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Notation
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ATS,
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5

=

M

MR 5

average time to signal out-of-control situa-
Lion

fixed cost per sample

cost per unit sampled

time to search and fix the process

design vector of control chart parameters
obtained from imprecise inpul paramelters
design vector of control chart parameters
obtained from true input parameters

time to test and interpret the result per sample
unit

sampling interval

control limit coefficient

hourly cost penalty of running the process in
out-of-control (V, — V,)

maximum risk corresponding to a design
parameter ser T

sample size
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Notation

NIC net income per cycle
NIH net income per hour

P power of the chart (1 — f)

Sus stochastic umiversal sampling

T quality control cycle time

Vo profit per hour while the process 15 running
in-control

Vi profit per hour while the process is running
out-of-control

W cost of finding and fixing an assignable cause

xosp  single point cross over

Y cost of false alarm
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Notation

probability of type-1 error

probability of type-1I error

ratio of magnitude of shift in process mean (o
the standard deviation of the process, in short.
shift parameter

process failure rate

mean of the process

a design (input) parameter set

parameler space

a true parameter set

standard deviation of the process

denotes a design parameter

upper bound for any parameter
lower bound for any parameter
denotes a true parameter
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A quallty control cycle for a continuous
process

Time to Sample and
interpret the result

<] Time to signal [:;-,I <]—
& £
| 1 0 o0 |
[ R I ] e
0 1 2 3 4 i i+ 1
Time to find assignable cause and fix
<] In-control time [
<] Out-of-control time [>
—[> <]—

Least in-control time between two
consecutive samples in a cycle
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Duncan’s model of economic design-= = i3
RIS =L PR ()

B h T T =V A(Up — 0.5 + 1h/12) + gn + d)
T iadh 5 & A=(b+ en)E(T)/h

4 &4 T oa k=aY/hh

%48 B A7 T o A=W

& TR P pF R T 30 T~

E(NIC) =V, /24 Vilh(l/p =054+ 3h/12) + gn +d]
— (b4+cn)E(T)/h—aY/ih —W

(2)
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Duncan’s model of economic design-= = i3

m Y > [FRFE T~ = E(NIH) = E(NIC)/E(T) = Vo — L (3)(4)
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where,

M=V, -V,

a=1/p—05—ih/12
B=ah+gn+d
o = 20(—k)

P p=P(=8yn—k)+ P(3Vn— k)
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Concept of risk
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where ap = 2&(—k)

L= (0)

Bp = aph + gpn +dp

and
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Cost penalty = L(D,¥) — L(D", W)

m RS- AE A RE TG

L(D, W) — L(D*, W)
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Risk(7) = 100 x LD )

(10)
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Cohéept of risk

R KPS EEIF SRR S0 B X

MR (%) = 100 x max{ LID.¥) — L(ID", ¥) }

L(D", W)
V¥ = (br,cr, Wr, Y7, M7, A1, 71, 8T, dT)

such that

(b <br <by), (eo<er<en) WL=Wr=Wu), (Yo=Y

_ (My < Mt < My), (AL < A1 < An), (8L < 81 < 8n), (gL < g1 < gn),

%%EOF (dy < dr < dn).
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Concept of risk

m Control chart input parameters: Duncan’s
example no. 1

0.5

0.1
235
S0

100
(.01

(.03
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Concept of risk

m Range of cost and process parameters at
50% precision

5. no. Cost/process parameter Range of each parameter
l Fixed cost of sampling (#) 025 < b < 0.75

2 Wariable cost of sampling () 005 < ep< 015

3 Cost of finding assignable cause and fixing (W) 125 < W <375

4 Cost of false alarms ( ¥) =¥ =75

5 Cost of mnning out-of-control (M) 50 < Mr <150

6 Process tailure rate (&) 0005 =< A=< 0015

7 Average shift in the process mean (8) 1.0 << 8 < 3.0

8 Time to sample and interpret per unit (g) 0.025 < gr < 0.075

9 Time to find assignable cause and repair it (d) 1O =< dp < 3.0
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Concept of risk
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~gﬁtu[%]9}»ﬁx,_p % N= 5 h=1.37 ,k=3.08
m GA parameters taken in the study

