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Abstract:
The grid codes define low voltage ride-through (LVRT) as capability of wind turbine generator (WTG) to support
the grid voltage by injecting reactive power and suppress the rise of DC-link voltage and inrush rotor current in
the rotor side converter (RSC) of the doubly fed induction generator (DFIG) during a fault. Moreover, the rotor
current increases significantly during severe disturbances if any protection schemes are not employed. Therefore,
the protection schemes must be used to avoid the damage to the converter during a fault. This paper proposes
an enhanced LVRT control scheme of a DFIG employing a crowbar in the RSC side and braking chopper across
the DC-link capacitor. The DFIG is highly delicate to grid voltage fluctuation during a fault because the DFIG
is directly linked to the grid via stator. During severe fault the crowbar regulates the rotor current within an
acceptable range and the braking chopper discharges the DC-link capacitor via resistor within a safe limit. The
proposed LVRT control scheme is performed for a 2.4-MW DFIG using a MATLAB/SIMULINK simulator. The
results delineate that the proposed control scheme is able to rapidly decrease the rotor current and repress the
escalation in DC-link voltage during a grid fault.

Keywords: Low voltage ride-through, Wind turbine generator, Doubly-fed induction generator, Crowbar, Braking
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1. Introduction
Power Generation from wind power plants (WPPs) has
become very popular due to its advantages over
conventional power plants since last few decades. The
wind power generation has cumulatively reached 591
GW in 2018 [10] and is further increasing. So, the
penetration of WPPs in the grid is increasing and there
are the issues associated with integration of WPPs
including stability issues. Many countries have set
guidelines to counterpart issues and one of them is
defined as requirements for low voltage ride-through
(LVRT) capability [18].
Doubly fed induction
generators (DFIGs) are popular wind power generator
because they are highly efficient, provides variable
speed operation, converter economy and ease to control
active power and reactive power independently.
However, DFIGs are highly delicate to grid voltage
fluctuation during a fault because as being directly
linked to the grid via stator whereas the rotor is linked

via back-to-back converter for which overvoltage in the
DC-link capacitor of the back-to-back converter is
limited [19].
As the grid voltage dip occurs, the DFIG based wind
power generator (WTG) is not able to transfer the
generated power to the grid. Thus, this results in
overcurrent in stator and rotor circuits of the DFIG and
overvoltage in the DC-link capacitor [19]. Hence, to
fulfil the LVRT requirements, the WTG is expected to
suppress these overcurrents and overvoltage during a
grid fault.
In [1, 5, 8, 11, 12, 14, 15], a number of research works
on the LVRT enhancement control strategy have been
discussed. They mostly used crowbar protection strategy
for the LVRT enhancement. In this, whenever grid fault
occurs, the rotor side converter (RSC) is blocked and
the overcurrent in it is limited by triggering the crowbar
circuit which is installed in the rotor circuit [5, 12].
However, the RSC losses controllability of active and
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reactive power transmitted by the DFIG and also the
energy gets accumulated in the DC-link capacitor thus
increasing the voltage across it.

The stator and rotor voltages can be written as [7]:

This paper discusses an enhanced LVRT control scheme
which limits the rise in DC-link voltage by using braking
chopper and suppresses the increase in the rotor current
employing crowbar protection scheme. The proposed
control scheme is tested for a 2.4-MW DFIG WTG
using MATLAB/ SIMULINK simulator.

Vs = Rs · Is + Ls

dIr
dIs
+ Lm
+ jω1 · ϕs
dt
dt

(1)

Vr = Rr · Ir + Lr

dIs
dIr
+ Lm
+ jωslip · ϕr
dt
dt

(2)

where Ls , Lr and Lm are the stator, rotor and magnetizing
inductances respectively. Is and Ir are stator and rotor
currents, ω1 and ωslip are the stator and slip angular
speed respectively, and, ϕs and ϕr are the stator and
rotor fluxes respectively.

2. Overview of DFIG

In synchronous reference frame fixed to the stator flux,
the active and reactive power in relationship with the
rotor current components, can be written as:

The DFIG consists of back-to-back voltage source
converter as shown in Figure 1. The DFIG is directly
linked to the grid via stator, whereas the rotor is linked
via slip rings and partially rated power electronic
converters. The rating of power converters is generally
25% to 35% of the normal rating of the machine [2].
They can be controlled to regulate both active and
reactive power being delivered to the grid
independently of generator turning speed.

3 Lm 2
Ps = ωs
Imo · Irq
2
Ls

(3)

3 Lm 2
(Ird − Imo ) · Imo
Qs = ωs
2
Ls

(4)

Where Ps and Qs are active and reactive power of stator
respectively. Idr and Irq are direct and quadrature
component of rotor current, respectively. From
equation (3) and (4), it can be inferred that Irq is
responsible to control the stator active power while Ird
is responsible to control the stator reactive power. The
Rrq reference can be obtained from optimal power
tracking curve provides whereas Ird reference can be
obtained from AC voltage controller. The equivalent
stator magnetizing current Imo is defined as:
Figure 1: Typical configuration of a DFIG

ϕs = Ls · Is + Lr · Ir = Ls · Imo
The DFIG has ability to maximize and limit the power
produced at low and high wind speeds respectively,
which facilitates its use in high power application
system [7].

