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Abstract--In this paper, the ability of doubly fed induction 

generators to provide voltage stability support in weak 

transmission networks is investigated. Specifically, the response 

of wind turbines to voltage dips at the point of common coupling 

and its effects on system stability are analyzed. A control strategy 

for the operation of the grid and rotor side converters is 

developed in order to support the grid voltage by injecting 

reactive power during and after grid fault events. The 

performance of the strategy is analyzed for different voltage dips 

at the point of common coupling of a wind farm and compared 

with the case when the converters do not provide any voltage 

support. Simulations are performed using a simplified model of 

the Chilean transmission network. This system is considered to be 

a good example of weak power system, because of its radial 

configuration. 
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I.  INTRODUCTION 

N last years, the trend in wind generation has been the 

installation of large and concentrated wind farms into 

electrical power networks. As a consequence, wind power has 

reached in some regions significant penetration levels 

imposing new challenges to the Transmission System 

Operators (TSO). This is the case for instance in Denmark, 

some regions of Spain and Northern Germany, where wind 

power injections are already exceeding local demand.  

This situation has demanded the establishment of new grid 

requirements for wind generators in many countries around the 

world. Disconnection of wind turbines in case of disturbance is 

not admitted anymore, and voltage and transient stability 

support -during and after grid fault events- are required [1]-
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[2]. By this way, the risk of losing a significant fraction of 

wind generators during disturbances decreases and grid 

operators can guarantee a reliable and secure power system 

operation even by high wind power penetration levels.  

Doubly Fed Induction Generators (DFIG) are the most 

common technology used in variable speed wind turbines, 

having 45% of the medium to large wind turbines installed in 

Europe in 2005 [3]. In normal grid conditions, the use of 

power converters enables DFIG to operate at optimal rotor 

speed and to maximize power generation by controlling the 

active and reactive power injected into the grid. In case of 

voltage dips close to the wind farm, high currents will pass 

through the stator winding, which will also flow through the 

rotor winding due to the magnetic coupling between stator and 

rotor. Such high currents could damage the converters and 

therefore, a protection system is required. The protection of 

the converter is usually achieved by short circuiting the 

generator rotor through a crowbar and thus blocking the rotor 

side converter [4]. Once the rotor side converter is blocked, 

the DFIG operates like a typical induction generator and 

therefore, the control of active and reactive power through the 

rotor is inactive.  

The aim of this work is to provide insight and 

understanding about the effective Fault Ride-Through (FRT) 

capability of DFIG in weak transmission networks and its 

effects on system stability. A control strategy allowing the grid 

and rotor side converters to support the grid voltage by 

injecting reactive power during and after grid faults is 

developed. Simulations are performed using the Chilean 

transmission network, which can be considered a weak power 

system.  

This paper is organized as follows. Section II presents the 

dynamic model and control system of the DFIG. Section III 

describes the dynamic simulations carried out in the study and 

Section IV presents the results. A brief discussion and the 

conclusions are presented in Section V and Section VI 

respectively. 

II.  MODELING AND CONTROL OF DFIG 

A.  Wind Turbines with DFIG 

Many authors have described the modeling of wind turbines 

with DFIG [5]-[8], therefore, just the main issues will be 

presented here.  

Figure 1 shows the arrangement of a DFIG. This concept 

uses a wound rotor induction generator whose stator windings 

are directly connected to the grid, while the rotor winding is 
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connected to the network via a back-to-back IGBT-based 

converter. The rotor side converter regulates the active and 

reactive power injected by the DFIG and the grid side 

converter controls the voltage at the DC link. 

 

 
Fig. 1.  Doubly fed induction generator. 

 

The overall structure of the wind turbine model comprises 

the aerodynamic model, mechanical model and the electrical 

model for the generator. The well known actuator disc concept 

[7] is taken into account by the aerodynamic model under the 

assumption of constant wind velocity. The drive train is 

approximated by a two mass model considering one large mass 

to represent the turbine rotor inertia and one small mass 

representing the generator rotor. The two masses are 

connected by a flexible low speed shaft characterized by 

stiffness and damping [8]. As usual in fundamental frequency 

simulations, the generator is represented by a third order 

model, whose equations are simplified by neglecting the stator 

transients [9].  

