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Abstract- Due to its advantages, Doubly Fed Induction Generator (DFIG) is the most used generator in the wind power area.
However, the DFIG provides electrical power at a constant frequency even if the rotor speed varies; also, it allows a better
capture of wind energy. Although the DFIG has a high sensitivity regarding the electrical faults, which brings up many
challenges in terms of compliance: Power provider and electrical operator (in terms of production continuity and quality of
energy). Actually, the grid connection requirements impose strict rules to respect for Low Voltage Ride Through (LVRT) and
grid support capabilities following the Grid Code (GC). Therefore, it’s crucial for wind turbines (WT) to propose an advanced
control. In fact, when detecting voltage dips, WTs must stay connected to the grid to provide the required reactive power in
order to have a safe and reliable operation. The objective of this article is to propose a new LVRT strategy able to keep WTs
connected to the grid despite severe voltage dips. The principle of this strategy is to make a connection between the level of
dips and the optimal solution to overcome the fault. For this reason, the proposed strategy is based on the combination of two
solutions (an active and a passive method): The first aims to improve the control strategy to mitigate the over-current at low
voltage dips. The second is applied for severe voltage dips using protection circuits: Series Dynamic Braking Resistor (SDBR)
and DC-Chopper.

Keywords Wind power, DFIG, LVRT, Active method, Passive method.

1. Introduction

The electricity produced from fossil and nuclear energy
has increased significantly over these last years. In fact, those
classical sources of energy have a serious environment
impact. Therefore, the emerging ecological awareness has
greatly increased the interest in renewable energies
integration [1]. Wind energy is one of these several clean
energies sources. This technology has been having a fast
development and has been reached a level of maturity for
these last years. So its integration in the grid has a big
interest by researchers [2].

In the past, during a grid fault, WT generators (WTGS)
has disconnected from the GRID. Actually, to remain these
WTs connected to GRID even if a fault occurs, new
requirements exist. In fact, during these last years, many
countries have established their GCs in transmission and
distribution. These codes define voltage conditions ranges

for which WTGs have to keep remain connected to the power
system [3]. As WTGs become larger and level of penetration
becomes higher in the grid, so the grid operators had to
modify the GCs [4].

LVRT is a part of the GC established for the grid voltage
dips, such as WTGs are required to keep connected to the
grid for a considered time before being allowed to
disconnect. This considered time can be different from one
GC to another depends on the severity of the fault. Fig.1
shows differences among these codes during voltage dips in
different countries [5, 6, 7].

Several solutions for LVRT capability have been
proposed and classified into two categories. (i) The passive
method based on adding some power components to the
system. (ii) The active method uses control strategies applied
to the DFIG converters. Some passive methods for LVRT
had been used. However, the most popular one is to add a
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crowbar circuit to isolate the RSC from the rotor windings
[8]. To limit over-voltage in the DC-link, a DC-Chopper
circuit and parallel capacitors are introduced in [9, 10].
Dynamic braking resistors placed in series with the stator to
limit rotor and stator over-currents [11]. For the same reason,
a bridge-type fault current limiter is proposed in [12]. Series
connected converter [13] and a dynamic voltage restorer [14,
15] are added to the system to keep the stator voltage stable
during grid faults.
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Fig. 1. Requirements of the WTGs during voltage dips in
different countries [4].

Some researchers have proposed several active methods
for LVRT, which are considered as cheaper LVRT strategies
for the DFIG comparing by passive methods. To limit the
rotor overcurrents, the rotor flux linkage (RFL) is controlled
to follow the reduced fraction of the stator flux linkage (SFL)
during the fault is proposed [16]. Also, a demagnetization
control strategy is proposed to track the stator current in the
opposite direction to enhance the LVRT capability of the
DFIG [17, 18].

