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Control of a Doubly Fed Induction Generator in a
Wind Turbine During Grid Fault Ride-Through

Dawei Xiang, Li Ran, Member, IEEE, Peter J. Tavner, and Shunchang Yang

Abstract—This paper analyzes the ability of a doubly fed induc-
tion generator (DFIG) in a wind turbine to ride through a grid fault
and the limitations to its performance. The fundamental difficulty
for the DFIG in ride-through is the electromotive force (EMF) in-
duced in the machine rotor during the fault, which depends on
the dc and negative sequence components in the stator-flux linkage
and the rotor speed. The investigation develops a control method
to increase the probability of successful grid fault ride-through,
given the current and voltage capabilities of the rotor-side con-
verter. A time-domain computer simulation model is developed
and laboratory experiments are conducted to verify the model and
a control method is proposed. Case studies are then performed on
a representatively sized system to define the feasibility regions of
successful ride-through for different types of grid faults.

Index Terms—Current control, doubly fed induction generator
(DFIG), flux linkage, grid fault, power converter, safe operating
area (SOA), wind energy.

I. INTRODUCTION

THE doubly fed induction generator (DFIG) is a common
configuration for large, variable-speed wind turbines that

are connected to a grid [1]. On detecting a grid fault, the gen-
erator unit is usually disconnected to protect the vulnerable
rotor-side converter. In the recent years, this has been achieved
by applying a crowbar short circuit to the rotor slip ring termi-
nals. This was accepted when wind power represented only an
insignificant part of the generation in the system. As the pene-
tration of wind power continues to increase, more wind turbines
are required to remain connected during grid faults, i.e., to ride
through the faults, and contribute to system stability after fault
clearance [2]. For instance, the Grid Code of Scottish Power
and Scottish Hydro-Electric [3] states that all wind turbines
must remain connected in the event of any short circuit in the
high-voltage transmission network. Grid codes in other parts
of the world may be more stringent, demanding ride-through
of faults at the generator terminal. For the reasons that will be
discussed later, grid fault ride-through control is difficult for the
DFIG and is a major challenge for wind turbine manufacturers.

Researchers are addressing the issue from several points of
view. For instance, the study described in [4] suggests improving
the generator terminal voltage during a grid fault using shunt
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reactive power compensation. Optimizing the parameters of the
current control loops in the rotor-side converter is proposed
in [5]. The use of the crowbar is evaluated in [6]. The inherent
difficulty of ride-through control during a symmetrical grid fault
is explained in [7].

It is usually thought that a fast semiconductor converter can
limit the current fed to a grid fault immediately, a merit that is
frequently attributed to HVDC systems [8], [9]. At first glance,
it seems straightforward to apply the same principle to a DFIG,
so that the rotor-side converter current could be constrained
while the protection operates on impedance rather than over-
current relays. However, in a DFIG wind turbine arrangement,
the converter is on the rotor side of the generator. There are
known cases where a DFIG rotor converter operated this way
experienced over-voltages and failed to limit the fault current,
leading to the destruction of the converter. This paper extends
the initial study presented in [7] and proposes a new control
approach without additional hardware but based on the insight
gained from analysis and modeling backed up by experiment.

Section II of the paper reviews the generator model. The
behavior of the DFIG system during a grid fault is analyzed.
It is shown that the fault current depends on the internal state
of the machine as well as the voltage applied on the rotor side.
Section III derives the control algorithm in order to assist the
system to ride through the grid fault, which takes into account the
machine’s internal state. Section IV verifies the proposed control
method and validates the simulation model on a laboratory test
rig. The validated model is used in Section V to evaluate the
system performance with respect to the fault type and prefault
condition. The operating region for successful ride-through for a
typical 2-MW DFIG system is then defined for each fault type in
terms of the severity of the fault and the prefault machine speed.

