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Abstract

In this work the user wind turbine com-
ponent is created using FORTRAN and
implemented in PSCAD. The fault cur-
rent limiter (FCL) is associated with
braking resistor to reduce fault current
and DC link voltage. The comparative
simulation is done with and without the
protection devices under the three phase
and the single phase faults. The converter
remains connected and continue to con-
trol the wind turbine. Finally, it is proved
that the use of fault current limiter with
the active crowbar can protect the wind
turbine during fault or low voltage, thus
ensuring it uninterruptible operation.
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1. Introduction

Nowadays the major party of installed
wind turbines uses variable speeds, which
increases the capacity of the integration
to the network. The doubly fed induction
generator (DFIG) is the most popular.
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Unlike the Full Rated Converter (FRT),
in DFIG wind turbine only a portion of
the energy passes through the converter.
Thus, the power converter is designed to
the third of the wind turbine total power.
Wind turbine is designed in such a way
that, the stator windings are directly con-
nected to the network, while the rotor cir-
cuit is connected via the power converter.
In much research work, the DFIG is
modeled as a current source [1, 2, 3]. In
their research, the current control strategy
is generally used to control the rotor side
converter [4, 5].

In this work, the DFIG is modeled as a
voltage source behind impedance [6].
Here, the rotor side converter is used to
control the wind-turbine terminal voltage,
active power, the internal voltage magni-
tude and angle while the grid side con-
verter maintains the DC bus voltage con-
stant.

During the fault condition, the wind
turbine is unable to send the power to the
grid. If the wind speed is sufficiently high,
the turbine continues to generate power,
causing the rotor current to rise and then
the DC link voltage increase. Traditional-
ly, wind turbine generators were tripped
off once the voltage at their terminals re-
duced to a specified level. The actual grid
codes require the wind turbine to remain
connected to the grid during fault condi-
tion and low voltage [7, 8, 5]. There are
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different LVRT solutions among them are:

Active crowbar, Converter control of cur-
rent, Dc converter with energy storage [5,
7].

Generally wind turbines are equipped
with the crowbar, which short-circuits the
rotor during fault, and disables the rotor
side converter, thus the turbine is not con-
trolled. In the wind farm with the big
wind turbines the lost of one or more tur-
bines could lead to the system unbalance
even the system collapse.
The combination of the fault current lim-
iter (FCL) with braking resistor is pro-
posed in this work. The FCL is used to
limit  the rotor  fault  current.
To reduce the wind turbine active power,
and maintain the DC link voltage at its
rated value, the converter is equipped
with a braking resistor (BR), which dissi-
pates the wind turbines power. The user
wind turbine component and the controls
are implemented in PSCAD/EMTDC.

The 3MW wind turbine generator us-
ing doubly fed induction generator is
connected to the network to verify the
control and protection strategies.

2. Wind turbine model

The mechanical power extracted from the
wind by turbine with blade radius R can
be expressed as (1) [9,10]:
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power efficiency, vw is the wind speed

and g the air density.

The tip speed ratio is given by (2)
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Where 12, is the rotor speed.
The wind turbine torque is defined as
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Wind turbine power coefficient can be
expressed by the formula (4) [11]:
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Setting the rated values are as base
value, per unit calculation gives the fol-
lowing expressions.

The wind power can be expressed as (5):
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Where Kkp is the per unit power at rated

wind speed.

The per unit power coefficient is given
by (6)
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The per unit wind speed is defined as (7)
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Where 1, - is the rated wind speed.
The per unit wind turbine torque is de-

fined as (8)
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The per unit turbine mechanical speed
is (9)
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£3; + is the rated mechanical speed of
the low speed shaft.

The wind turbine dynamic (in pu) is
represented in the figure 1.

X L _pu = (9)



Fig. 1: Wind turbine model

The induction machine equations in dq
coordinates (in per unit) are used. From
the dynamic equations of the asynchro-
nous machine, the generator and convert-
er together is modeled like a voltage
source behind impedance. In fact, the ro-
tor and the converter acts through the ro-
tor flux like the exciter and control the
stator voltage.

The rotor currents iz, , I are derived
from rotor flux equation and substituted
in stator voltage equation. After manipu-
lations we got the dg components of the
voltage behind a transient reactance de-
fined as (10) and (11)[12]
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The stator flux vector can be expressed
as (12)[13]
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The rotor flux equations in dq frame
can be written as shown in formula (13)
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The rotor flux and the internal voltage
magnitude and angle determination diagram
are shown in figure 2.

