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Abstract:

The effect of increasing penetration of Doubly-Fed Induction Generator (DFIG)-based wind farms on power system
transient stability is investigated in this work. The time-domain simulation is done and the impact of such factors as the
power system strength and the reactive power compensation by DFIG on transient stability are analyzed by increasing
the wind power penetration. Unlike other research works, in this paper, the effect of the reactive power compensation
by DFIG has been investigated comprehensively, in terms of converter rating. Moreover, since the rated rotor speed of
DFIG has a significant impact on the electrical torque and machine currents and on the other hand, the rated rotor speed
of DFIG can be chosen arbitrarily by adjusting the gearbox ratio; in an innovative approach, the gearbox ratio is
analyzed as one of the factors affecting the transient stability improvement. Accordingly, simulation results indicate that
in all cases, the grid situation improves in terms of power system transient stability by decreasing the rated rotor speed
of the DFIG.
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1. Motivation of the work

Until now, some research works are done on analyzing
the impact of the reactive power compensation by DFIG
on transient stability of electrical power systems. Unlike
the previous research works, in this paper, the effect of
the reactive power compensation by DFIG has been
investigated comprehensively, in terms of converter
rating. This is a research gap. Moreover, since the rated
rotor speed of DFIG has a significant impact on the
electrical torque and machine currents and on the other
hand, the rated rotor speed of DFIG can be chosen
arbitrarily by adjusting the gearbox ratio; in an innovative
approach, the gearbox ratio is analyzed as one of the
factors affecting the transient stability improvement.

2. Contributions

The main contributions of this paper can be summarized
as follows:

o Investigating the effect of variations of the
nominal speed of the DFIG rotor by adjusting the
gearbox ratio on improving the transient stability of the
power system. Since the nominal speed of the DFIG rotor
has a significant effect on the electric torque and current
of the machine, this parameter is studied as one of the
factors affecting the improvement of transient stability.
The simulation results show that the transient stability of
the power system improves in all operating conditions of
the power system by reducing the nominal speed of the
DFIG rotor.

o Investigating the effect of generated active
power by DFIG (by changing the wind farm equivalent
machine capacity) and generated reactive power by DFIG
on improving the transient stability of the power system.

3. Procedures

In power system stability analysis, low-frequency
dynamics in the time interval 0.1-10 s after the fault
occurrence is importance. Therefore, fast-damping
dynamics are neglected. In this paper, a two-axis model
with a static excitation system for the SG is used for the
transient stability study. The components of the DFIG
are: aerodynamic system, drive system, induction
generator, and power electronic converters. For this, the
DFIG components are modeled separately.

The aerodynamic system of a wind turbine is usually
modeled with an algebraic model and its mechanical
dynamics are ignored in stability studies.

Also, in this paper, the blade pitch control is not
considered and similar to previous studies, the wind
speed is assumed to be constant. At each wind speed,
there is an optimal speed for the wind turbine at which
the power extracted from the wind turbine is maximum.
There are two different operating modes for DFIG. In
sub-rating mode, the nominal wind speed value is higher
than the wind speed and the DFIG must follow the
maximum torque curve. However, in nominal mode, the

nominal wind speed value is lower than the wind speed
and the turbine speed and torque must be limited to their
nominal values.

Three case studies were conducted for transient stability
analysis of power systems with increasing wind power
penetration (WPP). In these cases, respectively, in order
to more accurately study the impact of DFIG-based WPP
increase on the transient stability of power systems: a)
wind generation of 15 to 30%, b) wind generation of 30
to 60%, and c) wind generation of 60 to 95% of the total
generation capacity.

4. Findings

Three case studies were conducted for transient stability
analysis of power systems with increasing wind power
penetration (WPP). In these cases, respectively, in order
to more accurately study the impact of DFIG-based WPP
increase on the transient stability of power systems: a)
wind generation of 15 to 30%, b) wind generation of 30
to 60%, and c) wind generation of 60 to 95% of the total
generation capacity. In all three cases, if the wind power
generation rate is limited to about 0.7 per unit of installed
capacity, the critical clear time (CCT) increases as the
WPP in the system increases. However, when the wind
power generation rate exceeds 0.7 per unit, the trend is
reversed and the CCT value decreases sharply with
increasing WPP.

Also, since the inertia of DFIG is less than that of
synchronous generator (SG), when the wind power in the
grid increases, the oscillations of the power system due to
disturbances also increase and multi-oscillation transient
instability occurs.

5. Conclusion

According to the simulation results, reactive power
compensation by DFIG has a favorable effect on the
transient stability of power systems. However, as the
reactive power generation by DFIG increases, its rotor
current increases, leading to an increase in the size of the
corresponding converter.

In this paper, in order to prevent the increase in the size
of the converter, the external reactive power
compensation at the DFIG bus was proposed. It was also
shown that the transient stability conditions of the power
system are improved by reducing the nominal rotor speed
from 1.2 to 1 per unit.

Finally, the effect of power system robustness on its
transient stability was investigated. It was shown that
with increasing power system robustness, the CCT value
increases and transient stability conditions improve.
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