{2V A=A A15H A11E (19983 11€)
Journal of the Korean Society of Precision Engineering, Vol. 15, No. 11, November 1998.

AA71E & o]43 3 A5 B AX AR 7]l

ol 7| &t*, 7] &**, yp 7| g***, A = @, &

=L
[—

Ho

A Study on Three Degree-of-Freedom Fine Positioning Device
Based on Electromagnetic Force

Ki-Ha Lee*, Kee-Bong Choi**, Kyihwan Park***, Soo Hyun Kim** and Yoon Keun Kwak**

ABSTRACT

This paper presents the design and the control of three degree-of-freedom(DOF) fine positioning device
based on an electro-magnetic force. The device is designed by use of a magnetic circuit theory and it is
capable of fine motion due to the electro-magnetic force. The device consists of permanent magnets; yokes
and coils. The magnetic fluxes generated from the permanent magnets constitute magnetic paths through
steel, whereas the coils are arranged into the gap between two surfaces of the yokes. Therefore, by supply-
ing current to the coils, the coils are capable of some motions due to Lorentz forces. For the optimal design
of the actuating system, the system parameters are defined and investigated under the given constraints.
From the system modeling in small displacement, three decoupled equations of motion are obtained. To get
better performance of the system, a PID controller is implemented. Experimental results are presented in
terms of time response and accuracy.

Key Words : Electromagnetic force (271713}, Positioning device (X123 7]14), Magnetic circuit (A713]2),
Permanent magnet (¥ 7#H), Yoke (83), Coil (%), Lorentz force (22 )
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Fig. 1 Configuration of the electro-magnetic positioning
device
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(b) Current flow

Fig. 2 Magnetic flux path and current flow of the electro-
magnetic positioning device
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Table 1 Parameters of the electromagnetic positioning device
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Parameter Value Description
axa 14 mmx14 mm Sectional area of permanent magnet

In 17 mm Length of permanent magnet
A 2 mm Effective length of yoke for x axis
A 11 mm Effective length of yoke for y axis
ly 35 mm Effective length of yoke for z aixs
Iy 6 mm Length of air gap
A 2mm Thickness of coil
my 139 ¢ Mass of moving part
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Fig. 7 Open-loop responses
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Table 2 System characteristics

Symbol xaxis yaxis zaxis Unit Description
{0057 00368 0039 Damping coeffcient
o; 508 512 503 rods  Damped natural frequency
PO. 087 035 0887 %  Beroemtovershoot
L 0318 0315 0310 s Risingtime
129 160 148 5 Setingtime
1884.9
G.(s) = 23
) = T 16551 25899 2
1884.9
G,(s)= 24
Y8 = 23755+ 25899 @4
G.() 8201.4 25)

277 2 £3.935+2589.9
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Table 3 Control gains

Axis Ke K Kp
x 30 800 004
y 32 750 004

2.0 150 003
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