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Abstract: The generation of solar energy and its conversion techniques gained greater importance due to increase use of
electricity. The power generation scheme is more striking due to its advantages among all the Renewable Energy Sources. This
project introduces a PV fed interleaved boost converter for BLDC motor, which is a simple, cost effective and efficient brushless
DC (BLDC) motor drive for solar photovoltaic (SPV) array system. A interleaved boost converter is used in order to extract the
maximum available power from the SPV array. This control algorithm eliminates phase current sensors and adapts a
fundamental frequency switching of the voltage source inverter (VSI) hence avoids the power losses due to high frequency
switching. In speed control of BLDC motor no additional circuitry or control is used. An appropriate control of interleaved boost
converter is done by the incremental conductance maximum power point tracking (INC-MPPT) algorithm which offers soft
starting of the BLDC motor. The proposed system is designed and modelled at steady state conditions of practical operating
conditions is demonstrated through simulation results using MATLAB/ Simulink.

Keywords: Incremetal conductance, Interleaved boost converter, Maximum power point tracker (MPPT), solar photo voltaic
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L. INTRODUCTION

The use of electricity is increasing day by day, So we may have to move over to renewable sources of energy. The increase in cost
of fossil fuel and environmental pollution are the problem of fossil fuel. The renewable energy resources like solar energy have no
emission during its working so it have minimum pollution. Solar power is varying with climate condition it depend on solar
irradiance and temperature. The P and O algorithm, artificial neural network, fuzzy logic control gives better performance but they
are complex and time consuming so, here use incremental conductance algorithm which is simple and accurate.The generation of
voltage for renewable energy like solar and fuel cell generate low voltage which need to be stepped up.

The stepping up of voltage is done by using DC-DC converters. The boost converter have reduce efficiency and voltage gain with
large duty cycle due to losses of switch and diode and equivalent series resistance of inductor and capacitor makes high stress on
main switch leads high conduction loss. In switched-capacitor they are connected in series and supply energy to load hence the
voltage is multiplied so the voltage is improved. But it increases the circuit complexity and high voltage stress on switches makes
high conduction loss and increase the cost of converter. The coupled inductor have high voltage gain but it increases the voltage
stress on switch due to leakage inductance. Converter using voltage multiplier cell technique have high voltage conversion but
overall system size and cost are increased with several cell multiplier cell technique. In a transformerless buck- boost converter
have high voltage gain but stress in switch and diode in this converter is high. So, the losses in converter is high. In high step-up
transformer less converters is presented. Here one main switch is used with the switched- capacitor technique. In the multi phase
transformer less converter with high voltage gain is proposed. The voltage stress is low So the losses can be reduced. In
transformerless converter based on diode-capacitor cell is introduced. It have high voltage gain, low diodes-switches stresses and
low ripple which increases efficienc.In interleaved converters with transformer are presented. In these converters, active and passive
clamps used to reduce the switching voltage stress. In a zero voltage switching (ZVS) ZETA converter with active clamp is
presented. The ZETA and fly back converters utilize the same active switches to reduce the switch. In transformer less buck-boost
converter the voltage gain of converter is triple large as buck-boost converter. In two ZETA dc-dc converters are used for reducing
the output voltage ripple. In a high step-up converter with the coupled inductor has only one main switch and stress across this
switch is reduced.But the voltage stresses of the three diodes of the converter are high. In this converter the leakage inductance
energy can be recycled. In a high step-up interleaved converter is presented.Here the interleaved boost converter and the voltage-
double module has two main switches and the stresses of the diodes are high. In a high step-up DC-DC converter have two main
switches and the diodes and switches stresses are also high.
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In transformer has three main switches the voltage stress of the switch is equal to the output voltage. The converters switching
losses and conduction are high. The use of interleaved boost converter step up low voltage DC pv voltage in to high DC voltage
with high efficiency. Because the interleaving split the output current in to two paths. Which reduces the conduction losses ie, I?R
losses hence reduces the ripple current in both input and output circuit and increases the efficiency and also have faster transient
response, reduced electromagnetic emission and improve reliability.

High starting torque of DC Series motor makes it a suitable for traction application so, it can withstand a sudden increase in load
and easy speed control. But they have high maintenance and loss due to brushes and commutators. SRM are appropriate for the high
speed application ith also offers high power density but it is difficult to control with increase in the switching circuit and have some
noise issues. The permanent magnet motors have high efficiency compared to DC (brushed) motors IMs. These become
unwarrantable for PV powered BLDC motor due to their high cost. BLDC motors have characteristics like high starting torque, high
efficiency around 95- 98%,high power density, long service life and motor reduces cost and size of pv panel due to electronic
commutation.

