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Abstract
Low frequency oscillations occurs in power system because of 
lack of the damping Torque in order to dominance in power system 
disturbances, as an example of Change in mechanical input power. 
In large power systems, several electromechanical oscillations 
occur. Power system stabilizers can effectively Damp out the local 
oscillation modes but they are not capable enough to control and 
damp the inter area oscillations. Flexible ac transmission systems 
(FACTS) equipped with the Proper controller can have significant 
impact on the power oscillation damping Corresponding inter 
area modes. Series compensators are installed in a Transmission 
line to damp out oscillations. The series compensators are TCSC, 
SSSC, TSSC, TSSR, and TCSR. The series-shunt compensators 
are UPFC & UPQC. In this work TCSC & UPFC are used as 
a compensator. IEEE 3-machines 9-buses test system and the 
obtained results show the validity and efficiency of the proposed 
method.
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I. Introduction
Thyristor Controlled Series Compensation (TCSC) can change 
the reactance of transmission line flexibly to modulate power 
flow, and is one of the most efficacious means to improve the 
stability of power system. Low Frequency Oscillation (LFO) in 
large scale interconnected network is a key problem which debases 
system stability. To the united inter connected network in China, 
the use of TCSC to damping LFO has more and more important 
theory significance and engineering values. The transient stability 
control strategy has been discussed in many papers, in which 
some controllers with complex structure are give out. But some 
field experience indicated that the oscillation frequency and the 
phase shift angle of the controller have a great influence on the 
damping to power oscillation, which is a problem with very little 
study. This paper carries out a research of the control strategy of 
TCSC to improve transient stability in multi-machine network, 
and give the base control rules of TCSC to damp power oscillation 
quickly, and illuminates the relationship between system dynamic 
performance and phase shift angle.
The Benefits of Flexible AC Transmission Systems (FACTs) 
usages to improve power systems stability are well known. The 
growth of the demand for electrical energy leads to loading the 
transmission system near their limits. Thus, the occurrence of the 
LFO has increased. FACTs Controllers has capability to control 
network conditions quickly and this feature of FACTs can be 
used to improve power system stability. The UPFC is a FACTS 
device that can be used to the LFO. The primarily use of UPFC is 
to control the power flow in power systems. The UPFC consists 
of two voltage source converters (VSC) each of them has two 
control parameters namely me, δe ,mb and δb. The UPFC used for 
power flow control, enhancement of transient stability, mitigation 
of system oscillations and voltage regulation. A comprehensive 
and systematic approach for mathematical modeling of UPFC 
for steady-state and small signal (linearized) dynamic studies has 

been proposed in. The other modified linearized Heffron-Philips 
model of a power system installed with UPFC is presented in. 
For systems which are without power system stabilizer (PSS), 
excellent damping can be achieved via proper controller design 
for UPFC parameters. By designing suitable UPFC controller, an 
effective damping can be achieved. It is usual that Heffron-Philips 
model is used in power system to study small signal stability. In 
this study, the class of adaptive networks that of the same as PI 
inference system in terms of performance is used. The controller 
utilized with the above structure is called Adaptive PI Inference 
System or briefly. Applying neural networks has many advantages 
such as the ability of adapting to changes, fault tolerance capability, 
recovery capability, High-speed processing because of parallel 
processing and ability to build a DSP chip with VLSI Technology. 
To show performance of the designed adaptive PI controller, a 
conventional lead-lag controller that is designed in is used and 
the simulation results for the power system including these two 
controllers are compared with each other.
The objective of this paper is to investigate the ability of UPFC for 
power flow control, voltage support and damping of power system 
oscillations at the same time. In this paper the UPFC internal 
controllers (power flow controller, bus-voltage controller and DC 
link voltage regulator) are considered as IP type controllers.

