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Abstract

This paper is concerned with the nonlinear hyperelastic problem for the incompressible characteristics of
the rubber. Tension sensor is a strain gage type load cell element for a fence intrusion detection system and
consists of the sensing part and the rubber housing. The analysis includes an elastic analysis and a
hyperelastic analysis of a tension sensor for the deformed shape and variation of the maximum strain on the
sensing part with respect to the vertical load. Numerical results show that the hyperelastic model is stiffer and
less deformed than the elastic model. Comparing with the experimental test data, we know the hyperelastic
model is the better approximation than the elastic model.

AAE et FEANE slRHon oxd
7154 A ALEE] WMo WA, FE 5o o8 A
Sij : Second Piola-Kirchhoff Stress Tensor S A3l 2248 B3I sl AL
5 5 = = 5]
E;  :Green-Lagrange Strain Tensor AR o g FHAMT 2 Y)zbEsl Sy
oA AbgstER #ACd dF 7)EA, HQEA,
L,  :Material Characteristic Tensor Wolea So] a7EH, o AN YA
A : Principal Stretch A FAT = dojof gt} 2=4o] U= 7
Ave AL de S9de Ade FHRTY
1. M B2 EPDM(Terpolymers of Ethylene, Pro-pylene and Diene)
o2 WeEd, WebEd, edd, Q8%= §

FPUAE FEe AU FA2 dzx o] S4elT Ao AFF SHo0] YO
T 5oz 749 e AFHA Al AHE A #fMTlee o2 At H
g3 Qch @A BAAER T iz N8R T APA F2gel Yxw, @A F2olA
oy AHBSE 9% FYNE2RE nEd L SVLLUS ol8F AN wE Rofo
7l el AME Fug gRE Azgoz 74 A B8I1 A FHLAWL ol&sd ¥
stm . Axge Belg addoz a7 9 HPAL 2t FFAMY N4y ¥y, 54 9
stod A FAMN ANx®o] Fosim, FAe]l Mo AwsEE 71E =i APudF A
2ug Azt HnE Astel AAA FHANe  H§e AT £ Ys PY b REY 45
Hgo]l adET ZAMAM A" AL FYy  FFAE A JldE & £ Aok 28, AF
AN, 2EdQ AAE o8¢ 2o Frel o AMlAE BEF BHIRS olgF T3
R 52 Agsiol 2AE T Ao Bgaln
** ATk ol @ 2AlE o 8@ HAE A 2

FTEZAAATY I 1F

1

D

(=3

oo
t



@

i ek

5]

_?,‘
o] UEp e}t

o]

GRS R=s
1+

[1:6v,d0 + [ f,6v,d0

kS

Ll

[ o,D,d0

Hol

2 o

)

J,6v,dQ

B
7

T

H AT W

i

3]

o

tov,dl + L

o

2 Z} Piola-Kirchhoff <&

L

lj T
Green-Lagrange

.
L

Lﬁfwﬂn

ol 714, S,
E!’/

OE

[e]

SIRCR<S

H410] B4 A0V o
=

fodof it

[
ABAQU5/Standard®

d

W

ol

o

Ao

p

B
W

mp B
o B

)
&)
©®)

L {iki AE ki

A2l A A2 AAL Hooke <

L:jkl = 2,51-1-51(1 + ﬂ(§jk5j/ + 51‘/51k )

AS;

(1-a)

iiing

22

=

Thatael

u, =g

21

9 5
1 E

AL

[=4
RN

2l

A 1, 2 Lamé 0]

5]

=

< A 2ol &

o714, L,

(1-b)

on I',

g

.
.

FEAMols, A4, u

(1-¢)

on

1, =0;n,
A71AM, f,

|

=y
=

ol

il

o
¢]

3l

¥ (Hyperelasticity)

=

.

