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INTRODUCTION

No doubt, the best method to solve any physical
problem that is obtained based on deferential equation,is
the analitical solution of these equations. But in many
situation because of the complexities related to geom-
etry or material model, these solution can not be ob-
tained for these equations. In these situations using nu-
merical methods is unavoidable.these method are faster,
more accurated and cheaper than previous methods
like analytical and experimental in their workability and
the range of their uses is much vaster. One of these
methods,has been the finite element  methods in away
that in resent years powerful softwares to model and
also to analyze different problems based on this method
have been submitted to users. The problems of con-
tacts and also analyzing the impact because of too many
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complexitres needs to use this mothod.in this method
first by using conducted tests by Mr.Yorgen Bergstrom
on rubber NR-55pphCB[1] and  viscoelastic model, vis-
coelastic properties NR-55pphCB  and hyperelastic
model will be determined. In the next section by using
the above coefficients the considered rubber will go
under impact loading and expected outputs such will
be btained.

2.RESULTS AND DISCUSSION

1. Viscoelastic properties.2

  By testing a viscoelastic material like NR and by
using viscoelastic models the viscoelastic properties of
this material can be determined.First by conducted prac-
tical tests including uniaxial test, biaxial test,and planar,
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ABSTRACT
The intention of this paper is to give a comparative 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.In this research first in order to simulate the mentioned material in
impact condition,the coefficients related 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
the finite elemet 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
expected out puts such as damped energy will be obtained.
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the viscoelastic coefficients of this material will be ob-
tained .The standard of conducted test is ASTM stan-
dard[2]. The standard dimentions of uniaxial test is:  thick-
ness :13mm; diameter :28mm

In the strain-time diagram the rate of  strain that is
the same as the slope of the line can be found.

01.

Now from among the viscoelastic models, the three
parameter solid  that is one of the most standard vis-
coelastic model  will be chosen[3].
Whose differential equation is as the following:

101101 pqqqqp   (1)

By trial and error method the coefficients of
p1,q0,q1 are obtained. The terial and error method is
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-

tained from practical tests(Figure 4) and  this terial and
error continious until the above mentioned curve get
close to each other.

Now by using these numbers (q1,q0,p0), the nec-
essary coefficients of ABAQUS software will be cal-
culated.

2.2. Determining the viscoelastic coefficients NR-
55pphCB

The first method in determining the prony series,
ABAQUS  software in order to define viscoelastic prop-
erties of material uses perony series[4].

The differential equation coefficients NR is as the
following:
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The Creep compliance is:

Figure 1: Strain-time curve for NR-55pphCB

Figure 2: Parameter solid model
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Figure 3: Stress-time curve of experimental data for NR-
55pphCB
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Figure 5: Comparision of experimental and simulation  p1-
p1q0>0

Figure 4: Comparision of experimental and simulation if
p1-p1q0>0



.70 Analysis of the damped energy of polymer material

Full Paper

MSAIJ, 5(1) January 2009

An Indian Journal
Materials ScienceMaterials Science

 


















1

0

t

0

t

1

1

q
q

e1
q
1

e
q
p

(3)

And the Relaxation module is:
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With convert the Relaxation module to prony series  we
can determine a term of prony series
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The coefficients of prony series  is as the following:

)
q
pq
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10
i        g-iprony=0.52

k-iprony=0  compressibility factor (6)

1p  tau-iprony=16

2.2.1. The first method for verification of prony
series coefficients

Using the above mentioned method to calculate the
prony cofficients can also be used in the frequency do-
main[5]. In order to verify the above visco elastic
coeffients,the material with the above mentioned
charactritics in ABAQUS will go under strain rate of
experimental test(Figure 6) and the result will be com-
pared with the curve fitted on experimental in
MATLAB(Figure 8) .