II. Optimization Algorithms (Residual Technic)
The goal of the optimization is to find the best location of a given 
number of FACTS devices in accordance with a defined criterion. A 
configuration of FACTS devices is defined with three parameters: 
the location of the devices, their types and their values. In order 
to take into account the three aforementioned parameters in the 
optimization, a particular coding is developed. An individual is 
represented with three strings of length, where is the number 
of devices to locate optimally. The first string corresponds to 
the individual represents the values of the devices. It can take 
discrete values contained between 0 and 1; 0 corresponding to the 
minimum value that the device can take and 1 to the maximum. 
According to the model of the FACTS, the real value of the device 
is calculated with the relation. 
VrealF = VminF + (VmaxF - VminF)VF   (1)
Where and are respectively the minimum and maximum setting 
value of the device, and is the its normalized value. The second 
string is related to the types of the devices. A value is assigned 
to each type of modeled FACTS device: 1 for SVC; 2 for TCSC; 
3 for UPFC, and 4 for SVC at the midpoint of the line. By this 
way new other types of FACTS may be easily added. The last 
string of the location of the devices. It contains the numbers of the 
lines where the FACTS are to be located. Each line could appear 
at maximum once in the string. For a given power system of nb 
branches, the initial population is generated from the following 
parameters: 
• The number of FACTS devices to be located optimally.
• The different types of devices to be located.
• The number of possible discrete settings for a device.
• The number of individuals of the population
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Fig. 1: Flow Chart

III. Control Strategy to DANP LFO
At study on power oscillation damping, TCSC can be substituted 
by equivalent impedance, and the dynamic process is ignored. 
Fig. 1  is a common model of TCSC for system stability research: 
Stabilize controller strategy determines the order resistance X 
according to the input signal, and creates the resistance of TCSC 
through a delay component, whose time constant is decided by 
the main circuit characteristic. The common values of the time 
constant witch suitable trigger control strategy is 20~50 msec.

Fig. 2: Schematic Representation of TCSC

Because the impedance of the tie line of interconnected network is 
very large and the power flow through it often is very heavy. The 
power oscillation always performs as LFO between generators 
inside one district to those in another district. So we can analysis 
the control problem of TCSC in link line with an equivalent two 
machine system illustrated as fig. 2. Here the generators adopt 
the classic two rank modes with temporary reactance behind 
temporary electric potential. For a system with nG generators and 
nL loads, its energy function can be defined as the components 
are kinetic energy and potential energy of generators, potential 
energy of loads, and potential energy relating to the reactive power 
of each branch, and the angle and rotated speed here are defined 
under the inertia center coordinate system. The reactance of TCSC 
can be replaced as the sum of stability value Xc

u and controllable 
value Xc

u, just as
XC = XC

0 +XC
u     (2)

The compensation degree can be defined. When Xc
u changes 

during modulation, Kc always is negative and its change range 

is (Kcmin, Kcmax).
KC  = XC

u  ÷ (XC
0+ XL)    (3)

To simplify the discussion, the system in above fig. is transformed 
into the equivalent model in fig. 2.

Fig. 3: Equivalent Model of Two-Machine Network

Here TCSC is substituted by the stability reactance Xc
0 and two 

equivalent loads which has the same influence as Xc
u at the two 

buses. The branch reactance is defined as:
XS = XL + XC

0     (4)
To get the same bus voltage and node injected current in Figs. 
the equivalent loads must have the values expressed as the 
following:

   (5)

 (6)

  (7)