2.1 Rotor Side Converter (RSC) Controller

The rotor allows bidirectional power flow to and from
the grid. When the rotor spins at sub-synchronous speed,
the machine acts as motor. Hence it starts to absorb
power from the grid. However, when it operates at
super-synchronous speed, it acts as generator and the
power is transmitted to the grid from both stator and
rotor of the DFIG.

Figure 2: Rotor side Converter Controller
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The vector control strategy is imposed to RSC to
regulate stator active power and reactive power. The
quadrature component of rotor current is proportional
to torque which is used to regulate the active power
whereas direct component of rotor current is used to
control the reactive power.

When a grid fault occurs, there will instant drop in AC
voltage, ∆Vs . But, at that sameR instant, the stator
and
R
rotor flux remain fixed as ϕs = Vs dt, and ϕr = Vr dt.
In
reference
to
equation
(8)
the
Ls
j ω1 · ϕs − Lm ωslip · ϕr term will not change. Hence,
from equation 8, the variation in the stator voltage at
the instant of fault can be expressed as:

The electromagnetic torque is written as [1]:
Tem =

3
Lm
p × (Ψqs idr − Ψds idr )
2
Ls

Tem =

3
Lm
p × |Ψs |idr
2
Ls



Ls Lr dIr Ls
∆Vs = Lm 1 −
+ ∆Vr
Lm
Lm 2 dt

Therefore, to nullify the change in rotor current i.e.
dIr /dt = 0 , during fault, large step change in rotor
voltage must be done. Thus equation (10) can be
further expressed as:

The reference Iqr is written as:
Iqr ∗ =

∗
Tem
kT

i.e.

(6)

Tem ∝ Iqr

(10)

Similarly,
Vs =
3
Qs = (υqs ids − υds iqr )
2


|ΨS |
Qs = KQ idr −
Lm

i.e.,

(11)

If we are able to satisfy equation (10), the change in the
rotor current will be negligible and the crowbar
protection would no longer be required. But for a large
change in stator voltage i.e. ∆Vs , the RSC is unable to
produce required ∆Vr due to its limited voltage
capability of only about 20-30%. Typically, During the
grid fault, the tolerable limit of rotor current is 2 p.u.
and that of DC-link voltage is 1.2 times the nominal
value [4].

Qs ∝ Id (7)

2.2 Rotor Current Dynamics during Voltage
dip
The grid fault can cause overcurrents in the rotor circuit
and a high DC-link voltage. This is mainly due to the
small rating of the converters, which is unable to
produce the required voltage to control the generator
[7].

2.3 Overview of Crowbar Protection
A crowbar protection scheme is conventionally a
resistive network used to limit the over-currents in the
rotor circuit connected parallelly as shown in Figure 1.
During over-currents, the crowbar circuit is triggered to
disable the RSC (by cutting off the pulses of the
converter) so that the generator is prevented from
turning into a squirrel cage induction generator.

Neglecting the stator and rotor resistance, multiplying
equation (2) by and subtracting from equation (1) after
simplification we get:


Ls Lr dIr
Vs = Lm 1 −
Lm 2 dt


Ls
Ls
+ j ω1 · ϕs − ωslip · ϕγ + Vr
Lm
Lm

Ls
∆Vr
Lm

The value resistance of crowbar resistor is to be
considered very carefully. It should be high to an
extend such that it can limit the short circuit rotor
current and low to an extend such that it can avoid too
high voltage ripple in the rotor circuit [12].

(8)

During steady state condition = 0, therefore equation (8)
can be written as:

2.4 Overview of Braking Chopper Protection


Ls
Ls
Vs − j ω1 · ϕs − ωslip · ϕr =
Vr
Lm
Lm

A braking chopper is a protection scheme that shorts
the DC-link capacitor, whenever DC-link voltage

(9)
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Table 1: Characteristics of fault ride-through specifications
in various grid codes

exceeds fixed threshold, through a power resistor. The
resister and a switch connected in series are connected
in parallel with the DC-link capacitor to dissipate
power generated, during the voltage dip, as required as
shown in Figure 3.

Grid Code
Germany (Eon)
UK
Ireland
Nordel
Denmark
(<100 kV)
Denmark
(>100kV)
Belgium
(large voltage dips)
Belgium
(small voltage dips)
Canada (AESO)
Canada
(Hydro-Quebec)
USA
Spain
Italy
Sweden
(<100 MW)
Sweden
(>100 MW)
New Zealand

Figure 3: Schematic diagram of Braking Chopper

During grid faults, transient over-currents are observed
in rotor. To reduce adverse effects, the RSC controller
may be disabled and the power transmitted through the
rotor can be dissipated via the crowbar. However, this
results in rapid rise in the DC-link voltage. To avoid this,
braking chopper is triggered so that the power in the DC
link capacitor is sunk through the brake resistor and
thus preventing dangerous overvoltage in the DC-link
capacitor [13].

