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ABSTRACT

Conventional energy sources are not preferred, rather, wind energy is mainly used which is a renewable source of
energy and is unlimited in nature. Wind turbines are of two types-variable speed wind turbine and fixed speed wind
turbine. At distinct wind speeds, wind turbine has to run at variable rotor speed to obtain the maximum power. Power
converters can be used to accomplish the maximum power. DFIG is one among variable speed wind turbine and is mainly
considered, due to its high energy output, damping performance, low- converter rating and low cost. Another renewable
source of energy which is nothing but solar energy is incorporated by applying Synchronous reference frame algorithm.
For improving power quality and to obtain maximum power wind energy conversion system (WECS) is provided with
doubly fed induction generator (DFIG). The role of rotor side converter (RSC) is to distribute reactive power to DFIG
whereas grid side converter (GSC) is used to get even DC voltage and reduce harmonics which is due to non-linear load.
WECS acts like DFIG to reduce deviations and distortions of voltage and current from sinusoidal waveform even when the
wind turbine is at halt. In case of solar system, for reactive power compensation and to get three phase active power the
SPV system is linked to VSC. For extracting maximum power and to increase the efficiency from the SPV array, a single-
stage three phase grid system is used along MPPT technique which is integrated with the synchronous reference frame
algorithm. Both the sources are compared and the best system out of the two systems has been obtained using MATLAB

simulation.

Keywords: DFIG, WECS, rotor side converter, grid side converter, SPV, voltage source converter.

1. INTRODUCTION

Wind energy is fast emerging renewable energy
source. Wind energy and solar energy are mainly taken
into consideration because of its abundance and eco-
friendly nature. Conventional sources causes harm to
environment and are high in cost hence it is not preferred
mainly.

Wind turbines are of two types-variable and fixed
speed wind turbines. DFIG which is a variable speed wind
turbine is mainly preferred along with induction generator
or PMSG. In this project induction generator is used and is
coupled with the wind turbine. Out of the two wind
turbines, variable speed wind turbines gives better energy
capturing capability. For weak grid, the DFIG used here
gives good damping performance. Due to its high energy
output, damping performance, low converter rating and
lower cost DFIG is mainly preferred.

For mitigating harmonics which are produced due
to nonlinear load, a control algorithm for GSC is used.
Though the wind turbine is in staling condition, the DFIG
works like an active filter which is an advantage. For
controlling grid side converter Hysteresis controller is
used whereas rotor side converter is controlled using
PWM generator. MPPT algorithm is used to extract the
maximum power and to get the reference wind speed. To
extract the reference load currents synchronous reference
frame control method is used.

There are various types of MPPT algorithm
techniques like Perturb and observe algorithm,
Incremental conductance algorithm, Hill climbing
algorithm, Fuzzy logic control, Neural network. In this
perturb and observe is preferred as it is simple to
implement and gives acceptable performance. MPPT

(P&O) can be used in two ways, by the selection of
control methods such as reference voltage and by duty
ratio.

In case of solar energy source, SPV system is
mainly used to supply power to remote areas and it is easy
to install and require low maintenance. A single stage
topology is preferred than conventional double stage
topology as it is more effective in reducing the losses.
Whereas in double stage topology, first stage is used for
extracting maximum power and the second stage is used to
send that extracted power to the distribution network.

A SRF-synchronous reference frame algorithm is
used along with VSC to extract the fundamental active and
reactive components of load current for estimating the
three phase sensed supply currents. There are many time
domain and frequency domain algorithms used, in which
time domain algorithm is implemented. The other
algorithms are not preferred as it involves complex blocks
and requires huge calculations and equations.

Direct current control and indirect current control
are the two techniques used. For eliminating harmonics
and to reduce the THD to less than 5% indirect current
control technique is preferred.

2. WIND ENERGY CONVERSION SYSTEM

Table-1. Existing system and proposed system
differences.

