a r .  

The p i l o t - r u n  equipment  s e r v e s  a number  of p u r p o s e s .  It  s e r v e s  
to provide  p roduc t ion  e x p e r i e n c e .  It enab les  f i e l d - t e s t i n g  to be a c c o m -  
p l i shed .  It s e r v e s  as the s p r i n g b o a r d  to lower  cos t s  and b e t t e r  qua l i ty .  

S i m i l a r ,  but l e s s  c o m p r e h e n s i v e  f ie ld  t e s t s  should be run  upon the 
r e d e s i g n e d  equipment .  These  m a y ' b e  r e g a r d e d  as  a check upon the m o d i -  
f i ca t ions  and to v e r i f y  the f a c t o r y - l i f e  t e s t s .  

The c o n t r a c t o r  may ,  a t  this point ,  engage in l a r g e - s c a l e  p roduc t ion  
with r e a s o n a b l e  sa fe ty ,  and the  G o v e r n m e n t  may ,  if d e s i r e d ,  now se t  up 
a second  sou rce  of supply .  It would, however ,  be h igh ly  d e s i r a b l e  to 
r e t a i n  the o r ig ina l  c o n t r a c t o r  under  deve lopment  con t r ac t  to improve  
and s i m p l i f y  the appa ra tus  throughout  i ts  usefu l  l i fe ,  which,  by  the way, 
can  u s u a l l y  be c o n s i d e r a b l y  p ro longed  by such m e a n s .  

Objec t ions  m a y  be r a i s e d  that such  a p r o c e d u r e  is  was te fu l  of t ime 
and m a y  be expens ive .  I submi t  that  o ther  methods  m a y  appea r  to s ave  
t ime and money  i n i t i a l l y  but r e a l l y  m a y  be e x t r e m e l y  was te fu l .  I am 
convinced  tha t  such  an o r d e r l y  p r o g r a m  would save  v a s t  s u m s ,  would 
r e s u l t  in much  m o r e  r e l i a b l e  equipment ,  and would have f ewer  m i s s e d  
s chedu le s  than at  p r e s e n t .  I be l i eve  that the equ ipment  would become  
m o r e  s i m p l i f i e d  and ope ra t iona l  p r o b l e m s  would be g r e a t l y  r educed .  
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I should  l ike  to make  it  c l e a r  that  I have  not included broad  s y s t e m s  
deve lopmen t  p r o g r a m s  in m y  p r ev ious  c o m m e n t s .  I have r e f e r r e d  
c h i e f l y  to deve lopment  work  l ead ing  to the spec i f i c  des ign  of h a r d w a r e .  

I should  l ike  to e m p h a s i z e  aga in  the need for  a b road  r e s e a r c h  p r o -  
g r a m  d i r e c t e d  toward methods  of r a t i n g  components  for  r e l i a b i l i t y  and 
fo r  i m p r o v i n g  component  l ife . I would even sugges t  that some  funds 
in tended  for  end p roduc t s  could wel l  be d ive r t ed  to componen t  deve lopmen t  
and p i l o t - r u n  p roduc t ion  in o rde r  to a s s u r e  a b r o a d e r  base  of r e l i a b i l i t y .  

E x a m p l e  of a L°ng "term P r o g r ~ ,  

I should  l ike to c i te  an example  of a p r o g r a m  of deve lopmen t  and 
p roduc t ion  i n  which our company  engaged and in which a n u m b e r  of 
benef i t s  t o  the G o v e r n m e n t  were  r e a l i z e d .  While this p r o g r a m  did not 
include a s e p a r a t e  p i l o t  run ,  the f i r s t  50 equipments  were  a s s e m b l e d  
as a p i l o t - r u n  l o t .  It included a l o n g - t e r m  i m p r o v e m e n t  p r o g r a m  which 
has  r e s u l t e d  in lower  cos t s ,  g r e a t e r  r e l i a b i l i t y ,  and in equ ipment  s i m -  
p l i f i ca t ion .  

The p r o g r a m  was the A N / P R C - 8 ,  9, 10, low-weigh t  Signal  Corps  
W a l k i e - T a l k i e .  In June of 1946 RCA was awarded  a deve lopment  con-  
t r a c t  to the amount  of 279,000 d o l l a r s .  The pu rpose  was to develop a 
uni t  s m a l l e r ,  l i gh te r ,  and of g r e a t e r  e f f ec t i venes s  than the Wor ld  War  
H uni t s ,  which  had been dubbed "Back i e  B r e a k i e s "  by  the GI ' s .  The 
r e s u l t  of our deve lopment  w a s  a uni t  in which bulk was cut clown 55 p e r -  
cent,  and the r ange  of usage  was s u b s t a n t i a l l y  i n c r e a s e d .  

C h a r t  5, page  26. - - T h i s  c h a r t  shows a c o m p a r i s o n  be tween  a PRC-10  
and the p r e d e c e s s o r  mode l .  You can s e e  i t  has  been  s u b s t a n t i a l l y  r educed  
in s i ze ,  a l so  in weight .  

In o r d e r  to a c c o m p l i s h  the s i ze  r educ t ions ,  we had to u t i l i ze  m i n i a t u r -  
i za t ion  techniques  and even to develop new, s m a l l s i z e d ,  componen t s .  

