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Control of Battery Energy Storage System for Wind Turbine based on DFIG
during Symmetrical Grid Fault
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Abstract. This paper presents a specific control strategy of
Doubly Fed Induction Generator (DFIG) conceived for a wind
turbine system operating under electrical grid disturbance. Two
mains aspects related to DFIG behavior are studied: fluctuation
of its output power and Low-Voltage Ride Trough capability
(LVRT) of wind turbine generator system. In order to smooth the
output power injected in the electrical grid and to improve
dynamic behavior of a variable speed wind turbine generator
system under symmetrical voltage dip, a control strategy of the
Battery Energy Storage System (BESS) is proposed. Simulations
have been carried out in Matlab environment, and the results
validate the effectiveness of our control.
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1. Introduction

Wind energy is one of the most renewable energy
resources used to deal with the environmental degradation
due to CO2 emissions from traditional power plants.
The doubly fed induction generator (DFIG) shown in
Figure 1 is the most used in generating wind power
exceeding 1 MW, thanks to these advantages: operationP
with variable speeds, decoupled control of active and
reactive power, reliability and robustness. In addition the
power converters which manages only the slip energy can
be sized between 25% - 30% of the nominal power of the
DFIG [1],[2].

Several classical controls strategies are used to control
DFIGs: direct torque control (DTC), direct power control
(DPC), and vector control (VC) [3]. Considering the vector
control, the stator winding of the DFIG is directly
connected to the grid, the rotor winding are connected to
the grid via two converters; rotor side converter (RSC) and
grid side converter (GSC). These two converters are
connected together via a DC bus. The RSC is generally
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used for controlling the decoupled active power (or
torque). This converter receives the reference speed
calculated in the wind turbine control unit as an
optimized value using the wind spe&g. In the same
time this control unit calculates the blade angleThe
RSC receives also the reactive power refereptethe
rotor currenti,. and line voltagd/, to enable the vector
control of DFIG.

Reactive power (or flux), and the GSC for stabilizing the
DC bus voltage and to control the reactive power injected
by GSC into grid.

Increasing numbers of wind farms and their penetration
in power systems have led researchers to focus on studies
of grid electrical which contain wind power plants and
the establishment of grid codes for wind connections to
the grid electrical [1],[2].
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Fig.1.Configuration of a DFIG wind turbine system

The DFIG is facing two major problems; first the stator
of the DFIG is directly connected to the grid; this makes
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the DFIG very sensitive to the grid disturbances. When the
grid is affected by a fault, the voltage at the point of
common coupling will drop causing an over-current in the
stator windings. Magnetic coupling between the stator and
the rotor will induce an overvoltage in rotor windings with
an over-current in the rotor. This may cause the destruction
of the rotor side converter and cause a voltage fluctuation
of the DC bus [4],[5].

The second problem is output power fluctuation, despite of
advanced control strategy applied to DFIG, the power
injected by the Wind Turbine varies with the variation of
the wind velocity [6].

With the continuity of the increased penetration of wind
power in electric power systems, system operators have
revised their codes on the connection of wind farms to
power grids and fault ride-through capability.

Currently, different codes require that wind turbines
should remain connected to the grid during the fault (e.g.
voltage sag); figure 2 shows the fault-ride trough
requirement of the voltage dip in different countries.
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Fig.2 Different requirements in grid codes.

The wind turbines shall remain connected during faults for
avoltage profile as shown in Fig. 2, If we take the case of
Germany The wind power plants are required to stop
drawing the reactive power and to be able to inject reactive
power within 1500 msec of grid recovery. If the voltage on
the low voltage side of each individual generator
transformer falls and remains at and below 80%, the
generators must disconnect themselves from the grid after
1.5 sec.

Much research has been done to keep the DFIG wind
turbine connected to the grid and to protect converters in
case of symmetrical faults of the electrical grid. In [7] a
method for uninterrupted operation of the DFIG during
faults has been proposed. In this structure the rotor side
converter is blocked and the rotor winding of DFIG were
short-circuited via a crow-bar, the DFIG becomes as
conventional induction generator, it absorbs reactive
power network and injects active power to the electrical
grid. The dynamic VAr compensators are used in DFIG
wind turbine systems terminals to provide the necessary
reactive power during a grid fault [1]. A novel control
strategy for smoothing the output power of DFIG and
protect the power converter has been presented in [8]. In
[9] and [10] a DC chopper is used to limit overcharge
during low grid voltage. A battery energy storage system
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(BESS) is used to absorb or inject the power for
smoothing the power fluctuations due to the variation of
the wind speed and the excess of power transfer to the
DC bus via the RSC during the fault [11]-[12]-[16].

In this paper, an advanced control is proposed in order to
keep the DFIG connected to electrical grid. Particularities
of the proposed control are the reduction of the over-
currents in winding rotor and reduction the overshot in
DC bus voltage, ensuring the protection of the DC bus
and power converters.

The organization of this paper is as follows: firstly the
DFIG under symmetrical fault are studied. Then, the
proposed control is presented. Finally, simulation results
developed in Matlab/Simulink are presented; an analysis
and a comparison between the conventional control and
the proposed control are effectuated.

2. DFIG under grid fault

A. DFIG Model

The model generally used for the DFIG is the Park’s
model [9]. For the simplification of the study, the rotor
variables will be referred to as the stator:

v =RS-E+51/75
=R, +— t//r - jay, (2)

Where i represents the currenv, the voltage,y the
magnetic flux,» the rotor electrical speed aml the
resistance. The subscripts r and s indicate rotor and stator
variables.

