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ABSTRACT

Now a days as one of the most important renewable source of energy is wind energy that is gaining interest due to
its ecofriendly nature. This paper is about the study on control of wind driven doubly fed induction generator. A
converter setup that is back to back PWM with stator voltage oriented vector control is used to control the DFIG.
The back to back PWM converter set up consists of the Rotor Side Converter and the Grid Side Converter with
intermediate DC link. Decoupled control of the DC link voltage and the grid reactive power is obtained through
Voltage oriented control of GSC. Similarly independent control of power from wind and reactive power of DFIG is
carried out by stator voltage oriented vector control of RSC. Coordinated control of the back to back converter setup
in both sub synchronous and super synchronous mode is presented.

Keywords : DFIG, stator voltage orientation control scheme, rotor side converter, grid side converter, decoupled

control.

I. INTRODUCTION

Wind energy have been attracting great attention due to
the cost increase, limited reserves, and adverse
environmental impact of fuel such as coal, oil, or natural
gas. In the meantime, technological advancements, cost
reduction, and governmental motive have made some
renewable energy sources more desiring in the market.
Among them, wind energy is the fastest growing
renewable energy sources. Over the past two decades a
variety of  wind power technologies have been
developed, which have improve the conversion
efficiency reduced the costs for wind energy production.
A wind energy conversion system transforms wind
kinetic energy to mechanical energy by using rotor
blades; this energy is then transformed into electrical
energy by generator.

The DFIG is essentially a wound rotor in induction
generator in which the rotor circuit is controlled by
external devices to achieve variable speed operation. In
[1] that summaries the researches in the area of study of
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doubly fed induction generator and its steady state and
transient analysis, and the modeling, simulation, active
reactive power control strategies and performance
analysis of doubly fed induction generator coupled with
wind turbine. The response of DFIG wind turbine
system to grid disturbances, which is simulated and
verified experimentally, is overviewed here. The
behavior of DFIG wind turbine system for different
faults is also overviewed in this paper. In [2] the paper is
about to design doubly fed induction generator and to
control the active and reactive powers by providing the
proper rotor voltage to the doubly fed induction
generator that is derived from PI controller for maintain
the constant terminal voltage. The mathematical model
of the machine written in an appropriate d-q reference
frame is established to investigate simulations. In [3]
that deal with the operation of doubly fed induction
generator (DFIG) with integrated active filter
capabilities using grid side converter (GSC). The main
contribution of this work lies in the control of grid side
converter for providing harmonics in addition to its slip
power transfer. In [4] performance is investigated in a
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transmission network for a disturbance which cause the
stability of long term voltage. In the case first the
voltage control of the terminal bus of the plant will be
performed only through the rotor-side converter, while
in the case second the voltage control will also have the
additional contribution of the reactive power delivered
by the grid side converter.

Wind turbine Induction generator Electric grid
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Figure 1 : Wind turbine control system with DFIG

Doubly Fed Induction Generator (DFIG) is basically a
wound rotor induction generator, that is used to fed
power from both stator and rotor circuit. Stator provides
power directly to grid which is unidirectional. Rotor
circuit is connected to a bidirectional ac/dc/ac converter
that having a common dc link bus. In rotor side power
flow is bidirectional that is depending on the mode of
operation the power flow may be from rotor side to grid
or it may be from grid side to rotor. The rotor side
converter also fed reactive power to the generator so as
it will be run at a near unity power factor. The function
of the grid voltage converter is to maintain the DC link
voltage constant that fed a constant amplitude ac voltage
to rotor side for maintaining the flux constant.

II. METHODS AND MATERIAL

A. Wind Turbine Components

Wind turbine components are turbine blade, gear box,
pitch mechanism, rotor mechanical break, and generator,
yaw drive, wind sensors etc.

In wind conversion squirrel cage induction generator,
doubly fed induction generator, and synchronous
generator (wound rotor and permanent magnet) have
been used. The most popular is doubly fed induction
generator (DFIG) in wind energy industry, the stator of
the generator is connected with the grid directly, while
the rotor is interfaced with the grid through a power
converter system with reduced power capacity. It also
enables the generator-side active power control and grid-
side reactive power control.

