A UNIFIED METHOD OF INSPECTION AND QUALITY CONTROL
By

* P. V. Krishna Iyer and M. N. Bhattacharyya,
Detence Science Laboratory, New Delhi

ABSTRACT

Tt has been shown earlier that the mean and range charts used
for 8.Q.C. can be replaced by a single chart showing the largest’
and smallest values of samples taken from the machine at regular
intervals. This chart designated as L-8 chart has been found to
be economical and efficient in many respects. The present paper
shows that by modifying the sampling procedure, the 8.Q.C. chart,
besides providing information on the machine setting, tool
wearing ete. for controlling the quality, gives informationon the
quality of the products collected during sampling intervals and
thus enables us to dlspense with 100 per cent stage inspection
which is in practice in the ordnance factories. The modification
consists in taking one or two jobs from the machine at regular

~ intervals and another four jobs at random from the products ma-
nufactured during every interval. ‘The samples so selected are
~ plotted on a chart against the specification limits. The collections
during the different intervals will be accepted if all the four jobs
are within the specification ] limits; otherwise screening will be done.
Condition of the machine is ]udged mamly from the jobs taken
from it. The experimental investigations conducted at the Gun &
Shell Factory, Cossipore show that this procedure works as
effectively as the L-S chart and cent per cent inspection. -

Introduction

A finished ordnance component is the result of a number of successive
operations carried out either in a multi-spindle machine or in different machines.
After the operations in a machine the jobs are usually inspeCted 100 per cent
by the viewer. This inspection is called ‘Stage inspection.” Before the final
acceptance, all the jobs accepted at the last stage inspection are once again
inspected for all the characters of the component. This is called the ‘final ins-
pection’ or ‘bond mspectlon The general productlon and inspection plan in
the ordnance factories is shown below. :
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Tt will be noted from the above plan that the jobs accepted for assembly
have to undergo at least two inspections: once at the stage and again at the
bond, the second inspection being the final one. Both the inspections are carried

-out by the T.D.E. personnel.

The stage inspection is done with a view to—. o

(1) Improving the quality of the product by preventing the produc-
tion of scraps. o

(2) Ascertaining the number of correct jobs produced for - which wage
~ .isto be paid to the worker. ' .

(3) Stolpping' further oi)erations on defective jobs. -
This inspection is done as follows—

After setting the machine in the morning the first few jobs manufactured
are placed on the inspection table. If they are to the specifications for all the
characteristics the machine is allowed to go ahead with produetion, otherwise
the setting is altered. The jobs produced during the first hour or so are collected
and placed on the stage inspection table and the viewer inspects them one by
- one. The result of the inspection is brought to the notice of the machine opera-
tor. But the complete inspection of all the jobs on his table takes a good deal of
time and by the time it is finished an equal number of jobs are produced by the
machine. The information available from the inspection of the previous batch of
products is practically of no value to reduce the scraps during the succeeding
period. Thus one of the purposes of stage inspection is not fully served by the
present method. S

The stage inspection is intended to be 100 per cent. But dueto shortage of
staff and human limitations it may not always prove to be as efficient asit is
desired to be. Under these circumstances we feel that the stage inspection may
be more efficiently and economically done by replacing cent per cent inspection
by sampling inspection. It will be all the more economical if such sampl-
ing' inspection and statistical quality control (S.Q.C.) are combined
together. :

At present 8.Q.C. for measurable character is done by the aid of the X and
R charts!. Recently, following Howell?, it has been shown 34 that 8.Q.C. work in
factories can be simplified to a considerable extent by replacing the conven-
tional X and R charts with the L-8 chart, that is, the chart showing the largest
and smallest values of the samples. The advantages of the L-S chart
are— ! ‘ : '

(1) It is much simpler and hence less costly.

(2) Tt detects lack of control almost as efficiently as the X and R
charts when there is change in the standard deviation without any
appreciable shift in the mean. But when the mean changes its efficiency
gets down appreciably.
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(3) In L-S chart a simple comparison of the control limits to the tole-

rance limits ensures economic control, while in X and R charb
such assurance requires further calculation and comparison.

(4) In some cases, quicker diagnosis of the assignable cause is possible
in the L-S chart. e .

(5) The L-8 chart is readily explainable to the machine operator.

