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Harmonic Current Suppression in the High-Speed Magnetically
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Repetitive Controller
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Abstract: Harmonic currents in active magnetic bearing
systems are caused by rotor imbalance and sensor runout,
which consequently result in harmonic vibrations. Repetitive
controller can suppress both same frequency and multiply
frequency harmonics, but traditional repetitive controller must
satisfy that the control system sampling frequency is an integer
multiple of the actual rotor speed, which severely limits their
applicability. To solve this problem, an improved dual mode
fractional order repetitive controller is designed. The Lagrange
interpolation method is utilized to convert the fractional order
to an integer, addressing the non-integer delay issue in
repetitive control. Even and odd harmonics are independently
suppressed through dual channels, the 1st, 2nd, 3rd, 4th and
Sth harmonics are respectively reduced by 87.9% , 61.3% , 86
9% , 36.9% and 85.3%. Simulation and experimental results
verify the accuracy and effectiveness of the improved repetitive
controller for harmonic current suppression.

Key words: active magnetic bearing system; sensor runout;
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Fig.1 Schematic diagram of magnetically suspended

rotor system
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Fig.2 Schematic diagram of unbalance of magnetically

suspended rotor
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Fig.3 Simplified block diagram of X-direction control

system with rotor unbalance and sensor runout
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Compared to traditional motors, high-speed
magnetically suspended motor has the advantages of
contactless no oil low

operation,, pollution ,

vibration, low power consumption, and active

control. During the operation of the high-speed
magnetically suspended compressor, the centrifugal
force from the imbalanced rotor leads to rotor
vibration. Rotor mass imbalance leads to the inertial
axis and geometric axis of the magnetic suspension
rotor to become misaligned, resulting in signal
interference synchronized with the rotor speed.
Sensor runout causes the axis detected by the sensor
to be inconsistent with the absolute spatial position of
the rotor, which results in the measured signal
containing harmonic noise. Moreover, when the
displacement sensor detects non-ideal characteristics
on its detection surface, it generates harmonic

currents at synchronous frequencies and multiples of

the rotational speed, causing shell vibration.
In this paper, an improved dual mode fractional
order repetitive controller is designed based on a

The

framework of this paper is shown in Fig.1. Firstly, a

high-speed magnetically suspended motor.
dynamic model of the high-speed magnetically
suspended motor rotor system is initially established.
Secondly, the vibration mechanism of the rotor is

Thirdly,

order

investigated. an improved dual mode

fractional repetitive  control  algorithm is

proposed. By adjusting the gain factors of the dual
channels and combining them with the Lagrange
interpolation, precise suppression of harmonic
currents at any frequency is achieved, and the delay
unit is minimized to accelerate the system response.
Finally, it is verified that the designed controller can
harmonic  current through

effectively  suppress

simulation and experiment.

Fig.1 The framework of this paper
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