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Control chart is representative tool of Statistical Process Control (SPC). But, it is not given information about the economic

loss that occurs when a product is produced characteristic value does not match the target value of the process. In order to

manage the process, we should consider not only stability of the variation also produce products with a high degree of matching

the target value that is most ideal quality characteristics. There is a need for process control in consideration of economic loss.

In this paper, we design a new control chart using the quadratic loss function of Taguchi. And we demonstrate effectiveness

of new control chart by compare its ARL with z— R control chart.

Keywords : EL Control Chart, Expected Loss, Quadratic Loss Function
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<Table 1> Coefficient of Control Chart

n=5
A2 D4 Vn d2 d3
0.577 2.114 2236 2.326 0.864

o}l <Table 2>+ B3 Wate] Aol A &3 £, 7}
AR EE WE=Ad g3k Kolmogorov-Smirnov A4
(]38} K-S #A) A¥}Eo]aL <Figure 1>, <Table 3>& &
A atoll Welrh A7 A2 dlelE Aol N(O, 1) 80
%, N(0+4,, 1) 20% < o] Z3}5 Yetith <Table 4>
© AL wste] AgeA] k&St mL ol Hid K-S A
Aol al <Figure 2>, <Table 5> &4 Abxo]| W3}
7} A7 79 N0, 1) 80%, N(0, 14,) 20%2] Z¥=E 1}
BT} <Table 6> b9} Hit BT ¥stE /3o
A 2bEs prol e K-S A4 Aol <Figure 3>,
<Table 7>& &4 Hit3} Az ¥ W} A7 A4S
N(0, 1) 80%, N(0+6,, 14,) 20%E e

<Table 2> K-S Test to EL in Case of Mean Change

EL N(2, 1) EL N(3, 1)
N 25 25

25.5386 43.8983 51.4129

Normal 12.43198 22.18538 56.82918
Parameter

158 115 268

Maximum 158 115 268
extreme

difference -078 -.108 -.209

Kolmogorov-Smirnov’s Z 789 574

Approximate significant
probability (two-side) 562 897
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X bar Control Chart N(0, 1) 80%, N(2, 1)20%
2.500

<Table 3> p, ARL Values in N(0, 1) 80%, N(0+4,, 1)

2500 20%
1,500 /\\
1,000
0,500 /\ /'/.\/\ A A= X bar R EL
0,000 — \\ Y \ S~
sl 2 5678 910 1.1/1‘2' 131415 16 17 18 1930 21 22 23 24 25 5, =2 0.03 0.02 0.05
41,000 p
-1.500 5, =3 0.02 0.03 0.05
-2000 ——Xbr — L --- UL ——ICL
5, =2 30.04 59.18 19.02
R Control Chart N(0, 1) 80%, N(2, 1)20% ARL !
7000
e 5, =3 48.68 39.89 20.82
5000
4000 /\\/\\ —
zggg ey VM\/‘\/ "L\/ <Table 4> K-S Test to EL in Case of Variance Change
1,000
0000 EL N(0, 2) | EL N(0, 3)
123456 7 8 9 1011 121314151617 18 19 20 21 22 23 24 25
—--R —C ---UCL N 25 25
o EL Control Chart N(0, 1) 80%, N(2, 1)20% Mean 20.0260 51.4129
60000 Normal Standard deviation 9.57865 56.82918
50000 Parameter
40000 Absolute value 112 268
| /N |
20000 /\/ S~ Maximum Positive value 112 268
10,000 extreme
- difference Negative value -.098 -209
1 23 456 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25
— Elbar —e—F  --- UCL Kolmogorov-Smirnov’s Z 558 1.342
<Figure 1> Comparison with z— R, EL for N(0, 1) and N(2, 1) Approximate (ts\i;g;“sfllg:;] t probability 914 054

X bar Control Chart N(0, 1) 80%, N(0, 3)20%

3000
2000 <Table 5> p, ARL Values in N(0, 1) 80%, N(0, 14,)
20%

1.000
A AN N/
o 203 X\/s\# 8 Wa\%s 16 17 18 19 20 21 22 32§ 25 < bar R EL
-2000 6, =2 0.02 0.02 0.05
-3.000 ——Xbar —CL --- UL ——1LCL p

5, =3 0.05 0.07 0.05

R Control Chart N(0, 1) 80%, N(0, 3)20%

12000 5, =2 47.13 45.79 18.60
10000 ARL

5, =3 19.01 14.96 9.21

- i

e \/V AEVA- o

0'0001 2 3456 7 8 9 1011 1213141516 17 18 19 20 21 22 23 24 25
—4—R —C ----UCL
EL Control Chart N(0, 1) 80%, N(0, 3)20%
300.000
250.000
200.000
150.000

- AJ \/\ A .
o P e i S A s i

123 45 6 7 8 910111213141516171819202122232425

— ELbar ——EL ----UCL

<Figure 2> Comparison with z— R, EL for N(0, 1) and N(0, 3)

<Table 6> K-S Test to EL in Case of Variance and Mean Change
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EL N(2, 2) | EL N(3, 3)
N 25 25
Mean 45.9810 49.9063
Normal Standard deviation 3226855 4845533
Parameter
Absolute value 192 201
Maximum Positive value 192 201
extreme
difference Negative value -115 -.183
Kolmogorov-Smirnov’s Z .960 1.007
Approximate &gmﬁcant probability 316 263
(two-side)

X bar Control Chart N(0, 1) 80%, N(3, 3)20%
4,000

3.000

2000
1.000 A % /\/\ /\ /\'\ /\
0000 A —— -~ - —— = 7

Y23 4V 7 8 9 1011 1213141516 17 % 19 2021 22 2 24 25
41,000

-2.000

-3.000 —— Xbar —C ---UCL ——1LCL

R Control Chart N(0, 1) 80%, N(3, 3)20%
10000
9,000 2

8,000

7.000

6,000 /\
A

4000 A\

3000 \// \/
2000

1.000
0.000

12 3 45 6 7 8 9 1011 1213 14 1516 17 18 19 20 21 22 23 24 25
4R — L --- U

250000 EL Control Chart N(0, 1) 80%, N(3, 3)20%
200.000

150.000

£ 3 /\
o N /\ A /\] \
/™~ A
T N N V VA !
0.000
12 3 45 6 7 8 9 1011 1213141516 17 18 19 20 21 22 23 24 25
— ELbar

——E  ---UC

<Figure 3> Comparison with z— R, EL for N(0, 1) and N(3, 3)

<Table 7> p, ARL Values in N(0, 1) 80%, N(O+6},, 14,) 20%

X bar R EL

8,0 0, =2 0.04 0.05 0.10
p
b 6, =3 0.05 0.06 0.11
Gy 0, =2 27.95 2057 9.67
ARL

Gy 8, =3 20.96 17.14 9.08
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