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Abstract - Now a day’s harmonics are serious problem in power systems. Due to non-linear loads being added to electrical systems
harmonics are generated, which causes the system equipment damage. For improvement of power quality we are using DFIG with
active filters. Doubly Fed Induction Generator for Wind Energy Conversion Systems deals with the operation of doubly fed
induction generator (DFIG) with an integrated active filter capabilities using grid-side converter (GSC). The main contribution of
this work lies in the control of GSC for supplying harmonics in addition to its slip power transfer. The rotor-side converter (RSC) is
used for attaining maximum power extraction and to supply required reactive power to DFIG. Wind energy conversion system
(WECS) works as a static compensator (STATCOM) for supplying harmonics even when the wind turbine is in shutdown
condition. Control algorithms of both GSC and RSC are presented in detail. Implemented project DFIG-based WECS are
simulated using MATLAB/Simulink.

Keywords — Doubly fed induction generator (DFIG), Grid-side converter (GSC), Wind energy conversion system (WECS), Static

compensator, rotor-side converter.

INTRODUCTION

With the increase in population and industrialization
energy demand has increased significantly. Conventional
energy sources such as coal, oil and gas are limited in
nature. Renewable energy is energy generated from
natural resources which are replenished such as wind,
wave, solar, biomass and tidal power. Renewable energies
are inexhaustible, clean and they can be used in a
decentralized way (they can be used in the same place as
they are produced). Also, they have the additional
advantage of being complimentary, the integration
between them being favourable. For example, solar
photovoltaic energy supplies electricity on sunny days (in
general with low wind) while on cold and windy days,
which are frequently cloudy, the wind generators are in
position to supply more electric energy.

In this paper, a new control algorithm for GSC (Grid Side
Converter) is proposed for compensating harmonics
produced by nonlinear loads using an indirect current
control. RSC (Rotor side converter) is used for controlling
the reactive power of DFIG. The other main advantage of
proposed DFIG is that it works as an active filter even
when the wind turbine is in shutdown condition.
Therefore, it compensates load reactive power and
harmonics at wind turbine stalling case. Both simulation
and experimental performances of the proposed integrated
active filter-based DFIG are presented in this work. The
dynamic performance of the proposed DFIG is also
demonstrated for varying wind speeds and changes in
unbalanced nonlinear loads at point of common coupling
(PCC). The system operation with improved power

quality at point common coupling .However, the
extensive use of power electronics based equipment and
non-linear loads at point of common coupling generate
harmonic currents, which may deteriorate the quality of
power. Generally, current controlled voltage source
inverters are used to interface the intermittent res in
distributed system. Recently, a few control strategies for
grid connected inverter incorporating power quality
solution have been proposed. In an inverter operates as
active inductor at a certain frequency to absorb the
harmonic current. But the exact calculation of network
inductance in real-time is difficult and may deteriorate the
control performance. a similar approach in which a shunt
active filter acts as active conductance to damp out the
harmonic sin distribution network is proposed in [8]. In a
control strategy for renewable interfacing inverter based
on — theory is proposed. In this strategy both load and
inverter current sensing is required to compensate the load
current harmonics.

DFIG WIND BASED TURBINE:

Grid code requirements for the grid connection and
operation of wind farms are discussed in [12]. Response
of DFIG-based wind energy conversion system to grid
disturbance is compared to the fixed speed WECS in [13].
As the wind penetration in the grid becomes significant,
the use of variable speed WECS for supplementary jobs
such as power smoothening and harmonic mitigation are
compulsory in addition to its power generation. This
power smoothening is achieved by including super
magnetic energy storage systems as proposed in [14]. The
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other auxiliary services such as reactive power
requirement and transient stability limit are achieved by
including static compensator (STATCOM) in [15]. A
distribution STATCOM (DSTATCOM) coupled with fly-
wheel energy storage system is used at the wind farm for
mitigating harmonics and frequency disturbances [16].
However, the authors have used two more extra
converters for this purpose. A super capacitor energy
storage system at the dc link of unified power quality
conditioner (UPQC) is proposed in [17] for improving
power quality and reliability. In all above methods [15]—
[17], the authors have used separate converters for
compensating the harmonics and also for controlling the
reactive power. However, in later stages, some of the
researchers have modified the control algorithms of
already existed DFIG converters for mitigating the power
quality problems and reactive power compensation [18]-
[26]. The harmonics compensation and reactive power
control are achieved with the help of existing RSC [18]-
[23].Therefore, harmonics are injected from the RSC into
the rotor windings. This creates losses and noise in the
machine. These different harmonics in rotating part may
also create mechanical unbalance. Moreover, both
reactive power compensation and harmonic compensation
are achieved in all these methods using RSC control.
These methods increase the RSC rating. In [24] and [25],
harmonic compensation and reactive power control are
done using GSC. Therefore, the harmonics are not passing
through machine windings in all these cases.
Todeschiniand Emanuel [26] have compared three
different control algorithms and finally concluded that
combined modulation of both RSC and GSC are needed
for compensating the harmonics and controlling the
reactive power.

