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Abstract
As a promising renewable alternative, the wind power is one of the significant sources of generation. Reactive power compensation
and harmonic reduction in a low voltage distribution networks for integration of wind power to the grid are the main issues addressed
in this paper. This paper proposes a control scheme based on instaneous Pq theory for compensating the reactive power requirement
of a three phase grid connected wind driven induction generator as well as the harmonics produced by the non linear load connected
to the PCC using STATCOM. The proposed control scheme is simulated using MATLAB/SIMULINK. The Simulation results are
presented in this paper.
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1. INTRODUCTION the square of the voltage. Consequently, the resagibwer

. . . L supplied from the capacitors decreases rapidly wiien
The integration of wind power to grid introducesweo voltage decreases [3] .To overcomes the above \diséatjes;
quality issues, which mainly consist of voltageuiagon and STATCOM is best suited for reactive power compensat

reactive power compensation Induction machinesnaostly and harmonic reduction. It is based on a contrtglaibltage
used as generators in wind power based generatiwhgtion source converter (VSC). By control of the voltagaurse
generators draw reactive power from the grid tochtthey converter output voltage in relation to the gridtage, the
are connected. Therefore, the integration of wiltver to voltage source converter will appear as a genecatabsorber
power system networks is one of the main concefnthe of reactive power [6].Fig | show the block diagrah grid

power system engineers. The addition of wind power the connected system. In this 3-phase separately ebxicitkiction
electric grid affect's the power quality [I].Duriribe last few generator feeding non linear load has been predeme

years, power electronic technology plays an impariele in STATCOM is connected at the point of common couplin
distributed  generation and integration of in d gyer with this system in order to compensate the reactiower
generation into the electric grid[2]. A non-linelad on a requirements of induction generator as well as kadialso to
power system is typically a rectifier (such as used power reduce the harmonics produced by the non lineatr. loa
supply), some kind of arc discharge device suciuasescent

lamp, electric welding machine, or arc furnace lbiseacurrent FCC 3-phase,

in these systems is interrupted by a switchingoactithe WA 415V S0Hz

current contains frequency components that areipresgt of i I = %

the power system frequency. It changes the shapthef

current wave form from a sine wave to some othemfand @—I_I_ T N

also create harmonic currents in addition to the grmeTAter
original(fundamental frequency) AC current. The mosed =

unit to reduce the harmonics produced by the nuoeali load. i +

Compensate for reactive power in the power systamgither i I # -

synchronous condensers or shunt capacitors, tter leither {@.{_I_ VA o mee

with mechanical switches or with thyristor swit@s, in Static o

VAR Compensator (SVC). The disadvantage of usingnsh STATCOM

Capacitor is that the reactive power supplied @pprtional to Fig 1 Schemaie diagram of grid comnected wind energy system
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The proposed STATCOM control scheme for grid cotexbc
wind energy generation for power quality improvetbas
following objective.

This paper is organized as follows. Section |l dises
reactive power requirements of induction generaBaction
Ill, IV and V discuss wind driven induction generatwith
STATCOM, reference current generation and hysteresi
current controller for STATCOM respectively.

2. REACTIVE POWER REQUIREMENTSOF
INDUCTION GENERATOR

The induction generators are widely used, due te th
advantage of cost effectiveness, robustness, ruggsd
simplicity and requirement of no brush and comnurtat

However; induction generators require reactive poviar
magnetization. When the generated active power mof a
induction generator is varied due to wind, absorbeattive
power and terminal voltage of an induction generatm be
significantly affected.

A Three phase induction generator feeding a naatitoad as
well as connected to the grid is simulated using
MATLAB/Simulink to study the reactive power requinent

of IG and also harmonics produced by the non lidead.
Simulation diagram of this system is shown in Fig2.

Fig. 2. 3 sepagately excited mdoction generator feeding non linear load,

3. WIND DRIVEN INDUCTION GENARATOR
WITH STATCOM

During the operation induction generator draws trea@ower
from the grid for its magnetization. Non lineardodistorts the
grid current waveform and also increase the harmoni
component. Due to this, grid current is not in ghasgth the
grid voltage and its wave shape is also differentnf sine
wave which is shown in fig 3.
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Fig.3 Instantaneous Value of grid voltage and current for Grid
connected system with non linear load.