5. no. GA parmeters Magnitude/method

| Population size 30

2 Selection method Stochastic universal
sampling

3 Type of cross over Single point

4 Probability of cross over 0.7

3 Probability of mutation 00175

§] Strategy Elitist

7 Generation gap (0.5

o] Maximum generations 200
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| Concept of rlsk

m [rue parameter set corresponding to
maximum risk

b by (0.25)
T . (0.03)
W Wp (12.5)
}IT }IL [153
My R fe=171.81% My (150)
AT A (0.015)
By dp (1.0)
2T g (0.25)
dr dp (1.
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Robust economic de3|gn of control

chart with multiple parameter variation
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Robust economic de5|gn of control
chart with multiple parameter variation
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chart with mult

Obtain the estimates of the parameters and
the precision to he considered

Find the range of each parameter and
form the approximate parameter space

!

Choose a predetermined number of design
parameter sets from parameter space

Calculate the maximum risks corresponding to
each design parameter set

-
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Select the design parameter sets with
minimum values of maximum risks

!

Use the selected design parameter sets for creating better

design parameter sets using crossover and mutation

'

Calculate maximum risks corresponding to
each design parameter set

Specified number of generations are
over !

Choose the best design parameter set and find the
control chart parameters n,hk

GA
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Robust economic design of cbntrol

chart with multiple parameter variation

m Control chart input parameters: Duncan’s
example no. 1 [2]

b (0.5
C 0.1
W 25

¥ 5()

M | (K]

A 0.01
8 2

[y (.05
d 2

,:5
e e L B
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m Cost and process parameter ranges for
different precision scenarios

Parameter Estimated Precision scenario Precision scenario Precision scenario Precision scenario Precision scenario
values (+10% (=20%:) (+30%) (+40%) (+50%)
Low High Low High Low High Low High Low High
b 0.5 0.450 0055 0.400 0,600 0350 D065 0,300 0,700 0250 (0.750
P 0.1 00590 0110 0.080 0120 0070 0013 0060 0,140 0,030 0,150
W 25.0 22.50 27.50 20,00 30.00 17.50 3250 1500 35.00 12.50 37.50
4 50.0 4500 55.00 400,000 G000 35.00 6500 30,00 T0.00 25.00 7500
M 1000 Q0,00 1100 2000 120.0 T0.00 130.0 &0.00) 140.0 50.00 150.0
p 0.01 0008 0011 0.008 0.012 0007 0013 0006 0.014 00035 0.015
8 2.0 200 2200 L.600 2.400 T 2600 1200 2800 1000 3000
g 0.05 0.045 0055 (.00 0.060 0035 0065 0030 0070 0.025 0.075
i 2.0 200 2200 L.600 2.400 T 2600 1200 2800 1000 3000
- \' '5 "a =5 _’ g
6@%@2]:.; MEAF1I 1 feRp R
YA % 327 3B 9 % % System Reliability Lab.
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Robust economic de3|gn of control
chart with multiple parameter variation

m GA parameters used with different precision
scenarios

Precision Population Cross over Mutation Size of sub string/ Selection/ Maximum
scenario (%) size probability probability chromosome Cross over type oenerations
+10 100 0.u2 0.0217 5/45 sus/Xosp 100

+20 100 (.80 0.0217 5/45 sus/xosp 100

+30 150 0.84 00182 6/54 sus/xosp 100

+40 200 084 0.0156 7/63 SUS/XOSp 100

+350 300 (.84 0.0137 8/72 sus/xosp 100
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'Robust economic de5|gn of control
chart with multiple parameter variation

m Design parameters at different precision
scenarios—risk-based design (RBD)

