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ABSTRACT

This paper shows the comparative power flow improvement in transmission line power
system results using a Series Vectorial Compensator (SVeC). The proposed SVeC is one of the
Flexible AC Transmission System (FACTS) devices that uses AC capacitor instead of DC
capacitor. An equivalent Synchronous Generator (SG) based on Single Machine connected to
Infinite Bus (SMIB) through transmission line model is studied to present for the transmission
line power system. A Proportional Integral Derivative (PID) controller for SVeC is designed
by applying try and error method to supply the damping characteristic to the studied power
system. To clearly compare the damping contributed by the control device, time domain
approach based on nonlinear model simulation is presented. The simulation results are
performed in Matlab software environment. It can be concluded from the simulation results
that the proposed SVeC joined with the designed damping controller shown better damping
characteristics to the studied SMIB system under severe operating condition.

Keywords: Single-machine infinite-bus system; Series vectorial compensator; Damping
controller; Power flow; Stability.
TOM TAT

Bai bao trinh bay két qua so sanh cia viéc nang cao khd ndng truyén cong sudt trong hé
thong truyeén tai siz dung thiét bi bl néi tiép vecto (SVeC). Thiét bi SVeC dé xudt 1a mét trong
nhéiing thiét b; truyén tai xoay chiéu linh hogat (SVeC) siz dung tu bl xoay chiéu thay vi 1 chiéu
nhw cac thiét bj FACTS khdc. M6 hinh twong dwong ciia mdy phdt dién dong bg (SG) dya trén
m6 hinh 1 may phat néi véi bus v han (SMIB) théng qua dwong day truyeén tdi dioc sir dung
dé md ta hé thong truyén tdi dién. Bé dieu khién PID cho SVeC ciing dwoc thiét ké bang
phwrong phdp thir va sai dé cung cdp dé giam chdn cho hé thang nghién ciru. Pé dé dang so
sanh sy tdc déng cua thiét b dé xuat, cac két qua md phong trong mién thoi gian dira vao mo
hinh phi tuyén dwoc thiec hién. Cac két qua md phong ma duoc thuec hién duwa trén phan mém
Matlab. C6 thé két ludn tir két qua md phong rang, thiét bi bu SVeC dé xudt két hop véi bé
diéu khién thiét ké cho thdy cé dac tinh gidm dao déng tét hon trong hé thong SMIB nghién
citu trong diéu kién van hanh nghién trong.
Tir khoa: Hé 1 may dién néi luéi vo han; Thiét bj bu néi tiép vecto; Bé diéu khién giam dao
dgng; Dong cong suat; On dinh.

and voltage of power systems. Beside,
1. INTRODUCTION FACTS devices can effectively enhance the

Flexible AC Transmission System stability of power systems in the existing
(FACTS) devices have become more transmission networks [1-4]. Among various
popular in the world due to high-speed types of FACTS devices, almost based on
response to effectively control power flow voltage-sourced converters (VSCs) using
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DC capacitor to store the energy that
provide a potentially attractive solution to
control power flow in modern electric
networks. However, one of the drawbacks of
these devices is using DC capacitors which
are quite vulnerable to high temperatures. To
overcome this restriction, a new Series
Vectorial Compensator (S\VeC) device that
using the direct AC/AC power conversion
principle without large DC-link energy
storage components is introduced. This
device with a simpler pulse width
modulation (PWM) controller is utilized to
control active power in a transmission line
[5]. A comparative dynamic performance of
SVeC and thyristor controlled series
capacitor (TCSC), SVeC and SSSC are
presented in [6] and [7], respectively. In [8],
many specifications of SVeC such as
transformer rating, capacitor, converter,
power loss, and estimating power circuit
cost are compared with SSSC to
demonstrate the superior specifications of
SVeC.

This present paper focuses on design
PID damping controller for S\VeC to improve
the damping of a power system. The
organization of this paper is as follow.
Section 2 introduces the configuration of the
studied system. Section 3 shows the
comparative transient responses of the
studied system with the proposed S\VeC and
it designed damping controllers. Finally,
specific important conclusions of this paper
are drawn in Section 4.

2. THE STUDIED SYSTEM

Figure 1 shows the configuration of the
studied system. The SG-based SMIB system
has an equivalent SG of 160-MVA is
connected to an infinite bus (or a large power
grid) through transmission line and a step-up
transformer [9-10]. The proposed 50-MVAR
SVeC is connected in series with
transmission line and located near the Point
of Common Coupling (PCC). The utilized
mathematical models of the studied system
are described as follow.
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Fig. 1. Single line diagram of the studied
system

2.1. Synchronous Generator (SG) Model

The SG model used in this paper is taken
into account the sub-transient effects.

