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Abstract — The purpose of this work is to evaluate the fault 

ride through capability of a wind turbine equipped with a doubly-

fed induction generator and a back-to-back converter. Currently, 

the need of a wind turbine to remain connected to the grid in the 

occurrence of a voltage dip has become mandatory. Indeed, it is 

required by regulatory entities and, therefore, by the transmission 

system operator, that these systems must have the fault ride 

through (FRT) capability, as a possible disconnection could lead 

to a cascading effect due to the lack of voltage. Besides, they must 

guarantee the injection of reactive power to the grid for specific 

profiles of voltage sags, also according to current standards. The 

proposed power converter in a back-to-back arrangement allows 

the speed control of the wind turbine shaft and guarantees the 

Maximum Power Point Tracking (MPPT). It is installed alongside 

a common DC-link not only for energy storage but also to decouple 

the control of both AC/DC and DC/AC power converters. During 

a voltage sag, an active crowbar connected in series with the 

machine rotor, triggered when the DC-link voltage exceeds a 

defined threshold, ensures the FRT capability. In this case, the 

priority is no longer the MPPT, it is the injection of reactive power 

to help supporting the grid voltage. For a voltage dip of 80% 

during 500 ms the FRT capability is corroborated, as the crowbar 

is activated to protect the turbine equipment. With this approach 

the wind turbine does not disconnect from the grid. 

Keywords — Wind Turbine; Doubly-Fed Induction Generator; 

Back-to-Back Converter; Voltage Dip; Fault Ride Through 

Capacility; Maximum Power Point Tracker 

I.  INTRODUCTION  

For many countries, wind power has become a pillar in their 
strategies to phase out fossil and nuclear energy. In the end of 
2017, the wind power installed capacity grew 10.6% to a total of 
539.12 GW [1]. 

In Portugal, a share of 38% of the renewable installed 
capacity corresponds to wind power. In fact, this technology 
comes in with 56.6% of the renewable energy production in 
2017 [2]. 

The installation of wind turbines has grown at a fast pace 
over the last two decades. Initially, wind turbines had a rated 
power of 200 kW and an induction generator directly connected 
to the grid. These systems had a fixed-speed performance, a 

limited power extraction and were disconnected from the power 
system during a grid fault. On the other hand, modern high-
power systems allow adjustable speed operation and the 
extraction of the maximum power provided by the wind. Such 
advantages are provided by topologies with a Doubly-Fed 
Induction Generator (DFIG) and a back-to-back power 
converter, equipped with a common DC-link. However, a DFIG 
configuration is very sensitive to grid faults, particularly voltage 
dips, since the stator terminals are directly connected to the grid. 
Thus, its operation still offers some challenges during these 
events. In fact, an abrupt voltage drop in the grid results in over-
voltages or over-currents in the rotor windings and common DC-
link, which may destroy the rotor side converter (RSC) in case 
of no protection measures are taken [3]. A possible 
disconnection would lead to a cascading effect due to the lack of 
voltage, affecting control of voltage and frequency in the power 
system. It is therefore worldwide recognized that to enable large 
scale application of wind energy without compromising system 
stability and integrity, wind turbines must stay connected to the 
grid in case of a fault. Furthermore, regulatory entities of the 
energy sector demand that a wind turbine remains connected to 
the grid at the time of grid disturbances. Besides not being able 
to disconnect from the grid, a wind turbine must guarantee the 
injection of reactive power to the grid for specific profiles of 
voltage sags, also according to current standards. 

The proposed system (Fig. 1) is equipped with a DFIG, 
where the stator is directly connected to the grid and the rotor to 
a power converter in a back-to-back arrangement. It is composed 
by an AC/DC conversion stage (the RSC) and a DC/AC 
conversion stage (the GSC). Between both levels there is a 
common DC-link with a capacitor. These power converters are 
capable of establishing a variable voltage and frequency of the 
generator into a fixed frequency and output voltage compliant 
with the network [4]. 

