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1.9, CON'{ROL CHART FOR AT{TRIBUTES
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In spite of wide applications of-X and R-(or ) charts as a powerful tool ?islafg?l(’s’s, of
sourees of trouble ip a production process, their use is restricted because o € Tollowing
Imitatjong :
1. They are charts for variables only, 18,
measured anq éxpressed in numbers.

2. In certain situations they are impracticable and un-economical, e.g., if the number of

measurable characteristics, each of which could be a possible candidate for X and R charts,
i i ) f t ]. a o —JJ o
e R 00 4 oy e e endidt 5

— As an alternative to X and R-¢

be used for quality characteristjcg :

Reg

for quality characteristics which cap be

v
ch can

harts, we have the c’onltrol chart for attributes Whi

- While dealing With attributes
ical contrg) if all the S ,
he same Population Proportion p. R oy sub—groups et

Ple proportion

’ =1-p ¥
T B@)= B (@)= Bd) = p gng Var () = Var (g/py . 1 Var(q) - 2@ (17)
Thus, the 3-¢ control limits for P-chart gre given by n
E(p)iSS’E (p)=P+3 PQ/
= n =p4 f .
where A = 3/ has been tabulateq for different Values of ,, *A% f - 3/ r ~.(1-8)
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Case (i) Standards specified. If P’ is the given or known value of P, then

=P’ % —_p
UCL, +AVP (1-P") LCL,=P’'-AYP'(1-P) ; CL,=P’ ..(18a)

~Case (i) Standards not specified. Let d; be the number of defectives and p; the

fractlon. defective for the ith sample (i = 1, 2, ..., k) of size n;. Then the population proportion
P is estimated by the statistic p given by : r ]

\ L

\.) y L'J. 5 _ & ¥ Z"‘ipr' M ! ;
Zni - Z}li \ | (18 )
It may be remarked here that p is an unbiased estimate of P, since st)) et
Sr"{""\-“"" P "'1".‘1 VO . _5‘\/\ Uunlb) agad Eor) W Do 04 ’j,'.(r{v,d 4,”"~ " V(_,;.' ¢ ,4;
E(p)=3 EWd) In;=|Sn;P)/sn;| = P p o [
1

4 N
In this case P ,

UCL,=p+A@)1-P) | ; LCL,=p-Ap1-p) ., CL,=p ...(180)

1:9-2. Control Chart for Number of Defectives (d-chariz;f instead of p, the sample

proportion defective, we use d, the number of defectives in the (sample, then the 3-c control
limits for d-chart are given by : ¢ .

SR 1) B!
E(d)+ 3 S.E. (d) = nP + 3\nP(1 - P) k180
_~Case (@) Standards specified. If P’ is the given value of P then
UCLy=nP’+3YnP’(1-P’) ; LCLy=nP’'-3VnP'(1-P’) ; CLg=nP’ ..(1-9a)
Case (ii) Standards not specified. Using p as an estimate of P as in (1-8b), we get

UCLy=np +3+np 1-p) ; LCLy=np-3mp(1-p) ; CLy=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 Sample Size. If the sample size remains constant for each

sample e, if n, =ny = ... =n, = n, (say), then using (1-8b) an estimate of the population proportion p is
given by : \
L k
Y A - ,gld‘ Jziii ){lg‘1p' 11e
3 Ny TR a0
PR, al

In this case, the same set of control lirr}fts"b‘ax_l‘be used for all the samples inspected and it is
immaterial if one uses p-chart or d-chart. . np. ¢ lren ¥

2. p and d-charts for Variable Sample Size. Method I If the number of items inspected (r) in
each sample varies, for p-chart separate control limits 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
for 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, ifn varies, separate control limits are calculated

for each sample. Since S.E. (p) = \VPQ/n , it should be noted that smaller the sample size
wider the control band and vice versa. If the sample size does not vary appreciably then a
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ngle set of contro] limits based on the average

hi 1argest gample size does not
the

le size- .
est Samfhe Jargest Sample size
sed O;rgest sample s1ge gives
The <t sample size gives the

. " : which
his holds good for situations II; the small

: sample size by more than 20%'0 o one ba
) Alternativelyg\fcr all sample sizes two setsiof hmri b’e used.
and the other based on the smallest sample size ¢2

the smalle . band indicate
the smallest contro] band which is called inner barbd a?ciling within the inner
largest control band which is called outer band. Points 12

.1 .ative of the presence
d are ]ndlc A
the process in contro] while points lying outside the Oute;:dm;nd rectified For other points
of assignable causes of variation which must be searc
action,should be based on the exact ciontrol limits. .
V8 A ~Ches® “(53) A~ 71y ise the variate,
Method 3. Another procedure is to standardise ised values, viz.,
on the control chart, we plot the corresponding standar

Practical Purposes, t
exceed the smallest

 e., instead of plotting p ord

! pP- ;) .- (1' 10)
k=B gy ee——=
VPQTn p{l=pliz s
: ings. This stabilises our
according as P is given or not, the symbols having their usua:im;;?tlnlisthis case the control
variable and the resulting chart is called stabilised p-chart or a-C ;

; : : ..e., the
limits as well as the central line for p and d-charts are invariant with n (i.e., Yy are
constants independent of n) being given by :

\

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

Hence, the problem of variable control limits can be solved with a little more
computational work discussed above.

.~ Interpretations of p-chart. 1. From the pchart a process is judged to be in statistical

control in the same way as is done forX and R charts. If all the sample points fall within the
control limits without exhibiting any specific pattern, the process is said to be in control. In
such a case, the observed variations in the fraction defective are attributed to the stable

pattern of chance causes and the average fraction defectivep is taken as the standard
fraction defective P/

-~ 2{Points outside the UCL are termed as j;

e production engineers

; : ar interest and
change of inspection or inspection standards, 1ok

/! 3. Points below LCL are called low spots. Su i

improvement in the product quality, H PN Eeftent

guaranteed, it should be investigated if there wag any slackne
SS

. v th -

be obtained by eliminating all the points that iai?zgol limits, a
fall below LCL are not due to faulty inspection), T, ove UCL (i
revised periodically in this way. ) - 1he standarg

In mspection or not.