Existing system Proposed system

In this system, Direct
current control is used

In this system, Indirect
current control is used
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THD cannot be reduced to | THD value can be reduced
below 5% below 5%
DFIG is not used here DFIG acts .hke an active
filter
2.1 STATCOM

STATCOM is a Static Synchronous Compensator
which is a regulating device used on AC transmission
network. It is a member of FACTS devices. STATCOM
acts as source or sink of reactive power and is based on
VSC (Voltage Source Converter). WECS-Wind Energy
Conversion System works as Static Synchronous
Compensator.

Fluctuation in power due to the large penetration
of wind influences the power quality. Power quality
problems like voltage flicker, frequency deviations
significantly. Wind turbines like variable speed turbines
are equipped with power electronic devices, which mainly
use PWM inverters and IGBT (Insulated Gate Bipolar
Transistor) technology. The demerit of PWM technique is
that it produces harmonic current.

3. DOUBLY FED INDUCTION GENERATOR
(DFIG)

PCC o By DFIG

Igabe €——

Grid En i

Itabg

Nonlinear
loads

Figure-1. Proposed system configuration.

Wind turbine systems are classified as- Fixed
speed and Variable speed wind turbines. To get the
maximum power, at different wind conditions machine
should run at different rotor speeds, hence Variable speed
wind turbines are preferred. There are various variable
speed wind turbines out of which DFIG is preferred due to
its high energy output, low converter rating.

The system has wound round induction generator
and an IGBT based PWM converter. Two converters are
used which are RSC and GSC. RSC is connected to the
rotor of DFIG whereas stator is connected directly to AC
mains. The two converters are connected back-to-back,
which are placed between the rotor and the grid. By
Voltage oriented reference frame the RSC is used to obtain
the maximum power and the GSC is used to mitigate
harmonic currents produced by non-linear load. To get the
fundamental component of load current SRF
(Synchronous Reference Frame) control method is used.

Figure-2. Schematics of control algorithm of WECS.

The two converters are linked using a DC
capacitor and is used for the storage of power from the
induction generator. The slip power flows in both direction
that is from supply to rotor and from rotor to supply.
Hence the speed can be controlled by either of the
converters in both sub-synchronous and super-
synchronous speed. Machine operates in two modes,
Motoring mode is below synchronous speed and the
generating mode is above synchronous speed. RSC works
like a rectifier and GSC works like an inverter. When the
motoring mode takes place above synchronous speed and
the generating mode is below synchronous speed, RSC
works as an inverter and GSC works as a rectifier.

DFIG is connected to the DC machine. By
providing duty ratio a fixed value to the chopper the DC
machine runs at stable speed and from the grid the stator is
kept isolated. For obtaining duty ratio to the chopper
current controller plays main role. By maintaining the field
voltage to a fixed value, flux of the machine is kept
constant. By controlling DC machine, wind turbine mode
can be obtained after the conversion from duty ratio mode.
Due to the absence of real power flow to the grid from
DFIG, the speed controller comes into action by gradually
maintaining the DC machine speed to higher or maximum.

4. CONTROL OF GRID SIDE CONVERTER (GSC)

4.1 Hysteresis controller

The simple circuit model of hysteresis controller
is shown in Figure-2.1. The switching pulse for the GSC is
given from hysteresis current controller. The actual
voltage V;.and the desired voltage V. are compared and
the output is fed to the DC link controller to get the Active
power component of GSC current and is given in the
equation as

v e w e 3 [ [ Fart ' far 11 ar ' [
igarK) = fge (K - 1) + n_ﬂf:{"li:s'\“a' — Ve =104 KV () (1
where,
Kpacand Kig.are gains of DC link voltage controller.

Vyce (K)and V.. (K — 1)are the errors of DC-link voltage
at the instants of (K)thand (K — 1)th

Active power component of GSC currents at
(K)thand (K — 1)th instants are igs.(K)and igs. (K — 1).
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Real component of stator current (i) is obtained
by the combination of sensed stator current (iz,.) and abc
to dq transformation and same is obtained by the equation
as

277 e
“Mig)+ i sinlg +

2y ‘-.]
S

DC value of load current in synchronously
rotating dq frame (i;;) is obtained by the combination of
three phase load current (i;4p.) and the phase angle from
EPLL. Both are fed to the abc to dq transformation and the
output obtained is then sent to the PI controller.

