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Desirability approaches have been proposed to find an optimum of multiple response problem. The existing
desirability approaches use either of mean or min of individual desirability in aggregation of multiple responses.
However, in order to find an optimum having high mean and low dispersion among individual desirability, the
dispersion needs to be simultaneously considered with its mean. This study proposes bias and variance (BV)
method which aggregates bias (ideal target-mean) and variance of individual desirability in multiple response
optimization. The proposed BV method was applied to an example to evaluate its usefulness by comparing with
existing methods. Evaluation results showed that the solution of BV method was a fairly good compared with
DS (Derringer and Suich, 1980) and KL (Kim and Lin, 2000) methods. The BV method can be utilized to
multiple response surface problems when decision makers want to find an optimum having high mean and low

variance among responses.
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Figure 1. Process of Multiple Response Surface Method with
Desirability Function
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Figure 2. Linear Desirability Function(Refer to Equation 1
for the Symbols)
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where : d; = individual desirability for response i
t = shape constant of desirability function
(if =1, linear function)
z; = standardized value for response i ([-1, 1])
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4. 24 A} : Tire Tread Compound S

£ A7 Add BV /1M 842 Bk Ss) 71
Tol &85 Tire Tread Compound $1-7+(Derringer and Suich,
1980; o8t TTC &)l BV 71" A &3ttt TTC A7l
AH&-H Y ¥ ¥ 4= hydrated silica level(x;), silane coupling agent
level(x2), sulfur level(x;)©] 1L, ¥Hg-H 4= PICO abrasion index
(y1), 200% modulus(y,), elongation at break(ys), hardness(y,) ©]TF.
223 A o] H = <Table 1> YERA 23} Zo] SA A
7 ¥ (central composite design)= Z-83] +HH AT TTC AT
oNA A B-EHEE9] Fo thit 24 3] A A2 4
(M3 Zow, zk uk-3 o] Fej(of : Fh, F5) 9} 12 9
+ <Table 2>9} 21},

y, =139.12+ 1649z, +17.88, + 10.91 z,
— 40122 —34525—1.572+5.13 2, 2,
+ 7132, 2, +7.88x,75

(7)

Table 1. Experimental Data on Tire Tread Compound Study(Derringer and Suich, 1980)

Independent variable

Response variable

Compound No.

X; X2 X3 Vi Y2 )3 Y4
1 -1 -1 +1 102 900 470 67.5
2 +1 -1 -1 120 860 410 65
3 -1 +1 -1 117 800 570 71.5
4 +1 +1 +1 198 2294 240 74.5
5 1 -1 -1 103 490 640 62.5
6 +1 -1 +1 132 1289 270 67
7 -1 +1 +1 132 1270 410 78
8 +1 +1 -1 139 1090 380 70
9 1.633 0 0 102 770 590 76
10 +1.633 0 0 154 1690 260 70
11 0 1.633 0 96 700 520 63
12 0 +1.633 0 163 1540 380 75
13 0 0 -1.633 116 2184 520 65
14 0 0 +1.633 153 1784 290 71
15 0 0 0 133 1300 380 70
16 0 0 0 133 1300 380 68.5
17 0 0 0 140 1145 430 68
18 0 0 0 142 1090 430 68
19 0 0 0 145 1260 390 69
20 0 0 0 142 1344 390 70
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Table 2. Response Type and Specification of Tire Tread Compound Study(Derringer and Suich, 1980)

) . Specification
Response variable Type — —
Lower limit Upper limit Target
PICO Abrasion Index(y) LTB 120 170 -
200% Modulus(y:) LTB 1000 1300 -
Elongation at Break(y;) NTB 400 600 500
Hardness(y) NTB 60 75 67.5

Note) " LTB : larger the better, NTB: nominal the best.

Y, = 1261.11+ 268.15 2, +246.50 2,
+ 139.48 2, — 83.55 47 —24.79 x5
+199.17 23 +69.38 2, 2, + 94.132,
+104.38 7524

Yy = 400.38— 99.67 2, — 31.40z, — 73.92z,
+ 79327 +17.3125+0.43 23
+8.73x,x,+ 6.25x, 05 +1.25 7,24

Yy, =68.91— 141z, +4.322,+ 1.632,
+ 1.56 27 +0.06 25— 0.3223 — 1.63 2, 7,
+0.13z,2;—0.25z,24

where gf1 = PICO abrasion index
y; =200% modulus

y, = elongation at break

= hardness
dy
A
1
7
0 >

120 170
(a) Desirability function of PICO abrasion index(y;)

x, = hydrated silica level
x,, = silane coupling agent level

x4 = sulfur level
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Figure 3. Desirability Function

Table 3. Optimization Results on Tire Tread Compound Study

Response variable Individual desirability Geometric . Overall
Method Variance L .
Vi 2] V3 V4 d, d; ds d, mean dissatisfaction
BV 130.25 1272.00 468.90 69.01 027  0.83 0.56  0.67 0.57 0.06 0.22
DS 129.36  1300.00 467.54 68.15 0.19 1.00  0.68 0.92 0.58 0.15 0.33
KL 139.38  1283.00 438.76 72.09 039 094 039 0.39 0.48 0.35
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