ATISTICAL QUALITY COMNTRAO
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finding the percentage of defectives in the product over a fairly long time
Consumer’s Risk. Any sampling scheme would involve certain riq‘k on the
consumer—in the sense that he has to accept certain percentage of und;qimbl (l;pd 1 '
lots of quality p, or greater fraction defective. More precisely, the prob'{bil‘it 'y)fa ﬂt“*‘- -
lot with fraction defective p, is termed as consumer’s risk and is writte;x s ;’( Uﬂccffpt"_lg‘ﬂ
denoted by B. This is taken by Dodge and Romig as 10% or 0-10. A

Consumer’s risk = P, = P [accepting a lot of quality p,] = B .(1-14)

quality turned out by the

ndustry, the Quality of any process

or less the same

art of the

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 happe;ﬁn too
frequently just as the consumer can claim reasonable protection against accepting too n;glany
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 a. Thus

Producer’s risk = P, = P (of rejecting a lot of quality p) = a -(1-15)

Rectifying Inspection Plans. In the following sections we shall discuss lot by lot
sampling plans in which a specified 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
lot to a great extent, thus improving the lot quality. These plans are called ‘Rectifying
Inspection Plans’ and were first introduced by Harold F. Dodge and Harry G. Romig of the
Bell Telephone Laboratories before World War II. These plans enable the manufacturer to
have an idea about the average quality of the product that is likely to result at a given stage
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 :

(z) The average quality of the product after sampling and 100% inspection of rejected lots,
called Average Outgoing Quality (AOQ); and

(if) The average amount of inspection required for the rectifying inspection plan, called
Average Total Inspection (ATI).
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QUALITY_CONTROL s
\sTIcA:
gT p— chart for the following data :

1-34: ok No. of missing Airplane No. of missing Airplane No. of missing
,/A‘i,.plaﬂ" rivets number rivets number rivets
W 8 210 12 218 14

201 16 211 23 219 11
902 14 212 16 220 9
203 19 213 9 221 10
904 11 214 25 222 22
205 15 215 15 223 i
206 8 216 9 224 28
207 13 217 9 225 9
9208 21 L

9 . 3
mntrol 2 If not, recommend the control limits for future use.

Js the Pl'the final inspection of cars manufacturec_i in a factory each car is checked for minor defect_s.
1-35. Ints do not influence the acceptance or rejection of the cars. Rather they require a certain

fec 1 labour to satisfy the consumer. A brief study was made to see if the number of

hes€ de itiona
ngun off atc;d;as relatively constant and under control. The results of first twelve units checked are
or de ecC

ml y

given b;;"“(’l_) : . 2 3 4 5 6 7 8 9 10 11 12
it NO- ; 4 |

gj of defects (c) ¢ - s . 2 L - 2 L - s £

..ous the control chart for this process stating the underlying assumptions and give your
Disc
r wants to estimate the proportion of manufactured cars that are free from

jons.
conclust nufacture : po: : : :
the above data to obtain a minimum variance unbiased estimate ? How does 1t

f the ma

he use ;
defectss h‘g;}fig e maximum likelihood estimate ?
comparz An inspector with 80 per cent efficiency (i.e., for him the probability of classifying a defective
Al < 0-20) uses the sampling plan = 100, ¢ = 1. Plot the effective OC curve.

_defective 18 y : g
asa n(:),)r';7 déoistm“ a single sampling plan for attributes, given the following data :
Lt L. =0-05, Producer's risk = 0-05, L.P.T.D. = 0-:20, Consumer’s risk = 0-10

1-38 Explai;l how you will draw the O.C. curve for a single sampling plan with sample size 5 if the
. =9, assuming the lot size to be large.

number ¢ =
acceﬁ;c;or the single sampling plan : N = 2000, n = 100, ¢ = 2
(i) Find P, (Probability of accepting the lot) when lot quality p = 0-005, 0-01, 0-05, 0-10.

1-40. A double sampling plan is given by N = 2,000
n1=100 3 n2=150 ’ CI=1 5 (:2=4
The lots rejected by the plan are 100% inspected and all the defectives found are replaced by good

ones. D . .
(i) Draw OC curve for this plan, calculating at least 8 points and state the approximations used, if

any.

(i) Draw the ASN curve for the same plan.

(i) Find the average amount of inspection per lot for lots having 3% defetives.

1-41, Interpret the given double sampling pan, givenn, = 35,¢, = 0, n, = 55, ¢, = 3 and N = 1,000
with usual notations. Rt

1-42. Between a single gampling with n = 20, ¢ = 2 and a double sampling with n, = 10, ¢, = 0,
ny = 10, ¢; = 2, cannot be said that the second inspection scheme is always more economical than the
first ? Give reasons justifying your answer.

1-43. (a). Draw OC curve, AOQ curve and obtai .
single sampling plan : » A0Q obtain AOQL. Also draw ASN curve for the following

(b Rt _ . N =2000,n=150 and c=3

product in lots is submitted for inspection and the following double sampling plan is used :
n1=50, c1=0) n2=60’ (32:3

Assuming that i ;
¥ hewiniy g that the lot is very large compared to sample sizes, derive L(p), the probability for
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to be required by you.

1 Seem ’
(6) Compute separate control limits for any points that end as the value of p” to use for ¢}

mm
(¢) Based on this month’s record, what would you reco
following month ?

; ber Fraction Date spected Defect'
Bk Number  Fraction g Num Defective Insp tve
Inspected Defective Inspected 1 23 1700 0-0288
Nov.2 531 00471 | 12 2150 i 24 2214 0-0307
3 1393 00445 | 13 2417 00476 95 2394 0-0343
4 1422 0-0428 | 14 2549 00451 96 1197 0-0468
5 1500 0-0487 | 16 9331 00322 e 850 0-0318
6 10 oomes | 17 208 0048 | H L 00353
72000 00290 || 18 2198 00392 o 850 0-0388
9 685 00408 | 19 2271 0029
10 2385 00373 | 20 1948  0:0210
| 11 2150 00414 | 21 2150  0-0358

1-27. Construct appropriate control chart :

7 8 9 10
Lot Number : 1 2 3 g s 453 750 800 900 100
Number inspected : 500 400 300 150 600 Al 19 81 82 109
Number of defectives 25 42 35 16 15

Estimate the process average fraction defective. _ :
defects
1-28. A c-chart is to be introduced. From a previous study the average number of defects per item ig
found to be 4-84. Find the 36 and 20 control limits for the c-chart.

1-29. It is desired to maintain ¢-chart to control the average numb}ar of defectS, c at14. Obtil}? the
usual control limits for c-chart. Give the appropriate usual instru.cFlons to its userir 21011-1115[;1 i‘t;;?d the
specimen of the c-chart required for the above purpose. Find probability that your con e
that ¢’ has, in fact, changed from 4 to 8.

1:30. The number of defects in 20 pieces of cloth each of 100 metres length is given below :
1,33 1,643,710,226432,15,6, 4
Draw the appropriate chart and say whether the process can be considered to be in control.

1-31. The following number of defects were found on articles being produced, when nspected eight
times in a day on three days :

2,417,383, 1,4, 8 9; 53,7 11, 6, 4, 9,9; 6, 4,3,9, 7, 4, 7, 12
Draw the control chart and comment on your findings. If the times of inspection on the first day
were 0800, 0905, 1010, 1100, 1230, 1335, 1420 and 1530 hours, comment on their irregularity of
inspection spacing.

1-32. Draw a suitable control chart for the following data pertaining of the number of coloured
threads (considered as defects) in 15 pieces of clo

th in a certain make of synthetic fibre and state your
conclusions :

7, 12, 3, 20, 21, 5, 4, 3, 10, 80,9 6,7, 20.
1-33. 20 samples of cloth, each of equal length and width

were examined in order to launch a
quality control programme. The number non-conformities observe

d per sample are shown below :

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

No. of Errors 1 4 4 1 6 3 5 10 Y 3

Sample No. : Ix 12 13 14 15 16 17 18 19 20

No. of Errors : 2 5 9 8 4 2 7 2 6 4
Draw the control chart. Is the process in contro] ?

