STATISTICAL QUALITY CONTROL 1.3

Engineering. The creation and development of a product is basically engineering; the development
of quality evaluation through improved inspection procedures is also engineering ; again, the
knowledge of causes of defects and sub-standard products and their rectification is engineering, '

Statistical. The concept of the behaviour of a process, which has brought in the idea of ‘prevention’
and ‘control’, is statistical ; building an information system to satisfy the concept of ‘prevention’ and
‘control’ and improving upon product quality, requires statistical thinking.

Managerial. The competent use of the engineering and statistical technology is managerial ; the
creation of a climate for quality consciousness in the organisation depends upon the policies and

practices of the management ; the effective coordination of the quality control function with those of
others is managerial.

1-2. BASIS OF STATISTICAL QUALITY CONTROL

The basis of statistical quality control is the degree of ‘variability’ in the size or the
magnitude of a given characteristic of the product. Variation in the quality of manufactured
product in the repetitive process in industry is inherent and inevitable. These variations are
broadly classified as being due to two causes, viz., (i) chance causes, and (ii) assignable
causes.

Chance Causes. Some “stable pattern of variation” or “a constant cause system” is
inherent in any particular scheme of production and inspection. This pattern results from
many minor causes that behave in a random manner. The variation due to these causes is
beyond the control of human hand and cannot be prevented or eliminated under any
circumstances. One has got to allow for variation within this stable pattern, usually termed
as allowable variation. The range of such variation is known as ‘natural tolerance of the
process’.

Assignable Causes. The second type of variation attributed to any production process is
due to non-random or the so-called assignable causes and is termed as preventable variation.
The assignable causes may creep in at any stage of the process, right from the arrival of the
raw materials to the final delivery of goods. Some of the important factors of assignable
causes of variation are sub-standard or defective raw materials, new techniques or
operations, negligence of the operators, wrong or improper handling of machines, faulty
equipment, unskilled or inexperienced technical staff, and so on. These causes can be
identified and eliminated and are to be discovered in a production process before it goes
wrong, i.e., before the production becomes defective.

Chance causes of variation Assignable causes of variation
(i) Consist of many individual causes. Consist of just a few individual causes.
(ii) Any one chance cause results in only a | Any one assignable cause can result in a
small amount of variation. large amount of variation.
(iif) Chance variation cannot economically | The presence of assignable variation can be
be eliminated from a process. detected, and action to eliminate the causes

is usually economically justified.
(iv) Some typical chance causes of| Some typical assignable causes of variation
variation are : are :

— Slight vibration of a machine. —Negligence of operators.
— Lack of human perfection in|—Defective raw material.
reading instruments and setting | —Faulty equipment.

controls. —Improper handling of machines.
— Voltage fluctuations and variation

in temperatures.
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A production process is said to be in a state of statistical cqntrol,
chance causes alone, in the absence of assignable causes of variation. i

S.Q.C. is a productivity enhancing and regulatory technique (PERT) with three fact9rs—
Management, Methods and Mathematics. More particularly, if we want to prop erly demgp .
self-regulating system for quality, we must look to the field of cybernetics for design
information. There are six elements to a cybernetic or self-regulating system :

1. Management
2. Standard/Specification
3. Measurement/Comparison
4. Action on process/product/system
5. Information (Feedback System/Quality Information Service)
6. R & D with two objectives :
(a) better quality standard or more economical quality standard.
(b) better means for achieving the standard.
It is important to note that if any element of the system is missing or mismatched, it will
not function. Further, control is two-fold—controlling the process (process control) and

controlling the finished products (product control). It is expected that items from a controlled
process should have a higher degree of conformity to specifications.

1.3. STATISTICAL QUALITY CONTROL (DEF|N|T|0N)
A few definitions are being reproduced below to make the term understandable :

O “S.Q.C. may be broadly defined as that industriql management technique by means
of which product of uniform acceptable quality are manufactured. It is mainly concerned
with setting things right rather than discovering and rejecting those made wmn};.”—Dunca",ﬁ

@ “S.Q.C. refers to the systematic control of those variables encountered in a

manufactufi'{g process whicl} affect the excgllence of the end product. Such variables are
from the application of materials, men, machines and manufacturing conditions.”

. . _— ~ —Bethel, Atwater and Stackman
© “Statistical Quality Contr ol is simply a statisticql method for determining the extent |

. : are being met without sari .
which quality goals are wi necessarily checki : d
;gri o g hether or not the variations which ng every item produced an
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W N 9r accept a particular product.” —Grant




STATISTICAL QUALITY CONTROL 1-5

1.4. BENEFITS OF STATISTICAL QUALITY CONTROL

The following are some of the benefits that result when a manufacturing process is
operating in a state of statistical control :

© An obvious advantage of S.Q.C. is the control, maintenance and improvement in the
quality standards.

