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Abstract 

  The increasing installation of Distributed Generation (DG) units in low voltage 
distribution systems has propagated the concept of nonlinear load harmonic current 
compensation using multi-functional DG interfacing converters. It is investigated in this 
article that the compensation of local load current using a single DG interfacing 
converter may cause the augmentation of supply voltage harmonics to sensitive loads, 
particularly when the main grid voltage is highly distorted. To address this limitation, 
distinct the operation of conventional Unified Power Quality Conditioners (UPQC) with 
series converter, a new simultaneous supply voltage and grid current compensation 
strategy is proposed using coordinated control of two shunt interfacing converters. 
Specifically, the first converter is responsible for local load supply voltage destruction. 
The second converter is used to mitigate the current produced by the interaction between 
the first interfacing converter and the local nonlinear load. To appreciate a simple 
control of parallel converters, a modified hybrid voltage and current controller is also 
developed. Thus, the computational load of interfacing converters can be suggestively 
reduced. Simulated and experimental results are seized to validate the presentation of the 
proposed topology and the control strategy. 
 

Keywords: parallel converters; active filter; dynamic voltage restorer; resonance; 
power quality; phase-locked loop. 

 
1. Introduction 

The Active filtering of electric power has now become a developed technology 
for harmonic and reactive power recompense in two-wire (single phase), three-wire (three 
phase without neutral), and four-wire (three phase with neutral) AC power networks with 
nonlinear loads. A inclusive review of active filter (AF) configurations, control strategies, 
selection of components, other related monetary and technical considerations, and their 
assortment for specific applications [1]. Improved dynamic current harmonics and a 
reactive power compensation scheme for power spreading systems with generation from 
renewable sources has been proposed to advance the current quality of the distribution 
system. Advantages of the proposed scheme are related to its straightforwardness, 
modeling and implementation. The use of a extrapolative control algorithm for the 
converter current loop proved to be an effective solution for active power filter 
applications, cultivating current tracking capability, and transient response [2].  

The routine of a dynamic voltage restorer (DVR) is determined exclusively by its 
controller. The design of high performance control algorithms for DVR control with 
amended robustness and necessary steady-state and transient characteristics is therefore an 
important area of study [3]. Power electronics, the technology of competently processing 
electric power, play an essential part in the mixing of the dispersed generation units for 
good efficiency and high performance of the power systems. This paper reviews the 
applications of power electronics in the addition of DG units, in particular, wind power, 
fuel cells and PV generators [5].The estimation of different current controllers employed 
for grid-connected distributed power generation systems taking variable input power, such 
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as wind turbines and photovoltaic systems. The attention is mainly set on linear 
controllers such as proportional-integral, proportional-resonant, and deadbeat (DB) 
controllers. Additionally, an improved DB controller vigorous against grid impedance 
variation [6]. 

A novel control approach for parallel inverters of distributed generation units in 
an AC distribution system. The proposed control technique, based on the droop control 
method, usages only locally measurable feedback signals. This method is usually practical 
to achieve good active and reactive power sharing when statement between the inverters 
is difficult due to its physical location [7]. The approach is robust against numerical 
errors, disturbances, noises, feeder impedance, parameter drifts and component 
disparities. When there are errors in the voltage unhurried, a fundamental adjustment 
between the voltage drop and the sharing accuracy in order to avoid errors in power 
sharing, the universal settings of the rated voltage and frequency should be accurate [10].  

In inverter-based micro grids, the paralleled inverters necessity to work in grid-
connected mode and stand-alone mode and to transfer flawlessly between the two modes. 
In grid-connected mode, the inverters control the quantity of power injected into the grid. 
In stand-alone mode, however, the inverters control the isle voltage while the output 
power is dictated by the load [11]. With the designed current sharing scheme, the output 
current is correspondingly shared among paralleled inverters without noticeable 
circulating current. Both the simulation and experimental results of mode transfer show 
that the multi-inverter-based micro grid system is able to effortlessly switch between the 
grid-tie and islanding modes to promise an uninterrupted power supply to the critical 
loads within the micro grid [12].The harmonic VA required of the inverter is dependent 
on both the preferred harmonic resistance and the harmonic-voltage component present at 
the connection bus. The system is demonstrated through a simulation of an irregular 
feeder using Simulink and PLECS [13]. 
 
2. Methodology 
2.1 The Proposed Control Method 

 
Figure 1 Diagram of the proposed Topology 

 
To have simultaneous vindication of the supply voltage and the grid current 

harmonics, a compensation method using coordinated control of two parallel interfacing 
converters is proposed and circuitry and control diagrams of the proposed system are 
shown in Fig. 1 and Fig. 2, respectively. First, a DG unit with two parallel interfacing 
converters allocation the same DC rail is connected to PCC. Each interfacing converter 
has an output LCL filter and the local nonlinear load is sited at the output filter capacitor 
of converter1. In this topology, the supply voltage to local nonlinear load is greater by 
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controlling the harmonic component of interfacing converter1. Meanwhile, the grid 
current harmonic is moderated via the power conditioning through interfacing converter 
2.  

 
Figure 2 Diagram of the proposed interfacing converter control strategies 

At the same time, it can be comprehended that the output of the second Voltage 
Harmonic Mitigation term only has very low essential components, as only resonant 
controllers at the selected harmonic frequencies are approved in the control term. Thus, 
the Power Control term and Voltage Harmonic Mitigation term are very well decoupled. 
Accordingly, an interfacing converter can explosion power to the grid and compensate 
supply voltage harmonics at the same time. In addition, unlike the conventional DVR with 
PCC harmonic voltage extractions, the Voltage Harmonic Mitigation term can realize 
active supply voltage harmonics compensation deprived of any harmonic extractions. In 
addition, it can be seen that a closed-loop power control is grasped without using phase-
locked-loops. Finally, it is necessary to emphasis that relating to the traditional hybrid 
controller that uses the droop control to realize relatively slow power control dynamics, 
the fundamental current control could successfully improve the power control dynamic 
response.  

 
3. Experimental Results 
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Figure 3 Simulink Model of Proposed System 

First, only converter1 with the supply voltage harmonic mitigation as the control 
objective is associated to a highly distorted grid. The converter2 is disconnected from the 
grid in order to clearly show the characteristics of converter1. In the case of Converter 1 is 
not given the output simultaneous Converter 2 delivers the output to load as shown in Fig. 
3 to Fig. 6.  

 
Figure 4 (a) Input Supply Voltage 

 
Figure 4 (b) Input Supply Current 

 

 
Figure 5 Injected Current from Converter 2 

 

 
Figure 6 Load Current from Proposed Control Method 

4. Conclusions 
A single multi-functional interfacing converter is adopted to recompense the 

current from local nonlinear loads, the excellence of supply voltage to local load can 
barely be improved at the same time, particular when the main grid voltage is distorted. A 
novel coordinated voltage and current controller for dual-converter system in which the 
local load is straight connected to the shunt capacitor of the first converter. With the 
configuration, the superiority of supply voltage can be improved via a direct closed-loop 
harmonic voltage control of filter capacitor voltage. At the same time, the current caused 
by the nonlinear load and the first converter is remunerated by the computational load of 
DG interfacing converter, the coordinated voltage and current control without using load 
current/supply voltage harmonic removals or phase-lock loops is developed to understand 
to coordinated control of parallel converters. 
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