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Abstract—In this paper, we develop a dynamic modeling of wind
farms in the Jeju power system. The dynamic model of wind farms is
developed to study their dynamic effects on the Jeju power system.
PSS/E is used to develop the dynamic model of a wind farm composed
of 1.5-MW doubly fed induction generators. The output of a wind farm
is regulated based on pitch angle control, in which the two controllable
parameters are speed and power references. The simulation results
confirm that the pitch angle is successfully controlled, regardless of
the variation in wind speed and output regulation.
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[. INTRODUCTION

IND power generation is one of the most attractive

renewable energy resources in many countries due to its
technical and economic feasibility. Many countries consider
wind power generation to be an enabler of energy security, as
well as a pathway to reducing greenhouse gas emissions.

Jeju Island has the highest average wind speed of wind
power-generating sites in South Korea [1], [2]. Although Jeju
Island is expected to accommodate additional wind power
generation capacity due to its environmental advantages [3],
some experts think that the installed wind power generation
capacity is already sufficient to threaten its stable operation.
Recently, revisions to the Korean grid code have been
considered: i.e., requiring that the output power of wind farms
be regulated according to the dispatching instructions from the
EMS. Therefore, prior to applying this requirement,
appropriate dynamic models and control schemes for wind
farms should be developed, and their effects should be
investigated.

In this paper, we develop a dynamic model of wind farms in
the Jeju power system. The remainder of this paper is organized
as follows. A dynamic model of wind farms in the Jeju power
system is developed in Section II. Conclusions are drawn in
Section III.

II. DYNAMIC MODEL OF WIND FARMS

In this paper, PSS/E was used to develop a dynamic model of
wind farms in the Jeju power system. PSS/E includes a wind
turbine package, which provides libraries for various wind
generator manufacturers, including Acciona, Enercon,
Fuhrlaender, GE, Mitsubishi, Siemens, and Vestas. Because
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doubly fed induction generators (DFIGs) are typically installed
in the Jeju power system, the wind farms in this paper
comprised GE 1.5 MW DFIGs, which provided detailed data
and documentation on the DFIGs [4], [5]. With PSS/E, the
multiple wind turbines in a wind farm are modeled as a single
representative wind turbine with a common pitch angle.
Therefore, for the Jeju power system shown in Fig. 1, we used a
single 97.5-MW to describe the 65 1.5-MW turbines in the
wind farm, which was connected to the Hallim and Seongsan
substations.

As shown in Fig. 2 (a), the wind speed was initially
maintained at a constant 10.5 m/s, and then at 150 s the wind
speed decreased to 6.5 m/s over a period of 5 s. This resulted in
a decrease in the output power of the Hallim wind farm from
84.8 MW to 21.8 MW. We also considered an increase in the
wind speed, whereby the wind speed was initially maintained
constant at 10.5 m/s, and at 150s was increased to 14.5 m/s over
a period of 5 s. This resulted in an increase in the output power
of the Hallim wind farm from 84.8 MW to 97.5 MW. We also
considered wind speeds from 10.5 m/s to 8.5 m/s, 9.5 m/s, 11.5
m/s, and 12.5 m/s. As expected, the output power of the Hallim
wind farm decreased with decreasing wind speed, and
increased with increasing wind speed.

The results revealed that the output power of the Hallim wind
farm did not reach its rated power, despite sufficient wind
speed. The rated wind speed of the GE 1.5 MW DFIG is 11.5
m/s; therefore, with a wind speed of 11.5 m/s, the output power
of the Hallim wind farm should be equal to the rated power of
97.5 MW. However, as shown in Fig. 2 (b), the output power
was only 92.8 MW with a wind speed of 11.5 m/s. The pitch
angle was 3.63°, which should be decreased to generate more
output power. This is because the PSS/E library provides a
simplified pitch angle control model for the GE 1.5 MW DFIG.
For this reason, the simplified model of pitch angle control
should be modified to improve the accuracy of simulations with
variable wind speed.

