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ABSTRACT

The QUICO system covers the pi.ining, installation, and use of

quality cost data analysis. The basic idea is simply to operate a manu-

facturing unit or complex so that the titai of quality related costs is

a minimum. Quality related costs are made up of (1) expenses incurred

because of not producing the highest possible quality (resultant costs),

(2) expenditures made to create conditions resulting in high quality

products.(q-uelity creation cost-3), and ()expenditures made to measure

quality levels being produced and causes of deficiencies (quality and

defect inference cs&~

Analysis of qu~ality cost data provides direct pay-offs in reduction

ef rcsu'Ltant costs and the major sources are discussed. Secondary

benefits come from use of the data as a measur'ement of the effectiveness

of the quality assurance effort, as a motivant to workers who must

produce the high qualicy, and as a management guidance tool, Suggested

cost accounts are given along with suggested methods of summarizing and

displaying data in the most meaningful way for all levels ot use. Almost

all c,7mpanies now have sufficie't cost data to estimate cost reductions

to I~ expected from the QUICO system.
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. H TI QUICO SYSTEM - WHAT II IS AND WHAT IT WILL DO

The QUICO system provides a clear plan for simultaneously optimizing

quality and reducing costs. It can be applied in any production process

in which there is a loss because of manufacturing defective parts or

finished goods, or because of the inability to operate a -rocess at the

pcint of optim.-; yield at minimum cost. It reduces costs by effectively

ctting these losses, and clearly indicates where early action can reduce

costs laLer

Thc acronym QUICO was derived from the initial letter of the follow-

ing phrase:

aality Improvement through Cost Optimization

Quality cost analysis is extremely simple in concept. The concept

is simply that all costs associated with having produced defective parts

or goods and all costs associa'ed with efforts to assure producing

perfect parts or goods in the first place are determined and summed.

Then the optimal program is obtained if the factory is operated so that

this grand total is a minimum.

In order to do this, some cost. information which is not normally

available needs to be gene-ated. Probably a number of new cost accounts

need to be set up. At least a irst, these ac, cunts will be of no

direct benefit to cost accountants, since they will be used entirely by

the quality assurance people to gain an insight into the effectiveness

of thL quality assurance program.

1.1 THE QUICO SYSTEM

rhe QUICO system is a planned program to minimize the sum of quality

related costs. Quality related costs consist of two categories of costs.

The first is called controllable costs and is the amount spent in an

attempt to create conditions under which high quality can and will be

produced and in attempting to measure the quality level being produced

and to determine causes for defects. The second is called resultant

costs and is the uncontrollable expense both inside and outside the



plant caLsed by the productic of low quality. The QUICO system strives

for an cptimum quality level, which is defined as the quality level

that gives the minimum of the sum of quality related costs. The notio:

of optimizing has come to be current fashion, and can be applied to

total production costs, or any facet thereof, as well as to qiiality

related costs. However, quality activities and costs affect all phases

of production from design to field ise, and focus attention on aspects

of the program which would most likely be overlooked if attempts were

made to minimize total production -osts. Therefore, large expendiiures

in quality assurance effort and program evaluation can be Justified be-

cause of potentially great reduction in costs of defective goods ,r

parts, or loss of product.

The QUICO system gives a measL-e of the value of a qual'itv assurance

effort. A detailed analysis of the cost data can give a qaitv as,1r-

ance manager exact information as to the strong points and weak o ic

in his quality assurance program. It can tell him hew the quality

assurance dollar may be spent most effectively.

A more sophisticated analysis of tl-se quality related costs is

possible when they are available in the proposed form. It :s easily

p,"ssiblc t- predict future sources of trouble by watching the pattern

of quality creation expendiurs. The guidelines for sohisticated

analysis leading to optimization are reallv in :oli mat ve stars

are just emerging as firm principles to be o l 'w.

The QUICC svtem is not a nere('v "10or-( c .'' -

marizat ion ot many experiences ot i ", r'; . .('..N CQ'

ties togethcr the cony triblutio-ns a:ind ,xot r . o': a'..l:1c >1,: 02' ..

ing systems.

Thispaiih!ation I., a eta '. '' '*"'.-, -

present general princ iples in suffficient gernl- v t, ' ,e

almost any industry and vet to b v sp, i tic , 'u }" 50 t!lt Oitli .. " O 
,

for particular industr ' I concern can '_e drawn !rom it



is not a complete package plan, appl icable ithout .,,a'ysis to

any induttry. Instead it is a framework upon which a plan for any firm

can be built. In some cases, it is so detliled as almost to insult the

intellig ence cf the reader and in other cases it assum~es a generality

wh0ichn requires, sophisticated analysis and planning on the part of the

Li~ rt dt 2 cj)a w orkbl plan for his compani. This i,; unavoidable

a "Pl: to writt2 ~Ptcitic instructio'ns tcr a gen~.ralized plan.

Q li)s . -anagemcnt L oo.. Yariagement's Lbi o control rhe

resources of '-e orc.anization i,, urder to accomplish its, overall goals.

co~ex dificult ontodci inc and manv tim-es 'n conflict.

However, mo.t cf maniagement's goals require- minimizing; product cost, so

that thiere is almost always a continuous management effort to reduce

costs. The Q fICO System provides mana,,ement with a tLc by wnich the

total ofqual:ity related costs can. 1-e controlled and held at or near the

minimum; level.

The miniMUM level of quality re late2d costs is dependent upon another

m narnagement concern, the comparv's producit Image to the customer. Actual

cost", as ctotrminted by a complete an,: accurateC cost1 account tnQ Svs tem,

will not, ord:lnarilv reflect etc otn.prodiuct qualltv on "he cornpany' 5

good w'.i 1. Even after- the costs br rep~acin.:t detc~ t vc ptoducts and

in fil igu~aran tees 'havt boon reco rued th, to s sli i the irtde ter -

M int cos3 t 0S;nI the torm, of lost tLZUt he-escwihrsulcs fromi

hvn;an un~happy custorner. -1-etore, ei company must establish a

m inimum qua lit s tanda ;d be'k. lw which theC product wi'l not 'De allowred to

fall. Th,.s mav rtisult in higher vxpendi turcs in the co)ntrollable costs

catuegory than Would be P isible i thle opLt5mal ;quity' is dot mned as

that level whtchi resu'ts InLT1icu onlv thei easilv determined costs,

I .ev. not, .nk- led1 ing eff ectI s Of loss ot Vood W. i . Ma!nagemcent Should

ud .te tevalue' of iood Will, andj use, th I-, In on unc titon with other

qu vrelated \cost data, to. detLerminethe rr~ib le mmimum qua 1liv

love ~ ~ ~ ~ ~ p w.iI I swll gt '"Ten th Q!*iiO svstcrmwi 1 assist

manaoement i n all 1oca ting the, unds sk;such a way thqt the opti al quai i i

aSSUraZn-V progr,_aM Will be Atti ned.-



1.2 COSTS OF IMPLEMENTATION AND OPERATION

Costs of implementation in dollars have no meaning unless the costs

are related to the size of the company. The time necessary to install a

QUICO system and the time before the installation expense would be repaid

in savings, i.e., payback period, are significant.

Present accounting systems vary greatly from one company to another;

so the time to install a QUICO system will vary because of different

starting points. Experience indicates that the time to install would

vary from one month to twelve months with an average being three or

four months. Many companies have successfully grown into a complete

QUICO system by slow and progressive procedure modifications over sev-

eral years. Payback periods must necessarily be estimates because sav-

ings are the difference between the actual sum of quality related costs

cad an estimate of what the sum would have be n. Estimates of payback

p eriod range from one month to twelve months with an average of six

months. Some companies have stated that the benefits estimated in

advance indicate such a long payback period that installation of a

QUICO system cannot be economically justified. However, in at least one

case, more detailed study resulted in first steps toward implementation.

Experience indicates that the monthly cost of operation is very

i'nmall compared to the installation expense. There will be an extra

cost of preparation of primary records because of the more detailed

breakdoi t of costs. Manual bookkeeping usually %:oasists of recording

the cos,, entries in a single entry set of books separate from conven-

tional cost accounting records and the preparation of weekly or monthly

swunaries. With electronic data processing equipment, there is some

increase in input preparation because of the greater number of accounts

and some slight increase in computer processing time.