II. DFIG DURING GRID FAULT

Fig. 1 is the block diagram of a DFIG wind turbine system.
The generator has a three-phase wound rotor supplied, via slip
rings, from a four-quadrant, pulse width modulation (PWM)
converter with voltage of controllable amplitude and frequency.
The generator can operate at variable speed, while the stator
remains at a constant grid frequency. The machine usually op-
erates in the vector-control mode orientated to the stator-flux
linkage, which can be calculated as follows using the measured
voltage and current [10]:

ψsabc =
∫

(usabc − Rsisabc)dt (1)

where ψsabc is the space vector of the flux linkages of the three-
phase stator windings. usabc and isabc are the corresponding

0885-8969/$20.00 © 2006 IEEE
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Fig. 1. Configuration of the DFIG wind turbine system.

voltage and current space vectors. The positive current direc-
tions are defined as feeding the generator. Rs is the stator resis-
tance. Generally, “s” and “r” in subscript distinguish quantities
or parameters on the stator or rotor side.

The stator- and rotor-flux linkages are related to the currents
as

ψsabc = (Lls + Lm)isabc + Lmirabc (2)

ψrabc = Lmisabc + (Llr + Lm)irabc (3)

where Lls and Llr are the leakage inductances, and Lm is
the magnetizing inductance. During normal operation, both the
stator- and rotor-flux linkages rotate at synchronous speed with
respect to the stator.

In the rotor reference frame, the voltage equation of the rotor
windings is

urabc = Rrirabc +
dψrabc

dt
. (4)

The rotor-flux linkage can be expressed in terms of stator-flux
linkage and rotor current according to (2) and (3) [10], [11].

ψrabc =
Lm

Ls
ψsabc +

LsLr − L2
m

Ls
irabc (5)

where Ls = Lls + Lm and Lr = Llr + Lm. All the quantities
are in per unit (p.u.).

The equivalent circuit of the DFIG machine viewed from the
rotor side, corresponding to (4) and (5), is shown in Fig. 2. The
rotor current is jointly decided by the injected rotor voltage and
the induced electromotive force (EMF) or the derivative of the
stator-flux linkage with respect to time. In normal operation,
the space vector ψsabc rotates at slip speed sω0, with respect to
the rotor winding, where s is the slip and ω0 is the synchronous
speed. Therefore, ψsabc/dt is jsω0ψsabc . This is predominantly
balanced by the rotor voltage of the same frequency and
determines the voltage rating of the rotor-side converter, with
some margin. Now consider a three-phase fault on the grid
side, which brings the stator terminal voltage down to zero. In
such an extreme case, the space vector of the stator-flux linkage
ψsabc , will “freeze” and stop rotating with respect to the stator
winding, as implied by (1). As a result, ψsabc rotates at speed
ωr with respect to the rotor winding. The induced EMF, dψsabc ,
will then become jωrψsabc , where ωr is the rotor speed in p.u.

Fig. 2. Rotor-side equivalent circuit.

Fig. 3. Simulation results of a 2-MW DFIG during a grid fault.

a mismatch with the rotor supply voltage is introduced in terms
of both amplitude and frequency. Current components at two
frequencies, sω0 and ωr = (1 − s)ω0 are produced. Because
the leakage inductance and rotor winding resistance are usually
small, the rotor current, which is the superposition of the two
components, is consequently large. With the effect of the stator
resistance ψsabc will gradually decay, attenuating the transient
fault current component at frequency ωr ; this is effectively the
transient behavior of the rotor.

Note that the induced EMF viewed from the rotor can be
relatively large during the fault because the rotor speed may
be greater than the prefault slip speed. For instance, consider
that the DFIG is initially running at the maximum speed, which
is typically 30% above the synchronous speed [1]. The pre-
fault slip is s = −0.3 p.u, while ωr = (1 − s)ω0 = 1.3ω0 Cor-
respondingly, the induced EMF increases by 333% in amplitude
for the fault scenario described earlier, while the frequency also
changes.

