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Abstract— The improvement in the efficiency, a reduced ripple and reduction in the passive elements is proposed in this
project through the interleaved boost converter. The interleaved boost converter operates multiple phase approach, is
used for the power factor control applications. The proposed converter is used to extract the power output from the solar
panel with reduced ripple losses and greater efficiency thereby obtaining the maximum power from the solar panel. The
control of the current with energy saving method is obtained with the efficiency of 95%. The converter operation is
controlled by the fuzzy logic controller to operate the switches with the finest and reduced power loss constrains. The
proposed method is mathematically modeled and the results are analysed. A similar prototype model is designed and the
results are compared with the theoretical values.

IndexTerms—Boost converter, current ripples, fuzzy logic controller (FLC), maximum power point tracking, solar
photovoltaic

I. INTRODUCTION

The years of research in solar power applications have reached to a greater extent in the field of power generation and
utilization. Problems caused due to non-renewable resources are being explained for years which introduced the renewable energy
resources using wind, solar, tidal, water as its major source of power generation. The influence of these renewable resources
requires a higher power generation compared to the non-renewable resources. This is being a major problem for years, in
comparison to the existing non-renewable energy units. In developed counties, the problem is solved by introducing the advanced
control units for the renewable energy resources to compete the production capacity of the non-renewable energy resources.
However the research and developments have a challenging environment in producing high power generation units using
renewable energy. The use of the solar is widely seen in many applications. However the power conversion from the renewable
energy is the challenging task. It is well known that the power extraction from the renewable energy is not possible for 100%
extraction. This challenging task over years has developed various power electronics techniques to extract the maximum power
from the renewable source. In solar, the solar panels require the maximum power point tracing system (MPPT) to obtain the
maximum power. In conventional methods the MPPT is performed using the DC-DC converter through the controllers. This DC-
DC converter is operated both in buck and boost operation to obtain the wide range of voltage values. There are various methods to
obtaining the maximum power from the solar energy. Each method has its own significance. The solar energy form the solar power
is converted to electrical form using the solar PV panel. The solar radiations are not the constant source so the output of the solar
panel is also variable [5]. The power constancy is obtained by using the DC-DC converters. The different DC-DC converters are
the buck, boost and cuk converters are used based on the application requirements. The implementation of cuk converter for the
power constancy which is also referred to maximum power tracking method is used in direct control of power extraction [2]. The
MPPT techniques have various advantages which is discussed and compared and the significance are studied [3]. The
implementation of boost converter is more common among the MPPT technique. The boost converter output is comparatively
efficient however; the extraction of power from the panel is considerable limited [4]. In some applications it is necessary to have
the buck and the boost converter to obtain the various level of the power output, but the cost of two converters in a single system is
not much efficient for the power generation [6]. Further discussions have turned another new method of MPPT for the lower power
solar PV panels [7]. In the proposed method, the MPPT involved uses the boost converter which is controlled using the fuzzy logic
controller. This fuzzy logic controller efficiently controls the boost converter operation in obtaining the maximum power from the
solar PV panel.

Il. MODELING OF SOLAR PANEL

The solar PV can be modeled [1] by a current source acting as the PV panel current (lpy) connected to the parallel diode. The
equivalent structure implies the photo-diode operation producing the current (1). The combination of the series resistance (Rs)
and the parallel resistance (Rp) refers to the solar array consisting of the solar cells connected in series and parallel combination.
The modeling of the PV cells describes the 1-V characteristics of an ideal PV cell. The equivalent circuit of the PV cell is
shown in Figure 1.
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Figure 1. Equivalent circuit of PV Cell

The output of the current from the PV cells is given as,

I'=1p,cen —1a @)
Where,
14
I = I cen [exp () = 1] )
Therefore,
14

I = Ipv,cell - IO,cell [exp (aqk_T) —1] (3)
Where,

lov.cenis the current generated by the incident light (it is directly proportional to the Sun irradiation),
l4 is the Shockley diode equation,

lo.ceniS the reverse saturation or leakage current of the diode,

q is the electron charge (1.60217646 x 10—19 C),

kis the Boltzmann constant (1.3806503 x 10—23 J/K),

T (in Kelvin) is the temperature of the p—n junction, and

ais the diode ideality constant.

