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Abstract 

The present thesis is a FACTS device known as the Unified Power Flow Controller (UPFC). With its unique capability to control 

parallel real and reactive power flows on a transmission line as well as to regulate voltage at the bus where it impact on power 

system stability. These features become even more relevant knowing that the UPFC can allow loading of the transmission lines 

close to their thermal limits, forcing the power to flow through the desired paths. This will give the power system operators much 

needed flexibility in order to satisfy the requirement that the deregulated power system will impose.In this thesis the performance 

of UPFC is investigated in controlling the flow of power over the transmission line. This research deals with simulation of 6-bus 

power system using UPFC to improve the power transfer capability through a transmission line by placing UPFC at the sending 

end using computer simulation. When no UPFC is installed, real power, reactive power and voltage through the transmission line 

cannot be controlled. The circuit model for UPFC is developed using rectifier and inverter circuits. The MATLAB® simulation 

results are presented to validate the model. The results of network with and without using UPFC are compared in terms of active 

power flow and reactive power flow in the line. Also IEEE 14 bus system is implemented in PSAT so that when UPFC is connected 

to   the weak bus then it increases the voltage stability of the weak bus.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 Definition of Facts: 

FACTS are devices which are used for the dynamic control of impedance, voltage and phase angle of high voltage ac lines. FACTS 

devices provide strategic benefits for improved transmission system management through better utilization of existing transmission 

assets, increased transmission system reliability and availability, increases dynamic and transient grid stability, increases quality 

of supply for sensitive industries (e.g. computer chip manufacture) and enabling environmental benefits. Typically the construction 

period for a FACTS device is 12 to 18 months from contract signing through commissioning. 

 Benefits of Facts Devices: 

1) Control of power flow as ordered. The use of control of the power flow may be to follow a contract, meet the utilities own 

needs, ensure optimum power flow, rid through emergency conditions or a combination thereof. 

2) Increasing the loading capability of lines to their thermal capabilities, including Short term and seasonal. 

3) Increasing the system security through rising the transient stability limiting, limiting short circuit currents and overloads 

managing cascading black out sand damping electromechanical oscillations of power systems and machines. 

4) Providing secure tie line connections to neighboring utilities and regions thereby decreasing overall generation reserve 

requirements on both sides. 

5) Providing greater flexibility in sitting new generation. 

6) Up gradation of lines. 

7) Reduction in reactive power flows thus allowing the lines to carry more active power. 

8) Reduction in loop flows. 



Improvement of Power Transfer Capability and Power System Stability using UPFC- A Technical Review  
(IJSTE/ Volume 2 / Issue 11 / 012) 

 

 All rights reserved by www.ijste.org 
 

89 

 FACTS Technology: 

A Flexible Alternating Current Transmission System (FACTS) is a system comprised of static equipment used for the AC 

transmission of electrical energy. It is meant to enhance controllability and increase power transfer capability of the network. It is 

generally power electronics based device. 

FACTS are defined by the IEEE as "A power electronic based system and other static equipment that provide control of one or 

more AC transmission system parameters to enhance controllability and increase power transfer capability." 

FACTS could be connected 

1) In series with the power system (series compensation) 

2) In shunt with the power system (shunt compensation) 

3) Both in series and in shunt with the power system 

 Shunt Capacitive Compensation: 

This method is used to improve the power factor. Whenever an inductive load is connected to  the  transmission  line  power  factor  

lags  because  of  lagging  load  current.  To compensate a shunt capacitor is connected which draws leading current by the source 

voltage. The net result is improvement in power factor. 

 FACTS Theory: 

In the case of a no loss line voltage magnitude at receiving end is the same as voltage magnitude at sending end Vs=Vr =V. 

Transmission results in a phase lag δ that depends on line reactance X. 
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As it is a no-loss line, active power P is the same at any point of the line: 

PS =  Pr = P = V cos(
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Reactive power at sending end is the opposite of reactive power at receiving end 

Qs =  −Qr = Q = V sin
δ
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 As δ is very small active power mainly depends on δ whereas reactive power mainly depends on voltage magnitude. 

