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ABSTRACT

Design of shape for visco-elastic vibration isolation elements, which are very cost-effective and so

popular in many applications is frequently based on experiences, intuitions, or trial and errors. Such

traditions in shape design make it difficult for drastic changes or new concepts to come out. In this

paper, both topological method and shape optimization method are combined together to find out a
most desirable isolator shape efficiently by using two commercial engineering programs, ABAQUS and
MATLAB. The procedure is divided into two steps. At the first step, a topology optimization method

is employed to find an initial shape, where density of either 0 or 1 for finite elements is used for

physical realizability. At the second step, based on the initial shape, finer tuning of the shape is done

by boundary movement method. An illustration of the procedure is presented for a mount of an

air-conditioner compressor system and the effectiveness is discussed.

1. M 8
NNATFZEANA 2R 52 ARA7|2A A
SHE AR Fd8ad A A F /R @
AR o|FoZr). WA AAA} Ysls dAESE

HEA7)7] HE A8 AN, HA wE 5&
Asta, 238 @ A4 e ‘31’57"]7]"5 HAda e
FAE AASH g A AR dAdME A
Aparameter)S AA3}7] 3] Q4 s4x AA )
ol AHgE T gloyd) £ wix) gl ddeA
FAdAE APHNAY ABH W ®ol 9
ek Y= Aot o] AFgMe FeFIes

-+

WAL s, dnAsried 1A
E-mail : kjklm@kalst.ac.kr

Tel : (042)350-3024, Fax :(042)350-8211

* A9, d=NATIeY J1ATET}

84 Tzl ABAQUSS MATLABS ©]£3}
o 7AHE FHEA 7IHe Fdad 44 2A
of Z=ste, Adas P44 BHSE By 58
Moz szt g},

TZEY Y4 AAd olgHe dANYoR 7
A olTHI AHA wHs & 4 At FA
o]FH e TERE AAZ uji ¥3ls)e] 1—}5}141
3, BAE AEHo2 WA FAAY 3
& &0}7}“ WHog AA 27 FojAE 73
o %7] FAg «laﬂ *é?zﬂoﬂ xﬂ&g '?% et
%%*éﬁliﬁéér"ﬂ J«l
& 5 gt}

i me
ST e

V) >

[o

¥ oX o
E&Nlonﬁéérméo>

M=
1
2
2
rO
ofk
o
kT
s
> ne
2,
2 os
= 4
ok
g 52 o
T
o
ROE

1250/t A2 XSS =2 /A 18 A A 12 Z, 20084



S H28E A8 Adaad 3

4 A4

S8 AHE ol g8y Y8 EIsre FHAEA
HRE F /A gAR ol 74zt H&%‘:% Sy
How Hgstaa gl Fold AARAE VE3}
= AdeAd 7] A Uid ARy} glenzg,
A WA GANE A8RAs PHE olddte %
71 g4 AAE dlm, F i dAdAE ol g
goz 77 olgHe olisi Adedo BAE
&3] stz gk

2. Heias g A=A 3

HRE, AR, £ARZ FAHE JAFAAA
save dgHe WEANE $RRY FEH
D‘?—-lﬂﬂ(mobﬂuy)oﬂ o8 BAAYL®, oy FAHR
7} H(beam) =& W(plate)d} o] EHE] o3t
WYe 907 F e B¢ Fig 13} Ao, a7
‘/F 03—1—- T'—s Q\_ EQE]E]-’] :3.7]7]— Bi%l

sHlglgad 9 ady d7Eaae.

