
INTRODUCTION
T�e produced �tems �n any produc-

t�on process w�ll not be all �dent�cal �n
every respect . Certa�n amount o� var�at�on
�n any qual�ty c�aracter�st�c �s �nev�table .
T��s var�at�on �s cons�dered to be due
to t�e operat�on o� c�ance causes, trac�n�
and el�m�nat�on o� w��c� are not econo-
m�cal and �ence �enerally not attempted .
T��s type o� var�at�on �s t�us taken as
t�e �n�erent var�at�on assoc�ated w�t� t�e
process. Anot�er k�nd o� var�at�on, t�e
causes o� w��c� lend t�emselves to
econom�cal el�m�nat�on by su�table re-
med�al act�on to obta�n a more un��orm
end product; �s t�e one caused by w�at
are known as ass��nable causes . T�us a
product�on �s a��ected by one or bot� o�
c�ance and ass��nable causes . T�e process
�s sa�d to be under control w�en c�ance
causes only are operat�n� . In add�t�on,
�� ass��nable causes are also present �n
t�e process, �t �s sa�d to be out o� control .
T�us �t �s �mportant to ��nd out w�et�er
a process �s under control or not . Control
c�art �s a stat�st�cal tool w��c� can be
employed w�t� advanta�e to learn t�e
s�tuat�on �n t�e process (w�et�er �t �s
under control or not) . T�ere are d���erent
k�nds o� control c�arts but one w��c� �s
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most commonly used �s t�e control c�art
�or var�ables, known as X-R c�art . T��s
c�art can be used �or measurable c�ara-
cter�st�cs �n �ood �ndustry l�ke appearance,
colour, s�zes, d�mens�ons etc, �or c�em�cal
propert�es suc� as mo�stuse, �at etc and
many ot�er analyt�cal counts and measure-
ments. S�nce construct�on and ma�nten-
ance o� suc� c�arts �nvolve a reco�n�zable
amount o� t�me and e��ort, t�ey s�ould
not be used �nd�scr�m�nately but only
w�ere �t can be de��n�tely s�own t�at
t�e�r use �mproves t�e overall operat�on .
S�nce one control c�art can be used �or
only one qual�ty attr�bute, t�ose �or w��c�
t�e c�arts are used s�ould be selected
w�t� care (Kramer and Tw���, 1962) . In
t��s art�cle, t�e procedure o� sett�n� up
a var�able control c�art �s descr�bed w�t�
observat�ons taken on ��ll�n� operat�on
o� cans �n a s�r�mp cann�n� �actory .

PRELIMINARY CONTROL LIMITS
T�e c�art cons�sts o� two parts, one

�or avera�e we���ts o� sampled cans,
known as X c�art and t�e ot�er �or t�e
var�ab�l�ty �n t�e sample, t�e R c�art .
To start w�t�, prel�m�nary control l�m�ts
�or bot� t�ese c�arts are to be worked
out . T�e contents o� eac� can o� a ��xed
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sample s�ze �rom t�e process�n� l�ne are
to be we���ed at part�cular �ntervals t�ll
observat�ons on atleast ten sets are
collected. Generally eac� set cons�sts o�
5 cans and t�e �nterval �or t�e observa-
t�ons �s taken as 20 to 30 m�nutes . A�ter
mak�n� su���c�ent number o� observat�ons
�n t�e above manner, calculat�ons �or
sett�n� up prel�m�nary l�m�ts are to be
carr�ed out . T�e avera�e �or eac� set (X)
��ven as t�e sum o� observat�ons d�v�ded
by t�e number o� un�ts �n t�e set and t�e
ran�e �or eac� set (R) ��ven by t�e
d���erence between t�e max�mum and
m�n�mum values o� t�e set are noted .

