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ARTICLE INFO                                       ABSTRACT 
 
 

This paper deals with the issue of the reactive power compensation in micro grid (MG) by 
changing the voltage based on Wind Turbine Generator driving a Doubly-Fed Induction 
Generator (DFIG). Wind generators such as the majority of Distributed Generation (DG) systems 
are sensitive to the disturbances of the voltage. Under voltage dip (sag) conditions, the induced 
rotor over currents of the doubly fed induction generators (DFIG) may greatly destroy the 
converter switches .These systems must to be disconnected in case of voltage sag, typically where 
the voltage is less than 80% of rated value. DG which contributes to reduce energy loss during 
transmission can increase the capability of the voltage control in the power system by generating 
the reactive power support. In this strategy we proposes to use two separate current control loops 
on the Machine Side Converter to supply additional active power during system frequency 
distortions and to reduce the transients in stator voltage after clearing the system voltage dips. In 
so far we have proposed the design of a current controller on the Grid Side Converter (GSC) to 
bring the system voltage level to the desired level during the system voltage sag condition. Then, 
the performances of both active and reactive power control of the DFIG under grid faults are 
analyse through Matlab/Simulink software. 
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INTRODUCTION 
 

As the demands of industrial needs varying the more outputs 
of the precise control of our basic electrical prime movers i.e. 
motor. As compared to AC motors the DC motors are easy to 
control but with increase in capacity they have their own 
limitations. Conversely AC motors particularly the Squirrel 
Cage induction motors are more economical but the speed 
control of these motor are quiet difficult because alteration of 
supply frequency is require. Nowadays with technological 
advancement in drives system, the control of AC motors is 
more economically, easy to use and the control the range of 
speed both below and above the base speed. According to the 
requirement, these drives can fundamentally alter the voltage 
and the frequency which is being fed to the motor using the 
technique called Pulse Width Modulation (PWM). Because of 
user friendly feature and reasonable cost these devices are 
gaining more popularity.   
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As the Variable Frequency Device use the embedded system 
they can be programmed for automatic control reducing the 
manual intervention and interfaced to the computer. In the 
field of HVAC application the usage of Variable Frequency 
Drive have gained its number. Air handler, chiller, pumps and 
tower fans are the common application of VFD. A better 
understanding of Variable Frequency Drives with leads to 
improve in usage and determining of some appliances and 
High Voltage AC systems. A basic knowledge of operations, 
its terms, energy savings, and about the power factors is main 
aim of this dissertation also Harmonics mitigation by VFD and 
a simulation project to show how VFD is beneficial for energy 
savings. In addition to this paper will discuss the comparison 
between Variable Frequency Drives and other technologies 
with respect to industrial standards.   The Variable Frequency 
Drive comprises the parts - a input Rectifier unit, a inverter 
unit and a DC bus. The supply voltage is firstly pass through a 
rectifier unit where in gets converted into AC to DC supply, 
the three phase supply is fed with three phase full wave diode 
where it gets converts into DC supply.  
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The DC bus comprises with a filter section where the 
harmonics generated during the AC to DC conversion are 
filtered out. The last section consists of a inverter section 
which comprises with six IGBT (Insulated Gate Bipolar 
Transistor) where the filtered DC supply is being converted to 
quasi sinusoidal wave of AC supply which is supply to the 
induction motor connected to it. In a basic DC-link variable 
frequency motor controller, the input AC power is converted to 
DC, filtered and then converted to variable frequency DC by 
an  inverter. A set of SCR switches are used to convert the DC 
to three phase AC power to drive induction motor. Bypass 
diodes are needed for reactive power flow and to clamp the 
voltage to that of DC supply. The filter supplies a DC voltage 
to the inverter that is largely independent of load current due to 
filter capacitor. The inverter tends to keep the current constant. 
The AC to DC converter output may be fixed or variable 
(voltage or current) depending on the type of inverter and the 
filter used. 

 
 

Fig 1. Mechanical capacity control 

 
Variable speed operation of wind turbine is usually used to 
provide energy with better efficiency. Wind Energy 
Conversion System (WECS) driven a Doubly-fed Induction 
Generator (DFIG) has many advantages. Variable speed 
operation, active and reactive power independent control and 
lower converter cost. It reduces stress on the mechanical 
structure and acoustic noise. A modified current control loop 
on the machine side converter has been proposed to support 
system frequency control the transients in stator voltage bring 
the grid voltage. The DFIG is largely used in wind energy 
systems, and due to the increasing penetration of wind power, 
developing suitable control strategies and models for DFIG. In 
fact, analyzing the behaviour of DFIG-based wind turbines 
under disturbances become more essential. To limit both rotor 
fault current and DC-link overvoltage within their tolerable 
ranges during the grid voltage dip, more investigation of the 
LVRT ability of the DFIG has been achieved. In fact, by 
increasing the LVRT capacity, the DFIG remains connected to 
the grid during and after clearing the fault, and then contribute 
to the power system stability. 
 

