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Design of ultraprecision bi-directional actuator for nm using a permanent
magnet and electromagnet

Ki-Hyun Kim* and Dae-Gab Gweon*

ABSTRACT

A precision bi-directional actuator for a high precision leveling system with Z6 6 , motions is proposed and
designed in this paper. The actuator is composed of a force generation structure, a guide mechanism, and a symmetric
structure. At first, its driving force is generated by a change of flux in air gaps by permanent and changeable flux. The
permanent flux is generated by a permanent magnet. The changeable flux is created by variable current flowing through
coil. The combination of permanent and changeable flux makes various flux densities in air gaps between mo ving part
and fixed yokes. And then, the difference between flux densities in lower and upper gaps creates forces for the bi-
direction(+z) motion. The guide mechanism of this actuator is composed of two circular plates and one shaft. Reducing
motions generated by forces except z-motion, these circular plates endow the actuator with high stiffness for fast settling
time. And the function of the shaft is to transfer motion to an object. At last, total body has a symmetric structure to be
stable on thermal error. The actuator is designed by MAXWELL 2D and ProMECHANICA. The designed actuator is

evaluated by 8nm laser doppler vibrometer, dynamic signal analyzer, and simple PID controller.

Key Words : High precision, bi-directional actuator, permanent magnet, electromagnet, leveling system

i k-X-1 magnet(Wb)
zl = Gap between upper fixing plate and
A =Wavelength of light source(nm) moving yoke(mm)
D,, =Field Size of x and y axis(mm) z2 = Gap between lower fixing plate and
du  =Allowable tilting range(urad) moving yoke(mm)
Dehange = Changeable flux by activated coil(Wb) Poap 21,2 = Total flux in z1 and z2 gap (Wb)
@oermanene =Permanent flux by permanent Agap z1,z2 = Total flux linkage in z1 and 22 gap
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(Wb* turns)

Bygp 2122 = Flux density in gap between fixing
plate and moving yoke(T)

Agqpy =Areaof gaps(m®)

N = Number of coil turn(turns)

Fgup 21, 22= Forces in gaps(N)

F = Actuating force(N)

R = Resistance of fluxlinkage(A*turns/Wb)

1 = Currnet through coil(A)

Ho = Permeability of air(H/m)

F permanens = Force due to permanent magnet due to
the variation of air gap(N)

Kpermanens = Constant of permanent magnet due to air
gap(N/m)

F teers = Force due to electro-magnet due to the
variation of current (N)

k.ieciro; = Constant of electro-magnet due to
current(N/A)

Kk.iocir02 = Constant of electro-magnet due to air
gap(N/m)

D.; =Diameter of Coil(mm)

Imsg = Thickness of permanent magnet(mm)

Dingq in =Inner diameter of permanent magnet(mm)

D ous =Outer diameter of permanent magnet(mm)
=Thickness of guide plate(mm)

=Inner diameter of circular guide plate(mm)

Leir

D, cir_in

Deir_ou
(mm)

=Quter diameter of circular guide plate
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Fig. 12 Guide plate and Fixing jig
(a) Circular plate (b) upper yoke as a Fixing Jig

Table 1 The Parameters of the designed actuator

Mass Resistance| Turns Coil Magnet | Circular
Of Coil Diameter.| (mm) [Plate(mm)
Dy 0.4 oy | 023
330g 8.5Q 520 | Ty e Deir i 5
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Fig. 13 The embodied actuator
(a) The Section figure (b) The embodied actuator
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(a) 100nm 6Hz sine wave (b) 20um 10Hz sine
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