Remark. The interpretation for the contro]
chart for numb
er of defects (q-

igh spots. These suggest deterioration in the

smoved e 4 .The reasons for such
ed i . ") :
data were collected, were known. Of particul ® Cetails of conditions under which

ance is, if there was any

revised estimate of P should
15 assumed that points that
fraction defective P should b€ |

\

Present a situation showing )
owever, before taking thig improvement for
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chart) is same as that ¢
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ng are the figures of defectives in 22 lots each containing 2,000

Example 1-10. The follow;
rubber belts :

; 30,
#40 ; ” iéj 341, 225, 323, 280, 306 337, 305 356
402, ; 126, 409, 193 3926, 280, 389, 451, 420

Océ)sz:saw control chart for fraction defective and comment on the state of control of the
pr :

Solution ere we have awple size n = 2:0.00J for each lot. If d; and p; are

respectively t}ie numbe\r of d;efectives and the sample fraction defective for the ith lot, then

0., )
f A\ —7\;71!4“ Pi=2§60’(i=1,2,...,22) ol
which are given in Table 1-.‘2..D N\e o -\1 j\,\ Pl
TABLE 1.2 ;fC/OMPUTATIONS FOR C.C. FOR FRACTION DEFECTIVE
| SN d p=(@d/2000 8. No. d p = (d/2000)
1 425 0-2125 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 0-1610 17 193 0-0965
7 280 0-1400 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
11 356 0:1780 22 420 0-2100
Total 3,543 1.7715 3,476 1-7380

In the usual notations, we have ‘
F, A b b~

o2 L7716+ 188D 3095 oingr sy ga1-F =.08408

1 P2 22 22

& _ Sd; 3543+3476 _ 7019 = . J04R w0y of
L = b = = 0-1 )

b 3 .[Or P ='uh = 2000x22 - 44000 - 015%5| |

}’-- V3.6 control limits for p-chart are given by :

',

5 +3V53/n =01595 + 301595 x 0-8405/2000 b

- 0-1595 + 3v0-000067 = 0-1595 + 0-0246
UCL, = 01595 + 0-0246 = 0-1841; LCL, = 0-1595 — 0-0246 = 0-1349; CL,, = »=0-1595

\
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The control chart for fraction

defective ( : awn ]
. p-chart) is d
iy i1s drawn in

From the p-chart, we find
that the sample points (fraction
defectives) corresponding to the
Sample numbers 1, 2, 3, 5, 12, 13,
14, 15, 16, 17, 20, 21 and 22, fall
outside the control limits. Hence,

the process cannot be regarded in
statistical control.

Example 1-11. From the following inspection pesdl

o STATISTICS

pLIE

230
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Q) sample NumPer

Fig. 1-9 37
construct 3-0 control limits for

Fraction Defective in Rubber Belts —>

p chart :

Date No. of Date No. of g:;:' DeNf:&% .

Sept. Defectives Sept. Defectives ‘
1 22 11 21 66 |
2 40 12 22 50
3 36 13 23 46
4 32 14 24 32
5 42 15 25 49
6 40 16 2 46
7 30 17 97 b
8 44 18 28 »
9 42 19 - b

- - = 30 24

The sub-groups, from which the de

items each.

fectives were taken out, were of the same size, i'.g;,,,ls@

Without constructing the control chart
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. TABLE 1.3 : CALCULA |
A ALCULATIONS FOR, CONTROL LIMITS FOR p-CHART

Date No. of Fraction_  Date No S I —
Sept. defectives defectiue;? . S a: ?f i Date No. ofy:  Fraction [
1 55 s v _Sept.  defectives  defective  Sept.  defectives _ defectives’
2 40 0-040 e 70~ 00707 21 66 0066
3 36 0636 12 80— 0080~ 22 50 0-050
4 32 0-032 12 44 0-044 23 46 0-046
5 42 0-042 5 22 0-022 24 32 0-032
6 40 0-040 e 32 0-032 25 42 0-042
7 30 0-030 42 0-042 26 46 0-046
8 44 0-044 17 20~ 00207 27 30 0-030
9 42 0-042 }2 - 0046 28 38 0-038
10 38 4 28 0-028 29 40 0-040
038 20 36 0-036 30 24 0-024
Total 366 0-366 Total 420 0-420 Total 414 0-414

From the above table, we have
Yd; = 366 + 420 + 414=1,200 ; ¥ p; = 0-366 + 0-420 + 0-414 = 1-200 ; n = 1000, % = 30
P = = 1000% 80" 0040 - - o» 5 p=STege=0040

3-0 Control Limits for p-Chart: CL, = p = 0-040 |

= fﬁ (1-p) 0-04 (1 - 0-04)
p D n 040 + 3 1000

0-040 + 34 0-0000384 = 0-040 + 3 x 0-0062 = 0-0586 £ Ny

p(1-p)
LCL, = 5—3\/ p—n;p— — 0040 — 0-0186 = 0-0214.

We observe that the sample points (fraction defectives) on 11th, 12th, 17th and 21st
September were 0-070, 0-080, 0-020 and 0-066 respectively and these fall outside the control
limits. Hence the process is not in a state of statistical control.

Revised Control Limits : The revised control limits are obtained on eliminating these
four samples and considering the remaining 30 — 4 = 26 samples.

Based on the remaining 26 samples, we get

Sd —70—80—20-66 1200 —236 964 00371

CL, =p’'= 1000 x 26 = 71000 x 26 _ 26000
_ _ 0-07 —0.08 —0.02 — 0.066
i cL, 7= 26

1-200 — 0-236  0-964
= 26 = 26 = 0'0371

4 ’ ' 0-0371 x 0-9629
vct, =p'+3| &L =00871+3 \f e

— 0-0371 + 3 x /0-0000357 = 0-0371 + 3 x 0-0060
=0-0371 + 0-0180 = 0-0551
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p'q = 0:0191 . Je the revised
LCLp «p' .5} B4 0-0371 - 0-0180 ies outside t
n

d as the contro]
R actio

Since none

contro] limits,

limits for p-cha

fe de
: e regal
©of the remaining 26 sample points dr ay b

.0551 g
[LCL, = 0-0191 and UCL, =0 0335 process: The aumber of defectives
rt for the future production from d

