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The Influence and Analysis of the Temperature on the Dynamic
Behaviors of Magnetorheological Gel Composite

SHI Li-yun”
(Hebei Chemical & Pharmaceutical Vocational Technology College s Shijiazhuang 050026, China)

Abstract: Magnetorheological (MR) gel is a new generation of MR materials, which effectively overcomes the
shortcomings of easy settlement of MR fluid. MR gel is formed by the soft magnetic particle suspension in the
gel-like matrix and its rheological properties are mainly controlled by two factors: magnetic field and tempera-
ture. In this work, a polyurethane-based MR gel containing carbonyl iron powder with a mass fraction of 60%
was prepared. The influence of temperature on the rheological properties of MR gel was systematically investi-
gated. The results show that temperature has a significant effect on the viscoelastic properties of MR gel. The
hysteresis response of harmonic strain signals with frequencies of 0. 1, 5 and 15 Hz and amplitudes of 10% and
50% at five temperature levels was measured, the viscoelastic properties of MR gel were analyzed, and the vis-
coelastic plasticity model was used to predict the nonlinear hysteresis characteristics of MR gel. The analysis
results show that the viscoelastic plasticity model can accurately predict the hysteresis characteristics of MR gel
at different temperatures.
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Figure 1 MR gel (a) without magnetic field, (b) under application of the magnetic field, (¢) micro-

structure and (d) magnetic behaviors of carbonyl iron particles and polyurethane-based MR gel
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Figure 2 Storage modulus as a function of shear-strain at frequency of 5 Hz under various temperatures and currents

for magnetorheological gel: (a) 0 A, (b) 0.5 A, (¢) 1 A, (d) 2 A, (e) 3 Aand (I) 4 A
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Figure 7 Dependence of hysteresis loops on excitation frequency under current I =1 A and amplitude is 10% :
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Figure 8 Dependence of hysteresis loops on excitation frequency under current I =2 A and amplitude is 50% :
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Table 2 The values of area and slope for each hysteresis loop shown in the Fig. 7
FLI P MR 10 °C 30 °C 50 C 70 °C 90 °C
B (kPa-[1D
10% 0.002 0.002 0.003 0.001 0.002
oA 50% 0.023 0.027 0.029 0.010 0.017
10% 0. 542 0.514 0. 884 0. 391 0. 691
A 50% 5. 636 4. 944 6.627 3.778 5. 633
10% 1. 242 0.743 0. 854 0.719 0.623
2h 50% 14.013 11.993 11. 564 9.643 8. 819
B LR A (kPa/[1D)
10% 0.032 0.073 0.077 0.038 0. 059
oA 50% 0.015 0.032 0. 029 0.014 0.018
10% 25.388 24. 804 39. 238 19. 307 30. 755
A 50% 7.207 5.909 8.792 5.248 7.190
10% 68. 752 53. 704 55. 386 45. 835 42. 865
Ph 50% 18. 212 16. 220 16. 064 12. 871 11. 859
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Figure 9 Schematics of viscoelastic-plastic model
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Table 3 RMSE values between predicted stress and ex-

perimental stress
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