This paper presents a new LVRT strategy to maintain the
DFIG based WT connected to the grid and to improve the
quality of the energy supplied to the grid during voltage dips.
The proposed strategy combines the active method to
improve the vector control strategy in order to limit fault in
current at low voltage dips and the passive method used for
severe voltage dips by adding hardware protections like
SDBR and DC-Chopper.

This paper is structured as: In the second section, the
principle of the DFIG without the LVRT strategy is
presented. In the third section, the behavior of DFIG during
symmetrical grid voltage dips is analyzed. In the fourth
section, the proposed LVRT control strategy is presented.
The Fifth section presents the simulation results of the
proposed strategy compared with the classic control strategy.
Finally, the conclusions are summarized in the sixth section.

2. Wind system without LVRT

Fig.2 shows the system without LVRT details. The WT
is connected to the DFIG rotor through a gearbox that adapts
the wind speed generated from wind blades to the DFIG [19].

The grid is connected directly to the DFIG stator and to the
DFIG rotor via the back-to-back converter [20, 21]. In
addition, a filter is added to the grid input to attenuate
harmonic effects generated by these converters.

The RSC is used in order to control the active power
exchanged between the DFIG and the grid, and DFIG torque
[22]. However, the GSC is used to exchange the reactive
power with the grid.

The role of the Maximum Power Point Tracking
(MPPT) algorithm is to optimize the energy conversion of
the WT and then calculate torque reference [23]. It is used
with reactive power reference and dg-axis rotor currents as
inputs to the RSC control block. Thus, two Proportional-
Integral (PI) controllers generate dg-axis rotor voltages.
Therefore, PWM signals are generated from the RSC control
block output after been transformed to abc-axis [24].

The GSC control block aims to regulate the DC-link voltage
and to control the power factor [25]. Thus, the block inputs
are the DC-link measured, dg-axis filtered grid currents, DC-
link voltage reference, and active power reference.
Therefore, PWM signals are generated from the GSC control
block outputs after been transformed to abc-axis [26, 27].

3. DFIG modelling during symmetrical grid voltage
dips.

When a fault happens in the grid, over-current and over-
voltage may happen in the rotor circuit of DFIG. The level of
this over-flow depends on the fault severity and location that
fault had happened. The mathematical formulation regarding
the occurrence of over-current in the rotor had been detailed
in the reference [28, 29].

The equations of stator and rotor voltage are expressed
in a reference related to the stator and rotor respectively as:

—s — i
vi=Rai+iE @
— —  gal
v =R+ @

Where ¥ and vy are the stator and rotor voltages, i
and iy are the stator and rotor currents, Rs and Rr are the
stator and rotor resistances, and ¢Z and @ are the stator and

rotor flux linkages. The subscripts s and r are the stator and
the rotor quantities, so the superscripts s and r indicate the
stator and rotor reference frames. For simplicity, the rotor
variables are referred to the stator as reference frame [30,
31]. The stator and rotor flux linkages are expressed as:

¢ = L1, + Mi, 3
¢ =L, i+ Mi; 4)
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Where Lr, Ls and M are respectively the rotor
inductance, stator inductance and mutual inductance. With

equation (3) and equation (4), the rotor flux is expressed as:
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Fig. 2. The system without LVRT details.

M .
q}r = L_! q}s + ﬁLrlr (5)

Where @ =1 — M‘;'L 1. is the linkage coefficient. By
FHT

substituting the equation (5) into the equation (2), the rotor
voltage can be expressed as:

—

of _ or 4.7
vi=el+(R, + r::L,Eh)lr 6)

) —= M dol
With: el = M 2o
Ly dt

U]

From equation (6), the rotor voltage is expressed by two
parts. The first one is the electromotive force defined by ef,

and then the second one which is the voltage caused by the
rotor current in both the rotor circuit [26, 32].

When a symmetrical fault happens at t = &, the stator
voltage decrease from V; a V;:
— vlejmgt

vzejmgt

t < tg

t>ty ®)

g —

V1 and V; are respectively the stator voltage before and
after grid voltage dips, and o_s is the synchronous speed.

