)
2.1
! !
h |
! 1 |
(£ kalln)
! (In Control state)
! Lol
(Out of Control state) !
| ] | X
2 ! ! XI, X2, X3, ... , X
X ! X
0
! X
x !



PROCESS

Product with some Quality
Random Variable, X

Characteristic

measurements on the Observations

Product, xi, x2, ... , Xn xi, x2, v, , xnon X

Calculate sample average, Calculate statistics,
X X

ko
o + ﬁ Test of Hypothesis
Ho Ho : B = Mo

ko
Ho - 7; H{ ' n = po = 80

Plot X on the Control-Chart

TR N

Within Qutside = "
o — x ¢ C-R x ¢ CR
. kf
In - Control Out - of - Control
True False True False
Indication Indication Signal Signal
Type | Power of Type 1
Error the Test Erron

2.1-1



2.2

Control

State)

«

«

(Poisson Process)

1/

2.1-1

(Single in
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Morkov Chain
Process Failure Machanism

2.3 5

Duncan (1956) Barish ~ Hauser (1963, 1969)  Knappenberger
Grandage (1969) Gibbra (1971, 1978)  Montgomery, Herkes Mance
(1975 Chiu  Cheung (1977) Jones  Case (1981)  Rahim (1985)
Lorenzen  Vance (1986) Pignatiello  Tsai (1988) Tagaras (1989)

(fixed Cost)
(Variable Cost) b

(Unit) (Item)
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b + en ! !

(Information)

Knappenberger
Grandage (xe69) (False

alarm)

(True alarm) ! Chiu evay  Gordon  Weinding (1evs)
Jones  Case (ies1) Saniga ~ Montgomery (es1y LOrenzen  Vance

(1986)

|
' !
Knappenberger  Grandage ose)  DUNCAN (1071

+1

Chiu (1973) (l\/IultIpIe
Assignable Cause) !

1Montgomery, D.c. "The Economic Design of Control Charts
A Review and Literature Survey." Journal Quality Technology. Vol.12,
No.2, April (1980), pp.76
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on
(Accuracy)

(Single Cost Coefficient)

!
(Failure Cost) ! !

! : (Cost of Rework or Scrap)

3

Montgomery, D.c. "The Economic Design of Control Charts A
Review and Literature Survey." Journal Quality Technology. Vol.12,
No.2, April (1980), pp.76

3 Montgomery, D.c. Introduction to Statistical Quality Control.
John Willy & Sons, New York, USA (1985), pp. 309

016G a



«

«

E(C)

«

[E(C)/E(T)]

(

Reward Process

«

fl
|
E(T) «
E(C) *
A=
« (1) «
C T
C T «
) (1)

Stochastic Process

Ross (1970: 51-54) Stochastic

16

«

«

(1)

«

Renewal

Process
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2.4 « Duncan
Process

Duncan (1956)

Duncan e

Shewhart ***

Duncan ! !
0
5
0 0 - 6 0 + 50
(Central line) 0
0 + k(alln) 0 - k(o//n) oL h
( ) ! 0

®* Girshick Rubin (1952) !

i Duncan
Chiu (1975)  Gibra (1971, 1973)  Saniga
(1977)  Saniga Montgomery (1981)  Sculli Woo (1982) Lorenzen
Vance (1986)  McWilliams (1989) !



2.4-1 ' Duncan Process

PRODUCT CYCLE

1 In Control TR Out of control 1
Last First
Sample Sample Lack
Before Assignable After of Assignable Assignable
Cycle Assignable Cause Assignable Control Cause Cause
Starts Cause Occures Cause Detected Detected Removed
1 ° 1 ° 1 1
[ j*+1 Cycle
o1 i
1 1 1 Time to 1 Test and i Search for i
Signal Interpret and repair
Results Assignable
Cause
! n gn D
p T
E(T) = i +[~- I]+gn+D

= X +h +Ti> tgntD



X
J jt1
j j+1
r@ + 1h o X(t - jh) dt
- N
7
- 1- x% e Ah
XL-e )
Duncan X
25
h 1 10
h
X X = (h2) - (Xh2/12)
(
)
2
2.4-1



