
Chapter 5 

Conclusion 

5.0 Conclusion and Results 

Power system stability is one of the key issues in today's world. And many different 

techniques have been used to improve the stability. The FACTS device - Unified 

Power Flow Controller (UPFC) and its performance has been studied under transient 

condition to enhance power system stability in the usage as a power system stabiliser. 

Contribution of this paper can be summarized as follows, 

Theoretical analysis has been carried out of UPFC performance as a power system 

stabilizer. This analysis is done in chapter 2. It has been identified that by giving 

proper input to the UPFC as described in Chapter 2, UPFC can be used as a power 

system stabiliser. 

Then a part of Sri Lankan power system is modelled in Simulink as described in 

Chapter 3. Then the modelled UPFC in the Simulink is used for simulation purposes. 

Modelled UPFC parameters can be given as follows for optimum operation. 

parameter Value 

Series Converter 

MVA rating 10MVA 

Voltage 132kV 

Frequency 50Hz 

DC link Capacitor 

Capacitance 750pF 

Vdc 40000V 

Shunt Converter 

MVA rating 100MVA 

Vac Regulator Gains K p = l , K i = 100 

Vdc Regulator Gains Kp = 0.0001, Ki = 0.01 

Current Regulator Gains Kp = 0.167, Ki = 6 

Table 5.0: UPFC parameters 
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Above model is simulated in Chapter 4 of this thesis. As discussed in the chapter 3 of 

this thesis, this device has created an impact on power system stability, with its unique 

capability to control real and reactive power simultaneously. With addition of UPFC 

to the system, transient behaviour is analysed. As per the theoretical development, 

transient behaviour is improved with UPFC in operation. These results for faults 

created on different locations, can be summarised as follows, 

Location Type Fault Kukule Generators Kukule Generators 

of the of time without UPFC with UPFC (s) 

Fault Fault (ms) Maximum Rotor angle 

variation 

Maximum 

Rotor angle 

variation 

Settling 

time (s) 

Matugama 3 0 to 310ms 150°, unstable 90° 12 

Bus Ground 

Horana 3 0 to 500ms 150°, unstable 90° 10 

Bus Ground 

Panadura 3 0 to 600ms 150°, unstable 70° 9 

Bus Ground 

Pannipitiya 3 0 to 700ms 60°, unstable 50° 6 

Bus Ground 

Table 5.1: Performance results after adding UPFC to the system 

The additional damping added to the system, due to insertion of UPFC has enabled 

this behaviour as discussed in the chapter 2. 

Then, increase of UPFCs damping coefficient is carried out by changing K value. As 

described in chapter 4 it provides a larger gap to critical clearing angle, hence better 

performance under transient behaviour. When increasing the K value, effective 

damping coefficient to the system is also calculated. This is carried out for three 

different K values, namely 1, 10, 30. Maximum effective K value is limited by the 

capacitance of the DC link capacitor as explained in chapter 4. These results can be 

summarized as given in the Table 5.2. 
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K value 1 10 30 

Damped Frequency fd 1.5000 Hz 1.5000 Hz 1.5000 Hz 

Effective Damping Coefficient a 0.45 s"1 0.64 s"1 0.73 s"1 

Damping Ratio 0.0477 0.0677 0.0772 

Un-damped Natural Frequency fn 1.5017 Hz 1.5034 Hz 1.5045 Hz 

Time Constant of amplitude of decay Td 2.22 s 1.5625 s 1.3699 s 

Table 5.2: Effect of increase of K values 

Then the effect of increase of shunt converter is discussed in Chapter 4. And, it is 

observed that with shunt converter rating increased to 400MVA, transient 

performance is increased largely. This type of behaviour has to be obtained from 

investing a lot of money and allowing higher losses in the shunt converter. Full 

economic evaluation has to be carried out in order to decide the size of the shunt 

converter. 

Therefore, new technologies are necessary for system's stability improvements apart 

from the existing technology. Hence, UPFC can be treated as power flow control 

device as well as with its additional feature of improving stability of the connected 

system. 

5.1 Recommendations for future research 

Sri Lankan power system is a small one, where it needs lot of treatments to keep the 

system in a stable condition. Although in Sri Lanka, FACTS devices have never been 

used so far, UPFC is one of the key solutions that could be utilized in Sri Lankan 

context as well. But, one can argue that due to the cost of it and the technology of it, 

Sri Lankan electricity industry cannot handle it. But, that is one of the recommended 

future research areas that could be carried out in the future. 

With the electricity market being de-regularized, this kind of new technology has to be 

adopted even by poor countries like Sri Lanka. Therefore, more and more researches 
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have to be carried out to familiarise this kind of new technology with Sri Lankan 

context. There are more possible research areas like, special techniques for control 

coordination when using more than one UPFC, determination of optimum location of 

FACTS devices for National network, determining the effect of input signal to a 

stabilizer etc. 
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