[(Ans. UCL = 11-12, LCL = 0]
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What can be concluded about the behaviour of the process during the past month ? What limits are
propriate for controlling next month's production ?
> (b) Given the following data on number of defectives in samples of sizes 100, construct the
appropriate control chart. Interpret the results,
, : Number Sample No. : Number
Sample No Defective (d) \\ g D:lz\]{':crtr;gzr(d) \\ SO Defective (d)
1 3 15 5 29 6
2 i 16 8 30 5
3 4 1t 2 31 5
4 4 18 3 392 6
5 4 19 5 33 4
6 6 20 4 34 9
7 5 21 3 35 6
8 5 22 4 36 4
9 2 23 6 37 3
10 4 24 4 38 1
11 3 25 3 39 2
12 4 26 5 40 1
18 4 27 4
L,—“'«——’— 3 28 7
1-24. The Ramington Corporation produces synthetic and natural gut castings for a process meat

acker. Natural gut materials are visually inspected upon receipt, graded, and tested under pressure
on a special device to ensure a specified strength before shipping to the meat packer. During the past
95 lots of 500 castings, each have been subjected to 100% inspection. A total of 1,000 castings burst
during test :

(i) Find 30 limits for a control chart for p.

(i) Assuming that all points fall within these limits, what is your estimate of the process average
fraction defective p” ?

. 00 0-08 (1 -0
[Ans. () p 22_;{1_506: 0-08;3c,=3 \] —%TOO(@ = 0036 ; UCL,=0-116 ; LCL, = 0-44,

(ii) Since all the points fall within these limits, the process is under control and ;;’ =p=0-08])

1.25. In the manufacture of certain special duty transformers, units are required to meet a number
of specifications related to temperature rise, output voltages, voltage and current ripple, on-off recovery

times, etc. Approximately 200 units are produced and subjected to a final inspection daily. At the end of
20 working days, 230 units have been rejected out of 4,150 units produced and inspected.

(i) Determine 30 trial control limits for a p-chart based on the estimated average daily production
of 200 units.

(1z) Only one point on the control chart falls outside-limits. On that day, 30 nonconforming units
were found in 200 units inspected. Investigation uncovered the act that a voltage pot setting was being

incorrectly adjusted. What aimed at values of p, and control limits would you recommend for the
following period based on average daily production of 200 units ?

[Ans. () p =575 = 0:055 , 30, = 0:048; UCL,, = 0-055 + 0-048 = 0-103 ; LCL, = 0-055 — 0-048 = 0-007
(i) p = 2=30 — 0:051; 30, = 0-047, UCL, = 0-051 + 0-047 = 0-008 ; LCL = 0-051 — 0-047 = 0-004 )
1~2(_3. The following table gives the results of daily inspection of a vacuum tube. The standard value
of fraction defective p’ established at the start of the month was 0-04. The estimated daily average
production was 1600 tubes.

(@) Establish a single set of control limits based on these figures and plot a control chart.

e
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INSPECTION DATA ON COMPLETED SPARK PLUGS
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the same chart, what
1 two samples after a shift occurs are 99 per clzgt. For -
"8 & shift of 1 from 400 to 380 within t“{z ::Iil(}))o% inspection, The record sig
of 200 each. The lots are gi i | .
owed that a total of 75 items wc}a)re d'e?:;lzen e ot de ek
imits for an np-chart s owin : ol fhe
icr(l):strf(:llh$iltt;inrthe control limits. What is your

i ontain exact
:hallged what is the probability that the 26th Iot will ¢ ac
.) S |
| .S 0 2 If 50 i’tems are inspe t d each da ) What 18 thE
average 1 rh. cte y

i fter the shift.
t day after the shift, and (ii) by the end of the third ﬁ?nyl :S il SRS
Bl ol :: vzh?"t ‘l;viogifii: ih3ecnext sample of 400 unitg ?
ili i i efectiv ' ,
- deteccm? a::;fz:)ocifrts Given that the process fraction defect;y,
s ofp - :
imits for p and np-charts.

ined. The nu
ple of 50 items from a production process was examin
mple was as follows :

4,1,3,54,1,4,3,5,4,2, 3. )
e2<’:31’11:5r,0113’c4h’a1r% :ﬁd’check for control. What control limits would you suggest fo,

ng spark plugs, the number of defectives found in the inspection of 20 lotg

(2000 spark plugs in 20 lots of 100 each)

et for

h 1o,
ro Cess

ly 7

0 thig
epig

mber of

1 No. of Fraction
No. of Fraction No. of Fractz.on Lot No. : g .
o Defectives  Defective “ Lot No. Defectives Defective Defectives z’eg?t’l(;;e
1 5 0-050 8 3 0-030 15 Z S
2 10 0-100 9 4 0-030 16 : i
ST 12 0-120 10 5 0-050 1; b Sheo
! 8 0-080 11 4 0-040 1 6 Bgte
| 5 6 0-060 12 7 0-070 19 0060
f- 8 4 0-040 13 8 0-080 20 10
B 6 0-060 14 2 0-020 Total 120
Find out the lower ¢

control limits ?

ontrol limit and the upper control limit from data. Is the above

1-23. (a) Given the following data :

data within

Sample Sample No. of || Sample Sample No. of Sample Sarfzple No. ?f
No Size Defectives No. Size Defectives No. Size Defectives
1 200 3 9 200 3 16 ggg g
2 200 1 10 200 2 17. s :
3 200 0 11 200 1 18 o ;
4 200 2 12 200 3 19 e -
TRah Rl B e I B 200 3
1 14 2
’? g(())(()) 2 15 200 5 22 200 1 J
8 200 0

Construct the a
the past months.

In
ppropriate control chart for the process represented by the above data collected i




1.77

UALITY CONTROL

= : ate the values
5. Compute the values of the 3-sigma limits for theX and o-Charts, and estimale
e A0 .on that the process is in statistical control.
b4 - - - 9583
= XX _ 08 - 50 _..os3: UCLzj=X+A 5 = 122:0, LCL x
Hint‘ X = 12 = 108 917, g= 12 15 958 ’ X i

15958 _ 14.81

o' =, =0.9490

S lal
0

~_95056 ; LCL0=33-6'= 686 For n = 15, C2=O-9490
UCLs = BsO
f a product must at least

tained on the weight in
9-16.

regulations, the contained weight o

Control charts for? and ¢ are main
SX = 7314 and 20 =
g the process is in
enerates 2 norma

1-12 In order to meet government
al the Jabeled weight 98% of the time.

0
; ik contents using 2 sub-group size of 10. After 20 sub-groups,

o control limits for X and o and estimate the value of ¢ agsumin
control. If the label weight is 36 o0z, and assuming the process g
does it meet governmental requirement ? B

c

Ounces 0

C Ompute 3
statistica
distribution

1~

[Hint. £ - 36:57;0=0458; UCL; = 37.04, LCLy = 36:10; UCL, = 0788 LCL,=0-128;0 = ¢

F 0-412?1-50duct below the speciﬁcations - 100 P(X < 36) = 100 P(Z <-1-149) = 100 (0-5 — 0-3748) = 12-5%
oes not meet the government requirement.]

Hence it d
1-13.The diameter of one end of a gyro drive shaft is required within 1,14

b-groups of 5 shafts each have been exami

0 + 10. The control charts

+ and R are initiated: After 30 su ned, S X = 34,290 and

for
2 R p 330 : . . . - .
@) Estimate the mean p’ and standard deviation o’ of the process assuming that it 1s 1n statistical
control.

the 3-sigma limits for X and R-charts.

(ii) Determine
the natural specification limits of the process.

(i1 Determine
(Hint. () X =(34,290/30) = 1, 143, 7 -330/30=11; ¥ = X = 1143 and o’ = (R/d; = 11/2:326 = 4-73
(i) UCLy = 1149-38 ; LCL;=113662 ; UCLy = 2321, LCLg = 0.

