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Abstract— With the reduction in fossil fuels and 

increase in load demand, the renewable energy 

sources are connected in the distribution system. 

In this thesis, the grid interfacing inverters are 

installed in 3 phase 4 wire distribution system 

which improves the dynamic performance of the 

distribution system. It utilizes the inverter as a 

power converter to inject the power generated 

from renewable energy source to the grid and 

shunt active power filter to compensate the 

problems like current unbalance, load current 

harmonics, load reactive power and load neutral 

current. The linear or non linear unbalanced load 

connected to the point of common coupling 

appears as balanced linear load to the grid by 

varying the duty ratio of inverter. 

Index Terms—distribution system, dynamic 

performance, grid interfacing inverter, renewable 

energy source, shunt APF. 

 

I. INTRODUCTION 

UE to the advancement in power electronics, the 

quality of power at the distribution system 

integrated with renewable energy source can be 

improved. This makes reduction in air pollution, 

meeting the load demands and reducing the cost of 

fossil fuels.   

 The improvement of power quality at PCC 

enhances the system operation by controlling the DG 

systems. The non-linear loads at the point of common 

coupling generates large amount of harmonic 

currents due to power electronic based equipment 

which affects the quality of power [1-4]. 

 Generally, current controlled voltage source 

inverters are used to interface the renewable energy 

source to the grid. In cascaded multilevel inverter is 

used, it requires a separate dc source for each H-

bridge[5]. A similar approach such as a shunt active 

power filter is used in order to damp out the 

harmonics is proposed. 

The active power filter use power electronic 

devices in conjunction with the passive elements for 

their operation. Active power filter have an 

advantage of varying compensation characteristics 

and lesser size[6]. The active power filter control is 

implemented in three stages. In the first stage the 

essential voltage and current signals are sensed using 

power transformer to gather accurate system 

information. In the second stage, compensating 

commands in terms of current and voltage levels are 

derived based on control methods and active power 

filter configuration. In the third stage of control, the 

gating signals for the solid state devices of active 

power filter are generated using pulse width 

modulation [7,8]. 

Distributed generation systems are the 

suitable form to offer high reliable electric power 

supply. Distributed generation systems are often 

connected to the utility grid through power electronic 

converters. A grid connected inverter provides the 

necessary interface of the distributed generation to 

the phase, frequency and amplitude of the grid 

voltage and disconnects the system from the grid 

when islanding. The non-linear load current 

harmonics may result in voltage harmonics and can 

create a serious power quality problem in the power 

system network [9,10]. A flexible and versatile 

solution for improving the power quality uses shunt 

active power filter. Active power filters has become 

D 



International Journal of Combined Research & Development (IJCRD)                                    

eISSN: 2321-225X;pISSN:2321-2241 Volume: 4; Issue: 9; September -2015 
 

                                                                                 www.ijcrd.com Page 592 
 

an extensive tool used to compensate the load current harmonics and load unbalance at distribution level.

 

Fig.1.  Renewable energy source based distribution generation system 

 

II. SYSTEM MODEL 

 The renewable energy source is connected to 

the distribution system through grid interfacing 

inverter. The voltage source inverter is the primary 

element in transferring the power from renewable 

energy source to distribution system. The renewable 

energy source may be a AC or DC source with 

rectifier connected to the dc-link. Normally, the fuel 

cell and photovoltaic cell generates low dc voltage 

power, whereas the wind turbine with variable speed 

generates variable ac voltage power. Thus the 

generated power from the renewable energy sources 

requires power conditioning before connecting to the 

dc-link. The dc capacitor decouples the renewable 

energy source from the grid and allows independent 

control of converters on either side of dc-link. 

A. Grid interfacing inverter 

A grid interfacing inverter is a power 

electronic device that is connected in shunt to the 

system. It generates a sinusoidal voltage with any 

required magnitude, frequency and phase angle. It 

also converts the DC voltage across storage devices 

into a set of three phase AC output voltages. It is also 

capable to generate or absorb reactive power. If the 

output voltage of the VSC is greater than AC bus 

terminal voltages, it is said to be in the capacitive 

mode. So, it will compensate the reactive power 

through AC system. The IGBT is used as a power 

switch that is connected in anti parallel with the 

diode. 

 

B.  Control of four leg grid interfacing inverter 

 

The fourth leg of an inverter is used to 

compensate the load neutral current. This allows it to 

maintain balanced output voltage in case of 

unbalanced and non-linear loads. The main aim is to 

regulate the power at the point of common coupling 

during 1) PRES= 0, 2) PRES< Total load power (PL), 3) 

PRES > PL. The inverter switches duty ratio are varied 

in a power cycle such as the injected power of load 

and inverter combination appears as balanced 

resistive load to the grid. The DC link voltage 

regulation carries the information regarding the 
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exchange of active power in between source RES 

source and grid. Thus, the output of DC link voltage 

regulator results in an active current (Im). 

