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When an AMA was indicated as "Prime" relative to a new aircraft,. it L
very shortly "prototyped" the p~lane. That is, one airplane was brought

in and completely analyzed so that all possible maintenance and overhaul ~C

tasks were, identified and a "work book" war, prepared. The work book

contained a decito of every maintenance and overhaul job. Work

orders were printed corresponding to the tasks in the work book. 'I

* ~ 'When an airplane was brought in, for IRAN, it was, after proper

preparat.ion, inspected quite completely, and preprinted work order cards

were attached to the plane for all work to be accomplished. Then each

order was performed. If additional, repairs were indicated as the plane

ii ~progressed through the shop, additional work orders were issued. '=-.. -

Throughout the repair operation the line inspectors examined the

II work performed to see that all the required work was completed' ard

that the quality of the worlimanship was satisfactory.

As the plane progressed through the disassembly area various

accessories, such as radio and navigation equipment, starters, generators,

I sheet metal parts, etc., were removed and sent to specialty.rhaps for

* repair. In some cases the sane part had to be returned to the same

plane, while in others, it was just necessary to supply a similar 'temn.

'Thus, some of the specialty shops had to schedule repair work according
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11 2e objective of IRANW is not to -urn out an "as new" plane, but one

Ithat is adequate in e3very respect to perform its mission until -the next

scheduled IRAN on it. Obviously the work load varied from plane to plane.

Th ework as not~ -performed on a.ll planes.

This brief s-=ary of the charges Itroduced by the IRAN program__

serves to introduce the projbles3 of quality control under that program.

The Quality Coritrzl Program.

It was stated-earlier that line Inspectors checked each work order

P to see that all uzrk was performed satisfactorily. This introduced the

II;,first rnador problem. The numboer of luse inspectors is quite limited and

it is prcblematvical whether thIe most conscientious inspector can really

inspect thoroughly all the vcri n his area. F'urthermore, the Inspector

usual Iy becomes quilte friendly ~ihthe workmsen and may be inclined to

j tell zhe vorunar about his mistakes or cmissions, rather than make the

usual report. Also, the work-say become rather rouine, so that the

I inspector may tend zo Ignore or overlook some of the requirements. .~
Confidence In his friends who do the vzzrk may influeacc him to omit

inspections or perform them only superficially.V Various attesnts to avoid these dif.ficulties have had various degrees
of success. Rotating inspectors may red-uce their Individual effectiveness

% %
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because they are frequently f'orced to work in. a new and Uiifamiliar specialty.L.

Thorough supervision is snotter possible solutioi~but again manpower problems

arise. Maintainirg an audit of the inspection seems to be the most prsctical r

solution.

Before certain areas of the airplane are closed up and again at the end

ol'the line, final inspection-s are performed. The airplan, is divided up

into a number of areas, 9 to 15, depending upon the type, and a certain

number of areas amw inspected-on-each airplane. Thus, by the time: 5 to 101W

airplanes have been passed,-ev~ery-area will have had two to three Inspe~tions.

TLhis is a sampling plan, bitt the areas to be inspected are not necessarily

chosen at random. Past experience is likely to be the basis for choosing

the areas to be inspected, a=& it is possible for the same areas to be

omitted for a number of planes

Quality control in the specialty shc-ps is operated in somewhat the same

way, except that each workman- is supposed to inspect his own work. That li,

somc,,,hat more emphasis is pln-ed on the individual workman's responsibility.

The output of the specialty zsbops may be sampled or 100% inspected by the

department inspectors.

The quality ccantrol tec2= ques to be employed are left almost entirely

* to the quality control repres-entative at each AM. He may employ any or a2ll-"

ofthe techniques described fm the various AM4C manuals. H~e may P,1so devise

aymethods he likes relative to the reporting of quality con .rol data from

the various divisions of the zinintenance act-ivity.
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persnne in uthbe reaintedat prorAMA' avisoieted tor theing-exoenthee use

of statistical techniques In sowe parts of the IRANI program. The objections

to the use of statistical techniquaes vere similar to ~h bjections raised

by inspectors and-others vhen statistical quality control vas-introduced

to industry. They are: 1..

. ~(A) The incruning material (airplanes and parts) are afl. in different '

conditions. Therefore, we cannot assume a stable universe. [w

(B) The numbers are so small that we -cannot apply sampling techniques.

(C) The product is so critical that we cannot take a chance on turning

out a defective airplane. I:. -

(D) The work load is not uniform and the Inspector must be shifted

around on various jobs.
IP.

