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Implication of Bulk Modulus in Nonlinear Finite
Element Analysis for the Static Stiffness of a Rubber
Mount
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Department of Mechanical and Automotive Engineering

<Abstract>

When a nonlinear finite element analysis is used to find the static spring constants
of a rubber spring, the constitutive equations of the rubber are represented by a
hyperelastic model, of which material constants are determined from the different types
of material tests. Uniaxial compression and simple shear tests are usually chosen due
to their experimental conveniences, while volumetric test is often underestimated and
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omitted. But the hyperelastic model obtained from the two kinds of tests alone can
result in rather poor performance for a certain engine mount when the rubber is
assumed to be incompressible in the finite element procedure. This study investigates
the influences of bulk modulus, which are found to be as equally important as other
two material properties, on the numerical results when the form factor of the mount
becomes large.

LA E

1% ARE AL SHFIAE 2 WHE oI 500~700%2] VFLANE VA
29 2o ol AP 4oz Astd AR sheEol HGF ABolnh oY
2% 47 SEEE A4 BAHE AFo) AN AYHE AL YA, xR0
Nel 7Aoo A 2T FaAIE AFFE7Y 4L FA HES 4
go} gt

A AR wigEe 4A % AY dAdME F 22y A4 R Fogd 2} Ags
T % 227 Ae #HAe] gasich a3y dA wREE E 27 MYoE JdF 71§
g v g FEAAY vd¥4E JHRT %1.‘1_‘:'.% a Fel ged Ayde 3
g ol # o] shEeht Fdol BeEtA @2 AFdE AYol oY1) metM,
ol e HAdE fEas AHYE A83td 2R *‘?’—%% AAsME W e |77t
AP om(23] AT AFAAME BjAd Mol Hed 38 F¥8L 2R2IY
& =98t A7 "R ES Yol de] Abgstn 3461

% 8.4 @Y dAd oA nR AR HAHE ASE BAEY] A 1T E
2894 A 8 (Hyperelastic Materia)2 7FA§ @3duvA) 42 ZH3}E WY F2 A
449 vty 54T nFe FA AN L Wy vz ¥4y AFEE /7T UE
o 7h2) AYel old] AAFgozM FHH

1R Ay BeTde dutHeg dF AFAY, olF UMY, €4F AFAE, O
AGA Y, o5 AGAY, ARAYPE] A=Y Jtsd "1i g o7t A gE F43
i 2 AFREEL AL T4 ©2E&R7)(Curve Fitting) & dlodob?t A By oA &
Fo| AFLES 7Y 5 vk dutygeg A7 vifEY HAY #3F 84 HHde A%
AE/AE5AN /A PN T AFE AREsn .

““E Aoy AL UE AR S84 Z2IYEL B]Y¢EA (Incompressible
Material) A& i F3es 4P Bz AFHA &1, A vgEY AENearly
Incompressible Material) &} #4]¢] 7153l 5% Penaltyy-& A3 A5 ¢H4 L &
o] F& zdoR FHFde 71%E AT ok anEE By f{YA 27§ 6
Z A (Incompressible Material) 2.2 7} 8t v]$ & Penalty Numberel| s{%3te A4 @
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HAY FE8288 A% 17 vt AR el dloid HH B4 Ar 98 3

A% K& AgdA} £A402 2AHE 4o e ¥ WA 054 e
TolSH B AESES SR YrHT-9)

2 278 W PRYe2 AT AN ERd 8Y AN T gA SERR
§ 8 9718 JAE & 8. o A A9 BY A9E B 72 2w dEAol
FEaz Salol A@a mHHloF B} wpeby, B AFME EYo] Hi ge % o
gEo dae FEet A4S FoTA 1T o,rwo R4 wad vA: 4%E 1
slmAgTh B AR YFAH weh uAsA Aot neES s&ersm A% A
#49) 712 913 94 (Form Facton)®) AH4-¢ =stna @,

2. ¥4 ¥ d(Hyperelastic Model)

dutR o g mPe o] 2 @4 VAL 3 29 A4 7] 9= ARY T
A R Ae EEsly] g8 294 o|8o 2AF HEE ANWA] - E ALEEC 294
olgL v AFY ¥HE o] #(Strain Energy Function)$] #3}8-0] &#Hd 93
A& P 42 E ol &3ty g4Ae AELE T Aot A W A9 Ay
S %3ld A8 oA g5t aF Ase SA4AFE F BARYD 4590, EA
279 7AH AF F4d 9] AHEEHDT UTH10]