 
 

Fig 2. Structure of a WTG driven a DFIG 
 

LVRT needs code requirements in grid code, which is different 
from country to another. Indeed, for each power system, there 
are a specific characteristics and protection requirement. When 
the fault occurs, the wind generator speed up since the 
mechanical power is much higher than the electrical power 
provided to the grid.  

If the wind turbine is connected to the weak grid, such as a 
micro grid (MG) for remote applications, the wind generator 
consumes reactive power. As a consequence, there is more 
instability of grid voltage and rotor speed. The solutions which 
are reported in the literature with the concern of grid fault 
(LVRT and HVRT) can be classified in three categories. (1) 
Using an active crow-bar at the terminals of Generator Side 
Converter (GSC), (2) the second category consists of the 
addition of the converter or dynamic resistor in the DFIG 
structure and the last class proposes to modify the 
conventional control scheme of the power converter. The 
crow-bar is the most solution used in the case of the grid fault 
where its effectiveness is proven in symmetrical grid 
unbalance. However, in case of asymmetrical sags such as 
phase-to-phase faults, crow-bar cannot assist DFIG due to the 
large negative-sequence of the rotor current. The second 
solution provides a good result under different grid faults but it 
has a drawback to increase the overall cost of the wind turbine.    
The aim of this paper is to give a new approach to control the 
magnitude of stator voltage. This method permits to provide 
the set point of the stator reactive power which depends on the 
stator voltage measurement. Then, conventional vector control 
of a the GSC is applied in order to achieve the independent 
active and reactive powers control. The impact of both low and 
High Voltage Ride through (HVRT) on the active power 
control performance is addressed. Shunt APF filters are used 
between the load and DFIG to reduce the harmonics which are 
produced by the non liner loads and also control the active and 
reactive power with in the limits to maintain system in stable 
condition, and hence the power quality is improved and the 
power factor can also be  improved. in order to achieve the 
independent active and reactive powers control.  
 
Modelling of DFIG Wind Turbine         
 
The DFIG is a wound rotor induction machine which is 
connected to the grid through both stator and rotor terminals. 
The stator is directly connected to the grid, while the rotor is 
connected via a PWM back-to-back converter, which consists 
of GSC and LSC the rotating mass is decoupled from the 
system through the converters, an additional control loop is 
necessary to be added to the DFIG system so as to utilize the 
kinetic energy of the wind energy conversion system to 
mitigate the frequency fluctuations of the system.  
 
The kinetic energy stored in the rotating mass of the WECS 
can be approximately represented by. 
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A. Modelling of the Wind Turbine 
 

The mechanical power Pm captured by the turbine from the 
wind for a given wind speed vw is given by 
 

wpm vCP 3),(
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Where ρ is the air density in kg/m3; A=πR2 is the area swept 
by the blade in m2, and R the radius of the blade in m. The 
aerodynamic model of a wind turbine can be determined by the 
Cp(λ,β) curves. Cp is the power coefficient, which is a 
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function of both tip speed ratio λ and the blade pitch angle β. 
The tip speed ratio is given by 
 

W
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                                                    (3)   
 
Where Ωr represents the rotational speed of the wind turbine in 
rad/sec. The mathematical expression of the power coefficient 
used in this paper for a wind turbine is given by 
 





)2(00394.0

3.015

)3(
sin398.0 












pC

                 (4)   
 

If the wind speed is below the rated value, the WTG operates 
in the variable speed mode, and Cp is kept at its maximum 
value. In this operating mode, the pitch control is deactivated. 
When the wind speed is above the rated value, the pitch 
control is activated, in the aim to reduce the generated 
mechanical power. 
 

Modelling of DFIG 
 

Application of Concordia and Park’s transformations to the 
three-phase model of the DFIG allows writing the dynamic 
voltages and fluxes equations in an arbitrary d-q reference 
frame. 
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Where rs and rr are respectively the resistance of the stator 
and rotor windings, ωr and ωs are respectively the rotor 
reference frame and the rotational speed of the synchronous 
reference frame. 
 

The flux linkages are given by 
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Where Ls, and Lr are respectively the inductances of the stator 
and rotor windings, and M are the mutual inductance. The 
electromagnetic torque of the DFIG can be expressed as 
follow: 
 

 dsqsqsdsem iiPT  
 (7) 

 
Where P is the number of pole pairs 

By neglecting the power losses associated with the stator 
resistances, the active and reactive stator power can be 
expressed as 
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Doubly-fed induction generator (DFIG) has become the most 
widely applied wind turbine in variable speed constant 
frequency (VSCF) wind power generation, since it presents 
many advantages such as variable speed running, the 
decoupled control of active and reactive power, and the small 
rotate difference power. Targeting the doubly-fed wind power 
system, this paper establishes the overall mathematical model 
composed of wind turbine, drive system, double-fed induction 
generator, stator flux orientation vector control tactics, 
maximum power point tracking tactics. 
 