In the case of DFIG, the stator windings are directly
connected to the grid, which means that the stator voltage
Vs is determined by the grid. The rotor voltageis
controlled by rotor side converter and used to perform the
machine control. The stator and rotor fluxes are given by:

<=L +Li (3)
=L, | + Lml 4)
Wherel,, represents the magnetizing inductariceand
L, represents the stator and rotor inductance, respectively.
The rotor voltage is one of the most important variables

for the converter. This voltage is induced by the variation
of the rotor flux, which can be calculated from (3) and

(a):
_ L .
=—my +ol .y,
wl‘ st O-TI

S
o being the leakage factor armd,

(1)

2

L L
the rotor transient

o=1-

()

inductance.
From (2) and (5), the following expression is obtained:
ﬁr —
- L dy - di.
vi =—t——=—(Ri (6)
L dt (Ri-+ol )

The rotor voltage given by (6) can be divided into two
items. The first will be referred to as EMF it is induced
by the stator flux and the second item is the voltage drop
caused by the rotor current in both rotor transient
inductancesL, and the rotor resistané.
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B. Behaviour under Grid Fault
During normal operation, neglecting the stator resistance
Rs, the stator flux linkage can be expressed as [13],[14].

—s V
Y=— )

ja,
Where ws is the stator angular frequency, Vs is the
amplitude of stator voltage. Then the EMF induced by the
stator flux linkage during normal condition can be
calculated according to (6)
L, d 47/ _
L dt”°®
Wheres is the slip, andw is slip angular frequencyrhe
amplitude of the EMFg, is sVL/Ls, which is proportional
to the slips. Typically, s is variable between -0.3 and 0.3,
so the EMF under normal condition is relatively small.
Under symmetrical fault occurs, the stator flux linkage

jaat
el«
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L
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e = YA 8)

would contain DC component, and can be expressed as

[14],[15].
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Where p is the depth of voltage dip, ard is the time
constant of the stator flux linkage. The first item is the
positive sequence component of the stator flux linkage,
and the second item is the DC component, which decays
with the time constant;. Then according to (6), the EMF
under symmetrical faults can be given by:

)

-t
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3. Proposed control

A schematic diagram of the DFIG with proposed control is
shown in figure 3. The proposed scheme consists of a rotor
side ac/dc converter (RSC), a dc link capacitor Bihery
Energy Storage System (BESS), and a grid side dc/ac

A. PI-Controller-Based DC Voltage Controller

The proposed scheme is controlled by the two-loop PI
control design, i.e., one inner loop controlling the current

| sscand one outer loop controlling dc voltayg,. .

For outer dc voltage loop can be designed as:

%o =Ky (Vi =V* o) +Ck [(Vi V¥ ) (12)
Wherek,_ andk;_are the proportional and integral gains,

respectively. The dc circuit can be expressed using the
current balancing equation as:

dc

o = lgg Hles tC—5 (13)
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Fig.4. Block diagram of Buck converter

4. Simulationsand Discussion

A. Smulations

To achieve the results of our theoretical study, the model
block of the Figure 3 has been implemented in the
MATLAB/Simulink. The model contains six Wind
Turbine based DFIG connected to the grid. Each wind
turbine has the same proposed control. The fault occurs
on the power grid. The default start at 10.8s and finish

at t=1.4s, the default affects all three phases and causes a
fall of voltage of 60% of the rated voltage shown in
figure 6,wind velocity is considered randomly as shown
in figure 5. The parameters used for the simulation are
given in the Table 1.

converter (GSC), as shown in Fig. 3.

TABLE I.
SPECIFICATIONSUSED FOR THE SIMULATION
Rating
Components Part name
values
DFIGs Rated Generator Power x@,5 MW
V, Raed Terminal stator 690 V
voltage
f Rated frequency 50 Hz
R Stator Resistance 0.004&8m
L, Stator leakage inductance 0.1386 miH
R Rotor Resistance 0.005490m
L, Rotor leakage 0.1493 mH
inductance
Ve Rated DC-link Voltage 1150 V
Cd Input Capacitance 10uF
C, Capacitance of buck 5UF
converter
L, Inductance of buck converter 3.9 mH
fs Switching Freguency 50 KHZ
Kp Proportional coefficient 62,8
Ki Integral coefficient 987

Fig.3. Scheme of the proposed control
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Fig.7. Rotor current without the proposed control
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Fig.8. Rotor current with the proposed control
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B. Discussion:

Fig.7 represents the rotor current of DFIG with the
conventional control under faults. Fig. 8 show the
reduced peak of the rotor current with the proposed
control. Active power injected to electrical grid is shown
in fig. 9, the fluctuation is smoothed precisely between
t,=0.8s and;t1.4s

Fig.10 represents the reactive power of DFIG with the
conventional control and with the proposed control, We
can see that it is kept around zero. Fig.11. shows the
fluctuations of the DC bus voltage with conventional
control which could reach 1425 V; this may destroy the
power converters and destabilizes the dynamic
performance of DFIG. With the proposed control the DC
bus voltage become more stable with slight fluctuations
compared to overshoot of the DC bus voltage observed
with conventional control.
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5.

In this paper, a control strategy for DFIG system has been
proposed to enhance low voltage ride through capability.
The proposed control strategy introduces a battery energy
storage system for protecting the DC link and the two

Conclusion

converters GSC and RSC.
Comparing with the traditional control strategy, the

proposed structure gives a better transient behavior for

(5]

(7]

DFIG based system. Simulation results, obtained with an g,
insignificant additional computation time, confirmed the
efficacy of the proposed control strategy with two main

results: the reduction of the peak of the rotor currents and

smoothing the fluctuation of the dc-link voltage during
symmetrical grid fault.
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