FEI6HEHE2 M % 4 T ¥ H Vol.36 No.2
2021 4 H JOURNAL OF SYSTEMS ENGINEERING Apr. 2021

EF DM Er S T R B R E R AR S 5

TAEH, HLF

(P 0 TR P 24P, Y175 m 5t 210094)

T 45t B A R R ATTAL, F 5B RO A IR A S AR A 69 IR 2] B AR K 5P A AR AR ) 69 PR, 454 M et
M3, Xt 7 Bayesian-Beta #5%] B, 2 T #£4) B 893t 7k BAEAZ B Ao 509 Nt W 4601 7 k. A R 44 A
89 -F 34 154744 K 893918 AARL(average of the average run length) #= 47 £ SDARL(standard deviation of the average
run length) 0 #7 T A #A4E 3+ 3 Ara% i+ 69 42 ) B 1L Ak 69 % 7, 45 % % 9 Bayesian-Beta 35 %] B ¢ £ 8 &+ 69 % vl ), 3t
TR A LA BT A9 IR A

KR AT R AT, TR VUM, 2404511 AARL; SDARL
FE 5 HS: 0213.1 CHERFRIRAD: A MERHS: 1000—5781(2021)02—0240—07

doi: 10.13383/j.cnki.jse.2021.02.008

Statistic control of Weibull renewal process based on
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Abstract: A Bayesian-Beta control chart is proposed for the Weibull renewal process by combining Bayesian
theory, to alleviate the problem of detecting the shift of the Weibull shape parameter and the problem of lack
of enough sample data in practice usually. The design method and the monitoring procedure of the control
chart and the Bayesian estimation method of the parameters are given. The effects of parameter estimation on
the chart performance are evaluated in terms of the AARL and the SDARL. It is shown that the Bayesian-Beta

control chart is less influenced by the parameter estimation and can detect the process shift efficiently.
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Table 1 Control chart performance in controlled state(n = 11, k = 2.2)

Bayesian-Beta 1 il £ Beta il ]
3=05 B=1 B=2 B=05 B=1 =
m AARL. SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL

20 75.73 25.63 75.31 22.71 80.18 22.55 63.63 30.79 61.47 29.14 63.90 30.15
50 85.64 18.74 85.07 15.78 89.16 15.50 79.64 22.85 77.86 21.13 79.38 22.70
100 91.90 13.74 88.79 12.17 94.00 10.72 89.18 16.10 84.96 15.47 88.81 15.41
200  96.22 10.16 92.08 8.91 96.07 8.21 95.12 11.28 90.48 10.50 93.52 10.80
250  96.72 9.37 93.08 8.26 97.13 7.20 95.86 10.26 91.95 9.52 95.33 9.15
500  99.63 5.86 94.93 5.63 98.94 5.31 99.35 6.20 94.54 6.08 98.25 6.13

®2 FERETESIERMEEE (L = 15,k = 2.1)
Table 2 Control chart performance in controlled state(n = 15,k = 2.1)

Bayesian-Beta Jz ] Beta il
8=05 B=1 3=2 B=05 B—1 3=2
m AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL

20 71.74 26.57 75.25 25.11 77.41 24.53 59.26 31.38 59.84 31.48 59.96 31.50
50 82.20 19.66 86.35 17.78 87.43 17.60 75.78 23.83 77.94 23.63 76.37 24.89
100 88.96 14.47 90.64 13.70 93.08 12.41 86.02 16.95 86.13 17.48 86.87 17.54
200  93.76 10.40 94.58 9.87 95.67 9.49 92.60 11.61 92.67 11.78 92.53 12.54
250 9427 9.53 95.79 9.02 97.01 8.24 93.38 10.50 94.44 10.52 94.77 10.55
500  97.36 5.85 98.16 5.78 99.18 5.88 97.07 6.19 97.69 6.34 98.34 6.91

R3 ZRETIEFIER R (n = 20,k = 2.0)
Table 3 Control chart performance in controlled state(n = 20, k = 2.0)

Bayesian-Beta {5l Beta %]
3=05 B=1 B=2 B=05 B=1 B—2
m AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL

20 66.90 27.15 71.73 26.08 73.75 25.01 54.39 31.42 55.90 32.10 5591 31.90
50 71.67 20.58 83.42 18.77 84.04 17.88 70.97 24.59 74.48 24.69 72.54 25.45
100 84.86 15.39 87.96 14.55 89.85 12.34 81.72 17.91 83.11 18.49 83.40 17.85
200  90.17 10.98 92.24 10.56 92.55 9.20 88.89 12.26 90.15 12.58 89.36 12.49
250  90.82 10.08 93.57 9.61 93.89 7.76 89.83 11.12 92.11 11.18 91.64 10.28
500  94.26 591 96.21 6.15 95.97 532 93.94 6.30 95.69 6.75 95.16 6.39
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Table 4 Performance comparison of control charts with different error coefficients

1.15 1.10 1.05 1.00 0.95 0.90 0.85 Beta $x il &
m AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL AARL SDARL

20 6751 2566 70.82 24.60 73.58 2332 7531 2271 7726 2082 78.02 2000 78.06 19.76 6147 29.14
50 77.02 1993 7994 1877 8236 17.45 85.07 1578 85.54 15.02 86.13 1425 86.02 14.02 77.86 21.13
100 83.31 1549 8541 1432 8720 13.12 88.79 12.17 89.65 1094 90.24 1022 9040 994 8496 1547
200 88.94 11.15 9022 1035 9134 955 9208 891 9291 816 9336 7.66 9357 735 9048 10.50
250 90.19 10.15 9130 944 9225 874 9308 826 9370 747 9416 698 9446 657 9195 952
500 9332 696 9392 660 9449 622 9493 563 9544 550 9581 516 96.13 484 9454 6.08
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Table 5 failure times of hard disk drives

FFg REONIE/R PN REONEVh S RRUNE/h S RN/ b

1 207 13 451 25 753 37 915
2 489 14 372 26 462 38 4
3 208 15 909 27 209 39 2
4 89 16 828 28 798 40 80
5 46 17 120 29 260 41 754
6 469 18 982 30 21 42 222
7 26 19 612 31 594 43 93
8 320 20 376 32 723 44 499
9 181 21 4 33 82 45 448
10 567 22 531 34 59 46 93
11 702 23 133 35 4 47 42
12 257 24 916 36 326

B 1A S0 B f R 5 — B BT U, TTRUE 5 — B BOd R 2 AR 1) HoR U 5 M B 4T
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Fig. 1 The control chart of a hard disk drives’production process
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