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Abstract— It is very important to control the power flow
along the transmission line. Thus to control and improve
the performance of ac power systems, we need the various
different types compensators Now-a-days the Flexible AC
Transmission Systems (FACTS) is very popular and
essential device in power systems. After introducing the
FACTS technology, power flow along the transmission
lines becomes more flexible and controllable. Several
FACTSdevices have been introduced for various
applications in power system. Among a variety of FACTS
controllers, Unified Power Flow Controller (UPFC) is
the most powerful and versatile device.
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I. INTRODUCTION
Flexible AC Transmission System (FACR\lternating
current transmission systems incorporating power
electronic-based and other static controllers tbaene
controllability and increase power transfer capgbirhe
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 stabilitfy
system during fault condition so that to meet auity of
supply. The ultimate objective of compensation ds t
increase transmittable power. This may required to
improve the KW capacity of transformer and alteonsit
to improve the regulation of line and to decreaserall
cost per units. [3]

II. STATIC VAR COMPENSATOR
The The UPFC is a device which can control
simultaneously all three parameters of line powewf
(line impedance, voltage and phase angle) .It asie@ of
the FACTS family that used to optimum power flow in
transmission. The UPFC is a combination of static
synchronous compensator (STATCOM) and static

synchronous compensator (SSSC).Both converters are

operated from a common dc link with a dc storage
capacitor. The real power can freely flow in either
direction between the two-ac branches. Each coswvert
can independently generate or absorb reactive paiver
the ac output terminals[11]. The controller progid@e
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gating signals to the converter valves to provitie t
desired series voltages and simultaneously drawlieg
necessary shunt currents, In order to provide ¢heired
series injected voltage, the inverter requires ssalarce
with regenerative capabilities. The possible solutis to
use the shunt inverter to support the dc bus ve|&Qd).

The UPFC can perform the function of STATCOM and
SSSC and phase angle regulator. Besides that tReCUP
also provides an additional flexibility by combigisome
of the function above. UPFC has also a unique dhfyab
to control real and reactive power flow simultangglon

a transmission system as well as to regulate thiagemat
the bus where it's connected. The UPFC can alseése
the capability of the power flow to the load demaumil

its reach its limit in the short period .At the satime the
UPFC also can increase the security system byasese
the limit of transient stability, fault and the oviwad
demand. Lastly the UPFC also can reduce the vdlthkeo
reactive power And will optimum the real power flow
through the transmission line[20]. The Unified Powe
Flow Controller (UPFC) was proposed first time feal
turn-off time control and dynamic compensation af a
transmission systems.

Traasmission

UPFC b Fie @
¥ e
b =
=P,
J T Ai-enn—b—
Serie AL | =Ty
mumsformer oy
. | UP:FC | | "I'remzminziva Eue
I A G Yo
|" Y I tmnsformer T T
Q“T Y v . N
s i
L A I
L Cok oy
e TR T 1 2
¥, g, .t ot |
P —

Beriea controller

0

Shont controller

¥ ——

T— Covrdination ’»

controller
i
e @

Fig.1.1: The Schematic Transmission System of UPFC
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Fig.1.1 shows the Unified Power FloMhyore iS cONsists
of two switching converters [18][25]. Which &
considered as voltage sourced inverters using
thyristor valves, as illustrated in. These investdabelec
"WVSC1” and "VSC2" in the figure are operated witl
common dc link provided by acdstorage capacitor. Wi
this arrangement the ac power converter in whiehréal
power can freely flow in either direction betwedr tac
terminals of the two inverters and each inverten
independently generate as well as absorb the ve:
power atits own ac output terminal .Since the se
converter of the UPFC can inject a voltage withiatale
magnitude and phase angle it can exchange realrg
with the transmission line with the help of sel
transformer. However a UPFC as a whole (L
conwerter) cannot supply or absorb real power in ste
state (except for the power drawn to compensatehie
losses).Unless it has a power source at DC term
Thus the shunt branch is required for compensaten(
the system for any real power drawniplied by the
series branch and the losses. when the power leala
not maintained, at that situation the capacitornca
remain at a constant voltage. Shunt branch also
independently exchange reactive power with
system[31]. The Unified Power RloController from the
stand point of conventional power transmission tdase
reactive series compensation, shunt compensatiach
phase shifting, the UPFC is the only device whieim
fulfill all these functions and thereby meet muki
control objecties by adding the injected voltagy,, with
appropriate amplitude and phase angle, to the tex
voltage Vo Using phasor representation, the ba$sl€C
power flow control functions are illustrated in Fig.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
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Fig.1.2 is shown terminal voltage regulation, sanito
that obtainable with a transformer -changer having
infinitely small geps[18][34]. It is shown at (a) whe
Vm=AV (boldface letters represent phasors) is inje
in-phase (or antphase) with Vo. Series capaciti
compensation is shown at (b) where Vm= Vc is irgdi
in quadrature with the line currer. Transmission angle
regulation (Phase shifting) is shown at (c) whepg¥/V,
is injected with an angular relationship with restpe Vo
that achieves the desiredphase shift (advance or reta
without any change in magnitude[Z

