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ABSTRACT

In this paper, a magnetic suspension system with inductive sensors for a high vacuum turbomolecular pump(TMP)
is discussed. The performance of designed inductive position sensor is evaluated by static and dynamic test, and the
test results show senmsitivity of about 6,000 V/m and dynamic bandwidth of 750 Hz. The protype of magnetic
suspension system is designed and constructed with 5-axis magnetic bearing, inductive sensor and BLDC internal
motor. With DSP based digital PID control system, the prototype is examined its high damping ratio and stable
operation up to 20,000 rpm of rotation.
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Fig. 1 Schematic of an inductive sensor
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Fig. 2 Sensor signal processing circuit
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Fig. 3 radial inductive sensor probe stator

Table 1 specification of designed inductive sensor

nomial air gap 0.5mm

Coil turns per pole 80
outside diameter of stator 70mm
journal diameter 44mm
thickness of lamination 0.35mm
axial thickness 3.15mm
Switching frequency 20kHz

Supply voltage 48V

241 BY M5 Ho}

A ) BHQA 49 AEL Fig 49 go] 3
o)%o] 745 ¥ XY 280X o) R BAL R
sto WASlol P SRS FHY & UE ALHYH
A Bl2E=c

olAE 0.2mmo) A +02mmE &3

g 5T 2H
9 FEFHAAMY £ A4S AT ez,

o

=

gte] 8o x12VE ZEE 6,000 Vim, HA
oA 05% °ld2 $58 Y Hee Holm
o}

3.1 A8 F=

~&- Experiment

ﬁ — LinearFit ||
.05
>
5 o]
=3
3
Oas

-

1.5 * —
Q.2 01 0 IR} a2

Displacement  [mm]

Fig 5. Static sensor output

242 S 85 ¥t

54 45 299 NY F2A9 A7)uo)y
AR} o) 7}751 NzE PYstd H¢ 7}2“171““1
540l $+2 HARY HM(AEC-5505, Y
30kHz)9) %%‘JH Ae@4E FHAL. Fig 6
& Foe $RAYARE RAFD Aok oy 9
2o §7e AN 329 AEEH el E4
Aol dARE B F o AN AFAE o
AZ e oF 750Hz @Ei 30l Hon 4@4)9 2
ko) A2 2 A, 0 =21 %750 rads , T s=0~7
AE2 249 9 £ ek oy ER2F Y9
M0HE AR FAZ Aol FEE Aoz
2 % u.

_{

GSE?IS ( S) (4)

42 é‘ @, S + i,
18

TR L St SUEAT . VIS SRS Wit LPPUE S
g :
k=4 081 e Experiment o o O
5 ~ = =Curve Fit |
o 0494 L.enl Lowpass Fitter i
= eob

' ) .
o :
e
<)
o)
B,
] -
& 20d.. - : e E RN -
& 150 ; o=

1 T T
0 2!‘)0 400 600 800 1000 1200 1400 1600

Frequency[Hz]

Fig. 6 Frequency response of inductive sensor
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Fig. 7 Test spindle system for TMP

Table 2 Specification of radial magnetic bearings

Upper Lower
tem Bearing | Bearing
air gap, go [mm) 0.25 0.25
pole face area, A, {mm? 230 85
number of turn, N [times) 170 170
resistance of a coil, R [Q] 1.6 09
bias current{B~0.23[T)), /p [A] 03 03
inductance of a coil. Ly [H] 0.0683 0.0247
current gain, Kx [N/A} 155 58
position gain, K, [N/m} 168x10° | 621x10°
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Fig. 10 step response of radial magnetic bearings
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Fig. 1la rotational response of top sensors

1. G. Schweitzer, H. Bleuler, A. Traxler, "Active
Magnetic Bearings", vdf, 1994

2. 9 EY, 253, QUE, A7 8 Aoy F
A9 n&so) T AP, FIFPLIFEE A,
15@ 115, pp233-243, 1998

3. M. G. Noh , M. Jeong, B. Park, J. Park, S. Ro,

* e "Development of a Low Cost Inductive Sensor

10 000 rpm Using Switching Noise Demodulation"in Proceedings

as] o ; ol . f P of the 8th International Symposium on Magnetic
" O 1 R o X 1 Bearings. 2002

O N I . e 4 =T, AU, 2D, HARY SaHAA

JOS U E DS AR & 1% FEF AAAN A7z 2 A

S RS IR W, @2HYFRY 2AREUY L2, pp.
@D 013 Q10 005 o0 005 ot0 013 OX <> 0ts Q10 0m 00 003 010 013 o 267—270’ 2002

Fig. 11b igt’gggn;?r:esponse of dowio’ggnoso?;m 5. A, :g:jizgl’ SIEF, " F5 dH Lus

P4 F2d AwQAMe B Hop, IFHLF

=g Fig. 8¢ UAE Aol A A2l 20,000 rpm e EARSH, pp.65-68, 2002

77 9 ?—IX*%%—% YER R ik 5,000 pme] 3k
A& As o 0.25V(42m), oFHF MM = 0.35V(58

- 365 -