) e inspected:
Example 1-12. 20 samples each of size 10 wer 8 9 4
detected in eqch, of them is given below : 5 6 7 7 0 .
.~ Samples No. : 1 2 3 9 2 0 18 19 20
> No.of defectives> : 0 1 0 i 5 16 17 1 0
2 y Sample No. : 1 g oaw M 1 0 0 g
w No. of defectives - 1 0 0 ! .+ auality standard for the fu tur.e )
" Construct the ’numgéﬁ of cié}“éZtives’ chart and estal; l(;SIr;ge total number of defectives in al]
i\ k. Solution. Here ;zve have samples of fixed size n = 1U- e w
the 20 samples is : 2+1+0=31 . 0~
305 2d=0+1+0+3+9+.:~+b ' £
\ok o An estimate of the process fraction defective is given by : 2
X Y, S ~ _1_p=084
‘lx: ‘L:—-‘\“‘i 4% ” f//l, : _=;C—l-=_ﬂ_—= 0'155 = q —1 p 0
| b P7 N P =10%20
/W e

' iven by :
The 3-6 control limits for ‘number defectives’ chart (np-chart) are giv Y

Can = n1_3 =155
UCL,, =np + 3‘\) np (1-p) = 1-55 + 3vY1-55 x 0-845 = 1-55 + 3-43 = 4-98
LCL,, =np -3\ np (1-p)=155-3V155x 0-845 = 0 (Negative)
np

The control chart for the ‘number of defectives’ is obtained on plotting the number of
defectives against the corresponding sample number and is given in Fig. 1-10.

np-Chart
Number of
defectives
A
9t [ ]
8 b
7 i [ ]
< 6 - . .
Prel =4.
gl g L Lo RS, < T
R el
3k ° . DU -
L E Prehmmary ClL=155
1 Y

Wmd CL=0-83
OW

1234567389 1011 121314151617181920

Sample Number Lower Contro| Limit = ¢

Fig. 1-10, np-chart,
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for the future, we eliminate these points.

Deleting sample numbers 5 and 8, we compute CL, UCL and LCL based on the
remaining 20 — 2 = 18 samples as follows -

Revised Control Limits for Future -

= _2d-9-7 381-16 15 " i
e 1(/)\x1\§ =180 =1gg=0-083 = g'=1-p=0917

CL’ =np’=10x 0-083 = (.83

UCL =np’+3\np'(1 —P") =0-83 + 3v0-83 x 0917 = 0-83 + 2-62 = 3-45
LCL’ =np’ -3V np’(1-p") = 0-38 - 3\0-83 x 0-917 = — 0-178 = 0.

Thgse revised values are shown in the (on page 1.36) as the revised UCL’ and LCL’
respectively. No sample values other than those which have been deleted, fall outside the

new limits. We take these new limits, alongwith the new central line, as standards for
controlling product in the future. , " (" \Jok

i ,
vitn g G e f

Example 1-13, The following data 8ive the number of defectives in 10 independent
samples of varying szlzgs from a production process :

Sample No. y 1 2 3 4 5 6 7 8 9 10

Sample size : 2,000 1,500 1,400 1,350 1,250 1,760 1,875 1,955 3,125 1,575

No. of defectives : 425 430 216 341 225 322 280 306 337 305
Draw the control chart for fraction defective and comment on it.

Solution. Since we have variable sample size, we can draw the control chart for fraction
defective in the following three ways.

Method 1. Variable Control Limits. In this case we calculate 3-¢ limits for each sample
separately by using the formula : s

D
—— *"‘\
< [~ = . - ]_ - il d; 3,187
UCL=p+3Npgq/n; and LCL=p-3Npg/n;, where,; p= %—n=ﬁ79—0=0~1791...(*)
and d; = No. of defectives in the ith sample, n;= sax\ﬁple size of the ith sample

1

g =1-p =0-8209. Thus, p g = 0-1791 x 0-8209 = 0-1470231
For computation of the variable control limits, see the calculation in Table 14.

TABLE 1-4 : COMPUTATIONS FOR p-CHART (VARIABLE CONTROL LIMITS),

I 3 A : LAdNEl T =T

| n . d p=d/n ﬁc}/n\\g“o@/ﬁa,n 3x\/55/n P veL bor *

B | 2000 | 425 2125 [--0000735 | -008573 025719 0.205 | 0.153

B | 1500 | 430 2867 .000098 | -009899 -029698 0.209 | 0.149

B | 1400 | 216 1543 | -000105 | -010247 -030741 0.210 | 0.148

B | 1350 | 341 2526 | -000109 | 010440 -031321 0.210 | 0.148

S| 1250 | 295 1800 | -000118 | -010863 | - -032588 0.212 | 0.147

‘7: k w1 ©7914 bk ;L%
- 7 Q o . - = 2
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1,760

322 3
-1 02741
1,875 280 Pey ; 000084 009138 206
1,95 11495 026562 153
L 306 1 ~| +000078 008864 126015 205 .
3,125 337 565 000075 008672 220567 200 < .159 |
1,575 5 11078 .000047 | -006856 gt p08 | 150 |
Zn ‘_17 790 > 11937 .000093 | -009659 /‘0?,89//’/ -
F f")‘| Y I A f } 4
1-11) I‘(-)m' the chart [Fig « i
,» 1t is obvious th . P A ‘ Ayl
number of sampl at a R
e points % =, :
c R q -
norreSpondmg to sample®, OT .
umbers 1, 2, 4, 7 and 9<.y0-220 P -
ilre outsifie the respeetive -;:0_210 | e |
ontrol }lmits. Hence the 102001 -7 0 ° ]
process is not in a state of <0.190 T
/_» statistical control. This-’ o CL (0,199}
o suggests.the presence of & 0-180 1

g _asmgnable causes of 0170 T _
variations, which should be'\.0-160 T 5 ° o
detected and eliminated. 0.150 T o o

Method 2. Here we get up two
f control limits, one based on

sets o
ample size n =

the maximum S
3,125 (corresponding to 9th

sample) and the other based on
the minimum sample size n =
1,250 (corresponding to 5th
sample). From the table, we note
that the corresponding sets of
control limits are :

For n = 3,125 ; UCL = 0-1997
and LCL = 0-1585 ; For n =
1,250; UCL = 0-2117 and LCL =

0-1465.
From the control chart [Fig.