In view of the above advantages we may now examine how the sampling
procedure of the L-8 chart can be modified to give information regarding pro-
duction between two instants of sampling and also about the condition of the
machine setting and tool wearing etc. The L-S chart is based on samples of five
consecutive jobs taken from the machine at regular intervals. The measure-
ments of these jobs are noted and the L-S chart is plotted on this basis. No in-
formation is available on the intermittent products and as such their accep-
tability is decided by 100 per cent stage inspection mentioned earlier. If instead

of taking five consecutive jobs we select at random four jobs from the products

manufactured between two sampling instants and one or two jobs from the
" machine at the fixed interval, this will provide information on the condition of
the machine and also on the acceptability of the intermittent products. The
efficiency of this procedure has been compared in this paper with the result. of
the L-Schart and cent per cent stage inspection. This has been done by
collecting data on two ordnance components manufactured at the Gun ‘and
Shell Factory, Cossipore. The details of the experiments are discussed in the

next section.
Experimental Investigations

Selection of components

Two components were selected for study. One was the safety pin of fuze
162, mark 2/2 body, manufactured in a single spindle automatic machine and
the other was the sleeve (also called inertia pellet) of fuze 119B mark 15 body. -
The latter was manufactured in a six spindle automatic machine. The rate of
production of the former was 120 per hour while of the other it was approxi-
mately 100 per hour. These jobs were selected for the high rate of production
and the expected continuity of manufacture during the expen;nental period.
Multi-spindle automatic machine was specially selected for studying the efficacy
~ of the proposed modified 8.Q.C. for controlling simultaneously a group of
spindles in place of the present group control chart. ’ ’

Past inspection record

Previous stage inspection results for these two components, as
collected from the T.D.E. stage inspection records are given 1IN the
Tables I & IL. These do not include the repairable defectives. Thus the
actual percentage of bad works done by the machines will be more than
what has been shown in the T.D.E. record. It may also be not.ed.. that the
above inspection results give the defectives for - all - the characteristics. of the
component, 3 for the safety pin and, 10 for the sleeve.
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TABLE I :
| Stage. Inspection results G
- Fuze 162 Mk 2/2 body, Component—=Safety pin,
Date Number of jobs | 6. of defectivo

manufactured : jobs .
1-12-56 . . 312 12
8:12.56 . . 620 T2
4.12-56 . » 617  1'7‘ '
5-12:56 . . 632 e
81256 . . 1620 20
712:56 " : 631 81
81256 415 15
101256 - . C e ity 12 e
111256 : e 629 297
12-12-68 . . 138 8
131256 . 420 20
14-12-56 . . . 315 - 15
15-12-56 N . 260 10 -
26-12-56 . ; . “ 316 16,
27-12-56 v . . 371 21
98.12:56 . 528 28
29-12-56 .. . . . 210 10
31.12-58 T . 290 15
1-1-57 . . 262 12
2.1.57 . . 503 28
8-1.57 . . . . 314 14

- 8815 F

© Peroentege-défostives=4-49%
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 TABLEII
;S'tage Inspectitm results
St@re ———Fuze 119B Mk 15
Component—SIeeve
Date Number of jobs | . Defestive jobs
. . manufactyred . - | . :
2157 e e e T
37'1.57 o .. el g 1
7187 L RO o1 | 21
8157 e e e | 2
9157 .. e .. w81
0157 e o 625 |
11-1-57 N R 526 . 28
s . e . | e s
15.1.57 | e " 027 E3
16-1-57 T e el |
17.1-57 o 618 < 18
18157 O IR I .
10-1.57 : Ve .. ‘363 ' 13
21.1.57 .. .. . N SRR
22-1.57 . o . 619 ’ 19
a1ET e e | a2 %
95-1-57 o e 620 | 20
28157 .- R S T 7 S 1
20187 . . . . 618 : 15 ’
8057 e e e 620 20
s TS
Percentage defeotivesf—3 5%

Chamctemtws studwd

- Data were colleeted on three charactenstms, Flange d.lameter, Head dia-
meter & Body diameter of the safety pin.- Body diameter is a critical defect
because if the safety device fails, the fuze may function prematurely there by
causing harm to the user, For the sleeve there aze ten characteristios outof which
three, external diameter, overall length and the depth of recess were studmd
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Collection of data M

Data were collected for the safety pin for 9 days from 15-1-57 to 25-1-57
excluding two holidays. At regular intervals of half an hour four jobs were
selected at random from the collections in the tray after thoroughly mixing
them, and their measurements were recorded separately. Besides these, five
consecutive jobs were also collected and measured at regular intervals of half
an hour. S e

‘For the sléeve of fuze 119 B, mark 15, which was manufactured in a six-
spindle automatic machine, sampling procedure was slightly different from
that explained above. As in the case of safety pin, four jobs were taken at
random from the tray. In addition, two consecutive jobs from each of the spindles
were also collected at regular intervals of half an hour. '

