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Development of a Noncontacting 6 DOF Micro-Postioner Driven
by Magnetic Force-Design , Modeling and Control-

Kee-Bong Choi, Kyihwan Park, Soo-Hyun Kim and Yoon Keun Kwak

Key Words : Magnetic Levitation(x}7] 34}, Antagonistic Structure (AHb-2), Permanent
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Abstract

A magnetically levitated micro-positioner is implemented to avoid mechanical friction and
increase precision. Since magnetic levitation system is inherently unstable, most concern is
focused on a magnetic circuit design to increae the system dynamic stability. For this, the
proposed levitation system is constructed by using an antagonistic structure which permits a
simple design and robust stability. From the dynamic equations of motion, it is verified that the
proposed magnetically levitated system is decoupled in 6 degree-of-freedom motion. Experi-
mental results are presented in terms of time response and accuracy.
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Fig. 2 . The force characteristics in a solenoid/perma-
nent magnet system
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(a) The manipulator and the base frame of
the system

. \ RN
(b) Assembled configuration
Fig. 7 Configuration of the system
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Tabel 1 Specfications of centering and stabiliza-
tion solenoid/permanent magnet

Parameter Description Value
D Outer diameter of solenoid {18 mm
d Inner diameter of solenoid |8 mm
1 Length of solenoid 10 mm
N Number of turns of coil 17 X 26

R Diameter of coil 0.33mm

d
Dn Diameter of permanent magnet |4 mm

Im Length of permanent magnet |6 mm
R. Resistance of coil 4,7Q
is Nominal current 0A
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Fig. 10 Axial forces acting on levitating magnet
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Tabel 2 Specfications of levitating solenoid/per-
manent magnet

Parameter Description Value
D Outer diameter of solenoid (30 mm

d Inner diameter of solenoid (16 mm

1 Length of solenoid 40 mm

N Number of turns of coil 12 < 80

D. Diameter of coil 0,5mm

Dn Diameter of permanent magnet |10 mm

I Length of permanent magnet {10 mm

R Resistance of coil 7.5Q

1o Nominal current 0.9A
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For =Kn (Y +cd0) (36) + Kiat (8= Kot (37 + ¢3¢ +c08))
S8Fcz=— Ko (8Z + 8¢ — c8¢) (46)
+ Kiat (8ic— Kot (67 + c0¢ — c8¢))
(37) 0:1 7] k]y Kz‘ac» Kias D;‘l Kzal% 7’1L7’1L jg ULQI%%, o\l'
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Tabel 3 Specifications of the manipulator and the system parameters
Parame/ ..
Description Value
ter
a Distance from the center to the edges of the manipulator in the x direction 0.050 m
v Distance from the center to the stabilizing magnets 0.039m
C Distance from the center to the levitating magnets 0.0285m
e Distance from the center to the centering magnets to the z direction 0,025 m
M, Mass of manipulator 0.22 kg
Ix Moment of inertia about the x axis 0. 000458 kg m?
I, Moment of inertia about the y axis 0. 000458 kg m?
1, Moment of inertia about the z axis 0. 000461 kg m®
Ratio of axial force over axial distance in the levitating solenoid
Ka & / 57.5N/m
permanent magnet
Ratio of radial force over radial distance in the levitating solenoid
K., & / 29,3 N/m
permanent magnet
Kuac | Ratio of axial force over current in the centering solenoid/permanent magnet 0.124 N/m
Ku.s | Ratio of axial force over current in the stabilizing solenoid/permanent magnet | 0,124 N/m
K. | Ratio of axial force over current in the levitating solenoid/permanent magnet 0.705 N/m
Kee Back emf coefficient in the centering solenoid/permanent magnet 0.044 Tm/Q
Ko Back emf coefficient in the stabilizing solenoid/permanent magnet 0.044 Tm/Q
Ku Back emf coefficient in the levitating solenoid/permanent magnet 0.098 Tm/Q
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