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Abstract
This paper presents a design, development and simulation of a controller prototype for

Power Factor Correction circuit applied to BLDC Motor Control. A laboratory prototype
model of the Power Factor Correction circuit is designed and fabricated. Mathematical
modelling and simulation of the power factor correction circuit are implemented on the
MATLAB Simulink. The control algorithm is implemented on a 16 bit microcontroller
dsPIC33FJ32MC204 from Microchip. Experimental results thus obtained on the prototype

are also reported in the paper.
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Introduction

There is a lot of interest in using Brushless DC (BLDC) motors now days as it offers
so many advantages as compared to the DC motor. Among the numerous advantages of a
BLDC motor over a brushed DC motor are absence of the mechanical commutator which
allows higher speeds. Brush performance also limits the transient response in case of DC
motor. Source of heating in the BLDC motor is the stator, while in the DC motor it is the

rotor, therefore it is easier to dissipate heat in the BLDC and reduce audible and
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electromagnetic noise (Chia-Hao Wu & Ying-Yu Tzou, 2009, Ozturk, S.B &Oh Yang;
Toliyat, H.A. 2007).

There are many different types of brushless motors, and the differences are: the
number of phases in the stator, the number of poles in the rotor, the position of the rotor and
stator relative to each other (rotor spinning inside the stator vs. rotor spinning outside the
stator (Vinaya Skanda)

However all these advantages come with a price. As electronic commutation is
applied in control of BLDC motor, complexity of Power Electronic circuit is increased. To
achieve accurate and better performance from a BLDC motor, it is generally fed from a
Voltage Source Inverter (VSI). In this paper a MOSFET based 3® Voltage Source Inverter is
proposed. Use of VSI for controlling the BLDC also contributes to increase in Total
Harmonics Distortion (THD) of input current. The scheme proposed in this paper provides a
simple yet cost effective strategy to reduce the harmonics and achieve near unity Power
Factor.

Mathematical Modelling Of Brushless Dc (BLDC) Motor
The three phase star connected BLDC can be modelled by following equations:

Vap = Rliq — ip) + L= ((ia — i) + €q — € 1
Vpe = Ry — ic) + Lo (ip — i) + €5 — € 2
Vea = R(ic — ig) + L2 (ic — i) + €c — eq 3
To = kf@m + ] 2+ Ty 4

v, i and e are voltage phase to phase, phase current and phase back e.m.f. respectively.
L and R are per phase inductance and resistance respectively, whereas Te and T_ are
electrical and load torque respectively. Because of three phase balanced system back e.m.f of
the BLDC for each phase can be described:

ea = LonF(0,) 5
er = ZonF (0. - ) 6
ec = LonF (6. — ) 7
T, = “L|F(8.)ia) + [F (ee - 2?”) ibJ + [F (ee - 4?”) iCJ 8

ke and k; are the constant of back emf and torque respectively Based on equation (1),
(2) and (3) it is evident that each voltage is a linear combination of other two voltages. Two
equations are sufficient for deriving the mathematical model.
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So from eqgn (1), (2), (4) a complete model can be written as:
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Translating equation (5),(6),(7) and (9) into simulink model gives following BLDC
model as depicted in Fig.1.
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Fig.1: Simulation model of the BLDC

Working Of A Brushless Dc ( BLDC) Motor
In order to run a BLDC motor, a rotating Electric Field is necessary. A three-phase

BLDC motor has three Stator phases out of which two are excited at a time to create a
rotating electric field. This method is fairly easy to implement, but to prevent the permanent
magnet rotor from getting locked with the stator; the excitation sequence must be applied in a
specific manner while knowing the exact position of the rotor magnets. Position information
can be gotten by either a shaft encoder or, more often, by Hall Effect sensors that detect the
rotor magnet position. In a typical three phase, sensored BLDC motor there are six distinct
regions or sectors in which two specific windings are excited. Commutation sequence of a
three phase BLDC is depicted in fig. 2.
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Each commutation sequence has one of the windings energized with positive power
(current enters into the winding), the second winding is negative (current exits the winding)
and the third is in a non-energized condition. Torque is produced because of the interaction
between the magnetic field generated by the stator coils and the permanent magnets. Ideally,
the peak torque occurs when these two fields are at 90° to each other and falls off as the fields
move together. In order to keep the motor running, the magnetic field produced by the
windings should shift position, as the rotor moves to catch up with the stator field. What is

known as “Six-Step Commutation” defines the sequence of energizing the windings.
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Fig.3 Schematic of BLDC Control
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Table 1 - Sequence For Rotating The Motor In Clockwise Direction

