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3 { Although the IRAY p;o;fﬁm is solely az Air Force program, in fx‘,f:'gff"

scxe ways it can be coczared to almost any manufacturing operation,
: ard the three ususl els=ents, incoming inspection, in-process control,
and quality assurance audit, can be applied quite readily. Hence, it

| was felt that this repert would be of benefit to personnel of all of

i the services.

—cr

I. Introduction.

—

The intrcduction cf the IRAN program (Inspect and Repair as

Necessary) by the Alr Force produced some new problems in the Maintenance

Quality Control Prograxm and intensified some existiné ones.

Prior to the IRAN rrogram, aireraft were retumed to the prime Air

Matériel Area (AMA), wzere the aircrafi vas stripped down to its
skeleton and essentially rebuilt into a new or "as new" airplane.
) Weile all incoming aircraft were in widely ranging conditions, by the
tim= they had been stripred, the work to be done was essentially
ccastant. Except for tze slight diisfereuces in the amcunt of work
that needed to be done on sccessories, the total amount of work and
the quality of workmanship was the same on all planes.

Even during that reriod the use of statisticsl quality control

- teckniques was limited. It is only fair to say that the maintenance
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k ' qual .ty control activities were lagging behind procurement quality control
—f in the vse of sampling vplans, in-process control, and quality audits.

i, .

¥

% The IRAN concept meant a major change in maintenance procedures.

; When an AMA was indicated as "prime" relative to a new aircraft, it

? very chortly "prototyped" the plane. That is, one airplane was brought

f in and completely analyzed so that all possible maintenance and overhaul

[y

L

% tasks were identifled and a "work book" was prepared. The work book

1

»

g

contained a description of every maintenance and overhaul job. ¥ork

o -

L, orders were printed corresponding to the tasks in the work book.

When an airplane was brought in, for IRAN, 1t was, after proper

e red
R R
13
I

e
—

preparation, inspected quite completely, and preprinted work erder cards

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

T

order was performed. If additional repeirs were indicated as the plene
progressed through the shop, additional work orders were issued.

Throughout the repair oreration the line inspectors examined the

o i o

work performed tc see that all the required work was completed ard

: that the quality of the workmanship was satisfactory.

As the plane progressed through the disassembly area various
accessories, such as radio and navigation equipment, starvers, generaturs,
sheet metal parts, etc., were removed and sent to specialty.chops for
repair. In some cases the same part had tc be returned to the same
plane, while in others it was Just necessary to supply a similar ‘tem.

- Thus, some of the specialty shops had to schedule repair work according
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o . %0 the schedule ca the plane, wnile others could carry a supply cf repaired ‘r.:-:.'.'-,‘_}' = o]
3 parts and accumulate 8 "lot" of similar items before deginning maintenance .
" work on them. . i
X The objective of IRAN is not to <urn out an “as new" plane, dbut one

that 15 adequate in 2very respect to rerfomm its mission until -the next
i scheduled IRAN on it. Obviously the work load varied from plane to plane.
3

The soxme work was not performed on all planes.

TET

This brief s:mmary of the changes irtroduced by the IRAN program

Lhand

efatu

1 ¢

i serves to introduce the problezs of guality control under that program.

A

The Quality Cenircl Program. -

It was stated earlier trnat line fnspectors checked each work order

to see that all work was performsd satisfactorily. This introduced the

first major problem. The nunicer of lize inspectors is quite limited and
i1t is prcblemavical whether the =ost conscientious inspector can really

inspect tboroughly all the wcrk in his area. Furthermore, the inspector

v e s e i

usually beccomes quite friendly with the workmen and may be inclined to
tell the wvorkmar stout his mistzzes or cmissions, rather than make the
usual report. Also, the work may become rather rcutine, so that the

inspecter may terd o ignore or overlcokx some of the requirements.

