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Introduction

i1low me ¢t the stort Lo szy how honowrcd I feel to heve
been invited to peérticipeate in this Triining workshop in Quedity
Control for ifricen Countries. It is & preat plewsure for me to
toeke pert and I look forverd to the interchuge of experiuvnces we
views vhich I hope will ensue during the next few diys. It is my
sincere hope thit the Workshop will {'uls'il one of its muin purposes
and that 1s to contribute to reducing the technologicel geip betwecn
the advenced anéd develoning countries of the world.

In view of my profession ¢s a prectising spplied statisticisn
I must edmit Lo heving displayed & certcin hesitancy in egreeins
to give the tvio opening lectures on bisic concepts of Guelity
Control /QC/ and the role of ¢C in induzt riel development., Certein-
ly it would huve becn ewsier for me to t:lk zbout sampliﬁg inspec-
tion &nd control procedures or relicbility, Nevertheless, 1 hope
my introduction tt the subject of our wWorkshop will be comprehensitld
end belenced end will form & suiteble Lacis for the lectures which
ore to follow,

For generel backrround knowledye, I should like to mention
thet it 18 exezctly forty ycers since onc of the pioneers in 4C,
AVisShewhart published in 1931 his femous book "The economic cont:ol
of quality of munufectured :.roduct" ﬁJ, based on his work et the
Bell Teleohone Comp:iny, USi. ibout the same time, Bl.F.Dudding ip
the General %lectric Coumpiny of “reut Lritein wod &e3ePeurson,
Professor of Stutistics at Univercity Cofll o, Lonuon were WO rRing:
elong similer lines end published in L5h o Sbioannts i pioer [

end book [3] which revolutionised industidiel, loboratory ¢ndg studid-

erdization practicc of thet lime. Since then, lhe it ecud scicnee




-6 -

of industriel (C hes trivelled & long wey till it now hes thous-
ends of professiontl adherents in all countrics of the world and
is sn zckowledged brench of scicntific menejement. » weelth of
publications is now also aveilable, emong which the most velueblle
end widely reed ore the books by J.ie Juren [4], i.V.Feigenbeum
[5), and J. ven Ettinger @nd J. Sitlig (6],

Yith the edvence of technicel progress, the development of
lerge-scele production of products of sl1 kinds /industriel,

erriculturcl, building, etc./ und with the introduction of more
complex end automated technicel equipment': the problems of quelity
and reliedbility ere growing in dimension and complexity. Not only
ludustrislly edvenced countries like the USA, britein, France,
Japen &nd others but also developilg countries like South imerica,
India and your own countries in ifrice heve begun w reslise the
benefits ensuing to the nationel econoumy from a systeaatic &pprouch
to problems of the quality of products und services. These benclits
result from e morerationsl use of the country’s natural, humen
and finsncial resources,

If I meke @ correct estimete, T expect thet QC philosophy
eand techniques cen bring ebout o significent increasse in product-
ivity and efficiency in a wide renge of industrial fields in the
4fricen countries, for example in mining, foundries &nd metal
ceating, in the production of textiles &nd toxtile nachinery,
boots &nd shoes end the Necessary nichinery, in the production of
bicycles, radios, fans, gless and flass products, plierinceuticels,
cigarettes, plywood, cement end prefabricated builuing purts to
mention only a fcw,

Equeally effective will be the introduction of similer prin-

ciples and methods into the e-ricultural end Tood-processing field,

A —— . —— e —

* providing us with clectric power, trensport, rodio, television
ond other services,




es for instence into the cuitivition and processing of grounduuts,
cocoe, coffec, sisal, piim oil, tobzcco, ete.

~Such a proramme will undoulitedly sccelerate the trensition
of the Africen cconomies from predominintly wericultursl onesto
economies with & stron; industrizl sector hased on the most up-to-

date scientific und techniccl knowledge,

1. Need for definitions id terminology

Despite the imposrtince of quuwlity of Hroducts wid services
to modern society, therc is & considereble emount of confusion
in the definition of the word "quelity". Fortunately the lueg of un-
animity has not prevented the dev:lopment of QC &nd its fruitful
applicetion in industry,

A clarification of the concepts end definiiions of terms in
the field of quelity end GC is elso difficult in view of the frct
that meny naetional and internationel terminologiccl stend:rds ere
stil) in process of elesborution or ire beinys revised in order to
reflect the lotest results of edvanced theory end prectice in this
dynemicelly evolving Lrunch of ipplied scicnce. In this conncetlion
it is interesting to mote that curing the pust few yeurs, some
original work hés beenﬂin progress in ihe U3on on the subject of
quslimetry, the brench of'spience deoling with tne weusurement
and eveluation of quelity. For this reeson, the Soviet teruinolo;~
icel stendards I?],[S\ heve been published &s recontly &s 1070
md 1971,

s fer os the terws vhich we chaell be using durine this Verishon
¢re concernecd, I refcf your attention to the twelve-lingusge 0.
Clossury of terms in QC [¢), the third cditicn /revised/ of vwhich
is due to Lﬁpeor before the end of thiis yeers In the followinge
remerks, I shell wihere wo Tar o3 poassibic to the DO Ulowsiry

¢nd only on occision shell justify o slizhtly aiffercnt inucgee-




-8 -

tation of gome of the terms,

To begin with, let us egree that the primery olLject of our
the end effeels of these processes. YWe shell be specicrlly interested
in production processes /industricl and & riculturel/ and in preduct
quaelity end its control,

If any one of you were asked whet you considered to be the qual-
ity of weter /e procduct of the processes of neture/, I wn sure your
immediete rcsponse would be: "well, surely it depends on the purpose
for which the water is intended. For dringing, for weshing clotihes
or dishes, for paper-mcking, for engine-cooling?" In eech cusc
the mrin properties of the weter which constitute its quality are
different. In the case of érinking weter, its quality is determined
by its purity, frcedom from Eerms or toxic substencesy in the
cese of witer for washing /without deterrents/, we are mainly inter-
ested in its "softness" and capecity to form lsther with normcl
8o&p powder :nd hence to rcmeve dirt and greesey in the cuse of
puper-meking, the quulity of water consists in its (reedom from
suspended perticles und colouring wettery finelly, for enginc-
cooling we ere intcrested weinly in the cooling cepecity of the
water which in turn depends on its temperature, secondarily ip
its frecdom from scele-forming commounds.