 Facts Devices: 

The FACTS devices have been mainly classified as follows: 

1) Series Controllers 

2) Shunt Controllers 

3) Combined Series-Series Controllers 

4) Combined Series-Shunt Controllers 

II. LITERATURE SURVEY 

Samia akter Anulekha shah Prof priyanathdas  presented Modeling and simulation of Fixed Capacitor Thyristor Controlled Reactor, 

Static synchronous compensator, Thyristor controlled Series Capacitor, Static synchronous Series Compensator, and Unified 

Power Flow Controller, for power system stability enhancement and improvement of power transfer capability initially power flow 

result is obtained and power (real and reactive power) profiles are studied for an uncompensated system and then compared with 

the results obtained after compensating the system using the above-mentioned FACTS device. The simulation results demonstrate 

the performance of the system for each of the FACTS device in improving the power and thereby voltage stability of the same [1]. 

L. Gyugyi, et.al presented that the unified power flow controller (UPFC) is able to control both the transmitted real and reactive 

power flow, at the sending-end and receiving-end of the transmission line. The unique capability of the UPFC in multiple line 

compensation is integrated into generalized power flow controller that is to maintain prescribe, and independently controllable real 

power and reactive power flow in the line. Paper describe basic concept of the proposed generally P and Q controller and compare 

it to the more conventional but related power flow controller, such as Thyristor Controlled Series Capacitor and Thyristor 

Controlled Phase Angle Regulator. The paper also present result of computer simulations resulting the performance of the UPFC 

under different system conditions [2]. 

J. Guo et.al. Presented a unique control approach for a unified power flow controller for power system oscillation damping. This 

control is simple to implement, yet is valid over a wide range of operating conditions. It is also effective in the presence of multiple 

mode of oscillation. The present control is implemented in several test systems and is compared against a traditional PI control [3]. 

Jungsoo Park et.al. Presented the modeling of Voltage Sourced Inverter (VSI) type Flexible AC Transmission System controllers 

and control method for power system dynamic stability studies. The considered FACTS controller is the Static Compensator, the 
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Static Synchronous Series Compensator, and the Unified Power Flow Controller. In this paper, these FACTS controllers are derived 

in the current injection model. The parameters of the FACTS controllers are set to damp the inter-area oscillations, and the 

supplementary damping controllers and its control schemes are proposed to increase damping abilities of the FACTS controllers. 

For these works, the linear analysis for each FACTS controller with or without damping controller, and the dynamic characteristics 

of each FACTS controller is analyze. The result is verified by the nonlinear analysis using the time-domain simulation [4]. 

Kwang M. Son, et.al. presented a Newton-type current injection model of the unified power flow controller (UPFC) for studying 

the effect of the UPFC on the low-frequency oscillations. Since the proposed model is a Newton-type one, it is conceptually simple 

and gives fast convergence characteristics. The model is applied to an inter-area power oscillation damping regulator design of a 

simple two-area power system. The damping achievable by the UPFC equipped with damping regulator is investigated in both 

frequency and time domains using the proposed model. The case study results in this paper show that the proposed model is 

efficient for studying the effects of the UPFC on the inter-area oscillations [5]. 

III. SUMMARY OF LITERATURE REVIEW 

1) Thyristor controlled Series Capacitor (TCSC), Static synchronous Series Compensator (SSSC) and Unified Power Flow 

Controller (UPFC) for power system stability enhancement and improvement of power transfer capability First, power flow 

results are obtained and then power (real and reactive power) profiles have been studied for an uncompensated system and 

then compared with the results obtained after compensating the system using the above-mentioned FACTS devices. 

2) The unified power flow controller (UPFC) is able to control both the transmitted real and reactive power flow, at the sending-

end and receiving-end of the transmission line. 

3) The unique capability of the UPFC in multiple line compensation is integrated into generalized power flow controller that is 

to maintain prescribe, and independent control real power and reactive power flow in  line. 

4) The parameters of the FACTS controller are set to damp the inter-area oscillation and the damping controllers and its control 

scheme is proposed to increase damping abilities of the FACTS controller. 
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