C h a r t s  6 and 7, pages  27 and 2 8 . - - T h e s e  two c h a r t s  show the con-  
s t r u c t i o n  of the s e t  with the s u b m i n i a t u r i z e d  p a r t s .  You can  see  i t  is  
p r e t t y  wel l  packed in.  

A n u m b e r  of deve lopment  m o d e l s  were  bui l t  by  our e n g i n e e r s  and 
t es ted  by the Signal  Corps  in s u c c e s s i o n  unti l ,  in 1949, the l a t e s t  mode l  
s a t i s f i e d  the A r m y ' s  r e q u i r e m e n t s .  

In 1950 RCA r e c e i v e d  a p roduc t ion  c o n t r a c t  and, because  of Korea ,  
e v e r y  e f fo r t  was made  to expedi te  p roduc t ion .  By  m e a n s  of exce l l en t  
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t e a m w o r k  b e t w e e n  Signal  Corps  p e r s o n n e l  and R C A  p r o d u c t i o n  p e r s o n -  
ne l ,  the f i r s t  e q u i p m e n t  was  d e l i v e r e d  in 36 w e e k s .  

C h a r t  8, p a g e 3 0 . - - T h i s  c h a r t  shows  a P R C - 1 0  e q u i p m e n t  u n d e r  
b a t t l e  cond i t i ons  in  K o r e a ,  w h e r e  it  p r o v i d e d  a f l ex ib l e ,  e f f e c t i v e  m e a n s  
fo r  c o o r d i n a t i n g  i n f a n t r y  with a r m o r  and a r t i l l e r y .  This  was  f r a n k l y  
a c r a s h  job.  Not  e v e r y  job can  be so  h a n d l e d  and m o r e  c o m p l e x  e q u i p -  
m e n t s  would  r e q u i r e  a l o n g e r  t i m e  to p r o d u c e .  

C h a r t  9, p a g e 3 1 . - - T h i s  s l i de  c h a r t  shows  the t i m e  r e q u i r e d  fo r  the 
v a r i o u s  func t i ons ,  in w e e k s ,  f r o m  the i n c e p t i o n .  T h e s e  to ta l  55 w e e k s ,  
bu t  m a n y  of the f u n c t i o n s  w e r e  c a r r i e d  out in p a r a U e l - - f o r  e x a m p l e ,  
f a b r i c a t i o n  of p a r t s  and p u r c h a s i n g  of c o m p o n e n t s .  I m e n t i o n e d  a m o m e n t  
ago  36 w e e k s  as the ac tua l  d e l i v e r y  c y c l e .  

In o r d e r  to gain  p r o d u c t i o n  e x p e r i e n c e ,  50 s e t s  of p a r t s  w e r e  r u s h e d  
t h rough .  T h e s e  w e r e  a s s e m b l e d  and the f i n i s h e d  s e t s  c a r e f u l l y  c h e c k e d .  
By m e a n s  of this p i l o t - r u n  p r o c e d u r e ,  p r o d u c t i o n  t e c h n i q u e s  w e r e  f i r m l y  
e s t a b l i s h e d ,  p e r s o n n e l  w e r e  t r a i ned  in the use  of m i n i a t u r i z e d  p a r t s ,  and 
p e r f o r m a n c e  of the s e t s  was m e a s u r e d .  

The S igna l  C o r p s  u t i l i z e d  the i n i t i a l  50 e q u i p m e n t s  fo r  e v a l u a t i o n  and 
tes t ,  and p r e l i m i n a r y  l i fe  t e s t s  of the e q u i p m e n t  w e r e  m a d e .  The un i t  
p r i c e  to the Signal  C o r p s  on this i n i t i a l  o r d e r  was 579 d o l l a r s .  RCA los t  
1 ,414 ,000  d o l l a r s  on this f i x e d - p r i c e  c o n t r a c t  due to r i s i n g  l a b o r  and 
m a t e r i a l  c o s t s  and to the p r o b l e m s  of p r o d u c i n g  a new,  a d v a n c e d  e q u i p m e n t .  

C h a r t  10, page  32. - - T h i s  is  a h u m o r o u s  c o m m e n t a r y  on such  a s i t u a -  
t ion.  The  cap t i on  is  s e l f - e x p l a n a t o r y .  

H o w e v e r ,  the S ignal  Corps  wen t  a long  with us on a long  r a n g e  c o s t -  
r e d u c t i o n - a n d - L m p r o v e m e n t  p r o g r a m ,  and our  l a t e r  c o n t r a c t s  r e s u l t e d  
in  m o d e r a t e  p r o f i t s .  The in i t i a l  c o s t - r e d u c t i o n  p r o g r a m  r e s u l t e d  in a 
12 p e r c e n t  r e d u c t i o n  a f t e r  n ine  m o n t h s  Of p r o d u c t i o n  on the i n i t i a l  c o n t r a c t .  

In Ju ly  1952 we w e r e  a w a r d e d  a d e v e l o p m e n t  c o n t r a c t  f o r  i m p r o v e -  
m e n t s  b a s e d  upon f i e ld  e x p e r i e n c e  in K o r e a .  E q u i p m e n t s  e m b o d y i n g  
d e s i g n  m o d i f i c a t i o n s  b a s e d  upon th is  c o n t r a c t  a r e  now b e i n g  d e l i v e r e d .  