The savings accomplished by a QUICO system can only come from a

reduction in resultant costs. Almost all companies have reco'ds that

will make an estimate of resultant costs possible. Experienc indicates

ii i
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that the first estimate of the magnitude of resultant costs is almost

always too low. However, in considering installation of a QUICO system,

a realistic estimate of resultant costs must show the poss'ibility of

savings great enough to justify the expense of installation and opera-

tion.

1.3 QUICO SYSTEM BENEFITS

The goals of QUICO then can be considered to be cost reduction, and

there are three ways in which it pays off.

1.3.1 Immediate Benefits - Payoff No. 1

As soon as cost information begins to be available, obvious savings

will be immediately apparent simply because information is available in

a form different fr-m any available previously. This is called Payoff

qo. 1. The av.aunt of this payoff will vary, depending upon the amount

of increased information gained by this new cost accounting procedure.

If little information of a cost nature was available before, the payoff

at this stage is likely to be large. In most of the examples of Payoff

No. 1 that have been encountered, one wonders how it is possible that

the members of an organization could let conditions continue to exist

that are so obviously out of balance with the other cost matters. It is

not always easy for a particular company to accept the fact that such

obviousq savings can be found to be possible because of the implication

of mismanagement. But this implication is incorrect, beca use. without

exception, these obvious savings have occurred even in the best managed

companies. Furthermore, without exception, the Payoff No. 1 savings

have been dramatic.

1.3.2 Benefits of the Systems Approach and Analysis

Payoff No. 2 results from the analysis of internal and external

resultant costs. This failure analysis seldom needs to be treatedron a

statistical basis, although this will certainly be done after a period

of time. Great savings are possible by identifying a few of the more



common causes of 1toilure wh i'-:h re sult in large costs. The c1C-ol

and analysis of -internal Ad extern-al resultant costs will reveal: those

kinds, of' defects Dr failure,. which are accountirng for a large percentage

of the resultant costs, The question then can be asked: -;',,a-. can be

d. ne tco p-revent thes t defects from,- occur--ing' This will caxSe_ the CC-

siglners, the production erigi ni-rs. and the quality assu.--rnce engineers

to examine the nianufacturin, rcis the ra~-'.at~a and the product

desihor -In order to recomamenC' acrilon wtnren ui- assure -'hat this defect

wvili n,,'r occur again. The esLimoted cost of r-ikinc ''his co:rrection will

be compared with,- Che prcsp,2ctive Lozs Of eCoCin~ued de-fects. ii is quite

commot- to find thaL tlun cost- of Lorevenzi on it, oril-, t racL~on of ;-he

resultanit costs and that the> i., 's orf QU_LV Canl be redUedi sub-

stantiall\ by expending a litLie r,-ore ,ionpy time quality creation or

the quality inference activities.

Thus, the 6econd nayoff results from cct lecting suff-icient data to

identify the major resultant c;-, ts and then help determine the correct-,

ive action wllirh will r(-ouce the resul'.ant costs. 1L is nr- enouFnh to

have informaticon about the major r-sultantr defects; it is necessary to

investigate i1e costs o! t. hese defects and forther to find the cost

associated with making changes so that the quality will be imnproved to

the point where these resultant c(,qts -'ill decrease. In m ' my ccim.painieF,

StaciStiCS show that cf thp tc:La! cost of: quality, &, to 6,0 percent is

in the resultant cosgt ar.--, 11,: to 57 Percen. is in the inference cos't

rxea, and only C to 10) percent is in the quality creation area. This

is not likely to be an optivmum situation.

I. Long Term Benefits

Payoff No. 5 is a result of the more sophisticated anialysis of the

QUICO data As cost data aric atkqtiired and displayed over a period of

t Ielong enough for field re-suAlS to '..e showni), it become6 evident

that a more organize,1 apgroach hldbe wsted to make the deci'.;ions

relative to the expenditure of moefor quality creation and quality



I
inference becausc the resultant costs are usually quite high and provide

large opportunities for savings. Mathematical models for the determina-

tion , the optimal quality assurance program (and the optimum expendi-

ture) are '-ing developed but these -o--els require an extensive amount

of quality cosc data. Thus, the third payoff is a long term matter and

recuires careful analysis of quality related costs over time. In extreme

cas:.- ,c :r ywc years ma; he required in order to measure the true

ef:ects n r,. uLta:-t costs of expenditures in quality creation and

inference. Expcrience .4ainec over rime makes it possible to relate

uture sav'ngs t present expenuditures, and thereby help to establish a

stabie operation. A is perfectly obvious, some of the money expended

for quality crearion is relater in a complex way to resultant costs. For

example, the money expended in education and training the employees may

not be direct>y related to the amount of scrap or rework incurred; how-

ever, experience indicates and it can be shown in some companies) that

reduction of the education and training program, after the scrap and

rework has been reduced consideraily, frequently results in an increase

in the scrap and rework as the training "wears off". Mathematical

models will help to provide an organized long term quality assurance

plan without wild fluctuations due to attempts to make immediate adjust-

u:un.s when something does not seem to be exactly right.

1. 7. Purpose and Uses of Publication

The process of trade offs of controllable inputs against resultant

costs has no iirm, ru.les. The decision as to what to do at any point can

only be left to the perspicacity of the analyst. Usually desirable

actions are fairly obv,-us bui amounts of money spent in the various

input activit.ies can be so different from one industry to another that

only the simplest, generally applicable rules can be stated. (See

implementation Section.)

In December of I.6j, the Department of Defense issued MIL-Q-9858A.

This spccification requires the contractor to accumulate and use cc stain



quality cost data in the management of his quality program. An effect-

ive, responsive, and usable system d- -loped under the QUICO principle

would certainly meet this requirement.

This is not to say that the need for quality cost analysis is

conined zo c fLnse incustries. A com.pany in a highly competitive field

can use this as a tool to cut -ts costs and increase its share of the

market.

This picaicon. has been preparen as a su-marization of the experience

of a number of different companies fn implementing quality cost analysis

programs. The purpose of the uo iizais to provide general guidelines

for any company wishing to install such a program so that the company

can avoid the trials and errors which have been experienced by other

companies. The puicaion provides guidance and directions.

Thep:iLic ion also may be the means of establishing a common ground

for communication between these respons ble for quality assurance and

others in the company not directly charged with a concern for quality

but who must cooperate to make any quality cost analysis system work.

In particular, those responsible for cost accounting will be asked to

make chanes in their i-counting system simply because these data are

going to be used to answer questions never asked before. The cost

accountants will continue to develop the cost data for all the previous

uses and in addition will now be asked to make a number of different

breakdowns and summarizations for new purposes. Thepliiion may enable

all groups to see the common goal and the necessity for new procedures.

The terms "qiality creation", "quality and defect inference", and

"resultant" were chosen because they more accurately describe the

character of costs within the categories, help in placing particular

items of costs in the proper categories, and fit the model concept more

exactly. Other terms can be selected by an individual company to fit

its own accounting terminology but the concept of "controllable" vs.



"resultant" costs should be maintained. "Plancing and anaiysis" might

replace quality creation; "control and review" might replace quality

inference. "Prevention," however, implies a too narrow definition of

the activities employed to obtain a desired quality level. ".Appraisal"

implies an evaluation of the existing product quality, but does not

indicate the use of quality dal- to infer what can be done toward quality

improvement.

9



2.0 iM)TL .ENTING T1E QU!CO SYSTEM

in some companies a quality cost analysis system has been imple-

'zented by a backdoor approach. The cost breakdowns necessary are at

first obtained by the quality assurance department itself, scrounging

up data from estimates fro, foremen, guesses, interpolation of data,

and the use of any means to get some rough figures from which to op-

erate tV, system. This has proved to be difficult and time consuming,

but practical, and has been done in some cases. After a number of

months or possibly a year of operation, the answers produced by the

system become valuable enough and the savings are sufficiently ob-

bious that data collection is then u,.nd'rtaken on a more formal basis.

However, the authors do not recommend this method.

