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Effect of iron powder content on the hysteretic characteristics of
magnetorheological elastomers and parametric model study
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Abstract: This study fabricates magnetorheological elastomer (MRE) samples with iron particle contents of 10%,
30%, 60%, and 75%, investigating how iron particle content influences the static and dynamic properties of MREs
through experimental tests. Results show a positive correlation between increasing iron particle content and both
tensile strength and elongation at break, although excessively high content leads to reduced mechanical properties.
In terms of damping and hysteresis performance, higher iron particle content significantly improves maximum
damping force, equivalent stiffness, storage modulus, and dissipated energy, displaying a distinct nonlinear trend.
Additionally, the influence of loading frequency on material properties exhibited complex nonlinear and coupling
effects. The study employes the Bouc-Wen model combined with a genetic algorithm to identify parameters of the
material’s nonlinear hysteretic characteristics, achieving a strong fit. Comprehensive analysis identifies the
sample with 60% iron particle content as having the best damping and energy dissipation performance across
various conditions. These findings reveal the correlation between iron particle content and MRE properties,

providing a theoretical foundation for the development and optimization of MREs.
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Table 1 Basic parameters of carbonyl iron powder’s composition
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Table 2 Mass ratio of MRE materials with different iron powder contents
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Fig.1 Electron microscope observation images
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Table 3 Tensile test results
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Fig.2 Variation of tensile strength and elongation at break with iron powder contents
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Fig.3 Shear loading apparatus for magnetorheological elastomers
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Table 4 Loading conditions and variables
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Fig.5 Hysteresis curves under different loading conditions
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Table 5 Mechanical properties under different loading conditions

iz By W WORBL SRR, fERER R/ FETLRE/ AL I/ ke
AR GR/%  BE/mMT @ /AN (KN'mm™) kPa (kN mm) kPa AT

20 2.390 0 0.145 5 377.196 8 26.893 4 102.736 4 0.272 4

40 2.706 5 0.163 3 424.039 2 28.210 8 124.443 6 0.293 5

¥ 60 3.1197 0.190 4 4813516 38.473 6 143.000 8 0.297 1

80 3.436 1 02120 542.949 2 43.337 4 172.358 03174

20 3.464 7 0.170 0 487.334 26.388 2 100.796 4 0.207 4

40 3.896 9 0.234 8 603.026 8 32.836 8 138.839 6 0.230 2

. 60 4.246 1 0.261 0 669.086 4 36.604 6 133.873 6 0.200 1

80 4724 1 0.286 9 734.885 6 40312 6 159.753 2 0217 4

0ot 20 4370 0 0.2659 682.773 6 21.953 4 97.096 8 0.1422

40 5.1342 03128 802.302 0 27.284 0 116.241 6 0.144 9

o0 60 5.648 6 03457 879.668 0 36.104 8 160.324 8 0.1823

80 6.178 9 0376 6 960.529 6 54.923 6 212.898 8 02216

20 4.6100 0.284 6 733.703 2 23.4416 92.707 6 0.126 4

40 52779 0.320 0 835.699 2 37.374 4 142222 8 0.170 2

B 60 5.667 2 0.338 8 872.806 8 46.955 4 182.172 0 0.208 7

80 6.1623 0.3777 971.715 6 54.677 8 216.464 4 0.222 8
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A HH/%  #E/mT B SHIAN  (KN-mm™) kPa (kN mm) kPa 7