@ The act of getting a process in statistical quality control involves the identification and
elimination of assignable causes of variation and possibly the inclusion of good ones, viz., new
material or methods. This (@) helps in the detection and correction of many production

troubles, and (b) brings about a substantial improvement in the product quality and
reduction of spoilage and rework.

©. It tells us when to leave a process alone and when to take action to correct troubles,
thus preventing frequent and unwarranted adjustments.

@ If a process in control (which is doing about all we can expect of it) is not good enough,

we shall have to make more or less a radical (fundamental) change in the process—just
meddling (tampering) with it won’t help.

© A process in control is predictable—we know what it is going to do and thus we can
more safely guarantee the product. In the presence of good statistical control by the supplier,

the previous lots supply evidence on the present lots, which is not usually the case if the
process is not in control.

O If testing is destructive (e.g., testing the breaking strength of chalk ; proofing of
ammunition, explosives. crackers, etc.), a process in control gives confidence in/ }fhe quality of
untested product which is not the case otherwise. [ ‘

01t provides better quality assurance at lower inspection cost.

Q Quality control finds its applications not only in the sphere of produ:fion, but also in
other areas like packaging, scrap and spoilage, recoveries, advertising, etc. Foreign trade

items of developing countries like India are particularly appropriate for every type of quality
control in every possible area.

O The very presence of a quality control scheme in a plant improves and alerts the

personnel. Such a scheme is likely to breed ‘quality consciousness’ throughout the
organisation which is of immense long-run value.

® S.Q.C reduce waste of time and material to the absolute minimum by giving an early
warning about the occurrence of defects. Savings in terms of the factors stated above mean
less cost of production and hence may ultimately lead to more profits.

Remarks 1. An SQC department is, thus, an essential part of a modern plant, and its important
functions are as follows :

(1) Evaluation of quality standards of inco

ming materials, products in process? and of finished
goods.
(i) Judging the conformity of the process to established standards and taking suitable action
when deviations are noted.
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promote increased operating efficiency through reduced congestion.
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The following diagram [Fig. 1-2] summarizes the techniques of 5.Q.C.:

P TECHNIQUES OF S.Q.C.
7z
Process Control Product Control
(by Control Chart Device) (by Sampling Inspection Plans)
Variables Attributes Attributes Variables

EEER’ | R v
X<hat R-chart o-chart C-chart np-chart p-chart
Fig. 1.2
1-5-1. Control Limits, Specification Limits and Tolerance Limits

1. Control Limits. These are limits of sampling variation of a statistical measure (e.g.,

mean, range, or fraction-defective) such that if the production process is under control, the
values of the measure calculated from different rational sub-groups will lie within these
limits. Points falling outside control limits indicate that the process is not operating under a
system of chance causes, i.e., assignable causes of variation are present, which must be
eliminated. Control limits are used in ‘Control Charts’.

2. Specification Limits. When an article is proposed to be manufactured, the
manufacturers have to decide upon the maximum and the minimum allowable dimensions of
some quality characteristics so that the product can be gainfully utilised for which it is
intended. If the dimensions are beyond these limits, the product is treated as defective and
cannot be used. These maximum and minimum limits of variation of individual items, as
mentioned in the product design, are known as ‘specification limits’.

3. Tolerance Limits. These are limits of variation of a quality measure of the product
between which at least a specified proportion of the product is expected to lie (with a given
probability), provided the process is in a state of statistical quality control. For example, we
may claim with a probability of 0-99 that at least 90% of the products will have dimensions
between some stated limits. These limits are also known as ‘statistical tolerance limits’.

Re{mark. The three wings of ‘specification’, ‘production’ and ‘inspection’ often display a very poor
appreciation of one another’s problems. Engineer, who prepare the specifications, often complain of poor
qu.aht'y ; the production wing grows dissatisfied with stringency of specifications and unnecessary
rejections by the inspection wing and the inspection personnel complain not only about the poor quality
of the manufactured products but also about the unreasonableness of the specified tolerances. Quality

control techniques can be said to provide the necessary data and thereby a basis on which these three
wings can discuss the common problems and reach agreements based on mutual understanding.

1.-6. CONTROL CHARTS

’Ifh-e epoch-making discovery and development of control charts was made by a young
physicist, Dr. Walter A. Shewart of Bell Telephone Laboratories, in 1924 and the following
years. Based on the theory of probability and sampling, Shewhart’s control charts provide a
‘powerful tool of discovering and correcting the assignable causes of variation outside the
Sta})le pattern’ of chance causes, thus enabling us to stabilize and control our processes at
desired performances and thus bring the process under statistical control. -
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(L.C.L.) are usually plotted as dotted lines and central line (C.L.) is plotted as a bold (dark)
line. If ¢ is the underlying statistic then these values depend on the sampling distribution of ¢
and are given by :

U.CL. =E(¢t) +S.E. (1) X { Au?
L.CL. = E®#) -3 S.E.(t)
CL. =E@)

