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Abstract—This article discusses specialized devices for possible in the case when the off lines are
the power flow control in power systems. Today it is an available. If a line is overloaded it can be tuff o
actual topic because of permanent increasing power flow in As the result of this action is redistribution bt
the transmission lines. Thistrend can lead to overloading of power flow in the power system but this action can
transmission lines and can endanger the security of electric lead to overloading of another transmission line
energy supply. and in the worst scenario to outage of the

transmission line.

FACTS, phase shift 1o ahove mentioned way offers insufficient optiems
the power flow control and for this reason we aeking
I. INTRODUCTION for specialized devices for the power flow contiola

. . power system.
Most of the world electric power systems are widely

interconnected. These connections include also lll. SECIALIZED DEVICES FOR POWER FLOW CONTROL
international connection. This is done for econ@hic  The need for greater control of the power flow iezgi
reason, to reduce the cost of electricity and tprowe use of specialized equipment, which includes FACTS
reliability of the power supply. Today we are wigsing a  devices and specialized transformer PST.

continuous increase of electricity demand. Thisndre pacTs devicesiccording the IEEE  FACTS devices
along with market liberalization causes problems ine. Alternating  Current  Transmission  Systems
management of power systems. These problems cén le@corporating power electronics-based and othéticsta
to overloading of transmission lines and in the stor onirollers to enhance controllability and poweansfer
scenario lead to disconnection of these lines.tdbks for capability. They open new opportunities for cotiitig

the power flow control in the Slovak transmissigstem o power flow and enhancing the capability of présas

are insufficient from the point of view of increagi \e|| as new lines. Controlled parameters are ctyren
demand. For this reason we need specialized detheg¢s voltage, line impedance and phase angle.

gfn/\?g(la?] totr?gggm égsifgswerbgmén téirgpslssit(n::elz:;(ible The FACTS devices for control the active powemnflo
Alternating Current Transmission System) and Psfan include, among others:

(Phase Shift Transformer). These devices provide tha TCSC

zfél'gbfg t(r)n S?j‘\?eemthfrepa‘i}’gﬁr;]l%ﬁv'vgrpsoy";’teerrj%ia The basic Thyristor-Controlled Series Capacitor is
lines overloading [4], [6]. shown in Fig. 1.

Keywords— power flow control,
transformer.

Il. THE CURRENT MEANS FOR CONTROLLING THE ACTIVE
POWER FLOW
Present tools for the power flow control in the \&lo
transmission system are:

1. Change of the source operatienThe distribution
of power plants and support services generally
remove a transmission element overloading.
Usability is practicable during normal operating
situations as well as in emergency critical stafes
the power system when a state of emergency i
declared.

2. Consumption contro- In this case power is
adjusted in distribution networks supplied from the
transmission system. It depends mainly on the Fig. 1. Thyristor-Controlled Series Capacitor
possibilities of the distribution network.

3. Electrical network reconfiguraticr-or example, It consists of the series compensating capacitontsd

the restriction during maintenance work andp,, 5 Thyristor-Controlled Reactor (TCR). | :
switching temporarily disabled elements. This is y a Thyristor-Controlled Reactor ( ). In a pieat
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TCSC implementation, several such basic comperssator The behaviour of an SSSC can be similar to a
may be connected in series to obtain the desirg®l controllable series capacitor and controllable eseri
rating and operating characteristics. The basia hind reactor. The basic difference is that the voltajecied by

the TCSC is to provide a continuously variable cgpa SSSC is not related to the line current and can be
by means of partially cancelling the effective independently controlled. The SSSC is effectiveldoth
compensating capacitance by the TCR. The TCR at tHew and high loading [3].

fundamental system frequency is continuously végiab  The application of SSSC:

reactive impedance, controllable by the delay angtae
steady-state impedance of the TCSC is a parall L
circuit, consisting of a fixed capacitive impedangeand

a variable inductive impedangg(a) [1].

The active power transported over a transmissitnif
given by the following equation:

Power flow control -The SSSC can be used both
for increasing and decreasing the power flow
through the transmission line.

Voltage and angle stability enhancementhe
SSSC gives a better possibility for damping
electromechanical oscillations.

_— The SSSC can be represented as series connected
P =22 zin (5, — &) (1) voltage source.

Xiine

P is the transmitted active powdd; and U, are the i RS &
voltages at the beginning and end of liXg, is the line . .
g g g fhe | —_— ! x

I

reactance, the anglésandd, are the voltage angles at the U, Xiinel X line2

line beginning and end . After addiction TCSC: I_r\"v‘\_;_@i/vv\_.,f\“’\—'
| | C—
I
Ii:
L Y o (o n o 1 line
P=m.sm (6, —&; £ A5 (2)

Fig. 3. Representation of a series connected wkagrce

AU, AX and Ao are changes of the voltage, line

reactance and phase angle due to insertion of TGBBC  ppage shift transformer (PSTRhase shift transformer
the power system. From above mentioned equatioiss it onsists of two units that create phase shift. RS®
clearly seen that we can control the power flowotigh  gevice for controlling the power flow through spci
the line by a change of the line impedance.. lines in a complex power transmission network. Bhasic
B.SSSC function of PST is to change the effective phase
displacement between the input voltage and theubutp
Vltage of a transmission line, thus controlling #tmount

of active power that can flow in the line [3].