Plotting’bﬁ control. charts and their interpretations

The collected data have been represented graphically in figures 2 (A, B, C,
D,E,F) and 3 (A, B, C, D, E, F). Figures 2 (A, C, E) represent the proposed
chart for the flange diameter, head diameter and body diameter of the safety pin,
while figures 2 (B, D, F) represent the corresponding .L-8 charts. Similarly,
figures 3 (A, C, E) show the proposed group control charts for the external -dia-
meter, overall length and the depth of the recess of the sleeve. The corres-
ponding conventional group control charts are 'Tepresented in figures 3
(B, D, F). It will be observed from the explanations.given in.the figures that in
the modified 8.Q.C. chart, besides plotting the measurements of the four jobs
collectcd from the intermittent product accumulated in the tray, the measure-
ment of the first job: belonging to the consecutive-observations made on the
machine has also been distinguishably plotted. This point has been plotted with
~ a view to obtain information on the machine setting etc. When this point
falls outside the tolerance limits, steps should be taken to-bring the machine
within control. If the first four points are within the specification limits, the
jobs accumulated in the tray should be accepted without further inspection.
On the other hand, if at least one of these points falls outside-the limits, the jobs
should be accepted only after 100 percent screening. The results of replacing
the stage inspection by such a sampling inspection will be discussed by calculat-
ing the overall out-going quality in 4 later section. - o T

In order to make a comparative study, the L-S charts have been plotted for
the five consecutive jobs side by side with the modified S.Q.C. figures. In figure 2;
the modified §.Q.C. chart has been plotted for the first four jobsalong with the
maximum and minimum of the first job from the spindles.”” The L-S chart for
the six-spindle automatic machine corresponds to the conventional group control
chart giving the maximum and minimum of the means of the two consecutive
components from the spindles. Asin the previous case, we shall accept the job
collected at the tray between the sampling intervals if all the four jobs taken at
random lie within the specification limits. Otherwise 100 per cent inspection
will be done. , L . ' )
. The results.of 100 per cent inspection of the jobs manufactured during each
day of the experimental period are also shown in the charts. e .
. .. T will be noted from figures 2 (A) and 2(B) that on two occasions the pro-
posed 8.Q.C. chart detected lack of control while the L-S chart failed to do so,



© T DEFENOE SCIENCE JOURNAL IR b

In all the charts there was no occasion when the L-S chart could reveal out of
control points while the proposed chart failed. This  indicates that the effi-
ciency of the proposed chart for the purpose of quality control may be more than
the T.-8 chart though originally we have proposed such charts for replacing
the stage inspection. IR

STATISTICAT QUALITY CONTROL CHART
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(i) In modified SQC method & sarﬁple con’sisf:s of five jobs; four being takea at random from the total
production of the sampling interval and one, as it is parted off from the machine at a particalar
time. The last orie is represented by a solid point @ in the chart.

(i) In modified 8.Q.C; chart all'theindividual observations of the ' sample have been_plotted. The
number of points for some samplesis less because of coincidence of observabions, i
(#5) The coincidence of maximum & minimum of the sample is indicated by point (*)in the L-S chart.

(#v) T LS chart failed to deteot lack of control while the modified 8.Q.C. method indicated presence
of defective jobs. :
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STATISTICAL QUALITY CONROL CHART: STORE FUSE 119B MK 15
BODY: COMPONENT—SLEEVE -
CHARACTERISTIC—EXTERNAL DIAMETER
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 CHARACTERISTIC: DEPTH OF RECESS

MODIFIED 8.Q.C. CHART
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The sampling procedure followed in the investigation consisted in taking four componentg at random
from the tray and consecutive two components from each of . the spindles, the modified 8.Q.C.
chart shows the first four. observations and the maximum and minimum of the first- set of
observations from the spindles. In the L. 8. chart the maximum and the minimum of the means
of consecutive observations from spindles are plotted.