We h a v e  a l so  u n d e r t a k e n  d e v e l o p m e n t  on a t r a n s i s t o r i z e d  W a l k i e -  
Ta lk i e ,  the m o d e l  of wh ich  is s u b s t a n t i a l l y  s m a l l e r  and l i g h t e r  in we igh t  
than  the P R C - 1 0 .  
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In al l ,  to da te ,  we h a v e  r e c e i v e d  d e v e l o p m e n t  c o n t r a c t s  a m o u n t i n g  
to 6 0 0 ,0 0 0  d o l l a r s  and ~r0:duct ion c o n t r a c t s  t o t a l ing  a p p r o x i m a t e l y  30 
m i l l i o n  d o l l a r s .  The p r i c e  of the PRC-10  has  b e e n  r e d u c e d  f r o m  579 
to 468 d o l l a r s  p e r  uni t ,  and  we have  r e c e n t l y  quoted  330 d o l l a r s  in s p i t e  
of s u b s t a n t i a l l y  i n c r e a s e d  l abo r  cos t s  d u r i n g  this  p e r i o d .  The p r o d u c t  
h a s  b e e n  s i m p l i f i e d  and m a d e  m o r e  e f f e c t i v e .  The p r o g r a m  has  b e e n  
con t inuous  and  our  e n g i n e e r i n g  and p r o d u c t i o n  k n o w - h o w  has  b e e n  u t i l i z e d  
to  t h e  u t m o s t .  

S h o r t l y  a f t e r  our  f i r s t  p r o d u c t i o n  d e l i v e r y  began ,  a s e c o n d  s o u r c e  
p r o d u c e r  was  e s t a b l i s h e d .  We gave h i m  e v e r y  p o s s i b l e  h e l p  and c o n t i n u e d  
to r e n d e r  e n g i n e e r i n g  a s s i s t a n c e  to h i m  d u r i n g  s e v e r a l  s u b s e q u e n t  o r d e r s .  

This  is  a s o m e w h a t  unusua l  s i t ua t i on  in that  a con t inuous  p r o g r a m  was  
e s t a b l i s h e d  fo r  a s i n g l e  e q u i p m e n t  l a s t i n g  e igh t  y e a r s .  P r o d u c t i o n  r e q u i r e -  
m e n t s  of the P R C  e q u i p m e n t  wi l l  be e s s e n t i a l l y  c o m p l e t e d  this  y e a r .  But 
we hope ,  b a s e d  upon  our  l a t e s t  d e v e l o p m e n t  work ,  to con t inue  as a d e v e l -  
ope r  and p r o d u c e r  of A r m y  f i e ld  c o m m u n i c a t i o n s  e q u i p m e n t  and to u t i l i z e  
the e x p e r i e n c e  and k n o w l e d g e  we have  ga ined  d u r i n g  this  e i g h t - y e a r  p e r i o d .  

I have  h e r e  on the tab le  two s a m p l e s  which  we have  j u s t  d e l i v e r e d  to 
the Signal  C o r p s ,  and I would  l ike  to show t h e m  to you.  This  ( indica t ing} 
is  a m i n i a t u r i z e d  and t r a n s i s t o r i z e d  r e c e i v e r  which  wi l l  w o r k  with the 
W a l k i e - T a l k i e .  A n o t h e r  d e v e l o p m e n t  is this m i n i a t u r i z e d  s e t  ( ind ica t ing) .  
Th is  type is  bo th  a t r a n s m i t t e r  and a r e c e i v e r - - y o u  can  ta lk  and r e c e i v e  
with i t .  

I w i l l  l e a v e  t h e s e  s a m p l e  h e r e  and d u r i n g  the b r e a k ,  ff you want  to u s e  
them,  you a r e  w e l c o m e  to do so .  T h e s e  a r e  the l a t e s t  m o d e l s .  You saw 
the s i z e  of the P R C - 1 0 .  This  is  the s i z e  we can  m a k e  it  today .  

G e n t l e m e n ,  - s i m p l y  in s u m m a r y  I would  l ike  to s ay :  I a m  c o n v i n c e d  
that  by c o o p e r a t i o n  b e t w e e n  the G o v e r n m e n t  and i n d u s t r y ,  r e l i a b i l i t y  p r o b -  
l e m s  wi l l  be s o l v e d .  I hope  that  a c o n c r e t e  p r o g r a m  can  be  adop ted  to 
s p e e d  up r e s u l t s .  