Some companies have begun by setting up a test operation in one

depirtment or small section of the company in order to gain ex-

perience, This usually worked quite well. The resits of this

small test operation can be used to plan for a larger company unit

which will require less changing after being implemenLed. In any

event, whether or not a test operation is made, there must be o

period nf investigation to determine what changes are necessary,

what methods of producing the data are available, and which are best,

A group should be set up which would have the primary resp-si-

bility for planning the overall system and the means of implementing

it. This group should have representativ, from accounting, quality

assurance, production, and data processing.

2.1 IMPLEMENTATIN STEPS

In outline form, here is a list of the steps to be followed in

setting up and implementing a QUICO system. At the end there are notes

which aiiplify the ideas contained in vari .s portions of the outline.

The authors have tried to be as specific as possible in this outline

and yeL t- retain sufficient generality for widely diversified op-

era tions.

1.)



1. Prepare list of accounts to be used, broken down by categories.

(See 2.2.1)

A. Analyze needs, establish objectives, and determine what out-

put information is desired periodically by each organizational

unit. (See 2.2.2)

B. Determine what input information is necessary to provide desired

output.

C. List necessAry accounts with definitions of contents.

D. Assign account coe numbers.

E. et up code numbers for ident fying functions.

F. Set up cause codes b) ,.mions or products.

G. Set up defect codes by divisions or products.

H. Decide whether separation is to be by departments or products,

etc. (See 2.2.2 and 2.2.3)

2. Design data collection system,

A. Design time, material, and other necessary record forms for

original entry of data,

B. Designate personiel authorized to make and check original

data forms.

C. Specify the means of processing these data forms. (How, when,

and waere record forms are sent.)

D. Specify changes in design of any related systems, such as

corrective action requests, materials review board action

reports, scrapped material tags, rework authorizations, so

that quality related cost information will be submitted in

prescribed w:v.

E. Design report forms to he prepared nAnually or by the computer

as qoecified in I-B. (See 2.2.4)

F. Prepare computet program (if accounting is not manually per-

formed) to receive, store, and process cost data and to pre-

pare periodic reports. (See item I-A)

G. Assign one or more persons the responsibility of monitoring

the quality cost analysis system. (See 2.2.5)



3. Prepare Standard Operating Procedures (SOP) to provide specific

directions (instructions) to all individuals and organizations

concerned in the quality cost analysis system.

A. Separate SOP's may be prepared for different organizational units,

such as machine shops, sheet metal shops, quality engineering,

etc. with only the appropriate function codes, cause codes,

defect codes, and account numbers given for each.

B Review :ll related SOP's (such as MRB, cocrective action re-

quests. scrapped material tags, etc.) and revise as necessary

to make theim compatible with SOP's for QUICO system.

C. Establish procedures for review and revision, as necessary, of

SOP's as experience is gained.

D. Publish and distribute SOP's.

4. Train personnel

A. Prepare an educational program to explain SOP provisions,

Liacluding any audio-visual aids, sample forms, flow charts,

etc., for use in training program,

B. Conduct training sessions foi all personnel concerned, em-

ph,.sizing objectives of quality cost analysis program, benefits

to be derived by individuals and organizations, need for

accuracy, responsibilities for the successful implementation

and uses of report data.

C. Provide for retraininig ot employe.. , it necessary, and for the

training of all new employees who will be involved in the
quality cosc progr.m.

D. Provide special t raining tor all management personnel (super-

visors to top management) regardinr6 ;he use of output reports.

5. Start opera3ting the QIICO system.

A Set the dite for change- ver to use ot QUICO system.

B. Supply aill indivi.du,01s and orgni, izations with new forms in

.dvance o" starting date.

12



C. Ad4 ise accounting, data processing, and other service groups

not to accept the old forms after the start-up date (unless

they had been initiated before that date) bnd o require that

new forms be submitted to replace any old forms received after

that time.

D. Review report forms dJly, for the first week or so, to be sure

that everyone is using them properly and submitting the correct

information. Provide instruction for everyone who is not

completing form correctly.

E. At end of first period (when first report is due) check the

reports very carefully before distribuion to be sure that they

reflect the correct information. (See 2.2.6)

F. Hold meetings of supervisors and higher management to discuss

the results shown oi, reports and to plan any necessary changes

either in the QUICO system or in the quality assurance program.

This procedure should be followed after each set of reports until

each person is well enough acquiinted with LIe QUICO system to

take proper action without group discussion.

6. Continuing operation of quality cost analysis system.

A. Provide all responsible management personnel with weekly and/

or monthly reports, siiIlar to those in Section 3.0, upon

which decision for acf.tioi. shoulu be based. The use of these

reports is the subject of Section 3.0.

B, The person responsible for mo:iitoring the QUICO system shall

keep careful records of difficulties encountered, desired in-

formation not supplied by the system, supe-rfluous information,

errors in following SOP, and suggestions for improvement of the

system so that at aJpropriate intervals (every 3 to 6 months)

he can submit specific proposals for the revision of SOP's,

form designs, information to be processed, and management use

of data.

C. Hold peri.odic management meetings to approve or disapprove the

proposals submitted in 6-E, and to review progress toward the

optimization of the quality assurance program.

13



2.2 OMIENTS ON STEPS IN IMPLEMENTATION

2.2.1 Considerations in Establishing Accounts

No two industrial concerns will use t-actly the same list of

accvunts in order to operate the QUICO system. Each organization

must study its own operations very carefully and determine which

accounts are applicable to its own operations.

Due to limitations normally encountered, few companies will atLempt

to identity more than 30 to 50 basic cost items in all categor>,

although departments, function, personnel, and activity codes may

make it feasible to identify severjl hundred separate cost items.

For example a ten digit code may be used to identify the basic

cost item. The first three digits may be used to identify the

contract, the program, or the proouct; the next four digits may

be used to identify the work order or other author zation number;

and the final three digits may icentify the task, department,

group, or type of work. Of the last 999 possible identities,

perhaps only 50 can be reserved for all categories of quality

related costs.

Even if only 50 accou-ts can be handled in the stored computer

tapes, additional codes can be used so that the input tdb cards

can be sorted fk'- the purpose ot obtaining greater detail c! costs.

Severol possibilities are a ailabie. The time and material cards

can provide space for activity and/or function codes, departmental

identification, cause codes ird defect codes. Thus, tho computer

can be used for the accum i ta , t ef tt,-al a:-un ts for ea c nof the

identified accounts, but the input tab cards can be sorted hy depart-

ments, functions, c-ause codes, etc , and the totals by these items

can be printed out very quicklv to pr ,vide as minute details as

is desired at any "eveL. Total cards can he punched out, ond these

can then be used to print week v and monthly reports by depart-

ments, -ategorles , *;nc ,ons. etc. (See Section 3.0 tor examples

of reports.)



Most readers will be quite experienced in the development of coding

systems to indicate types of defects, causes, functions, activities, etc.,

so it is assumed that specific instructions are not necessary. It is,

perhaps, advisable to suggest that great care be given to the develop-

ment of these lists so that future changes will be minimized. It is

important to avoid an excessive number of classifications in each list,

and to define thc ;lassifications in such a way that the person making

a record will have no difficulty in making a correct selection from the

codes available. Vague definitions and overlap in definitions reduce

the value and usefulness of the reports. It often helps improve the

accuracy of information if the definitions of causes, defects, functions,

and activities are so written that the same lists can be used in all

departments.

Ideally all these quality related costs should be kept separate for

each product and the sum should be minimized for each product, however,

this is seldom practicable. Thus a company may'be forced to keep records

which are in a sense averaged over all or may products. Under these

conditions, it must be assumed that the controllable costs are apportioned

to various products in about the same proportions that these products

contribute to the resultant costs. It may be possible to examine the

data to find out if this is approximately true.

After a determination by management of the least number of sig-

nificant accounts to be included, a model can then be used to predict

the least necessary costs in each of these accounts. Allocated burden

-and fixed costs, however, should not be included in the accounts because

their arbitrary composition may distort the results. Changes in the

amounts of direct labor employed in controllable (quality creation and

quality or defect inference) costs and in resultant costs (repair,

rework, MRB actions, etc.,) usually do not affect overhead or burden

costs in any way. If a "standard" hourly cost, composed of both direct

salaries or wages and an overhead charge, is used for reporting purposes,

the changes in either costs or savings are exaggerated. For example,

direct labor savings may be obtained through an increase in overhead,

as when a more automatic testing or inspection machine is purchased to
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replace a manual operation. The use of a standard hour cost reflects just

the opposite condition. Consequently, attempts to optimize the quality

program may have erroneous results if allocated costs are included in

the model.