A aFEde GYojae FHE 7hzle] LA
e FEREY A, AA8a9 WBAC] Fohd
FE AA9AE B9 A% £IEE AEHE IF
g godolM e AFuert Zarsttn ==HAt
D o] AFME Adss HAE T3 FAREE
AdEE 1 dg9dae AFH] ALE A
A7 R A EAGrE Ads i) A%
oz HAsey, Afzxdozye HAWEY %
AL AAsAT oo dejrle FZHA Y A
of o& nFuF FHoAe HHE 7}zlo] o]Fof

Point Mobilities

1
V(OYF <
OF= 17

.7 ——— Point Translational Mobility
- - - Point Rotational Mobility
--—-- Point Coupling Mobility

’ 1l0 T 1 t’JO ) 10'00
Frequency [Hz]

Fig. 1 Point mobility of semi-infinite beam'®

BIAZSHESHI =

Az, A $AY7E B2 o)Foja HEHY of
24, o JpoAE doid dslrlel AzeM A
of FAHE AA2sE AAsTA Bo.

2.1 44 999 F9

o] AT MAUZLE 1 e Hd’aE
olole] ubgkol A slejAE BHES tiF] Y 3
ARARE 25 = A A& etk w4
daie A A, dA 99 Fig. 28 2o
% 3 dd849 3 wHoz gl

A Agzde ddade WARES 448 A
2R, TR Agxzdeg Wrol £ 5 Ut Fig.
33 Zo] A=A AF FiAF 60Hzt HAT
Tl AT F AEF 3t BALFoR9 AT
AANTS gHa] AsiH T34 AdzRA] F
ol e},

20mm

Excitation frequency (601H2)

Force transmissibility

Frequency ratio{w/e )

Fig. 3 Force transmissibility

2 /4188 A 12 &, 20083/1251



2 3 g

% %

1 3

Ay

e T T T

Hdairs o &A= AZTYM Y &3
AAsHz 92 3of stuz AP A 24
Aol Btk o] YeiM, AAE HALAr] A
3ol Fig.2ol Yebd 48 ddadrt sile
B339 70% o] HEE AU E HAHA

o alo

o Fo AA EAE AAE shE A ()3 2]
vehd 4 ]l
Minimize k,
subject to w, <40 Hz )
k, 2k, ;x0.7

| 829 HAE HA3A
Fo| A4 2A& ‘j&%@l% Z7] 339 W
ofoF drh 4 A3} g ol
23S WS dd8ry 27] ¥
d7] A BA olFR-E ol&F HAl A
P}, o] AAZRH A o|FHE o4
HAA Aol AARTE AT 4 Qi
5]245} H]—tﬂ_o_i__ -a—zéﬂtn_‘,} iR,
o] %E}‘s’ AP L FEAY A2}
84E ol83 TXEY F4e BddE
ABAQUSE ©]83l9 #F¥a4ds & wof
ATEE AA 884 Zdd wadsr] oyt
o] gint e, 9x Eeie ddasd
84 oM Z 249 B4A 4YE g
A 7EE = ioke ARl lof o] AFdA
2E FHiHE ol&ste AAaito 94HA s}

E
SasaA @

(oA

o
o Jr =
lo 1 o2

e fr 2 =1° rlr E bu rie

142 wael Yol Y BAE &

= B olge AAAAE BHe AAY
goll EAske 2 axel AHAN AR EA)
HehlE ANFSE ol8sed BA8ad
E@3, AARG UE ot T 2
erg 4 9o,

3.

o o 8 18
ox g
tijo mlm

)= lif xeQ” .
p 0 if xeQ" @

Aq714 qre A7 EAFE AAGYL )
o AAGY U &A% 249 AFE i
AY AN E

P =P P2 PssP,] €))

% 2ol A g o AFNE 247 JHE
AEe FHQ guE TRfsty 229 WEI} 0

3 19 ke REE ABUT.
Fol AARAL WEHE 4 AN 9
NE AAMSs BAad B4 Alold WRE o

4 3go] o|FoiAcr Bk AAMS 7 20|
A9 ANGES Aeare] 34 Alolg BAE 9
44 %% Yo Holst A 4 glenz of U
AAE 7+ 84dAM9 ded HEE Fu Adas
o) A ¢ ¥R w3 FANHsE AAsls 33}
e o)&3d AR HMe PPt dAdgh

