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?.March 1950 

COLONEL HENRY: Gentlemen, in my talk to you on Friday I explained 
that for the purpose of the course we are treating production engineer- 
ing more as a science than as a function of an organization. I neglected 
to mention that in the course of our lectures and seminars on the funda- 
mentals that lead time and producibility will be the theme throughout. 
It is one of the elements that we call to your attention on which final 
reports will be made of the four fundamentals: product engineering, 
production planning and Control, to01in~ for production, andquality 
control and inspection. 

Now while our speaker today ispresent!yQuality Control and 
Conservation Director forthe F~public Steel Corporation, his recent 
experience in production has given him a wida background of all the 
elements in scmeform which are_called "use." It is a privilege to 
introduce, to you ~. ~ade R. Weaver. ~r. ~eaver. 

~MR. BEAVER: Colonel Henry, members of the Industrial College of 
the Armed Forces--staff, faculty, and student body. It is distinctly 
an honor to be selected to present the initial lecture of the series 
on the "Fundamentals of Mass Productions" This series is designed to 
present to you certain basic fundamentals which l:am sure will be both 
interesting and valuable. I am confidentthat the inchsion in your 
curriculum of this particular phase of study willprove most useful 
in roundin~out your knowledge of the problems of industry which 
will confront you, especially in theevent of industrial mobilization 
for war. 

There still is no substitute for experience, but frequently the 
accumulation of knowledge by experience alone is a slow, tedious, and 
sometimes painful operation. The wise and astute are wont to take 
advantage of the experiences of others. It is therefore up to those 
of us who have had indUstrial experiences to endeavor to present to ; 
you,~whose major attention has been and must continue to be focused 
elsewhere, as muc~ as possible of the results of those experiences. 
This we shall proceed to do. 

A Study of the history of the eventsand milestones on the 
road to modern mass production provides as interestin~ reading as 
the most fascinating novel. The magic~ word was "interchangeability," 
and the first successful application of the art was,in the year 1800 
when Eli ~hitney--of cotton gin fame--produced 10,O00 army muskets~ 
This was unquestionably the first "tooling-up-for-production" job. 
This led the way to the necessity for greater accuracy in measurements, 

. .  : . ,  
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and the next milestone was probably the development of gauging equipment 
by Carl Johansscn in Sweden, Brown & Sharpe and Pratt& Vvhitney in this 
country, and others; this occurred about 1885. 

About 1900 the assembly line principle was inaugurated by R~ E. Olds, 
the father of. our present Oldsmobile, and since then the technological 
developments have come thick and, fast. The wild imaginings ~of a' crack- .... 
pot writer named Jules Verne have all become commonplace, and today,the 
world is searching for newer and better Jules Vernes. Even the dreams 
of the comic strip artists are no longer revolutionary, andit is the 
wonders of mass production which lead to makin¢ such things accomplished 
facts. 

4 

An appreciation of the complexities of mass production, whether it 
be a normal peacetime view or a perspective based on the potentialities 
of our industrial enterprise in the time of war, presupposes a rather 
fundamental understanding of the famous four "M's"--materials, machines, 
men, and money. You have perhaps seen some other terminology used. 
You might prefer other headings. I believe it is more a matter of 
interpretation than anything.else. • 

Let us look at materials for a moment. The procurement of raw 
materials of satisfactory quality, in suitable amount, from reliable 
sonrces, and under ~proper schedule is a voluminous subject in itself 
and is to be covered in some detail elsewhere in your curriculum. 

Let us jump down to money fo:z a moment. It is simply a medium of 
exchange. There are those who would have us believe that there is 
practically an inexhaustible supply of same to be obtained by the simple 
expedient of.. legislation. It is a vital consideration in the peace- 
time competitive market conditions but declines, in importance in the 
face of a national emergency, so perhaps we should place its responsibility 
in the hands of' the financial people. ~ 

This leaves machines and men--today we must include women--each is ~ 
valueless without the other; in an industrial enterprise of any type • '; 
they become inseparably dependent. Too little attention is paid too 
frequentl2 to either or both. Let us not be caught in that trap. The ' '' 
careful, thorough study and analysis of both will spell the difference 
betwee'n, success an~ failure almost regardless of the job before you. '-. 
"~ith full cognizance of the.importance of raw materials it c~na be safely 
stated that the true measure of our economic potential lies in the 
prgper utiliz~ation of these two :particular factors. 

You Centlemen are particularly concerned with those: cooperative and 
collaborative phases of productive effort whiQh constitutethe efficient 
production team~ In the abstract consideration of an industrial entity~ 
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what~makes it tick?-~you are interested in these subjects not only as 
they may apply to specifically, orsui~plement, your Activities in your 
normal line of duty, b~ as you maybe called upon to use them, in the 
e~ent of war, to promote the speedy, but smooth, conversion of industry 
from peacetime to wartime effort. ~uch of what I shall say may probably 
be c~lassedasfundamental but it is well to stress the fundamentals 
because sound decisions can be made onlyon sound fundamentals, 

To faoilitate the study of any given industrial process, it should 
be broken down into logical or convenient segments. Such a breakdown 
may be subject to personal whim, but for your purposes the following 
divisions have be~n decided upon, and they are quite typical: 

1. Production engineering. 

2. Production plannin~ and control. 

3o Tooling for production. 