It will often happen that particular items of cost will be

difficult to place in the proper category. When these difficulties

arise, use the Black Box Decision Lule (See Fig.l) to place the item

into its proper category.

2.2.2 A Psychological Tool for Motivating Employees

A major advantage of the QUICO system is that reports can be fed

back showing costs of defects in dollars. To a foreman, supervisor or

workman, the dollar cost is something he can understand easily. For

example, a workman may be shown a report by his foreman that $100

worth of parts were scrapped because of his mistake. They both can

Zranslate this into cans of beans or baby shoes and the motivation to

:improve is stronger than when such reports are made in terms of hours,

urits or whatever.

Many companies are attempting to motivate individuals through

"motivational" campaigns, poster programs, and appeals to "quality

mindedness." These campaigns are usually effective only for a short

time. Pride of workmanship seems to be missing in a great number

of American workmen, and the company motivational programs seem to be

doing very little to bring about its return on a large scale. The

dollar costs reported through the QUICO system provide a means of

measuring the quality of work being performed, and individual workmen

can be given the recognition so necessary to encourage pride of work-

manship and self esteem.

2.2.3 Costing Scrapped Defective Material

Very often standard costs are available for each stage of manufac-

ture. This is necessary information for costing scrapped material. If

not available, the accounting system should be designed to obtain

labor and material costs at each cost center.
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BLACK BOX DECISION RULE
FOR CATEGORIZING COST ITEMS

Input: Controllable Costs Output: Resultant Costs

1. Quality Creation Ia 1. Internal

2. Quality & Defect Box 2. External

Inference

-* Is It Possible to Stop This Item of Expenditure if No Heed

Is Payed to Future Effects, Short of Stopping -ioduction or

Abrogating Expressed or Implied Product Guarantees?

Yes N

Is It Sorting (100/) Inspection or

Test Following Re.ection of a Lot?

Is It Part of Test, Inspection, oes It Occur After Product
oFalure Analysis? lis Delivered to Customer?

IQuality Quality and I~trnl Eternall
Creation Defect Inference Resultant

Fig. 1
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2 2.4 -Hanual Accc v.tilng During Servi.ce --- tL

it will sn-atimes -wcrk well to operate the QUICO Systeo in one

deparint as a test IN~ manual bookkeeping.IThe experience gained can be

used to design a s-,ser for a large- unic of a company using electronic

.ata prC e'ssing equipment.

2.5 Monitor fcr thle QUICO System

The moni tor f o- the OUICO systLe-m could be tb-e que1.t,- a ssurance

chi-ef ,hi s designee , o-r key pe.-osonr f ro- a ccounti3ng. TIhis person will

have a lot to do in educating people in how to report, whtto report)

and why it needs to be reported. Co~ry-ontv, several morci:.s are required

to. get tile accurate colliection ol cost Information runctionin& well,

and the speed and success will largely cepeni up)on his enthusia3sm and

managerial ability.

2.2.6 Accuracy of Data

Accuracy is always a problem in any progrnrm designed to determine

costs and identify responsible persons. Even co-k.mpany policies may

dietzte that cost data be deliberately distorted as when costs for one

work authorization is charged to another because the' budget for the

first was exhausted before the work was completed. If cost infortrtion

is to be used for decision making purposes , the information must re-

flect the true conditions. Therefore, top -managemint must make it

abundantly clear that it will not tolIerate deliberate distortion of

facts, Discipline regarding deliberate inaccuracy must be firmr and

prompt.

At the same time, anothter question regarding accuracy arises.

The cost of operating a system increases r -,idly as the degree of

accuracy increases. The previous paragraph was concerned with delibe-

rate inaccuracy in order to hide something; this paragraph is concerned

with the '"granularity" of the information. Improvement in accuracy oi

individual accounts from an error range of sayt2.O% to~tl.O*/ might

double the accounting expense, due to the increased number of detail

ccounts necessary and the increased 2omount of information required

to be recorded on ch input record. The QUICO system should be

designed around specific decision needs and provide only the degree



of a-c'curacy required t.o -void major i:csion errors. Thus, the system

design must be a balance between the cost of increased accuracy and

value of increased accuracy, nut. Managemert must have c ,nfidence that

the inforatAion obtained is complete amd honest within the limits of

th!, svstem..
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3,0 YANAM.E-NT USEOF QLAI'ITY COST DATA

3. 1 GENEERAL MANAGEI'ENT INFORMATION

The whole purpose 01. LI,. QUICO' :3\'temr is to provide appropriate

and timely daQta to all levels of management so rlnc best decisions

can be made regarding the quality assurance program. What information

is to be supplied to mianagement- de-termines what information must be

collected and the accounts that must be used, it is imperative that

the data collected be summrarized in such forms as to make it very easy

for management quickly to grasp and understand their significance. J:ach

company will need to design its own forms in order to provide the answers

to specific questions 'for Jits management, an6 to enable the data process-

ing center to produce the reportzr with mtiximu.m efficiency. Some sugges-

tions3 of the type of reports which may be desired follow.

Top management will e interested in the overall progress of the

quality cost improvement program and each organizational U-nit manager

will want a similar progress report for his unit . Therefore, a trend

chart, such as Figure 2, will be desired. This chart permits the re-

sults of each weA's reports to be presented graphically on one chart

for each organizational unit, A summary chart for the entire company

or division can be plotted from the totals of the separate departmental

or organizational charts, The data "for each of the charts can, be pro-

duced very easily bY the compvter, and the labor to plot the points on

the chaits is negligible.

The great advantage of the trend chart. is tnat it gives a clear

visual picture otL the relative magnitude of the different classes of

quality relate6 costs, :-nd shows how each is behaving relative to

the utners. It is obvious that increases in the expenditures for

quality creation and inference will not show immediate reduiction in

resultant costs because there is a time lag between the cause and the

effect. Internal resultant costs will normll1y be affected fairly

quickly by changes in the quality assurance program; however, it may

be many months before the reductions show up in external resultant
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costs. The trend charts assist in determining the expected lag between

changes in the input costs and the effects on the output or resultant

costs.

It reLy be desirable to indicate on the trend chart when major

changes in the quality assurance program were made. This will specifi-

cally call attention to the fact that some results should be expected,

and will cause each manager to be watchi, , for the evidence of the

expected !.mprovement. For example, a note on Figure 2 might be used

to indi:,Ite t'it on 2-7 the decision was made to step up the in-process

control activities and the rate of finished parts inspection. It would

be appropriate to ,xpect some reduction in the internal resultant costs

to occur in the near future. The creation and inferance activities

are stepped up gradually until 3-20. A note then might indicate on

4-3 that the quality creation and inference activities were to be

reduced gradually, unless resultant costs begin Lo rise. These notes

would alert management that changes in resultant costs can be expected.

3,2 INFORMATION FOR DEPARTMENT MANAGERS

The whole process of Payoff No. 2 revolves around the idenLification

of the causes of defectiveness, poor quality, and poor reliability, and

the corrective actions taken to prevent a re-occurrence of those causes.

Therefore, many manag, rs will want to have a weekiy report of the in-

ternal and external resultant costs, broken down by cause codes and re-

sponsible organizational units Figure 3 is an example of an int rnal

resultant cost report. Normally, a report of this kind will be pre-

pared for each responsible organizational unit, since the manager of

that unit will be responsible for initiaLing corrective action following

the occurrence of a defect, malfunction, or other event that indicated

trouble. Each company will have its own prozedures for investigating

the causes of defects and requesting corrective action. Normally these

procedures . trtggered by the rejection or failure report which re-

quires that some dispc¢sition (scrap, rework, use as .n to

vendor, etc.,) be made on a piece of hardware or a lot of product.
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Before this report can be closed ot , it is normal to require that

appropriate corrective action be determined and initiated. The in-

vestigation usually determines what the cause of the defect was and

assigns the responsibility for it. This assignment established that

all costs associated with that defect be accumulated and "charged"

against the responsible dep tment.

