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Optimization of Reinforcement of Thin-Walled Structures for a Natural Frequency
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Abstract

Thin-walled structures are efficiently utilized an automobiles, aircraft, satellite and ship as well as needed light weight
simultaneously. This paper presents new shape of automobile hood reinforcement that rotating parts as engine, transmission are
protected by thin-walled structures. The automobile hood is concerned about the resonance occurs due to the frequency of the
rotating parts. The hood must be designed by supporting the stiffness of design loads and considering the natural frequencies.
Hence, it is sustained the stiffness and considered the vibration by resonance. It is deep related to ride. Therefore, the topology,
shape and size optimization methods are used to design the automobile hood. Topology technique is applied to determine the layout
of a structural component optimum size with maximized natural frequency by volume reduction. In this research, The optimal
structure layout of an inner reinforcement of an automobile hood for the natural frequency of a designated mode is obtained by using
topology optimization method. The optimum size and the optimum shape are determined by PLBA(Pshenichny-Lim-Belegundu-Arora)
algorithm.

Keywords . topology optimization, natural frequency, taguchi method, shape optimization, size optimization,
reinforcement of an automobile hood, thin—walled structures

.M 2 7% 7718 BEste e BAR He AAS A A 7

ZEolxn, AANES AC & v TES 4L AV

Hoz ozl Mg FZEE AFA A% F daide BAY A} SR FALE B 2t 2

de] olgHojAm slom AFs) gHIt FYUEAE T84 o AHE FA 1 HAsiME BAle] FAE FAA &
g3 vk EA v 222 AFH Foe ddde gl A9 wn Yok

toOAYAAL FY - B VAR AV EdT e ar +o] EE dF EES 20069 9¥ 3097 £ o] BuFA|
Azt 051-510-3080 : Fax: 051-582-9164 W 2006 129350 2 AFHE ARSI

E-mail: oklim@pusan.ac.kr

¥ Eadigtm Z1AEA g

SIEMATEREE =27 H19H H25(2006.6) 195



4
Jo
>
oft
-
il
ki
il
ot
g
=
-4
N
g
1o
f
ol
2
b
a
o
2l

A @ol dour] Hgell, AHeAt T} R AF R

€ A ST &34 2R #AE Aent
AN Aee AFRRRY 1FA7HA FHHASH &
AEE, 2% Pdese v RN Eolojst A/PEA|
£ F Al AgHr oR e A3 e w
7% AE B3 Adg9de UF 2ol AR FEAA
TR 7 &go] Aol FAANA 2L FRE2
g WAs] A% Wrez WEA

Ao wg] diEez HAo] Y AFA FEE B
AFoly 3 d5o wf HAstEE dvbygog FXE
Bol HAAE Faste] A& BAstn vk 12y g
g A, BF Mo @ B dAe AR
BAZZANA 7t AL FFe] Aoz HAH AMHFY
FAE BASA Rert a2BE FolR AAERAS A
A9 AT BAZAE 47 faME LilETE 2
s B2l AA (o8], 2000)7F B a8ttt
FEE §4 A%E w9 Af 7EEY 1T
A S A3l FREC] AFENEH nRAFFY B
Sz 7K HE 2R B doAM FREe| dIHe
Fgo] olth. wepr] F2E 4 dtFo] AEsAY 1%
ke ggko] WA AL, LRNFTE JF-EFEY T4 85
5ot YRR FEE FEEL dA(Hassani, 1999)3t
of 3t} gBjmE 7] AAYACNN FEEY nHAFTS
g B e Taldof gt
2R 94E Fa] A A3 B (Bend-
soe, 1988)% Alg Hox gon, Y HHHA WL
FoiA AAGGelM HAY AL 4& F Ue WHeE
To =79 Agdrae) BAS #28H (Suzuki, 1991)
7 HAz7AY(Hassani, 1998)< AM&sh= el AT
Hol gr}. T3 23 dA&A T2E Asd 44H4
A7 EAdA 331 4 EA (Belblidia, 2001) 2% A
Eisvi= s

g4 1z Ao YAFHAAN g dFe arEd
Fate] Ma(1995) 5, BHalAo #atd Xie(1996) &2
A7t 9led, FUdlAE Kim(1999) T, Lim(2000) &

