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CHAPTER I
THE ROLE OF INSPECTION ENGINEER ING

1, Some Earlier Objectives of Inspection Engineering

According to the didtionary, to inspect is to look upon, view criti-
celly, examine, or investigate .something. In this sense most of our conscious
moments are spent in inspecting. In this sense every engineer is an inspec~-
tion engineere.

One of the first serious attempts to outline in a brosd way the ob-
Jeets of inspection engineering was that of R. L. Jonel.l He stated two funda-
mental objectives: to protect the consumer, ana to px:ouoto economy of produoc-
tion. In the same paper he went further and broke these down into five sjecific
objectives, viz., &} determine economical percentage rejection, b) throw out de-
fects at right point in production process, ¢) use sampling W minimize inspec=-
tion work, d4) detect trends in quality, e) find causes of such trends. Such
objectives are far more definite than that of the older watch-dog conoeption of
inspection. The phrase "protection of the consumer™, however, requires amplifie
cation. As to promotion of economy of production, we need to differentiate bde-
tween the part to be played by the inspection engineer and that played by devel-
opment and production engineers.

It is natural that the following kinds of situations shoulid influence
the development of objectives. If an inspection engineer finds & riece of ar-
paratus that does not conform with the requirements, what action is he ¢ take?
Often an inspection engineer is supposed to investigate complaints and nske
recommendations as to the action to be taken. Rurthermore, he is exrecled o
specify ways of inspecting the quality and to meke & periodic quelity re:crt.

In ofher words, the following four functions have become &ssocitted »itr ins;eo-
tion engineering:

A+ Recommendetion for handling of non-conformance ocases.

B. assistance in adjustment of complaints,

C. Writing of inspection specifications.

D. Preparation of quality reports.

Of course, there aré other ways of classifying the furctions st Lave
come to be thought of as belonging to the field of inspection., Even & casyal

l. "Quality of Telephone liaterials™, Bell Telephone Quarterly, Vol, &
Pp. 32-46, January 1927,
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consideration, however, reveals that the r8le of the inspectlon engineer is not
olearly defined by a mere statement of such objectives. In fact, the attain-
ment of suoch requires the cooperation of other kinds of engineers. TFurthermore,
it {» recognized that inspection must enter at almost every, "if not at every,
step of the fadrication process from raw material to finished product. Hence,

it 1is reasonable to ask two questions:

1. Is inspection engineering a distinguishable kind of engineering?
2. Does an inspection engineer require & special kind of training?

In this and the succeeding chapters it will be shown that the
answer to each of these questions is "Yes™, Evidence will be presented not
only to Jjustify this enswer but also to indicate the outstanding significance
of the field of inspection engineering and the remarkable opportunities to
make importamt contributions in industry which lie before the properly trained
inspection engineer. We shall find thet inspection engineering is both a starf
and lipne organization function and that outstanding opportunities lie before

inspection engineers in both phases of this work.
Let us start by looking at what may perhaps be considered ihe general

objective of engineering for the purpose of picturing in & broad way some char-
acteristic inspection engineering problems.

2. Four Problems of the Inspection Engineer

The broad fundamental function of engineering and manufacturing is
simply that of making use of physical properties and lews in the fabrication of
things to satisfy human wants. For example, the American Telephone and Telegraph
Company accepts as its duty the provision to the American people of adequate, de-

1 Here we have & defi-

pendadble, satisfactory, and economic telephone service.
nitely expressed recognition of the fact that the ultimate goal of engineering
is to satisfy humen wants in a certain way.

Often we think of their being the three following steps in attaining
this objective: determine the specific wants to be satisfied in & given case,b
specify the physico-chemical characteristics of the standard thing that will

satisfy in an adequate, dependable,.and economic manner the given set of speci-

fic wants, and produce things that meet the specifications.

1. ?;;:’ for example, Mr. Gifford's statement in his report to the stockholders,
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One of the earliest conceptions of the réle of inspection is simply
that of examining the product to determine whether or not it conforms with the
specifications. It has beer for many years appreciated, however, that $o make
100% inspection at every stage in the manufacturing process involves an exocess-
ive expense, even though such inspection does not involve destructive tests,
Very early in the history of imspection, therefore, it was found necessary to
rely upon the results of sampling. Furthemore, in many instances the required
tests were destructive and hence it was sbsolutely necessary to introduce samp-
ling. Thus arose perhdps the first characteristic problem of inspeotion engil-
neering, viz.,

Problem A - How large a sample shall be taken in a given
casa?

