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Abstract— Flexible alternating current transmission system 

(FACTS) technology open up opportunities for controlling 

power flow and enhancing the usable capacity of present, as 

well as new lines. FACTS device uses power electronic 

component to maintain controllability and capability of 

electrical power system. FACTS controller includes UPFC, 

STATCOM, SSSC are capable to modify voltage, phase 

angle and impedance at particular bus in a power system. The 

unified power flow controller (UPFC) is the most versatile 

and complex power electronic equipment that has emerged 

for the control and optimization of power flow in electrical 

power transmission system. The real and reactive power in 

transmission line cannot be controlled easily without FACTS 

devices. To control active and reactive power the UPFC is 

very attractive feature and it is a solid state controller which 

can be used to control active and reactive power flow in a 

transmission line. The basic control method is such that the 

shunt converter controls the transmission line reactive power 

flow and the dc-link voltage. The series converter controls the 

real power flow in the transmission line and the UPFC bus 

voltages. The simulation is performed using MATLAB 

Simulink power system toolbox. 
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I. INTRODUCTION 

The concept of UPFC makes it possible to handle practically 

all power flow control and transmission line compensation 

problems, using solid state controls, which provide functional 

flexibility, generally not attainable by conventional thyristor 

controlled systems. The Unified power flow controller 

(UPFC) enables independent and simultaneous control of a 

transmission line voltage, impedance, and phase angle. This 

has far reaching benefits of steady state, the UPFC can be 

used to regulate the power flow through the line and improve 

utilization of the existing transmission system capacity and 

during power system transients, the UPFC can be used to 

mitigate power system oscillations and aid in the first swing 

stability of interconnected power systems. Electric power 

flow through an ac transmission line depend upon a line 

resistance, line reactance, the magnitudes of the sending-end 

voltage Vs, and the receiving-end voltage Vr, and the phase 

angle 3, between these voltages as shown in Fig.I. The 

expressions for power flow at the receiving-end of the line are 

shown, considering the line is represented in its simplest form 

with a reactance XL. 

 
Fig. 1: Simple Power Transmission and Phasor Diagram 

It will not be optimal to use an uncompensated 

active and reactive power flow in transmission line. If the 

reactive power flow in trans mission line is reduced, the freed 

capacity can be efficiently utilized by carrying more amount 

of active power. As a consequence no reactive power is 

required to supply by a generator. Thereby increases the 

efficiency of the generator and coupling transformer. 

Therefore the independent control of active and reactive 

power utilizes more revenue from ac transmission system. 

II. THE UPFC INVESTIGATION SYSTEM 

 
Fig. 2: UPFC connected to a Transmission Line 

In the UPFC system the series converter controls the line real 

or reactive power flow and the shunt converter can control the 

UPFC bus voltage or shunt reactive power which can be done 

simultaneously by common DC link capacitor. In addition the 

shunt converter of the UPFC controls the DC link capacitor 

voltage. SSSC of the UPFC controls the transmission line real 

and reactive power flows by a series voltage injection of 

adjustable magnitude and phase angle. The series converter 

and power system exchanges the real and reactive power by 

the interaction between series injected voltage and 

transmission current. The real power demand of SSSC is 

supplied by shunt converter on steady state. The SSSC real 

power demand is satisfied by DC link capacitor at transient 

condition. If the shunt converter control system not getting 

proper information about real demand it may lead to collapse 

of DC link capacitor voltage and subsequent removal of 

UPFC from operation. Very little or no attention has been 

given to the important aspect of coordination control between 

the series and the shunt converter control systems. The real 

power coordination discussed in this paper is based on the 

known fact that the shunt converter should provide the real 

power demand of the series converter. In this case, the series 

converter provides the shunt converter control system an 

equivalent shunt converter real power reference that includes 

the error due to change in de link capacitor voltage and the 

series converter real power demand. The control system 

designed for the shunt converter in cause's excessive delay in 

relaying the series converter real power demand information 
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to the shunt converter. This could lead to improper 

coordination of the overall UPFC control system and 

subsequent collapse of de link capacitor voltage under 

transient conditions as shown in Fig.2. In this paper, a new 

real power coordination controller has been developed to 

avoid instability/excessive loss of de link capacitor voltage 

during transient conditions. 

III. PERFORMANCE OF TRANSMISSION LINE WITH UPFC 

An open loop unified power flow controller system model is 

shown in figure has been considered to study the response of 

the power system to change in reactive and active power 

behaviour at the bus. A three phase source rated 440volt 

phase to phase RMS voltage and 50 Hz frequency is 

connected at bus1. The three phase DC to AC converter is 

connected at bus2 though circuit breaker. The two three phase 

load is 440volt and 250 volt respectively, 50 Hz parallel load 

is connected at bus3 and the second load is connected through 

circuit breaker. 

 The input ac power supply is given to the power 

thyristors. The thyristor outputs are given to the capacitor, it 

will to maintain the stability of output voltage from the 

thyristors. The transmission line with UPFC system is as 

shown in Fig.3. The converter outputs are given to the 

inverters and then injected through the transmission line. The 

invertors firing angle increases the output voltage are 

controlled. The real and reactive power flow was controlled 

by varying firing angle the real power flow increases and 

reactive power flow decreases vice versa. The various values 

of real and reactive power flow with injected firing angle.    

 
Fig. 3.1: Simulation of open loop UPFC system 

 

 
                Fig. 3.2: Gate Current Wave Form 

 
Fig. 3.3: Voltage Waveform 
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Fig. 3.4: Active power at bus1, 2 & 3 

 

 

 
Fig. 3.5: Active power at bus1, 2, & 3 

 
Table 1: Active and reactive power at bus1, bus2, bus3 

This table shows that the active and reactive power 

at bus1, bus2, and bus3 when load is increased and converter 

supply voltage at load. 

IV. CONCLUSION 

In this paper, the performance of UPFC connected to a 

transmission line has been designed and evaluated. This paper 

also describes the control strategy for real and reactive power 

of the transmission line using UPFC. For the study of 

controllers, simulation using PSPICE. The behaviour of 

UPFC was analysed in open loop control conditions. The 

results of the simulation clearly indicate that Unified Power 

Flow Controllers are effective to enhance the security, 

capacity and flexibility of power transmission system.        
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