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Abstract: This Paper is Presented According to the Control Strategy of the Pulse Width Modulation Techniques.
Sinusoidal Pulse Width Modulation (SPWM) is used for Simulation of Brushless DC Motor Drive. Also the Hall
Sensors are used to Sense the Rotor Position. According to the Hall Signal of Sense from the Rotor we get Six Signals.
By Comparing Reference Speed and Actual Speed we get Error signal, now this Error Signal is compared with the
Triangle Wave Generator and finally we get Final Error Signal. By Adding Previous Six Signals with this Error Signal

of output will get Six Pulse, the Generated Six Gate Pulse given into the Inverter Circuit. The Simulation software used
for the same is MATLAB/SIMULINK.
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I INTRODUCTION

Brushless DC Motor Drive is introduced in the decade of _Fm F « ~
1990°’s. The research is still going the low cost and A(;"S"‘““]" (\‘tfn:‘;'rll)e(r ol Coeris ) Acoc( )
improved efficiency of Brushless DC Motor Drive. In e i) I it R J
recent years, as permanent magnet materials, computer I I
technology, intelligent control technology and power S . 4
electronics technology, especially the power switch Reference | Controllig .| Sensing
component technology has been rapid development, and it Sgal [~ Unit | | Unit

laid an important foundation for the research and Figure 1 Basic Block Diagram of BLDC Motor Drive
manufacture of the permanent magnet brushless.

DC motor (BLDCM) BLDC motor is becoming more
popular and is widely used in wide range of applications
from small, low power applications like fan and disk

B. Hall Sensor Output Pattern

Table 1 Switching sequences according to
the hall pattern
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drives to the large industrial automation and aerospace | wode | Oupu fverter Switches Phase Voltnge
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operating life and high power density [3]. o T o o o [ o 110 [ver [wamr |-
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BLDC motors are powered by a conventional 3@ inverter 6 1ol o 1100 o001 |vaer]| - | vanr

which is controlled based on the rotor position information L i .
so it requires rotor position information for electronic 1N Switching pattern of inverter as per the rotor position.

commutation. Position sensors such as Hall sensor, And also it mentioned the phase voltage of each winding.
position resolver and absolute position sensors are used to 1 N€ Switching pattern according to the Hall sensor signal
detect rotor position. Generally hall sensors are used to 9iven into the Table-1.
detect position of rotor [9]. C. Ideal Wave Form of BLDC Motor
The ideal wave form of the BLDC Motor is given in the
1. BASIC CONCEPT OF BLDC MOTOR Figure-2. We can see the back EMF of the motor as well
DRIVE as the individual phase current of the motors.

A Block Diagram of BLDC Motor Drive 82
The given block diagram in Figure-1 is introduce the drive
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system of electric motor weather it is AC/DC. Motor drive , i ===="J1NI.
which is used for BLDC Motor is based on Pulse Width & q< |
Modulation (PWM) z ! N P '
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In given block diagram the control unit is generating gate
pulse according to the reference and feedback signal and
control the speed of motor.
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Figure 2 Ideal Wave Form of BLDC Motor Drive
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I11. SINUSOIDAL - PULSE WIDTH MODULATION
TECHNIQUES

In Sinusoidal Pulse Width Modulation (SPWM) technique
the signal is generated by comparing a sinusoidal
reference signal with a triangular carrier wave of
frequency fc. The frequency of the reference signal f;
determines the output frequency f, and its peak amplitude
A, controls the modulation index M. The gating signal for

SPWM technique is shown in Figure-3.
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Figure 3 Principle of PWM Generation

Now comparing the bipolar carrier signal V¢ with two
sinusoidal reference signal V, and -V, produces gating
signal g1 and g4 respectively. However g1 and g4 cannot
be released at the same time. The number of pulses per
half cycle depends on carrier frequency. Within the gate
signal
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Figure 4 Sinusoidal PWM Techniques

Generated from H-bridge, the two transistor of the same
arm cannot conduct at the same time. The instant is shown
in Figure-4.

v. SIMULATION OF BLDC MOTOR DRIVE

USING CONTROL SCHEME
The operation of Brushless DC Motor Drive using PWM
is given into the Figure-5. The control strategy is used for
the following drive system is Sinusoidal Pulse Width
Modulation (SPWM). Also we used three Hall Sensors for
calculation the Back EMF of the motor. Hall sensor
signals sense the rotor position and according that signal
we can calculate the Back EMF of the motor. Once Back
EMF signal is achieved then that signal is compared with
the carrier wave triangle signal and we can get Six Pulse
gate signal pattern from that. Finally the achieved gate
pulse is given into the Inverter Bridge and we get the
speed control of the Brushless DC Motor.

A Simulation of BLDC Motor
Simulation of the Brushless DC Motor is given into the

Figure-6. As we talked earlier about the Hall Sensor
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Signals and the Back EMF calculation according to the
hall signals and then finally Six Pulse achieved by doing
all the exercise we can get the smooth speed control of the
Brushless DC Motor.

B. Results

According to the simulation of Brushless DC Motor we
can get the result in below (a) Three Phase Back EMF is
given in Figure-7, (b) Three Phase Hall Effect Signal is
given in Figure-8, (c) Three Phase Stator Current is given
in Figure-9, (d) Electromagnetic Torque is given in
Figure-10.
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Figure 5.

Figure 6 Simulation Circuit using
MATLAB/SIMULINK

Figure 7 Three Phase Back EMF of BLDC motor
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Figure 8 Three Phasé HALL Effect Signal
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Figure 9 Three Phase Stator Current
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Figure 10 Electromagnetic Torque in Nm

V. CONCLUSION

The applications of brushless DC (BLDC) motors and
drives have developed significantly in recent decade in the
domestic as well as industrial appliances and automotive
industry. The predictable sensorless method based on
neutral motor point has limited its application since it has
relative speed range, suffering from high common mode
voltage noise and high frequency switching noise. In this
paper, a back EMF sensing techniques, direct back EMF
sensing, without motor neutral voltage for BLDC drives in
proposed, analysed, and extended, overcoming the
drawbacks of the conventional scheme.

The harmonizing PWM algorithm can eradicate the offset
voltage in the back EMF signal caused by the voltage drop
of the diode, and also increase the system efficiency by
reducing the conduction loss. The SPWM is quite
pretentious and simplicity to control the BLDC motor
drive.
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