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Second-Order Response Surface Models in the Large Scaled System Design
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Abstract

For effective construction of second -order response surface models, an efficient quad ratic approximation
method is proposed in the context of trust region model management strategy. In the proposed method,
although only the linear and quadratic terms are uniquely determined using 2 #+1 design points, the two-factor
interaction terms are mathematically updated by normalized quasi-Newton formula. In order to show the
numerical performance of the proposed approximation method, a sequential approximate optimizer is
developed and solves a typical unconstrained optimization problem having 2, 6, 10, 15, 30 and 50 design
variables, a gear reducer system design problem and two dynamic response optimization problems with
multiple objectives, five objectives for one and two objectives for the other. Finally, their optimization results
are compared with those of the CCD or the 50 % over-determined D-optimal design combined with the same
trust region based sequential approximate optimizer. These comparisons show that the proposed method gives
more efficient than others.
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Table 1 The number of required design points for the
three approximation methods to construct a
quadratic model

n PQA D-Optimal’ CCD
2 5 9 9
6 13 42 77
10 21 99 1045
i5 31 204 32799
30 61 744 -
50 101 2837 -
"50 % over-determined D-optimal design is used.
2000
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Number of Design Variables

Fig. 3 Comparison of cumulative function evaluations
for three approximation methods according to the
number of design variables
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Table 2 Iteration history for the unconstrained mathematical optimization problem

(a) In case of having 2 and 6 design variables

2 design variables

6 design variables

Iteration PQA D-optimal CCD PQA D-optimal CCD
1 3.7055 2.8901 2.8901 9.4930 11.2904 11.1763
2 5.1145° 1.0000 1.4416 13.8118" 2.9848 5.5606
3 2.1043 0.2876 0.5489 48713 21.9377" 2.3966
4 1.2254 0.6759° 0.1086 2.7191 0.7227 0.3721
5 0.1609 0.0704 0.0088 0.9933 0.2044 0.1130
6 0.1274 0.0211 0.0010 0.6142 0.0825 0.0541
7 0.0654 0.0179 0.1459 0.0242 0.0269
8 0.0138 0.0039 0.0610 0.0064 0.0096
9 0.0032 0.0015 0.0492 0.0016 0.0012
10 0.0012 0.0181
11 0.0047
12 0.0012
Total NF 51 91 61 157 388 703
(b) In case of having 10 and 15 design variables
10 design variable 15 design variables
Iteration PQA D-optimal PQA D-optimal
1 14.9794 27.4430 19.3918 6.6761
2 18.1220° 2.2691 25.8837 6.6761
3 7.7918 3.4559" 5.8421 57377
4 39710 0.9480 5.8315 0.4853
5 1.3988 0.1376 4.2636 0.1323
6 1.2832 0.7361" 2.7152 0.0535
7 0.9660 0.0518 1.6224 0.0108
8 0.7224 0.0453 1.0712 0.0075
9 0.5104 0.0028 0.3544 0.0007
10 0.3425 0.0023 0.1409
11 0.2198 0.0461
12 0.1011 0.0181
13 0.0313 0.0087
14 0.0121 0.0040
15 0.0038 0.0017
16 0.0012
Total NF 337 1001 466 1846

* SAQ is failed to improve design (e.g. r* <0) . Thus, this design is automatically rejected and a new
approximation is used within the reduced trust region.
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Fig. 4 Gear reducer system

Table 3 Optimization results of a gear reducer system
design problem

Iteration PQA D-optimal CCDh
1 4073.764 3725.111 3708.815
2 3809.849 3573.826 3529.206
3 3486.693 3424.822 3422.666
4 3089.825 3020.596 3020.178
5 2996.701 2995.782 2095.444
6 2996.701 2995782 2995.444
Total NF 91 331 865
g= ge B FYF SAO uHE dAd £

e, £3, SAtEde] B HEgYoR Q3ld
AR Fe FAF AA AAG] B &k
o 21 ol fE B EAo Folnl dANS st
A7} vl ZpopA, Zt SAO WHE dA|o A 4
HIY el AdHe SARde 2457 ¥
7] WEolet Ardn.

5 3 oE ST 2XE 2H
£ F9 0%1111‘:—3—
3JYM L o] Foi7 A7k FEHQ
A e Ehr E4¥rE /AL 9
fﬂlﬁ“ EE AL 5
A greR Agstd o859 A £4&
FRL FREH (2009 HHHEA Ao A

BHQ HLE Aotel ME BHE

Ny
P =2
2o L

-
4
b
TN
it
o
N
N
1.

AH-&-3F AT
53.1 O Vel SHE,E HdE ME TS H
A7 A
¥ dAlE Fig 5ol =29 2 AfE A5 "d

Az ddel dAGE Held, HAY &
He 5 kA9 % W (w=12345)° thale],
A QoA FojR HmSey A E

7V E
%3

=
el
oy
7



Wy AdA Mg &

AN

Fsin(w 1)

z,
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Table 4 Optimization results of a two DOF linear
dynamic absorber design with five objective

functions
Iteration PQA D-optimal CCD
1 5.5695 4.5904 5.2053
2 5.7665 4.9940* 4.3858
3 4.3321 4.2953 4.8727*
4 4.2993 4.2949 4.2948
5 4.2995 4.2947
6 4.2980
Total NF 31 41 51
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Optimizations

Fig. 6 Convergence history of PQA for the two
degree-of-freedom  linear  vibration
isolator loaded by five forcing functions
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Fig. 7 Five-degree-of-freedom Vehicle system
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Table 5 Optimization results of a five DOF vehicle
suspension system with two objectives

Iteration PQA(a) PQA(b) D-optimal CCD
1 214.457"  214.796" 137.438 142421
2 130.634 130.389  144.930" 142.702°
3 128.281 34.594° 131294  128.676
4 129.303°  127.495  129.554  130.080
5 126912 130.533" 129.061  129.511
6 126244 126750  127.609  127.878
7 126.424" 157226 126965  127.936
8 126.140 126316  126.597  127.706
9 126.233

Total NF 105 118 345 625
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Fig. 9 Convergence history of PQA for the five
degree-of-freedom vehicle systems
simultaneously running profiles I and Il
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