4. Quality control and inspection. 

Each of these is intimately interrelated with each of the other. Each 
has its own ~upplementing and supporting adjuncts. Each has its peculi- 
arities and zequires specialized training for study and analysis. Each 
of ~ihese is predicated on the most efficient combination and use of our 
two-"~['is." ~hether the problem at hand is the designing and construction 
of an entirely new plant or department thereof, or the redesigning and 
revamping of an existing one, the problems involved and the procedures 

.... used will differ but little, except that in t ne latter case one may be 
restricted by geographical or physical limitations. 

Production engineering may be said to include all phases of plant 
and equipment design and installation, assuming the design and specifi- 
cations of the part or unit to be manufactured areknown and ar8 at.hand. 
Of couzse, in many cases there may be only an idea--an idea yet to be 
proven practical° In such cases, product engineering has to not only 
design but manufacture a limited number of a part and then prove its 
feasibility in commercial ~roduction and its ultimate 'practicability 
in use. ~ Special talents called for here may be few or many as conditions 
dictate, but the heavy work will lie in the varioUs engiheering fields 
such as mechanical, electrical, civil, sanitary, chemical, metallurgical, 
ceramic, and others. Proper Location with respect to transportation 
facilities and methods Of materials receiving, handling , and storage 
are of paramoun~ importance 

Right aere the consideration of men must start, and this brings 
into the picture the legal and industrial ralationS phases. Suitable 
res~ rooms, cafeterias, recreational and health facilities must receive 
due consideration. State and Federal laws may be involved and must be 
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complzed wzth; ecOupatlonal, health* ~i~zards ' m~y exist.~ Che we~lfare, 
comfort, nd contentedn~ss,..of..the~.�roductzon Deopie nave be~n tQo often 
zgnored. Carefu.1 st udyl of ,s�ac% ~•~qu~red t�r zn-pro~ess parts or 
matsrzals a~ well I as finished prod.ucta~ i.s~ ~ ~aCtor oft~h, not ~onsidered 

~f~ni~le i% ia sometimes un%voidable, com�!ete!ydesigning a process 
geared to a specific part ~or~unit with litzle or n6 chance of revamping ~ 
hould be guarded aga~nst~ ~ash~nes;and equipment of as~broad flex~5~l~ty 

as possibie %/hou.ld be chosen° .Pro~ductioni~i'ihAs are much more readily • 
and economically accomplished with the use of all-p~u'pose, utilitarian 
equipment as opposed to tha.t specifically designed to do one specific 
job. Proper location of the selected equipment in consideration of 
lightening the work load of•the operators a.nd promoting the smooth 
flow of materials and product is a speCialty'Of :the ~ork simplification 
or methods engineer. Fail~t~e to~ secure hi s advice may prove costly° 
The use of modern materials handling equiome~t and methods will cut 
costs and speed up.production. There have been recent rapid strides 
in this field and an individual experienced in these techniques may 
" literally be .worth his weight in gold. 

Safety is of supreme importance; call in the safety engineer for 
advice; examine the "good housekeeping" facilities; a clean ~lant is 
a safer place in which ~o work. Do not overlook 9rovisions for errors 
or mistakes that are bound to ~occuro There is no such thing as perfaction 
in a process so don't plan for it; leave an occasional loophole, some 
scrap, rework, or rejections must be provided for, and. full facilities: 
for their hahdling must be engineered into the production layout. 

All this sounds quite complicated; it iS o The ultimate objectiVe 
. ~ " d " of maximum oroductien at hi6hest ylel , the highest qua~lity economically 

sound, the minimum costs, the most flexible , ~smoothest running process 
and the most satisfied organization positively c~rmot be attained with- 
out careful consideration of all these phases~ Remember it is usnally 
• fairly easy to make revisions before you start and often impossible, or 
at least difficult, todo so after the project has been oonstructed. 
The quality control consultant assumes an ever-increasing place in 
modern production engineering and this will be elaborated u�on later. 
This entire phase is a master plan Of coordinating the ~ Varied activities 
involved and r~us~ be accompanied by a thD~ghtfully worked outtime scheduie. 

Production @lanning and control is the general Aobase where the 
means are provided for the actuaI proddction process~ This becomes 
much easier of solution if proper care has been exercised in the fore" 
going step of production engineering° 

Production planning and control ~ust c6nsider a suitable supply 
of raw.materials. This is, of course, le£t t6 the Purchasing Department 
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personnel~and they must have'various fundamentals well fixed &n ,mind.:i ' 
Tecb/uologicalassistance :ahdad~ice~ is•often required. Probably s ome~ . 
setup for receivin~ inspection to qualify vendors in order,:Particu~ ./: :' '< 
larly if the:volume is considerable and there is more than one so~ur.ce. " ' .... 
for an item. This orocedure is becoming increasingly popmlar, to instmle ~"~- 
adherence to contractual specifications and to insure incoming product 
quality levels. Most important to production, after qualityis assured, 
is. qmantity--quantity when and as required by production schedules.. ':i 
A uniform flow of raw materials, asdemanded, is absolutely essential ' ' 
to smooth production. 

. ° 

The "suitable" raw material supply having been assured, we are 
now ready to translate our customer's orderinto production language 
and proceed with processing. The backbone of this entire operation 
is a series of adequate control-procedures. The number andmagnitude 
of these would vary. considerably with circumstances but the following 
are typical: 

Order coding sees that all pertinent data appear on the production 
order. 

Order and soheduling coordinates production capacities, timing, 
raw m~!:erials, and deliveries. 