—
e

Confiderce in his friends who do the work may influence him to omit -

YT

1

inspections or perfom them cnly superficially.
Various atierpts to avold trese difficulties have had various degrees

of success. Rotaiing Inspectors mey reduce their individual effectiveness

-
-1

L
v e




Tl A0 M M S

-

P

“p CRA S ] 'v\_l“f‘l\

PL 3

G
»

PR e

]

eI

Pk

} LM

P

‘hz
4
o

.
.
.

cp T
O et AL

WA

g

sewF -

A2

137 i 4314

o el

YR X

s o et o e

5 ke

because they are frequently Zorced to work in a new and unfamiliar specislty.
Thorough supervisicn is snotker possible solutioffbut again manpowver problems
arise. Mulntcinirg an audit of the inspection seems to be the most practical
solution.

Before certain areas of the airplane are closed up acd agein at the end
of' the line, final inspectiors are perfon;ed. The airplan? is divided wp
into a number of areas, 9 to 15, depending upon the type, and a certain
number of areas are inspected on each airplane. Thus, by the time 5 to 10
airplanes have been passed, every area will have had two to three inspeitions.
Yhis is a sampling plan, but 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, exd it is possible for the same areas to be
omitted for a number of planes.

Quality control in the specialty shcps is operated in somewhat the same
way, except that eech vorkmsz is supposed to inspect his own work. That i3,
somevhat more emprazis is pleced on the individual workuan's rZasponsibinty.
The output of the specialty shops may be saxpled or 1004 inspected by the
department inspectors.

The quality contrel teczniques to be employed are left almost entirely
to the quality control representative at each AMA. He may employ any or ail
of the techniques described £z the various AMC manuals. lLie may also devise
any methods he likes relative tTo the reporting of guality concrol data from

the various divisicas of the m=intenance activity.
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JI. Objections to Statistical Quality Control Techniques.

This memorandum was instigated by the fact that many quality control
personnel in the mainterance program have objected to the use of the usual
statistical quality control techniques in the IRAN program. On the other
hand, it must be reported that two AMA's visited were making extensive use
of statistical techniques in some parts of the IRAN program. The objections
to the use of statistical techniques were similar to the objections raised

by inspectors and others when statistical quality control was introduced

to industry. They are:

(A) The fncrming materisl (airplanes and parts) are all in different
conditions. Therefore, we cannot assume a stable universe.
(B) The numbers are so small hat wve -cannot apply sampling techniques.

(C) The product is so critical tbat we cannot teke a chance on turring

out a defective airplane.
(D) The work load is not wniform and the inspector must be shifted

around on various Jobs.

The premise on which these corclusions are based are, in general, true,

bub the conclusions are not necessarily valid.. The fact that the incoming

material is not ccnstant, or all in the same ccnditicn, is almost irrelevant,

e
s
it
1 ]
n
P
1]

because the objective is to set up and control a process that will assume

the cutgoing material (prlanes and parts) will be of a constant quality. This

means that it is the purpose of quality control to see that the men,
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E" . equipment, and facilities are used in such a way that the defective parts-or-
} defects in the aircraft are identified and repaired. With hundreds of

?' opportunities for a defect to occur in any numker of accessories-or systems

§ in the aircraft, it is perfectly obvious that sampling can be ¢pplied to

evaluate the effectiveness of the toital process by which defects, defectives,

iy

or discrepancies are identified and corrected.
The number of items to be repaired is ruch less imrortant than the

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

L e g o s o

.. per unit can be applied to radios, hydraulic systems, or nay other systems

even if such systems are only turned out infreguently, say once a week.
The idea is clearly to control the-process, consisting of -the workmen,

equiprment, and facilities, to assure that the outgoing product is .

B et

consistentiy acceptable. )
Certainly any characteristics that are critical should not be sampled.

The procedures specified in practically all the quality-control manuals

require that ail critical defects be inspected 100}. There are, howvever,

many characteristics of major or minor classification that can be controlled

by sampling. The fact that so many unsatisfactcry reports (U.R.'s) arrive

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
permit evaluation- of the process at tk~ time when the defects were

- occurring, rather than weeks or mcaths later from U.R.'s.
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The non-uniformity of the work load can be acccmcdated more easily ’
through the use of sampling plans tnan without them. It seems to be
apparent from visits to AMA maintenance facilities that there are not
enough inspectors to provide real:I.y 1004 inspection of all the work.
This results in an unplanned (and sometimes ineffectusl) sampling
procedure that can lead to inacc{xrate reports and 1lzndge stress on certain
details to the neglect of others. A formal, rand -riized sampling plen
assumes that all areas will be given a fair amount ‘of inspection, and
permits more thorough inspection of a smaller number of characteristics.
The assurance will be better and the variable work loed can be handled
more easily with formal.sa.mpling.