(jii) Upper natural specification limit = X +30°=1157-19;

Lower natural specification limit = X -3¢’ =1128811]
1.14. The specification limits for a certain dimension are 3-5100+ 0-0050 inches. Control charts for

X and R indicate that the X-chart shows lack of control but the R-chart always shows control. From the
R chart, estimate of o’ is 0:0010. If the aimed at process average X’ is to be 3-51, what should be the

upper control limit forX with a sub-group of size 4 ? What should be the upper reject limit on the X

chart ?
1.15. The measurement X on a manufactured unit is assumed to follow a normal distribution with

mean p and variance one. The process is under control if p = 0 and is not under control if p# 0

Cpqstruct a control chart for the sample mean X based on random sub-samples of size 4 and using 30
hrmis. Consg;xct another control chart such that for every sub-sample, it provides you with a uniformly
most powerful unbiased level o, 0 < & < 1, test of the h i i
: ’ ) ypothems =0 i
Which control chart would you prefer and why ? 8 S e 2
ofth}a‘::; ?:Itx'xt:elarco.ntrol chart to test p = 400, given thato = 30, such that the chances of a point goin
ol limits when the process really is in control are 1 in 20 while the chances of detecting g

|
|
|
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for 25 Samp] - ' e nnd aveiage ras
inch for 202:;%‘;:390:}?; :c;lmllmg machine gave an average of 4-875 inc ge of 0‘001
Hint, ;

Pecification Limits : [ = 4-875 + 0:001 = 4-876 ; L = 4-875—-0-001 = 4-874
For broach : )? =4-877 . —R? = 0-0005, ¢’ = -0005 =0-00024, UCL = 4-87784, LCL = 4'87628‘

~ 2:069
For Min: : = - 0-001 ; =4 ;
) or Mllllng Maclune c X = 4-875 ,R =0-001 4 o’ :2059 =0-00048 ) UCL=4 87644 N LCL =
4-87356.
From above resylts it : . f the procuct williss iy
: . _ Ls, it is evident that in th case of broach, most o P 3 g
2DGC}ffiica§10n limits while inetheeréasgaof“rlnill?ng RO KGI SE ISl e o tﬁz
pe(:ll ;:h?pr;] limits, Hence milling operation is perferable.]
110, The following data (pertaining t
w}gch are supposed to be a i P

two sub-groups of size 4) is from two different

like. Plot the nece

mach;
1S assumptjop. If t

s to show whether their product would g, 1eg
essentially a]ike 3 €y do not support tflsi:rz:sﬁ;tption, does this prove the machineg are 322
Machine 1 Machine 2
SUb-gmup No. Average Range Sub-group No. Average
B 2.77 0-06 1 2-53
2 2-70 0-29 9 2-67
3 2.78 0-19 3 2-66
4 2-67 0-12 4 2:57
S 2-75 0-34 5 2:60
6 2-77 0-23 6 2-60
7 275 0-17 7 2:70
8 273 006 8 2:56
9 2-76 0-23 9 2-70
10 2:63 0-20 10 2-67
11 2-73 0-17 1 2-60
12 2.73 0-28 12 2-63
13 2:74 0-26 13 271
14 2:72 0-13 14 2-63
15 273 0-13 15 2.75
[Hint. For Machine 1:

R =0191 : )? =273 o'=0-0927 ; UCL; =287 ; LCLy; =2-59
For Machine 2 :
E=0181 ; X=264 ; o=0088 UCLg =277 ; LCL; = 251
Plot the Y-charts for both the machines. From the E-Charts,‘-it will be evident that these two
machines are not identical; Machine 2 shows somewhat rising trend. Assuming that variation in the
dimensions is due to machines only, ¢’ of the universes produced by these machines are 0-0927 and
0-088 respectively which are different and therefore the machines are not, essentially alike.]
1-11. Control charts for X and o are ma

intained on the reaching strength in pounds in a certain
destructive test of a particular type of ceramic insulator

used in vacuum tubes, The sub-group size is
15. The values of X and g are computed for each sub-group. After 12 sub-groups, ¥ X = 1,307 and
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CATISTICAL QUALITY CONTROL |
$ 1 ¢ { X and the range R for ten gample Otf Si:ﬁl /,/
T ing data shows the values of samples mean p , chart, @ 2
1% lhlf\f(l)}lltiwtll:‘g v::lu\c; for central line and control limits for mean chart and range /
5] NlC:]‘i,(]:whethel‘ the process is in control. " . 10
g mple No. 1 2 3 4 5 6 e Py R
" an ) 112 118 108 116 110 96 104 96 : 3
1:0 ge(R) 7 4 8 5 7 4 8 4
o i = = U = = '115.) .
on factors for n =5 are A, = 0:577,D3 =0, D,=2 . captait
(Con‘:;:lir percentage of a certain product requires costly rework operations 1tlo C‘(;l::)f“l%etie apper
-1‘6' haracteristic. Rework is possible whenever the quality c.ha'ractenstlc falls b scrappes.
qual}%y :tion limit. If the value falls below the lower gpecification limit, the product mu e
C . . all
ﬁ")ec‘ d R charts have been maintained for 50 sub-groups of 5 each. The specifications for the qu .
5 s - 7 ‘as O.
i ristic are 119 £ 10. The process appears to be in statistical cont,rq\ with X’ as 12‘} ant(tl(; what
characte ssumption that the quality characteristic is normally distributed, appgoxtma
Qo thiaze of defective articles is being produced ? How much of this can be reworked ? .
percfin’] The following table gives the values of mean and range of a sample of five observations -
. Sample
Sample Mean Range \\ Sa}a) ple Mean Range \\ aN (f Mean Range
N : :
Ty 14 8 4-25 11 15 4-50 %29
-30 9 4.-54 -58 16 4-07 . .
h 20 10 4-54 22 17 4-33 -10
£ 26 11 4-35 -62 18 4-61 2
: -10 12 4-54 23 19 4-32 20
’ ‘ 24 13 4-31 28 20 4-57
;: 65 14 4-28 -38
) () Find an estimate of ¢ from the above data.
% (i) What are the control limits for X-chart and R-chart ? What can you conclude about the
| process ?
ol (i) If the specifications are 4-35 + 0-5, what can you say about the process ?
27 . 1-8. The samples of 5 are taken from a manufacturing process and certain quality characteristic 18
0?1 : measured. The X and R values are computed for each sub-group. After 20 subgroups, Y. X =0-87632
0 cms and ¥ R = 0-2410 cms.
= g (a) Compute the control limits for the control charts.
% (b) The above samples were taken every 15 minutes in order of production. The production rate was
1 400 per hour and the specification limits were 0-0430 and 0-0460 cm.
06 | (i) What is the per cent defective of the above process operating at the levels indicated ?
08 (ii) What would happen if the process average should shift to 0-04315?
5% 1 (iii) What is the probability that you would catch such a shift on your control chart on the first
i sample following the shift ?
>y

found | (iv) How many samples would you have to take to have a chance of approximately 0-95 of catching
§ this shift on at least one of these samples ?

(v) Find the number of defective articles produced by the process in these samples.
1:9. The head of an automobile engine must be machined so that both the surface that meets the

ITOUpE engine block and the surface that meets the valve covers are flat. The surfaces must also be 4-875

inches + 0-.001 inch apart. Presuming that the valve cover side of the head is finished correctly, compare
.gr;;ﬁ : the capabilities of two processes for performing the finishing of the engine block side of the head. A
WAL i

broach set to do the job gave on average thickness of 4-877 inches with an average range of 0-0005 inc]




FUNDAMENTALS
0.830
13 0.838 0.822 0.835 0‘832 0.838
14 0.815 0.832 0.831 0.83 0.832
15 0.831 0.833 0.831 0.834 0.832
16 0.830 0.819 0.819 0.844 0,880
17 0.826 0.839 0.842 0.835 i
18 0.813 0.833 0.819 0.834 i
19 0.832 0.831 0.825 0.831 o
20 0.831 0.838 0.833 0.831 0-835
21 0.823 0.830 0.832 0.835 0. =
22 0.835 0.829 0.834 0.826 0.8 :
23 0.833 0.836 0.831 0.832 0.831
24 0.826 0.835 0.842 0.832 0.83
25 0.833 0.823 0.816 0.831 0.838
26 0.829 0.830 0.830 0.833 0.831
27 0.850 0.834 0.827 0.831 g-g’o;z
28 0.835 0.846 0.829 0.833 -
29 0.831 0.832 0.834 0.826 J_O'S,%

(b) Using the data below, calculate limits and plot the 'X gnd 1?_“53}1)
unnatural patterns and discuss the results. (The sample sizeisn =o.

