Journal of Quality Engineering and Management

/ WWW.pqprc.ir

J. Qual. Eng. Manag. Vol. 14, No. 2 (2024) 127-144.

Paper Type: Original Article
Realistic Economic-Statistical Design of X Control Chart
Based on the Lorenzen and Vance Model in the Presence
of Independent Multiple Assignable Causes under the
Burr-XII Shock Model

Farnoosh Shiravani', Mohammad Bamenimoghaddam"*"', Reza Poortaheri'

! Department of Statistics, Faculty of Statistics, Mathematics and Computer Science, Allameh Tabatabaei University, Tehran, Iran;

f.shirvani@atu.ac.ir; bamenimoghadam@atu.ac.ir; pouttaheri@atu.ac.it.

Citation:
Received: 15 July 2023 Shiravani., F., Bamenimoghaddam, M., & Poortaheri, R. (2024). Realistic
Revised: 11 October 2023 economic-statistical design of X control chart based on the Lorenzen
Accepted: 09 November 2023 and Vance model in the presence of independent multiple assignable
causes under the burr-XII shock model. Jourmal of Quality Engineering and
Management , 14(2), 127-144.
Abstract

Purpose: The main goal of this study is to propose a realistic and practical model for the economic-statistical design
of Xcontrol charts in the presence of multiple independent assignable causes under the Burr Type XII shock model.
The model aims to minimize the underestimation of the actual cost per unit time of the quality cycle.
Methodology: This research utilizes the Burr Type XII distribution as a shock model to develop the RED model
for optimal design of Xcontrol charts. The Lorenz and Van cost function is also extended to account for multiple
assignable causes, and a numerical example is provided to demonstrate the solution approach.

Findings: Numerical results reveal that the proposed model outperforms existing models in accurately estimating
the real cost per unit time of the quality cycle. Furthermore, an increase in the shock probability leads to a non-
decreasing trend in the average cost, emphasizing the importance of considering this probability in E(A)
calculations.

Originality/Value: This is the first study to employ the Burr Type XII distribution as a shock model in the
economic-statistical design of control charts. By extending existing cost models, the paper introduces a novel and
realistic approach to designing control charts in the presence of multiple independent shocks.

Keywords: Realistic economic-statistical design, Control chart X, Multiple assignable causes, Burr-XII shock
model.
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Table 1- Set of model input parameter values (Table 3 of Saadat Melli et al. [5]).
iy Dy; Dy; Zy; k

i

NE; Un; HN, NE; Un; HN, NE; Un HN;

1 1 575 1647 1000 1454  3.293 2909 11429 6.932 10.086

15 1684 1283 1000 1244  2.565 2488 8901 6.932  8.627
1.8 2901 1103 1000 1099 1.1.03 2198 7.661 6.932  7.623

2 6932 6932 6.932
2.2 5341 902 1000 901 1.804 1.802 6.272 6.932 6.241

25 7776 777 1000 756  1.554

2

3

4 2 4000 1000 1000 1000 2
5

6 1512 5399 6.932 5.233
7

N N NN N NN

3 12602 609 1000 537 1.217 1.074 4735 6.932  4.289
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Table 2- Investigating the effect of the probability of event I in the design of the X control chart in the presence of
independently attributable causes under the Ber12 shock model.