The SSSC (Static Synchronous Series Compensator)
a series connected synchronous voltage sourcec#mat
vary the effective impedance of a transmission liye
injecting a voltage containing an appropriate presgle
in relation to the line current[2]. ~ jmmmmmmsmms—sme——m——m———- o

] i
In the principle, an SSSC is capable to interchang : U P, Dt g. X
active and reactive energy in the power system. Th p | |1 —=p Transformer |2 ' JN::‘: 1
injected voltage could be controlled in magnitudeda [ 1 | A | I |
phase if sufficient energy source is provided. Huog ' ,
reactive power compensation function, only the ritage Boosting !
of the voltage is controllable since the vector thé Transformer '
inserted voltage is perpendicular to the line autrdhe ' ,
SSSC can be smoothly controlled at any leading ¢ | |
lagging value within the operating range of voltagerce R . PST
converter (VSC) [3]. Fig. 4. Phase shift transformer
B s g0 B The PST consists of:
Ui Niner — U Ve % - exciting transformer — it provides input voltage to
—"" ) ! the phase shifter.
i - boosting transformer — it injects a controlled
et | o voltage in series in the system.

1

:

1

/ PST's have many different forms. They can be
vsC : classified into four classes:

1

1

1

I

1

1. Direct PST's — based on one three phase core. The
phase shift is obtained by connecting the windings
in an appropriate manner.

__________ | S8SC 2. Indirect PST's — based on a construction with two

separate transformers, one variable tap excited to
Fig. 2. Basic configuration of an SSSC regulate the amplitude of the quadrature voltage
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and one series transformer to inject the quadrature
voltage in the right phase.

3. Asymmetrical PST's — create an output voltagegm
with an altered phase angle and amplitudes™
compared to the input voltage. g w0 ~

4. Symmetrical PST’s — create an output voltage With% 0 p— =
an altered phase angle compared to the inp. - = = —_

ooooooo

. ) 8‘3333?3?.‘%“,‘0‘)@’?/4“:@4«;&5 ,;;
voltage, but with the same amplitude [4]. PR T B B REREEELELE .

Conventional PST includes mechanical tap changer. | .. =T \ -
TCPST (Thyristor Controlled Phase Shift Transfoimer _ _-—"~
classical mechanical switches in conventional P%Few
replaced by thyristors. They are able to emulate

mechanical switches. Advantage is that they offel *™
continuously phase angle control .

P

-800

Angle of PST [°]

Fig. 6, Influence of PST on active power flows (ASTnstalled in line
V449)

IV. USINGPSTFOR ACTIVE POWER FLOW CONTROL

According to data from international exchanges of
electricity, the most loaded interstate profilensmission
system of the Slovak Republic is the profile of BKk
According to SED Zilina, power flow on the profile
between approximately 400 — 1800 MW.

The main affects on the SK-HU profile are :

1. Deficit of electricity production in southern part
Europe.

2. Export opportunities in Slovakia and neighbouring
countries especially East Germany, Poland and th ™
Czech Republic. 20

3. The actual configuration of the interconnected
system. Export from Slovakia passes the profile Fig. 7. influence of PST on reactive power flowSTHs installed in
SK-HU. In the case of Poland, the power flow line V448)
passes through Poland-Czech-Slovakia-Hungarian
profile. Energy export from the Czech Republic 7
passes through Czech-Slovakia-Hungarian profiles
and also Czech-Austrian profile. e

For these reasons the SK-HU profile is potentitily

most suitable for PST deployment . Further is nosretd a
depth analysis of PST deployment on this profilbe g —% 2
impact of PST on the active and reactive power flon
control is shown in the following figures.
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3 Fig. 8. Influence of PST on reactive power flowS{Hs installed in
! line V449)
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V. CONCLUSION
o The article dealt with the analysis of the activavpr
00 Angle of PST[°] flow control on the common international lines ¢-5U

using PST. This specialized device for the powewfl
Fig. 5. Influence of PST on active power flows (RSThstalled inline ~ control can be used for operational managemenhef t
V448) loading lines, in fault conditions, but also forhgog
business cases.

The control has no affect only on the active power

As we can see the profiles SK-HU and SK-CZ argjoy, put also on the active power losses in thevgro
particularly affected if PST is installed in thedi V448.  gystem. In some power systems due to control dtieea

The profiles SK-HU and SK-UA are particularly affed  ,o\ver [osses can increase in other cases theyetaease.

if PST is installed in the line V449. The SK-HU fil®  These losses have to be covered by increasing giodu
control has no effect on the SK-PL profile.
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