 

Fig. 1 - Global model of the system 



The wind generation system is based on a wind turbine 
model that defines the optimum speed of the DFIG according to 
the wind speed. A reference torque is generated in order to reach 
the optimum speed as soon as possible, considering the real 
speed and the optimum. The back-to-back converter uses non-
linear control of the DFIG currents to establish the reference 
torque and extract the maximum power from the wind. 

II. EQUIPMENT 

A. Wind Turbine Model 

The electrical power that can be extracted with the wind 
turbine is given by (1) [5]: 

Pe = 
1

2
 Cp(λ,β) A ρ u

3 (1) 

Where A (m2) is the area swept by the wind turbine, ρ 
(kg/m3) is the air density, u (m/s) is the wind speed. Cp(λ,β) (2) 

is the performance coefficient (or power coefficient) of the wind 
turbine and it depends on the tip-speed ratio λ and the pitch 

angle β: 

Cp(λ,β) = 0.22(
116

λi

-0.4β - 5) e
(- 

12.5

λi
)

(2) 

λi = (
1

λ + 0.08β
 – 

0.035

β3+1
)

-1

(3) 

The tip-speed ratio is given by (4): 

λ = 
ωT R

u
(4) 

It depends on the wind turbine angular speed ωT (rad/s), the 
wind speed and the radius R (m) of the blade. 

The mechanical torque extracted from the turbine rotor is 
given by Tm (5), where ωm (rad/s) is the angular speed of the 
generator’s rotor: 

Tm = 
Pe

ωm

(5) 

B. Doubly-Fed Induction Generator 

The stator of the DFIG is directly connected to the grid, 
while the rotor to a power converter, the RSC. 

The model of the DFIG in dq coordinates is a system that 
depends on Ф (the displacement between αβ and dq reference 
frames). It is controlled in synchronously dq reference frame, 
with the d-axis oriented along the stator-flux vector position. 
Note that the q-axis is in quadrature with the d-axis. 

The equations of the DFIG dynamics are given by (6): 

{
 
 
 
 

 
 
 
 usd = rsisd + 

dΨsd

dt
 - ωdqΨsq

usq = rsisq + 
dΨsq

dt
 + ωdqΨsd

urd = rrird + 
dΨrd

dt
 – (ωdq – nppωm)Ψrq

urq = rrirq + 
dΨrq

dt
 + (ωdq – nppωm)Ψrd

(6) 

Matrix X (7) gives the relation between the linkage fluxes 
and the currents (8). 

X = [

Ls 0 M 0

0 Ls 0 M

M 0 Lr 0

0 M 0 Lr

] (7) 
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(8) 

The electromagnetic torque is a function of the number of 
pair of poles npp, linkage fluxes and 
currents:

Tem = npp (isqΨsd - isdΨsq) (9) 

C. Back-to-back Converter 

The back-to-back arrangement allows a bidirectional power 
flow and the rated power of both converters need only to be 
around 20 – 30% of the total power [4]. Furthermore, a common 
DC-link between the RSC and the GSC enables the decoupling 
of both power converters control. 

The RSC is designed to have three legs, each with two 
groups of semiconductors (IGBT + anti parallel diode). The state 
of each semiconductor in the leg k (k = A, B, C) can be 
represented by a function γk, defined by two possible stages: if 
γk = 1, the switch S1k is ON and S2k is OFF; if γk = 0, the switch 
S1k is OFF and S2k is ON. Depending on the values of γk, the 
output voltages of the converter can only be expressed by 23 
operational states [6]. Each operational state is represented by a 
state-space vector in the αβ orthogonal frame, shown in Fig. 2. 
Each vector corresponds to an output voltage of the converter 
that is directly applied to the rotor windings of the DFIG. 