The analysis suggests that the difficulty of the rotor-side con-
verter in constraining the current during a grid fault is associated
with the induced EMF depending on the stator-flux linkage and
speed. This is a major difference when compared with an in-
verter connected directly to a passive grid network. Fig. 3 shows
the simulated fault current for a 2-MW DFIG system detailed
in Appendix I. The machine initially operates with full load and
is at 30% super synchronous speed. A three-phase grid fault
brings the generator terminal voltage down to 0.3 p.u. The con-
trol implemented in the simulation model is the vector-control
algorithm for terminal voltage regulation and the maximum ac-
tive power tracking [12]. The rotor-side converter is represented
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as controlled voltage sources. No additional action or control
limit is included to constrain the fault current. It is observed
that the rotor current increases from about 1.0 to 7.2 p.u. It is
also evident that the current consists of components at different
frequencies.

The analysis shows that a large rotor voltage would be re-
quired for the converter current to be constrained.

For an asymmetrical grid fault, a voltage component of neg-
ative phase sequence will appear at the generator terminal. This
will cause a negative sequence component in the stator-flux
linkage in addition to the dc component described earlier with
respect to the stator. The rotor winding rotates with respect to
the negative sequence flux component at speed ω0 + ωr . The
corresponding EMF induced depends on the terminal voltage
and the prefault machine speed. The consequence can also be
explained using Fig. 2.

III. CONTROL FOR GRID FAULT RIDE-THROUGH

There are different interpretations to the requirements of grid
fault ride-through. Ultimately, the DFIG is desired to act like
a synchronous machine capable of providing fault current for
protection relays and voltage support [6]. It is difficult to pro-
vide the current without increasing the converter rating. This
study views the challenge of ride-through as constraining the
fault current in the presence of change of the induced EMF in
the machine. No additional hardware equipment, e.g., the crow-
bar, is to be used. In addition, the transient associated with the
clearance after the fault is also to be dealt with, as the generator
returns to the normal control.

The rotor-side converter usually employs the IGBT as the
semiconductor switching device. Its continuous current rating
is determined by the steady-state load, while the over load ca-
pability could be exploited during transient. In theory, the max-
imum current switched by the device can be the peak pulse
rating, as long as the junction temperature reached in the IGBT
is permissible and the V –I switching trajectory is within the
safe operating area (SOA) [13]. The pulse current rating of
an IGBT is typically 100% higher than the continuous current
rating. Therefore, the control objective of this study is to con-
strain the instantaneous rotor current below 2.0 p.u., while the
converter dc-link voltage is also maintained below the device’s
voltage rating. In practice, the PWM switching frequency could
be temporarily reduced to prevent excessive switching losses
due to increased device current and voltage during grid fault
ride-through control.

A logical conclusion from the analysis in Section II is that
during fault the voltage applied from the rotor converter to the
rotor winding should be used to weaken the effect of the dc
and negative sequence components in the stator-flux linkage.
According to either (4) or Fig. 2, the effect is actually expressed
through the corresponding flux components linking the rotor
side. The total stator-flux linkage is dictated by the stator volt-
age. It is desirable to orient the rotor current such that it contains
components that oppose the rotor flux linkage dc and negative
sequence components. This is shown in Fig. 4, where subscripts
“1,” “2,” and “0” indicate the positive, negative, and zero (dc)

Fig. 4. Control of the rotor current.

sequence components in the flux linkage or current space vec-
tors, respectively. The converter voltage on the rotor side can
be used for such an objective and the rotor current is to be kept
to an acceptable limit. Whether this is achievable depends on
how strongly the voltage can be applied, as compared to the
internal induced EMF. The whole scenario is then dependent on
the severity of the fault and the prefault condition of the DFIG
system. This will be described later as the feasibility region for
successful ride-through. The control approach adopted in this
study aims to enlarge the feasibility region. Equation (5) can be
approximated as follows:

ψrabc =
Lm

Ls
ψsabc +

LsLr − L2
m

Ls
irabc

≈ ψsabc + (Lsl + Llr)irabc . (6)

Equation (6) shows that the rotor current can be controlled
to counter the undesired components in the stator-flux linkage.
It should also be noticed that if the DFIG machine is designed
with increased rotor or stator leakage inductance, it will increase
the effectiveness of rotor current control and hence the ability
to ride through grid faults. This is similar to the fact that a syn-
chronous machine with increased winding leakage inductance
may improve its transient behavior.