1:6:1. 3¢ Control Limits. 3-6 limits were proposed by Dr. Shewhart for his control
charts from various considerations, the main being probabilistic considerations. Consider the
statistic ¢ = (x, Xy, ..., X,), a function of the sample observations x1, %3, ..., %,. Let

E(t)=p, and Var(t) =0/}
If the statistic ¢ is normally distributed, then from the fundamental area property of the
normal distribution, we have

Plu, - 30, <t <p, +30,]=0-9973 = P[|t -p,| <30,]=0-9973 i.e, P[|t -1, | > 36,] = 0-0027

In other words, the probability that a random value of ¢ goes outside the 3-c limits,
viz., p, £ 30, is 0-0027, which is very small. Hence, if ¢ is normally distributed, the limits of
variation should be between 1, + 30, and 1 — 30, which are termed respectively the Upper
Control Limit (U.C.L.) and Lower Control Limit (L.C.L.). If, for the ith sample, the observed ¢;
lies between the upper and lower control limits, there is nothing to worry as in such a case
variation between samples is attributed to chance i.e., in this case the process is in statistical
control. It is only when any observed ¢; falls outside the control limits, it is considered to be a
danger signal indicating that some assignable cause has crept in which must be identified
and eliminated.

Remarks 1. If the assumption regarding normality of the statistic ¢ does not hold, then the above
argument does not remain strictly valid. In practice, the quality characteristic can seldom be supposed
to be exactly normal. For non-normal population, (i.e., if the sampling distribution of statistic ¢ is not
normal) we apply Chebychey’s Inequality in probability theory which states that for any constant £ > 0,

Var (¢) o’ 8

Pllt-E® | <k] 2 1-737 = Pl[|t-n,| <3o’,]21_9—0‘—2 =g =09,

which is also fairly high for practical purposes and the above argument holds, more or less. However, in
Practice, o, is not known and is estimated from the sample data and consequently Chebychev’s

inequality does not hold if o,is not known.

Moreover, according to the central limit theorem in probability, the statistics of observations drawn
from non-normal populations will exhibit nearly normal behaviour. Of course, such behaviour will be
more closely normal, the closer the underlying population is to a normal distribution, but the principle
applies in any case.

Hence, even for non-normal population, 3-0 limits are almost universally used, as they have been

found to be most suitable empirically in the sense that the 3-6 control charts have been found to give

eéxcellent protection against both types of wrong actions we can take, viz. looki
: . ) ., looking for trouble when
there is none and not looking for trouble when there really is one. 5 =

2. If none of the sample points falls outside the control limits and if there is no evidence of non-
random variation within the limits, 1t does not imply the absence of assignable Causes: altogether. All
We can infer is that the hypothesis of random variations alone is reasonable one and f!‘!.;lﬂ mmmgexﬁent
Point of view, looking for special assignable causes at this stage is unlikely to be profitable

_ 3.1t has been emphasised strongly by Dr. Shewhart that a production process should not be
adjudged in statistical control unless the random variation pattern persists for }1)1it0 some time and for
a sizable volume of output. More specifically he states ; 1

“This potential state of economic control can be approached st imi
s et only as a statistical limit even after the
assignable causes of variability have been detected and removed, Co‘);ztrol of this kind cannot be rfa'ched
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into the data by

) the use of faulty instruments,

u2) lack of clear-cut definitions of quality characteristics and the method of taking
measurements, and

uz) lack of experience in the handling or use of the instrument, etc

Since the conclusions drawn from control chart are broadly based on the variability in the
measurements as well as the variability in the quality being measured, it is important that

the mistakes in reading measurement instruments or errors in recording data should be
minimised so as to draw valid conclusions from control charts.

2. Selection of Samples or Sub-groups. In order to make the control chart analysis
effective. it i1s essential to pay due regard to the rational selection of the samples or sub-
groups. The choice of the sample size n and the frequency of sampling, i.e., the time between
the selection of two groups, depend upon the process and no hard and fast rules can be laid
down for this purpose. Usually n is taken to be 4 or 5 while the frequency of sampling
depends on the state of the control exercised. Initially more frequent samples will be required
(15 to 30 minutes) and once a state of control is maintained, the frequency may be relaxed.

Normally 25 samples of size 4 each or 20 samples of size 5 each under control will give good
estimate of the process average and dispersion.

Remark. While collecting data it may not be necessary to go exactly at the specified time, in fact
this should not be practised. This is to avoid ;) the operative being careful at the time of sampling, or
(! any periodicities of the process to coincide with sampling.

3. Calculation of X and R for each Sub-group. Let X,,, j = 1. 2, .., n be the

measurements on the ith sample (i = 1, 2, ..., k). The mean X, the range R, and the standard
deviatien s, for the ith sample are given by :

X.= - IX,. R=maxX,-minX,. s2=
) ] 1

S =

TX;-X)P =1,2,.... k) L (1°1)
!