 

Fig. 2 - RSC state-space vectors location on the αβ frame 

In the GSC the states of each semiconductor device in the 
same leg k (k = A, B, C) can be represented by the same function 
γk, as in the RSC. The GSC is designed to operate from AC to 
DC, performing in the opposite way of the RSC. Thus, the 
disposition of the state-space vectors is also complementary 
(Fig. 3). 

 

Fig. 3 - GSC state-space vectors location on the αβ frame 



III. SYSTEM CONTROL 

When the system is performing under normal operation 
conditions, the MPPT is assured by the speed control. It is 
established the q-component of the rotor current irq in the RSC, 
which returns the maximum output power, as it depends on the 
reference torque provided by the speed controller. 

In case of occurrence of a voltage sag in the grid, an active 
crowbar is activated whenever the DC-link voltage is higher 
than a defined threshold. Furthermore, regulatory entities and 
the transmission system operator demand the injection of 
reactive power to help supporting the grid voltage. The q-
component of the GSC currents controls the absorption or 
injection of reactive power into the grid. 

A. Control of the Doubly-Fed Induction Generator 

The stator field orientation control is based on the stator flux 

dq model, where the reference frame rotates synchronously 

with respect to the stator linkage flux, with its d-axis 

overlapping the instantaneous axis of the stator flux. Therefore, 

the rotating speed of the dq reference frame, ωdq, is equal to the 

angular frequency of the stator voltage, ω, and the q-component 

of the flux Ψsqis zero (11). 

{usd = rsisd + 
dΨsd

dt
Ψsd = Lsisd + Mird

(10) 

{
usq = rsisq + ωΨsd

Ψsq = 0 = Lsisq + Mirq
(11) 

The q-component of the rotor current (13) can be obtained 
considering the electromagnetic torque Tem of the machine (12) 

and the stator flux in (16) [7]. 

Tem = nppΨsd (-
M

Ls

irq) (12) 

irq = −
ω Ls

npp M √3 Vef

Tem (13) 

The d-component of the stator voltage can be simplified to 

(14) and the q-component to (15) by neglecting the stator 

resistance. This procedure can be adopted to large power 

generators, since the resistance is much smaller than the stator 

reactance (rs << ωLs) [7]. 

usd ≈ 
dΨsd

dt
(14) 

usq ≈ ωΨsd (15) 

The application of the integration rules allows the 

computation of the stator flux magnitude, resulting in (16): 

Ψsd = 
√3 Vef

ω
(16) 

As referred, the rotating speed ωdq, is equal to the angular 

frequency of the stator voltage, ω. Thus, in steady-state, the 

stator flux is constant, resulting in (17): 

{
usd = 0

usd = √3 Vef

(17) 

It is now possible to establish the q-component of the rotor 

reference current irq_ref (18), as it returns the maximum output 

power. This variable depends on the maximum corresponding 

torque, TMPPT. 

irq_ref  = −
ω Ls

npp M √3 Vef

TMPPT (18) 

B. Speed controller of the wind turbine 

A speed controller is proposed with the aim of extracting the 

maximum power from the wind by establishing an optimal 

speed based on the MPPT requirement. The optimal turbine 

speed (20) is based on the computation of the maximum 

available mechanical power supplied by the wind turbine, 

obtained through (19). 

dPe

dωT

= 0 (19) 

ωTopt =
6.32497

R
u (20) 

The corresponding generator speed is also optimal and 

dependent on the gain of the gearbox G (21): 

ωm_ref = ( 
6.32497

R
u )G (21) 

The model of the speed controller [8] is presented in Fig. 4  

 
Fig. 4 - Block diagram of the wind speed controller 

The reference torque TMPPT generated by the compensator 

C(s) will produce the reference torque TMPPT  It will established 

the reference output current in (18) and the RSC will apply the 

necessary currents to achieve and follow irq_ref  and, 

consequently, the requested speed in (21). 