Productionlcbntro1 keeps track of every order at all times, 
providing, inventory Controls and distribution of raw materials as 
required, re.scheduling for shortages or rejections, checking production 
data on such items as pieces or units'produced and times;consumed, .... 
production, rates, wa~e payment bases, and So-forth.. .- .... 

Pr0oess control insures that the process.las i:lald-out, is followed 
and that:.the vari0us componeats~are maintained at standard prescribed 
levels;-~heat treatment, electroplating, and pa~ntmiXing are typical 
examples. . ,  v . . - . . "  : 

Accounting is given the chore of maintaining the necessary records 
for cost control, wages,; salaries, and so forth, and may obtain its 
~n data or make use of that obtained by such branches as production 
contzOi, process control, and.so On. Strict accounting of material 
s~ipped is a prime function of, Acco.unting as accountants are responsible 
for billing. 

Shipping must handle weighing, packaging, andmanifesting. 

Adequate records all alone the line are essential, but lacking 
careful study of this phase, an operation can easily bo6 down from 
its system. The famous "red tape" situation has been the subject of 
much discussion in certain familiar areas.• 
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Tooling for production is usually construed as designing and 
providin~ the fittings for the actual production machines~ such aS 
tools, jigs, fixtures and dies, the materials and partshandling 
equipment, such as tractors, tote boxes, conveyors, and the like, ...... 
together with the necessary maint~nahce setups to test, repair, and - : ..... 
service these production tools and machines as well as to provide .... 
replacement for those of the expendable type, An equally important 
phase of tooling up .is the manpower to effectively use, operate, 
repair, and adjust these tools and, while this phase is not overlooked, 
it may often be considerably Slighted. 

If we assume that drawings, specifications, and so on, ~om~lete 
with all details of the part or unit to be produced are ~t hand, the 
job of the tool engineer can frequently be simplified by the technical 
help available from the machine tool manufacturers,:'die~makersj and 
others. A phase of considerable importance is~ involved in designing 
the fixtures and jigs and a real Rube Goldberg may. prove a most 
valuable asset. Sometimes the most unconventional treatment maybe 
most successful. A complete knowledge of machine, process, and tool 
capability is essential at this point and will be referred to later, 

The movement of materials and parts maybe relatively simplebut 
can frequently be complex enough to require the services of a trans- 
portation engineer. Surelythe industrial engineer and hisen@ineerin@ 
methods is a valuable adjunct. Other industrialengineering techniques 
are used to establish wage and incentive rates and it must be remembered 
that ignoring this ph@se has frequently built up a grand bottleneckto 
the opera~ion. Wage inequitiesand unfair incentives are most conducive~. 
to mysterious lack of production. 

New operations, new products, new standards, and so o~, most 
frequently indicate a re,evaluaZion of available mar@ewer. Careful 
analysis of capabilities is<important, and provision for training or 
special attention should be provided. Particularly in circumstances 
of conversion might this be an important angle, and suitable fore- 
thought and plannin6 could provide the H~ssing factors before they 
actually became needed or at:least before their lack caused trouble... 
Under wartime conditions hhe labor turnover is inevitaoly nigh, thus~ 
demanding careful consideration of instruction programs, s~fety in-. 
doctrination, and the like. The backbone of any productionOrgan- v .... 
ization is its foremen, therefore~ the leadership• of this ~roup must ,~ 
receive careful scrutiny. 

Right about now it is •pertinent that we bring in a topic of 
far-reaching importance. This can probably be best referred to as 
"lead time," and pertains to the unhappy custom of wanting, even 
demanding, "six carloads yesterday." This practice usually results 
from an inadequate understanding of the magnitude of the job at hand, 

/ 

6 

XBSTF{ ,CTED 



i 5 8 3  

• _ - , . , . 

the complexity of the situation, and the absolute necessitE for careful 
thought and planning. Prompt action can be taken, but too often at 
the expense of: sound jud@nent. A full realization of the ~ength of 
time required for all these interlocking phases of design, procurement, 
installation, training, and so on, will save many a headache later on, 

f 

It does not requlre very ext:ensive searchingto see many examples 
T I  ; ' ~  " of !d:o~ng'it .the hard way" and this we shou:id strive to avoid° Pro- 

ducibillty should be the keynote and this means ~implicity, or at least 
lack of complexity, smoothness, speed, accuracy, and results. Almost 
anything can be "manufactured;" but a distinct difference is implied 
by the word "produced." ~odern economic potential demands the maxiHJum 
of production: and q~ality and the minimum costs consistent; this can 
hardly be expected to obtain without suitable planning and forethought, 
which requires time. 

Quality control and inspect!on is a combination of Shore Patrol, - 

M.P,, and G-2~ The Production mus~be patroll~d for infractions o£ 
the rules~ the population, or pr0duct, must be checked for conformity 
to regulations, and som~fancy intelligence Surveys must be continually 
in progreas. ~ne two terms~ quaiitylcOntrolLand inspection, used to 
be rather Synonom0usand the ~nspectionDapartmentwas thought of as 
controIling thequality of ti~ manufactured article. ~odern concepts 
are qui~te :different. Analysis o£ inspection ~erations by and large 
pr0ve~ather c0nclusivelythat they control nothing; their £unctions . 

are generallyconfined to appraisal of quality or weeding out the 
defectives. The true controlof quality would infer manufacturing 
control; production of good material only, so that a minimum of true 
inspection would be required, and modern trends are in exactly this 
direction. 

