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Abstract— The paper presents the application of Static
Synchronous Compensator (STATCOM) for enhancing
steady and dynamic performance of distribution system with
Doubly Fed Induction Generator (DFIG) wind power
generation. The mathematical models of STATCOM, wind
energy conversion system such as wind, wind turbine, drive
train, DFIG, and converter are systematically derived. The
dynamic behavior of the power system with STATCOM
controller is also investigated by using MATLAB/Smulink. It
was found in the simulation results that the STATCOM can
improve the dynamic behavior of the system.
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.  INTRODUCTION

For many years, Flexible AC Transmission Systembiess
applied for improving steady state and dynamic ofver
system. There are various kinds of FACTS deviceh |15
Static Synchronous Compensator (STATCOM), Static
Synchronous Series Compensator (SSSC), Unified Powe
Flow Controller (UPFC), etc [7].
This paper presents the STATCOM, wind energy
conversion, wind turbine, drive train, DFIG, andneerter
model connected to grid. The presented model atbbr
speed wind energy conversion system dynamic asalgsi
implemented in MATLAB/SIMULINK. The study of
dynamic behaviors when a temporary three phaseotong
fault occurrence with DFIG based on wind energy
conversion system was investigated in this paper.

Il. MATHEMATICAL MODEL

around the world is implemented to use the endngy kind

STATCOM and DFIG based on wind energy conversion

of clean and environmental-friendly energy. RendeabSYyStem.

energy such as ocean energy, solar energy, andesiexy
are suggested to decrease the use of fossil flits Wind
power generation is continuously increased in #w few

years. Wind energy conversion system consists afdwi
turbine, drive train, and generator. Wind turbioewerts the

kinetic energy to the mechanical power which ispded to
the generator [3]. The drive train includes low expeshaft,
high speed shaft and gearbox. With many kinds oégsor,

variable speed application is used Permanent Magnet
Synchronous Generator (PMSG) and Double Fed Inolucti
Generator (DFIG). The variable speed applicatiorih wi

DFIG has gained to use because of more flexibleoturol
real and reactive power flow. It has a wide ranfjdymamic
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Fig. 1: STATCOM
Static Synchronous Compensator (STATCOM) consikts 0

Voltage source converter

speed control depending on the size of the convertgolid-state voltage source converter with advanhégh-

Moreover, with the less rating of converter, it sauin
lightweight mechanism structure and cost. The ktrgend
power plant in North America is used DFIG [4-5].

The modeling and simulation DFIG based on variapleed
wind energy conversion system play very importaié to
study wind, wind turbine, drive train, DFIG and eenter
dynamic, it can help us to investigate the dynameicaviors,
design and improve the converter and pitch comtrdiefore
installation for maximum performance [6].
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power electronics switching, dc capacitor and fiainser as

shown in Fig. 1. The converter is used to convervaltage

into ac voltage. The ac voltage can be controlledthb
magnitude and angle. The STATCOM is able to absmdb

supply reactive power by regulating voltage anglee as
line voltage.

Wind Turbine and Drive Train System
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In steady state, the mechanical power which isaeted WhereH, , H,, @, w,, K., F and D, are turbine inertia,
from the wind turbine is described by following etjon.

generator inertia, turbine speed, generator spstthess,

Mechanical power of wind turbine is expressed By [8 DFIG  damping, equivalent damping coefficient,
Pn=Cp (Aylg)p_A\ﬁ' (1) respectively.
2 Doubly Fed Induction Generator (DFIG)
c . . .
c B =c(Z-cp-c,)e % +cA 2 Doubly Fed Induction Generator (DFIG) is a wpyindoro
p(A) Cl(/\i 55 C) ° @) induction machine which includes stator and rotarding.
1 1 Cs This fifth order of DFIG in d-g model is used ingtpaper
A A+cB g+l '
Ra The d-qg stator voltagel,, uqs) are described by
/] = T (4) d¢ (4)
Uy = Rig + = - (11)
WhereC, A, B), AV, are power coefficient, sweep ° ° w,dt e
area, wind speed and pitch angle, respectively. _ d¢
uqs = Rslqs + £ - ws¢ds (12)
o a,dt
The d-q rotor voltageyy, , uqr) are described by
. d¢
= udr = erdr + o - (ws - a)r)¢qr (13)
5 w,dt
5 dg
—Di ar
(:g Uy =Rig + gt — (W~ W )Py (14)
Wherei , iqsare direct and quadrature axis stator current.
R,,R are stator and rotor resistance. The,, &) are
-1 5 T 6 8 10 12

synchronous and DFIG speed.
The d-q stator flux @, @) include self and mutual flux

Tip Speed Ratio

Fig. 1: Wind turbine characteristic

linkage are described by
Mechanical torqueT,, is the ratio of mechanical power to

Sl el
turbine speed as given by Pos = Ll + Lila (15)
T = I:)m ) ¢qs = leqs + Lmlqr (16)

" w The d-q rotor flux @y , @, &y . 4, ) include self and

The power from the wind turbine can be controlléa the

. . L o mutual flux linkage are expressed as
power coefficient. In practical, it is controlleg hdjusting a

S04l
pitch angle () to maintain a power from wind turbine. Do = Lilg + Lyl (17)
Fig. 2 shows the characteristic of wind turbine various ~ Po = Liig + Ll (18)
pitch angles. WherelL,, L,, andL,, are stator, rotor and mutual inductance,
A drive train system consists of shaft and gearbbixe respectively.
dynamic of the drive train system is described 9y [ The electromagnetic torquie is expressed as
2Ht da’t — Tm _'_'l't (6) Te = (¢ds|qs _¢qs|ds) 190
Converter
da DFIG converter system as shown in Fig. 1 is a dediack
2H, dtg =T, - T, —Fa, (7)  converter connected via a DC link capacitor. Itsi@s of
Rotor Side Converter (RSC) and Grid Side Convdf&SC)
T, =[D.(«4 - w,) + K E] 8 .The RSC is controlled voltag8)source by injectihg ac
dé voltage at slip frequency to the rotor. The GSE€astrolled
d—t =W, 9) voltage source as generateg e ac voltage. Ittanainthe
t DC link voltage to be constant value. The conveier
dé expressed as [11
?f:@% (10) P [11] (10)
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P =P +P, (20)

that STATCOM can improve both steady and dynamic

performance of the system.

WhereP;, Py andP. are RSC, GSC and DC link real power,
expressed by following

+v i

Pr = Vdrldr arar (21) [1]
Pg = Vgl ag + Vaglag (22)
dv
— H— dc
I:)dc = Vaclae = CVdc_nom dt (23)
(2]
: Grid
Distribution Network
- Drive
s || Train I [3]
: Transformer
‘Wind Speed
AC,
DC
Voltage Source Converter [4]

Fig. 2: Sample System

[l SIMULATION RESULTS
The presented mathematical model of STATACOM and
DFIG based on wind energy conversion system isdesh a  [5]
sample system as shown in Fig.2. A temporary threse
to ground fault occurs at load bus and the faultléared
after 100 msec. It can be observed from Fig. 3 that
STATCOM can improve system voltage both steady and

dynamic state. 6]
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Fig. 3: Comparison of the voltage at load bus of the system
with and without STATCOM

V. CONCLUSION
This paper investigated the effect of Static Syonbus
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