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Abstract 
The UPFC consist of two voltage-source converters, one connected to the power system 

through a shunt transformer, whereas the other is inserted into the transmission line through 

a series transformer. These two voltage-source converters are coupled through a common dc 
capacitor link. From the control perspective, the UPFC can be decoupled into two branches; 

the parallel branch formed by the shunt transformer, voltage source converter and dc 

capacitor operating as a STATCOM. 
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INTRODUCTION 
The Power system is the back bone of the 

Electrical Engineering. Today’s continuously 

increasing the Power demand requires 

construction of the new generating plant and 
transmission line; this makes the Power 

system more complex. Sometimes it made of 

thousands of buses and hundreds of 
generators. Available power generation 

usually does not situated near a growing of 

load center. In order to meet the growing 
power demand, utilities have an interest in 

better utilization of available power system 

capacities, existing generation and existing 

power transmission network, instead of 
building new transmission lines and expanding 

substations. On the other hand, the main 

drawbacks of the power system are 
deteriorating voltage profiles and decreasing 

system stability and security; the main cause 

of this drawbacks are due to the overloaded of 

the power flow in transmission lines of power 
system. In addition, existing traditional 

transmission facilities, in most cases, are not 

designed to handle the control requirements of 
complex and highly interconnected power 

systems. This overall situation force us to 

review of traditional transmission methods and 
practices, and the creation of new concepts, 

which would allow the use of existing 

generation and transmission lines up to their 

full capabilities without reduction in system 
stability and security [1]. 

The flexible AC transmission system (FACTS) 

is result of recent advancement in the area of 
power electronics and control technology; 

offer an opportunity to enhance controllability, 

stability and power transfer capability of AC 
transmission system hence these devices can 

be used strategically to improve power 

oscillation damping. UPFC is a FACTS device 

whose primary function is to control real and 
reactive power flow and secondary function is 

to improve power oscillation damping and 

hence the stability. The UPFC is a 
combination of Static Synchronous 

Compensator (STATCOM) and Static 

Synchronous Series Compensator (SSSC) 
coupled via a common dc link to allow a 

bidirectional flow of real power. The damping 

capabilities of UPFC need a thorough 

investigation for proper on line applications in 
the changing operational scenario of power 

network. 

 
A unified power flow controller (UPFC) is the 

most promising device in the FACTS concept. 

It has the ability to adjust the three control 

parameters, i.e. the bus voltage, transmission 
line reactance, and phase angle between two 

buses, either simultaneously or independently. 

The unified Power Flow Controller (UPFC) 
was proposed [3] for the Flexible AC 

Transmission Systems (FACTS), which is a 

multiple-functional FACTS controller with 
primary duty to be power flow control. The 
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secondary functions of the UPFC can be 

voltage control, transient stability 
improvement, oscillation damping, etc. In [2], 

it is demonstrated by examples that the UPFC 

can be very effective to damp power system 
oscillations. Several trials have been reported 

in the literature to model a UPFC for steady-

state and transient studies. Under the 

assumption that the power system is 
symmetrical and operates under three-phase 

balanced conditions, Nabavi-Niaki and Iravani 

[4] developed a steady-state model, a small-
signal linearized dynamic model, and a state-

space large-signal model of a UPFC. Wang 

developed two UPFC models which have been 
linearized and incorporated into the Phillips–

Heffron model. 

 

BASIC UPFC OPERATION 
The two voltage source converters of the 
UPFC, connected through a D.C. link can be 
modeled as two ideal voltage sources, one 
connected in series and the other in shunt 
between the two buses [5]. The output of the 
series voltage source Vse and θse are 
controllable magnitude and angle between the 
limits Vsemax≤ Vse≤ Vsemin and 0≤ θse≤ 2π 
respectively and of the shunt voltage source is 
Vsh and θsh 

 
controllable between the limits Vsemax≤ Vse≤ 

Vshmin and 0≤ θsh≤ 2π. Figure 2 shows the 

voltage source model of UPFC. Zse and Zsh are 

the impedances of the two coupling 
transformer one connected in series and other 

in shunt between the line and the UPFC [6]. 

 
The converter output voltage (magnitude and 

angle) is used to control the mode of power 

flow and voltage at the nodes as follows: 

I. The bus voltage magnitude can be 
controlled by injecting a voltage Vse in phase 

are antiphase as shown in Figure 3 (θse is in 

phase/antiphase with the nodal voltage angle 
θk). 

