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ABSTRACT 

An Unified Power Flow Controller (UPFC) is a typical Flexible 
AC Transmission System (FACTS) device playing a vital role as a 
stability aid for large transient disturbances in an interconnected 
power system.This paper deals with the design of Feedback 
Linearising Controller (FBLC) for UPFC.The disturbances are 

created in the SMIB system and the results are simulated.The 
results proved the supremacy of the Power System Stabilizer 
(PSS) equipped with FBLC over the PSS equipped with 
Proportional Integral(PI) controller. 
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1. INTRODUCTION 

1.1. Transient Stability 
Transient stability refers to „„the ability of a power system to 
maintain synchronism when subjected to a severe transient 
disturbance‟‟ [1]. Stabilization of a synchronous generator is 
undoubtedly one of the most important problems in power system 
control. Power system stabilizers (PSS) and Automatic voltage 
regulators (AVR) with exciter are normally employed to damp out 
the electromechanical oscillations as well as for the postfault bus-

voltage recovery. However, it is well knownthat the performances 
of PSS and AVR are limited since their designs are primarily 
based on linear control algorithms. In the event of large faults, the 
nonlinearities of the system become very severe, thereby putting 
limitations on the performances of classical control designs. Thus, 
the most appropriate approach for controller design for a power 
system is the use of nonlinear control theory, i.e., multivariable 
feedback linearization scheme. The application of feedback 

linearization approaches for power system control was first 
investigated by Marino [2] and subsequently by several 
researchers [3-5]. This control technique has also been 
successfully applied to control of drives and power electronics 
based systems [6-8]. Successful applications of FACTS 
equipment for power flow control, voltage control and transient 
stability improvement have been reported in the literature [9-
13].The rapid development of power electronics technology 
provides opportunities to develop new power equipment to 

improve the performance of the actual power systems. During the 
last decade, a technology called “Flexible AC Transmission 
Systems” (FACTS) have been proposed and implemented. 

 

1.2 UPFC 
The new generation and most dominant converters needed in 
FACTS controllers such as Static Synchronous Compensator 
(STATCOM), Static Synchronous Series Compensator (SSSC) 
and by the combination of both the Unified Power Flow 
Controller (UPFC) are based on the voltage-source inverters (VSI). 

The use of VSI has been widely accepted as the next generation of 
reactive power controllers of power system to replace the 
conventional VAR compensation, such as the TSC and TCR. The  
major applications are: voltage stability enhancement, damping 
torsional oscillations, power system voltage control, and power 
system stability. These applications can be implemented with a 
suitable control as noticed in [14-16]. The UPFC is implemented 
practically by using two similar solid-state phase voltage source 

converters (shunt compensation block and series compensation 
block) that are connected to a common DC link capacitor. Each 
converter is coupled with a transformer, as shown in Fig 1. 

 

 

Fig 1.Power System with an UPFC 

2. MODELING OF UPFC 

2.1 UPFC installed in SMIB system 
The mathematical model of the UPFC is derived here in the d-q 

(synchronously rotating at the system angular frequency ) frame 

of reference. This is followed by a detailed description of 
theconventional PI control strategy employed for active and 
reactive power control using UPFC.The equivalent circuit model 
of a power system equipped with a UPFC is shown in Fig 2. The 
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series and shunt VSIs are represented by controllable voltage 
sources Vc and Vp, respectively.  Rp and Lp represent the 
resistance and leakage reactance of the shunt transformer 
respectively. Leakage reactance and resistance  of series 
transformer have been neglected. 

 
Fig 2.Single line diagram of UPFC installed in power system 

2.2 Synchronous Generator 
The synchronous generator is described by a third-order nonlinear 
mathematical model. 
 

 (1)  

         (2) 

 

 (3) 

Where 

  

  
 Subscript „o‟ indicates the initial values. 

