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Abstract: Due to renewable generation increment in power
systems and the complexity of control and protection of them,
the evaluation of transient stability is necessary. This paper
aims at analyzing the impact of wind power generation on the
transient stability of power systems. To this end, doubly fed
induction generator (DFIG) converters were first investigated in
a closed-loop control mode. More detailed controls were used
for the rotor side converter. Controls of the DC link converter
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on the network side were assumed to be ideal. Then, through
using Gershgorin's theory, a new approach to adjust converter
control parameters was presented. The simulation results in
different operating modes confirmed the capability of this
method in adjusting the converter’s control parameters. Also, by
using performed simulations, the effect of increasing wind
power production penetration and the changes of reactive power
compensation by DFIG on the transient stability of power
system were investigated. Finally, the effect of power system
strength and DFIG parameters change, in the presence of DFIG-
based wind power generation, on transient stability was
analyzed. The simulation results showed that an increase in
wind power generation initially led to an improvement and
finally to the weakening of the transient stability of the system.
In fact, this paper provides a professional and valuable
perspective towards the investors and operators of the power
systems with wind power generation from the viewpoint of
transient stability.
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controls were used for the rotor side converter.

Introduction

This paper tries to analyze the impact of wind
power generation on the transient stability of power
systems. To this end, doubly fed induction
generator (DFIG) converters were first investigated
in a closed-loop control mode. More detailed

Controls of the DC link converter on the network
side were assumed to be ideal. Then, through using
Gershgorin's theory, a new approach to adjust
converter control parameters was presented. The
simulation results in different operating modes
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confirmed the capability of this method in adjusting
the converter’s control parameters. Also, by using
performed simulations, the effect of increasing
wind power production penetration and the changes
of reactive power compensation by DFIG on the
transient stability of power system were
investigated. Finally, the effect of power system
strength and DFIG parameters change, in the
presence of DFIG-based wind power generation, on
transient stability was analyzed. The simulation
results showed that an increase in wind power
generation initially led to an improvement and
finally to the weakening of the transient stability of
the system. In fact, this paper provides a
professional and valuable perspective towards the
investors and operators of the power systems with
wind power generation from the viewpoint of
transient stability.

Material and Methods

This article tries to cover a research gap in the
transient stability of power systems. Its aim is to
evaluate the transient stability (TSA) of power
systems using time domain (7-D) simulation on a
single machine infinite beam (SMIB) system with
an increased penetration of wind power generation.
In fact, this article provides a specialized and
valuable perspective towards the operators of power
systems from the perspective of the impact of wind
power generation on the transient stability of power
systems. The proposed method can be implemented
in real and larger-scale power systems.

The SMIB system is considered as the basic
power system. In order to investigate the effect of
the presence of wind power generation on the
transient stability, a wind power generation farm
with real data was added to this basic system. The
wind farm was modeled as a single equivalent
machine with aggregated wind turbines.

Firstly, the method of modeling DFIG
converters in a closed-loop control mode was
described. Since RSC controls had a significant
effect on the generator speed/torque dynamics and
system stability, more detailed controls were used
for RSC. While, the grid side converter (GSC) was
assumed to be ideal. Then, a new approach for the
adjustment of the converter control parameters,
using Gershgorin theory, was presented. In this
approach, the method of adjusting proportional
gain (P gain) was described step by step. Based on
this, under different conditions, TSA was
performed and the results were analyzed. Based on
the simulation results, an increase in the
penetration of wind power generation initially led
to an improvement and finally to the weakening of
the transient stability of power systems. In fact,

this article provides a specialized and valuable
perspective to the investors and operators of power
systems in the presence of wind power generation
from the perspective of transient stability.

Results

The aim of this paper was to evaluate the transient
stability (TSA) of power systems using time
domain (7-D) simulation. Based on the simulation
results, an increase in the penetration of wind
power generation initially led to an improvement
and finally to the weakening of the transient
stability of power systems. Also, as the power
system increased, its transient stability improved
while CCT increased. Since the stator resistance of
SG can affect the transient stability of the power
system, when the stator resistance increases, the
CCT increases about few tens ms.

Conclusion and Discussion:
The obtained simulation results showed that:

e In the investigated system, increasing the
wind power production up to 25% level led to
an increase in the improvement of transient
stability.

e Beyond this level, it weakened the transient
stability.

e Also, when the reactive power compensation
by DFIG increased from 0 to 0.85 pu, the
transient stability condition of the studied
system  was improved and CCT
increased.Also, the effect of power system
strength and the change of electrical
parameters of DFIG on transient stability was
analyzed.

e As the system strength increased (i.e., Xep
decreases from 0.0813 to 0.0488 pu) the CCT
value was almost doubled.

e Increasing the stator resistance from 0.0025
to 0.01 pu led to an increase in a few tens ms
of a second in CCT.

e The simulation results showed that in the
DFIG closed-loop control, the high frequency
modes were not eliminated by ignoring the
stator transients.

e Also, with an increase in the penetration of
wind power production, the value of CCT
increased initially. But after reaching a
threshold value, an increase in the penetration
of wind power generation led to a decrease in
CCT.

e This issue showed a relationship between the
penetration level of wind power production in
the power system and the transient stable
state of that system.
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