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[ Abstract] At present, there are fewer studies on the macroscopic mechanical hysteresis model of magnetically controlled smart
magnetorheological elastomer (MRE) , which is not conducive to the application control of MRE materials. To improve the control
effect of MRE materials, an experimental study on MRE’s magnetostrophic shear mechanical properties based on the Bouc-Wen model
was conducted. The influence of magnetic field strength on the mechanical parameters of MRE was analyzed. Firstly, with the
assistance of Simulink to establish the Bouc-Wen simulation model was established for MRE parameter fitting. Then, the stiffness,
damping, and other material parameters were analyzed with the magnetic field strength change rule. Finally, through the experiments,
the model validity was examined. The results show that with the increase of magnetic field strength, the parameters of MRE energy
storage and energy consumption have different degrees of increase, in which the equivalent stiffness and maximum damping force
increase significantly, respectively, increase 210. 61% , 205.41% . In the range of 0. 5 ~0. 7 T magnetic field parameter growth rate is
faster in the range of 0. 7 ~1. 0 T growth tends to be saturated. The dynamic mechanical properties of MRE are better described by the
Bouc-Wen model, and the maximum error of the characteristic parameters is 4. 42% . The research results can provide theoretical and
experimental references for the optimal preparation and algorithmic control of MRE materials.

[ Keywords] magnetorheological elastomer( MRE) ; dynamic mechanical properties; Bouc-Wen model; experimental verification
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Table 1 Specimen composition and content

%y i/ g
T PSSR BRI 120
WAk A AR 15
TERR B 4145718 15

ML www. stae. com. cn



B R 5 TR

1490 Science Technology and Engineering

2025,25(4)

|||||||

Fonax s ~Fomas - FANTFITT 05 KB J7 5 F b 1 0t 728 0V (b
IR AR P BT U0 97 5w S W I 78 R A B ) e R o ) 2
s+ - SRR B DI T 0] 5 K, AN L S A FERRE
F s+ ~Fuma - AT 1N SR e R B4R 15 Fy F
AT 5 1) FAEE N R b LR S O B B T s,
u, - AR TT 1 S KB 3R BRI BT PIEAS 5 a4 Boman -

ANTR T3 1) RPN AR AR S A KA RS

B3 BRASRE SR AR g -0 A% i ] it £k

Fig. 3  Stress-displacement hysteresis curves

for ideal viscoelastic materials
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Fig. 5 Hysteresis curves of MRE at different magnetic
field strengths
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Table 4 Experimental verification results

e HRBLE F1/N il RERR i/ MPa BUFER L/ MPa
g e WEd R/ % S Lanil R S B UELH R/ %
0. 5% P78 .1 Hz,0.3 T 0.044 6 0.044 5 0.224 0.14 0. 141 0.714 0.013 5 0.013 4 0.740
0. 5% N 78 e .1 Hz,0.8 T 0.1050 0.103 0 1.905 0.35 0. 346 1. 143 0.034 2 0.034 0 0. 585
x5 HMEMHESHE
Table 5 Material characteristic parameters
FEHLAE/ PFER R/ K BH e )i fERER i/
WAL/ T (N-mm) \Pa PFERF B /N (Nemm-') \Pa
0 30. 07 0.015 0.081 3 0.037 7. 145 0.118
0.4 30. 11 0.018 0.103 2 0. 055 10. 191 0.171
0.5 38.17 0.019 0.103 8 0. 063 13. 045 0.212
0.6 47.43 0. 024 0.106 5 0.078 15.944 0. 254
0.7 56. 26 0. 029 0.108 5 0. 085 18. 634 0. 298
0.8 58.83 0.031 0.109 4 0.103 20. 539 0. 328
1.0 59.34 0. 035 0.109 8 0.113 22.193 0.334
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parameters under different magnetic field strengths
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Table 6 Parameter identification results
W3/ T A a B n ¢ % k

0 0.0001 0.7740 1.003 2 0.030 1.003 0.023
0.4 0.0600 0.5810 0.962 2 0.036 12.538 0.046
0.5 0.1970 0.2810 1.250 2 0.083 10.013 0.110
0.6 0.0070 0.1720 3.246 2 0.072 9.193 0.225
0.7 0.0004 0.1550 6.378 2 0.035 8.693 0.300
0.8 0.0027 0.1200 10.178 2 0.014 7.355 0.420
1.0  0.0046 0.0843 19.991 2 0.042 1.726 0. 650
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Table 7 Calculation of parameter fitting error

WEAE iR/ o R KBAJE J1/N
%  Hz = ®ism/T Sl WE RE%
0 0.03722 0.03778 1.50
0.4 0.05454 0.05432 0.40
0.5 0.06321 0.06562 3.81
59N {EVEA
0.6 0.07820 0.07847 0.35
F1/N
0.7 0.08471 0.08317 1.85
0.8 0.10321 0.10339 0.17
1.0 0.11341 0.11408 0.59
0 7.1453  7.4616  4.42
0.4 10.1914 10.2414 0.49
N 0.5 13.0451 13.5267 3.69
0.1 1 BRI,
0.6 159441 16.1369 1.20
(Nemm™")

0.7 18.633 8
0.8 20.539 2
1.0 22.192 8

18.7329  0.53
20.7728 1.14
22.450 1 1.16

0 30.0718 30.6613 1.96

0.4 30.1119 30.2464 0.47
AERAE/ 0.5 38.1665 39.6478  3.88
(N-mm) 0.6 47.4345 48.2323 1.68

0.7 56.2620 56.6024 0.60
0.8 58.8316 59.5721 1.26
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