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Study on Hybrid Magnetic Damper with Effect of
Magnetization and Demagnetization
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In this paper, the authors propose a new type hybrid damper with effect of magnetization and
demagnetization. The damper consists of a ball screw, electromagnets, rare-earth magnets, and a
conductive disk. The core of the electromagnet is combined with the rare-earth magnet. It is called a
hybrid electromagnet. The damper has a controllable damping force that is magnetized in case of
positive magnetic fields created by the electromagnet, otherwise demagnetized in case of negative one.
The validity of the damper is to utilize by a fail-safe mechanism at a time when electric power is lost
under the device malfunction. In order to investigate the resisting force characteristics of the damper,
the vibration tests are carried out. The test damper has a function of increasing and decreasing magnetic
flux density from a neutral position. The experimental results well agree with the theoretical results.
Next, to estimate the damping effects of the damper, a one-degree-of-freedom system which is
connected to the damper is proposed here. The simulations of seismic response under a semiacitve
control based on Linear Quadratic Regulator are calculated, and the damping effects of the damper are
confirmed numerically.
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Fig. 2 Details of the hybrid electromagnet

Table 1 Design parameters of the test hybrid damper

Ball screw Lead L 4mm
Diameter 10 mm
Rotary efficiency mn  0.94
Stroke +38 mm
Rare-earth Material Nd-Fe-B
magnet Radius r 7.5mm
Thickness 3mm
Number n 2 pieces
Electromagnet Ferrite core SUYBO
Wire diameter 0.3 mm
Wind number 2500 turns
Conductive Material A1070
disk Thickness h  3mm
Moment of inertia | 8.13x107° kgm?
Resistivity p  2.67x10%Qm
Distance to axis e 40mm
Shape factor Co 0.398
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Fig. 8 Analytical model of 1DOF system

Table 2 Design parameters of 1DOF system

Primary mass m 6000 kg
Stiffness k 236.9 kKN/m
Damping coefficient c 226.2 KNs/m
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Table 3 Maximum values of seismic responses
Input acceleration wave BCJ-L2 Hachinohe NS JMA Kobe NS Tohoku NS
Acc. Disp. Acc. Disp. Acc. Disp. Acc. Disp.

Without the damper 2.26 57.2 1.88 47.5 1.98 50.1 4.22 107

With the damper LQR control (Acc.) 0.83 20.9 0.82 19.8 0.83 19.0 1.04 26.4

With the damper LQR control (Disp.) 0.90 15.8 0.98 17.9 1.11 18.8 1.26 21.2

With the passive damper (i = 0 A) 0.82 19.7 1.03 234 1.13 25.7 1.38 31.4

(Acc.: m/s?, Disp.: mm)
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