 (8)
To damp the power swing, the system energy must be reduced 
as quickly as possible. So value of TCSC reactance must be 
modulated properly so that V<0, and its absolute value is the 
largest. Because the influence of voltage variance always is very 
larger than that of power angle variance during power oscillations. 
Because the power angle variance between send end and receive 
end θ12 is positive, the regulation method of TCSC is determined 
by the sign of θ12
During power oscillations θ12 and ω12 has the same sign, so the 
control rulers of TCSC based on ω12 can be derived as
ω12 ≥ 0, KC  = Kcmin    (9)
ω12 ≤ 0, KC  = Kcmax    (10)
TCSC must adopt a Bang-Bang operation in terms of formula, and 
the output must be in phase with the speed deviation between the 
two groups of machines. This strategy generates the largest damping 
to the system, so it is a minimum time control strategy.
The essential prime of this strategy is: when ω12>=0, the capacitive 
impedance must be the largest, the equivalent branch impedance 
reduces, the transmission power through the tie line increases, 
and the speed deviation between the machine groups reduces, 
vice versa. The strategy above is based on ω12. Because TCSC 
assembly always is installed at the middle point of transmission 
line, ω12 is difficult to get. But we can detect the power flow of 
tie line easy. 
So TCSC can be controlled based on power flow through tie line. 
When the power flow increase, the capacitive impedance of TCSC 
adopts the largest value, and vice versa.
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V. Shunt and Series Compensation
Phase Shifting Transformers (PST) is the most common device 
in this sector. Their limitation is the low control speed together 
with a high wearing and maintenance for frequent operation. As 
an alternative with full and fast controllability the Unified Power 
Flow Controller (UPFC) is known since several years mainly 
in the literature and but as well in some test installations. The 
UPFC provides power flow control together with independent 
voltage control. The main disadvantage of this device is the high 
cost level due to the complex system setup. All simpler devices 
can be derived from the UPFC if their capability is sufficient for 
a given situation.
Derived from the UPFC there are even more complex devices 
called Interline Power Flow Controller (IPFC) and Generalized 
Unified Power Flow Controller (GUPFC) which provide power 
flow controllability in more than one line starting from the same 
substation HVDC Back-to-Back systems allow power flow 
controllability while additionally decoupling the frequency of both 
sides. While the HVDC Back-to-Back with thyristors only controls 
the active power, the version with Voltage Source Converters 
allows additionally a full independent controllability of reactive 
power on both sides. Such a device ideally improves voltage 
control and stability together with the dynamic power flow control. 
For sure HVDC with thyristor or Voltage Source Converters 
together with lines or cables provide the same functionality and 
can be seen as very long FACTS-device.

VI. Simulation and Results
Fig. 5. shows three phase voltages with swells and sags. Fig. 
6. shows three phase voltages after compensation. Oscillating 
frequency and phase shift angle of the controller have a great 
influence on the damping of power oscillations. In TCSC because 
of the angle of deviation the uneven damping’s had occurred. It is 
improved in case of UPFC and the oscillations are damped out.

Fig. 4: Output Wave Form

Fig. 5: Output Waveform for Six Bus System

Fig. 6: Three Phase Input Voltages With a Swells & Sags

Fig. 7: Three Phase Voltages After Compensation

In this study two different controllers have been used to damp 
LFO. The first one is conventional lead-lag controller. It consists 
of gain block, washout block, lead-lag compensator block. The 
washout block is considered as a high-pass filter, with the time 
constant TW. Without this block steady changes in input would 
modify the output. The value of TW is not critical and may be in 
the range of 1 to 20 seconds. In this study, the parameters obtained 
from lead-lag controller design were used.
 In this step change in mechanical input power is studied. 
Simulations are performed when mechanical input power has 
10% increase (ΔPm=0.1 Pu) at t = 1s. 

Fig. 7: Output Waveform for Lead-Lag Controller
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Fig. 8: Output Waveform for ANN Controller

It is possible to find the most effective places to install series 
compensators with just one simulation instead of repetitive 
simulations, which will reduce significantly the computational 
cost. It has also been shown that installing series compensators 
in the transmission lines does not always improve the small 
signal stability of power system. The proposed method has been 
applied to the IEEE 3-machine 9-bus system using thyristor 
controlled series compensator and unified power flow controller. 
MATLAB®9b has been used for implementation of the proposed 
method. MATLAB/SIMULINK was invented in late 1970s 
by Cleve Moler. It is a high-level language and its interactive 
environment helps us to perform computationally intensive tasks 
faster than with traditional programming languages such as C, 
C++, and FORTRAN. Another important feature of MATLAB 
is that it helps in modelling, simulating, and analyzing dynamic 
systems using SIMULINK, so it is widely used in applications 
that describe real world phenomena. It supports linear and 
nonlinear systems, modelled in continuous time or sampled time. 
SIMULINK encourages us to try things out. We can easily build 
models from scratch, or take an existing model and add to it. We 
have instant access to all the analysis tools in MATLAB, so we 
can take the results and analyze and visualize them. The goal of, 
through an environment that encourages us to pose a question, 
SIMULINK is to give us a sense of the fun of modelling and 
simulation model it, and see what happens. The simulations done 
in this present paper.

VII. Conclusion
The paper presents the application of a new hybrid series-shunt 
capacitive compensation scheme in damping power system 
oscillations. The effectiveness of the presented scheme in damping 
of these oscillations is demonstrated through several digital 
computer simulations of case studies on a test benchmark. With 
regard to UPFC capability in transient stability improvement and 
damping LFO of power systems, an adaptive PI controller for 
UPFC was presented in this paper. The controller was designed for 
a 3 machine 9 bus system. Then simulation results for the system 
including PI controller were compared with simulation results for 
the system including conventional lead-lag controller.