EA P L h n S c EA P L h n p0 PD S c
33244 0.912 2.57 1359 4 50 4.79 283.49 0.937 2.67 2835 3 Se HN 100 55
491.434 0 0.1 88207 1 319.528 0.948 2575 27.806 3 0
332.84 0.908 2.55 1388 4 27457 0.935 2.54 3055 4 Se NE
460.788 0 0.1 68805 1 321.281 0.947 2574 27614 3 0
340.79 0.934 2.64 1322 4 - 283.49 0.951 2.67 2943 4 Se UN
387.765 0.939 2.633 12.205 3 327316 0.957 2.647 27.239 3 0
302.74 0.932 2.54 19.73 4 8355 4.33 300.8 0.923 2.59 203 4 S.e HN 50 7
348.394 0.943 2566 16.905 3 435.464 0 0.1 7125 1 0
302.79 0937 262 1739 3 300.85 0918 258 2034 4 Se NE
350.979 0.941 2564 16.762 3 337312 0.922 2573 19307 3 0
31216 0948 266 1798 4 3063 093 265 203 4 Se UN
358.105 0.953 2.637 16.472 3 343.552 0.938 2.641 19.081 3 0
276.42 0.927 2.55 303 4 75 7 297.74 0.942 2.63 1892 4 Se HN 100 4
315.882 0.939 2576 28.145 3 345966 0.947 2566 17.351 3 0
276.42 0.923 2.59 3019 4 296.17 0.938 2.56 1924 4 Se
317.779 0.939 2559 27.897 3 348.401 0.945 2564 17195 3 0 NE
28339 0.942 267 295 4 30835 0.952 266 1852 4 Se
323.483 0.95 2.648 2768 3 355.435 0.956 2.637 16.877 3 0 UN
299.85 0.999 249 2068 4 6042 588 26451 0935 255 3973 4 Se HN 100 7
338.885 0.933 2561 19.184 3 303.78 0.947 258 36.645 3 0
299.7 0.918 256 205 4 26462 093 265 3752 3 Se
341469 0.929 2574 19109 3 305.212 0.946 2579 36.441 3 0 NE
306.73 0938 265 2019 4 270.89 0.949 267 3848 4 Se
348.069 0.945 2.641 18795 3 310.527 0.956 2.652 36.05 3 0 UN
27491 0.932 2.65 3047 3 875 6.47 3295 0.922 2.62 1261 3 Se HN 66.84 4
314318 0.944 2577 29.853 3 369.218 0.935 256 12277 3 0
275.01 0.933  2.66 30 3 32734 0917 253 1404 4 Se NE
316.034 0.942 2575 29.674 3 372586 0.934 2557 12142 3 0
280.37 0.947 2.67 314 4 337.89 0.943 2.65 1305 4 Se UN
321.793 0.954 2.649 29326 3 380.36 0946 2.631 11932 3 0
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Table 3- Optimal value of realistic statistical-economic design parameters of the X control chart in the presence of independent attributable causes under the Ber12 shock model.

EA arly arly P() L h n S c EA arly arly P L h n p0 PD S c
403.521 1.11 259.42 0.94 2.89 143 9 50 4.79 344.736 1.11 248.9 0.995 2.9 30.7 9 0 HN 100 55
403.521 1.11 259.42 0.94 2.89 143 9 344.736 1.11 248.92 0.995 2.9 30.7 9 0.85
403.521 1.11 259.42 0.94 2.89 143 9 344.736 1.11 248.92 0.995 2.9 30.7 9 0.9
405.571 1.10 200.126 0.95 2.807 13.542 9 344.736 1.11 248.92 0.995 2.9 30.7 9 0.9
721996 1.10 201.29 0.99 2.809 9.617 9 344736 111 24892  0.995 2.9 307 9 099
407.626 111  206.435 0936 2817 14.091 9 35139 111 350.05 0.958 2.983 30.7 10 0 NE
407.626 1.11 206.435 0.936 2.817 14.091 9 351.39 1.11 350.05 0.958 2.983 30.7 10 0.85
407.626 111  206.435 0936 2817 14.091 9 35139 111 350.05 0.958 2.983 307 10 09
416.656 1.9 201.861 0.95 2.81 13539 10 351.39 1.11 350.05 0.958 2.983 30.7 10 0.95
751.638 1.9 201.176 0.99 2.809 9.624 10 485.404 1.9  202.243 0.99 2811 2381 10 0.99
407.597 1.11 221.107 0.95 2.839 13.305 7 50 4.79 347.544 1.11 207.708 0.966 2.819 29.409 7 0 UN 100 55
407.597 1.11 221.107 0.95 2.839 13.305 7 347.544 1.11 207.708 0.966 2.819 29.409 7 0.85
407.597 1.11 221.107 0.95 2.839 13.305 7 347.544 1.11 207.708 0.966 2.819 29.409 7 0.9
415.93 1.9 306.247 0.95 2.942 13.412 8 347.544 1.11 207.708 0.966 2.819 29.409 7 0.95
686.39 1.9 201.213 0.99 2.809 9615 8 455.198 1.9  200.373 099 2808 23787 8 0.99
380.405 1.11 251.826 0.955 2.88 19.143 9 8355 433 362.56 1.11 261.266 0.939 2.892 20.984 9 0 HN 50 7
380405 111 251826 0955 2.88 19143 9 36256 111 261266 0939 2892 20984 9 0.85
380.405 1.11 251.826 0.955 2.88 19.143 9 362.56 1.11 261.266 0.939 2.892 20.984 9 0.9
380.405 111 251.826 0.955 2.88 19.143 9 364.475 1.10 206.351 0.95 2817 20.445 9 0.95
573.148 1.10 201.173 0.99 2.809 13.488 9 614.476 1.10 201.85 0.99 2.81 16.183 9 0.99
389.26 1.11 338.689 0.953 2.973 19.2 10 365.416 1.11 205.552 0.938 2.816 20.944 9 0 NE
389.26 1.11 338.689 0.953 2973 19.2 10 365.416 1.11 205.552 0.938 2.816 20.944 9 0.85
389.26 1.11 338.689 0.953 2.973 19.2 10 365.416 1.11 205.552 0.938 2.816 20.944 9 0.9
389.26 1.11 338.689 0.953 2973 19.2 10 367.546 1.11 200.559 0.95 2.808 20.286 9 0.9

