
SOME RECENT GRAPHICAL. CONTROLS FOR

PROCESS INSPECTION

L BY- DR. DOMINGO' C. ALONZO*
t . The principal aim of process inspection is to furnish us
information, either to assure us that the process is producing
its output according to specifications, or to warn us promptly
that some departure from specifications is occuring so that
action may be taken. Usually a graphical presentation of the
gathered information enables us to readily identify the oc­
currences of trouble in the process and to make easier .isolation
of the causes of trouble. Similarly, the graph easily draws
our attention to any significant improvements in the process
and to isolate the cause of such improvements,

Graphical controls are very helpful devices if' they signifi­
cantly indicate from a large mass of data when' action or deci­
sion is necessary. In this paper sonie of the recent graphical

. controls for continuous process inspection are presented. The
discussion begins with the construction' and operation of the
standard control chart o~ing to W. A. Shewhart.

2. The most common and the longest established statistical
form of graphical control for continuous process is due to
W. A. Shewhart (1931). Since his original proposals, this con­
trol chart has undergone various modifications and amend­
ments.

In e e t t i nq up a She-h<at control Ch.H( (or any
6 t a ti II tics (I, the c en t rall in e (a.. 1 11i 11 bed r awn

at /-Le with the upper control limit <UC!--' ond~e.
(ower control limit (LCl) ttl distances ~9and ):7,9

r:espectively,from a.. -h e r e l-t8 = [(81 and JJ = V (8,·
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The values of lJ.e and 0'8 may be given either in the
form o( sped Hed values or in the form of eaUmatea
baaed up~n past data•. In case both are not available
Q sui table eatimate may be obtained from a random
GClmple•. , .

The operation usual! y corisi sts 0 f plo tting poin t.
obtained from samples on the control chart. If any
point is observed to be outside the control limits
then lack of control is indicated.

For illustration, consider a set of hypothetical
measurement data arranged in 20 groups of 5 observa­
tions each taken fr~m a production process available
(see Table 1). The p reb l ea is to set up a control
chart. An .estimate of the procelS mean is obtClined by
taking the mean 0 f the 20 meana. The estimated mean

20
h x = io ~l Xi = 0.8312 and the a. pa.ses throuqh

this value on the chart. An eatimate 0 f the proce811

.tandard deviation is similarly estimated frOID the

mean of 20 sample ranges. Thus, the mean of the ran-

ges h li = ~20 ~ Ai =0.01435 Therefore, the con-
I-I

trol 111111 U for the procea. mean are

- ...
UCL =x+ A2R =0.8312 + 0.511 (0.01435) =0.8395

LQ, = x - A2" =0.8312" 0.·577 (0.01435) =0.8229

where A2 are constants which can be obtained from prepared
tables.

Let Us suppose that we have the 10 observations shown
in Table 1 as sample numbers 21 to 30 and we want to find
out whether there is lack of control on the process average.
The control chart is shown in Figure 1. The 29th and 30th
points fall outside the VCL indicating lack of control of the
process average.
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A control chart for the process standard deviation may be
constructed in a similar manner and the 10 sample ranges
found in Table 1 may be plotted as shown in Figure 2 where

VCL = D4R = 2.115 (0.1435) = 0.03036
where D4 are constants which are available from tables.

TABLE 1

X -AND R FOR SAMPLES OF FIVE MEASUREMENTS

Sample Number· x R

1 0.8324 O.OH
2 0.8306 0.008
:3 0.8262 0.020
4 0.8326 0.004
5 0.8290 0.013

6 0.8316 0.013
7 0.8336 0.012
8 0.8310 0.020
9 0.8336 0.010

10 0.8306 0.010

11 0.8i'32 0.018
12 0.8288 0.006
1:~ 0.8310 0.016
14 0.8294 O. 02~~
15 0.8322 0.003

16 9. 8288 0.025
17 0.8344 0.016
18 0.8270 0.023
19 0.8338 0.025
20 0.8332 0.007

-X 0.8312 R = 0.01435

21 0.8310 0.012
22 0.83M 0.009
23 0.8328 0.005
24 0.8332 0.016
2:; 0.8282 0,022

109

•

•

•

..



