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Design of Hybrid Electromagnetic Actuator against Microvibration
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ABSTRACT

A hybrid electromagnetic actuator with an air spring is designed so as to achieve the desired isolation
reduce the vibration efficiency on the floor vibration. The performance specification of the hybrid
electromagnetic actuator is determined based on the vibration criterion for vibration—sensitive equipment. In
basic 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, some design
parameters are optimized under several constraint conditions. Through this study, the design procedure for a
specific electromagnetic actuator is set up using a simple reluctance method.
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Table 1 Application and interpretation of criterion curves

%0 Workshop (ISO)

Office (1SO)

Residential Day (1ISO)

Operating Theatre (ISO)

VC - A (2000 micro-inches/sec)

VC - B (1000 micro-inches/sec)

VC - C (500 micro-inches/sec)

VC - D (250 micro-inches/sec)

Velocity Level (dB re 1 micro-inch/sec)
3

VG - E (125 micro-inches/sec)
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One-Third Octave Band Center Frequency (Hz)

Fig. 1 Generic vibration criterion curves for vibration

sensitive equipment(7)
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Fig. 2 Conceptual design of a electromagnetic actuator
(8)

Criteria curve |RMS amplitude (um/s)|Detail size (microns) Description of use

Optical microscopes to 400X, Microbalance, Optical

VC-A 50 8 . .. .
balances, Proximity, Projection aligners

VC-B 95 3 thlcal mlcrogcopes to 1000X, Inspection and
lithography equipment

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

Ve-D 6 03 — 1 nglconductor, Photolithography, Electron
microscopes (TEMs and SEMs), E—beam system

VC-F 3 <01 Nanotechnology equipment, Long—path, laser—based
small target system
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Fig. 3 Cross section of the electromagnetic actuator
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Table 2 Numerical example
Item Parameter Value
Gap g 2 mm
Si1 25 mm
S12 50 mm
Stator
SI3 25 mm
A 10 mm
All 5 mm
Al2 50 mm
Armature
Al3 5 mm
A 10 mm
Weir 12.57<107" H/m
Permeability -
Msteel 1257><10 H/Il’l
N 400 turns
Coil
I 2 A

Fig. 5 FEM result: flux density and flux intensity
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Table 3 Analysis result

ltem | Reluctance | ppyy Error
Force 924 N 993 N 7 %
Inductance 0.607 H 0.409 H 33 %
Time const. 79 ms 53 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
Constraints | - time constant = 35 ms * 20 %
- coil current density < 4.0 A/m”
- coil space

Design - coill AWG

parameter - coil turns
- current

e AAEAre wel AAlE A4 2sr)e] AR
L glom, olE 9

Table 5 Optimized parameters from the optimization problem

o Space_a (mm) Space_b (mm) Coil AWG Current (A)
Objective
Coil turns Power (W) Force (N) Time Const. (ms)

20 22 16 2.8
Min. supply power

210 32 507 42

20 28 17 3.6
Max. control force

230 72 1000 36

20 20 23 1.0
Min. time constant

710 69 741 28
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