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0.1. Sorme Standard Technigues of Quelity Control

Quality control technigues have Tvwo major func-
tions in 2 mamafacturing nrocess. One is to maintain
the process in a state of control continuously with
time, and the other is to ensure that the cutput of the
nrocess conforms Lo certaln ophtimul specifications,

The nain tools of quality control are various kinds

o~

of control charvs and secentance sampiing srocedures.

A mamufecturing nmrocess 15 congidered to bhe in
a state of 'statlstical control' when assignablas varia-
tion, that is vericticn escribzble to eny narticular
éource, ig absent., 4 contrel chart is basically a
gZrapiical devigce for detsetinsg from tinme Lo tire the
presence of such variation in thn qualliy of itens |

nroduced.

The standard practice (Shewhart, 19721) is to
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dstermine the value X of some quality characteristic

t 1
(such as the mean, standard devietions, fraction defec-

tive s%e,) of a semnle taken at,time 'ti iet 2 ‘
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and to nleot the :1;'5 on & chart marked with uoper
and lower actilon limits. So long as the plotied points
remain betveen the tvo action linmits, the process is
regarded as in a state of statistical control., Lachk of
control is detected as soon as a rolnt falls beyond
either zotion limit znd corrective action is called

for in that situvation. The upper and lower action limits

usually correspond to X)) + 3SE) and
E(x;) - 3SECx]) respectively, where E(x;)

is the expected valus and SE(X{) is the standard

error of 2 . The justification lor these so called

1three sigmat limits is mainly empirical: i1if hag been

found fron experisnce that they control both the first

2ind of error (detection of assignable variation when

it is not nresent) and the second kind of error (failure

to detect assignoble variation when it is present)

quite effectively in most situations.

The standard control chart procedure deseribed
above however, suffers from one Important defect which
nay substantially affect iits power of detecting changes
rroduced by s‘ouroes of assignable variation. At any

point of time t.

v 9 it takes into account the valwe of

only one ohservation *X{ , comvletely neglecting<the

infermation provided by observations X, x, o
. -t 5
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talken earliep. This information, however, may sometimes
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be gquite useful in detecting real changes in the process,
Bartlett (1953), Duncan (1956) and Cowden (1957) have
shown how a run of successive points above or below the
target valune can indicate the presence of assignable
variation even when all the points are within the action
1imits, Thus, even a rather indirect use of several
successive obseprvations instead of only one may increase
the sensitivity of the Shevhert chart. A more direct
use of all the available observations haowever, does not

seern to be possible on a Shewhart chart,

Page (1954} and Barnard (1959) have suggested  a
new type of control chart called the cusum chart, in
which the cumidative sum of all observations upto a point
of time iz plotted instead of a single observation. The
cusum chart, which thus makes full use of all available
obsevvations, appears to datect assignable variation much
more quickly than a standard control chart, A good deal
of recenﬁ work on guallity control is concerned with
construction of\ different types of cusum charts for use
in different situations, & revievw of sonre important

worlk on this fopic is given in section ©,2.1.
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0.2. Review of Some Prewviouys Work

0.2.1. Cumlative surm control charts

Page (1954) introduced the cumulative sum control
chart as an alternative to the standard (Shewhart) chart
for controliling a process paraneter B at some desired
or target value 90 . In these charts, we plot the

sun

7y
Sy = L (X;-K)
L=
against the sample number M (m=14, 2,...) where
the observation X; denotes some suitable estimator of #
caleulated from the ith sample and Kk a properly

chosen treference value' related to the target value ﬁo .

Page (1261) has described a vrocedure for contro-
1ling the variation of the parameter in one direction only,
say upwards, According to this procedure, a lack of
control is indicated when and only when a plotted point

S.a-eXceeds the lowest plotted point by an amount
greater than i, a predetermined positive quantity
called the decision interval, He has indicated how a

suitable choice of K and A  can be made,

¢ [

The procedure for conirolling two-gided wvariation
¢

of the process parameter by & cusum chart with ‘the heln
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of a V- mask has been outlined by Barnard (1959) and

Page (1961).

The V. mask {see fizure 0.1) has tWo parameters

{i) the lead distance d= OF s representing the
distance betwesn the last plotted noint U and the
vertex of the mask P , and (i1) the angle of the mask

b L0PB , giving the slope of a limb of the

V. masgk to the horizontal axis., A lack of control is
indicated if any of the points plotted before O falls
below the line P8 . Barnard (1958) and Page (1961)
have not given any mathematical method for determining
the values of niask parameters. Johnson and Leone (1962),
howevar, have established a relationship between the
cusun chart teehnigque and Wald s sequential probabllity
ratioc test by assuming that the probability of second
kind of error Iis small, Fron this relationship, they have
derived nathematical formulae for deterpining ithe mask

parameters d and .

Johnson and Leone (1962) have constructad cusum
charts for the mean and variance of a normal distribu-
tion as substitute for Shewhartts X and 4= charts,
as well as cusum charts for the f{raction defectiv? a;d

nmumber of defects, which would be used instead of Shew-

harttg P and €  c¢harts,
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Fohnson (1963) gave the constructicn of the cuswn
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charts for the rmean when the underlyirg distribution of
tme woriahle is folded norngl. In 1968, he doscribed
the construction of the cusun ehart for the ma2an of the

Weibull Aistribution.

