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Determining the Optimum Target Value for Filling
Operations with Nondestructive Sampling Plans
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Abstract

We consider a filling process problem on a production line. Up to present this problem have examined
by 100% inspection. Thus a target value is determined which takes into account the regular selling prices,
the reprocess cost, the excess quality cost and the process variability and so on. However, in this paper we

propose a solution under specified sampling plan when the inspection is nondestructive.
1. Introduction

There are often specification limits for the quality characteristics of items produced in industrial proces-
ses. Items which fulfill specification are accepted and sold at regular price.

It is very important that the problem of finding the process level of a production process, such that is
maximized with regard to production costs, selling prices, specification levels and so on.

This problem has been studied earlier underassuming 100% inspection of items after filling. Moreover, it
is assumed that the quality characteristic is normally distributed with known variance.

Bettes[1] treated the problem of simultaneously choosing the optimal upper specification limit and pro-
cess level.

Springer[7] studied the problem under the assumption of constant net income functions with both upper
and lower spe.cification limits.

Hunter and Kartha[5] solved the problem with one specification limit, assuming the net income function
for accepted items to be linearly decreasing, and constant for rejected items.

Carlsson{3] extended the work of Hunter and Kartha to include both fixed and variable costs and re-
venue function whereby the customer paid extra for good quality and must be compensated for poor
quality.

Golhar[4] treated the case in which rejected product was recy~led so that it would be sold in the prim-
ary market.

Schmidt and Pfeifer(6] used Golhar's model to eva':ate the economic effects of process variance reduc-
tion. Boucher and Jafari[2] extended the problem under a sampling plan as opposed to 100% inspection.

In this paper sampling plans are specified, for example, in the production of food products for military
assumption and in situations where producers choose not to use automatic inspection equipment. Moreover,

the inspection is nondestructive.
2. Formulation and Solution

In this study we consider a filling process. The random variable X in this process represents the quantity
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of material in an individual container(or can, case and so on). If we define L. as a lower specification limit,
a target value of filling process is greter than L, because of a vanability of filling process.

In this way, produced lot of size N is inspected only drawn n items by specified sampling plan. If filled
quantity of container is less than lower specification limit (X<<L) it is justified as defective item, otherwise
(X>L) it is justified as nondefective item. We assume that D is the number of defective items found and
do is the allowable number of defective items.

If D<do, the lot is accepted and if D>do, D item is reprocessed with cost R per item and return to lot.
Then the lot is sold at regular price A.

We construct the following the expected gross income function

E(G | D)=TAN if D<do (1)
AN-R-D if D>do (2)

where E(G | D) is the expected gross income for a lot of size N, given D, For a target value of t, the
expected value of the material cost per lot is (2N—D)ct, where c is the cost of excess quality per accepted
item and t is the expected value of X.

Therefore, the expected marginal profit function is

E[7 (t)] =ANPr(D<do)+(AN—DR)Pr(D >do)—(2Nct—Dct)
=AN—-DRPr(D>do)—(2N—D)ct (3)
whwew E[7(1)] is the expected maginal profit for a lot of size N and target value of t.

We assume that random variable X follows a normal distribution with mean t and variance 62 For

industrial process, the sample size is typically small in comparison to the lot size. Therefore,

Pr(D>do)=1—Pr(D<do)

fdo n! _
:1_d=0 d! (n_d)' qd(l_Q)“ d. OSQS1 (4)
t—L
where q=Pr(X<L)=®(—z), z= -

(- ) is the c.df of standard normal distribution

Equation (3) can be written as

E[x(t DR t
—%=A——I\I—Pr(n>do)—(2N—D)—;— (5)
let
M=Pr(D<do)
dor !
=2 areegr Ao (®)

Defferentiating equation (5) with respect to t,

i[ E[7 (1) DR
N N

Fr ——] =—(2N—D)%——~ . %Pr(D>do) 7)

Therefore, equation (7) is zero at maximum profit

where
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atPr(D>do)— eY: = 3t 34 (8)
because

9P4_9 gLt g

8t_atq)( 2)=—— $(—z) {9)

where #( ) is the p.d.f for the standard normal distribution.

and
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Let d’=d—1. equation (10) is
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By substitution (9), (11) into (7) and (8)

t*_L ﬂ! du n—dn 1
¢< o )do!(n—d‘wl)[ nat(ma)
2N—Djc -
_ (2N D};C 4 (12)

where t* is the optimal target value.

