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Abstract.At present, Smart grids are growing in a wider manner as an alternative to the
conventional generation systems. This paper work presents the simulation results of the
PV with Inverter and PV, Battery based Re-boost converter with Inverter. This work
deals with the simulation of PV energized reboost converter using conventional and
FOPID controller. The comparison is done in terms of time domain parameters like
settling time and steady state error.The outcomes represents the superior performance of
reboost converter with inverter grid connected closed loop system.
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1 Introduction

Due to the technical advancement in the field of engineering there is a rapid growth in
the generation, transmission and distribution of electric power which overcomes the drawback
of conventional electrical grid structure. Also, the advanced invention of semiconductor
devices challenges the electrical engineers for the reliability and quality of power. Most of the
advanced semiconductor devices implemented over conventional grid structure are the major
cause for the issues faced in the consumption of electric power at the consumer side, which in
turn is a major threat to the reliability of electric power and also lead to power quality
concerns. Thus, the Smart Grid concept which includes the new technologies such as
Distributed Generation, Demand side management, Energy Management System, Utilization
of renewable energy resources, IOT based Communication and so on, plays a vital role in
finding the solution for issues faced by the conventional electric grid.

Thus, the objective of this paper is to improve quality of power by reducing the
harmonics generated in the distribution network due to nonlinear loads and semiconductor
devices implemented in the power converters. Now a days most of the intelligent control
techniques are invented to reduce the pollution level generated at the power system. So, the
consumer can be able to utilize the uninterrupted reliable power at their premises. In this work,
a reboost converter (High step up DC-DC Converter) is proposed to minimize the harmonic
distortions produced at the power system energized by photovoltaic renewable source of
energy. The low frequency ripple can be diminished by using this converter [1],[2],[3],[4].
Though, the simulation of open loop system is carried out for circuits, the stability analysis of
the circuit is achieved by closed loop system. Here, the reboost converter is controlled by PI
and FOPID controllers [5].

The PV Energized reboost converter system is explained in chapter 2. The FOPID
controller block diagram is discussed in chapter 3. Chapter 4 deals with simulation output grid
connected system[6]. Also, step response disturbance is applied to the closed loop system and
the results are analyzed. Chapter 5 concludes the proposed work and future scope is also
discussed there.

2 PV Energized Reboost Converter

Fig.1 represents the Pv energized reboost converter. In this diagram, the Reboost
converter is getting supply from the Photovoltaic cell. Also, the battery stores energy from the
PV module which in turn supplies the reboost converter.

Fig 1.Diagram of PV Energized Re-boost converter



3 Control Techniques

This Proposed Work Implements the FOPID controller for the closed loop system
operation of the reboost converter. The three main problems we are usually facing in the
simulation of power system or power electronic circuits are Stable, Unstable and Non —
minimum Phase systems. The proportionality, integral and derivative constants are the main
parameters of a conventional PID controller. In FOPID controller A and & are the control
part [6]. The exchanging capacity of a FOPID controller is given as below

CFOPID) =Kp+Ki/sAi+ Kpsp

In the above equation the integral order is represented as ‘lamda’(X) and the derivative order
is represented as ‘mu’(p), while Kp, Kj, and Kpare constants.The control diagram of controller
is given below.
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Fig 2. Control diagram of the Controller.

4 Simulation Results and Dicussion
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Fig 3. PV energized conventional inverter grid connected system



Fig3 represents the conventional inverter grid connected system. The inverter is supplied
by the PV source. The harmonics present in the output is minimized by connecting a LC filter
between the inverter and the load. Here, various loads such as linear, non-linear and grid are
considered for the simulation
circuit.
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Fig 4. Voltage across PV

Fig 4 represents the voltage output of PV which is given by 12.5V.
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Fig 5. Voltage across RL Load

Fig 5 represents the voltage across RL load with value as90V.
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Fig 6. Harmonic analysis of output voltage



Fig 6 represents the THD of output voltage across RL load. The fundamental
frequency is 115.5Hz and THD is 6.59%.

Current in Amps
v—

Time in Sec

Fig 7. Current through RL Load
Fig.7 displays the current in RL load with 10A as its value.
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Fig 8. THD of current in RL Load

Fig.8 gives the THD analysis of current in RL load and its THD value is 8.22%.
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Fig 9. Output Power of Existing System
Fig 9 represents the real power of PV with inverter. The measured value is around 320 watts.
But it is not a stable one.The settling time of the powersystem, the proposed reboost converter
topology is adopted here.

4.1Circuit of Open Loop controlled Reboost Converter



Fig 10. Re boost converter with inverter grid connected system

Fig 10 represents the circuit of open loop controlled system with inverter grid
connected system.
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Fig 11. Circuit diagram of Reboost converter
Fig.11 represents circuit diagram of reboost converter. It consists of DC input and a
transistor and also coupled inductors and a filter circuit which includes diodes,inductors and
capacitors. The diode Do and Co represents the yield diode and channel capacitor of the
converter [7],[8].
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Fig 12. Voltage across Reboost Converter
Fig 12 indicates the voltage across the proposed reboost converter. It generates a
voltage of 70V in it.