Reactive Power Management Strategy 
 

The independent vector control of both active power and the 
reactive power is accomplished through a rotor currents 
control . In this work, PI controllers are used to control the 
rotor currents (inner loop) and control both active power and 
reactive power (outer loop). In order to achieve the decoupling 
of power control, vector control is adopted, with an 
appropriate stator field orientation. Hence, the active power 
and reactive power are proportional to the rotor currents. The 
ultimate objective of the primary controller in this case is to 
regulate the output active/reactive power of the VSC at certain 
references. This strategy assumes the micro grid is formed by 
another unit or units, i.e. the voltage and frequency at the Point 
of Common Coupling (PCC) are regulated. In the case of 
dispatch able (controllable) energy sources, such as fuel cells 
and micro turbines, the power set points are provided in 
general by a supervisory control. On the other hand, in the 
non-dispatch able DER units, such as renewable energy based 
DER, the power set point is implicitly generated based on the 
amount of power available at the DC-link of the VSC. The PQ 
control strategy is commonly implemented using current-mode 
control, due to the advantages of its inherent fault/overload 
current protection and superior dynamic performance 
Nevertheless; voltage-mode control is used as well in grid 
connected applications. 

 
 

Fig.3. whole scheme of vector control of the RSC 
 
The above two strategies are the main control approaches to 
form an islanded micro grid and manage the power flow. The 
choice of a suitable control strategy is mainly based on the 
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characteristics of the primary source and the desired role of 
that source in the islanded micro grid. The independent vector 
control of both active power and the reactive power is 
accomplished through a rotor currents control. In this work, PI 
controllers are used to control the rotor currents (inner loop) 
and control both active power and reactive power (outer loop). 
A comprehensive treatment of the virtual impedance concept 
to mitigate errors in reactive power sharing is presented in The 
focus has been on the mismatch in the output impedances of 
the closed-loop controlled inverters that are used to interface 
the DG units. With proper design of the voltage controller, the 
closed-loop output impedances must be negligible at steady 
state around the nominal operating frequency. Therefore, the 
virtual impedance is dominant, which results in accurate 
reactive power sharing. However, the analysis in did not 
consider the mismatch in the physical impedance of the 
feeders, including transformers, cables, and the interface 
inductors associated with each unit. 
 

Simulation Results 
 

Case I: Low voltage ride through 
 

In this case, the performance of the control strategy is analyzed 
where the magnitude of the stator voltage is suddenly reduced 
by 60% at t = 2 s. For both stator flux and voltage, with our 
voltage control strategy, the measured values reach the 
reference value after less than 0.01 seconds unlike the case 
without voltage control. The performance control of the rotor 
speed under a sudden decrease of the stator voltage is depicted 
in Figure 5. The proposed voltage control permits a good 
tracking of the reference speed. Unlike the case without 
voltage control, where the speed increase rapidly due to the 
decreasing of electromagnetic torque. The control of both 
active and reactive stator powers is depicted in Figure 6. As we 
can see, the control strategy provides good results. Indeed, 
with an appropriate reactive power management, a good 
performance of the active power control is reached, where the 
wind turbine continue to provide power even under a 
disturbance. In Figure 6, we can see also that a measured 
reactive power track with a good performance the reference 
value provided by the voltage control strategy. 
 

 
 

Figure 4. Stator flux and voltage performance comparison 
 

Case II : High voltage ride through 
 

The performance of the control strategy is analyzed where the 
magnitude of the stator voltage is suddenly increased by 65% 
at t = 1.5 s. Figure 7 illustrates the performance of the voltage 
control strategy for both stator flux and voltage.The voltage 
reaches the reference value after 0.01 seconds with the 
proposed voltage control strategy. Figure 8 shows the 
performance of the rotor speed control under increasing of the 
stator voltage magnitude by 65%. 

 
 

Figure 5. DFIG Rotor speed performance control under LVRT 
 

 
 

Figure 6. Active and reactive stator powers  
with voltage control under LVRT 

 

 

 
 

Figure 7. Magnitude of the stator voltage  
under 65% overvoltage 

 

 
 

Figure 8. DFIG Rotor speed control performance under HVRT 
 

 
 

Fig. 9. without voltage control and with  
voltage control under grid fault 
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Fig 10. Reactive power control performance 
 
With the enhanced control strategy, based on the suitable 
reactive power management, of grid fault (LVRT,HVRT) on 
the wind turbine is reduced by using converters and filters. 
 
Conclusion 
 
This paper deals with the troubles which may happen during 
grid fault such as LVRT and HVRT with doubly fed induction 
generator which are addressed and an appropriate control 
strategy for the generator side converter was discussed. In case 
of the LVRT, a grid voltage decrease may lead to the fast 
increase of rotor speed due to the decreasing of the 
electromagnetic torque. Therefore, the wind turbine generator 
will accelerate due to the unbalance between mechanical 
torque and an electromagnetic torque. and Dc chopper is used 
to reduce the losses to increase the stability of the system and 
to minimize the torque PWM technique with shunt APF is 
used. 
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