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Abstract

Overload in transmission systems and higher demand of electric energy have necessitated higher production of electric energy.
However, it is very difficult to obtain new limits for transmission lines. Therefore, power generation and transmission companies
try to make use of maximum capacity of their transmission lines. As a novel technology, FACTS have enabled companies to
generate higher energy along with attaining high level system reliability. FACTS is composed of several components, e.g.
TCSC, UPFC, and SVC. TCSC is a capacitor reactance compensator including a capacitor bank in series which is paralleled
with a thyristor-controlled reator to provide a series capacitor reactance with uniform variations. UPFC is able to control
transmission line voltage, impedance, and angle simultaneously or optionally and it can control real and reactive power flow in
line. Also, it can compensate reactive power in parallel with independent control capability. SVC is a static generator of reactive
power in which output are changed in a way that specific parameters in electric power systems are preserved or controlled. The
present paper considered these three components of FACTS technology which are able to increase control and efficiency of
transmission lines to achieve higher level of power systems reliability.

Keywords: power systems, FACTS, transmission lines, TCSC, UPFC, SVC.

1. Introduction

Due to environmental problems, energy generation, and etc. in recent years, development and propagation of electric
energy transmission grids have reduced. Nevertheless, high demand and everQincreasing requirement of energy,
reliability, and energy provision are still considered important and practical issues in electric industry. Therefore, use of
new and developed equipment with power electric devices is very important (Ghasemi et al., 2011).

A great deal of growth in power transmission facilities has been limited despite the fact that the volume of power
transmission and use of power systems have been increasing in three parts, i.e. transmission corridors, non-uniform use
of facilities, and unwanted pathways or rings. Therefore, it is very important to develop transmission lines; however, it
seems difficult to operationalize. Such factors as environmental diversity, land use, and regulations influence on this
situation.

FACTS technology is considered an important tool to make full use of available transmission facilities in
emergencies with no security problem in system. Interesting feature of these facilities is direct control of the power
passing through transmission lines by changing parameters of grid structure via high-gain control systems based upon
fast switching.

A great deal of attention has been paid in literature to make use of FACTS technology in electric industry
(RezaeeJordehi, 2015; Valle and Araujo, 2015; Balamurugan et al., 2015; Mohammadpour, et al., 2015; Ghorbani et al.,
2015; Singh et al., 2015; Gasperic and Mihalic, 2015; Abdelsalam et al., 2015; Duong et al., 2014; Esmaili et al., 2014;
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Kumar and Kumar Mittapalli, 2014; Manahov and Hudson, 2013; Ravi and Rajaram, 2013 among others). The present
paper aimed at determination of three important components of FACTS devices, i.e. TCSC, UPFC, and SVC. Also, a brief
comparison of TCSC and UPFC in terms of their influence on power system reliability is provided.

2. Thyristor Controlled Series Capacitor (TCSC)

TCSC is one component of FACTS which makes it possible to change apparent characteristic impedance in transmission
lines so that power flow passes through conventional pathway. This controlled impedance can be programmed in a way
that it can react in a distinct method in emergencies and increases power system security. As a result, it becomes
possible to make consistent use of what system tends to in higher power levels. Although mechanical switches, as a rule,
can achieve these advantages, proven speed and reliability of thyristors lead to full benefit from final capacity of
transmission system. TCSC in transmission system is adopted in order to balance natural load in two parallel
transmission lines for maximum transmission capacity. Transmission active power depends on transmission line
reactance as follows:

P= |Vll(ﬂsin(al — 02)

Therefore, power transmission can be changed by adjusting impedance of grid series through thyristor controllers.
TCSC is one of the most important thyristor controllers. Fig. 1 shows the basic circuit of a TCSC. This includes a
capacitor along with a reactor controlled by thyristor. In practice, TCSC is launched in series with transmission line in
order to obtain optimal apparent voltage and proper working features.
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Figure 1: The main circuit of a TCSC

According to the variations in fire angle of thyristors (a) or conductance angle (o), this process may be modeled as a fast
switch in accordance with the reactance related to power system.

Fig. 2 depicts changes of X TCSC in terms of changes of a. Compensation degree of the series is controlled by
increase or decrease in thyristors’ conductance period and consequently, the current passing through TCR. The firing
angle a of TCR is defined as the difference in electric angle between the positive voltage passing through zero and the
current passing through zero. In a<90°, there is no control over inductive current. Also, a>180° is not permissible for
thyristors because of limitation in thyristors symmetrical firing (Shahmoradi et al., 2012).

