IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 7 Issue: Vi Month of publication: July 2019

DOIl: http://doi.org/10.22214/ijraset.2019.7198

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.177
Volume 7 Issue VII, July 2019- Available at www.ijraset.com

DC-DC Converter Fed Closed Loop Speed Control
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Abstract: The use of photovoltaic (PV) system is increasing rapidly due to its various advantages such as, pollution free, freely
available, noiseless operation etc. In this paper, PV is integrated to DC-DC converter. Brushless direct current motor (BLDC)
are used due to their high efficiency. Hence, BLDC motor is used for low power household applications. As the name implies,
BLDC motor do not use brushes.

They are electronically commutated. The commutation instants will be determined by hall sensor. Hall sensor will detect the
position of rotor.

Three- phase voltage source inverter (VSI) is used to perform the operation of electronic commutator. The reference speed is
treated as a corresponding voltage signal and is compared with the DC link voltage, whose error signal is given to a Pl
controller. The two converters Buck and single ended primary inductor converter(SEPIC) are compared for speed control of
BLDC motor drive.. A closed loop speed control simulation of Buck and SEPIC converter have been carried out using
MATLAB/ SIMULINK .

Keywords: Buck, SEPIC, PI, Hall sensor.

L. INTRODUCTION

In this paper PV cell is used as input. Renewable energy sources generate zero or less emission when compared to the non-
renewable sources[1]. The energy of sun is converted to electrical energy by PV cell. A permanent magnet brushless DC
motor(PMBLDCM) is widely used due to its various advantages. BLDC motors have high dynamic response, high efficiency, long
operating life, higher speed range, noiseless operation[2]. Hence, this motor is suitable for low power household applications. The
BLDC motor not only used in household application but also these are suitable for other application such as computer disc drives,
automobile starter, automobile wipers, medical equipment and many other industrial tools[3]. In this paper, PV cell is combined to
DC-DC converter which feds the BLDC motor.

A.  Problem Definition

To achieve the desired value of DC voltage supply linear regulated supply is commonly used. The disadvantages of a linear
regulated supply are that the output voltage is invariably less than the main output supply. A great amount of power loss takes place
with these arrangement and efficiency gets reduced. Using DC-DC converter this problem can be solved and also efficiency is
increased.

B. Motivation

Over past 10 years, BLDC motors replaced other motors in applications ranging from air conditioners to remote controlled drives.
So it becomes essential to design and develop new strategies for speed control of BLDC motor. PV power generation is evolving as
one of the most prominent renewable energy sources because of its merits such as eco-friendly nature, no noise and less
maintenance.

C. Obijectives of Paper

1) To study BLDC motor.

2) To design and implement the system which provides the smooth speed control.

3) Tosimulate a closed loop speed control model in MATLAB for Buck and SEPIC converter to observe result.

The remaining structure of the paper is organized in the following manner, In section Il DC-DC converter is explained . System
description and simulation results are presented in section I11. Section 1V concludes the work.
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1. DC-DC CONVERTER
The DC-DC converters are widely used in regulated switch- mode DC power supplies and in motor drive applications. The main
function of DC-DC converter is to convert DC input voltage into a DC output voltage and to regulate the DC output voltage with
line variation. The different types of DC-DC converter are Buck, SEPIC, Buck-Boost, Cuk, Boost etc. Each DC-DC converters has
own operating strategies[4,5]. In this paper, Buck and SEPIC converters are discussed.

A.  Buck Converter
Buck converter it is used for step down the voltage. It gives output voltage less than input voltage. Figure 1.1 shows the basic
circuit diagram of Buck converter. It contains diode (D), filter inductor (L), filter capacitor (C), voltage source (V) and load
resistance (R). The state of the converter in which the inductor current is never zero for any period of the time is called the
continuous conduction mode (CCM)[6]. In this state, diode(D) is reverse- biased when switch is ON. In discontinuous conduction
mode (DCM) inductor current is zero.

s ip L ) P8

i_— L | +
S .
Ic
“® > ci' Zn v

Figure 1.1 Circuit diag'ram of Buck converter

B. SEPIC converter

In Buck/Boost converter topology the output voltage is inverted when compared to the voltage supplied by the battery. This voltage
inversion can add complexity to a design, particularly when supplying analog components. SEPIC is a type of DC-DC converter
allowing the output to be greater than or less than the input voltage[7]. Figure 1.2 shows the circuit diagram of SEPIC converter.
The advantage of SEPIC converter is that its output voltage has same polarity that of input. SEPIC is useful in applications in which
a battery voltage can be above and below that of the regulator's intended output.
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Figure 1.2 Circuit diagram of SEPIC converter.