Next we findX . R and 5 » the averages of sample means, sample ranges and sample
standard deviations, respectively, as, follows :

X-33X%, E=p3IR. 5=} Is A12)
4. Setting of Control Limits. It is well known that if ¢ is the process standard deviation
(standard deviation of the universe from which samples are taken), then the standard error
of sample mean is 6/Vn, where n is the sample size, i.e., S.E. &X) = oNn,Q,2,. o R).
Also from the sampling distribution of range, we know that

E(R) = dg.o,

Where d, is a constant depending on the sample size. Thus an estimate of ¢ can be obtained

from R by the relation : §=d2. c = 8:}‘2@2

...(1-3)
Also X gives an unbiased estimate of the population mean R, since
= 1 & o k
E\X )=+ EX) = 1 =
( ) k 1 =1 (X.)—k nzzlu—u

—————_—




PPLIED ST
FUNDAMENTALS OF 2 %
—
1.12

nd ¢ are known. The 3-G control limitg 3
+30Nn =n+Aoc, (A = 31\ n).
espectively, then

Control Limits for X-chart : , e, bothp @
Case 1. When standards are given, 1-€

X chart are given by : EX)+38.E

andor .
If 1’ and o’ are known or specified valueSC ‘}i‘; W —-Ad’ ~(1q)
UCLy = +Ac and  LClx

: are tabulated for differe
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nkn
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Case 2. Standards not given. If both p we get the 3-0 control limits for the X

own, then using their estimate,

;{ and G given in Egns. (1-2) and (1-3) respectively,

chart as : _ B 3
= R 1 = 3 )—=X-'*-'A2R’(A2=d n)
Xi3£--\j—;=Xi‘(d_2q;R 2;
UCL}—('—'E +A2I_2- and LCL‘?:X-AZR '--(1‘4a)

Since d, is a constant depending on n, A; = 3/(dpVn) also depends only on n and its valyes

have been computed and tabulated for different values of n from 2 to 25 and are given in the
Table at the end of the chapter.

If, on the other hand, the control limits are to be obtained in terms of s rather than R,

then an estimate of & can be obtained from the relation. [See Remarks 1 and 2,8§184, on
Page 1-17] : ...(1-4b)

E©)=C06 = 35=Co ie, o=3/C,

=)
2 2 )
where C,= \[; C—,

is a constant, depending on n.
2

s.% _ - 4
\ITzcz)s t4ue s LCL5:=X—(

The factor A, = 3/(\/71 C2)

has been tabulateq £y, g:
r differen .
Table at the end of the chapter., t values of n from 2 to 25 1n

Control Limits for R-chart, R-Chart is ¢
dispersion (variability) of the Product, The Pl‘g::l:g,u:ted for contro]l;

that for the X-chart and involveg the folloWing steps - o construc Ing R-chart is similar to
1. Compute the rangeR,; = mjax X - minX, z i Lo
2. Compute the mean of the Sample rap e, . * @ - n) for each sample .

—_—

B und ‘S:l i =1 (Rp
3. Computation of Control Limits, 2+ ..+ Rk )

— A : e 3‘0 c oo
E(R) is estimated by R and op is estimateg from the(:;i eita for
a

;e

~chart are : E(R) + 30
on ;
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R
Or =dy 6 = dy. a;» [From (1:3)] ..(15)
where d; and dj are constants depending on n.

UCLp =ER)+30p =R+ % R [From (1:5)]

= UCLR = (1 +§di‘g)§ =D4—Ii (1-5(1)
2
o e 3d3 — .4
Slmllal'ly LCLR =11 —-(—i—- R = DSR ...(1-5b)
2

The values of D4 and Dj depend only on n and have been computed and tabulated for
different values of n from 2 to 25 in Table given at the end of the chapter.
However, if ¢ is known, then

UCLRr=E(R)+30gp=dy06+3d;6=(dy+3d3)c=Dy 0 ...(1-5¢)
LCLR=E(R)-30gr=dy6-3d36=(dy—3d3)6=D,0 ...(1-5d)

In each case, (¢ known or unknown), the central line is given by :
CLr=ER)=R ...(1-5e)

Since range can never be negative, LCLy must be greater than or equal to 0. In case it
comes out to be negative, it is taken as zero.

Remark. 1t should be noted carefully that the control limits for X and R-charts are based on the
assumption that different samples or sub-groups are of constant size n.

4. Construction of Control Charts forX and R, i.c., plotting of Central Line and the
Control Limits. Control charts are plotted on a rectangular co-ordinate axis—vertical scale

(ordinate) representing the statistical measures X and R, and horizontal scale (abscissa)
representing the sample number. Hours, dates or lot numbers may also be represented on

the horizontal scale. Sample points (mean or range) are indicated on the chart by points,
which may or may not be ioined.