If n=1 and d=0. equation {12} reduces to

t*—L\ (2N—-D)c- o
¢( s )‘ DR (13)

equation (13) represents the solution for lot sampling when the sample size is 1. The lot size is large in

relation to the sample size, and the allowable number of defective items is zero.

3. Example

We shall now tllustrate the method hy an example

For this we use data from Hunter and kartha[5] and assume nondestructive inspection.

A=67.5C
¢=55C per /b



L.=1.00 'b
¢ =0.00563

Further suppose the N=100, g= 0,0064, R=200C Per item

For n=1 and do=0, using (12), then t*=1.00406

For another cases are shown in Table 1.

Table 1 was created using FORTRAN program(see Appendix). In this program, we conducted conclusion
through changing variable value for another casese.

TABLE 1. Optimal Target Vaiue and Unit Profit

n do D t E[~®)]/N
1 1 1. 00406 0. 67487
10 0 1 1. 00132 0.84377
5 1. 03901 0. 78675
1 1 1. 00547 0.67877
5 1. 16203 0.54263
2 1 1. 02411 0. 61923

| |5 1.71379 0.57395 |
4. Summary

It is important that the problem of setting the process level of a production line. Generally this problem
have supposed 100% inspection of procuct after filling. However, in special cases, this assumption is not
appropriate. For example, in the production of food products for military consumption. In this study we
have determined the optimum target value of a filling process under specified sampling plan. We hope that

the determing of target value problem will be developed further for the destructive inspection.
Appendix

MAIN PROGRAM

REAL D, DO, NL, Q, ET, TS, SM, EPT, NF, DF, NDF

A=67.5

C=55

L=1

SIG=0.00563

R=200

NL =100

0=0. 0064

ET=0

D=1

DO=0

N=10

CALL FACT(D, DO, N, Q, ET)
GG=SQRT(6.28) % (2%« NL—D) % C*SIG/(D*R)
SQ=2%ALOG(GGYET
TS=SIG*SQRT(SQ)+L
SM=0
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DO 100 D=0, DO
CALL FA(D, DO, N, Q, ET)
SM=SM+ET
100 CONTINUE
EPT=A—(2%N—D)*(C*T)/NL—(D*R/NL)*(1—SM)
EPT=EPT/NL
WRITE(7, 900)TS, EPT
900 FORMAT(10X, F8.5, 10X, F8.5)
STOP
END

SUBROUTINE FACT(D, DO, N, Q, ET)
ET=0
NF=1
DF=1
NDF=1
ND=N—-DO—-1
IF(N.EQ.0) THEN
N=1
ELSE
ENDIF
IF(ND.EQ.0) THEN
ND=1
ELSE
ENDIF
IF(D.EQ.0) THEN
DE =1
ELSE
ENDIF
DO 10 NN=N, 1, -1
NF=NN*NF
10 CONTINUE
DO 20 KK=D, 1, —1
DF=KK*DF
20 CONTINUE
DO 30 DD=ND, 1, —1
NDF=DD % NDF
30 CONTINUE
ET=(NF/(DF * NDE))*(Q % % DQ)* ((1— Q)% *ND)
RETURN
END

References

[1] Bettes. D. C.. "Finding an Optimum Targer Value in Relation to a Fixed Lower Limit and an Arbit-
rary Upper Limit." Applied Statistics, 11, 1962, pp. 202-210.



192 z& - 3o

[2] Boucher, T. O. and Jafari M. A., “The Optimum Target Value for Single Filling Operations with
Quality Sampling Plans.” Journal of Quality Technology, 21, 1991, pp. 44-47.

{3] Carlsson, O.. “Determining the Most Profitable Process Level for a Production Process Under Diffe-
rent Sales Conditions,” Journal of Quality Technology,16, 1984, pp. 44-49.

[4] Golhar. D. Y.. “Determining the Best Mean Contents for a Canning Problem.” Journal of Quality Tech-
nology, 19, pp. 82-84.

[5] Hunter, W. G. and Kartha C. P.. “Determining the Most Profitable Target value for a production
process,” Journal of Quality Technology, 9. 1977, pp. 176-181.

[6] Schmidt, R. L. and Pfeifer, P. E.. "An Economic Evaluation of Impovements in Process Capability for
a Single Level Canning Problem.” Journal of Quality Technology, 21, 1989, pp. 16-19.

[7] Springer, C. H., “A Method for Determining the Most Economic Position of a Process Mean,” Indust-

rial Quality Control, 8(1), 1951, pp. 36-39.



