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Finite Element Analysis and Fatigue Life Evaluation of Automotive Rubber Insulator
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ABSTRACT : A strut rubber insulator is used in a suspension component of passenger cars. The
uni-axial tension, compression, and the shear test were performed to acquire the constants of
the strain energy functions which were Mooney-Rivlin model and Ogden model. The finite ele-
ment analysis was executed to evaluate the behavior of deformation and stress distribution by
using the commercial finite element code MARC ver K6.2. Also, the fatigue tests were carried
out to obtain the fatigue life-load curve. The fatigue failure was initiated at the folded position
of rubber, which was the same result predicted by the finite element analysis.

Keywords : Strut Rubber Insulator, Fatigue Life, Finite Element Analysis, Strain Energy Function,
Mooney-Rivlin Model, Ogden Model.

I. 4 & BADY, FLERA (door seal), Yo7 5 chddt

%7k k!

s ASe 2FFEle ¥R} Ad
ST AR I A, e R 5L §
2 A% A 54 FoE U3 Elojo], QAR E

R EXE

Ad}2Ew A 337 Al3E, 1998

OE VAR 5 BIAE 28R AREE
A% T 34 2= a7 me FF PEA
129 A7 2 84 7)ge] 2 T7HT Y= Aol
Tl A2 AT A BRE A AS
Aztel kA Au] AAE A5 wle 2 AAE



A5 A 1 FE

olAE Fito AFY EA4S vlE o33tz Wlshe
48] CAE(computer aided engineering) < =
dste] Aw] A7k} Ak At 5& ERsa gl
ae, 2FAES 284 SAE A 2 EH B
dste] o2&} 27 AFo] el vy oy
A e 9T fEeady Iy vy Foz
clate] FA )l il Ao Este] AAEL
sl 03 9l Aot

Fole wAY iy fdgady T A
3 179 BAE Wriehe vk 299 A S
A g2 AT ARE Fao] ¥ HF AA L 4
As AFEAEH o)A whio] 2 o) -Fa kB

B2 At AMEHE DFEES uA d3S
gstn glow, g £ ot 75E FH3]
13317) JaiAde i S5l dlal FE3 WAl
B ofol gt WA bl dalMe AR
AR o7 AR gt AR WFARel] &8 $o
o, kg A7k Al AlEEe] 03 9dsith 3
Tolle TTREE A9 A pHdceRy 3%
9] B24HE o3eE who] 45w Yk

£ droAe SPAPH] 54319 G5 A
A" &4 (shock absorber)& Ao zHA|A
Z= d3kg 3 strut rubber insulatorE tjA}o
Ay gy f3kaa TS o]4kt Al
A& FPste] 159 A 54¢ d3s1o AA A
g ZA3zs} vja FEs HdgE d SHo| A
e % FYE 43t fdeh A4 de
T 2FAE AT 5, WEEAUATY AFE A
A7) et 15 QAIEA e A ds A%
ARE AA ARt AA A1dS A, w3,
¥ FEY A2AYE 53 s A 78
qor Aol g Hoktge} HRais
e e L 1o )

e sy g H2pggr) 169

I. DSAES 2B AS Y HENs
1. HEEILXES

dubd ol AR E 315E 7Bt AASHE 3
Z3} wgo] Al AAZ FAZ= HY WA
Ao Ael2 HEgoles BAFTS epde) 17
Age 5 Wyl nAy AAE Rele iy
Ao M ' AsE vhetve w4l (hyper-
elastic)EA4& #dch.

g4l 2o mzd BYAEY AFL WEEY
A g4 (strain energy function, o]3}el|4] SEFZ 3
AEA Jeld & 9ok 174 AL wAd,
ujgkEA, gudle) EAS Az gler, I ool
259 Al weh E Zold et el A3
oYY 7d 3F-48 HAE /HY H4s 2Hs
£ SEFE 2t o] Fad A7l g ek

SEF(W)& &gl TAF £ TAWAA o4
QA gE-Mek(invariant of stretch) =& FIAE
(principal stretch) 2] 2 Yehd 4 gleh,

QA gL ge2A SEF,

W=W(, L, I) (1)

FANEY A9 SEF,

W=W(A, Ay 43) (2)

q71M, Ay, Ay Ase FALElh IF FAE
o +4-WyE FAAE Rivindl o5} Azl=%le

o g7} Sl AS AREd TR FAAE
of oigh 2w I, I, L thgAle® A o5}

I = A+ A+ A8 (3)
y= AR AAL AL 4)
L= 44 (5)

Elastomer Vol. 33, No. 3, 1998



170 ARE - A BES

3, tiEe IF A5 vhEAelng AFA
4*(bulk modulus)+ AtAG(shear modulus) %
o} A3 2 A5} go] T YA % A
de BlEAY sHAo] eidte] 4l Sict. wigt
A& UEEY L L= 1 F L=lold o
FAA o] At

L =1/+1/A+1/4 (6)

AAFEHRY] 42 FAHe dFEAe SEFe
Rivin §5:9 39489 @42 34 dEdel
SEF= Ogden &7} it

i )} Rivlin &

N
W= W(I, Iz)=i2 CAE-3(R-3) (T)

+7=1
ii ) Ogden g

N
W= Wk b )= 3 2t 4t 25-3)
: (8)

714, C; @ e A¥EFERY 2= A
2Arolet.