594.84 19 200.145 099 2807 13501 10 636.743 1.9 201256 099 2809 16191 10  0.99
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Table 3- Continued.

EA arly arly P L h n S c EA arly arly P(1) L h n p0 PD s C
383.741 111 211.035 0.962 2.824 18.131 7 8355 4.33 366.019 111  221.797 0.949 2.84 20.255 7 0 UN 50 7
383.741 111 211.035 0.962 2.824 18.131 7 366.019 111  221.797 0.949 2.84 20.255 7 085
383.741 111 211.035 0.962 2.824 18.131 7 366.019 111 221.797 0.949 2.84 20.255 7 0.9
383.741 111 211.035 0.962 2.824 18.131 7 366.043 111 219.116 0.95 2.836 20.203 7 095
550.09 1.09 20034 099 2.808 13479 8 586.262  1.09 203.777 0.99 2813 16.178 8 0.99
339.884 1.11 253573 0.952 2.883 30422 9 75 7 377575 111 249539 0.958 2.878 19.848 9 0 HN 100 4
339.884 111 253,573 0.952 2.883 30.422 9 377.575 111 249539 0.958 2.878 19.848 9 0.85
339.884 1.11 253573 0.952 2.883 30422 9 377575 111 249539 0958 2878 19848 9 0.9
339.884 111 253,573 0.952 2.883 30.422 9 377.575 111 249539 0.958 2.878 19.848 9 0.95
496.828  1.10 201.863 099 281 24275 9 544515 110 200.642 0.99 2808 1389 9 0.99
346.343 110 334.617 0.95 2969 30481 10 386.249 111 348564 0.956 2.981 19.907 10 0 NE
346.343  1.10 334617 095 2969 30481 10 386.249 111 348564 0956 2981 19.907 10 0.85
346.343 110 334.617 0.95 2969 30481 10 386.249 111 348564 0.956 2.981 19.907 10 0.9
346.343 1109 334617 095 2.969 30481 10 386.249 111 348564 0956 2981 19.907 10 0.95
512.362 1.09 200.772 0.99 2.808 24.288 10 564.553 1.09 202.475 0.99 2811 1389 10 0.99
342.789 111 212942 0.959 2.827 29.393 7 387.953 1.10 387.988 0.963 3.014 18.966 8 0 UN
342,789  1.11 212942 0.959 2.827 29393 7 387.953 1.10 387.988 0.963 3.014 18966 8 0
342.789 111 212942 0.959 2.827 29.393 7 387.953 1.10 387.988 0.963 3.014 18.966 8 0
342,789  1.11 212942 0.959 2.827 29393 7 387.953 1.10 387.988 0.963 3.014 18966 8 0
478.038 1.09 200.749 0.99 2.808 24.271 8 523.515 1.08 200.115 0.99 2.807 13.888 8 0.99
368.146 111 254477 0.946 2.884 21.044 9 6042 588 325.184 111 249.278 0.959 2.877 39.613 9 0 HN 100 7
368.146 1.11 254477 0.946 2.884 21.044 9 325.184 1.11 249.278 0.959 2.877 39.613 9 0.85
368.146 111 254477 0.946 2.884 21.044 9 325.184 111 249.278 0.959 2.877 39.613 9 0.9
368.442 1.10 228.898 0.95 2.85 20.797 9 325.184 1.11 249.278 0.959 2.877 39.613 9 0.95
592.13 1.10 204.298 099 2814 15.771 9 434.185 1.105 200.858 0.99 2.808 32.368 9 0.99
376.323 1.10 310916 0.944 2946 21.081 10 330.737 1.11 349.419 0.957 2982 39.673 10 0 NE
376.323 1.10 310916 0.944 20946 21.081 10 330.737 111 349.419 0.957 2982 39.673 10 0.85
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Table 3- Continued.