Dafs Type Conversion2

double
Datg Type Conversiont
Logics!

Operstor2

e
U
5]

3 3

Figure-3. Control of hysteresis controller.

Direct axis component of reference grid current is
obtained by using equation

i:lg = igsc +ias — lia 3

igg and the EPLL phase angle are fed to the dq to abc
transformation to get the reference current iy, . The
actual current and the reference current are compared and
the obtained output is fed to the hysteresis controller for
generating gate pulse to three-phase GSC.

5. ROTOR SIDE CONVERTER (RSC) CONTROL

The direct axis reference rotor current ij,.can be
obtained by comparing the actual speed (w,) and the
reference speed (w;). The outputobtained is the error
speed and is then sent to the PI speed controller.

PEET e Saw 3 e ooy Far %) e R
i W =i, (K- 1 + Koo, (B — w, (K — U3 + Kpw,, K ,'(4)

where,

K,q and K;gare the constants of PI speed
controller. Speed errors at (K)thand (K — 1)thinstants are
Wer (K)and w,,. (K — 1) whereas direct axis reference rotor
current at (K)thand (K — 1)thinstants
arei}, (K) and i} (K — 1).

The actual direct axis rotor current (igz-) and
quadrature axis rotor current (i, ), reference direct axis

rotor current (ig,) and quadrature axis rotor current (ig,)
are compared. The actual direct and quadrature axis rotor
currents are obtained from the reference rotor currents.

_120

. o 2 . 2
\ ,.-3,.'[:,“:3;.*16_,;5-;, +ippsinlBoy — 7 q) + b sinl By +°

H
bdw
dr

=(2/.)

(2 [ty sin By + iy 5By =7/ ) 4 1y csin(B +
L3 e slip T brp =t Velip P30T brpsti\ Velin

3
Lo

where 65, = 6, + 0,

The output is fed to the PI controller to get the
reference rotor direct voltage (V) and reference rotor
quadrature voltage (V)

Vir = Var + (we — wr)oLyigr 7)
Vor = Vq’r + (W — W) (Linims + 0Lyigr) (3

Where, Vg,and Vj,.are direct and quadrature axis
rotor voltages and the equations are written as

Fart I &) FJES 7 "% e
VO =t Ly {‘ i r_iy i (v
Ifl\-\,."i ,l =l 1,' H;Ifi' Lfsy\l”l,l Lﬂsy\l”l 1,', Hifi"f.‘-”‘ ,l

(7.1)

il l"'u-‘l — l"'-n- 1‘| T ; l"'u-‘l : l"'n' 1‘|‘ o l"'u-‘l
|';:; W= ll:.'v\ﬁ =1 _lhllﬂ:l' L;Ey\ﬁ, - L;Ey\ﬁ —UT ﬁilfli'L;E-”ﬁ‘

8.1)

Where,iger = igr = lar > iger = lgr — lqr

Kpqy and K;q,are  the gains of PI current
controller, Kpq, and K;q,, are the gains of quadrature axis
current controller.

By using dq to abc transformation, three phase
reference rotor voltages are obtained from the reference
rotor direct voltage (V;.)and the reference rotor
quadrature voltage (Vq*r).

Vo = Vg sin Gslip + V;;;” cos Gslip €C))
Vi = Vi sin(Ogp — 27/3) + Vgr cos(Op — 27/3) (10)
Ve = Vg, sin(Ogp + 2”/3) + Vy; cos(Ogyip + 2”/3) (11)
6. DESIGN OF WIND TURBINE

Chopper is connected to the DC machine in wind
turbine and the type of chopper used is Type-A. Torque
can be obtained by using machine speed and power. Wind
turbine power equation is written as

B, = 0.5C,(4, B)pAV> (12)

Power coefficient is a function of tip speed ratio A
and pitch angle B and is given in the equation as
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G = a{%) — B~ Cufexp (“5/) )+ c2 (a21)

7. MAXIMUM POWER POINT TRACKING

To extract maximum power MPPT algorithm is
used. There are various MPPT algorithm techniques such
as Incremental conductance, Perturb and observe, Fuzzy
logic control, Neural network.