) N

h(ii) -T+gn+D = h(i-1+") +gn+D

21)

-k - 5/

$(0/n - k)

Duncan

Q
0 0 + 00
e~22/2 - -2212
iz - 15
V2n J_ 5o aln
t 4>(-0ln - K)
(Power of Control Chart)
= e~z2/2
I on iz = 28%(-k
-k
1
j
1/P h
+ 1 T
h(1/p) -



B = & NG
P
22)
g
gn
23)
D
E(
)
E(

MP- 2+ n> +gn + °

(2)



Vi
2.3
2.4-2
)
b +en
E(T)/h
(b + cn)E(T)/h
)
) T h
| a {
© (|+1)h At i Ah - (i + 1)Ah
); 0 .Ih iAe dt = a 10
= a (1 eAh) ) CéD ie A
i =0
-Ah < -iAh
= a (1 e ) ; £ 2o
-Ah



Net Income per Product Cycle = Income - Cost

Income Cost
Looking for an Search for and
Hhen Hhen ) ) Cost of
fAssignable Cause Repair Assignahle .
In-Control Out-of-Control / ) Sampling
Hhen None Exists Cause, One Exists
h af
(1/2) U@ Ul[; -T + gn + D] 7;; N (b + cn) E(T)/h
\
{ h al-
(=)U@ + UL[== 1 + gn + D] — + W+ (b+cn) E(T)/h
A P Ah

1 h ' af E(T)
E(C) = {(=)V@ + ULl-- T+ gn + DI} - {—+ H + (b + ¢n) — )
A P Ah h

2.4-2 ' 4in : Duncan Process



Duncan Ah?
e Al -¢e h alAh
E(C) V. (1)
+V, [ - ttogn+DJ
+ (b +en) ED
=W () +Vi [h(i-1+") +qn+D]
\,I\’I- Iar-1r+ (b + cn) nE(-Ir-) (3)
3)
(2)
()  E(A = E(C)E(T) M=\ - Vi
)
_EQ -
ER) = E%T% - WL
L— (b+en) + [M(~-x+gn+D)+ W+ "1]

24
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L (Lost Cost)

2.5 Shutdown
Process .

Duncan

Duncan Process

Shutdown Process

2.5.1
Shutdown Process
Duncan Process
2.4
Shutdown Process



Montgormery (1980)

26

Shutdown  Process

4
1 1A
2
h(llp) - X
3
1
Diae AV(L - e *) = Dia/Ah
4,
D
Shutdown  Process Montgomery
E(T) . i +
Montgomery Chiu (1975)
(Economic  Design  of
Attribute Control Chart) Montgomery Chiu
(on) Gibra (1976)
n Shutdown
Process Gibra
(on)
Gibra
EM = B-+Y-T +ng+ T #2820 4,
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3+1
V =
| =
X2 =
a-(]jv_ T_6-h Ah
Duncan
Lorenzen  Vance (1986)
Shutdown Process 5
L
A +Diie /(1-ex) 1A + DiaAh
3. on

h(l/p)

Lorenzen Vance
EM = .. A - X+ng+h()) +T +T2



« N Montgomery Gibra Lorenzen
Vance ! ! Montgomery Lorenzen
Vance ! «
« Gibra !
« «
« ! Montgomery Chiu ! «
Gibra Lorenzen Vance

2.5.2

Shutdown Process

! Charbonneau Webster (1978)
«

1.

2.

3.

4. «

5. & (Machine Setting)

4
5
« . ! (Scrap Cost)

(Rework Cost) 2.5-1
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~——Tolerarce—>

Cost

Rework

|
|
!

