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Abstract 
This study proposes a model of synchronous machine with unified power flow controller (UPFC). The basic 
control for the UPFC is such that the series converter of the UPFC controls the transmission line real/reactive 
power flow and the shunt converter of the UPFC controls the UPFC bus voltage/shunt reactive power and the 
DC link capacitor voltage. The faulty condition of synchronous machine was analyzed. The unbalanced model 
of UPFC system was developed and the rotor angle was improved. By the variation of rotor angle the power 
flow can be controlled and the energy loss was minimized. The simulation results have been presented to 
show the improvement in the performance of the UPFC with the synchronous machine. 
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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. In addition, the 
complexity of the UPFC control increases due to the fact 
that the controlled and the control variables interact with 
each other. 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 (Hingorani and Gyugyi, 2010). Electric power 
flow through an AC transmission line is a function of the 
line impedance (R, XL), the magnitudes of the  
sending-end voltage Vs, and the receiving-end voltage 
Vr, and the phase angle δ, between these voltages as 
shown in Fig. 1. 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. 
 
An uncompensated active and reactive power flow in a 
transmission line is typically not optimal. If the reactive 
power flow in the line is reduced, the freed up capacity of 
the line can be effectively utilized to carry an increased 
amount of active power. As a consequence, the 
generator is no longer required to supply the reactive 
power.  Due to the recent increases in their variety and 
ratings, an increasing number of high power 
semiconductor devices are available for power system 
applications; particularly in flexible AC transmission 
systems (FACTS) apparatus.  

 
Fig .1. Simple power transmission and Phasor diagram. 

 
 
The unified power flow controller (UPFC) is one of the 
FACTS devices. The invention of the unified power flow 
controller has seeded research in two directions. One 
direction is concerned with its applications. The second 
direction is concerned with the power electronic 
realization of the UPFC and its performance 
characteristics (Song and Johns, 2010). The UPFC has 
three independent degrees of freedom, by which the real 
power through a radial line and the reactive powers at 
both ends of the line can be simultaneously controlled .It 
has also the reassuring internal flexibility that its shunt 
converter can be used as a stand-alone STATCOM its 
series converter as a stand-alone series capacitor 
compensator.  
 
The performance of UPFC system 
In the UPFC system which consists of a series and a 
shunt converter connected by a common dc link 
capacitor can simultaneously perform the function of 
transmission line real/reactive power flow control in 
addition to UPFC bus voltage/shunt reactive power 
control. The shunt converter of the UPFC controls the 
UPFC bus voltage/shunt reactive power and the DC link 
capacitor voltage.  
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Fig. 2. Structure of UPFC system. 

 
The series converter of the UPFC controls the 
transmission line real/reactive power flows by injecting a 
series voltage of adjustable magnitude and phase angle. 
The interaction between the series injected voltage and 
the transmission line current leads to real and reactive 
power exchange between the series converter and the 
power system.  The structure of UPFC system is shown 
in Fig. 2. It consists of two back-to-back self-commutated 
voltage source converters - one converter at the sending 
end is connected in shunt as shunt converter and the 
other converter connected in between sending and 
receiving end bus in series as series converter.   
 
One end of the both the converters are connected to a 
power system through an appropriate transformer and 
other end connected with a common DC capacitor link.  
The series converter of the UPFC controls the 
transmission line real/reactive power flows by injecting a 
series voltage of adjustable magnitude and phase angle. 
This arrangement of UPFC ideally works as an ideal AC 
to DC power converter in which real power can freely 
flow in either direction between AC terminals of the two 
converters and each converter can independently 
generate or absorb reactive power at its own AC output 
terminal. The main functionality of UPFC provided by 
shunt converter by injecting an AC voltage considered as 
a synchronous ac voltage source with controllable phase 
angle and magnitude in series with the line. The 
transmission line current flowing through this voltage 
source resulted in real and reactive power exchange 
between it and the AC transmission system. The series 
converter operation is in the series converter, the voltage 
injected can be determined in different modes of 
operation: direct voltage injection mode, phase angle 
shift emulation mode, Line impedance emulation mode 
and automatic power flow control mode. Although there 
are different operating modes to obtain the voltage, 
usually the series converter operates in automatic power 
flow control mode where the reference input values of P 
and Q maintain on the transmission line despite the 
system changes (Gyugyi, 2011). The shunt converter 
operated in such a way to demand the DC terminal 
power (positive or negative) from the line keeping the 
voltage across the storage capacitor Vdc constant.  

 
Shunt converter operates in two modes: VAR Control 
mode and Automatic Voltage Control mode. Typically, 
Shunt converter in UPFC operates in Automatic voltage 
control mode (Gyugyi et al., 2011). 

