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Quasi-static mechanical properties and mechanical model of MRD

Zhang Xiangcheng , Wu Guibin s Zhao Jun
(School of Mechanics and Safety Engineering, Zhengzhou University, Zhengzhou 450001, P. R. China)

Abstract: In order to study the mechanical properties of Magnetorheological Damper (MRD) under quasi-
static action, a four-coil shear valve MRD was fabricated. A quasi-static test was carried on the MRD by
using the triangular displacement loading system under different currents and displacements. In the test,
the variation of the mechanical properties of MRD with the changes of current and displacement was
studied, and the causes of the damping force fluctuation phenomenon were analyzed. Based on the test
results, a modified mechanical model under quasi-static loading was proposed, the parameters of the model
were identified, and the mechanical model was verified. The results show that the damping force of MRD
fluctuates remarkably during the quasi-static test process. The damping force decreases slightly with the
increase of displacement amplitude when there is no current, and increases slightly with the increase of
displacement amplitude when there is current. The damping force increases obviously with the increase of

current, and when the current exceeds 1. 5A, MRD reaches magnetic saturation and the increase of
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damping force decreases obviously. The mechanical model proposed in this paper can well describe the

variation of damping force with the change of current and displacement under quasi-static force.

Keywords: magnetorheological damper; quasi-static test; mechanical model; parameter identification
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Fig.1 Structuralchart of multi coil MRD
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Table 1 Parameter of MRD
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Table 2  Field-shear stress relationship of magnetorheological fluid

BEREE /T WUIRIJI/Pa || RESHMBEE/T  B5YI J1/Pa
0 186.07 0.6 18 931
0.1 1079.6 0.7 19 149
0.2 8 813.5 0.8 19 190
0.3 14 046 0.9 19 274
0.4 16 866 1.0 19 218
0.5 18 475
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Fig. 2 Quasi-static loading system of dampers
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Fig. 8 Test curves of MRD with different current (20 mm)
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Table 3 Identification results of parameter F;

{3 % /mm Fi/kN {4/ mm Fi/kN
2 0. 809 14 0. 643
4 0. 805 16 0. 624
6 0. 815 18 0.587
8 0.779 20 0.548
10 0.735 25 0.535
12 0. 667 30 0.506
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Table 4 Identification results of parameter k

HLI /A AH/1077 HLIE/ A AH/1077
0 0 2.0 252.6
0.5 31.21 2.3 275.6
1.0 134.0 2.6 296.8
L5 261.8
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Table 5 Identification results of parameter F,

/A F./kN HL /A F./kN
0 0 2.0 21.33
0.5 11.58 2.3 22.73
1.0 18.33 2.6 22.39
1.5 20. 24
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Table 6 Average error value between measured damping

force and model calculated damping force(0 A)

fi# /mm FRBRE/ % fi % /mm THRE/ %
2 6.43 14 3.52
4 4.71 16 3.24
6 4.77 18 2.59
8 3.55 20 3.15
10 3.42 25 3.84
12 2.98 30 3.89

x7 ZNERBRHEEBETHEBRRBRAMEHIRE(2.0 A)
Table 7 Average error value between measured damping

force and model calculated damping force(2.0 A)

fiks/mm  PHIRE/ % Bt/ mm  FEIRZE/ %
2 4.85 14 5.00
4 4.56 16 4.39
6 7.23 18 4.99
8 6.07 20 4.14
10 1.73 25 4.39
12 4.81 30 4.50
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