In eech individuel cusey the jurlity of the weter consists in
& group of proverties, determining the suitebility of the weter
fgr,cmparticular urpose or usc., If we now Puss over from noturel
resources like vaiter to some simple products which ere the result
of humen libour, we f£ind thet our concept of Quelity s fitness
Tor purposc is ctill correct. For cxomple, the quality of «@ pudr
of shoes or boots depenus on Lhe purpose for wlich thedir own:pr
intends to use them, for town weery in swier, in winter, for

mountaincering for cpovts ¢etivity, ete. besiralle quality of

leather winter bools for ¢ fop worker in Czechosloviiiiiu includes
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the properties of robusiness, wariih, woterproofuess, duiruebility
and rcusonsble cost,

To consider a siightly more sophisticouted prouuct, an eleciric
iron, we see clewrly thot its gquidity comprises the ¢bility Lo
function correctly when switched on, to re:et correctly o cutonntic
thermostat tempereturc control, to resist rusting of metel surfices,
the properity of being comfortible to hendle, sesthetic in Cppear-
ance and reasoncble in cost.

S0 we srrive ut our first 4efinition:

Quality‘is ph?”tqtality_of properties ot a product which det-

armmine its fitness for use /purpose/,

Some typical properties of un wutomobile which together con-
atitute iis quality ore: reliebility, durebility, power, muicuver=
ebility, comfort, eppetrance, economy of running /fuel consumptio:ny/,
cost 110} § other common properties of engineering parts end mechines
are: resistance to wear, fatijue ond creep, machinability, strensgth,
cfficiency. In the case of food stuffs, the quality is determined

by propertiies such as taste, smell, texture, nourishment value, eta.

Note: The degree of quality of a product naturally requires that
some measure of the actua) quaiity be compured with a specified
meesure embodying the consumer’s requirements, thus giving a rela-
tive quality index /see below/,

In industrial terminology, the word "control" generally wcsng
& set of activities necessary for the achievement of certein
industrial goals within a more or less complex organizetion /syateny/
The word may be used either with a menygement or & technical cunnoti-
tion /sec e,g. automatic control/. In both cuscsa control consist~ in:

a/ specifying objectives ond methods of thefr attoinment, deliaiting

responsibilities, issuing directives, deciding on criterin for

ossessing fulfilment of £0(15;5
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b/ coordinating ell efforts in the orgenizationel, muterial and
peraonnel uscurence of goel fulfiluent;

¢/ checking thst dircetives &re respected, that partisl and final
goals are fulfilled eni tekiing decisions on corrective measurs
when necessary;

d/ continually promoting the improvement of efficiency of the whole
orpenizetion /system/, meking special enelysies, educeting and

training persomneli, etc,

In conncction with ¢C, the wbove sequcnce of sctivities hus
led to the definition [4):

Quality control is the totulity of functions end ctivities
which must be carried out in order to &ttain the compeny’s quelity

objectives.
Analsgous ectivities &/ to d/ ere also applicable to "prod-

uction control" end "“cost control',

i wore detsiled definition 1s given by A.V. Feipenbeunm |5[1
Quality control is &n effective system for the quality-develop-

ment, quelity-niintenence end quality-improvement of efforts of
verious groups in &n oraenizetion so as to enuble production

tnd service &t the most economicul levels which ellow for full

consumer satislaction,

The control of quality of products presugposes thut this

quality cen be nicusured., For this purposc, it ic custoumry to

sperk of quality chi recteristics of individuel sroducts. Thesc

cherecteristics mey be juentit: tive or quslitetive /ittributive/
in neture,

1:\;;_‘ . . - 4. ‘
xemples of quontgt tive clesvacteristies /sometites eelled

perameters/ wve: disensions ¢ ;
: “ielons, clewrinces, surfice roughness,

percenteze conte R
‘ “8c conlent of chemiced Subistinee, veur, teneile

end fotd:uc




strength, output, el consuaption, elcctiicel resistance, lise,
length of life, moisture content, density, perticle sice, percent-
ere effective substince in insecticide, ctc,

These chirecteristics cre very often remdom viriables, differ-
ing from one product to inother even when the prodicts erc producsl
in series under e¢ppiruntly similer conditions. They are oencrzlly
mecsured in physical, chemicsl or othcr units, spmetimes they
.cre non-dimensionel /e.g. efliciency/.

It is customery for a nowin:l vilue to be specified in stend-
erds or specifications for such quaiity chiricteristics wnd for
a tolerence_to be set round the nominsl vilue /see Fige L. ue shidl
see belovw that such specified vaiues tre in fact reference juality

indexes.

[ LY YN

P ’ 1 Y
! *&"‘ | , P -/- -
1;.‘ : T‘. ﬂ‘ Tu s-/.“"*
{ '
Fig, 1. Typicel adaistribution of the :ztrenzth of cotton yirn

Exemples of ettributive juslity cheructeristics wres colour,
eppesrance, taste, smell, &opetrwnce or non-gppetrence of & defect,
etc. The &ssessment of gquelity in such coses is judgzed by comper-
ison with some stundi rd product or eteleon of =zpecimens. JU 16 #1so
possible to trinsier from the :ttributive zseesement to e quentotive
evsluation by the introduction of point velues /0,1/,/1, %y 2,

4, 5/, etc,

we may therefore strte the definition:

h quility ehoructeristic 15 a quentity or ttribute vhich

cheracterizes & pirticulir projerty coutributing to the ity
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of & product. CL. definition of "C(C ‘Tlossery: [/ cherecteristic
is & propertywhich helps to differentictec between items /either
quentitctive or juelitotive/,

Note 1: In some cese ilhe gualily characteristic is identicel in
name with the property, e.ig. strength of wateriel /property/ in
the sense of resisteunce to loading,and tensile strengtli /uelity
cheracteristic/ in the sense of muximum loed per unit cross-
gsection which meteritl will bear without leading to frecture.
Notf2: It is :lso possible to speuk of guality cherscteristics
/parameters/ of production procesces.

