AH g
Z0% ¥ERo0F olAL Y3
ZAtgke] AdL 1970 dd] Fub Schmit 5 (Schmit

HEiAes 2001l s EAEstsl=2 C pp. 386~391 KSME 018348

o] i o]ak ZAISHIDQA) 71 & AL HAEA

*% kK

IE.
(=]

N

*
ol A =
ol 4EE .

b
Mok

Design Optimization Using Two-Point Diagonal Quadratic
Approximation(TDQA)

Min-Soo Kim, Jong-Rip Kim and Dong-Hoon Choi

Key Words :  Two-point approximation(®] 2 A}3}), Sequential approximate optimization(<= 2+

4 2 433
Abstract

This paper presents a new two-point approximation method based on the exponential intervening variable.
To avoid the lack of definition of the conventional exponential intervening variables due to zero- or negative-
valued design variables the shifting level into each exponential intervening variable is introduced. Then a new
quadratic approximation, whose Hessian matrix has only diagonal elements of different values, is proposed in
terms of these intervening variables. These diagonal elements are computed in a closed form, which correct
the typical error in the approximate gradient of the TANA series due to the lack of definition of exponential
type intervening variables and their incomplete second-order terms. Also, a correction coefficient is multiplied
to the pre-determined quadratic term to match the value of approximate function with that of the original
function at the previous point. Finally, the authors developed a sequential approximate optimizer, solved
several typical design problems used in the literature and compared these optimization results with those of
TANA-3. These comparisons show that the proposed method gives more efficient and reliable results than
TANA-3.
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Table 1 Comparisons of optimization results for the coil

spring design (*prematurely converged).

e

Initial design TDQA TANA-3
x 1.0 0.0529 0.0584
X2 20 0.3863 0.5417
X3 3.0 9.7938 5.2745
f 10.0 0.0127 0.0134
Znax 1.0 0.0000 0.0006
Iterations - 11 7
Table 2 Comparisons of approximate derivatives at o, =
0.17
dg,/ox, 0g,/ox, 0g[0x, 0 /0a
Exact value 23.52 -1.27 -0.35 431
TDQA 19.18 -1.53 -0.54 4.07
TANA-3 -1.75 -1.92 -0.65 1.79
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Table 3 Comparisons of optimization results for the

piston design (* : prematurely converged).

Initial Design TDQA TANA-3
X, 84.0 60.3341 795.7932
X, 60.0 8.8525 422144
X3 84.0 120.0 60.0043
D 6.0 5.9655 5.8274
f 1584.4066 1045.5668 11263162
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Table 4 Comparisons of optimization results for ten-
member truss design: case-/

Initial design TDQA TANA-3

X 1.0 7.9998 7.9545
X3 1.0 0.0004 0.0624
X3 1.0 8.0001 8.0427
X4 1.0 3.9998 3.9523
Xs 1.0 0.0001 0.0001
X 1.0 0.0004 0.0624
X7 1.0 5.6564 5.7204
Xg 1.0 5.6565 5.5934
Xg 1.0 5.6565 5.5933
X0 1.0 0.0003 0.0925
f 419.64 1583.97 1588.15

max 7.19 0.0001 0.0007

Iterations - 10 14

Table 5 Comparisons of optimization results for ten-
member truss design: case-4

Initial design TDQA TANA-3

Xy 1.0 22.9287 23.0235
X2 1.0 0.0001 0.9974
X3 1.0 25.3236 252012
X4 1.0 14.2363 14.2246
Xs 1.0 0.0001 0.0001
Xg 1.0 2.0003 2.0002
X7 1.0 12.7557 12.7519
Xg 1.0 12.1823 12.1201
Xg 1.0 20.1744 20.3548
X10 1.0 0.0001 0.0001
419.64 4619.15 4658.67

Smax 19.06 0.0010 0.0002
Iterations - 8 8
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