I b e l i e v e  tha t  the  u se  of p r i n t e d  c i r c u i t s  and  a u t o m a t i o n  on which  
m a n y  of us a r e  b u s i l y  e n g a g e d  wi l l  h e l p  to s o l v e  s o m e  of our  t i m e  p r o b l e m s  
as w e l l  as  a i d i n g  in i n d u s t r i a l  m o b i l i z a t i o n .  RCA has  a l r e a d y  u n d e r t a k e n  
to r e d e s i g n  on i t s  own in i t i a t i ve ,  s p e c i f i c  m i l i t a r y  e q u i p m e n t s  u s i n g  p r i n t e d  
c i r c u i t s  and m o d u l a r  c o n s t r u c t i o n  adap ted  to a u t o m a t i c  a s s e m b l y .  Our  
p lans  a r e  to h a n d - c o n s t r u c t  such  e q u i p m e n t s  un t i l  s u c h  t ime  aS the 
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a s s e m b l y  m a c h i n e s  which  we a r e  d e v e l o p i n g  wi l l  be c o m p l e t e d .  We can  
s e e  m a n y  a d v a n t a g e s  f r o m  s u c h  a p r o g r a m - - g r e a t e r  u n i f o r m i t y  of p r o -  
duct ,  e a s i e r  m a i n t e n a n c e ,  i m p r o v e d  r e l i a b i l i t y  b e c a u s e  of f e w e r  s o l d -  
e r i n g  p r o b l e m s ,  t i m e s a v i n g ,  and,  u l t i m a t e l y ,  l o w e r  c o s t s .  A l l  of t h e s e  

m e a n  e a s i e r  p r o d u c i b i l i t y .  

It is  obvious  tha t  in  th is  l i m i t e d  d i s c u s s i o n  on the p r o d u c i b i l i t y  of 
e q u i p m e n t  t h e r e  h a s  b e e n  no oppo r tun i t y  to d i s c u s s  o the r  e l e m e n t s  of 
the p r o b l e m s  which  f a l l  ou t s ide  the s u b j e c t  s c o p e .  In c o n n e c t i o n  wi th  
r e l i a b i l i t y ,  the i n i t i a l  d e s i g n  of the a p p a r a t u s  is  o b v i o u s l y  of b a s i c  i m -  
p o r t a n c e .  The n e e d  fo r  p r o p e r  f i e l d  m a i n t e n a n c e  and s u p p o r t ,  p e r s o n n e l  
t r a i n i n g ,  and adequa t e  f i e l d - t e s t  e q u i p m e n t  m u s t  be e m p h a s i z e d .  Wi th  
h i g h - p e r f o r m a n c e  e q u i p m e n t  i t  a p p e a r s  n e c e s s a r y  to r e e x a m i n e  the m e t h o d s  
f o r  m a i n t a i n i n g  and s e r v i c i n g  a p p a r a t u s  in  o r d e r  to a s s u r e  s a t i s f a c t o r y  
f u n c t i o n i n g .  No one e l e m e n t  can  be n e g l e c t e d  a t  the r i s k  of h a v i n g  the e n t i r e  

s y s t e m  f a i l .  

I have  t r i e d  to ou t l ine  wha t  s e e m  to me  to be the m a j o r  p r o b l e m s  of 
p r o d u c i b i l i t y  of the new,  h i g h - p e r f o r m a n c e  a p p a r a t u s  u s e d  today .  We h a v e ,  
s i n c e  the l a s t  w a r ,  g r a d u a l l y  m o v e d  toward  the f r o n t i e r  of s c i e n t i f i c  k n o w l -  
edge  in  bu i ld ing  a p p a r a t u s .  We have  put  th i s  e q u i p m e n t  in to  p r o d u c t i o n  
b e c a u s e  the r e s u l t s  of u s i n g  i t  would give us  a m a r k e d  m i l i t a r y  a d v a n t a g e .  
P r o g r e s s  of t e c h n i c a l  a c h i e v e m e n t  has  b e e n  m o r e  r a p i d  than  tha t  of the 
d e s i g n  of c o m p o n e n t s ,  of t e s t  m e t h o d s ,  and of m i l i t a r y  l o g i s t i c  s u p p o r t .  
I n d u s t r y  and the m i l i t a r y  have  begun  to u n d e r s t a n d  the p r o b l e m .  Wi th  
the s a m e  f o r c e  wh ich  h a s  r e s u l t e d  in our  t e c h n i c a l  a d v a n c e s  a p p l i e d  to 
f ind  the s o l u t i o n s ,  we shou ld  have  a n s w e r s  which  wi l l  enab l e  us  to r e a c h  
ou r  goa l  of t e c h n i c a l  s u p e r i o r i t y  wi th  p r a c t i c a l  p r o d u c i b i l i t y .  

Thank  you v e r y  m u c h .  

C O L O N E L  W A L K E R :  G e n t l e m e n ,  m a y  we have  y o u r  q u e s t i o n s  ? 
I m i g h t  s t a r t  out wi th  one,  M r .  Smi th .  We w e r e  t a lk ing  about  y o u r  
e x a m p l e  of the l o n g - t i m e  f a c t o r  of t e s t i n g  the e q u i p m e n t .  O n  s u c h  a 
v o l u m e  p r o d u c t i o n ,  do you  u s e  any  s t a t i s t i c a l  c o n t r o l  m e t h o d s  in  y o u r  

p r  oduc t ion ? 