Fig. 5 shows the proposed controller including three parts:
1) stator-flux linkage estimation and decomposition; 2) calcula-
tion of rotor current reference; and 3) implementation of rotor
current control. Fig. 6 shows the algorithm to decompose the
stator-flux linkage vector into positive, negative, and zero se-
quence (dc) components. The stator voltage and current are used
to calculate the total flux linkage as shown in (1). A second-order
band-pass filter, whose gain and phase response are set as unity
and zero degree, respectively, at the nominal stator frequency
(50 Hz), is used to remove the dc component and the effect of
switching harmonics. The output is ac including the positive and
negative sequence components with respect to the stator wind-
ing. The dc component can therefore be calculated as follows:

ψ0 sabc = ψsabc − ψac sabc . (7)

It should be noted that in Fig. 6, the derivative operation has
the effect of phase shifting the positive and negative sequence
flux linkage components by π/2 and −π/2 (rad), respectively.
The amplitude is not affected if all quantities are expressed in per
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Fig. 5. Control block diagram.

Fig. 6. Observation of components in stator-flux linkage.

unit and the system operates at the base or nominal frequency on
the stator side. This is used to separate the positive and negative
sequence components ψ1 sabc and ψ2 sabc

1
2

[
ψac sabc − (−j) × dψsabc

dt

]

=
1
2

[
(ψ1 sabc + ψ2 sabc) − (−j)

× d

dt
(ψ0 sabc + ψ1 sabc + ψ2 sabc)

]

=
1
2
[(ψ1 sabc + ψ2 sabc)

− (−j) × (jψ1 sabc − jψ2 sabc)]

= ψ2 sabc (8)

1
2

[
ψac sabc + (−j) × dψsabc

dt

]

=
1
2

[
(ψ1 sabc + ψ2 sabc) + (−j)

× d

dt
(ψ0 sabc + ψ1 sabc + ψ2 sabc)

]

Fig. 7. Observation of components in stator-flux linkage—Test of algorithm
using simulation.

=
1
2
[(ψ1 sabc + ψ2 sabc) + (−j)

× (jψ1 sabc − jψ2 sabc)]

= ψ1 sabc . (9)

The proposed algorithm was demonstrated using simulation.
A single-phase-to-ground fault on the stator side is simulated for
the 2-MW DFIG system. Components in the stator-flux linkage,
calculated using the above algorithm, are compared with those
directly measured in the machine model. The comparison is
shown in Fig. 7. The angles of the flux-linkage components
are referenced to the magnetic axis of stator phase “a.” Close
agreement is observed with the estimation catching up the actual
response in about a quarter of a 50 Hz cycle. This is because
the derivative information has been taken into account in the
flux-linkage observation algorithm. Control action can thus take
place before the rotor current increases to an unacceptable level.
Fast flux-linkage observation and rotor current response are
essential to the proposed control method.