Note 3: In thc cese of severel quelity cherscteristics of a produd
it is customery to distinguish those which ere more snd those
which ere less importent for the quality of the product, e.g.

u'sing the classificetion (major, minor, trivial), or (major, minor). |

Before continuing with our explenction of concepts end defin-

itions we shall have a look &t how quality is built into & product. |
2. Quality of desigm, quslity ol conformince &xd guality of usige

Let us now consider the increzsing rejuirements of consuaers,
whether larre-scale industriel concerns, government orgenizetions

or private consumers, on the quality cherecteristics of products,

Aircraft should fly at ever increesing speeds, new textile end
chemicel mechinery siould h:ive higher end higher outputs, televisic:
set should trinsmit in colour, etc.

Aé far ac consuner goous ire concerncd, the pressure on Hro-
ducers 13 also to produce nore relizble &nd durcble goods, if
possible ¢t lower price. In eny cuse, the citiinment of rejuirced

quelity cheracteristics has now bhecome i complicited tusk nec-

gssitatine a snmecialized function on the level of industriel

concerns und, &5 the expericnce of & number of countries, incluc-




ing Japan, hts shown also on the level of governuent authorities,

On the plant level, it has been necessary to supplement the
primitive concept of creftsmanship, bised on close resationship
between producer &nd consumer, bty ainy new conceptc eénd activities.

It is customery to distiusuish three phases of the production
process, all of which play a2 specizl role in the cresztion of the
quelity of & product. These ere (see Figs. 2 wnd 3) :

8/ the pre-production phése, including merket reseerch, technical
resezrch and development, design and process engineerirg, proto-
type testing, preparetion of inspection and control procedures,
preparation of instructions for use, purchasing of mauteriuls und
bought partsj

b/ the sctual pg@ggp_i“@___ghgqg, including incowing inspection, man-

ufacturing of perts, assembly, process coutrol and finel inspection
end test, packeging for dispetch or storing;
¢/ the post-production phese, incorporating transport, installation,

operation and servicing.

The sctivities during the first phase trenslate the pronerties
/quality/ rejuired by the consumer into the lenguege of specifiecd
quelity cheracteristics, design documentetion end corresponding
specifications of menufecturing, insgection und control .rocedurcs,
properties of purchased parts end muterials. Insofar &¢s this tech-

nical documentation correctly refliects the required yuality of tle

"the excellence of the design in rcletion to ease of mznufecture

E——— - ae et s W

and to the customer's requirements’.

The activities during the second phlase determince hov the quelity
cheracteristics specified in technic:il documentetion are realized

in the manufectured product ready to lecve the fictory. This netur-
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£lly depends to e lurre deorcc on the quality of the technolozicul
equipment #nd on the cdherence to desizn, manufacturirg and control
procedures /i.e. on ihe Juelity of oncretors/. A contriluling fecer
tor {8 slso the qualitiy of bought puicts end metericls.

Quality of confarnince /or ranuficture/ is the name used to
éxpress the agreement of actual quality characteriatics
of the nmanufectured produeti with the cherwcteristics specificd
in technicel ducumentation.*

4 third contributing fector to pProduct quality mey be culled
the quality of usagc, meening the correctness of instellevion
end operating ¢nd meintenance procedures, o

A low quality product mey &rise due to inédequecy of the
quality of design or of conformince or of usugre, even t.hopgh the
other two qualities are adequate.

Until relatively recent yeers, product quelity was congidered
to be a asynonym for quality of conformence and quality 6ontrol
depértments devoted their éttention mainly to inspecting nd check-

ing whether the fincl quelity churacteristiics were in egreement
with those specified in BLENGEXrGSs end specifications, i.e. to
phase b/.

With the revised notions on the definition of Juality and g1l
the factors contributing to it, it is now generelly recognised
that QC must extend its activity to cover ¢11 three pheses which
influence -rocduct quelity. Hence we arrive et the definitions of
QC riven in peratTeph 1 /see p. 9 / 4 more deteiled 1ist of the

functions involved is given in peregreph Sfsee p, 24 /,

BOQC "lossiry definitic.s The fidelity with whieh lhe product
conforns to ths desion, ‘
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ikl

st

3, Ruality of specific products e off aeours off protueis

ot g,

In the seriecs production of procducts we are ofLon less in-
terested in the quulity ciuiacleristics of indivicu:l items thea
we &are in soae juality chericteristic of & wholz serics of itcus
/batches cf produets/, produced under siniier conditions on the
seme mechine or by the scue process. In this case we must reiurn
to FPig. 1 where we have the typiczl curve 1ilustrat.ing the prob-
ability or frequency distribution of & dimension /e.g. diimeter of
cylindricel rollers processed on a grinding mzchine/ or the
strength /e.g, of c'otton yern measured on specimens from r spimming
mach ine/, This curve 15 an idealization of the histogram which e
obtain when we make meaairements ona finitc numbers of items, groun
the measurements into cl:sses sccording to the veilues of the meas-
ured characteristic and represent graphicelly the relationship
between the frequency of occurrence of the cheracteristic in the
different clesses.,

In such cases, we heve the possibility of choosdng several

quslity characteristics of the betch /yuulity fndexes/, tne most

common of which is the fractior Acfective b , 1 e. the proportion
of the betch with charecteristics lying outside the specified

tolerance limits, or its complement ) <1-p, the proportion of

satiasfectory products. This proportion depends in turn on the

position of the distribution with respeet to these limits and

on its scetter, It is also possibic, therefore y to conszider &s
quelity indexes of the betch the mewun vilue 2. wnd the stendard
deviation T or their swmole values (X,5) wiich woe oblain on
the basis of e sntll number of observations,

In the coee of an atiributive quelity chsreccterisiic like

the appecrence on non-gppeirence of & fluw on the Lroduct, the
quality cherwucteristic /index/ of tle beotch is azein the frection
defective f  or the fraction s/tisfectory A A
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Usinz the wbove approach, we sco thoet wo cen fora relotive
quelity indexes wilh respect to one quality cherscteristic of the
product by dividing thc :bsolute index by s specified reference
index, For instence, if the specified meeu life of e perticules
type of lamp is given by the value it - ook y then W =deoC A is
the reference quulity index. licusuruments on ten bulbs give an avaf-
age time to feilure of o 951 A + Then @ simple relalive quelity
index with respect to lemp life would be f - t/u - (75, |

Yhen it 1s necessary to measure and eveluate the quality of
& product with respect to more than one quality cherscteristic, it
is cleorly possible to form & weighted average of the individual
quality indexes, the weights being ; roportdnsl to the importance of |
the corresponding quality characteristics, ;

The distinction between messures of the quality of individuel
products and groups of products is very important in comnectiom with sampling ]

inspeotion procedures to decide on the acception or rejection of batches of
products.

