REDUCED RATING VSC  WITH A ZIG-ZAG TRANSFORMER FOR CURRENT COMPENSATION IN A THREE-PHASE

FOUR WIRE DISTRIBUTION SYSTEM
ABSTRACT
Distribution systems are facing severe power-quality (PQ) problems, such as poor voltage regulation, high reactive power and harmonics current burden, load unbalancing, excessive neutral current, etc. The source voltages in the distribution systems are also experiencing PQ problems, such as harmonics, unbalance, flicker, sag, swell, etc. The distribution static compensator (DSTATCOM) is proposed for compensating PQ problems in the current, and the dynamic voltage restorer (DVR) is used for mitigating the PQ problems in the voltage while the unified power-quality conditioner (UPQC) is proposed for solving current and voltage PQ problems. There are many techniques reported for the elimination of harmonics from the source current as well as the compensation of the neutral current and load balancing.

A number of surveys have been cited about the causes of excessive neutral current in the distribution system. There are different techniques for the mitigation of neutral current in the three-phase four-wire distribution systems. The neutral current compensation using a zigzag transformer; using a star/delta transformer; using a single-phase active compensator in the neutral path and using three-phase four-wire active compensators along with source harmonic current compensation. 

In this paper, the causes, standards, and remedial solutions for PQ problems due to the excessive neutral current are analyzed and a technique using a zigzag transformer along with a reduced rating VSC as a DSTATCOM is designed to mitigate these PQ problems. Moreover, the voltage regulation is also achieved at the point of common coupling (PCC) across the loads. The major causes of neutral current in three-phase distribution systems are the phase current unbalance, third harmonic currents produced by single-phase rectifier loads, and the third harmonics due to source voltage third harmonics. Even balanced three-phase currents produce excessive neutral current with computer loads in the systems. The application of a zigzag transformer for the reduction of neutral current is advantageous due to passive compensation, rugged, and less complex over the active compensation techniques. 

There are many theories available for the generation of reference source currents viz. instantaneous reactive power theory, synchronous reference frame theory, power balance theory, etc. The synchronous reference frame theory-based method is used for the control of DSTATCOM. The proposed DSTATCOM is employed for the compensation of reactive power, harmonics currents, neutral current, load balancing and the voltage regulation at the point of common coupling. The zigzag transformer is used for providing a path to the zero-sequence current. The performance of the DSTATCOM is validated through extensive simulations using MATLAB software with its Simulink and power system block set toolboxes.
