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Abstract— The focus is on improvement of transient 

stability limit of power system using UPFC. The UPFC, 

which can provide simultaneous control of power system 

parameters like voltage, impedance and phase angle. Series 

parts of UPFC provide series injected voltage at certain 

different angles. The purpose is to examine the mechanisms 

of controlled shunt compensation and quadrature voltage 

control of the UPFC. The simulation models of test system 

at three phase fault on line with and without UPFC have 

been developed and analyzed. Transient stability was 

studied with the help of curves of rotor angle & active 

Power at different duration of fault of time. 
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I. INTRODUCTION 

A power system is a complex network comprising of 

numerous generators, transmission lines, transformers and 

variety of loads. As a consequence of increasing power 

demand, some transmission lines are more loaded than was 

they planned. With the increased loading of long 

transmission lines, the problem of transient stability after a 

major fault can become a transmission limiting factor [6]. 

Transient stability of a system refers to the stability when 

subjected to large disturbances such as faults and switching 

of lines. The resulting system response involves large 

excursions of generator rotor angles and is influenced by the 

nonlinear power angle relationship. Transient Stability 

depends upon both the initial operating conditions of the 

system and the severity of the disturbance. The voltage 

stability, and steady state and transient stabilities of a 

complex power system can be effectively improved by the 

use of FACTS devices. 

II. TRANSIENT STABILITY 

The power system is transient stable if, after a large sudden 

disturbance, it can regain and maintain synchronism. In 

transient stability studies, analysis aims at measuring 

contingency severity in terms of stability limits. The 

stability limit focuses on critical clearing times (CCTs) and 

power limits (PLs). CCT is the maximum time that the 

contingency may remain without the system losing 

synchronism. The first swing stability limit can be improved 

by controlling the output power of the severely disturbed 

machines during transient period. 

Fig.1 shows the rotor angle responses for stable 

case and for two unstable cases.  

In case1, the rotor angle increases to a maximum, 

then decreases and oscillates with decreasing amplitude until 

it reaches a steady state. 

In case 2, the rotor angle continues to increase 

steadily until synchronism is lost. 

In case 3, the system is stable in the first swing but 

due to the lack of damping becomes unstable due to 

increasing oscillations. 

 
Fig. 1: Rotor Angle Response to a Transient 

Disturbance 

III. UPFC 

UPFC has of two VSCs coupled through a common DC link 

as shown in fig.2. 

 
Fig. 2: Implementation Of The Upfc By Two Back-To-Back 

Voltage Sourced Converter 

The converter-1 is connected in shunt with the line 

through a coupling transformer. The converter-2 is inserted 

in series with the transmission line through an interface 

transformer. DC link provide a path of active power 

exchange between the converters. Both the series and shunt 

converter are capable of generating or absorbing reactive 

power independently. Shunt converter has two modes of 

operation: voltage control mode and VAR control mode. 

Four modes of operation of the series converter are: Voltage 

control mode, quadrature voltage control mode, Phase angle 

shifter mode, and automatic power flow control mode. 

IV. CONTROL STRATEGY FOR UPFC 

The control parameter of UPFC are : Magnitude and angle 

of series voltage,       and shunt reactive components 

                . The controls operate the two converters so 

as to produce the commanded series injected voltage and, 

simultaneously, draw the desired shunt reactive current. The 

controls provide gating signals to the converter valves so 

that the converter output voltages will properly respond to 

the reference variables,      ,       and       , in 
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accordance with the basic control structure shown in Figure 

3. 

 
Fig. 3: Basic Control Structures for UPFC 

A. Shunt Current Control (      &      ): 

The shunt converter is operated so as to draw a shunt 

controlled current,    , from the line for the desired 

operation. One component of this current,       , is 

automatically determined by the requirement to balance the 

real power of the series converter i.e to maintain constant 

voltage across the D.C capacitor. The other current 

component,      ,  is reactive and can be set to any desired 

reference level (inductive or capacitive) within the 

capability of the converter. Generally two types of control is 

obtain by the controlling reactive current component       of 

the shunt converter. 

1) Automatic Voltage Control Mode 

In voltage control mode, the shunt converter reactive current 

is automatically regulated to maintain the transmission line 

voltage to a reference value at the point of connection, with 

a defined droop characteristic. The droop factor defines the 

per unit voltage error per unit of converter reactive current 

within the current range of the converter. 

