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Table 1. Constituent components of magnetorheological elastomer samples
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Figure 1. Three magnetorheological elastomer samples after curing
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Figure 2. (a) INSTRON 8802 servohydraulic fatigue testing system and (b) A permanent neodymium magnet
(N42) used in the tension-compression dynamic test
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Figure 3. The force-displacement loop used in Roger Brown's method [40]
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Figure 4. Viscoelastic model presented by Vatandoostet al. [37]
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Table 2. Physical characteristics of the constants in the proposed model
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Figure 5. Stress-strain diagrams of MRE at a strain of 4%, freéquency of 5 Hz, and various magnetic flux
densities. (a) With 21% static pre-strain and (b) Without static pre-strain
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Figure 6. Variations in (a) Tensile storage modulus, (b) Compressive storage modulus, (¢) Tensile loss modulus,
and (d) Compressive loss modulus of the MRE relative to magnetic flux density at a frequency of 5 Hz, various
strains, and different levels of static pre-strain
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Figure 7. Variations in the relative MR effect of the MRE relative to (a) Strain at different frequencies and (b)
Frequency at different strains, under different levels of static pre-strain
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Figure 8. Stress-strain diagrams of MRE at a strain_of 4%, magnetic flux density of 200 mT, and various
frequencies. (a) With 21% static pre-strain and(b) Without static pre-strain
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Figure 9. Variations in (a) Tensile storage modulus, (b) Compressive storage modulus, (c) Tensile loss modulus,

and (d) Compressive loss modulus of the MRE relative to frequency at a strain of 4%, various magnetic flux

densities, and different levels of static pre-strain
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Figure 10. Stress-strain diagrams of MRE at a frequency of 1 Hz, magnetic flux density of 200 mT, and various
strains. (a) With 21% static pre-strain‘and (b) Without static pre-strain
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Figure 11. Variations in (a) Tensile storage modulus, (b) Compressive storage modulus, (¢) Tensile loss modulus,
and (d) Compressive loss modulus of the MRE relative to strain at a frequency of 1 Hz, various magnetic flux
densities, and different levels of static pre-strain
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Table 3. The values of the constants in the proposed model

(MT) bl Lo JE
Yoo Yoo \ . o
VEIABON VEIADOY \ZIADOY YAAYYD ag) (kPa)
RN ¥y <[ VAY ST be)
-+ [Y¥a5 —- YOt —-IYOOF AN CE(B)
—- YY) —[YY Y So/YYeY —-[YYOY dEB)
JEATY -eayf N - IFA0A aynp) (kPa.s)
—[q-AY —+/q-AQ AR —/AY-A bys)
AR —-/\Y¥Y —YFYY —-IYFEA CnB)
—e Y. YY —e ¥ ¥Y —+IYAAQ —+ /¥ dys)
BYIAEE SVYENY SVYEVY XYYt aqs) (kPa)
<[+ AFY N a% -/~ BOY0 —<[fYOA bu)
AR —-¥PVE —-[f5¥- —-[OVOF Ca(B)
—-/¥YEY —- YOV —-[FY04 —eYevY dus)
- IYSEY -IYSFF - IYEED V- YYY aps) (kPa)
SIYYYN AR —fs0F —+IYYAA bps)
—-IAOFD —+/2VAA —- /AT SVYYEY cpB)
—-[Y-Y4 —+IYV Y —-[FYYY BNAR dps)

ol oas &Sl (HVE) JH(Q@FY) SYolrs 50 05290 slacull goue polie F Jogo )0

'4



ok, Joo ol 50 09290 il s poli:F Joua

Table 4. The values of the coefficients of the constants in the proposed model
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Figure 12. Comparisons of the stress-strain hysteresis traits estimated by the proposed model with the
experimental records subject to different levels of pre-strain and excitation conditions. (a) At a strain of 4%,
frequency of 5 Hz, and magnetic flux density of 100 mT, (b) At a strain of 4%, frequencyof 3' Hz, and magnetic
flux density of 200 mT, (c) At a strain of 12%, frequency of 1 Hz, and magnetic flux density of 200 mT, and (d)
At a strain of 16%, frequency of 1 Hz, and magnetic flux density of 200 mT
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Table 5. Thevalues of the compatibility of the stress-strain hysteresis traits estimated by the proposed model
with the experimental records
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ABSTRACT
Magnetorheological elastomers are a class of smart materials and possess two unique features, i.e. adjustable

hardness and damping capabilities. These characteristics make them widely used in various industrial
applications. Hence, understanding their behavior in different systems is necessary. The focus of this work is to
study the dynamic behavior of magnetorheological elastomers under different static pre-strains in tension-
compression mode. In this study, three isotropic samples were fabricated and the force-deflection features of
them were acquired under harmonic excitation with various strain amplitudes, static pre-strains, frequencies,
and magnetic flux densities. Assess the effect of static pre-strain on the dynamic response of the
magnetorheological elastomers, studying the effects of other parameters like strains, frequencies, and magnetic
flux densities on the dynamic modulus of / magnetorheological elastomers, and proposing a novel
phenomenological-based model to predict the viscoelastic behavior of magnetorheological elastomers are the
innovative aspects of this study. The results showed that'the dynamic modulus of magnetorheological elastomers
will increase by superimposing the static pre-strain. Furthermore, the relative MR effect decreases when the
static pre-strain is applied. The maximum relative MR effect of 288:32% 'has been achieved at a strain of 4%, a

frequency of 7 Hz, and without the application of static pre-strain.

KEYWORDS
Magnetorheological elastomer, Static pre-strain, Dynamic modulus, Stress-strain, Genetic
algorithm.
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