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. i. Snerhost wom the first do spply the statisticti

- . thofz to the problem of guality controle He nnlc the
_vneanl for = rolern control chart (37,

Grotris ehort, restlts of dindividuel gams

vles cre dven to encble an interrratotion to be mado

ceotfing to the originzl proposal the chert iz furnishel «oith
Lt iz eslled ¥-ction lines,™ so that vhen txny point fulls
4 ide theze lines, some action is to be enlled Tor, Clenrly,

i+ zueh 2 zimple rvls, the

g0af or bud; the good ones vhosze noints Tsil vdithin

the sction lines, suzgest that the process shouls continue
cithout special nttention or interruntion, vhile the bod ones

= corrective zction.

-it: noints outside the lines &

One of the decisions to be trken, in consiructing =
cant.gl chart, is the position of the action lines, Usuzlly thres
i~z limits are set up. The averzge musher of volnts plottsd
on the chert, before a signal of out of sontreol is givern, 1z
cravmn as the average runm iength(ARL). This statistics depends on
the 2rount of shift from the target velug, as shown in table(1l 7,
for observations of normal distribution. The duts of table (3
show thot as the amount of shift increases, the ARLD ducreires,
which may indiczte theat larger shifts in the proceécs ave

!

will be d@tecteld gulcker.
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If one wants to improve thne sengitivity of *he contrcl
shart to small amounts of shifts, this can be effected by

. s i b e "
nerroring the region betueen the action limits. Thus if the

resulting arount of shifts is equal to zg— then the ARL =6.3

Il

when 3g—lirits aore used and the ARL 2 if Zg~lirits are

-

wever this procedure of nstrowing the control

| irits, results in pore freauent fulge alnyio vwhen the process

o5 indicated by the dots of the Tirst row o

o]
pa
B4
[#]
:\/
i
ot
N
(o)
]
-
G

1. (1 ). These data show that on the

+4i11 be vlottel bhefore o false zlsrm fTor out

in cose 3 g— limits are used on tue chart,
out of control will tszke plice after every £ rointes Zre tlotted
when 20— control limits zre useds

Because of this disacdvantage of the Bhewhart chart to defact
~auickly small shifts in the process level, several modifications

s it hieve bheen dintroducesl. 411 these rwodificstions ucke use of

the information provi

several numbers of the previcus points.
The gimplest modification is the intrcluction of sc-called worning
lirits in 2idition to the action lirmits {30). Traditionally the

wernins lindits are taken at 2 with the cction linits at 36

I

The rule for operating the contrel chart in this case ig =

"

.

Vhenpever either a single cbsorvation lies outside the action
limits or two guccesegive cobserveticons lie vetween the warning nnd

cotion limits ( a2t the same side of the average), an out of contrel

sin:le ds _civen M.
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Table (1) Average Rum Lengths of Shewhart chert applied

to normally distributed variates.

shift{in sizma) ARL for 3o limits ARL for 2¢7 limits

0.0 385. 2240
0.4 200. 15.9
0.8 T1.4 8,50
1.2 27 .6 : 4,70
1.6 12.4 2.90
2.0 6.30 2.00
2.4 3.65 1.52
2.8 2438 1.27
3.2 1.73 1.13
3.6 1.38 1.058
4.0 1.19 1,023
540 1.023 1.0C13

This sort of scheme has & steeper average run length function
«hen plotted against the size of the departure from target value
than the original Shewhart schewe, This is illustrated in tabdle (2),
in which the ARL's for the medified chart are shown; The values of
the 1imits have been set at 3.1 and 2.1 sigma for the action and
warning lirits respectively, to give approximetely the same JRL at

zero bhias.
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‘hen corpering the veluss of A R L of toble (2 ) with the

corresponding values of toble {1 ) for the wiodified Shevhnrt

chret, ve notice that the unmodified chart reccts wore suickly

tihan the modifisd chart only for o lomse bhiosz ( lor.ex thar
4 o4 ). Thie is beeause the action 1i #s in the l-nter 1ad to

socven siishtly higher (3.1¢0) than those of the shohort
z.rt to ive sluost the sare cversge nunber of I-1lse »larnus,

Toble (2). AR T for a Bhevhert chirt with “orning
limdits for novmal voyistes
R i
i Shift {(in sizma) : ARL
[}
ol

e

<
L ]

s
I._l
@
=3
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Some other rules use runs of points on the control chert.
Yor example, Moore (26) and Weiler (45) set rules of the type
" If K consecutive points on the chart fall outside warning
limits take action";

Such rules were successful in deteeting genuine shifts in
the process level, bacause they take into account part of the
ivformations contained in the chart for a fixed nuriber of sanples
i.. the immediate past.