When the rotor current is used to cancel both the dc and the
negative sequence components in the stator-flux linkage, it is
necessary to coordinate the two aspects of the objective. The
rotor current and voltage must always be within the SOA of
the switching device. A series of simulations were performed
to determine the appropriate sharing of the converter current
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Fig. 8. Sharing of converter current capability.

capability. It was recommended to cancel 60% of the negative se-
quence component in the stator-flux linkage. For a typical DFIG
system, this would be possible for all faults that could occur in
the transmission network. The reminder of the current capability
is used to deal with the dc component in the stator-flux linkage.
Because the current components are at different frequencies, the
maximum instantaneous current of the converter is the algebraic
summation of the peak values, which must be less than 2.0 p.u. in
this study. Fig. 8 shows the scheme of current capability sharing.
The reference rotor current is consequently generated. The per
unit limit of the dc current component is dynamically calculated
depending on the negative sequence current compensation

Imax
0 rabc = 2.0 − 0.6

Lls + Llr
|ψ2 sabc | . (10)

The implementation of the rotor current control is through a
proportionalalgorithm in a stationary d–q reference frame fixed
to the stator, as shown in Fig. 5. Coordinate transformation is
necessary to determine the reference rotor phase voltages, taking
into account the rotor angle.

IV. EXPERIMENTAL VERIFICATION

Fig. 9 shows the DFIG test rig set up to verify the proposed
control method and the model used for full-scale system sim-
ulation. A 30-kW wound rotor machine is driven by a vector-
controlled induction motor. Details of the test DFIG machine
are given in Appendix III. The rotor windings of the DFIG are
fed from a PWM inverter that is controlled by an xPC TargetBox
real-time system. The stator and rotor currents, stator voltages
and the rotor position of the DFIG machine are measured and
the control algorithm described in Section III is implemented in
Simulink, which generates the code to be downloaded into the
xPC TargetBox. The fault occurrence is detected from a sudden
change of the stator voltage, activating the fault ride-through
control.

Fig. 10 shows the control response of the DFIG system during
normal operation when subjected to sudden change of first real

Fig. 9. Test rig setup.

Fig. 10. Experimental results on a 30-kW DFIG control during normal oper-
ation.

and then real and reactive power. The speed is fixed at 1950
r/min, corresponding to -0.3 p.u. slip for a four-pole machine.

The performance of fault ride-through control is verified with
the DFIG initially operating with no load. The stator windings
are initially open circuited and then a three-phase short-circuit
fault is applied to the stator via a contactor. The unloaded ma-
chine is excited from the rotor side where the current determines
the stator-flux linkage level. This is slightly different from the
algorithm shown in (1) but a fault directly applied to the mains
supply can be avoided. At the moment when the fault is applied
to the stator, the stator-flux linkage is spontaneously trapped in
the machine, giving rise to a dc component. The rotor windings
then cut the trapped flux at the prefault speed, 1950 r/min in
this experiment. The control objective is to constrain the rotor
current in the presence of the induced EMF. The experiment
setup is thus adequate to verify the proposed control method.
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Fig. 11. Experimental results on a 30-kW DFIG with ride-through control.

Upon detecting the fault, the rotor current is controlled to
oppose the dc component of the stator-flux linkage. The latter
will decay due to the winding resistance. It can be shown that,
without control action, it decays exponentially with the stator
short-circuit time constant [14]

τ ′
s =

[
1 − L2

m

(L′
ls + Lm)(L′

lr + Lm)

]
L′

ls + Lm

R′
s

(11)

where L′
ls and R′

s include the contribution from the grid. The dc
component of the stator-flux linkage decays more rapidly under
control. In practice, the control gains should be enough for the
flux to decay to nearly zero by the time when the fault is cleared.
The compensating current component should decay correspond-
ingly. In the experiment, the current decrease is represented in
the control algorithm using a simple linear approximation.

Fig. 11 shows a set of experimental results where the decrease
of the reference rotor current takes place in 55 ms. The initial
compensation level is 2.0. p.u. in terms of the rotor current. The
prefault rotor excitation level is set so that the stator voltage is
initially 0.7 p.u. Fig. 11(a) shows the three-phase PWM mod-
ulation indices, which are to be compared with the triangular
carrier between [-1, 1]. It is clear that overmodulation is required
to increase the inverter output voltage while the dc link in this
experiment is kept constant. Fig. 11(b) shows the response of