Precision b c W ¥ M A 8 g d Maximum
scenario (%) risk (%6
10 (0.5500 0.0993 25500 53.000 96 .667 0.0097 I.B600 0.0463 2.1733 1.5206
420 (0.4645 0.1174 30.000 51.613 81.290 0.0105 1.8065 00555 2.4000 6.9237
430 0.4119 0.1233 21.071 56.429 96 667 0.0077 l.6667 00531 1.4762 16.626
+40 0.4165 0.T085 32.008 35.984 T1.335 00085 1.5579 0.0420 2.7118 33.661

+50

0.3206 (.1288 31.128 56.176 78.235 0.0056 1.2353 0.0734 24118 61961

m [rue parameters causing maximum risk at different
precision scenarios—RBD

Precision b fe W ¥ M A & z d Maximum
scenario (96) risk (%)
+10 0.55 0.11 225 55.00 90.00 0.009 2.20 0.055 .80 15206
+20 0.60 0.12 200 60.00 20.00 0.008 2.40 (0.060 .60 69237
sy 130 0.35 0.13 175 65.00 70.00 0.007 2.60 0.065 [.40 16.626
é}h% +40 0.30 0.14 5.0 70.0 60.0 0.006 2.80 0.070 .20 33.661
\IC,JQr +50 0.25 0.05 125 25.0 150.0 0.015 100 (0.025 .00 61.961
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+10

+20
+30
440

+50

j

V.S

i e et 1 2 N e W =1.52%
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mlc de5|gn of control

chart with multiple parameter variation

m True parameters causing maximum risk at different
precision scenarios— Average based design

M

120.00
130.00
140.00
150.00

j

"& "&“ ST o - _I"""?!:...._-r _ o

5006H#fEY -
Wt =61.96%

90.00 I

V.S

= {“ﬁ%‘ﬁ VN w=171.8%

m Control chart designs under dnff

N
&

gog

Precision scenario (%)

n

i

Average

10
+20
430
+40
450

1.3677

1.4380
1.4791
L6607
I.8928
2.4017

30819

3.0544
2.9344
2.9512
2.8512
27618

erent scenarios

Maximum
risk (96
1.822
8.277
26.757
70.248
171.81
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Subject to:

e Constraint on the false alarms: o < oy

¢ Constraint on the power ot the chart: p = py;

¢ Constraint on the average time to signal when out-
ot-control occurs: ATS, < Al Sy

&
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Stat|st|cally constralned designs

B G hCERT Y R AT U T f s AG
Cost penalty = L{Dg, W) — L{Dg, &)

m e ARG
Lfﬂc, *Fj — Llfﬂf:-, {Fj

Risk = 100 x
L(Dg,¥)

(14)
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Statlstlcally constralned deS|gns

m Control chart input parameters: Duncan’s
example no. 1 with statistical constraints

e (.5
C 0.1
W 23
Y ()
M LK)
A 0.01
4 2
iy (.05
d 2
g@“iéﬁﬁﬁ F1¥1s
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Statlstlcally Constralned deS|gns

i

e i

m Design parameters at different precision levels with

a =< 0.005 p =

= (0,95,

ATS, < 5

Precision
scenario (9

+10
+320
430
-4}
=0

L] R L R=171.81%

V.S

FRERHIEH ™ B 2 6 =58.57%

& g d Risk (%)
21087 (.45 1.826 (.87
2.0645 0.046 1.600 6.38
1.5762 0.046 1.4 14,594
1.7165 0.045 2,800 369
15085 0.055 1.9449 S8.57

m Control chart design under statistical constraints

0
N/\g

ol
=

Frecision | ke Type-1  Power ATS,
scenario (%) Error

+10) 3 1.457 3072  0.0021  0.9501] 1.333
+2) 3 1.478 2971 0.0030 0.9501] 1.333
+3() 6 L7224 2950 0.0032 0.9501 1.813
+4) 7 1.929 289 0.0038 0931 2030
+3() 9 2427 2823 00048 09560 23539
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