It is, of course, true that this question arises whenever any engineer or scilen-
tist makes any series of msasurements, but the practical significance of tbe
answer is not such as to arouse the same general interest as in the oase of in-
spection where the cost of taking unnecessarily large samples becomes excessive,

The rirst concerted effort to develop the techmique for applying sazp-
ling theory to the determination of the size of sample was launched within tbhe
Bell System about 1924 under the direction of R. L. Jonm.1 To be able to place
much reliance in a judgment as to the quality of a lot from an eramination of a
sample from that lot, it is necessary that we know as muoh &8s possible atcut
what the quality of the lot may be expected to be prior w teking the saxple.
It was early recognized, therefore, that the conditions for ainizum ssmple sizes
are those since described as the conditions of economic oontrol.z

As pointed out by Jonees, however, it is not sufficient to dotermine
as best one can the quality of & given lot from a sample, but it is aleo deeir-
able to detect causes of variations in quality greater than should de left to
chance; hence a second problem peculiar to inspection engineering 1s:

Problem B - How to determine when the variation in quality of
product is greater tham should de left to cheance?

This problem like the former onme is handled in the developed theory cf

l. Loc. cit.

2. Shewhart, W.A., Economic Control of Juality of Kanufactured Produot,
D. Van Nostrand Company, 1931.

3e LOc. cite
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Quality oontrol.l
When we consider what should be done with non-conforming material or

Bow to settle & complaint, we note that it is no longer sufficient to consider

simply the relation of the thing in question to the specification. Instead we

Bust go back to the human wants themselves. In the case of complaints we must

try w determine whether the complaint sbout the quality of the thing is justi-
fied. As a basis for forming & rational judgment in this case, the third

charecteristic problem arises, viz.,

Problem C - How shall we determine when quality of product
= 4s satisfactory, adequate, dependable and economic?

It zignt dbe argued, of course, that the same principles should be used here as
are used in translsting the humen wants in question into a set of specifications.
Since, however, no well-developed and wel l-recognized principles have been pro-
vidod in induatry, it falls to the lot of imspection engineers to develop such
principles. Of oourse, one might also argue that, since the development and
produc tion engineer relies on his judgment as a basis for writing the specifica-
tions, it is reasonable thet the inspection engineer do likewise. The result
would be that the judgment of the inspection engineer would be pitted against
that of the consumer without any rationsl basis for comparing the two. Hence
the consumsr hes a right to expect a decision on the part of the investigating
inspection engineer supportable on rationalz grounds.

Purthermore, 1t shoﬁld be noted that the consumer complaint is not
based upon failure of the apparatus or thing in respect to some well-defined
and measurabdle physico-chemical characteristics. Instead it is usually based
upon his reactions to the thing. Hence the inspection engineer must be able to
oonsider in an intelligent manner such grounds for complainte.

To begin with, it is necessary to determine what is meant by quality
in the sense that it satisfies human wants. Does such quality reside in the
thing itself? 1Is it a special kind of property of the thing? 1Is 1t the s=me as
either or both the goodness and value of a thing. If so, how can it be detected

and measured?

In the previous section it was noted that the preparation of a quality

1. Shemﬂx‘t, IV.A- Eccnomic Control Ofr ua 4 act Oduct
'Y Q lit of M&nuf [ ured Pr 9

2. The full signift
procesd. g icance of this term as here used will be developed as we
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report was ordinarily classed as an inspection function. So long as we 'imit
ourselves to & concept of quality specifieble in terms of measurable physi.c-
chemical characteristics, an inspeciion report can easily be made to show how
the observed quality differs from that specified and to indicate the likely
causes of such variation. In fact, if the specifications are properly wri tten
and the tests are non-destructive, the production of such an inspection report
is pretty much of & routine matter. If, however, for some reason or other the
quality specified must be induced from measurements made on a sample, the ine
spection report should indicate (even under the ideal conditions assumed) the
degree of rational belief p{) that is to be placed in the judgments made by

the inspector as to the quality of the part of the lot not inspested. Hence an
inspection engineer m.ust be qualified to estimate such degrees of belief. In
other words, we come upon the fourth typical general problem:

Problem D - How shall one best arrive at an estimate of the

degree of rational belief to be placed in 8 Jjudg-
ment a8 to the quality of an uninspected portion
of a lot?

