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Cost and time parameters
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I\/Iarkov chain approach(2/7)

m ALRC (Average length of renewal cycle),

which is defined as the average number of
observations from the start of in-control process to
the state when a true out-of-control signal is given.
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Figure 1. Diagram of in-control and out-of-control states of a process
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I\/Iarkov chain approach(3/7)
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Markov chain approach(4/7)
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State Interpretation

0.1} A point 1s between LCL and UCL during in-control period

I} A point is above the UCL during in-control period
I} A point is below the LCL during in-control period

[} Two successive points are either above the UCL or below the LCL during in-control period
(,N} A point is between LCL and UCL during out-of-control period
U,N} A point is above the UCL during out-of-control period
L,N} A point is below the LCL during out-of-control period
S.N}  Two successive points are either above the UCL or below the LCL during out-of-control period,

the absorbing state
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Table 1. State transition matrix for 2-of-2 runs rule scheme

States at (n+ 1)th sampling sequence
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. de r=1—e" pr=0(—k) py=1-D(k)
gL =D(=ky—0/n), qu=1-D(ky—d/n)
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Economic-statistical design(l)

AR R AR e )T SPARL
S Bl 2 A g ARL ]
Bt AT RIT A A B

B A EAN e BT 4 St e > BT R 2
B S 3 E_e i %'f | X ,%’ m g ; {3
A LR R
Eowe {5 BRDV ? @ﬂm%im@%r4
P e Eia e

L Sy SR T -
YK 4 5.7 3.8 ¥ % % System Reliability Lab.




S o
Economlc statlstlcal de5|gn(2)

R R E T S [P

Minimize  AC
Subject to  ATSp>1, ATS|<u

where [ 1s the lower bound on the ATSy and u 1s the upper bound on the ATS;
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Figure 2. Constrained optimization search procedure for the economic-statistical design
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Numerical example(l/Z)

m5| * Lorenzen&Vance(1986) s454s iy (T % e
bl o 2 AR Gl S fiche™

1) A =1/50 9 Y=

2) 0=0.86 10) 7,=

3) C,=%$114.24 11) T.,=T,=E=5/50
4)  C,=%$949.20 12) T,=45/60

5 W=$1086

6) Y=%$977.40

7y a=0

8) b =%$4.22

L Y P SE ER SR P F
éfu + B 9 % % System Reliability Lab.




Numerlcal example(2/2)

Table II. Statistical and economical results for the Ulustrative example

n* h* k* ATSy /HTSI\ AC* /‘-?-5: Ratio
Model 1 16 2.64 2.79 500 2.24 225.16
Model 2 8 0.92 1.88 526.81 2.64 222.20 1.31
Model 3 8 0.98 2.00 500 2.58 219.40 2.56
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SensmVlty anaIyS|s(1/5)
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Table I11. Cost and process parameters Table IV. Fixed parameters and bounds of constraints
Value Parameters Value

Parameters Low High To 5.5
a | 2 I 3.5
b 0.2 0.6 Ty 8
W 150 300 E 0.275
Y 200 500 ]
Co 100 200 /! 0
Cy 250 500 Iy
J 0.01 0.05 1 300
i 0.5 1.0 8
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Sensitivity analysis(Z/S}

Table V. Design set for sensitivity analysis

..-:. Cﬂ C| W i b Y

| 0.01 100 250 150 1 0.2 200
2 0.05 100 250 150 1 0.6 500
3 0.01 200 250 150 2 0.2 500
4 0.05 200 250 150 2 0.6 200
5 0.01 100 500 150 2 0.6 500
6 0.05 100 500 150 2 0.2 200
7 0.01 200 500 150 1 0.6 200
8 0.05 200 500 150 1 0.2 500
9 0.01 100 250 300 2 0.6 200
10 0.05 100 250 300 2 0.2 500
11 0.01 200 250 300 1 0.6 500
12 0.05 200 250 300 1 0.2 200
13 0.01 100 500 300 1 0.2 500
14 0.05 100 500 300 1 0.6 200
15 0.01 200 500 300 2 0.2 200
16 0.05 200 500 300 2 0.6 500
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Sensitivity analy3|s(3/5)

Table VI. Optimal design comparisons for the Shewhart chart and runs rules

Model 1 Model 2 Model 3

bR ATS, ATS,  ACY nt R K ATS, ATS; ACY % Ratio n* Kt kY ATS; ATS, AC* % Ratio

W S 1 O n e e B e

L
L—

24169 293 500 453 11583 15 096 186 500 468 11390 L7 14 098 200 500 475 11342 21
9 094 311 500 59 11832 7 061 196 500 .56 117.19 Lo 7 0601 210 500 148 11685 12
[T 33 287 81326 330 19348 & 187 193 133287 410 @ =02 8 180 216 197148 400 19309 02
24199 288 500 499 18881 15 096 186 500 468 18652 2 14 098 200 500 47 18570 16
24175 292 500 461 15146 15 09 186 500 468 14632 34 14 093 201 500 460 14497 43
0 045 332 500 080 16746 8 033 209 500 081 16346 24 8 032 223 500 075 16303 26
0 169 293 500 202 21283 6 084 189 500 238 21221 03 6 085 203 300 221 218 05
24067 321 500 264 26356 19 051 200 500 217 25264 41 19 037 220 500 .38 25062 49
0 280 277 500 29 11130 7 LM 175 500 338 11092 03 7 161 189 500 336 11075 05
23 076 317 500 309 14048 18 064 195 500 276 13572 34 17 067 208 300 283 13471 41
28600 252 SILIS 794 20057 20 307 159 5186l H.[l)@ =01 14 204 184 51125 800 20050 00
9 08 315 500 145 17608 7 0358 197 500 150 17546 04 7 055 212 500 136 17521 03
9 079 316 500 141 12526 7 056 198 500 144 12425 08 7 055 215 576.01 139 12398 10

25 0.4 508 0 03 207 18 058 197 500 238 21211 0 1r 061 Z10 S 204 294 /U

21 097 310 500 414 22826 17 080 190 500 350 2245 16 16 078 205 500 339 22364 20

6 9 069 320 500 129 23201 7 061 196 500 .56 22957 L1 7 046 216 300 16 22840 16
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Sensitivity analysis(4/5)

Table VII. Sensitivity analysis results for 2-of-2 runs rules

n* h* k* AC*
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Sensitivity analysis(5/5)

Table VIII. Sensitivity analysis results for 2-of-3 runs rules

n* h* k* AC*
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Conclusions
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