OF

APPLIED STATIST|qq \

0.8310
0.8294
0.8322
0.8288
0.8344
0.8270
0.8338
0.8332
0.8310
0.8304
0.8328
0.8332
0.8282
0.8306
0.8354
0.8330
0.8312

0.016
0.023
0.003
0.025
0.018
0.023
0.025
0.007
0.012
0.009
0.005
0.016
0.022
0.004
0.023
0.024
0.008

arts. Apply the standard tests for

Sample No. X R Sample No. X R Sample No. \ X \
1 1.444 | 0.09 18 1424 | 0.05 35 1457 | 0.09
2 1.427 | 0.08 19 1434 | 0.05 36 1444 | 0.09
3 1.464 | 0.08 20 1414 | 0.09 37 1432 | 0.05
4 1.455 | 0.08 21 1.406 | 0.07 38 1438 | 0.05
5 1.462 | 0.10 922 1418 | 0.14 39 1404 | 0.10
6 1.448 | 0.05 23 1.438 | 0.09 40 1409 | 0.05
7 1.454 | 0.04 24 1.416 | 0.07 41 1.400 0.07
8 1.446 | 0.08 25 1419 | 0.06 42 1425 | 0.09
9 1437 | 0.12 26 1.406 | 0.08 43 1.405 | 0.07
10 1471 | 0.11 27 1428 | 0.06 44 1419 | 0.10
11 1.438 | 0.09 28 1.430 | 0.06 45 1410 | 0.07
12 1.438 | 0.05 29 1421 | 0.07 46 1.420 | 0.05
13 1415 | 0.12 30 1434 | 0.07 47 1414 | 0.05
14 1.428 | 0.12 31 1408 | 0.05 48 1426 | 0.11
15 1.425 | 0.08 32 1414 | 0.08 49 1386 | 0.06
16 1.440 | 0.09 33 1410 | 0.03 50 1.387 | 0.08
17 1.430 | 0.05 34 1.406 | 0.06
1-4. In order to determine whether or not a

of size 6 are taken. The quality characteristic

that X is 3-126 gm and R = 0-009 gm.
(@) Estimate the standard deviation of the weight of castings.

(ti) Assuming that the process is in control, find upper and lower control limits for the sub-groups

means.

(iii) Assuming that the process is in control, find up

ranges.

per and lower control limits for the sub-group
[For n= 6’ d2 = 25341

pr(_)duction _of bronze casting is in control, 20 sub-groups
of interest is the weight of the castings and it is found
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ASSORTED REVIEW PROBLEMS
ol charts forX and R are maintained on the tensile strength in pounds of certain

o (a) Contr
sub-group size is 5. The values of X and R are computed for each sub-group.

ym-n_ The

Oups, )
estimate value of o on the assumption that process is in statistical control.
Sample No. Thickness of mica discs. (1 unit =-001")
A machine is manufacturing 1 o 12
icafbiliscs with specified thickness 14 8 i
g;tween 0-008” and 0-015”. Samples of 2 11 10 13
size 4 areé drawn every hour and their 3 11 12 16 13
thickness in units (1 unit = 0-:001”) are 4 15 » 48 i
recorded in the adjoining Table. : " ” p .

For the above data, set up an R-chart and a

same.

X = 5148 and XR = 120-0. Compute the values of 3-sigma

After 25 gub-

limits for the X and R-charts and

n X-chart. Plot the observed points and comment on the

ct a control chart for mean and range for the following data on the basis of fuses,

1.2. Constru
samples of 4 being taken every hour. /’T
Sample No. Observations Sample No. Qbfi"i‘_‘fi_‘i’f————-—*
1 27 23 36 24 14 28 30 17 23
9 30 17 27 32 15 44 32 22 41
3 21 44 22 28 16 26 42 35 28
4 40 21 29 24 17 38 40 51 82
5 51 34 17 10 18 26 28 34 39
8 33 30 28 22 19 42 38 52 36
7 30 22 18 12 20 30 32 39 45
8 35 48 20 47 21 23 44 48 33
9 20 34 15 42 22 28 34 39 44
10 22 50 45 41 23 25 29 40 33
i 34 22 36 44 24 30 38 44 32
12 32 48 32 33 25 38 27 39 22
13 34 32 28 38
1.8. (a) Construct and interpret the appropriate control charts for the following data :
Individual Value L R N
Sample No. X, X, X, X, X, X
1 0.831 0.829 0.836 0.840 0.826 0.8324 0.014
2 0.834 0.826 0.831 0.831 0.831 0.8306 0.008
3 0.836 0.826 0.831 0.822 0.816 0.8262 0.020
4 0.833 0.831 0.835 0.831 0.833 0.8326 0.004
5 0.830 0.831 0.831 0.833 0.820 0.8290 0.013
6 0.829 0.828 0.828 0.832 0.841 0.8316 0.013
7 0.835 0.833 0.829 0.830 0.841 0.8336 0.012
8 0.818 0.838 0.835 0.834 0.830 0.8310 0.020
9 0.841 0.831 0.831 0.833 0.832 0.8336 0.010
10 0.832 0.828 0.836 0.832 0.825 0.8306 0.011
11 0.831 0.838 0.844 0.827 0.826 0.8332 0.018
12 0.831 0.826 0.828 0.832 0.827 0.8288 0.006
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FUNDAMENTALS OF APPLIED STATIST|Q
p"‘—‘Paration of

types of prote
; .01 a single ampling inspection plan under any one of the two P Protec
asis of attribyte Sampling,

i
lon o, the

25, (a) What i . ceptance sampling plan ? 5 s

(5) To devige a sfngl : ZZZ;;;I?pﬁz: rll;: Cattf'ibutes from the basic information Provided, Outling the

Steps to be followeq in arriving at the desired sampling plas, i le
¢) How jg the efﬁciency of sampling plan judged ? Illustrate w11:h;ilnfix<'aml)th-e St
26‘ At e single Sampling plan and double sampling plan ? Discuss m

dements of sing]e and

eritg a

double Sampling plans.

2?. In g smgl_e Sampling plap of attribu

Will yoy obtain the Probability of acce
oW wi]

; I you modify th
3PPI'OXImation 2

28. A Sample of
Produce op an

nq
. iz d allowable defect;
ith lot size N, sample size n and allow veg
o Pttlee:c:tf the lot if the lot fraction deffactwf: 1ISp ? . ¢,
e above expression using : (i) Binomial approximation and (i) Poig,
Size n jg drawn from the items

average 100 Xp % defectives. In orde

produced by a certain machine which
er, it js decided that
_does not contaj

good items only bs
- Derive expressions for - @) oc, @ AOQ’ @ir) ,Ang’ o (w.)ATI'
29. Describe the single sampling plan for acceptance sampling, deriving €Xpressions fo, the
Producer’s and consumer’s risks, and show that approximately

c

ATI=n 4+ V_p) [1— S {e” (np )/ = '}J

x=0

cation scheme is in use.

31. (@) What is sampling inspection ? Distinguis
types.

h between the rectifying and the non-

rectifying
%) (i) Explain clearly how one is led to AOQL, explaining the various intermediary concepts of
acceptance Sampling.
(@) Find AOQL if acceptance/rec

Average Outgoing Quah'ty Limit (A.0.Q.L
Describe the method
(Average Total Inspection).

(6) Explain single and do
relative merits and demerits,

ptance Quality Leve] (A.Q.L.) and
J
of double samp];
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AL QUALITY CONTROL
g the procedure

ATISTIC
) Discuss the construction of p-chart when all samples are of same gize. How 1

€ St iable sample size ? Discuss two methods in this case.

Vo d for vara . .
“md‘(:dex Jain the pasis and working of a control chart to control the fx:actlon dl(?f?ft;:vethe T

13. 0 articles inspected varies. State the important steps involved while estz_ab 1sh1 tgarise e £0
gt future PTOdUCtiOﬂ giving the practical way of overcoming the difficulties tha
limits = tion number.

: gpection ' ; o
Whi s are used for sampling by attributes ? Give practlca} exa}rlnylecso fxtrol

dicate the distribution on which their

he control chart:

1 life situations where these charts can be used. In
actud’ . based and mention these limits.

it s Explain how you would proceed to draw control chart/charts when the data av

f the samples drawn are different. 3

p-chart and the c-chart !

