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Abstract: The encouragement to the construction of HV lines, the amount of power transmission/km
on HV line and the amount of power transaction as seen from economic side is much responsible for
concern towards congestion in power system. The solution is the use of FACTS devices especially
the use of UPFC. In this paper the study of UPFC parameters with its various modes of operation is
investigated. Finally by help of modeling of a power system in MATLAB, and by installing UPFC
in transmission link, its use as power flow controller and voltage injection is seen. Conclusion is made
on different results to see the benefit of UPFC in power system. In this paper two case studies have
been investigated and by changing the parameters of UPFC the simulation are implemented and the
voltage magnitude and real and reactive power flow in transmission lines are analyzed.
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INTRODUCTION

The deregulation and competitive environment in the contemporary power networks will imply a new
scenario in terms of load and power flow condition and so causing problems of line transmission capacity. But,
nowadays some problems exist to change the present structure of transmission system. So, the need for new
power flow controllers capable of increasing transmission capacity and controlling power flows through
predefined transmission corridors will certainly increase. Today’s power systems are highly complex and require
careful design of new devices taking into consideration the already existing equipment, especially for
transmission systems in new deregulated electricity markets. Blackouts have put network reliability on top of
agenda. Improvement will require combination of technical and regulatory improvements.  This is not an easy
task considering that power engineers are severely limited by economic and environmental issues. Thus, this
requires a review of traditional methods and the creation of new concepts that emphasize a more efficient use
of already existing power system resources without reduction in system stability and security.  In the late
1980s, the Electric Power Research Institute (EPRI) introduced a new approach to solve the problem of
designing and operating power systems; the presented concept is known as Flexible AC Transmission Systems
(FACTS). Increasing the transmission capacity and control power flow over designated transmission routes are
two main objectives of FACTS. The improvements in the field of power electronics have had major impact
on the development of the concept itself. A new generation of FACTS controllers has emerged with the
improvement of Gate Turn-Off (GTO) thyristor ratings (4500V to 6000V, 1000A to 6000A).  These controllers
are based on voltage source converters and include devices such as Static Var Compensators (SVCs), Static
Synchronous Compensators (STATCOMs), Thyristor Controlled Series Compensators (TCSCs), the Static
Synchronous Series Compensators (SSSCs), and the Unified Power Flow Controller (UPFC).However in
previous studies the effects of parameters of UPFC on power flow and voltage profile and magnitude voltage
and power flow in transmission lines of power system have not been considered. In this paper two case studies
have been investigated and by changing the parameters of UPFC the simulation are implemented and the
voltage magnitude and real and reactive power flow in transmission lines are analyzed.
.
2. Unified Power Flow Controller:
A.  Characteristics of UPFC:
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Line outage, congestion, cascading line tripping, power system stability loss are the major issues where
capability and utilization of FACTS are noticed. 

Representative of the last generation of FACTS devices is the Unified Power Flow Controller (UPFC).
The UPFC is a device that can control all three parameters of line power flow (line impedance, voltage and
phase angle) in a same time. Such "new" FACTS device combines together the features of two "old" FACTS
devices: the Static Synchronous Compensator (STATCOM) and the Static Synchronous Series Compensator
(SSSC).  In practice, these two devices are two Voltage Source Inverters (VSI’s) connected respectively in
shunt with the transmission line through a shunt transformer and in series with the transmission line through
a series transformer, connected to each other by a common dc link including 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 can be implemented to control the real and reactive line power flow inserting an
opportune voltage with controllable magnitude and phase in series with the transmission line. Therefore, the
UPFC can do functions of reactive shunt compensation, active and reactive series compensation and phase
shifting. In addition to, the UPFC allows a secondary but important function such as stability control to
suppress power system oscillations improving the transient stability of power system. As the need for flexible
and fast power flow controllers, such as the UPFC, is expected to grow in the future because of changing
in the electricity markets, there is a corresponding need for reliable and realistic models of these controllers
to investigate the impact of them on the performance of the power system. In this paper emphasis is laid to
project the use of UPFC in transmission link to increase the power flow and to improve the voltage profile
of the system using MATLAB SIMULINK v7.6.

B. Operation of UPFC:
The basic configuration of the UPFC are two voltage source inverters (VSIs) sharing a common dc storage

capacitor, and connected to the power system through coupling transformers. One VSI is connected to in shunt
to the transmission system via a shunt transformer, while the other one is connected in series through a series
transformer. A basic UPFC functional scheme is shown in figure 1.

Fig. 1: Basic UPFC functional scheme.

The series inverter is controlled to inject a symmetrical three phase voltage system (Vc), of controllable
magnitude and phase angle in series with the line to control active and reactive power flows on the
transmission line.  So, this inverter will exchange active and reactive power with the line. The reactive power
is electronically provided by the series inverter, and the active power is transmitted to the dc terminals.  The
shunt inverter is operated in such a way as to demand this dc terminal power (positive or negative) from the
line keeping the voltage across the storage capacitor Vdc constant.  So, the net real power absorbed from the
line by the UPFC is equal only to the losses of the inverters and their transformers.  The remaining capacity
of the shunt inverter can be used to exchange reactive power with the line so to supply a voltage regulation
at the connection point.

