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Topology Optimization of Plane Structures with Multi-Frequency Cases
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ABSTRACT

This paper provides a new topology optimization technique which is intended to maximize the fundamental
frequency with simultaneous consideration of other natural frequencies in the form of multi-frequency problems. The
modal strain energy is considered as the objective function to be minimized and the initial volume of structures is used
as the constraint function. The resizing algorithm based on the optimality criteria is adopted to update the hole size
existing inside the material. From numerical tests, the proposed technique is found to be very effective to maximize the
fundamental frequency of the structure and it can also successfully consider several higher mode effects into the
optimum topology of structure through the introduction of weights.

JIHE . FUTEE, HYHH3 JIE7H 7 fFHA /=¥ duF
Keywords: Plane Structure, Topology Optimization, Multi-Frequency Case, Filtering Process, Resizing Algorithm

1. k] % E3] A2 e 7713239 53}4—;]%-]5}1)23 ok
2R 7)o AAHA S BolA woju AAHH

2AAAAZ R TR A FRAATHA Bote] 2L oz Ay A3 YE 9

°‘W L7HY AT Y Edo] EUe BY 4xyxsPi)de)l g A7 s 93AA
ofdzt 71eAEe) 18 AU AFH I=H} He 722 021 Yk AR} Q9 FHo

X Ao 715} 5101 AA L2E AAV £ 2A AE HA 3

to ZH Folx FYUT ABE
SHA =k a8 FREY Aed 2HE 3 AN T2EHE Fohde Aojglr & 4 o
d AAHA3 e 7HL:‘°1 I e ne FxAA A A e | RAG e <a¥ 1>0] =AE nie}
AL FA FEAI= IAEAH AlZoA 1 Zo] Uehd 4 At ol FERESL o|FI e
E& g4t ) ol BAHANEY W3} Aegs Yo 1L 7HAE B2 AT A
= HZH3) o]&F = ol29 wg®ule] ohzg} BY R A3 1Y A& dHFHeE =4
A7 FAY FRAARNA 83 wRA AFE o g FolX EAHo AP AJEY EXE F
o] whde) 798 Aolgty & £ JATh ol Aolegt & + Utk

B dAFoAEs gaE4%d o3 94434589

* AL, AddtE FHRY AR 2as . o
. ARy e %%?;E T AT TN Folo} AAE 7IEFY el FREY
o AR AEeY FRIINT BAANAEA 71% FAETE At g Ao e

- 233 -



2006 &= stedHEs| =2

® Homoginized Voided
Material ~ Material

e

| Modal ]
| Strain Energy ’
¥ Minimization .~

(23 1) HdEHste| 7=

ol YA FEHE RSHIGYAE I 2
#Hats ARH AR oj8sle PuTzE
o 0@ HHYFE =233 I ARE E4sin
A et

2. Agxd

A4AHGE ol A Yx HEF wolglE
RROZ o)Fojzl ] 5o WY Ao TxE|
WEHOE REHol Yt ARE HAZ B
FAAWE EYA = BABYo] 0|43 5
el fEeL7} shls A2 BEYE AL
2 7S 4 ok BekA TEEY A 4AGY
& Ao] WEHel ALE 15 ¥ & o

AglM A& vsh 2ol AYAARE Yol
HAGY oA BasE BARA E,9 H7
&g Fohle BAZ s olff £, & 08
3 ol 3 ¥ 4 Ytk

“
(o]
T

!

Ei}]L'kl =x(z) Eiju($) (1)

ANA Eple) e EEE T3S B8AF0l L,
x(@)E ALY odolA Wasts Ao SR
& Uetl= AN (indicator factor)E 7} 24
of thate] &3 o] A9 A

oy

1 g
LRA)
BiE

24 249 BAREE 4 @I A
o} o) olut o) P9 goz oA A%
qe 2o EASAY E= EANA G PR
o) BA£HOE Ve B metdl 2AYY
ARl Bl $usA PEIES 5] A
489 =Yl BasA Bk & 9442 7
Ax YRR €0) & EYSH SHUAE T8

2ol sk gt
Ez‘}}kl 25(17) E’ijkl(m) (3)

o714 0 < ¢lz) <193 zenolt). o] B4
e o 2o

V,=€d0 @

A7NA v & FEREE olFE BU 27139
EEEEREEEE DUBELE TR
oo g,

VSRS (0 F SUFLEA A A%H

94¢ UEiA 28 B0 Bed dEdsE
429 9oz 24T Bast Uk olels} 2ol B
S35 A% 18 EYst] YEFSE FHH

HH H4H sl AAE FEEHA @k

471X 4= YNHACE 4> 1308 P F
Z 30| 9Ato] 9] gho] AE-HTE oW 49 ko] A
A4E A2 RE TR o] FEEA e
v,