7.1 Grid connected photo voltaic system

The voltage that is generated from the PV panel
has to be connected to the grid. A Boost converter is used
to increase the voltage level. A DC-AC inverter is used in
order to supply the generated DC output voltage to grid.
Before connecting it to grid it has to be ensured that the
output voltage of the inverter is sinusoidal and in-phase
with the grid voltage. The gate pulse is generated through
PWM.

Figure-4. Grid connected PV system Simulink model.

7.2 Photovoltaic system model
The mathematical modelling of PV array is given
by

=t P 1L { ve ML (K
by Wit = Ly i 1; T -Hljd |:\-":,v i f'\-f':)-' i _1“}_ -Hlf ﬁ\-f'l:_\'\-"rl.-

(13)

Uge is PV array voltage
nyand ng are no.of Photovoltaic cells connected
in parallel and series

K is Boltzmann constant (1.38e-23, in Joules per
Kelvin)

q is Electric charge (1.6e-19, in coulombs)

T is operating temperature

Ipn is light generated current (A)

Iy, is Diode saturation current (A)

Figure-5. PV Simulink model.

‘P N
The PV system equation is given as
dudc ) md mq .
CT = lpv — Tld — TLq (141)
diq ) ) udc
LE = —qu + LWld + qu - Vsq (142)

8. SOLAR PHOTOVOLTAIC SYSTEM PROPOSED

Voltage Source Converter
Solar PV Fr = =~ T\ | 4/—u-"-""7 A Ripple
array ! 'l i Filter
I, l I : =
| |
ITi71 | | L 5 | L, i
reref I I A NP
| 1 Iy L LR Lo )
T Ve | il Im‘n\l ) : o i 1
| 1 o L Ve LR L. €= |l
! I [ ey Lbshud s o
! I | Interfacing Three Phase Grid
| ! I : Tnductors 415V, 50Hz
t t
bV, I ! V¥ ¥
J,'_____!L___| _______ ! o[ i

Py 1
I MPPT I:— T q Control l:: AR a i:;:.d:nu
Technique Vo LAlgorithm Vaur, Vibe. Vae | Nonlinear)

Figure-6. Schematic of SRF based system.

The proposed system has a non-linear load, VSC,
MPPT technique, SRF control algorithm, SPV array
system, an interfacing inductor is used to lower ripple in
compensating current.

For generating gating pulses to VSC a
Synchronous reference frame (SRF) algorithm is used.
There are various time domain and frequency domain
algorithm. Time domain algorithm such as Synchronous
reference frame (SRF), PQ theory, DQ theory,
Instantaneous reactive power theory. Due to high
computation, sluggish and slower performance frequency
domain algorithm is not preferred

9. ESTIMATION OF REFERENCE SUPPLY
CURRENT

9.1 Sinusoidal-tracking algorithm

For extraction of PCC voltage of sin@,,and
cos 6,, components of phase ‘a’, phase ‘b’ and phase ‘¢’
sinusoidal tracking algorithm is used. The phase ‘a’
voltage error (1, )is difference between V., and V.
Similarly error in phase ‘b’ and phase ‘c’ can be estimated.
Lower calculation time, higher accuracy, robustness to
frequency changes are the benefits of this algorithm.

Amplitude of PCC voltage is estimated by
squaring all the source voltages of phase a, phase b, phase
¢ and then sum all the three voltages, the whole is
multiplied by (2/3). To the whole square-root is taken
which is given in below equation as

Vo= (((fs) + 0 +v3 + 1) (15)
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9.2 Estimation of phase voltage V,, and V,

The in phase component of phase ‘a’ voltage is
obtained by multiplying V, and the sin 8component of
phase ‘a’

Voa = Vi sinf,, (15.1)

The quadrature component of phase ‘a’ voltage is
obtained by V; and the cos 8component of phase ‘a’

Vga = Ve cos Oy, (16)
Similarly, in phase and quadrature components of

point of common coupling voltages of phase ‘b’ and phase
‘c’ can be estimated.