 

 

 

  

 

 

 

 

 

 

 

 

Fig.2.  Four leg Grid Interfacing Inverter 

 

The multiplication of active current 

component with unity grid voltage vector 

templates (Ua, Ub and Uc) generates the 

reference grid currents (Ia
*
, Ib

*
 and Ic

*
). The 

reference grid neutral current is set to zero, 

being the instantaneous sum of balanced 

grid current. The grid synchronizing angles 

(θ) obtained from phase lock loop (PLL) is 

used to generate unit vector template 

              Ua=sin θ                                        (1) 

Ub=sin (θ-2π/3)                                         (2)                  

Uc=sin (θ+2π/3)                                         (3) 

 

             The actual DC link voltage (Vdc) is 

detected and passed through first order low 

pass filter to eliminate switching ripples 

present in DC link voltage and generated 

reference current signals. The difference of 

this filtered DC link voltage and reference 

DC link voltage (Vdc 
*
)  maintains a constant 

dc-link voltage under varying load 

condition. 

Reference 3-phase grid currents are 

Ia
*
 = Im. Ua 

Ib
*
 = Im. Ub 

In
* 
= 0 

Ic
*
 = Im. Uc 

Current errors are computed as  

Iaerr = Ia
*
 - Ia 

Iberr = Ib
*
 - Ib 

Icerr = Ic
*
 - Ic 

Inerr = In
*
 - In 

    

 

This hysteresis controller then generates the 

switching pulses (P1 to P8) for gate drives of grid 

interfacing inverter. The average model of 4-leg 

inverter can be obtained by the following state space 

equation 
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dIInva / dt = (VInva – Va) / Lsh 

dIInvb / dt = (VInvb – Vb) / Lsh 

dIInvc / dt = (VInvc – Vc) / Lsh 

dIInvn / dt = (VInvn – Vn) / Lsh 

dVdc/dt = IInvad – IInvbd – IInvcd – IInvnd / Cdc 

Hence, to produce the desired sinusoidal 

output voltage, the steady state duty cycles are time 

varying sinusoidal. But, to apply classical control 

techniques we need a DC operating point. 

VInva = (P1 – P4)/2 
*
 Vdc 

VInvb = (P3 – P6)/2 
*
 Vdc 

VInvc = (P5 – P2)/2 
*
 Vdc 

VInvn = (P7 – P8)/2 
*
 Vdc 

Similarly the charging currents IInvad, IInvbd, 

IInvcd and IInvnd on dc bus to the each leg of inverter 

can be expressed as  

IInvad = IInva (P1 – P4) 

IInvbd = IInvb (P3 – P6) 

IInvcd = IInvc (P5 – P2) 

IInvnd = IInvn (P7 – P8) 

C.   Switching Control of IGBT 

The switching pattern of each IGBT inside 

inverter can be formulated on the basis of error 

between actual and reference current of inverter, 

which can be explained as: 

If IInva < (IInva
*
- hb) then upper switch S1 will 

be OFF (P1=0) and lower switch S4 will be ON 

(P4=1) in the phase “a” leg of inverter. 

 If IInva > (IInva
*
- hb), then upper switch S1 

will be ON (P1=1) and lower switch S4 will be OFF 

(P4=0) in the phase “a” leg of inverter.  

Where hb is the width of the hysteresis band. 

Similarly the other IGBT switches can also be turned 

ON by the same principle. 

D. Simulation Results 

 To study the performance of a grid 

interfacing inverter connected to the distribution 

system is carried out using MATAB/simulink. The 

grid voltage is shown in fig. 3. The grid is 

interconnected with the renewable energy source 

such as the wind voltage, current, real power, reactive 

power is shown in fig. 4. 

      

             

            Fig.3. Grid voltage 

 

Fig.4. Wind voltage, current, real power,    

reactive power 

 In order to improve the quality of power, the 

grid interfacing inverter operates as a power 

converter and the shunt active power filter. The load 

current and the inverter voltage are shown in fig. 5 

and the control voltage is shown in fig. 6. 

 

Fig.5.  Load current, inverter voltage 
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Fig. 5. Rectifier control output voltage 

 The inverter consists of an IGBT 

switches, in order to turn ON the switches it requires 

gate pulses, the pulses for each IGBT switches is 

shown in fig. 6. 

 

Fig. 6. Pulses for each IGBT switches 

III. CONCLUSION 

 The quality of power at PCC for a 3-phase 

4-wire DG system can be improved by interfacing 

inverter to the grid . The inverter can be effectively 

utilized for power condition without affecting the 

normal operation of real power transferring. The grid 

interfacing inverter can be utilized to inject real 

power generated from RES to the grid and operate as 

a shunt active power filter. This eliminates the need 

for additional power conditioning equipment to 

improve the quality of power at PCC. The current 

unbalance, current harmonics and load reactive 

power due to unbalanced and non linear load 

connected to the PCC are compensated effectively. 
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