Rivlingts 345 WREEHH(DY A5y A
E(N)Y e 71Fo R AAE. A ASE 2
3zt 339 A4S Ad Mooney-RivlinR g3},
34 e v AR AFE 133 Neo-
Hookean® 93} Jamess-o] Akt 53 24, 1|3
3302 7AHY Yeoh2d Fo] E3| AMHI gl
o, 59 A5E F7H1714 F9d| 93 As 24
S48 Agdolet W9 Welde AR AFE 2
E8F 4 A Alddlolel W4 welde 23]
o & 235 7HAA 2 Fx 9l

77k AL o3t 2

+ Neo-Hookean 29 -

W= Co(f—3) (9

delrEw A 334 A 33, 1998

» Mooney-Rivlin 2.9 :
W= C([—3)+Cou(£—3) (10)
+ 38 Mooney-Rivlin 2.4 :

W= Go(5—3)+Cou(£—3)
+Ciy (L —-3)(4-3) (11)

« 53} Mooney-Riviin®% :

W= C(L-3)+Cu(L—3)
+Cy(F—3)(5-3)
+ Co( [ =3+ Ca( 1 —3)? (12)

« Yeoh 29 :

W= Cio( ,—3)+ Coo( [ —3)*+ Cp(—3)°
(13)

Ogdenzd e 2Z ) ASHR g EZdoH,
O-ring, Seal ¥ 7]g} TFEES 4] A5 ol4
g1 ok dedz A4 700%9 HIEAAR
3 gron, n]ag ¢4 Az daA uag 2
o Ao ¥ugy 9Jr}l

2. HEAE H 4T 2

259 AN PN E QojAE Hofeke %
Aol B2 $H(FHEY ;0 WY, HF dAE
(M3 FA o), WYgAIATFY Aee A
dojete} WPEUAFRENE T $HF A
99 025 HagAFle 24 2R

Riving24e AEH: 7649 Al e
3} 7t}

W _y

—$) = 22
(t—ty) = 2(4; ’1")81',

-2_ )72 3_W



A5 A ¥ 2F9 fsady 2 A2+t 171

q7)A, t= WEE X5l dig 38 (Re9)o| CURVE FITTING PROGRAM
Engineering stress
t}. e
Ogden Y24E) 42He 39 Aole ehyst “ ,
7ELE}‘, 6912 //
N 58312 /
t—t = a4, % /
. o6 o 4
Riving] 8EIUARSE o188 A%, 2% | ==
QUgY WAL A (D& A4 (14)9 JYFo2A N
78 & qow, 44 Col B 13 Al .
FEgc} dubdo g Ape] fu) A8 7] gol - s
A Ay A2 (linear least square method) & ;t’ne:;zs;:nvm o T2 gm0 ";:::n"c':? ;"Z:’ =
ol4dle] & AT ¢ et Fig. 2. Curve fitting by Ogden model I.
Ogden ¥4E o4 A% A (8)% A (15)°]
R CURVE FITTING PROGRAM
APy 3 adgs WAS 72 & 9o Engiorin e
2,327
o, A% g ol O A48 AR GEE -
t}. webA, |43 5|9 uh el Levenberg-Marg- - A
vardt 7% == Downhill-Simpson 7|H& o]8-3} e |
of o) A4S ARY 4 Yk - /
9P 97 Y FES RS 4B 2 | %
¥ AR A% 15 QRSN Beae . gl
A8e AN Nazse e 7 -4 1 A
3% doleie ol4stel 199 24 442 A4 l
CURVE FITTING PROGRAM - /
Engiemring srs E
’ 0 .m0 500 L% .00 2250 5,080 60 1.2700 4.8850 5.500
7609 Engineering strain input calculated
629 '/ Fig. 3. Curve fitting by Ogden model II.
o] pd
o oo, Fig. 13} 2% 2 A3 dl°|8E 5% Mooney-
2 L Rivlin 349} 38 Ogden 32 3|53 AFE B
|| ST, Fig. 3¢ 15 493 Algdolee ol¢
P 3 3
~oeeg Y 3l Ogden I42 F&jd Asjolc). Table 12 7%
i ¥ e vefdeh
-, 2864]
o TS0 L1550 | 1300 | 510 | .8800 12750 15700 LUISO 2.2%00 26080 2.9%0 . Strut insulator %Q‘Rﬁ\_ﬁﬂ&‘
Engineering strain input calculated
Fig. 1. Curve fitting by Mooney-Rivlin model. Strut Tubber insulator: T#A 74EE A F
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Table 1. Constants of Strain Energy Functions

Ogden Model I (using all test data){ Ogden Model II (using uni-axial test data)

Mooney-Rivlin Model
C10=0.0207
= 0.051,
Cor=0.0234 #= 00
Coi=0.0 w=-0.0117,
1=0. -
=-1.87x107¢,
Co=0.00389 s
Bulk Modulus=1.84 x 10°
C30=0.0

;= -2.38
3= -15.62

3.07 14 =0.00361, a= 470
1£=0.104, o= 230
4=040x10"% @=-15.62

Bulk Modulus=2.56 x 10°
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Fig. 4. Finite element model.
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Fig. 5. Cauchy stress distribution under compre-
ssion displacement 10mm.
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Fig. 11. Load-displacement curves.
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Fig. 12. Schematic of strut insulator fatigue test.
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Table 2. Fatigue Test Results

Sampl Max. Min. Load Fatigu
a;;” °| load | load |amplitude| life
(kgf) (kgf) (kgf) | (cycles)
1 250 -1,500 875 | 549,500
2 300 -1,500 900 | 398,400
3 350 -1,500 925 | 360,700
4 400 -1,500 950 | 246,000
5 500 -1,500 1,000 65,300
6 600 -1,500 1,050 26,700
7 700 -1,500 1,100 9,000
1200 -
O  rubber failed
E 1100 B plate failed
]
3
5. 1000 ]
g
k]
8
-1 g0 ) 4
]
m N T T T
10* it 10* 10° 10

Number of cycles to failure
Fig. 13. Load vs. fatigue life curve.

Fig. 14. Fatigue failure on rubber.
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Fig. 15. Fatigue failure on plate.
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