Duringthe early stages of the last war, the inspection problems 
appeared:to be insurmountable. Unprecedented amountsof material had 
to be produced, in many instances by companies totally unfamiliar with 
the product. All this material ~ad tobe in conformance to standards 
hitherto bmlieved impossible. Identical parts produced by several 
suppliers in various parts of the country simply had to be interchange- 
able at the point of assembly, or for replacement throughout the world 
wherever our armed forces might be. There was a definite shontage of 
trained inspectors and there simdlywas not time to train them. Out 
of the drawers marked "Top Secret" weredrawn the elements of anew 
system Of control , statistical quality control, and qualified individuals 
were put to work simplifying and coordinating numerous narrowly kno.~n 
techniques. Some 2,000 members of industry were trained by a special 
staff under the ~ar Production Board and anentirely ne~ concept ef 
qualitycontrol ~asborn. • 

. . 
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Originally designed around inspection problems majorly~ it soon 
became evident that the procedures used could be backed up into ~ the 

L'J 

production process itself and could help in.making possible the ....... 
production of articles to specified standards, which required very ............... 
little final inspection in order t6 maintain an assured quality le#el.~.,~:~:.~ 
Specific instances intimately connected ~i.th the armed services whose 
knotty problems were unknotted are legion. The mass production Of 
large caliber, ammunition, fuses, and so forth, the i~orden b0mbsight, 
high standards of radar equipment components, evaluation of the. " ' " 
ammunition for the i~ormandy invasion, and the steel cartridge case 
are a few of the more publicly known ventures, .the solution of Which 
was greatly aided by quallty-:control techniques. Those intimately 
connected with these problems tell us that many of them could not 
indeed have been Solved without the use of these techniques. The ...... 
submarine-detection devices, proximity fuses, and pin-point bombing' " 
techniques are specific examples. 

This new tool is really a bag of tools; a series of related 
techniques which make possiSle the analysis of data to obtainhfacts . 
as contrasted to opinions or guesswork. Various statistical techniquesj 
as @ell-f0unded mathematically/as is the mathematics behind navigation 
or astronomy, have been simplified so you and I can use them. Taking.. 
advantage of the variability that exists in all things~ the behavior- 
ship of large numoers, the laws of chance and probability, data from ' 
any operation or process--~and a process need :not,be a manufacturing 
or mechanical process , b.ut may be one of nature, sports, financej -- 
shooting dice, playingpoker or bridge, and so .on.~ban be analyzed to 
produce facts hitherto impossible, or at best-, extremely d'ifficult - 

o f  solution, and with comparative ease and dispatch. 

The rzodern understanding of the words "quality control" means 
much more tman Simply guarding the quality of something, It can, and 
does, mean controlling the quality of a manttfactured article during 
production~ but its aspects are-even very much broader than is implied 
by this. In modern industry, there is virtually no phase Which cannot 
be attacked ioy one or more of'the techniques in the kit bag 'of 
"quality control." Let us see how our operations, as already discussled, 
can be affected° 

A modern Quality Control Department is an entirely separate e nt$t~i~ 
usually, although not necessarily, reporting directly to management. 
It sets, or helps to do so, the standards; inspection merely referees 
how well .those standards. have beefi met. How can it .do t his~ Becaus~ . 
it knows, or can and should find out, what the process or: maChine is " 
capable of doing; not waat some engineer would like to have the mac~ine~ ' 
do, not what some tool designer thinks the tool ought to do, not what-.~ 
some metallurgist or industrial engineer read in a book it should dO, 
but what it actually can do and what we can expect it to do. Quality 
control must have an important say in design of tools, fixturesj and 
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machines; also an important say in raw materials quality. In fact,its "~ 
knowledge of process or machine capability plus customer ,or C..6.~er.. 
reaction must beconsidered heavily by Product or Produc~i~n:Engineering. 
right at t~he start. Repairs and maintenance, process adJustment, man- 
power training, employee relations, wage and incentive rates are much ~ 
bettor"evaluated with the assistance of study by "qualified quality- 
controlpeople. Elimination of the condition whereby tool design, and 
production, inspection, and sales are continually trying to 6utguessl ~ 
each other is one of the important contributions of quality control 
to production. ~-~.... .... ... ~ 

It has been a rather common practice for a great many" years .for " ..": 
Tool Design, to place a tolerance of a part to be manufactured some- 
what by.guess. If theyfeel that a tolerance of five thousandths" i~ ; " 
would be desirable, they know that the ' Inspection ~ Department is going 
to cheat a little bit anyway, so theyplace three thousandths on the ,. 
drawing. It goes in to Production. Productionknows that Engineering, 
Design didn,tt intend for them to .hold three" thousandths, so t~ey take . .  
five; inspection knows that Sales doesntt need five, so they tak.e "" • 
seven~ind.sooner or later weget into trouble ~aith the customers, ., ~ . . 
and then itStarts all over again. ~Thatl elimination of guesswork is ' 
a very; ~very important consideration. Each'division becomes more" " .~ ....... 
familiar ~'iththe problems, limitations~ and capabilities of the o~hers i 
and guesswork is eliminated and confidence results. In a smaller 
organization quality control is sometimes an adjunct to inspection, 
but su~ a setup definit:ely limits the scope of a valuable management ..... . 
tool. .~ 

