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Diamagnetic levitation inclinometer based on electromagnetic induction

Xu Yuanping, Yuan Gaozhan,Zhou Jin, Yu Min

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 20016, China)

Abstract: As an important angle measurement device, the inclinometer is widely applied in aerospace attitude monitoring and other
fields. High-resolution and high-sensitivity inclinometer is a prerequisite for accurate angle acquisition. However, existing inclinometers
are often affected by friction-induced accuracy limitations, hindering their applications in precision measurement fields. This article
proposes a diamagnetic levitation inclinometer based on electromagnetic induction, characterized by high resolution and non-contact
measurement. By utilizing diamagnetic materials as a sensitive element and constructing a permanent magnet array with a potential energy
well, stable levitation of the sensitive element is achieved. The measurement principle of the inclinometer is proposed based on the
electromagnetic induction effect between the measurement unit and the sensitive element, the levitation position of the sensitive element
changes with the input angle. An experimental platform is established to test the sensor’s performance. Experimental results show that
the inclinometer can achieve dual-axis angle measurements within a range of +1.3°, resolution of 0. 005°, and linearity of 0. 18%. It
has significant potential for applications in the precision measurement of small tilt angles.
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Fig. 1 Diagram of the sensor structure
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Fig.2 Diagram of stable levitation of
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Fig. 3 Overall scheme of sensor measurement circuit
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Fig.4  Detect unit and modulation circuit of the sensor
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Table 1 Main parameters of the permanent magnet

array and pyrolytic graphite sheet (mm)
28 Hd
KEAAK a 10
AKREAR TS BE b 4
WA B AK o 10
AR S B 0.5
P B T RTE R by 0.8

2.1 HMEBEEERRSHIHARBZEREESH

N T ARAHER ) K B AR A B M R AT R
JEEI b S ke B A A AN IR 5 R W
P e IR FEY) B, B Sh BRI A AL,
Jorp e RS Sh AR LI 2 i B R as 8l KR8 sh AL AT LA
B wy VLGB0, S R K BER B S e B
R RN A A RE A S Sl A B AT 0 PR 2 A Ak
i RN

KREARRES
IS 2L S

K5l o R e e

Fig.5 Magnetic flux density measurement device
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Fig. 10  Diamagnetic force measurement device
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Fig. 19  Sensor resolution and corresponding time experiment
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