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Abstract. In this paper, we will focus on a comparison between two strategies (the Series
Dynamic Resistors (SDR) and CROWBAR circuit for Low Voltage Ride Through (LVRT)
capability of Doubly-Fed Induction Generator (DFIG), in order to determine different responses
of reactive power and active power during the grid faults in line with the requirements
determined by the grid codes (GCs). The two strategies are simulated by using
MATLAB/Simulink environment

1. Introduction

The electricity produced from nuclear and fossil energy has grown significantly across these last
years. In fact, those classical energy sources have a serious environment impact. Therefore, the emerging
ecological knowledge has greatly enhanced 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 attained a level of maturity during these last years. So its integration in the
grid has a big interest by researchers [2].

Actually, DFIG is the most used generator in the wind power area, the wind turbine is connected to
the DFIG rotor through a gearbox that adapts the wind speed generated from wind blades to the DFIG.
The grid is directly connected to the DFIG stator windings and to the DFIG rotor windings via a back-
to-back power converter [3] as shown in Figure 1. In addition, a filter is coupled to the grid to attenuate
harmonic effects created by these converters (Figure 1). The Rotor Side Converter (RSC) is used in
order to regulate the active power transported between DFIG and the grid [4]. However, the Grid Side
Converter (GSC) is utilized to regulate the reactive power transferred to the grid. The aim of the
Maximum Power Point Tracking (MPPT) block is to optimize the energy conversion of the Wind
Turbine Generator (WTG) and then estimate torque reference [5]. It is used with reactive power
reference and dq-axis rotor currents as inputs to the RSC control block. Therefore, the Pulse Width
Modulation (PWM) signals are generated from the RSC control block output after been transformed to
abc-axis (Figure 1). The GSC control block proposes to regulate the power factor and to control DC-
link voltage. Thus, the block inputs are: the DC-link measured, dq-axis filtered grid currents, DC-link
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voltage reference and active power reference. Therefore, PWM signals are generated from the GSC
control block outputs after been transformed to abc-axis [6].

The command used for the converter is the vector control (Figure 1), also called field-oriented
control, is a method of controlling power inverters in which the stator and rotor three-phase alternating
currents are transformed into two orthogonal components which can be considered as vectors. The first
vector allows adjustment of the magnetic flux of the motor, while the second regulates the torque. Thus,
the vector control comes to solve this problem of decoupling the flux inside the machine from that of
the torque.
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Figure 1. DFIG based wind turbine connected to the grid.

In the past, during a grid fault, 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 proved their GCs in transmission and distribution. These codes specify voltage
conditions ranges for which WTGs have to keep connected to the power electric system [7]. As WTGs
become higher and level of penetration becomes larger in the grid, so the grid operators had to change
the GC [8].

LVRT is a section of the GC fixed for the grid voltage dips, such as WTGs are required to stay
connected to the grid for a considered time before being allowed to disconnect. This considered time
can be changed from one GC to another depends on the severity of the fault. Figure 2 shows differences
between these codes during voltage dips in different countries [9, 10]. This paper presents a comparison
between two LVRT strategies. (i): the SDR with bypass switching devices coupled with stator windings.
(i1): the CROWBAR circuit which consists of a controllable switch and a dissipation resistor coupled
between the RSC and the rotor windings.
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Figure 2. LVRT Requirements of the wind farms in different countries [8].

This paper is structured as: In the second section, the scheme of the CROWBAR circuit is presented.
In the third section, the principle of the SDR strategy is presented. The simulation results of the SDR
compared with the CROWBAR strategy is given in the fourth section. Finally, the conclusion is
summarized in the fifth section.

2. Crowbar circuit protection

A voltage limiting circuit “CROWBAR? is usually implemented between the rotor windings and its
electronic power converter to provide an electrical bypass circuit for the transient current induced by the
voltage drops.

Initially, the solution implemented was simply to short-circuit the rotor with a CROWBAR circuit.
The CROWBAR circuit is connected to the rotor windings and the RSC. A triac can be used as a
controllable switch for CROWBAR circuit as shown in Figure 3. The semiconductors are supposed
ideal, and a global connection function Sc is fixed for this three-phase electronic switch. It takes values
1, when the switch is closed and 0 when it is open. Thus, the voltage limiting circuit can be modelled
by a simple equation:

Ve—bar = ScRcrowbaricrowbar (1)

The behavior of this type of system is very impressed by the value of the dissipation resistances. It
has been demonstrated by simulation that a low-value resistor drives to an increase in electromagnetic
torque, high over-currents, and low rotor voltage [11]. In opposite, a high value for the resistance will
be translated by a decrease in the electromagnetic torque and electric currents, but higher voltages
crossed the rotor. Therefore, the resistors must be low enough to avoid over-voltages on the power
converters. Also, they must be high enough to limit rotor current. In our study, this resistance value is
taken to be equal to 30 Rr (the resistance of the rotor windings)
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Crowbar

Figure 3. DFIG with CROWBAR coupled with ROTOR windings.
3. Series Dynamic Resistors
This method consists to coupled resistors in series with the stator (Figure 4), in order to raise the

stator voltage and to decrease the DC component at the flux during the voltage sags, this would limit
over-voltages at the rotor and therefore avoid peaks in rotor current [12].