the rotor current in the d–q reference frame where the d-axis
coincides with stator phase “a” and the q-axis leads the d-axis
by 90◦. The small steady-state error is due to the proportional
control and cross coupling between the two axes [15], which is
not compensated in the study as the control is only for a short pe-
riod of time. A small steady-state error is considered acceptable
in this study. The three-phase rotor currents are also directly
measured as shown in Fig. 11(c). While the envelope of the
rotor current follows the desired profile, it is observed that the
frequency changes from the prefault slip frequency (-0.3 p.u.) to
a higher value (1.3 p.u.). Finally, Fig. 11(d) shows the measured
response of the stator current. In this particular case, the stator
current contains only the dc component during the fault.

Fig. 12 shows the simulation results corresponding to the ex-
perimental system, which indicates close agreement with the test
although the fault occurs at a different phase angle on the wave-
forms. The experiment therefore verifies the simulation model,
which can then be confidently used in full-scale system studies.

In both the experimental and the simulation results, the
converter or rotor current is successfully constrained in 2.0 p.u.
Note that the base voltage and current in Appendix III are
purposely reduced as compared to the machine or converter
rating to provide a safety margin. The rotor voltage also reaches
the maximum that could be provided by the converter with
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Fig. 12. Simulation results on a 30-kW DFIG with ride-through control.

overmodulation. Further experiments showed that for the same
control setup, the current cannot be constrained if the prefault
stator voltage is increased. This indicates that the success
for the DFIG to ride through the fault depends on the dc
component of the flux linkage trapped in the machine. As the
prefault voltage increases, more flux is trapped increasing the
induced EMF. The experimental results showing the effect of
the prefault condition are summarized in Fig. 13.

V. SIMULATION STUDIES AND FEASIBILITY REGIONS

The verified model is used to simulate the ride-through con-
trol of the DFIG in different fault scenarios with a full-size
machine. Fig. 14 shows a hypothetic network configuration of
the 2-MW DFIG used in this study. The parameters of the step-
up transformer and the double-circuit transmission network are
given in Appendix II. From the generator point of view, the
severity of the fault depends on the fault type and its distance
from the generator terminal. Given the fault type, an index is
defined to indicate the severity. The smaller is the Kf , the more
severe is the fault.

Kf =
Z2

Z2 + Z3
. (12)

Fig. 13. Feasibility region (shaded) for ride-through control obtained from
experiments.

A. Three-Phase Fault

Simulation is performed with Kf = 0.25 and the results are
shown in Fig. 15. The maximum slip is s = ±0.3 p.u. The
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Fig. 14. Configuration of a simulated 2-MW DFIG system.

Fig. 15. Simulation results on a 2-MW DFIG for a three-phase fault.

rotor voltage, approximately sω0ψrabc , is about 0.3 in the per
unit system chosen in this study assuming 1.0 p.u. rotor flux
linkage [16]. This means that the maximum rotor voltage will
be around 0.43 p.u. with overmodulation [13].

The three-phase fault occurs at t = 2 s and it is assumed
that the faulty transmission circuit is tripped after t = 2.1 s.
The DFIG wind turbine initially runs at the nominal speed
(1950 r/min) and the generator is almost fully loaded with a
lagging power factor of 0.867. Fig. 15 shows that at the fault
occurrence, the rotor current is constrained in 2.0 p.u. From
t = 2.1 s, the reduced rotor current is forced to nearly zero,
waiting for the fault to be cleared. As the dc component in the
flux linkage would have reduced at this stage, it should be pos-
sible for the rotor converter to provide the voltage needed to
null the current. At t = 2.15 s, the fault is cleared and the stator
voltage recovers. The same concept of ride-through control is
applied to the transient of fault clearance, which also introduces
undesired components in the stator-flux linkage. From t = 2.15
s to t = 2.25 s, the rotor current is again controlled to weaken
the dc component in the stator-flux linkage. It is controlled to
zero after t = 2.25 s. At t = 2.4 s, the ride-through control is
then disabled while the normal vector control is enabled. The
air-gap torque is again developed.