Fo=12Hz|

|

Discrete
2

.......

Gain17Integrator11

Figure-7. Simulation of phase voltage },, and V.

9.3 Amplitude of load currents estimation

Real component of phase ‘a’ and the reactive
component of phase ‘a’ load currents are compared with
the actual load current to generate the error. The error
which is obtained is then multiplied with in-phase
component (V;,a)and passed through a filter, whose signal
is integrated with proper constant. Later the obtained
signal is multiplied with (V;,a) in a closed loop and the real
component of phase ‘a’ load current (ilpal)is derived. To
extract the amplitude of active power component of load
current(ilpa), the generated load currents root mean
square is taken. The obtained signal is then transformed to
peak value using gain which is shown in below Figure-8.
The same is repeated for phase ‘b’ and phase ‘c’
component.

For obtaining the amplitude of reactive
component of load current i,,,, the above procedure is
used by replacing in-phase component with quadrature
component. The same is repeated for phase ‘b’ and phase
‘c’ component.

lipa * ipp T 1
inA — ( Lpa L;Jb ch) (17)

, (irga + iLgp + iLgc)
s = ———= (18)

In10

H Gain4

Integrator

Product
Discrete

nd-Order
Filterg

Product1

Product3

Produdt2  Discrete
2nd-Order
Filters

Integratort

Figure-8. Phase ‘a’ active and reactive component of load
current Simulation.

10. ESTIMATION OF THREE PHASE SENSED

SUPPLY CURRENT AND GENERATION

OF PULSES

The actual and the reference DC link voltages are

compared and error is calculated. The obtained output is
then sent to the PI controller and the signal we get is I .
Amplitude of average fundamental active three phase load
current I;pzand the I;,,.current are added to get the
amplitude of active component of reference supply current

(Ispe)-
Ispt: Ipa + ILoss (19)

The actual and the reference terminal voltages are
compared and error is calculated. The obtained output is
then sent to the PI controller to maintain the PCC terminal
voltage and the output we getis g,

The Ig-current and amplitude of average
fundamental reactive three phase load current [;p are
subtracted to get the amplitude of reactive component of
sensed supply current (I, p4)

Isqe= Igr — Irqa (20)

10.1 Estimation of three phase sensed supply
currents

The amplitude of active component of sensed
supply current (Isqt) and thesin 8,,;, component of phase
‘a’ are multiplied and considered as Is,y,. The amplitude of
reactive component of sensed supply current (Isqt) and
the cos@,,component of phase ‘a’ are multiplied and
considered as igyq. Both ig,and iggqare added to get
isqof phase ‘a’. Similarly the sensed supply currents of
phase ‘b’ and phase ‘c’ can be estimated.

isq = isap + isaq (21)
i;b = isbp + isbq (22)
lsc = iscp + iscq (23)
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where,

lsap = Ispe SINOyq ;isqq = Isqe COS Oyq (21.1)
lsbp = Ispe SINOyp ;ispg = Lsqe COS Oy (22.1)
lsep = Ispe SINOy¢ ;iscq = Lsqe COS Oy (23.1)

The actual supply current (isap, lsbps iscp)and the
sensed supply current (i3, is,,i5.) are compared using
relational operator and by the logical operator to generate
the gating pulse for the IGBT of voltage source converter
(VSOC).

11. CALCULATION OF DC-LINK VOLTAGE (Vg4.)

V2%V,

Veo= “Fom

(24)
Where V;;is ac line output voltage and m is the
modulation index and is taken as 1.

12. CALCULATION OF INTERFACING
INDUCTOR

- _(VBmvac)

L= Qoo foweten) (25)

fsw 1s the switching frequency,V,. is the DC-link
voltage, I..is the percentage range of ripple current.