For X -chart, the central line is drawn as a solid horizontal line at X and UCL5 and
LCLs, are drawn at the computed values as dotted horizontal lines. '

For R-chart, the central line is drawn as a solid horizontal line at R and UCLp is drawn

at the computed value as a dotted horizontal line. If the sample size is seven or more (n 2 7),

LCLg is drawn as dotted horizontal line at the computed value, otherwise (n < 7) LCLg is
taken as zero.

Remarks on X and R-Charts. We give below some of th i i d
be clearly understood by the reader. SASRreetaRtremars hics Sho

1. The values of constants A, A,,A,,D,, D,, D . . .
Table at the end of the chapter, 1Az, Dy, Dy, Dy, and Dy, for different values of n are given in the

2. X-chart reveals undesirable variations between sam
while the R-chart reveals any undesirable variation within

3. For a process to be working under statistical control, poi in the X
i SR oo , points both in the X and R-charts should
lie between the control limits. A process which is not in statistical quality control suggests the presence

ples as far as their averages are concerned
samples.
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TES
1.9. CONTROL CHART FOR ATTRIBU

1 tool of g; :
- harts as a powerfu iagn g,
: : " "X and R-(or 6) ¢ . : y

D Splfti ot ‘gllde. appgf:;ﬁ)ﬁoifffriess, their use is restricted because of the follgy,;
Sources o rouble 1n g
mitations ; : ity characteristicg whj

1. They are charts for variables only, i.e., for quality c ch cay be
Mmeasured and expressed in numbers.

i - ical, e.g.
2. In certain situations they are impracticable and un-economica ,eg

measurab]e characteristics, each of which could be a possible candidate fo

» if the Number
is too large, say 30,000 or so then

r X and R Charts,
obviously there can’t be 30,000 control charts,

As an alternatijye to X and R-

: i tatisticgflE izhtv ¢ P-chary), While dealing with attributes,
ascertained tq have the same Doplﬂaﬁon Dtro] jf all the Samp]eg or sub-groups are

' Ple of g; _
en(}:ge(, j) l-s :: al varjgt, Wftisl;:iarge:};en the Sample proportion
= angd Var d) =np ISn and p.
thos Bo)=E @y <Ly ' @ Q<1_p |
ar ) = ;
Thus, the 3-g control limitg ,, Pehart 5, ® Var (d/n) = ;15 Var(d) - %Q %1 |
| -
Ep g gy p enby.
where A = 3/ hag been tabulateq for difg, 3 \pa—

1

Q/n = : ‘
Tt valyeg ofp 4 PQ +A18)

|
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Case (i) Standards specified. If P’ is the given or known value of P, then
UCL,=P'+AVP"(1-P") ; LCL,=P'-AVP'(1-P") ; CL,=P"..(18a)

mber of defectives and p; the

Case (ii) Standards not specified. Let d; be the nu
Then the population proportion

graction defective for the ith sample (i = 1, 2, ..., k) of size n;.
p is estimated by the statistic p given by :

_ >d; 2 n;pi
p = Zn‘ = 2}1[ -o-(l'sb)
i

It may be remarked here that p is an unbiased estimate of P, since

E(p) =3 Ed) Sn; = Sn; P) /Sn;] = P

In this case
UcL,=p+Ap, X1-p ; LCL,=p-AJp(1-p) . CL,=p ..(18c)

1.9:2. Control Chart for Number of Defectives (d-chart). If instead of p, the sample
proportion defective, we use d, the number of defectives in the sample, then the 3-0 control

limits for d-chart are given by :
E(d) +3 S.E. (d) = nP + 3YnP(1 - P) ...(1:9)

Case (i) Standards specified. If P’ is the given value of P then
LCLy=nP’-3\nP ' (1-P") ; CLg=nP’ ..(19a)

timate of P as in (1-8b), we get

UCLy=nP’+3VnP’(1-P") ;
Case (ii) Standards not specified. Using p as an es

UCLd=nﬁ+3\InI—J(1—1—7) . LCLd=nE—3«fn}3(1—ﬁ) : CLg=np ...(1-9b)

Since p cannot be negative, if LCL as given by above formulae comes out to be negative,

then it is taken to be zero.

Remarks 1. p and d-charts for Fixed Sampl
sample i.e., if ny =ng=... = =M (say), then using
given by :

e Size. If thg sample size remains constant for each
(1-8b) an estimate of the population proportion p is

k k
2d; .
,?1‘1‘ = ni§1p‘ i &

P=pP= En =Tk - nk ...(1-9¢)
13

=% 2, Pi

_In this case, the same set of control limits can be used for all the samples inspected and it is
immaterial if one uses p-chart or d-chart.

2. p and d-charts for Variable Sample Size. Method L If the number of items inspected (r) in

each sample varies, for p-chart separate control lim?ts'have to be computed for each sample while the
central line is invariant whereas for d-chart control limits as well as the central line has to be computed

far each sample. This type of limits are known as variable control limits. In such a situation p-chart is
relatively simple and is preferred to d-chart which becomes very confusing.

