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Abstract

This paper is about the magnetic suspension stage based on the Switched Reluctance propulsion principle.
Because the previous studies on contact-free stage adopted the Lorentz force for main force generation
-mechanism, . they have suffered from thermal problem deteriorating the precision. Thus, the magnetic
“ suspension stage adopting SR principle which can achieve high force density is proposed. The main operating
'bri'flciple and structure for achieving high resolution and long travel range are represented. The magnetic force
analysis of each actuator, providing back data for dynamic modeling and controller design are carried out. By
conducting basic experiments, the feasibility of the proposed system is shown. In addition the problems which
should be improved and their solutions are represented.
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Fig.1 Operating principle (a)
propulsion unit and driving principle

acting forces (b)

AL S5V Q7] wiEd FAWEY Pz
g o] WY AAE SR F A TEI=

3 Aoz AMo] =Ho, A F2E Fig 1(b)dl
dehdisith TEdeE dE SR 8 ¥ TE
719 wpAARZ o)l FALY o|FWwaT X we}
A 293L = Ao F Fig. 1(b)9lA A-B-C &
o7 AFI ANHE ojFAe FFo R ofFdT
2930 g AAR ULL 3 F9 A7 R
A F712 g

nablgko 3o P& MaMa Fdalole s

9 5, UL olgsr] WE RAYFozE
g0 4L A by ARY WALFL 4
AxE H=uAlelst WA olFoiAot Bt @
H, 99 A4 PANsYN PPpgozd
Bg2e vx Aol 4437 Ed A=
Aol wobd 4 glon}, B AzgAE F18
AN 9% 2R FHste FARFOR
FU9e A3 Yo Agar PR A2
o A4e £ F A= 72 FHol Uk a9
g, #204 AAA0] ¢ £HHe JRoRE &
$T 4 At FWAL A7l wRl, 27L A
# 297 2dZol JaH F3 Fud
Aeg dgaled, Woles w42 Ades &
g5 542 29 5 A
22 7=

Fe AYUEES Bus ANA olFAE g2
REe) IS HUF A BES WA} @
. mebd AtE Azge ARHA F2E e
Wt Fig 2 A ol5AE 9oty BMo] aF5
S04 WAL, $5A7 0400 R
ol Zolx gtk AAE AsPAH g &
AYEE olgdont Adol g, A A
QuraQl 27| A 2ol Mok go] MMt
MugAe Agel s 2AVh o F Ao
g3} Fago] FAo] Agstelol 37 Wl
Y AL A% 2L AANT FAS AR

o1
¢

=

4o oo HY oo
ok ok flo rif



624 o]

Electromagnet

for suspension Mover

Gap sensor
Iron plate

Stator for
y-axis motion

Stator for
y-axis motion

Stator for

Laser sensor X-axis motion

Fig. 2 Schematic of the developed system
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Fig. 3 Specification of propulsion unit

Table 1 Chief dimension of basic magnetic elements

Item DESCRIPTION Property
Suspensi | Number of coil turns 335, AWG25
on unit Pole size 10X 10 mf

Number of coil turns 300, AWG25
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Fig. 4 Electromagnet for vertical motion (a) Hardware
configuration, (b) Equivalent magnetic circuits of
total loop, and (c) loop D
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Fig. 5 Electromagnet for horizontal motion (a)EM for
propulsion, (b) equivalent magnetic circuit, and (c)
flux pattern in the air gap
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Table 2 Specifications of the system including servo

equipment
Item Description Specification
. 1.98kg
Mass 2 N
Mass Moment 1,,:048 x107"kgm
Mover of inertia 1,,:011 x1 02 kg m?
I, :0.16x107 2 kg m?
Force Suspension Attractive force
Mechanism Propulsion Reluctance force
In-plane x-40, y-35mm
Work range Out-of-plane z-1.0mm
Position PSD S 1352
feedback Micron-Epsilon $600-2
Serv : Power amplifier Glentek GA455P
(] -
€ - 16bit PCL-816 (A/D)
11
Equipment | Data acquisition 12bit PCL-726 (D/A)
Digital filter Chebychev I type
(X10%).
0.0
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Fig. 10 Experimental results of constant velocity motion.
(a) Horizontal displacement, (b) Air gap
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Fig. 11 Effects of mismatched switching, (a) Horizontal
displacement, (b) control force and position error
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