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This study focused on efficiency improvement of BLDC motors via reduction of torque ripple, core loss, and permanent magnet loss.
To achieve this objective, we proposed an improved 150° commutation method for three-phase permanent magnet brushless DC (BLDC)
motors to improve the current waveform. Although the 120° commutation method is generally employed for a BLDC motor, the 150°
commutation method is introduced in order to operate the BLDC with the same efficiency as a brushless AC (BLAC) motor. Moreover,
an improved 150° commutation is proposed to reduce the phase current harmonics. The study investigates the attributes of different
commutation methods analytically and experimentally in order to determine the optimal commutation method. The result of this study
indicates that the improved 150° commutation method is optimum in terms of harmonic attributes, and reduced torque ripple, thereby

improving the motor’s efficiency.

Index Terms— Brushless motors, AC motors, Commutation, Coupled mode analysis, Finite element method

|. INTRODUCTION

GENERALLY, BRUSHLESS DC (BLDC) motors use three low-
cost Hall sensors to obtain information regarding the
position of the rotor, and operate using a 120° commutation
method. Furthermore, BLDC motors require an ideal
trapezoidal back-EMF waveform owing to input current.
However, it negatively affects the motor performance owing to
the notch phenomenon of current. In addition, torque ripple,
core loss, and permanent magnet loss may result from current
harmonics. Therefore, to minimize this effect this study focused
on a new commutation method to generate a sinusoidal current
waveform [1]-[3]. This paper proposes an improved 150°
commutation method to generate a sinusoidal current waveform;
this method is compared with the 120° and 150° commutation
method. The method is validated using an analytical method, a
coupling analysis technique, and an experiment.

Il. COMPARISON OF COMMUTATION METHODS

A. Pole, neutral, and phase voltages according to
Commutation methods

Figure 1 shows the pole, neutral, and phase voltages of the
general 120°, 150°, and improved 150° commutation methods,
respectively. As shown in Fig. 1(b), although the 150°
commutation method results in lower phase voltage harmonics
than the 120° commutation method (Fig. 1(a)), the phase
voltage harmonics for the 150° commutation method is still
high [4]-[6].

Therefore, this paper presents an improved 150°
commutation method for reducing the harmonics as compared
to the 150° commutation method. As shown in the Fig. 1(c), it
is evident that the harmonics are significantly reduced as
compared to the 120° commutation method. To realize the
improved 150° commutation, a pole voltage of Vgsin60°
should be applied in the 15°~45°, 75°~105°, and 135°~165°
ranges of the general 150° commutation.
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Fig. 1. Pole, neutral, and phase voltages of commutation methods
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B. Consideration on Commutation method

The voltage phasor diagram of the general 120° commutation
is shown in Fig. 2(a). As shown in the figure, the 120°
commutation method cannot have a sinusoidal phase voltage
since the voltage phasor diagram is hexagonal in shape. Voltage
phasor diagrams of the 150° commutation and improved 150°
commutation are shown in Figs. 2(b) and 2(c). To generate the



sinusoidal phase voltage, the shape of the voltage phasor
diagram must be similar to a circle, such as that of the BLAC
control. It can be seen from Fig. 2(c) that the voltage phasor
diagram of the improved 150° commutation is similar to a circle.

A < Phase \Voltage >
f\van “Vhn —Ven
2
[}
g >
S
@ e ®: 6 6
0 Electrical Angle [deg] 360
(a) 120° Commutation method
p < Phase Voltage >
an bn cn
E -
) >
g >
S
2 BHOHOIS [GHO) ©oo
0 Electrical Angle [deg] 360
Commutation method
Y < Phase Voltage >
V4 Vi VS
>
g >
S
[EHOHOHOHGHO) @@

0° Electrical Angle[deg] ~ 360°

(c) Improved 150° Commutation method
Fig. 2. Voltage phasor diagram of commutation method

IIl.  ANALYSIS RESULTS

In order to prove the efficacy of the improved 150°
commutation method proposed in this study, each commutation
method attribute was analyzed; BLDC control circuit was
established and the co-simulation with the finite element
method (FEM) was carried out.

The control logic and circuit for co-simulation are shown in
Fig. 3. Table I shows the analysis results of the co-simulation;
the improved 150° commutation method stands out in terms of
torque ripple and efficiency.

IV. EXPERIMENT RESULTS

Figures 4 shows the experimental equipment, the
experimental current waveform of 120°, 150°, and the
improved 150° commutation methods respectively. As shown
in Fig. 4 the improved 150° commutation method exhibits more
sinusoidal current waveforms. Moreover, the fact that the
improved 150° commutation method consumed the least
current to yield 2 Nm at 1,325 rpm, reflects the efficiency
improvement.

The total harmonic distortion (THD) analysis of each method
is as shown in Table II. Table II shows that the current
harmonics of the proposed commutation method reduced five
times compared to that of the 120° commutation method, and
two times compared to that of the 150° commutation method.
Therefore, the improved 150° commutation method reduces the

current harmonics, thereby reducing the torque ripple and
improving the efficiency significantly.
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Fig. 3. Control logic and circuit for co-simulation
TABLE I
RESULTS OF CO-SIMULATION
DC-link36V 120° 150° Improved Unit
@1,325rpm Comm. Comm. 150 ° Comm.
Current/Torque 5.06 4.23 4.08 A/Nm
Torque Ripple 24.1 13.6 12.03 %
Efficiency 92.1 94.81 95.09 %
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Fig. 4. Experiment current waveform
TABLE I
RESULTS OF CURRENT EXPERIMENT
120deg 150deg Improved .

@ 2Nm Comm. Comm. 150deg Comm. Unit
Current 10.35 8.62 7.96 Arms
Current/Torque 5.27 4.31 3.98 A/Nm
THD 0.287 0.112 0.055 -
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