2) Reactive Power (VAR) Control Mode 

In reactive power control mode the reference input is an 

inductive or capacitive VAR request. The shunt converter 

control translates the VAR reference into a corresponding 

shunt reactive current component       and adjusts the 

gating of the converter to draw the desired current. The 

reactive compensation control modes of the shunt converter 

are very similar to those commonly employed on 

conventional static VAR compensators. 

 
Fig. 4: Shunt Converter Control for Automatic Voltage 

Control Mode With Constant DC Link Voltage 

For the scheme of Figures 4, the reference for the 

reactive current, id, is generated by an outer voltage control 

loop, responsible for regulating the ac bus voltage, and the 

reference for the real-power bearing current, iq, is generated 

by a second voltage control loop that regulates the dc bus 

voltage. In particular, the real power negotiated by the shunt 

converter is regulated to balance the dc power from the 

series converter and maintain a desired bus voltage. The dc 

voltage reference,        may be kept substantially constant 

B. Series Injected Voltage Control (       ): 

The series converter controls the magnitude and angle of the 

voltage vector  ̌   injected in series with the line. This 

voltage injection is, directly or indirectly, always intended to 

control the flow of power on the line. The possible operating 

modes by the controlling magnitude and angle of the voltage 

vector  ̌   of the series converter is discussed below: 

1) Direct Voltage Injection Mode. 

Voltage regulation with continuously variable in-phase/anti-

phase voltage injection for voltage increments Vpq= ±    (  

=0). Functionally this is similar to that accessible with a 

transformer tap-changer having infinitely small step. 

2) Line impedance compensation mode. 

The magnitude of the injected voltage vector,  ̌   , is 

controlled in proportion to the magnitude of the line current, 

 ̌ , so that the series insertion emulates a reactive impedance 

when viewed from the line. The desired impedance is 

specified by reference input and in general it may be a 

complex impedance with resistive and reactive components 

of either polarity. A special case of impedance 

compensation is when the injected voltage is kept in 

quadrature with respect to the line current to emulate purely 

reactive (capacitive or inductive) compensation. This is 

similar to series capacitive and inductive line compensation. 

if Vq > 0, then capacitive compensation and if Vd < 0 then 

inductive reactance added in the line.. 

3) Phase angle shifter mode. 

 The injected voltage vector  ̌   is controlled with respect to 

the "input" bus voltage vector  ̌  so that the "output" bus 

voltage vector  ̌  is phase shifted relative to  ̌   by an angle 
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specified by the reference input. A special case of phase 

shifting is when  ̌    is kept in quadrature with  ̌  to 

emulate the "quadrature booster". 

4) Automatic Power Flow Control Mode 

The magnitude and angle of the injected voltage vector,  ̌    

is controlled so as to force such a line current vector,  ̌, that 

results in the desired real and reactive power flow in the 

line. In automatic power flow control mode, the series 

injected voltage is determined automatically and 
continuously by a closed-loop control system to ensure that 

the desired P and Q are maintained despite system changes. 

The transmission line containing the UPFC thus appears to 

the rest of the power system as a high impedance power 

source or sink. This operating mode, which is not achievable 

with conventional line compensating equipment, has far 

reaching possibilities for power flow scheduling and 

management. It can also be applied effectively to handle 

dynamic system disturbances (e.g., to damp power 

oscillations). 
For the scheme of Figures 5, the reference for the 

reactive component, Vq, is generated by an outer voltage 

control loop, responsible for desired quadrature components 

to be injected, Vd component is equal to zero for quadrature 

voltage control mode. 

 
Fig. 5: Series Converter Control for Quadrature Volage 

Control 

V. SIMULATION RESULTS AND DISCUSSION 

The modeling of simple transmission system containing  

two power plants is given here. A Unified Power Flow 

Controller (UPFC) are used to improve transient stability 

and power oscillation damping of the system. The single 

line diagram of two area test system is shown in fig.6. 

 

 
Fig. 6: The Single Line Diagram of Two Machine Test 

System 

The improving the transient stability limit by using 

a UPFC is tested on the 2-machine system in the MATLAB. 

The data of the system is given in the Appendix. It is 

considered that a 3-phase fault occurs near generator-1.  

A 1000 MW generator (G1) is connected to a load 

through a long 500 kV, 700 km transmission line. The load 

is modelled by a 5000 MW resistive load. The load is fed by 

the remote 1000 MVA plant and a local generation of 5000 

MVA (plant G2). 

To maintain system stability after faults, the UPFC 

is installed at the midpoint of transmission line. The two 

machines are equipped with a hydraulic turbine and 

governor (HTG), excitation system, and power system 

stabilizer (PSS).  