1. PROPOSED SYSTEM DESCRIPTION (SEPIC FED BLDC MOTOR DRIVE)
Figure 1.3 shows the block diagram of proposed system. The system contains PV, SEPIC converter, BLDC converter, BLDC motor,
hall signal. The solar energy is used as source. The energy from sun is converted into electrical energy by solar cell. The input
voltage obtained varies since the solar depends on atmospheric condition. The commutation instants will be determined by the rotor
position and the position of the rotor is determined either by position sensors like Hall sensor, position encoder and resolver etc or
by any of the sensorless techniques[8].

PV SEPIC BLDC BLDC
system Converter Converter Motor

Hall signal
Figure 1.3 Block diagram of proposed system(SEPIC fed BLDC motor drive)
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The output of PV cell voltage is fed to SEPIC converter and that is fed to the BLDC converter. The BLDC converter is commutated
based on hall sensor signal information . The output voltages of DC-DC converters are generally controlled by using a switching
concept. Converters based on IGBTs and MOSFETS switches are generally used[9]. The DC power supplies and the DC quantities
are not fixed, the inverter should compensate for such variations. Hall sensor senses the rotor position of BLDC motor and gives
signal to controller, that controller will give PWM signals to certain switches of VSI . Electronic commutation is a process of
decoding the hall Effect signals generated by the inbuilt encoder of the motor according the position of rotor. A voltage source
inverter can run the BLDC motor by applying three phase square wave voltages to the stator winding of the motor. VSI has six
switches for the positive pulse upper switches operates and for negative pulse lower switches operates. The stator winding of BLDC
motor is typically trapezoidally wound in order to generate the trapezoidal shape back-EMF waveform[10]. Maximum torque is
reached when the field lines are perpendicular. The reference speed is given as per the requirement of application. The reference
speed and actual speed is compared . And the error is modified by PI controller.

V. SIMULATION AND RESULT
A. Simulation of Buck converter fed BLDC motor
Figure shows the configurations of Buck converter fed BLDC motor for speed control. The Buck converter is designed for a
1000rpm.
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Figure 1.4. Simulation of closed loop speed control Buck converter fed BLDC Motor

Figure 1.5 to figure 1.8 shows stator current, torque, back EMF, speed waveforms for Buck fed BLDC motor for 1000 RPM
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Figure 1.5 Stator current waveforms of Buck converter fed BLDC motor Drive
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Figure 1.6 Back EMF waveforms of Buck Converter fed BLDC Motor Drive
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Figure 1.7 Torque waveform of Buck fed BLDC Motor

Figure 1.8 Speed waveform of Buck Converter fed BLDC Motor Drive
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B. Simulation of SEPIC Converter fed BLDC Motor
Figure 1.9 shows the proposed SEPIC converter fed BLDC drive for the speed control. PI controller is used for the speed control of
the BLDC driving constant torque
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Figure 1.9 Simulation of closed loop speed control SEPIC converter fed BLDC Motor

Figure 1.10 to figure 1.13 Shows stator current, torque, back EMF, speed waveforms for SEPIC fed BLDC motor waveforms for
1000 rpm.
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Figure 1.10 Stator current waveform of SEPIC converter fed BLDC motor drive
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Figure 1.11 Torque waveform of SEPIC fed BLDC Motor

Figure 1.12 Back EMF waveforms of SEPIC Converter fed BLDC Motor Drive

Figure 1.13 Speed waveform of SEPIC Converter fed BLDC Motor Drive
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Result
Rise Time: Time required for the response to reach 10% to 90%ofthe final value.
Setting Time: Time required for the response curve to stay within the tolerance band.
While designing the controller, the time domain specifications like rise time, settling time must be minimum.

Table 4.3 Result for BUCK and SEPIC for 1000 RPM speed

Converter Rise time(sec) Settling time(sec)
Buck 0.05 0.15
SEPIC 0.01 0.04

V. CONCLUSION

The DC-DC SEPIC converter fed BLDC drive speed control for low voltage application has been proposed. The complete system
has been designed and simulated in MATLAB/SIMULINK environment and implemented on a developed hardware prototype.
BLDC motor is free from commutator and brushes due to this the SEPIC fed BLDC motor drive system is more simple, economical
and reliable also robust and low maintenance. It is concluded using SEPIC converter and feedback control system smooth BLDC
speed performance is achieved. It is concluded that the SEPIC converter fed BLDC motor drive is found to be best for low power
applications when compared to Buck converter.
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