A9 WEFF f(a)e AT vATERA
g gA4shes 718ted e dAV ok 19 2
oA gt Zo] ALY W FHE 3T U ¢
Ao AL BEFTF ()T fla)=1—alz)b(z)E
Uehd 4 e WFY A7E 0<alz) <1,
0<bz) <19 HHE /A

- 234 -



H3H M1=(&H M3%)

goldel UaTEAE AT Ak BEE 5
4 Edolgta 71 F2EY JAHYE DE
o bo] Y42 08T Lol ekl 4 gk

D :=D"a,b) (6)

A71A o, b 24 Yo EAsH= ¥ Bk 3
71€ A4S Welm, BAWY Db 4 ()
£ o) g3t &t Zol & 5 Utk

D*a,b) =(1—ab)"D=p(a,b)’D )

2 d7dAE <28 29 AHAY F2A Y ZYdS
ANAY o2 71T AZUENAESEE r=1-a
2 A9 3d HHSHAHA e T2EY 24
2 p'E g 2ol & F AUk

-
= el

- Y1
(38 2) o|aZFAL] At

Y 7Hxl= eed

~~~~~~~

7
8
7
RN
J6 &

S
§
ol
kA

(O 3) X of theh MZEZEE

(")E lv 0
pir) 2yl 0
2

A7 DEGEE p(r) 20— 2018 A%l T
ABAEGE p(r)7& <18 350 A vhe 2o,

3. ANzA 19+

HAGY ol EASE OFNELL AR
s7] skl B2 2723 YA fAD
A ARAUAE Axsss AR S
Ak 7 BelaLe ARYRARAFE LU
2 gL, HEALYE AST oD Y
AHE Fago] ATYEnAES - & HAE &
b oo 2o nasd ARG S B
29 % YA Bk

TEEAA u1HT 73%5’_5% AR b
1A o5 W3 TEREY AR =HF
e e 2ol HEAE U gae
% 3)
U= w0 9
7=
A7IH e 1A AFAFTEE o) fEE

ERE UrEthﬁ wE old] A8dE
(9)011 75454 REd Y

Minimize U
=

subject to V, = (2r,~12)V, (10)
e=]

AAG G0l net NS FELAE B HHA
He e e o3 20

r=[ry Tl - (11)

4 100 AE HAHRAL daYA 58

- 235 -



2006 &4 g=wEs =28

oJget] THEAL BAMSY AAFORA T
&3 Zo] BaRAYS 12 FojAn,

Lir,) = U—A(f}(zre—rg) - V)

e=1

=1 =1
=N, -+ XN, 12)
e=1 e=1

A7V A, A=A LA =]
T 3134 srold o & AAMSTE Yedd 4
129A B2FA S5 AL A E T UE Hog
A12d BYe HagA e 19 FAzA
(stationary condition)2 Th&3 o] & 4 o

_——2/1(1 ) (; ) 1 B B =1 (13)
213y ASEE upEsY AgduA ey @

AE vehlsd ol o835t 4(14% 22 27
4 dagFoel AAEn.

T=MAX ifrH(B}) < MAX (14)
=rH(B})"if MAX < 5(B})" < MIN
=MIN if MIN< 5 (BF)"

A7V MAX=max{(1—()r,,0}°13, MIN=min
{(1+Qr,1}0]2, pE ZHE¥F(tumning parameter)
olx, (& &4 dANA HAMST & Ao3te o

T (move limit)olth. 13 BF & kWA WHE
AN A BF g vebdT

4, xHFH A

2 A7 728 ARATREE 083}

HYUA L2 E 74]4‘6}71 Aste] Af753
< FY AT AR 7“@'5‘}% TEEY
ta QNS E AR 0}3119} 22 1FAEAE
stAl Ao

8

e

K& = AM& (15)

A71A ke tFE ol FE A AR Y
o|i mE AHA AFYPBL Yt 45 I#Y
Eoo 1H9H JL #dY 1/AE TFF 4
ooty & AFelA 4159 = FEFI
HHEN S o] gsla] 7 £ e o] | nAje X
FA7L LEAELE g o] T

0<\ <\ <

—~~

WA S A, 16)
Z12 ol AARLREH AALAFPE L 1
e ds) tgt 2ol M-AuAdH KA A

o) EAE& 7HA.
IMp; =6, i=j=1,2.n (17a)
KD, =S, i=j=12..n (17b)
HHSHAEH e F2EY HA ARATE
co hE WYolUR EZE= g3 go] 78
A

[le [ oK, d4 (18)

71N g & 84 o9 BHY ARVFELEAE
g e,

5. A-3LnIY %

3@%71%—% ol g3t FRES JNHHs ¢

yIES YA oo 2ot

o) —rom Az &g o83t 27] AAHF
g A AANTFE AEUEYEHE
FojAnt.

@ 27(xe B4A9) Asd=dHE 48
sty BEE& Agdtd F2EY HAYH
Rakii=

Q A AAFE A8 BEAEs U g
Tt Aa3)olA "eF AA™HS U

o of

- 236 -



H3H H1Z(EH H3%)

® AAVFHE ANBT,

® ANY BAAFHE G HHT

@ AAE AAWERo) Tl FN2AL BE
= [e]
= =

Aol BE of &3l B ABENXE BA4A
