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Design and analysis of the transverse flux sensor of active magnetic bearing

Jin Chaowu, Ye Zhoucheng,Zhou Jin,Xu Yuanping

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The transverse flux sensor is widely used in the magnetic bearing system due to its compact structure and high detection
accuracy. With the development of magnetic bearing technology, higher requirements are put forward for the detection performance of the
transverse flux sensor. To further improve the performance of the transverse flux sensor and meet the high-precision displacement
monitoring requirements of the magnetic suspension rotor, this article designs and analyzes the sensor for the sensitivity index. By
formulating the mathematical model of the sensor and the finite element analysis of the electromagnetic field, the relationship between the
excitation frequency and the coil parameters is studied. The correlation between the number of turns of the sensor coil and the sensitivity
is numerically studied. The influence of the skin effect on the sensitivity of the sensor is analyzed from the perspective of detecting the
rotor. The sensor signal processing circuit is designed to realize the conversion from displacement signal to voltage signal, and an
experimental platform is established to measure the output characteristics of the sensor. The experimental results show that when the
sensitivity of the sensor is 20 mV/pm, the detection range is + 500 pm, and the linearity is 0.69%. It has good dynamic
characteristics, which is suitable for high-precision radial position detection of the rotor of the magnetic bearing system.
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Fig. 1 Diagram of the transverse flux sensor
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Fig.2 Position detection principle of the transverse flux sensor

T o 3 £ SR 1 A AL B G ] 3 TR TRl R
U, L. R .C.. 55k 82 i 0 v | 4380 H
& AERHLBH G IRALAY . L, R, \C, M 53 R IR 2k P
A S A R I AR BEL VRS TR LA 5 R 4 P ) 1) LUK
L, R, .C, M, 5351 oy — 1~ IR I 4 Pl F) 25 400 H J | S5 30
FHLRE I PR L2 5 Al 2k B TR 4 BLURG, U . AR AR 1
LU

o—

C
Ve

P 3 o 1 oA S e A A L B

Fig.3 Diagram of transverse flux sensor equivalent circuit
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Fig. 4 Transverse flux sensor simulation model
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Table 1 Simulation structure parameters of the transverse

flux sensor
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Fig. 10  Influence of non-magnetic rotor material on the sensor
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Table 3 Static performance of the transverse flux sensor

WA rERE Kl

HrYE L/ pm +500
REUE/(mVepm ™) 20
LR/ % 0.69

wEEM/% +0.76

R/ % +1.23
ESCHRE E/ % 4.2




236 % & L F ¥

a4t

3.2 HFHMRIXMERIFEREN I

N 21 Fr7s S BRI e T S i H AR £
TR TN 2 P ) SRR L P it Bl AR A A, S
DrEAERARDL, G554k T [a]— A7 B AR B 5
7l g, SFLJRRNE P P A LR/, A Jese X 4 7 0 A A2 A
TR, BRAYIK 2 T G A R T RE O Y R, 1
T AT AR T A OIS | T B A SR Y R AU TR
EAERRAN S 1 T BRI, 7 5™ A 1) T F R 4R R A 3
e L AL 52 B 5 T 1 )R ) ARG, DT i 5 2 TR 1Y
RAGHE, WP 22 s, R IEas o (R o L )R
AUAE AR IRV S B AR R B ML, OF B R A2 IR L

481
]
—o— NEEMN
46 —h— T4
> —o— TRAMEER
S
B 44
=
i)
g 421
#
40F
33 L L . . . '
-600  -400  -200 0 200 400 600
AL x/um
P21 S [RI B X IR £ Pl i 1 H s B4 52
Fig.21 Influence of different materials on the output
voltage of induction coil
12r
8 -
2
S 4+
|
5
O -
&
£
94|
¥
,8 -

) l*2600 *4I00 *ZIOO (I) ZOIO 40IO 60IO
BB x/um
[&122  R[FEARERH S B A5

Fig. 22 Influence of different materials on sensor output
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