MR. SMITH: Yes ;  we u s e  qui te  a n u m b e r .  We u s e  the o r d i n a r y  
type of s t a t i s t i c a l  c o n t r o l  of p r o d u c t i o n  by  s a m p l e  t e s t s .  Bu t  we r e c e n t l y  
have  s t a r t e d  an  e n g i n e e r i n g  d e v e l o p m e n t  p r o g r a m  of t e s t i n g  v e r y  l a r g e  
q u a n t i t i e s  of s u b a s s e m b l i e s  and of c o m p o n e n t s  which  we u s e  in our  e q u i p -  
m e n t  and f r o m  that  t r y i n g  to d r a w  the t h e o r e t i c a l  r e l i a b i l i t y  f a c t o r  of the  
c o m p l e t e  e q u i p m e n t .  We th ink  we a r e  b e g i n n i n g  to get  s o m e  r e s u l t s  w h i c h  

look  v e r y  i n t e r e s t i n g .  
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QUESTION:  M r .  Smi th ,  we have  had  in the A r m y ,  and I know 
the A i r  F o r c e  and  the N a v y  have  had ,  too, the p r o b l e m  in the p a s t  
of e s t a b l i s h i n g  o r d e r s  on the b a s i s  of an e c o n o m i c a l  p r o d u c t i o n .  What  
in y o u r  c o m p a n y  do you c o n s i d e r ,  and how do you d e t e r m i n e ,  wha t  an 
e c o n o m i c a l  p r o d u c t i o n  wou ld  be ? 

M R .  SMITH:  Tha t  is a v e r y  d i f f i cu l t  q u e s t i o n  to a n s w e r .  It v a r i e s  
wi th  d i f f e r e n t  k inds  of e q u i p m e n t .  It is  h a r d  to a n s w e r  b e c a u s e ,  f o r  
i n s t a n c e ,  we bu i l t  a m i l l i o n - w a t t  t r a n s m i t t e r  f o r  the N a v y .  The quan t i t y  
w a s  one .  Tha t  was  an e c o n o m i c a l  p r o d u c t i o n ,  b e c a u s e  i t  was  s u c h  a 
l a r g e  un i t .  

QUESTION:  How about  the P R C - 1 0 ?  

M R .  SMITH:  Wel l ,  wha t  we  o r d i n a r i l y  do is t r y  to c o s t  the i t e m  
in t e r m s  of v a r i o u s  q u a n t i t i e s .  F o r  e x a m p l e ,  we m i g h t  c o s t  on the b a s i s  
of a t h o u s a n d ,  two t h o u s a n d ,  t h r e e  t housand ,  f o u r  t housand ,  and we g ive  
s u c h  e s t i m a t e s  to the  s e r v i c e s  so  that  t hey  can  judge  c o s t s  i n  t e r m s  of 
t h e i r  r e q u i r e m e n t s  and s e l e c t  a r e a s o n a b l e  quan t i t y .  I d o n ' t  th ink t h e r e  
is  a f ixed  r u l e .  Of c o u r s e  the m o r e  you m a k e  the  m o r e  the c o s t  goes  
down.  In g e n e r a l  I wou ld  s a y  that  on v e r y  s m a l l  e q u i p m e n t  the p r o d u c t i o n  
r u n  that  is  e c o n o m i c a l  r u n s  into  the t housands ;  on l a r g e  e q u i p m e n t  i t  r u n s  
in  the h u n d r e d s  to t h o u s a n d s ;  on v e r y  l a r g e  e q u i p m e n t  it  c a n  be one or  
two.  

QUESTION:  I wou ld  l ike  to m a k e  s o m e  o b s e r v a t i o n s  h e r e .  S ince  no 
one e l s e  is  s t i c k i n g  up f o r  the G o v e r n m e n t ,  I th ink I w i l l .  But  i t  is a 
p r e t t y  h a r d  th ing  in the G o v e r n m e n t  to d e v e l o p  c o n t r o l  o r  g u i d a n c e .  I 
d o n ' t  th ink  i t  ha s  e v e r  b e e n  s e t  out .  T h e r e  have  b e e n  and p e r h a p s  a r e  
p e o p l e  h e r e  who  h a v e  b e e n  in r e s e a r c h  and d e v e l o p m e n t  (R&D). My 
r e m a r k s  a r e  not  a p p l i e d  p r i m a r i l y  to R C A - - i t  is one of the b e t t e r  s u p -  
p l i e r s - - b u t  to  the  i n d u s t r y  in g e n e r a l .  

The f a c t s  took a l i t t l e  b e a t i n g  in y o u r  ta lk ,  s i r .  I th ink m a n y  f a c t s  
w h i c h  ought  to be ,  a r e  not  c o v e r e d  by s p e c i f i c a t i o n s ;  bu t  we th ink  the 
m a n u f a c t u r e r s  t h e m s e l v e s  s h o u l d  be  h a n d l i n g  t h e m .  I have  b e e n  in  c o n -  
t r o l  of a d i r e c t  K - s y s t e m  at  t i m e s .  As a m a t t e r  of f a c t ,  at  t i m e s ,  in 
p u t t i n g  in those  t e s t  tubes ,  the d e s i g n  f o r  o v e r l o a d  on the job was  no t  
a d e q u a t e  f o r  w h a t  the  t ubes  wou ld  be  u s e d  f o r .  It  is a b a s i c  p r o b l e m  in 
e n g i n e e r i n g  on a n y  b a s i s  of r u n n i n g  t e m p e r a t u r e s  200 or  300 d e g r e e s  
a b o v e  wha t  the tube was  d e s i g n e d  to s t a n d .  

