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Abstract--- Sudden increase in load at load bus or initiation 

of the fault can cause momentarily voltage sag at load bus 

which in turn can cause problems for locally served load. 

The collector bus at which wind turbine generators are 

connected may trip the wind turbine generator in response to 

the sudden voltage sag due to fault or sudden load change as 

DFIG has limited reactive power support capability and 

hence limited LVRT (Low Voltage Ride Through) capacity 

.Therefore the voltage instability is the crucial problem in 

maintaining the uninterrupted operation of the wind turbine 

equipped with DFIG. And most of the utilities, demands that 

the wind generator has to remain connected to the network 

and provide necessary support to the network during 

temporary disturbances in the network. This paper 

investigates the use of DFIG in the wind farm for purpose of 

stabilizing the grid voltage after grid side disturbances such 

as some types of faults and sudden load changes. 

I. INTRODUCTION  

Variable speed wind turbines with DFIG, presently the most 

popular installed variable speed wind turbines worldwide, 

have shown better behaviours concerning system stability 

during short-circuit faults in comparison with fixed speed 

wind turbines. However, recovery of variable speed wind 

turbines with DFIG after the clearance of an external short-

circuit fault [1]. 

 In recent years, large wind turbines with the rated 

power of MW levels are becoming more and more attractive 

in order to extract more power from wind [1].  As the wind 

turbine size increases, the flexibility associated with the 

wind turbine drive train system also increases and so does 

the influences that it has on the electrical transient 

performance of the wind turbine.  In addition, as the 

penetration of wind power continually increases, more wind 

turbines are required to stay in grid connected during a grid 

fault.  So, increasing levels of wind turbine generation in 

modern power system is initiating a need for accurate wind 

generation transient stability model. 

 With the development of the wind farm, its 

proportion in the power system is increasing, its running 

performance will be important to the system .For example, 

the active power and reactive power of the fixed-speed wind 

turbines with the induction generator cannot be controlled 

when the network faults, and its disconnect will impact the 

network’s resume, even aggravate the network breakdown.  

 Even if the wind turbines with DFIG can improve 

the performance of fault, whereas its drawback make it 

difficult to connect the transmission networks considering 

the stability and security of the power system ,especially for 

the large MW capacity wind farms with the DFIG. So the 

transmission system operators have already been revising 

their grid codes for the connection of large wind farms in 

outside countries. [2] 

Much effort has recently gone into the issue of 

grid-fault ride through of the DFIG wind turbines. It has 

been reported by some researchers that the uninterrupted 

operation of the DFIG wind turbines during grid faults can 

be achieved by appropriately arranging the operation and 

control of the DFIG converters and using the dynamic 

reactive compensation. Much effort has recently gone into 

the issue of grid-fault ride through of the DFIG wind 

turbines. Also, it has been reported that the uninterrupted 

operation of the DFIG wind turbines during grid faults can 

be achieved by appropriately arranging the operation and 

control of the DFIG converters and using the dynamic 

reactive compensation. 

[4] 

II. DOUBLY-FED INDUCTION GENERATORS: BASIC 

CONCEPTS  

When induction machines are operated at speeds greater 

than their synchronous speeds, they act as generators. 

DFIGs operate on the same principles as conventional 

wound-rotor induction generators with additional external 

power electronic circuits on the rotor and stator windings to 

optimize the wind turbine operation. These circuits help 

extract and regulate mechanical power from the available 

wind resource better than would be possible with simpler 

squirrel-cage induction generators. A schematic 

representation of a DFIG wind turbine system is shown in 

Figure 2.1. 

The DFIG control structure contains the electrical 

control of the power converters, which is essential for the 

DFIG wind turbine behaviour both in normal operation and 

during fault conditions. Power converters are usually 

controlled utilizing vector control techniques [9], which 

allow de-coupled control of both active and reactive power. 

The aim of the RSC is to control independently the active 

and reactive power on the grid, while the GSC has to keep 

the dc-link capacitor voltage at a set value regardless of the 

magnitude and the direction of the rotor power and to 

guarantee a converter operation with unity power factor 

(zero reactive power). Both RSC and GSC are controlled by 

a two stage controller. The first stage consists of very fast 

current controllers regulating the rotor currents to reference 

values that are specified by a slower power controller 

(second stage). The control performance of the DFIG is very 

good in normal grid conditions. DFIG control can, within 

limits, hold the electrical power constant in spite of 

fluctuating wind, storing thus temporarily the rapid 

fluctuations in power as kinetic energy. 

 In DFIG turbines, the induction generator is a 

wound-rotor induction machine. Slip-rings and brushes are 

usually used to access the rotor circuit. The three-phase 

stator winding is fed directly from the three-phase supply 

voltage which is typically below 1 kV at the power system 

frequency (50/60 Hz). A back-to-back AC-DC-AC power 

electronic converter is used to rectify the supply voltage and 

convert it to three-phase AC at the desired frequency for 

rotor excitation. The power converter is connected to the 

rotor winding to process the slip-power. Thus, unlike a 

singly-excited squirrel-cage induction machine, stator and 

rotor windings of a DFIG are independently excited. The 

power converter is connected to the rotor winding to process 

the slip power. Because only part of the real power flows 

through the rotor circuit, the power rating of the converter 
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need only be about 20% - 30% of the rated turbine output. A 

control system is employed to regulate the real and reactive 

power (by regulating the current flowing in the rotor 

winding) to extract the maximum possible power from the 

wind and to regulate the reactive power output of the 

generator. The control method usually employed is vector 

control or field-oriented control, though direct torque 

control (DTC) has also been used. 

