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ABSTRACT
This paper describes the performance comparison of a wind power systems based on two different induction
generators as well as the experimental demonstration of a wind turbine simulator for the maximum power extraction.
The two induction machines studied for the comparison are the squirrel-cage induction generator (SCIG) and the
doubly fed induction generator (DFIG). The techniques of direct grid integration, independent power control, and
the droop phenomenon of distribution line are studied and compared between the SCIG and DFIG systems. Both
systems are modeled in Matlab/Simulink environment, and the operation is tested for the wind turbine maximum
power extraction algorithm results. Based on the simulated wind turbine parameters, a commercial induction motor
drive was programmed to emulate the wind turbine and is coupled to the experimental generator systems. The
turbine experimental results matched well with the theoretical turbine operation.

Keywords: Doubly Fed Induction Machines, Field-Oriented Control, Maximum Power Tracking, Wind Power
System.

I. INTRODUCTION
The increasing emphasis on renewable wind energy has
given rise to augmented attention on more reliable and
advantageous electrical generator systems. Induction
generator systems have been widely used and studied in
wind power system because of their advantages over
synchronous generators, such as smaller size, lower cost,
and lower requirement of maintenance. The
straightforward power conversion technique using
squirrel-cage induction generator (SCIG) is widely
accepted in fixed-speed applications with less emphasis
on the high efficiency and control of power flow.
However, such direct connection with grid would allow
the speed to vary in a very narrow range and thus limit
the wind turbine utilization and power output. Another
major problem with SCIG power system is the source of
reactive power; that is, an external reactive power

compensator is required to hold the distribution line
voltage and prevent the whole system from overload. On
the other hand, the doubly fed induction generator
(DFIG) with variable-speed ability has higher energy
capture efficiency and improved power quality and thus
has attracted more attentions. With the advent of power
electronic techniques, a back-to-back converter, which
consists of two bidirectional converters and adc link,
acts as an optimal operation tracking interface between
generator and grid . Field-oriented control (FOC) is
applied to both rotor- and stator-side converters to
achieve desirable control on voltage and power.
Generally, the FOC has been presented based on DFIG
mathematical equations only. However, a three-phase
choke is commonly used to couple the stator-side
converter into the grid.
Therefore, this paper proposes the FOC schemes of
stator-side converter involving the choke, and it turns
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out that both stator- and rotor side converter voltages
consist of a current regulation part and a cross-coupling
part. First, this paper presents an experimental setup to
emulate the wind turbine operation in torque control
mode and thus to obtain a power operation curve for
optimal power control. Second, the modeling and
simulation of SCIG and DFIG wind systems are studied.
Comparison between SCIG without staticvar
compensator (STATCOM) and SCIG with STATCOM
as well as DFIG system clearly indicates difference in
resulted distribution line voltage. The paper is organized
as follows. The wind turbine is modeled and simulated
using the turbine emulator, and an expression of optimal
output power versus rotor speed is proposed, the SCIG
wind power system is established based on wind turbine
system .the DFIG is introduced by mathematical model ,
indicating the relationship of voltage, flux, and torque.
At last, steady-state and dynamic experiment/simulation
results are presented and discussed.

II. LITERATURE SURVEY

power electronics technology for improving wind
turbine performance in power system.
This paper reviews the power electronic applications for
wind energy systems. Various wind turbine systems with
different generators and power electronic converters are
described, and different technical features are compared.
The electrical topologies of wind farms with different
wind turbines are summarized and the possible uses of
power electronic converters with wind farms are shown.
Finally, the possible methods of using the power
electronic technology for improving wind turbine
performance in power systems to meet the main grid
connection requirements are discussed.
Due to its many advantages such as the improved power
quality, high energy efﬁciency and controllability, etc.
the variable speed wind turbine using a doubly fed
induction generator. (DFIG) is becoming a popular
concept and thus the modeling of the DFIG based wind
turbine becomes an interesting research topic.
Fundamental frequency models have been presented but
these models are often complex with signiﬁcant
numerical over head as the power converter block
consisting of power control, rotor side and grid side
converter control and DC link are often simulated in
detail.