Sensitivity studies were performed to investigate the factors
that affect the ride-through control. The following changes
in the prefault condition will make it more difficult to ride
through the grid fault: 1) increase of machine speed and 2)
increase of the reactive power generated by the DFIG on the
stator side.

Fig. 16. Simulation results on a 2-MW DFIG for a phase–phase–ground fault.

This is consistent with the analysis on the mechanism of ride-
through control since both of them increase the fault-induced
EMF in the machine.

B. Phase–Phase–Ground Fault

Fig. 16 shows the simulation results with a phase–phase–
ground fault in the network. Again, Kf = 0.25. The prefault
condition is the same as that given earlier.

Although the fault type is rare in practice, this case shows the
features in an asymmetrical fault.

Compared with the previous case of symmetrical fault, the
main difference is that a negative sequence component now
exists in the stator-flux linkage during the transient. Part of the
rotor current is utilized to cancel the effect of this component.
However, as the cancellation is not complete, this leads to a
new component induced in the rotor voltage, whose frequency
is 2 − s p.u. As a result of the induced voltage, the maximum
instantaneous value of the required rotor voltage may be higher
than that used for the control. With interactions between the
dc, positive-, and negative-sequence components in the flux
linkages, the air-gap torque also has additional harmonic content
not present previously.

In practice, an area of concern with an asymmetrical fault
is the stabilization of the converter dc-link voltage. This was
checked in simulation and it was found that the grid side con-
verter could be controlled to avoid over current in the presence
of unbalanced grid side voltage [17]. In general, with the pro-
posed control of the rotor-side converter, the exchange of real
power across the converter is also attenuated during the fault.
The dc-link voltage can be readily stabilized for the fault sce-
nario simulated.

C. Feasibility Region

Ride-through control is affected by many factors; the study
identified that the most important ones are the prefault speed
and the severity of the fault. The feasibility region for the DFIG
to successfully ride through a grid fault is therefore investigated
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Fig. 17. Feasibility regions of grid fault ride-through (shaded) obtained from simulation.

Fig. 18. Effect of machine leakage inductance on the feasibility region.

for each type of fault with respect to the prefault speed and
Kf , to define the boundary that separates the situations that
the DFIG can handle from those that it cannot and hence must
be disconnected. The criterion is based on whether the rotor

current can be constrained to 2.0 p.u. with a rotor voltage that is
instantaneously lower than 0.43 p.u. as argued in Section V-A.

The feasibility regions identified are shown in Fig. 17. The
slip covers the whole normal speed range, which is ± 30%
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around the synchronous speed. The power factor on the stator
side of the machine is fixed at 0.867 lagging. The total DFIG
power changes with the speed and is shared between the stator
and rotor circuits according to the slip [1]. In Fig. 17, any point
in the shaded area means that the DFIG can ride through the
grid fault in the corresponding condition. For any fault type, it
is generally more difficult to ride through the fault of the same
severity when the generator operates at a higher speed. When the
generator operates at a speed 30% above the synchronous speed,
i.e., -0.3 slip, it can ride through a symmetrical three-phase as
long as the severity index is not less than 0.25 corresponding to
the terminal voltage of about 0.3 p.u.

It is clear from Fig. 17 that the DFIG can ride through all
single-phase-to-ground faults in the transmission network. This
conclusion is however only valid for the specific system under
study and the ride-through criterion described earlier. If the sys-
tem configuration changes or the current and voltage capabilities
of the converter are set differently, the feasibility regions for all
fault types need to be revised.

