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Abstract

In this paper, performance of voltage source inverter.(VSI) fed Permanent Magnet Brushless DC Motor(PMBLDCM) with Power Factor

Correction (PFC) is discussed. A power factor correction converter is suggested at the input to correct the power factor on the input side.

The conventional circuit is improved by introducing double boost converter at the input side. The Pulse Width Modulation (PWM) invert-

er fed Permanent Magnet Brushless DC motor system with L-filter, T-filter and double boost converter are simulated and the results are pre-

sented. The performance of PMBLDCM operating with the above mentioned converters is studied. By digital simulation, the characteris-

tics of the PMBLDCM system are investigated. FFT analysis for various converters is presented. The simulation results indicate improved

performance.
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Introduction

Permanent Magnet Synchronous Motor (PMSM) with sinu-
soidal shape back-EMF and brushless DC (BLDC) motor
with trapezoidal shape back-EMF drives have been exten-
sively used in many applications, ranging from servo to trac-
tion drives due to several distinct advantages such as high
power density, high efficiency, large torque to inertia ratio,
and better controllability (Hao and Toliyat 2003). Brushless
DC motor (BLDC) fed by two-phase conduction scheme has
higher power/weight, torque/current ratios and it is less
expensive due to the concentrated windings which shorten
the end windings compared to three-phase permanent mag-
net synchronous motor (PMSM) (Krishnan 2002; Pillay and
Krishnan 1991 and Uzuka et al 1985. The most popular way
to control BLDC motors is by PWM current control in which
a two-phase feeding scheme is considered with variety of
PWM modes. In general, AC motor drives have very poor
power factor due to the harmonics in the line current. As
compared to conventional analog controllers, digital regu-
lators offer several advantages such as possibility of imple-
menting nonlinear and reduction of the number of control
components, high reliability, low sensitivity to component
aging, better performance than that in analog implementa-
tion with the same cost, reduced susceptibility to environ-
mental variations such as thermal drifts, and negligible off-
sets. Digital control PFC implementations have been inves-
tigated by many researchers (Buso et a/ 1998; Fu 2001 and
Zhou et al 2001). Majority of the work has been done on the

implementation of the analog PFC techniques in the digital
platform. Power factor correction of DTC PMBLDCM sys-
tem is presented by (Salih et al 2007). Single chip integra-
tion for motor drive converters with powerfactor capability
is given by Consoli (Alofio 2004). Energy recovery stage is
used for active power control operation. There is very little
work in the literature to implement the PFC methods. The
above literature does not deal with double boost converter-
VSI fed BLDC motor. In the present work, double boost con-
verter is proposed at the input side to improve the power factor.

PMBLDC motor drive systems

Permanent Magnet Brushless motor drive with various input
filters is considered. VSI fed PMBLDC motor with L-filter
and T-filter are discussed in this section.

VSI fed PMBLDC motor

Fig. 1 shows the schematic diagram of the VSI fed BLDC
motor. An uncontrolled diode rectifier is used to convert the
single phase AC voltage into a constant DC link voltage.
The output of the rectifier is fed to the PWM inverter fed
BLDC motor. The MATLAB simulation of the VSI fed
BLDC motor is carriedout and the simulation results are pre-
sented in section-3. The phase angle between voltage and
current is very large. L-filter/ T-Filter may be used to reduce
the phase angle so that the power factor can be improved.
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Fig. 1: VSI fed BLDC motor

VSI fed BLDC motor with L- filter

Inductors and capacitors are used in conjunction with the
diode rectifier bridge to improve the waveform of the cur-
rent drawn from the utility grid. The simplest approach is to
add an inductor on the AC side of the bridge rectifier as

shown in Fig. 2. The phase angle between voltage and cur-
rent can be reduced by using L-filter.
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Fig. 2: VSI fed BLDC motor with L- filter



Narmadha and Thyagarajan

VSI fed BLDC Motor with T-filter

It is possible to further improve the input power factor by
using a T-filter on the AC side. The AC line current can also
be smoothened by using filters in the line just before the
power electronic converter system. Inductors L, and L,
basically increase source side inductance. They reduce
higher order harmonics in the current. They also reduce output
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of the rectifiers can be made sinusoidal and in phase with the
input voltage, thereby having an input power factor of
approximately unity. A unity power factor circuit that com-
bines a double boost converter and 3- phase inverter circuit
fed BLDC motor drive is shown in Fig. 4a. Double Boost
Converter circuit is shown in Fig. 4b.

T-Filter

<Fotor speegiwim (rad's)> .

N g S OITEEES A ()
<Stator currertis b )=
S <Stator curertis

|
M3|:§I

i

&

Soope 1

|

Fig. 3: VSI fed BLDC motor with T-filter

Double Boost converter and 3- phase inverter fed BLDC
motor

It is possible to further improve the powerfactor using
Double Boost Converter. Diode rectifiers are the most com-
monly used circuits for applications where the input supply
is AC. The power factor of diode rectifiers with a resistive
load can be as high as 0.9 and it is lesser with a reactive load.
With the aid of modern control technique, the input current
voltage ripple and current stresses on the rectifier diodes.
The capacitor suppresses the high frequency harmonics and
transients from being coupled to and from the source. The
phase angle can be further reduced by using T-filter. The T-
filter is designed such that X is greater than X_.

