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Fig. 1. Impedance distribution diagram.
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Fig. 2. Schematic diagram of the experimental device for

constructing gradient-like structure.
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Fig. 3. Vibration transfer characteristic of the homogeneous

quasi-solid magnetorheological fluid.
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Fig. 4. Structure diagram of the experimental set-up.
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Table 1.  Characteristic parameters of the magnetorheological fluid.
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Fig. 5. Comparison of vibration transfer characteristic of quasi-solid magnetorheological fluid under different magnetic field:

(a) 30 mT; (b) 50 mT; (¢) 70 mT; (d) 100 mT.

# 2 BIEE WMELSBEDR SCIR 45 SR
Table 2.  Comparison of numerical results and ex-
perimental results.

BIERTEL - — —
it fE/dB SEE /dB 1R
2% 9.6876 37.31%
513 14.4739 6.27%
10£% 18.2995 15.4419 18.51%
154 19.8275 28.40%
201 20.7795 34.57%

3 AT LAE ), MFERER B IEATECN 6 15
B, B RE TR EE R 100 mT B AMZME TR iRE i AR
TS S B 5 S 86 25 RO, R 22U
0.58%. i — XTI AE IE REGHAT IR, DG
JE 2k 100 mT . i A S 5903 30-—100 Hzl
i), X LEEE TS5 RS IR A5 2, 45503 4.

H % 4 AT, CYAERERI B IEASR SO 6 f5 T,
WRTE 30—100 Hz N I-F-2411% 25 0 5.25%, 1 /2

T, AT LR W 2% TR w3 R
TR EAE T A SR A S0 A SR AT X A A A

%3 BIEE MBS RN (5—10 £%)
Table 3. Comparison of numerical results and ex-
perimental results (5-10 times).

BIEAEEL - - o

BFIB(EH/dB LY E/AB R
54t 14.4739 6.27%
61 15.5312 0.58%
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8 17.1524 11.08%
of% 17.7743 15.10%
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G (B) = 5.43B%+5.42B°+13.35B* +8.01 B®
+9.63B% +1.61B + 0.083. (28)
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SERE AL AR I ((15) =) H, X2 BE 45 44 i PR
LR T BUA T

£ 4 BIEE ISR RIS S5 BT L (30

100 Hz)

Table 4. Comparison of numerical results and ex-
perimental results (30-100 Hz).

A SRR
MG/dB Sl B R
30 Hz 5.1457 5.6042 8.18%
40 Hz 6.8610 6.7979 0.93%
50 Hz 8.5762 8.5199 0.66%
60 Hz 10.2915 10.2858 0.06%
70 Hz 12.0067 11.5679 4.3%
80 Hz 13.7219 12.8765 6.51%
90 Hz 14.4372 13.8086 4.55%
100 Hz 15.5312 154419 0.58%
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Fig. 6. Error between theoretical results and experimental

results.
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Fig. 7. Vibration characteristic of gradient-like structure.
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Fig. 8. Vibration characteristic of the gradient-like structure
under different magnetic field intensity.
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Abstract

In this paper, a gradient-like structure composed of magnetorheological (MR) fluids is proposed, and its
vibration transfer characteristic is studied through the modeling, numerical calculation and experimental test.
Under the action of an externally applied magnetic field, the MR fluid exhibits the liquid-solid transformation
property: the process of transformation between solid and liquid in fact is the change of vibration-transfer
impedance. Therefore, based on this property, the gradient-like structure is constructed by controlling the
external magnetic field. Based on the wave equation of one-dimensional elastic wave propagation, the wave
equation of elastic wave transfer in the gradient-like structure is established. In order to describe the
relationship between the complex shear modulus and Lame constant of MR fluid and magnetic field intensity in
the wave equation, the equivalent parameter model of MR fluid is established based on the theory of elasticity
and viscoelastic materials. Then, the experimental set-up is built to modify this model through experiments.
Afterward, the discretization method of continuous medium and transfer matrix method are adopted to solve
the wave equation, and the expression of vibration level drop is obtained. Through the numerical calculation,
the trend of vibration level drop varying with the frequency of incident elastic wave and the intensity of
magnetic field for the gradient-like structure is obtained. Finally, the vibration transfer characteristic of the
gradient-like structure is studied experimentally, and the influence of magnetic field intensity on the vibration
transfer characteristic of the gradient-like structure is analyzed. The results show that the numerical results are
in good accordance with the experimental results, thereby verifying that the numerical model is accurate. And
the gradient-like structure has a better attenuation effect on the elastic wave than the MR fluid under the

action of a uniform magnetic field, and has an excellent tunable property as well.

Keywords: magnetorheological fluid, gradient-like structure, elastic wave transfer, vibration level drop
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