Veltage in Volts
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Fig 13. Voltage across RL load

Fig 13 represents the voltage across RL load in the reboost implemented circuit. Its
value is nearly 135V.
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Fig 14. Harmonic analysis of output voltage

Fig 14 indicates harmonic analysis of voltage and Fig.15 represents current value
observed across RL Load. The harmonic distortion measured is about 4.54% which is lesser
than the
conventional system.
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Fig 15. Output current (RL load)
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Fig 16. Harmonic Distortion of Current Waveform

Fig.16 displays the THD of current waveform and the observed value is 4.96% again
it is a reduced value when compared with the conventional system[9][10].

Fig.17 Shows output power of PV energized reboost converter system. Here, the
fluctuations in the output power is minimized due to the reboost converter. The power
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Fig 17. Output power of Proposed System
observed is 406 Watts. Also, the steady state of power is achieved at 0.8sec itself.
Table 1 gives the comparison between pv with invertre and pv and battery based

reboost converter

Table 1. Comparison between Existing and Proposed System

Grid connected system Vo(V) P(W) | Veltage THD | Current THD
(%) (%)
PV with Inverter WV 320W 6.59 822
PV & Battery based 135V 406W 4.54 4.96
Re boost converter with
Inverter

4.2 Circuit of PI Controlled Reboost Converter

Fig.18 represents the simulation circuit of closed loop controlled reboost converter.
The PI controller is implemented further to reduce the fluctuations in the output parameters
and the ouput voltage to mitigate harmonics level.
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Fig 19. Voltage across PI controlled reboost converter

Fig 19 represents the voltage across PI controlled reboost converter with a step
response given as disturbance to the simulation circuit at 2 sec. The voltage measured is 170V.
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Fig 20. Voltage across RL load of PI controlled system

Fig 20 represents the output volatge of RL load of PI controlled reboost converter and
it is observed as 150 V.
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Fig 21. Distortion Level of Output voltage

Fig.21 represents THD of voltage across RL load with closed loop PI controller.
The harmonic distortion measured is about 3.60%.
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Fig 22. Current through RL load of PI controlled system

Fig 22 represents the current flowing through RL load in the closed loop system.
Around 12.5A current flows through the load.
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Fig 23. THD of output current

Fig 23 indicates THD analysis of current through RL load in the PI controlled
reboost converter system. The harmonic distortion level has been noticed as 3.92%. The
fundamental frequency value is 11.52.
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Fig 24. Real Power of reboost with PI control

Fig.24 gives the active power of reboost with PI controller. Its value is given as
175W.
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Fig 25. Reactive power of converter

Fig.25 represents the reactive power of reboost converter. The value of the power is
measured as 1400 VAR.

4.3 Circuit of FOPID Controlled Reboost Converter

Fig 26. Circuit of FOPIDcontrolled Re boost converter

Fig 26 represents the simulation circuit of FOPID controlled PV Re boost converter
with inverter grid connected closed loop system.
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Fig 27.Voltage across PV for FOPID controlled system



Fig 27 gives the Voltage across PV of closed loop FOPID controlled Re boost converterand its
value is 50 Volts.
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Fig 28. Voltage across FOPID controlled Re boost converter

Fig 28 shows the output voltage across FOPID controlled Re boost converterand its value is
measured as 175 Volts.
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Fig 29. Voltage across RL load of FOPID controlled System

Fig 29 represents the Voltage across RL load of closed loop FOPID controlled PV Re
boost converter and its value is given as 240 Volts.
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Fig 30. THD of output voltage

Fig 30 gives us the information about harmonic distortion level obtained in the
voltage across the RL load of FOPID controlled system. The harmonic distortion observed is
2.92%.
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Fig31. Current through RL load of FOPID controlled system

Fig 31 indicates the amount of current flowing through RL load of closed loop
FOPID controlled PV Re boost converter and its value is 12.5 Amp.
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Fig 32. THD of output current

Fig 32 represents the THD of Current through RL load of FOPID controlled system.
The total harmonic distortion level is measured as 3.22%.
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Fig 33. Active power of converter with FOPID

Fig.33 indicates the Real power of closed loop FOPID controlled PV Re-boost
converter and its value is 175W.

z
S
T
i

Power in VAR
8 B

\
.

o
o
n
n
o
el

Time in Sec

Fig 34. Reactive power of FOPID controlled system

Fig.34 represents reactive power withclosed loop FOPID controlled PV Re boost
converter and its value is 1450VAR.



Table 2. Comparison of controllers

Controller | T, T, T, E

PI 1.64 | 2.67 | 221 | 33

FOPID 1.57 1204 | 182 | 24

Table 2 gives the detailed comparison between the time domain specification for PI and
FOPID controllers. The time domain specifications considered here are rise time, settling time,
peak time and steady state error. From table it is clearly understood that the FOPID controlled
reboost converter is performing better than the PI controlled reboost converter.

5 CONCLUSION

The PI and FOPID controllers are utilized to verify the simulation of closed loop reboost
converter. From the simulated results the performance of reboost converter is analyzed with
time domain parameters and the results are tabulated as in table no.2. The analysis concludes
that the reboost converter with FOPID controller is performing better than the open loop and
PI controlled Closed loop system of PV energized reboost converter. Thus, from the
simulation results and FFT analysis of output waveforms it is clear that the harmonic
distortions in the distribution network is reduced by using the proposed converter which
enhances power quality. Further the proposed work can be improved by using any one of the
intelligent control techniques and renewable sources can be integrated for energizing proposed
converter.
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