4. Grades and greding

Ve have seen thet the end product of the pre-production phase
is a set of documents, drawings, »rocedures containinr specificati ong,
of the quality charecteristics of rav materisls, purchascd parts,
machined gnd processed parts during production end finally of the
end product itself.

An interesting question arises during the specification of chexr-
acteristics of a product intended for the same functionul uge but for

different consumer markets with respect to price level, & A differcence

in sgec{fxcatlon Tor ‘the seme ﬁmcuum_l usec is a uiflference in

grade. A wrist watch for o young child with relatively 1oy precision,

e ]

say varigtions of 60 seconds pPer dey,end low cost is g different




¢
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ccrpensive, goad, water- oerG duct-proof watch vwith selt-winding

- -y
- i -

~rade ol weten from taut required by a top cxecutive vishinge &n
end eleam, high vrecision and high price. Having sscertaibed the
nerket for botl grades of wutches and specified the quality clur-

seterisvics eccordingy, mruulocwriug esy orocecd wnd produce

o grede of watches, both of which ere of excellent quality / fitneas

U~

for use/ for e ditferent consumer market, The cheip watch is not
of inferior quality than the expcnsive one but it is of lower
sirtede,
The charzcteristics which are generazlly altered when considering
“h2 choice of grade are [4] : '
Life ol product /dursbility/
Lppearence
sxtent ¢f maintenance required
Pelicbility
Intarchangeable feacures
Luxury features

ruetors of sufety
Lase of insiallation and use and others.

The consurer merket must first be investiguted for requirements
aeeerding Lo fuch eriteria s sex, tge, profession, income, sociil

stending, geogrephical area, hobhies, ele. The numsers of items

- procduced in e~ch of tre ~rilegs uraeideg upon ther follow from the

sommercial aspect of the mecket research,

From the noint of view of costs, it should be noticed that
changing to & higher grade or to u« higher qQuility of design gencr-
ully costs morey on the other hand, higher quality of conformwnce
~euesrally costs less because of reduciion of losses from screp

end revoricing. fccording to J.lisJuran, the sraie of a proauct ic

vhe wvalue irherent in the desisn,

Tne Tellure of design to reflect correcily the consunce's
iality needs lies Leen s m-in fecetor in the ceveloment of tle

concevts of reliubility,
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H. Conformity with specificution

The out-dated interpeetlition of yuality was the degree of
conformence of the quelity chi:r:zteristics of the Lroduct with
those specificd in slencirds or ciher specificutons. 4As we have
seen, this conformance is still & neccessary requirenent in the quek
ity cycle on the assumption thut the specilicctions heve bcen corr-
ectly set,

Checking the conformence with specification is the originel doml
of the mctivity of. inspection deperimerts &nd test'ng luborstories.
The activity in this field is generelly divided into the arees of

8/ inspection end testing of incoming nutericls and comnponents,

b/ inspection and control of menufacturing processes using ~control

charts or by automstic control,

¢/ inspection ang testing of outgoing ginished products

Ad &/. It 15 common scnge thet 1003 screening of every delivered
1tem, component or unit /bag, tenk, ete/ of rew muterisl is non-
economical., Indeed, in the cases of destructive testing, 100% inspece
tion is impossible. Hence the development of samnling Inspection ;
plens vhich enchble the manuficturer to verify the quality of 1ncoming
batches of meterizl or components on the besis of the inspection |
of only a small numbef of units,

For this purpose, it is liecessury to have woriked out incpection
procedures,giving deteils of the 4uelily charecteristics to be
tested and their claseification &s to seriousness, method of in~
spection or irsting /by varisbles o by attributes/, the sample slue, |
method of assessinzy the resulis, orocedures for hendling rejected
beatches, etc,

Ad b/, hs in case ¢/ control nrocedures must be nrepered, listin-
’ . . & ’

process or vroduct junlily chirscteristies to be checkeu, frejuency
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;¢ contiol, sanple sitze, tyeo of cuatrol casrt (nd level oif contiol

1inits, scrap end vep:sir orocedures, ©ilc.

Ad ¢/« The outgoing ins-wetion and tzstling of conylex finished
nroducts is usually of ¢ screenine nature with resnect to function
/e.3. redios, refrireratore, hicveles, ete./. Ta ~oume hichly aut-
omneted processes, e.g. food canaing, elcctric bulb manufecturing, cle
the final checking may be puri of the produrction process. It is then

sufficient for the outgoing inspection to be done on a sampling busis.

The originel notion thel tne majority of defectives occurring
during production wcre due to the poor quality of work of operalors
has long proved to be wrong. Wide studies sghow thit in the msjority
of production processes, only 20 to 304 of defectives are directly
operator controllable. The causes of the other 70 to £0)5 of losse:s
cen be traced to other sources nutgide the comtrol of the operator
/e.g. insufficient machine precision, bzd lighting end others/.
This type of analysis shows the importsnce of enalysing reporte on
defectives &ccording to csause end responsible person or department,

From an economic point of view, the highest preventive benefit
ig goined froa process control &1d investigatior of the causes
ol gporedic or systematic leck of controi, immedietely cvident from

control charts.