A pitch angle control is also implemented to limit the 

generator speed during grid disturbances and in normal 

operation under high wind speeds [5].  

Finally, a protection system is included in order to block the 

rotor side converter when its safe operation is threatened. The 

protection system monitors the voltage at the point of common 

coupling (PCC), the magnitude of the rotor current and the 

generator rotor speed. When at least one of these variables 

exceed the range of their maximum and minimum values, the 

protection system blocks the rotor side converter by short 

circuiting the generator rotor through a crowbar. 

B.  Rotor Side Converter 

The rotor side converter (RSC) controls independently the 

active and reactive power injected by the DFIG into the grid in 

a stator flux dq-reference frame. Figure 2 shows the control 

scheme of the RSC.  

The q-axis current component is used to control the active 

power using a maximum power tracking (MPT) strategy to 

calculate the active power reference [10]. The reference value 

for the active power is compared with its actual value and the 

error is sent to a PI controller which generates the reference 

value for the q-axis current. This signal is compared to its 

actual value and the error is passed through a second PI 

controller determining the reference voltage for the q-axis 

component.  

The d-axis is used to control the reactive power exchanged 

with the grid, which in normal operation is set to zero in order 

to operate with unity power factor. In case of disturbance, if 

the induced current in the rotor circuit is not high enough to 

trigger the over-current protection, the RSC is set to inject 

reactive power into the grid in order to support the voltage 

restoration. In such case, the actual voltage at the PCC is 

compared to its reference value and the error is passed through 

a PI controller to generate the reference signal for the reactive 

power of the DFIG. Similar to the control strategy of the q-

component, the error between the reactive power reference and 

its actual value is passed through a PI controller to determine 

the reference value for the d-axis current. This signal is 

compared to the d-axis current value and the error is sent to a 

third PI controller which determines the reference voltage for 

the d-axis component. Finally, the dq-reference voltages are 

passed through the PWM module and the modulation indexes 

for the control of the RSC are determined.  

 

 
Fig. 2.  Control diagram of the rotor side converter. 

 

C.  Grid Side Converter 

The objective of the grid side converter (GSC) is to 

maintain the voltage at the DC link between both power 

converters. In normal operation, the RSC already controls the 

unity power factor operation and therefore the reference value 

for the exchanged reactive power between the GSC and the 

grid is set to zero. In case of disturbance, the GSC is set to 

inject reactive power into the grid, whether the RSC is blocked 

or is kept in operation. Figure 3 shows the control diagram of 

the GSC.    

As for the RSC, the control of the GSC is performed using 

the dq- reference frame, but instead of rotating with the stator 

flux, the axis rotates with the grid voltage.  

The actual voltage at the DC link is compared with its 

reference value and the error between both signals is passed 

through a PI controller which determines the reference signal 

for the d-axis current. This latter signal is subtracted with its 

current value and the error is sent to another PI controller to 

obtain the reference voltage for the d-axis component.  

As for the q-axis current, its reference value depends 

whether the system operates in normal operation or during 

disturbance. In normal operation, the GSC is assumed reactive 

neutral by setting the reference value of the q-axis current to 

zero. In case of disturbance, the actual AC-side voltage of the 

GSC is compared with its reference value and the error is 



passed through a PI controller which generates the reference 

signal for the q-axis current. This reference signal is compared 

to its current value and the error is sent to a second PI 

controller which establishes the reference voltage for the q-

axis component. Finally, both reference voltages in a dq-

reference frame are sent to the PWM module which generates 

the modulation indexes for the control of the GSC. 

 

 
Fig. 3.  Control diagram of the grid side converter. 

 

The injection of active and reactive power by the GSC is 

limited by its nominal capacity represented by the following 

equation in per unit base: 
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The present work considers a strategy that prioritizes the 

injection of reactive power (q-axis current). The d-axis current 

is calculated based on equation (1). During normal operation, 

the strategy does not present limitations with the control of the 

DC link voltage since the q-axis current is set to zero and 

therefore the converter capacity is only used to control the DC 

link voltage. 

