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Abstract—The developing countries use thyritor, GTO,
IGBT, MOSFET, and many other electronic device. These
are use for switching devices because its initial cost is low.
The switching device are mechanical and then operating
signal are sent to circuit where final control action take
place, these are the slow process. Another problem are also
associated with mechanical switch that it cannot control
frequently[2]. To reduced this problem use in FACTS
technology. It is developed in 1990. It can also use series
and shunt condition. It is power electronic based and static
device such as Thyristors, Gate turn offs(GTO), Insulated
gate bipolar transistors(IGBT), Insulated Gate Commutated
thyristors (IGCT),they can be controlled very fast as well as
different control algorithms adapted to various
situationg] 5]. The FACTS technology is use for controlling
the both types of powers and enhancing the usable capacity
of present transmission systems[6]. It has increase line
capacity .The ability of FACTS controllers to adjust the
power system electrical parameters including series and
shunt impedances, current, voltage, phase angle, and the
damping oscillations etc. The FACTS devices has various
power electronicsdevices[1].
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I. INTRODUCTION

Flexible AC Transmission System (FACSAlternating
current transmission systems incorporating power
electronic-based and other static controllers thaene
controllability and increase power transfer capgbilhe
main objective of using static var compensator with
supplementary controller is to improve the powetdain
distribution system during normal as well as abrairm
condition and also to improve the voltage stabildfy
system during fault condition so that to meet gty of
supply. The ultimate objective of compensation @& t
increase transmittable power. This may requireidnmrove
the KW capacity of transformer and alternatorsijmprove
the regulation of line and to decrease overall pestunits.

(3]
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II. STATICVAR COMPENSATOR
The UPFC is a device which can control simultangoals
three parameters of line power flow (line impedance
voltage and phase angle) .It is a one of the FAGRSly
that used to optimum power flow in transmission.eTh
UPFC is a combination of static synchronous comgtens
(STATCOM) and static synchronous compensator
(SSSC).Both converters are operated from a comnwon d
link with a dc storage capacitor. The real power fraely
flow in either direction between the two-ac brarshgach
converter can independently generate or absorbtiveac
power at the ac output terminals[11]. The controlle
provides the gating signals to the converter valtes
provide the desired series voltages and simultasigou
drawing the necessary shunt currents, In orderrdwige
the required series injected voltage, the inverbguires a
dc source with regenerative capabilities. The [obssi
solution is to use the shunt inverter to suppoet dic bus
voltage[30].
The UPFC can perform the function of STATCOM and
SSSC and phase angle regulator. Besides that tfeCUP
also provides an additional flexibility by combigisome of
the function above. UPFC has also a unique capalbdi
control real and reactive power flow simultaneousty a
transmission system as well as to regulate thegelat the
bus where it's connected. The UPFC can also inerédas
capability of the power flow to the load demandiluits
reach its limit in the short period .At the samméithe
UPFC also can increase the security system byaserethe
limit of transient stability, fault and the overald demand.
Lastly the UPFC also can reduce the value of thetie
power And will optimum the real power flow througihe
transmission line[20]. The Unified Power Flow Catlier
(UPFC) was proposed first time for real turn-offndéi
control and dynamic compensation of ac transmission
systems.
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Fig.1.1: The Schematic diagram of UPFC
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Fig.1.1 shows the Unified Power FIQ@huoler iS CcOnsists of
two switching converters [18][25]. Which are coresied as
voltage sourced inverters using gate thyristor esvas
illustrated in. These inverters, labeled "VSC1” dn&C2"

in the figure are operated with a common dc lingvjmted
by a dc storage capacitor. With this arrangemeat ab
power converter in which the real power can frdiw in
either direction between the ac terminals of theo tw
inverters and each inverter can independently geaess
well as absorb the reactive power at its own a@utut
terminal .Since the series converter of the UPFCigj@ct a
voltage with variable magnitude and phase angleait
exchange real power with the transmission line with
help of series transformer. However a UPFC as alevho
(both converter) cannot supply or absorb real poimer
steady state (except for the power drawn to congierfer
the losses).Unless it has a power source at DCirtalsn
Thus the shunt branch is required for compensaben(the
system for any real power drawn/supplied by theeser
branch and the losses. when the power balance tis no
maintained, at that situation the capacitor camewiain at a
constant voltage. Shunt branch also can indepelydent
exchange reactive power with the system[31]. Thdi&th
Power Flow Controller from the stand point of contienal
power transmission based on reactive series corapiens
shunt compensation, and phase shifting, the UPFds
only device which can fulfill all these functionadathereby
meet multiple control objectives by adding the abgel
voltage Vg, with appropriate amplitude and phase angle, to
the terminal voltage Vo Using phasor representatibe
basic UPFC power flow control functions are illaséd in
Fig. 1.2 [20].
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Fig.1.2: Basic UPFC control function. (a)Voltage
Regulation (b) Series compensation (c) Angle regulation (d)
Multi-function power flow controller

Fig.1.2 is shown terminal voltage regulation, sanilo that
obtainable with a transformer tap-changer havirfiiiely
small steps[18][34]. It is shown at (a) where VA\=
(boldface letters represent phasors) is injectephise (or
anti-phase) with Vo. Series capacitive compensai®n
shown at (b) where Vm= Vc is injected in quadratwith
the line current .| Transmission angle regulation (Phase
shifting) is shown at (c) where Vpqg=,6 injected with an
angular relationship with respect to Vo that acbgvhe
desireds phase shift (advance or retard) without any change
in magnitude[20].