Hence the power factor is not unity. Reactive power
requirement of induction generator and load is Sagfby the
grid. Grid reactive power is the sum of both indrt
generator and load reactive power is shown in Tab(grid
reactive power, load current and induction generetiorent is
shown in fig 4, 5 and 6 respectively.

Table 1
Paramelers | Grid Induction |  Load
| eeneraor
Reactive 3307 | 1930 1377
povwer VAR |
Artive o83 | B4 3117
Powen W}
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Fig.4 Instantaneous Value of reactive power supplied by
erid.
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Fig.5 Instantaneous Value of Load current.
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Fig.6 Instantaneous Value of induction generator current.
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In earlier case reactive power requirement of itidac
generator and load is supplied by the grid, exadsgower
feeding the load is fed back to the grid which l®wn in
Table I. But in the proposed system with STATCORkhative
power requirement of induction generator and I@aslipplied
by the STATCOM instead of grid. The STATCOM injeets
compensating current of variable magnitude anduiaqy
component at the PCC [8]-[10]. Simulation diagrarh o
separately excited induction generator feeding lirerar load
with STATCOM is shown in fig 8.
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The shunt connected STATCOM is connected to the PCC
through interfacing inductors. The induction getaraand
load is also connected to the PCC [13]. The STATCOM
compensator output is controlled, so as to mairttaénpower
quality norms in the grid system

Fig.8. 3 separately excited induction generator feeding non linear load With

STATCOM.

4. REFERENCE CURRENTGENERATION FOR
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Fig 7 Six Pulse VS1 STATCOM

STATCOM

Reference current for the STATCOM is generated dase
instantaneous reactive power theory [7]-[IO]. A STGOM
injects the compensation current which is a sunmeeftive
component current of IG, non-linear load and hargon
component current of non-linear load.

Pq theory gives a generalized definition of instaebus
reactive power, which is valid for sinusoidal omrsinusoidal,
balanced or unbalanced, three-phase power systéthsow
without zero sequence currents and/or voltages.
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Fig .9 Three phase power system

Fig.9 shows the three phase power system, instotsn
Voltages, va, Vb, vc in volts and instantaneousesus, ia, ib,

icin amps of a three phase system are expressed as

instantaneous space vectors ' v' and 'i' giver) by(l

v, 'i“
V= (Vh) i= (ih) (1)
Ve, i

C

'p' is the instantaneous active power of a threeseleircuit
in Watts, given by (2)

P=v.l ----- 2).

Instantaneous active power of a three-phase cihguis the
scalar product of instantaneous voltage and curtems the
product of the sum of three phase voltages andcioyrgiven

by(3) .
P=vaia + vb ib + vc ic----------- (3)

Instantaneous active power consists of average eoemt and
oscillatory component as given by (4).

'Pdc' is the average component of instantaneolisegobwer

in watts and 'Pac’ is the oscillatory componenhstfantaneous
active power in watts. 'q' is the instantaneoustreapower of

a three-phase circuit in VAR, given by(5)

Instantaneous reactive power of a three-phaseitigtus the
vector product of instantaneous voltage and curigimen by

(6).

Ip 1
G\ v v, .
q=[9% |= e g (0)

Total current is the sum of instantaneous actigactive and
harmonic component of current is given by (7)

i =i, +iq +in (7)

Here ip, iq, ih are instantaneous active, reacive harmonic
component of currents respectively.
'ip 'is the instantaneous active componentrectirin amps
given by (8)
P R
Since it is a non linear load reactive comgnt and
harmonic component current are used as @&remde
current for STATCOM. The reference current for thkree
phases as given by (9), (10), (11).

g = iap' — gt = iaq + lan (9)
ip = dppr — Ipss =1lng +ipn (10)
igpr =lepr — les =loqg +ien (11)

5.HYSTERESISCONTROLLER FOR STATCOM

The current control scheme for STATCOM is using a

"hysteresis current controller." Using this techudg the
controller keeps the STATCOM current between botieda
of hysteresis area and gives correct switching adggrior
STATCOM operation [11]-[12].