X : Machire setting

2.5-1 2.5-2 * «
POF

Lindenmeyer Burch ~ Andrews (1984) }

2.5-2

Shutdown Process

Shutdown Process
Duncan

Shut-



2.5-3 Shutdown Process

-In Control ... foemee— QL Of Control ... Pomemamn omemememmens Stopped
o - |
e e
Before - Assignable m of Assignable Assignable
cle Assignable  Calee  Assignable Control Calke Calke End of
Starts Cabrse Occlures Caase Detected Detected Removad 1Cycle

i j+1

Time to | Test and 1 False alarm 1 Search for Se_}-Up
|

Signal Interpret and rep alr

Restilts Assign annsee
h D) -
D ! Th 3

H) = xtp—r]+m+g+D+3

= .i+h( % +gn+ +D+S|



doan Process
1.
2,

2.1

2.2

3.1

3.2

3.3

E(Ts)

E'Ts

31

E(Ts)

()

h(llp) - T
on
?
D
9 a XV(1-e h) = aAh
Dice /(L - e k) = Didah
D
N
1
Shutdown Process
= ;]A\'I' :lL'-g T\]+gn+%i—+D+Si
- £+h]p_ }+'1AZh’ +gn+%i—-;l3+8i
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Shutdown  Process

Duncan Process 2.4 I
[ 2.5-4
E(C)
\b
UA
Vo[L/A]
W

h[ilp - 12 + 112] +n
|

Vi [Up - 12 + AN +qn)

) (b +en)

I[LA +h(Llp - 12 + AW12) + gn]/h|
(b +en) ([VA+h(lp - 12 + AN12) +gn]/h)
) U |
e AV(l - e A) = dAh
al/Ah



Net Income yer Product Cycle = Income - Cost

Income Cost
Looking for an Search for and
Hhen Hhen . / ) Cost of Machine
Assignable Cause Repair fissignable )
In-Control Out-of-Control ) . Sampling Setting
Hhen None Exists Cause, One Exists
h al 1
(1/2) Ve Vil- - t + gn] e H (b + cn){(-)+Bs}/h S
P Ah A

| h
(-)V@ + VI[= -t + gn]
A P

1
(h + cn) [(X) + Bs1/h

al
+t—+H+S
Ah

1 h 1 al
E(C) = {(-)U@ + Ui[--t +gn } - {(b+cn) [(-) +Bs}/h+—+ N+ 5}
A P , A Ah

2.5-4

i ifial)

Shutdown Process




1 Shutdown Process

E(Cs)

4> +VI [MPm 2+ 1+9"]

(b+en) \' + "4 - 2+ 121 + 5" OT

ATl

g Wb

5 G- fhem

G %‘% +D+§
M b - M

Shutdown Process

AB + MG + (b +en) (- )+ —+ W + 6

= rr XB +G)

(6)
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2.6 !
! I (30
(02)
(0) !
! (30
2 I (30 £
I (30 \ " £
(Biased)
(30
!
! (Combinaed
Variability)
I
!
!
Box (1988: 3-4)
!
!
) (Standard Deviation)
(02)

1105 2407



-

2% [

*

P =0
0 00
2
0
07?X (1 E)
P = 1= o + >
2
0=0 = Q+6—
po
0<X) (1 Y——i

]

** Tagaras (1989)

|_(/|'+'g)(1+5)3)

y - olp

2.4
SE-k

+ E) (1 t 5)
of
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(+ -) 5/ -

5/ -k > 0

/ < 0.5 /
7
£ 7
Howe (1968) 67
5 2 7 0.3
1 + 67
2.1
k
EC)
L
Duncan
M
Duncan
L
Duncan Goel

37

p/

Iglewicz Myers

h
Duncan (1956)

Goel (1978)
Duncan
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Chiu  Wetherill (1974) !

OC ! !
P il 0.90
0.95 | !
Chiu  Wetherill o v Goel
Duncan 4 Montgomery (1980)
Chiu  Wetherill
Duncan  Process Montgomery Shutdown
Process Chiu Wetherill L
Montgomery |
2.7.1 [
Chiu W etherill (1974) [
! oC
(Consumerl risk) (0. k

Chiu W etherill

k Duncan

Chiu and Wetherill. "A simplified Sheme for the Economic Design
of X-Chart" Journal of Quality Technology. Vol.6, No.2 (1974)  pp.64
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all