The compensator C(s) choice is done admitting a second 

order open-loop chain as the transfer function of the system, 

without any poles at the complex plan origin and with two real 

poles at -1/Td and -Kd/JTotal [8]. The system has a perturbation 

Tm, so in order to minimize the effect of disturbance (zero static 

error), the compensator (22) must be a Proportional-Integral 

(PI) controller. 

C(s) = Kp+
Ki

s
= 

1 + sTz

sTp

(22) 

The closed-loop transfer function of the system can now be 

written (23): 

ωm

ωm_ref

= 

1
Tp Kd Td

s2 + 
1
Td

s + 
Kt

Tp Kd Td

(23) 



To cancel the low frequency pole of the system at -Kd/JTotal, 

Tz is given by (24): 

Tz = 
JTotal

Kd

(24) 

The general closed-loop transfer function of the second 

order system is given by (25). 

ωm

ωm_ref

 =  
ω0

2

s2 + 2ζω0s + ω0
2

(25) 

Thus, it is possible to write the missing parameters of the 

compensator. 

ω0 = 
1

2ζTd

(26) 

Tp=
1

ω0
2 Kd Td

 = 
1

1
(2ζTd)

2  Kd Td

(27)
 

C. Design of currents controllers for both converters 

The extraction of the maximum power is performed by the 
MPPT speed controller, where the output TMPPT will dictate the 
reference currents. The RSC will establish the output currents 
that will follow the reference. The currents measured at the 
output of the converter are compared to the reference values, 
established in (18). According to the resulting error between the 
reference and the measured values (28), it is chosen the most 
adequate vector from the 8 state-space vectors [9]. The chosen 
vector should follow the reference and guarantee the stability of 
the system according to the condition in (29). 

{
Sα(e

α
, t) =  kα (iα_ref - iα)

Sβ(e
β
, t) =  kβ (i

β_ref
 - iβ)

(28) 

The gains kα and kβ should be greater than zero. 

{
Sα(e

α
, t).Ṡα(e

α
, t) < 0 

Sβ(e
β
, t).Ṡβ(e

β
, t) < 0

(29) 

The state-space criteria are established in Table I. 
 

 

TABLE I. 

RSC STATE-SPACE VECTOR SELECTION 

 

Sα, β(e
α, β

, t) Vector choice criterion Output of Sα, β 

> Δ Vector must increase iα or iβ +1 

< -Δ Vector must decrease iα or iβ -1 

-Δ < and < Δ Vector does not change iα or iβ 0 

 

The same technique is used in the GSC. This converter 
guarantees a nearly unitary input power factor, as the reactive 
power must be nearly zero. Considering a reference frame 
synchronous with the grid voltage in (30), the active and reactive 
power can be written in dq coordinates (31). 

{
ud_grid  = √3 Vef

uq_grid  = 0          
(30) 

{
P = ud_grid  id + uq_grid iq

Q = uq_grid id - ud_grid  iq

(31) 

As uq_grid is zero in (30), the reactive power is now controlled 
by the q-component of the input current. 

{
P = ud_grid id

Q = - ud_grid iq

(32) 

Depending on the difference between the reference and the 
measured value (33), an appropriate vector is chosen in order to 
guarantee the system stability through the condition (34). 

SQ(Q, t) = kQ (Qref
 - Q) (33) 

SQ(eQ, t).SQ̇(eQ, t) < 0 (34) 

The vector choice criteria are presented in Table II. 
 

 

TABLE II. 

STATE-SPACE VECTOR SELECTION 

 

SQ(e
Q

, t) Vector choice criterion Output of SQ 

> Δ Vector must increase Q +1 

< -Δ Vector must decrease Q -1 

-Δ < and < Δ Vector does not change Q 0 

D. DC-Link voltage control 

Apart from controlling the active and reactive power 
delivered to the grid, the GSC also controls the voltage in the 
DC-link. The controller output is the d-component reference 
value for the internal current control system. In this way, the 
current d-component controls the active power, while the q-
component the reactive power (32). The block diagram of Fig. 5 
represents the voltage control scheme. 