2.3 AVR and PSS 
The excitation system of the generator consists of a simple 
Automatic Voltage regulator (AVR) along with a supplementary 
Power System Stabiliser (PSS). The complete AVR and PSS 

control system is shown in Fig 3. 
 The mathematical equations are given below, 

                 (4) 

       (5) 

 

Fig 3.Exciter and PSS control system 

2.4 Modeling of Shunt Converter 
 

                         (6) 

         (7) 

     
Where: 

   

   

   

and  

 
 Under the assumption that the system has no zero 

sequence components, all currents and voltages can be uniquely 
represented by equivalent space phasors and then transformed into 
the synchronous d-q-o frame by applying the following 
transformation (q is the angle between the d-axis and reference 
phase axis): 
 

 

 
  Thus, the transformed dynamic equations are 
given by, 
 

 (8) 

 (9) 

 

  Where ω is the angular frequency of the AC 
bus voltage. 

 

2.4.1 Cascade Control Strategy of Shunt Converter 
The conventional control strategy for this inverter concerns with 

the control of ac-bus and dc-link voltage. The dual control 
objectives are met by generating appropriate current reference and, 
then, by regulating those currents. PI controllers are 
conventionally employed for both the tasks while attempting to 
decouple the d- and q- axiscurrent regulators.  In this study, the 
strategy adopted in[17] for shunt current control has been 
taken.The inverter current (ip) is split into real (in phase with ac-
bus voltage) and reactive components.  The reference value for 

the real current is decided so that the capacitor voltage is 
regulated by power balance.  The reference for reactive 
component is determined by ac-bus voltage regulator.  As per the 
strategy, the original currents in d-q frame (ipd,ipq) are now 
transformed into another frame,d‟-q‟ frame, where d‟-axis 
coincides with the ac-bus voltage (Vs), as shown in Fig 4. 
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Fig 4.Phasor diagram showing d-q and d’-q’ frame 
 

Thus, in (d‟-q‟) frame, the currentsipd‟ andipq‟ represent the real 
and reactive currents and they are given by : 

       (10) 

  (11) 

Now, for current control, the same procedure as outlined in [17] 
has been adopted by re-expressing the above differential equations 

as: 
 

(12) 

        (13) 

Where 

   

   

    

The VSI controlled voltages are as follows: 
 

                (14)                          

    
   (15)  

  

By putting the above expressions forVpd‟ andVpq‟ in equations (12) 
and (13) the following set of decoupled equations are obtained. 

           (16)  

            (17) 

  
   Conventionally, the control signals ud‟ and uq‟ are determined by 
linear PI controllers. The complete cascade control architecture is 
shown below in Fig 5, where Kpt,Kit,Kpc,Kic,Kpq‟,Kiq‟,Kpd‟ and Kid‟ 

are the respective gains of the PI controllers. 

 
Fig 5. PI-Control Structure of Shunt Converter 

 

2.5 Modeling of Series Converter 
 

(18) 

 

              (19) 

 
For fast voltage control, the net input power should 

instantaneously meet the charging rate of the capacitor energy. 
Thus, by power balance, 
 

 

   = Vdcidc 

  

 

       (20) 

 
An appropriate series voltage (both magnitude and phase) should 
be injected for obtaining the commanded active and reactive 
power flow in the transmission line, i.e., (Pu,Qu) in this control. 
The current references are computed from the desired power 

references and are given by, 
 

        (21) 

        (22) 

 
The  corresponding control system diagram is shown in Fig 6 . 

 
Fig 6. PI-Control of Series Converter 

 

3.FBLC FOR UPFC 
In this section, the design steps for the feedback linearizing 
control of UPFC have been presented. In the UPFC control, there 
are two objectives, i.e. ac bus voltage (Vdc) control. in the 
following control design, the dynamic equation for Vs is obtained 
as follows with reference to single line diagram. Now, for the 
control design, the complete state space model is expressed in the 
form of equations as follows: 
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Where: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

The outputs of the system are Vsand Vdc.thus,  

 

 

 

 
By control law, the outputs of the system is given by, 
 
 

 

 
 

   

 
Where: 

 

The non-singularity of E(x) can be observed by 
computing the determinant of E(x). 
E(x) is non-singular in the operating ranges of Vsand Vdc. For 
tracking of Vsand Vdc, the new control inputs v1, v2, v3 and v4 

are selected as (by both proportional and integral control): 

 

 

 
Where: 
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The gain parameters K11, K12, K21, K22,K23are determined by 
assigning desired poles on the left half s-plane and, thus, 
asymptotic tracking control to the reference can be achieved. 