•
, ,26 0.8306 0.028

27 , 0.8354' 0.030 j' "

28 0,8385 0.023
29 0,8410 0.031
30 0.08415 0.032

('ll
3. Various rules about runs of points have been suggested to
overcome disadvantages of taking action based on one or, at

most, two sample points on a control chart. Attempts to run
together the information from several successive sample points
have .resulted in charts utilizing information from the past

, • s'ample points. In this case, a very useful, chart is the arith­
metic running mean (ARM) chart (Roberts,)959).

"ill be

~,

The conatruct'ionof the CL of on ARM control chart
i. the same as in the She.hart control chart except for

-ill now be drawn at distance.the UCL and LCL which
3 3

+ Ce and - ere respectively from CL where.k is
v'k v'k,

the ,number of running points to get a point on the ARM

chart. Suppose the ,f,irat k running poi~ts are Xl' x, ',.,

then the first point on the ,ARM chart is,, ic '

Yl = ~ t i ..
j=1 J

If a ne- point ~k+l ilS,avapabJe. kthenthe next point

1 \' -
y = -- L x

2 k' j;t j+ 1:
and,so on.Th~8, .the points plotted on the ARM controi

chart are the means of k r~nnlnq ,points or the ,llIovlnq

•

means, y l' y 2' Y3" ...

Lack of control is indicated in, this chart by the running
mean falling above' (or below) a single control limit. It is,
however, 'necessary to take a prior decision on k, the number
of sample points on which the; running mean is to be based.
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For illustration, let us consider the same problem as in
the last section but using this time ARM control chart. The
pertinent data for constructing the chart in the case where
k = 4 are the following:

=CL '= x = 0.8312

+ 'A;-R!1k . 'Un = X :: 0.9353 .,

: v»

-' A,;p/v'k"La. = x :: 0.8271
""

. The running mean computed on' the basis of k .' 4forthe
.. sample numbers 21' to 30 .are shown below. These

4. It will be observed inthe ARM chart that it utilizes a special
form of weigh ted mean .of past results. .One form. of ,chart in
~vl;ich theweights to be' used get progressively smaller as "the' .
J'~~i.,lts'· b~come moredistanC in tillie is' the 'exponeritially
weighted mean (EWM) chart (Roberts, 1959). The. weights'
change progressively by the factor (1-W) where 0 < W < 1.

:, In constructing the chart, .it is necessary to decide in, advance
,:the value of W by which the.successive weights decrease. When
'. computing the EWM., the most recent. mean is assigned. a
weight of Wand every other mean is assigned a weight (l-W)
of 'the'weight of its immediate ~uccessor.·· . ,
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Suppose Xl' X2, 'Xa , ... J XI; ••. are sequences of observed
sample means taken from a continuous process. Let ZI be the
EWM for the itb point and let W be the chosen weight. Then
we have

and Zo .111 be taken as the target value 80 that

Zo = CL = x ,

Thus. the point Zj, is located a fraction 'If of the distance
frQII z. 1 to i· on thei r connecting straight line. At the

1- 1

limit as i increases the stcmdard deviation of 71 is given

by

For illustration in constructing an EWM control
chart, let us use the same data CjJiven in section 2 cmd let
'If'= t"S which Vias shown to have 1IIide q>pea1 in practice. ,.

Then the necessary data for the control limits are

•
a. =. Zo = o.8 312

UeL = Zo ... -IW/ ( 2-")

LCL So - iii/ (2-W)

- ...
"'2ft = 0.83~35

"'2ft = 0.82705

Suppose, we plot the EWM of the sample means for the sample
numbers 21 to 30 from Table 1. The computed' EWM are
shown in the table below: ' .

Sample
Number x z

21 0.8310 '0.8311 '..

22 0.8304 0.8308
23 . 0.8328 0.8316
24 0.8332 0.8322
25· 0.8282 . 0.8306
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26'·

.. ,27

.28
29
30

..0.8306, ..