Next we �ave to work out X and R w��c�
are t�e mean o� means and mean ran�e

respect�vely . X �s t�e value obta�ned by
summ�n� t�e �nd�v�dual avera�es and
d�v�ded by t�e number o� sets and R, t�e
sum o� ran�es d�v�ded by t�e number o�
sets . T�ese two values ��ve t�e values o�
central l�nes �or t�e respect�ve c�arts .
T�e control l�nes �or eac� o� t�e c�arts
are obta�ned t�rou�� t�e �ollow�n�
calculat�ons (UCL and LCL �mply upper
control l�m�t and lower control l�m�t
respect�vely) .

X c�art

	

UCL: X+ A s R

LCL: X-A s R

R c�art

	

UCL: D 4 R

LCL: D 3 R
A 2, D 3 , and D4 are values w��c�

depend on t�e number o� un�ts �ncluded
�n eac� set (t�e number o� un�ts �n eac�
set s�ould rema�n same t�rou��out) . For
t�e sample s�ze o� 5, t�e�r values are
A a : 0.577, D 3 : 0 and D4 : 2.114 .

T�e prel�m�nary l�m�ts t�us obta�ned
and t�e central l�nes are drawn �n t�e
c�arts and t�e avera�e and ran�e values
are plotted �n t�e respect�ve c�arts, ��
any o� t�e avera�es used �or t�e calcula-
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t�on o� t�e prel�m�nary l�m�ts l�es above
UCL, t�at part�cular set o� observat�ons
�s d�scarded, t�e l�m�ts are recalculated
w�t� t�e rest o� t�e data and t�e procedure
repeated t�ll a set o� l�nes, w��c� conta�n
between t�em t�e avera�e and ran�e values
o� t�e sets used �or t�e calculat�on o� t�e
prel�m�nary control l�m�ts are obta�ned .
It �s �owever �mportant to see t�at atleast
10 sets (pre�erably 20) o� observat�ons are
used to calculate t�e prel�m�nary control
l�m�ts. T�us t�e control c�art �or
var�ables �s �ot ready w��c� can be used
subsequently to locate any trouble �n t�e
process w�en �t crops up .

PROCEDURE FOR MAINTENANCE OF
CONTROL CHARTS

Observat�ons �rom t�e process�n� l�ne
are to be cont�nued as be�ore and t�e
avera�e and ran�e �or eac� set obta�ned
are to be plotted on t�e c�arts . Act�on �s
�nd�cated w�en a po�nt �oes above UCL or
below LCL on X c�art and above UCL on
R c�art . I� t�e po�nt �s above UCL on X
c�art t�e ��ll can be reduced and �� �t �s
below LCL, �t �as to be �ncreased . I�
t�e po�nt �or any set �s above UCL on
R c�art t�ere �s errat�c we����n� �n some
�nd�v�dual can. It �as to be watc�ed
�urt�er and �� t�e out o� control s�tuat�on
cont�nues, t�e cause o� trouble �as to
be traced and su�table act�on taken to
rect��y �t . I� po�nts on control c�arts
s�ow out o� control s�tuat�on, �t �s adv�s-
able to take observat�ons more o�ten at
�requent �ntervals, so t�at �� t�e out o�
control s�tuat�on �s con��rmed, remed�al
act�on can be �n�t�ated .

A set o� data obta�ned on t�e ��ll-
we���ts �rom a s�r�mp cann�n� �actory
�s used �ere to expla�n t�e procedure o�
calculat�ons �or control c�arts. T�e data
recorded �or eac� set ��ve t�e we���ts
o� s�r�mps (�n �rams) �or a can over and
above t�e actual �ntended ��ll-we���t .
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TABLE It FURTHER OBSERVATIONS ON PILL-WEIGHTS .

