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Analysis of Novel Magnetic-Spring Actuators for Portable Units

Inhwan Han
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Abstract

SLA(Scanned Linear Array) is a portable display unit for implementing next-generation virtual
realities, utilizes a design that light generated by a line of LEDs is reflected from the rapidly
oscillating mirror to generate a raster display. Reaction forces generated by the motions of the mirror
and counter-balance mass cancel each other at the device base, reducing vibration. Metal leaf springs
have been extensively applied in such portable units. Magnetic springs have been developed and
adopted that can replace the metal spring and can avoid many disadvantages of metal springs. We
model and analyze the dynamics of the structure with magnetic springs and present the simulation and
experimental analysis results, which can be utilized for identifying and eliminating possible problem
sources in removing shaking forces and moments, and oscillating the mirror at the required amplitude
and frequency. Finally, we present the improved novel magnetic actuator model which can be applied

in portable display units.
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Table 1 Inertia parameters
w/0 counter-mass w/ counter-mass

m 0.00242 kg 0.00482 kg

I 1.778x107 kg - m® 2.427x10" kg - m*

rG 0.0038 m -0.0003 m
Fe-magnet

coil Nd-magnet
Nd-magne
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Fig. 4 The arrangement of magnets and coils (mm)
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Table 2 Comparison of driving forces

w/o Fe-magnet

w/ Fe-magnet

e flux2D nBil flux2D nBil

deg| Fe dir. Fe
(N) 1deg)] (N)

dir. Fe dir. Fe
(deg)| (N) (deg)| (N)

dir.
(deg)

0.014271 89.9 [0.01415

90.0 |0.02015] 89.9 |0.01965

90.0

0.01424| 83.0 |0.01415

8384 10.02012] 886 |0.01965

0.01417] 86.1 |0.01415

86.9 [0.02004| 87.3 |0.01965

0.01405) 84.3 |0.01415

[s <l [orl - | (N3 Lae)

85.3 10.01990| 86.0 10.01965

0.01389] 825 10.01415

83.8 |0.01974| 84.7 [0.01965

0.01369{ 80.8 [0.01415

824 [0.01952| 83.6 |0.01965

— |
N o

0.01346} 79.3 {0.01415

80.9 10.01927| 82.5 |0.01965
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Table 3 Input physical parameters
dimensions physical parameters

r(m) | 00065 | ¢ N-mH | 9.0x10°
R (m) | 00198 | c; (N-m® | 157x10°
e (m) | 00000 | ¢s (N-m? | 157x107
e (m) | 0.0000 | ¢s (N-m) | 90x10°
L (m) | 00098 | cs (N-md) | 14x10°
I (m) | 0.0148 mo (kg) 0.0048
re: (m) | 0.0000 mez (kg) 0.0100
rez (m) | 00000 |1, (kg-md) | 245x107
Iz (kg - m) | 5.16x107
L8y + Comping 61— Ty = Ta (5)
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