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Introduction 
 本篇paper 將呈現以績效變數(performance variable)和

替代變數(surrogate variable)去建立兩階段(two-stage)
經濟性設計管制圖之模式。
績效變數(X)：測量所感興趣之品質特性成本

替代變數(Y)：與績效變數存在相關性，但其花費成本為較少

 製程監控從 管制圖開始，直到 樣本平均落於管制
限界外時，則轉移至 管制圖。 管制圖由中心
(central)、警告(warning)和行動(action) 區域所組成。
當 樣本平均落於中心線附近時，則製程監控返回
管制圖，否則製程仍舊在 管制圖監控下，直到 樣
本平均落於管制限界外，此時可歸屬原因可著手尋找
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Description of the two-stage control chart (1/2)
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Description of the two-stage control chart (2/2)
Take a sample of size ny
after hy time unuts

Take a sample of size nx
after hx time unuts

In control?

Identify the assignable cause
and make a corrective action  

Y kyZ <

X wxZ < X > kxZ
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Properties of the two-stage control chart (1/5)

製造程序因停止去找尋和修護時間可忽略

可歸屬原因在兩階段管制圖過渡期間，
僅只發生在其任一階段

因指數分配具有無記憶性(memoryless)
容許使用馬可夫鏈得兩階段管制圖之特性

(Costa and Rahim, 2004)
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Properties of the two-stage control chart (2/5)

 : The process is in control and under Y chart surveillance
 : The process is in control and under X chart surveillance
 : The process is out of control and under Y chart surveillance

state 1
state 2
state 3
stat  : The process is out of control and under X chart surveillance

 : The absorbing state
e 4

state 5
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Properties of the two-stage control chart (3/5)
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Properties of the two-stage control chart (4/5)

 : the identity matrix of order 4
: the transition probability matrix of order 4, where the elements associated 

     with the absorbing state have been deleted
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Properties of the two-stage control chart (5/5)
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The cost model (1/3)
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The cost model (2/3)
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The cost model (3/3)
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Since the process is a renewal reward process (Ross, 1992). The restrictions are 
imposed on the design parameters to accommodate limitations of practical order.
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Comparison of one-stage and two-stage designs (1/2)

(PHM hereafter  from Panagos et al., 1985) 
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Comparison of one-stage and two-stage designs (2/2)

1
'
3 increaE( ) increases either as  oses  dr ecas reasesbA β

1The monitoring depends more on t  he  ch  ar get wh ts e ern largY β

' '
3 43 4

' '
3 3 13 3

Assume 1,  1,  0.1 ,  0.1

 0.2   ,  0.3,  0.6,  0.9

x y a a a a
b b or b b
σ σ

β

= = = =

= = =　　　　



系統可靠度實驗室 System Reliability Lab.
國立雲林科技大學工業工程與管理所

Comparison of one-stage and two-stage designs (2/2)
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Sensitivity analysis
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Conclusions
 當管制圖應用於製程上，相較於合理性替代變數而言

，其運用績效變數去量測為昂貴的，故對監控製程較
經濟手法為同時使用其兩者。

 比較兩階段模式與PHM’s一階段模式之數值案例，從
期望淨收益角度來看，可確認兩階段對於一階段而言
較佳。
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