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CHAPTER I
GENERAL INTRODUCTION

l.1l. Standard Technigues of Quallity Oontrol'

The problem of quality control ls that of detec-
tion and elimlnation of asslgnable varlation arlsing in a
production process. It has therefore two aspects: (1)
detection of agsignable variation, and (11) determinatlon
of suitable corrective actlon, Statistlcal techniques in
this field have been mostly concerned with the first aspedt
of the problem, The control chart for example, 1s baslically
a dlagnostlc device for detecting the presence of assign-
able variation in the gunality of articles. The stagdard
practice 1s to plot observations (usually means of samples
of articles produced at times t,, %, 4 «ssy ) On 8 chart
marked with lines corresponding to an upper and a lower
coutrol limlt for the observations., 80 long as the plotted
points remain within the control limits, the process is
regarded as In a 'state of statistical control'! and the
varlations are supposed to be random, If however at any
time ti (4 =1, 2, .4s, ), & point goes beyond these limits,
presence of assignable varlation 1s suspected, In such a
situation, 1t 1s for the maintenesnce personnel to locate

the sources of asslighable varlation and take sultable correc-

tive action,

It may however be noted that the standard control



chart described above may not be so effective even for
detecting assigrable variation, For 1i o;ly takes Into
account the valus of only one observation at’a time, &nd
does not consider the earlier observatlons, the use of
which may lead to & quicker detectlon of assignable varia-
tion, Duncan (1958), Bartlett (1953) and Cowden (1957)
have shown how & run of several successive observatlons
above or below the target value can indicate the presencs
of assiguable varliation, even when all of them are within
the control limits, Page (1954, 1957) and Barnard (1959) '
have 1nvestigated a new type of control chart, called the
cugsum chart, in which the cumulative sum of all observa-
tions upto a point of time 1s plotted Instead of a single
observation, The cusum chart, which makes & direct use of
all avallable observations, appears to detect assignable

varlation much more quickly than & standard coutrol chart,

All statistical devices for detection of assign-
able variation however, presuppose human Ilntervention for
taking corrective action, which is usually time consuming.
This drawback seriously restricts the usefulness of such
idevices for quallity control in Iindustrial processes with a
high rate of production, To avold excessive malntenance
costs and loss due to substandard articles in & high spead
industrial process, 'ths measurement, calculation and
adjustment phases of the quallty control function must take
place at a speed comparable with the process being coptrolled’
(Bishop, 1965)., This implies that there should not be any



cornsiderable time~lag between the hppaarance and the ell-
mination of assignable varlatlion, and hence,‘a quality

control device, to be of any use in high speéd production,
should not ornly detect assignable causes of variation, but

also provide for prompt corrective sction,

L2 Guallty Control Viewed as Feedback Problem

In some recent investlgstions (e.g. Barnard, 1959,
Box and Jenklns, 1962, Bishop, 1965) cbncerned with quallty
control methods and devices which perform the twofold
function of dlagnosls and correction, the problem of quality
control has been considered as a problem of feedback, It
has been noted in the first two investigations®that even
the control chart lnvolves the principle of feedback, _
Barnard (1959) states that there 1s a long standing practice
I some lndustrles 'of using the control chart ag 1tself an
element of a feedback loop, which not only signals the
departure of a process from 1ts target value, but alsoc indi-
cates the magnlitude of 1ts departure, and the amount of
correction needed to bring it back!, Box and Jenkins {1962)
have defined two types of feedback, namely, technical feed-
back and empirical feedback, Technical feedback occurs when
'the Information coming from an experiment interacts with
the technlical informatlon contalned in the experimenter’s
mind to lead to gsome form of action', The control chart

nsed solely for detection of assignable varilation 1s an



example of this type of feedback, Empirical feedback, on
the other hand, takes place when some simple rules deter-
mine unequivocally what action is to be taken on the basis
of information coming from an experliment. Thus the conirol
chart practice referred to by Barnard 1s an example of

empirical feedback,

Quallty control methods Involving empirical feed-
back shouwld, thereforse, do both the dlagnostic and correc-
tlve funections, Thus, in this casae, observatlons made on
the process will have to be uged not only to detect presence
of asslgnable varlation but alse to detsrmine the necessary
corrective action, We are concerned here with methods of
feedback control, the basic ldea of which is 'to usa the
vary deviation of the system from its deslired performance as
a restoring force to gulde the system back into 1ts proper
functioning' (Bellmen, 1961)., Box and Jenkins (1962) have
referred to such methods as methods of 'adaptlve' quallty
control, The term 'adaptlive! however seams to be open to
some objJection, as ull methods of empirical feedback control
are not ‘adaptive' in the strict sense (c.f. Florentin,1962),
?In the present thesls, quality control methods involving
ampirlical feedback are called methods of empirical quality

control.,

1.2 a ali ont High Speed Processeg

For routlne quality control in many modern high

. speed processes, 1t msy not be necessary to hunt out and



aliminate the source of assignabler varlation after such
variation 1s detected. It may be enough to make a compa-
ratively simple readjustment of the mgchinery, like chang-
ing the process operating level, to bring the process back
under control, In the above circumstances, 1t will be
gquite fezaible to use methods of emplrical guality control,

or mechanlsms based on such methods.