339 iR Q4o g URTE A @) 7ol
9] €
Ok _
op;
k(pl’pz""pi+Ap""pn)_k(pl’pZ"-,pi ’"’pn)

Ap
@

o]

A71A ke HAaie A T WA

33400 «
AL EF —_— s A
FHoiE

tlo

5740
‘—l PBAIES

FdolE
4740l Y

M
[0l

*

23332
Yeof Qg
UBE HL

#3239
YUEol By
YIE HA

3492
Usol g
UAE #HY

Fig. 4 Flow chart of topology optimization

1252/3t= 28X S33 =2 8/A1 18 8 A 12 &, 20083



3|47 HastE e

3, o AAYGY Yo EA8E A 249
ANEFE uEt Ape IF%E A4S 93
FE AES dusta A7 AR 849 UE
ol 0 1%He 7 & YEE Aoz
Ap=1ojt},

3.2 M4 ojolE & N HEs AHul

A #HAs wde AAAHQ dAPHP) ZEE
€ Fig. 49 UeRAAT

o] AFME 249 WEE 03 1R Ad
RS EZ Fig. 49149 IE YH]OIEE 4 (49
A AN ARE ZRE wEeg A S)~NnH #
o] o]Folx|A €t

Pl =p =1 where, max %) 5
op;
ok,
Pt =p +1  where, max ——i—“-] ®
op;
ok,
pM=pl~1  where, max J—) )
op;
71 k2 dAdesd AR, ke B AT

A, koe B T34, pie rid dUolE g

Al A 840 AEE ujgit) A (s), (62 A
A4 2 A FARE AaA, A (e WA A
ARE 5717171 9 2= dHo|E et}
AAGEE 10x10709) R4 Z o] YAH A3
£ Y3 S o Adate s Yehgd

RS-

By

ig. 5% 2ol 48 thyols, shed Fol 25
A

%+ gk

[e)

E=)

32 ¢

R

Fig.5 Design result of topology optimization(10x10
elements)

ddgse g4 44

8t

4. B4 o|SHE O|EF LA

Fig. 5148} Zo], i AAGA A= Ades
9 F4E& EHste dwo fresr ERdd AHRH
849 A7l g3 As BA do 849 AF
THUE WHLE o2 Bye BAd F SR
ANl Frkshe @iol ok BA olFd
A3H A3 PPl vl FiHez A2 A
T& ol g3l AL FAE A&Ho= W

N7le 4AE B 4+ doke el sk

flo e nfn

4.1 47 Haol Fo A BZx &4
A AA AREFY Fo4d dAxPE W5
g o] AFo2RE HYF 3l
HAYES o33 B 7tede &+ Aok %
olFHE o] &% FXHAE ] SN dAF
x=02 dAsta, AAWSFE Fig 63 #o] A
L4 A de 239 xF FAx=2 I

Fig. 6°14 dA849 Jdo2Ry siadd 9A
&AM xH#EE 07 H a2 YR Yehrd
u, AAEE 4 @) 2ol Yehd £ Sl

to X e

x={x,%,,%5,..%,]

®

SIS AR AAdes Bdes
A43tel SNAQ WA A9 ©X) genz Uz
= AN 4O 2ol #9 AWE Fo 7

B,

Halx
(x=0)

3




Table 1 Coordinate of each node in x-dir

Node Coordinate[mm]
X1(X11) 18
X2(=X9) 17.8
X3(=X3) 16.5
X4(=x7) 144
X5(=Xs) 14
X6 13.7
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Fig. 7 Design result of boundary movement method

Table 2 Performance of designed isolator

Translational Natural Rotational
stiffness frequency stiffness
[kKN/m] [Hz] [Nm/rad)
Cylinder 2334 4457 32.52
shape
Suggested 164.4 373 156
esign
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