Block diagram for proposed system:

PCC DFIG
ikumq—% [IPRAVE
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Proposed DFIG is that it works as an active filter even
when the wind turbine is in shutdown condition. It
compensates load reactive power and harmonics at wind
turbine at stalling case. Total harmonics can be reduced.

Reactive power can be compensated by local loads.
Efficiency of the system is improved.

COMPARISON OF EXISTING AND PROPOSED
SYSTEM:

Existing system Proposed system

Direct current control

technique technique is used

THD is not less than 5%
reduced below the 5%

It’s not possible here DFIG acts as an filter

DESIGN OF DFIG BASED WECS:

Selection of ratings of VSCs and dc-link voltage is very
much important for the successful operation of WECS.

A. Selection of DC-Link Voltage:

Normally, the dc-link voltage of VSC must be greater
than twice the peak of maximum phase voltage. The
selection of dc-link voltage depends on both rotor voltage
and PCC voltage. While considering from the rotor side,
the rotor voltage is slip times the stator voltage. DFIG
used in this prototype has stator to rotor turns ratio as 2:1.
Normally, the DFIG operating slip is £0.3. So, the rotor
voltage is always less than the PCC voltage. So, the
design criteria for the selection of dc-link voltage can be
achieved by considering only PCC voltage. While
considering from the GSC side, the PCC line voltage
(vab) is 230 V, as the machine is connected in delta mode.
The dc voltage link is estimated as

Ve s 22
dC—\/§*m

Where V,, is the line voltage at the PCC.
Maximum modulation index is selected as 1 for linear
range. The value of dc-link voltage (V¢) is estimated as
375 V.

Vab

B. Selection of VSC Rating:

The DFIG draws a lagging volt-ampere reactive
(VAR) for its excitation to build the rated air gap voltage.
It is calculated from the machine parameters that the

Indirect current control

THD can be effectively
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lagging VAR of 2 KVAR is needed when it is running as
a motor. In DFIG case, the operating speed range is 0.7 to
1.3 p.u. Therefore, the maximum slip (Smax) is 0.3. For
making unity power factor at the stator side, reactive
power of 600 VAR (Spact Qs= 0.3 * 2 KVAR) is needed
from the rotor side (Qmax). The maximum rotor active
power is (Smax* P). The power rating of the DFIG is 5
kW. Therefore, the maximum rotor active power (P;may) iS
1.5 kW (0.3 « 5 kW = 1.5 kW). So, the rating of the VSC
used as RSC S,qq IS given as

— 2 2
Srated - \/Prmax + Qrmax

Thus, KVA rating of RSC Srated is calculated as 1.615
kVA

C. Design of Interfacing Inductor:

The design of interfacing inductors between GSC and
PCC depends upon allowable GSC current limit (igscpp),
dc-link voltage, and switching frequency of GSC.
Maximum possible GSC line currents are used for the
calculation. Maximum line current depends upon the
maximum power and the line voltage at GSC. The
maximum possible power in the GSC is the slip power. In
this case, the slip power is 1.5 kW. Line voltage (V,) at
the GSC is 230 V (the machine is connected in delta
mode). So, the line current is obtained as lg = 1.5
kW/(\3 % 230) = 3.765 A. Considering the peak ripple
current as 25% of rated GSC current, the inductor value is
calculated as below and Interfacing inductor between
PCC and GSC is selected as 4 mH

L. = \/§dec
' 12af, Al
V3 x1x 375

12 x 1.5 x 10000 X 0.25 x 3.76 _ > SmH

CONTROL STRATEGY:

Lol aEE

Hon

Fig.1. Control algorithm of the proposed WECS.

