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A Study on the Development
of a Hybrid Electromagnetic Actuator Against Microvibration
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ABSTRACT

A2

ZHE71), Air Mount(&-7] WFEE),

PAvHEE)

A hybrid electromagnetic actuator with an air mount is designed so as to achieve the desired iso-

lation reduce the vibration efficiency on the floor vibration. The performance specification of the hy-

brid electromagnetic actuator is determined based on the vibration criterion for vibration-sensitive

equipment.

In the design stage of the electromagnetic actuator,

the simple reluctance method is

adapted to analyze magnetic circuits. The result is verified by finite element analysis using ANSYS

Emag. Finally, in order to confirm the design performance, a dynamic characteristic test is carried

out for the prototype of a hybrid electromagnetic actuator.
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Table 1 Application and interpretation of criterion curves
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s . 8
sensitive equlpment( )

)

Criteria RMS amplitude Detail size Descriti
: escription of use

curve (um/s) (microns)

VC-A 50 ] Optical microscopes to 4_100?(, ml_crobalance, optical
balances, proximity, projection aligners

VC-B 25 3 Opt}cal microscopes to 1000X, inspection and lithography
equipment

VC-C 125 1-3 Most llthography and inspection equipment(including
electron microscopes)

: ) Semiconductor, photolithography, electron microscopes

ve-b 6 03 -1 (TEMs and SEMs), e-beam system

VC-E 3 <01 Nanotechnology equipment, long-path, laser-based small
target system
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Table 2 Numerical example

Item Parameter Value
Gap g 5 mm
Si1 25 mm
SI2 50 mm
Stator
S13 25 mm
w 10 mm
All 5 mm
Al2 50 mm
Armature
Al3 5 mm
w 10 mm
» Jair 12.57x10”7 H/m
Permeability —
steel 1257x10"" H/m
AWG 16
Coil N 400 turns
1 2 A
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mm= 14T

frete s Mo RRYH dL ARE A4
el Azlel vlalsle] Table 39 A7 elT) Table 3
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A7) 2719 Aol g A

Table 3 Analysis result

Item Rilll;(t:]t;race FEM Error
Force 154 N 165 N 7 %
Inductance 0.249 H 0.168 H 33 %
Time const. 32 ms 21.5 ms 33 %
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Table 4 Optimization problem

I : Min. supply power
Objective II : Max. control force
III: Min. time constant

- Control force > 500 N
- Time constant = 35 ms + 20 %
- Coil current density < 4.0 A/m’

Constraints

- Coil space
Design - Coil AWG
parameter - Coil turns
- Current
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