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ABSTRACT

This paper describes a 2 DOF magnetic suspension
system for a stick type object using a rotary geared mo-
tor and a disk magnet. In this system, the suspension
force is provided by a disk-type permanent magnet and
is controlled by a magnetic flux path control mecha-
nism. This suspension system must control two degrees
of freedom of a stick for complete noncontact suspen-
sion. A vertical displacement and a horizontal rotation
of the object should be controlled. This paper proves
the feasibility of the noncontact suspension system for
such a system by controlling these two movements si-
multaneously. A theoretical analysis will be done on
the model of this suspension system and a numerical
simulation validate the feasibility of the system.

1 INTRODUCTION

Magnetic suspension is technology for supporting or
manipulating objects without contact by means of mag-
netic forces. Magnetic suspension system has many ad-
vantages, which are no contact, no friction, no dirt and
lubrication free. Using these advantages, many magnetic
suspension mechanisms have been proposed [1]. Electro-
magnetic suspension systems are widely used that control
the coil current. Recently, however, mechanical magnetic
suspension systems have been developed [2]. As one of
the mechanical control suspension system, a new type of
mechanical suspension mechanism is proposed [3]. How-
ever, the complete noncontact suspension of a stick does
not realized.

This paper discuss what is necessary for complete non-
contact suspension. We can already perform the 2 DOF
suspension system for the suspension system with variable
flux path mechanism [4]. Another conditions for complete
noncontact suspension are investigated. First, the suspen-
sion principle with variable flux path mechanism is ex-
plained, and a prototype system is introduced. Structural
examination is carried out and necessary DOF of control is
verified. A model for the suspension system is introduced
and the linear control theory proves the feasibility of com-
plete suspension. Finally, a simulation result validate the
suspension system.

2 SUSPENSION SYSTEM

2.1  Principle of suspension

The principle of this magnetic suspension system can
be understood in Fig. 1. A schematic diagram showing a
disk PM, two F-type iron cores and a rectangular suspen-
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Figure 1: Principle of suspension mechanism with variable flux path.

sion object. Figure (a) shows that the magnetic poles of
the PM are aligned in the vertical direction. In this case,
the facing angle of the N pole and S pole to each core are
same, so all magnetic flux from the N pole is absorbed into
the S pole. As there is no flux flowing through the suspen-
sion object, no attractive force generates.

Figure (b) shows the PM rotated a certain angle. The
facing area of the N pole becomes bigger than the S pole
in the right core. Some of the flux in the right core flow
through the suspension object and the attractive force is
generated. According to this process that is called variable
flux path, the attractive force is changed from zero, maxi-
mum, and zero, maximum to zero as the PM rotates in one
revolution.

2.2 Experimental prototype of suspension system

An experimental prototype of the proposed magnetic
suspension system was constructed. The prototype con-
sists mainly of a disk PM, a rotary actuator containing a
reduction gear and an encoder, a pair of F-type perm alloy
cores, a rectangular perm alloy suspension object and two
eddy current sensors. The disk PM, which is in the cen-
ter of the F-type cores, is a neodymium magnet and mag-
netized in the radial direction. The control system of the
magnetic suspension system is a DSP controller, shown in
Fig. 2. According to the signals from the sensors and en-
coder, the DSP controller calculates the current to control
the rotary actuator that drives the PM.

Now, we can not realized complete noncontact suspen-
sion using this device. We use a linear guide for the sus-
pended object and the DOFs of the object were restricted
in only vertical direction.

3 COMPLETE NONCONTACT SUSPENSION

For complete noncontact support, all six degrees of
freedom (DOF) of the suspended object should be consid-
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Figure 2: Configuration of suspension system.
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Figure 3: Symbols and model of suspension system.

ered about stability. For consideration, symbols of the sus-
pension system are shown in Fig. 3. The z axis is defined
as the vertical direction which is from down to up in the
sheet and the y axis is defined from the left to the right in
the figure and the x axis is the axis through the sheet.

3.1 Consideration of necessary control DOF

The translation along the x axis and the y axis have
restoration forces by the magnetic lateral force. Same
force restores the rotation motion about the z axis. And
the rotation about the x axis can be stabilized by the round
shaped stick object. Consequently, the DOFs which should
be controlled are the translation along the z axis and the ro-
tation about the x axis.

3.2 Modeling and controllability of system

To model of the system, the two equations of the mo-
tion are derived as

mzZ = f1+ fo —mg (D

I = —fili + folg )

We assume the attractive force between each core and the
faced part of the suspended object as

sin” 0

fz:kT

3)

~ The state variables are the displacement z, the rotation ¢,
and their derivatives. The state space equations can be ob-
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Figure 4: Simulation result of complete noncontact suspension system.

tained by linearization as
T = Ax + bu 4)
y=Cz (6))

The conditions of equilibrium are balance of the force

and the moment. Considering these conditions, the deter-

minant of the controllability matrix can be obtained as

1 1 Iy la

64k° cos®* 6y sin® Oo(—5 + 7)4(— P
diy  diy “dY  diy

)% (6
The controllability depends o the last parenthesis. It means
the different air gaps are required.

3.3 Numerical simulation

A numerical simulation was carried out to validate the
feasibility. The feedback gains are calculated by the LQR
methods. The result is shown in Fig. 4 and verify the com-
plete noncontact suspension system.

4 CONCLUSION

Conditions of the complete noncontact suspension sys-
tem with variable flux path mechanism for stick shaped
object can be obtained by the linear control theory and it
has been verified by a numerical simulation. Examinations
on experimental prototype is required.
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