The figure 2 shows the origination of the | — V curve for the equation (2.2). Practical arrays are composed of several
connected PV cells and the observation of the PV array requires the inclusion of additional parameters to the basic equation.
Hence,

V+Rgl V+Rgl

=1, -1 [exp( Ve ) - 1]- Ry 4)
Where,
V = NkT/q is the thermal voltage of the array with N, cells connected in series.
The output voltage is increased by increasing the number of the series cells because the voltage gets added up in series
combination. Similarly, the current is increased on parallel connection of the solar cells as the current gets added up in parallel
combination under same direction. If the array is composed of N, parallel connections of cells the photovoltaic and saturated
currents may be written as,
lov = lpvcen™ Np, and
lo = locen * Np.
These equations originate the 1-V curve in figure 2.
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Figure 2. Origin of I-V equation of an Ideal PV cell curve of a practical PV module and Characteristic I-V curve of a practical

PV module
The mathematical modeling equations of the PV panel are modeled using suitable equations programmed in the MATALB. This
simulation is done for standard test condition (STC) when temperature is 35°C and Irradiation is 3000 W/m?% The modeling is
done for a 500W solar panel.

TABLE |
PARAMETERS OF THE PV PANEL — TATA BP1235
Open Circuit Voltage Vo, 500 V
Short circuit Current I 109 A
Maximum Voltage Vi, 487.5V
Maximum Current I, 10.35A
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I11. MODELING OF MPPT USING INTERLEAVED BOOST CONVERTER

DC-DC Converters are prominently used to obtain the Maximum Power output from the PV panel. The conventional DC-DC
are operated both in buck and boost condition. The optimized output value is set such that if the output from the panel when
comparatively less to that of the desired out is boosted and when comparatively greater than the desired output it is bucked. This
double operation minimizes the output level due to the frequent operation of the converter both in buck and boost operation. In the
proposed method, an interleaved boost converter is used to reduce the current ripple and the increase the efficiency for any output
obtained from the panel at the input side. This can be done by selecting the duty cycle of the converter such that the voltage is
boosted to a constant value. This can be performed using a controller to convert feedback signals to a desired output pulse for the
converter. In this proposed technique fuzzy logic controller is used to select the desired duty cycle. Due to this the limitation in the
linear voltage output is eliminated. The switching losses are reduced as the converter operates only in boost condition. The figure 3
shows that interleaved boost converter for the MPPT technique. The circuit diagram consists of the Solar PV Panel connected to the
proposed converter. The output of the panel is controlled by the proposed converter. The converter produces a constant boosted
output for the load by eliminating the ripples. The stepped voltage can be used for DC and AC drives.
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Fuzzy Logic Controller
Figure 3. MPPT Based Interleaved Boost Converter Model

The inductor in the boost converter possibly produces the ripples in the input current. This can be minimized with two-
phase interleaved boost converter. The interleaved boost converter has its high power density and fast dynamic response by
operating at 180° out of phase. This causes the ripple currents to cancel out. The proposed system is controlled by the fuzzy logic
controller (FLC) that produces the desired gate pulses for the switches to operate at desired time intervals for the switching
sequences.

Two Phase Interleaved Boost Converter

The two phase interleaved boost converter consists of two channels composed of an inductor, thyristor switch and diode
in each channels. The inductor L, thyristor switch T; and the diode D, forms the first channel and the inductor L, thyristor switch
T, and the diode D, forms the second channel. The basic assumption is that the parameters are assumed to be the same. The
thysistor interleaved design of the gating signal at T, and T, produce identical phase shift of 180° each. The current is branched to
L; and L, respectively.