The costs resulting from- the defect may actually occur in one or

more organizational units other than one responsible. Thus, the

reject report number or the corrective action request number may be-

come the control number against which the resultant costs are accumulated.

Figure 4 is a report which summnrizes the costs relative to a part number

and the original reject report number. The accounting procedures accumu-

late the information shown on this report, and the computer can prepare

the report of Figure 3 without going through the stage of the report in

Figure 4, if that is desirable. Some companies prefer to have ,.th

reports (that is, both Figure 3 and Figure 4). There is a specific

advantage of having a report similar to Figure 4 in that it helps to

identify parts which sh.,uld cause a lot of trouble and which, perhaps,

should be redesigned, or for which new materials or anufacturing

processes should be specitied.

Reports sImilar to those shown in Figures 3 and 4 can be developed

for each of the different classes of quality relteo costs: quality

creation, quality inference ind defect inference, internal result-ant

costs, and external resultant costs. These reports can then be surmarized

in a weekly report similar to Figure 5. Actually, wiih a computerized

accounting system, it is not necessary to have any reports like Figure 3

and 4. The computer can be pr.. anmied to accumulate all the costs by a

large number ol identitying codes and then print out a report -imilar

to Figure D directly from the computer memory. Figure 5 lists only a

few illustrative accounts under each nin heading, but this report can

be made as detailed or as condensed as desired. Also, Ftgure 5 indicates

that different columns Irv used for diflerent departments within one

organizational unit. These colunms could just as easily be used for the
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accumulation of the costs by projects, products, subsystems, or other

categories In addition, a column may 'be provided to show the total for

the previous month and the accumulated total ior the year. All of these

matters are determined by the degree of breakdown desired by the various

managers and the original procedures, defect codes, functional codes,

organizationa. codes, etc., and the proper programming of the computer.

3 3 TWO TYPES OF REPOR'IS AND CHARTS

The QUlGO sy'stem 6ene-ates data for reports and charts which are of

two typeb in terms of usefulness. The first type is timely information

for the daily decision makers, the quality assurance Lind d(epartment

ma n..ge rs. Speed of processing data is of utmost importance here.

The information from the QUICO system is of direct interest to top

management of the company, the qual-ity assuiance department , production

and the various production units, the reliability department, the engineer-

ing and Gesign department, and quality assurance functiona~l unit managers.

Usually, each program change requizres the cooperation of Lwo or more

organizational units in order to arrive at a proposed action which will

be effective and acceptable to all concerned. Consequent',,, the report-

ing system should be designed to serve the sLpecii.c- needs ot eaich ot thne

functional units. Both in the planning iid in Lhe rel-ision stage )I

the QUICO system the p linning group should constant lv check to see that

intorniation and data is suppli ed to the group in apositl i' to ta C

e tt e ct i v c c r r e t ,v e a,:t ion. in ai rs ne e s sary For e Xa mpIe , 11nforI-

Lion on detects 1...st be provided to the ainalysis group anld this g roup

r-is t recport the r e suIt s of its anal, 1y s is toL th gro uo , wh1 o a ire inl I

po Si tion LO M Ke t h"'wesarv Laes

The second ty pe is longer terin trend nt ornut ion I or h i ghe I

man ag eme n. This int'ouni t on is used tor po i cv orga n iiat ion'l Inad

budgoetir% dec isions which will! guide and determine ilaiy tocyltin

Dv the first gr10Lo0n 1 !"' in 'aer 1- S I Lnt 11 ,1 ca1 t ,, 1Lna to r' rvviich

Is reidLi a 'nd 1pckv r terpretd'ie1 'Id % n Wv'iic Cimpoltt - li.1t on s hI ps

S la n( outc e :ri Is e x reev importan t her1-e



QUALITY COSTS- WEEKLY SUMMARY

Organization E-17 Electronics Assembly

SWeek ending 23 June 1964

Acc't. Account Name Dept. A Dept. B Dept. C Total
No.

Quality Creation
Quality Ergr. 300.00 250.00 500.00 1,050.00

Corrective Engr. 200.00 200.00 100.00 500.00
Planning-Test & Insp. 300.00 300.00 100.00 700.00

Process Control 400.0O0 400.00 500.0O0 1.300.0

Total 1,200.00 1,150.00 1,200.00 3,550.00
SQuality Inference t

Failure Analysis 200.00 300.00 100.00 600.00

Final Test 400.00 300.00 400.00 1,100.00

Inspection &-Test 200.00 200.00 100.00 500.00

Receiving Test & Insp. 200.00 -300.00 200.00 700.00

Total 1000.Qo. ..100.00 800.00 2,900.00

Resultant Internal

Screening Test & Insp. 400.00 375.00 430.00 1,205.00

M.R.B. 250.00 400.00 450.00 1,100.00

Rework 600.00 550.00 700.00 1,850.00

Scrap 550.00 600.00 800.00 1,950. 0

Total 1,800.00 1,925.00 2,380.00 6,105.00
Resultant External
Field Complaints - .200.0O0 1 .500 . .. O0.00 4.,000. O

-- Billing AdJustments 1,500.00 2,000.00 2,500.00 6,000.00

Total 2 700, 2. 00 3o5 .0 4Q..o
Admin. & Fixed

Administrative 800.00 900.00 700. 00 2,400.00

Total 800.00 900.00 700.00 2,400.00

GRAND TOTAL 7,500.00 8,575.00 9,380.00 25,455.00

Fig. 5
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3.4 INTERPRETATION AND USE OF DATA

The real payoffs and benefits of the QUICO system come through the

analysis of the program activities or elements in light of the cost infor-

mation that is made available. In general, there are two kinds of actions

that can be taken: (1) increase the expenditures of effort in creation

and inference activities in order to reduce resultant costs and improve

quality, and (2) reduce the expenditures on certain creation and inference

costs if we have evidence that the value contributed is less than the

costs incurred.

The first action stems from the occurrence of high resultant costs.

The reports identify resultant costs which are higher, proportionally,

than others, and suggest that more effort in prevention might be in order.

The procedure, then, is to determine what activities could have prevented

the occurrence of the defects or malfunctions, and to estimate the cost

of such activities, the estimated preventive costs. Also, the resultant

costs may indicate that prevention activities are not needed constantly,

but only when some unidentified condition exists. This would indicate

that more money might be spent on inference activities so that the need

for specific preventive action would be signalled. A series of possible

actions can be formulated and priced, along with the corresponding

estimates of savings that can be expected. The most promising of these

alternatives would then be initiated. Naturally, the results of this

trial will be watched very carefully to see if the expected results

materialize. It may require anything from several days to several months

for the action to be thoroughly evaluated.

Many changes in quality assurance programs may be made more or less

simultaneously, and it may be difficult to determine which of thetj

actions really produce the desired effects. This is one of the principal

arguments for having a fairly large number of detailed accounting break-

down,-, in that the larger the number of the specific accounts that

exis the more accurately the effects of individual program changes

can !e measured. The longer it takes for the effects of changes to
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show up in the resultant costs, the more important it is to be able

to measure the effects accurately, and the more important it is to

have an ample number of accounts to provide the desired accuracy.

The second action, that of reducing quality program activities

when there are very poor or no measures of their contribution, is

probably not practiced as often as it should be. The fear is that

this action will cause unusually high resultant costs, and, since the

activities are already budgeted, why take a chance? The QUICO system

will provide a means of measuring overall effectiveness, and carefully

planned experiments can be conducted. For example, there are seldom

any direct measures of the benefits from expenditures to visit and

survey prospective vendors' plants before placing an order or sub-

contract. An experihent can be designed to omit this activity for

certain new procurements and use normal procedures for a comparable

set of new procurements. The results can be measured in terms of

fraction defective of the preserced lots as determined by receiving

inspection. If no significant difference occurs, then this activity

may be cautiously withdrawn over a period of time, while constantly

watching the data to detect deterioration of incoming materials.

For internal activities, the quality assurance manager may rely

upon the opinions of persons supposedly affected by the activity, to

guide his decision to ,reduce or limit the activity, and at the same

time, look for specific places where adverse effects may become

apparent. How frequently should employees be tested and retrained

for specific jobs? How much design review should be done on products

which closely resemble products which have been produced for many

years? How much investigation should be performed whenever a rejection

or malfunction occurs? Are there measures which can be used to deter-

mine how much effort should be devoted to some of these activities?