 
Equivalent circuit operation of UPFC 
As shown in Fig. 3, the two-voltage source converters of 
UPFC can modeled as two ideal voltage sources one 
connected in series and other in shunt between the two 
buses. The output of series voltage magnitude seV  
controlled between the limits minmax sesese VVV  and 

the angle se  between the limits  20 se  

respectively. The shunt voltage magnitude shV  controlled 
between the limits minmax shshsh VVV 
and the angle between  20 sh  respectively. seZ  

and shZ  are considered as the impedances of the two 
transformers one connected in series and other in shunt 
between the transmission line and the UPFC as shown in 
Fig. 3 which is the UPFC equivalent circuit  
(Gyugyi et al., 2011). 
 

Fig. 3. Equivalent circuit of UPFC system.

 
The ideal series and voltage source from the Fig. 3 can 
written as  

)sin(cos sesesese jVV                               (1) 

)sin(cos shshshsh jVV                              (2)  
 
The magnitude and the angle of the converter output 
voltage used to control the power flow mode and voltage 
at the nodes as the bus voltage magnitude can be 
controlled by the injected a series voltage seV  in phase 
or anti-phase and  Power flow as a series reactive 
compensation controlled by injecting a series voltage 

seV '  in quadrature to the line current. The Power flow as 
phase shifter controlled by injecting a series voltage of 
magnitude seV "  in quadrature to node voltage m  
(Papic et al., 2011). 
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The equations of UPFC power flow as based on the 
equivalent circuit as shown in Fig. 3, the active and 
reactive power equations can be written as follows at 
node k:   
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At node m: 
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Series converter: 
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Where,  

shsekkkkkk ZZjBGY 11                               (10) 

semmmmmm ZjBGY 1                          (11) 

sekmkmmkkm ZjBGYY 1                   (12) 

shshshsh ZjBGY 1                   (13) 
 
Assuming a free converter loss operation, the active 
power supplied to the shunt converter shP  equals to the 

active power demanded by the series converter seP .  

0 shse PP                                                      (14) 
 
Furthermore if the coupling transformers are assumed to 
contain no resistance then the active power at bus k 
matches the active power at bus m; that is, 

0 mksesh PPPP               (15) 
 
The UPFC power equations linearised and combined 
with the equations of the AC transmission network. For 
the cases when the UPFC controls the voltage 
magnitude at the shunt converter terminal, active power 
flow from bus m to bus k and reactive power injected at 
bus m, and taking bus m to be PQ bus parameters.  
 
 

Fig. 4. Synchronous machine with bus bar at normal condition. 

 

Fig. 5. Rotor angle of deviation.

 

Fig. 6. Synchronous machine with bus bar  
under faulty condition. 

 

Fig. 7. Rotor angle deviation. 

 

 
Fig. 8. Faulty conditions UPFC system. 
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Fig. 9. Fault conditions Upper system. 

 
 

Fig. 10. Faulty condition of Lower system with UPFC. 

 

 
Fig. 11. Improved output of UPFC with faulty condition. 

 
 
 

The bus bar connected to synchronous machine system 
is as shown in the Fig. 4. Under the normal operating 
condition the rotor angle is to be presented without any 
deviations. The 4 buses are operated to this network and 
the rotor angle output is as shown in the Fig. 5. The 
faulty condition of the system is as shown in the Fig. 6. 
Hence the three lines are short circuited and we have to 
analysis the disturbances of these three system. The 
power losses of the machine increases and the voltage 
of the machine are disturbed. This voltage variation is 
reflected in rotor angle deviation. The rotor angle is 
increases and losses are not minimized the rotor angle 
deviation is allowed 5seconds onwards. It is clearly 
shown as shown in the Fig. 7. The UPFC interlinked 
circuit is as shown in the Fig. 8. The upper and lower 
circuits are connected with UPFC and the rotor angle can 
be controlled with the incorporation of UPFC system. 
When the disturbance created at the same time of 5 Sec 
the UPFC coupled with normal and abnormal condition is 
as shown in the Fig. 8. The faulty condition of upper 
circuit is as shown in the Fig. 9. The improved rotor angle 
deviation of synchronous machine with UPFC is as 
shown in the Fig. 10.The UPFC switch can be closed at 
the time of 5 sec. This rotor angle deviation of 5 sec is to 
be controlled and the rotor angle is started falling from  
5 sec onwards. Hence, by using UPFC system the 
improved output is occurred and the waveform output is 
as shown in Fig. 11. 
 
Conclusion 
The UPFC provides simultaneous or individual controls 
of basic system parameters like bus bar voltage, and 
phase angle there by controlling the transmitted power. 
In this study, a 4-bus network is considered and the 
power flow of UPFC is simulated using MATLAB. 
Simulation results have shown that controller exhibits 
good damping characteristics for different operating 
conditions. This feature to control simultaneously all the 
bus bar parameters and the rotor angle of synchronous 
machine is controlled. The minimum deviation of rotor 
angle having poor value of power losses. 
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