P )
090 09 0.10  0.05
k-5 gz22
o z = $(k-5) =090 0.95
5 -k = a
a = 1.2926 P =090 a = 1.6449 7 =209
Chiu
Wetherill A a =001
Duncan Process
AB -aTh + AV (b +en)
L = 1-M +
B =h[l/P-12 -AWi2] -gn-D
/B : 1+M 1
B VLI YV -
5/ -k=a y P B
y k h
A =20c - AM)@+k - 5T =10 (*)
Ll = AMly D2 aT - (b - en) =0 (**)
(*) Avh (
g ) Goel (1968) 0

0.3 h (IS



& . mX

o
10

22

62

130

220

520

1000

1900

5500

40000

"y

,<t <

* Iz =

A***.

0.3173

0.1336

0.0455

0.0214

0.0124

0.0051

0.0027

0.0014

0.0005

0.0001

oYs

«T(+ + cnJHAMIP-1 - 0.50)] 32
C

k

2.7-1

P

1.0
1.5
2.0
2.3
2.5
2.8
3.0
3.2
3.5

4.0

2.5

Chiu

0.S0
21
0.609
31
0.611
44
0.604
52
0.606
58
0.606
67
0.609
74
0.607
81
0.607
92
0.608
112
0.609

k=2

3
5= 200

)

X

0.90 < P ( 0.95

Wetherill
=T ", 'D«lta
0.75 1.00 1.25
10 6 4
0593 0579  0.572
14 8 5
0.606 0.601 0.608
22 1 7
0.596  0.604  0.606
23 13 9
0608  0.606  0.579
g R 10
0.602 0593 0.579
4 o\ u
0.606  0.602  0.598
33 19 12
0.605  0.595 0.601
36 2 13
0.607 0591 0.606
4 23 15
0.607  0.608 0.599
50 28 ¥
0.606  0.609  0.606

15 0.90

0.95
*

6 = 2.00

iy e !
1.50
3
0.558
4
0.572
5
0.596
6
0.593
7
0.576
8
0.581
9
0.572
9
0.607
1
0.575
13
0.586

S odyyyi>> 3|y

175 2.00
2 a
0.575
3 2
0.567 0.601
4 3
0.572 0577
5 «
0.556 *
5 4
0.586 0.572
6 a
0.574 X
6 5
0.610 0576
7
0.583 *
8 6
0.579 0.588
10 7
0.567 0.609

1/P-1/2
MP-M2
1/P-1/2
1P - 1/2
1P - 172
1P - 1/2
1P - 1/2
1P - 1/2
1P - 172
1P -1/2



S

11

25

70

140

240

570

1050

2050

5900

42200

h
A*

Alpha « r >KI[ T~

0.3173

0.1336

0.0455

0.0214

0.0124

0.0051

0.0027

0.0014

0.0005

0.0001

2.7-2

1.0

1.5

2.0

2.3

2.5

2.8

3.0

3.2

3.5

4.0

Chiu

0.Ss0

28
0.553
40
0.511
44
0.604
63
0.550
69
0.552
80
0.550
87
0.551
94
0.552

106
0.552

128
0.551

W etherill

0.596
28
0.550
31
0.549
36
0.547
39
0.548
42
0.551
48
0.547
57
0.551

0.551
11
0.604
16
0.547
18
0.542
20
0.550
22
0.548
24
0.547
27
0.547
32
0.551

0.552
11
0.553
13
0.546
14
0.549
16
0.537
17
0.552
21
0.554

{@T + b + en)/ [AM(p-1 - 0.50)]}1/2
52T/(c + XMg)

0.542
11
0.539
12
0.547
15
0.536

0.537

1/P-1/2
1/P- 1/2
1/P-1/2
1/P - 1/2
1/P - 1/2
1/P -1/2
1/p - 1/2
1/P-1/2
1/P - 1/2
1/P - 1/2
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Chiu  Wetherill AM Xgvh
(*) |
"
a+k 02T
(O(k)) c+ A "l
_ . al+h+en
= AR - 1) t
0()
* k 2.7-1
2.1-2 090 0.9 x|
h
Chiu  Wetherill
h=1  A=001 M=% ¢g=000 2= T=H
-5 =050 C=0.10
090 i P<0.9 2.7-1
_ KT
1 a iy K = C+A\4] 400
2 k 211 (1 A =5X)
k=28 = 17 0=1.0
3 ! h 2.7-1 a = 0051
1P - 12 = 0.601 h =7; A~ N L.z 2858
4 1 ”a E. :.AB\AfaT/h+AN+b+en