As mentioned above, TCSC acts as a controllable reactance in transmission line. It includes a branch containing a
capacitor bank and a parallel branch with a controlled thyristor and inductive bank and it rectifies reactance of
transmission line by controlling inductive branch. TCSC reactance is obtained as follows:

XcXL

XTCSC - %[Z (m— @)+ sin2a]- X,

Where a, Xc, and Xc denote firing angle of thyristor, capacitor reactance, and inductive reactance, respectively.
TCSC is placed in transmission line in series and it is related to reactance of transmission line as follows:

Xij = Xiine + Xrese

For achieving a better modeling for TCSC in optimization, it is usually defined as follows:

Xresc = Trese X Xiine

where r stands for compensation factor of TCSC and it varies based upon where exactly it is placed on
transmission line ranging between -0.7 and 0.2. A schematic view of TCSC can be seen in Fig. 2.
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Figure 2: A corresponding model of TCSC
3. Unified Power Flow Controller (UPFC)

Basically, UPFC has two voltage source inverters and a common capacitor between them, and they are connected to grid
in series-parallel by two transformers. Fig. 3 depicts general structure of UPFC.
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Figure 3: General structure of UPFC

In order to determine UPFC, it is modeled in two ways, i.e. coupled model and decoupled model. The former is more
complicated because Jacobian matrix should be corrected here whereas the latter can be easily entered into load
dispersion algorithms without any need to correction or simplification of Jacobian matrix. In most literature, decoupled
model has been adopted. Fig. 4 shows the structure of a decoupled model of UPFC.
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Figure 4: Decoupled model of UPFC
4. Comparing TCSC and UPFC

Here, a comparison is made in order to find the differences between UPFC and TCSC in terms of their influence on
system reliability. TCSC renders a fast control ability on active power in transmission lines. For performing this
comparison, TCSC can be considered as a continuous varying capacitor whose impedance ranges in 0SXG<Zc max.
Controllable series capacitor impedance can reduce a part of inductive reactance in transmission line and decrease total
impedance of transmission line and consequently, it can increase transmissible power. Increased transmissible power is
a fixed percentage of transmitted power by uncompensated line in a given transmission angle. In other words, higher
transmitted power in a small transmission angle is very lower than that in a big transmission angle. This is associated with
the fact that TCSC is a series impedance and the compensated voltage by TCSC is dependent on transmission line
current which is a function of transmission angle 8. In contrast, UPFC is a voltage source and compensated voltage by
UPFC is not dependent on line current and & angle; it is dependent on maximum series voltage by UPFC.

Here, it is assumed that TCSC is connected to the transmission line L1 in series. Compensation angle is in such a
way that total inductive reactance of line L1 equals half of inductive reactance of L.. Moreover, it is assumed that reliability
of TCSC and UPFC is 100%. It is considered that by reducing transmission angle and using TCSC, transmitted power
from the lines L1 and L2 are 1.5P and 0.75 P, respectively(Abazari et al., 2009). Other system parameters are considered
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to be the same. Reliability related to two situations in shown in Fig. 5.
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Figure 5: TCSC vs. UPFC

It can be seen from above figure that for a given load peak, system risk level (LOLE and LOEE) is higher for TCSC than
UPFC. This is more obvious for higher load level. It is because UPFC can ensure higher transmission reliability in system.

5. Static Var Compensator (SVC)
SVC consists of a TCR (reactive impedance in XL with a two-way valve-thyristor) parallel with a capacitor bank Xc and it
adjusts the voltage of connecting point to the grid as a parallel varying reactance by absorhing or producing reactive

power. It is mostly applied to provide reactive power very fast and to support voltage. By controlling firing angle of
thyristor, SVC is able to respond instantaneously (Abazari et al., 2009). A schematic of SVC is shown in Fig. 6.
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Figure 6: Schematic representation of FC-TCR (SVC) circuit

Controllable part of TCR reactance, XV is derived as follows:

s
XV - 2m—-2a+ sin2a . . . . .
wherea is firing angle of thyristor. Effective susceptance B in TCR is achieved as follows:
_ Xyt+Xc
T xyxc

6. Conclusion

As a novel technology based upon power electronics, Flexible Alternating Current Transmission Systems (FACTS)
provide an opportunity to control, stabilize, and elevate power capability in AC power systems. Transmission and
distribution of electric energy are regarded as dynamic and growing aspects of power engineering.

FACTS technology is not a single powerful technology but it is a set of controllers, each is able to control one or
some system parameters in isolation or in combination with other controllers. A properly selected FACTS controller can
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solve specific limitations of a given line or corridor. Since FACTS controllers supply applications of a basic technology,
production of this technology might make use of basic technologies. System designer can base predictions on the basis
of a developing scenario including mechanical switching devices and FACTS controllers. The transmission lines equipped
with a combination of mechanical controllers and FATS can achieve its goals via a stepwise and proper investment.
FACTS makes it possible to reach maximum potential capabilities of system by addition of powerful controlling systems to
electric energy transmission grid and controlling system parameters.

Needless to say that FACTS technology provide new opportunities to control power and increase operational
capability of existing lines as well as new and promoted lines. It is noteworthy that FACTS technology is an empowering
technology not a proper alternative for mechanical switches. Also, FACTS controllers are able to increase power system
reliability, among its other advantages.
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