Mode |

During the mode I, the thyristor T, is ON and T, is OFF. The input voltage Vi, linearly charges the inductor L, through
the current i ;. The diode Dy is reverse biased and the energy is transferred to the load. The operational mode circuit diagram is
shown in the figure 4 (a).

Mode 11

The figure 4(b) shows the mode Il operation. In this the thyristor T, is turned OFF and T, is turned ON. The current i,
flowing through the inductor L, linearly charges it. Thus the energy is transferred from the inductor to the output.
Transfer Function of Interleaved Boost Converter

Considering the mode 11 operation, the voltage equation is given as,
dip

Vin: LZE (4)
Vin= L Z2 4 2 [ (i —i5) dt ®)
0= [(is — i) dt + Riy (6)

From the above equations, we get the transfer function as,

_Vs/(1-D)2.[(1-S).(L/R(1-D)2).
Tf— : 2 IC ] ™

L o IC
Sra-pua S @zt

The above equation (7) can be solved using the Laplace Transformation
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Figure 4. Models of Operation of Interleaved boost converter

IVV. MODELING OF Fuzzy LoGIC CONTROLLER

The maximum power point tracking is a technique that involves the voltage and current peak values. This electrical method
applied, tracks the power which is maximum available with respect to the temperature and radiations of the solar. This method of
tracking the power is more efficient compared to that of the mechanical tracking which requires additional power to the drives
operating the panels. This control technique can be implemented using the fuzzy controller which is comparatively more efficient in
MPPT technique. The functional block diagram of the fuzzy logic based MPPT system is shown in the figure 5.
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Figure 5. Fuzzy Logic Controller - Modeling
TABLE IlI
FUzzy RULE TABLE
AVpviIAPpv | NB | NS | Z PS | PB
NB NB | NB | NB | NS Y
NS NS [NS| NS | Z Z
Z z z z PS | PS
PS z Z | PS | PS | PS
PB z PS | PB | PB | PB

V. SIMULATION MODELING AND RESULTS

The proposed system is mathematically modeled in MATLAB. The solar panel is modeled using the equivalent circuit
programmed in MATLAB. The output of the solar panel is tracked by the maximum power point tracker using interleaved boost
DC-DC converter controlled by fuzzy logic controller. The figure 6 shows the power generated from the solar panel and the
power tracked using various techniques. The solar power obtained in the panel is subjected to the solar irradiation and the
temperature. The solar energy converted is tracked using a reference voltage. By using conventional DC-DC converter operating
both in buck and boost operation the output voltage is constant but limited to the maximum values. In proposed method, the high
DC-DC converter acts only as a boost converter, thereby stepping up the voltage to maximum value. This enables the maximum
power output under any input conditions. Also, the interleaved connection eliminates the ripple in the current and increases the
efficiency of the output.

The power developed in the PV panel is connected to the proposed converter for tracking the maximum power. This
input voltage is controlled effectively by the fuzzy logic controller (FLC).

The voltage output var7iations are compared between the conventional and the proposed converters. It is seen that the
proposed converter the ripple is very much reduced when compared to that of the conventional converter. Moreover, the proposed
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converter output ripple is negligible both at theoretical and practical cases. The figure 7 shows the effectiveness of the output
voltage.

Cowventional Converter

] ved Boost Converter

g
A

— Voltage output at different temperature
500 === Reference voltage for MPPT
200 = Voltage cutput nsing DC-DC MPPT
E il ' ' et — == = Voltage cutput using High Step-up FLC
.g 300 [ [ [ - = - Voltage cutput using Interleaved Boost
Eﬂ | _ _ _ Converter
=2 100

5 10 15 20 25 30 35
Temperature in deg C ——»
Figure 6 Voltage generated by solar panel using proposed MPPT
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Figure 7 Effective voltage output of the proposed converter

