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Abstract — This paper proposes an application of series
dynamic braking resistor (SDBR) connected to the stator side of
a doubly fed induction generator (DFIG), for enhancing fault
ride through (FRT) capability. Two schemes were investigated;
the first scheme uses a bypass switch to show the effect of the
SDBR magnitude, while the second one uses a circuit breaker to
determine the best insertion time and duration of operation of the
SDBR, considering the best SDBR resistance obtained in the first
scheme. The proposed schemes were then applied to stabilize a
DFIG. Simulation analysis by using PSCAD/EMTDC shows that
the SDBR can substantially improve the FRT of the DFIG. It also
shows that the size of the SDBR should be determined carefully
because large value may worsen the system performance during
a grid fault.

I. INTRODUCTION

Fault ride through (FRT) is required to be considered
nowadays for connection of large wind farms in most power
systems. The FRT refers to the capability of generation plant
to remain connected with being dynamically stable, and offer
network support during a serious voltage disturbance on the
transmission network. The FRT compliant wind farm must
remain connected to the power system and actively contribute
to the system stability during a wide range of network fault
scenarios [1].

Among wind power generators, the doubly fed induction
generator (DFIG) is gaining popularity due to its variable wind
speed tracking performance and relatively low cost based on
the use of partially rated power converter in its rotor circuit.

However, during a grid fault, the DFIG is vulnerable to grid
disturbances because the stator windings are connected
directly to the grid while the rotor windings are buffered from
the grid via a partially-rated frequency converter [2-5]. In [,
6], a crowbar was used to improve the FRT of DFIG, while in
[7, 8], a DC-chopper was used. The strategy of combining the
crowbar system and the DC-chopper system was previously
studied in [9], while a comparative study of both protection
systems was reported in [10]. A static series compensator
(SSC) or a dynamic voltage restorer (DVR) [11-13] and
STATCOM [14] were used to improve the FRT of the DFIG.
A series dynamic braking resistor (SDBR) was used to
improve the FRT of large wind farms composed of induction
generators in [15], while in [16] the SDBR was connected to
the rotor side converter of the DFIG to improve its FRT. The
use of superconducting fault current limiter (SFCL) [17],
passive resistance network [18], and series antiparellel
thyristor [19] connected to the stator side of a grid connected
DFIG, have been reported in the literature.

A small size SBDR can be inserted in series with the stator
circuit of the DFIG through the control of power electronic
switches to balance the active power, which eventually
improves the wind generator stability during a grid fault and is
less expensive than the SFCL, passive resistance network and
series antiparallel thyristor.

In this paper, the effect of the magnitude of the SDBR is
investigated along its insertion time and duration of operation.
The simulation results in PSCAD/EMTDC [20] show that the
size of the SDBR should be determined carefully because
large value may worsen the system performance in stabilizing
the DFIG, hence the small value are used to determine the best
insertion time of the SDBR. The shorter duration of operation
of the SDBR gives a better response of the DFIG system
during a grid fault. This work attempts to improve further the
overall performance of DFIG during a grid disturbance when
it is connected to a fixed speed wind turbine (FSWT) driven
by an induction generator (IG). Hence, a new control strategy
using a DC-chopper inserted into the DC-link between the
power converters of the DFIG and a small value of SDBR
connected in series in the stator of the DFIG, is proposed, the
former of which acts as a damping load to protect the DC-link
voltage during a grid fault.

II. WIND TURBINE MODEL

The dynamics interaction involving forces from the wind
and the response of wind turbine determines the amount of
kinetic energy that can be extracted. The aerodynamic torque
and the mechanical power of a wind turbine are given by [21-
23].
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Where p is the air density, R is the radius of the turbine, V' is
the wind speed, C,(4, ) is the power coefficient given by
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Where A is the tip speed ratio. The wind turbine characteristics
[24] for both IGs and DFIGs are shown in Figs. 1 and 2
respectively. In Fig. 2, the power capture characteristic of the
turbine and the rotor speed are shown. The dotted lines show
the locus of the maximum power point of the turbine which is
used to determine the reference of active power output P, .

Equations (7) and (8) are used to calculate the reference of the
active power output P, - as shown in section A of Fig. 3. The

optimum rotor speed @, . is given in eqn. (9). The operation

ropt
range of the rotor of DFIG is chosen from 0.7pu to 1.3pu as
shown in the wind turbine characteristics in Fig. 2.
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III. MODEL SYSTEM

The model system for this study is shown in Fig. 4, where a
DFIG and an IG are connected to an infinite bus through their
point of common coupling (PCC).
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The generator parameters and excitation circuits are given
in [10]. The SDBR is connected to the stator circuit of the
DFIG as shown in Fig. 4. A DC chopper braking resistor is
also used in the proposed system for protecting the DC-link
circuit during grid fault.



IV. OVERVIEW OF DFIG AND SDBR CONTROL

A. DFIG Control

The control block of the DFIG rotor side converter (RSC),
the grid-side converter (GSC), and the SDBR control system
is shown in Fig. 5.
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Fig. 5 Control block of DFIG and SDBR

In Fig. 5, the rotor side converter controls the terminal
(grid) voltage to 1.0pu. The d-axis current controls the active
power, while the g-axis current controls the reactive power.

After dq0-to-abc transformation, ¥ 4 “and ¥, are sent to the
PWM signal generator and V", are the three-phase voltages

reference for the rotor side converter as shown in the converter
configuration circuit.