Aaryin
varym. which of t
ajlable are for a

alilti'tive characteristic and the sizes 0
v 6. Under what conditions would you consider it economical to use the
i olved in the use of the control charts. '
on and inspection.

mine the basis and the approximations inv
the role of control charts with reference to specifi
for the fraction defective and

17. Discuss

e of the benefits of the charts !
the statement that even if the sample points are within control limits,
y for lack of control. -
h between defect and defective. Give some examples of defects for which th
do you calculate control limits for a c-chart ? Discuss the assumption
imations involved in the calculations. '
appr;):: A company manufactures four models of radios and receives quite 2 few complamtls f}rlom

tomers. In order to improve the quality of radios, the management decides to use control ¢

v r the defects observed at the final testing. The number of radios manufactured daily 18 not

technique f0
constant.
Suggest 2 P

assumptions mad '
20. (a) What ;s meant by specificatt

e, that all the product will be wi

cation, roducti
. the number of defects.

Exa
the chart may

the c-chart

m
Comment on
indicate 2 tendenc
18. Distinguis -
icable. How

g the defects, giving clearly the

rocedure, or set up control chart or charts for controllin

e and the statistical concepts used.
on limits and control limits. Does a process in statis
thin specifications ? Justify your statement by means

tical control
of an

ensur
the various

example. N
(b) Define process capability wh

courses of action often employed und
(i) The process capability is greater
(ii) The process capability is approximat
(iii) The process capability is less than the specified tolerance.

nship with the process

(iv) When only a single specification limit is given, discuss its relatio
capability and the actions that can be taken under different settings of the machine.

21. (o) Explain the terms :
(i) Trial control limits, (i) 3

(b) Explain the relation between
explain how the reject limits are constructed.

992, What are the types of control charts for inspection by attributes and how are they set up ?
Let p,, be the probability of a mean of a sample of size n exceeding upper control limit when the

population mean has shifted to p’ + ko', find :
n for a point to go out of control, and

() The probability that at most m samples are to be take
:nts exceed upper control limit, the

(ii) If we decide to pronounce lack of control when r pot
ints to exceed UCL.

probability that m samples are to be taken for r po
23. (@) What do you understand by acceptance sampling procedure ? State its uses giving

illustrations.
(b) Describe single sampling plan Obtain OC and AOQ curve for thi istingui
; : s plan. Dist h cl
betw;en (@) P'roducer’s risk and Consumer's risk ; (ii) AQL and LTPD. 5 istinguish clearly
4. Explain the principles and the procedures of (i) Lot Quality Protection, and (ii) Average Quality

P : Ak .
rotection, assured to consumers by sampling inspection plans. Discuss the guidelines for the

en the process shows a state of control. Discuss in detail

or the following situations
than the specified tolerance.
ely equal to the specified tolerance.

o limits, (iii) Modified control limits and (iv) Specification limits.
the control limits, specification limits and reject limits. Also
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DIscussiopn AND REVIEW QUESTIONS
1

: ain amount o e,
- @) "Measureq quality of manufactured product is always subject fft ailrfeguy particular fsl'ﬁ“at‘%
as a result of chance, Some stable system of chance causes 1s'1nhe1'f3Th Statistical Qualit (? ® of
broduction ang inspection Variationywithin the system is inevitable. The i
alms at digcoye 7

- : " Elaborate ol
Ty and rectificatj sons for variation outside this 'stable patt’em' — ;
. (0) Give cleayly meaning ?):‘l::c(l)mf\;id of the term ‘Statistical Quality (13‘;{1:;(;62;2?;1‘5‘;1511 betWeen
Process’ and ‘prodyct control. Does process control also ensure product COI; Discuss briefl .its
... 2. (@) What do you understand by Statistical Quality Control (SQC) ? Discu ¥ 1LS neeq ang
utility in industry. Discuss the causes of variation in quality.
(b) What is me

ant by process control in industrial statistics ?
(¢) Examine th,

FUNDAMENTALS OF APPLIED STATISTlc

: . : tion.

€ need for quality control techniques in produc : .

: 3% What is control chart ? Explain the basic principles underlying the control charts. Discugs the
Tole of contro] charts in manufacturin

g processes. i
4. Explain how a control chart helps to control the quality of a mar{ufﬁ(ﬁturi‘(ii ﬁiﬁgtfo??t?lﬁe o

ba§1s of a control chart, Distinguish clearly between the charts for variables a This
Is it possible to use the latter for former ? If so, when and how ? - to stabilise the vari
5. Comment op the statement “the aim of control chart technique is to s i nit
Pattern of the product to keep a continual check so that the stability of the pattern is not disturh

the worse and at the same time to seize upon any factor which may happen to improve upon the
Pattern”. Illustrate
c

. - . G -chart, and (iii) the X and R
your points with reference to (i) the p-chart, (ii) the c-chart, " ey
harts, and bring out the roles of the binomial, Poisson and normal distributions respectively ip thig
connection, i '

6. Explain the justification for using the three sigma limits in the control charts irrespective of “
actual probabilit

y distribution of the quality characteristic.
7. () Explain clearly the basis and wo

and assumptions on which X and R-charts are developed.

(b) Explain in detai] the X and R-charts. What purposes do they serve ? What are their advantages
over the p chart? -+

Explain how to estimate ¢ from the mean range of samples of constant size drawn during 5
continuous production process. What are the other methods of estimating ¢ ?

8. (@) Explain the usefulness of R-ch

art. When is s-chart used in place of R-chart ?
(b) State the control limits of X, R and s-

process can be estimated from R and s.
9. Account for the following procedures in control chart analysis, stating clearly any assumptiong
involved :

bility
ed fop

rking of control charts for mean and range. State the basig

charts. Also state how the standard deviation of the

() A sample of size 5 is ordinarily used in control chart,
(i) The range is used instead of standard deviation, and
(if) The three sigma limits are used for control limits instead of exact probability, whatever be
the type of quality characteristics.

10. Explain the construction of a control chart for X when
(i) the standards for p and ¢ are s
(ii) the standards are not specified.

11. Explain the main control charts for attributes and obtain their control limits. Discuss the
antages and disadvantages of control charts of vari

variables and control charts of attributes.
12, (@) What do you understand by control chart for fraction defe
Giv

e the theoretical distribution on which the control limits are based.
(5) How will you interpret a p-chart, particularly the points above the upper control limit and below
the lower control limit.

pecified as p’ and ¢ respectively, and

ctive ? Explain its construction.

———

- e
e

T ORI TR

e e
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STATISTICZZ =
)\ Thus, the points of the ASN curve can be tabulataHES RMOFASN CURVE FOR THE SEQUENTIAL
\ ) ASN 3 40[ SAMPLING PLAN
% (Su bm,jt'ted lot (Average Sample 1201
\. quallfy) Number) Mg
0-00 20-0954 = 2010 | »
0-15 62:5262 =62:53 | < °Of
0-2188 132-96 T 60}
AT,\'J*E 0-30 61-28 o
1-00 66172 =662
20 (1,6-62)
0 05 40 45 20 25 @ . 10
Fig. 1-27
gample Size for arriving at a Decision
SEQUENTIAL SAMPLING PLAN
ap =—4-3975 + 0-2188m  ; r,, =5-1672 + 0-2188m
' 1 G Fiss m d, a,, T'm
0 -4-1787  5-386 18 2 04591  9-1056
0 -39599 56048 19 2 —0-2403  9-3244
1 -3.7411  5-8236 20 2 —0-0215  9-5432
1 -35223  6:0424 21 2 01973  9:7620
1 -3-3035  6-2612 22 2 04161  9-9808
1 -3.0847  6-4800 23 2 06349  10-1996
1 -2-8659  6-6988 24 2 0-8537  10-4184
1 26471 69176 25 2 1.0725  10-6372
1 -2:4283  7-1364 26 2 1.2913  10-856
1 22095  7-3552 27 3 15110  11-0748
1 -1-9907  7-5740 28 3 17289  11-2936
1 ~1-7719  7-7928 29 3 1:9477  11-5124
1 -1-5531 8:0116 30 3 2:1665 11-7312
1 -1:3343 8:2304 31 3 23853 11-9500
1 -1-1155 8:4492 32 3 2:6041 12-1688
E 1 -0-8967 8:6680 33 3 2-8229 12-3876
g 17 2 -0-6779  8-8868 34 3 3-0417  12-6064

F or m = 34, d,, lies outside a,, and r,,. In fact d,, <a,, at m = 34. Hence, sequential
sampling plan is terminated with the acceptance of the lot after inspecting the 34th item.