7-12], we find that the sample
oints corresponding to sample
pumber 1, 2, 4 and 9lie outside

0140 T
0-130W
0 1 2 3 4 5 6 7 8 9 10

SAMPLE NUMBER
Fig. 1-11
R UCL=0212
210 (n mi{\ir'npm)
UCL= 0.200
200 (n maximum)
190
[ ]
.180 - )
170 :
160 J— LCL=0‘159;
. 2 (n maximu™
150 ] LCL’—'O-M?
140 (n minimum’
130
| | | I { | | L
1.2 8 4,6 8 7,8 ¢
SAMPLE NUMBER
Fig. 1-12
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the outer band (based on minimum sample size), and hence the process is out of statistical

control.
TABLE 1.5 : COMPUTATIONS OF Z-VALUES
‘ Mgthod 3. We standardise the p p-p 29 s o A
statistic p by the formula : pqln ! f; =
7 Pi=B@) . pi~p , 2126 ‘0334 10086 3-8841
TSE () T 5= =) 2867 1076 10099 10-8686
-1543 —0248 -0102 -2-4313
where p is computed in (*) and plot the -2526 0735 0104 5-25
Z-values against the corresponding| .1800 .0009 0109 0-0826
sample number. Since n is large, 1829 .0038 0091 0-4176 j
Z; ~ N(0, 1) and hence 1495 0296 0089  -3-2558
UCL,=3 ; LCL,=- 3 ; CL =0 i
“ -1565 —0226 -0087 -2-5977 |
1078 —-0713 ‘0069 -10-3333 |
-1937 ‘0146 -0097 1-5052 J
ﬁ \938,' \’)\:\"‘ N19) - Al .—‘“rJ
. | SR ¢ WV i
5F ®, : Z Ko
4 L .qﬁ 7
The control chart is drawn in Fig. R UCL=3
1-13. 2t .
Since a number of sample values 3 .
(2) except for sample numbers 3,5,6, . o1 2 3 4 St 5 10 11 15 b=b
8 and 10 lie-outside the limits + 3, -1}
therefore the process is out of > _,f o
statistical control. N -3 - e 8 LCL=~3
»~-;\' % _:_
p Y o \;.\5\‘ ®
s A

Fig. 1-13

/ 1-9:3. Control Chart for Number of Defects per Unit (¢ - Chart). The field of

apphcathn of c- cha;t; is much more restricted as compared to X and R charts or p-chart.

Before we emb@r upon te isc the theory behind c-chart, it is imperative to distinguish

between defect and detectlve ugn article which QOes not conform to one or more of the-

' specifications, is termed as defective while any instance of article’s lack of conformity to

spec1ﬁcat1ons is & defect. 7Thus, every defective contains one or more of the defects, e.g., a

defective’ éastm‘g may further be examined for blow holes, cold shuts, rough surface, weak o

structure, etc. L Ll QMV On. BMM M "o fp i)
Unlike d or n p-chart which applies to the number of defectives in a sample c-chart

applies to the number of defects per unit. Sample size for c-chart may be a single unit like a

radig, or group of units or it may be a unit of fixed time, length, area, etc. For example, in

possb J ' » ~ .
i r VA . " o\ N ¥ N n) N A o s
£ rEHn (ﬁ}— PR SRR W [ v L L 6\‘. Yy J " 00 1

-~
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Case of surface defec
single part ( such ag
should be constant i
the occurrence of de

siZe ; Wevel'; a]
: mple : HO a
ts, area of the surface is the Sz;ple Slze'senti ally €d
base plate, side cover) is the 52

: Jes jon $ efects to
n the sense that different samp inspect ties for d
fects.

r u ot is very
cturlﬂg % oppol—'t one SP

7 Control Limits for ¢-chart. In many ma}r:;; (sinceft:lzefectm w); know tl:ll;ﬁl;l;
sample size n i.e., the area of opportunity 1s very ceurrence sl theory d consequ 4
Occur are numerous) and the probability p of t.he @ from statt® ltribution’ distributlon, mean
small such that np is finite. In such situations Poisson 41 a Poisson er, b, we get
pattern of variations in data can be repres‘entetriebgse d. Since fc;.ith paramete’:
G control limits based a;m f:i:sz:rsl fﬁ:?ﬁ::lco?s?oisson variateé
and variance are equal, i Ec)=) and Var

. b :
Thus 3-¢ control limits for c-chart are given by

. uations ’ the

c)=*

(1-11)
A
UCL, = E(c) + 3 \Varlc) = x+3\f\;
LCL, = E(c) - 3 Var(c) = A—-3VA
CL, =2

then
i alue of A, ol (1-12)
¥ . v the speClﬁEd Vi o k’ P
1 dards specified. If \' is 7 . O '
/" Case (i) Standar Px gV ;¢ LCL.=X- 3N t’known it is estimated by t'hﬁ
= + ’ 1 4
" i t Specified. If the value of 1 1 noof defects observed on the it
_/ Case (li;) Stcfzr;dt?:?::eor ml:it Thus, if ¢, is the Dumbe; y:
of defe : % is given :
?ilia;_l gu? z; inspected unit, then an estimate of 1 is g1v

k .(1-120)
N T Az=c=2 ¢/k

] ]. - - ] -

- T i ¢ .1 ...(1-12b)
are given by : UCL,=c +3wa_ . LCLC=C—3‘/C— ; CLc=c

ative, it is
Si can’t be negative, if LCL given by above formulae comes out to be neg

ince ¢ .

regarded as zero.

The central line is drawn at ¢, and UCL and LCL

i |
(1-12a). The observed number of defects on the inspected units are tl}en plotted on the contro
chart. ’I“he interpretations for c-chart are similar to those of p-chart.

Remark. Usually k, the number of samples (inspected units), is taken from 20 to 25. Normal

approximation to Poisson distribution may be used provided ¢ < 5,

/" 1:9-4. c- Chart for Variable Sample Sij

* ¢, the statisticu = ¢ /n is plotted, n being th,
\

are drawn at the values given by

€ sample size which ig varying. If n; is the sampk ,
o size and ¢; the total number of defects observed in theith sample, then £
A " ui=c;/n, (=12 s B), eRE
S " gives the average number of defects per unit for the ith sample,
v In this case an estimate of ), ¢

Ee s he mean number of defects PEr unit in the lot, based on al
the k-samples is given by :

A
¢ kr-?t:
W N Y

L

L
| =
NS
{=q

' (11%
1
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/Applications of c-chart

~insulated wire subject to a spec .
. JO fON -
ed in stains thblemlshegon a surface. : e

|

“-‘l' Ny 1@ ! Rec ‘A(, e

X ‘7‘\;;-;'
s her ! 1-41

P
5

) = c/\/Tz.