Neglecting Rs, the variation of the SFL during grid faults
can be obtained from (1) and (8)

i jurgt
— j“"gej t<t, o
¢ = Vo e
?EJ 8 t>=t,
z

The flux is a state variable, so, it cannot undergo
discontinuities. Thus, the flux cannot change instantaneously
from the first value to the second one as calculated in
equation (9). Instead, the flux changes progressively. As a
first step, the situation in which the rotor is in an open circuit
condition is analyzed [33, 34]. Using equations (1) and (3),
the stator voltage becomes:

i (10)

— Ro—
vi=To.+
Lg
The expression of stator flux is calculated by solving the
previous differential equation:

—_ VM2 agt, Ya-Va s
g, =¥t =gl
Wy W

(11)

L
Where T, = R—" is the time constant. The first part of the
B

equation is the positive component of the SFL, and the
second part is the DC component, which decreases with the

time constant. Then according to equation (7), the
electromotive force under symmetrical faults is:
E - #stejw’rt — # v, - V(1 - S:]E—t.-'*r,e—jmrt (12)

Where s is the slip, wy is the difference between the
synchronous speed and the rotor speed.

From equation (12) we can observe straightforwardly,
that the initial value of the electromotive force induced by
the DC component is large. Under 100% of voltage dip with
s=-0.2, the initial amplitude of the electromotive force is
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much greater than the amplitude under normal condition
[35]. This is harmful to the DFIG converters.

4. Proposed LVRT Strategy

The proposed LVRT strategy has to manage small and
severe voltage dips. In fact, the combination of the active
and passive methods is proposed in this paper.

4.1. Active method:

The active method based on the control of flux, it’s
applied by RSC to reduce the rotor overcurrent during
voltage dips. According to equations (3) and (4), the
expression of rotor current is expressed as:

iy :»m 7 (M, + Lgy) (13)
Note that MH'{L_.; & 1 implying:
b "— (g, — ¢ (14)

The equation (14) shows that the rotor current depending
on the difference between rotor and stator flux linkage. When
grid faults happen, the DC component and negative
component will be appearing in the SFL. In this case,
without a control, the RFL cannot follow the SFL properly
and the difference between ¢, and ¢.becomes very large,
which will cause an over-current in rotor windings.
Therefore, in order to reduce it during voltage dips, the RFL
should be controlled to follow the SFL. Fig.3 (a) and
Fig.3.(b) show the difference between the stator and rotor
fluxes for 30% of voltage dip at t = 0.6s with and without
control of RFL.
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Fig. 3. The difference between the stator and rotor fluxes for
30% of voltage dip at t=0.6s (a) without control and (b) with
control of RFL.

Fig.4 shows the control block diagram. Which is
constituted of three parts. dg-axis RFL and dg-axis SFL are
estimated depending on rotor and stator currents in the first
block called the flux linkage detection. Then, dg-axis rotor
reference is calculated depending on dg-axis stator estimated
in the second block. Finally, in the RFL control block, dg-
axis rotor voltages and feed-forward rotor voltages are
founded.

Rotor Flux Linkage Control Vigw
e ¥ oo ¢ ;(\_—‘—;j“r—b
—> Oq | Reference i = 1A 18
Flux Calculation WYmmli f ) g
Detection [ I j Ve
|’*’L, 0 ¢ feed-forward
0 components | V7a¢
calculation
Vrde

Fig. 4. The control block diagram.

4.1.1Flux linkage detection block:

The role of flux linkage detection block is to determine
the stator and RFL depending on the measured stator and
rotor currents. In the synchronous dg-axis, the expressions of
stator and rotor flux linkage are given by the equation (15).

