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ABSTRACT
Median Control Chart for Nonnormally Distributed Processes

Prof : Yong-Back Shin (P.E., Ph.D)
Dept. of Industrial Engineering
Ajou University

Statistical control charts are useful tools to monitor and control the manufacturing
processes and are widely used in most Korean industries. Many Korean companies,
however, do not always obtain desired results from the traditional control charts by
Shewhart such as the X-chart, X-chart, X-chart, etc. This is partly because the
quality charterstics of the process are not distributed normally but are skewed due
to the intermittent production, small lot size, etc. In Shewhart X-chart, which is
the most widely used one in Korea, such skewed distributions make the plots to be
inclined below or above the central line or outside the control limits although no
assignable causes can be found. To overcome such shortcomings in nonnormally
distributed processes, a distribution-free type of confidence interval can be used,
which should be based on order statistics. This thesis is concerned with the design
of control chart based on a sample median which is easy to use in practical situation
and therefore properties for nonnormal distributions may be easily analyzed.

Control limits and central lines are given for the more famous nonnormal distri-
butions, such as Gamma, Beta, Lognormal, Weibull, Pareto, Truncated-normal distri-
butions.

Robustness of the proposed median control chart is compared with that of the
X -chart, the former tends to be superior to the latter as the probability distribution
of the process becomes more skewed. The average run length to detect the assignable
cause is also compared when the process has a Normal or a Gamma distribution for

which the properties of X are easy to verify, the proposed chart is slightly worse
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than the X~chart for the normally distributed product but much better for Gamma-

distributed products.
computed.

To use the proposed control chart,

Average Run Lengths of the other distributions are also

the probability distributtion of the process

should be known or estimated. If it is not possible, the results of comparison of the
robustness force us to use the proposed median control chart based on a normal
distribution. To estimate the distribution of the process, Sturge’s formula is used to
graph the histogram and the method of probability plotting, X>~goodness of fit test
and Kolmogorov-Smirnov test, are discussed with real case examples. A comparison
of the proposed median chart and the X chart was also performed with these
examples and the median chart turned out to be superior to the X-chart,
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Table 3-1. The Application Status of Control Chart in Korean Industry (Bfr : %
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Table 5-1. Data for X and X-Chhart of Empty Can
A% 3 A | sasmm f 1986. 5.22
7 7+
2 3 5 4 ‘ 944 End Unit Depth l 5.31
2 3 g g ‘ Inch SHEE
2 | 0.254 L2 4 ‘ n=5
774 %) A s
3] _/%_l 0. 246 K 74|
- - !
N * 3 Al I
= >
i 2| g | x y X, X, | X, X | X R
1 0.252) | 0.255 | 0.251 | 0.25¢ | 0.250 1.262 | 0.252 | 0.005
2 0.253) | 0.255 | 0.252 | 0.253 | 0.251 1.264 | 0.253 | 0.004
3 0.255 | 0.25¢ | 0.252 | (0.253) | 0.252 1.266 | 0.253 | 0.003
4 0.252 | 0.252 | 0.254 | 0.254 | (0.253) | 1.265 | 0.253 | 0.002
5 0.251 | (0.251) | 0.248 | 0.247 | 0.252 | 1.249 | 0.250 | 0.005
6 0.252 | 0.255 | (0.252) | 0.255 | 0.252 1.266 | 0.253 | 0.003
7 0.253 | 0.252 | (0.252) | 0.250 | 0.254 1. 261 0.252 | 0.004
8 0.248 | 0.249 | (0.250) . 0.253 | 0.254 1254 | 0.250 | 0.006
9 0.254 | (0.254) | 0.252 | 0.25 0. 254 1.266 | 0.253 | 0.002
10 0.249 | (0.253) | 0.251 . 0.255 | 0.253 1.261 | 0.252 | 0.006
11 0.254 | 0.254 | 0.251 0.250 | (0.252) | 1.261 | 0.252 0. 004
12 0.247 | 0.250 | (0.250) .  0.251 0. 251 1246 | 0.250 | 0004
13 0.254 | 0.253 | 0.249 ; 0.248 | (0.250) | 1.25¢ . 0.251 | 0.006
14 0.252 | 0.255 | (0.253) | 0.253 251 1.264 | 0.253 | 0.004
15 0.254 | (0.253) | 0.252 | 0.252 253 | 1.264 | 0.253 | 0.002
16 0.248 | 0.250 | (0.251) | 0.253 253 | 1.255 | 0.251 0. 005
17 0.25¢ | (0.252) | o0.252 | 0.251 253 | 1.262 | 0.252 | 0.003
18 0. 251 0.252 | 0.25¢ | 0.254 | (0.253) | 1.264 | 0.253 | 0.003
19 0.255 | (0.254) | 0.254 | 0.253 . 253 1.269 | 0.254 | 0.002
20 0.252 | (0.253) | 0.254 | 0.25¢ | 0.252 1.265 | 0.253 | 0.002
21 0.254 | 0.253 | 0.251 0.251 | (0.252) | 1.261 | 0.252 | 0.004
! A 5. 296 J 0.079
Xael = E e = X=0.252, R=0.0038
CL=X+A,R=0.2542 > X=5.296
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L fit Yr deodeAg 2 Histogram
0.247 ~ 0.248 0.2475 6
0.248 ~ (. 249 0. 2485 3
0.249 ~ (. 250 0. 2495 8
0.250 ~ 0. 251 0. 2505 14
0.251 ~ 0.252 0. 2515 23 7
0.252 ~ 0.253 0. 2525 22
0.253 ~ 0.254 0. 2535 21 __)
0.254 ~ 0.255 0. 2545 8
£ il 105 5 10 15 20 25 30
Fig. 5-1. Histogram of Table 5-1.
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Fig. 5-2. X-Chart for Normal Distribution of Table 5-1.
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Fig. 5-3. Median Control Chart for Normal Distribuiton of Table 5-1.
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Table 5-2. Deviations of Quality Characteristics.

