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APPLICATION OF AN SVC TO ENHANCE THE STABILITY OF THE
DFIG-BASED WIND TURBINE GENERATOR FED TO POWER GRID
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ON BINH DONG CUA MAY PHAT DIEN GIO NGUON DOI (DFIG)
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TOM TAT

Bai bdo trinh bay viéc vmg dung thiét bi bii ngang (SVC) dé cdi thién 6n dinh dong ciia may phat
cam vmg nguén doi (DFIG) tuabin gi6é (WT) c6 két néi véi ludi dién. Hé thong dién nang lwong
gi6 stk dung trong nghién civu ¢é cong sudt 9-MW bao gom 6 x 1.5-MW mdy phdt DFIG két ndi
v6i bus 110 kV ciia hé thong dién. Két qua mé phong dwoc thuwce hién trong phan mém MATLAB
Véi cdc diéu kién nhiéu khdc nhau. C6 thé két ludn tir két qua mé phong rang SVC ¢6 thé gitip
ting cwong on dinh dong ciia hé thong nghién ciru.

Tir khéa: May phat cam ing nguon d6i (DFIG), mdy phdt dién gié (WTG), thiét bi bii ngang
(SVC), on dinh.

ABSTRACT

This paper presents the application of a Static Var Compensator (SVC) to improve the dynamic
stability of the Doubly-Fed Induction Generator (DFIG)-based Wind Turbine Generator (WTG)
fed to power grid. The studied 9-MW wind power system includes 6x1.5-MW DFIG-based WTG
connected to bus 110-kV of the power system. Simulation results are performed in commercial
MATLAB software with different disturbance conditions. It can be concluded from simulation
results that the effect of the proposed SVC can enhance the stability of the studied system.

Keywords: Doubly-Fed Induction Generator (DFIG), Wind Turbine Generator (WTG), Static
Var Compensator (SVC), Stability.

I. INTRODUCTION

With the increasing penetration of wind power
into electrical grids, Doubly-Fed Induction
Generator (DFIG)-based wind turbines (WTs)
are largely deployed due to their variable
speed feature and hence influencing system
dynamics. This has created an interest in
developing suitable models for DFIG to be
integrated into power system studies. The
continuous trend of having high penetration
of wind power, in recent years, has made
it necessary to introduce new practices.

DFIG is the most employed generator due
to many merits of it such as, high efficiency
compared to direct drive wind power system
with a full-scale power converter since only
about 20% of power flowing through power
converter and the rest through stator without
power electronics, capability of decoupled
control active and reactive power for better
grid integration [1]. However, by connecting
stator windings directly to the power grid, it is
extremely sensitive to grid faults. To improve
the stability of the power systems, fixed
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capacitor banks are usually used. However,
fixed capacitor cannot adjust the supporting
reactive power to grid to maintain the voltage
stable. In[2], anew topology structure of Static
Var Compensator (SVC) has been proposed
which is used to correct the unbalanced
problems and improve the reliability of power
systems. An SVC and a thyristor-controlled
series compensator (TCSC) were employed
in a single-machine infinite-bus (SMIB)
system to improve transient voltage stability

Bus 4

PCC

of an asynchronous wind farm [3]. In which,
the SVC was able to offer reactive power to
maintain the transient stability while the TCSC
was able to promote the terminal voltage and
effectively improve low-voltage ride through
(LVRT) capability.

In this paper, an SVC is proposed to regulate
voltage at its terminals by controlling the
amount of reactive power injected into or
absorbed from the power system for replacing
the fixed capacitor.
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Fig.1: Configuration of the studied system.

II. SYSTEM CONFIGURATION AND
MATHEMATICAL MODELS

Fig. 1 shows the configuration of the studied
system. A 9-MW wind farm consisting of
6 x 1.5-MWWTs connected to a 22-kV
distribution system exports power to a 110-kV
power grid through a 30-km, 22-kV feeder.
An SVC is proposed to connect to the PCC
to supply the adequate reactive power to the
system.

WTs use a DFIG consisting of a wound rotor
induction generator and an AC/DC/AC IGBT-
based PWM converter. The stator winding is

Turbine

connected directly to the 50-Hz grid while the
rotor is fed at variable frequency through the
AC/DC and DC/AC converters.

1. DFIG-based Wind Turbine Model

In this paper, a DFIG model shown in Fig. 2
developed in a dg-axis synchronous reference
frame with an assumption of neglecting the
stator-winding transient effects is employed

[4].