$og = Llog + My
$ag = Lilyg + Ml
g = LrIrd + MIsd
Prqg = Lelpg + Mg

(15)

4.1.2 Rotor flux reference calculation block

The role of the RFL reference block is to determine the
dg-axis RFL references. The RFL references are based on the

SFL. Then the RFL reference ¢, can be calculated by
equation (16).

¢r = krds (16)

Where 0 < kr < 1 is the tracking gain. During

symmetrical faults, the SFL contains DC and negative terms
as shown in the equation (11). Then, by substituting equation
(16) into equation (14), the rotor current can be expressed by
the equation (17).
~ Lstkr—1)
I = 2
Lglp—M

=T o, (17)

From equations (16) and (17), the rotor current can be
controlled to be smaller with a larger kr . We can calculate

the minimum value of kr as follows; when a grid fault

happens, the SFL increased. In other words, the initial value
of the stator flux is largest during the voltage dips, and its
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amplitude can be given approximately by q:rg{ﬂj::—f

=
according to equation (9). the rotor current during the grid
voltage dip will not pass the maximum current allowed. So

k- should satisfy the condition expressed by equation (18):

le I.{'T 1}
Where I,___ is the maximum of the rotor current. Then

the expression of the minimal value of k1 can be expressed
as:

krmin =1 — L mayws(Lis +Lig)/ Vs (19)

4.13.

The proportional (P) controller generates the signal from
the differences between dq—axis RFL references (the RFL
reference calculation block output) and dq —axis RFL (the
flux linkage detection block output). Then, The dq—axis rotor
voltages references are obtained by adding the control loop
output to dq — axis rotor feed-forward voltages (Equations
(20) and (21)). In the feed-forward components calculation,
dgq—axis rotor voltages are calculated according to dq—axis
RFL (Equations (22) and (23)).

The interest of using the P controller instead of PI controller
is to keep the RFL close to the stator flux instead of
maintaining it accurately.

Ved—ref = kP(d}id - d}rd} + Vedc (20)
vrq—ref': kP{q}ﬁq - ':I}rqj' + vrq: (21)

Rotor flux linkage control block:

Where kg is the gain of the proportional controller, V,.;.
and V... are feed-forward components, defined as:

Viege = Lilo—L ‘Psd T gy g (22)
BeM
vrql: = Loly—Lg* ':p.sq' — g Py (23)

4.1.4. Feasibility of the active method:

The active method is limited against serious voltage
dips. The choice of power converters used in the system can
contribute to this limitation. In fact, changing power
converters design can affect the cost of the system which is
not desirable. Therefore, using active method for LVRT
alone against voltage dips is not recommended. The problem
during a fault is that the stator reactive power must remain
within the limits imposed by the Moroccan GC. Thus, only
0.3pu of reactive power could be tolerated. So, a voltage dip
caused by a grid fault has to be studied. It is a known fact
that a voltage dip is characterized by two parameters: the
amplitude and the duration. The maximum amplitude is

demonstrated theoretically, while the duration of the
maximum dip is obtained by simulation.

a- The maximum amplitude of a voltage dip:

To find the maximum amplitude of the voltage dip that
the DFIG can handle with the active method of LVRT, a
reactive power control has to be studied. Indeed the
variations in the reactive power during the appearance and
disappearance of the fault must be limited. To ensure a stable
operation of the system, the amount of reactive power during
the fault must be below a limit value of Qs=0.3pu. The
Stator flux-oriented vector control is applied to the DFIG,
and then the reactive power can be expressed by equation
(24).

Q, = L.5v.i, (24)

With: o= (Lo —

T M, ) (25)

Note that f L 7 1 and according to equations (3) and (4)
ra

iz can be approximately expressed by equation (26)

is M‘z (1 I'} q}s (26)
Substituting equation (26) and equation (24), the reactive

power becomes:

Q; = 1'5L - ;- k!':]q:"svs (27)

L—M2

Substituting (11) in (27), the term reactive power becomes:

Q. =152 (1—k][ elust 4
(1-p)Vs :3
L fwg -e )pV

(28)

With: V1 = Vs and V2 = pVs, where p is the level of voltage
dips.

