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ABSTRACT
Wind energy being a renewable and environmental friendly has become important source of electrical power in recent
years. As the wind power penetration increases day by day, it is required that wind turbines are connected to the grid
actively to contribute in the system stability during and after grid faults. This paper focuses on a new topology, for reactive
power compensation, voltage regulation and transient stability enhancement for wind turbines equipped with fixed-speed
induction generators in large interconnected power systems. This study proposes an efficient control strategy to improve
the low voltage ride through (LVRT) capability by using the pitch controller during successful reclosing of CBs. Besides
the unsuccessful reclosing of circuit breakers, the performance of controller is also evaluated. Extensive simulations have
been carried out with real wind speed data and different time durations, where the effectiveness of the proposed control
scheme is verified using power system simulator PSCAD/EMTDC.
Keywords: Wind power generation, Low Voltage Ride-Through (LVRT), Capability, Pitch controller.

1. INTRODUCTION
Now a day’s we are facing worldwide energy
crisis. The interest in renewable energy has been revived
over last few years, especially after global awareness
regarding the ill effects of fossil fuel burning. Recently,
the generation of electricity using wind power has
received much interest and considerable attention all over
the world. Winds are caused by the uneven heating of the
atmosphere by the sun, the irregularities of the earth's
surface, and rotation of the earth. It is a result of the sun
shining unevenly on the earth. The corresponding daily
and seasonal changes in temperature consistently generate
wind, producing a fuel source that can never be depleted.
The important drawbacks associated with this renewable
energy systems are their inability to guarantee reliability
and their lean nature [1]. One of the simplest methods of
operating a wind generation system is to use an induction
generator connected directly to the power grid, because an
induction generator is the most cost-effective and robust
machine for wind energy conversion. However, the fixedspeed wind turbines equipped with the induction
generators, reactive power support is needed at WECS
terminals for voltage regulation and improvement of low
voltage ride through (LVRT) capabilities [2].

2. LVRT REQUIREMENT
The wind is never steady at any site. It is
influenced by the weather system, the local land terrain,
and the height above the ground surface. The wind speed
varies by the minute, hour, day, season, and year. Since
wind turbine output is proportional to the cube of the
wind speed, the wind turbine generator output fluctuates
due to wind speed variations. Hence, if the power capacity
of wind power generators becomes large, wind power
generator output can have an influence on the power
system frequency. As wind speed continuously changes,
the voltage at the PCC of the power system fluctuates.

When fault occurs, the voltages at the WECS
terminal drop [6]. Thus the generated active power falls,
while the mechanical power does not change instantly and
so the induction generator accelerates. After fault
clearance, the reactive power consumption increases
resulting in reduced voltages near the generator unit. Thus
the induction generator voltage does not recover
immediately after fault, but a transient period continues.
As a consequence, the generator continues to accelerate
and this may lead to rotor speed instability. Then the
WECS requires to be disconnected from the power
system. But shutdown of a wind farm during and after a
network disturbance is not acceptable and not desirable by
transmission system owners (TSO). The wind generator
shut down phenomenon has been reduced by adopting the
low voltage ride through (LVRT) requirement.

3. SYSTEM OVERVIEW
The wind turbine and the induction generator
(WTIG) are shown in figure 3.1. The power captured by
the wind turbine is converted into electrical power by the
induction generator and is transmitted to the grid by the
stator winding. The pitch angle is controlled in order to
limit the generator output power to its nominal value for
high wind speeds. In order to generate power the
induction generator speed must be slightly above the
synchronous speed. But the speed variation is typically so
small that the WTIG is considered to be a fixed-speed
wind generator. The well-known cascade control scheme
with independent control of the active and reactive
currents was developed as shown in Figure 3.2. The VSC
converts the DC voltage across the storage device into a
set of three-phase ac output voltages. These voltages are
supplied to the ac system through the coupling
transformer.
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Controller and generator are shown in Table 3.1 and Table
3.2.
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Fig 3.1: Model System
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Fig 3.2: Control system of the VSC
3.1 PI Controller
A Proportional-Integral (PI) controller is used to
control the blade pitch angle in order to limit the electric
output power to the nominal mechanical power [2]. The
pitch angle is kept constant at zero degree when the
measured electric output power is under its nominal value.
When it increases above its nominal value the PI
controller increases the pitch angle to bring back the
measured power to its nominal value. Parameters of the PI

Point, X

Table 3.1: Parameters of PI Controllers

KP
Ti

PI-1
3.00
0.10

PI-2
2.00
0.01

PI-3
2.00
0.10

PI-4
0.04
0.10

PI-5
1.0
0.12

PI-6
0.10
0.01
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Table 3.2: Parameters of Generators
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Fig 3.3: Responses of wind farm terminal voltages
[3LG]
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3.2 Two Mass Drive Train Modeling
In case of conventional WECS model, accurate
results are obtained by increasing the number of masses
with spring and damping components which are used to
represent the physical characteristics of the actual system.
It has been proved that the two-mass model for WECS
representation is fairly accurate. The wind turbine and the
generator rotor are modeled as two masses and the wind
mill shafts as spring element. The dynamic equations of
the two-mass representation are given [3].

dt Tt  K s

dt
2Ht

(3.1)
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dt
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Fig 3.4: Responses of IG1 speed [3LG]

where T is the torque,  is the angular displacement
between the two ends of the shaft,  is the angular speed,
H is the inertia constant and Ks is shaft stiffness. The
indexes t and e stand for wind turbine and generator
parameters, respectively.
3.3 Simulation Results
This work shows a control methodology to
overcome the voltage dip of wind farm during a network
disturbance in power system [5]. To obtain the realistic
responses, the two-mass shaft model of WTGS is

considered in this study. In this case the
performances of the conventional pitch controller have
been evaluated. Figures 3.3 through Figure 3.7 show the
simulation results for this case.
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Fig 3.5: Responses of wind turbine1 speed [3LG]
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Fig 3.6: Responses of wind farm output power [3LG]
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Fig 3.7: Response of turbine blade pitch angle [3LG]

4. CONCLUSIONS
It is seen from Figure. 3.3 to Figure 3.7 that,
because of the use of the pitch controller, system
performances is comparatively better than without
controller. However, IG rotor speed cannot return back to
the stable state. It is also seen from Figure 3.3 that wind
farm terminal voltage cannot return back to 90 percent of
the nominal voltage by using the pitch controller. This
fact also indicates that the pitch controller cannot recover
the terminal voltage to the nominal value. Figure 3.6 and
Figures 3.7 show the responses of wind farm real power
and turbine blade pitch angle respectively. Therefore, it
can be concluded that though the performances of the
conventional pitch controller are somewhat better but it
cannot improve the LVRT capability.
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