Anotner fact should be kept clearly in mind. Maintenance quality
control has the responsibility of furnishing informatioa to the top
managensnt of the AMA 9n vhit;h major decisions will be made. Inaccurate
or incomplete information will ternd to cause poor decisions to be made,
Allocation of funds for wmanpower, mat,e'riel, and contract expenditures
is only one of the major decisions to be made, and i% is affected by
quality control's‘ repcrts on such matiers as defects or demerits per
100 earned man hours, number of defects or demerits per aircraft at
final inspection, etc. Orly by controlling the quality control
activities so that the reports from month to month have & consistent
validity can top management be expected to make consistentiy good

decisions. The emplcyment of sound statistical samplirng plans and

valid analyses cra help the quality control group fulfill +thir requirement.

+

]

ey
v

T A I o ¥

v

l‘"
4
d
3
H

.
e
LA N ]
o v 8 .
L

"y
1
.

.

'A% a aluet em

P
PR
PR LR AN

«




T

u,__‘...'..‘...-_’...mwﬂt‘:"‘z.gg .

RS X {

T T

e v

e T

prowpmdin-t

s ' w e o N W T T Tl "N S e i e W X
A TSR AN e Sl S A A A N S

* Y
.

“III. Opportunities for Statistical Quality CQntrél Techniques in the

IRAN Program. ’

There are many opportunities to make valuable use of statisticai
quality control techniques in the IRAN ‘program. Some specific suggestions
are given here. An open-minded evaluation of the specific conditions and
problems in the different AMA's undoubtedly will indicate many others.

The largest single arca, and the most obvious, is in the control of
the quality of workmanship performed by inspectors, :nchaniés, clerks,
and others associated with the IRAN program. It 1s said that fhe X and
R charts indicate the level of quality {dimensional), the basic variability
of the process, and the consistency of quality from day to day or hour to
hour. These statements, of course, refer to control of p?odpct qunliéy.
They can Just as easily refer to workmanship, measured in terms of the
number of defects created or missed by the workman per hour, day, or week.
Perhaps it Zust be measured for a team or crew of workmen, dbut it is still
a measure of the workmen's ability to detect and correct defective con-
ditions, cocnsistency of their performances, and a measure of the outgoing
quality.

This ¢cucupt can be applied to the inspectors who mahe the intiel
inspection and specify the work to be performed, as well as to the
mechanics or line inspectors. In hoth AMA's visited and in at least one
contractor's plant, it was stated that the initial inspection was not good

enough to give a realistic work load estimate, and that schedules
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| nrepared on the basis of the initial inspection were usually too optimistic.
3 What better way could the effectivene_ssfof the initial inspection be measured
than in terms of the number of tasks performed that were missed oa the
initial inspection? .
In some ways the IRAN program can be compared to almost any manufacturing
operation, and the three usual elements, incoming inspection, in-process con-
trol, and quality assurence audii, can be applied quite readily. Materials,
parts, and supplies, as well as aircraft ana equipment for repair, are received.
e These come from many different-organizations, beth military and civilian.
Certainly incoming inspection can be performed on a sampling basis on many of
these- 1tems and the information put to good use in correcting the causes. of
defective materials or equipment. Dces one wing or group provide worse on-
3 . line maintenuance on its airpljanes than others? Are one ving'_s planes
consistently in worse condition than‘ others?

Are repair or spare parts from

one depot consistently mislabeled, p-oorly packaged, or improperly repaired?

Does one carrier cause more damage in transit than others? There are dozens
of questions such as these that-could be answered if the information from

samples vas analyzed statistically to 1dentify “out of control conditinns.”

-

In-process control offers many opportunities for use of statistical

)
e
25t

technigues, as has previovsly he=n 13lustrated. Probably the most important

A
gax
o ta

- is workranship. It should be stressed, however, that 1little in the way of
concrete value can be shown in there is only one point on & control chart

per month. It is imperative that sarpling be frequent esough to give a
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qQuick mdicag.on of a shift in quality of workmanship. The resul{'.-s stould
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be available immediately and should be used to call supervisory attention

X e e oy

to p‘roblem areas while the prcblem is still present, rather “han waiting
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for weeks or months. Corrective action can be far more effective at the [ ]

Y .
’_.;

time the problem is identified.