Control algorithms for both GSC and RSC are presented
in this section. Complete control schematic is given in
Fig. 3.1. The control algorithm for emulating wind turbine
characteristics using dc machine and Type A chopper is
also shown in above fig.

A. Control of RSC

The main purpose of RSC is to extract maximum
power with independent control of active and reactive
powers. Here, the RSC is controlled in voltage-oriented
reference frame. Therefore, the active and reactive powers
are controlled by controlling direct and quadrature axis
rotor currents (idr and iqgr), respectively. Direct axis
reference rotor current is selected such that maximum
power is extracted for a particular wind speed.

This can be achieved by running the DFIG at a
rotor speed for a particular wind speed. Therefore, the
outer loop is selected as a speed controller for achieving
direct axis reference rotor (i3,)

l*dr(k) = l:ir(k N 1)
+ kpd{wer(k) - wer(k  § 1)}
+ kidwer(k)

Where the speed error (wer) is obtained by subtracting
sensed speed (wr) from the reference speed (w#r ). kpd
and kid are the proportional and integral constants of the
speed controller -wer(k) and wer(k — 1) are the speed
errors at kth and (k—1)th instants. i3,-(k) and ij,-(k — 1) are
the direct axis rotor reference current at kth and (k—1)th
instants. Reference rotor speed (w, ) is estimated by
optimal tip speed ratio control for a particular wind speed.

The tuning of Pl controllers used in both RSC
and GSC are achieved using Ziegler Nichols method.
Initially, kid value is set to zero and the value of kpd was
increased until the response stars oscillating with a period
of Ti Now, the value of kpd is taken as 0.45 kpd and kidis
taken as 1.2 kpd/Ti.

Normally, the quadrature axis reference rotor
current (ig,) is selected such that the stator reactive power
(Qs) is made zero. In this DFIG, quadrature axis reference
rotor current (iz,) is selected for injecting the required
reactive power. Inner current control loops are taken for
control of actual direct and quadrature axis rotor currents
(idr and igr) close to the direct and quadrature axis
reference rotor currents (iz, and iz,.). The rotor currents
iz and iqgr are calculated from the sensed rotor currents
(ira, irb, and irc) as [32]




#+IFERP

connecting engineers... developing research

ISSN (Online) 2394-2320

International Journal of Engineering Research in Computer Science and Engineering
(IJERCSE)
Vol 4, Issue 12, December 2017

idr = 2/3 [ira sin leip + irb Sin(eslip - 211'/3) +
irc Sin(eslip + 21'[/3)]

lgr = 2/3 [ira cos By,
+ irb cos(eslip - 211'/3)
+ iy cOS(Ogpip + 2”/3)]

Where slip angle is calculated as
eslip = 9c - er

Where 60, is calculated from PLL for aligning rotor
currents into voltage axis. The rotor position (6,) is
achieved with an encoder. Direct and quadrature axis
rotor voltages (vy,.and v;qr) are obtained from direct and
quadrature axis rotor current errors(iger and iger) as

Vélr(k) = Vc:lr(k - 1)
+ kpdv{ider(k) - ider(k - 1)}
+ kidvider(k)

nylr(k) = Vfllr(k w 1)
+ kpqv{iqer(k) - iqer(k - 1)}
+ kiqviqer (k)

Where
. c oo . y s .
Iger = lgr — 1drandlqer = lgr — lgr

Where kg, and kig, are the proportional and
integral gains of direct axis current controller, Ky, and Kigy
are the proportional and integral gains of quadrature axis
current controller Direct and quadrature components are
decoupled by adding some compensating terms as[26]

v:ir =Vgr t (we - wr)a'Lriqr

v;k]r =Vgr — (we — @) (Lipims + 0Lyig,)
These reference direct and quadrature voltages

(Var, Vqr) are converted into three phase reference rotor
voltages (Vya, Vip, Vrc)as [32]

Viq = Vg, Sin Ogy, + Vg, €OS O gy,
vip = Uy sin(()slip - 2”/3) + v, cos(()sup - 2”/3)
Ve = Vg, sin(Ogpp + 2”/3) + v cos (O + 2”/3)

These three phase rotor reference voltages (vyq, vy, V)
are compared with triangular carrier wave of fixed
switching frequency for generating pulse-width
modulation (PWM) signals for the RSC.