Some aspects of the problem of empirical quallty
control of the process mean or process operating level hava
already been studied by Barnard (1959), Box and Jenkins
(1962, 1968), Volosoff (195%, 1961) and Bishop (1960, 19€5),
among others (see'References'). Barnard (1959), and Box
and Jenkins (1962, 1968) have investigated the general
problem of obtalning optimum methods of control, Thelr
studies are malnly of theoretical interest, The control
procedures sugrested by them seem t0o be too complicated and
costly to be of much practieal use., Volosoff (1968, 1961)
and Bishop (1960, 1965) have made studles of some partl.
cular control mechanisms which are actually used for
empirical quality control in some high speed processes.

But the scope of thelr studlies is somewhat 1limited, and

Volosoff's Invegtigations contaln some obvious flaws,

The present thesis ls devoted to a study of some
empirical gquality control devices which are of practileal

interest in high speed production procssses. Although the
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mechanisms investigated are slmples(and can be automatisged
at an economic cost), they seem to control the asslgrable

variation adequately in wany situatlons,

The control mechanlisms studled here are the fixed
and variable one-sided controllers, the fixed two sided
cor.treller and the proportiocnal controller. The one-slded
controllars can control the movement of & process parameter
in one directlon only., For example, they may only reduce
the value of a process parameter by a flxed or varlable
amount vhenever observations {rom the process irdicate its
necessity, Hence, these mechanisms ars sultable for use in
situatlionsg where a process parameter underpgoss a gystematic
upward movement (or a gsystamatic downward movement)-due to
the operation of a "constant assignable cause" (c.f.,Bishop,
1065), that is, a constant disturbing influetice llke tool
vear at a coustant rate. The two slded controller and the
proportional controller can coutrol the varlations of a
process parameter irn both the upwerd and the downward
directions, by soms times increasing its value and sometimes
reducing it, depending on the values of observations made

~on the process.

Among the mechanlsms studled here, the varlable one
slded controller and the two sided controller do not appear
to have been investigated earlier, Volosoff (1953, 1961)

has made an investipotion of the use of & fixed one sided



controller (under the name of 'resetter!) for controlling
the variations in the dimension of items finish-machined
by an asutomatic grinder, 3Bishop (1960, 1965) has made an
investipation of the use of a proportlonal controller for
cor.trolling varlations due to "“constant", "infrequent" and
"random" assignable causes, In the present thesis,however,
the study has been made from a different view polut, which
makes possible a more complete aralysis of the long term

performance of the varlous control mechanisms,

In Part 1 (Chapters I -~ III) of the thesls, the
problem of empirical quality coantrol ls formulated (Chapter I);
the work done so far 1In the fleld is reviewed (Chapter II)
and the approach followed in the present thesis is outlined
(Chapter ITI), we introduce suitable stochastic models to
represent the overall movemeant of an industrisl process
when a gpecific type of countrol mechanlsm is used for 1ts
control, The circumstances under which stabllity 1s attalned
are then Iinvestipated, Ve then dlscuss methods for numerl-
cally evaluating the steady state probability distribution
of the process mean and that of individual observations from

the process,

In Part 2 (Chapters IV-VII) the control of varia-
tians due to a constant assignable cause, with the help of
one sided controllers, iIs considered. We filrst investigate

the use of a one-sided fixed controller, which sets back the
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level of the process mean by a fixed amount when ons
observation from the process exceeds a éritical value

¥ (Chapters IV and V). In Chapter IV, we introduce an
appropriate stochastle model and lnvestigate 1fs charac-
terigtics; while in Chapter V, we consider an application
of the model to the problem of emplrical quality control
in & specific type of industrial process. The use of a
varlable one sided controller, which sets back the level
of the process mean by a variable amount when one obser-
vation from the process exceeds the critical value R, 1s
discussed 1s Chapter VI, In Chapter VII, we conslder two
modified uses of the fixed one sided controller. In the
first modification, the couiroller operates when the sample
mean of several succsscive observatlons exceeds the critil-
cal value &2 , and in the second it operates when the

medlan of three successive observations exceeds’*.

In part¥ Chapters VIII and IX) the control of varlsw
tions due to a random asslgnable canse system is considered.
We discuss the use of a two sided fixed controller in
Chapter VIII, Thls controller sets back the level of %the
process mesn by an amount Az when one observation from
the process exceeds & critical value k@, and 1t sets forward
the level of the process mean by an amount Ay when one
ob;ervation from the process falls below another critical

valuehéihi <« ko ), 1In Chapter IX, we dlscuss the use of a

rrm
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proportional controller for the cogtirol of the same type
of variations, Following an observation ¢, the propor-
tional controller adjusts the value of th.e process mean by
an amount R {x- M), where K 1s a constant of proportion-
ality and M 1is another constant, We consider a method
for obtaining 'optimum' values of k ang ™M , that is,values
of R and M such that the steady state distribution is
unbliased and has minimum varlsnce. We also Invegtipgate, as
usual the condltions under which the controller Induces
stabllity, and also discuss & method for the determination
of the stsesady state dlstributions.