Up to this point we have made the very bold assumption that the wants
of the consumer can be rigorously and once for all transleted into specifioa-
tions expressible in terms of measurable physico-chemical charascteristics. The
sanctity often attached to specifications indicates the tendency on the pert of
many to lose sight of the seriousness of this assumption, and at the saze time
suggests the reason why inspection engineering has often been looked ujon es 8
routine.

Until we know far more than we now know about physical prorertlies ané
laws and sbout human wants, we can never rest assured that the thing wanted
can be expressible in terms of measurable physico-chemical charscteristice.
Hence there is need for a continual check as to whether or not the s;ecified
standard itself is satisfactory, adequate, dependable and economio. Ia fwct,
what is the advantage of insuring that the quality of a thing conforzs W o
specification if the specification itself fails to specify what is sct ally
wanted? The function of inspection engineering is therefore much bromder than
simply comparing things produced with those specified: 1t inoludes the etllesn; tel
comparison with the thing wanted.

Let us now examine some of the steps that are customarily invi.ves ig

attaining the general engineering objective with a view to anplifying our :icture
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¥;n:tion of Inspection Engineering
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70 tegin with we tacitly assume that there is an ob jective thing to
te zmade tint will satisfy the given set of wants in an adequate, dependable,
and eoccnozlc =anner. Now it is customary practice to produce a tool-made
u.:.:lo‘; then W specify the characteristics of this tool-made sample so that

tley may bo used as the basis upon which to judge the produced things. These

sleys nro alown schematically in Fig. l.
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The overall oblect or function of all the steps is to satisfy certain human
wants 1n an andequate, dependable, and economic manner. Broadly speaking, it is
the function of the operating engineer to determine what is wanted on the part
of curtomers, of the research engineer to determine the physico-chemical proper-
t1ee nnd laws to be used as building blocks by the development engineer, and of
the prcduc tion engineer tw secure the proper materials, and to produce the thing
wanted in the most economical manner.

In this sense, what is the function of the inspection engineer? Upon
first thought, one might answer that his duty is to examine the finished product

to determine whether or not the quality thereof satisfles the given set of human

L

wents {n an adequéte, dependable, &nd econgmic menner. Upon second thought,
however, the impossibility of confining inspection to the finished product be-
comes upparent because the need for inspection begins with raw materials and is
8ssoc 1s ted with almost every step in the production process. Then too, if We
think a 1little further, we shall see that the validity of any judgment about the
quality of & thing at & given stege in production depends upon how much we know

about 1?3 past history. This point will be emphasized again snd agein as We

l. This 18 upon the essumption that many things of & kind are to be made.
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proceed. LEven in the ;:ace of these facts, however, it remains necessary for the
manufacturing or dndustrial organization as & whole to provide for the assemdbly
of the necessary information from raw materials to finished product to Justity

at all times an adequate degree of rational belief that the over-all angineering

objective is being met. In other words, when a company such as the Bell Systen

assumes the duty of providing the Americem people with adequate, depencnble, and

satisfactory telephone service at reasonable coat, then 1t is necessary to insure

such a coordinated check on all steps in the development and production of the
finished product that the resultant accumulation of inspection data will Justify
at 8ll times an adequate degree of rational belief that the accepted duty is bde-
ing fulfilled in respect to the quality of the material and service delivered to
the consumer.

We shall assume the following functions of inspection engineering:

I. To develop the principles and techniquog for inspeoting any
thingl to determine if it is of SADE-Q.

II. To specify the stages in the production of the thing from

i4s inception to its consumption where inspection techniques

should be applied and judgment rendered as to whether or not

the thing at such stages 1s of SADE-Q.

III. To specify the manner in which inspection should be made

at a given stage, to carry out such imspection, and to judge

upon the basis of available data after inspection whether or

not the thing is of SADE-Q.

IV. To arrange for the necessary accumuletion of data to provide

an adequate degree of rational belief that the deiivered

thing is SADE-Q.

These four functions serve to indicate the distingiisimble chareo-
teristics of the field of inspection engineering. To be in a position to earry
out these objectives, inspection engineers must be trained in the scolution of
problems 4, B, C, and D of the previous section. To begin with he Bust dJeter-

mine what he is to mean by the term quality in the sense that it cen be some-

thing that satisfies human wants in an adequate, dependable, and ecomocmic manner.
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