Wind turbine can be classified into fixed-speed and
variable-speed turbines. Fixed-speed wind turbines
rotate at almost a constant speed, which is determined by
the gear ratio and the grid frequency, and the number of
poles of the generator. On the other hand, variable-speed
wind turbines system can achieve maximum energy
conversion efficiency over a wide range of speeds. The
turbine is continuously adjusting its rotational speed
according to the wind speed. The tip speed ratio should
be kept at an optimal value to find the maximum power
conversion efficiency at different speeds.

The generator models are one important part of the wind
turbines of the overall models. The two most common
generators are the synchronous and induction (or
asynchronous) generators. Synchronous generators offer
higher efficiency and reactive power control capabilities,
which are more preferable when thinking of controlling
voltage to improve power system stability. However,
they are more expensive than induction generators. They
are often decoupled from the grid by fully-rated
converters, which add the overall cost to increase, but
enable them to run at a variable speed. Operating at
variable speed allows the machine to reach its speed to
the wind speed in order to track the best operating point
at which maximum power is produced. Induction
machines are well-known running as motor and widely
used in the industry. They are strongly made, cheap and
to be dependent on mature technology. However, they
have seldom been used as generators before being
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employed in wind turbines. Among induction generators,
doubly fed induction generators (DFIG) offer variable
speed, while keeping the size of the controllers small so
as to reduce the costs. In this thesis, we will compare
different DFIG models. When a wound rotor induction
machine (WRIM) works as a generator and fed power
from both stator and rotor side, it is termed as Doubly
Fed Induction Generator (DFIG). DFIG scheme is used
as a variable speed fixed frequency topology. In this
scheme, stator is directly connected to the grid while the
rotor circuit is connected to grid through an AC/DC/AC
back to back frequency converter. The rating of this
converter is typically 25-30% of the total power rating
of the generator. This is the main advantage of DFIG
over other variable speed topologies as it provides same
features at lesser cost and provides good efficiency.
DFIG is basically a wound rotor induction generator
which has a stator and rotor circuit. Stator circuit of the
DFIG consist of stator frame, laminated stator core
having stator slots embedded in it and a balanced 3
phase windings placed 120 degree electrically apart
from each other. The winding distributed in nature, are
insulated and are housed in the stator slots. Stator
windings may be connected in delta or star manner.
Rotor circuit consist of rotor, rotor slots and a 3 phase
insulated winding. These 3 phase winding is uniformly
distributed .These windings are connected to one end to
form star connection and on the other side connected to
slip rings. The stator circuit is connected directly to grid
(or sometimes through a soft stator to minimize the high
inrush current). Rotor circuit is connected to grid
through a bidirectional AC/DC/AC bidirectional
converter.

B. Reference Frame Transformation

The reference frame theory is used to simplify the
analysis of electric machines and also to facilitate the
simulation and digital implementation of control
schemes in wind energy conversion systems. A number
of reference frames have been proposed:

Three phase stationary frame(also known as abc
reference frame),

Two phase stationary frame(afp frame)

Synchronous frame(dq rotating frame)

abc/dq Reference Frame Transformation

In order to derive a simpler model, it is convenient to
switch to a more suitable reference frame. One such
reference frame is the so-called dg-reference frame.

The dg-reference frame is a rotating reference frame,
defined by its displacement related to the stationary
stator reference frame. Let dq be the angular
displacement between the d-axis and the rotor circuit.
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Figure 2 : Space vector X and its three phase variables
Xq, Xp and x..