References
[1] N. G. Hingorani, L. Gyugyi,"Understanding FACTS: 

Concepts and Technology of Flexible AC Transmission 
System", IEEE Press, 2000.

[2] H.F.Wang, F.J.Swift,"A Unified Model for the Analysis of 
FACTS Devices in Damping Power System Oscillations 

Part I: Single-machine Infinite-bus Power Systems", IEEE 
Transactions on Power Delivery, Vol. 12, No. 2, April 1997, 
pp. 941-946.

[3] L. Gyugyi, C.D. Schauder, S.L. Williams, T.R.Rietman, D.R. 
Torgerson, A. Edris,"The UnifiedPower Flow Controller: A 
New Approach to PowerTransmission Control", IEEE Trans., 
1995, pp. 1085-1097.

[4] Wolanki, F. D. Galiana, D. McGillis, G. Joos,“Mid-Point 
Sitting of FACTS Devices in Transmission Lines,” IEEE 
Transactions on Power Delivery, Vol. 12, No. 4, 1997, pp. 
1717-1722.

[5] M. Noroozian, L. Angquist, M. Ghandari, G. Anderson, “Use 
of UPFC for optimal power flow control”, IEEE Trans. on 
Power Systems, Vol. 12, No. 4, 1997, pp. 1629–1634.

[6] A Nabavi-Niaki, M R Iravani,"Steady-state and Dynamic 
Models of Unified Power Flow Controller (UPFC) for Power 
System Studies", IEEE Transactions on Power Systems, Vol. 
11, 1996, pp. 1937.

[7] K S Smith, L Ran, J Penman,"Dynamic Modelling of a 
Unified Power Flow Controller", IEE Proceedings-C, Vol. 
144, 1997, pp. 7.

[8] H F Wang,"Damping Function of Unified Power Flow 
Controller", IEEE Proceedings-C, Vol. 146, No. 1, January 
1999, pp. 81.

[9] H. F. Wang, F. J. Swift, “A Unified Model for the Analysis 
of FACTS Devices in Damping Power System Oscillations 
Part I: Single-machine Infinite-bus Power Systems,” IEEE 
Transactions on Power Delivery, Vol. 12, No. 2, April, 1997, 
pp. 941-946.

[10] P.Kundur,"Power System Stability and Control",McGraw-
Hill.

[11] M. Banejad, A. M. Dejamkhooy , N. Talebi, "PI Logic Based 
UPFC Controller for Damping Low Frequency Oscillations 
of Power Systems", 2nd IEEE International Conference on 
Power and Energy, 2008, pp. 85-88.

[12] P.K., Dash, S. Mishra, G. Panda, , "Damping multimodal 
power system oscillation using a hybrid PI controller for 
series connected FACTS devices", IEEE Trans. on Power 
Systems, Vol. 15, 2000, pp. 1360 -1366.

[13] A. Oudalov, R. Cherkaoui, A.J. Germond, "Application of PI 
logic techniques for the coordinated power flow control by 
multiple series FACTS devices", IEEE Power Engineering 
Society International Conference, 2001, pp. 74 – 80.

Sireesha patibandla born on 3rd august 
1990, obtained B.Tech degree in 
Electrical and Electronics Engineering 
from the ANURAG Engineering college, 
JNTU Hyderabad in 2011. Presently, 
she is pursuing for M.E degree in Power 
Systems and Automation from Sir C R 
Reddy College of Engineering, Andhra 
University, Andhra Pradesh, India. Her 
areas of interests include power System 
Operation and Control, Control System, 

and Technology, JNTU Kakinada.



IJEAR Vol. 4, IssuE spl-1, JAn - JunE 2014

w w w . i j e a r . o r g 100   InternatIonal Journal of educatIon and applIed research

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

G.Rama Mohan Rao, Obtained   B.E 
degree  in  1980 From mysore university 
and  M.Tech degree in 2004  with a 
specialization  in JAWAHARLAL 
NEHRU TEC-HNOLOGICAL 
UNIVERSITY HYDERABAD, 
INDIA.