The rotor of the DFIG is equipped with three phase 

windings, which are supplied via the rotor side slip rings by 

a voltage source converter (VSC) of variable frequency and 

magnitude. The converter enables decoupled active and 

reactive power control of the generator. The control of the 

DFIG wind turbine consists of three parts:  

(1) Speed control by controlling the electrical power 

provided to the converter as well as by the pitch angle.  

(2) Rotor side converter (RSC) control directed at the 

control of active and reactive power on the stator side.  

(3) Grid side converter (GSC) control that keeps the DC-link 

voltage constant and provides the additional opportunity 

to supply reactive power into the grid.  

 
Fig. 1: Schematic diagram for a doubly-fed induction 

generator (DFIG) 

The RSC and GSC controls are usually 

implemented together in the same converter control 

software, whereas the speed control is realized as a separate 

unit. The power converters are usually controlled utilizing 

vector control techniques. The DFIG control described 

below contains the electrical control of the power 

converters, which is essential for the DFIG behaviour both 

in normal operation and during fault conditions.  

III.  OPERATING MODES OF DFIG 

Fig.2. (b), shows the power flow of a DFIG operating in 

sub-synchronous operation mode. In this operation, the rotor 

speed is slower than the synchronous speed, which means 

the slip is positive. In order to enable generation mode, 

positive slip power must be obtained by injecting power 

from the grid into the rotor by means of a power converter. 

Therefore, closed loop power flow occurs through the rotor 

and the stator.  

As shown in Fig.2.(a), in super-synchronous 

operation mode, mechanical power from the shaft is split 

into two parts, the largest part of the power goes to the stator 

and a fraction of the power passes through the rotor causing 

a negative slip.  

 

 
Fig. 2: sub and super-synchronous operation mode of DFIG 

IV.  DYNAMIC MODELS OF GRID AND ROTOR SIDE 

CONVERTERS 

Now, by studying the dynamic models of the ‘grid side 

converter' and ‘ rotor side converter’ we are able to model 

them in MATLAB Simulink and may control the DFIG 

under transient conditions. 

 
(a)  Grid side converter 

 

(b) Rotor side converter 

Fig. 3: Dynamic models of DFIG converters 

 Fig.3(a) shows the schematic diagram of grid side 

converter, where u gabc are the three phase grid voltages, 

ugcabc are the three phase grid side converter voltages, iga, 

igb, igc  are the inductor resistance and inductance, idcg, idcr  

are the grid-side and rotor-side DC currents, C is the DC-

link capacitor.   
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 Similarly, fig.3(b) shows the schematic diagram of 

rotor side converter, where u
*
abcr   are the reference values  

of the three phase rotor voltages, are the reference values of 

the rotor voltages in d- and q-axis, are the reference values 

of the rotor currents in d- and q-axis. Stator active and 

reactive power can be controlled by regulating the d, q-axis 

components of rotor current. 

V. SIMULATION RESULTS 

 Now, if we model these converters into MATLAB 

Simulink and implement those modelled converters into 

demo DFIG scheme, we will be able to control doubly fed 

induction generator in different transient conditions and 

faulty conditions. 

 In this system, the wind farm consists of six 

1.5MW wind turbines. The plant is firstly connected to a 

25kV distribution system where, the wind power is sent to 

the 120 kV system through a 30 km line. In steady state, the 

wind speed is 8m/s, DFIG operates under fixed power factor 

strategy, the power factor is 1.0, and the total output of the 

wind farm is 1.86 MW. 

 Here, simulation results for different cases of 

faults. At t=10s, a ground fault on phase A of the 25kV bus 

occurs, 0.15s later, the fault is cleared. Under both fixed 

power factor operation and fixed voltage operation 

strategies, the simulation results are shown in figures below.  

  Fixed Power Factor operation  A.

 
Fig. 4: waveforms for single-phase to ground fault at Fixed 

power factor 

When operating under fixed power factor strategy, 

the voltage of the DFIG stator terminal sags to lower than 

the low-voltage limit 0.7pu, the voltage of the DC-Link 

increases from 1200V to 1250V, lower than the over-voltage 

limit 1900V; at t=5.115s, the low-voltage protection scheme 

was triggered disconnecting the wind farm from the grid.  

 Fixed Voltage operation B.

When operating under fixed voltage strategy, the voltage of 

the DFIG stator terminal sags to 0.8pu, higher than the low-

voltage limit 0.7pu; while the voltage of the DC-Link 

fluctuates but keeps lower than over-voltage limit. 

Therefore, the wind farm keeps connected to the grid. When 

the fault is cleared, the plant returns to steady state in 0.07s.  

 
Fig. 5: waveforms for single-phase to ground fault at Fixed 

Voltage 

 Three-phase Ground Fault Occurs on the 25kV Bus    C.

 

  Three-phase Short-Circuit Fault   D.
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VI. CONCLUSIONS 

 The transient behaviours are simulated and compared 

when the different voltage sags occur under the 

conditions of different generator speed operations.  

 At the same grid voltage drop, if the initiation generator 

speed is higher, the active and reactive power has a 

larger oscillation. However, in the low speed, the 

variation time of the generator speed is larger and the 

pitch angle of the shaft system is constant.  

 Under fixed voltage operation strategy, the wind power 

generation system could help increase the voltage level 

of stator terminals by regulating its reactive power 

output. Therefore, the ability of fault ride-through and 

transient stability of the wind farm are improved.  

 During serious disturbances of the grid, such as a three-

phase ground fault, the power balance between two 

sides of the DC-Link are destroyed, causing the voltage 

to increase rapidly and reach the over-voltage limit in 

short time, protection schemes are triggered to protect 

damage on the wind turbine system. 
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