13. CALCULATION OF DC-LINK CAPACITOR

Gx{vph(ulc)t}

Cdc = (26)

(dec - Vu%c1)

Where V,, is the supply phase voltage, I is the
phase current, t is recovered DC-link voltage time, V 4.is
nominal DC link voltage, Overloading factor is a.

14. PERTURB AND OBSERVE ALGORITHM

MPPT algorithm is used to extract maximum
power. Perturb and observe method is an MPPT technique
used to enhance efficiency of the solar energy conversion
of PV system. The calculation of PV output power is
based on MPPT algorithm. The voltage and current
variables are assigned first, secondly the power(P(K ))is
determined. The obtained output power (P (K ))is
compared with the (P(K — 1))and adds a perturbation to
the output voltage. Later it compares the present power
with the actual power. Depend on increase or decrease of
power the use of disturbance changes. When power is
increased, the actual disturbance is used. Similarly with
decrease in power the disturbance is changed. Hence
perturb and observe algorithm disturbs the voltage to get
the maximum power. The process is repeated until we get
the maximum power and also the choppers duty cycle is
varied.

Decrease V, Increase V q¢ Decrease V . .¢ | Increase V¢

RETURN

Figure-9. Perturb and observe algorithm.

ref

By using the above P & O algorithm procedure
the Simulink model has been designed and simulated in
MATLAB.

Figure-10. Perturb and observe Simulink model.

14.1 SPV array model and simulation

The solar system model consists of a required
number of SPV cells normally mentioned as PV modules,
connected in series or in parallel to attain the required
voltage output.

g

Calculation of I,

Ip= Ipv* I, [exp(q * %} (27)
Where

Lpy = SPV current

I, = Short circuit current

q = Electron charge (1.60217646e-19)

K = Boltzmann constant (1.3806503e-23)

o = Diode constant (1.3)
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Math
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Constant15
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Figure-11. Simulink model of PV equation.

15. SELECTION OF INTERFACING INDUCTOR

The interfacing inductor is placed between the
grid side converter and the point of common coupling. The
design is based on the GSC current, DC-link voltage and
the switching frequency of the GSC. The inductor value is
calculated using the equation

A/ 3deC

L= 12afpdig, (28)
16. SELECTION OF DC-LINK VOLTAGE

For obtaining the DC-link voltage, rotor voltage
and PCC voltage are mainly required. The selection is
done by considering from rotor side and from GSC side.
The design is selected by considering only the PCC
voltage. The calculation of DC link voltage is given as

zﬁ
Vac 2 F (29)
17. MATLAB SCHEMATICS OF DFIG FOR WECS
WITH INTEGRATED ACTIVE FILTER
CAPABILITIES

Figure-12. DFIG for WECS with integrated active filter
capabilities Simulink model.

The DFIG systemis designed and the circuit has
been simulated in MATLAB. Two subsystems are created
fot the hysteresis controller and for the MPPT technique.

To estimate the wind speed turbine output power
and the shaft speed are required in case of back-to-back
connected converter. With the estimated speed the
generator output and the shaft speed is obtained. DFIG
along with induction generator are excellent for high
power applications.

17.1 Waveform of grid voltage and
current

.;J;LV&L Y

Figure-13. Grid voltage and current simulated waveform.

17.2 Waveform ofload current

T T T T
N AT AT ARV AVATAY AV AT AVAY AN
1 1 1 1 1 1 1
0.04 0.06 0.08 01 012 014 0.16 018 0.2

Figure-14. Simulated waveform of load current.

17.3 Waveform ofload voltage

1000 T T T T T T

s00k g4 - RN R RAARAAL AN TR ENAWS

soo R P Y i

1000 ; :

sool L4 b A

Voltage
o

iR i i i i i i

1000

- T T e
0

500 [ LA B B A

01 02 03 04 05 0
Time(sec)

Figure-15. Simulated waveform of load voltage.
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17.4 % THD of source current

— FFT analysis

Fundamental (50Hz) = 19.93 , THD= 5.70%

8] w P [5,]
o o o o

Mag (% of Fundamental)

2y
= )

o

4 l L L3 e g
0 200 400 600 800 1000
Frequency (Hz)

Figure-16. Source current harmonic spectrum is shown
above and the %THD is value is 5.70%.