2.2.2.The second method for verification of peony
series coefficients

In this method unlike the pervious ones in wich
prony series coefficients were calculated by direct solv-
ing of equations and  then compared with experimental
results,first directly in viscoelastic properties determin-
ing section of material the prony series coefficients en-
ter the  ABAQUS in a limited way and the necessary
out put namely tense curve will becalculated from the
software based  on  stress-time and along with com-
pared experimental results and given coefficients to the
software in order to make the best diagram correspon-
dence will be used as the practice criteria.

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

will be used as the criteria in the next stage.

3. Determining the hyperelastic properties NR-
55pphCB

In finite elements software like Ansys and
ABAQUS in order to model make the rubbers and like
rubber materials, a choice has been made called
hyperelastic in which different models have been pre-
sented including Yeoh,Neo-Hookean, Moony-Rivlin[6].
Noticing the kind of used rubber and also shape changes
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Figure 6 : Simulation of NR-55pphCB in ABAQUS

Figure 7: Stress-time curves of ABAQUS and MATLAB
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Figure 8: Stress-time curves of ABAQUS and MATLAB
(first method)
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Figure 9 : Stress-time curves of ABAQUS and MATLAB
(second method) g-iprony=0.61; k-iprony=0; tau-iprony=11
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Figure 11: Comparition of three models  strain energy
with biaxial test

Figure 10: Comparition of three models strain energy with
uniaxial test

Figure 12: Comparition of three models strain energy with
planer test

(rubber length: 80 cm, rubber width:50 cm, rubber tickness:
20 cm, sphere mass 50 kg, sphere radius 10 cm)

Figure 13: Sample geometry for a 3-D simulation

Figure 14: Damped energy-time curve for NR-5pphcb

exerted on the material, these models can be validate
as it is observed in the domain of strains under %50, all
three models have good correspondence with the re-
sults of experimental tests but the Marlow model has
better correspondence in comparison with other mod-
els. The coefficients calculated for each of the models
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are presented in (Figure 9). Also elasticity model of
rubber based on primary slope of elastic domain of ten-
sile test was obtained.

4. Simulating the impact of a sphere on NR-5pphcb

Material model Coefficients of equations hyperelastic 
(Mpa) 

Moony-Rivlin C01=0.045 C10=0.564 D1= 2.46  

OGDEN  D_I
0 

 ALPHA_I
0 

 MU_I
1.2473 

 I
1 

NEO-HOOKEAN C01 
0 

C10 
0.6144 

D1 
0 

0 

Marlow Stability limit information 
Elasticity lin modelE=5 -0.499 

TABLE 1: Coefficients of equations hyperelastic in ABAQUS

After calculating viscoelastic coefficients and choos-
ing the hyperelastic model of NR-5pphcb,the impact
will be simulated by  finite element ABAQUS/Explicit,
Geometrical specifications is: (Figure 13)

As the diagram shows,damped energy in this model
approximately equals to 0.122 J

As the above diagram shows the maximum of im-
pact loading on rubber is 12923 N.

As the above diagram shows the maximum of dis-
placement is 13 mm.
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As the above diagram shows the maximum of mises
tension is 1.53 Mpa which in elastic area.

5. CONCLUSIONS

In this paper, first for simulation of the material in im-
pact condition, the coefficient

of viscoelastic and constitutive equation are ex-
tracted by means of experimental test. After that by the
simulation of the rubber in finite element code, compre-
hensive Analyses are performed. The results are com-
pared with the available experimental tests which show
that the numerical results are in a good agreement with
theorical solution and experimental test. The above
method can also be used to calculated prony coeffi-
cients in the frequency domain. In the next stage the
hyperelastic coefficients rubber is determined, and fi-
nally by using the above coefficient and Simulating the
impact in finite element code, extracted the out puts

Figure 15: Force-time curve for NR-5pphcb
Time Figure 16: Displacement-time curve for NR-5pphcb
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that we need by noticing the maximum amount of pro-
duced strain on rubber under impact loading That is a
very low number compared with hyperelastic behaviour,
different unliner models and also elastic model can be
used to simulate the impact.
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Figure 17: Mises tension for NR-5pphcb
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