G. Consurmer preference.

S

The feed-back of information from consumcrs as 1o their setis-
~action or none-satisfaction with 'oroduct.s is Invilunble to the mabu-
fecturer when deciding on messures for duality improvement gnd intro-
duction of new products. Couplalnte during the guirunice period

recch tne producer sutometicelly and constiiule one source of infor.-

mation. However, cate on failure rates ena minor troubles ericing cut~

slde the guarwntee period cun be grined only by speciel sangling,




surveys using questionneircs, by ficld investigations, by system-
stic reporiins from & scloccted group of users or by consumers’
peanels. Thesec weusures cre more typical of & scercity market which
is not yet ssturated by & veriety of compctitive products serving
the same use,

In tﬁe case of & highly competitive market, price, quality end
service ure thc threce mosi iunportent aspects effecting the cone
suner’s decision to buy. Quelity is beconiing more and more importus
is this respect, in particulir quelity of design. Some of the
methods of improving the company’s position in this respect ere [x]:
1. designinm the product so that it hes high customer cppeal frouw

the point of view of' funclion, eppecrance, durebility, peckeging,
neme of brond, cte., _

2. utilizing knovledre of "merket quality" to strike the corrcct
belence between quelity costs end value of quility,

3. developine a positive quality reputation thrdugh prompt deldivery .
of good quelity products, ;

4. introducin; quulity guircntees to minimize consumers’ losses
due to defectives and failures,

5. using advertising media to inform the public on product perforie
ance,

6. evolding notoriows failure which cen seriously dentege gquality re-
putation. -

Knowledme of consumer preference &nd of the quelity chwracter-
istics of competing products is of vital importance in deciding |
on quality objectives and pricinz “olicy. Velue analysis hes dev-
eloped over the pest few yecrsand is of assistance in comparing

the firm's cost of echievin; queality with that of competitors.
In eddition, todeay there exist in meny countries consumers’ unions
which &re actively engeaged in lestin: coupeting products énd in-
forming the public on thuir relative perforitnce end value for

money.

A number of compenies, however, wish to hive independent
date on the raoting of their own product in the eyes of consumers

eand orrenize snhecianl field inveslicitions, where the most importaot
quality characteristics of their own product ire COMperad by ordert”
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the consumer’ s preference compsred with scver:1 other connetine
products. Teble 1 is & modified version of & teble from 1]
ghows the muin results of such evaluciion. The heme cowpiny i

assessed ¢s first with respect Lo properties C wne D but nas low

rating with respect to properties E and .

Teble 1
[ 1 ___ Renking of compenies Averape eval-
Properties 'l Compctitors uaticn of com-

Home Co. . Co.X Co.Y Co.2 peting €os.

oA L 3 L2 1 a 2.3

B 2 4,31 2.7
c 1 3 3 . 4 3.0
p | "1 4 2 3: 30
P, 4 : 3 1 3 2,0
S S 1 2 . 3! a0
*fot,;l e i S B

The home compeny must now decide whether they should devote
special attention to improving feetures E end F depending on their
importance and the cost involved. They can also decide whether to
retain features C and D on the present high level and emphosise
them in their adverting or whether to use them as a basis for

cost reduction,

In the countries with sociulist econcmics, the siate suthor-
{ties heve teken over the function of consurier pootection wlth
respect to the quality of key products by meens of & system of
quality merking operated by stute testiug leboretories. Similer
systems are in operation elso in Jepen end India end tre developing

elsevhere in the world /see below/.
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7. Dependability, durability, meintiinibility, reliebility,
evailebility, teste

Within the last twenty yeers, & speciel set of product proper-
ties hes come to the forefront of product quulity. These cre propere
ties relating to the ability of the product to serve its purposc
/perform its function/ over & specified period of time / {.e. to
retein its quality in time/, The most genercl property of this nature
is dependcbility /operation:l reliebility/, relzted to which cre ‘
relisbility /inherent reliebility/, reliubility /in use/, maintuin-
ability end duresbility.

These properties huve guined increcsing importence due to the
growing complexity of technicul equipment, both for military end
civil purposes, and to the continuous trond towerds sutomation. The
feilure of such ejuipment is usually associated with losses of
high marmitude end in some ceges with danger to health &nd loes of
1ife. In eddition to himher complexity, more severe environmentsl
conditions end interncl stresses due to hicher static end dynemic,
electrical and thermal lo&ding, chemicsl aggréssivit.y etc., heve
sccelereted failure mechenisms end led to higher fuilure rstes,
necessitating designing with special regerd to reliebility and
durebility requirements.

The increasing tempe of technical progress no longer permits
the normal cycle of product development, comprising /efter research/
the building eénd testing of models for design quelification, the
preparation and release of sroduction drewings, construction and
test of produection prototypes, eventual redesign and production
of a smell number of products for field test.

Time compression hrs led to the omission of some or all of
these test phases or at least to their overlapping &and hes increased
the importence of achieving e high degree of relisbility the first
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time. Hence the need to develop the meens for evilusting the

quality of design at the deaign stage in order to detect and correct
as many deficiencies as possible prior to going into series pro-
duction. In order to compensate partislly for the meggreness of
leboratory test results, it beceme increesingly important to de-
velop means for the collectdn and anzlysis of field data on the
rate and nature of field failures,

This new aspect of quality assurance has led to an an extcnsior
of the importance of compleint analysis during the guerantee period
and of the ectivity of technicel service departments in charge of
repeir and meintenance services of the compsny to users. kspecislly
it has led to the esteblishment of & formal program for reliability

assursnce either wholly or partly within the quality control
depertment.,  An exsmple of the utility of such compleint enelysis
is shown in Fig. 4. Here we see the relative frequency &and costs
associated with the failure of different subsystems of a heavy
lorry produced by the Teatrua Company.

As in the cese of quality, dependebility and its contributing
properties ure defined as propertics which can be measured by
means of verious indexes /probibilities, purumetcrs, quantiles,
etc./. The random verieble /guulity cherecteristic/ essocitted
with cach product or its components is wost commonly the time to
feilure or time between feilures, time to repsir, etc, iiessures of
reliebility ore then &/ the probability thet the time to feiiure
with exceed a specified time intervel, b/ the fcilure rete, ¢/ the
mean time to failure &nd others. Their theoretic:l vclues cre
seldos knovn but they cen be estimated from test results or {rom
the 'results of ficld operation s in the cuse of other quality
indexes used to measurc the quality of & butch of items produced
under similer conditions.

Onc of the adventlagges txrising from ¢ «nowledge of lifc wend

relisbility charecteristics cin be scen from *ij L. The life
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distributions of diflerent components in sgy the cngine or reer

box should be approximgtely the same, so &s to facilitcte block
replacement &s a maintenince policy. If they arc widely different,

meintenence &nd repnir procedures are rreetly hemnered and ineffic-

ient.
Protlemns of relitbility :nd storesbility of food stuffs can

be epproeched in the seme way » To & greeter extent, however, use

must be mede of sensory testing.