0.2, Pronlens unfer Investigabion

Part One (Chantersl - 4) of the vresent thesis is
devoted to the study of certain curmlative sum conbrol
charts, while Part Two {Chanters B - 8) deals with some
accaptance samnling procedures. Part Three (Chapters
9 « 11} contain two pfoblems on estimation of the nara-
neters of certain distributions and a problem on opti-
rination of sample size and sampnling inteprval in an

X -chart.

In Chanter 1, cwiulative sum control charts for
the mean and the variance of a doubly truncated normal
distrivution have been constructed by generalising the
procecure given by Johnson ond Leone (1982)., The forpulae
for the maskt paraneters have been obtainad, An expression
has been derived for tha averaze run length which is‘
defined (Bernard, 1959)'as the average nwiber of samples

.

taen before a given change is detected in the procegs
baraneter. The mask varaneiers and the a{eragef}un lengths
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have been tabulated for certain truncation voints and.
for snecifie changes in the vprocess paramcter. 1t has
been found that the average run length and the lead dis-
tance decrease, while the angle ol the mask increases

with inereasing range of truncation,

In Chapter 2, a cumulative sum chart for contro-
1ling the nean of 2 gamma distribution has been cons-
trueted, The.aﬁeraae run length.of the cusum chart for
ganea dlstribution has hesn compared with that of the
corresnonding Shewvhart chart. The chart for exvonantizl
distribution has heen obtoined as a zneecial case of that
ha gomma dlstritution, An dinvestigation has Des

made ahout the error ipvolved when a gampa distribution

In Chaplter 3, cumulative sum charis have been
constructed for ovservations grouped in a frequency dis-
trivution assuming the underlying nopilation to be normal,
The forrmleze for rask paraneters and the aversge ™Mm
lenglbi's have been derived. The rosk narameters and the
average run lengths have heen tabulated Tor certaine
values of i » the vidth or class intervel. Tt ‘has heen
found that the average run length, the lezd distante ang
the angle of the rask increasé cangiderably as(ig

increorses, ‘ ‘



In Chapnter 4, cunulative sum conitrol charis forl
the noriial and folded normal distributions have been
constructed assuning the olserved variance Lo be dif-
ferent fron the ﬁopulation variance. The formulae for
the maslk narameters snd The average run lengths have
heen ohtained, The nask paransters and the averafe run
lengths have been tabulated Tor certain ratios of
obgserved to population variznces, It has besn found

that nask parapmeters and average run lengths increase ag

the ratio increases.

In Chapter 5, the robustness of a continuous
sarnling insnection plan based eon cwpulative sum chart
for the mean has been investigated, An expression for
the average run length for non-normal distribution has
bezen obtained and has been tabuvlated for certain values
of skewnass and kurtosis coefficients. It hasg heen
}ound that the average run length of 'normal theory! sam~
bling plans is affected largely if the populations are
leptokurtic and wositively skeved, wnhile negative skew-

ness seens te have a less delerrent effeot,

In Chapter 6, a continuocus accentance sanpling
procedure bhased on cwrulative sum ehart for the nean
has been deSeribed. The Operating Characteristic (0C)
function of the plans has heen obtained. An investiga-
tion has been made about the wilfect of npn-nofﬁality on
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the oporating cherscteristic function of the plans,

he o Sting oh

Tt has been Tound fhat Tor high values of skewness and
rurtosis coefficients the 00 function is consicderably

affected,

In Chapter 7, following the lines of Grah {19483),
sequentisl samnling scheres have been developed for wiich
the plan-constants are the functions of the Average
Cutgoing fuality Limit and the Acceptable Quality Level,
Some graphs hove been provided from which sampling plens
can be formlzted for specific values of the Averase

Outgoing Quality Limit arnd the Accesntable Quality Level.

In Chanter B, sequentisl samnling procedures based
on the Acceptable Quality Level (AQLY and the Oubtgoing
Quality Probability Limit (0QPLY havebean proposed. Some
graphs have heen provided by which a sanpling nlan can be
constructed for given values of the Qutgoing Juality

Praobability Limit and the Acceptable Quality Level,

In Chapter 9, the maximum likelihood estimate of
the parameter of an exponential distribution has hes
obtained when the ohservations are grouved in a frequency
distribution. An expression has been derived Top the
e’ficiency of the estimator commared to the cerresnonding

One based on ungrouped observations,
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In Chapter 10, the statistical properties of
certain compound distributions (namely, the Poisson-
Gemna, the Poisson-Beta and the Pascal-Rectanguler)
have heen studied, The parameters of Poisson-Garma,
Poisson-Beta and Pascal-Hectanguler have been estimated

by the methed of monénts.

In Chapter 11, the optimu sample size m and
sampling interval -  have been determined for an
X-chart when the underlying nopulation is represented
by an Ddzeworth series. The values of m and ft  have
been tabulated for certain values of skewness and kurto-
sis coefficients, It has been found that 'normal theory!
values do not undergo muchk change for moderately non-

nornal populations,



