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High Efficiency Sensorless V/f Control for PM Fan Motors
by Controlling Power Factor Angle

Student: Kai-Sheng Kan Advisor: Dr. Ying-Yu Tzou

Institute of Electrical Control Engineering
National Chiao Tung University

Abstract

This thesis proposes a sensorless V/f control method drives with sinusoidal current control
for permanent magnet synchronous motor. The control loop achieves optimal efficiency
control by detecting and correcting phase angle between motor voltage and current. The
method does not need complex calculations for coordinate transformation and model based
estimator such as in FOC based sensorless control schemes, and it also has advantage of
insensitive to motor parameters variation. The proposed method can be realized on both
single-phase and three-phase PM SM in applications like fans or pumps. For sensorless control
IC implementation of PM fan motors; this thesis proposes a control strategy have advantages
such as low cost, low- noise, low sensitive of parameter variation and high efficiency. This

thesis uses the model of synchronous rotating ()y-0) reference frame and torque speed

characteristic curve with small signal analysis to anayze the stability of V/f control method.
This thesis uses space vector diagram to illustrate the relation between efficiency and phase
angle between voltage and current. With the detection of phase angle between voltage and
current, the controller will generate a correcting incremental voltage to minimize this phase
angle error to reach to the optimal “efficiency operating point. Based on the derived
small-signal model, the controller has been designed and analyzed with simulation. The
proposed control scheme has been realized with a single-chip DSP controller 2407A, and be
applied to the control of a 18W 3-phase PMSM cooling fan. The experiment results show that
the proposed method has similar acceleration time compared with ZCPs detection method. At
steady state, the proposed method can maintain stable operation at different operation points.
It can improve phase current RMS value at least 12% than original controller on single-phase
fan motor. For three-phase fan motor, it can improve RM S value of phase current at least 35%
and improve average value of DC current at least 17% than origina controller. Compared
with ZCPs detection method, it can improve RMS value of phase current at least 4% and
improve average value of DC current at |east 13%.
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TRAPEZOIDAL AIR-GAPFLUXDISTRIBUTION
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L L
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L
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