Method 2. As pointed out in Remark 2, if n varies, separate control limits are calculated

it should be noted that smaller the sample size

for each sample. Since S.E. (p) = VP@Q/n ,
Wwider the control band and vice versa. If the sample size does not vary appreciably then a
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in which the largest samp) By

. trol limit Nple i,
Binglé skt o -con of the smallest sample gizq - dog,

_ tions
for situd
is holds good than 20%
ractical purposes, this by more imits, one based on the large
gxceed the smallest sample size bY two seta of limits, 0 e sa",’DIe By

708 _ ed. The largest gg
Alternatively, for all ;"";ﬂ;?:i sample 8126 cag giélihe smallest sampl?:)ilzeesl?e Bive,
and the other btiuiecli [g:nti Svhich is called inn;" lb:)?nts falling within the inney ban dgil\'eg the
fhe sn:aclcliiﬁglog;od which is called outer bana. he outer band are indicative of the ndlcate
arges

. 4 t . re
10 noints lying outside | b,
the procest; 1in control x‘h;]aer?:tl;? vt';llfh must be searched and rectified. For othey
of assignable causes

Poipg,

imits. ,

i the exact control lim1 . o |

am;; B};o‘tlldsb:za:li:rozrocedure is to standardise the variate, t.e., instead of plottiy B ong
ethod 3. Ano

. ised values, viz,,
on the control chart, we plot the corresponding standardised

_ p-p
=_L_E— or — — --.(1-10
4 VPQ In \[p(l—p)/n )

. - ing their usual meanings. This stabiligeg
according as P is given or not, the symbols ha\flng t . ur
variable ind the resulting chart is called stabilised p-chart or d-ch.art. In _thJB case the conty
limits as well as the central line for p and d-charts are invariant with n (i.e., they ar

constants independent of 1) being given by :

UCL = 3, CL=0, LCL =-3 ...(1:10q)

Hence, the problem of variable control limits ¢
computational work discussed above.

Ny

pattern of chance causes and
fraction defective P

2. Points outside the UCL are termeq as high g

i : ion in the
quality and should be regularly repot Pols. These suggest deterioration in t
deterioration coulqd possibly be knol\)yn :i;‘; the prod.uctlon engineers. The reasons for such
data were collected, were €moved if th

S ey 1 h

known, Of . 4 e details of conditions under Wth'

change of inspectior, g inspectior, stm}::rtlcular Interest qpq importance is, if there was any
3. Points below LCL are called Joy, sdsp.

improvement in th . 0f5. Such oi : i wing
gu:ranteed it shouldeb(f ;23::'3 quaI{tY- HOWever, bgf;?zs : ep.resent‘a s.ltuatlon Shot; for
J . tigated if there wag any g] ak}ng this improvemen
4. When a nu'ml.)er of points fa)) Outside ¢ *fckness N Inspection or not.
be obtained by eliminating aJ] the p ts, a revised estimate of P should

. € contro] 1im;
Q}nts that um

fall below LCL are not due to faulty 0n). The S L (lé is assumed that poiiltslgh;:

Stan action defective P shou

revised periodically in thig way,
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Example 1:10. The following are the fi jves in 22 ini
rubber belts : 8 e figures of defectives in 22 lots each containing 2,000

425, 430, 216, 341, 225 322, 280, 306, 337, 305 356,

402, 216, 264, 126, 409, 193, 326, 280, 389, 451, 420

Draw control chart for fraction defective and comment on the state of control of the
process.

Solution. Here we have a fixed sample size n = 2,000 for each lot. If d; and p; are
respectively the number of defectives and the sample fraction defective for the ith lot, then

d:
pi=5o55" (i =1,2, ..., 22)

which are given in Table 1-2.

TABLE 1.2: COMPUTATIONS FOR C.C. FOR FRACTION DEFECTIVE

S. No. d p = (d/2000) S. No. d p = (d/2000)

1 425 02125 12 402 0-2010

2 430 0-2150 13 216 0-1080
| 3 216 0-1080 14 264 0-1320
4 341 0-1705 15 126 0-0630
% 5 225 0-1125 16 409 0-2045
6 322 01610 17 193 0-0965
7 280 01400 18 326 0-1630
| 8 306 0-1530 19 280 0-1400
| 9 337 0-1685 20 389 0-1945
| 10 305 0-1525 21 451 0-2255
L 11 356 0-1780 22 420 0-2100
| Total 3,543 17715 3,476 17380

e o}

In the usual notations, we have

Y 7380 35095 o
5 = zkf" - 17715;21 20 .22 201595 = g=1-p = 08405
_ sS4, 354343476 _ 7019 _

[0’ p ==t = "2000x22 - 4dooo - 0189

3-0 control limits for p-chart are given by :

p+3 A pg/n =01595  3V0-1695 x 0-8405/2000
=0-1595 + 3v0-000067 = 0:1695 * 0-0246
UCL, = 0-1595 + 0-0246 = 01841; LCL, = 01595 — 0-0246 = 0-1849; CL, =p=01595