8, Punctions and duties of guality control

Analysis of quality control systems reve:zls & certein common
Job pettern remerdless of the particuler product producéd and of tre |
deteiled org:znisation of the QC department.
J.M.Juran divides the jobs of QC staff accordins to the follow-
ing functions: |
I. Punctions commnon to ell steges of progression of the product.
II.Punctions special to new products.
III.Functions ecpecial towndor relations.
IV, Punctions specitl to process control.
V. Functions specielly essociated with customer relatlions,
VI. "™unctions specially associated with wcesurement laboratories.
ViX.3pecial #nslysis, eudit end consulting function,

hoV.Feizenbaum divides the (C function into three sub-functions
a. Quality Control En~inecering,
b. Quelity Informstion Wjuipment Lngineering,
¢. Process Control unzineerirg,ircluding Inspection end Testing,
end lisis the mein work elements of these three sub-functions.
The following schaematic represcntation of the meain QC activitic

during the menufecturing cycle is teken from [ 4/ and 2.5,7 [uce
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Below are listed the caief functions &nd duties of L with
the classification number I - VII of Juren or letter a,b or ¢

of TFeipgenbium &dded in brackciss

(1) Recommendine realistic quality objectives in e reement with
the compzny's quzlity policyj cooperating with Hurxeting & d
Eneineerines in setting specific quality requirements /charucter-
jstice end indexes/ on products on the basis of customer neecds
/function, relisbility, serviceability, meinteinebility, price,
etc./y cooperating in the formuletion of problems requiring
regearch solution / ViI, e/,
(2) Reviewing new and revised designs for quality charccteristics)
recommend ing improvements to Enginecring which will remove causes
of chronic difficulties with previous designs, increcse new pro-
duet reliability, imorove quality charccterisiics &nd reauce losses
due to fa:liurea end complaintsy recommending use of vidue &nalysis
and methods of simplifying control of menufucturing process and
eveluating quality, thus reducing :juality costs; developing check
1ists for new desigms / II, a /.
(3) Reviewing envincering prototypesj evaluating results of all
performance, environmentel, life and other tests and other
technicel documentstion /driewings, menufecturing procedures &nd
final product specifications/y enalysing end evelurting the
prototype from the point of view of reliability; prepearing esti-
metes of juslity costs for ncw product design; &pproving the
prototype and technical .documematicn / 11, /e
(4) £8sessinc manufceluring ensincering procedures znd, in the
cese ol serics production, the results of the test seriecy
recotnendins meecsures eimed wt climin:ting the tcchnicel end othep
fnctors vhich huve @ neceiive effeect on product qualitys tpproving

the commencement of series production / 1I, & /.




(5) Coopersting with Liciketin nd Lnginecring in the setting of

quelity stundards for such chicracteristics as appearance, coiour,
surfice roughness, noise, vibration, etc. / I, a /.
(6) Esteblishing methods #nd procedures for controlling the quulity

of products «nd menut'ecturing processwsy fixing quelity churccte
eristics to be messured, sampliny stetistics to be cslculeted and
used for control purjoses, frejuency end location of control, suit-
eble messuring techniques ami instruments, suiteble methods of
statistical controly determining how inspection &énd control results
wili be processed and . ho shall receive feed-back informetiony en-
suring that control procedures shall be incorporcted into munuficte
uring engineerin; procedures with the appropriste cost und time
estimetesy preperation of clesr instructions for pitrol inspectors
during menufecturing operstions / 1, IV, VI, & /.

(1) Preparing procedures for inspection of incoming perts end meter-
lelsy estrblishing the relative importence of verious quelity
cheracteristics with regard to the requirenents of design, process
engincering «nd product dependability; determining messureble quel-
ity cheracteristics and methods of eveluating lot quelity, includ-
ing test and inspection equipment end sampling insnection plensy
plenning vendor rabings and material certification by vendors / I,

111, VI, &/.

(8) Coopereting with menufzcturing enginecring in spceifying the
required quulity cepebility of current and new production

devices, also, in esteblishing shop stenderds in the ebsence

of engineerinz specifications; csteblishing methods of testing:

the actual copebility of production equipment end methods of

preventive maintenince / I, 8 /.

(9) Ensurins on the besis of results of cupebility analyses, control
cherts nd other stitistical methods, that production equipaent.

has cufficient cepribility to meet quility requirewmentsy deterinine
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ing vhich product and process cheraclteristies rejquire speciul tinl-

“ ysisy fmelyciny the results of cucl studies wund recowscnain® uewsures

{ for the improvement of mechine or process / VII, & /.

| (10) Establishins a complex index of outroins product guality (incor-

{ poratiny infermiiion on compleints end ficld results)wnd con-

tinuelly enalysing its trend /1, v, = /,

t (11) Esteblishing « centrelised informetion fecd-bzck to 11 key-

persomel in Lianufacturing Engineering end Markcting including

( recommendations for corrective action / I, VII, & /.

(12) Diagnosing chronic menufecturing quslity problems to deteraine
basic ceuses of difficultieag presenting results of anelysis

in such & way thet the nececsary remediel wction is cleary follow-

ing up end reporting prorress to menegement / VII, a /.

(13) Analysing nain elewents of quality costs &s & besis for initi-
ating positive action in the field of preventtion, eppraiszl cnd
feilure aimed ¢t tn over-zll reduction in quality costs / VII, a /.

(14) Developing qufality certification plens for products dispatched
to customersy cooperation with lierketing in the preparation of

| brochures outlining the quality system end the quality fe:tures of

products / V, a /.