—1- B h—

3.2813



VIT-otg M
Ry

< 11

11 - 12

13-15
16-18
19-21
22-26
27-32
33-40
41 - 49
50-61
62-77
78-98
99-126
127-164
165-215

217-285

2.1-3

fmmmmm
0.3174

0.2713

0.2301
0.1936
0.1615
0.1336
0.1096
0.0891
0.0719
0.0574
0.0455
0.0357
0.0278
0.0214
0.0164

0.0124

k =

090 1 P <09

WoaK:Ww
i1 At OAOIVN;
1.0 21
0.6090
11 23
0.6076
1.2 25
0.6072
1.3 27
0.6076
1.4 29
0.6087
1.5 31
0.6106
1.6 33
0.6131
1.7 36
0.6072
1.8 38
0.6110
1.9 41
0.6068
2.0 43
0.6117
i 46
0.6090
2.2 49
0.6072
2.3 51
0.6135
2.4 54
0.6127
2.5 57
0.6126

k =
1.2

090

11

DeKa
1,00

0.6213

0.5972
6
0.6182
7
0.5979
7
0.6191
8
0.6013
8
0.6231
9
0.6072
10
0.5943
10
0.6154
11
0.6037
11
0.6260
12
0.6149
13
0.6060
14
0.5987
14
0.6200

0.9
*

5=2.00

5= 200

k

1,50
0.6508

0.5719
0.5882
0.6076
0.6305
0.6575
0.5879
0.6072
0.6300
0.5787
0.5963
0.6172
0.6419
0.5925
0.6127

0.6366

X

10 -'. .

2.00

0.5545

0.5675

0.5829

0.6013

0.6231

0.6489

0.6791

0.5626

0.5771

0.5944

0.6149

0.6392

0.6677

0.5716

1/P- 1/2

1/P -1/2

1/P-1/2

1/P - 172

1/P-1/2

1/P-1/2

1/P-1/2

1/P-1/2

1/P - 1/2

1/P-1/2

1/P-1/2

1/P-1/2

1/P - 1/2

1/P-1/2

1/P - 1/2

1/P-1/2

43



A* !

287 - 382

383 - 516

517-702

703 - 966

967 - 1342

1343- 1880

1881 -2660

2661 - 3800

3801 - 5480

5481 - 7979

7980- 11727

11723-17409

17410-26088

26089 - 40000

> 40000

2.7-3 ()
K
S llisp
0.0093 26
0.0069 2.7
0.0051 2.8
0.0037 2.9
0.0027 3.0
0.0019 3.1
0.0014 3.2
0.0010 3.3
0.0007 3.4
0.0005 3.5
0.0003 3.6
0.0002 3.7
0.0001 3.8
0.0001 3.9
0.0001 4.0
P
k =4.0
k = 3.9

0.90 <P <0.95

0.50 too
60 15
0.6130 0.6130
63 16
0.6139 0.6072
67 17
0.6087 0.6024
70 17
0.6107 0.6244
73 18
0.6132 0.6198
77 19
0.6098 0.6161
80 20
0.6132 0.6132
84 21
0.6109 0.6109
88 22
0.6092 0.6092
91 23
0.6137 0.6081
95 24
0.6129 0.6074
99 26
0.6126 0!6072
103 26
0.6127 0.6074
107 27
0.6132 0.6080
112
0.6090
0.90 0.95
*
5 =2.00