Finally, statistical techniques should be employed in the analysis

: of U.R.'s tc correlate the "squawks" received from the field with the

g ’ ‘f'\:.:
] It 15 assumed that the in-process control will be based on information %{:‘
PR
obtalned by the line inspectors. FHow good is their workmanship, and how ; L: SO ,"".“
effective 1s the corrective action? The quality assurance audit should . é'h‘;‘;-‘;.r,;:};.:-:'_
Pl
. ot provide the ansvers to these questions. Certainly the final inspection %1 {.‘-::-‘_.‘{.’-::'
3 , . LS
.- before flight test cannot possibly be sufficient to check every quality gf AN
b "o “ ':‘ . Ve .\-‘“-;
characteristic in an airplane, but sampling (as was discussed earlier) by il. '~.'
8 f: T
. - q "areas” of the plane can provide a valid evaluation of the effectiveness t} AR
H _"'-.. ‘n-r‘ -‘." -‘:
of line workmanship and inspection. ! t R
H
i
i

quality indications obtained in-process and at final inspection.

MBI RS

A1l of these concepts are for the purpose of identifying es 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 i3 more
: impertant thea after-the-fact sorting of good from bad. This should

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

control charts in the IRAN program.
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Detailed samples cculd be cited from disassembly, repair, and assembly

on aircraft systems, engines, and so forth. Similarly, samples are readily

availsble from steps in the final release to flight line, rlight line check,

f1ight test, and post-flight test inspectiorns and rework.

IV. Are New Statistical Techniques and Sampling Flans Needed?

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

developed extensive statistical techniy~~s and sampling plans.

great number of different types of plans dealing with variables and attributes,

There are a

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

questioning representatives of both AMA's and contractors, no cne suggested

that new sampling plans were needed for the IRAN program.

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 workmen and inspectors. This really means that the supervisors of

each JRAN progrem should devote more time to analysis of their peculiar

problems. and in preparaticn of stardard procedures and instructions. Out-

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

representatives.

V. VWhy Aren't Statistical Quality Control Technigues in General Use in

the IRAN Program?

An investigation into the real reasons why statistical quality control

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 oa persdnal

!

LIS LA

evaluation of replies to questions than to the actual replies.

There is one major restriction that can be documented. Technicaiv }

IR
-

Orders require that certain items be inspected at specified intervals and

T

declared usable, reparsble, or scrap. There is no provision for sampling

in the technical order, and even if the items are small and numerous, they b‘&%}‘

e e L SRR L IR A E ST

are treated individually through 1004 inspection. Presumsbly these items

are important enough to justify such requirements.

RO

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

[AKRD)

Z

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

o " 4

! through statistical techniques and lack of knowledge of basic statistical
% principles is certainly one of the major reasorns for resistance to the use E% . ;
; of statistical quality control techniqpes:. Current habits and practices ;§}:§i§5?§
. ) are strongly entrenched and even'knowledgeable supervisors have great . .';E:;tE;ESjE
difficulty in convincing inspectors and workmen that thcr 1s not something !!_ .8

mystical or even dishonest abou’ statistics.

Most large organizationf, along with their rules and reguwlations, do
not provide much incentive t9 motivate supervisors and inspectors to try
new and improved methods. People realize that an outstanding contribution

will bring little or no more recognition than a mediocre job. Lack of

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

.

-y e

difficult to initiate radically different systems.
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It must be concluded that the Air Force will be unable to introduce

statistical quality control concepts into the IRAN program on a broed scale
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unle.: 1t can raise the capability of its ‘mintena.nce quality control
empluyees, Formal training programs, on-the-job training, supervised

and carefully coordinated field service tests, publications introducing
simple statistical concepts, and the provision of incentives for individual
contributions are some of the steps the Air Force might take to reduce the

personal resistance to change. Such an educational program will require

years of continuing effort. It should, however, pey off in improved

PP

quality and lower cost of maintenance. .
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