EA arly arly P L h n S c EA arl, arly P L h n p0 PD s C
376.323 110 310916 0.944 2946 21081 10 6042 588 330.737 1.11 349419 0.957 2982 39.673 10 0.9 NE 100 7
371263 1.11 200.55 0.95 2.808 2064 10 330.737 1.11 349419 0.957 2982 39673 10 0.95
613.327 1.09 201.203 0.99 2.809 15.783 10 446.199 1.093 200.109 0.99 2807 32386 10 0.99
371585 1.11 216.615 0.955 2.833 20.175 7 327.738 1.11 208.009 0.965 2.82 38.297 7 0 UN
371585 1.11 216.615 0.955 2.833 20.175 7 327.738  1.11 208.009 0965 2.82 38297 7 0.85
371585 1.11 216.615 0.955 2.833 20.175 7 327.738 1.11 208.009 0.965 2.82 38.297 7 0.9
371585 1.11 216.615 0.955 2.833 20.175 7 327.738  1.11 208.009 0965 2.82 38297 7 0.95
565.497 1.09 200.062 0.99 2.807 15.774 8 420.759 1.09 202.543 0.99 2811 32.359 8 0.99
338.127 1.11 250978 0.956 2.879 32.475 9 875 6.47 406.01 111 249.128 0.948 2.877 14.058 9 0 HN 6684 4
338.127 1.11 250.978 0.956 2.879 32475 9 406.01 1.11 249.128 0.948 2.877 14.058 9 0.85
338.127 1.11 250978 0.956 2.879 32.475 9 406.01 111 249.128 0.948 2.877 14.058 9 0.9
338.127 1.11 250.978 0.956 2.879 32475 9 406.117 1.11 246.607 0.95 2.874 13.906 9 0.95
472976 1.10 201.225 0.99 2809 25.824 9 676.142 1.106 201.432 0.99 2.809 9.284 9 0.99
344432 111 342103 0.954 2976 32529 10 416.552 1.108 333.781 0.946 2.968 14.081 10 0 NE
344432 111 342103 0.954 2976 32529 10 416,552 1.108 333.781 0.946 2.968 14.081 10 0.85
344432 111 342103 0.954 2976 32529 10 416.552 1.108 333.781 0.946 2.968 14.081 10 0.9
344432 111 342103 0.954 2976 32529 10 416.862 1.098 244311 0.95 2871 13917 10 0.95
487.464 1.09 200.601 0.99 2.808 25.836 10 704.868 1.093 201.555 0.99 2.81 9.286 10 0.99
34093 111 209.861 0.963 2.823 31293 7 409.816  1.11 215638 0.956 2.831 1323 7 0 UN
34093 1.11 209.861 0.963 2.823 31.293 7 409.816 1.11 215.638 0.956 2.831 13.23 7 0.85
340.93 1.11 209.861 0.963 2.823 31.293 7 409.816 111 215638 0.956 2.831 13.23 7 0.9
34093 1.11 209.861 0.963 2.823 31.293 7 409.816 1.11 215.638 0.956 2.831 13.23 7 0.95
456.831 1.09 204.177 099 2814 25.81 8 644.493 1.09 200.949 0.99 2.809 9.28 8 0.99
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