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Abstract: Modern power systems are designed to operate efficiently to supply power on demand to various load centers with high
reliability. The generating stations are often located at distant locations for economic, environmental and safety reasons. Power flow
analysis is concerned with describing the operating state of an entire power system, by which we mean a network of generators,
transmission lines, and loads that could represent an area as small as a municipality or as large as several states. Given certain known
quantities—typically, the amount of power generated and consumed at different locations—power flow analysis allows one to determine
other quantities. The most important of these quantities are the voltages at locations throughout the transmission system, which, for
alternating current (A.C.), consist of both a magnitude and a time element or phase angle. Once the voltages are known, the currents
flowing through every transmission link can be easily calculated. 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. Many FACTS-devices have been introduced for various applications in power system.
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1. Introduction

Power Generation and Transmission is a very complex
process, wherever power is to be transferred, the two main
components are active and reactive power. In a three phase
ac power system active and reactive power flows from the
generating station to the load through different transmission
lines and networks buses. The active and reactive power
flow in transmission line is called power flow. It is also
called load flow. Power flow studies provide a systematic
mathematical approach for determination of various bus
voltages, there phase angle, active and reactive power flows
through different lines, generators and loads at steady state
condition. It is very important to control the power flow
along the transmission line. So it is to control and improve
the performance of ac power systems, we need the various
different types compensators. The compensator are both
analog and digital type. In analog compensator are very
large size, complex construction , high cost and its operation
is also complex. So we use generally digital compensator.
The digital compensator are development of high-power
semiconductor technology now makes it possible to control
electrical power systems by means of power electronic
devices. These devices constitute an emerging technology
called FACTS. The control of power and upgraded lines can
be effectively done by Flexible alternating current
transmission systems (FACTS) technology. It is essential to
improve electric power utilization in today’s highly complex
and interconnected power systems, while still maintaining
reliability and security. The possibility that power through a
line can be controlled enables a large potential of increasing
the capacity of lines. This opportunity is arises through the
ability of FACTS controller to adjust the power system
electrical parameters including series and shunt impedance
,current, voltage, phase angle, and the damping oscillations
etc. FACTS technology has a lots of benefits, such as greater
power flow control ability, increased the loading of existing

transmission circuits, damping of power system oscillations,
has less bed impact on environmental and , has the less cost
than other alternative techniques of transmission system is
used.[1]

2. Problem of Power Flow

Problem of Power is not about harmonic only, but is about
the distortion to the supply voltage and its effects on the
equipment connected to it either directly or indirectly. There
are many types of problems (disturbances) which may affect
the power quality. Some of these problems are severe but
rare while others could be not that critical however they are
more frequent. Among the electric power quality problems,
the following are distinguished: transients, harmonics, sags,
swells, flicker, unbalances notches, frequency variations and
high-frequency noise. Some of these power quality problems
are investigated in more depth showing causes and effects of
such problems and some recommendations on how to
eliminate them[2].
} 1 - 3 hours

}] 3 mins

1 -3 cycles

Very Long overvoltage

Li ne overy '||.|'_'l.

Normal l:ilL'I'.IIiII_; vallage

| -3 eyeles

Very long undervoltage

Figure 1: Magnitude-duration for classification of PQ
events
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3. Power Flow Problem Improvement Using
Facts Devices

Flexible AC Transmission System (FACTS)is alternating
current  transmission  systems incorporating  power
electronic-based and other static controllers to enhance
controllability and increase power transfer capability. The
various basic applications of FACTS-devices are:

power flow control

increase of transmission capability

voltage control

reactive power compensation, stability improvement
Power quality improvement

Power conditioning.
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The fig 2 is for classification of FACTS Controllers Based
on power electronic devices. In this fig, left hand side
column of FACTS-devices employs the use of thyristor
valves or converters. This valves or converters are well
known since several years. They have low switching
frequency and low losses. The devices of the right hand side
column of the fig has more advanced technology of voltage
source converters based mainly on Insulated Gate Bipolar
Transistors (IGBT) or Insulated Gate Commutated
Thyristors (IGCT). Pulse width modulation technique is
used to control the magnitude and phase of the voltage. They
have high modulation frequency.
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Figure 2: Overview Of major FACTS devices in terms of
on power electronic devices.