(15) Anelysing customer compleints eccording to mode end ceuge of

feilurej recomuiending corrcetive action in cooperation witn

other departments and ;nfoming menegement / Vy u /.

| (16) Preparation of JC oriented triinine progrems for ell comoiny
personnelj orienising courses for 4C stsff, for other mencre-

§ ment, technical and commercisl stuff, for shop foremen end oper-

| ators on the basic principles of (C programs, techniquecs and

procedures / VII, u /.
| (17) Developing and introducing erificient wethods for reculerly
reporting to weneiement on the current stute of product quality

vith resnect to jJuality objectives in order to stimul:ite quelity.
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improvement &nd continued quelity efforts / VII, a /,
(18) Verifying ihe effeclivness of proposed slterations in technical
documentationj approving such changes only after they hav? been
Justified ena proved not to hive & deleterious effect on product
quality .
(19) Developinm, constructing snd proving test equipment end inspec-

tion end control devices, especially in-process quality meas-
uring devices} planning celibration schedules; cooperation with
Vanufacturing Fngineerin;: to incorporete, where possible, quality
inspection and control devices with the production equipment to
provide optimal méchenization end sutomation with integrated anal-
ysis and feed-back of quality data; conducting research and devel-
opment of advenced quality measurement and control technigues and
equipment aimed at improving product quelity &t reduced cost / vI, /.
(20) Assioting Menufacturing with performing wnalysis of quslity

capsbility of processes and with implementation of the quality
plan during actusl menufecturing, ensuring meintensnce end calidr-
ation of quality information equipment; ensuring that ‘incoming
parts and meteriels and the final product meet the engineering
specifications; zssisting in the tnalysis end solution of quality
problems /trouble shooting/§ performing speciel tests on rejucsty
analysing in detail the csauses of customer complaintsy cooperating
with the {C representatives of sub-contractors or customers in
achieving mutucl understanding on quality specifications; meine
teining quality records; supervicing incoming, in-process and

outgoing inspectiion, control und testi olerstionsy ensuring thuv

inspection and test personnel wre trained in JOb rejuirements
/ IV, ¢c /e

1
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9, Ceuses &and prevention of chronic troubles

A fundamental concept to the quality control funciion is
the prevention of chronie troubles, i.e. the discovery of the
csuses of these troubles und teking mecasurcs for their permanent
remedy.

The complementery sctivity is the meintaining of & sutisfuce
tory stete of performence all round the quelity cycle wnd the
isolation of sporadic, causes of luck of control. This is tlie fundee
{ mentel theory of control cherts &s first propounded in detedl by
W.As.Shewhart [1]. Dr. Jursn refers to this activity us 'holding
the status quo".

Our problem, however, is to chenge the undesireble "stetus
quo" 1in which a chronic "disease" is pre'valent.

An invelusble tool in this connection is provided by saw-
eral simple stetisticcl techniques, beginninz with Pereto dia-
grah snalysis and ending up with more sophisticated statistical
methods like regression eanclysise.

It 18 & well «nown fect theat every production process is
influenced by a lorge number of different fectors, by the quals
ity of rew meteriels, by technological factors and vhe eccuricy
end precision of menufecturing equipment, by the skill end
conscientiousness of the operztor znd so on, The effect of these
fretors on the quelity charecteristics of the product should be
thoro{:ghly investireted durin~ the menufecturing engineering
stege ond the specification of process perancters sct wvecordiigly,
e.7. mechine setting, cutting and rilling fceds and spreds,
temperztures end time of duration of wmeeling processes, mixing
times for rubber or other mixtures, pouring tewperaturcs of

molten iron and stcel, ctc.
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But to quote Ribbie Burns, the nutionel poet of Scotlend:
" The best laid plens o’ nmice sn’ men genge &ft eolee', In other
words, despite the best of intentions to prepere ideeal specifa-
ications, it often heppens that losses from scrap and compleints
ere persistently high and hence require ccuse diegnosis &nd
corrective action, . typicul methiod of mexing thc¢ Tirst enwlysis
is using the Pereto difgram as shown in Fig. 4. Here it is cleer
that the mein problem erce is the engine of the heavy lorry
under investigation end that the other assembly groups contribute
reletively much less to the total costs. A similer analysiéLOT"fla
ceuses of fallure of engine perts revealed that 70% of'thé' .
trouble was attributeble to crecks in the cylinder heads due
to thermel stresses. A chinte in desirn removed the chronic
trouble with a corresponding decre:se in the number of complaints
snd losses involved.

It 18 often necessary to meke some speciel amelysis of the
ro;ationship tetween operating conditions &nd some quality
index, e.s. ncrcentime defective. For excmple, during the
production of & grey iron cesting, the percentege defective
Gue to send inclusions was very high despite the fect thet the
spevified tgchnological procedure for mould hordness /lowef |

tolercnce limit 80 GF units/ was beihg obserVed.'It vweas théf;-

fore decided to make a speciel study of the herdness of moulds

and the corresponding percentize defective on both the upper
end lover helves of 49 moulds. The results illustruted in Fig, 7
demonstrete thet the percentege defective decresses with in-' -
creasing ﬁa.rdness. |

WVithout deteruining the repression cquations for the ie-
letionships in the cuse of upper snd lower helves, vwe see that
it is nccessery for the lower tolerince limit tor upoer helves
to be rerised from 80 GF units to €5 units, end in the cease of -

lower helves to sbout £4 units. A further important piece of
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information from the tnalysis io the prealer sensitivity of the
upper halves of moulds to lower herdness. The new speeificestions
were incorporited into instruccions for conlrol charts on.runmuing
herdness with & subsequent,  monthly rednction in scrip of velue
30 000 Kis.

This exemple demonsiratea very well the erroncous view that
lack of technologicel discipline is the only ceuse of production
faults. On the contrery, the cause is often to be found in
incorrect design and process speciflicetions.

An interesting form of chronic trouble enelysis has been
edopted by Quality Control Circles in Jopen. It consists in draine
storming the members of the circle in order to l1ist all the possible
ceusés of the trouble &énd then to isolete ¢ few "vitel" ceauses for
speciel investigetion. «.n exemple will be given muking use of the
Ishikewva "fishbone" diegrem.

10, Quality essurance

The term quelity essurance is generslly used in the sense
‘of reviewing and evelueting how the compeny’s ectivities with
reaspect to quclity ere being cerricd out /ere effective/ and
of reporting this informetion to ihe upper mencgement and others
concerned,

Abcording to J.laJuran, quelity essurence bears to the
quality function the seme relutionshlp es euditing does to the
accouhting function., In view of its eghort lifc &8 en ucinowled,ed
independent cctivity as compered to the action phuse of tuc
quelity function, there is still some verietion in prectice &5 W
vhet ectivities should be assizgned to the cssurence Tunction,
Generelly, however, the following ietivitics ere included in
quelity esrurance:

- the processing of {ield comsleints end results of specleld




Zield anulycis,
quality rotioe of outyoing product,
quality survey or indit,

preparation of executlve —cports on gueiity.

