@riAgsl =84 A4, 22728 A 8%, pp. 1363~1370, 2003 1363

Fzonyy 4% SAYHEL
FEE AR

247|5"

o003 29 259

- *
ol FH’ - sy

b

A420033 69 259 AALEE)

Structural Shape Optimization under Static Loads
Transformed from Dynamic Loads
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Abstract

In structural optimization, static loads are generally utilized although real external forces are dynamic.

Dynamic loads have been considered in only small-scale problems.

Recently, an algorithm for dynamic

response optimization using transformation of dynamic loads into equivalent static loads has been proposed.
The transformation is conducted to match the displacement fields from dynamic and static analyses. The

algorithm can be applied to large-scale problems.
The present study applies the algorithm to shape optimization.

optimization.

However, the application has been limited to size

Because the number of

degrees of freedom of finite element models is usually very large in shape optimization, it is difficult to
conduct dynamic response optimization with the conventional methods that directly threat dynamic response

in the time domain.
analysis system for structural dynamics.
are compared to the results from static loads.

The optimization process is carried out via interfacing an optimization system and an
Various examples are solved to verify the algorithm. The results
It is found that the algorithm using static loads transformed

from dynamic loads based on displacement is valid even for very large-scale problems such as shape

optimization.
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Fig.3 Shape optimization process using equivalent
static loads
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(a) Using static loads with a dynamic factor

(b) Using equivalent static loads
Fig. 4 Shape optimization result of C-beam
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Fig. 5 Loading condition for the shape optimization of
the bracket
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(a) Dynamic analysis

Fig. 6 Dynamic analysis and static analyses for the
initial model of the eighteen rod truss

(b) Static analysis

TE ¥ EE SR Ao x Husy HE
g JAHHLAAE A ¥ Ao F 12 7]
o] AANSE HAsch

HAEA BHE vlms] 29, Fig. 79 E-’-‘—EL}
23 AHge] §o] AdiHoz Hol Afid ¥
o FA7} Z‘Ehol oA = Fe Bolxn %1
AAAHA FAo oAM= ol oAl Wt ¥
7} fAlslth 81AI R Table 14 B, ey A
o FAF AL dF o] A3 AioA o]z}
Aot 53, vibA HA ¥Hed o2 A4
BAe] AHo He= FAHENTE o4 BS
oF 40%9] A}olE BT

Fig. 6= Z7|Z29d daix FHHH FH7
/‘E x—l%s} 20-124-5“/\-10 75]~ @,}E L}.E].\{ﬂ_ 7—]o§
(a): THEFC] Efx F2EA FE3E £
o ¥HE dehiE a¥old, b THATE
H4g AHsFo| T2 AL wo Wy P
€ Boln I FIFol FHEste =74 <3
Hoz FAF Fo s AYI FAe Ao
7t A a8A d&5E E 5 Ao, ol §F
gtFol FAgate €0 FUYor ¢FHS L
AAA A3 AFA FFE TYNREE Ve
Aok ol ulsld FAASE HE&Fd AT
S 2ol i ol A e A& B F
Atk

2 §% 722 YYR[AA

1367

W

(a) Using static loads with a dynamic factor

NI

(b) Using equivalent static loads

Fig. 7 Shape optimization result of 18 rod truss

Table 1 Comparison of optimizations for the 18 rod truss

Optimization using Optimization

static loads witha | using equivalent
dynamic factor static loads

Objective 24517 kg 2565.7 kg
Design variable 1 51353 mm’ 50458 mm2
Design variable 2 18221.2 mm’ 16703.8 mm2
Design variable 3 51256 mm’ 73180 mm2
Design variable 4 2007.1 mm’ 34903 mm2
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1

Fig. 8 Loading condition for the shape optimization of
the bracket
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Fig. 10 Comparison of dynamic analyses for the
optimum brackets holes ; (a) Using static loads
with a dynamic factor (b) Using equivalent
static loads
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Fig. 11 Loading condition for the shape optimization of
the bracket
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Fig. 12 dynamic analysis and static analysis for the
initial model
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(b) Using equivalent static loads
Fig. 13 Shape optimization of the connecting rod
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(a). Using static loads applied dynamic factor