Trials were then made to relaxe the restriction that only
A fixed number of past samples should be considered in taking
a Aecigion. The cumlative sum charts do posses this property
and use the ecombined information of all the observations that
have been obtained up to the time of testing; Also they teke
into eocount the aotual positions of the points on the chart and
not mercly the classification into which Jdivisicn of the chart

the points falls,.

ilso, by plotting the cummlative sum of the observations,
instead of the individual observations, one can see by a giance
not only the value of the last ohservation, corresponding to the
slope of the line joining the current point to the point ilmmedintely
precceding 1t, but also the nean of the last two observations which
correspounds to the slope of the line joinin, the current peilnt

tc the last point but one, Similarly one can see, &t the
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same time, the wmean of the lust three, the l=z3t four and tne

tzst N obkservationg for any M.
Ae to sensitivity of cusus chart coms.red with that of the

ster2ud ghevhart chart, it iz fto be nmoiicesd thet for

cusyn chart is mores sensitive thaen the Shevhert

itk fixed

2le, corgicering =

o =]

stroel 1inits at (i 3g-) controlling the —oin of & ncrnzl

sopuiation of constaut variance, g- , thers I1n on avelade Iun
lencth of about 44 single observetionz lelore o ogiift tie

vocess mesn of one staniard devistion froo the tzroe

Tetecte’ o 3ut the ARL, in this particulsr case, using
to 12.6 obeervaetions,

the arouvnt of

f1s0, this new technigue enables usz to eviluste the riocess
shift which desends on the wbility %o estimets the slope
ST the lisne Joining the "out of coutrel™ nointz.
On the curulaiive ol toe roints =t vnich process
oo stond—-out vividly, however, sucl. cloajes Lre lovgely
nitlen vanen using the standard Sheviart cunrt.
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£% l=st, it is worth to notice that the cus

N .

geviour o

wresents a clearer pictur: of the ftrus systew

it resolves the shotgzun or seattered appesrance of the ro vlar

cantrol chert inte a vizual trackin of Procens CRENRLET.

Lg a2 sirple illustration, the cuswm for tihc veun of an

] — . A . - ; .
s Sm= o o= Y vo,. 1. S0 Zon the procuss  Enn

wear the target v:lue, the granh of the
s ziipul? not Zeviste too mucl: Trom thae Dorizontal Lo,

T check large deviations, o Ve-ghaped wzl, for irst.nee, iz

plac d on the chert with the vertex of the ¥ polrting horinon-

Sorvards and at 2 horizontsl Jictance & ale

i7 +he wrocess is under control, then all the aurve remiino
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e toroet, the curve will Cisarp .z under the upper or lo e

Timh of the Vemask respectively. The 1o

- S o mavn S S I T o - - 7
are ~etermined by the contiol
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. ‘ s L oeemare
1iitas wialch po&int oul vivigly the out of ‘condltions, the cusut

nwert lacks this Proparty, a magk i: to be used to indicate the

at-tes of control and ocut of control. Beslues, ne nosk dimensic

technirues walch are ushzlly bsyond the obility of the orainary

_paonrel. ore specifically, the determinetion =7 the mEsk
iimensiong needs ihe svelustion of the benovioux ov STD fuentlon
St Tl enift in the ProceEsEs EAY .

I _ovetions ~hich deccribe this peheviour is of the t75<
"o ous Trednolm eauztions " 0F the secorn hing (az)

S ogolution of such type of equations needs certain rzthens
techunliguag which are troublesome iu nature, espec'ally vhen The
aietribution is not nerral. Thus, for discretc aistrivution ruch
us piromicl ox Foisson, it is necessary 1o Formulate end solve

sets of ecustions to yhieh we heve slrecdy TUTRPTE .
N o

Since the advent of the digital corpu
oy =nd poweriul appProach Live heen
cuch probleme. The nev apvrosch is Know
teehnigque vhich ipvolves setiing ur &
3

44 parmmeters sguel to the recuired

then ewperiments 2re performed on the

- L .
are cerverm

by computing the corrTos)

conotructsd model whica are approxisately squal to thx renuired
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tecanisde in eonstructi

Lo pusum chart for the case of normal cistribution only. 3ince toen

o sislotion technioue have never bECn epplied in tae Cusurm

to
o theois lo.consty
o $ie siclUlaticn technioue,
Tooal - oio

e 4otes cL.fed Tor the sirulation ryocrsiwmes, s Full diccusvion

Pov encreting uniformly distributed tec

e siven which play the major role im geperatirg rondon virintss

dymen from the other probability dlstribution. &
divized for the speciel case where the bit vor? slze of the

corputer iz ecual to 48, This ;<nerctor

for vunning on the I.C.L, 1905 Electronic

Osiro university o Chapler 2 is dovoted Fom the revios of Titerature

-

pter for dizcussing the varicus ans
F [ny

the oroblem,

The other peint, belicved to be of importince in cazocintion

vith the construction of a cusum chart, iz that

tie ccoronical fzetor in the design. Taylor (3% and sultin (11

Wwewve trokled the economical design by moxdmizin s the leons rurm tivs
¢ ret income per cycle.
of the tvio authors dealt with norasl veri-tes only. In thedr
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