ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)

Vol. 3, Special Issue 2, April 2014

Active and Reactive Power Regulation of a
Grid Connected Wind Energy Conversion
System with Doubly Fed Induction Generator

Aishwarya Devi R
PG Scholar, College of Engineering, Guindy, Tamil Nadu, India.

ABSTRACT— This paper presents the regualtion of the active and reactive powers in a grid connected
Doubly Fed Induction Generator(DFIG) based Wind Energy conversion System (WECS). A back to back
PWM converter setup with stator flux oriented vector control is used to control the DFIG. The constituents
of the WECS are mathematically modelled in MATLAB/SIMULINK . The back to back PWM converter set
up consists of the Rotor Side Converter (RSC) and the Grid Side Converter (GSC) with intermediate DC link
.Decoupled control of the DC link voltage and the grid reactive power is obtained through Voltage oriented
control (VOC) of GSC. Similarly independant control of power from wind and reactive power of DFIG is
carried out by stator flux oriented vector control of RSC. Coordinated control of the back to back converter
setup in both subsynchronous and supersynchronous mode is presented. Maximum power is captured at all
wind speeds by controlling DFIG torque and overall power factor of the system is maintained to be unity.

KEYWORDS—Wind Energy Conversion System( WECS ),Doubly Fed Induction Generator(DFIG), Stator
flux Oriented Vector Control, VOC (Voltage oriented control )

L. INTRODUCTION

Among renewable sources, wind power systems have developed to be prominent suppliers of electrical
energy with exponential increase both in unit power ratings and overall capacity. Because of the randomness
of wind speed in different areas, a flexible electric generation system is required to maintain constant
frequency voltage and stable power. In Grid connected systems the wind energy system is connected to
existing grids. The voltage and frequency of the system is fixed by the grid. Doubly fed induction machine
(DFIM) based wind turbines have undoubtedly arisen as one of the leading technologies for wind turbine
manufacturers, demonstrating that it is a cost effective, efficient, and reliable solution. They have been widely
used in modern wind energy systems, due to the advantages of variable speed operation in both sub
synchronous and super synchronous operation , fractional rated power converters, four quadrants active and
reactive power capabilities.

Il. DFIG MACHINE MODELLING

The DFIG machine is modeled in the dq reference frame. The d axis is oriented along the stator flux vector.
Hence the variables with angular frequency equal to the frequency of the stator flux appear as DC variables.

By orienting the reference frame along the stator flux the various variables are derived as follows

24s =0 @)
Ads = As (2)
Ay = Mi,, 3)
Ads = Lsids + Midr (4)
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0 = Lyigs + Mi,, (5)
0= (1+0)ig + g 6)
As = (l + as)ids + idr (7)
LsLr—M
s = LsLy ®)
Ps = Vds ids + Vqs iqs (9)
Vi, _V.i (10)
0s 5 hia‘ﬁa
R” = Vdridr + Vqriqr (11)
Qr= Vqridr = Var iqs (12)
The Electrical power generated by the machine is given by
P,=P+P, (13)
2 . .
P = 3 W, Mip lgs (14)
Hence Electrical torque can be expressed as ,
2P . .
I, = ;;wr M, lgs (15)

Ill.  CONTROL STRATEGIES FOR GRID SIDE AND ROTOR SIDE CONVERTERS

Control of DFIG for proper and efficient conversion of wind energy is necessary and unavoidable. It
maintains magnitudes of the generator, such as torque, and active and reactive power, and also magnitudes
related to the grid side converter, such as the reactive power and the DC bus voltage close to their optimum
values.A typical DFIG-based Wind Energy Conversion System (WECS) comprises, the wind turbine
(including gearbox), DFIG, and back to back converters connected to the grid. The stator of the DFIG is
directly connected to the grid. The rotor of the DFIG is connected to the grid through the back to back
connection 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. Grid Side Converter(GSC) employs
Voltage oriented control(VOC) and the Rotor Side Converter(RSC) employs stator flux oriented vector
control.
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Fig 1 DFIG based WECS with back to back converters

A. Voltage oriented vector control of GSC

The objective of the supply-side converter is to keep the DC-link voltage constant regardless of the
magnitude and direction of the rotor power. A vector-control approach is used, with a reference frame
oriented along the stator (or supply) voltage vector position, enabling independent control of the active and
reactive power flowing between the supply and the supply-side converter. The PWM converter is current
regulated, with the direct axis current used to regulate the DC-link voltage and the quadrature axis current to
regulate the reactive power. Thus supply-side PWM converter is used to regulate the reactive power of the
system. The figure 2 shows the schematic of voltage oriented control .
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Fig 2 Voltage oriented control of grid side converter
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The voltage balance across inverters is
da

, labe,
Vabc,f = Rflabc,g +Lf z;tcg + Vabc,g (16)

In the dq reference frame , rotating at the supply angular frequency , with the d axis overlapping with the
supply voltage vector the grid voltage is given as,

Vdg = Rfidg +pridg_l‘fwiqg + Vdf (17)
Vag = Rrlqg FLsplgg+Lrwiag + Vor 18)
The expression for grid side real and reactive power are
P=V,,iq (19)
Q= —Vagleg (20)

By power balance equation
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Vbus igidc = Vdg idg (21)

It is seen that the DC-link voltage can be controlled via i,,.The control scheme utilizes current control
loops for the d axis and q axis grid current with the d axis current demand being derived from the DC-link
voltage error through a standard PI controller. The g axis current demand determines the displacement factor
on the supply-side of the inductors.

