2196 ol gt7) AlEk3] =13 (A)

(= 2

&gy
{

1997 19 15

A21=1 Al123, pp. 2196~2208, 1997

Magnetically Levitated Transport System for a Controller-Free Carrier

Y. W. Son and K. H. Park

Key Words : Magnetic Levitation{=}7]34})

Multitrack (c}gb4] =2H)

Controller-Free Carrier (#|o]7] F#z2F £4-0))

Abstract

In this work, a magnetic levitation (maglev) system is developed to transport a wafer between

semiconductor fabrication process modules in clean rooms to take advantages of eliminating

particle and oil contamination that normally exist in conventional transport systems due to

contact motion of mechanical components. A main feature of the maglev system developed in this

work is that a controller and power supplying part are not mounted on the moving carrier but on

the stationary track, which is defined a controller-free carrier, to reduce carrier’s weight. Iron

~core electromagnets and irons are used for levitation, and air-core electromagnets and perma-

nent magnets are used for stabilization. Analysis, design, and modeling of the magnetically

levitated transport system are presented. The performance of the maglev system is experimen-

tally demonstrated.
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Table 1 Levitation tracks and irons

Description

Value

Number of coil

180 turns

Track length per one stage

300 mm

Coil cross sectional
dimensions

4.5 mmx 10 mm

Levitation current at

nominal point

1.05 A

Levitation height, Z,

—1.5mm

Maximum levitation force

for one iron

Maximum destabilization
force for one iron

+1.25 N,
—0.44 N

Radial spring force, Ky

127.01 N/m

Destabilization spring
constant, K,

1330.02 N/m

Radial force constant, Ky,

Stabilization force constant,’
Ko

1.81 N/A

Iron size, t Xd; xd, X1

5 mm X2 mmx
2 mm x40 mm
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Table 2 Stahilization tracks and permanent mag-
nets

Description Value

Number of coil 140 turns

Track length 20cm, 40 cm

7 mm X5 mm

1.8A

Coil cross sectional dimensions

Maximum stabilization current

Levitation height from the —7.5mm

center of track, Zy

Maximum stabilization force| —1.75 N,
for one magnet 1.39 N
Stabilization spring constant, 0.88 N/m

Magnetization of unit dipole| (.0103 A/m?

moment, m,

Magnet size, hy X Wy X 1 5mm X5 mmx

50 mm
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Table 3 Propulsion track and permanent magnet

Description Value
Pattern of control current 6
Track size 20 mm X 20 mm

X550 mm

Permanent magnet size, 14 mm X 2 mm

h, X W, X1, X2 mm
Supply current per each coil 25A
The number of magnets 84
Maximum propulsion force 2.24 N
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Table 4 Specification of carrier

Description Value
Dist. from the y axis to the 4.05¢cm
levitating iron, a
Dist. from the y axis to the 7.5¢cm
stabilizing magnet, b
Dist. from the y axis to the edges, ¢ 11.5¢m
Dist. from the x axis to the 9.5¢cm
stabilizing magnet, d
Carrier mass, mc 410 g
Principal moment of inertia about| 12.33 kg
the x axis, Iy - cm?
Principal moment of inertia about| 18.07 kg
the x axis, I, - cm?
Principal moment of inertia about| 30.40 kg
the x axis, I, - cm?
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