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ABSTRACT: Renewable energy systems especially using solar PV systems have become a subject of keen interest all
around the world because of its ability to overcome the drawbacks of conventional energy systems. This paper mainly
deals with a new power conditioning system for solar PV fed systems controlled with FPGA. The proposed system
comprises of 2 stage power conversion technique. The first stage converts variable DC voltage from PV array into fixed
DC voltage using boost converter that operates under the voltage mode control technique. During the second stage, the
output from the first stage is fed to a 3-phase, 3-level diode clamped inverter controlled by level shifted sinusoidal
pulse width modulation technique that converts fixed Dc to 3-phase AC which drives 3-phase AC loads efficiently.

KEY WORDS: PV module, Power conditioning system, Voltage mode control, Level shifted sinusoidal pulse width
modulation(FPGA).

I. INTRODUCTION

Solar energy, at present has proved to be one of the best alternatives to overcome the drawbacks of the conventional
energy sources like pollution, degradation of fossil fuels etc. to meet the load requirements [1]. In addition to this, Solar
energy source has its own advantages like highly modular, longer life with little maintenance, high power capability per
unit of weight and highly mobile and portable.

Solar PV cell is a basic element in solar PV system which converts light energy into electrical energy. Combination of
several PV cells together forms Solar PV Module [2]. This will produce variable DC output voltage with the inputs of
solar irradiation and temperature. Under normal operating condition, it operates at a unique operating point to produce
maximum output power. We can easily obtain maximum efficiency by using Maximum Power Point Tracker (MPPT),
which is a part of power conditioning system. Power Conditioning System (PCS) is a part of power electronic system
used to manage the electrical energy effectively and to provide high quality maximum power from solar PV modules
[3]. Boost DC-DC converter is used to get desired high level DC output voltage from variable low level DC power
supply. Diode Clamped 3-level inverter is used to get good quality of 3-Phase AC voltage to feed 3-Phase loads from
the fixed DC voltage. Diode Clamped 3-level Inverter offers some advantages like lower THD, lower dv/dt, less
common mode voltage, high switching frequency and high input power factor.

The proposed PV system comprises of 2-stage power conversion using FPGA. The first stage converts the variable DC
voltage obtained from solar PV module/array into fixed DC using Boost converter [4]. In the second stage of power
conversion, the output of the first stage is fed to 3-phase, 3- level Diode clamped Inverter.

In the proposed PV system, 100watts solar PV module is used to feed closed loop DC-DC Boost converter to drive
Diode Clamped 3-Level Inverter. Voltage Mode control (VMC) technique has been employed to control the Boost
Converter. Type- 3 error amplifier is designed to meet practical stability margins and used as compensator for Boost
converter. In this paper, 2-stage Power conditioning system is controlled with the help of digital controller (FPGA) [5].
Simulations of the proposed PV system have been done at 0.8pf of 3-phase inductive load and observed that the THD
of this system is 1.73%.
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Il. PROPOSED PV SYSTEM

We know that the solar PV system is the combination of several elements like PV module, Power conditioning
elements and load.

Fig.1. Block Diagram of 2-Stage Power Conditioning PV System

The main elements which have been presented in the proposed system are explained in detail in next chapters. Block
diagram representation of 2-stage power conditioning PV system is shown in above fig.1.
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Fig.2. Proposed FPGA Controlled Power Conditioning System
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Fig.3. Practical Model of Solar Cell
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Fig.4.Working of PV cell

Figure 3 shows us a simple equivalent circuit for the practical solar cell model. Similarly the working methodology of
PV cell is represented by figure 4. , where electrons and holes move across the PN junction to form electron- hole pairs
which in turn generates the energy depending upon the solar radiation and temperature.

B. Power conditioning system:

Power Conditioning System is branch of power electronics, which are used to describe the management of electrical
energy effectively, tracks the maximum operating point and provide good quality of desired AC output.

Switch Mode power Converter has many advantages compared to linear switching regulator. Power conditioning
Elements should have modern and sophisticated electronic devices. Since PV Systems cost is relatively high as
compared to other energy source systems, in order to meet optimized cost of PV system, it is suggested to use high
efficiency power conditioning elements. DC-DC converters are used to design for tracking maximum power from the
solar panels and step up/down the available DC voltage from PV panels. MPPT technique minimizes the amount of
power dissipated and helps to extract the maximum power available.