R
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{ ¥

B e
3

m —4-3975

hy 4-3975 _ 0-46
OC Curve. When p =s = 0-2188, P@p)= m = 95647

LOINT OC CURVE FOR THE
THSEE(S')SSNTlAL SAMPLING PLAN

T
MM‘——M’”
e et

5 POINTS OF THE oCc CURVE
f p - L(p)
(Submitted lot quality) (Probability of Acceptance )
0 1-00
po =015 1—o =099
s =0-22 0-46
pg = 0-30 B = 0-02
1-00 0
L RS

The OC curve is drawn in adjoining Fig. 1-26.

ASN Curve. The general five points on the ASN curve are obtained as follows:

b 169461 _ o0. 1
When p = O, E(n) = E; = ——‘_—0'08433 = 20 095 E
P =pPo = 0'15, :
(o) hy -k _ 0:99x4:3975-00LXFIOTE _ g,
When E (n) = S— Do = 0-2188 — 0-15 = 625262 ‘
VVhen P —g= 02188, E(n) - _h_lﬁ'z_ = M - 132.96 %
s(1-s) ~ 0-2188x0-7812 i
For p =p1=030, ‘
En) _(1—13)/12—3}&1 l
p1-—S§
098X 5-1672 — 0-02 x 4-3975
= 0-30 - 02188 doxt
For

%
i W 1-99123 i
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(1 TICA
Ry S 1.67
- 2) and (3), we get
(1.300) From ( |
| €1 <Pu o <
1-
p ’ ik €1 > Do 1.2
\ cy 1 C2 1—-po
\ = e  1-p1 = o G
o i (o1 . P Do 2 5 c2” 1-po
\‘ Hence, 1-po 05 . Dwpy 7T i Ty W leg = 1_1p (Using 4)
ﬁ1+I£91;—<1+Is_~s<1+1 ! e | 12
—Po . P —pg " L=8"1-p, ¥ —p1<l-s<l—-py or po<S<Pr
~%, gxample 1-18. It is desired to run a risk of 1 in 100 in rejecting a lot which i d
2 15% defective and 2 in accepting a lot which is as bad as 30% dg; t'O wa lshasgoo' s
‘ % defective. Draw the decision

: ¢t the OC and ASN

lines and plo - >INV curves for the above sequential li

units would you requzire to arrive at a decision for the following seqs;enr:fe L(Z;‘gir{)sl;:c.teI:lioiLtl:anr:Lsa.?qb 7
p N N N N N N N N N N N N N D

N N N N N
~ N N DN e NN D, NN »
‘ where D standsF for cflefectt)we item and N for non-defective item. , S A
| Solution. I'or the above sequential sampling plan, we have in the usual not ti .
| Do (AQL) = 0-15; p1 (LTFD) = 0-30 ; o ((Producer’s risk) = 0-01; B(Cons?nﬁgrz r(i)rslli); 0-02
S bt a LB g, 08
3" a g og |~ =18 {go1] = 1-99123
o '
ald 1 1 -
; b =—logB=1o (—) =1 (——0‘)= (2 _ 1.
. g g\B og B log 0= 1-69461
1gle _
Tee ol %1 = ol g'_?% — 0-30103 g1 + g2 = 0-30103 + 0-08433 = 0-38536
0 ; 0-08433
1-03) 1 [070) _10e 0-8235 = 1 s =—E2—= = 02188
- (/1 —£1) = 1og o5 ) = log 0-8235 = 1-91567 7.+ 2, 0-38536
P1_ b 169461
_ log 2t = 0-30103 4 5 2%
&y 5 Y h1= g g, ” 038536 SO0
— Do —P1
g2 =1log (1_ )=—10g (r—) 2O _1'99123_ )
S Apd Po ha = g, 038536 Abis
(1) § = —(1-91567) = 0-08433

: Hence, the acceptance and rejection lines are given by : [e.f. (1-24e) and c.f. (1-24g))

Acceptance Line (Ly) THE SEQUENTIAL SAMPLING PLAN

d,=-hi+sm = A kﬂe\ﬁc‘:‘%““ F’fg{i'g.lz 402188 M
o 4, =-43975+02188m .09 2 5 \
| Rejection Line (Ly). $ = |
) | d = hy+sm A 5.1672 Continue
A m (Y
(o]
F > d, = 51672 + 0-2188m L) g
For plotting the lines in (*) and (**), ¢ -hy= m (Cumulative Number inspected)
we need two points for each line which 8§ 43975 e
i o : = R S
are obtained in the following table : E - Lhassrem - 4397 02188
< L Acceptance B9
£
©
Fig. 1-25
b
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Eny=%. 8 (133 ‘\
g1 1l-s :’
When p =s,L(p) = hy [e.f. (1-30b) and (130¢y |
h1 2 hz 'x :
FIVE POINTS ON ASN CURVE ﬁeﬂce
FOR SEQUENTIAL SAMPLING PLAN

- —hz_) b ( hy )
E(n) = M
S8y — 1-5%) 8,
hi+hy  s(g;+gy) Py (6Form)
[From (1-24:) and (1-30b)]
__hihy
=5-s) (133 )
These five points obtained in|’* LTF

equations (1-33) to (1-33f) are expressed in
the tabular form in the adjoining table :

|

_alaxb)=b Q-0 kg |
by | §

s(1—s) %
a-PBa+bd) Q=P hy—Bh, |
p1(g1+82) — 82 Py—s o B
L or ho |
1 1-s \
81 ‘
Remarks 1. Although sequential inspection plan provides for an infinite number of stages, it has
been established mathematically that sequential process ultimately terminals with pmb?t,nhty ope. For
a detailed discussion on SPRT the reader is referred to the book ‘Sequential Analysis’ by A. Walg,
published by John Wiley & Sons, New York (1947).

2. The chief advantage of sequential plan is the reduction in the A.S.N. As compared with single |
sampling plan, sequential plan requires, on the average, 33% to 50% less inspection for the same degree
of protection, i.e., for same values of o. and B.

3. ASN is maximum atp =s.

4. po<s<p,

g
Proof. In the usual notations: s= & = 1l-s= 2
81+ 82 81+82 %
S s 82
Dividing, we get ik
We have

€:=10g (py/po) =log p, ~ log p, 1
Using mean value theorem from differential calculus, viz., \
i

fo)-f@=0b-a)f'e);
flx) = log x, we get

a< ¢ <b,
with

1
g1=(p1—po)(c—1); Po<C <Py (2)

1 - po
Similarly, g2 =log (1_—_131) =log (1-po) —log (1-p,)

1
=(p1—po)c—2'1—p1<02<1—po

..(3)
. S (5]
Substituting in (1), we get

.4
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ASN Function of Sequential Sampling Plan. The sample size n in sequential testing
a random variable which can be determined in terms of the density function flx, 8). The

s

ASN function of an SPRT for testing Hj : © = 8, against H,: 0 = 0, is given by :

L(8) log L(8) log B + [1 — L(0)] log A f(x, 81)
E(n) = EG) , where z=log fex, 9:))

Thus for sequential sampling plan with AQL po and LTFD p1 (i.e., for testing
, against H1:p = p1), we have

=P E(n) _L®@)log B + (1 - L(p)l log A
E(z2)
o ISP 3 ol il e
where 2T fpo - Ve | BRpg
f (x, py) f(x,py)
E =E log =241 = 1 T
L ¢ f(x,po) Eo P p) 10gf (x, po)
P1 1-p;
=plog =+ (1 -
4 ogp0+( p)IOgl—Po
L(p)log B + [1 - L(p)] log A
Hence; E'(n) =

Py 1-p,
p log (Po) +(1-p)log (1—p0)

which is the required ASN function.

Five Points on ASN Curve. A sufficiently good idea of ASN curve for the sequential
sampling plan can be obtained from suitably chosen five points which are easy to obtain. The

ASN curve so obtained is referred to as 5-point ASN curve.

The general 5-points on ASN curve corresponding to p = 0, 1, p; (LTFD), po (AQL) and s

are obtained from (1-:32b) as explained below.

