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Abstract—The Renewable Energy Sources (RES) are being increasingly used during recent years. The integration of RES to 
the grid introduces power quality issues at the distribution level. In addition to that, the use of linear/nonlinear unbalanced 
loads made power quality as one of the major issues faced by the electrical industry. In this paper a wind energy conversion 
system with power quality improvement features is described. Permanent Magnet Synchronous Generator (PMSG) based 
wind power generation system modeling is done. A control strategy for the grid interfacing inverter with hysteresis current 
control is developed to improve power quality. The grid interfacing inverter is controlled in such a manner that the 
combination of grid interfacing inverter along with linear/nonlinear unbalanced load appears as balanced linear load to the 
grid at PCC. Extensive simulation studies are carried out in Matlab/Simulink to validate the proposed control approach. 
  
Index Terms—Distributed generation, Distribution system, Grid interconnection, Permanent magnet synchronous generator, 
Power quality, Renewable energy, Wind energy 

  
I. INTRODUCTION 
 
The use of renewable energy sources, such as solar, 
wind, etc is very old; they have been used since many 
centuries before our time and their applications 
continued throughout history and until the "industrial 
revolution", when they were abandoned due to the low 
price of petroleum[1]. During recent years, the world is 
reverting back to renewable energy sources due to the 
increase in fossil fuel prices and the environmental 
problems caused by the use of conventional fuel 
sources. Among the renewable power generators, solar 
and wind are the most promising energy sources and 
are being increasingly used[1]. Wind power alone 
already provides a significant share of electricity in 
many areas. In the near future the electric grid will 
include a large number of small energy producers by 
the integration of renewable energy sources such as 
solar panels or wind generators to the grid. 
Power electronic technology plays an important role in 
the integration of renewable energy sources to the grid. 
When the power electronic converters are used it 
introduces a lot of harmonics in the system. On the 
other hand the increased use of power electronic 
equipments and nonlinear loads by the industries and 
the households together made the degradation of 
power quality as one of  
the major problems in electric industry. The nonlinear 
load currents can create voltage harmonics and it may 
lead to serious power quality issues. 
As a solution for these problems active power filters 
are extensively used to reduce harmonics and 
unbalance. In this paper the grid interfacing inverter is 
controlled such that active power filter functionality is 
incorporated into it. So an additional hardware cost for 
the active power filter can be eliminated and the  

 
maximum utilization of the grid interfacing inverter is 
possible which will be underutilized most time due to 
the intermittent nature of wind energy[2]. 
 
II. WIND ENERGY SYSTEM 
 
A. Basic System 
The block diagram representation of the permanent 
magnet synchronous generator based wind power 
generation system is shown in Fig. 1. 
 

 
Fig. 1. Basic block diagram of wind energy conversion system 

       
The wind turbine is the prime mover of the permanent 
magnet synchronous generator. Due to the non 
uniform nature of the wind speed, the output of 
permanent magnet generator will be fluctuating. The 
PMSG output has to be converted into DC before 
connecting to the DC link of the inverter 
 
B. Wind Model 
The basic wind model consists of four components[3] 
Vwind =Vbw + Vgw + Vrm + Vnm                                  (1) 
 
where, Vbw, Vgw, Vrm, and Vnm are the Base wind, Gust 
wind, Ramp wind and Noise wind components 
respectively in m/s. 
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C. Wind Turbine Model 
A wind turbine extracts kinetic energy from the wind 
to drive the wind turbine rotor, which is connected to a 
generator producing electricity. The maximum power 
output from the wind turbine is limited by the power 
coefficient Cp which is a function of the tip speed ratio 
λ[4].The maximum value of Cp  will be 59.3%, the 
Betz Limit. 
In general, value of Cp  lies between 25% - 45%. The 
power (Pt) extracted from the wind by a wind turbine 
rotor can be expressed as[4]: 
Pt = 0.5 Cp R2v3                                                              (2)                                                                                               

where 
R  is the wind turbine rotor radius in m 
ρ  is the air density in kg/m3  

v  is the wind speed m/s 
 
The tip speed ratio can be expressed as: =  R*/v    
where ω is the angular velocity of the wind turbine 
rotor in rad/s[4].  
The variation of the rectified output voltage of the 
permanent magnet synchronous generators with the 
wind speed is shown in Fig 2. As the wind speed 
decreases, the magnitude and frequency of the output 
voltage of the permanent magnet synchronous 
generator also decreases. 
 