F7F E=10x10°N/m20]2l T 9%/} y=0.30]t},
A4 A3ste] ad mTWHEN RS AArkslr
sl BE 5051709 A 5000709 48 fFQ
A&E olitglstdet. ojuf Hel AjlsE st5Asd
=42 BAAL AFFL y=58 s uch I
AR71ES vig oz f53 2724 daugEY
ZHAFY o) FHFFS T2 =10, (=00158
AHEBIATE B dAc A s daRol i AR A
3E A H I FAE JEsgt AFge=
40%°] 27|8-3E F&2HOE o] &gt 19
4F)elle B A/ABTEEE I8 4H)dle =
=P AUA N 7t R (w)e] W3l e FL2EY
AARERY AR BREE 2 43} 6}d]

Y of o

Ao JREEE 11, 23, 33 TEAFS] o)A
TEEHE ZE-F AU ofefo o] v 71A1Y
7VEAE ALtk

Case a) w' =1.0, w? =0.0, w* =0.0
Case b) w'=1.0, w? =1.0, v’ =1.0
Case ¢) w' =1.0, w? =1.0, v’ =0.0
Case d) w'=1.0,w” =00, v’ =10

8 WA BEdYdURe 232 Fa
o Y4AHsE AP 1 Ahe <19 4
($)>ol SANARE A2 ST,

<2 4$)>9 A A WA aFe Bl
17 BHUERES A FEHE REwd
A A3 Be o e HH9lgols ol
H% 49 ol T2E rith 19 499 T

EE2REH fEHE

2 2¥AE 9 st FHAYoH TYAA
B uhe} o] 9 AFRTo APshs nlwF
w1 FE0] AL o FHE YEth <1
4()>9 U WA a8 13 AFRES 33 AF

X

]
o
Ry

i

|

f
o
N
\_&
w
2k
2
ot
v
r
2
do
2
X
do
i

- 237 -



2006 £ shedEs| =28

£ ZDWYAUAE /T Case b), Case o),
Case d)o] ZERPUAE HA33 A7 der
o 7B R FSFE 22 4434), 5234, 1184
7Ht it

7.3 &

£ g7dAE ARAFEEY N fiEe
BEEHYUAEEE nigo R 3 gRESE 1
e HAZIEE o83l B AHHYE
T84 ﬂ@ﬂ@#w Fata AANE 7]go) 7
5%4 Z|RAFAFTE AU UH a3
og L}E}”E’r +§P TXEY 7| EnHE
T A F2EY T 34 1 H%EEE H3
sitA o sefster glof fold Aoz eyt

)S‘J‘,

N

"TL

F 7

ATE 95 EPSRCS} M55 AM7 &d7
A %A}%*. H)(FA¥ 3 C105A1020001-05A0502- 00112)
2 UL

n_)'|_|

12

1. Lee, SJ. and Hinton, E, “Dangers inherited in
shells optimized with linear assumptions,”
Computers and Structures, Vol. 78, 2000, pp.
478~486

2. o137, A9 7158 mdg ALe ZaE
49 A, I=QNTF2FE] =23, A3d
A2%, 2000, pp.221~230

3. Bendsge, MP. and Kikuchi, N, “Generating

10.

SR, 93Y, T A

optimum topologies in structural design using a
homogenization method”, Comp. Meth. Appl.
Mech. Engng. 71 (2), 1988, ppl97~224
Lee, SJ., Bae, J.E. and Hinton, E, “Shell
topology optimization using layered artificial
material model”, Int. J. Num. Meth. Engng,,
47, 2000. pp843~867
R, “ARFTLLE 0] &F GFETHFE 7}
Ae BATEEY AFHHY, A= 4’&?&%
&3 =23, A6 xﬂm 2003, pp. 59~67
& 7Hle g AA
dde 1o fgHHs) tiF B, A
7283 =F3, Vol. 5, 2005, pp. 83~89

S, Y, AT 3 A Sl sl 98

TEHT BEEE s 3Y
°ﬂ a7, WA ET3 =
(245)

SECEEER
4 =&4, 2006

. Lee, SJ. and Bae, ].E., “A Topology Optimization

Technique for Maximizing Fundamental
Frequency of the Structures with the Use of
Modal Strain Energy”, J. Sound & Vibration, (in
process)
o3, ML, BHABY, “TRE] AFAFEE
FEH = HENUA BEE o83, A4HZ
3717, oA EEH A=Y, 2006
CE S
Youn, S. K and Park, S. H,, “A study on the shape
extraction process in the structural topology
optimization using homogenization material”,
Computers & Structures. Vol. 62, 1997, pp.
527~538

- 238 -