4.SIMULATION RESULTS 

4.1 CASE-I 
The synchronous generator is assumed to operate atP=1.2p.u.and 

Q = 0.85 p.u.  A sudden increase of 20% in governor input is 
introduced to occur for the duration of 100 msThis sudden 
increase in governor input is created at 500ms and removed at 
600ms. 

 

 
Fig 7.Comparison of transient responses between FBLC and 

PI-Controller 

4.2 CASE-II 
The synchronous generator is assumed to operate at P=1.2p.u.and    

Q = 0.5 p.u.  A sudden increase of 20% in governor input is 
introduced to occur for the duration of 100 msThis sudden 
increase in governor input is created at 500ms and removed at 
600ms. 

 
 

 
Fig 8.Comparison of transient responses between FBLC and 

PI-Controller 

5. NOMENCLATURE 

Symbols Description 

δ rotor angular velocity  of synchronous machine 

ω rotor angle of synchronous machine 

Pm input mechanical power 

M moment of inertia 
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Eq‟ Voltage proportional to main field flux linkage 

id direct axis current 

iq quadrature axis current 

xd direct axis synchronous reactance  

xd‟ direct axis transient reactance 

Tdo‟ direct axis open circuit time constant 

Efd Equivalent stator emf corresponding to field 
voltage,  

max
fdE fdE m in

fdE  

Δω speed deviation of the machine 

Ke gain of amplifier of excitation system 

Vt terminal voltage of synchronous machine 

upss PSS output signal    
max

pssu pssu min

pssu  

Te Electromagnetic torque of generator 

Vt
ref Reference terminal voltage 

Kiw Integral  gain constant of PSS 

Kpw Proportional  gain constant of PSS 

Efd0 Steady state value of field voltage 

Rdc Shunt dc side resistance 

xt1 reactance  of transformer of SMIB system 

re resistance of the double circuit line 

xe reactance of the double circuit transmission line 

Pref reference real power   

Qref reference reactive power 

 

6.CONCLUSION 
The mathematical model for Unified Power Flow Controller 

(UPFC) has been developed and the MATLAB experimental 
results proved the supremacy of the Feed-Back Linearization 
Controller (FBLC) over the ordinary Proportional Integral (PI) 
Controller. For all type of disturbances created in the Single 
Machine Infinite Bus (SMIB) system, the Feed-Back 
Linearization Controller (FBLC) equipped with Power System 
Stabilizers (PSS) damped the electromechanical oscillations faster 
than the Proportional Integral (PI) controller equipped with Power 

System Stabilizers (PSS). 

7.APPENDIX 
POWER SYSTEM, AVR and PSS data 

 
Base MVA:100 

dx = 1.9 p.u., qx = 1.6 p.u, dx  = 0.17 p.u., doT = 4.314 sec., 

M = 0.03 p.u., eK  = 50, eT = 0.1 sec,  Emax
fd = 6 p.u., 

min
fdE = -6 p.u., pwK  = 5, iwK  = 12, D = 0. 

m ax
pssu = 0.01 p.u., 

min
pssu = -0.01 p.u.;xt1=0.2 p.u., xt2 =  xe = 0.2 p.u., re= 0.0 p.u., ω0 

= 100Π rad/sec  
 

 
UPFC 
 

 Rp=0.04 p.u.;xp=0.1 p.u. 
 Rdc=150Ώ;C=5000µF 
 

GAIN FOR FBLC 

 
K11=20;K12=100;K21=350; 
K22=35000;K23=1000000; 
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