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Abstract - Repulsive Type Magnetic Bearing using
_permanent magnet for the levitation and radial control
“makes the system cheap and simplified control scheme.
Buf the system is prone to disturbance in the absence of
any active control. This paper reports on the application

of HZcontro! for robust stabilization and conliguration

of permanent magnet resulting in improved stiffness
characteristics for disturbance attenuation in the radial
direction of repulsive type magnetic bearing system. A
[aboratory prototype model and the controller around
digital signal processor have been developed and
experiments are carried out.

[. INTRODUCTION

In repulsive type magnpetic bearing the levitation is achieved
using the repulsive forces acting between the stator and rotor
permanent magoet making the syslem a single-axis control
problem. H control system has been designed and developed
for making the system robusty stable against the parameter
changes and various model uncertaioties. The better
performance along the uncontrolled radial direction has been
achieved by proper placement of the permanent magnets. As
higher stffness 1s desirable from the radial disturbance
attenuation view point, placement of permanent magnet i1s of
utmost important once. This paper describes the implementation
of H” controller and permanent magnet configuration
achieving improved radial stiffness resulting in betler
disturbance attenuation characteristics, This system can be used
in fly-wheel energy storage and other such applications in
presence of small radial disturbance.

[I. SYSTEM CONFIGURATION

The proposed repulsive type permanent magnet beanng system
has two sets of permanent magnets in both the stator and
rotor, placed al the two sides of the motor having magnelization
axis same as that of longitudinal axis of the motor. The repulsive
force between the permanen! magnets has been effectively
utilized for the stability in the radial direction. Stability in the
axial direction has been implemented by controlled
electromagnelts resulling a non-contact type magnetic bearing

system. The configuration of the bearing system is shown in
Fig.l.
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Fig.1 Configuration of Magnelic Bearing System.
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Fig.2 2D-View of PM wilh upper magnet seclion.

The suitable arrapgement of permanent magnets for beller
stiffness las been analyzed by {ute element method. A typici
arrangement is shown in Fig.2. By changing the arc length of
the upper stalor permament magnet (1.e. changing the angle 9)
the repulsive forces and suffnesses are measured. Figs.3 and 4
shows the repulsive force and stiffness characteristics
respectively, It is seen that higher suffness has to be achueved
at the expense of repulsive force. Since improved stifTness is
important from the viewpoint ol disturbance allenvation and
higher repulsive force is important for levilatng the rolor, o
trade-olf has to be adopted {or the PM configuration. Fig. 3
shows an optimum configuration corresponding o 8=45°. The
stator permanent magnet 1s made of Nd-Fe-I3 imagnet and (he
rotor 1s made of Strontium-ferrite magnet, The mass ol the
rotor 1s 8kg. Gap sensors are used to give the infennmation of
the gap between the electromagnet and the rotor.

i1l. MODELING OF THE SYSTEM

The detatled state-space modeling has been dertved in [1]-[3].
Sumplified 1™ control has been designed for the magnctic
beaning system. The lour etectromagnels {or the axial control
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are connected in series. The basic equations are given by (1)
and (2) as {ollows.
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Fig.3 Repulsive force characteristics
for different upper PM section.
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Fig.4 Stiffness characteristics
for different upper PM section.
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Fig.5 Permanent Magnet Configuration.

where m is the mass of rotor, S 1s a constant obtained {rom the
repulsive force characteristics of permanent maguet, F.is the
attractive force of ith elecromagnet on the rolor, W 15 the
nominal gap between rotor and cleclromagnet, 11s the nominal
current of electromagnet, L. and r arc the inductance and

resistance of the electromagnet, x 1s the gap displacement
from the nominal value and 1 1s the current deviation [rom the
nominal value, The gap-displacement, x and its derivative
and the current deviation, i, are taken as state vanables. Using
the values of the different parameters the simplified state space
representation is given by (3), the details of parameters are
given1n [2].

- p— - p— — - —
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!

V. IMPLEMENTATION OF H™ CONTROLLER

The system is controllable and observable. The transier
[unctions of this system i3 gtven by (4).

13.7079
(s - 76.7138)s + 76.7138)(s + 60.5)

The details of the H . controller has been described in [4).
The H™ norm specification is given by (5).
}’WI(S) S(.S') <]

W:(S) T(.S') ()

o0

G(s)m

(+)

where W (s) and W.(s) are desired weighting functions, 7 >0
is an adjusting scalar parameter, S(s) is (ie scnsitivily function
and T(s) is the complementary sensitivily {unction. Tl
selection criterion of weighting functions has beeu discussed
in [5]. In this study the weighting functions W (s) and W (s)
are chosen as 1n (6),

s 1329
T (5727 0.016)

wl(s)=15x1o"‘-[1+ ” Hl . }

+
2rm-0.00012 2r-4.78

A
I
[ +2x-55.7] ()

and T is 13.6. The bode plot of the sensitivity S with 7 "W,
and the complementary sensitivity T with W; arc shown u
Figs. 6 and 7 respectively. Asin Figs' 6 and 7, the sensitivity
S approaches to7T 1WI" at low frequencies and the
complemcntary sensitivity T approaches WI"' at high
frequencies. These are essentially based on the remarkable
all-pass property in the H™ theory. Using the above weighting
functions and using Robust control toolbox MATLAB, H™
controller has been designed. Using the above controller the
sysicm has been simulated by Matlab. g 8 shows the simudated
response charactenistics at the step input of the system.
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V.CONTROLLER IMPLEMENTATION

The controlier has been configured around a digital signal
processor as shown in Fig.9. The position of the gap-sensor is
used as input and goes to the controller through the A-D port
of the DSP. The DSP outputs through D-A port to the power-
amplifier for adjusting the current of the electromagnet.
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Fig.9 Controller Representation.

V1. EXPERIMENTAL RESULTS

With the help of the controller the rotor has been stabilized.
Fig.10 shows the rotor oscillation at stcady state along the x
axts. The responses of the rotor for disturbances along the
vertical axis are shown in Figs.11(a) and 11(b) respectively.
Fig.11(a) shows the disturbance charactenstics for 8=0°, 1.e.
when upper stator magnet 1s not used. Fig.11(b) shows the
same for 0=45" which is the optimum configuration. It clearly
shows that the effect of disturbance has been attenuated to

almost one third of original value.
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Fig.10 Vibration Characteristics of rotor.
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(b} Proper Configuration of Permanent Magnet
Fig.11 Disturbance Characteristics.

VII. CONCLUSION

This paper reports the development ol a sunplilicd H™ conuol

and proper configuration of permanent magnet for radial
disturbance attenuation applicable to repulsive type maguctic
beaning system. The application ol H™ controller makes the
system robust resulting a low cost high perfonnance mayneuc
bearing system. Proper placement of stator permatient magnel
helps to reduce effect of radial disturbance of the system.
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