Fig. 5 also shows the control block for the GSC control of
the DFIG, where phase lock loop (PLL) provides the
angle @ ,,, and @ is the effective angle for the abc-to-dq0 (and

dq0-to-abc) transformation. The GSC of the DFIG system is

used to regulate the DC-link voltage (£, ) to 1.0pu. The d-

axis current controls the DC-link voltage, while the g-axis
current controls the reactive power of the grid side converter.

After a dq0- to-abc transformation, ¥, and ¥V, "are sent to
the pulse width modulation (PWM) signal generator.

Finally, V wc voltage reference, are sent to the GSC for the
IGBT’s switching.

B. SDBR Control

The SDBR control is done by inserting a resistor in the
stator of the DFIG during a fault, and thus, the terminal
voltage of the generator increases, mitigating the destabilizing
depression of electrical torque and power. The schematic
arrangement and control strategy is shown in Fig. 5. Either a
bypass switch or a circuit breaker could be used for the SDBR
control strategy. But the cost of a bypass switch is less
expensive than that of a circuit breaker. The bypass switch for
the SDBR is normally on, but when voltage dip below 0.9pu
occurs due to a grid fault, it opens to allow current pass
through a small series resistance. Current then begins to flow
through the inserted resistor. When voltage is recovered above
a certain specified level, the bypass switch closes and the
stator circuit restores to its normal state. During the short
insertion period, the energy is dissipated in the resistor, raising
its temperature. The resistor should be selected according to
its temperature limit and the maximum energy which can be
dissipated during the short period.

In the SDBR control strategy, the high voltage will be
shared by the resistance because of the series topology.
Therefore, the induced overvoltage may not lead to the loss of
converter control. The SDBR not only control the rotor
overvoltage which could cause the RSC to lose control, but
limits high rotor current more significantly. In addition, the
rotor current limitation can also reduce the charging current to
the DC-link capacitor, hence avoiding DC-link overvoltage
which could damage the DFIG power converter. The SBDR
can also balance the active power of the DFIG, and thus, can
also improve the DFIG wind generator stability during a fault.
Also, the SDBR will increase the generator output and
therefore reduce its speed increase during a voltage dip. This
effect would improve the post fault recovery of the DFIG
system because the SDBR controls and improves the rotor
speed acceleration during a grid fault.

V. EFFECT OF THE MAGNITUDE AND THE SWITCHING TIME OF
SDBR

During a grid fault, the SDBR mitigates acceleration of
wind generators more strongly. This effect is a result of the
additional power, some of which is exported into the grid and
the remainder is dissipated in the SDBR resistor [16]. The
energy dissipated by SDBR determines its size and cost. This
energy can be optimized by changing the switch-out time. The
switch-in time, on the other hand, should be as short as
possible to maximize its speed limitation effect. Two control



strategies by using a bypass switch and a circuit breaker are
investigated to show the effect of the SDBR magnitude, along
its insertion time and duration of operation, on the stability of
the wind generator. Different values of SDBR resistance,
0.05pu, 0.1pu and 0.15pu, are used in the analysis which will
be shown in the simulation results. According to the
simulation results, the small SDBR resistance of 0.05pu gives
a better response. Hence this value is used to show the effect
of the insertion time and duration of operation of the SDBR,
as summarized in Table I.

Table I
Considered cases of SDBR switching time
Duration of Switch-in Switch-out Duration of
SDBR insertion time(ms) time(ms) operation(ms)
after fault
initiation (ms)
20 120 200 80
50 150 250 100
80 180 300 120

As will be shown in the simulation results in section VI, the
quicker the insertion time of the SDBR and the shorter its
duration of operation, the better the stability performance of
the DFIG during a grid fault.

VI. SIMULATION RESULTS

Simulation analyses for a three phase fault were performed
for the two proposed schemes, with different magnitude of
SDBR (scheme 1) and different insertion time and duration of
operation of SDBR (scheme 2) The fault occurs at 100ms
where the DFIG wind turbine was operating at its rated power,
under a wind speed of 15m/sec. The circuit breakers on the
faulted lines are opened at 0.2 sec, and finally, at 1.0 sec, the
circuit breakers are re-closed. The results are shown in Figs 6-
12.
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Figs. 6-10 show the effect of the SDBR magnitude on the
performances of DFIG during the grid fault. It is seen from
Figs. 6 and 7 that the SDBR with 0.05pu resistance gives
better performances for the DFIG rotor speed and reactive
power of the grid-side converter. Fig. 8 shows that the SDBR
can improve the terminal voltage of the DFIG during the fault.
It is seen from Figs. 9 and 10 that, in the cases with high
SDBR resistance, there appears a peak in the responses of the
reactive power and active power of the DFIG, while smaller
SDBR gives a better response.

The effects of the insertion time and duration of operation
of the SDBR on the performance of DFIG are shown in Figs.
11 and 12. The quicker the insertion time and the shorter the
duration of operation of the SDBR are, the better responses
can be obtained in the rotor speed and terminal voltage of the
DFIG during the grid fault.

VII. CONCLUSION

The effects of the resistance magnitude, duration of
operation and insertion time of a series dynamic braking
resistor (SDBR) in a wind generator during grid fault have
been investigated. The SDBR was connected to the stator side
of a doubly fed induction generator (DFIG). Two control
strategies using a bypass switch and a circuit breaker have
been used for the SDBR. A DC-link chopper braking resistor
has also been used in the proposed system to protect the DC-
link voltage during grid fault. It was reported that the size of
the SDBR should be carefully determined because large value
may affect the system performance during grid fault. It was
also reported that, the shorter the time from fault initiation and
duration of operation of the SDBR, the better the stability of
the DFIG. Hence, it is concluded that the proposed SDBR can
effectively improve the stability and fault ride through of
DFIG.
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