4. Unified Power Flow Controller

UPFC is the versatile voltage source FACTS device that is
capable of controlling transmission system parameters. It
consists of two voltage source inverter connected back-to-
back through a common dc link as shown in Fig.3. This
arrangement function as an ideal ac to ac converter in which
the real power can flow in either direction between ac sides
of two inverters. Due to different functions of two inverters
in the system, inverter 1 is referred as exciter and inverter 2
as booster.[3] The reactive power on the two ac sides of
inverter can be controlled independently.
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Figure 3: Schematic diagram of a UPFC system

Analysis of Series Part

The series injected voltage is split into two orthogonal
components as shown in Fig.4.The components of the
injected voltage are in-phase and quadrature with the
reference. The two components are normalized by
introducing new parameters B and y which represent the
injected voltage.

Figure 4: UPFC vector diagram of series part
Analysis of Shunt Part

Real power exchanged between shunt inverter and the ac
system is determined by the level of quadrature component
of inverter output voltage (&).This power must be balanced
by the real power demand of series inverter. The reactive
power generated or absorbed by the shunt inverter is
controlled by the in-phase component of inverter output
voltage (n). Vector diagram of shunt part of UPFC is shown
in Fig. 5.
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Figure 5: UPFC vector diagram of shunt part
Control of UPFC

UPFC is important type of FACTS family. It is a
combination both series and shunt type of FACTS. It control
are two type

1. Shunt control

2. Series control
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Shunt Control

The shunt part of the UPFC supply the real power demand
of the series inverter and support the system bus voltage.
The real and reactive power of shunt part is given by,

Pon = (V1?/Xs0)& @)

Qs = '(Vlz/Xsh)n 2

Where,
& = in-phase shunt inverter voltage
n = quadrature shunt inverter voltage

The control parameters of the shunt inverter & and n are
obtained as,
E.a = (Xsthz) Pex (3)

n= '(Xsh/\/lz) Qsh (4)

Where,

Pex = Pg, is the real power exchanged between the series
inverter and the AC system.

In this paper, a fuzzy-like P1 is used to control the operation
of the shunt inverter. Pex or Psh is used to define &. The bus
voltage deviation is used to define 7.

Series Control

By considering series compensation voltage Vser and
considering the vector diagram of series inverter per-unit
change of real and reactive power flow of series inserted
voltage components are expressed as,

AP=sind+ycosd (5)

AQ=y2+ysind+(2-cosd)p+p2 (6)

The values of B and y corresponding to the desired change of
the real and reactive power may be obtained by solving
Eq.(5) and Eq.(6).

B = Vgercosd @)
Y = VgerSINd 8)

The series compensation voltage will control line current
and line voltage at the UPFC right side. These limits are
given mainly at maximum inserted voltage. Controller
should find an appropriate operating point within the system
feasible limits before control limit is exceeded. The solution
depends on the system operating conditions, and neuro fuzzy
techniques are inherently advantageous in such a decision-
making process. The per unit change in real and reactive
power in transmission system can be rewritten as

AP=Vsin(8+a) 9)
AQ=Vo2-Vercos(5+0) + 2Vercosa (10)

5. Result and Conclusion
In power system transmission it is desirable to maintain the

magnitude of voltage, angle of phase and impedance of line .
Therefore, to control of power from one end to other end, in

this concept of power flow control and voltage injection is
applied. The UPFC is a device which can control
simultaneously all three parameters of line power flow
(impedance of line , voltage and phase angle). The UPFC
combines together the features of the Static Synchronous
Series Compensator (SSSC) and the Static Synchronous
Compensator (STATCOM). Fig. 6 show the simulation
diagram of Unified Power Flow Control(UPFC).
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Figure 6: Simulation modal of UPFC

These two devices are two Voltage Source Inverters (VSI’s)
connected respectively in with the series transmission line
through a series transformer and in shunt with the
transmission line through a shunt transformer, connected to
each other by a common dc link. It is a storage capacitor.
The shunt inverter is used for voltage regulation at the point
of connection injecting an opportune reactive power flow
into the line and to balance the real power flow exchanged
between the series inverter and the transmission line. The
series inverter is used to control the real and reactive line
power flow inserting an opportune voltage with controlled
magnitude and phase in series with the transmission line. In
simulation modal we analysis that when fault come and
these device are not connected active and reactive power are
shown in below fig.7

1 S
Figure 7: Active and reactive power when fault come on
circuit which UPFC connected.

So when UPFC are connected it has increase the strength of
both active and reactive power. Which has shown on fig.8 as
below.
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Figure 8: Active and reactive power when fault come on
circuit which UPFC connected
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