B. Control of GSC

The novelty of this work lies in the control of
this GSC for mitigating the harmonics produced by the
nonlinear loads. The control block diagram of GSC is
shown in Fig.3.1 Here; an indirect current control is
applied on the grid currents for making them sinusoidal
and balanced. Therefore, this GSC supplies the harmonics
for making grid currents sinusoidal and balanced. These
grid currents are calculated by subtracting the load
currents from the summation of stator currents and GSC
currents. Active power component of GSC current is
obtained by processing the dc-link voltage error (vy.)
between reference and estimated dc link voltage ( V. and
V) through PI controller as

igsc (k) = i;;vsc (k - 1) + kpdc{vdce (k) — Vdce (k - 1)} +
kidcvdce (k)

Where kpq and kig. are proportional and integral gains of
the dc link. Vdce (k) and Vdc(k — 1) are dc link voltage
errors at kth and (k-1)th instants. iz (k) and igsc(k — 1)
are active power component of GSC current at kth and
(k—1) th instants. Active power component of stator
current (ids) is obtained from the sensed stator currents
(isa ish, @nd igc) using abcto dg transformation as [32]

lgs = 2/3 [isa sin 0, + ig, Sin(ee _ 211'/3)
+ s sin(8, + 2m/3)]

Fundamental active load current (z;;) is obtained using
SRF theory [33]. Instantaneous load currents (i) and the
value of phase angle from EPLL are used for converting
the load currents in to synchronously rotating dgq frame
(Gz)- In synchronously rotating frames, fundamental
frequency currents are converted into dc quantities and all
other harmonics are converted into non-dc quantities with
a frequency shift of 50 Hz. DC values of load currents in
synchronously rotating dq frame(7;;) are extracted using
low-pass filter (LPF). Direct axis component of reference
grid current (iz4) isobtained from the direct axis current
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of stator current (igs) and load current (i) in
synchronously rotating frame and the loss component of
GSC current (igs) as

sk T . JRE—
lgd = lgsc + lgs — Ua

Quadrature axis component of reference grid
current (igq) is selected as zero for not to draw any
reactive power from grid. Reference grid currents (ig,,
Igp, and ig.) are calculated from the direct and quadrature
axis grid currents (i*gd, i*gq) [32]. Fig(3) Vabc

The hysteresis current controller is used to
generate switching pulses for the GSC. The hysteresis
controller is a feedback current control where sensed
current tracks the reference current within a hysteresis
band (in,) [34]. At every sampling instant, the actual
current (igac) is compared to the reference current (igqp)
as

> Va(ms)

. s .
Algabc - lgubc — lgabc

WhenAigape > ipp, lower switch is turned ON
WhenAigape < —ipp, Upper switch is turned ON. — fimetse0

Fig(4) Fixed wind speed (10.6 m/s
Using these equations, gating pulses for three phases of '9(4) Fixed wi SR :

GSC are generated in the same way.

MMMMMMMMMM
SIMULATION and its RESULTS: f VoVt
PROPOSED DFIG — BASED WECS AT FIXED ‘ LA
WIND SPEED:

—_ I

-

TR e il

Fig(6) Currents at nonlinear loads

Fig 2: Block diagram of DFIG for WECS at fixed wind
speed of 10.6 m/s
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» Fig (8) shows the power at grid (Pg).It is also
constant throughout the time, it’s value is 2.1
kw.The Pg(kw) is taken on y-axis.

PROPOSED DFIG-BASED WECS WORKING AS
STATCOM AT ZERO WIND SPEED:

—= Puixw)

4'_5 timo{roc)
Fig(7) Power at nonlinear load

-
(1]
ol
|

-

Fig 9: Block diagram of DFIG for WECS working as a
STATCOM at zero wind speed

de

it

L
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o
-
=
e

— Pgiw)

Fig(8) Power at grid

» Fig (3) the 3-@ instantaneous load voltages at
point of common of coupling. It is seen that the
load end voltages are maintained constant and
balanced irrespective of the non-linear loads.
Time(s) is taken on x-axis and Vabc (v) is on y-
axis.

» Fig (4) shows that the wind speed is fixed
(10.6m/s) and it is constant at any time. The
time(s) is taken on x-axis and wind speed (m/s)
is on y-axis.