SR el

7
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N
AT FOR FRACTION DEFecy,,

CHA
The control chart fo‘; f:::ﬂ:g T .
defective (p-chart) i8 dF ggg: ,
-iry . |
m. 1 9- h .chart’ we fi.nd 2 210 _. °
From the p-= (fraction 200F L eeemmm—men .
that the sample points "% S 5 190F - -~~~ . Uy
defectives) correspt;ngmsg 1; E } -8,8 - , . . ‘
10 y Oy Oy L& 200 [ ~
sompenmbes LSS S £ 00 * Lt e
outside the control limits. Hence, é - Y I
the process cannot be regarded in .g 130F " ]
statistical control. : ﬁg: . &,
100 TN TN N T N O N I T Y
E §'£ 4 6 8 10 12 14 16 18‘2'3‘3‘5

Sample Number —>
Fig. 1-9

Example 1-11. From the following inspection results, construct 3-o control limits fr
pchart:

Date No. of Date No. of Date No. OT
Sept. Defectives Sept. Defectives Sept. Defectives |
1 22 11 70 21 66
v & 12 80 22 50
. x o 44 23 46
: 5 4 22 24 32
4
6 ,j, 6 32 25 42
7 30 ;g 2 26 46
8 20 30
44 18 27
9 42 46 28 38
19
The sub -groumkw 30 YR
items each. teh the defectives — —

were . 0(?
Without constructing th, taken out, were of the same size, 1.€ 1,0
the process is out Contro] ¢

of contro], then ¢

Solution. Here we ha
number of defectiveg and t;’lz : 2

har, o, o
» Com Y

€8t the pe,, is’:ent O the state of control of the prOCesb’I

iz f, Control limise for future use. i

n defec:i‘?:;h lot. If d‘. an dp‘ T ’respectiv elyt 1

. ol s O the ith lot then

which are given in Table 1.3, 000 * (= 1,2, )

Sam
4mple fracfil:
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19 . he sample size ; in case of cagting \
surface 18 27 ple size. However, defineq o, =t
fects, ared of the st r) is the 82 e essentially equal ¢ Mplg ~
case of surface defects, cide cove les hav OPDorty, .- 3,

e, ; - gam Nit,, .
single part (such as base plat that different 82 P y fry

4 : ) Sense a . ¢ .
should be constant ;ff;:::" manufacturing or inspection sity,y,
the occurrence ot del€ .chart. In‘ m{my large (since the opportunities f, der. " th

» * ; efﬁ
Control Limits for ¢ rtun of a defect in any one oty
sample size n i.e., the area of opp0 ty rrence Shot

13 fthe t ot l h 18y,

bability p 01+ m statistical theory we kngy, the

cur are numerous) and the pro : fro ) NI at g
:::nan asl«‘:d‘;‘ that np is finite. In such sit red by Poisson distribution, and consequ@nt{y :‘
pattern of variation :

sen _ ' d conseq
s in data can be repres re used. Since for a Poisson distriby tion
] limits based on Poisson distnbutmnsi) b
- Gaiknce ate is Poiss
and variance are equal, if we assume that ¢ 15
E(c) =

3 and Var(c)=2
Thus 3-¢ control limits for c-chart are given by :

UCL, = E(c) + 3\ Var(c) = A+ 3VA

» Mea,

variate with parameter, A, we e o

LCL, = E(c) -3 Var(c) = A- 3VA
CL, =\ |
Case (i) Standards specified. If \ is the specified value of A, then
UCL =N +3VV ; LCL,=N-3VX ; CL,=WX Al

Case (ii) Standards not Specified. If the value of A is not known, it is estimateq by the
mean number of defects per unit. Thus, if ¢; is the number of defects observed on the i,
(t=1,2, .., k) inspected unit, then an estimate of A is given by :

k
A=c= X ¢/k (1:120)
i=1

It can be easily seen that ¢ is an unbiased estimate of A. The con

aregivenby: UCL.=¢ +3\/§— ; LCL,=c¢-3+¢ v QL. =le (1-120)
i ) c = PR -

trol limits, in this case,

¢, the statisticu = ¢/, . ize op 4. g2t
15 Platted, 5 being the gamut. Chart, In this case instead of plot!!™®

size and ¢; the total numh : ; e
i mber of defectg observeq inl;llfesiltz; which g varying. If n, is the sampl

ives the average nu - “i= 0l n, (j o 1 Sample, then 2
el 14 mber of defectg (1.10)

. 2Ny .,
In this case an estimate of 3 Per unij for the gy
the k-samples is given by : » the me *th Samp]e,

Umbe
" of defects por i in the lot, based o B

=3
k .2:1 & ‘ .“(1.130)

A
laa
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We know that if X is the

mean of a random gnmplc of size n then S.E. (Xh) = G/\j—;i
Hence, the standard error of the

average number of defects per unit is given by

S.E. ('")_’—‘ Vi/n=vuin ; (On using(1-13a)] -(1-13b)
Hence, 3-6 countrol limits for u-chart (or ¢ - Chart for variable sample size) are given by :

UCL,=@+3Y@/n ; LOL,=a-3i/n ; CL,=% .. (1113¢)

As is ol_)viou& con?ro] li]nits will vary for each sample. The central line, however, will be
same. The interpretation of these charts is similar to the p-chart or d-chart.