The two VSI’s can work independently of each other by separating the dc side.  So in that case, the shunt
inverter is operating as a STATCOM (Static Synchronous Compensators) that generates or absorbs reactive
power to regulate the voltage magnitude at the connection point.  Instead, the series inverter is operating as
SSSC (Static Synchronous series compensators) that generates or absorbs reactive power to regulate the current
flow, and hence the power flows on the transmission line.
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C. Operating Modes of UPFC:
The UPFC has many possible operating modes. In particular, the shunt inverter is operating in such a way

to inject a controllable current, into the transmission line. 
This current consists of two components with respect to the line voltage: the real or direct component,

which is in phase or in opposite phase with the line voltage, and the reactive or quadrature component, which
is in quadrature. The direct component is automatically determined by the requirement to balance the real
power of the series inverter. The quadrature component, instead, can be independently set to any desired
reference level (inductive or capacitive) within the capability of the inverter, to absorb or generate respectively
reactive power from the line. The shunt inverter can be controlled in two different modes:

VAR Control Mode: 
The reference input is an inductive or capacitive VAR request. The shunt inverter control translates the

Var reference into a corresponding shunt current request and adjusts gating of the inverter to establish the
desired current. For this mode of control a feedback signal representing the dc bus voltage, Vdc, is also
required.

Automatic Voltage Control Mode:  
The shunt inverter reactive current is automatically regulated to maintain the transmission line voltage at

the point of connection to a reference value.  For this mode of control, voltage feedback signals are obtained
from the sending end bus feeding the shunt coupling transformer.

The series inverter controls the magnitude and angle of the voltage injected in series with the line to
influence the power flow on the line. The actual value of the injected voltage can be obtained in several ways.

Direct Voltage Injection Mode:  
The reference inputs are directly the magnitude and phase angle of the series voltage.

Phase Angle Shifter Emulation Mode:
The reference input is phase displacement between the sending end voltage and the receiving end voltage.

Line Impedance Emulation Mode:  
The reference input is an impedance value to insert in series with the line impedance

Automatic Power Flow Control Mode:
The reference inputs are values of P and Q to maintain on the transmission line despite system changes.

3. UPFC Control System:
In order to understand the UPFC Control System Single-line Diagram of a UPFC and the phasor diagram

are shown in figures 2 and 3.

Fig. 2: Single-line Diagram of a UPFC.

Fig. 3: Phasor Diagram of Voltages and Currents.
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This FACTS topology supply much more flexibility than the SSSC for controlling the line real and reactive
power because active power can now be transferred from the shunt converter to the series converter, through
the DC bus. Contrary to the SSSC where the injected voltage Vs is constrained to stay in quadrature with line
current I, the injected voltage Vs can now have any angle with respect to line current. If the magnitude of
injected voltage Vs is kept constant and if its phase angle with respect to V1 is varied from 0 to 360 degrees,
the locus described by the end of vector V2 (V2=V1+Vs) is a circle as shown on the phasor diagram. As is
varying, the phase shift δ between voltages V2 and V3 at the two line ends also varies. It follows that both
the active power P and the reactive power Q transmitted at one line end can be controlled.

The shunt converter operates as a STATCOM. In summary, the shunt converter controls the AC voltage
at its terminals and the voltage of the DC bus. It uses a dual voltage regulation loop: an inner current control
loop and an outer loop regulating AC and DC voltages.

Control of the series branch is different from the SSSC. In a SSSC the two degrees of freedom of the
series converter are used to control the DC voltage and the reactive power. In case of a UPFC the two degrees
of freedom are used to control the active power and the reactive power. A simplified block diagram of the
series converter is shown below Figure 4.

The series converter can operate either in power flow control (automatic mode) or in manual voltage
injection mode. In power control mode, the measured active power and reactive power are compared with
reference values to produce P and Q errors. The P error and the Q error are used by two PI regulators to
compute respectively the Vq and Vd components of voltage to be synthesized by the VSC. (Vq in quadrature
with V1controls active power and Vd in phase with V1 controls reactive power.

Fig. 4: Simplified Block of the Series Converter Control System.

In manual voltage injection mode, regulators are not used. The reference values of injected voltage Vdref
and Vqref are used to synthesize the converter voltage.

4. Simulation and Results:
The test power system to investigation of parameters of UPFC is shown in figure5.

Fig. 5: The test power system to investigation of parameters of UPFC.
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The parameters and Grid characteristics of test power system that presented in figure 5 are listed in Tables
as below.