III.  DYNAMIC SIMULATIONS  

The simulations performed in this work are based on the 

Chilean transmission system. The voltages in the bulk network 

are from 110 to 500 kV with nearly 750 busbars and 220 

generators. The installed capacity of the system is about 

10.000 MW for a peak load of 6.000 MW. The system is 

characterized by long distances between major load centers 

and generation plants and long transmission lines covering a 

total length of 2.200 km. In order to illustrate the structure of 

the network, a simplified diagram is shown in Figure 4. 

For this work, a 150-busbar model of the Chilean 

transmission network is implemented in the power system 

simulation tool DIgSILENT Power Factory [11]. The model 

includes 150 synchronous generators representing the existing 

conventional power plants and around 100 consumption 

centers distributed throughout the system. The model 

considers only fundamental frequency components of currents 

and voltages, which allows a constant impedance 

representation of the network.  

The ability of DFIG to provide voltage stability support in 

weak transmission networks and its effects on system stability 

are analyzed by including a 100 MW wind farm to the 

developed 150-busbar model of the Chilean transmission 

network (green circle in Figure 4). The wind park consists of 

20 wind turbines of 5 MVA each. All of them are based on 

DFIG whose converter is about 40% of the generator capacity. 

The wind farm is represented by an aggregated model where 

the 20 wind turbines are modeled as one equivalent generator 

connected at a 220 kV busbar through two transformers. 

 

 
Fig. 4.  Chilean bulk power network. 

 

To analyze the ability of DFIG to provide voltage stability 

support, the control strategies presented in Section II.B and C 

are developed to allow the RSC and GSC to inject reactive 

power during and after grid fault events. The strategies are 

compared with the case when the converters do not provide 

any voltage stability support. The performance of the strategies 

is analyzed for two voltage dips with duration of 150 ms 

applied at the 220 kV busbar where the wind park is 

connected. 

IV.  SIMULATION RESULTS 

A.  Study Case I 

The first simulation considers a voltage dip of 90% applied 

at t=0.05 ms at the busbar connecting the wind park to the 

grid. Before the fault is applied, the active and reactive power 

output of the wind farm is 90 MW and 4 MVar respectively. 

The wind speed at the hub level is assumed to be 13 m/s.  

Due to the high currents in the stator windings, the 

protection system acts by short circuiting the generator rotor 

through a crowbar and thus blocking the RSC. The reactive 

power injection of the GSC is activated when the fault is 

detected and ends when the RSC restarts (around t=0.6 ms). 

The evolution of the main variables regarding voltage support 

is shown in Figures 5, 6 and 7.  

Figure 5 illustrates the effect of the reactive power injection 



by the GSC on the voltage at the PCC. It can be observed that 

the voltage level is slightly higher when the GSC injects 

reactive power during the fault (curve “With voltage support” 

in Figure 5). The voltage restoration to its nominal value after 

the fault clearing and before the crowbar disconnection is also 

faster when compared to the case which the GSC does not 

provide reactive power. 

 

 
Fig. 5.  Terminal voltage at the PCC (30 kV) for a voltage dip of 90%. 

 

Figure 6 shows the reactive power injected by the GSC into 

the grid, which after the fault clearance reaches a value around 

0.35 p.u. (in 100 MVA per unit base). 

 

 
Fig. 6.  Reactive power injected by the GSC. 

 

The reactive power exchanged between the wind farm and 

the grid (in 100 MVA per unit base), is shown in Figure 7. It 

can be seen that in this case the reactive power injection by the 

wind farm into the grid is not possible. After the fault is 

cleared (at t=0.2 ms), the crowbar is still in operation and 

therefore the machine operates as a conventional induction 

generator absorbing a large amount of reactive power. The 

reactive power consumption of the DFIG is more than the 

reactive power that the GSC can feed (Figure 6), and therefore 

the generator takes this difference from the network (Figure 7). 

By this way, despite the reactive power injection of the GSC, 

the wind park does not inject reactive power at all.  

