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Abstract:

Wind power generation is increasing rapidly in India and wind integration with the grid is considered as a promising source of energy, Double Fed Induction Generator (DFIG) being the most commonly used wind turbine generator, when integrated with the grid show challenges during grid faults. This paper focuses on the challenges faced by DFIG during the occurrence of voltage sags and the Low Voltage Ride Through (LVRT) methods to overcome it. The crowbar protection method is used to ride through voltage sags and FACTS device STATCOM is used to quickly sense the voltage sag and overcome it. Furthermore, simulation has done using MATLAB/ SIMULINK; analyses the performance of combined crowbar protection and STATCOM on DFIG during voltage sags. The results shows that crowbar protection method is a reliable method to ride through the fault and STATCOM helps to sense and overcome voltage sags quickly. Moreover, the grid code requirements are met.

The utilisation of renewable energy resources like the wind, solar, biomass etc. are increasing to meet the energy demand and to have sustainable growth. In sustainable energy system, energy conservation and the use of renewable energy resource are the key paradigm. The need to integrate the renewable energy like wind energy into the power system is to reduce the environment impact produced due to the conventional plant and to meet the required energy demands. However, the integration of wind energy into the existing power system presents technical challenges like voltage regulation, stability, power quality problems. The issue of power quality is of great importance to wind turbine. Thus, power system operators have created grid codes which determine how WT’s should operate during grid disturbances.

The grid codes covers rules considering the fault ride through behaviour as well as the steady state active power and reactive power production. During the occurrence of grid faults grid codes prescribe that WT’s must stay connected to the grid and should support the grid by generating reactive power to support the and restore the grid voltage quickly after the fault.

Doubly Fed Induction Generator (DFIG) is dominant among the various wind turbine concepts due to its variable speed operation, its separately controllable active and reactive power and its partial rated power converter. The stator of the DFIG is directly connected with the grid and the rotor is connected to the grid through the power electronic converters. The back – to – back converters consists of two voltage source converters (ac-dc-ac) having a dc link capacitor connecting them. The generator side converter takes the variable frequency voltage and converts it into dc voltage. The grid side converter has the ac voltage from the dc link as input and voltage at grid parameters as output. The gearbox has the role of matching the speed between the blades and the rotor. The transformer couples the generator to the grid adjusts the voltage of the machine to that of the grid.


DFIG’s are sensitive to grid voltage disturbances; symmetrical and unsymmetrical voltage dips and hence; requires additional protection for the rotor side power electronic converter. During voltage sag high currents are induced in the rotor circuit which can damage the Rotor Side Converter (RSC) and cause serious fatigue to the generator if no protection is applied. In order to protect the generator, disconnects itself from the grid. This sudden disconnection causes huge outages in the grid. Hence, a proper protection is needed for DFIG to prevent it from over voltages and provide excellent voltage ride through (VRT) capability. Conventionally, a resistive network called crowbar is connected to the rotor side converter. In case of rotor over currents, the rotor side converter is disabled and crowbar is activated during voltage sags to provide safe path for the over currents.


In order to sense the voltage dip and to satisfy the dip quickly FACTS device STATCOM is used in addition with the crowbar. The study concentrates on utilising crowbar to overcome voltage sags and STATCOM to overcome faults quickly. The paper is organised as follows. The section II provides the understanding of DFIG. Section III focuses on the designing of crowbar and STATCOM using MATLAB/SIMULINK. Section IV describes how an LVRT method help in improving the power quality during grid faults. Section V describes the result analysis of DFIG during its normal operation, on the occurrence of fault and the power quality improvement using crowbar and STATCOM. 