The quelity eudlt i J-pan ic ol speciel interest since it
hes been developed in considereble detril ard is systemeticelly
prectised in induutricd concerns in two forms [#):

(1) Audit by outside or~enizationsg

The most conmon types ere:
8/ oudlt of suo-contr:ictor’s oC systom by the producer of the
finul product,
b/ audit by tuthoretutive orguns ewerding the Deming prizes
or awpiding Quality merks,
¢/ eudit by consulteni to the enterprisc which wishes to ime

prove its QC system or to introduce the system.

(?2) Audit performed by the mensgement inside enterprisc

This type of eaudit is common practice once or twice annuelly
in enterprises where C is wel. developed. Th: audit gives con-
tinuel stimulus to the improvement of the (C system aid has exe
treviely beneiviciel puycholoyicel effects, since it permits excliangc
of opinion beticen top end widdle manegement and the workers. It
brotdens the outlook of middle munexement and gives top minige-
ment en insight into everyday production problems end wypreciation

for thelr solution,

11. Wxnorts ond interncl markets

T s — - o s m A v s m Y Sml M e et v e s e ———

The ultinm te ain of eny nctional cconomy or industricl en-
terprise should e to meke no aistinction botween the quality of

goods produced Cor exnorl ind thet of ~nads produced for the

. e - ‘A sy PR, . "
home merket. IL sy be hecessury, however, for wn interim period
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in perticular vhen demend excecas supply, Lo mene h exception
to this rule.

To demonstrate this poial, the cxoeriences of Jipin tre
esting. Before YWorld Wer II, Jupinele voods hid ¢ reputetion fer
inferiority in the scense thet uhey were intenled for lower jroce
markets end in rddition the quility of conformince and hence thc
overcll quelity was below averegc. After the wur, o nationel poiicy
wes adoptcd of systiematiceally improving the quility of Jepinese oo
through the implementation of (C principles &and methods. The cltect
has becen visible to the whole world, since Jeapan Lo & simell country
with scerce resources wust iaport wmuch of her food and rew likler-
iels end hence must export & lerge provortion of her products, .o
ere all scquainted with Jeptnese redios end TV sets, cemeras,
watches, ships, steels, motorcycles, tutomobiles, sgricultur-l
machinery end other reputuble goods.,

At the moment, we shall not investiyrate in detwal how the
Jepenese C movement developed, but shall note vhat steps were
teken Lo ecnsure that export erticles in the first plzce should be
of specielly hish quelity.

In 1946 the Jepancse Union of 3cientists end Enyineers wus

founded and commenced systemstic resewrch end training in C

systems with the emphesis on stetistical methods. Purllel o thio
activity, in 1040 th:ie Lew on Stindirdization in Industry was

passed end the Jepeanese Committee for Industriul Stundardizeation for
formed as ¢n euxiliary organ of the Jyoeney for Jpplicd Seience

end Technology sttiched to the Jupuiese 'inistry of Toreim Trede
end Industiry. The next few years st ¢ remariceble interest in
stetistical juality control and itz wpplicil on In industiry
supported by the publiccolion oi’ severel joyrnels end treining
menugls under the auspices of JUSE end e Jopihese HLanudieds

Association.
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The letter orranization wes comnosea of renrescitetives
of indu=try, conuumers, univeisitics ond covernment denartments,
Tt checied the validity of current nitriderds ond inilieted the
introduction of new ones. Provesed strndirds were fin:lly
erproved ty the appro;iriate wirastry and ther became Japanese
infustrial standeras. Some ol Lhe Key producte werc selected
for speciul ettention end hod the possibility of geining the
quality murk JIS. In order to quelify for the wark, the menu-
fecturing enterprise of the selected product hed to give evid-
ence notl only of the instenteneous baremelers of' the product
under test conditions, but :1so of the fect thet in the factory
the piroduection cquinment and the quclity control system were

oh such a level as to sucrantee the contimed vroduction of the
product on the requircd quality level. On the assumption thest
the producer fulfilled these conditions, he received the JIS
mark end alco the authority to do further testing in his own
leboretories with the proviso thut et any time & government
inspector could check on the wmaintenence of the high quality
level and conditions epproved.

This system was one of the basic meens of exerting pressure
on enterprises to introduce progressive QC methods. 4 further
step wes tsken to »rotect the reputation of Jepenses industry
in 1957 by the passinz of an edict mzking compulsory the inapec-
tion of goods for export. The inspection was verformed by indep-
endent leboretories and in 1837 covercd about 104 of exported
articles, especially consumer goods of the engireering, textile
and food industries /in all 502 different products of waich 225
were engineerimg, 113 general, 62 Chemical, 63 textile, 46 &gri-
culturel end food and 3 medicsl/. These products were selected
by <overnnent zuthorities om the bisis of recommendetions of the

Council. for the Insrcetion of Lxport Joods, ¢puin comprising

represertotives of industry, consueey
ep Yy

Sy universities end ministries
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This export iuspection is nerformed by 6 stete amd 30 irdep-

endent laboratorice endoved with jovermment authority. The state
caploy over 1200 pessons and the independent labor-

atories ccei 4500 persons. Time does not permit of delailed ace-
scription of the methods end criteriz used /Cape uesign wna
relisbility, dimensional :ccuracy, serforinence, speciel proper=
ties like resistence to vitretions, shock, thermul stress, etc,,
appesrence, uniformity, texture, colour-f:stness, tnd others/.

It sulflices to stote thut the systeir of export inspection
contributed in great mecsure to improving the quality of Jepinese
products, especislly for export, tut ultimitely also for the home
market. The exporting of goods without the export certification
given by the inspection leboretories is a serious punisheble
offence. In = recent peavery Prof. X. Ishikewa admits that there
&re. still soue unsolved problens of tduinistretion in the export
inspection system.

In conclusion of the lecture, some of the lLausic principles &«
conditions for the successful introduction of «C systems will be

 summerized.
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?ige 5 Life curves of somc componenis according to assembly groups
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