1-65

...(1-31D)

...(1-32)

...(1-32a)

H()Zp

...(1-32b)

When p =0,L(p)=1
log B -b b bllgy+g89 hy
= — A — A — N e T — Ty 1'33
Ein) log (1-p)/(1-p2a)l = —go g2 gollg1+82) s ; L
When p1 =p,Lpy) =P
Blog B + (1 —P)log A
Ty = P1 1-p,
log=—=+(1- 1
POk kb g
a—-(a+b)P (1-PB)a-bp
= = 1‘33
P18&1—-(1-pgs (@1+82) -8 KR
= il E’) hzs_ Bhy [Dividing numerator and denominator by g, + g,)...(1-33b)
bt
When D =Py, L(p()) =1—-a
-1-)b+aa ala+b)-b
E = = sen 1'33
S Po&1—(1—-polgs  pPo@1+82) -2 ( k)
-4 —(1-0o) h]_ + (lhz
# Po—S
(1-0)h;—o hy
= ...(1-33d
S—pPo ( )
When p =1,L(p)=0
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_h where now h >0, then

ke
T d of h we ta
Remark. If h assumes negative values, 1.¢ if instea

A”—l Bl:
T k-t _1;41)3"=(n/_f")
Lp, -h) =Ah_BHh < (B’l - AB A -..(1.29)
L(p,~h) =B" . L(p, h)
1-p, , h
(1——770) Uy (h) (‘ﬂ) 29
and p(-h) = (‘;; =P\ po

[rnl (&)
1-po) ~\Po

Thus for negative values of &, the points on the OC curve ca
(1-29a).

Five Points on OC Curve. Often, a suffici
the following five easily computed points on the curv

Since a lot containing no defective (p = 0) will a
defective (p = 1) is sure to be rejected, we have
L0)=1 and L(1)=0 :
L(py) = P (Accepting a lot of quality Po )

=1- P(Rejecting a lot of quality p1

n be obtained from equations (1-29) i
nt appraisal of the OC can be obtained froy
e

e.

lways be accepted and a lot with 10gq

)

=1l-a
L(p;) = P (Accepting a lot of quality p1) = p
g h
e (13
Letp =p’whenh =0, ie, p’'= li = lim -+-(1-30)
et p = p when yL.e, p h,,linop By -0 El)h (I_Pl)h
Pal \1=Po r
This is the indeterminate form gand hence by L'Hospital’s rule, we get
) e(h)  -melEh)
1-po e 1-po . 1-po
p = m =
h—)O(p—l)hlo ﬂ_(l_pl)hlo 1—P1 i (%l 1 l_pl ;
Po & Py \1-pg & 1-po % o Ogl“Po

b o . AR-1 log A , 3 :

P = hhi)n(] L(P) == ]111—I)n0 Ah . Bh = lOgA i ].Og B (L Hospltal S Rule) (1'30(1)

Remartk. Using the notations of (1-24d), we get from h

(1-30) and (1-30a) P Lp) ||

g oo '

I Pl .(1:300) ¢ b o
[On dividing numerator and denominator by g, + g, a+b  hy+hy |
and using (1-24f) and (1-244).] ~1 p1=LTFD i z
The five points for the OC curve are expressed in a B B
tabular form in the adjoining table : Mg 1 0 4_/] E

E
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R
[t is obvious from the equations (1:24e) and (1-24g) that the acceptance and the rejectio
s are parallel to each other, their slope being s.
. og Are . .
. [t may be pointed out that d,, is the cumulative number of defectives, m 18 the
mulative number of observations, at the stage considered.
cu pirabof all, we plot the two lines L, and L,. If at any stage the point (m, dx,) ligs betwile;n
two lines, the sampling is to be continued by taking an additional observaﬁmn. If the
the o, d,,) lies above or one line Ly, the lot is rejected and if the point (m, d;,) lies below or
Ol?he line L1, lot is accepted.
on

Remark. Dividing (1-24 f) by (1-24h), we get :
h b '
h_; “a = ah;-bhy=0 ...(1-24 1)

0C of Sequential Sampling Plan. The OC function of a SPRT for testing Ho : © = o
0 = 0, in sampling from population with density function f (x, 0) is given by :

against Hl : :
” - _fﬂi (1-25)
L(9) =P,(0) = ANB) — B(®)
where, for each value of 0, the value of 4(0) is to be determined so that 2(8) # 0 and
= ...(1-25a)
ﬂxs 60) 1,

where A and B have been defined in (1-23b).
Thus the O.C. function of S.P.R.T. for testing H : p = pp against H; : p = p;is given by :

A1
Lp) =45 g =L ), (say) ...(1-26)

where A = h(p) is obtained by the equation :

1 h
f (x, p1) st
.«E‘o f(x,Po)] flp) =1
(1, h 0, h
N 8] ram + L322 ro.p =1
i h
P1 ) l‘Pl) _ .
2 p(Po) by p)(l—po =1 . (1:27)

The solution of (1-27) for h = h(p) is very tedious. From practical. point of view, to draw
the OC curve, it is necessary to solve (1-27) for hg instead we may regard h as a parameter
and solve (1-27) for p thus giving

1. h
1 ( Pl)
1—po

BF - =p(h), (say) ..(1-28)
%) - (=5
Po 1-p,
Novy, various poin.ts on the OC curve are obtained by giving arbitrary values to 2 and
computing corresponding values of p and L(p) from (1-28) and (1-26) respectively.
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B
(p/l) s (m- dn
log 7\.,,, = dm lUg po

Hence accept the lot if

dms log
1-p1\<10gB = (%L), i-»p
d, log( 1)+(m-'dm) log(/f) log

P1
Do 1-Po

Reject the lot if

' —— LT
Continue sampling if < dm <Tm

cce
For each m, a, and rn are known as 2
respectively.

ptance nu

: e compute
Procedure. At each stage of the expenment, W thi

: when
inspection as long as @n < d,, <Tm The first time
inspection is stopped and then

(@) ifd, 2 Tm lot i8 rejected, and

(i) ifd, < am,lot is accepted.
Remark. If we write ‘

1-po sl
g, = log (p/po), 82 = log (1’_’};1), logA =@, log B
L = 82
_ logtl-po’2—F1
Pl log(1-po/1 P1)

$=log (p1/po) —log A —p1/1-po = g1+

then the acceptance and rejection lines L, and Lo are€ given by the follow1ng equations :

-b mgs
e Line Bt Ml S S T e d
cceptance Line Lyt @m=0n =g g " g+ g m
where hy= D
g1+ 82
and — h, gives the intercept of the line L on the d , axis.
Rejection Line Ly :
a 82
., STy & +m = =
mTimT g1 +8 81182 i g 0
where hg =
g1+ 82

is the intercept of the line L on the d,, axis.

mber and

g inequ

1-P1

f
1ogA’m10g (1‘-}70
T

1-p1) 51084 2% (1)~ ( -
d,, log (}‘%i)+(m—dm)log(1~po)zlog Jog log \1 -Po

\

—

0

am

=—h,+ M

.(1-24p)
rejection number

m .
ality 1S V10

..(1:24d)

D STATISTIgq

T

—~
i
Do
>
i
L ———— ..N-t-“.f"x“‘!ﬂ‘-‘"“‘#‘ o

= rn (say) ;

and we continue
lated, the
s

[

|
..(1:24¢) 0;
5

(124



b e . B 4

;Y.
k

PR T e

61

ATISTICAL QUALITY CONTROL "
STATE

' .des for infinite

sampling is sequential sampling which provides ln‘1 infini .

gample items are

The ultimate in multiple
nber of stages for arnving at a decision.
ed one at a time and after each item inspec
the lot, to reject ",h‘(.‘, lot or to continue sampling is t
minimum amount of inspection. .

gequential schemes are considered to require most care and supervision 'm-operut\m\.t
where the inspection or testing costs per article are high and sampling (.lcstructl\{e,_ Ut"“t‘_’s
economy in the number of articles inspected 1s important and often outweighs administrative

convenience.

Sequential Probability
condition that the probability of rejecting the lot does not ex
probability of accepting lots does not exceed B whenever p
probability ratio test (SPRT), pioneered by Dr. Abraham Wald, for t
p =Po against the hypothesis Hy : p = p1.