The reference d q voltages for the grid side converter are

Vie" = Lywigy + Vg, (22)
qu = _walqg (23)

The angular position of the d axis of the grid voltage can be found as

0, = tan~1 —40 (24)
Vdg

B. Stator flux oriented vector control of RSC

In vector control of a DFIM, the components of the d and the q axis of the rotor current are regulated. If a
reference frame orientated with the stator flux is used, the active and reactive power flows of the stator can be
controlled independently by means of the quadrature and the direct current .There is no need to know the
rotor-induced EMF. Since the stator is connected to the grid, and the influence of the stator resistance is
small, the stator magnetising current can be considered constant.The control schematic is shown in Fig 3.

The relation between stator and rotor currents are

igr = —(1 4 0)igs (25)
Ims — lar = _(l + as)iqr (26)

Fig 3 Stator flux oriented vector control of RSC

By stator flux orientation simplified voltage , flux and power equations are

Vi =0 27)
Vas = Asws (28)
dgs =0 (29)
Nas = A (30)
Ps = Vqs iqs (31)
Qs = Vqs ids (32)

Under stator-flux orientation, the relationship between the stator real and reactive power and rotor currents
can be written as

M .
K= _L_Slswslqr (33)
Asws .
Qs == L—Z) (As - Mldr) (34)
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IV. SIMULATION ANALYSIS

The power regulation of the developed DFIG model is analysed in supersynchronous and subsynchronous
modes using MATLAB/SIMULINK .

The DFIG machine used for analysis is modelled using dq reference frame and the various internal
parameters are listed in Table 1. The simulation of DFIG based WECS is carried out without any controls for
the GSC and RSC to test the developed dg model of the DFIG. The Machine is run at 1650 RPM and torque
of -50 N-M for supersynchronous generating mode and the oscilloscope waveforms for stator and rotor
currents , stator and rotor real powers, speed and torque are shown below in figure 4(a)-(c).It can be
observed that during supersynchronous operation bothe the stator and rotor real powers are negative.Hence
power is fed to the grid from stator as well as rotor.

Table 1: DFIG Parameters

Parameters Value
Rated Power 15 KW
Line to Line RMS 440 V
Voltage

Stator Resistance 161 mQ
Stator Resistance 178 mQ
Stator Inductance 49.5mH
Rotor Inductance 49.5mH
Magnetizing 46.5mH
Inductance

No of Poles 4

=

HAY

SIS |

Stator
Rot

Fig 4( a) Stator and Rotor current of DFIG
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Fig 4( b) Stator and Rotor power of DFIG
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Fig 4( c) Speed and Torque of DFIG

During vector control of the WECS a 1:6 step down transformer is connected between the grid and the grid
side converter and the DC link voltage is maintained at 100 V' .The wind turbine characteristics is shown in
Fig 7. The grid side reactive power is set as 0 the relation between the grid voltage and grid current is shown
for supersynchronous and subsynchronous mode is shown in fig 5 & 6 respectively.During supersynchronous
mode power is fed from the DFIG rotor to the grid while in subsynchronous mode power is drawn from the
grid . Hence the change in power flow direction can be seen as 180 ° phase shift between the grid voltage and
grid current .A step change in windspeed is given from 7.2 m/s to 8.4 m/s at 4 sec and regulatory response
observed in stator real power as shown in fig 8.
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Fig 5 DC link voltage ,Grid voltage and current during super synchronous operation
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Fig 6 DC link voltage ,Grid voltage and current during sub synchronous operation

Turbine Power Characteristics (Pitch angle beta = 0 deg)
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Fig 7 Wind Turbine Characteristics
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Fig 8 Real power of DFIG

Copyright to JAREEIE WWW.ijareeie.com 22



ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)
Vol. 3, Special Issue 2, April 2014

V. CONCLUSION

Power regulation of a grid connected Wind energy conversion system with DFIG has been presented for
varying wind speeds in this paper. A back to back PWM converter is employed between the wind turbine
driven DFIG and the grid in order to control the power flow from the Wind turbine to the grid. Stator flux
oriented vector control is employed in the rotor side converter to decouple the active and reactive power
control of the DFIG. Grid voltage oriented vector control is employed in the grid side converter to maintain
constant DC link voltage for effective power flow and to maintain overall system power factor as unity .It is
shown that with variations in wind speed the system automatically captures the maximum power possible for
tat speed and the regulatory control is done within milliseconds. During change over between super
synchronous and sub synchronous operations the back to back converters automatically shift between their
operation as inverters and converters. The grid reactive power is maintained close to 0 from sub synchronous
to super synchronous speeds.
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