L

4]

[+

HA |k wEks, g ae

_CH

5

3

i518
=

=

°AE

ot
- 699 -

oF 3 (Weak

stel

Amel 7+

Form)e2 Yelid o

% €l 4(Rate of Deformation Tensor)o] T}

E7t n,



o2 7Asko] st o] spAel el @)
A quA &5 U g 95 go] u3g Buz
(Strain Invariant)] &2 BEHT 5 9l
U=U(1,1,,J) 0
o7ix, BFE BWAFE TA13E(Principal
Stretch) A 2 &3 o] R@H .
L=2+24+22 (8-a)
=N+ LA+ AL (8-b)
J = A A4 (8-c)
Aae) vLERNE J=12%8 333 ¥y
oﬂLizlﬂg TR g3 go] WIEE By

of hshe] Theba @iz vepd 4 i

=3)(1,-3) ©)

U= iCy.(I

i+ f=1

HaelA N=1% u Mooney-Rivliin o] F
I, dPHeZ 150% o4 UWy SN d M
N=2¢ 2g ol Agst] ten gL Ao
2 yerol .

U =Cxo(]1 _3)+C01(12 “3)+C20(11 _3)2(10)
+C11(11_3X12"3)+C02(]2_3)2

2 A E N=2<% A$E
A0S As T Cy, Cp, C 9 3 7 A3}
o 3 % Mooney-Riviin 22L& AF&319 T} 21(10)
o AFEL 15 AFAE, 2% IFANE, FwA
¥ FF M ol dEg Bdo FaPo
Wb ojel A Aol dstel 2428 Qo7
ool W*Ol ek mFo o] AA WAy
2l 45 AFodE Hooke o WL wEa= Ay
&4 E‘“JJr-—] it HE A3

o

3. Rl 29y U HAxy

31 iAol TR
Fig. 1 & 3449 285 2 9dAEE e}

Aok AME 272 9 49 9%, 2Edd A
oJA7} Rad FAR, ANE FAsed A4
B ZH0lE, dololg AAdted AgHE BE
72 FAEY. 984 s BAF ARE 5
AT A Fol 3, AT AEE FEA
A AE BE Adsel 342 FYol %JTE%E
= shgich

2 =24 AR AYANY ssEEs @
Zol nAHT AFDAA &Fo] AL B

H(Cantilever Beam)¢} Zom Hi x| F9 1F
2 2 #9A9 AFoR olFojy ut. o)
olod Heo] H9Y AL Tl wek B
dolhgo 2 Ayl 33 BLAES LA,
gegae fﬂ G 57 wegoz AygHo
il He 3717 g5 B3t
vl $-o] AT o] $3o o A HY

2E#Q Aoz FAgozH slalzl 3
Q). ol@E Bed mTAL 74X
2EgQ Alo|A 9 Rzt To| fo]s}
Agk AR A WYt AA AY=, s-Fol
ER EE]E 59 EAo] vmAn nFdFFrt
GEaee] Wyt FolAe PPz
Lol Bol FE&A. ZAF A
2 HEY g2 Yo Bol At
b3l SPS6(AE whbE ZAlyolth.

@
2
2
_O'L
12
P>

o

Fig. 1 Front and cross-sectional views of the tension
Sensor.

Fig. 2 Initial finite element meshes of the tension
SEnsor.
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Fig. 3 Initial meshes of the sensing part and assembly

with the supporting:
assembly.

(a) sensing part; (b)

354
3.0

251

204

True stress (MPa)
2

054

004

05

r
00 05 10 15 20
True strain

Fig. 4 Stress-strain curve of the EPDM rubber.
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Fig. 5 Boundary conditions for the analysis of the
tension sensor.

fii

-

Fig. 6 Initial and deformed shapes of the tension sensor.
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Fig. 7 Initial and deformed shapes of the mid plane and
the sensing part with the supporting: (a) mid
plane; (b) sensing part.
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Fig. 8 Stress distribution of the mid plane of the tension

sensor.

(b)
Fig. 9 Strain distributions of the sensing part for the
elastic and hyperelastic material properties: (a)

elastic material
material property.

property; (b) hyperelastic
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Fig. 10 Variation of the maximum strain in the sensing
part with respect to the vertical load.
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