It is consider that the three phase fault occur on 

line. The CCT (critical clearing time) of the fault is 

determined for test system and is 99 ms for without UPFC. 

The CCT is increased to 129 with UPFC. Here, If the 

duration of fault is 98 ms then the presented system is 

transiently stable. The typical waveforms of voltages at B1 

and B2 buses and power flow from B1 to B2 for transiently 

stable condition is shown in fig.7. Also, Swing curve of the 

machine for fault clearing time of 98 ms without UPFC is 

shown in fig.8. Now, If the duration of fault is 99 ms then 

the presented system is transiently unstable. The power 

system is transiently unstable for duration fault larger than 

critical clearing time of the system. Under this situation, the 

generator are unable to pull back into synchronism. The 

typical waveforms of voltages at B1 and B2 buses and 

power flow from B1 to B2 for transiently unstable condition 

is shown in fig.9. The swing curve of the machine for fault 

clearing time of 99 ms without UPFC is shown in fig.10. 

 
Fig. 7: Voltages and Power When Duration of Fault is 98ms 

Without UPFC 
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Fig. 8: Rotor Angle Deviation and Machines Speed When 

Duration of Fault is 98ms Without UPFC 

 
Fig. 9: Voltage and Power Waveform at Duration of  Fault 

99ms Without UPFC 

 
Fig. 10: Rotor Angle Deviation at Fault Period 99ms 

Without UPFC 

The implementation of UPFC in the system can 

significantly increases the critical clearing time of the 

system. The swing curve of the machine for fault clearing 

time of 119 ms with UPFC is shown in fig.12  and it shows 

that the system is transiently stable for fault duration of time 

larger than CTT of system without UPFC. 

Also, the waveform of voltages and active power 

flow from bus 1 to 2 is shown in fig.11. it shows that voltage 

achieves it steady value after fault being cleared and power 

oscillations are also damped out and achieve steady value 

rapidly.  

 

 

 
Fig. 11: Voltages and Power When Duration of Fault is 119 

Ms With UPFC 

 
Fig. 12: Rotor Angle Deviation and Machines Speed When 

Duration of Fault is 119 Ms With UPFC 

The critical clearing time (CCT) of the fault is 

determined for the various values of the  magnitude of series 

injected voltages (angle is 90 degree i.e. quadrature voltage 

control mode ) and shunt converter is fixed with constant 

voltage control mode and the results found are summarized 

in Table 1. Note that the CCT of the fault with UPFC are 

highly dependent on the ratings of the series and shunt 

converters of the UPFC as well as the location of the UPFC. 

UPFC 

operation 

Shunt 

converter  as 

voltage 

regulation 

mode 

Series converter  

as quadrature 

voltage control 

mode 

CTT of 

the fault 

for  the 

system 

Without 

UPFC 
- - 98 ms 

With 

UPFC 

Vref=1.009 pu Vdqref=0.1 90 122ms 

Vref=1.009 pu Vdqref=0.2 90 129ms 

Table 1: CCT of the Fault With Different Operating Mode 

of UPFC 

Results of Table 1 indicate that the CTT of the fault 

for the system is significantly improved with the help of 

UPFC. 
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VI. CONCLUSION 

A method of improving stability limit of a simple power 

system by dynamic control of the machine output power 

with the help of a UPFC is proposed in this research work. 

Both the series and shunt converters of the UPFC are 

independently controlled according to system requirement. 

First swing transient stability limits is improved with the 

help of UPFC. The research work contain to MATLAB-

Simulation models of test system having two machine with 

fault at different clearing time is formulated with and 

without UPFC. From the result it is clear that the with 

UPFC, the CCT  of the system is increased. The transient 

stability problem in power system which occur due to 

disturbances like 3 phase fault on transmission line, which 

can be improved by the improving critical clearing time of 

system which can done by use of UPFC. 

A. APPENDIX 

The electric data of the system has been considered as 

below: 

1) Test System 1: 

Generator 1:                               Generator 2: 

S= 1000 MVA                           S=5000 MVA 

V=13.8 kv                                  V=13.8 kv 

  
 =0.252                                         

 =0.252 

2) Transformers: 

 Voltage Ratio= 13.8 kv/500 kv ; XT=0.15 Pu 

 Transmission line: 500 kV, 700 km 

 L= 0.8737mH/km ; C= 13.33  /km 

 Load: 5000 MW. 
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