PWM Inverter fed brushless DC motor drive

The PWM inverter configuration is also termed as six step
bridge inverter. MOSFETs are used as switching devices.
The double boost converter is connected to three-phase
Brushless DC motor through a three-phase bridge inverter
with a suitable control circuitry which changes the switching
frequency of the Inverter. For speed control of motor, the
output frequency of Inverter must be varied. The applied
voltage to the motor must also be varied in linear proportion
to the supply frequency to maintain the flux constant.
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Fig. 4a: Double boost converter fed BLDC motor
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Fig. 4b: Double boost converter circuit

Simulation Results

With the help of designed circuit parameters, the MATLAB
simulation of the above circuits are performed and the results
are given here.

VSI fed BLDC motor

The Simulation results of input voltage and input current of
VSI fed BLDC motor are shown in Fig. 5a. It is seen that the

phase difference between input voltage and input current is
large. Hence the power factor is poor. The rotor speed char-
acteristic of VSI fed BLDC motor is shown in Fig. 5b. The
three phase output current of VSI fed BLDC motor is shown
in Fig. 5c and it is nearly sinusoidal. The Frequency
Spectrum of VSI fed BLDC motor is shown in Fig. 5d. The
total harmonic distortion is 20.28 % when the motor is oper-
ated at 50 Hz frequency with constant torque load.
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Fig. 5d: Frequency spectrum of input current

VSI fed BLDC motor with input L-Filter

The input voltage and current of VSI fed BLDC motor with
input L-filter are shown in Figure 6a. The phase difference
between input voltage and input current is comparatively
less than that of VSI fed BLDC motor. Hence with L-filter,
the power factor is improved. Fig 6b. shows the rotor speed
of VSI fed BLDC motor with input L-filter. The simulated
result shows that rotor settles at rated speed . Fig 6¢ indi-
cates that the output current waveform is sinusoidal. Fig 6d.
shows the Frequency Spectrum of VSI with input L-filter
and the corresponding total harmonic distortion is 12.39%.
Thus THD is reduced by adding inductor filter.
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Fig. 6a: Input voltage and current waveforms
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VSI fed BLDC motor with input T Filter

The input current waveform of VSI fed BLDC motor with
input T filter is shown in Fig. 7a. The input voltage and cur-
rent waveforms of VSI with input T filter fed BLDC motor
is shown in Fig. 7b. It is seen that phase difference between
input voltage and input current is reduced. Hence the power
factor is improved and it is higher than that of L- filter fed
BLDC motor. The rotor speed of VSI fed BLDC motor with
input T-filter is shown in Fig. 7c. The simulated result shows
that the rotor reaches the rated speed in 0.5 seconds. Fig 7d.
shows that the output current waveform is sinusoidal. Fig
7e. shows the Frequency Spectrum of VSI with input T-fil-
ter. The total harmonic distortion reduces to 11.59% by
using T- filter at the input.
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form. Fig 8d. shows the Frequency Spectrum of Double
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Boost converter fed 3-phase inverter BLDC motor where the
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Table III.I: Comparison of THD in Phase Current

Types of converter THD in phase current %
VSI fed PMBLDC motor 20.28

VSI fed PMBLDC motor

with input L-filter 12.39

VSI fed PMBLDC motor

with input T-filter 11.59

VSI fed PMBLDC motor

with Double Boost Converter 6.80

Table IIL.II: Comparison of phase difference between
Input voltage and input current

Types of converter Phase difference
between input voltage

and input current

VSI fed PMBLDC motor 90°

VSI fed PMBLDC motor

with input L-filter 72°

VSI fed PMBLDC motor

with input T-filter 54°

VSI fed PMBLDC motor

with double boost converter 0°

From the Table IILI, it can be seen that total harmonic dis-
tortion in phase currents are lesser in Double Boost
Converter. From Table II1.11, it can be seen the phase differ-
ence between input voltage and input current is 0°. This sys-
tem has high power factor with less total harmonic distortion.

Conclusion

PMBLDC drive system is modeled using the blocks of
Simulink and the simulation results are presented. From the
FFT analysis, it is observed that the THD is reduced by
7.89% by using series inductor filter. THD is reduced by
8.69% with T filter and it is reduced by 13.48% by using
double boost converter. Thus the boost converter fed
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PMBLDC drive gives better performance since the heating
due to harmonics is reduced.

The PWM inverter fed BLDC motor with power factor cor-
rection converter has been successfully simulated. The fre-
quency spectrum for the output voltage was obtained. It is
observed that the harmonics are minimum in the case of dou-
ble boost converter fed 3- phase inverter system. From the
simulation results of power factor correction converter, it is
observed that double boost power factor correction convert-
er is a better converter since the input power factor is nearly
unity. This system has advantages like high power factor,
low THD and reduced maintenance.
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