Expected. percentage defectives by the two methods

The extent to which these two metods detect lack of control has already
been discussed on the basis of the respective control charts. We shall now -
examine the efficacy of the two methods by comparing the expected percentage -
of defectives that will be in the products manufactured on different days. The
underlying assumption made for such comparison is that the appearance of the
defectives is random and that there is no stage inspection and the proposed.
method is only for quality control purposes. If the expected percentage of
defectives (E.P:D.) by the two methods is the sante, we may reasonably conclude
that the extent of control achieved by both the methods is for all practical pur-
poses the same. In view of the fact that modified 8.Q.C. includes inspection
also, it is obvious that the modified 8.Q.C. is preferable to L-S or the X & R
charts. - If, on the other hand, the (E.P.D.) is different for the two methods it
¢hows that production is not going on satisfactorily. But it is very unlikely
- that there will be diﬁ‘erence in the E.P.D.s for the two methods when the
" machines are running to our satisfaction. The table below gives the means,

8D. & E.P.D., based on the data collected for different days.
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"TABLEIN |
Eaxpected Percentage Defectives (E.P.D.) by two methods
: ~ Store: Fuze 162 Mk 2/2 Body -
- Comiponent: ‘Safety Pin

Proposed 8.9.C. method -+ ol oo i 1,8 methed.-
Date Standard ’ — Standar& 1
mean(m) deviation(s) E.P.D. mean(m) - | deviation(s). | E.P.D,
l _Characi;eristic-Flangé diamet;ar [ B ’
15-1-57 +06157 ; . -00013 ) 353 - 06148 +00036 18-33
16.1.57 06149 | - i-0t>)03.4-v4 Bt Y 08162 00036 | 30-56
17-1.57 -08142 | . +00033 1027 | -06144 ~00029' 1072
18.1.57 | .. -06127 | -00031 40| 06135 -00028 544
19157 -06120 -00045 912 06150 | .. |
21.1.57 © %06145 | -+ -00050 24.07 06147 -00057 18-48
22.1.57 06135 | -ooqzs' : 552 | 06138 00020 | 738
24.1.57 | -06134 00023 | . 232 -06138 -00021 2:10
25-1-57 08110 -00030 |- -98 06120 | . -00030 2.28
. Charactéristic—;ﬂéad diameter ' v 4
15.1-57 -18155 - 00061 nil -18133 +00025 nil
16.1-57 | -18179 00052 | . +18180 +00066 "
17187 .18267 00096 | 18257 00006 | .
18.1.57 -18004 -06152_ " -18043 | - -00114 ”
19-1.57 | +17690 00085 " 17650 | ::06035 »
21157 | +18004 -00110 ” -18056 +00068 w
22.1.57 18121 | +00031 B ‘T8118 00026 | ,,
24.1.57 -18178 | -00061 | 18189 00051 |,
25-1-57 -18195 -00049 418213 00047 |,
- Characteristic—Body diameter - . . '
15157 -05830 -00025 nil -05833 -00029 | mil
16.1.57 ‘05819 | 00035 | - -05830 | - -00028 |
17.1-57 -05738 00072 | -, 05743 | +00069 ”
18157 - -05614 |  -00049 N -05621 00065 | -,
o1157| 05720 :00038 |, . 05726 00041 | -,
22:1.57 05701 | 00007 | , . +05701 00041 |
24157  -05770 -00062 R 05774 | <00068
25.1.57|  -05735 00041 |, 05734 +00038 |
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. TABLE IV |
Eapectd Percentage Defectives (E.P.D.) by two methods
Store: Fuze 119'B Mk 15 ; Component: Sleeve

Proposed method : i L-S methed -~ -~ -
Date :
mean (m) | Standard EP.D, mean (m) Standard E.P.D.
deviation(s) : deviation(s)
Chamcteristic;Depthv of recess -
21.2-57 " 10176 .0006 {  nil 1.0177 0006 | mil-
22.9.57 1-0176 .0005 | nil 10176 | -0005 I
25.2-57 1-0176 -0006 | il 1-0176 -0006 | 4
27.2.57 1-0176 0006 | mil 1-0176 0006 | ..
28.2.57 1-0179 - -0007 .240 1-0181 -0007 317
. L] . .
. -Characteristic—Overall length ‘ :
21-2-57 1-0575 -0019 9.18 1-0579 - +0020 14917
22.2-57 1-0542 -0008 nil 1-0544 -0010 nil. .
25.2-57 1-0542 ©+0020 2:04 1-0539 -0019 1-618 .
27.2-57 1-0546 0010 nil - 1:0544 . -0010 ml
28.2-517 1-0540 -0011 nil - 1:0542 ¢ 0010 nil; -7
Characteristic—Exterrial Dia,meter‘ —
21.2-57 " | - 5269 |  -0004 nil ; -5269 © .0005 nil"
22.2.57 .. -5272 -0006 v 5272 ©-0006 s
25-2-57 . 5271 -0008 .149 5276 | -0007 |
97.2-57 5262 | -b009 1-160 -5263 0010 1.101°
28.2-57 +5269 -0007 nil 5269 | . -0007 nil