Wetlgzos‘:axtlzztdlf X is the mean of a random sample of size n then S.E. (X
Hence, rd error of the average number of defects per unit is given by :

Hence, 3-0 counf'EI" ](-U)-: VA/n=+u/n : [On using (1-13a)] ...(1-13b)
i rol limits for u-chart (or ¢ - Chart for variable sampBe size) are given by :
g ... (1-13¢)

UCL,=Z+3u/n ;LCLu=E_3w/ﬁ/n : CL,=u

As is obvious, control limits will vary for each sample. The central line,
same. The interpretation of these charts is similar to the p-chart or d-chart.

however, will be

he law of small numbers makes the c-
ed field of application of c-chart (as

in industry where c-chart is definitely
to which c-chart can be applied with

The universal nature of Poisson distribution as t
chart technique quite useful. In spite of the limit

compared toX, R, p-charts), there do exist situations
needed. Some of the representative types of defects

advantage are : o
. Qg G
1. cis number of imperféctions obseryved in a bale of cloth.

2. ¢ is the number of sukface defects observed in (i) roll of ¢
photographic film, and (ii) a galvanised sheet or a painted, plate

given area.
3. ¢ is the number, of defects of all types

assembly. *% ) MUASHY +' J
4. c is the number of breakdowns at w ‘
ified test voltage. D re&n I~

oated paper or a sheet of
d or enamelled surface of

s

: WYY wt,;r‘;,’ﬂ‘_m ) D
observed in a1rcra%t sub-assgmbhes or final
> M\ AN ' 2\ PR ) »)48_3’?:‘4*:" Y
C\J‘S' V& 148 bl“.\/;r'-,'l-u . (\.»""\ : !

eak spots In insulation 1n a given lengt

.Aﬁ fﬂ\.,)‘v'» "’

h of

o o

5. ¢ is the number of defects observ :
6. ¢ is the number of soiled packages in a given consignment.
7. c-chart has been applied to sampling acceptance procedures pased on number of
defects per unit, e.g., in case of inspection of fairly complex assembled units such as T.V. sets,
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 use
quality control, e.g., it has been app
and highway accidents), (i) in chemiga}
Example 1-14. In welding of seants

d\@rr" M- b

fields other than industrial

d with advantage in various
(both of indugtrial Jaccidents i

lied (i) to accident statistics
]laboratories, and (F#)an epidemiolo %ZG MmN
e N

/_)'71/' >

h hour and is given below.

record was made of the number of defects found in one seam eac
P ae w T 5122005 8AM. 5 | 3122005  8AM. 6 |

9AM 4 9AM. 3 9AM 4

10AM. 7 10AM. 7 10 A.M. |

11AM. 3 11AM. 11 11 AM. 9

12AM 1 12AM. 6 12AM. 7

1PM. 4 1P.M. 4 1PM. 4

2P.M. 8 2P.M. 2 2PM, 7

3PM 9 3 P.M. 9 3PM 12

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

Dams| defects included\%mholes, cracks, cold taps, gfc;A s
@Slm) 0

~

]

D af Juls

S ol
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LCL. wi_anlz
. "“’”"\["=6~3\fé=»1-'55 TM:”M%/’ »

E ,
(‘1-‘1- =C =606
Because :
cannot [u}"b Lholnumber of defects 5 0 A ! TRO
e negative, 8o i £ o . gries
e i we consider 2 8 .
2 1o imi
allnw:\;(:r limit to be zero, i.e., ¢ is | © 8 ; - ’ ;
'd to vary between 0 and 13:35 3 4 toe . ;
. s L . ']
5 Limit

The cont ;
‘_ NV rol chart is dre i e =0
I‘lg, 1-14. : rawn 1n ol e . Lower Con"Ol
L]
T 18 20 22 24
§mm none of the 24 points falls 0— , 4 6 g 10 12 e _11_,.
outside the control limits, process sample NUTP2! '
Fig. 114

average may be regarded in state of
statistical control.

Example 1-15. The number of defects on 20 items
Item No. ;1234567891011

No. of defects : 2 0 4 1 0 8 01 2 0 6

Devise a suitable control scheme for the future.

Solution. The control chart to be used is the c-chart.
s 1
- = Average number of defects/item = llz Yc =50 % 35 = 175

CL,=c=175; UCE,=¢ + 3\[(_?; 175 + 3 J1.75 =571 : LCL, =c— 3\/:: 175 - 3-96 = 0.
Since two sample points corresponding to 6th and 11th samples lie outside the control
limits, we conclude that the process is not in a state of statistical control. To establish quality
standards for the future, we eliminate these ‘out of control’ sample points. Deleting sample
numbers 6 and 11, we compute the new control limits CL’, UCL’ and LCL’ for the remaining

18 samples as follows :

ivenbelow:
are g 13 14 1P 16 17 18 19 20

0o 2

g g
voig—6 _ 85-14 2_437

c’="gp_2 - 18 18
cL =¢ =117 UCL =¢ + 3\ =117+ 117 =415;

LOL" = el g\ 7 = 117 - 81170
It may be noted that now no sample points (c-values) other than those which have bee?
deleted, fall outside the new control limits. We take these new limits, alongwith the nev
(grtt)ral line, as stan(dax"ds; for controlling production in the future ’

: Mo By TR TR A A i/ EOIIY R g

1.10. NATURAL ~GLERANCE 'LIMITS AND SPECIFICATION LIMITS
A process i
e show com

individual product

f !

n statistical contl"ol“impli_es that the control charts for both the mean ap
plete homogenelty/‘and in such a case, a measure of the variation 0 the

L (,"

s is given by the standard deviation (o), estimate by R/d, of s/Ca fro?

_d
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] data. If p and o are th ;
e process average and process standard deviation respectively;

§hat;it?m-;T¥le e specification limits are generally given in terms
pPtolerance limits/ A dicision, whether a process needs adjustment or no
o point by compating natural tolerance limits and specification limits.
C,O'"P i BSGPE: .Let X nas and X, denote the upper specification limit (U.S.L.) and lower
spec1ﬁcat10n ll_mlt (L.S.L.) respectively for some quality characteristic. When both these
limits are specified, a comparison of these with the ‘natural tolerance limits’ may result in

one of the following three situations : .
_ (o) Natural tolerance is considerably smaller than specified tolerance, i.e., Xmax—Amin
ctured items will conform to

: Interpretations. (i) In such a case almost all the manufa
the process is in statistical control an

t, can be made at the

> 60.

ns, X may be permitted to go out of

er one of these conditio
far ; in other words, the distribution of X may be allowed
d money for frequent

C. This will save the time an
for assignable causes of variation which will not be

If the process 18 operating und
ot go too
tions B and
due to looking
product.

nce, even considera

control, provided it does 0.
to fluctuate between posi
machine setting and delays
responsible for unsatisfactory

(i) In such a situation si

result in the items falling outside speciﬁcation i e
successive samples for control chart inspectiqg, can be appreciably increased.

