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Parametric Optimization and Vibration Control of
Electromagnetic Tuned Mass — inerter Dampers for
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of Science and Technology , Xiangtan, China 411201 )

Abstract:In this paper,an electromagnetic shunt tuned mass-inerter-damper (EM-TMID) is pro-
posed , which can be realized the dual-function of vibration control and energy harvesting. The fea-
ture of the damper is that the viscous damping of the traditional tuned mass damper is replaced by
the electromagnetic transducer , which is also introduced with the inertance. According to the DAle-
mbert’s principle,the dynamical model of the coupled EM-TMID and a single degree of freedom
structure system under the seismic excitation is introduced. Based on the Monte Carlo pattern
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search method , with the aims to minimize peak value of displacement and acceleration of the main
structure , the three numerical solutions of the parameters,including the mechanical tuning ratio, the
electrical damping ratio, electromagnetic mechanical coupling coefficient are obtained. Finally , with
the optimal parameters, the frequency and time domain numerical simulations of the EM-TMID are
conducted to analyze the performance of the vibration suppression. The results show that the EM-
TMID is superior to the classical TMD of the fixed-points method about the reduction of the peak
displacement and acceleration of main structure in the frequency response. The EM-TMID is superior
to that of classical TMD in the reduction of the peak and root mean square value of displacement
and acceleration in the time domain. Therefore ,the EM-TMID has better dynamic characteristics and
robustness than classical TMD,and effectively improves the damping effect of the structure.

Key words : tuned mass damper ;electromagnetic damper ; inerter ; parametric optimization ; vibration

control
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Fig. 1 The sketch of the coupled system with
the structure and EM-TMID
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Table 1 The optimal parameters of EM-TMID under

different inertance ratios and no primary

structure damping ratio

s )| iR A LB
AR L FHLE H GUEEES 1t
0.1 0.934 8 0.5459 0.428 5
0.2 0.9715 0.549 9 0.449 1
0.3 1.006 1 0.558 4 0.473 6
0.4 1.038 5 0.558 0 0.493 1
0.5 1.0713 0.570 5 0.514 2
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Table 2 The optimal parameters of EM-TMID under

different inertance ratios and primary

structure damping ratio of 0. 03

s gt o R A LB
AR L ML GEREE
0.1 0.917 1 0.529 2 0.460 8
0.2 0.951 6 0.528 1 0.483 6
0.3 0.987 0 0.540 9 0.504 7
0.4 1.018 8 0.542'5 0.525 1
0.5 1.050 4 0.5528 0.547 0

Fz3 B, =0.05 B R RECR
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Table 3 The optimal parameters of EM-TMID under

different inertance ratios and primary

structure damping ratio of 0. 05

s R /R LB
AR L FHLJE EE GEREEY
0.1 0.903 8 0.514 9 0.481 2
0.2 0.939 5 0.5223 0.502 9
0.3 0.972 9 0.528 4 0.525 7
0.4 1.004 7 0.532 4 0.546 0
0.5 1.034 2 0.536 4 0.569 5
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Fig.2 Frequency responses of the displacement of the

primary structure under different systems
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Table 4 The optimal parameters of EM-TMID under
different inertance ratios with no primary

structure damping ratio

s AL o/ ER A AL
AR L FRLJe Lt GUEEES ¢

0.1 0.948 1 0.597 1 0.424 0
0.2 0.9870 0.607 6 0.444 6
0.3 1.0219 0.609 8 0.468 6
0.4 1.057 7 0.621 2 0.487 8
0.5 1.097 4 0.628 9 0.5110

x5 EEMFJE L, =0.03 B RFEMEUTRECEH
EM - TMID [t 55
Table 5 The optimal parameters of EM-TMID
under different inertance ratios with

primary structure damping ratio of 0. 03

s LA RS fLHLA
S E FHJE L RS 4
0.1 0.5390 0.130 6 2.710 1
0.2 0.565 6 0.1373 2.6819
0.3 0. 606 4 0.145 1 2.4759
0.4 0.644 9 0.154 4 2.317 8
0.5 0.674 1 0.160 8 2.258 1
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Table 6 The optimal parameters of EM-TMID under
different inertance ratios with primary

structure damping ratio of 0. 05

s AL I AL AL
AR L FELJe Lt GUEEES it
0.1 0.414 2 0.116 2 5.1117
0.2 0.4219 0.1200 5.429 1
0.3 0.4319 0.124 0 5.649 5
0.4 0.447 8 0.128 5 5.665 2
0.5 0.459 7 0.1323 5.779 7

MRS =0. 5 B, FH IR S
B, AR FE S5 R LR s B AT R, 5 1 e
BINE R T™MD XFEE, ani&l 3 .

20 R 7%
71 A S g EM-TMID({,=0)

- - EM-TMID(£,=0.03)
161 .| —EM-TMID({,=0.05)
14F i - ZMTMD
12f ‘

IENMERIREX,

0.7 0.8 0.9 1.0 1.1 1.2 1.3
ERESFRL «

B3 ARG T 0 25 48 X0 i B A
Fig. 3 Frequency responses of the absolute acceleration

of primary structure under different systems
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Fig.4 The time history of the earthquake acceleration
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Table 7 The suppression performance of the

EM-TMID and classical TMD %

FEJE’%% pr Jx'p ‘Ixrms Jiirms

£ TMD 20.35 17.09  29.53  32.07

EM - TMID 29.45  25.57 37.69  39.26
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