II. Power flow can be controlled (series 

reactive compensation) by injecting a voltage 
Vse enil eht ot (gal ro dael( erutardauq ni ׳

current (θse=γm±90, γm is the angle between Vm 

and Im) in Figure 3. 

III. Power flow can be controlled (as 
phase shifter) by injecting a voltage of 

magnitude 1 (Vseʺ) in quadrature (lead or lag) 

to node voltage θm in Figure 3. 
 

UPFC MODEL AND CONTROL 

STRATEGIES 
The mathematical UPFC model was derived 

with the aim of being able to study the 

relations between the electrical transmission 

system and UPFC in steady-state conditions. 

The basic scheme of this model is shown in 

following Figure 4.  

 

 
Fig. 1: UPFC in Multi-machine Power System. 
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Fig. 2: Voltage Source Model of UPFC. 

 

 
Fig. 3: Simultaneous Control of Voltage, Impedance and Angle. 
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Fig. 4: Model for UPFC. 

 

 
 
 

 
 

Figure 4 represents a single-line diagram of a 

simple transmission line with impedance, 
UPFC, sending-end voltage source and 

receiving-end voltage source. According to 

Figure 5, the power circulation and the line 
flow are calculated by the following 

expressions given above. 

 

Where, Psh is the power at the shunt side of the 
UPFC; Pse is the power at the series part of 

UPFC; PL is the real power flow; QL is the 

reactive power flow; V2 is the voltage at the 
bus2; Vm2 is the series voltage of UPFC; V1 is 

the voltage at bus1; Xt2 is the reactance 

between buses 1 and 2; θ1and θ2 are the angles 

of buses 1 and 2 respectively. 
 

SIMULATION RESULTS 
With Variation in Modulation Index of both 

Converters of UPFC with Unstable (D=0) 

and No Load System 

The variation in modulation index both 
converters is equally important factor for study 

of performance of controller. The proposed 

model of UPFC in single machine infinite bus 
power system has been used in order to study 

the damping performance; the data for the 

system. To study the performance of the 
proposed controller, simulation results with 

unstable (D=0) and no load system and 

variation in modulation index of both 

converter of UPFC are shown. Simulation 
results with variation in system- state, rotor 

angle (δ) of generator is only considered [7,8]. 

 
The system responses are simulated using M-

file program of MATLAB. Figures 5 to 7 

show the system combined response without 

UPFC, with UPFC and with UPFC POD 
controller at modulation index of both 

converters 0.4 pu, 0.6 pu and 0.8 pu 

respectively. It can be observed from these 
figures that the UPFC with coordinated POD 

controller can greatly improve the damping of 

the system and its stability as modulation 
index of both converters increases 0.4 pu to 
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0.8 pu. The power system low frequency 

electromechanical oscillations was damped via 
Linear Quadratic Regulator technique (using 

MATLAB tool) based POD controller when 

applied independently with UPFC and 

investigated for a SMIB power system. For the 

proposed controller design problem, an eigen 
value-based objective function to maximize 

the system damping ratio among all complex 

eigenvalues was developed [9,10].  
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Fig. 5: Variation in Delta with UPFC, Without UPFC and with POD Controller for Modulation index 

of Both Converters 0.4. 
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Fig. 6: Variation in Delta with UPFC, Without UPFC and with POD Controller for Modulation 

Index of Both Converters 0.6. 
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Fig. 7: Variation in Delta of SMIB System with UPFC, Without UPFC with POD Controller for 

Modulation Index of Both Converters 0.8. 

 

CONCLUSIONS 
The effectiveness of the proposed controller in 

damping the low frequency EM mode of 

oscillations, and hence improving power 

system dynamic stability have been verified 

through eigenvalue analysis and simulation 

results with different system condition and 

under different line loading and without any 

line loading. The performance of the proposed 

damping controller has been examined with 

different system condition, under different line 

loading and without any line loading condition 

of SMIB power system. 

 

Utilizing the variation in UPFC, amplitude 

modulation index (me, mb) and phase angle (δe, 

δb) of both converters controller performance 

have been investigated with unstable (D=0) 

system condition at no load and verified by 

eigenvalues analysis and time-domain 

simulation. 
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