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Analysis of Variable Stiffness Semi—active
Vibration Isolation System Based on MRE Isolator

HUANG Xuegong', LIU Tao, MA Weijia, ZHANG Guang
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China )

Abstract : In order to explore the feasibility of magnetorheological elastomer (MRE) used in variable stiffness se—
mi-active vibration isolation, silicone rubber based MRE was prepared; the MRE isolator was designed and manufac—
tured; the MRE material and the performance of the isolator were tested; the variable stiffness semi—active vibration
isolation system based on MRE isolator was built,and the on—off control, fuzzy control and GA fuzzy control algorithms
were designed. The test results show that the storage modulus of MRE reaches saturation when the magnetic induction
intensity is 600 mT, and the magnetorheological effect reaches more than 2 000%; the variable stiffness characteristic
of MRE isolator is obvious, when the coil current changes from 3 A to =3 A ,and the equivalent stiffness increases from
74.216 kN/m to 137.128 kN/m with an increase of 84.8%. After optimization,the GA fuzzy control effect is improved
by more than 10%, and the control effect of the three methods on the peak value of displacement response is more than
50% ,and the control effect on the RMS value of displacement is more than 60%. The results show that the effect of
GA fuzzy control is obviously improved after optimization, and the magnetorheological elastomer vibration isolator can
be effectively applied to the semi—active vibration isolation control system with variable stiffness.
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Fig.4 Structure and principle of vibration isolator
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Fig.7 Single degree of freedom model of vibration isolator
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Fig.8 Stiffness linear fitting curve
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Tab.5 Structural displacement peak and RMS under EI-Centro wave
Jokas= On—off ORI GA B
=i
I&{H/mm RMS I&{H/mm RMS A /mm RMS IEAE/mm RMS
1 12.08 4.547 4.346 1.027 4.762 1.151 3.532 0.872
2 13.17 5.013 5.343 1.294 5.948 1.454 4.416 1.104
3 14.08 5.345 6.123 1.524 6.871 1.705 5.013 1.298
4 14.54 5.510 6.554 1.646 7.341 1.838 5.451 1.400
*® 6 Taft RIEATHEMEEMBIEER RMS &
Tab.6 Structural displacement peak and RMS under Taft wave
Joh@E On—off ORI GA HEH
=i
WA/ mm RMS I&(H/ mm RMS IE(H/ mm RMS IEAE/ mm RMS
1 12.35 4.863 3.228 1.147 4.173 1.540 2.325 0.734
2 13.39 5.430 3.747 1.393 4951 1.871 2.640 0.886
3 15.54 5.842 4311 1.639 5.790 2.150 3.242 1.068
4 16.31 6.047 4917 1.786 6.482 2315 3.770 1.183
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Tab.7 Structural displacement peak and RMS under artificial wave
TokR = On-—off ORI 1 GA B
28
IEAE/ mm RMS IE(H/ mm RMS IE{E/ mm RMS I&{H/ mm RMS
1 22.24 6.569 4.230 1.182 4.237 1.362 3.573 0.889
2 24.01 7.039 4.521 1.318 5.294 1.554 3.701 0.982
3 25.55 7.372 5.113 1.464 5.990 1.730 3.895 1.096
4 26.30 7.535 5.379 1.558 6.304 1.834 4.082 1.172

PR A T T 2 = AL i 1 B A &2 RMS fH,
P 16 A RIS HEIA.
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Fig.16 Control effect comparison chart
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2 0009 LA b il 1 0 i o A% st A B e 7 22 N1
FEREPER 38 P TR W E PR PR i R 4.

2)LIKE 4 2R EE - A, SR On—off
R BOSIEE LA S GA RO il S vk A T TRk
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