The conservation of raw materials, in-process materials, 
and manpov.:er is a vital necessity to-economic potential. • Waste, rewgrk, 
scrap,,. 10St man-hours 0an be top-ranking items bf cost and all these 
are spotlighted by quality control and the causes pin-pointed by 
introducing factual evidence on which Corrective action can.be taken. 
Records are available proving ,the ,conservation of over 400,O00 tons 
of steel in one,.year, and its subsequent profitable Consumption into 
finished products, in one company alone. ~illions of dollars worth 
of ~Stfategic materials actually wasted during the last war need not 
be so wasted in the future if we take advantage of the techniques 
available to us..2~la~#modern industries have special organizations 
devo~edlto ithe study and control of such losses. " " " 

A properly integrated quality control program might be defined 

c ~ S u a ' ~ t h $  c°~a~.~emSYttefff°tsc;~.rdhna~inigot~egrqUaullt~mthnteng.nCeZa~don 

so as ito enable the production at the most economical levels, and 
under 'the most satisfying conditions; of products yielding full " 
customer satisfaction." Present increasingly aggressive competitive 
conditiofis no longer tolerate a product which is only "relatively" 
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good nor a cost which is "pretty fair," Under potential conditions 
of conversion to wartime production, this would unquestionably be 
greatly:magIYified. ObServe the many functions to which a properly ' • :" :• 
integrated qnality'control department is tied: product engineering 
for producibi!ity; market analysis--where, what, and how many;t001 ~' :}~'i 
design; purchasing raw materials; and so On down the line." Alm6st ~ ~ '"~"::'::'-• 
every phase, of.modern production has its tie-in with the properly -- "~ ~•~~• '" 
integrated quality control system. And of course it is an extremely '~' -- 
valuable ,tool to inspection. • . . . .  ~ ' 

Inspection, properly interpreted, can cover any and all phases 
of.the production process, from receiving materials inspection to " 
evaluation of the final finished product as it ~0es to the customer. 
In many instances special tools are involved, such as small hand tools, 
gauges, and others. The modern gauging field has lik@wise".been~geared . "  " 

to quality control, and the gauges themselves are a far Cry from the " 
scale and micrometer of a few years ago. This frequently involves • 
the services of a gauging expert for standardization, adjUstment, 
checking, and servicing, i~any of the modern inspection tools are 
electronic devices requiring specialized.service attention. Progress- 
in this field is currently extremely rapid and is outstripping trained 
personnel, which adds still further to the problems of training in 
industry. Application of quality Control techniques to industrial 
processes requires some specialized, though not complex, training in ..... 
itself. Inspection result's must be properly interpreted, from . . . . . . .  " 

customer satisfactionback .to engineering and design of product in ~- " 
process • to complete the cycle of industrial satisfaction. 

Adequate inspection to maintain assurance of a specified quality 
level is fundamental today, Reproducibility is a must. Present-day 
competition demands higher.quality, than e.Ver before. Technological 
advances are continually forcing us to narrower limits, closer toIeranoes, 
higher accuracy, and improved performance. The job of inspecti.onhas 
become a science--inspectors are no longer born; theyare made.- The .... <~ .... " 
old practice..of transferring the machinist or crane operator, Whose ~ : ..... " 
eyesight was ,fai'ling himj t~o the 'Inspe'Ction Department, iS. a thing of ~ " " " 
the past. '~.cdern~trends are toward• less inspection but better inspecti0ff~ '~. ~ 
Even the "quality'! :demanded of inspection is constantly under press6r~-£ ~ ~- 

From beginning to. end of our •modern industry~ be i~ a c6mplicate~ 
or a simple process~ the mandatory, con.sid~rat$on of ~ ~a-fuller and' more ~" ~ ~'"'~ 
appreciative understanding of its complexities--what..makes it tick ~ " ~ 
is required. The full realization of certain fundamental facts is-a 
valuable asset to the individual who would'4undertake t6 :cope with --';'•'x ~ ! 
industry today. Essential ingredients are care; patience, Study, 
analysis, forethought, 91anning,. realizatibn.~of time factors, and a 
lot of the "milk of human kindness. " • " 

Gentlemen,-I thank you for your attention. " 
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C ~ T T ~  Y 0LOI~EL ~NRY: ~Je are ready for questions. 

QUESTION: I am a little interested in the relationship between 
quality control as you were explaining it this morning and the quality 
objective, that isi in certain items that you may be manufacturing, 
yon could go up to a certain quality, conceivable at a certain price 
on the market ~ o r you can make the decision to sell a higher-#riced 
article and perhaps go into greater refinements in q~ality. How is 
that limited or brought about? Does quality control as exercised in 
the manufacturing process carry it out? 

MR0 W~AVER: ~ell, certainly the application of quality controls 
can help .... answer that question. Usually there is a market survey of 
some kind indicated. There is always that problem of whether to sell 
a little higher-quality article at a little higher price and fewer 
of them or to reduce the price and, at a shorter margin of profit, 
sell more° That is the old economic question that too often has been 
answered by guess or by opinion-and natby fact. I believe that the 
most valuable part of quality ccnt~ol!s place there i.s that it presents 
facts on which to make a decision. 

QUESTION: ~. Weaver,~my question may have a little long explanation 
or introduction, if you don!t mind, but it deals with what might appear 
to be a fundamental conflict in economic mobilization or especially military 
production for warj that is, a conflict between the philosophy of mass 
production and the military concept of the prerogatives of a commander. 
They give a commander a mission; there is no degree of success allo'~ed 
in that mission. So the tendency is to ~ive him everything he wants 
to 9ccomp!ish it. Some commanders more or less expect that it means 
they have the right to demand qualitY, quantity, and priority--all at 
the same:time. On the other hand, the customer doesn't seem tc have 
much direct influence on the product which he receives. He "goes down 
to the automobile dealer or the Five and Ten Cent Store~ and buys what 
they offer. 'It seems to me that in mass production, quality is a 
provision of quantity. Now can you offer any reconciliation or any 
res9!ution to this conflict which seems to exist between quality and 
production control? 