 
Fig. 5 - Block diagram for the DC-link voltage controller 

The expression of the capacitor in the common DC-link is 
given by (35): 

C = 
2×0.25×Pe×Δt

UDCmax

2  - UDCmin

2
(35) 

The compensator is a PI controller (36), where the 
proportional gain Kp and the integral gain Ki are given by (37) 
[10]. Both gains depend on the capacitor C (F). 

C(s) = Kp+
Ki

s
(36) 



{
 
 

 
 Kp =

2.15 C αi

1.752 αv Gi Tdv

Ki =
C αi

1.753 αv Gi Tdv
2

(37) 

The gain Gi is defined by (38), where  η
conv

 is the total 

efficiency of the back-to-back converter. Also,  αv  and  αi are 
equal to 0.01. 

Gi = η
conv

3Vef

UDC

(38) 

Note that the compensator block of Fig. 5 is a conventional 
PI controller with anti-windup effect, as shown in Fig. 6. The 
goal is to get a faster recovery of the UDC voltage to safer values, 
in the occurrence of a voltage dip. By means of reducing the 
integral gain as soon as the value of id_ref reaches its saturation 
level, the controller tends to invert the natural upward trend (in 
absolute values) of the DC-link voltage. 

 
Fig. 6 - Block diagram of the anti-windup effect 

E. Turbine control in the presence of a voltage dip 

In case of occurrence of a voltage dip in the grid, over-
currents or over-voltages will be induced in the rotor windings. 
By allowing the rotor to temporarily accelerate, wind energy 
continuously captured by the wind turbine during a fault can be 
stored as kinetic energy, while the DC-link capacitor will charge 
due to a sharp rise of the currents [11]. Consequently, in these 
conditions, the main goal of the system is to stay connected to 
the grid, instead of extracting the maximum power from the 
wind. 

The LVRT capability is achieved through a by-pass for the 
excessive rotor’s energy and the DC-link over-voltage. In this 
work, an active crowbar protection is used (Fig. 7). 

 

Fig. 7 - Schematic diagram of the system with active crowbar [11] 

Connected between the RSC and the in series with the rotor 
of the generator, it is based on a three-phase diode rectifier, the 
crowbar resistor and an IGBT switch. 

The minimum value for the crowbar resistor Rcb (40) 
depends on the maximum fault current in the rotor (39) [11]: 

Ir_max= 
Us

√(ωsLσ)
2 + Rcb

2

(39)
 

Rcb_min = 
√Us

2 - ωs
2(Lr+Ls)

2 Ir_max
2

Ir_max

(40)
 

Where Lσ is the stator and rotor total leakage reactance. 

Whenever the DC-link voltage is higher than a defined 
threshold, the crowbar is instantaneously turned on and should 
be kept in operation until the DC-link voltage decreases below 
the referred limit. This way, a bypass path is created and the 
resistance Rcb is connected in series with the rotor circuit [12]. 

Besides being able to stay connected during voltage sags, 
grid connection requirements are being reinforced to require 
reactive power support by wind turbines during these events. 
According to [13], and to meet this challenging necessity, the 
reactive current injected in the grid by the GSC must follow the 
trend of Fig. 8 

 

Fig. 8 - Reactive current injected in the grid by the GSC under fault situation 

[14] 

The reactive power control is achieved by means of the 
current q-component (32). 

IV. SIMULATION RESULTS 

The equipment and system control parameters and results are 
presented in this section. A model of the wind turbine was 
designed using Matlab/Simulink. 

A 1.5 MW wind turbine was used, based on a Nordex S77 
turbine. Its parameters and the DFIG’s are given by Table III. 

 

 
TABLE III. 