Consider three phase axis that is electrical variables
Xq, Xy X, which can represent either current, voltage,
or flux linkage.
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There is the transformation of the abc variables to the dq
frames referred to as abc/dq transformation and can be
expressed in a matrix form:

2]
cos 6

_E[ cos(6 — 2m/3)
"~ 3|-sin@

—sin( 8 — 2m/3)

cos( 8 — 4m/3) );a
—sin( 6 — 471/3)] xi

In this case the rotating speed of the arbitrary reference
frame w is set to the synchronous speed of an induction
generator given by

ws = 21

t
o) = f w;(t)dt + 6,
0

Where, 6, is initial angular position

B. Control Strategy for Grid Side Converter

Control of DFIG for proper and achieving maximum
conversion of wind energy is necessary and unavoidable.
It maintains magnitudes of the generator, such as torque,
active and reactive power, and magnitudes that related to
the grid side converter, such as the reactive power and
the bus voltage close to their optimum values. A typical
DFIG-based Wind Energy Conversion System that
consist of the wind turbine including gearbox, doubly
fed induction generator and back to back converters
connected to the grid. The stator of the doubly fed
induction generator is directly connected to the grid side.
The rotor of the DFIG is connected to the grid through
the back to back connection form of rotor side converter
and grid side converter. A dc link capacitor is connected
between the two converters. The block diagram of this
system is shown in figure 1 clearly. The Grid Side
Converter (GSC) employs Voltage oriented control
(VOC) and the Rotor Side Converter (RSC) employs
stator voltage oriented vector control.

Grid side converter control is used to regulate the
voltage across the DC link and sometime also to
compensate harmonics. This is a two stage controller
scheme which is achieved by grid voltage oriented
vector control scheme i.e. by aligning the dg- axis in the
direction of grid voltage. Grid converter is typically a
three phase, two level voltage source converter which
uses IGBT as a switching device. As we have discussed

earlier, the main purpose of grid side converter control is
done to regulate the DC link voltage. This is done by
implementing grid voltage oriented control scheme.
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Figure 4 : control scheme of grid side converter

The above figure shows the schematic of voltage
oriented control. In the voltage orientation control, the
grid voltage is measured the angle 6, is detected from
phase lock loop (PLL) for the voltage orientation.
Assuming that the grid voltage v, 4, vpg, and v.g, that
are three phase balanced sinusoidal waveforms, and
angle 6, can be obtained by

v
6, =tan! -k
va

2 1 1
Where , Vg = g(vag ~ S Vbg — EUCQ) = Vg

v =3 (5 v =5 %)

2 Veg
\/;(vag + 2v44)

For Vag + Vpg +Veg =0

The above equation shows that there is no requirement
to measure the phase-c grid voltage. In practice, the grid
side voltage may contain harmonics and be distorted, so
there may be used the digital filters or phase locked loop
(PLLs) for the detection of the grid voltage angle 6, .
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To achieve the VOC control scheme, the d-axis of the
synchronous frame is aligned with the grid voltage
vector, therefore the d-axis grid voltage is equal to its
magnitude (vqy = v4) and the resultant g-axis voltage
vqg 1S then equal to zero, from which the active and
reactive power of the system can be calculated by-

For Vgg = 0,
By = E(vdgiag)

3 .
Qg -3 (Udglqg)
The g-axis current reference iz, can be obtained from

ifg = —
9 —1.5v44

Where Qg is the reference for the reactive power, which
can be set to zero for unity power factor operation, a
negative value shows the leading power factor operation,
or a positive value shows the lagging power factor
operation. The grid side converter performs two main
function that is, it keeps the dc link voltage constant and
provides the reactive power to the grid when required.
The reactive power can be set to zero for unity power
factor operation. It is seen that the DC-link voltage can
be controlled via iz, .The control scheme utilizes
current control loops for the dqg axis grid current with the
d axis current demand being determines from the DC-
link voltage error through a standard P1 controller. The q
axis current demand finds the displacement factor on the
supply-side of the inductors. The main function of the
grid side converter control is to control the DC link
voltage and to control active and reactive power. If the
dc link voltage v, is greater than its reference value vy,
this means that more power must be flow from the DC
link to electric utility via grid-side converter.

C. Control Strategy for Rotor Side Converter

The main purpose of controlling rotor side converter is
to control stator side active and reactive power
independently. In order to implement the decoupled
control method of active and reactive power, stator flux
oriented vector control scheme is adopted. To achieve
this stator field oriented scheme, some assumption has to
be made which are given as follows.