Th i s  is  s o m e t h i n g  you  c a n ' t  c o v e r  in s p e c i f i c a t i o n s .  It is  a m a t t e r  
of i n t e g r i t y  in the m a n u f a c t u r e r ' s  p r o c e s s  and e n g i n e e r i n g .  In the 
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s p e c i f i c a t i o n s  t h e r e  a r e  a l r e a d y  c e r t a i n  s t i p u l a t i o n s  s e t  by the m a n u -  
f a c t u r e r  that  the tubes  m u s t  be d e s i g n e d  a r o u n d  s t a n d a r d  tubes .  We 
in  the A i r  F o r c e  and a l s o  in the Navy have  a t e r r i f i c  p r o b l e m  h e r e ,  
that  the  m a n u f a c t u r e r ' s  d e s i g n  was of s e l e c t e d  tubes .  T h e y  took 
s t a n d a r d  c a t e g o r i e s  and s e l e c t e d  those  w i th in  s p e c i a l  c a t e g o r i e s  of 
d e a l e r s .  We c a n ' t  buy s t a n d a r d  tubes  wh ich  we can  ge t  e c o n o m i c a l l y  and 
supp ly  a l l  o v e r .  We have  to buy s p e c i f i c  tubes  wh ich  the  m a n u f a c t u r e r  
h a s  bought ,  t e s t ed ,  and s e l e c t e d  as s p e c i f i c  p r i m e  tubes ;  and a s h a r e  goes  
on his cost and adds to the price. This has to be designed. But this situa- 
tion is almost under control. 

There are a couple of other items that came up. There are impres- 
sions that come up--I don't think they are deliberate--but nevertheless 
in the audience we feel them. On testing the design of components I had 
personal experience back in 1946, 1947, 1948, and 1949. There are many 
contracts on which we fried to put out development exhibits which we sent 
out to given manufacturers to get them to work on major components. 
We couldn't get the interest of the industry because they were busy with 
t e l e v i s i o n .  If t hey  a r e  i n t e r e s t e d ,  they  wi l l  take the c o n t r a c t ;  if they  a r e  
not ,  they  w o n ' t  t ake  i t .  I th ink th i s  is a s e r i o u s  p r o b l e m  in  the d e v e l o p -  
m e n t  of b e t t e r  c o m p o n e n t s .  P u t t i n g  G o v e r n m e n t  d o l l a r s  in to  it  d o e s n ' t  do 
the job.  We m u s t  have  w h o l e h e a r t e d  i n d u s t r y  c o o p e r a t i o n .  

T h e r e  is one o t h e r  p r o b l e m .  You m e n t i o n e d  the  f ac t  a coup le  of t i m e s ,  
I b e l i e v e ,  s i r ,  that  c o n t r a c t s  a r e  o f ten  l e t  out to a m a n u f a c t u r e r  o n  a c o m -  
p e t i t i v e  b a s i s  w h e r e  a n o t h e r  m a n u f a c t u r e r  has  done  the d e v e l o p m e n t a l l y  
b a s i c  w o r k .  It is  m y  i m p r e s s i o n ,  and p e r h a p s  you wi l l  want  to c o m m e n t  on 
it ,  tha t  we in the Ai r  F o r c e ,  w h e r e  we give  out a d e v e l o p m e n t  c o n t r a c t ,  
a l m o s t  i n v a r i a b l y  t ake  the  p r i m a r y  c o n t r a c t o r  f o r  the p r o d u c t i o n  of the e q u i p -  
m e n t .  Many  t i m e s ,  of c o u r s e ,  we have  to  b r i n g  in a s e c o n d  s o u r c e ,  or  a 
t h i r d ,  or  a f o u r t h .  We ge t  in to  m o r e  u n s a t i s f a c t o r y  s c h e d u l e s  as  to r e s p o n -  
s i b i l i t y  fo r  f u r t h e r  d e s i g n  i m p r o v e m e n t  w h e r e  t h e r e  a r e  m a n y  s o u r c e s  
w o r k i n g  on the s a m e  e q u i p m e n t .  

B a s i c a l l y ,  s i n c e  m o s t  of our  R&D c o n t r a c t s  a r e  n e g o t i a t e d  u n d e r  f i x e d  
p r i c e s ,  w h e n  t h e r e  a r e  c o m p e t i t i v e  c o n t r a c t s ,  n a t u r a l l y  we h e a d  in to  a 
m a t t e r  of p o l i c y  on p r o d u c t i o n  c o n t r a c t s  to s o m e  a g e n c y .  

I think the situation you mention is more or less an exception. 

M R .  SMITH: You b r o u g h t  up s o m e  v e r y  i n t e r e s t i n g  s u b j e c t s .  May  
I c o m m e n t  on t h e m  n o w ?  L e t  m e  take t h e m  b a c k w a r d s ,  s t a r t i n g  wi th  the 
l a s t  one .  I gave the e x a m p l e  of the P R C - 1 0  e q u i p m e n t .  W e  d e v e l o p e d  i t .  
It was  l e t  out  f o r  c o m p e t i t i v e  b idd ing .  My r e c o l l e c t i o n  is that  t h e r e  w e r e  

28 b i d d e r s  on the e q u i p m e n t  b e f o r e  anyone  had  m a d e  it in  p r o d u c t i o n .  
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The b id  was  a w a r d e d  to a c o m p a n y  wh ich  had v e r y  l i t t l e  p r o d u c t i o n  
e x p e r i e n c e  ju s t  b e f o r e  K o r e a .  Tha t  c o m p a n y  n e v e r  did p r o d u c e .  