(iii) 'The larger the ratio (Xmax — ) to the natural tolerance 6c, the greater is the
likelihood of getting good product without assistance from any control chart. This will imply

that the process is t00 good for the product and it may be economical to examine if
relaxations in the conditions of production, €& Jess costly experiment or processing or
material, could be allowe ‘sgueeze’ the specification limits, to

§;
produce a product superior to

ble shifts in the level of working may not
mits, the time interval between taking

4. It may also be worthwhile to
the one originally intended.

v Y { AA [i { i b ¢
" o/

o N v‘ A\ GA v\L' N

Pl |

contr
the limits p £ 3
tl;zl;r\}ation 1yin; Out;dar:hcalleq tbe Natural Tolerance Limits,. The probability of an . wrt
Y " iability oo e these 11m1’c§ is 0-0027. The width ‘60’ which is the ir;here?f_t_/ o A EvE
i e A4 W ; is given a special name Natural Tolerance; If p and o are not known
then [ * 30 are the estimates of the natural tolerance limits whe:
A = o e A

/ 1t might ha th i=X and G=Ridy or 0=5/Cs i O )

Ltrol cfarts t%};ezl tg;even though the process is in statistical control as exhibited by
e e t-éacj%m mer may not be satisfied with the product. This happens when the _~ 7., ,

rocess hform to specification limits (limits as desired or fixed by the customer) for “j‘””‘" BN :} i

of upper and lower L}Tm

=

c s 7% N‘

specifications as long as
in positions A, Bor C)as shown in the Fig. I-15. 3
A ¥ ) i . A
Bt s NATURAL TOLERANCE SMALLER THAN SPECIFIED TOLERANCE ::2*
s b 1 " : — x  ~ORY i
\\. \\ L : Q'/ I 5/ max
g \
) \3‘5 Cerg
(3 ! ¢ !\
e ¥ Lo #97 y k2 -
!t%‘”l‘(‘ g (:::?f»fv‘-‘-“

dis appropriately centered as ()
e ™ A
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FUNDAMENTALS
" (b) Spee
ifi s
fi cation limijts Cotneide 1yitp tolerance limits, i.e.,
o, Lh,l': ,J\a
( .

‘ implies

T Vs o o s %\ Xnmx ~Xmin = 60 1 contl‘Ol 0bv10u51y
1 an id i T a1, N A . jstica
that the Droducte~al Situation and in this cage a process in statis

SS is all the
: the proce tly at
0 Xactly a
More j > Meeting the Specificationg. Here, careful Centermgto be cer}tred . e of the
1mD0rtant, and if no ftem ; ; . ’ the process has sult in som
he SPecificatigp mean( mﬁ‘?bt(% be rejected then d re
Product g n{ Any

’ 4 oul

Olng outgjq eparture from this centermf ;vcon

o - 1 s . . a 4

departure imy d'l e the speclﬁcgtlon limits. As soont B inbain
Procesg % Mediate remedia] action should be taken to

rt detects such
trolt}‘l’zientering of the

~

specified tolerance, i.e.,
PR .

> NeE y ST = Xmax _Xmm < 60 ' p it the Specification
Interpr. etation tural tolerances are not include rfectly centered at the
: in control and the process avgragefpge fective articles (i.e
T mean, the production of an apprecigble quantity (1)ight shift in the process
t conforming tq Specifications) is"inevitable. H?,re as a re-adjustment of the
ill increase the per cent defective. In such a mtua‘mon,cesS Fevekaion ki
Process ig advisable with respect to either the process average or pro laxing the specified
: (i) Also it woulg be worthwhile to investigate the possibility of relax
tolerances tg the extent of natural tolerances
¢ ' ; d eliminate
CIf 100% inspection is Possible, then defective articles may be sorted out P h d
i : g . . gt tive) then there is no chance of
but if 1009 nspection is not possible (e.g., if testing is destruc ly alternative in this
getting the product a]] of which will conform to specifications and the only
case is to relax the specification limits to tolerance limits>
~Modified Cont

rol Limits. If the specification limits lie outside the natural
Le., X,na,(; LX,m-n tJ> 60, then modified con
> 'y

tolerances,
trol limits which exhibit the relationship between the
specification limits and the x values in X -chart, may be used to permit shifts in Pprocess
levels within Permissible limits. p,
As already pointed out, in such a situation shifts in the values of X may be allowed
Provided it does not g0 too far. This poses the question

be allowed to var

“What are the limits within which
X-values may ¥y such that the product m

eets the specifications?”, since if the
process is centered at A and B ag shown in the Fig. 1.764 some of the items wil] naturally lie
outside the specification limits,
>
‘[
A

LSL |,

S 3
\
Uy
-
=~
!
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Let us hgve ¥ 1.00.k at- the following figure (Fig. 1-16b) which shows the statistically
controlled universe in its highest and lowest accepting positions.

U.sS.L

AT \\ ____________________________ UGL.
| l CL. X
/ 3o/\n J 3¢
Y (LR S QES TR I IR O e b 2.5 1 ________ L.C. (L.R.L)
L.S.L.