The output from the interleaved boost converter is fed to a three phase inverter. The input to the three phase inverter is
divided into two dc voltages (+de and Vdc) The input is inverted using space vector PWM technique to obtain maximum
inverted output. Though the mverter operatlon provides buck operation, the strategic control by SVPWM inverts the voltage with
minimum losses. The voltage output simulated is shown in the figure 8. The voltage output from the inverter is used to power the
input to the BLDC motor. The speed of the BLDC motor is sensed using the hall sensor and it is fedback to the SVPM controlled
with the error signal. The error signal is corrected and itis converted into gate signal to the power converter.
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Figure 8 Three phase inverter output
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V1. HARDWARE MODEL AND RESULTS

The prototype model of the proposed method is developed for a 1kW solar panel. The solar panel is regulated using fuzzy logic
controlled to track the maximum power using interleaved boost converter. The proposed converter acts as the MPPT controller to
track the solar power.
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Figure 9 Hardware Prototype Model

The SVM is programmed using ATMEL 32-bit AVR Microcontroller using six channels. The AVR32UC3 is widely

used in the speed control of BLDC motor. The hardware model is modeled in the laboratory for a closed loop speed control of the
BLDC motor. The figure 9 shows the hardware model of the proposed system.
The figure 10 (a) shows the DC output obtained from the solar panel through the interleaved boost converter. The DC voltage of
473V is obtained from a 1kW panel. The voltage obtained is inverted using three phase inverter controlled using space vector
pulse width modulation. The inverted output voltage is shown in the figure 10 (b). The inverted three phase output obtained is
438V.
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Figure 10. (a) Interleaved boost converter output (b) Inverter output

VII. CONCLUSION

The proposed interleaved converter is modeled mathematically for the MPPT Control of the solar panel. The proposed model
increased the efficiency compared t that of the conventional model. This can be verified by the figure 6 and 7, which shows the
output ripple very much negligible for the proposed compared to that of the conventional converters. The proposed method is
suitable for high power drive application in industries eliminating the harmonic properties.

VIIl. ACKNOWLEDGEMENT

The author acknowledges Jeppiaar Institute of Technology for providing the laboratory utilization for the project. The authors also
thank Dr. N. Marie Wilson, managing Director of Jeppiaar Institute of Technology for providing the financial support for the
project.

[JEDR1604033 International Journal of Engineering Development and Research (www.ijedr.org) 199




© 2016 1JEDR | Volume 4, Issue 4 | ISSN: 2321-9939

REFERENCES

Max Savio, “Performance investigation of improved high step-up MPPT using fuzzy logic controller for BLDC Motor Drives”,
IOSR Journal of Electrical and Electronics Engineering, Vol 20, Issue 5, pp. 101-108.

Azadeb Safari and SaadMekhilef, “Simulation and Hardware Implementation of Incremental Conductance MPPT with Direct
Control Method Using Cuk Converter”, IEEE TRANSCATION ON INDUSTRIAL ELECTRONICS, VOL.58, NO.4,
APRIL 2011.

Ch. Hua and Ch. Shen, Comparative study of peak power tracking techniques for solar storage system, in IEEE Applied Power
Electronics Conference and Exposition (APEC’98), Vol. 2, 1998, pp. 679-685.

H.D. Maheshappa, J. Nagaraju and M. V. Murthy, An improved maximum power point tracker using a step-up converter with
current locked loop, Renewable Energy, vol. 13, n® 2, pp. 195-201, 1998.

Nobuyoshi Mutoh, Masahiro Ohno and Takayoshi Inoue, “A Method for MPPT Control while Searching for Parameters
Corresponding to weather Conditions for PV Generation Systems”, IEEE TRANSACTION ON INDUSTRIAL
ELECTRONICS, VOL.53, NO.4, AUGUST 2006.

PallabMidya, Ken Haddad and Matt Miller, “Buck or Boost Tracking Power Converter”, IEEE POWER ELECTRONICS
LETTERS, VOL.2, NO.4, DECEMBER 2004.

Oscar Lopez-Laperia, Maria Teresa Penellaand, “A New MPPT Method for Low-Power Solar Energy Harvesting”, IEEE
TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL.57, NO.9, SEPTEMBER 2010.