Induction generators are generally simulated by
means of a well-known model described by
Brereton et al. [1], based on the induction motor
equations derived by Stanley [2]. In this model the
possibility of opening the rotor circuit in order to
inject a voltage source is not taken into account,
This paper develops a simple DFIG wind turbine model
although there are other models where it is dealt in which the power converter is simulated as a
with [3].
controlled voltage source, regulating the rotor current to
In this paper presents an alternative way of obtaining the
mentioned model and introduces the possibility of
modeling voltage sources in the rotor circuit, which can
be very useful when simulating some generating
schemes, such as variable speed asynchronous wind
turbines.
In this paper describes the engineering and design of a
doubly fed induction generator (DFIG), using back-toback PWM voltage-source converters in the rotor circuit.
A vector-control scheme for the supply-side PWM
converter results in independent control of active and
reactive power drawn from the supply, while ensuring
sinusoidal supply current.
In this paper review the power electronics application
for wind power system the possible method of using the

meet the command of real and reactive power
production. This model has the form of traditional
generator model and hence is easy to integrate into the
power system simulation tool such as PSS/E. Asan
example, the interaction between the Ark low Bank
Wind Farm and the Irish National Grid was simulated
using the proposed model. The model performance and
accuracy was also compared with the detailed model
developed
by
DIgSILENT.
Considering
the
simpliﬁcation adopted for the model development.
This paper presents the modeling and real-time
simulation of a doubly-fed induction generator driven by
a wind turbine in large power systems. The
Matlab/Simulink/Sim Power Systems software is used to
develop the model for simulation of electromagnetic
transients in power systems. The code generated by the
Real-Time Workshop of Simulink is linked to the
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Hypersim digital real-time simulator. A case study
example of real-time simulation of wind turbines in a
generic series compensated power system is presented.
This project A back-to-back PWM converter is used as
the excitation power supply for the doubly-fed induction
generator (DFIG) wind power generation of variable
speed constant frequency (VSCF) The mathematical
model and control strategy of converter which is
connected between rotor and grid is analyzed. Grid-side
converter adopts grid voltage oriented control scheme
achieving the stability of DC-link voltage, unity power
factor of grid-side and bi-direction flowing ability of
energy. Rotor-side converter adopts the stator flux
linkage oriented control scheme for achieving the
maximum wind-energy capturing and adjustment of
reactive power of stator. The simulation model of whole
system is built. The simulation results show that the
scheme utilizing back-to-back PWM converter achieves
unity power factor, low distortion currents, reactive
power control, sub and super-synchronous operation.

III. METHODOLOGY
A. DFIG Wind Power System
Traditionally, the dynamic slip control is employed to
fulfil the variable-speed operation in wind turbine
system, in which the rotor windings are connected to
variable resistor and control the slip by the varied
resistance. This type of system can achieve limited
variations of generator speed, but external reactive
power source is still necessary. Consequently, to
completely remove the reactive power compensation and
to control both active and reactive power independently,
DFIG wind power system is one of most popular
methods in wind energy applications.
This paper reproduces DFIG model first of all and then
concentrates on the controlling schemes of power
converters, in which the active and reactive power are
controlled independently. In particular, the stator-side
converter control involving an RL series choke is
proposed. Both controlling of rotor- and stator-side
converter voltages end up with a current regulation part
and a cross-coupling part. The wind turbine driving
DFIG wind power system consists of a wound-rotor
induction generator and an ac/dc/ac insulated gate
bipolar transistor (IGBT)-based pulse width-modulated
(PWM) converter (back-to-back converter with

capacitor dc link). In this configuration, the back-toback converter consists of two parts: the stator-/grid-side
converter and the rotor-side converter. Both are voltage
source converters using IGBTs, while a capacitor
between two converters acts as adc voltage source.

Figure 1. Basic Diagram of DFIG Wind Power
System
The generator stator windings are connected directly to
grid (with fixed voltage and frequency of grid) while the
rotor winding is fed by rotor-side converter through
sliprings and brushes, at variable frequency. The control
system is divided into two parts—stator-side converter
control system and rotor-side converter control system.
An equivalent circuit of DFIG is depicted, and the
relation equations for voltage V, current I, flux Ψ, and
torque Te involve.
B. SCIG Wind Power System
Fig. 2 shows the schematics of the SCIG system
including the wind turbine, pitch control, and reactive
power compensator. The entire system includes three
stages for delivering the energy from wind turbine to the
power grid. The first one is wind farm stage which
handles with low voltage Vwt, the second is distribution
stage which has medium voltage Vdis, and the third is
grid transmission stage which has high voltage Vgrid.
The three-phase transformers take care of the interface
between stages [9]. As mentioned, nominal power Pn
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SCIG is considered as active power reference to regulate
the pitch angle while Vdis and Id is denote the
distribution line-to-line voltage and phase current, and
they are monitored to favor the reactive power
compensation for distribution line.

of external reactive power source to support grid voltage,
and it can keep the output power at the nominal level by
pitch control but cannot accordingly change the rotor
speed to achieve maximum wind power capture at
different wind speeds. In contrast, the DFIG system does
not need reactive power compensator to hold
distribution line voltage and achieves optimal active
power controlling. Both voltage control schemes for two
converters consist of a current regulation part and a
cross-coupling part. The turbine emulator system
performs well and follows the theoretical and simulated
maximum power extraction points indifferent operating
conditions.
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