The purpose of this discussion is to call attention to the fact that

habits develop in quality assurance work, and functions may be continued

to be performed long after their need has ceased, or substantially

more effort may be devoted to certain activities than is justified on
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a continuing basis. Superficial evidence seems to indicate that not

enough of the sales dollar is spent in the creation of quality and

that what is being spent is not necessarily spent wisely. Therefore,

both questions, increasing or decreasing budget allocations, must

be considered to arrive at an optimal quality level.

Here are five obvious rules to keep in mind when analyzing

data for the possible benefits:

1. There is a first obvious rule which can give gross guide lines.

Almost always the sum of controllable costs and resultant costs is

reduced by increasing controllable costs and thereby achieving a

greater reduction in resultant costs. If total figures for the four

categories indicate that some reducible "fat" exists in the resultant

categories, then methods should be sought by which this reduction

might be obtained And these methods evaluated. This situation

probably exists if resultant costs are larger than controllable costs.

2. On the other hand, controllable costs which are larger than

resultant costs may very well indicate that a minimum of quality

related costs could be achieved by reducing controllable costs.

(This suggests the heretical concept that quality can be too high

and wise economy is to lower quality in this case.) This is the

unusual sort of situation, but does represent a second obvious rule.

3. A third obvious rule is that one should always look for obvious

low expenditures in the quality crcation accounts. These are easy to

spot and often indicate sdurces of possible future increased resul-

tant costs. For example, no money being expended for maintenance of

inspection and test devices might well indicate that trouble can be

anticipated.

4. A fourth rule is really more of a suggestion that comparisons

be made of cost accounts with other companies of a similar nature.

This may be difficult if not impossible to do in our competitive

world. There does not seem to be much that can be done to help

those to whom no comparison is available. Perhaps future work will

provide a simulation so that a company can, in effect, compare itself
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with an ideal model of itself. Such a model has been prepared and is

ieing tested.

The fifth rule is to examine controllable and rtsultant costs as

to proportions which are spent on particular products or particular

product classes. Clearly, one would want the proportions to be approx-

imately the same. For example, it would be wrong to spend 907. of the

qualiy creation buceat on a class of products which accounts for only

10, of Lhe result3at costs. if exact figures are not available to

det*rmine this balance, estimates are certainly better than nothing.
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4.0 LIST OF ACCOUNTS

The following is a suggested list of accounts for first use in

implementing a QUICO system. The list must be general enough to

include all accounts which may be needed by any industry. As a

consequence, no industry will wish to use all of these accounts;

indeed, each industry must choose those accounts that will be

meaningful and useful.

Further, the list must be general enough to fit the organizatici

of any industry. The accounts for a particular company must be

functionally oriented, accounts which cut across organizational

boundaries simply lead to obfuscation. Accounts must be tailore.d

in size to fit organizational units so tha;t dal-o to he used for

control relates only to the functions controllable by the organization

unit to w~hich the data are supplied and further that complete data be

supplied to the organizaticnal i"nit for the functions over which it

has control.

The list here makes no attempt to select accounts for a particular

industry nor to group or delineate accounts to fit a particular

organization. This task must remain for the user.

The user probably will have good reasons for qis particular

industry to subdivide some accounts in this list. The appendix

gives a complete list of all. accounts that have been used by any

companies contacted by the authors, It is intendeu as a check

list for the user. In any such list, there is certain to be over-

lapping and inconsistencies. No attempt has been made to resolve

these.

1. QUALITY CREATION COSTS

A. Vendor control and rating

B. Quality engineering in designs

C. Planning, formulating, issuing, and implementing test and

inspection procudures and process controls

D. Design and construction of test, inspection, measurement,

and control :levices
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I
E. Training and education

F. Corrective engineering on designs and processes

G. Analysis and evaluation of data and programs

H. Operation of in-process controls

1. Review of material handling and packing

2. QUALITY AND DEFECT INFERENCE COSTS

A. Maintenance, calibration, and control of test, inspection,

and control equipment

B. Failure analysis to determine causes

C. Incoming test and inspection

D. In-process and final test and inspection

E. Product, process, and procedures audit

F. Spi-cial final product tests

G. Test and inspection of product packing and handling

H. Audit of corrective action effectiveness

I. Field test

J. Quality check by production employees

K. Approval by regulative agencies

L. Dat, handling

3. INTERNAL RESULTANT COSTS

A. Scrap

B. Rework

C. Sorting (100%) inspection and test resulting fr-., ejections

D. Material Review Board activities

E. Downgrading of product

Loss of product yield -f a proceo

Downtime of production facilities

.L. Handling damage of product

I. Extra vendor advice and conference

4. EXTERNAL RESULTANT COSTS

A. Field complaints

B. Billing adjustment or allowance
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C. Loss of quality or reliability incentiv2 fees

D. Loss of customer good will

E, Product service and repair

5. GENERAL COSTS

A. Invariart costs
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.0 APPENDIX: CHECK LIST OF ACCOUNTS

A. QUALITY CREATION COSTS

I. Vendor charges for quality engineering in process planning

2. Vendor charges for quality engineering in product design

3. Quality engineering in designs for product including examination

of tolerances.

4. Quality engineering in new designs of processes.

5. Vendor charges for corrective engineering for product

6. Vendor charges for corrective engineering for process

7. Corrective engineering for product - not failure analysis

(possibly caused by quality or reliability failure analysis)

8. Corrective engineering fur processes - not analysis

(possibly caused by quality or reliability failure analysis)

9. Planning control of vendor audits, surveillance and surveys

10. Travel costs for other quality pirposes snot failure analysis)

11. Vendor contacts for quality purposes not failure analysis efforts

12. Verification and review of information supplied to vendor

13. Travel costs for vendor rating

14. Vendor contracts for vendor rating

15. Vendor rating; analysis of performance records

16. Vendor rating; keeping performance records

17, Vendor rating; evaluating quality capabilities

18. Vendor rating; evaluating reliability capabilities

19. Planning incoming test

20. Planning incoming inspection

21. Formulation and issuance of test procedures

22. Formulation and issuance of inspection procedures

23. Implementing test and inspection procedures

24. Purchase of test or material for devices (not capitalized)

including procurement planning

25. Purchase of inspection devices or material for devices (not

capitalized) including procurement planning

26. Construction of test devices (not capitalized)

27. Construction of inspection devices (not capitalized)
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28. Design and development of test devices (not capitalized)

29. Design of inspection devices (not capitalized)

30. Design of measurement dev;:es (not capitalized)

31. Design and development of control devices (not capitalized)

31. Rental or use charges for others' inspection equipment

33. Rental or use charges for others' test equipment

34. Depreciation write-off for capitalized inspection and test

equipment (may be different from tax write off)

35. Formulation, issuance,and implementation of process controls

36. Development ol" process controls

37. Review of product packing

38. Training and education of inspection employees for quality

39. Training and education of test employees for quality

40. Training and education of special process evaluation

employees for quality

41. Planning quality training and education

42. Conducting quality training and education

43. Employee certification and training for training for

certification and recertification (does not include instruc-

tion for achievement of normal proficiency)

44. Training and education of production employees for quality

45. Reliability engineering benefitting quality

46. Other reliability activities benefitting quality

47. Retooling becausc of corrective engineering

48. Rework of patterns, molds, or jigs due to low quality

49. Rede-ign of patterns, molds, or jigs due to low quality

U. Refabrication of patterns, molds, or jigs due to low quality

51. Qudlity review of tool design

52. Tool use coordination

53. Production equipment qualification and recerrification

54. Customer contacts for quality purposee not failure analysis

efforts

55. Evaluation of customer quality requirements and existing

plant capabilities
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56, Formulation, is sUnoce , jnd (mp .miotot on of quality plans

57. Formulation and interpretation of quality standards

58. Formulation ind coordination of specitications

59. Preqcribing and recording policies and procedures for

quality assurance

bf Planning and performing process capability experiments

Are. lyVis of pre-prodiction run data

02. Analysi-s of quality infe-rence data prior to product

Sn i P'" t t

63. Evaluation and audit of entire quality assurance program

64. EvaluatLion -an aro!ysis c entire quality cost drta

65. Quality inference data analysis

66. Do-fect inference data analy5is (failure analysis data

analysis)

