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Abstract: The conventional resources of energy are depleting .These resources will be finished after few years,
therefore new sources of energy will be required which does not use fossil. To overcome these problems in recent
years, wind energy has become one of the most important and promising sources of renewable energy, which demands
additional transmission capacity and better means of maintaining system reliability. To harness the wind energy
efficiently the most reliable system in the present era is grid connected doubly fed induction generator. 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. The GSC can supply the required reactive current very quickly while
RSC passes the current through the machine resulting in a delay. Both converters can be overloaded, so the DFIG is
able to provide considerable contribution to grid voltage support during short circuit periods. This paper deals with the
introduction of DFIG, AC/DC/AC converter control and finally the SIMULINK/MATLAB simulation for isolated 1G
as well as for grid connected DFIG and corresponding result and waveforms are displayed.
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I. INTRODUCTION

Now a day, wind energy has become a viable solution for
energy production, in addition to other renewable energy
sources. One way of generating electricity from renewable
sources is to use wind turbines that convert the energy
contained in flowing air into electricity. With increased
penetration of wind power into electrical grids, doubly fed
induction generator wind turbines are largely used due to
their variable speed feature and hence influencing system
dynamics. DFIG offers the advantages of speed control for
a reduction in cost and power losses. This paper presents
the modeling and simulation of wind turbine doubly fed
induction generator in wind farm. In the DFIG system, the
power electronic interface controls the rotor currents in
order to control the electrical torque and thus the rotational
speed. Because the power electronics only process the
rotor power, which is typically less than 25% of the
overall output power [5]. DFIG offers the advantages of
speed control for a reduction in cost and power losses.

The continuous trend of having high penetration of wind
power, in recent years, has made it necessary to introduce
new practices. For example, grid codes are being revised
to ensure that wind turbines would contribute to the
control of voltage and frequency and also to stay
connected to the host network following a disturbance.
Additionally, in order to model back-to back PWM
converters, in the simplest scenario, it is assumed that the
converters are ideal and the DC link voltage between the
converters is constant.

Il. DOUBLY FED INDUCTION GENERATOR

Wind turbines use a doubly-fed induction generator
consisting of a wound rotor induction generator and
AC/DC/AC IGBT- based PWM converter. The DFIG
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technology allows extracting maximum power from the
wind for low speeds by optimizing the turbine speed,
while minimizing mechanical stresses on the turbine
during gusts of wind. The optimum turbine speed
producing maximum mechanical energy for a given
wind speed is proportional to the wind speed. Another
advantage of DFIG technology is the ability for power
electronic converters to generate or absorb reactive
power, thus eliminating the need for installing capacitor
banks as in the case of squirrel cage induction generator.
Here V. is the rotor voltage and V is grid side voltage.
The AC/DC/AC converter is basically a PWM converter
which uses sinusoidal PWM technique to reduce the
harmonics present in the wind turbine driven DFIG
system. Here Cqr is rotor side converter and Cgig is
grid side converter. To control the speed of wind turbine
gear boxes or electronic control can be used. Fig. shows
the basic diagram of doubly fed induction generator
with converters.
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Fig.1 Basic diagram of DFIG with converters
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1. WIND CHARACTERISTIC

A wind turbine can extract part of the power from the wind,
which is limited by belz limit (maximum 59%). This
fraction is described by the power coefficient of wind
turbine C,, which is function of the blade pitch angle and
the tip speed ratio. Therefore, the equation (1) described
the mechanical power of the wind turbine extracted from
the wind,

Pm=0.5p A V°C, (B, %) €)

Where p is air density, A is the area swept by blades, V is
wind speed, P is a blade pitch angle and A is the tip speed
ratio. Equation (2) shows the tip speed ratio given as,

Lr=0R/V 2

ﬁ= 00

Cp

ﬁ= 10(.1

-
-

A

Fig. 2 Shows the typical performance coefficient vs. tip speed
ratio curve with varying the blade pitch angle

It can be seen that A should be held constant to harness
maximum power from the wind. The turbine rotational
speed must therefore increase as the wind speed increases.
When the wind turbine reaches its maximum rotational
speed however, blade pitch angle control can be employed
to shed the excess wind power. Increasing the blade pitch
angle decreases the optimum C, and A value as shown in
fig. above.

IV. CONVERTER CONTROL SYSTEM
A.Rotor side converter control system

The back to back PWM converter has two converters,

one is connected to rotor side and another is connected

to grid side. Control by both converters has been

discussed as shown in fig,

Turbine Power Characteristics (Pitch angle beta = 0 deqg)
' ' ' ' 16,2 mis.
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Fig. 3 Turbine power characteristic
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The rotor side converter is used to control the wind turbine
output power and the voltage measured at the grid
terminals. The power is controlled in order to follow a pre-
defined power-speed characteristic, named tracking
characteristic. This tracking characteristic is defined by
four points: A, B, C,D. from zero up to point A the
reference power is zero. Between point A and point B the
tracking characteristic is a straight line. Between point B
and point C the tracking characteristic is a straight line.
Between point B and point C it is locus of maximum power
of the turbine. Tracking characteristic is a straight line from
point C to point D. the power at point D is one per unit.
Beyond point D the reference power is a constant equal to
one per unit.