C. DC- DC Boost Converter:
DC- DC Boost Converter converts low level DC voltage to high level DC voltage. DC-DC Boost converter normally

operates either in continuous conduction mode or in discontinuous conduction mode. In the proposed power
conditioning system, the boost converter operates in Continuous Conduction Mode (CCM) as shown in figure 5.
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Fig.5. DC-DC Boost Converter Circuit Diagram
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In CCM, power can be transferred from source to load using 2 step processes. When the switch 'S' is turned ON,
inductor stores the energy and its equivalent circuit is shown in figure 6. When the switch 'S' is turned OFF, energy
stored in the inductor and supply energy is transferred to the load through the diode and its equivalent circuit is shown
in figure 7. Equivalent waveforms of voltage across an inductor, current through inductor, current through diode and
capacitor current are shown in figure 8.
For an ideal DC-DC Boost Converter, the relation between input voltage and load voltage is given by

v Vs
0=—-—"T—
(1-D)
A\ Vi Iy
+ o + = —
Rigege 8088 >
3 | & !
L ; Ui
- _Lg ic w +_ , + ic Ik Lt
2 = c = rR< Ve ‘=-]'_ c = Rgv"
Fig.6. DC-DC Boost converter on-state circuit Diagram Fig.7. DC-DC Boost converter off-state circuit Diagram

To obtain desired regulated output voltage from the dc-dc boost converter which feeds to inverter, double lead integral
controller is designed to achieve minimum closed loop stability margins. The block diagram of closed loop feedback
dc-dc boost converter is shown in figure 9.
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Fig.8. Current and voltage waveforms of DC-DC Boost Converter Fig.9. Closed loop Voltage Mode Controlled DC-DC Boost Converter

Pulse width modulator Tm compares the fixed frequency saw-tooth voltage V., with the control voltage and produces
the required duty ratio D. The DC-DC Boost converter plant Ty(s) gives desired output voltage VMLI corresponding to
the corrected duty ratio produced by modulator. The double lead integral controller which produces control voltage V,
has been designed and implemented on FPGA spartan-3 XS3C5000.

D. Diode Clamped 3-Level Inverter:

3-Level Diode Clamped inverter is used as one of the devices in power conditioning system to convert regulated DC
voltage into 3-Phase AC voltage to drive 3- phase loads which is shown in figure 10. To clamp the switch voltage to
half the level of the dc-dc converter voltage, diodes are placed between the neutral point and the midpoint of the
MOSFETSs. The voltage arrived from the closed loop boost DC-Dc converter is split into 2 voltage levels by using 2 -
capacitor which are connected in series and placed across the boost converter output terminals. The midpoint of the two
capacitors is treated as the neutral point.
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Fig.10. Circuit Diagram of 3-Level Diode Clamped Inverter

The 3-level Diode Clamped Inverter output voltage has three states: Vq/2, 0, and -V4/2. To get the voltage level
ofVy/2, switches M; and Msneed to be switched on; for -V4./2, switches M3 and M, need to be switched on; and for the
zero level, switches M, and Msneed to be switched on. When both M, and M, turned on, the voltage across terminal ‘a'
and '0" point is Vg, i.€.,Va = Vg In this case clamping Diodes balances out the voltage sharing between M3 and
Mg,with Mz blocking the voltage across Cs; and M4 blocking the voltage across Cs,. Observe that output phase voltage
Van IS ac, voltage between terminal 'a" and '0' (Vy) is dc and the difference between phase voltage Va, and Vyis the
voltage across Cs,, which is /2.

A level shifted sinusoidal pulse width modulation scheme is employed as an open loop control strategy to control the
diode clamped 3-level inverter. In this scheme, the gate pulses for each phase MOSFETs can be generated by
comparing fixed two carrier signals of carrier switching frequency with the reference sinusoidal voltage of line
frequency. This control technique is also employed on FPGA to generate gate pulses

1. SIMULATION RESULTS & DISCUSSION
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Fig.11. SIMULINK Model of 2-stage Power conditioned Solar PV system
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Fig.12. Solar PV Module Current Waveform
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Fig.15. Phase Voltage of 3-Level Diode Clamped Inverter

Fig.13. Solar PV moduie Voltage Waveform
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Fig.14. Boost converter voltage at input stage of inverter

Fig.16. Line to line voltage of the inverter in Solar PV
system

IV. CONCLUSION

This paper presents the complete analysis of novel 2-stage power conditioning system for PV power by the help
MATLAB simulation environment. The current THD of 3-level diode clamped inverter is found to be 1.34% at 0.8 pf
for inductive loads. Compared to the conventional PV systems, the value obtained from the proposed system is highly
appreciable. The FPGA system implementation for Boost converter has helped to generate the good quality pulses
which makes the proposed system effective and efficient for the application with the 3-phase AC loads.
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