67. Process control data analysis

B. QUALITY AND DEFECT INFERENCE COSTS

1. Maintenance of test equipment

2. Maintenance of inspection equipment

3. Calibration of test equipment

4 Calibr,.tion of inspection equipmient

5. Calibration of production equipment

6. M int,, ining primary standards

7. Calibration laboratory for gouges and measuring devices

8. Failure analysis inclndlng cause o. scrap and cause of

rework, can be further broken into rental of

equipment, equipment not capitalized, supplies, and vendor

conLaC: -

9. Failure analysis of purchased F-rrs including investigation

of cause of scrap and cause of rewrk; can be segregated

into wagos, equipment not capitalized, rental charges for

equipment, supplies, travel costs, and vendor contacts

10. Field filure malysis for purpose of taking cor.7ective

action for "'utilre production

11. Failure analysis consi-ting of special testr and inspections
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12. Vendor charges for failure analysis

13. Final test at customer's site; can be broken into salaries,

equipment not capitalized, rental charges for equipment,

supplies, travel expense, and subsistence

14. Final test in plant by sampling techniques; can be broken

into wages, equipment not capitalized, rental of equipment,

aid supplies

15. Final inspection in plant by sampling techniques; can be

broken into wages, equipment not capitalized, renta! oi

equipment, and supplies

16. Portion of 100% final test chargeable to quality inference

17. Porticn of i0T final inspection chargeable to quality

inference

18. Outside laboratories charges for tests on finished goods

19. Portion of 100% laboratory final test chargeable to quality

inference

20. Inspection and release cf finished prototypes or first

finished units

21. Test of finished prototypes or first finished units

22. Incoming test by sampling techniques; can be broken into

wages, equipment not capitalized, rental of equipment,

and supplies

23. Inco.,ing inspection by sampling techniques; can be broken

into wages, equipment not capitalized, rental of equipment,

and supplies

24. Portion of 100% incoming inspection chargeable to quality

inference

25. Portion of 1007. incoming test chargeable to quality inference

26. Outside laboratories charges for tests on incoming material

Z. Vendors charges for tests on incoming material

28. Laboratory test of incoming materials by sampling techniques;

can be broken into wages, equipment not capitalized, rental

of equipment, and supplies
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29. Portion of 100% Laboratory test of incoming materials charge-

able to quaility inference

30. First piece inspection; can De broken into wages, equipment

not caplitalized rental for equipi- nt, and supplies

31. First piece test; can be broken Jinto wages, equipment not

c apitalIized , rentalI to or eq,Jtpinent ,a nd suptA. 1 e.

32 . In-process inspecn-tion hy ail .ng procedures ; can be broken

into waiges, equip-nei- not cop, tdIied , -ental for equipment,

.1 supplies

33. in-process test by sa-mplnl pocdures ; can be broken into

wages , equipment, andi supplles

34. Pcrtion of 100% in-process inspection chargeab'e to quility

i n f er en c

35. For-,ion of 100% in-process test chargeable to quality

inf erence

3b, Portion of 1300% laboratory in-processQ test chargeable to

qua Ii t y int e rtice

37. Outside laboraitories charg;es for tests on in-process material

36, P r o:e ss con trolI t es t c c. be brok en i n: wage s, e qu ipie n t

not cdpi toi I ized ,re-,lto 1 or equipment ,and supplies

39. Cost of produ .I des t roved in tett~ ca-n be divided in to

inovnginprocss, irst plee, and process contro

4+0. Audi tInk Sy tS Lind procedure

41. Audc.it inr., pr odJuct1 qua i i

2.Audi1 Lting pr oces con! rot and pioc ess contlo1  tests

Audi t of pr od u ct pin

Ve nd or a;ud It

."I, Audit 11ctlV1iCS 'to L'VaiU,!e enld 0oroduct quality -rnd reliability;
4.9- r

inic ldinl iuditir.t svstrn s , prc:edures, calculations and

pe rforr.ince

ut .Srve 11I lanc o1 sC e k.! ovr oo<lonrcs

Vendor quo i I s -:~ la n'e

t.In s~ t io sup ie t



49. Test supplies

50. Tests for evaluating end product quality arid eliability,

includes life, environment and rel ialility te ts

-. Set-up for test

52. Set-up for inspection

53 Te -,t of produc t ck j n

54. Inspoction of product packing

55. Qualit, checking (operations by production employees

56. in, pection and test activity to review tempLates and tools

57. Koiripection of jigs and :ixtures

58. Requa'Lification tests of tools and processes

59. Inspection and teSL activity to give data on effectiveness

of corrective actions

60. Reports of inspections

61. Reports of tests

t2. Data processing, filiag,and summnariz~ing

C. TNTERNAL RESULTANT COSTS

1. Portion of 100%h tinali test due to need to eliminate defective

product

2Portions of 1lOri final Inspection due to need to eliminate

detecti-ve pr:)duc-,

J. Portion of i00% labora tory' e tesc chiArgeable to ued t o

elimiinate detective rdt

4. Port-ion or 100% in-oming test cinargeihle to need to elimiate

defective product

5 Portion of i 2Y% incomnug inspecticn cbhar,,eable to need to

eliminate Jetectiv,,i pojuc,
6. Portion of- 1IA eo~tr test 0i 1iconi.? :' cUtermias

chargeabl;e to neee to eliminite detectiv.e productI 7. Portion of 1001 ti- process le'- Znrgalet necd tc

elimin~ate eiv oruc

6. Portion of 100'. tn-rocess inspec-tion chaqrgeable to need to

eliminate defective pro."ict



9. Porri n o.t 1007. laoora tory tfl-Otocesa test chargeable to need

to elim-inate defective product

10. Material Review Board dcttvitle.b either forimsl or informal;

may be subdivided into disposition is scrap, disposition is

rework, disposition is dovngraded nv-iterial

i1. Rewor K (iL'ncl'-ud es fi lure correction i n defecr.,ve product);

De 0ci~c It produc:ed inen vand,. (b purchase

Thr7-> ,vb hen r. ie in inspe,)ction iird test

error o0prc' error, fb) ma':e dt.vIded into- ordered

incorrectes Iv at'e-I

13. Instwc tion or rewre m.-:c>5i,31

"C-oK I ut ot enJo:
dut' f'n uro 1 0* cd~dd nopoue

Scrar;p res or s- e e er t, ma" be ,'ivijdedJ into zr'duced

Q m '"' e'oe CfertC .i1ve canceI-' '6-

'cndequar e

'S' 0 r n. e 3:1-; S' atss hows

21.~i vX~rdn los :rcit ;p cc ue tonot imecring

rinne' r-equi- r-e-nen: Iu 1ti 1 ma o moe ti n en~aoValue

.2-DownttIrt ; O:A icct7e~k to :air aa is or

v c :I in4pr : Cton .6': ro :rc . nt tte r rework)

'o,,, 44t-Evo

.''''~~~ r'' s t0n ot' os or presence ot

cc C



27 . Extra tests due t-o produc t defects (nc-,t IOG% scretng)