20 24550 0.143 6 371.626 0 36.3157 122.986 4 0.3309

0 40 27776 0.171 6 442.069 6 40.402 9 142.726 0 03229

60 3.109 7 0.186 2 456.132 4 53.192°5 185.2752 0.406 2

80 3.5193 0.208 3 532.793 2 59.303 7 193.991 2 0.364 1

20 3.530 0 02182 561.816 0 31.379 3 137.100 4 0.244 0

40 4.175 6 0.250 0 644.116 4 33.348 9 137.609 6 02136

» 60 45181 0.277 8 719.072 0 36.682 5 154.722 0 02152

1.0 Hz 80 45181 0.299 1 754.925 6 40.060 7 157.819 6 0.209 1

20 43450 0.2615 674.020 0 29.785 7 122.132 4 0.1812

40 5.048 3 03140 803.458 0 35.894 6 148.754 8 0.185 1

00 60 54727 0.3359 853.005 2 40.748 4 164.654 0.193 0

80 6.072 7 0376 9 966.490 8 52.114 1 202.084 4 0.209 1

20 45100 0.268 2 689.139 6 52.092 3 184.070 0 0.267 1

40 5.427 6 03252 830.148 4 62.505 8 230.778 0 0.278 0

& 60 5.863 0 03599 912.252 4 70.722 5 251.149 6 0.2753

80 6.408 3 0.379 0 969.366 4 83.403 0 3143796 0.3243
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Fig. 6 Comparison of fitted and experimentally obtained hysteresis curves
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A LUV, 3 T AL B 0 AL 9 Bouc-Wen B2 1 Xt 60% 4% #5 7 F MRE 1B 7 22 P RE LA 88 10 004
KR, & T 22 46 0 SEIE 5 LA 1 W) 6 B0F 38 5 07 2 1k 58 22 ] 9 158 25 X 4006 0 B A7 2 o 43, 15 3
ISy 2 M RE R =2 (B X g AN 6 s o AT LLE 6T i KB JE T AR R S A -5 S0 2 8] 1
FAXT IR 22 7E 0.97%~2.39% Z [0], P-4 1R 22 1y 1.71% , B W] Bouc-Wen £5 A G % i iff 1 18 MRE #4 B} E 16 25 28 i
YEF T W BEJE 1 W o 25 %50 M B2 At BB ASE o 1) 400 152 22 40 30l Ok 1.35% 11 1.43%, 15 2 3 [l 43 il 02 0.14%~
2.75% F10.16%~3.04% , & B Y BB 6% =5 K5 32 10000 A4 B8 2m7 16 B R 00 WIS i B e 1k o AR B RE 4L & &5
0 8 7R B I i — BobE LA X R 227 0.68%~2.64% Z 8], R 2 R 1.51%, WEW T Bouc-Wen #5158 1] DL &
AL T MRE A1 BHE A6 2R 28077 T 1Y RE = AEHLRE 07 o BAAEA 2 04005 18 25 8% 1 L IR 22 7F 6.89%~9.62% Z [A] , °F-
iR 25 0 8.45% ., AL T MY LA 1R 22 7F 3.62%~11.18% Z ], S K35 22 K 7.25% , M R4k, 2% 18 21 5 FE A
T AR BELJE R R ) TC e N S8 IR BT T A2

RS R E T Bouc-Wen # L 7E i 78 MRE M4 R AE 4 M i 9147 Sy O 1A% 35 F R 0T SE 1 kb R
PEREVEAL AL BETT AN TRE R B BE R 7 IR S0 B SR . AR R A 3 RN 2 B0 1 A i e A A vk SR F
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Table 6 Comparison and error of mechanical properties experimentally measured and fitted

{i37] Jnzk B RBHJE 1 /kN A5 I FE /(KN -mm ") i BE A /M Pa
SREE/ R/ \ X s X X . . .
T Hy S LA 2 S A& 2 S A 22
0.5 437 447 0.0239 0.27 027 00275 682.76 703.56 0.030 4
20 1.0 435 4.43 0.019 3 0.26 027 00138  674.04 677.64 0.005 4
0.5 5.13 5.23 0.018 4 0.31 032  0.0268  802.32 819.24 0.021 1
0 1.0 5.05 512 00138 0.31 032 00138  803.44 814.56 0.0138
0.5 5.65 577 0.0215 0.35 035 00153  879.68 895.84 0.018 4
o0 1.0 5.47 557 0.0172 0.34 034  0.0090  853.00 854.36 0.001 6
0.5 6.18 6.24  0.0097 0.38 038  0.0014  960.52 965.20 0.004 8
% 1.0 6.07 6.14 00112 0.38 038 00101  966.48 975.16 0.009 0
7] Jnzk FEMCAE/(KN-mm) FFERT B /MPa BHEA T
SREES SRS ‘ \ ‘ ; ‘ \
T Hy S WE 2= S 4 152 S 4 T2
0.5 21.95 21.78  0.0077 97.1 87.8 0.096 2 0.1422  0.1263  0.1118
20 1.0 29.79 2916 0.0210  122.1 111.4 0.087 5 0.1812  0.1649  0.0897
0.5 27.28 27.60  0.0117 1162 106.0 0.088 5 0.1449  0.1349  0.0689
0 1.0 35.89 36,50 0.0168 1488 136.2 0.084 2 0.1851  0.1727  0.067 3
0.5 36.10 36.53 00117 1603 147.2 0.082 1 0.1823  0.1686  0.0754
o0 1.0 40.75 4182 0.0264  164.6 153.3 0.068 9 0.1930  0.1860  0.0362
“ 0.5 54.92 5529 0.0068 2129 193.0 0.093 5 02216 02092  0.0558

1.0 52.11 5291 0.0153 202.1 185.5 0.082 2 0.209 1 0.199 7 0.0450
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