Table 1: Rating voltage of power system Buses.
Bus number Rating voltage
1 16.5
2 18
3 13.8
4 230
5 230
6 230
7 230
8 230
9 230

The Transmission Lines characteristics are listed in Table 2.

Table 2: The Transmission Lines characteristics.
Line Num. Power(MVA) Voltage (KV) Resistance Reactance Susceptance
1 100 230 0.0119 0.1008 0.1045*2
2 100 2300 .0085 0.072 0.0745*2
3 100 2300 .039 0.170 0.179*2
4 100 230 0.032 0.161 0.153*2
5 100 230 0.01 0.085 0.088*2
6 100 230 0.017 0.092 0.079*2

The loads parameters of test power system are listed in Table 3.

Table 3: Loads parameters of test power system.
Load number Power rate (MVA) Voltage rate (KV) Active power (pu) Reactive power (pu)
1 100 230 1.25 0.50
2 100 230 0.90 0.30
3 100 230 1 0.35

Transformers parameters of test power system are listed in Table 4.

Table 4: Transformers parameters of test power system.
Trans number Power rate (MVA) Primarty voltage Secondary voltage Resistance reactance
In line 7 100 18 230 0 0.0625
In line 8 100 13.8 230 0 0.0586
In line 9 100 16.5 230 0 0.0576

Slack bus and synchronous machine and pv buses for load flow studies are listed in Tables 5-7:

Table 5: Slack bus connected to bus 1 parameters.
Slack bus connected to bus 1
Power rate (MVA) 100
Voltage rate(KV) 16.5
Voltage magnitude (pu) 1.04
Reference phase (rad) 0
Qmax (pu) 99
Qmin (pu) -99
Vmax (pu) 1.1
Vmin (pu) 0.9
Active power guess (pu) 0.8

Table 6: Synchronous machine parameters connected to various buses of systems.
Specifications of synchronous machine synchronous machines

-------------------------------------------------------------------------------------------------------------
Connected to bus 1 Connected to bus 2 Connected to bus 3

Power rate 100 100 100
Voltage rate 16.5 18 13.8
Ra 0 0 0
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Table 6: Continue.
Xl 0 0 0
Xd 0.146 0.8958 1.3125
X'd 0.0608 0.1198 0.1813
X''d 0 0 0
T'do 8.96 6 5.89
T''do 0 0 0
Xq 0.0969 0.8645 1.2578
X'q 0.0969 0.1969 0.25
X''q 0 0 0
T'qo 0.310 0.5350 0.6
T''qo 0 0 0
M = 2H 2*23.64 12.80 6.02

Table 7: PV buses parameters for load flow studies.
Specifications of PV bus PV buses

-------------------------------------------------------------------------------------------
Connected to bus 2 Connected to bus 3

Power rate (MVA) 100 100
Voltage rate (KV) 18 13.8
Active power 1.63 0.85
Voltage magnitude 1.025 1.025
Qmax (pu) 99 99
Qmin (pu) -99 -99
Vmax (pu) 1.1 1.1
Vmin (pu) 0.9 0.9

To study the Effect of upfc parameters the 3 case stydied UPFC are considerd as Tables 8-9. and Curve
of PG-PL[pu]-buses with upfc  1:

Table 8: UPFC parameters in the first case study.
Parametrs Value
Power rated 100
Voltage rated 230
Resistance of the DC circuit 600
Capacitance Of the DC circuit 0.0143
Resistance of the shunt transformer 0.001
Reactance of the shunt transformer 1.05
Resistance of the series transformer 0.001
Reactance of the series transformer 1.01
Resistance of the AC circuit 0.002
Reactance of the AC circuit 0.095

Fig. 6: Changing active power in buses system with UPFC according parameters in Table 1.
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Fig. 7: Changing reactive power in buses system with UPFC according paprameters in table 8.

Table 9: UPFC parameters in the second case study.
Parameters Value
Power rated 100
Voltage rated 230
Resistance of the DC circuit 600
Capacitance Of the DC circuit 0.0143
Resistance of the shunt transformer 0.01
Reactance of the shunt transformer 10.5
Resistance of the series transformer 0.01
Reactance of the series transformer 10.1
Resistance of the AC circuit 0.002
Reactance of the AC circuit 0.095

Fig. 8: Changing active power in buses system with UPFC according paprameters in Table 8.

Fig. 9: Changing reactive power in buses system with UPFC according paprameters in table 9.
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Conclusion:
In power system transmission, it is desirable to maintain the voltage magnitude, phase angle and line

impedance. Therefore, to control the power from one end to another end, this concept of power flow control
and voltage injection is applied. Modeling the system and studying the results have given an indication that
UPFC are very useful when it comes to organize and maintain power system. In this paper the effects of UPFC
parameters are investigated on voltage profile and transmission lines power flow as active and reactive power.
Following conclusions are made:
1. Power flow control is achieved and congestion is less.
2. Transient stability is improved.
3. Faster Steady State achievement.
4. Improved Voltage Profile.
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