28. incidental costs of scr~t,

29. In~cidental costs cf rework

30. Rrplacement of lost material

31. Replacement of material dantagai between departments

32. ReJection reportL writing and processing

33. Extra record keeping due to) defective produccs

34. Burden arising from ex~e-;s p'oducrxion capacity flecessitd~ed

by defect-1-es

D). EXTERNAL RESULTANT COSTS

I. eld com-laint inveSL-Igation for purpose ; of taking voluntary

cor rective a c tion ORT eqUi pme nt ncw i n c us Eome r5 us e; ma y

divided irt;, wages , travel expense , subsietelce, equipment,

and surpaiies

2. Field complaint i:-vestigatiori for purpose of in-guarantee

corrections; may be divided into travel, subsistence, wages,

equipment , and suppl;-s

3. Field complaint nE,, Aations with customers

4. Field repair perforamed voiuntaritly to prevent future customr

5. Field service perform,,ed voluntarily to prevent future customer

-'omp 'ints

6. Engineering for in-plant correctioa of field complaint

because of expressed or implied guarintees

7. Engineering for field correction of field complaint because

of exprossed or implied guarantees

8. Repairs for in-plant correction of field complaint because of

expi-essed or implied guarantees

9. Repairs for field correcrion of field complaint because of

esipressed or implied guarantees

10. Prco-ductioni for in-plant correction of field complaint because

ot expre!sed or implied guarantees

11, Production for field correction of field complaint. because of

expressed oi implie6 guarantees
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1. Scrvice _ "12 correctloi o' fie! comaoiain-t because

of expresL-ed or i:-,plieda guarar-ees

~3. Service -for field correction o-' field cornolaint because of

expressed or im~plied guarantees

14, B i1ing a dju s tmen ro ,.cr all1ow n ce because of expressed or

.p egu'. ra re e s

S> L0b> 1- :ui' rrka~ v incentive fe-es

16. Lo ss L)-L m~sre r g o o %,7

'7. B-s-ness ooivCOOS~Sto custormer (not part of quality

e rla td tf4costs)

C ENERAL CC.TS!-

1. Planning quality cost analysis system

2. Administration costs; includes elements not logically a part

o! quality crcatian, quality inference, or defect inference

3. Accounting and d__ua processing costs incurred in accumulating,

analyvng and aeporting quality arid reliability data

4.Handl1ing and -records control of equipment in storage or in

transport to calibration laboratory

Cost of power :onsumed in test, inspection,or quality assurance

jepart!-ient

6. Value -f floor space used primarily for inspection or test

7. Equipment depreciation; remaining book value at tiw of

replacement of capitalized equipment

8. App..oval by outsidke agencies such as Underwriters Laboratory

fees, product indorsement fees, insurance underwriters,and

outside test labs

9. Control of stores tculIs

*10, Periodic inspectik- of stored to(cis

11. Qve'Iity and reliability studies for bid proposals



5.0 B I nLIG -\'A P 1-n

Bayter , H. S. "Quality 'Ccnt?:ol ?rr:sShould Be Cost Reduction

Piog- (ams", lndi strialia I.Vl XVIN.9

harch 1961 , op. 4-8,

Cavtin, T. J. "Quality Capabjilicy 3t. Less Cost", Industrial

2uctcmrl Vol. XVIII, No. 8, February 1962, pp., 14-16.

Dellinger, D. (W. Soi-.e Ecconorn~c A ects of R.eliabiiitv and Project

Mjanagerment. lactnical Report No. 67. Applied Mathematics

and Statistics U boratories, Stanford University, May 31, 1963.

Duncan, A. J. The Econonmic _esgnof R Charts Used to Maintain

Current Control of a Procesh: Model I Technical Report No. 24.

Applied Mathematics and Statistics Laboratories, Stanford

University, October 14, 1955.

Feigenbaum, A. V. "The Management arnd Eng-ineering Approach to

Product Quality", .1ror-eedings of the 9th National S~

on Reliability and Quality Control, January 16,pp. 1-5.

Feigenbaum, A. V. "The Ne-w Approach 0-Quality Contro', ractory,

Vol. 115, No. 3, March 193)7, pp. 116-123.

Feigenbaum, A. V. "Some Next Steps for Quality Control", Industrial

Qulqit~yCntrol . Vol. XIY, No. 3. September 1962, pp. 5-11.

Feigenba rn, A~. VI. Quality Control: Principle,;, Practice and

AdministratiOn., New York: McGraw-Hill Book Company, 1951.

Feigenbaui,'i, -. V. Total Quality Control: Engineern n

,,~ee New York: McGraw-Hill Book Co. , 1961.

Feigenbaum, A. V. "Wl-iat's So Different About Short Run Quality

Control,", facuLKI, Vol. 120, No. III, November 1962, pp. 156-1L3.

Fitzgibbons, R. G. "The Bendix Radic Vendor Quality Rating System",

Lndustrial .uaIi ty Control, Vol. Xl, No. 8, May 1955, p7. 38-41.

Frederick, W. C. "System Worth and Tncent~ve Contracts", Proceedings

of the 9th NationalSymposium on Reliability and Quality Control1,

January 1963, pp. 6-15.

44



I

Grant, E. L. Statistical Quality Control. New York: McGraw-Hill

Book Company, 1952.

Gretzinger, J. R. "Buick's Reliability Program", 17th Annual

Conventicn Transactions, American Society for Quality

Control, 1963, pp. 269-276.

Grynn, L. M.,Jr. 'Total Quality Control Through Reliability",

nidustria. Quality Control, Vol. XVII, No. 10, April 1961,

p 10-12.

hoekstra, C. D. "Quality Costs as a Basis for Efficient Quality

Control", Paper presented at 10th Annual Western Reon

Quality Control Conference, American Society for Quality

Control, February 1963.

c. ; G".G' "Analysis of Problems Involved in Using Incentive

Contracts for Air Forze Procurement", Prepared for the

Quality Assurance Office, Air Force Ballistic Systems

Division, 1962.

Ireson, W. G. "Cost Control of Quality and Reliability", Paper

presented at the llth National Conference, Aircraft and

Missile Division, American Society fer Quality Control,

L.- Angeles, November 1961.

Juran, J. M. Quality Control Handbook, New York: McGraw-Hill

Book Co. , Inc., 2nd Ed. , 1962.

Kuzmin, '. R. "Quality Planning for Profit", Paper presented at

the 10th Annual Western Region Quality Control Conference,

American Society for Quality Control, February 1963.

Lancaster, E. J. and Beidenbender, R. E. "A Critique of Quality

Assurance Activity in Air Force Baliistic Missile Programs--

Parts -, II, and III", Industrial Quality Control, Vol. XVIII,

Nos. 7, 8 and 9, January, February and March 1.962.

LLndvall , Daniel M. "Total Quality Cost", American Management

Association Quality Control Course, Saranac Lake, New York,

February 1961.

45



Metsher, W. E. '"Measuring Quality Department Effectiveness",

Industriar Vol. XIX, No. 8, February 1963,

pp. 4-6.

Mihlon, L. F. "The Dangerous Business of Defense Contracting",

Factory, Vol. 121, No. 8, August 1963, pp. 92-97.

Mihlon, L. F. "Quality Control--Power or Pawn?" Factory, Vol. 120,

No. 10, October 1962, pp. 208-216.

Mihion, L. F. "What's the Problem in Quality Control", Factory,

Vol. 118, No. 12, December 1960, pp. 66-99.

Nixon, F. "Organization, Man and Reliability", Industrial

Qt , Vol. XIX, No. 2, August 1962, pp. 15-21.

Paterson, E. G. A, "Quality Control vs. Quality Assurance vs.

Reliability" Industrial Quality _Control, Vol. XIX, No. 4,

October 1962, pp. 5-9.

Purcell, W. R. "Quality Cost Control", Industrial Qualit"

Con..__trol, Vol. XVIII, No. 11, May 1962, pp 22-26.

Ouality Control Organization. Information Summary No. 92. British

Institute of Management JanuaLy 1962.

Richardson, E. L. and Benr.tt, E. C. "Quality Cost Control Trial

Program", Paper presented at the 10th Annual Western Region

Quality Control Conference, American Society for Quality

Control, February 1963.

Rossie, J. R. "Cutting Quality Costs in R and D", Paper presented

at the 10th Annual Western Region Quality Control Conference,

Anerican Society for Quality Control, February 1963.

Smith, B. E. Some Economic Aspects of Quality Control, Technical

Report No. 53, Applied Mathematics ind Statistics Laboratories,

Stanford Univ-rsity, 1961.

46



Value Engineerin, Handbook H ill, Department of Defense, March 1963.

Whiteman, I. R, "A Resource Allocation Model for the Quality

Control Manager", Paper presented at lth Annual Western

SRegion Quality Control Conference, American Soci'ty for

Quality Control, February 1963.

Woltz, J. R. "Product Quality Audit System", 17th Annual

Convention Transactions, American Society for Quality ContTiol,

1963.

Wortham, A. W. "Management Development Through Quality Control",

Industrial Quality Control, Vol. XVII, No. 12, June 1961, pp 5-7.

4

47