A

’1+ef
V| ac voltage |Vae _F AC Voltage
Measurement p> Regulator
Vx,
1 Droop >
var
Regulator

Xs Qref
Ir Current

; .
var —O .
Measuremen

Current Vr
Regulater [ var, Var)

. | Tracking |Pref
Characteristic

Power |P Power
1 RS
ment !
Lll1
=1
L&l | Power
5C Loose

Fig. 4 Rotor converter control block diagram

The actual electrical output power, measured at the grid
terminals of the wind turbine, is added to the total power
losses (mechanical and electrical) and is compared with
the reference power obtained from the tracking
characteristic. A proportional-integral (PI) regulator is
used to reduce the power error to zero. The output of
this regulator is reference rotor current lg, s that must
be injected in the rotor by converter Ciopr. This is the
current component that produces the electromagnetic
torque Ten. The actual lq component is compared to
lgr rer @and the error is reduced to zero by a current
regulator (P1). The output of this current controller is the
voltage Vg generated by Cior. The voltage at grid
terminals is controlled by the reactive power generated
or absorbed by the converter C,or.

B. GRID SIDE CONVERTER CONTROL SYSTEM
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Fig. 5 Grid side converter control
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The grid side converter is used to regulate the voltage
of the DC bus capacitor. For the grid side controller the
d-axis of the rotating reference frame used for d-q
transformation is aligned with the positive sequence of
grid voltage. the current regulator controls the
magnitude and phase of the voltage generated by
converter Cgig (V) from the lgg_ref produced by DC
voltage regulator and specified 1q . the current
regulator is assisted by feed forward terms which predict
the Cyqig output voltage.

B.PITCH CONTROL SYSTEM

The pitch angle is kept constant at zero degree until
the speed reaches point D speed of tracking
characteristic. Beyond point D the pitch angle is
proportional to the speed deviation from point D speed.
The wind speed should be selected in such that the
rotational speed is less than the speed at point D.

Pitch angle max.

—
o Pitch Angle | Pitch angle
' (P "l Gain

—/
speed_D s
Fig. 6 Pitch angle converter control

V. WIND TURBINE DRIVEN ISOLATED INDUCTION
GENERATOR MODEL SIMULATION IN SIMULINK

Fig. 7 shows the generic model of isolated doubly fed
induction generator driven wind turbine. Wind turbine is
connected to doubly fed induction generator to convert
mechanical energy to electrical energy. A 3- phase
capacitor bank is connected to compensate reactive power.
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the wind speed (10m/s) is such that the wind turbine
produces enough power to supply the load. The diesel
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generator (not simulated) is stopped and the synchronous
machine operates as a synchronous condenser with its
mechanical power input (Pm) set at zero. the dynamic
performance of the frequency regulation system when an
additional 25 kW customer load is switched on.

Synchronous condenser is a device identical to
synchronous motor whose shaft is not connected to
anything but spins freely. Its purpose is not to convert
electrical power to mechanical power or vice- versa, but to
adjust conditions on the electrical power transmission grid.
Its field is controlled by a voltage regulator to either
generate or absorb reactive power as needed to adjust the
grid voltage or to improve power factor.

Unlike a capacitor bank, the amount of reactive power from
a synchronous condenser can be continuously adjusted.
Reactive power from a capacitor bank decreases, when grid
voltage decreases. While a synchronous condenser can
increase reactive current as voltage decrease. However,
synchronous machine have higher energy losses than static
capacitor banks. At low wind speeds both the induction
generator and the diesel-driven synchronous generator are
required to feed the load. When the wind power exceeds
the load demand, it is possible to shut down the diesel
generator. In this all-wind mode, the synchronous machine
is used as a synchronous condenser and its excitation
system controls the grid voltage at its nominal value. A
secondary load bank is used to regulate the system
frequency by absorbing the wind power exceeding
consumer demand.

Wind turbines use squirrel cage induction generator. The
stator winding is directly connected to the 60 Hz grid and
the rotor is driven by variable pitch turbine. The pitch angle
is controlled in order to limit the generator output power at
its nominal value for winds exceeding the nominal speed (9
m/s). in order to generate output power the IG speed must
be slightly above the synchronous speed. Speed varies
approximately between 1 pu at no load and 1.005 pu at full
load. Reactive power absorbed by the IGs is partly
compensated by capacitor banks connected at each wind
turbine low voltage bus (400 kvar for each pair of 1.5 MW
turbine) and the rest of reactive power required to maintain
the 25-kv voltage at bus B25 close to 1 pu is provided b a
3-Mvar STATCOM with a 3% droop setting.