HEg vz o 2% ¥ AP & AAE AT Zo] Yeie] A,

— 9w
Si de; )

o714 W ¥ wW8E o9da  F(Strain Energy Function), Sy second
Piola-Kirchhoff €3 ®lA ol &= Green Lagrangian W& & glAjelt},

olf, AEAA = WHAY FHEP 2z golmE Cauchy ¥E @A (Cauchy
Deformation Tensor)e] 2% ED*Invarir;mts)g] g ved o ok ek
WU, L Ik 2ol EEY 4 gevl 1), L, L g3 3ol F44-&(Principal
Stretch)2 Yetd 4 glth
L=2422428 L=27%4A24A% L=2284 (2)
vl &AL BS Aiddy=1 F, L=1 o2z W& I,I, 99 571 o

e ¥y FHYole F2 e e Mooney-Rivlin Alg] g

W= gﬂ ﬁocﬁ(ll—B)M(IF:%)N 3)
7} ApEEOl A gt B dFedE o] F e 7kx 2vA EdE ARt
1. Neo~Hookean Model : W= C;;(1; —1) (4)
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2. Mooney(2) Model : W=Cy(l,—3)+ Cu(f,—3) ()
3. Mooney(3) Model : W= CIO(Il - 3) + Cm(.[g - 3)+ Cu(Il - 3)([2" 3) (6)

g HZ 24 Jee 949 E 9dla Mooney-Rivlin 82 2de ®Foe] £ v
2E-HYE FAE F Jdehlx Ede] wEA WEE 7100% 72 B BAR £ e
Ogden Edo] da Al&Eo Ao glan ol BdS Zo] 4),45,439 A& HeRE &
g}, :

W= ﬁ =B (A "+ Ay 42 “—3) (7

n=1ay,

J@-Mos =dYd 2u4 AR Cauwchy 528 94 T T3 gol 448
A 2 dEhgol g,

2_ AW, oW
T,— Tp=2(4 /Ik)(al +Ai 5 ol ) (8)

Ogden 299 APASFE AT ol 78 Bi= viet Zo] 3T WE &9
FAYL @, p,ol HE uAs Ay WA Yel fck o=d ol fr® AAHF ¥ At
Al Rt B4 H1n o ol MY AaEHe o184 o glAd olHE Aol %
Aol AlgPAEe) BAZe ostAt ¥HE AGE B8 Ogden B4 AN¥AFE AA3)
dort Ho HAF uhgo]l AL AA Levenverg-Marquart Algorithm[11]1& o] &3}
BT AANcE 78 = JA Atk B dFqe N=39 Ogden(3) Bd-g A3
o}, -

3. A+

A2 v¢EA A B(Nearly Incompressible Material)§) XF-& ¥ %4 (Incompressible
Materia) 2.2 7t A% F8e4 AL w29 o] wtA w9 AT #Y 2L4E
7tAE & Ak o] A AFE H 01’3} H[gtE A A B 4 glon, HEg Ay gl
o]A gt&: Aol 2 gL uXA frh n¥e hEAe] W vAe HAE ARV
A8 ah) o] w WL F WH 1‘}°1°ﬂ’~1 g2En Y nFRE AGEAL od,
2Pl FAR 999 9FFe 1T PEL QFHF gE aF dFHY HYA
(Compatibility)ell o8] @A 2] Wste A ¢la FolWt 98 Aeolth. 28jBR o] F
29 o] FojI g WHeE wm gle H@ Alolg ¢HL2 AH vBAAT

K=oy VA% n79 4% Zelsuzt v=0.59 7he &g A=z
Ke vol @l @@ ae mgsA ddn med, 2803 2o & 349
(Hydrostatic Pressure)& il ¥ Q& whEEY #H4dle ©&d] 054 7A7AA
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2 77 et 409 ol A® f4AS 2 wheEe] AS AEgtel AAA
91 vheEe WYL AR Wsld AYHoE ARVBUE AL & 4 Ak wA, ¥
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g2 fHatdMd AN AY BYAT & 059 THe QY e AgsE