I.  Stator voltage drop across resistance has been
neglected as the stator resistance values are quite
low in value.

. The DFIG is connected to stiff grid
frequency and amplitude of stator and grid voltage

i.e. the

is assumed to be constant.

lll. The g- axis is rotating 900 ahead of d-axis at
synchronous speed in the direction of rotation.

IV. The stator flux vector is aligned with the d-axis of
the stator.

The resultant d-axis and g-axis voltages are:
Vgs = 0 and vgs = v

Where v, is the magnitude of v, also the peak value of
the three phase stator voltage. The angle between the
stator voltage vector and the rotor is the slip angle , is
defined as: Osc = 05 — 0,

Since the DFIG operates with the unity power factor, the
stator current vector i, is aligned with the v, but with
the opposite direction, that is generating mode. The rotor
voltage and current is controlled by the converters in the
rotor circuit. The DFIG wind energy system can be
controlled by the electromagnetic torque speed control
or active power. In contrast to the other wind energy
system, the electromagnetic torque of the generator, the
active power and the reactive power of the stator are
controlled by the rotor- side converter.

2P
T, = 7 (iqslds - idszqs)

Putting the value of current and flux linkages the torque
equation is:

Te = 3§TLSm (_iquds + idrAqs)
The above torque equation shows that the T, is the
function of rotor current and stator flux linkages. In this
system the stator voltage is constant, since it is directly
connected to the grid. To find the relationship between
the torque, stator voltage and rotor current referred to the
induction generator model. The stator voltage vector for

the steady state operation of the generator is-

Fs) = Rsl_s>+jws/Ts)
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It has to represent in dg-axis is-

(Vds +jvqs) = Rs(ids +jiqs) +jws(/1ds +jlqs)

Substituting the value of flux linkage into the
electromagnetic torque equation, with v, = 0, for the
stator voltage orientated control, and ignoring stator
resistance R which is normally very low for large DFIG,
the torque is simplified

_ —3PL,

— 14,V
e ZLSa)S drYVds

Above equation shows that the torque is the function of
d-axis rotor current and stator voltage.

The stator active power and reactive power is
3 . .
P = 2 (vdslds + Vqslqs)
3, . .
Qs = 2 (vqslds - vdslqs)

Using stator voltage orientation control v, =
equation of power can be simplified to

0, the

3 .
= Evdslds

-3 ‘
Qs = 7vdslqs

Substituting the value of izg and i,s and flux linkages
in above equation and neglect the rotor resistance
because it is very small , we have to find the rotor
current equation that is

—2L P
B 3vdsLm
_ 2LsQs

B 3vdSLm

idr
Vs
wsLm

lgr

The above equations shows that the given stator voltage
and stator active power and reactive power can be
controlled by dg-axis rotor current.

Depending on the speed of the rotor, there are two
modes of operation in the doubly fed induction generator
wind energy conversion system, that is the
Supersynchronous mode and subsynchronous mode. In
the supersynchronous mode where the generator
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operates above the synchronous speed and in
subsynchronous mode where the generator operates
below the synchronous speed.

In the supersynchronous operation mode, the mechanical
power delivered from the shaft to the grid through both
stator and rotor circuit. For subsynchronous operation,
the rotor receives the power from the grid and both
mechanical power and rotor power are delivered to the
grid through the stator. The stator power is the sum of
mechanical power and rotor power but it will not exceed
its power rating since in subsynchronous mode the
mechanical power from the generator shaft is lower than
that in the supersynchronous mode.

III. CONCLUSION

This review paper is to analyze a DFIG based wind
energy power system and control technique for
maximum energy extraction and grid synchronization
under stator voltage orientation reference frame and
conditions. A rotor-side converter control design has
been presented which is the ‘key’ to work conducted in
this paper. The performance assessment of the controller
designed has been carried out by analyzing its
real/reactive power control in stator-voltage oriented
frame, and analyzing its effectiveness in speed control,
and the ability of the controller in facilitating effective
synchronization with the power grid.
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