By neglecting the stator-winding transients,
the pu voltage-current equations of the stator
windings and the rotor windings of a wind
DFIG are given by

M=

C

+
dewd ;l[_\_lécwd

CONTROL SYSTEM

Fig. 2. One-line diagram of

wind DFIG driven by a WT.
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Where y_
of the stator windings and the rotor windings,
respectively.

and y_  are the pu flux linkages

The pu electromagnetic torque of the wind

DFIG can be determined by
7:3wd = med (iqrwd idswd - idrwd Z‘qswa’ ) (5 )
Where i and i , are the pu stator-winding

and rotor-winding currents of the wind DFIG,
respectively.

Neglecting the power losses of the Rotor Side
Converter (RSC) and the Grid Side Converter
(GSC), the power balance equation for the
back-to-back converter shown in Fig. 2 can be
written as

Prwd :Pgwd _I)dcwd

5)
Where P, and P, are the active powers at
the AC termmals of the RSC and the GSC,
respectively while P, is the active power at
the DC link. These three active powers can be

expressed as follows.

Prwd = vdrwd ia'rwd + vqrwd iqrwd (6)
Pgwd = vdgwd idgwd + ngwd iqgwd (7)
Pdcwd Vdcwd I dewd (Vdcwd Cdcwd ) ( dewd ) (8)

Substituting (5)-(7) into (8), the pu differential
equation of the DC link can be obtained as

gewd Igggwa’

(Vdfcmff Caf.':’wd ) p (ycf&mf ) = Vd'gwd Iafglw;" v
- Vq7wa’ lqrwd' (9)
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For normal operation of a wind DFIG, the
input AC-side voltages of the RSC and the
GSC can be effectively controlled to achieve
the aims of simultaneous control of the output
active power and reactive power.

2. SVC model

The proposed SVC in this paper is used for
regulating the voltage at its terminals by
compensating the proper amount of reactive
power to power systems. The single-phase
equivalent circuit of the SVC with thyristor-
controlled reactor-fixed capacitor (TCR-FC)
type was shown in Fig. 3 [5]. Fig. 4 shows
the control block diagram for the equivalent
susceptance By, of the studied SVC. When
the system voltage is lower than the reference
value, the value of B, . of the SVC is positive
to inject reactive power to the system; when
the system voltage is higher than the reference
value, the B,. of the SVC is negative to
absorb reactive power from the power system.
Assuming a balanced and fundamental
frequency operation, the equivalent B, . of
the SVC is a function of the firing angle o as
shown below [6].

2a —sin(2a)—7r[2—XLj
XC

X,

Bgyc (0()2 (10)

Where X, and X . are reactance of reactor and
capacitor of SVC, respectively.

PCC

Fig. 3. One-line diagram of SVC.
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Fig.4. Control scheme of SVC.

III. COMPARISION BETWEEN FIXED
CAPACITOR AND SVC

For estimating the advantages of the proposed
SVC to the fixed capacitor, in this section,
the nonlinear system model is employed
to compare the damping characteristics
contributed by the proposed SVC on stability
improvement of the studied system subject to
a severe disturbance. It is assumed that the
WTG is operated at a wind speed of 8 m/s
since this is the average offshore wind speed
value in Vietnam. Simulation results of the
proposed system are performed in MATLAB/
Simulink toolbox.

Fig. 5 plots the comparative transient responses
of the studied system without compensation
(blue lines), with fixed capacitor (red dotted
lines), and with the proposed SVC (black
lines), respectively. The three-phase short
circuit fault at the PCC is suddenly applied at
t=0.5sand is cleared at t = (0.5 + 1/60) s. In
this case studied, the fault happened in 1/60s to
warranty that the protection relay is inactive.
It is clearly observed from the comparative
transient simulation results that the transient
responses of the studied system shown in Figs.
5(a)-(d) exhibit good damping performance
when the proposed fixed capacitor and SVC
are connected in the PCC are included in the
system. When a fault is happened the system
oscillated and quickly reaching their steady-
state values.

IV. CONCLUS ION

This paper has presented the comparative
stability improvement of a DFIG-based WT
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Fig. 5: Transient responses of the studied system
under a three-phase short-circuit fault.



fed to power systems. To supply the adequate
reactive power to the system an SVC has been
proposed to connect to the PCC of the studied
system. Comparative time domain simulation
results of the studied system subject to a
three-phase short circuit fault at the connected
bus have been systematically performed to
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demonstrate the effectiveness of the proposed
SVC on suppressing inherent oscillations
of the studied system. It can be concluded
from the simulation results that the proposed
SVC has the best damping characteristics to
improve the performance of the DFIG-based
WT fed to the power system under a severe

operating condition.
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