It is a feedback current control method where tlotua
current tracks the reference current within a hgsis band.
The current controller generates the firing putsethe VSI by
comparing the reference and actual current.

Ulpper bard
HB

Hysteresis
baad JHE Lower band

HB

Reference
current

N N0
IO 0 AR

Fig 10.Hysterzssis current modulation

The hysteresis current control scheme for geneyathe

switching signals to the STATCOM is shown in Fig.1f0the

current exceeds the upper limit of the hysteresisdb upper
switch of the inverter arm is turned off and the/éo switch is
turned on. As a result, the current start to detfahe current
crosses the lower limit of the hysteresis band)dher switch
of the inverter arm is turned off and the uppertshwis turned
on.
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As a result, the current gets back into the hysterband.
Hence, the actual current is forced to track thieremce
current within the hysteresis band. The choicehef ¢urrent
band depends on the value of compensation currehttize
interfacing inductance.

6. SMULATION RESULTS

The performance of the system is analyzed with &itldout
STATCOM by switching ON the STATCOM at time t=0.3s
The simulation parameters considered are given abler
1.Initially the STACOM current is zero after 0.3sads the
STATCOM starts tracking the reference current wittihe
hysteresis band which is shown in Fig 11.Gridcuriemot in
phase with voltage during

STATCOM OFF condition and in ON condition grid cemt is
1800 out of phase with voltage, which signifiest tie excess
power after feeding the non linear load is fed batk the
source which is shown in fig 12 and 13 respectively
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Fig 11.STATCOM injected current superimposz on reference

current.
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Fig 12. Instantaneous Value of grid voltage and current for
Grid connected system with non linear load.

Voltage(V)*1/20

C'ur;'cnltA) :

L i L

N A e
027 0= 023 03 03 032

Time(s) —>

Fig 13. Instantaneous Value of grid Voltage and current for

one phase

When STATCOM controller is made ON, at t=0.3stdtrts to
mitigate the grid reactive power without any chargeany
other parameters. Instantaneous reactive powee \aflgrid,
load and induction generator is shown in fig 14, 46d 16

respectively
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Fig 14 Instantaneous Value of Source reactive power
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Fig 15. Instantaneous Value of Load reactive power.
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googl ---- e e e B e TABLE II
BOO0E STATCOM OFF STATCOM ON System parametzrs
2000 -
ol SNO Parameters Rating
<4000 S P o g i ChTEEEEE S 1 Grid voltage 3phase.415V.50HZ
; F i i 5 i Z s0HZ.143
cong b e s s T e e T 2 Induction 4KW.400V,50Hz,1430rpm
Timets) generator
Fig 16 Instantancous Value of reactive power requirements of El Tine SoHca OIQQO:D.”

Induction gencrator
inductance

Inverter De link voltage = 900V
tndamental (50Hz} = 8.344 _THO= 11.03% 4 parameters nc link capacitance
=8794uf
Switching frequency =
10KHz
5 Load Non linear load=2KW

Mag (% of Fundamental)

CONCLUSIONS

CE A Ff::”ueniiﬂmzﬂ}“ S CRll el This paper presents the STATCOM-based control Sehfem
reactive power compensation and harmonic redudtiogrid
connected wind generating system feeding non linead.
The control system for the STATCOM is simulatedngsi

Fundamental (50Hz} = 7.256 . THD= 5.76% MATLAB/SIMULINK. The Simulation results shows theid
voltage and current are in-phase, making the pdaetor
unity, which implies that the reactive power demaoid

Induction generator and load is no longer, fed hg grid

rather it is supplied by the STATCOM. Also the shayg the

grid current is almost sinusoidal and the %THD hagn

improved from 11.08 % to 5.78 % after compensatithe

proposed control scheme has improved the poweritgual

®To 50 100 150 200 260 300 350 400 450 requirement of a low voltage grid connected wintvehr 1G
Frequency (=) system feeding a non-linear load.

Fig 1 8. FFT analysis of source current after compensation

Fig 17 FFT analysis of source current before compensation
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