Applications of c-chart

The uni\.rersal nz}ture of Poisson distribution as the law of small numbers makes the c-
chart technique quite useful. In spite of the limited field of application of c-chart (as

compared toX, R, p-charts), there do exist situations in industry where c-chart is definitely
needed. Some of the representative types of defects to which c-chart can be applied with
advantage are :

1. cis number of imperfections observed in a bale of cloth.

2.c is t.he number of surface defects observed in (i) roll of coated paper or a sheet of
photographic film, and (if) a galvanised sheet or a painted, plated or enamelled surface of
given area. '

3. ¢ is the number of defects of all types observed in aircraft sub-ass lies or final
assembly.

4. ¢ is the number of breakdowns at weak spots in ins
insulated wire subject to a specified test voltage.

defects per unit, e.g., in case of inspection of fairly complex assemb
aircraft engines, tanks, machine-guns, etc., in which there are very many opportunities for
the occurrence of defects of various types and the total number of defects of all types found by
inspection is recorded for each unit.

8. c-chart technique can be used with advantage in various fields other than industrial
quality control, e.g., it has been applied (i) to accident statistics (both of industrial accidents
and highway accidents), (if) in chemical laboratories, and (iii) in epidemiology.

Example 1-14. In welding of seams, defects included pinholes, cracks, cold taps, etc. A
record was made of the number of defects found in one seam each hour and is given below.

3.12.2005  SAM.

- 1122005 8AM. 2 |212:2005 8AM. 5 6
| 9AM. 4 | 9AM. 3 9AM. 4
| 10AM. 7 10AM. 7 10AM. 3
| 11AM. 3 11AM. 11 11AM. 9
| 12AM. 1 I2AM. 6 1I2AM. 7
| 1PM. 4 1PM. 4 1PM. 4

oPM 8 2PM. 9 2PM. 7
e 3PM. 9 IPM. 9 3PM. 12

Draw the control chart for number of defects and give your comments.



Cumulative Sum Chart

Construct CUSUM chart and derive its limits using V-mask
procedure?

< The CUSUM chart deals with Cumulative Sum of the
deviation of the sample values from the target value.
< CUSUM chart is developed by a British Statistician E.S

page in the year 1954.
<+ CUSUM chart is primarily used to maintain current control

of a process.
«» The Advantage of this chart is less expensive.

& CUSUM chart will detect sudden and persistent change in

the process.
% Let X; be the average of i sample. Let p=p, be the target of

the process.
« Cumulative Sum is defined us
c(k)=>(X:-T)
c(k)=X(Xi-Po)

« During Normal process operation, c(k) fluctuates around

- Zero.
« If a process change causes a small shift in X, c(k) will drift

either upward or downward.
< The CUSUM control chart was developed using a graphical

approach based on V-mask.




V-mask Two sided decision procedure:-

** Let a sample of n-items be taken periodically from a
process and let the mean X be computed.

** Let po be the target for the process and let the data plotted
on the cumulative sum chart be the cumulative sums of
T

C=2(Xi-po)

** The process average shifted from or is different from Ko,
each point on the CUSUM chart is tested as it is plotted.

*¢ This is done by placing the point P of the mask
immediately over the last CUSUM point plotted on the
chart with the mask leveled so that the line PO is
horizontal.

*+If any of the previously plotted points is covered by the
mask it is an indication that the process had changed.

** As long as the cumulative sums stay within the angle of the
V of the chart, the process in being in control.

** The distance from the vertex of the V, (ie) from the point
O, to the point P is called the lead distance of the mask and
it is denoted by d.

** Half the angle of the V is generally represented by the
symbol 6.

% A given mask is thus determined by its d and .




* It is possible to run concurrently two sided scheme with
upper and lower reference values k; and k, are known. Let
w is the horizontal distance between successive points on
the chart measured terms of unit distance on the vertical
scale.

“* The Two One sided schemes and the V-mask scheme will
be equivalent if,

k;-po=po-k;=w tan6
and

h=d tan0
Substituting eqn 1 & 2, we get




h=d tan0

h=d(K;-j1o)/W
Where h is the decision interval and k; and k, are the values
greater than the target.
** When the cumulative sum of (X-k) or eqn 1 exceed the
decision interval h, the process is said to be out of control.
(x-k)>h

B=inclined angle | Sn-Spr> (rw-+d) tan0
A=last CUSUM point > (X-po-w tand) > d tand

O=vertex of V-mask