~LR. ?~EAVER: i never have felt that increased production neces- 
sarily meant a sacrifice of quality, but I know a 10t of people do. 
They say, ,~e can make so many at this quality level° i Now if we have 
to step up PrOduction , quality will suffer." I don't believe that. 
I donJt think it should. I know it has been all too common, but I 
think it is our lack of understanding of what is involved there that 
makes the less favorable results. 

Your statement that the military ma~ apparently wants quality, 
quantity, priority, and everything at the same time iis right. He does 
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and he expects he is entitled to it. At the moment nothing should be 
more important than that particular mission,, whatever it is. 

During peacetime, of course, production industry, is dependentJ !Y " 

on its customer reaction, but its representatives are somewhat inclined 
to try to force the issue and feel that "~e will give them this; they 
will buy it." Well~ sometimes they~do and sometimes they don't. <The 
old law of supply and demand usUally governs that. In a military v, nture 
we shouldn't think of supply and demand. It is the one thing at!the 
moment against which all our efforts should be directed--that particular 
mission. Industry's thinking throughout its experience of building 
up isnlt that way, and it is a little hard for industrialists to see i 
your perspective. 1 think maybe you will just have tb be a little 
patient' with them for that reason. 

QUESTIO~ER: lVly contention also is that perhaps the military man 
should be a little less demanding. In other words, we get quantity, 
but we also have gotten pretty good quality f~om mass prod Uction-,ff 
we waited long enough. 

~R. %~EA%~R: I thinkyou are entitled to expect good quality and 
I think quality Control procedures will materially aid ihkeeping 
that quality level at whatever point isdesir~d even with increasing,~ 
p~oduction. They are definitely designed to do that. ~ 

QU~STION~ }~r. Weaver, within industry, methods and procedures 
of inspection have been pretty well accepted a~d establi'shed. ~ould 
you care to hazard an opinion within industry as to how this new 
technique of quality control has been accepted by management, engineer-: 
ing groups, and the production people?. -. 

.~R. V~EAVEE~ Yes. We.have all levels of acceptance, from not only 
no interest but actual antipathy to a complete acceptarice:and confidence 
all the wayup the scale, i believe there is no question that the 
eventual solution of the thing is going to be a much more uniform 
understandin 4 between you and me--or between you and someone :else; _ 
between this company and some other company; or between the customer .--,~- ~ 
and the vendor--of what is quality. How- are. we going tb define quality? 
~vho is going to say whether %his material meets that standard or ..... 
whether it doesn't? Up to .now, the thing has been pre%ty much hodgepodge. 

You bought an automobile because it meant that particular car Stood for 
certain things which iri :your opinion were the type of quality yo:u : ' '~ 
wanted. Perhaps I didn't want that at all, or! thought I didn%. ~e'tuall~ 
what we both wanted was the same thing, but we didn't know now to evalhate 
the different manufacturers. The same.thing is true between almost any 
two articles you can think of, The differences of opinion that exist 
between armed forces procuremen~ :and industry's production are typical 
examples. Too often, I think, neither knows what the other is talking 
about. ~e are now commencing to get more closely knit on this thing and 
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have a better understanding of what we both want. Ultimately, our wants 
are the same, so we must get on common ground, talk the same language, 
and have confidence in each other so when we approach a situation we 
will bot~ ,know :what it is. I have every confidence that thi, s is rapidly 
coming about. 

~QUESTIO~: You spoke:of taking the guesswork out of what could ~ 
be:allowed in the way of, manufacturing tolerances. Could you give us 
a specific example of how that~ could be done? 

:!IR. v~EAVER,"'' .... ~ e l l ,  the design, engineer works by .a surprisingly 
large number of old-fashloned, rule-o£-thumb measurements. He takes 
something out of a book or he knows that 2 PlUs 3 and' minus 2 is a 
pretty handy toleranc~ ; or we made something like that once before and 
we had that tolerance on it; or they get a competitive article, check 
it, and find it works pretty well with certain tolerances, so they 
put something on just out of their experience with no reference to 
what ~he process that is ~oing to manufacture that part or article 
actually can do. 

Now there is no sense in ou r saying this is what we want unless 
we must have it. If the process that is going to produce the part 
in mindoan: easily do what:we require of it, that is ~.ll right; but 
so often the process actually cannot do that. We h~ve been ~trying 
for years to make a certain process do something that fundamentally 
it is not capaole of doing; ~ ~herefor~, in our lack of understanding-- 
or ignorance, if you like--we have been buttin~ our heads against a 
concrete wall by trying to do something that just can't be done with 
the present process or machine. 

Now we have ways of finding out factually what the process can do. 
If %he par~ that is required must have properly functioni:ng tolerances 
that cannot be met by this process, then we nave "to go out and design 
a new one. There is no use trying to make it with the present process. 
We know ~b~ facts today, or we can find out, just what that situation 
is. There is no guesswork about it. We can tell vdthin extremely 
narrow limitations just ~hat to expect. So the design eng±neer has a 
chance ,for his alley. He can either modify his ideas or he can say, 
'!WeL must design a new process; the one we have is not adequate." 