As pointed out in the theoretical analysis in Section III, the
DFIG ride-through control favors increased leakage inductance
of the machine. Fig. 18 shows the feasibility regions as affected
by total stator and rotor leakage inductance Ll = Lls + Llr.
Originally, Lls = 0.1386 p.u., Llr = 0.1493 p.u., and the to-
tal L10 = 0.2879 p.u. Lls and Llr are proportionally scaled to
change the total leakage inductance. It is confirmed that in-
creased leakage inductance indeed increases the feasibility re-
gions. In practice, the stator and rotor leakage inductance can
be increased by the choice of the slot depth, slot wedge, and the
end winding arrangement [18]. An overall optimized solution
should however be reached after also considering other effects,
for example, the reactive power losses in the machine during
normal operation.

VI. CONCLUSION

This paper analyzes the challenge for a DFIG wind turbine to
ride through a grid fault. It has been shown that dc and negative
sequence components are caused in the machine flux linkages,
resulting in a large EMF induction in the rotor circuit. A new
method is proposed to control the rotor-side converter so that
the rotor current contains components to oppose the undesired
components in the stator-flux linkage. Fast observation of the
stator-flux linkage components is essential to the control, which
effectively constrains the rotor current given the voltage ca-
pability of the converter. A test rig has been set up to verify
the analysis and a control method has been proposed. Simula-
tions based on a validated model provide the feasibility regions,
in terms of fault severity and prefault speed, of successful ride-
through control for a 2-MW DFIG connected to the grid through
a double-circuit network. It is shown that the maximum turbine
speed sets the most demanding scenario for ride-through con-
trol for all fault types. Increased machine leakage inductance is
useful to the ride-through control method proposed.

The study clearly shows the ability for a DFIG wind turbine
generator to ride through the grid fault and the limitations to
that control objective. The study can be extended to evaluate the

wind farm design, or to identify the situations where additional
means of control and protection must be provided.

APPENDIX I

2-MW MACHINE EQUIVALENT CIRCUIT PARAMETERS

Ratings: Sn = 2.0 MW, fn = 50 Hz, Un = 690 V (line–line,
rms), four pole

Winding connection (stator/rotor): Y –Y
Turns ratio: Ns/Nr = 0.45
Stator resistance: Rs = 0.00488 p.u.
Stator leakage inductance: Lls = 0.1386 p.u.
Rotor resistance: Rr = 0.00549 p.u.
Rotor leakage inductance: Llr = 0.1493 p.u.
Magnetizing inductance: Lm = 3.9527 p.u.
H = 3.5 s
Base capacity: Sb = 2 MVA
Base frequency: fb = 50 Hz
Base stator voltage (phase, peak value): Vsb = 563.4 V
Base rotor voltage (phase, peak value): Vrb = 1252 V
Proportional gain of current control: Kp = 1.6

APPENDIX II

2-MW DFIG TRANSFORMER AND TRANSMISSION NETWORK

PARAMETERS

Sn = 2.5 MW, fn = 50 Hz
Primary winding: 20 kV-∆
Secondary winding: 690 V-Y0
Short-circuit impedance: ZT = 0.0098 + j0.09241 p.u.
Transmission line impedance: Z1 = Z2 + Z3 = 0.01 + j0.1

p.u.
Base capacity: Sb = 2.5 MVA

APPENDIX III

TEST RIG DFIG MACHINE PARAMETERS

Ratings: Sn = 30 kW, fn = 50 Hz, Un = 400 V (line-line, rms),
four pole

Winding connection (stator/rotor): Y –Y
Turns ratio: Ns/Nr = 400/380
Stator resistance: Rs = 0.0404 p.u.
Stator leakage inductance: Lls = 0.0673 p.u.
Rotor resistance: Rr = 0.0315 p.u.
Rotor leakage inductance: Llr = 0.1152 p.u.
Magnetizing inductance: Lm = 3.8997 p.u.
Base capacity: Sb = 2.887 kVA
Base frequency: fb = 50 Hz
Base stator voltage (phase, peak value): Vsb = 81.65 V
Base rotor voltage (phase, peak value): Vrb = 77.57 V
Proportional gain of current control: Kp = 1.6
dc-link voltage: 48 V
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