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—Optimization of Process Capability Index for Economic Quality
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Abstract

Process capability implies the gualitative capability of a process, and it is necessary to specify
the process capability by quantification and to evaluate the level with the specified standardi-
zalomn.

But the process capability index is currently used to evaluate the performance of quality con-
trol activity, without considering the characteristics of process structure or the economy of man-
agement. Here the researcher would like to redefine process capability and emphasize its index
may be used as the measure of managerial assessment and the objective of process quality control
in full consideration of the economic aspects of process characteristics.

Too little or too much process capability causes a loss of or excess. The proper economic
level of process capability varies to each process. The procedure of taking the optimum process
capability index is derived f{rom the expected profit function, whereas each method is studied in
cases of normal process with one-sided specification and two-sided specification. In addition, the
process capability index is presented as a method of quality assurance. And an example is exhi.
bited on wrapping process of ‘A’ company.

The results of this study are surmmarized as follows.

First, though the norminalization of the process capability index is possible by the existing
methods, the optimum process capability index can vary to the situation of each process. So, the
optimum process capability index which is suggested in this dissertation should be used as the
standard to assess process capability.

Second, the process capability index can take i1s effect not just in indicating quality control or

managerial records but also in the management of high quality assurance.
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Table—1. Process capability index and quality assurance level
. Quality assurance level
Ke C,. Pmb.a-hxlu.y O{A ()91 of One sided specification limit | Two sided specification
specification limit{ € ) o
limits(2 € )
1.0 .33 . 15865531922140730 1.6/10 3.27°10
1.1 .37 . 13566604768883310 1.4/10 2.7/10
1.2 .40 . 11506958411853880 1.2/10 2.3710
1.3 .43 . 09680037221261861 9.7/100 19.4/100
1.4 .47 . 08075653427124119 8.1/100 16.2/100
1.5 .50 . 06680710000921364 6.7/100 13.4/100
1.6 .53 . 05479924072098508 5.5/100 11.0/100
1.7 .67 . 04456547361163854 4.5/100 8.9/100
1.8 .70 .03593039683341948 3.6/100 7.2/100
1.9 .73 . 02871667600304040 2.9/100 5.7/100
2.0 7T . 02275026173057715 2.3/100 4.6/100
2.1 .80 .01786454280629846 1.8/100 3.6/100
2.2 .83 . 11390352939689210 1.4/100 2.8/100
2.3 .87 . 01072414577400549 1.1/100 2.1/100
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2.4 " L 00255500185278423 2. 6/1000 5.1/1000
2.9 . 00186569881223819 1.9/1000 3.7/1000
3.0 ‘ L 00134981252819610 1. 371000 2.7/1000




T

ROEBREE 114 F 188 1984 11A 75

Table—2. Numbers of inspection facitlity requirements by process capability index and quality assurance

level
] Number of inspection facility requirements by quality
Fraction . .
Cp o assurance level Inspection precision
defective (%) -
1 2 3 4
N . 3.173 T ] 1
0.33 31.73 500 7,899 393, 950 19, 697, 500
verl as 4.55 1 U
- " 5, 000 54,945 2,747,250 | 137,362,500
oo | 0.27 BT L L 1/50
- 50, 000 925, 926 16, 296, 300 "
2 : . S S
.33 0. 0063 781, 250 39, 062, 500
1
i 00006 e
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Table—4. Process capability of the wrapping process of the exampled company

Process parameter b s Cp Classification
Automatic wrapping process 926.00 4.83 0.75 3 class
Hand wrapping process 922. 09 5.89 0.40 4 class
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Table—5. Expected profits per unit, setting points, fraction defectives and allowances of optimal process
capability index

- Optimal C; Expected Setting Fraction Allowance
profit/unit point( #*) defective(P™) (8*)

.30 1. 000 84. 604 915. 900 . 00135 . 900
1.00 . 856 83.834 917. 568 . 00511 2.568
1.50 . 802 83. 337 918. 610 . 00805 3.610
2.00 . 762 82. 868 919. 571 . 01115 4,571
2.50 . 729 82.420 920. 467 . 01437 5. 467
3.00 . 701 81.990 921. 311 . 01771 6. 311
3.50 .677 81.575 922.107 .02114 7. 107
4. 00 . 655 81.174 922.863 . 02467 7.863
4,50 . 636 80. 785 923.580 . 02828 8. 580
5.00 .618 80. 407 924.263 . 03196 9.263
5.60 . 604 80.111 924.787 . 03496 9.787
5. 60 . 601 80.038 924.915 . 03572 9.915
5.70 . 598 79. 966 925. 041 . (03648 10. 041
5. 80 . 595 79. 894 925. 167 . 03724 10. 167
5.90 .391 79.822 925.291 . 03801 10. 291
6. 00 . 588 79.751 925.414 . 03877 10. 414

. 585 79. 680 925.536 . 03954 10. 536

Table—6. Comparison of present, optimal and target process capability indes for each type of machine

ltem G Presentd Cp Optimal Cy Target Cy
Hand wrapping machine 0.40 0.59 1.00
Automatic wrapping machine 0.75 0.62 1.00
Expected profit per unit(¥) 79.43 80. 09 84.60
Average fraction defective( %) 3.16 3.27 0.13
Average setting point{ g !} 922.01 924. 40 915.90
Average allowancel g ) 7.01 9.26 0.90
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