Assuming that the voltage dip occurs at t = 0s and k& = 0.9,
equation (28) becomes:

u(t=0)=15 LELT[*_M; (1- ij.;?Tﬁ (29)
0.t =01 =03==p=068=07 (30)

So the active method remains valid for voltage dips less than
0.3 = 30%.

b- Maximum duration of a voltage dip

Fig.5 shows a maximum length of the voltage dips
simulation results for a voltage dip of 30%, 25%, and 23%.
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In Fif.5 (a), DFIG has been subjected to a 30% of voltage dip
and to several voltage dips durations. This study aims to find
a dip duration that the DFIG reactive power does not exceed
the tolerated value of 0.3pu required from GCs. For example,
for a 30% of voltage dip and for dip duration equal to 0.4s,
the reactive power exceeds 0.3pu and the value measured is
0.4pu. However, a 30% of voltage dip and for dip duration
equal to 0.3s, the reactive power keeps an allowed value.

In Fig.5 (b) and Fig.5 (c), the voltage dip is decreased to
25% and to 23%. The aim of this study is to see its effects on
the reactive power value. Then, for 25% of the voltage dip,
the maximum duration is founded equal to 1s, and for
voltage dips < 23%, it is shown that the maximum duration
can exceed 1.5s. Thus, it is noticed that the maximum
duration for a voltage dip changes depending on the nature of
the grid fault. Therefore, for small voltage dips, the
maximum dip duration of the grid fault is larger compared
with deep voltage dips.
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FIG. 5. The reactive power for voltage dips a) 30% of voltage
dips, b) 25% and c) 23%.

4.2. Passive method

Fig.6 shows DFIG with SDBR and DC-Chopper. SDBR
is connected with DFIG stator. DC-Chopper is connected
between GSC and DC-link.

DFIG

Ay
_'““_

RSC

DC-Chopper

FIG. 6. DFIG with SDBR and DC-Chopper.

4.2.1  Series dynamic braking resistor:

SDBR approach is a resistor bank connected in series
with stator windings. This approach has several advantages
during grid faults like increasing the stator voltage and
reduces the stator and rotor currents, mitigate the electrical
torque and active power fluctuations. By adding SDBR to the
system, an SDBR design study and its impact on the system
behavior during a grid fault is required. The extreme values
of the SDBR can be defined by two conditions.

The first extreme value of the SDBR is used to avoid the
loss of RSC control. Thus, the minimum value of resistance
that must be able to protect the RSC against rotor over-
voltage during a full voltage dip has to be calculated.
Equation (31) expresses the case where the value of rotor
voltage during 100% of voltage dip have to not exceed the
maximum RSC converter voltage.

E;',mrz:r = I'IR_‘.'I‘_',mE:r (31)

The second extreme value of the SDBR is used for stator
windings protection against over-voltage during the grid
faults. Therefore, this protection is provided by the
maximum value of resistance. This resistance value must be
able to not exceed the maximum stator voltage during grid
faults. Equation (32) indicates the condition which the SDBR
maximum voltage value adding to the grid voltage has to not
exceed the maximum stator voltage.

VS.D.E‘R_.?‘J‘IEI + ]UV;L = VS?‘J‘IEI (32)

The extreme values of the SDBR calculated according to
the conditions mentioned previously (equations (31) and
(32)) have been given by equation (33).

We found: ﬂ-ﬂspu = RE.D.ER = 1.25 Pu (33)
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4.2.2. DC-Chopper

The DC-Chopper is a protection device for the DC-link;
his role is to short-circuits the DC-link through a power
resistor during the grid voltage dips [36]. Fig.7 describes the
algorithm for the operation of a DC-Chopper used in this
paper. The DC-Chopper is activated only if the DC-link
voltage exceeds the tolerated voltage. In normal system
operation, the switch is open. Once a DC-Link voltage Vdc
over-voltage is detected, the switch closes. In this case, the
excess energy is dissipated across the resistor, limiting the
voltage Vdc.

