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ABSTRACT: Solar PV based systems are being seen as a major contributor to the present power generation
technology. One of the important applications of the solar PV based power generation is to feed the generated power
(dc) into grid (ac). The MATLAB modelling of inverter topology reduces total harmonic distortions in line current
(grid voltage). A pure sinusoidal line current or waveform with short harmonic filling is the mainly admirable. In the
current work, a single phase line commutated inverter topology has been projected and examines which get better the
wave shape and hence decreases the total harmonic distortion (THD) of the line current in a grid tie line commutated
inverter [1]. The design has successfully been executed. Moreover, the performance of the projected topology is better
than the square-wave inverter. This reduces total harmonic distortion THD, losses, switching stress.
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I.LINTRODUCTION

With the rapid development of photovoltaic system installations and increased number of grid connected power
systems, it has become essential to build up a well-organized grid interfacing instrumentation suitable for photovoltaic
systems. There can be various types of solar system design. But there are two basic design consideration, they are grid-
connected (or grid-tied) and off-grid (or stand-alone) . Photovoltaic systems are typically grouped according to their
relationship to the utility grid.

A. GRID-TIED SYSTEM

Grid-tied systems are configured so that the power they generate is fed directly into the utility grid. The electricity
produced is not stored instead it is delivered directly to the local electric company whenever the system is active [2].

B. OFF-GRID (OR STAND-ALONE) SYSTEM

Off-grid systems are not connected to the public utility grid and are often referred to as “stand-alone” systems. During
the day, the electricity generated is used either by powering loads or to charge storage batteries. At night, power is
supplied by the energy stored in the batteries. When the sun comes up the next day, the cycle begins again. Off-grid
systems are typically found in remote homes, weather stations or radio sites and parks [2].

C. GRID CONNECTED INVERTER

To feed the generated power into grid is the significant application of the solar PV based system. The critical
component of this system is inverter, which is accountable for the control of electricity flow between the solar cell (dc
source) to grid or loads. Generally pulse width modulation (PWM) technique is used for this application, but have
higher switching losses because of gate commutated devices i.e. MOSFET, IGBT etc. the reliability and power
handling capability of these devices are quite low in comparison to thyristor [3]. Therefore, a conventional thyristor or
power semiconductors devices based ac-to-dc converter is used, with a dc source and an inductor or highly inductive
load, operates in the inversion mode with specific condition. The performance of the converter depends upon the
switching angle, and impedance angle. Since an SCR is a unidirectional device, the direction of the current through it
always remains same. However, due to an RL load, the instantaneous value of voltage may be positive or negative but
the average value of output voltage will be only positive for RL load. However, for an active or RLE negative load, the
converter may operate in fourth quadrant of voltage-current plane and voltage become negative. The load current may
be discontinuous, just continuous (or sinusoidal) or continuous. It depends upon switching angle and impedance angle
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of RL loads. In this paper, the performance of the circuit is simulated using MATLAB/Simulinkto reduce the total
harmonic distortion(THD) in the line current and for optimum power transfer to the grid [4]-[5].

Il. GRID-TIED SYSTEM CIRCUIT

A full wave centre-tapped controlled converter circuit with RLE load works as inverter mode when the switching angle
of each of the converter is greater than 90° and RLE negative load (i.e. an RL load with a negative voltage source, E)
[6]. When the circuit works in inversion mode, the dc source transfer power to the ac source. Ideally, there should be a
lossless inductor but practical inductor are not lossless. Therefore, a series resistance is also incorporated in the circuit.

The dc load side has been isolated from the grid via centre-point transformer.
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Figure.1 Single phase full wave centre-tapped converter circuit
111. SIMULATION OF CIRCUIT IN MATLAB/SIMULINK

The single phase grid tied inverter has been simulated in simulink package available in MATLAB. The simulink model
is shown in the figure. The trigger pulses given from the pulse generator block of simulink library block-set. The pulses
to both the thyristors of centre-tapped windings are given at a phase difference of 180degree. Resister is included in
series of the inductor to simulate a real inductance. The value of inductor is 42 milihenry. The series resistor is 0.4
ohms. The centre-tapped winding transformer ratio is 230V :: 230V:0V:230V. The simulation work is basically done to
study the variation of THD of the line current and average power transferred to the grid with the firing angles.Figure.2
shows Simulink circuit of a grid tied inverter.

ﬂf" i.{>§1._".' P Current Messurement
Puss et | I_i'_1+
Generator Thyristar .
R
—.-+
g E =
: ‘alrage Measurerent
:; I 4
= 4
Sowme
POWER
Mean Walue
il >
L i | |
Puke
Generatort
P oo
T 0 2053
THD
Total Harmonic
Distortion
1679,
Line curent

Figure.2 Simulink circuit of a grid tied inverter

Copyright to IJAREEIE DOI:10.15662/1JAREEIE.2016.0511029 8454



ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)

Vol. 5, Issue 11, November 2016
1V. SIMULATION OBSERVATION (HARMONICS AND POWER TRANSFER ANALYSIS)

The effect of variation of dc voltage on the THD and the power transfer is also analyzed. Though a battery has been
considered as a dc source for simulation, the result obtained can be utilized when using solar PV panel. Since the dc
voltage of a solar PV panel is not constant (vary with insolation, temperature and load), the effect of varying dc voltage
on THD and power flow will help in developing a control strategy for operating the system in optimum condition i.e.
changing the switching angle at different voltage level of PV panel.

From the analysis of the simulink model for grid tied line commutated inverter, the waveforms of thyristor pulse, load
voltage, load current, power output and low THD line current is shown in Figure.3 for 12 voltage battery. THD is
measured through powergui FFT analysis tool of simulink block and shown in Figure.4.
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Figure.3Waveform for 92degree E=12 R=0.40hm L=0.042Henry
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Variation of THD and power with switching angle for single phase inverter is shown in Table.1 for 12voltage battery.
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Variation of THD and power with switching angle for single phase inverter is shown in Table.2 for 24voltage battery.
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Figure.6Waveform for 95degree E=24 R=0.40hm L=0.042Henry

From the analysis of the simulink model for grid tied line commutated inverter, the waveforms of thyristor pulse, load
voltage, load current, power output and low THD line current is shown in Figure.6 for 24 voltage battery. THD is
measured through powergui FFT analysis tool of simulink block and shown in Figure.5.

V. RESULT

For the MATLAB/simulink model of grid tied inverter, the variation of THD and power with different dc voltage
source and firing angle are studied and it is observed that the lower THD and better power transfer for battery voltage
24V and resistor R=0.40hm, inductor L=0.042Henry and firing angle 95 degree. The power is -247.6 watt and THD is
1.6% (low).

VI. CONCLUSION

Centre tapped converter circuit which works as inverter for single phase grid tied system has successfully been
implemented in simulation. A thorough study has been made to obtain optimal performance with battery as dc source
and can be extended for solar PV modules. With reduced THD, it will to be a better re-placement for square wave
inverter in various distributed system connected to the grid.
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