SPDOR

Figure 4. DFIG with SDR coupled with stator windings.

The determination of the value of the dynamic resistance is necessary, a high-value resistor will
produce a large dissipation of energy and can pass the maximum value of the stator windings voltages.
On the opposite, a low-value resistor cannot limit the fault current. So the dimensioning of the resistance
is defined according to two conditions:

The resistors must be high enough to limit the rotor voltage to the maximum input voltage allowed

by the converter, in order to avoid the damage of RSC control. Equation (2) expresses the case where
the value of rotor voltage have to not exceed the maximum RSC voltage.

Ur,max < VRSC,max (2)
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Since the RSC can only produce a voltage lower than the DC voltage, its maximum output value
VRrscmax 18 calculated as follows:

Vac
VRSC,max = iz 3)

3

The resistors must be small enough to limit the stator voltage from exceeding his maximum value.
Equation (3) indicates the condition which the SDR maximum voltage value adding to the grid voltage
has to not pass the maximum stator voltage.

VSDR,max + vgrid < VS,max (4)
Replacing Vser by Vser = Rser Is,and we considered the worst case for grid fault when

vgn-d = 0V.

1 M Vg, Vsmax
I 1-9 ———Lh < Reppr < 5 (5)

Lsz 2 Is
3

We found: 0.05pu < Rsppr < 1.25 pu

4. Simulation and results

The system under study, presented in Figure 1, consists of a 1.5MW wind turbine. In this comparison,
the tests were conducted using MATLAB/SIMULINK software, coherent model of the generator is
used. The DFIG ride through capability is simulated for a three-phase voltage dip, in which the grid
voltage in three-phase drops to 10% of its nominal value (90% voltage dip) at t=0.7s and remains for
0.9s (Figure 5).

| —

Time [s]
Figure 5. Simulation of voltage dips applied.
In this paper, two distinct strategies are investigated and compared in figure 6 and figure 7. In the

first case, the SDR is applied (the blue curve), and the second case demonstrates the DFIG with the
CROWBAR circuit protection (the red curve).
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Figure 6. Simulation results of (a) rotor current and (b) Electromagnetic torque with SDR (blue) and
with CROWBAR (red).
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Figure 7. Simulation results of (a) Active power and (b) Reactive power with SDR (blue) and with
CROWBAR (red).
1700
1600 -1
—With SDR
—— With Crowbar
1500 4

-
Y
o
o

1300

DC-Link-Voltage [V)

-
N
[=]
o

1100

1000} .

908

1 1 i i 1 i
.6 0.7 0.8 0.9 1.1 1.2 1.3 1.4

1
Time [s]

Figure 8: Simulation results of DC-voltage with SDR (blue) and with CROWBAR (red).

Figure 6 illustrates (a) Rotor current, (b) Electromagnetic torque and Figure 7 represent (a) Active
Power, (b) Reactive power, with the SDR (the blue curve) and with the CROWBAR circuit protection
(the red curve). By utilizing the SDR method, the simulations show positive results, thus the electrical
values of active power, rotor current, electromagnetic torque and reactive power have passed to
reasonable values and much better than those obtained using the CROWBAR circuit protection, it is
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noted that the improvement of the electrical values above-mentioned will allow: The wind turbine to
still connected to the grid for a long times without much stress and without making any damage to the
devices of the wind turbine. Also, to avoid mechanical stress due to the important oscillations during a
grid fault, so with SDR solution the oscillations and the influence on the functioning of the DFIG
including power converters and capacity are significantly degraded. In addition, the the system with can
support grid power quality through the fault. From Figure 8 we remark that the DC-link voltage is almost
substantial, by using SDR which remains the safety and the stability of the DC link.

As result, the wind turbine equipment will be well protected and the important cost of replacement
of such devices will be avoided, in addition, the wind turbine working time is maximized. Also, with
the SDR, the reactive power can restore quickly its normal state in order to ensure the electrical system
stability. On the other hand, with the use of CROWBAR circuit protection it is observed that during the
grid fault the rotor current and the active power almost zero due to separating of the converters from the
rotor which misses the control of DFIG, this impact will result frequent disruptions of the wind turbine,
current and accidental disconnections of the wind turbine from the grid, poor quality of service, GC not
respected, very high maintenance cost and the cost of the wind turbines disconnection is very penalizing
for both the producers and the grid operators.

5. Conclusion

This paper presents a comparison between the CROWBAR circuit protection and the SDR. The
second strategy which based on the use of SDR coupled with stator windings is significant decreases
the height values of the rotor currents, reduces the oscillations of the electromagnetic torque at the
instants of occurring and clearing the grid faults. Also, the active power stays in the admitted DFIG
operation range (0.7pu and 1.3pu) and the reactive power takes its normal value quickly after the fault
disappear compared to CROWBAR circuit protection, which improves the LVRT capability of the
DFIG. Therefore, the SDR solution is more efficient than the CROWBAR solution.
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