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ABSTRACT

Theintention of this paper isto give acomparative review of material poly-
mer such asRubber with special focus on impact analysis. For quasi-static
problems,elastomers can be considered as incompressible ruber-like
materials.Inthisresearch firstin order to simulate the mentioned material in
impact condition,the coefficientsrelated to viscoelastic equations and rub-
ber constitutive equatoins, the properties of viscoelastic material as the
terms of Prony series will be determined,then the hyperelastic model was
obtained by using the results of an expriment .then by simulating rubber in
thefiniteelemet code,(ABAQUS/Explicit) the expected analysis carried out.
The result of simulating was compared with similar amount of
practical ,available result and by this the numerical method was conffirmed
by experimental and theoritical results .at the end by simulating of impact

KEYWORDS

Rubber;
Impact;
Prony series;
Finite element code;
ABAQUS/Explicit;
Damped enegy.

expected out puts such as damped energy will be obtained.
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INTRODUCTION

No doubt, the best method to solve any physical
problem that isobta ned based on deferentid equation,is
theanalitical solution of these equations. But in many
situation because of the compl exitiesrelated to geom-
etry or material model, these sol ution can not be ob-
tained for these equations. In these Situations using nu-
merica methodsisunavoidablethesemethod arefadter,
more accurated and cheaper than previous methods
likeanalytical and experimenta inther workability and
the range of their usesis much vaster. One of these
methods,has beenthefinitee ement methodsinaway
that inresent years powerful softwaresto model and
adsotoanadyzedifferent problemsbased on thismethod
have been submitted to users. The problems of con-
tactsand d so analyzing theimpact because of too many

complexitres needsto usethis mothod.in thismethod
first by using conducted testsby Mr.Yorgen Bergstrom
on rubber NR-55pphCB™ and viscod astic modd, vis-
coelastic propertiesNR-55pphCB and hyperelastic
mode will bedetermined. Inthenext section by using
the above coefficientsthe considered rubber will go
under impact |oading and expected outputs such will
be btained.

2.RESULTSAND DISCUSSION

1. Viscoelastic properties.2

By testing aviscoel astic material likeNR and by
using viscod astic model sthe viscod astic properties of
thismateria can be determined.First by conducted prac-
tical testsincluding uniaxia test, biaxid test,and planar,
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Figurel: Srain-timecurvefor NR-55pphCB
Figure2: Parameter solid model
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Figure3: Sresstimecurveof experimental datafor NR-

55pphCB

theviscoel astic coefficients of thismateria will beob-
tained . Thestandard of conducted testiSASTM stan-
dard?. Thestandard dimentionsof uniaxid testis: thick-
ness:13mm; diameter :28mm
Inthestrain-timediagramtherateof srainthatis
the same asthe dope of theline can befound.
£=.01
Now from among theviscod astic model s, thethree
parameter solid that isone of themost standard vis-
coelasticmode will bechosen.
Whosedifferentia equationisasthefollowing:

41> doP1 @
By trial and error method the coefficients of
p1,d0,ql areobtained. Theteria and error methodis
preformed in away that in the written program of
Matlab, the coefficients of p1,q0,q1 are entered and
the obtained curve will be compared with curve ob-

0'+p16'= qO8+qlé
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Figure4: Comparision of experimental and smulation if
p1-p1q0>0
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Figure5: Comparision of experimental and smulation p1-
p1g0>0

tained from practica test(Figure4) and thisteria and
error continious until the above mentioned curve get
closeto each other.

Now by using these numbers(q1,q0,p0), the nec-
essary coefficientsof ABAQUS softwarewill becal-
culated.

2.2. Determining theviscoelastic coefficientsNR-
55pphCB

Thefirst method in determining the prony series,
ABAQUS softwarein order to defineviscod agtic prop-
ertiesof material uses perony series”.

Thedifferentia equation coefficientsNR isasthe
following:

Op=1.2e8
0, =4.8e9 2
py =16

The Cregp complianceis:
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z—ie*“ +q—10(1—e7‘t)

a=d0
SE1

AndtheRdaxationmoduleis;

3

—t =t
91eP1 | go(1-eP) 4
P1

With convert the Relaxation moduleto prony series we

can determineaterm of prony series

t

i[l— (1—M)[1- ePr (1-90P1y 4 5

P1 a1 a1

The coefficientsof prony series isasthefollowing:

doP
9i =(1_3|_11) ———> g-iprony=0.52

k-iprony=0 ———> compressbility factor (6)
T=p; ———> tau-iprony=16

2.2.1. Thefirst method for verification of prony
series coefficients

Using theabove mentioned method to ca culatethe
prony cofficients can aso beusedinthefrequency do-
main®. In order to verify the above visco eastic
coeffients,the material with the above mentioned
charactriticsinABAQUSwill go under strain rate of
experimental test(Figure6) and theresult will becom-
pared with the curve fitted on experimental in
MATLAB(Figure8).

