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Abstract

In this paper a new control scheme is proposed to protect the two-stage grid-connected solar inverter with ability of Low Voltage Ride-Through (LVRT).
In the proposed scheme, the power injection to the grid is regulated by controlling the voltage/frequency produced by the inverter. In the grid voltage
drop condition , the solar inverter has the ability to inject reactive power into the grid in proportion to the voltage drop magnitude, and the inverter
output voltage reference is determined by the droop control. To limit the inverter output current in the grid voltage drop condition, with the aim of
maintaining the stability, a floating voltage drop characteristic has been proposed. Also, in the proposed scheme, a new integrated power tracking
algorithm is presented, which in addition to tracking the maximum power in normal conditions, in the drop voltage conditions, if there is no empty
capacity in the inverter to inject reactive power, it reduces the received power from the solar cells to allows the inverter to be protected against excessive
current increase. The efficiency of the proposed method is shown by the time domain simulation in the MATLAB/SIMULINK environment and
implementation in the way of processor in the loop.
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Introduction

In order to limit the output current of the inverters, there are two method: 1) the use of current limiting circuits at the output of the inverter and 2) the
use of Fault Ride Through (FRT) methods. Current limiting circuits and saturation units are commonly used in current control loops. This combination
may cause fluctuation of the output power of the inverter or instability. Therefore, it is better to protect against current increase with the help of
controllers. Different control schemes proposed in state-of-the-art articles. In this article, a new control scheme is proposed to protect a two-stage grid
connected solar inverter against overcurrent.

Proposed Work and Methodology

The proposed control scheme in this article included two main parts: i) a new solar arrays power tracking algorithem and ii) modified Droop controllers.
The solar cell power tracking algorithm proposed in this article, in addition to tracking the maximum power in normal conditions, in the condition of
voltage drop, if the inverter does not have empty capacity to inject reactive power corresponding to the voltage drop in the network, it will automatically
reduce the power received from solar cells. It reduces in such a way that in addition to injecting more reactive power into the grid, the output current of
the inverter does not exceed the allowed value and protects the inverter from increasing current. The used modified droop, in order to provide more
accurate current protection, instead of reducing the voltage reference by increasing the reactive power, will decrease this reference signal by increasing
the reactive current. To limit the output current of the inverter in the condition of high voltage drop of the grid, instead of changing the slope of the
voltage drop characteristic, with the aim of maintaining stability, the width from the origin of this characteristic is reduced by use of a supplementary
control signal. In order to show the effectiveness of the proposed control scheme, the simulation results in three case studies are presented and analyzed.
In the first case study, the conditions of voltage drop in the grid are investigated in such a way that different voltage drops are applied in different time
intervals. Also, in the process of voltage drop, sunlight is also changed. In the second case study, the condition of frequency drop in the grid along with
the irradiation change will be investigated, and finally, in the third case study, the condition of simultaneous voltage and frequency drop will be
investigated. Finally, the performance of the proposed control schemes is investigated by time-domain simulation and implementation by PIL method.
In the PIL implementation method, the controllers are implemented on the STM32F407VG processor and the power circuit in the
MATLAB/SIMULINK environment and the communication between them is established with serial communication. The output results show the
appropriate and correct performance of the proposed methods.

Conclusion

In this paper, a new control scheme was presented for the control and protection of a grid-connected two-stage solar inverter in the V/F control mode
with the ability to inject reactive power in the condition of grid voltage drop. The performance of the proposed control scheme was investigated with
simulations and implementation using the PIL method. Different case studies were considered to demonstrate the effectiveness of the proposed control
scheme. These case studies include voltage drop conditions, frequency drop conditions and simultaneous voltage and frequency drop conditions in the
grid. The output results show the appropriate and correct performance of the proposed method.
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