» Fig (5) represents the 3-@ rotor currents ranging
from 1.5 to -1.5A and its amplitude maintained
constant throughout the time at the wind speed is
constant. Time(s) is taken on x-axis and Ir(A) on
y-axis.

» Fig (6) represents the 3-@ sinusoidal current at
non-linear load and it’s ranging from 1.6 to -
1.6A.The time is taken on x-axis and Ilabc on y-
axis. . Fig (11) Rotor current

» Fig (7) shows the power at non-linear load
(P1).The time(s) is taken on x-axis and P1 (kW)
on y-axis. The power P1 (kw) is constant
throughout the time. It’s value is 1.1kw.

—> Ly

—> Ty
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»  Fig (10) shows the grid current ranging from 400
to -400 A. The grid current varies w.r.to time. It
is seen like a pure sine wave. The time (sec) is
taken on x-axis & Ig(A) on y-axis.

» Fig (11) shows the three phase rotor current
ranging from 1.6 to -1.6A.The time(s) is taken
on x-axis & labc on y-axis.

» Fig (12) represents the voltage at non-linear load
ranging from 400 to -400V.The voltage is
ranging w.r.to time. The Vabc is taken on y-axis.

»  Fig (13) shows the power at non-linear load. It is
constant at any time. When the wind speed is
zero. The P1 (kw) is taken on y-axis. It’s value is
1.1kw.

» Fig (14) shows the reactive power at non-linear
load. The time(s) taken on x-axis and Q1 (kvar).
It is constant throughout the time.

» Fig (15) represents active stator power grid. The
time(s) taken on x-axis and Pg (kw) taken on y-
axis.

% Vave(V)

“ -a....~(~.‘-r;
Fig (12) Voltage at nonlinear load

— Pl

PROPOSED DFIG FOR FALL IN WIND SPEED:

Fig (13) Power at nonlinear load

PSS

% Pyt

— time(sec)
Fig (14) Reactive power at nonlinear load

—_— Piikw)
—  Wrelipa)

—=> time{sec)
—_— tmeisec)

Fig (15) Active stator power grid Fig (17) Fall in wind speed
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— Vi)
e

—= Pl{kw)

Fig (18) Wref

Fig (19) w,. fall in rotor speed

—_— time(sec)

—> k@)

—_— Peike)
"

Fig (20)p, ( Power at nonlinear load)

——, time(sec)

Fig (21) (Power at stator grid)

Fig (22) labc_stator

Fig (17) represents the fall in wind speed. The
wind is falling from10 (m/s) to 7.5 (m/s). The
time (s) is taken on x-axis & Vw (m/s) is taken
on y-axis.

Fig (18) represents the Wref (p.u). its value is
decreasing from 1.1 to 0.8 p.u

The time(s) is taken on x-axis & Wref is taken
on y-axis.

Fig (19) shows that the fall in rotor speed. Rotor
speed is falling from 1.1 to 0.8 p.u. The time(s)
is taken on x-axis & Wr(p.u) is taken on y-axis.
Fig (20) represents the power at non-linear load.
It is constant through out the time. The time(s) is
taken on x-axis & P1(kw) is on y-axis.

Fig (21) represents the power at stator grid. Its
value is falling from 3.1 (kw) to 1(kw). The time
(sec) is taken on x-axis & Pg(kw) is on y-axis.
Fig (22) shows that 3-@ stator currents. Due to
some disturbances the current wave form is
distorted b/w the timings from 0.4(s) to 0.5(s).
The time(s) is taken on x-axis & Irabc (A) is on
y-axis.

CONCLUSION:

The GSC control algorithm of the proposed DFIG has
been modified for supplying the harmonics and reactive
power of the local loads. In this proposed DFIG, the
reactive power for the induction machine has been
supplied from the RSC and the load reactive power has
been supplied from the GSC. The decoupled control of
both active and reactive powers has been achieved by
RSC control. The proposed DFIG has also been verified
at wind turbine stalling condition for compensating
harmonics and reactive power of local loads.
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This proposed DFIG-based WECS with an integrated
active filter has been simulated using MATLAB/Simulink
environment, and the simulated results are presented.
Dynamic performance of this proposed GSC control
algorithm has also been verified for the variation in the
wind speeds and for local nonlinear load.

FUTURE SCOPE:
The controller can be modified and implemented in fuzzy
logic controller. The simulation result of FLC can be most
steady state and fast response.
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