Vpg=AV+ Vc + V,
The shunt converter draws a controlled current friwe
system. One component of this current is Ip whish i
automatically determined by the requirement to medathe
real power supplied to the series converter thraihghDC
link. This power balance is enforced by regulating DC
capacitor voltage by feedback control[17].The other
component of the shunt converter current is thetiea
current, Ir which can be controlled in a similash@on as in
a STATCOM. There are two operating (control) mofies
a STATCOM or the shunt converter. These are, VAR
control mode where the reactive current referense i
determined by the inductive or capacitive VAR comiha
The feedback signals are obtained from currensfoamers
(CT) typically located on the bushings of the caupl(step
down) transformer[17][30].Automatic voltage controbde
where the reactive current reference is determimgdhe
output of the feedback voltage controller whichoirporates
a droop characteristic (as in the case of a SVCaor
STATCOM). The voltage feedback signals are obtained
from potential transformers (PT) measuring the agit V1
at the substation feeding the coupling transforjhé}.
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Fig.1.3: Block diagram of shunt VSC controller

[1l. ACTIVEAND REACTIVE POWER CONTROL
BY UPFC

In figure (4.14) a simple two machine (or two bus a
inertia) system with sending-end voltage Vs, reioghend
voltage Vr, and line (or tie) impedance X (assumied,
simplicity, inductive) is shown. At (b) the voltag®f the
system in form of a phasor diagram are shown with
transmission angl&@ and Vs = Vr = V. At the receiving ends
of the line the transmitted active and reactive @oware
P=V4X sind and Q =Qs = Qr=¥X (1 - co$)[20].
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Fig.1.4 (a): Smpletwo machine system (b): Related voltage
phasors

Fig.1.4(a) and (b) are show the basic power systewmith
the known transmission characteristics is introdude
providing a vehicle to establish the capabilitythé UPFC
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to control the transmitted real power P and thectrea
power demands, £ and Qs,at the sending-end and,
respectively, the receiving-end of the line[17][18]

14

Fig.1.5: Two-machine system with the Unified Power Flow
Controller
Fig.1.5 are show two-machine system with the Udifie
Power Flow Controller[1][37]. Consider Fig.1.5 whethe
simple power system of Fig.1.4 is expanded to uhelthe
UPFC. In the previous section explained that he G-
represented by a controllable voltage source ireserith
the line which, can generate or absorb reactivegpalat it
negotiates with the line, but the real power it fexoges
must be supplied to it, or absorbed from it, by skeding-
end generator .The voltage which is injected by Uir+-C
in series with the line is represented by phasohating
magnitude Vpg (® Vpg <0.5 p. u) and anglep
(0<p<360°)measured from the given phase position of
phasor as illustrated in the figure. The line cuotrés
represented by phasoy flows through the series voltage
source, Vpg and generally results in both reactinéd real
power exchange

IV. MATELAB SIMULATION
The modal of UPFC. Voltage source is connected to
transmission line. In transmission has connectedhtee
phase transformer. It other side is also connethede
transformer in series connection. It has two irewerre
connected, they are STATCOM and SSSC. Where
STATCOM is control active power and reactive powad
SSSC is control the voltage magnitude and phaske.émg
UPFC controlling is done by the both VSC devicdates
and is control by SSSC. It is use gate pulse gémrecacuit
because controlling of gate pulse generator cirisugasy.
In gate pulse generator circuit input voltage dimthg
angle where compared and then send its outputate g
pulse Thyristor.It series shunt type of FACTS desiclt
easy to control as compare to capacitor and othevea
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device. STATCOM is only control to active and reaet
power and SSSC is only control to voltage magnitade
phase angle between voltage and current. So w&JBEE
because it is a combination of both STATCOM andGSS

Fig.1.6: UPFC Smulation Modal

V. RESULTSAND DISCUSSION
In this simulation model both active and reactiwsvpr are
analyzed. In domestic and industries large indectoads
are used which consumes heavy reactive power. Se th
a essential requirement of reactive power compimsat
Reactive power can be compensated using FACT dgvice
but controlling of these devices are complex, whilFC is
easy to control.
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Fig.1.7: Active and Reactive Power without
UPFC
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Fig.1.8: Active and Reactive Power with UPFC
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