17.5 % THD of load current

— FFT analysis

Fundamental (50Hz) = 14.71 , THD= 48.26%

NN W W
o o O

Mag (% of Fundamental)

0 200 400 600 800 1000
Frequency (Hz)

Figure-17. Load current harmonic spectrum is shown
above and the %THD is 48.26%.

18. MATLAB SCHEMATICS OF SRF-BASED
CONTROL ALGORITHM FOR SINGLE STAGE
THREE-PHASE GRID INTEGRATED
SOLAR PV SYSTEM

Figure-18. SRF-based control algorithm for single
stage three-phase grid integrated solar PV system
Simulink model.

18.1 Waveform of source current

Current

i i i I i i i
01 02 03 04 05 06 07 08 03 1
Time(sec)

Figure-19. Source current simulated waveform.
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18.2 Waveform of load current

Current

18.
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Figure-20. Load current simulated waveform.

3 Waveform OFDC-link voltage
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Time(sec)

Figure-21. DC-link voltage simulated waveform.

4 Waveform ofsource voltage

05 06
Time(sec)

Figure-22. Source voltage simulated waveform.

18.5 Waveform of load voltage
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Figure-23. Load voltage simulated waveform.

18.6 THD % of source current

— FFT analysi

Fundamental (80Hz) = 28.58 , THD= 1.00%
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Figure-24. The harmonic spectrum of source current is
shown above and the %THD is value is 1.00%.

From Figure-24 it is inferred that the %THD of
source current is below 5% according to the IEEE-519

standard.

Table-2. Comparison between WECS and SPV system.

WECS SPV System
Source %THD is 5.70% Source %THD is 1%

From Table-2 it is inferred that the %THD of
source current in SPV system is below 5% and is in
accordance with the IEEE-519 standard. Hence from the
Table-2 it can be said that the SPV system is best when
compared with WECS system in maintaining IEEE
standard and is effective in improving power quality
problems.

19. CONCLUSIONS
The basic operation of DFIG and its control using
AC/DC/AC converter is performed and discussed. DFIG
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system is used to get better efficiency and control which is
connected to the grid side. Grid side converter (GSC) is
used to maintain DC-link voltage constant whereas Rotor
side converter (RSC) is used to provide active and reactive
power control. In case of second system, the control
algorithm is based on SRF adaptive filtering technique.
Grid integrated SPV system is designed based on this
technique. Simulation has been done and the values are
tabulated. Maximum power has been extracted by using
MPPT technique. The entire system has been designed,
simulated in MATLAB and the obtained results are
verified. From the obtained results it is inferred that the
Solar systems source % THD is below 5% that is within
limit and the load % THD is above 5%. Hence solar
system is more effective in improving power quality
problems and mitigating harmonics than WECS. Single
stage SPV system is more effective in reducing losses than
conventional double stage.

APPENDIX

DFIG: 3.7kw, R; = 1.32ohm, L;;= 6.832mH, R,
= 1.7080hm,L;, = 6.832mH, R. = 419.64ohm, L=
0.219H, J=0.1878kg.m2, stator to rotor turns ratio N,/Nj
=1/2.

DC Machine: R,=2.5 ohms R;=280.3 ohms,
Lg=4.8mH, Ly=5.2mH.

Controller gains-Speed controller: Kpq =0.25,
K;4=0.3, Current controller: Kpq,, =100, K4, =100, K;g,
=130, K4, =130, DC-link voltage controller: K4 =1.5,
Kigc=1

SPV System: SPV voltage Vypp= 26.3 V; SPV
module current Iypp= 7.61 A, DC PI Controller: Kpq =
0.9, Kiq= 0.75, AC PI Controller: K,;= 091, K;z = 0.7,
Ripple Filter: Re= 4W, C; = 5uF, Interfacing Inductor:
Lg=2.5mH, Non-linear load: R =15W, L = 50mH.
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