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ABSTRACT

Doubly Fed Induction Generators (DFIG) are
heavily stressed during grid faults, and thus, tend
to lose their independent controllability of active
and reactive power. A crowbar protection switch
can be used to protect the DFIG frequency
converters during grid fault. Induction Generators
(IG) are also heavily stressed during grid faults,
but do not have independent controllability of
active and reactive power like the DFIG. This
paper investigates the transient stability of DFIG
and 1G during grid fault. Simulation results in
PSCAD/EMTDC show that DFIG is more stable
during grid fault because it can assume its steady
state after the fault due to the provision of
reactive power by its frequency converters, while
the IG cannot return to its steady state because
its reactive power consumption is high during
transient, hence needs external compensation.

(Keywords: wind energy, doubly fed induction
generator, induction generator, grid fault, wind turbine)

INTRODUCTION

Wind energy technology has experienced
important gains over the last few decades [7] due
to the technological improvement of wind turbines
from fixed speed to variable speed. The Doubly
Fed Induction Generator (DFIG) has very
attractive characteristics as a wind generator in
the fast growing market. The fundamental feature
of the DFIG is that the power processed by the
power converter is only a fraction of the total
power rating, that is, typically (20-30%), and
therefore its size, cost and losses are much
smaller compared to a full size power converter
[1, 4].

A wind turbine with DFIG uses a frequency
converter and a pitch blade actuator to control
directly the generator speed and wind turbine
output [2]. The frequency converter has the Rotor
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Side Converter (RSC) and the Grid Side
Converter (GSQ). The RSC controls
independently, active and reactive power, while
the GSC also controls the active power flow
through the converter by controlling the DC-link
voltage to unity. The use of a crowbar switch for
DFIG protection has been reported in [1, 2, 3, and
4].

DFIG can operate at a wider range of speeds
depending on the wind speed or other specific
operation requirements. Thus, it allows for a
better capture of wind energy [6, 11, and 13], and
dynamic slip control. Pitch control may contribute
to rebuilding the voltage at the wind turbine
terminals and maintaining the power system
stability after clearance of an external short—
circuit fault [2]. In addition, DFIGs have shown
better behavior concerning system stability during
short—circuit faults in comparison to 1G, because
of their capability of decoupling the control of
output active and reactive power.

The superior dynamic performance of the DFIG
results from the frequency converter which
typically operates with sampling and switching
frequencies of above 2 kHz [1]. At lower voltages,
down to 0%, the IGBTs (Insulated Gate Bipolar
Transistors) of the DFIG are switched off and the
system remains in standby mode [8-10, and 12].
If the voltages are above a certain threshold value
during fault, the DFIG system is very quickly
synchronized and is back in operation again.

On the other hand, IGs are used in general as
FSWT (generators due to their superior
characteristics such as brushless and rugged
construction, low cost, low maintenance, and
operational simplicity [14], but these require large
reactive power to recover the air gap flux when a
short-circuit fault occurs in the power system. I1G
technology has limited ability to provide voltage
and frequency control. The installation of power
electronic  devices and reactive  power
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compensation units like STATCOM, ECS, SMES
in a FSWT wind farm increases the system
overall cost and the amount of dynamic reactive
compensation depends generally on the wind
turbine technology and is influenced by the wind
turbine electrical and mechanical parameters [6].

This paper presents the transient analysis of the
DFIG and the IG during grid fault. Simulations
were carried out in PSCAD/EMTDC [5]. The
simulation results show the DFIG is more stable
than the IG during grid fault because it can
provide sufficient reactive power from its
frequency converters.

TURBINE MODEL

A wind turbine catches the wind through its rotor
blades and transfers it to the rotor hub. The rotor
hub is attached to a low speed shaft through a
gear box. The high speed shaft drives an electric
generator which converts the mechanical energy
to electrical energy and delivers it to the grid [1
and 4]. As the wind speed varies, the power
captured, converted and transmitted to the grid
also varies.

1
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Where p . s the air density inkg/m®, A, is

the area covered by the rotor blades, C jis the

performance coefficient of the turbine, V , is the
wind speed.
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The schematic diagram of the DFIG and IG are
shown in Figure 1, while Figure 2 shows the DFIG
system with the crowbar protection scheme.
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Figure 1. Schematic Diagram of DFIG and IG.
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Figure 2: Model System of DFIG with Crowbar.

The parameters of both generators are given in
Table 1.

Table 1: Parameters of DFIG and IG.

Rated Power | 30MVA(IG) | 20MVA(DFIG)
Rated Voltage 690V 690V
Stator 0.01pu 0.01pu
Resistance
Stator 0.07pu 0.15pu
Leakage
Reactance
Magnetizing 4.1pu 3.5pu
Reactance
Rotor 0.007pu 0.01pu
Resistance
Rotor leakage 0.07pu 0.15pu
Reactance
Inertia 1.5secs 1.5secs
Constant
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THE DFIG CONTROL SYSTEM

They are two control sections of the DFIG; the
Grid Side Converter and the Rotor Side
Converter.