The premise on which these conclusions are based are, in-general, true,

but the conclusions are not necessarily valid.- The fact that the Incoming

material is not constant, or all in the same ccnditicn, Is almost irrelevat., *

I ~becase the objective is to set up and control a process that will assume I..-

the outgoing material (planes and parts) will be of a constant quality. This

means that it is the purpose of quality control to see that the men,



equipment, and facilities are used in such a way that the defective parts-or-'D O

opportunities for a defect to occur in any number of accessories-or system-..'-.-'- '

' ~ ~In the aircraft, it is perfectly obvious that sapling can be pplied to - ----"--- =

i evaluate the effectiveness of the total process by which defects, defectives, '

. ~~or discrepancies are identified and corrected. '-.---

The number of items to be repaired is much less important than the ''; -''..

number of opportunities for defects to be passed. The concept of defects j, .j

,. ~per unit can be applied to ra dios, hydraulic systems, or nay other system'- ",--•

! ~even if such systems are only turned out infrequently,, say once a week. " ,'""\.;

The idea is clearly to control the-process, consisting of the workmen, '" " "

consistently acceptable. '"'" ?': '

Certainly any characteristics that are critical should not be sampled. I','...'..--
The procedures specified in practically all the qualitycontrol manuals" :. __0,

require that all critical defects be inspected 100. "There are, however, [ ."".J'

many characteristics of major or minor classification that can be controlled I. ".."-

by sampling. The fact that so man unsatisfactory reports (U.R.'s) arrive" "-""""I""> "

on each aircraft indicates that the defects are not being detected by the

present system of quality control. The use of sampling plans would at .-... ,

! | .. '-".". .

least provide an indication of the risk that is being taken, and would ,...../

ermit evaluationlof the process at th time when the defects were oD r

occurring, rather than weeks or months later an rom U.R.ed .Wthhun.reof

number.of opportunities for defects to be passd. The concept of defects *

'-:, ."-." ". -.:-,"per unit can be :.'. appie t-rdishyrali systems, or"... nay. othe .. . ...- : r. ste- - ': . ,
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quick indication of a shift in quality of orkmansip. The results should-.

be available immediately and should be used to call supervisory attention

to problem areas while the problem is still present, rather than waiting

for weeks or months. Corrective action can be far more effective at the p

time the problem is identified. , --

It is assumed that the in-process control will be based on information .

obtained by the line inspectors. How good is their workmanship, and how ,* >.- -:-
effective is the corrective action? The quality assurance audit should

provide the answers to these questions. Certainly the final inspection 'I

before flight test cannot possibly be sufficient to check every quality I * ,

characteristic in an airplane, but sampling (as was discussed earlier) by

"areas" of the plane can provide a valid evaluation of the effectiveness

of line workmanship and inspection. .. ,,

Finally, statistical techniques should be employed in the analysis

of U.R.'s to correlate the "squawks" received from the field with the .It

quality indications obtained In-process and at final inspection.

All of these concepts are for the purpose of Identifying as early

as possible the causes of defectiveness, so that proper steps can be

taken to prevent reoccurrence of those types of defects. The whole

philosophy of statistical quality control is that prevention is more -:c' "2
important thmi after-the-fact sorting of good from bad. This should

be the objective of using statistical techniques, sampling plans, and

control charts in the IRAN program.

S .. /..:
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_ . 0



:7 . ' *~ x n 2-~ -

IFS WWVMRM.*

on aicrf sytes enins and sofrh iialape r edl

available from steps in the final release to flight line. flight line check,

*flight test, and post-flight test inspectiors and rework.

IV. Are New Statistical Techniques and Sampling Plans Needed?

The Department of Defense and the various branches of the Service have

[ developed extensive statistical techniu---q and sampling plans. There are a

-. great number of differcnt types of plans dealing with variables and attributes,

lot-by-lot or continuous, and single, double, and sequential procedures. In

questioning representatives of both AMA's and contiactors, no one suggested

-that new sampling plans were needed for the IRAN program. l- 2

It was generally suggested "-hat effort to simplify the instructions

and provide step-by-step procedures might help to gain. more rapid acceptance

by both work~men and inspectors. This really means that the supervisors of

each IRANI program should devote more time to analysis of their peculiar I~-

problems and in preparation of standard procedures and instructions. Out- I-

siders probably cannot do this as well as the local quality control

I representatives. 0

V. Why Aren't Statistical Quality Control Techniques in General Use in

the IRAN Program? I
An investigation into the real reasons why statistical quality control S

techniques are not in more general use in the IRAN program failed to provide
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very much concrete evidence. These conclusions are based more on personal

evaluation of replies to questions than to the actual replies.

There is one major restriction that can be documented. Technical-

Orders require that certain items be inspected at specified intervals and

declared reparable, or scrap. ere is no provisio for

in the technical order, and even if the items are small and numerous, they ," -.

are treated individually through 100% inspection. Presumably these items

are important enough to justify such requirements.

Beyond the problem of Technical Order-compliance, the reasons seem

to be largely personal. Lack of understanding of the protection obtainable

through statistical techniques and lack of knowledge of basic statistical

principles is certainly one of the major reasons for resistance to the use

of statistical quality control techniques. Current habits and practices -

are strongly entrenched and even knowledgeable supervisors have great
difficulty in convincing inspectors and workmen that thc:" is not something | O

mystical or even dishonest about statistics.

Most large organizations, along with their rules and regulations, do

not provide much incentive to motivate supervisors and inspectors to try V -

new and improved methods. People realize that an outstanding contribution

authority, the idea of self-protection, and simple "buck passing" make it

difficult to initiate radically different systems. -

It must be concluded that the Air Force will be unable to introduce

statistical quality control concepts into the IRMN program on a broad scale

- ".. S
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