4.3. Proposed active and passive methods combination

Each method has advantages and drawbacks. The active
method is used just for small voltage dips, and for maximum
amplitude of 30% of voltage dips. In the other side, the
passive method using SDBR approach, gives better results,
even when the voltage drop is complete (100% of the voltage

dip).

START

Normal operation )

L mide y

~ N
Monitor Dc-Voltage

- V.

NO

Vac >1300V?

[ Activate DC-Chopper J

NO

YES

[Desactivate DC-Choppetj
|
FIG. 7. Algorithm for the operation of a DC-Chopper.

Using the passive method for several voltage dips can
damage protection components like SDBR. Thus, passive
method is very expensive for every voltage dips during the
grid fault.

For the reasons cited before, the new LVRT strategy is
proposed to avoid inconveniences for each method (active
and passive). Also, this new strategy has to manage any
voltage dips types up to 100%. In addition, during voltage
dips between 10% and 30%, the active method is used only
and SDBR protection is disabled. In fact, in this voltage dip
range, the active method is more efficient, and SDBR
protection resistance is not operational and then the system
cost is reduced. In the other side, for high voltage dips
between 30% and 100%, only the passive method is used.

For low levels of voltage dips (between 10 - 30%), the
modified control strategy is used, disabling the classic
control and the hardware protection SDBR. As for large
voltage dips (over 30%), the modified control strategy is
disabled, and SDBR used with conventional control. Fig.8
shows the new LVRT strategy Algorithm proposed in this
paper. During a normal grid operation, grid voltage and rotor
current are measured in real time to check voltage dips and
its nature. At the same time, a grid voltage dip is tested by
measuring in real time the grid voltage and rotor current.

The first case is if the grid voltage measured is less than
0,7pu, so voltage dip is higher than 30%. Therefore, the
passive method is activated only. If the dip persists, then this
method is activated till the grid voltage becomes higher than
0,7pu. On the other case, if the voltage dip is less than 30%,
the grid voltage measured is higher than 0,7pu. However, for
a voltage dip between 10% and 30%, another condition is
added which is the rotor current has to be higher than 0,85pu
when the voltage dips exceed the minimum value 10%. The
active method is disabled only if those two conditions are
satisfied.
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Normal operation mode
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Monitor rotor current
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e
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FIG. 8. New LVRT strategy algorithm.

Ir<0.85pu?

Desactivation of active strateg/

5. Simulation results and discussion:

In this section, a new LVRT strategy applied to a DFIG
will be simulated and analyzed for voltage dips during a grid
fault. The MATLAB/Simulink environment and Simscape
SimPowerSystems toolbox are used to model the studied
system. The DFIG parameters used in this paper are given in
Table 1.

To evaluate the performance of the new LVRT strategy
proposed, several and successive voltage dips are used. In
addition, this strategy is compared with the active method,
the passive method and the system without any strategy. This
study aims to demonstrate the performance of the proposed
strategy. Tow voltages dips are applied to the system as
shown in Fig.9.

. The first is applied at t = 0.7s, the duration is 150ms,
and 100% dip.

. The second is applied at t = 1.2s, the duration is
200ms, and 25% dip.

Phase 1
Phase 2

(T UM m Phase 3
||:|\ il |m\]lm" I hw

VA

Grid Voltage [pu]

ARSI g e LA e
' O

0 0.5 1 1.5
time [s]

N

Fig. 9. Simulation of voltage dips applied.

Table 1. DFIG parameters.