As shown in Fig. 3, the pitch angle control model for the GE
1.5 MW DFIGs has two controllable parameters: speed and
power references [4]. Because PSS/E does not provide a control
model for the speed and power references, user-defined models
were developed, using the model-writing functionality of
PSS/E.

A. Pitch Angle Control Based on Speed Reference

Rotor speed control of a DFIG wind turbine is somewhat
complex [6]. For modeling purposes, this can be approximated
by closed loop control, with a speed reference that is
proportional to the output power, as shown in Fig. 4.
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Fig. 1 The Jeju power system under study
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(b) Output power Fig. 2 Simulation results for various wind speeds
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Fig. 3 Pitch angle control model of the GE 1.5 MW DFIG [4]
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Fig. 4 Relationship between rotor speed and output power of the GE
1.5 MW DFIG

The speed reference is normally 1.2 pu; however, this was
reduced for output powers below 0.76 pu. This behavior was
described using the library model with the following relation,
so that the speed reference is given by:

@y =—0.67P> +1.42P+0.51, P<0.76 (1)

The speed reference slowly tracks the changes in output
power using a low-pass filter with a time constant of 5 s.

For output powers above the rated power (=1.0 pu), the rotor
speed should be controlled to keep the output power equal to
the rated power, with the speed allowed to rise above the
reference transiently. This behavior was implemented using the
user-defined model for the speed reference control as:

0.00 0.00<P<0.14
—0.67P* +1.42P+0.51 0.14<P<0.76 5
Oret = 1.20 0.76 < P <1.00 @

1.20+(1.00—P)-8 1.00< P

pitch

where 6, is the pitch angle of the wind turbine. Fig. 5 shows

the simulation results with speed reference control. As expected,
the output power of the Hallim wind farm was equal to the rated
power of 97.5 MW when the wind speed was 11.5 m/s or more.
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Fig. 5 Simulation results with speed reference control

B. Pitch Angle Control Based on Power Reference

In order to comply with the Korean grid code, the output
power of a wind farm should be regulated. This regulation can
be implemented using pitch angle control based on power
reference. As shown in Fig. 3, the pitch angle of a wind turbine
was controlled based on both power reference and speed
reference. Fig. 6 shows the simulation results with power
reference control in addition to speed reference control.

When the total load was 362.42 MW (i.e., a pure load of
362.07 MW and losses of 0.35 MW), the limitation of the Jeju
power system was 180.42 MW, which was calculated based on
the output regulation of Jeju power system [7]. Because there
were two wind farms with the same rated power of 97.5 MW,
the output regulation of the Hallim wind farm was 90.21 MW
and the power reference was set to 0.9252 pu (i.e., 90.21 MW /
97.5 MW). The wind speed was initially maintained at a
constant 10.5 m/s, and at 150s was increased to 11.5 m/s over a
period of 5 s. The output power of a wind farm should not
exceed the output regulation, even though the wind speed was
sufficient to generate more output power. Therefore, the output
power of the Hallim wind farm was limited to 90.21 MW, as
shown in Fig. 6 (d).
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Fig. 6 Simulation results with power reference control in addition to
speed reference control

III. CONCLUSIONS

We developed a dynamic model of wind farms in the Jeju
power system. PSS/E was used to develop the dynamic model
of a wind farm composed of GE 1.5 MW DFIGs. The output of
a wind farm was regulated based on the pitch angle control, in
which the two controllable parameters were the speed and
power references. Because PSS/E does not provide a control
model for the speed and power references, user-defined models
were developed for the speed and power references. Speed
reference control was used to provide accurate simulations in
which the wind speed was varied and power reference control
was used to implement the output regulation. The simulation
results demonstrated that the pitch angle was well-controlled in
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response to variations in the wind speed and the output
regulation. Therefore, the dynamic model of wind farms is
considered useful for studying the dynamic effects of wind
farms on island power systems including the Jeju power
system.
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