I th ink  what  you s a y  is i m p o r t a n t ,  Many c o n t r a c t s  f o r  i n i t i a l  p r o d u c -  
t ion  a r e  g iven  to the c o m p a n y  do ing  the d e v e l o p m e n t .  But  t h e r e  a r e  o t h e r  
s i t u a t i o n s ,  and s o m e  of t hem a r e  o c c u r r i n g  r i gh t  now. I a l s o  r e a l i z e  
tha t  t h e r e  a r e  p o l i c y  s i t u a t i o n s  wi th  wh ich  the  m i l i t a r y  m u s t  cope .  T h e s e  
have  m y  s y m p a t h y ,  and I u n d e r s t a n d  tha t  s o m e t i m e s  it  is  d i f f i cu l t  to 
p r o c e e d  wi thou t  c o n s i d e r i n g  a l l  such  f a c t o r s .  

The c o m p o n e n t  s i t u a t i o n  that  you m e n t i o n  is  a v e r y  t r u e  one .  This  
is  a p e c u l i a r  th ing about  the  e l e c t r o n i c s  i n d u s t r y .  Many  of the c o m p o n e n t s  
a r e  p r o d u c e d  by  s m a l l  c o m p a n i e s .  It is  d i f f icu l t  to ge t  s o m e  of these  
c o m p a n i e s  I n t e r e s t e d  in  i m p r o v i n g  d e s i g n s  s i n c e  m o s t  of t he i r  m o n e y  is  
u s e d  up in  p r o d u c i n g  c o m m e r c i a l  i t e m s  and they  h a v e  no c e r t a i n t y  of 
r e c o u p i n g  d e v e l o p m e n t  c o s t s .  Ac tua l ly  RCA has  p l a c e d  d e v e l o p m e n t  c o n -  
t r a c t s  and is  pay ing  s o m e  of t he se  c o m p o n e n t  m a n u f a c t u r e r s  to d e v e l o p  
b e t t e r  m i l i t a r y  c o m p o n e n t s .  We a r e  u s i n g  our  own m o n e y ,  s i m p l y  b e c a u s e  
we canno t  buy c e r t a i n  c o m p o n e n t s  which  we need .  It i s  a c u r r e n t  p r o b l e m .  

I th ink  qui te  a b i t  o f  p r o g r e s s  has  b e e n  m a d e ,  p a r t i c u l a r l y ,  in the  
D e p a r t m e n t  of D e f e n s e ,  in e n c o u r a g i n g  s m a l l e r  m a n u f a c t u r e r s  to do a 
b e t t e r  job.  

W h e n  you spoke  the f i r s t  t i m e  about  m i l i t a r y  s p e c i f i c a t i o n s ,  you  s a i d  
that  p e r h a p s  I was  a l i t t l e  u n f a i r .  F i r s t ,  l e t  m e  s a y  I a d m i t  i t .  What  I 
a m  t r y i n g  to do is  u r g e  that  you m a k e  i m p r o v e m e n t s  in the s p e c i f i c a t i o n s .  
The po in t  you m e n t i o n ,  on tubes ,  is one I can  s p e a k  on with g r e a t  f e e l i n g .  
We h a v e  b e e n  t r y i n g  to u se  tubes  s u b j e c t  to s t a n d a r d  m i l i t a r y  a p p r o v a l  
and  s p e c i f i c a t i o n s .  L e t  m e  i l l u s t r a t e .  

S t a n d a r d  l i m i t s  on tubes  a r e  s u p p o s e d  to f a l l  wi th in  an  a r e a  d e f i n e d  
by  th i s  d i s t a n c e  ( ind ica t ing) .  Any tubes  which  f a l l  wi th in  that  a r e a  a r e  
O . K .  We h a v e  b e e n  u s i n g  t h e s e  tubes  f o r  c o m p l e x  m i l i t a r y  e q u i p m e n t .  
What  h a p p e n s  ? Many of the tubes  a r e  r i g h t  h e r e  on the edge  of the l i m i t s  
( ind ica t ing) .  T h e r e  a r e  f ew  in the c e n t e r .  Af t e r  tubes  h a v e  b e e n  u s e d  
a s m a l l  n u m b e r  of h o u r s ,  a n u m b e r  fa l l  ou t s ide  the l i m i t s .  We c a n ' t  m a k e  
e q u i p m e n t  tha t  w o r k s  w e l l  w h e n  the tubes  a r e  ou t s ide  l i m i t s .  We h a v e  
s e t  up new s p e c i f i c a t i o n s  f o r  tubes  which  r e q u i r e  that  the a v e r a g e  of t h e i r  
c h a r a c t e r i s t i c s  fa l l  in the m i d d l e  of this  p e r m i t t e d  a r e a .  As a m a t t e r  of 
fac t ,  the G o v e r n m e n t  has  now adop ted  this  p r i n c i p l e  of the RCA s p e c i f i c a -  
t ions fo r  s o m e  tubes as s t a n d a r d .  Spec i f i ca t i ons  a r e  b e i n g  r e v i s e d  and 
wi l l  b e c o m e  new m i l i t a r y  s t a n d a r d s .  
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This  was  a p r o b l e m  we didn '  t know about  p re -v ious ly .  N e i t h e r  d id  
the m i l i t a r y .  We a r e  f i nd ing  out  s u c h  th ings  today .  We f ind  the m i l i t a r y  
c o m p o n e n t  s p e c i f i c a t i o n s  a r e  not  a d e q u a t e  in s o m e  c a s e s  in  o r d e r  to 
d e s i g n  h i g h - p e r f o r m a n c e  e q u i p m e n t .  

