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Development of an Inductive Position Sensor
Using Magnetic Bearing Technology

Myounggyu Noh #, Byung Chul Park”, Seung Kuk Ro™", Jin Ho Kyung ™, Jong Kwon Park ™

ABSTRACT

In this paper, a development of an inductive position sensor is described. The sensor is similar to a radial magnetic

bearing in that the sensor stator is shaped like a heteropolar magnetic bearing and is driven by a switching amplifier. A
demodulation filter extracts the gap information from the switching current ripples. A prototype sensor exhibits the
resolution of 0.43pum and the dynamic bandwidth of about 800Hz. The dynamic performance can be improved by
increasing the switching frequency. However, the eddy current effects become noticeable at high switching frequency,

thus limiting the improvement of the bandwidth.
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H = magnetization vector of the core
H, = magnetization vector of the air gap
¢ = magnetic flux
v = voltage vector
1 = coil current vector
Ho = permeability of free space (47 x 1077 H/m)
4, = relative permeability of core
A =pole face area
J; = switching frequency
= inductance
N =coil turns
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Fig. 1 Schematic of one-dimensional inductive
sensor
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Fig. 2 Schematic of the sensor stator
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Fig. 4 Static sensor output

Zolm, o] o MM FHE JAFY AX &9
Az vageozn 38t Fig 3 & PCB
2 AzE A I29} Y A APFAY F
AL BaFEd,

Fig. 4 & AM9 A3 A% A9 2785 By
. Ax 23o FEI HIHE A2 Yo
o, 574 W -02mm A +0.2mm Wl A, HAA
HoAE 05% mwelth JE o #Fe o8&
59dB £ SAHAE, olAL 0.43um o Esf5S
BaAgc  AM 8o WA AEe dREo]
294 g F "H¥ HX ¥& FEAA4 71
gk wEM, AE HE FBAM Bt Fo A
9 99§ AM439A], YEY cut-off FHFE
BEOEM AAMY ®ilTol F4E ¢ Uk A
Ae 2 DX 4 7} F9 BF T IS
Z437] w&ol, x o y WaF Apojo] <kzre] 7HA
< dAE 4 U SFEHAA 4 LY
AFe 1% o)3le] A& dAh

A9 BFEAE HE7] 98 ANy F3
F 7S Z2F3AY. SAYYPLE Ao
AN2Eo A AR S 772 AL g3l 4R
3 ForE FFASHE JHAskm, a9 9E AN
9% 7FANGAFTAMN)Y vluss 7%
A3 ZAR8ch. Fig. 5 = A9 AR o
& Fu $70) NEHOIA AR} vinHe )
. AEgoAR AAE o& FdA rlede A
A9 A7 2dE o83t dojHg. EA
A2 HE, AN I HdZo] oF g00Hz Y&

>

75

& F QEd, FoE G9FS YA 6
Ae 293 FA5e FANUCEA 70E
AY 4 gk AW & 299 Fisg o

2904
3 bdFe Qo] o AAA He A
of 9Fg mAA . FHAF dF
oA A3 TR R,

Fig. 6 & & =84 7leste AME A&
& A7|EAS FEE AdFddeld. F A4
WA Aol suve] FuEF 27w o
of o3 2A4FE BHE EA HIJt 6600pm OE
AT o A AHL Fig. 6 o UE) e vt
¢} Zo] 1opm olWie A7E it HAFL
Bzuolgd o3 T&E= v 100um o AF
A4 FE AR 9o, wHdAd {FEAAG
o zrjHoIPB ol FAF NEE Aotz 4l

2% ¢ 4 o

=
ohe

5. Qi Roll oftt HE

AN Mz A =y
7z B3 A5e AosE SEER d8 2
ey & £ I, H5&
A NE 94Fe 7AE FoWTE HR(=9
AVFagoltt, ExPEHAN NG FHALEY cut-
off T3¢ Huojghe =93 Fo59 /10 AR
oltt. AAMY $EEEE AYEAIYEHY cut-off
Fo9g AFHA BHo) vk, &, AYEHY
H cut-off FHTE EolA HW, AN S

1
{
|
|

Magnitude [dB]
g . \
2
T

Phase [deg]
¢ o228
)
ﬁi 4
5
|
7

100}
150}

10° 10' 10° 10°
Fregency [Hz)

Fig. 5 Frequency response of the sensor (simulation
and experiment)
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Fig. 7 Sensitivity change with respect to switching
frequency
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