2.2.2.Thesecond method for verification of peony
series coefficients

In thismethod unlike the pervious onesinwich
prony seriescoefficientswerecal cul ated by direct solv-
ing of equationsand then compared with experimenta
results,first directly inviscoe astic propertiesdetermin-
ing section of material the prony seriescoefficientsen-
ter the ABAQUSIn alimited way and the necessary
out put namely tense curve will becal culated from the
softwarebased on stress-time and along with com-
pared experimenta resultsand given coefficientstothe
softwarein order to makethebest diagram correspon-
dencewill beused asthepracticecriteria.

In practice the obtained results in the second
method because of better fitting of the curve of results

Wotarioly Science ¢ mm—

——

Figure6: Simulation of NR-55pphCB inABAQUS
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Figure7: Sresstimecurvesof ABAQUSand MATLAB
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Figure8: Stresstimecurvesof ABAQUSand MATLAB
(first method)
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Figure9: Sresstimecurvesof ABAQUSand MATLAB
(second method) g-iprony=0.61; k-iprony=0; tau-iprony=11

will beused asthecriteriain the next stage.

3. Determining the hyperelastic properties NR-
55pphCB

In finite elements software like Ansys and
ABAQUSin order to modd maketherubbersandlike
rubber materials, a choice has been made called
hyperelasticinwhich different modelshave been pre-
sented including Yeoh,Neo-Hookean, Moony-Rivlin®.,
Noticing thekind of used rubber and d so shgpe changes
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Figure10: Comparition of threemode sstrain ener gy with
uniaxial test
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Figure 11: Comparition of three models strain energy
with biaxial test
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Figure12: Comparition of threemodelsstrain ener gy with
planer test

exerted onthe material, these model scan be validate
asitisobserved inthedomain of strainsunder %50, dll
three model s have good correspondence with there-
sultsof experimental testsbut the Marlow model has
better correspondencein comparison with other mod-
els. Thecoefficients cd cul ated for each of themodels
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TABLE 1: Coefficientsof equationshyperdagticin ABAQUS
Coefficients of equations hyperelastic

M aterial model
(Mpa) -
D1=246 C10=0.564 (C01=0.045 Moony-Rivlin
I MU_I ALPHA_I D_|
1 1.2473 0 0 OGDEN
D1 C10 Co1
0 0 0.6144 0 NEO-HOOKEAN
Stability limit information Marlow
E=5 v-0.499 Elasticity lin model

arepresented in (Figure 9). Also elasticity model of
rubber based on primary dopeof elastic domain of ten-
Sletest wasobtained.

4. Smulatingtheimpact of asphereon NR-5pphch

L

(rubber length: 80cm, rubber width:50cm, rubber tickness:
20 cm, spheremass50 kg, sphereradius 10 cm)
Figure13: Samplegeometry for a3-D simulation
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Figure 14: Damped ener gy-timecurvefor NR-5pphch

After cdculating viscod adtic coeffidentsand choos
ing the hyperel astic model of NR-5pphcb,theimpact
will besmulated by finitedement ABAQUSEXxplicit,
Geometricd specificationsis. (Figure 13)

Asthediagram shows,damped energy inthismodel
approximately equalsto 0.122 J

Astheabove diagram showsthe maximum of im-
pact |loading on rubber is12923 N.

Astheabovediagram showsthemaximum of dis-
placementis13mm.
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Figure15: Force-timecurvefor NR-5pphch
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Figure 16: Displacement-timecurvefor NR-5pphcb
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Figurel17: Misestension for NR-5pphch

Asthe above diagram shows the maximum of mises
tensionis1.53Mpawhichinelasticarea

5.CONCLUSIONS

Inthispaper, first for smulation of themateria inim-
pact condition, the coefficient

of viscoel astic and constitutive equation are ex-
tracted by meansof experimental test. After that by the
smulation of therubber infiniteel ement code, compre-
hensiveAnalysesare performed. Theresultsare com-
pared with theavail able experimentd testswhich show
that thenumerica resultsarein agood agreement with
theorical solution and experimental test. The above
method can al so be used to cal cul ated prony coeffi-
cientsin thefrequency domain. In the next stagethe
hypere astic coefficientsrubber isdetermined, and fi-
nally by using the above coefficient and Simulating the
impact in finite element code, extracted the out puts

that we need by noticing the maximum amount of pro-
duced strain on rubber under impact loading That isa
very low number compared with hyperelastic behaviour,
different unliner model sand a so elastic model can be
used to smulatetheimpact.
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