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Modeling of hyperelastic behavior of functionally graded rubber under
mechanical and thermal load
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, behavior of functionally graded rubbers with large deformation has been modeled under
Received 15 August 2015 different loading conditions. Rubbers have been assumed incompressible hyperelastic material. In the
Accepted 12 October 2015 first section of this paper, behavior of isotropic FG rubber has been investigated in uniaxial extension,
Available Online 08 November 2015 S . . . . . . .
equibiaxial extension and pure shear. In the second section, behavior of isotropic FG rubber is

Keywords: investigated in mechanical and thermal loads, simultaneously. For this purpose, multiplicative
Hyperelastic material decomposition of deformation gradient tensor has been used. At last, behavior of transversely isotropic
Finite deformation FG rubber has been investigated in uniaxial extension, equibiaxial extension and pure shear. Material
Rubber properties vary continuously in different specific direction in FG hyperelastic materials. For modeling

Functionally graded materials

; nonlinear behavior of hyperelastic materials, strain energy functions are used. Strain energy functions
Transversely Isotropic

are function of invariants of left Cauchy-Green stretch tensor. Modification in strain energy functions is
required in order to for them to be used as FG rubbers. For this purpose, material constants of strain
energy functions have been assumed to vary exponentially in the axial direction of bar. Moreover,
stretches in different points of the bar are considered to be function of material properties variation in
the length direction. Analytical solution has been compared with experimental data and good
agreement has been found between them, therefore the proposed constitutive law has modeled material
behavior with a proper approximation.
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isotropic functionally graded hyperelastic material
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Fig. 4 Cauchy stress vs. extension ratio in pure shear of isotropic
functionally graded hyperelastic material
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Fig.7 Cauchy stress vs. extension ratio of isotropic functionally graded
hyperelastic material in simultaneous thermal loading and equibiaxial
mechanical extension
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hyperelastic material in simultaneous thermal and pure shear
mechanical loading
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Fig. 6 Cauchy stress vs. extension ratio of isotropic functionally graded
hyperelastic material in simultaneous thermal loading and uniaxial
mechanical extension

Uz e (Kol Syl uls oole 4o L;MSWJ_,GM,}TWG Jss
S 3 ey 5 S lagas 6 JO5 L S 8 Sias

364



k) OuxoNL 9 Silic Hoby G 9 STBe )1 )l xS Gl T3 HFedl Sl SuiwY Suw Yl HUS) il e
x 1 . 1 - . - -
P:noexp(T)m (46) [4] d"‘«s" Cowd Ay ) g_))s_.od_?‘sugss
o\r

e p oggrme S5 RS L s e oylle abl, ol o
1] oo Camd ) ) O ygo a4 la SoiS

5= oo (7) (<3 + 402 (7)) *+ 20mex (3)

() = 4" (1)) (47)
0)57e ST (S5 ST ) &y (e GRS 9 Ap (S iS abal,
Sheosliial 3)50 225 laosls ol by =1+ 88 j50 4 oadJlas]
oo siales] Sl (gl 5 (Sl cle o FoniS- 5 gl logas
L ioley] (Soliwl acs > 5o [20] ol oads gl menl ok 5 Jawgs

005 BBl g, 5l eslial b Logis 0 el 0.001 ( ) oSS e

cews 40=014 4 n,=00164 (J&wb&n) polae s Sla e
gl Ol GGH)S £5 9 osdies 2R wlre (nl Rl o e
e 9 (@278 sl G amlie Cwil Gloy 55l Jits osbe

Sl 00el 9 IS8 10 ( TS (555 A8 Jloged yo catd, S,
Soop ,S5le 4 aas e plas ) sy 341 o lailiwl glas e oS
Sea¥lyle 6,3l Joo como 1wl ilos oo 5 )7 gl
O3] S 4 (611325 oo 5118 90l 3 50 (358
&S 33,5 on ool (6350 b sl G =1 (2) (1~ 3) Sl aba,

N(x) ol mie sl 0dw! Cawd @ polie 8.5 Ly o bl opl o
Cwd i ,S= S polde a4y az g8 b Cow 0,90 00l gl p cnlia s

3 oole cawlin (5,l950w

ol lp e s an =218 6 18,4 > ol e oS Wi
sl s, 138 L 0 StV ole sole [l (599 ool Caws 4 Colg iw o
slooliinl b ooyiF oo S8 (my 2 Syse 5 Ame i g 097 90 WIS
203=090=0,=0 ;8,5 JJa5 oL g ‘(10) 9 (43) 9 (39) Ly,
] oo Ced 5 Q)S“’ A IS 0y97me 90 SEAS (5,105 )L
2
U—UZ—U—erXp()( (—)4 (l))
2 X 2
<o exXp (7) (%" (7) ~%° (7)) (48)
&Twwbmﬁ)u)yamﬁéu‘))ouu.aOé:O u,_e)f)_lg;)o
2 X
01 =1 EXp( ) ( (_)2 (T) ) + 20n, exp (7)
4 2
o' (7) 2 (7)) (49)
®

® Experimental data

40 - Proposed exponential model

- = Power law model

Fig. 9 Cauchy stress vs. extension ratio in uniaxial extension of
transversely isotropic functionally graded hyperelastic material
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Fig. 10 Cauchy stress vs. extension ratio in equibiaxial of transversely
isotropic functionally graded hyperelastic material
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Fig. 11 Cauchy stress vs. extension ratio in pure shear of transversely
isotropic functionally graded hyperelastic material
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