Max. stress : 259.6 MPa

(b) Using equivalent static loads

Fig. 14 Comparison  of  dynamic  analysis  of
optimizations for the connecting rod

4AE 59 & A4S SAATE 488 4
HaZo 9@ AAsst ST AP AH
3 ANe Waae R 2T TAY BF
AXy FEFALYE 2 024 FAATY
Hgo] sbsalgAT, duAd FFIHAA 2
Aol Agatrlole AetA Fee nylch

FAASE A4 AT 9 FASE
Aze] e Thkd Fe Wsg wsslde
A7 AT FAHFol FEEAL AVG F
e A Ggd FEE Rol: ST oL
EHSA 2gosH RPN FEzAS
Sustx ke AAFH A FHAHL 5
do] A7E BH 98 FE2AL AT AL
& nyo.

W WM B M8E SHIREE o
@ ANsY P4 27Rde FHRANoRRE
A2HYY AR FAS ARE BIS B
ohisk AHa olFd FHAY AHE 31§33
3 2R g PIesA SRS s

z2o 283 wgdsy g By
= 7|
of A7 TIRHIAYG AR HHEANE
AT Ade 3l FFHAFUT

(1) Haug, E.J.,, Arora, JS., 1979, Applied Optimal
Design, Wiley & Sons, New York, U.S.A.
(2) Feng, T.T., Arora, J.S.,, and Haug, E.J., 1977,



1370 % -
“Otimal Structural Design under Dynamic Loads,” Int.
J. for Num. Mech. In Eng., Vol. 11, pp. 39~62.

(3) Haug, EJ. Arora, J.S., and Feng, TT. 1978,
“Sensitivity Analysis and Optimization of Structures
for Dynamic Response,” J. of Mech. Design, Vol.100,
pp- 311~318.

(4) Hsieh, C.C., Arora, J.S., 1984, “Design Sensitivity
Analysis and Optimization of Dynamic Response,”
Comput. Meths. Appl. Mech. Engng. Vol. 43, No. 2, pp.
195~219.

(5) Lim, OK. and Arora, JS., 1987, “Dynamic
Response Optimization Using An Active Set RQP
Algorithm,” Int. J. for Num. Meth. In Engng., Vol. 24,
pp. 1827~1840.

(6) Paeng, JK. and Arora, J.S., 1989, “Dynamic
Response Optimization of Mechanical Systems with
Multiplier Methods,” ASME Journal of Mechanism,
Transmission and Automation in Design, Vol. 37, pp.
413~430.

(7) Haftka R.T., Gurdal Z., 1991, Elements of Structural
Optimization, Kluwer Academic Publishers, The
Netherlands.

o)Fd - A

(8) Kang, B.S, Choi, W.S. and Park, G.J., 2001,
“Structural Optimization under Equivalent Static
Loads Transformed from Dynamic Loads Based on
Displacement,” computer & Structures, Vol. 79, No. 2,
pp. 145~154.

(9 Choi, WS. and Park, G.J, 2002, “Structural
Optimization Using Equivalent Static Loads at All the
Time Intervals,” Computer Methods in Applied
Mechanics and Engineering, Vol. 191, pp. 2105~2122.

(10)Kang, B.S., 2002, On Optimality of Solution by
Egquivalent Static Load Method and Its Application to
Flexible Multibody Dynamic System, Ph. D. Thesis,
Hanyang University, Korea.

(11) GENESIS User Manual version 7.0, 2001, VMA
Engineering.

(12)Hibbeler, R.C., 1996, Mechanics of Materials,
Prentice Hall.

(13)Choi, W.S., 1994, Transformation of a Dynamic
Load into an Equivalent Static Load and Shape
Optimization of the Road Arm, M.S. Thesis, Hanyang
University, Korea. (In Koreran)