: ~ QUES~iO~. Can yOU apply that to a scientific illustration of 
what tolerances you do require in the finished article so that you 
Wo~!t ask i~or more than necessary even if you can get it? 

~R, viE~WZR. Yes, a lot of that has been done. O f  course in 
the final analysis, it is the performance of this unit. ~o~ what 
do you require by way of performance? ~Vhat does it have to do? 
If it is a high-speed rotating part, it has to stay in service and 
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usually those things are determined the hard'way, by finding out the 
practica 1 limitations in 'service. But you can use these principles 
to determine the range wi}hin which sati:~factory ~erfo~manc.e-will " 

probably lie. Again; it. is the finaltesting ~f the part,~eith~r < ~:, .... 
in some kind of predetermined test or in service~ that count.s.-The '- 
automobile, companies are rather famous for that.- They design a n~w 
car or a new part, a new feature, or something, and they gi7~ it ~ve~y 
conceivable kind of test, andit just stands up beautifully~ Then ~hey'~ 
put a few of those cars in our hands, we; the publiC', and we go out ~~ 
and ruin them. So it is rath~rhard to find'outjust what • is required 
of the article in the final analysis for .that reason, the'functionai 
performance. , .  

C0~it~NT: ~ir. 11~eaver, please allow me to supplement that. .There 
are case.s where the. functional. . requirements are exce'edingly severe. 
Let us take, for example, the ball bearing. To ,make those balls 
economi, cally, the best we cando is to make them alike, within about 
one-thousandth of an inch. But to have a normalized bearing, allthe 
balls in any given bearing must be within about 25 or 50 millionths 
of an inch of the same size. So we make them to the thousandths and 
then we grade them according to size, which is a matter Of ~elective 
assembly, so that we do meet a condition where a process is not good ~ ~ 
enough to meet our functional conditions. Then we must pay the price! 
of selective assembly rather., than interchangeable assembly. 

QUESTION: Sir, many organizations have a comptroller. - H o w  does 
that tie in v siththis quality control, two types of control going On 
in the same organization? 

iviR. I~,~EA~ZR: Well, I believe there i's a very distinct difference 
there. The comptroller is usually interest~,~d, in the fihancial structure 
of things mor~ than he is in the actual expenditures within ~a depar~- 
ment or on any article. I can't s~e that there should be any particular 
confliCtion of authority there, or results. 

~UESTION: It seems to me that there wGuld be two different a~ 
proaches ~ on quality control for products which are being manufactured " 
for the bpen market and products which are being manufactured specifica~lly 
for the armed services, Particularly in ~vartime. When you~manufa6turs 
for the open market you nave the opportunity to go out andevaluate 
public demand and the .tolerances as between price and qualitythat"you 
can expect th@ ;public to manifest. But it seemsto me that the armed ~ -  

forces wou~d be ,much more definit~ in setting their- o~n tolerances, sb ~- 
to speak, and their own performance standards when they come up with ~ 
an order, and those .performance standards might not necessarily, conform 
to the seneral run-of standards that would be ~ satisfactory in an art icI~' 
which is offered to the,public. 

14 

I B ~  IP ~ -';~] I i  l l ,Te' .Nf l .  - I I  I~4  I i  _i) 



RB  T  gCT D 
1591 

Now it would a~pear to me that there would be a problem there w~ch 
would require quite considerable integration between the armed forces 
engineers:, who work on their products, and the manufacturers. Is there 
any such organization now integrating with you on quality control in 
industry? 

~R. ~EAVER: No, I think not. That must ultimately come. A simale 
examp!e, of course, oflwhat you are thinking about is a~2~unition, There 
is not too much at s~ake if I buy a box of shells and go out deer hunting. 
If one fails to fire, I just don't get my deer--that is all. But you 
can't-afford to have that happen very often in the Army. It is going to 
happen once in a while; there is nothingperfect. But the incidence 
must be greatly cut do~n, that is true. If quality control in industry 
does its job, it will be able to evaluate its process to know its 
capabilities so that in the event an armed forces requirement is given, 
then industry will know whether it can meet it, and, if it cannot meet 
the reqnirement, what it probably will have to do to revamp its process, 
its machinery, or whatever it is, in order to meet the high-quality 
level. That is somewhat automatically taken care of under certain 
conditions--particularly in material acceptance procedures--by the 
type O f plan used for analyzing material at ~hand, but there must 
ultimately be some way for coordination of that kind to interpret those 
standards and apply them. That will come. 

QUeSTIOnER: It seems to me tha~ quality control has to work both 
ways because it may be that t~e qualities demanded by the services are 
excessive for what is actually needed and that industry could be of 
some help in establishin6 more liberal standards through its quality 
control system. 

MR. WEAVER: I expect that could happen, yes. There again, if the 
job is done right ~ithin industry, the industrialists will be able to 
help interpret those things. There is going to be a better level of 
understanding .of each other's problems and capabilities than there 
has been in the past, 

~QUESTiQ~: Mr. Weaver, as I understand quality control, it has 
replaqed~to al large extend: the in, process inspection we used to do. 
Now :an operator of a machine, a lathe or what not, a grinder of some 
typej pegiodically takes a sample of his work and marks the in or out 
tolerances down, which is later checked by the statistician. Now this 
piece varied in some subassemblies; it goes to the larger assembly. 
How do you keep that operator honest? I mean, by lack of attention or 
by bad work, he can possibly buckle up a lot of pieces. If he "notes it 
on his ~chart or in his sampling procedure, he is going to get some kick- 
back :from the :foreman. Before, the in-process inspector ~ould catch these 
things as they ocourred ............. bury them in assembly, as I see it, 
unless you have some form of in-process inspection along~the line. 
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i~IR. %T~EA~,TER: Are you familiar with banking prodedures at all? 