I II III IV V VI VII VIII IX X XI XII XIII XIV XV
9 6 7 4 4 10 5 5 5 5 15 12 4 4 10
8 5 6 5 4 8 7 3 5 2 11 6 -2 3 9
5 4 10 4 4 5 10 3 1 7 9 6 5 1 11
4 3 12 4 4 9 3 4 4 5 8 7 4 2 9
2 4 8 3 6 7 5 3 3 6 9 8 6 0 7

X 5.6 4 .4 8.6 4 .0 4.4 7.8 6.0 3 .6 3 .6 5 .0 10.4 7.8 3 .4 2.0 9.2
R 7 3 6 2 2 5 7 2 4 5 7 6 8
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TABLE I PRELIMINARY LIMITS FOR CONTROL CHARTS : OBSERVATION TO THE NEAREST GRAM OVER THE MINIMUM FILL-WEIGFIT

I II

	

III IV V VI VII VIII IX X

7 5

	

8 9 6 8 3 8 2 4
z 9 8

	

5 6 11 5 7 4 6 3
0 8 6

	

10 10 9 12 9 5 7 4
N 6 6

	

9 10 5 7 5 3 5 5
6 5

	

9 8 10 5 8 4 8 4
Sum 36 30

	

41 43 41 37 32 24 28 20
X 7.2 6 .0

	

8 .2 8.6 8.2 7.4 6 .4 4.8 5.6 4.0
R

	

3 3

	

5 4 6 7 6 5 6 2

X : 7 .2 + . . . - 4.0/10 = 66.4/10 - 6.64 A 2 : 0.577 D 3 : 0 D4 :2.114

R : 3+ . . .+ 2/10=47/10=4.7

X c�art : UCL : X + A 2 R = 6.64 + 2 .71 = 9.35

LCL : X- A 2R = 6.64 - 2.71 =3.93

R c�art : UCL D 4 R : 9.94

LCL D 3 R : 0
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All calculat�ons are carr�ed out �n t�e
tables expla�ned above and t�e c�arts
are also ��ven to �llustrate t�e procedure .
Tables I and II ��ve t�e data used �or
calculat�on o� prel�m�nary l�m�ts and t�ose
�or �ollow up o� t�e c�art, respect�vely .
T�e X c�art s�ows certa�n out o� control
po�nts w��c� were brou��t under control
subsequently. No out o� control po�nt
was countered on R c�art �or t�ese
observat�ons .

Act�on �s called �or not only w�en
t�e po�nts �all above or below t�e control
l�m�ts, but also w�ere t�ey ex��b�t a trend
by consecut�vely s�x or more po�nts �all�n�
on t�e same s�de o� central l�ne �n e�t�er
o� t�e c�arts . W�en suc� a trend �s made
out on t�e X c�art, t�e l�m�ts are to be
recalculated w�t� t�e latest observat�ons .
T��s may e��ect sav�n�s �n mater�al . A
s�m�lar trend �n R c�art above central
l�ne means certa�n �nd�v�dual observat�ons
are not �n l�ne w�t� ot�ers . T�at calls
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�or rect���cat�on . I� on t�e ot�er �and
t�e trend �s below t�e central l�ne on R
c�art, l�m�ts are to be recalculated w��c�
means sav�n�s �n mater�al .

W�ere t�ere �s m�n�mum spec���cat�on
�or ��ll-we���t, t�e LCL on X c�art s�ould
be adjusted accord�n�ly . In canned
s�r�mps, t�e spec���cat�on re�ers only to
m�n�mum dra�ned we���t . Hence t��s
aspect �s not be�n� covered �n t��s art�cle .
A compre�ens�ve descr�pt�on o� t�e pro-
cedure �or d���erent k�nds o� control c�arts,
t�e k�nds o� act�on to be taken under
d���erent cond�t�ons and t�e adjustments
necessary �n t�e ��ll�n� process to su�t
t�e m�n�mum spec���ed ��ll-we���t are
dealt w�t� �n t�e re�erences c�ted at t�e
end . Appl�cat�on o� control c�arts to
��ll�n� per�ormance �n part�cular �as led
to �ood deal o� sav�n�s o� mater�al �n
many �ndustr�es . T�e appl�cat�on o�
control c�art, �owever, need not be
restr�cted to t�e ��ll�n� per�ormance only .
It can be appl�ed at d���erent sta�es o�
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