0:8354! ,.

.' .. 0.'8385

0.8410

0.8415

0.8306.\
.~.~ .0 .8325' .

:0 -.8349
0.8373

0.8390

, ./

. -:" ..

•

The plotted points are shown in the EWM chart in Figure 4.
Lack of control ts indicated by an EWM falling above the' U€L.

5. A chart which provides a means of presenting visually at
any instant, the apparent mean of any group of sample ..ob-
servations is the cumulative sum (eu-sum )'contml chart ~vhich •
is due to (Page, 1954, 1961). This chart is intended to replace
lh e standard forrrrof control chart. In a cu-sum control chart,
cumulative totals <Ire plotted against the number of sample
observations.

c;: Suppose Xi denote the mean of the i th 'sample

and ax the known stmdcrd deviation of xi' Then it is
convenient to consider the points on the cu-sum chart as

having coordinates (m, .~) where

SIfl = •
" ,.

, arid 11. is the t crqet .vcl ue, However, in practice i~

. would be sufficient to' calculate

and then use an appropriate scale factor. c:~

~. :-"'. :}, ,.. ,', .
.r

The cu-sum cha~tn is interpreted byrrplacing a V-mask
(Bornard, 1959) over-. the chart/with the ved;ex of the V placed
a distance d from ,11m last plottedrpcint 09'\ the chart and the
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axis of symmetry of the V held horizontal. If any points of
the cu-sum chart are covered by the mask or if any points
lie below the lower limb or above the upper limb of the V,
then lack of control is indicated. The control limits arc the
limbs of the V mask. The dimensions of the mask are defined by

the distance d CIld the angle e. a limb makes with the axis of
symmetry of the 1etter V. Johnson (1961) using a sequential
teohrique suggested a simple formula for determining d and e
""ieb are dependent only on the desired 'size of absol~te change
in the target value D CIld the greatest tolerable probability,
1t1 0 f false indication 0 f 1 ade 0 f cont,rol. 1he8~ are

o -

and

where

e = tan-l(; ,S)

- 8"'!'2l ,.,'d = ~2 ~qe '~O~

8,= D/ax'

•

The cu-sum chart is in effect a running mean chart and
found in practice to be more effective in detecting sustained
changes than the standard control chart. On the other hand,
the standard control chart is more effective in detecting larger,
shorter term changes and is extremely simple to apply.

I

For Uluetration, let u, again consider the sanplo means
of taauple n\llllben 21 to 30 of Table ,2 Q1d with the q1ven' val~es:

Ii. ="0.8300. o = 0.02237. Suppose that the desired ab­
solute change from the target value, is 0.0010 with a
prob,ability of wrong decision as 0.10. Then S:; 1.000._

e = tan-1(0.5) =_26030 1 and d = 6.' ThU8 with the eom­
pated- values of e and d the control limits of the eu­

Bum chart 18 fixed.

The cu-sum points corresponding to the sample means of
sample numbers 21 to 30 are shown in the following table:
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•
Sample
Number x S

21 0.8310 1.0
22 0.8304 1.4
23 0.8328 4.2
24 0.8332 7.4
25 0.8282 5.6

26 0.8306 6.2
27 0.8354 11.6
28 0.8385 20.1
29 0.8418 31.1 •
30 0.8418 42.6

Plotting the points on the cu-sum control chart
and using a V mask defined by e = 26030 1 and d = S.
'ire note that at the 28th point there are points co­
vered by the mask indicating lock of control.
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FIGURE 2. AN R-('.IART IN OPERATION

I

UCL =_ <2.0)036
~

".

~r-- .... r- .... f- - f- - - - r "" -~ ---
~

,
"~,/

/
'I

J

J
I II '

I
V I

CL.= O.O14~ )

J f-t"-- -f-- fo- l- f- 1--I- - l- I--

1/ I II
I I

r'\1\. IJ I I
"Ii\.

" I
~

21 22 23 24 25 26 27 28 29 30

SAMPLE MUNIER

117

•

•

•



•
FIGURE 3. AN ARM CHART IN OPERA"ON
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