Here if we take AQL = po ; LTPD = 100p, or lot tolerance fraction defective py @ & =
Probability of Type I error and P = Probability of Type Il error then o and P are the
aximum producer's and consumer’s risks respectively. SPRT is defined as follows °

Let the result of the inspection of the ith unit be denoted by a Bernoulli variate X , t.e.,

X; = 1, if ith item inspected is found to be defective

In sequential sampling, .
. - e
ted one of three decisions, VIZ., to accept

pul
aken. This scheme provides for a

examin

ng the

Ratio Test (S.P.R.T.). A sampling plan satisfyl
ceed o whenever p < Po and the

> p; is given by the sequ(izntial
esting the hypothesis Hy -

m

= 0, otherwise.
‘p’, if f (x, p) represents the probability
f(,p)=p and fO,p)=1-p

Let pim and pom be the probabilities of getting d defectives in the sample (X4, Xo, ooy X
of size m under H; and Hy respectively. Then the Likelihood Ratio A, is given by -

m

11 %;; ) m
Pim z=1ﬂ g - flxi,p) _ P1%™ QA —py

7\.':1 =pom = m ﬂxi’p()) i . (1 K )m—dm
I fx;, pg Po Py

iz

SPRT is carried out as follows : At each stage of the experiment,
mth for each possible integral value m, we compute A, and
G) If A, 2A, we terminate the process with rejection of the lot.
(i) If A,, <B, we terminate the process with acceptance of the lot. . (1-230)
(iii) If B <\, <A, we continue the sampling by taking an additional

observation,
and B are constants determined in terms of o and and are given by

A=(1-B)Yo and B=p/(1-0)
For computational points of view, it would be much easier to deal with log A, rather tha
with A,,. Thus SPRT can be restated as follows :
(1) IfA,, >log log A, reject the lot,
(ii) Iflog A, <log B, accept the lot, and
(iit) If log B < log A, <log A, continue sampling by taking one more
observation. ~

For the incoming lot quality function of X then

ym - d,
... (1-23)

at the inspection of the

where A
...(1-23b

(123
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= Pa, ™~
Shice BymPog Fr 0 N - Pd)
we get from (1-22) S (Pa—P?” ]+ N1~ Pa) ¢
ATt e aPay W BT e ) e ‘
p. 4 1+nz)[(1’ & 1 -Fd) ‘ "‘(1'22Q)
=nita, L Pa)* (N-"11" 2 b 18 deteljmlned so that ATy
=+ 13 Zlﬁx elatio ofrfbilrst sample 18 approximately t,
5
ce on e 1le.
and since eacy,

Remark. In Dodge and Romig tables, 72 "0
bility of 202 B p second 200 s

mpling P10 gminister

. 2 concerning the lot can p,

minimum and so that the proba
same as the probability of acceptance o1 s basel a
ubl n
Do to desig
rmaho!l

1-12-3. Single Sampling vS- y
B Single sampling plans are simple, eas 4 info
- axurﬂﬂn
ob:::frizd?an be plotted on a control chart, ™ . over SiD le samPlng Seen;S el
2. A very important advantage of double sa_f"plln*‘s’fO on 1sis of one S;,Igps: along
psychological. To a layman, it seems unfair to reject ae, octed after inspecting def tfnple§.
and appears more convincing to say that the Jot was é at finding at least two detectives i
Moreover, in double sampling no lot can be rejected W 0 f marginal quahty) always get 5
the sample taken from it—thus the border-line Jots (lots ©
second chance of being accepted.
the sampling
lves O

3. In the conditions under which .
EEPIEA qua

same
for the ly be accepted an

been found that the double sampling sche
heme 10 1
ty lot will gener?;1 11 the cases, where a decision to
considerable saving in the

inspection than the single sampling SC
double sampling scheme the good quali
rst sample- Thus, 1 :
le, there 18 a : i
) single sampling plan,
eject the lot without

usually be rejected on the basis of the fi
accept or reject is taken on the basis of the first samp 0C curve
amount of inspection than required by 2 comparable rd ble to T
Moreover, whenever a second sample is taken it may be poss1 R LA s
completely inspecting the entire second sample. Usually double samping o to
33% less inspection on the average, than single sampling. e
unt of inspection afforded by double sampling is one of
er, that a double sampling
e double sampling schemes

' The general reduction in the amo
its strongest advantages. This does not necessarily mean, howev
ling scheme. Th
d sample being unpredictable,

SCI_leme could be less costlier than the single samp
being more complicated and the necessity of inspecting secon
dure may be higher than that for single

the unit cost of inspection for a double sampling proce
of double sampling scheme are generally steeper

sampling procedure.
4. The operating characteristic curves
than those of corresponding single sampling procedure .e., the discriminatory power of
double sampling procedures is a bit higher than that of single sampling procedures.
1-12-4. Sequential Sampling Plan. We know that one of the advantages of double
1in giving the lot second chance for acceptance.
inspection in double

sampling over single sampling is psychologica
Moreover, except for lots of marginal quality the average amount of
fore, natural to suggest triple, quadruple

samph’ng is less for the same protection. It is, there

or in general multiple sampling as a way to reduce the amount of inspection still further
Unfortunately such plans become very complex both to construct and to administer and the
small gain in sampling reduction is inefficient to warrant them unless one goes all the way t

nerally operated it hag
gerage less amount of
urance. Under the
d bad lots wij

chemes are ge
n the 2
lity ass

sequential sampling.
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STATIST
rhe ultimate in multiple sampling is sequential sampling which provides for infinite

r of stages for arriving at a decision. In sequential sampling, sample items ar(‘t

ed one at a time and after each item inspected one of three decisions, viz., to accep
lot, to reject the lot or to continue sampling is taken. This scheme provides for a

th.iimum amount of inspection.

nl 1 . . . . &

! gequential schemes are considered to require most care and supervision in operation.

e inspection or testing costs per article are high and sampling destructive, utmost

the number of articles inspected is important and often outweighs administrative

puin be
Cxanllll

where th
economy n
convenience. i
Sequential Probability Ratio Test (S.P.R.T.). A sampling plan satisfying the
ondition that the probability of rejecting the lot does not exceed o. whenever p < po and the
crobability of accepting lots does not exceed B whenever p = p; is given by the sequ?ntl,al
probability ratio test (SPRT), pioneered by Dr. Abraham Wald, for testing the hypothesis Hp :
ﬁ = po against the hypothesis H; : p = p;.

Here if we take AQL = po ; LTPD = 100p; or lot tolerance fraction defective py : & =
probability of Type I error and B = Probability of Type II error then o. and B are the
maximum producer's and consumer’s risks respectively. SPRT is defined as follows :

Let the result of the inspection of the ith unit be denoted by a Bernoulli variate X , i.e.,

X; =1, if ith item inspected is found to be defective
= 0, otherwise.

For the incoming lot quality p’, if f (x, p) represents the probability function of X then

f(lyp)=p and f(o,p):l_p

Let pim and pon be the probabilities of getting d,, defectives in the sample (X3, Xo, ..., Xp)

of size m under H, and H, respectively. Then the Likelihood Ratio A,, is given by :

II x;, P m
i=1ﬂ i L o, py) _ py™ A-py™— 2 ...(1-23)

ﬂxi’po) o podn1 (1 __po)m' "'dm

III ﬂxb pO) Ll

SPRT is carried out as follows : At each stage of the experiment, at the inspection of the
mth for each possible integral value m, we compute A, and

(z) If A, 2A, we terminate the process with rejection of the lot.

(zz) If A, < B, we terminate the process with acceptance of the lot. (1-230)
(zzi) If B <\, <A, we continue the sampling by taking an additional
observation,
where A and B are constants determined in terms of o and B and are given by
A=(1-B)o and B=R/(1-) ..L1-23b)

For computational points of view, it would be much easier to deal with log A, rather than
with A,,. Thus SPRT can be restated as follows :

(t) If A, 2 log log A, reject the lot,
@(@7) Iflog A, <log B, accept the lot, and ...{1-23¢)
(@ii) If log B < log A,, <log A, continue sampling by taking one more
observation.

R
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N1 -P,)
ATI = ILIP(,] + (7?.1 +n2) (Pa —P(ll) o+
Re

- P,
—Pa)]l+ N1-P,
=niP, + (ng + nyl e (1)(1 —aPa)
=ny+ 1112(1 —Pﬂq) R
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