The complete d- and g-axis equivalent
circuits and the corresponding equations of a
SG can be referred to [9] in which, the block
diagram is shown in Figure 2.
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Fig. 2. Control scheme of the SG.

The excitation system in this model is
the fast static exciter IEEE type ST1A [11] as
shown in Figure 3 which is including the
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automatic voltage regulator (AVR) and the
power system stabilizer (PSS).
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Fig. 3. Fast static exciter and PSS model.

The mechanical input torque of the SG is
a single reheat tandem compound steam
turbine model presented in Figure 4 while the
speed governor model for the steam turbine
is also utilized in Figure 5 [9].
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Fig. 4. Single reheat tandem compound
steam turbine model
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Fig. 5. Speed governor model for steam
turbine

2.2. SVeC Model

The single line schematic diagram of the
power circuit of the studied SVeC is also
plotted in Figure 1. This device includes a
series injection transformer connected to a AC
capacitor bank through a pulse width
modulation (PWM) AC controller. As shown
in Figure 1, there are two switches. When the
switch k1 is closed, the transformer terminal is
shorted to isolating the compensation
capacitors from the transmission line the. On
the contrary, when switch k2 is closed, the
compensation  capacitors are effectively
connected in series with the transmission line.

The net amount of  reactive
compensation of SVeC is determined by the

total switching period. The duty ratio (D) of
the converter is defined as the ratio of the
on-period of switch k2 with respect to the
total switching period [7].

The external of the S\VeC is represented
by the reactance (Xswc) and the voltage
source (Vs) in series with the transmission
line. The main purpose of using S\VeC is to
provide a variable reactance Xswec in series
with the transmission line. This reactance is
adjusted through variations of the duty cycle
(D) of the controller.

By means of varying its equivalent
reactance of the transmission line, the power
flow of this line is controllable. The
equivalent series reactance can be defined as:

Xsvec = —n? 1- D)2 Xc 1)
where

n is the turn ratio of the coupling transformer,
D is duty cycle,

Xc is the reactance of the capacitor bank.

The value of the voltage source in series
with transmission line with line current It
can be described by

V, =n’(1-D)* Xl )

Also in [7], power flow between the
sending end V1 and the receiving end V> can
be calculated as follows

P VlVZ in(6,-9,)

12 = sin(6, -0, 3
XLine_nz (1_D)2Xc ( )

where Xiine IS the reactance of the

transmission line.

In order to improve oscillations of the
system by mean of controlling active power
flow of transmission line, the control block
diagram of the controller of this device is
shown in Figure 6.

In Fig. 8, Prer is determined by the
percentage of compensation level of S\VeC
with the active power transmitted in the
transmission line. In this paper, the
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percentage of compensation is chosen as
30%. The auxiliary signal, i.e., power
oscillation damping (Vcwi), is the output
signal of the PID controller which will be
designed to damp out oscillations of the
studied system.

Prer + 1 D Xsvec

1+sT;

PLine

Fig. 6. Control block diagram of the S\VeC

The parameters of the PID controller is
estimated by using try and error method
based on the results from auto tune function
in Matlab software.

3. SIMULATION RESULTS

This section presents the time domain
simulation results of the studied system
under severe operating condition to compare
the damping characteristics contributed by
the proposed SVeC joined with the designed
damping controller.

The simulation results in this section are
performed in MATLAB software.

For easier comparing the effective of the
proposed SVeC, the following transient
responses of the studied system without
SVeC (black lines), with the proposed SVeC
and its designed damping controller (blue
dotted lines) will be plotted.

The case studied is a severe three-phase
short-circuit fault happened at the infinite bus
att=2sand is cleared after 5 cycles.

Figure 7 presents the response of rotor
speed, the toque angle, the voltage at PCC,
active and reactive power in transmission
line of the studied system respectively.

It is clearly observed from simulation
results that the proposed SVeC with its
designed PID damping controller can offer
the better damping characteristics to the
studied system.
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Fig. 7. Simulation results



4. CONCLUSION

This paper has shown the comparative
damping improvement of a SMIB system
using SVeC. The PID damping controller has
been designed for the proposed S\VeC. Time
domain simulation results of the studied
system subject to a three-phase short-circuit
fault at the infinite bus have been
systematically performed to compare the
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effectiveness of the proposed SVeC joined
with the designed damping controller. It can
be concluded from the simulation results that
the proposed SVeC joined with the designed
PID damping controller has better damping
characteristics to improve the performance of
the studied SMIB system under different
operating conditions.
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