 
Fig. 2. Rectified voltage output of the PMSG generator with 

variation in wind speed 
 
During the period 0.25-0.3 seconds and 0.5-0.55 
seconds, gradual reduction in the wind speed is applied 
and correspondingly the voltage magnitude and 
frequency of the output voltage of the permanent 
magnet synchronous generator is decreased. 
 

 
Fig. 3. Control strategy—Block diagram 

 
A. System Description 
The block diagram representation of the grid 
interfacing inverter with the incorporation of the 
control strategy is shown in Fig 3. The system consists 
of a 3 phase 4 wire distribution network which supplies 
a set of 3 phase and single phase linear/nonlinear 
unbalanced load. A 3 phase 4 wire grid interfacing 
inverter is used for integrating renewable energy 
source to the grid. Due to the intermittent nature of 
wind energy, the generated power is of variable nature. 

The output from wind energy system is connected at 
the dc link of the inverter. The output from the wind 
energy system should be conditioned in such a manner 
that a ripple free DC voltage appears at the DC link of 
the inverter. Inverter is connected to the grid by means 
of coupling inductor. The grid interfacing inverter also 
acts as shunt active power filter which reduces the 
harmonics in the system. The fourth leg of the inverter 
is for neutral current compensation which reduces the 
magnitude of the neutral current to zero. 
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The dc-link plays an important role in transferring this 
variable power from the wind energy system to the 
grid[2]. Wind energy source is represented as current 
source connected to the dc-link of a grid-interfacing 
inverter. Fig 4 shows the systematic representation of 
power transfer from the wind energy system to the grid 
via the dc-link.  
 

 
Fig. 4.DC link equivalent diagram 

 
The current injected by wind energy system into 
dc-link at voltage level Vdc can be given as 
               Idc1 = PRES/Vdc                                                                                           (3)                                     
where PRES  is the power generated from RES. 
 
The current flow on the other side of dc-link can be 
represented as, 
        Idc2 =  PINV/Vdc  =   (PG +PLOSS) / Vdc                                     (4)                                                                          
where PINV, PG and PLOSS and are total power available 
at grid-interfacing inverter side, active power supplied 
to the grid and inverter losses respectively[2].  
 
B. Control Strategy for Grid Interfacing Inverter 
Hysteresis current control method is used for the 
control of grid interfacing inverter. The main objective 
of this control approach is to regulate the power at PCC 
during variable output power conditions from the wind 
energy   system. 
The regulation of dc link voltage is carried out by 
means of a PI controller. The actual dc link voltage is 
compared with the reference value and the difference 
between actual and reference value (error) is given as 
the input to PI controller. The output of the PI 
controller is an active current component Im. This 
active current component is used for the generation of 
grid reference currents. The active current component 
Im is multiplied with unity grid voltage vector for the 
generation of reference currents. The grid 
synchronizing angle can be obtained from Phase 
Locked Loop (PLL) which will be used to generate 
unity vector template as follows[2] . 
 

                
The inverter is controlled such that the grid current is 
always maintained as balanced sinusoidal at upf. The 
fourth leg of the inverter is used for the neutral current 

compensation. The reference for neutral current is set 
as zero. By the implementation of the proposed control 
approach the inverter will be able to provide harmonic 
compensation, reactive power compensation, neutral 
current compensation and will be able to reduce 
unbalance. 
 