Fault
duration
(ms)

Fault
duration
(cycles)

150
140
625
250

7.5
7
31.25
12.5

Min.
voltage
level
(p.u.)
0
0
0.15
0

140

7

0.25

0.75

100

5

0

10

200

10

0

0.7

Voltage
restoration
(s)
1.5
1.2
3
0.75

1500

75

0.7

1.5

625

37.5

0.15

3

150

9

0

1

625
500
500

37.5
25
25

0.15
0.2
0.2

3
1
0.8

250

12.5

0.25

0.25

250

12.5

0

0.8

200

10

0

1

2.5 Grid Codes for LVRT requirements
Table 1 shows the specifications for fault ride-through
in various grid codes across the globe. Figure 4
represents the grid code for the LVRT requirements of
National grid code in England and Wales, Red Electrica
in Spain (ESP), Eirgrid in Ireland, and E. On Netz in
German, respectively [3, 6, 9, 16]. During the voltage
dip occurrence, WTG has to inject the reactive current
to the grid to support the grid voltage as shown in
Figure 5. The amount of injected reactive power
depends on the system rated current, reactive current
delivered to the grid before the dip occurrence and the
percentage of change in the grid voltage during the
voltage dip. When the voltage variation is greater than
10 percent, the WTG has to back up the grid with the
injection of the specified reactive current to secure the
grid stability. The area from 0.9 times to 1.1 times grid
voltage of the system is termed the dead band. In this
area, the reactive current injected into the grid is not
required. After the fault occurs, the reactive current is
supplied and a 100 percent reactive current injected is
possible if necessary [17].

Figure 4: Grid code for LVRT specifications

Figure 5: Reactive current delivered to the grid
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Figure 6: MATLAB/SIMULINK model system

3. Model System
Figure 6 represents the MATLAB/Simulink model
DFIG with proposed control scheme. The 2.4-MW
DFIG WTG consisting of three blades with radius of 42
m is operated with wind speed of 11 m/s. The power
curve of 2.4 MW DFIG is shown in Figure 7, where 12
m/s is rated speed and 4 m/s and 25 m/s are the cut-in
and cut-off speed respectively. A symmetrical voltage
dip of 0.9-p.u. for 200 ms is simulated at t=6 s as
shown in Figure 8 following the German grid code (E.
On). When the voltage dip occurs, the DC-link voltage
and the rotor current rises rapidly as shown in Figure 9
and Figure 10 respectively when no protection is used.

Figure 8: Grid voltage dip lasting 200ms

Figure 9: DC-link voltage of DFIG without protection
system

Figure 7: Power curve for a 2.4-MW DFIG
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that there is a decrease in the rotor current, initially
the peak current was approximately 5 p.u. but after
protection the current is limited to approximately 1.5
p.u.
Similarly, the active power reduces at the terminals of
the DFIG due to reduction in the terminal voltage of
DFIG because of the fault. Voltage in the DC-link rises
beyond preset threshold voltage as shown in Figure 9,
the braking chopper is triggered and overvoltage in the
capacitance is sunk, thus limiting the DC-link voltage as
shown in Figure 12. Comparing Figure 12 with Figure 9,
it is observed that the maximum DC-link voltage has
decreased from 2500 volts to 1400 volts which is within
the acceptable limit.

Figure 10: Rotor current for case without protection system

4. Results and Discussion
Figure 11 and 12 show the results of the proposed
system. At t=6 s, a voltage dip occurs and ends at t=6.2
s. When the dip occurs, the rotor current increases and
whenever it is beyond reference current, the RSC is
switched off and the crowbar is triggered thus providing
a bypass path for the current, hence limiting the
overcurrent in the RSC as shown in Figure 11.

The results clearly show that the proposed LVRT control
scheme is successfully able to control the rotor current
and DC-link voltage during the symmetric grid fault by
triggering the crowbar and braking chopper protection
circuits thus enhancing the LVRT capability of the DFIG
based WTG system.

5. Conclusion
In this paper, an enhanced LVRT control scheme for
DFIG based WTG is proposed that uses both crowbar
and braking chopper to control the overvoltage and
overcurrent in the DC-link capacitor and rotor current
of the RSC of a DFIG respectively. The crowbar
protection system employed in the RSC of a DFIG
suppresses the rotor overcurrent by providing a bypass
path for the current whereas the braking chopper
connected across the DC-link capacitor suppresses the
overvoltage in the DC-link capacitor. Consequently,
both RSC and the DC-link capacitor are protected.
Hence, the LVRT capability of the DFIG based WTG is
enhanced.

Figure 11: Rotor current for the case with both crowbar
and braking chopper protection system
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