7} ARl ma WY
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BiuE BEg HaANE A Aol AW, vlEEL FA44
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4. 294 249 &3 4+ 44

AR vlEE 4 LT AF AP AP 9F 3F FuE A FE3) dojof I,
=4 4 M goa BES 22 AG ton)g AME3ld A4 de L &
337 YelMe AlEHe ddo] Fof suE Q1 AlY AW Az}e] oYt =FE <l
A MEEE X EAY FE 9F 35 9 B0 AujHolBg wE MY {4
o gloir AF AlgrRuy AP At B AFAE 279(2)2) Al#E Instron
Abel whe A8 A1Y 7] Model 446994 42 A1@3tQt). o] trﬂ, A H ko Ao whare
& Fo17) s A FHe F(Wrap)S A5+32 2 Hopefe &8 FE A AdF &9
Fe7t HEE gk A AlPA BEE 50%7HA wiEE ?ﬂ’a} (Bulging out)e] &%
g & 4= ARk

OHR)L B ADAIYel AR AU AlY AR E JEldan ad@e dEAES
e AT *@@ﬂr—“ Yebdeh, 286Ga)E AR 98 AEAXNE, 1€6Ghe 1 29E
vEbdTh AREY AIgA e 7] 3pFEdAE A FHo]l FAEA Wil oA
FAF AEA g4 27](Steel Container) Ate]e] e FHg& w97l A Aoz, 19
(BheAe 1 o]F9 A A A AFD Yehfd

F(1)& ¢E2NG/AGAF/AYAE 2dHE Folld AdFF 4 279 24 A8 2d
2 4 2571(Data Fitting)§ 2 y}po]ct.
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6. AN viFEL] A WY 4
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olE 98 wAY Fdesk HY TRaFoF £33 1T Ao H$ MARCE A&
Fdgon dANS 1Y wEE AL F WA 848, vRE BE I13(bet 2ol
1/49) 3-D 2@& Alg3ich ?_HH, HFe} o] ALY HYEHQY B HAE HH @
Aol 712F F% 824(Displacement Based Element)?] A2 949 #Hz @A
(Spurious Zero-energy Mode)% =214 B A7 2483l Mg = Q& 49
g 7tA et oy, 4Es vl 712% EF 84 (Mixed Element)o] AgL ol d 7
AS N F 9lem2 Hermmann Formulation ElementZ AMS3ITH12] Q) ¥ &
Foll AR 249 FF9 F7F e i

IJE@)-(11)2 "B AY AFdFA et A4 Aol FAASFI e wE A
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4 Ut
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MAY FHLEYE AT TP HEEY ABY 4 o4 AW wa Asel 4

NYAE |op 45 & H %}*)ir:.

HYE A g kg | mn NgEH . |deNy 2% :l]l.zﬂﬁﬁé*lﬂﬁ 3;§§A%:§
Neo-Hookean Model Cp |0.043 0.041 0.043 0.041
Mooney(®)  Model Cro |0.04651 0.0335 0.04651 0.0335

Cy |-0.00283 0.0066 - 1-0.00283 0.0066

Cp  10.0948 0.017361 0.0948 0.017361
Mooney(3) Model Ca  |-0.04684 0.0222 -0.04684 0.0222

Cu  [0.01455 ~0.007 0.01455 -0.007

0y,  10.00487 0.0835294 16.5872 -0.229244

@ |-741523 2.285 -0.0096 -0.7

#y  |0.022755 0.216755 0.06056 -0.00025219
Ogden Model a; . |10.3218 0.92531 1.2818 -0.0664732

#s . 11.64527 -0.0942803  |0.0568163 -0,018

ay  10.005849 2.4555 4.8838 0.707

K |uig&4 45 91.94 91.94

< 1> 294 Qg 2o A=

. #of
Mount Type Element Type
Elements

2-D Axisymmetric Quadrilateral
Mount A 120 |8 Node Herrmann(Imcompressible)

Formulation with Reduced Intergration
3-D 8 Node Herrmann

Formulation with Reduced Integration
<E 2> "2 B9 Mo A FEas

Mount B 700

F

39 1L F HHAeldM $EHa g nF
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