If I h a v e  a c c u s e d  t h e  m i l i t a r y  of m a k i n g  i n a d e q u a t e  s p e c i f i c a t i o n s .  
l e t  m e  s a y  i n d u s t r y  i s  e q u a l l y  r e s p o n s i b l e .  We d i d n ' t  know the a n s w e r  
e i t h e r  un t i l  we  c r o s s e d  s o m e  of the new f r o n t i e r s .  Now a b e t t e r  job c a n  
be  done  on the s p e c i f i c a t i o n s .  

Thank  you  f o r  b r i n g i n g  this  up.  They  a r e  v e r y  i n t e r e s t i n g  p o i n t s .  

QUESTION:  B e f o r e  I s t a r t ,  l e t  m e  s a y  I own an RCA t e l e v i s i o n .  
On this  e a r - p h o n e  e q u i p m e n t ,  do you r u n  in to  the s a m e  d i f f i c u l t y  in  
a p p l y i n g  the e a r  phone  to c o m m e r c i a l  e q u i p m e n t  tha t  you  do in a p p l y i n g  
i t  to m i l i t a r y  e q u i p m e n t ?  

M R .  SMITH:  S ince  the s p e a k e r  of the q u e s t i o n  is a m a n  of s u c h  
d i s c r i m i n a t i o n ,  I w i l l  t r y  to a n s w e r  the q u e s t i o n  v e r y  c a r e f u l l y .  I th ink  
the a n s w e r  is tha t  u s u a l l y  t h e r e  is not  s u c h  a c o m p e l l i n g  t i m e  f a c t o r .  
In o t h e r  w o r d s  we  c a n  take  s e v e r a l  y e a r s  to d e s i g n  a p i e c e  of c o m m e r c i a l  
g e a r ;  bu t  u s u a l l y  the r e q u i r e m e n t s  and the n e e d s  f o r  the m i l i t a r y  e q u i p -  
m e n t  a r e  s u c h  tha t  you  have  to r u s h  a l i t t l e  b i t  m o r e .  I th ink  tha t  is  the  

m a i n  d i f f e r e n c e .  

QUESTION:  I would  l ike  to know wha t  the d i f f e r e n c e  in  the  r e s u l t s  
a r e  in y o u r  e x p e r i e n c e  in the p e r f o r m a n c e  and o p e r a t i o n  of the e q u i p m e n t .  

M R .  SMITH:  T h a t  is  a v e r y  h a r d  q u e s t i o n  to a n s w e r ,  b e c a u s e  the 
s i t u a t i o n s  a r e  c e r t a i n l y  not  c o m p a r a b l e .  F o r  e x a m p l e ,  f r e q u e n t l y  the 
p e r f o r m a n c e  r e q u i r e m e n t s  of the m i l i t a r y  e q u i p m e n t  a r e  h i g h e r .  We 
a l s o  have  the s i t u a t i o n  tha t  the peop le  who u s e  the e q u i p m e n t  in  the c o m -  
m e r c i a l  a r e a  a r e  u s u a l l y  m o r e  e x p e r i e n c e d .  T h e r e  is a g r e a t  p r o b l e m ,  
as  you  know,  in  the m i l i t a r y  w h e r e  peop l e  who a r e  e x p e r i e n c e d  wi th  u s e  
of this  h i g h - p e r f o r m a n c e  e q u i p m e n t  a r e  in  f o r  a c e r t a i n  p e r i o d  of t i m e  
and  then  out,  and it  is n e c e s s a r y  to t r a i n  new p e o p l e .  It is  a p r o b l e m  to 
ge t  e x p e r i e n c e d  p e r s o n n e l  to s e r v i c e  and u s e  the  e q u i p m e n t .  I t  i s  a v e r y  
s e r i o u s  one and  I do no t  know the a n s w e r .  

I th ink  in those  two a r e a s  a r e  s o m e  of the m a j o r  d i f f e r e n c e s .  

38 
\ 



C O L O N E L  W A L K E R :  M r .  Smi th ,  you  have  c e r t a i n l y  g iven  us  a 
v e r y  i n t e r e s t i n g  and p r a c t i c a l  ta lk  this  m o r n i n g  on this  v e r y  c o m p l e x  
p r o b l e m  of p r o d u c i b i l i t y .  I don ' t  th ink  we wi l l  take p r o d u c t i o n  f o r  
g r a n t e d .  On b e h a l f  of the C o m m a n d a n t  and of th is  y e a r ' s  c l a s s ,  thank  
you  fo r  b e i n g  wi th  us  th is  m o r n i n g  and c o n t r i b u t i n g  so  m u c h  to our  
course. 

T h a n k  you v e r y  m u c h .  

(23 F e b  1 9 5 5 - - 7 5 0 ) S / m m g  

39 

A54715 


