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A Collocated Eddy-Current Displacement Sensor for Magnetic Bearings
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Magnetic bearings use electromagnetic force to support the rotating shaft without any mechanical contact and actively
control shaft vibration, hence, there is no mechanical friction and wear due to contact during the operation, and it has a
semi-permanent lifespan. Because magnetic bearings are unstable by themselves, a gap sensor is necessary to stably
control the position of objects. However, there is a limit to the improvement in control performance because the sensor is
installed on one side of the bearing and is not aligned with the electromagnet. This paper presents a newly developed
collocated eddy-current PCB displacement sensor for magnetic bearings. The PCB sensor is designed and built to install
between the poles of a magnetic bearing and to minimize the electromagnetic interference. A sensor calibration test is
performed to evaluate the sensitivity and noise of the collocated PCB sensor. In addition, the control performance of the
collocated PCB sensor is evaluated by measuring the closed-loop sensitivity function of a 1 DOF magnetic suspension test rig.
The collocated PCB sensor has noise within +1 um and excellent vibration suppression performance.
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Fig. 1 The proposed PCB eddy-current sensor

Table 1 Specifications of the collocated PCB eddy-current sensor

Item Value Unit
Turns per layer 17 Turns
Sensor coil layers 4 Layers
Inductance 6.36 pth
Sensor resonance frequency 15.78 Mhz
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Fig. 2 The sensor amplifier

Table 2 Specifications of the sensor amplifier

Item Value Unit
Resolution 24 Bits
Conversion rate 180 kSPS
SPI communication clock 8 MHz
Sensor driving frequency 0.5-10 MHz
Sensor target
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Fig. 3 Sensor calibration test rig
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Fig. 10 Measured closed-loop sensitivity functions with various
sensors and the steel target (Unit: A/m)
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sensors and the Al taped target (Unit: A/m)

Fig. 12 A radial magnetic bearing module with the proposed
collocated PCB eddy current sensor
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