1. SYSTEM CONFIGURATION
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Fig. 1. Block diagram of the system

The figure 1 shows the Block diagram of PV fed interleaved boost converter for BLDC motor. The PV array feed the BLDC motor
via the interleaved boost converter and voltage source inverter (VSI). Output from solar connected to a converter Output of PV
panel is low voltage which need to be stepped up for stepping up of voltage from low to high is done by using converter. The
maximum power point tracking (MPPT) control generate PV voltage and PV current to generate duty cycle. The Pulse generator
generate the pulses for interleaved boost converter by generating pv voltage and pv current to generate the duty cycle. Stepping of
voltage is done by using interleaved boost converter Convertor convert low voltage DC in to high voltage DC. Inverter convert DC
to AC here inverter used is voltage source inverter Motor is supplies from a voltage source inverter and this inverter switches are
turn on and off in a sequence to ensure proper electronic commutation of BLDC motor and inbuilt encoder to generate three hall
effect signal to carry out an electronic commutation. Here two phases are energized at an instant the permanent magnet create the
rotor flux and energies the stator winding create electromagnetic poles. Here the hall element are used to detect the rotor position
signal and feed the data back to the voltage source inverter.
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Fig. 2. Schematic diagram of the system
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A. Operation of Interleaved Boost Conveter

The circuit of interleaved boost converter is shown in Figure 3. The low voltage DC is fed to interleaved boost DC-DC converter to
step-up the level of voltage. The operating principle of Interleaved DC-DC converter is have two modes. A two-phase interleaved
boost converter is used to achieve high gain voltage. It consist of two inductors L1 and L2, Two switches Sland S2, two diode D1
and D2 and filter capacitor C. S1 and S2 are switched with 180 degree phase difference by pulse width modulation (PWM).

Fig. 3 interleaved boost converter

In mode 1 the switch S1 is in ON-state and S2 is in off state. The diode D2 is forward biased and diode D1 is reverse biased.The
current at the inductor L1 linearly rising and strores energy in it. The energy stored in inductor L2 is moved to load through D2
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(a) Mode-1 Operation

In mode 2 the switch S1 is in off-state and S2 is in on state. The diode D1 is forward biased and diode D2 is reverse biased.The
current at the inductor L2 linearly rising and strores energy in it. The energy stored in inductor L1 is moved to load through D1.
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(b) Mode-II Operation

The voltage gain of thi converter is
Yo _ 1
ViN _ 1-D @

1. DESIGN OF THE SYSTEM
The developmentof 1kw, 310v BLDC motor system requires 1.2 kw of pv array. The design values are shown here.

A . Design value of pv array

The selected pv module ratng are,

Open circuit pv module voltage (V,,,,) =31.7V
Short circuit pv module voltage (/;,,,) = 8.25 A
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The voltage and current at MPP is

Vpp = 26.5 V

Lnpp=TA
The maximum power of solar pv array is
l=—2_=322A

VBLDC
Pmpp = (nss * Vmpp)(nps * Impp) =12 kW
Brpp 1s the power of module at MPP, g, and n,,, are the number of series and parallel module selected as 2 and 3 respectively.

PV array voltage V, = ng, * Vpp,, =53V

B . Design of converter

The interleaved boost converter is designed to step up pv voltage of 53 V to 310 V required for the operation of BLDC motor.
DVin
L=1L,= =80 mH

T feN*Alpy

— _ Do
CO - fs*N*AV
s o

= 6000pF

L,;and L, are inductor, C, is output capacitor, V;, is input voltage, V, is output voltage,N is number of phase,f; is switching
frequency of 25khz, Al, is inductor current ripple of 5% and AV, is capacitor ripple of 1%.

Voltage gain of converter by equation 1 is 5.89 duty ratio value is 8.2.

V. PERFORMANCE ANALYSIS OF THE SYSTEM
Fig 4. Shows closed loop simulation of interleaved boost converter to obtain accurate and steady output with input given from a dc
source.
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Fig 4. Closed loop operation of converter
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Fig 5. Input and output waveform of converter
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The converter has been designed and simulated for a duty ratio D = 0.82 at a switching frequency of 25 kHz. It is operated to have
an output voltage of 310 V at an input of 53 V at a load resistance of 120 Q and the obtained waveforms of input voltage at 53 V,
output voltage at 310 V, output current at 2.5 A.

Fig 6. Steady state performance of system

The fig 7 shows steady state performance of system when full solar power is available at 1000w/m?. Therefore, the BLDC motor is
operated at its full capacity and it runs at its rated speed i.e. 3000 rpm. The various indices refer to back-EMF, ea , stator current,
isa, speed, N and electromagnetic torque, Te . These results demonstrate a soft starting along with the successful steady state
operation of the motor. The electronically commutated BLDC motor has a back EMF of trapezoidal in shape with a flat value of
120V and a current waveform of quasi rectangular shape.
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Fig . 7 BLDC motor output

V. CONCLUSION

Implemented Incremental based MPPT technique and regulated voltage of converter. The maximum power is tracked by using this
MPPT technique of incremental conductance algorithm. The MPPT control works satisfactory for DC-DC converter. A interleaved
boost converter to step up the voltage of PV to a higher level is investigated. The new converter topology is well suited to renewable
energy applications with low dc input voltage. Without the need of an isolated transformer or connected inductors, this converter
can convert high voltages. This converter has a substantially lower voltage stress across its power switch than conventional
converters, which adds to its improved reliability.BLDC motor is electronically commutated it have high efficiency, high power
density, long service life, less maintenance, and motor reduces sized and cost of pv panel. Simulation results in MATLAB Simulink
verifies the theoretical concepts and derived equations and waveforms. Developed an efficient power transfer mechanism for a
BLDC motor system between a solar photovoltaic array.
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