 
Fig. 7.  Reactive power injected by the wind farm. 

 

B.  Study Case II 

The second simulation considers a voltage dip of 70% at 

the PCC and the same operational conditions of Case I. In this 

case, the current induced in the rotor circuit is not high enough 

to activate the over-current protection, and therefore the RSC 

remains connected during the fault. Both converters are able to 

support the voltage restoration by injecting reactive power 

during the fault. The reactive power injection of the converters 

is activated when the fault is detected, and it ends when the 

voltage at the PCC reaches the interval of ±5% around its 

nominal value. The evolution of the main variables is shown in 

Figures 8, 9, 10, 11 and 12. 

 

 
Fig. 8.  Terminal voltage at the PCC (30 kV) for a voltage dip of 70%. 

 

It can be seen from Figure 8 that the voltage at the PCC 

reaches a value around 0.45 p.u. showing a significant 

improvement when both converters are injecting reactive 

power during the fault. After the fault clearance, the wind park 

is also able to recover the voltage level at the PCC to its 

nominal value very fast.  

The major difference comparing to the Case I is regarding 

to the reactive power injected by the wind park into the grid, 

which achieves around 60% of the wind farm rated power 

(Fig. 11). The additional reactive power injected by the RSC 



results to be quite significant. 

 

 
Fig. 9.  Reactive power injected by the GSC. 

 

 
Fig. 10.  Reactive power injected by the stator of the DFIG. 

 

 
Fig. 11.  Reactive power injected by the wind farm. 

 

Figure 12 depicts the reactive current injected by the DFIG 

into the grid. A few milliseconds after applying the fault, the 

reactive current rises to 1 p.u of the generator nominal power. 

This fact contributes to a better voltage level during and after 

the fault (Figure 8). 

 

 
Fig. 12.  Reactive current injected by the wind farm. 

V.  DISCUSSION 

The reactive current injected by the wind farm in Case II 

(Fig. 12), would be enough to accomplish new grid code 

requirements similar to the E.ON Netz (a German TSO). 

According to this code, wind turbines should be able to 

provide 100% of reactive current if the voltage at the PCC 

decreases to 0.5 p.u. or less. Furthermore, wind turbines must 

remain connected to the grid as long as the voltage at the PCC 

is above to the continuous line defined in Figure 13 [1]. 

 

 
Fig. 13.  E. ON voltage requirements at the PCC during a fault. 

 

In case of more severe faults involving disconnection of the 

RSC (Case I), the current version of DFIG technology does 

not allow fulfilling the E.ON requirements. Additional 

investments in power electronics or in other reactive power 

support devices should be analyzed if such requirements have 

to be accomplished. However, restrictive FRT capability 

should only be required if they are technically necessary for a 

reliable and secure operation of the power system [12].  

The challenge of how the FRT process is done, i.e., how the 

continuity of active and reactive power injections during 

disturbances is maintained depends strongly on the system to 

which the wind turbines are connected [13]. The establishment 

of general rules considering different power systems around 

the world is very complicated and probably would not be 



efficient as well. In this particular case, considering a weak 

power system, simulations have shown that without any extra 

investment the performance of the DFIG during disturbances 

can be improved depending on its control strategy and thus 

contributing positively to the system stability. 

VI.  CONCLUSIONS 

This work has shown possibilities and limitations of DFIG 

concerning Fault Ride-Through capability during grid fault 

events. The main attention of the paper is focused on the 

control strategies of the grid- and rotor side converters to 

provide reactive power support in case of grid disturbances. 

Simulations have shown that DFIG equipped with crowbar 

is able to ride through grid disturbances. In case of faults 

involving RSC disconnection, an appropriated control strategy 

of the GSC can improve the voltage level during the fault and 

also contribute to its re-establishment before the crowbar 

disconnection. However, the injected reactive current is not 

enough to accomplish restrictive grid code requirements 

similar to the E.ON Netz. For less severe faults, a control 

strategy allowing both converters to inject reactive power into 

the grid increases the performance of the DFIG supporting the 

network stability. In such cases the reactive current required by 

restrictive grid codes can be satisfied. 
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