Stator (star connection)

Rated voltage 575V
Stator resistance 0.023 pu
Stator inductance 3.08 pu

Mutual inductance 29pu
Rotor (star connection)

Rated voltage 1975V
Rotor resistance 0.016 pu
Rotor inductance 3.06 pu

Mechanical quantities
Number of pole pair P 3
Moment of inertia J 0.685s
Coefficient of friction f 0.01 pu

Fig.10 shows the simulation results of the active power.
The first voltage dip of a grid fault had started at t = 0.7s, in
fig.10 During the first 100% voltage dip, the active power for
the Active method reaches 0.1pu which outreached the DFIG
operation limit of 0,7pu and also, the DFIG is stopped.
However, with the proposed method, in the active power
stays in the allowed DFIG operation range (0,7pu and 1,3pu).
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Fig.10. Active power [pu]

When the voltage dip is disappeared at 0,85s, the DFIG
machine starts and the active power reaches 1.8pu for the
active method and 2.24pu for the system without LVRT
strategy. However, the proposed method respects the range
of DFIG operation and doesn't detect any peak of power. The
second voltage dip is 30%, then the active method is
activated in this case. It is shown that the proposed strategy
maintained DFIG production and the active power curve is
smooth. Fig.11 shows the simulation results of the reactive
power. It is shown that the proposed method respects the
Moroccan grid requirement. In fact, the reactive power has to
be maintained limited from 0,3pu to 0,4pu. However, the
active method exceeds the reactive power allowed, which
affect the grid.
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Fig.11. Reactive power [pu].

Fig.12 and Fig.13 show the simulation results of the rotor
current and Electromagnetic torque. It is shown that the rotor
current and the electromagnetic torque for the passive
method and system without LVRT have serious oscillations,
which is very limited near its nominal value by the proposed

method. Also, for a system without LVRT, the rotor current
exceeds the current permitted 2pu. In addition, it is shown
that for the active method, the rotor current in the beginning
of voltage dip has a dangerous peak. Those oscillations have
a serious effect on the mechanical DFIG performance and on
the RSC protection. In fact, a serious oscillation can damage
the machine and the RSC.
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Fig.13. Electromagnetic torque [pu].

Fig.14 and Fig.15 show the simulation results of the
stator current and the stator voltage. The stator current for the
system without LVRT exceeds the maximum current
permitted 2pu for the first voltage dip. Also, for the active
method, passive method and system without LVRT, the
stator current has serious oscillation. In addition, the stator
voltage for the first voltage dip is limited for the passive and
the proposed method. Also, it's limited for the second dip
which active method and the proposed method.
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Fig.16 show the simulation results of the DC-link
voltage. It is shown that for the active method and without
LVRT, the DC-link voltage exceeds the permitted value. The
opposite of the passive method and the proposed method,
which the DC-link voltage is limited to 1300V. In fact,
exceeding the permitted DC-link voltage can damage the
GSC protection.
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Fig.16. DC Link voltage [pu].
6. Conclusion

In this paper, we proposed a new method for LVRT
strategy and compared with passive method, active method,
and system without LVRT. It combines two methods. The
first is the passive method, which can be used for voltage
dips and especially for serious voltage dips. The second is
the active method, which is based on P controller and can be
used only for voltage dips less than 30%. Each method has
advantages and disadvantages. In fact, the passive method is
important and can be used for any voltage dip. However,
using it for several voltage dips can damage it and the cost of
the system can be important. In the other side, the active
method is limited and can be operational only for voltage
dips less than 30% but its cost is low. For these reasons, the
proposed method has to exploit advantages on each method.
In fact, during voltage dips between 30% and 100%, the
passive method is applied. In the other hand, the proposed
method becomes the active method for voltage dips between
10% and 30%. The simulation results have allowed
indicating the proposed method behavior during any voltage
dips. In fact, during a serious voltage dip, the passive method
is used for the proposed method, also, during small voltage
dips, the active method is activated. The simulation results
demonstrate that the strategy proposed to protects the DFIG
against over-current and keeps it connected to the grid during
the voltage dip for the periods of the time imposed in the
GCs.
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