Fig. 1-16b

The natural tolerances (i.e., process dispersion) is 60. If the universe is at the highest
accepting position, then the process average (central line) will be at a distance 3-6 below USL
and similarly when the universe is at its lowest accepting position, the process average 1s at
a distance 30 above the LSL. Thus in this case, instead of fixed central line at 5{, we have a

central band so that as long as X lies in this central band, the product will conform to
specifications. The upper and lower edges of the central band are given respectively by

USL - 3o, LSL + 30

For a sub-group of size n, as 1s clear from the figure, @he highest and lowest satisfactory
values of UCL and LCL, known as Upper Rejection Limit (URL) and Lower Rejection Limit

(LRL) respectively are given by :
URLy = USL -30" + 30’An

LRLg = LSL + 30’ — 306’Nn

on limits, when used in place of control limits, are called ‘modified control

These rejecti
limits’. /

1.11. ACCEPTANCE SAMPLING INSPECTION PLANS

In many a manufacturing process, the producer, in order to ensure that the
manufactured goods are according to specifications of the customer, gets his lot checked at
strategic stages. On the other hand, the customer is anxious to satisfy himself about the
quality of goods he accepts. An ideal way of doing this seems to inspect each and every item

presented for acceptance, i.e., to resort to 100 per cent inspection. 100% inspection should be

taken recourse to under the following conditions :
(i) The occurrence of a defect may cause loss of life or serious casualty to personnel.
(ii) A defect may cause serious malfunction of equipment.
We may also wish to examine all the items of the product under the following conditions :

(i) N, the lot size is small, and
(ii) The incoming quality is poor or unknown.
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o5 are adopted, ie a

mpling Procegdom from the 1ot. It hqg
- So, from practical and economic considerations 52 at rd 5 is used, it providgg
0

§ drawn
'S accepted or rejected, on the basis of the sampl;;sg inspe™ . y. el
been found that if a scientifically designed sampr very €c ?ml f the product by CTiticy)
adequate protection to producer as well as consume1 the quality e eping down the cost

The main objective of inspection is to contro ides ke

4 S - specification
. i n, to the sp 8 of
eXamination at strategic points. Sampling 1“51)2221;(& ;s according
. 5 ot a
Eﬁoductlon, also ensures that the quality ofa scedure are - atisfactory lot, and
€ consumer. The guidelines of a sampling pr uns

: ing an : the de
(@) It should give a definite assurance against Pas® g ossible subject to gree of
(b) The inspection expenses should be as 10W 2% ;

protection afforded by (a) above.

& inspection by a purChaser to
Acceptance sampling plans refer to the use of saml;l;?j In statistical quality control
decide whether to accept or to reject a lot of given prOI case of acceptance sampling by
terminology, it is also known as product qontrol_- nlot is taken on the basis whethe,
attributes, the decision for accepting or rejecting @ gw;nother words, acceptance sampling
the sample items possess a particular attribute or not. In ades the product as defective or
by attributes is an ‘attribute based inspection’ that merely gr

T if it is found non-defectipe
non-defective. If the product is found defective, 1t 18 rejected and if f fective,
it is accepted.

The necessity of acceptance sampling arises from the fact that Vs_lhen lot of P?Ofifltth
transferred from one firm to another, or from one division of a firm to its another divisionu
say, from seller to the buyer, the recipient of the lot wants to be re;asonably sure that the lt
meets the standards already agreed upon with regard to the quality of the product. In othe
words, acceptance sampling prescribes a procedure, that if applied to a series of lots, yel&
quality assurance by involving a decision to accept or reject a lot on the basis of rande
samples drawn from it.

Acceptable Quality Level (AQL). This is the quality level of a good lot. Tt is the pe
cent defective that can be considered satisfactory

as a process average, and represents a le
of quality which the producer wants accepted with a high probability of acceptance. In ot
words, if a is the producer’s risk [see (1.15)), then the level of quality which results in 100
1— oz)l% acceptance of the good lots submitted for inspection is called the acceptable quif
evel.

A lot with relatively small fraction d

we do not wish to reject more often th

efective (j.e., sufficiently good quality) say, Plﬁ"‘
as a good lot. Usually,

an a small proportion of time is sometimes referr

P (Rejectmg a lot of
: quality p,) = 0.05
- P,=P (Acceptlng of a lot of quality p,) = 0.95
Py’ is known as the ‘Acceptance
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Lot Tolerance Proportion or Percentage Defective (LTPD). The lot tolerance
proportion defective, usually denoted by py, is the lot quality which is considered to be bad by
the consumer. fThe consumer is not willing to accept lots having proportion defective p; or
greater. 1'00 p; is called Lot Tolerance Percentage Defective. In other words, this is the quality
19"‘?1 “_’thh the consumer regards as rejectable and is usually abbreviated as R.Q.L.
(Rejecting Quality Level). A lot of quality p, stands to be accepted some arbitrary and small

fraction of time, usually 10%.

Pr‘ocess‘Average Fraction Defective (p ). p represents the quality turned out by the
manufacturing process over a long period of time. In industry, the quality of any process
tends to settle down to some level which may be expected to be more or less the same
everyday for a particular machine. If this level could be maintained and if the process is
working free from assignable causes of variation, the inspection could often be dispensed
with. But in practice, as a result of failure of machine and men, the quality for the product
may suddenly deteriorate. The process average of any manufactured product is obtained by
finding the percentage of defectives in the product over a fairly long time.

Consumer’s Risk. Any sampling scheme would involve certain risk on the part of the
consumer—in the sense that he has to accept certain percentage of undesirably bad lots, i.e.,
lots of quality p, or greater fraction defective. More precisely, the probability of accepting a
lot with fraction defective p;, is termed as consumer’s risk and is written, as P.. Usually it is

denoted by B. This is taken by Dodge and Romig as 10% or 0-10.
Consumer’s risk = P. = P [accepting a lot of quality pl=B

Producer’s Risk. The producer has also to face the situation that some good lots will be
rejected. He might demand adequate protection against such contingencies happening too
frequently just as the consumer can claim reasonable protection against accepting too many
bad lots. The probability of rejecting a lot with 100 p as the process average percentage

defective is called the producer’s risk P, and is usually denoted by o. Thus

Producer’s risk = P, = P (of rejecting a lot of quality p) =0
ans. In the following sections we shall discuss lot by lot
fied quality objective is attained through corrective

inspection of rejected lots. The inspection of the rejected lots and replacing the defective

pieces found in the rejected lots by the good ones, eliminates the number of defectives in the
quality. These plans are called ‘Rectifying

lot to a great extent, thus improving the lot
Inspection Plans’ and were first introduced by Harold F. Dodge and Harry G. Romig of the
before World War II. These plans enable the manufacturer to

Bell Telephone Laboratories
lity of the product that is likely to result at a given stage

have an idea about the average qua
of manufacture through the combination of production, sampling inspection and rectification

of rejected lots.

Most of the rectifying inspection plans for lot by lot sampling call for 100% inspection of
the rejected lots and replacing the defective pieces found by good ones. The two important
points related to rectifying inspection plans are :

(i) The average quality of the product after sampling and 100%

called Average Outgoing Quality (A0Q); and
(it) The average amount of inspection required for the rectifying inspection plan, called

Average Total Inspection (ATD).

