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Performance Improvement of Instantaneous Harmonic-Reactive-Power Based
PM Motor Control System without Rotor Position Sensor

Kazunori Motono, Student Member, Toshihiko Noguchi, Member (Nagaoka University of Technology)
Kimihiro Takehana, Member (Shinano Kenshi Co., Ltd.)

Abstract - This paper presents three techniques to improve control performances of an instantaneous harmonic-reactive-power
based PM motor control system without a rotor position sensor. The first technique is harmonic-current injection control using
resonant transfer functions in a current control loop, which prevents waveform distortion of the injected harmonic currents caused
by spatial harmonics of the motor. The second one is a method to compensate for coordinate transformation of the currents and
the voltage commands by using a position estimation error. This method is effective to suppress current ripples as well as speed
ripples that depend on the position estimation error. The last technique is devoted to compensation of the disturbance torque,

which utilizes an acceleration signal in the position estimator.

In the paper, all the approaches to improve the control

performances have been examined by simulations, which demonstrates effectiveness and feasibility of the proposed methods.
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Fig. 1. Current control loop with harmonic-current controller.
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Fig. 2. Frequency characteristic of g-axis current loop.
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Fig. 3. Position-sensorless IPM motor control system.
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TABLE] MOTOR PARAMETERS AND RATINGS

Nominal Parameters of Test Motor

Field flux linkage
Armature resistance
Moment of inertia
d-axis inductance

g-axis inductance

0.306 (Wb)
14.8(0)
0.00414 (kgm?)
0.248 (H)
0.485 (H)

Rated power
Rated voltage
Rated current
Rated speed
Number of pole

100 (W)
200 (V)
0.7 (A)
1500 (rpm)
4
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Fig. 4. Effect of harmonic-current injection controller on speed step responses.
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Fig. 5. Current controller taking position-estimation-error
into account

(b) g-axis current control loop.
K6 M EHEERECLZEFIN—TOTH

Fig. 6. Interferences of position-estimation-error to current loops
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Fig.7. Compensation blocks in current controller.
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Fig. 8. Effect of position-estimation-error on speed step responses.
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Fig. 9. Speed controller with disturbance torque compensation.
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Fig. 10. Disturbance step responses.