Grid side converter of the DFIG

In Figure 3 the Phase Lock Loop (PLL) is used to
provide the angled and@.is the effective angle
for the abc-to-dg0 (and dqgO-to-abc)
transformation. The direct axis component is used
to regulate the dc-link voltage (E,. ) to 1pu. The
actual DC link voltage (E, ) is compared to the
reference and the error is sent to the first PI
controller to determine the reference current (14")
for the direct axis component. The 1q7is
compared to the actual value of | and the error
is sent to the second PI controller to determine
the reference voltageV, for the direct axis
component sent to the Pulse Width Modulator.

In normal operation the RSC already regulates
the power factor of the DFIG, so there is no need
for reactive power regulation by the grid side
converter. Thus, Q.= 0, in Figure 3, Qs

compared to the actual value of Q . and the error

is sent to the first Pl controller to determine the
reference current |, for the quadrature axis
component. After a dqO- to-abc transformation,
Vi and Vg are sent to the PWM signal

generator. Finally V . are three voltages at the
GSC output for the IGBT s switching.

Rotor Side Converter of the DFIG

In normal operation, the RSC regulates the
developed electric power (P )and the absorbed
reactive power by the DFIG. In Figure 4
6. obtained from the PLL angle ¢ and the
generator rotor position is the effective angle for
the abc-dg0 and the dqO-gbc transformations.
The direct axis component is used to regulate the
generator power factor to 1pu thus; the absorbed

reactive power reference (Q")is equal to zero.
The actual absorbed reactive power at the grid
connection (Q,) of the DFIG is compared to the

reference and the error is sent to the first PI
controller to determine the reference current
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i, for the direct axis component. Then, i, is
compared to the actual value of i, and the error
is sent to the second PI controller to determine
the reference voltage V', for the direct axis
component.

qr

The quadrature axis component is controlled
similarly to the direct axis; however, it regulates

the electric power to the optimal reference P oy -

After a dgO-to-abc transformation, V4 and
V. are sent to the PWM signal generator.
Finally, V™, are the three-phase voltages desired

at the rotor side converter output for switching
IGBTSs.

14003
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1+0.0025'

T ,=0009 -1
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T=0007 -1

Figure 4: Rotor Side Converter Control System.

SIMULATION RESULTS

Simulations were run in PSCAD/EMTDC for
duration of 20 sec. with a fixed speed above the
rated speed for DFIG and at the rated for IG,
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because it is assumed the fault is for a short time.
A three phase fault was applied at 10.1 sec. and
the circuit breakers on the faulted line opened at
10.2 sec. and reclosed at 11.0 sec., respectively.
The results for both cases are shown in Figures 5

to 18.

DFIG Analysis
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Figure 5: Active Power of DFIG.
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Figure 6: Rotor Speed of DFIG.
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Figure 7. Pitch Angle of DFIG.
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Figure 8: DC-Link Voltage of DFIG.
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Figure 9: Rotor Power of DFIG.
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Figure 10: Reactive Power of Grid-Side
Converter of DFIG.

1.2+

1.0

0.8

0.6+

0.4+

0.2

Terminal Voltage of DFIG[pu]

0.04

8 10 12 14 16 18 20
Time[sec]

Figure 11: Terminal Voltage of DFIG.
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Figure 12: Turbine Torque of DFIG.
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Induction Generator Analysis
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Figure 13: Active Power of Induction Generator.
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Figure 14. Reactive Power of Induction
Generator.
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Figure 15: Rotor Speed of Induction Generator.
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Figure 16: Pitch Angle of Induction Generator.
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Figure 17: Terminal Voltage of Induction

Generator.
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Figure 18: Turbine Torque of Induction
Generator.
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The results show that the DFIG system was able
to recover itself after the grid fault as shown in
Figures 5 to 12 because of the reactive power
provision from its frequency converters, while the
IG was not able to recover itself after the three
phase fault in the system because it cannot
provide reactive power for itself.

CONCLUSION

The transient stability of the DFIG and IG has
been investigated. The DFIG system is more
stable during grid fault in the power system
compared to the IG, because it can provide
sufficient reactive power to stabilize itself during
grid fault hence, commonly in use in the present
day for wind turbines.

Despite such characteristics of the IG like
brushless and rugged construction, low cost, low
maintenance, and operational simplicity, the
transient stability of the 1G is very poor because it
requires large reactive power to recover the air
gap flux when a short circuit fault occurs in the
power system and also has limited ability to
provide voltage and frequency control, unless
enhanced by the installation of power electronic
devices and reactive power compensation units
like STATCOM, ECS, SMES which increases the
overall cost.
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