WIND TURBINE AND DFIG PARAMETERS 

 

R 

(m) 

P 

(MW) 

rs 

(mΩ) 

rr 

(mΩ) 

Ls 

(mH) 

Lr 

(mH) 

M 

(mH) 
npp 

Vef 

(V) 

38.5 1.5 2.2 1.8 3.02 2.95 2.9 2 690 

 

The speed controller parameters are given by Table IV. 
 



 
TABLE IV. 

SPEED CONTROLLER PARAMETERS 

 

Kt Td (s) Tz (s) Tp (s) ζ Kp Ki 

1 0.001 2913 0.04 √2/2 7280 25 

 

The DC-link voltage controller was also designed and its 
parameters are given by Table V. 

 

 
TABLE V. 

PARAMETERS OF THE DC-LINK VOLTAGE CONTROLLER 

 

Δt Tdv [s] η
conv

 
UDC 

[V] 
C [F] Gi Kp Ki 

0.25 0.02 0.95 2000 0.1071 0.983 3.57 47.44 

 

The results were obtained for both operational situations: a 
normal performance of the turbine under a specific wind speed 
record and a performance under a voltage dip in the grid. 

A. Results obtained under normal operation conditions 

Each second of the simulation corresponds to an actual hour 
due to some hardware boundaries. Thus, in this case, the period 
of the simulation is 24 seconds, which reflects 24 hour of wind 
records. This reduction of the simulation time also brings a 
reduction of the total moment of inertia in order to allow the 
turbine to successfully vary in this time range. 

The output of the speed controller is the reference torque. As 
the system equations were written using motor convention, the 
electromagnetic torque of the DFIG is negative. The reference 
torque is calculated based on the optimal generator speed in (21). 
Fig. 9 shows the electromagnetic torque following the reference 
to extract as much power from the wind turbine as possible. 

 
Fig. 9 - Reference and electromagnetic torques under normal operation 

conditions 

When the wind speed increases, currents flowing through the 
back-to-back power converter will rise and charge the capacitor; 
on the other hand, when the wind speed decreases, those currents 
will have a lower amplitude and reduce the voltage in the DC-
link, discharging the capacitor. Fig. 10 shows the waveform of 
the common DC-link voltage. 

 
Fig. 10 - DC-link voltage under normal operation conditions 

The rotor currents are represented in Fig. 11, where the sharp 
fluctuations are a result of the speed controller. 

 
Fig. 11 - Output current of the rotor under normal operation conditions 

B. Results obtained for a voltage dip 

The system is subjected to a sag with Vpu = 0.2 pu (depth of 
80%) through 500 ms and a total duration of 2 seconds. This 
waveform is shown in Fig. 12. 

To have a more realistic model, the value of the system total 
inertia was changed from Jtotal = 146 kgm2  to Jtotal = 2500 kgm2, 
in the presence of a voltage dip. This value reflects an attempt to 
acquire more accurate results regarding grid faults. Once the 
order of magnitude of the voltage dip’ total duration is the 
second, the wind speed of u = 11.5 ms-1 was kept constant the 
whole period of the simulation. 

 
Fig. 12 - Voltage dip profile in the Point of Common Coupling (PCC) 

During a fault, the wind energy captured by the wind turbine 
is partially stored as kinetic energy, increasing the generator 
speed, and will also charge the DC-link capacitor, that may 
charge to dangerous and harmful values. As the currents flowing 
through the semiconductors are limited by the current 
controllers, the concern relies on the voltage values reached by 
the capacitor while charging. The continuity, over time, under 
unsafe values can seriously damage the DC-link and, therefore, 



the power converters. As soon as the voltage in the capacitor 
reaches a defined limit, the crowbar is triggered (Fig. 13) to by-
pass the excessive energy flowing from the rotor to the crowbar 
resistor, Rcb. Thus, for 46 ms the crowbar protection is activated 
in order to absorb a large amount of energy (behaving as a by-
pass). 

