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In this paper, a new control method for adjusting the zero-sequence current in a three-phase four-wire Voltage-Source Inverter (VSI), used as a Shunt Active Power Filter (SAPF), is presented. Combined with the known instantaneous reactive power theory, the proposed control strategy achieves perfect compensation for harmonics and reactive power when the load currents are non-sinusoidal and severely unbalanced.

I. INTRODUCTION

Nowadays, the use of nonlinear loads equipment knows a considerable progression and causes a major problem through the presence of harmonics within phases and neutral in four-wire power distribution networks. The nonsinusoidal current absorbed by nonlinear loads induces current harmonic distortion in the power grid which affects severely its Power Quality (PQ), increases the voltage Total Harmonic Distortion (THD) and causes additional losses in the power transmission lines and transformers [1][2][3][4].

In order to overcome these problems, the Shunt Active Power filter (SAPF) was already presented as a solution for improving PQ. His operation consists of a real-time injection of current harmonic required to compensate the current distortion caused by the load. The extraction of the reference currents for harmonic compensation is the most important phase in the control design process of an APSF in order to obtain sinusoidal current on the grid.

The basis of the control algorithms for the extraction of current reference is the Instantaneous Reactive Power (IRP) theory developed in [5] for three-phase electrical power systems. This theory is based on the compensation of the reactive part of the instantaneous power in order to compensate consequently the reactive energy and harmonics, and obtain sinusoidal currents in the source side.

No action is taken for the active part of the instantaneous power, which has been considered as the part of the fundamental active current. Furthermore, in case of nonsinusoidal main voltages, a zero-sequence power links the two zero-sequence components of voltage and current. In [6], it was demonstrated that the fluctuations of the active power must be filtered also as the reactive power for fully compensation of harmonics. A new interpretation and formulation of the IRP theory was made by the same authors, and other methods are also developed and proposed for the control the three-phase 4-wire active filter [7][8][9][10][START_REF] Nabae | A new definition of instantaneous activereactive current and power based on instantaneous space vectors on polar coordinates in three-phase circuits[END_REF][START_REF] Fang | Generalized instantaneous reactive power theory for three-phase power systems[END_REF][START_REF] Fang | Harmonic and reactive power compensation based on the generalized instantaneous reactive power theory for three-phase four-wire systems[END_REF][START_REF] Kim; Akagi | The instantaneous power theory based onmapping matrices in three-phase four-wire systems[END_REF][START_REF] Akagi | The theory of instantaneous power in three-phase four-wire systems: a comprehensive approach[END_REF][START_REF] Kim; Akagi | The instantaneous power theory on the rotating p-q-r reference frames[END_REF][START_REF] Kim; Blaabjerg | Instantaneous power compensation in three-phase systems by using p-q-r theory[END_REF].

Regarding the switch modulation methods, the most popular technique in industrial applications is the« carrierbased Sinusoidal PWM (SPWM) ». Other alternatives, such as the Selective Harmonic Elimination (SHE) [START_REF] Patel | Generalized Techniques of Harmonic Elimination and Voltage Control in Thyristor Inverters: Part I--Harmonic Elimination[END_REF], the Space Vector Modulation (SVM), have also been applied [START_REF] Holmes | Pulse width Modulation for Power Convertes-Principales and Practice[END_REF]. Extensive research works are still being conducted to improve the performance of a SAPF through modern and more adequate control algorithms .

In this paper, a new control approach for the zerosequence current using the instantaneous reactive power theory is developed and applied to an SAPF based on two levels VSI in a distribution system. The proposed control law achieves balanced and sinusoidal source currents, while the load currents are strongly unbalanced and distorted.

This paper is organized as follows. In Section II, the instantaneous reactive power theory is presented, based on which a new formulation for the zero-sequence current compensation is developed. In Section III, the VSI-based SAPF is presented. In Section IV, the simulation results using the Psimtool are presented and discussed. The dynamics and robustness of the converter are tested under severe disturbances. The paper finally ends with some concluding remarks in Section V.

II. REFERENCE CURRENTS EXTRACTION

A.Instantaneous reactive power theory

The abc to αβ frame transformation applied to the currents and voltages in any balanced three-phase system would give respectively:

= . 1 -1/2 -1/2 0 √3/2 -√3/2 .
(1.a) and:

= . 1 -1/2 -1/2 0 √3/2 -√3/2 . (1.b)
According to [5], the instantaneous active power and reactive power can be expressed as:

= . = . + . (2) = × = .
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(3) or by:

= - . (4) 
Each power contains a DC component ( ̅ ) generated by the fundamental current and voltage, and an AC component ( ) representing their fluctuations:

= ̅ + (5) = + (6) 
In order to compensate the reactive power and harmonics, all components of the instantaneous reactive power q are taken into account. On the other hand, the SAPF is not supposed to provide the active power but it should compensate the ripple in the expression of p [6]. The reference currents would be then deduced as follows:

* * = - . -( + ) (7) 
In case of an unbalanced three-phase system, the instantaneous active power would be expressed as [5, 6]: = . + . + . = + (8) and, therefore, we may write the following:

= 0 0 0 0 - . (9) 
= .

.

0 0 0 . -. 0 . . . (10) 
with:

= +

When inverting the matrix in (9) to obtain (10), it was assumed that v 0 is non-zero [START_REF] Akagi | The theory of instantaneous power in three-phase four-wire systems: a comprehensive approach[END_REF]. Obviously, equation (10) still holds even for negligible values of v 0 .

B. New formulation for zero-sequence current compensation

In this paper, a new method for compensating the zerosequence current i 0 is proposed. It is based on the separation of this component from power p 0 .The current unbalance due to an asymmetric load will be treated regardless of voltage unbalance.

In the following, new expressions of the reference currents are derived in the case of balanced voltages and unbalance and distorted currents, where we may write:

= . √ 1 0 √ √ √ √ . (11) 
and:

= √ ( + + ) = √ (12) 
It yields:

= . 0 1 0 0 √ 0 √ . 0 + 0 0 0 0 0 0 . 0 0 (13) 
For the balanced voltages, we get:

= . 0 1 0 0 √ 0 √ . 0 (14) 
The active and reactive powers have the same expressions given respectively by (2) and (3). As the capacitor should provide the amount of active power, denoted by p C , necessary to compensate the power losses in the compensator, the reference currents in the αβ frame are therefore:

* * = . - . + -( + ) (15) 
The transformation from αβ to abc frame yields then: 
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