5= 200

1.50

0.5936

0.6139

0.6380

0.5985

0.6198

0.5879

0.6072

0.6300

10

0.5984

10

0.6196

0.5924

11

0.6126

0.6364

12
0.6080

44

k=26 - 4.0

2.00

0.5879 1/P- 1/2
0.6072 1/P- 1/2
0.6300 1/P- 1/2
0.6570 1/P-1/2
0.5782 1/P- 1/2
0.5929 1/P-1/2
0.6132 1/P- 1/2
0.6371 1/P- 1/2
0.6653 1/P-1/2
0.5880 1/P-1/2
0.6074 1/P- 1/2
0.6303 1/P- 1/2
0.6573 1/P-1/2

0.5894 1/P- 1/2
it

1/P- 1/2
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Chiu

W etherill 2.7-1 2.7-2 ! A*
A ! 400 P
0.90 i P <0.95 ! A*
2 Ar = 220 A = 520 A 520
17 k 2.8 h
3 L 3.4598 A
220 ? = 15, k = 25
h = 2674 . 3.111
I
Chiu Wetherill ' 2.7-3
A* k 1.0 4.0 k
0.1 0.90 <P <0.95
2.7-3 2.7-1 2.7-2
I A* = 400 A* 383 - 516
k =27 = 16 ! h L h = 2.838
3.2622 ! Montgomery
=13, k = 2.65, h = 2.5008 3.2282
2.7-3 2.7-1

Shutdown Process

Chiu  Wetherill |
Duncan  Process

Shutdown Process
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‘ ! P | » 0.90 0.95
Duncan Process Chiu W etherill
-k - 8/n e~z2/2
P = = - - =
_ von dz 4 (-k 5/n) 0.90 0.95
n 5Vn - k=a
a = 1.2826 P =0.90 a = 1.6449 p = 0.95
! Shutdown Process @)
AvBs + AbOG + (b + en) (----—---—- ) + + + ANV + AS

1+ ABs + Cs)

o - g ke

aDi

G + D+ Si
Ah
M = VorV
) X
Duncan  Chiu W etherill 1+ MBs + &)
1 1+ ABs + &)
+ 1+
Ls/ = XVvBs VoG ( en)( ABs +" + AN+ XS
ovn - k = a / P
Bs Ls k h
= i - N i = *
%K 2(@ + k) (c + AMgh) 52 K (T + DiVo) 0 *
— A = A — - - - i - - - = * %
T AMS: 2)h2 avoDi + ( + en) (-Agn 1) aT 0 (**)
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AgVh ™ Chiu W etherill A
LT *) (**)
@+ k 5 (T + DiVo) (*1)
0(k) (c + Avp)
ho = o(T + VoDi) + (b + en) Ugn + 1) (**/:
- AM(L/P - 1/2) '
0()
3 a Chiu W etherill
k 2.7-3 P 0.90 < P <0.95
*x h 7
Chiu W eterill Shutdown Process

0=1 A 001 M= 50 g=005 D =2 T=50 =25
b =50 c¢=010 W = 50 = 10 Si =50 D =5
0.90 <P <0.95 2.7-3
A A = T§T + D*V°)- = 2400
(c + AV
2.7-3 k (1 A 1881-2660)
5 =10 =20 k = 3.2
3 h 2.7-3 a = .0014
(/p - 1/2) = 0.6132
1 _ [ a(T + VoDi), + (b + en) (Agn + 1) :
h = 1= AM@P - 1/2) = 3009
4

1
AVBs + AVOGs + (b +en) (-
1+ ABs Cs)

3.8057
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2.7.2 !
1 itig
| |
k h L Duncan
P a
k Montgomery (1980)
h k L n
!
!
Chiu Wetherill ! L h
k =05 I 3
I k 0.5 L L
k 0.1 k 0.01
L L
2.7-1
Shutdown Process
| 1
1 o Chiu  Wetherill P
0.90 I o 5 -k = a = 1282

U
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max [(1, o - 10) < < o + 10]

XT+VoDi ) +(b +a)(an+1)
AM(L/P - 1/2)

1k h !
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L L2 T3~ L
Lls = [(1, - 10), k ) k 0.5
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k 0.1
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Ls* = [(1, no - 10), k* , h¥*]
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