 
Fig. 13 - Current flowing in the crowbar when it is activated 

With this alternative path for the surplus energy in the system 
to flow, the voltage in the DC-link is reduced to safer values, as 
observed in Fig. 14. From t= 13 s it is clear that as the grid 
voltage recovers, the voltage in the capacitor returns to its 
nominal values and the system to its normal operation. 

 
Fig. 14 - DC-link voltage waveform obtained with the crowbar protection 

The rotor currents of Fig. 15 present an initial transient peak 
due to the abrupt loss of 80% of the voltage grid. However, as 
the crowbar is enabled, the amplitude of the rotor currents 
reduces to safer values at t = 10.35 s. 

 
Fig. 15 - Rotor currents with the crowbar protection 

In the presence of a voltage dip, the wind turbine attempts to 
inject currents with a higher amplitude in order to balance the 
lack of power, due to the voltage sag. For that to happen, the 

generator needs to increase its rotational speed (Fig. 16), as the 
reference torque also rises to impose these currents. 

 

Fig. 16 - Generator speed under voltage dip from t = 10 s to t = 13 s 

The system attempts to increase its torque in order to produce 
more power. In fact, the torque increment (in absolute values) 
generates more output power until the voltage is almost 
recovered (at t = 13 s with voltage grid at 0.9 pu). As soon as the 
fault is cleared, the system returns to its normal operation, with 
MPPT operation. 

 

Fig. 17 - Torque in the DFIG when a grid fault occurs from t = 10 s to t = 13 s 

The reactive power injected has the waveform shown in Fig. 
18, following partially the trend of iq_ref. This power also depends 
on ud_grid, the d-component of the grid voltage. The current iq_ref 

stays in 0.9 pu from the depth of 80% to 50%, that is, from t = 
[10 s; 11.26 s]. However, at t = 10.5 s, the voltage recovery 
begins. Thus, the reactive power product in (32) starts to 
increase its absolute value, as seen in the reactive power 
waveform. After that, as iq_ref decreases faster than the increment 
of ud_grid, the reactive power has a reduction of its value until it 
reaches zero var. 

 

Fig. 18 - Reactive power under voltage dip for voltage network support 



The stator currents represented in Fig. 19 have the expected 
behavior under a voltage sag, as they present an initial peak 
amplitude related to the sudden loss of 80% of grid voltage. The 
fault recovery is directly related to the lower magnitudes in the 
stator currents. Similarly to Fig. 15, at t = 10.35 s is also 
viewable a reduction of the stator current amplitude due to the 
activation of the crowbar 

 

Fig. 19 - Stator currents in a presence of a voltage dip 

V. CONCLUSIONS 

The primary goal of this work was to analyze the capability 
of a wind turbine equipped with a DFIG to stay connected to the 
grid under a severe voltage dip. The wind turbine has a back-to-
back power converter connected to the rotor windings, while the 
stator is directly connected to the grid.  

Under normal operation conditions, and for each variation in 
the wind speed, the speed controller guaranteed the maximum 
output power through the MPPT. 

For a grid fault event, without the crowbar activation, the 
DC-link voltage reached an unsafe and harmful value, leading to 
a partial loss in the currents control of the GSC. However, with 
the activation of this equipment, the excessive energy from the 
rotor is by-passed to the crowbar resistor Rcb, enabling a faster 
recovery of the currents full control, in the GSC. As a result, the 
common DC-link takes safer values of the voltage, as well as the 
rotor. Moreover, the reactive support is achieved, as the wind 
turbine implements the trend (of reactive current) requested by 
the grid operator. Finally, once the fault is cleared, the system 
resumes its normal operation: the MPPT is obtained, currents 
and voltage in the back-to-back power converter are fully 
controllable and the seek for a unitary power factor restarts. 

With this approach, it was possible for the wind turbine to 
continue to operate under a voltage sag of 80% during 500 ms, 
avoiding a disconnection from the grid. 
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