Research article

Studies on the Effectiveness of Some Multicomponent
Material Models with Hyper-viscoelasticity and Stress
Iran. J. Polym. Sei. Technol.  S0ftening for SBR/Carbon Black Compounds Under
(Persiam), Two Loading Modes
Vol. 35, No. 6, 567-582
February-March 2023
ISSN: 1016-3255

Online ISSN: 2008-0883
DOI: 10.22063/JIPST.2023.3358.2119

Available in: http://jips.ippi.ac.ir

Mir Hamid Reza Ghoreishy” and Foroud Abbassi Sourki

Department of Rubber Processing and Engineering, Faculty of Polymer Processing, Iran Polymer and
Petrochemical Institute, P.O. Box 14975-112, Tehran, Iran

Received: 4 March 2023, accepted: 31 May 2023

ABSTRACT

ypothesis: Determination of the parameters of the material models for rubber
Hcompounds is usually carried out under simple modes such as uniaxial

tension. These models are typically consisted of hyper-viscoelastic and stress-
softening equations. However, due to the complicated behaviors of rubbery materials,
the effectiveness and accuracy of such models under combined loads of tension,
compression, and shear should be verified.
Methods: Three rubber compounds were prepared based on SBR reinforced by
three different amounts of carbon blacks and underwent uniaxial cyclic under two
loading/unloading rates and volumetric tests. The experimental data were used for
the determination of parameters of three complex material models using a nonlinear
curve fitting method. These models were selected based on the results of our previous
findings. We have verified the uniaxial condition of the chosen test method and

sample size using finite element method. The computed parameters were employed
to simulate cylindrical rubber samples prepared from the same compounds through
rubber, the finite element method using Abaqus code under compressive-contact loads. The

mechanical behavior, predicted results were next compared with their experimentally measured data.

Findings: The results showed that the effectiveness of a material model in the
prediction of stress-strain or stress-time behavior of a rubber compound under a simple
finite element method, load case does not necessarily guarantee that the same level of accuracy is obtained
for the other loading modes, especially for highly filled compounds. It is shown here
that to obtain accurate results in such cases, in addition to hyper-viscoelastic and stress
softening equations, the material model should include proper terms to consider the
effect of the filler-filler interactions into account, especially for highly carbon black-
loaded compounds. It is found that the best model is the one in which the viscoelastic
behavior of the filler-filler structure is independently included.

loading mode,

hyper-viscoelastic
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work model.
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Ingredient Compound code (phr) Chemical/Trade Name Supplier
SE20 SE40 SE60
SBR 137.5 137.5 137.5 Emulsion SBR 1712 (Oil extended with 37.5 phr Aromatic oil) Bandar Imam, Iran
ZnO 5 5 5 Zinc Oxide, ZnO Pars Oxide, Iran
St. Acid 2 2 2 Stearic Acid (St. Acid) Rhein Chemie
6PPD 2 2 2 N-(1,3-dimthylbutyl)-N-phenylenediamine (Dusantox) Duslo, Slovakia
™Q 1 1 1 Poly(1,2-dihydro-2,2,4-trimethyl-quinoline) Duslo, Slovakia
TBBS 1.5 1.5 1.5 N-tert.-butyl-2-benzothiazyl sulphenamide Henan Kailun
TMTD 0.5 0.5 0.5 Tetramethylthiuram Disulfide Henan Kailun
Sulfur 2 2 2 Sulfur Tesdak, Iran
Black Filler 20 40 60 Carbon Black (N-330) Iran Carbon Co.
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Table 3. Predicted parameters of the model B for SE20, SE40
and SE60.
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Table 2. Predicted parameters of the model A for SE20, SE40
and SE60.

Model Parameter SE20 SE40 SE60
Eight chain u 0.4475 0.4853 | 0.9491
model A 8.0209 2.0685 | 2.8105
(Eq. 15) K 10.727 13.182 | 15.912
Stress
r 4.365 3.3223 | 1.9283
softening
m 0.4545 0.3115 0.799
model
B 0.0087 0.0515 | 0.0404
(Eq. 10)
S 0.4174 0.8206 | 0.5752
) too 0.2025 0.3144 | 0.7343
Viscous
[ -1.5506 -0.751 -1.838
model
m 10.497 79037 | 9.2705
(Eq. 17) R
T ot 0 2E-05 5E-05
& 0.0048 0.0002 | 0.0008
Correlation
) R? 0.959 0.948 0.945
coefficient
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Model Parameter SE20 SE40 SE60
C 0.3238 0.4559 2.7365
0 -0.0061 0.0317 0.3495
Yeoh
(O 0.0009 2E-06 4E-05
model
D, 0.1324 0.1196 0.0802
(Eq.9)
D, 0.0047 0.0011 0.0011
D, 2E-05 0.0046 0.0215
Stress
r 2.1504 3.2266 2.1597
softening
1.2384 0.2157 0.6112
model
B 0.1507 0.0424 0.0083
(Eq. 10)
S, 0.280299 0.4928 0.8708
T 0.1599 02523 | 0.7616
Viscous
n 7.3296 7.1354 2.3959
model
m -0.139 -4E-04 -0.197
(Eq. 14)
a 0.0074 0.0026 0.0004
}?0 0.9026 0.2872 1.3496
Correlation
RrR? 0.972 0.982 0.967
coefficient
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Fig. 4. Stress vs. time at extension rate of 100 mm/min.
Experimentally measured data and predicted by (a) model A,
(b) model B, and (c) model C.
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Table 4. Predicted parameters of the model C for SE20, SE40
and SE60.

Model Parameter SE20 SE40 SE60
Veoh model Cp 0.1 0.1379 0.3794
eoh mode
(Eq.9) " 0.013 0.0115 0.0116
q.
(Branch L) C, -0.001 0.0006 0.0018
ranc
k 8.081 11.093 14.406
Stress softening r 1.144 1.0159 22173
model m 0.655 1.2421 0.7539
(Eq. 10) B 0.119 0.0162 0.0084
Veoh model Cp, 0.006 0.1017 0.3383
eoh mode
(Eq.9) C,, 0.375 0.0001 -0.01
q.
(Branch ) C, -0.411 1E-06 -0.012
ranc
‘ k 11.67 | 14.986 18.383
& 0.008 0.01 0.007
Viscous model C -1.225 -0.891 -0.627
(Eq. 19) T 6.21 2.8997 8.3076
m 1.202 4.6061 1.1814
Elastic
) E 0.931 0.3686 0.3102
properties
(Branch §.) v 0412 0.4049 0.3181
ranch S,
Viscous
el 7 6.824 14.402 14.846
mode
(Eq. 20) m 15.37 5.7332 5.8472
q.
Correlation
i R? 0.969 0.965 0.958
coethicient
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Fig. 6. Stress vs. strain in volumetric test. Experimentally
measured data and predicted by Model A, B, C for sample (a)
SE20, (b) SE40, and (c) SE60.
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Fig. 5. Stress vs. time at extension rate of 500 mm/min.
Experimentally measured data and predicted by (a) model A,
(b) model B, and (c) model C.
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Fig. 8. Stress vs. time in compression test predicted by model A, B, C and experimentally measured for sample (a) SE20, (b) SE40,
and (c) SE60.
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