Max Savio, Hemantha kumar, M. Sasikumar, “Power optimization and performance Evaluation of High Step Up Solar System
for DC drives”, International Journal of advance research in Electrical, Electronics and Instrumentation Engineering, Vol. 2,
Issue 10, pp. 4620-4627. Oct 2013.

Pahlevaninezhad. M, Das. P, Drobnik, Jain P.K, Bakshai. A, “A ZVS Interleaved Boost AC/DC Converter Used in Plug-in
Electric Vehicles”, IEEE Transactions on Power Electronics, vol. 27, no. 8, 2012, pp. 3513-3529.

Mousavi A, Das. P, Moschopoulos. G, A Comparative, “Study of a New ZCS DC-DC Full-Bridge Boost Converter With a ZVS
Active-Clamp Converter”, IEEE Transactions on Power Electronics, vol. 27, no. 3, 2012, pp. 1347 — 1358.

Sung Sae Lee, Gun Woo Moon, “High-Efficiency Boost Half-Bridge Converter With Fast Boost Current Transferring ZVS
Operation”, IEEE Transactions on Power Electronics, vol. 23, no. 4, 2008, pp. 1822-1829.

Seung-Wu Rhee, Gun Woo lee, “Coupled Inductor Incorporated Boost Half-Bridge Converter With Wide ZVS Operation
Range”, IEEE Transactions on Industrial Electronics, vol. 56, no. 7, 2009, pp. 2505-2512.

Ch. Hua and Ch. Shen, “Comparative study of peak power tracking techniques for solar storage system”, IEEE Transactions on
Applied Power Electronics Conference and Exposition (APEC’98), Vol. 2, 1998, pp. 679-685.

Azadeh  Safari and SaadMekhilef, “Simulation and Hardware Implementation of Incremental Conductance MPPT with
Direct Control Method Using Cuk Converter”, IEEE Transactions on Industrial Electronics, vol. 58, no. 4, 2011, pp. 1154-
1161.

Ahmed K. Abdelsalam, Ahmed M. Massoud, Shehab Ahmed and Prasad N. Enjeti, “High-Performance Adaptive Perturb and
Observe MPPT Technique for Photovoltaic- Based Micro grids”, IEEE Transactions on Power Electronics, vol. 26, no. 4,
2011, pp. 1010-1021.

Jian-Long Kuo, Kai-Lun Chao, and Li-Shiang Lee, “Dual Mechatronic MPPT Controllers with PN and OPSO Control Algorithms
for Rotatable Solar Panel in PHEV System”, IEEE Transactions on Industrial Electronics, vol. 57, no. 2, 2010, pp. 678-689.

Nicola Femia, Giovanni Petrone, Giovanni Spagnuoloand Massimo Vitelli, “Optimization of Perturb and Observe Maximum
Power Point Tracking Method”, IEEE Transactions on Power Electronics, vol. 20, no. 4, 2005, pp. 963-973.

Oscar Lépez-Lapefia, Maria Teresa PenellaandManelGasulla, “A New MPPT Method for Low-Power Solar Energy Harvesting”,
IEEE Transactions on Industrial Electronics, vol. 57, no. 9, 2010, pp. 3129-3138

Villalva M G “Modelling and circuit-based simulation of photovoltaic arrays”, IEEE Transactions on Power Electronics, vol. 25,
no. 5, 2009, pp. 1198 - 1208.

Max Savio, S. Vasantharaj & M. Sasikumar, “Implementation of Stand-Alone Hybrid System using SVPWM for Impedance
Source Inverter”, Wulfenia Journal, Vol. 19. No. 11, 2012, pp 404-417

G. Vinothkumar, V. Reena Joshi and Dr. M.Sasikumar, “Performance Enhancement in PV System using Intelligent Controller

Based MPPT Controller”, IOSR Journal of Engineering, vol. 2, Issue, 2, pp.284-287.

[JEDR1604033 International Journal of Engineering Development and Research (www.ijedr.org) 200