X | s@ | n@ | RE
0.248 0.05769 0. 01687 0.04082
0.249 0. 08654 0.05543 0.03111
0. 250 0.16346 0.13690 0. 02656
0.251 0.29808 0.26420 0. 03388
0. 252 0.51923 0. 43390 0.08533
0. 253 0.72115 0. 62690 0.09425
0.254 0. 92308 0. 81190 0.11118
0. 255 1 0. 94860 0. 05140
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Fig. 5-4. Median Contral Chart for Beta Distribution of Table 5-1.
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Table 6-1. Egquation of Control Limits for Non-Normal Distributions.
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Table 1. Values of Control Limits for Gamma
Distribution(Doubly Specification Assi-

Table 2. Values of Control Limits for Gamma
Distribution(Single Specification Assi-

gnment) gnment)
LCLe CLcU LCL¢ UCLg
a CLe |—— a |———F—— CLe [
n=3 n=5 n=3 1 n=5 n=3 n=5 | n=3 | n=5
1.0 0.0199! 0.0511{ 0.6931 3. 9267; 2.9981 1.0 0.0283 0.0653 0.6931 3.5773 2.7601
1.5 0.0914} 0.1756; 1.1829 4. 9347? 3. 9100 1.5 0. 1166! 0.2084! 1.1828 4.5515 3.6436
2.0 0.2130] 0.3548: 1.6783 5. 8510: 4.7467 2.0 0.2573 0.4064 1.6783 5.4398 4.4570
2.5 0.3734! 0.5720; 2.1757 6. 7122; 5. 5383 2.5 0.4371] 0. 6412" 2.1757) 6.2764] 5.2282
3.0 0.5639] 0.8168 2.6740/ 7.5356" 6.2990 3.0 0.6464) 0.9025 2.67400 7.0775 5.9707
3.5 0.7782) 1.0827] 3.1729) 8.3310 7.0370 3.5 0.8786! 1.1839 3.1729 7.8526;] 6.6920
4.0 1.0116, 1.3652) 3.6720; 9.1047 7.7572 4.0 1.1291 1.4810| 3.6720 8.6073 7.3968
4.5 1.2603 1.6613 4.1714] 9. 8608} 8.4632 4.5 1. 3948 1.4909[ 4. 1714; 9. 3455 8.0882
5.0 1.5236] 1.9687| 4.6709 10.6024. 9.1573 5.0 1.6733 2.1116‘ 4. 6709: 10.0703; 8.7687
5.5 1.7977] 2.2859) 5.1704| 11.3317) 9.8415 5.5 1.9626) 2.4413 5. 1704: 10.7835 9.4399
6.0 2.0820] 2.6113 5.6701} 12.0502| 10.5171 6.0 2.2614] 2. 7789! 5.6701' 11.4868| 10.1031
6.5 2.3750| 2.9442) 6.1698 12.7597 11.1853 6.5 2.5685 3.1232] 6.1698 12.1815| 10.7592
7.0 2.6758; 3.2847 6.6696) 13.4609: 11.8467 7.0 2.8829 3.4737} 6.6696, 12.8685 11.4093
7.5 2.9836] 3.6285 7.1694] 14.1547; 12.5023 7.5 3.2040, 3. 8296i 7.1694) 13.5488 12. 0539
8.0 3.2977| 3.97871 7.6629| 14.8422| 13.1527 8.0 3.5309] 4.1903 7. 6692! 14, 2230) 12. 6936
8.5 3.6176| 4.3337) 8.1690; 15.5236; 13.7981 8.5 3.8632) 4. 5554 8.1690 14.8916 13. 3287}
9.0 3.9428) 4.6929; 8.6689| 16.1997; 14.439%4 9.0 4.2005 4.9246; 8.6689 15.55521 13,9599
9.5 4.2727) 5.0561] 9.1688 16.8708 15.0766 9.5 4,5422] 5.2974! 9.1688 16.2143 14,5874
10.0 4.6070] 5.4229. 9.6687 17.5374! 15.7102 10.0 4,8881] 5.6736 9.6687 16.8691] 15,2114
10.5 4.9455] 5.7931} 10.1686| 18.1998; 16. 3403 10.5 5.2378 6. 0529 10.1686; 17.5200; 15. 8323
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