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Abstract

An efficient sequential optimization approach for metamodel was presented by Choi et al [6]. This
paper describes a new approach of the multilevel optimization method studied in Refs. [5] and [21-25].
The basic idea is concerned with multilevel iterative methods which combine a descent scheme with a
hierarchy of auxiliary problems in lower dimensional subspaces. After fitting a metamodel based on an
initial space filling design, this model is sequentially refined by the expected improvement criterion.
The advantages of the method are that it does not require optimum sensitivities, nonlinear equality
constraints are not needed, and the method is relatively easy to understand and use. As a check on
effectiveness, the proposed method is applied to a classical cantilever beam.
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Fig. 2 Concept of mutlilevel analysis
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Fig. 3 Flowchart for multilevel optimization
algorithm
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h, - I.-'l I,-"

v Fig. 6 Finite element model of cantilever beam

Fig. 4 Optimal shape of fully stress beam Table 3 Optimal solution of the first level
. Area
50 98N Type 2 hy h; hs hy hs
0 " (mm°)
v 1 I RSM 60.902|1.2153|1.2698|1.0659| 1.247 |1.1845
hy hy hy hy hel 2 Kriging | 55.38 |1.0153| 1.138 |1.1227|1.0518|1.0202
! Non- |54 467|1.00661.08451.0728| 0.972 |1.0416
-x b=1 (mm) parametric : ) ) ' ’ :
Fig. 5 Design domain with five design variable n’:eltevl\jglk 51.437|1.1285|1.0328|0.9558|0.8168| 1.0196
Table 1 Design variable and their level(first step) Table 4 Analysis of variance for the first step at
R hl h2 h3 h4 h5 the X:30 mm
ange
(mm) | (mm) | (mm) | (mm) | (mm) Design | Sum of |y y 1\ 0o o | oo Contribution
Lower bound | 0.8 0.8 0.8 0.8 0.8 variable | squares ratio(%)
Upper bound | 1.4 1.4 1.4 1.4 1.4 , [Linear [ 407085 1 | 94879 [12973| 42755
! [Quadratic| 6309.3 | 1 | 65425 | 89.46 | 29.483
_ _ Linear | 21895 | 1 | 3180.6 | 4349 | 14.333
Table 2 Theoretical solution for fully stress beam h Quadratic| 3103.6 | 1 | 2769.8 | 37.87 12.481
Linear 0 1 348 | 0.8 0.158
A
(mr;% h: hz hs hs hs hs Quadratic| 9.5 1 35.1 0.48 0.158
h, [ Linear 0 1 349 | 0.48 0.158
4547 | 1252 | 1.084 | 0.885 | 0.626 0 4 [Quadratic| 16.4 1 35.1 0.48 0.158
h. [Linear 0 1 349 | 0.48 0.158
% [Quadratic| 351 | 1 351 | 0.8 0.158
g;_qg ]%Xﬂ% q @;-(4]7‘_4]_‘:)]7} 50 mmO]I’_ + Erro: 1170.1 | 16 1170.1
Tota 52355.8 | 26 100
SHE O] Eol7t 1.4 mm, B Evhel] 98 N2
Bgekgol A s sdne) ARATE g Tale 10 WAMFY £EU4S vhebd
Aoty ARG Wel FHEFEOERE 10 o =AW od] 2779 AeHe AA
mm FAo® FEg 7} o] ol hio]]ﬂr. H o SIS FPsYh TR faa
o] & 1 mmz IASIY Fig 5= ®.o g 28147 et QS ANSYS  Design
AAME e Zolt Xplorer™at Aol A S=alaldc). 9 Br ol f3a
ejZH o] AA tia] &H-sEH1 e 4 (9)-(11) o BEe 7lo] WEto @ 13055, zo] HWbEko
= Agsh 7w :%01% 2 (12)7} %f}. T 4SE A AFed aal 48 HEey
olelgt HAg ol2Hl HAF=A A HA Qo)th Fig. 6& 3t ardel ANE o=
A7l Aste vla gl HES] 98 AR vebdch HAAARAE oBue] dFs A
ststH A ZF AAAF AANA Hw3 e
y=4/0.0392(50 — x) (12) o] 150 MPacl3l7} HEE sty A xS
Zt AARS A Hdw s Holl gk wWEr
g S HE e AgEdSE(EE WAl RdS o] g3ttt EAle] sk A (13)¥ #Ath
EY)> 150 MPaolil o] ghs HAAHA ALl
st Aoz ARt Minimize A,
1GARZA HAYPAS s A3 5 glo] Subject to y(h;)< 150 MPa
/H E% }\éﬁ]%#g }‘\':'4_74] Ooﬂgﬂj‘\% %OE] Zl:_i—ﬂé“ﬂi hlower = h1 = hupper' = 1’75 (13)
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Table 5 Design variable and their level(second step)

h: h, hs ha hs

Range | (mm) | (mm) | (mm) | (mm) | (mm)

Lower bound | 1.25 1.04 0.7 0.4 0.2

Upper bound | 1.4 1.16 1 0.7 0.4

Table 6 Optimal solution for the second step

Area

(mm?) hy h, hs hs hs

Type

RSM 48.26 |1.3293|1.1237|0.8835|0.6349|0.3093

Kriging |48.115(1.3287|1.1146|0.8489|0.6752|0.2883

Non-

parametric 47.743|1.3145|1.1045| 0.869 {0.6259|0.3228
Neural

network 48.843]1.3089|1.1503|0.9845|0.6345(0.2123

Table 7 Design variable and their level(third step)

h: h, hs ha hs

Range | (mm) | (mm) | (mm) | (mm) | (mm)

Lower bound | 1.28 1 0.87 0.62 0.26

Upper bound | 1.29 1.2 0.89 0.63 0.3

Table 8 Optimal solution for the third step

Area

(mm?) hy h, hs hs hs

Type

RSM 47.413|1.2842|1.1055|0.8854|0.6253|0.2816

Kriging |47.689(1.2875|1.1331|0.8837|0.6266|0.2759

par';'r?]’;'tric 475 |1.2855| 1.11 |0.8866|0.6246/0.2863
n’;‘f\,‘\‘,[ﬁ'k 48.843(1.3089|1.1503|0.9845|0.6345|0.2123

(@) Step 1

(b) Step 2

(c) Step 3

k]l X 201 AN
134,076 1761 05,445 BLIZH 44.014 24304

Fig. 7 Step-wise positioning and stress distribution
for optimal shape
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(5) Vanderplaats, G. N., Yang, Y. J.,, and Kim, D.
S., 1990, "Sequential Linearization Method for
Multilevel Optimization," AIAA Journal, Vol. 28,
No. 2, pp. 290-295.
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