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DEVELOPMENT OF MARKOV CHAIN APPROACH (/5)
Markov chain approach
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Models

Model 1 traditional Shewhart control chart scheme
Model 2 2-of-2 runs rule scheme
Model 3  2-of-3 runs rule scheme

Assumptions

(1) The in-control period is an exponential random variable with mean 1/4.
(2) The process starts anew after each false alarm.

(3) There is only one assignable cause and a shift of process average occurs by a known amount.




DEVELOPMENT OF MARKOV CHAIN APPROACH (2r5)

State Interpretation
O 1Y A point is between LOL and U'CL during in-control period p
{01} A point is above the UCL during in-control period pu =1-d(k2)
{L. I} A point is below the LOL during in-control period
[5.1]  Two successive points are either above the UCL or below the LCL during in-control period pr=D(-kz2), p+pu+p.=1
(O N A pomt s between LOCL and UCL during out-of-control perod q
(L, N1 A point is above the UCL during out-of-control period i
{L,N} A point is below the LCL during out-of-control period qu =1-d(k2— ()\/ﬁ)
{5.N]  Two successive points are either above the UCL or below the LCL during out-of-control period .
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Tahle 1. State transition matrix for 2-of-2 runs rule scheme
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DEVELOPMENT OF MARKOV CHAIN APPROACH (/5
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DEVELOPMENT OF MARKOV CHAIN APPROACH (/5
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Figure 1. Diagram of in-control and out-of-control states of a process

The cycle time in this paper consists of the following three parts:
(a) the time until the chart gives a true out-of-control signal

(1—y1)sTo

A1 =hx ALRC +  s=e " /(1-e)

(b) the time to discover the assignable cause and repair the process; A, =T:+T>
(c) the time to analyze and chart the sample; As=nE




COST MODEL 1)

To derive the cost function, we consider four cost elements:

(a) cost due to non-conformities produced while the process is in control as well as
out of control

Bi=Co(l/ A)+Cy(R-1/ A-(1- ) ToS/ARL —(1- y) T1— (L—2)T>2)
(b) sampling cost
Bz=(a+bn)(R-1/A-(1- ) ToS/ARL —(1- y1) Ti—(L— y2)T2) /h
(c) cost for location and repair of the assignable cause ; Bs=W
(d) cost due to false alarm; B. =Y(Ai)

Design parameters Cost and time parameters

ki  control limit coefficient for Model Co hourly non-conforming production cost while the production process is in control

n fixed sample size C; hourly non-conforming production cost while the production process is out of control
h  fixed sampling interval Y  cost per false alarm

W cost to locate and repair the assignable cause

a  fixed cost per sample

b cost per unit sampled

E  expected time to sample and chart one item

To expected search time when false alarm has been given
T\ expected time to discover the assignable cause

T, expected time to repair the process
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Figure 2. Constrained optimization search procedure for the economic-statistical design




NUMERICAL ILLUSTRATIONS (1/4)

Numerical example

Table II. Statistical and economical results for the illustrative example

n* h* k* ATSy ATS|
Model 1 16 2.64 2.79 500 2.24
Model 2 8 0.92 1.88 526.81 2.64
Model 3 8 0.98 2.00 500 2.58

AC*

225.16
222.20
219.40

% Ratio

1.31
2.56

the cost parameters and the process parameters as :

A=1/50, 5=0.86, C,=$114.24,

C,=%949.20, W=$1086, Y=$977.40, a=0, b=%$4.22,
v,=1, v,=0, T,=T,=E=5/60, T,=45/60 (Lorenzen and Vance;1986)




NUMERICAL ILLUSTRATIONS (2/4)

Sensitivity analysis

Table III. Cost and process parameters

Table IV. Fixed parameters and bounds of constraints

Parameters Value
Parameters Low High Ty 5.5
7 3.5
2] 1 2 T2 8
b 0.2 0.6 E 0.275
w 150 300 o ]
Y 200 500 . 0
Cp 100 200 | 500
C 250 500 y 8
A 0.01 0.05
0 0.5 1.0




NUMERICAL ILLUSTRATIONS (3/4)

Table %t chart and runs rules

Table ¥. Design set for sensitivity analysis Model 1 Maodel 3
Case A Cn (] W a ] ¥ & omt W kY ATS;  ATH) ACY % Rate n* At KT ATE,  ATS)  ACY % Ratio
1 01 100 250 150 1 0.2 200 05 24 169 293 500 453 11583 1.7 14 098 2 00 504 475 11342 2l
2 005 100 250 150 1 0.6 500 1.0 9 084 301 500 .59 11832 1.0 T oo0al 200 50 148 11685 1.2
3 00 200 250 150 2 0.2 S0 1O 11 334 287 81326 330 19348 02 § 180 206 197148 401 19309 0.2
4 0,05 200 250 150 2 0.6 200 0.5 24 199 288 500 499  1REE]L 1.2 14 098 200 500 476 18570 1.
3 001 100 Sk 150 2z 0.6 SO0 0.5 24 178 292 500 4.6l 15146 34 14 093 2001 500 460 14497 4.3
o 005 100 SH 150 2 0.2 200 Lo 0 045 332 500 080 16746 24 8032 223 500 075 16303 2.6
7 0,01 200 SO0 150 I 0.6 200 O 10 1e9 293 500 202 Z1ZE3 0.3 6 0BS5S 203 50 22T 21154 03
8 003 200 SN 150 1 0.2 SO0 05 24 0AT 321 500 Ied 26356 4.1 19 037 220 500 1.58 25062 4.5
k) .01 100 250 300 z 0.6 200 Lo 1 280 277 500 200 11130 0.3 T L6l LD 50 336 11075 0.3
10 (.05 [0 250 300 2 0.2 S00 05 23 076 317 500 309 14048 34 17 067 208 500 283 1347 4.1
11 0,01 200 250 300 1 0.6 500 0.5 28 600 252 51115 7894 20057 -0l 14 Z.04  1B4 51025 HOD 20050 0.0
12 005 200 250 300 1 0.2 200 1.0 9 08D 305 500 145 17608 0.4 T 055 212 504 |36 17527 0.5
13 001 L0 SO0 300 1 0.2 500 Lo 9 079 316 500 141 12526 08 TS5 215 57601 139 12398 1.0
14 0.05 100 SO0 300 1 0.6 200 0.5 23 074 308 500 303 ZI50T 5.8 17 bl 200 S 64 20945 T.0
13 001 200 S 300 2 0.2 200 05 21 097 310 500 4.14 22816 1.6 e 078 205 500 139 22364 X0
16 005 200 RILL 300 2 0.6 500 1.0 9069 320 500 .29 23201 1.1 T 046 216 500 .16 22840 1.6
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NUMERICAL ILLUSTRATIONS (4/4)

Table VII. Sensitivity analysis results for 2-of-2 runs rules Table VIII. Sensitivity analysis results for 2-of-3 runs rules
n* h* k* AC* n* h* k* AC*
a + a +
b — - b —
W W
Y Y
Co + Co +
C — + + C — - + -
Y - + A - - +
0 - 0 - +
> N ; 2\ -7 2 ': \J‘ z < ya &% v 4

c WHMEFEFAALEFRAE &S AR, A HAP R FIF L FoREY

o SIY LR S S AP
+ WARSHA 81 & G S den hivk o § 2 ROE R AT T
VR S S




CONCLUSIONS
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