WL 4o N ol

My &

196 S=RAMTRARES =2& H19H R 2&E(2006.6)

o &y A7t Aa=o] Ak HH FRE] YA
of #3 AFE= )37 (2003)] Qs FHHUG A
TAAE ALzzadel ANSYS 8.0(2004)9] 4844
A BES AME B A48 FA 34E Feith

TR e deshdt & nf e ool B
A 4xE 2Fs] A3 F4HFLAE Schmit®} Farshi
b A &3 TAE HA 3 S o] &St B A
gud vgt FxEY FHE Fo|HM I/AFFE Hug)
A 37 98 FH 28AFFY #AE A e
o] &3t A dde NFHAHAE FHYSAT.

=3 FHAE 27] 7 X2RE de "old d& o
R dhio) olailA A tig YgE FRE A3,
O ARZRE A dAMee] g7 AR 4
g9 FRE QA RIAY FHA HF g w2 7ks
o] w& gmEFd ] FAAZE o duFY
&S AT FErt sta E2O A A 3

Fohe AA7E 7hssA B4,

o

2. SINAFMAHE 0128 ELM ALAA

r

THAESE TG ARAE ABL ol8del B
A4 oA Beh AR WA AL BHHI] A3l
3 Bt o 9ol HEHoE AP 9

A
gle] WAe AF o] YAF vk HTee T
B Sl RS BhsEe old AR e
% $2(Lee, 2000¢ HIHAHE k. T2n A5
Feo| F138A 349] A5sh B9AE Table 13 20k

Non design domain

» Design domain

Fig. 1 FE model of an automobile hood



Table 1 Geometric and material properties of the hood

(SI Units)
Thickness Outer panel 1.2x1073
(m) Inner panel 1.2x107
Young's modulus (GPa) 207
Poisson’s ratio 0.29
Mass density  (ke/m®) 7820
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Fig. 4 Medium size of a hood shape
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Table 2 Three level full factorial for two design variables

Exp No. A B Zq(m]) Zolm) 1st Freq(Hz) 2nd Freq(Hz) Weight (Kg)

1 1 1 0.121 0.78 22.58 31.57 27.80

2 1 0 0.121 0.71 21.93 34.45 27.79

3 1 -1 0.121 0.64 21.19 33.28 27.717

4 0 1 0.110 0.78 22.62 31.64 27.81

5 0 0 0.110 0.71 21.96 34.56 27.80

6 0 -1 0.110 0.64 21.22 33.34 27.79

7 -1 1 0.099 0.78 22.56 31.74 27.81

8 -1 0 0.099 0.71 21.99 34.17 27.79

9 -1 -1 0.099 0.64 21.25 34.41 27.77
(-1:lower bound, 0:mid bound, 1:upper bound)
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Table 3 Shape optimum results
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Initial model |Optimum model
Design variables x4 s x, Ts
Distance (m)| 0.4 0.11 1.0 0.71
Weight {Kg) 27.83 27.80
1st 2nd 1st 2nd
Natural frequency (Hz)
17.09 | 18.13 | 21.96 | 34.56
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Table 4 Width of cross section for reinforcement

(unit : m]
Reinforcement Level 1 Level 2 Level 3
A 0.010 0.020 0.030
B 0.040 0.060 0.080
C 0.010 0.020 0.025
D 0.0005 0.001 0.0012
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Table 5 Lg(3* Orthogonal array

Inner array Outer array

Exp. Natural frequency (Hz) i SN Ratio

e A B ¢ b First Second | bt (Ke) S.T L.T
1 1 1 1 1 9.39 25.36 17.93 21.91 -25.07
2 1 2 2 2 16.40 33.32 19.85 26.37 -25.95
3 1 3 3 3 25.33 39.67 22.24 29.59 -26.94
4 2 1 2 3 14.35 32.33 20.78 25.37 -26.35
5 2 2 3 1 20.49 34.69 19.87 27.94 -25.96
6 2 3 1 2 15.56 30.76 21.06 25.86 -26.47
7 3 1 3 2 17.58 34.75 21.06 26.86 -26.47
8 3 2 1 3 19.05 33.91 22.73 27.42 -27.13
9 3 3 2 1 25.57 29.77 20.52 25.81 -26.25
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Table 6 Optimum result of design variables

