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Zero Power Control for Hanging Type Maglev System with
Permanent Magnet and VCM

Feng SUN** and Koichi OKA

*2 Department of Intelligent Mechanical System Engineering, Kochi University of Technology,
185 Miyanokuchi, Tosayamada, Kami-shi Kochi, 782-8502 Japan

This paper describes a new zero power control strategy for a hanging type maglev system. In
this maglev device, a permanent magnet generates the levitation force, and a Voice Coil Motor
(VCM) maintains the device stably in an equilibrium-levitated position. In order to realize zero
power control, a spring is installed in the maglev device so as to counterbalance the force of the
actuator on the mass gravitation, and a current integral feedback loop is used in the controller so as
to adjust the actuator current zero in the balance state. A prototype of the maglev system was
constructed ; a theoretical model was developed ; a zero power controller was designed and con-
structed ; and numerical simulations and experiments were performed. The results shown here
suggest that this zero power control strategy is feasible and effective for the hanging type maglev
system using a permanent magnet and VCM.
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Fig.5 Simulation results without springs and without

zero power control
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Fig.6 Simulation results with springs and without

zero power control (k, =600 N/m)
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Fig.8 Experiment results without springs and without
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zero power control (k, =600 N/m)
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Fig.10 Experiment results with springs and with

zero power control (k, =600 N/m)
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Fig.11 Experiment results with springs and without

zero power control (k, =700 N/m)
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Fig.12 Experiment results with springs and with

zero power control (k, =700 N/m)

FF)NE Ay b a—FEANWEU AT AOYEY I 2
L—ia CERTEEBE R AWTEREZ T, F6
DFERMS, BELCEATVHENFRRTH D Z &0
RTE. ZOZEND, ZOMREBELVATLE
ISAT 2 Z & TEW =RV HEE EOFEREARSIEE
DEBRNFRETH H L2 5.

X ®

(1) Oka, K., Higuchi, T. and Shiraishi, T., Hanging
Type Mag-lev System with Permanent Magnet
Motion Control, Electrical Engineering in Japan,
Vol. 133, No. 3 (2000), pp.63-70.

(2) Park, J.H. and Baek, Y.S., Design and Analysis of a

Maglev Planar Transportation Vehicle, [EEE
Transaction on Magnetics, Vol. 44, No. 7 (2008), pp.
1830-1836.

(3) Morishita, M. and Azukizawa, T., Zero Power
Control Method for Electromagnetic Levitation
System, Trans. IEE of Japan, Vol.108-D, No.45
(198R), pp.447-454

(4) Morishita, M. and Iton, H., The Self-gap-detecting
Zero Power Controlled Electromagnetic Suspension
System, Trans. IEE of Japan, Vol.126-D, No.12
(2006), pp.1667-1677

(5) Mizuno, T. and Takemori, Y., A Transfer-Function
Approach to the Analysis and Design of Zero Power
Controllers for Magnetic Suspension System, The
Transactions of The Institute of Electrical Engineers
of Japan, Vol. 121, No. 9 (2001), pp. 933-940.

(6) Ishino, Y., Mizuno, T. and Takasaki, M., Increasing
the load Capacity of Magnetic Suspension by a
Stiffness Switching Control, Dynamics and Design
Conference 2008, No.08-14 (2008-9), p. 371.

(7) Oka, K., Noncontact Manipulation with
Permanent Magnet Motion Control, Proceeding of
the 4th International Symposium on Linear
Drivers for Industry Applications, (2003-9), pp.
259-262.

(8) Shameli, E., Khamesee, M.B. and Huissoon. J.P.,
Nonlinear Controller Design for a Magnetic
Levitation Device, Microsyst Techno, Vol.13
(2007), pp. 831-835

— 166 —

NI | -El ectronic Library Service



