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Abstract: Beam structures are prevalent in various engineering applications, such as building bridges and aircraft

wall panels. Due to their low stiffness and low damping characteristics, these structures are prone to low-

frequency large vibrations, resulting in structural fatigue or damage. To solve the problems of fixed structural

parameters and poor adaptability of traditional sandwich beams, this study proposes a magnetically controlled

intelligent sandwich beam structure based on magnetorheological elastomers. This structure can adaptively adjust

its stiffness and damping according to changes in external excitation under the influence of a magnetic field,

effectively suppressing vibrations. Firstly, to overcome the challenges of difficult magnetic field application and

significant magnetic field attenuation in the air for traditional sandwich beams, a magnetron sandwich beam

structure driven by a built-in multistage coil is proposed. Secondly, the vibration damping mechanism of the
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device is analyzed based on the material properties of magnetorheological elastomers. Then, the magnetic field
simulation of the magnetron sandwich beam using COMSOL shows that the first-order natural frequency of the
sandwich beam changes from 6.22 Hz to 9.16 Hz under a 3 A current, and the damping ratio increases by 64.4%,
verifying the variable stiffness and damping characteristics of the magnetorheological elastomer sandwich beam.
Finally, the broadband vibration isolation performance of the magnetron sandwich beam driven by a multistage
coil is verified through multiple frequency excitation experiments.

Keywords: magnetorheological elastomers; sandwich structure; damping ratio; vibration analysis
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Fig.1 Schematic diagram of MRE sandwich beam structure and magnetic circuit
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Fig.2 The position of the coil inside the sandwich beam and the mold diagram of the sandwich beam
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Table 1 Material and structural parameters of MRE sandwich beam structures

A RHE 1 &) 2 MRE 2
W IG S P 1 /G Pa 80.650 0 0.000 4
Ji R (kgrm™) 7870 1 060
HEE /N 0.291 0.495
JE B /mm 1 5
K /mm 400 400

T JF /mm 40 40
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Fig. 5 Multi-slice magnetic flux density diagram of a built-in magnetic field in an MRE sandwich beam
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Table 2 The damping ratio of the cantilever beam before and after energizing to the natural frequency

HL /A Ji/Hz f./Hz f./Hz ¢
0 5.78 6.62 6.22 0.067 7
3 8.06 10.08 9.16 0.1113
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Fig. 7 Experimental system diagram
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Table 3 Vibration acceleration and attenuation rate of the system before and after power-on 2 A at different frequencies

T /(m-s™)

B4 % /(rad s ) iR /Hz TR/ %
0A 2A
251 40 0.344 8 0.146 7 57.45
376 60 0.528 7 0.244 2 53.81
502 80 0.802 1 0.2953 63.18
628 100 0.850 8 0.2819 66.87

8 435l b 40,60 .80, 100 Hz I, jifi Jin 2 A HLIR AT J5 , RECAE 0.5 s ANk B XF Lt . ol LLA Y, 78 40~
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