TFrom the above two tables we note that the expected percentage defectives
- (E.P.D:) by both the methods are practically same. :

Effect of replacing the cent per cent stage inspection by the proposed
modified 8.Q.C. - : » ~ T

The proposed modified .S.Q.C. method is “intended to replace the cent:
per cent stage inspection by sampling inspection besides controlling the
production by giving the . latest information regarding the machine
setting, tool wearing ete. The productions, collected in the tray during the.
sampling intervals, will be accepted without further inspection if the correspond- -
ing sampled individuals are to the specifications. Otherwise these products will
be screened. Since the acceptance is based on the results of sampling, some:
percentage of defectives is expected in the accepted lots due to chance. The.
percentage defectives in the accepted lots, 4.e. the outgoing quality, will depend”
on the lot size, the sample size and the percentage defectives produced by - the:
machine. A table giving the values of expected or average out-going quality:
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: 3*7 .

(A. O Q ) is glven in Table v and are represented: graphlcally m F1gs 4, 5 6 The

method of calculation is.

A.0.Q. FOR DIFFERTNT SAMPLE SIZES (1) AND PERCENTAGE DEFECTIVE

PRI, PN

éxplained ‘below.
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A o .Q. FOR DIFFERENT SAMPLE srz’

A ‘U'N'IFI‘ED METHOD 015 "INS* CTTON

AND PEROENTAGE DEFECTIVE
(IOOxp) FOR N~200 AND ¢=0.
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FIG 6

Lot size=N

bample Size=n
Percentage defectives produced by the machme = 100 p.
Allowable number of defects in the sample = ¢ *

Expected number of d.efectwes in the lot = Np=M

Ife=0, then the chance of accepting a lot is -
(N—M
( ) Do
N
Cn : . .
N—M!N-—-n)!
= ®—M—nx1 ~0—P

P, =

I=Expected number of components inspected per lot—

= 0+ (N—n) (I—Pa ) ' RS S
Average out-going quality

N1 - N—n) P
Bamp S = St



" TABLE v

A'vefage Oul-going Quahty for different lot_size (N) and Sample size (n) for varyfjng values - of ﬁementage ‘
. defectives (100 X p) ’

N=100 T .  N=150 R N =200
i
a 2 4 6 8 10 2 4 6 8 10 2 4 6 8
lQOxp '

5| 49| am 46| 44| 43| 49| .48 47| 46 45| 49| 48

1| ee| o2 -89 -85 81| o7 .94 .91 88| 85| -07| .04

2| 1ss| 17| 167| 17| 147 190| 180| 17| 162 153 190 | 181
C3|em| 25| 25| 26| 199|280 | 260 241| 2:24| 2:08| 279 260
4] 61| 326| 204| 265 2:39| 360 ‘332 | 302| 25| 240| 365 333

5| a42| 3.91| 346 3-05| 2:69| 447| 398 355| 316| 2.81| 447 3.9

6| 520| 450| <389 | 8:37| 291| 52| 458| 3.09| 348| 3:03| 525 459

7| 593| 503| 42| 3-60| 3.05| 600 52| 437| 373| 38| 509| 513

8| 664] 550 | 456| 378| 313| 67| 561| 468] 391| 32| 670 562
9| 73| 593| 480 | 389 | 316 7-39|. 6-04| 493 403 32| 738 605

10| 704| 630| 500| 3.9 3:14| 08| 642| 513 10| 327 s02| 648
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Discussions

The object of 8.Q.C. is to reduce wastage in all-forms by obtaining informa-
tion periodically on machine setting, tool wearing etc. and thereby controlling
the machine to produce components to the given specifications. This is at
present done by making observations on five consecutive jobs at regular
intervals. Obviously there is a certain amount of uncertainty regarding the
number of defectives produced during the intermittent periods. In view of this
uncertainty, the products are at present accepted after only cent per cent
inspection. Acceptance by such a method involves two separate operations.
The cent per cent inspection may not prove to be as efficient as it should be on
account of human limitations. Therefore these two operations may be
combined into one operation involving 8.Q.C.- cum-samphng inspection. to
reduce the cost of production.

The results of the investigations presented in this paper show that by modi-
fying the sampling procedure of the ‘conventional method so as to include a
random sample of four jobs from the intermittent products and one at regular
intervals from the machine it is possible to detect lack of control, as efficiently,
if not more, than the conventional method. The modified -procedure provides
information on the quality of the intermittent products also. Therefore
by adopting the above method cent per cent stage inspection can be
dispensed with.
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