..(1-14)

...(1-15)

Rectifying Inspection Pl
sampling plans 1n which a speci

inspection of rejected lots,
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ranteed a

g intained by
pecﬁon be p’.
jnspection is

in the lot

m()utgoing Quality

g for 100% inspection of

=:(1-18)

wher i ; . : e i
re N is lot size, n is sample size and P, is the probability of acceptanc . replaced by good pieces.

Formula (1-16) assumes that all defectives found are repaired 0

. ' ccepte
b Slr_lce we look for defective pieces in the uninspected Portloﬁl-fefrz will on
— n 1tems) and since p is the probability of finding a defective,

d lots

(involving

the average be
f the lot, the sampling

P(N — n) defective items. Since P, is the probability of acceptance_o n) defective items.

plan will on the average turn out lots that contain P-Pa, : (1-16).
Consequently, on dividing by N, we get AOQ as a fraction defective g1ven by

If n is small compared with N, then a good approximation 0

by :
p=A0Q=pPF, 1
If the defective pieces found are not repaired or replaced, then the formu
modified to
p(N-n)P, p(N—-n)P,

A0Q == np—p(1—P,)(N-—n) _ N-phP,+N1-P)

f the outgoing quality is given

...(1-16a)
a must be

...(1-16b)

This formula is not generally used and if p is small, there is not much difference between

(1-16a) and (1-1656).

In general, if p is the incoming quality and a rectifying inspection plan calling for 100%

inspection of the rejected lots is used, then the AOQ of the lot will be given by :

AOQ=p Pu(p)+ Ol = PPl =pPa(p) .16} | pyERAGE OUTGOING QUALITY LIMIT

because (i) P, (p) is the probability of accepting the
lot of quality ‘¢’ and when the lot is accepted on the
basis of the inspection plan, the outgoing quality of
the lot will be approximately same as the incoming
lot quality p’; and

(i) 1 — P,( p) is the probability of rejection of the

«— AOQ —>»

Jot and when the lot is rejected after sampling

inspection and is subjected to 100% screening and wr==a
rectification, the AOQ is zero. Fig. 1-.17

For a given sampling plan, the value of AOQ can be plotted for different values of P

obtain the AOQ curve as given in Fig. 1-17:

From (1-16c¢), we find that if p = 0, i.e., the lot is 100% O K. then AOQ =0 andifp=1®

lot is 100% defective then P,(p) = 0 and so AOQ = 0. Fo

r other values of p lying petween ’
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Bl 1? the A(?Q will be positive and will have a maximum value for some value of the
incoming quality p. The maximum value of

i : % p subject to variation in p is called the Average
Outgoing Quality Limit (p; ).

If pyy is the value of p which maximises pin (1-16), then

P Pa(N— n)

PL=A0.QL. =S ..(1-16d)
where it should be remembered that P, is to be computed for p = p,,. Re-writing (1-16d),
we have

AOQL =2 (1 _i) (1-16¢)
= 5

where y = np,,. P,, has been tabulated by Dodge and Romig for various values of 7 ( sample

size) and ¢ (acceptance number of sampling plan, i.e., maximum allowable number of

defectives in the sample). The AOQL measures the long-term protection given by the plan to
the user in the worst situation.

It may be pointed oqt that AOQL curve (p; plotted against p) will reach a maximum
value and then recede, since the poorer the quality of the incoming product (i.e., larger the

value of p) the fewer lots will be accepted and more will be inspected 100% and made
acceptable.

OC Curve. Operating characteristic (OC) curve of a sampling plan is a graphic
representation of the relationship between the probability of acceptance P,(p) or generally
denoted by L(p), for variations in the incoming lot quality ‘p’ (fraction defective in the lot).
For five general points on the OC curve, see § 1-12-4.

Average Sample Number (ASN) and Average Amount of Total Inspection. The
average sample number (ASN) is the expected value of the sample size required for coming to
a decision about the acceptance or rejection of the lot in an acceptance-rejection sampling
plan. Obviously it is a function of the incoming lot quality p. On the other hand, the expected
number of items inspected per lot to arrive at a decision in an acceptance-rectification
sampling inspection plan calling for 100% inspection of the rejected lots is called average
amount of total inspection (ATI). Obviously ATI is also a function of the lot quality p.

We observe that _
ATI = ASN + (Average size of inspection of the remainder in the rejected lots) =t 1210}

Thus, if the lot is accepted on the basis of the sampling inspection plan then ATI = ASN,
otherwise ATI > ASN. In other words ASN gives the average number of units inspected per
accepted lot.

For example, if a single sampling acceptance - rejection plan is used, the number of items
inspected from each lot will be the corresponding sample size n, i.e.,

ASN =n, ...(1-17a)
and this will be true, independently of the quality of the submitted lots.

However, for an acceptance-rectification single sampling plan calling for 100% inspection
of the rejected lots, additional (N — n) items will have to be inspected for each rejected lot,
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1.12. SAMPLING INSPECTION PLANS FOR ATTRIBUTES

The commonly used sampling inspection plans for attributes and count of defects are:
(i) Single sampling plan, (1) Double sampling plan, and, () Sequential sampling plan
The requirements (a) and () in § 1-11 on page 1-45 will be satisfi

ed provided pi, p and P,
are low. Using these principles, H.E. Dodge and H.G. Romig have developed 2 number of
hall discuss below. These plans enable u

sampling plans which we s s to judge the averag
quality of the product at a given stage of manufacturing process through the combination d
production, sampling inspection and rectification of rejected lots. Dodge and Romig averag

quality protection plans are essentially based upon the AOQL.

1-12-1. Single Sampling Plan. If the decision about accepting or rejecting a lot is takes

on the basis of one sample only, the acceptance plan is described as single sampling plao- I
is completely spec

ified by three numbers N, n and ¢, where :
N is the lot size,

n is the sample size, and

¢ is the acceptance number,
The single sampling plan m
1. Select a random sample 0
2. Inspect all the articles inc

i.e., maximum allowable number of defectives in the sample

ay be described as follows :
f size n from a lot of size N.

Juded in the sample. Let d be the number of defectives in 8
sample.

3. If p-defec®”
(standard) ones: :

d £t accept the lot, replacing defective pieces found in the sample by no