Vpg=AV+ Vc + V,
The shunt converter dns a controlled current from tt
system. One component of this current is Ip whis
automatically determined by the requirement to g
the real power supplied to the series convert@utin the
DC link. This power balance is enforced by regulgithe
DC capacitor voltage by feedback control[17].Thheo
component of the shunt converter current is thetiea
current, Ir which can be controlled in a similast@on as
in a STATCOM. There are two operating (control)
for a STATCOM or the shurconverter. These are, VAR
control mode where the reactive current refererg
determined by the inductive or capacitive VAR comuh:
The feedback signals are obtained from cur
transformers (CT) typically located on the bushinfithe
coupling (step dwn) transformer[17][30].Automati
voltage control mode where the reactive currerdreafce
is determined by the output of the feedback vol
controller which incorporates a droop characteri@s in
the case of a SVC or a STATCOM). The volti
feedba&k signals are obtained from potential transforn
(PT) measuring the voltage V1 at the substatiolifer
the coupling transformer [1°
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Fig.1.3: Block diagram of shunt VSC controller
lll. ACTIVE AND REACTIVE POWER CONTROL
BY UPFC
In figure (4.14) a simplédwo machine (or two bus ¢
inertia) system with sendi-end voltage Vs, receiving-
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end voltage Vr, and line (or tie) impedance X (assd,
for simplicity, inductive) is shown. At (b) the abes of
the system in form of a phasor diagram are showh
transmission anglé and Vs = Vr = V. At the receivin
ends of the line the transmitted active and reagdower
are P=}/X sind and Q =Qs = Qr=¥X (1 - cos$)[20].
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Fig.1.4: (a) Smple two machine system (b) Related
voltage phasors

Fig.1.4(a) and (b) are show the basic power sysé
with the known transmission characteristics isadtrced
to providing a vehicle to establish the capabilifythe
UPFC to control the transtted real power P and tl
reactive power demands,;,Qnd Qs,at the sendi-end
and, respectively, the receivirgd of the line[17][18

Fig.1.5: Two-machine system with the Unified Power
Flow Controller
Fig.1.5 are show twmachine system with the Lfied
Power Flow Controller[1][37]. Consider Fig.1.5 whu
the simple power system of Fig.1.4 is expandeddtude
the UPFC. In the previous section explained tha
UPFC is represented by a controllable voltage soum
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series with the line which, cegenerate or absorb reactive
power that it negotiates with the line, but thel mEawver it
exchanges must be supplied to it, or absorbed ftohy
the sendingnd generator .The voltage which is injec
by the UPFC in series with the line is represerby
phasor V, having magnitude Vpg< Vpg <0.5 p. u) and
angle p (0<p<360°)measured from the given phi
position of phasor as illustrated in the figure.eTline
current is represented by phas(, flows through the
series voltage source, Vpq and geny results in both
reactive and real power excha

IV. MATLAB SIMULATION

The modelof UPFC. Voltage source is connected
transmission line. In transmission has connectethree
phase transformer. It other side is also connettege
transformer in series connection. It has two ireredre
connected, they are STATCOM and SSSC. \e

STATCOM is control active power and reactive po'
and SSSC is control the voltage magnitude and [
angle.In UPFC controlling is done by the both V
devices, state and is control by SSSC. It is age gulse
generator circuit because controlling gate pulse
generator circuit is easy. In gate pulse generaitguit

input voltage and firing angle where compared togsh
send its output to gate pulse Thyristor.It seriaans type
of FACTS devices. It easy to control as compare
capacitor and oer active device. STATCOM is on
control to active and reactive power and SSSC Iy

control to voltage magnitude and phase angle bet
voltage and current. So we use UPFC because it
combination of both STATCOM and SS<

Fig.1.6: UPFC simulation modal

V. RESULTSAND DISCUSSION
In this simulation model both active and reactivavpr
are analyzed. In domestic and industries large i
loads are used which consumes heavy reactive p&x
there is a essential requirement of reactivewer
compensation. Reactive power can be compensatad
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FACT devices but controlling of these devices
complex, while UPFC is easy to control.
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Fig.1.7: Active and Reactive Power without UPFC

Actve Powsr i

)J'

]
20 750
A

Fig.1.8: Active and Reactive Power with UPFC
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