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ABSTRACT

Energy is one of the most prominent factors in shaping the civilization of today. Under consideration for non -
conventional energy source wind energy hasturned out to be a leading source of energy. In recent years there
has been a significant global commitment to develop a clean and economical alternative sustainable power
source especially from wind. In this field of development wound rotor induction generator has seen
considerable success. One scheme of wound rotor induction generator is realized when a converter cascade is
used between the slip rings terminals and the utility grid to control the rotor power. This configuration is called
Doubly Fed Induction Generator (DFIG). In this paper analyses the control strategy of grid connected to a
DFIG. The paper implements a control technique to mitigate the voltage sag generated due to various fault.
Finally the paper concludes with an inference of the voltage profile generated by a DFIG and a vivid study of
various parameters at varied conditions.
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I. INTRODUCTION

The installed capacity of wind power in Europe reached approximately 33,600 MW until the end of 2004. The
demand for connecting large-scale wind parks to the power grid is still on the rise. The increasing size of wind
turbine and Wind Park resulted in new interconnection rules or grid codes. Today, there is a need to control
wind power, both in active and reactive power, and to be able to stay connected with the grid when grid faults
happen. The doubly fed induction generator (DFIG) has the largest world market share of wind turbine concepts
since the year 2002 [1], because of its ability to provide variable speed operation and independent active and
reactive power control in a cost-effective way. As DFIG’s stator is directly connected with ac grid, it has poor
low-voltage ride through (LVRT) capability due to the poorly damped flux oscillations during grid voltage dip.
Many studies have been conducted on the LVRT capability of DFIG [3]-[6], [9], with most of them focused on
the behavior and protection of DFIG under symmetrical fault. During the symmetrical fault, transient over
current in the rotor is identified as the most severe LVRT problem of the DFIG, because the rotor-side voltage
source converter (VSC) is very sensitive to thermal overload. Thus, the active crowbar protection is designed to
short-circuit the rotor under symmetrical grid voltage dip, both to protect the rotor-side VSC and to damp out
the oscillations faster. In reality, however, unsymmetrical fault happens much more frequently than symmetrical
fault. Furthermore, it is identified that the unbalanced voltages can occur in a weak power grid even during
normal operation [7], [8], [15]. Under the unbalanced grid voltage, the most severe operation problem of DFIG
may not be the transient over current, but the large electric torque pulsation that causes wear and tear of the
gearbox, and large voltage ripple in the dc link of back to- back VSC that may decrease the lifetime of the dc
capacitance. Literatures [10], [11] define the instantaneous active and reactive power that can be used to design
and operate the grid connected VSC under unbalanced grid situations [12]—[13]. Literatures [14], [15] on the
control system of DFIG under unbalanced grid voltage condition. In [15], the grid VSC was controlled as a
STATCOM and supplied reactive power to compensate the unbalanced grid voltage. A detailed model of DFIG
is made in MATLAB/Simulink. Simulation results prove the effectiveness of the proposed control system.

I1. DOUBLY FED INDUCTION GENERATOR

The working of DFIG is based on the principle of induction generator. It has multiphase wound rotor and a
multiphase slip ring assembly with brushes for accessing rotor winding. The rotor windings are connected to the
grid via slip rings and a back to back voltage source converter that controls both the rotor and grid currents
(hence acting as a control system). By adjusting the converter’s parameters it is possible to control the active
and reactive power fed to the grid independently of the generators turning speed, giving it a distinct advantage
over other conventional power generators. Fig.1 shows a schematic representation of a DFIG setup:
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I1l. VOLTAGE SAG

A voltage sag as defined by IEEE Standards 1159-1995,is a decrease in the RMS voltage at the power frequency
for duration from .5 cycles to 1 minute. The measurement of the voltage sag is defined as the percentage of the
nominal voltage. Example: Voltage sag to 60% is equal to 60% of nominal voltage i.e. 288 volt for a 480 volt
system.

IV. WIND TURBINE CONCEPTS

The three most important currently applied wind turbine concepts are: [4]

1. A constant speed wind turbine, which consists of a directly grid coupled squirrel cage induction generator.
The wind turbine rotor is coupled to the generator through a gearbox The power extracted from the wind is
limited using the stall effect. This means that the rotor is designed in such a way that its efficiency decreases in
high wind speeds, thus preventing the mechanical power extracted from the wind to become too large. In most
cases, no active control systems are used to this end.

2. A variable speed wind turbine with doubly fed (wound rotor) induction generator. The rotor winding is fed
using a back-to-back voltage source converter. Like in the first concept, the wind turbine rotor is coupled to the
generator through a gearbox In high wind speeds, the power extracted fromthe wind can be limited by pitching
the rotor blades.

3. A variable speed wind turbine with a direct drive synchronous generator. The synchronous generator can have
a wound rotor or be excited using permanent magnets. It is grid coupled through a back- to-back voltage source
converter or a diode rectifier and voltage source converter. The synchronous generator is a low speed multi pole
generator, therefore no gearbox is needed. Like in the second concept, the power extracted from the wind is
limited by pitching the rotor blades in high wind speeds. The concepts are depicted in figure 2
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Fig2. Widely used contemporary wind turbine concepts

V. DFIG BEHAVIOUR DURING FAULT CONDITION

\Voltage sag (also the word voltage dip is used) is a sudden reduction of the voltage at a point in the electrical
system, which lasts for half a cycle to 1 min. Depending on the type of fault, the magnitudes of the voltage dips
of each phase might be equal or unequal. The magnitude of voltage sag at a certain point in the system depends
mainly on the type of the fault and the distance of the fault. [2] The voltage dip can cause high induced voltages
or currents in the rotor circuit. The high current might destroy the converter, if nothing is done to protect it. [5].
Fig 3 shows the behaviour of DFIG during fault condition.
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Fig3. Block diagram of DFIG with fault at grid side
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VI. SIMULATION MODEL

Wind turbines using a doubly-fed induction generator (DFIG) consist of a wound rotor induction generator and
an AC/DC/AC IGBT-based PWM converter. The stator winding is connected directly to the 50 Hz grid while
the rotor is fed at variable frequency through the AC/DC/AC converter. The DFIG technology allows extracting
maximum energy from the wind for low wind speeds by optimizing the turbine speed, while minimizing
mechanical stresses on the turbine during gusts of wind. In this demo the wind speed is maintained constant.
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Fig4. Detailed simulink model of DFIG
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VII. RESULTS AND ANALYSIS

A DFIG grid systemwas simulated in Matlab/Simulink with the DFIG being fed by a constantwind speed..
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Fig8. Conwerter Output Waweform
X. Conclusion

In this paper we have discussed here the basic operation of DFIGand it’s controls using AC/DC/AC converter.
So for best efficiency the DFIG system is used which is connected to grid side and has better control. The rotor
side converter (RSC) usually provides active and reactive power control of the machine while the grid-side
converter (GSC) keeps the voltage of the DC-link constant. So finally we simulated grid side and wind turbine
side parameters and the corresponding results have been displayed.

The faults can occur when wind speed decreases to a low value or it has persistent fluctuations. The DFIG is
able to provide a considerable contribution to grid voltage support during short circuit periods. Considering the
results it can be said that doubly fed induction generator proved to be more reliable and stable system when
connected to grid side with the proper converter control systems.
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