OUTPUT CHARACTERISTIC

Turbine response to change in wind speed

the wind speed (10m/s) is such that the wind turbine
produces enough power to supply the load. The diesel
generator (not simulated) is stopped and the synchronous
machine operates as a synchronous condenser with its
mechanical power input (Pm) set at zero. The demo
illustrates the dynamic performance of the frequency
regulation system when an additional 25 kW customer load
is switched on.
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Fig. 8 Characteristic of load voltage and load current

Fig. shows the waveform of load voltage and load current.
9-MW wind farm is simulated by three pairs of 1.5MW
wind turbines. Wind turbines use squirrel cage induction
generator. The stator winding is directly connected to the
60 Hz grid and the rotor is driven by variable pitch turbine.
The pitch angle is controlled in order to limit the generator
output power at its nominal value for winds exceeding the
nominal speed (9 m/s). in order to generate output power
the 1G speed must be slightly above the synchronous speed.
Speed varies approximately between 1 pu at no load and
1.005 pu at full load.

A.Operational characteristics of a doubly-
induction generator (DFIG) connected to grid side

fed

A 9-MW wind farm consisting of six 1.5MW wind turbines
connected to a 25-kv distribution system exports power to a
120-kv grid through a 30-km, 25-kv feeder. A 2300V, 2-
MVA plant consisting of a motor load and of a 200-kw
resistive load is connected on the same feeder at bus B25.
Both the wind turbine and motor load have a protection
system monitoring voltage, current and machine speed. The
DC link voltage of DFIG is also monitored. This section
illustrates application of sim power systems software to
study the steady state and dynamic performance of a 9MW
wind farm connected to a distribution system. Wind
turbines use a doubly-fed induction generator consisting of
a wound rotor induction generator and an AC/DC/AC
IGBT based PWM converter. The stator winding is
connected directly to the 50Hz 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. For wind speeds lower than 10 m/s
the rotor is running at sub synchronous speed. At high wind
speed it is running at super synchronous speed. Turbine
speed optimization is obtained between point B and point C
on this curve.
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Fig. 9 Single line diagram connected to distribution system

Another advantage of DFIG technology is the ability for
power electronic converters to generate or absorb reactive
power, thus eliminating the need for installing capacitor
banks as in the case of squirrel cage induction generators.

VI. SIMULINK DIAGRAM

This is the Simulink diagram for a doubly fed induction
generator connected to grid side with wind turbine
protection schemes involved for protection from single
phase fault and ground faults. The system is connected to a
120 kv, 3-phase source which is connected to 9 MW wind
farm by step don transformer, fault protection and pi-
transmission line. Wind turbine protection block is also
mentioned in which positive sequence voltage and current
and DC voltage are given as input and for their
corresponding values trip data is used to see whether it
should be tripped or not. The different values for tripping
may be AC over voltage, under voltage, overcurrent,
undercurrent, DC overvoltage, over speed, and under
speed.
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Fig. 10 simulation diagram of grid connected wind turbine
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A. Waveforms

For each pair of wind turbine the generated active power
starts increasing smoothly (together with the wind speed) to
reach its rated value of 3MW in approximately 8s. over that
time frame the turbine speed will have increased from
1.0028 pu to 1.0047 pu. Initially the pitch angle of the
turbine blades is zero degree. When power exceeds 3MW,
the pitch angle is increased from O degree to 8 degree in
order to bring output power back to its nominal value.

il

Fig. waveform of Vabc B575V

T

Fig. waveform of labc B575V

Fig. waveform of reactive power

Fig. waveform of rotor speed in PU

Fig. waveform of labc B25V

For each pair of wind turbine the generated active power
starts increasing smoothly (together with the wind speed) to
reach its rated value of 3MW in approximately 8s. Over
that time frame the turbine speed will have increased from
1.0028 pu to 1.0047 pu. Initially the pitch angle of the
turbine blades is zero degree. When power exceeds 3MW,
the pitch angle is increased from O degree to 8 degree in
order to bring output power back to its nominal value.

CONCLUSION

Fig. waveform of real power

The Basic principle of DFIG and it’s controls using
AC/DC/AC converter has been described in this paper.
First simulation of a wind turbine isolated (not connected
to grid) induction generator has been shown. But for best
efficiency the DFIG system is used which is connected to
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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 DC-link voltage constant. So finally we simulated grid
side and wind side parameters and the corresponding
results have been displayed. DFIG proved to be more
reliable and stable system when connected to grid side with
the proper converter control systems. The model is discrete
time version of the wind turbine DFIG (phasor) of
MATLAB/sim power system.
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