QUE~TiO~ER: No. 

~,iR. ~6~VER~ Did you ever hear of a bank examiner? ~~e have a 
lot of records in a bank, but we have a ~;ay of Checking on those 
records. The same is true of quality control. You can put quality 
control on quality control, but if the system iS properly set up, 
this won't happen, because the control is at the point of production, 
right ~aere this article is being produced, nqt where it is being 
assembled. Again, there is no such thing as perfection, and whatever 
:-care you might exercise in the production of this article or part, 
.something can happen. So a ce.rtain ~nount of inspection at assembly 
is. required, but in ~ne properly set up system, that need be only a 
minimum b<~cause the control lies right at th~ point ~of producing 
this article, or this dimension, whatever it is. 

That can range ell the way from operator control.. I have seen 
setups where th~ operatoz p.ract~ieally never produced a d~fectiv~' part 
as attested tc by bhe Inspection Department and the assambling opNration 
following, because h~ was provided with a means to know that he wa:s not: 
producing defective parts. He had long since learned by ~xp~rience :-that 
if he tried to cheat, he would be caught. Human beings, for the most 
part, don't like to do that anyway. ~e take a pride in doing things 
well, most of us, and the man who doesn't is soon singled out and trap- 
pod. No, the thing can very definitely/be set up so that cannot happen 
or exist for very long. The properly set up system will police that 
adequate ly. 

COLOi'IEL ~RY: I would like to speak for just a moment in this 
.connection on the' armed forces. During the war, I think we all knew 
that we had requirements that far exceeded our needs. ~'ve also had 
procurement agencies--when they had Operations on their necks--willing 
to take anything they could get so long as it was quantity. In the 
Navy Bureau of Ordnance we nave set up a Quality control Division, ~vhich 
stands betv~een the perfectionist's idea Of design and that of getting a 
quick idea of procurement, and we arbitrarily make design justify the 
requirements on the one hand and make sure we get them on the ot~er. 
That is the general trend, I think, throughout the armed forces. That 
will be discussed in one of the seminars later. I think it is important 
to this group. 

QUESTI6~,: ~r. Weaver, my question:has to do with the gap between 
research and development and production and timing of the oroduct, i 
know before tLe product comes cut of Research sometimes it is being soid: 
by the Director of Research. Other times he is trying to hang back, 
The question is: ~hen do they. stop developing and start producing~ 
At the time of the inevitable conferences between the vice president 
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in charge of sales and the rest of the people, does quality control 
reach into those conferences or does it come into play after the 
decision is made to put the article on the market, or does it even 
reach into the Research Department~ 

N~. WEAV~E: Yes, very definitely it reaches into Research. I 
believe up to now a very high percentage of the use of quality control 
has probably been after production starts, in some oases much too long 
after production starts. The relations of the full scope o£~the thing 
is still to be developed. There has been, as I said, an excess amount 
of concentration on insoection procedures because that was the big 
problem in our last war when this thing unfolded. Not enough industries 
have come to realize that it should be up in the top councils and should 
be applied beforethey ever start to engineer the idea that they have 
developed a need for something and Research has come up withwhat they 
think will fit the need. Certainly right there quality control should 
start, but in very few cases, by proportion, does it do so today. But 
it is rapidly becoming possible in those fields. 

GODDNEL HENRY: Gentlemen, just bear with me~ When one makes the 
decision, it will have some influence on the problem, that is on methods 
in process engineering. In my section chart that I use, I lump them. 
Theycould be one and the'same. My explanation is a little different 
from the way you usa them, and I know the seminar panel member that we 
will have a little later will have one different from thief. In order 
to get all sides of the question in their final papers, would you 
explain your differential between methods engineering and process 
engineering? 

MR. I~EAVER: I would rather feel that the process ensineer was the 
man who desianed and constructed and policed the various phases that 
this article follows as it goes from raw material into a semifinished 
and finished 2art. 

COLONEL HE~RY: Would that include selection of the machines? 

iR. "~iEAVER: Yes, it could and in many cases does. ~hereas the 
method s engineer would be more concerned with placing the machine this 
way &nstead of that way, in having this machine a little farther from 
that one to allow for a certain space consideration, or to place two 
machines here so that their product can discharge and go in one direction. 
He is more interested in simply the movement Of the pieces themselves 
rather than controlling the level or requirement. The process engineer 
would be responsible for setting up the heat treatment cn parts, but the 
methods engineer would be more interested in how do I get those parts 
from the preceding operation to this heat treatment and away from them, 
the most simple and quickest method. 
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COLONEL :~ENRZ: I guess we agree, i thought from the Chart: we 
didn't. I know we are goin6-to have disagreement from the panel. 

~iR. WEA~ER: The things are different between one plant and another. 
The terminology would differ from one place tO the other, th~ terminology 
and actual functions of these men would differ. They are bound to. 

COLONEL T~ENRY: Rir. ~eaver, on behalf of the Commanda~t s~d the 
College, I thank you for a mos~ informative lecture. 

,r I 
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