The input to the PI controller can be represented as 

 
The output of discrete-PI regulator at the nth sampling 
instant is expressed as 

 
The instantaneous values of reference three phase grid 
currents are computed as 

 
 

The reference grid currents (Ia*, Ib*, Ic* and In*) are 
compared with actual grid currents ( Ia, Ib, Ic and In ) 
to compute the current errors as 

 
 

These current errors are given to hysteresis current 
controller. The hysteresis controller generates the 
switching pulses (P1 to P8 ) for the gate drives of 
grid-interfacing inverter, based on the current errors 
and hysteresis bandwidth setting. 
The average model of 4-leg inverter is obtained by the 
following state space equation 
 
                                                          (18)                                                                                         

                                                         (19) 

 
                                                         (20) 

                                                                                    
                                                       (21)                                      

                                          (22) 
 
where VInva,VInvb,VInvc and VInvn are the three-phase ac 
switching voltages generated on the output terminal of 
the grid interfacing inverter. These output terminal 
voltages can be modeled in terms of instantaneous dc 
bus voltage and switching pulses of the inverter as 

  
Similarly the charging currents IInvadc , IInvbdc , IInvcdc 
and IInvndc on dc bus due to the each leg of inverter can 
be expressed as 
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Permanent magnet synchronous generator based wind 
energy system with variable wind speed is connected 
on the dc-link of grid-interfacing inverter. An 
unbalanced 3-phase 4-wire nonlinear load, whose 
unbalance, harmonics, and reactive power need to be 
compensated, is connected at the Point of Common 
Coupling (PCC). The waveforms of grid voltage, grid 
currents, unbalanced load current, inverter currents, 
the corresponding active-reactive powers of grid, load 
and inverter are shown in figures 5-7. Positive values 
of grid active-reactive powers and inverter 
active-reactive powers imply that these powers flow 
from grid side towards PCC and from inverter towards 
PCC, respectively. The active and reactive powers 
absorbed by the load are denoted by positive signs. 
DC link voltage is maintained at constant value in 
order to facilitate the active and reactive power flow. 
During the period, t=0.5s to t=0.75s the wind speed is 
kept at t=12 m/s. At t=0.75s wind speed is decreased to 
11.5 m/s. As the wind speed changes the active power 
contribution from the RES decreases, and hence the 
power which is getting fedback to the grid decreases. 
The reactive power supplied from the grid side is 
always zero, the load reactive power demand is 
completely supplied from the inverter side. From the 
grid current waveform (Fig. (5b)) it is clear that by the 
proper switching control of the inverter neutral current 
compensation is also be achieved. 
The THD analysis of grid current waveform after the 
compensation is given in figures 8-10. The THD of the 
phase a, phase b and phase c grid currents are reduced 
from 13%,14%, and 13% to 0.95 %  0.94% and0.91% 
respectively which will satisfy the IEEE standard for 
the grid interconnection(<5%). 
 

 
Fig. 5(a).Grid voltage, 5(b).Injected Grid current, 5(c).Load 

urrent, 5(d).Inverter current 

 
Fig.6. Expanded view: (a)Grid voltage, (b)Injected Grid  current 

(c)Loadcurrent, (d)Inverter current 
 

 
Fig. 7.(a)Injected Grid power, 7(b)Load power, 7(c)Inverter 

power, 7(d)DC Link voltage 
 

 
Fig. 8.FFT Analysis-Grid current – phase a 
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Fig. 9.FFT Analysis-Grid current – phase b 

 

 
Fig. 10.FFT Analysis-Grid current – phase c 

 
Thus from the simulation results, it is clear that the 
grid-interfacing inverter can be effectively used for the 
compensation of the load reactive power, current 
unbalance and current harmonics in addition to active 
power transfer from the wind energy system. This 
enables the grid to supply/ receive sinusoidal and 
balanced power at UPF. 
 
CONCLUSION 
 
This paper has presented a permanent magnet 
synchronous generator based wind energy system with 
power quality improvement. A control strategy based 
on hysteresis current control is developed for the grid 
interfacing inverter to mitigate power quality issues. 
Simulink modeling is done and the model is simulated 
for varying power output from the renewable energy 
source. By the use of designed control strategy, the 

interfacing inverter is able to work as an active power 
filter along with transferring power from wind energy 
system to the grid. From the result it is evident that by 
the implementation of control strategy, inverter is able 
to perform the following functions. 

1) Reactive power compensation  
2) Neutral current compensation  
3) Harmonic compensation 
4) Reduction in unbalance 
 

Therefore the need of shunt active power filter can be 
eliminated and the additional hardware cost can be 
minimized. 
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