Fig. 2: Internal voltage magnitude and angle

3. Wind turbine control

The mechanical control of the wind tur-
bine is presented in figure 3. The availa-
ble power from turbine aerodynamic is
compared with the reference power , the
difference is passed through a PI regula-
tor to provide the turbine blade angle de-
viation .The power reference is the sum
of the power of reference Py provided
by the maximum power tracking (MPT)
and the power reference Py, obtained
from the rotor speed control. Depending
on the wind speed and the rotor speed, the
wind turbine is forced to follow an opti-
mum power curve.
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Fig. 3: Wind turbine control

The overall control of the wind turbine
diagram, including the interface converter
is depicted in figure 4.



The rotor side converter controls wind
turbines terminal voltage, active power
and the internal voltage magnitude and
angle, while the grid side converter main-
tains the DC link voltage.
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Fig. 4: Wind turbine overall control diagram

Generally, in wind turbines using DFIG,
during the network fault the rotor side
converter is short- circuited, thus the
generator is no longer controlled. In the
case of large-scale wind farm, the loss of
the converter in the event of fault can lead
to the instability or even the network col-
lapse. In this work, we propose the wind
turbine to be controlled by the converter
during fault. During a fault, when the ro-
tor current exceeds the threshold limit
(1.2 pu), the IGBTS are blocked, and then
the current will flow into the DC link
through the freewheeling diodes leading
to the DC voltage over-voltage. To limit
the rotor current during fault, we propose
the fault current limiter (FCL). The FCL
is an inductance connected in series with
the rotor winding. In normal operation,
FCL switch is turned ON to bypass the
inductance. When the rotor current ex-
ceeds a certain threshold, the FCL switch
is turned OFF to insert the inductance.

In order to limit the dc link voltage dur-
ing the fault a DC chopper called active
crowbar is employed.

The chopper is activated to keep the
DC voltage within the normal value by
dissipating the excess power from the ro-
tor.

4. Simulation

To investigate the behavior of wind farm
during disturbances, a 100 ms Three-
phase fault to ground fault is applied at
wind turbine terminal at the time t =29.5,
10 s after a 100 ms single phase to ground
fault is applied at the same place. The
simulation data are shown in the table 1.
The first simulation concern is the wind
turbine connected into the grid without
the fCL and the active crowbar; the re-
sults are depicted in the figures 5 thru 9
below.

The grid parameters: RMS voltage,
Three- phase AC voltage, active and the
reactive power are plotted in the figure 6.
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Fig. 5: RMS voltage, three-phase AC volt
age, active and the reactive power

In the figure 6 are plotted wind turbine
parameters.
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Fig. 6: Wind turbine terminal RMS voltage,
three phase AC voltage, the active
and reactive powers.



Figure 7 shows the rotor and wind
speed.
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Fig. 7: Rotor and Wind Speed

Figure 8 illustrates how the rotor cur-
rent rises during fault.

A

w

Fig. 8: Rotor Current

In figure 9 is plotted the DC link volt-
age during faults.
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Fig. 9: DC Link Voltage
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In the second simulation the wind tur-
bine is connected into the grid with the
fCL and the active crowbar; the simula-
tion results are illustrated in the figures
10 thru 14.

Grid parameters are shown in the fig-
ure 10.
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Fig. 10: RMS voltage, three phases AC volt-
age, active and the reactive power

Wind turbine parameters are depicted
in the figure 11.
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Fig. 11: Wind turbine terminal RMS voltage,
three phase AC voltage, active and
reactive power

Figure 12 depicts the rotor and wind
speed variations.
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Fig. 12: Rotor and Wind Speed

In the figure 13 we can see that the
fault current don’t rise during faults.



WTROTOR CURRENT
® IRMAG

M—ﬁ——-ﬁm

4,00
350

250

150

0.50

0.00

0 10 20 30 40 50
S

Fig. 13: Rotor Current

The figure 14 shows how the DC link
voltage is maintained within it normal

value.
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Fig 14: DC Li.nk Voltage

5. Conclusion

As seen, the rotor current rises and then
the DC link voltage increase during both
three phase fault and single phase fault.
When the FCL is connected the fault cur-
rent is reduced, so the DC link voltage
rise is limited by the braking resistor en-
suring the protection of the rotor convert-
er. Thus during the fault the converter
remains connected and controls the tur-
bine ensuring the uninterruptible opera-
tion of the converter. Such a combination
of FCL and braking resistor can be used
to protect the DFIG wind turbine during
symmetrical and asymmetrical faults.
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6. Appendix

Table 1Wind turbine and DFIG generator data

Wind turbine data

Power 3.0 MW
Mean wind speed 12.0 m/s
Rated TSR 8.1
Rated mechanical 1.2pu
speed

Power gain kp 0.73 pu

DFIG Generator data
Voltage/frequency 0.69kV/60 Hz

Stator resistance 0.003973 pu
Rotor resistance 0.206719 pu
Stator leakage in- 0.069513 pu
ductance

Rotor leakage in- 0.069513 pu
ductance

Magnetizing induct-  1.50432 pu
ance
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