Design variables

Reinforcement L, Ly H t
Optimum size (m) 0.010 0.080 0.025 0.0012
Weight (Kg) 27.80 — 22.24 20.0% reduced

First : 21.96 — 25.33, Second : 34.56 — 39.67

Natural frequency (Hz) 15.35%, 14.78% increased
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Table 7 Comparison of the overall results

Former * model Initial model Shape optimization Optimum model
Weight (Ke) 30.61 27.83 27.80 22.24
Natural First 19.65 17.09 21.96 25.33
frequency(Hz) Second 26.38 18.13 34.56 39.67

*o[#15](2000) T 8 Add 2de| BAA Folohz A&

RFMTEEEE =27 H19H H25(2006.6) 201



AFAEFE LT HB FEREY BAA HHAEA

ZAlel 2

2 d7e dRnleAT A3 AALANE ATA
Hel Algoe £95a4U. A Agd A=y,

grnEd

wAdd (2003) Al AE AEY. WAL pp.306~331.

ol 4A (2003) Az f3eLE 01%& tetE 445 vt
A HATZEY YAdHs}, d=AqNF2IT Y=
3, 16(1), pp.59~67.

ole)g, o]F7], FAA, ¥4, 4FZ (2000) AHAR
HEaME o] &3 AFAFE BARE HAAA, g
1A =83, A, 24(1), pp.62~68.

ANSYS APDL Programmer’s guide Release 8.0
(2004) Swanson Analysis System, Inc.

Belblidia, F., Lee, J.E.B., Rechak, S., Hinton, E.
(2001) Topology Optimization of Plate Structures
Using a Single or Three-Layered Artificial Material
Model, Advances in Engineering Software, 32,
pp.159~168.

Bendsoe, M. P., Kikuchi, N. (1988) Generating
Optimal Topology in Structural Design Using a
Homogenization Method, Computer Methods in
Applied Mechanics and Engineering, 71, pp.197
~224.

Haftka, R. T., Furdal, Z. (1991) Element of Structural
Optimization, Kluwer Academic Publishers, Dordrecht,
The Netherlanders, pp.209~215.

Hassani, B., Hinton, E. (1998) A Review of
Homogenization and Topology Optimization III
Topology Optimization Using Optimality Criteria,
Computers and Structures, 69, pp.739~756.

& H193 M2=(2006.6)

Hassani, B., Hinton, E. (1999), Homogenization
and Structural Topology Optimization @ Theory,
Practice and Software, Springer

Kim, T.S., Kim, Y.Y. (1999) MAC-Based Mode
Tracking in Structural Topology Optimization,
Computers & Structures, 74(3), pp.375~383.

Lee, T.H., Han, 8.Y., Lim, J.K. (2000)
Topology Optimization of the Reinforcement, for
an Automobile Hood using Design Sensitivity
Analysis, Key Engineering Materials, 183(187),
pp. 439~444

Lim, O.K., Lee, J.S. (2000) Structural Topology
Optimization for the Natural Frequency of a
Designated Mode, KSME International Journal,
14(3), pp.306~318.

Ma, Z.-D., Kikuchi, N., Cheng, H.-C.,
Hagiwara, 1. (1995) Topological Design for
Vibrating Structures, Computer Methods in
Applied Mechanics and FEngineering, 121,
pp.259~280.

Myers, R.H., Montgomery, D.C. (1995) Response

Methodology Precess and Product
Optimization Using Designed Experiments, John
Wiley & Sons, Inc., Canada, pp.16~21.

Suzuki, K., Kikuchi, N. (1991) A Homogenization
Method for Shape and Topology Optimization,
Computer Methods in Applied Mechanics and
Engineering, 93, pp.291~318.

Xie, Y.M., Steven, G.P. (1996) Evolutionary
Structural Optimization for Dynamic problem,
Computers & Structures, 53(6), pp.1067~
1073.

Surface