< | Hall Sensor Input Active PWM Phase Current

S A B C A B C

S

(%2}

1 |0 0 1 Q1 Q6 DC+ OFF | DC-
2 |0 0 0 Q1 Q4 DC+ DC- OFF
3 |1 0 0 Q5 Q4 OFF DC- DC+
4 |1 1 0 Q5 Q2 DC- OFF | DC+
5 |1 1 1 Q3 Q2 DC- DC+ | OFF
6 |0 1 1 Q3 Q6 OFF DC+ | DC-

Table 2 - Sequence For Rotating The Motor In Anti Clockwise Direction

> Hall Sensor Input Active PWM Phase Current

EIA B C A B C

1 0 1 1 Q5 Q6 OFF DC- DC+
2 1 1 1 Q1 Q4 DC+ DC- OFF
3 1 1 0 Q1 Q4 DC+ OFF DC+
4 1 0 0 Q3 Q2 OFF DC+ DC+
5 0 0 0 Q3 Q2 DC- DC+ OFF
6 0 0 1 Q5 Q6 DC- OFF DC+

By reading the Hall effect sensors, a 3-bit code can be obtained with values ranging

from 1 to 6 as shown in figure . Each code value represents a sector on which the rotor is

presently located. Each code value, therefore, gives us information on which windings need

to be excited. Thus a simple lookup table can be used by the program to determine which two

specific windings to excite and, thus, turn the rotor.

Power Factor Controller Design
The Controller of the PFC consists of two control loops —one for voltage control and

another for current control. Two PI controller one for Voltage and another for current are

implemented. Voltage Controller loop continuously scan reference dc voltage compares the

same with actual dc output voltage (Pradeep Kumar, P. R. Sharma and Ashok Kumar 2012).

The error is processed through a PI controller and a current reference is generated by

multiplying the input AC Voltage.
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Fig.4 Controller Block Diagram for PFC

The current reference acts as a reference to inner current controller loop, which
produces the duty ratio information for the PWM pulses.

Transfer function of the Voltage Controller is given by
Gy(s) = kpy + 22 10
Where k,, is proportional constant for voltage controller and k;, is the integral

constant for voltage controller

1+T
Gy(s) = kpv( ;:SS) 11
Similarly Transfer function of the current Controller is given by
Gi(s) = kp; +% 12

Voltage controller bandwidth is 10 Hz, so that the 2" harmonic ripple in the DC bus

voltage are eliminated
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Fig.5 Bode plot of designed voltage controller
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Considering the Bandwidth of the controller 10 KHz for faithfully tracking the
rectified voltage of the frequency of 100 Hz. Location of zero is chosen to be 800 Hz well

below 8 KHz, the cross over frequency of 8 KHz. for the Current controller.

Gi(s) = ki () 13

Where k,,; is proportional constant for current controller and k;; is the integral

constant for current controller.
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Fig.6 Bode plot of designed current controller
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Fig. 7 Flow Chart for the software of the Power Factor Correction for BLDC
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Software of the controller as depicted in Fig.7 is implemented on dsPIC. There are
two interrupt initialised for operating Power Factor Correction.

Design Of A Power Factor Correction Prototype For Bldc
Figure depicts the prototype developed to demonstrate the implementation of a Power

Factor Correction for a BLDC Motor. 1st stage of the prototype consists of a Boost
converter, followed by a 3 ® MOSFET inverter. Boost converter is realised by a an advanced
smart power module FPAB30BH60 developed by Fairchild Semiconductor. It is a
combination of protection circuitry and drive IC matched to high frequency switching IGBTs
(Smart Power Module Data sheet ) There is also a provision integrated under-voltage lock-
out and over-current protection function. Internal block diagram of the module is shown in
fig.8.
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Fig. 8 : Internal Equivalent Circuit of FPAB30BH60
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Fig. 9: Schematic of the PFC for BLDC
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Simulation Results
Simulations carried out on MATLAB are reported as below:
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Fig. 10 (a), (b) and (c) : Phase Currents of the Simulated BLDC Controller
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Fig. 11: Simulated BLDC Controller Rotor Speed
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Fig. 12: Simulated BLDC Controller Electric Torque

Fig. 13: Simulated BLDC Controller Phase Voltage

All the simulation results are obtained on the MATLAB simulink for a step load
demand varied from 0 to 0.3 mNm.

Experimental results
Experimental Results as obtained from the prototype developed are as following:
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Fig.14. Line Voltage of BLDC
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Fig. 17: Comparison of Simulated and actual Harmonic and THD

Conclusion
An overview of the Power Factor Correction for BLDC motor is presented.

Implementation of the PFC on a microcontroller is achieved. It shows that a low cost solution
for Power Factor Correction as applied to BLDC motor control is workable and cost
effective.
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