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Abstract

In this paper a new robust load
frequency controller for two area interconnected
power system is presented to quench the
deviations in frequency and tie line power due to
different load disturbances. The dynamic model
of the interconnected power system is developed
with the integral control. Basic dynamic model
representation of a two area power system given
in the reference [2] is considered and the
responses of two area power systems are
evaluated. The so called Load Frequency Control
Problem is restructured as a state transfer
problem and using a suitable control strategy the
system should be transferred from an initial state
to the final state without any oscillations (if
possible) in frequency deviations and tie line
power deviations and thereby the time to reach
final steady state is very much reduced. The
MATLAB/Simulink based simulations are
provided and the results in terms of different
constants like inertia constant, integration
constant, and the turbine constant are studied.

Keywords: load frequency control; dynamic
analysis; integral controller.

Introduction

Modern day power systems are divided into
various areas. For example in India , there are five
regional grids, e.g., Eastern Region, Western Region
etc. Each of these areas is generally interconnected
to its neighboring areas. The transmission lines that
connect an area to its neighboring area are called tie-
lines. Power sharing between two areas occurs
through these tie-lines. Load frequency control, as
the name signifies, regulates the power flow between
different areas while holding the frequency constant.
The power system frequency rises when the load
decreases if AP,y is kept at zero. Similarly the
frequency may drop if the load increases. However it
is desirable to maintain the frequency constant such
that Af=0. The power flow through different tie-
lines are scheduled - for example, area- i may export
a pre-specified amount of power to area-jwhile
importing another pre-specified amount of power
from area- k. However it is expected that to fulfill
this obligation, area- i absorbs its own load change,
i.e., increase generation to supply extra load in the

area or decrease generation when the load demand in
the area has reduced. While doing this area- i must
however maintain its obligation to areasjand k as
far as importing and exporting power is concerned.
A conceptual diagram of the interconnected areas is
shown in figure. For large scale power systems
which consists of inter-connected control areas, load
frequency then it is important to keep the frequency
and inter area tie power near to the scheduled values.
The input mechanical power is used to control the
frequency of the generators and the change in the
frequency and tie-line power are sensed, which is a
measure of the change in rotor angle. A well
designed power system should be able to provide the
acceptable levels of power quality by keeping the
frequency and voltage magnitude within tolerable
limits. Changes in the power system load affects
mainly the system frequency, while the reactive
power is less sensitive to changes in frequency and
is mainly dependent on fluctuations of voltage
magnitude. So the control of the real and reactive
power in the power system is dealt separately. The
load frequency control mainly deals with the control
of the system frequency and real power whereas the
automatic Voltage regulator loop regulates the
changes in the reactive power and voltage
magnitude. Load frequency control is the basis of
many advanced concepts of the large scale control of
the power system.
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Fig 1: Interconnected areas in a power system
I1 Dynamic Studies

In this section, an analytical approach is
given for the investigation of two area power system
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dynamics. The LFC system consists of four parts:
turbine, governor, electrical system and controller. A
block diagram representation for the two area system
with LFC containing integral controller is shown in
Fig. 2, where GT(s), GG(s) and GP(s) denote the
transfer functions of turbine, governor and electrical
systems respectively. Changes in load are
accompanied by changes in system frequency,
generation and tie line power flows. The system
frequency and tie line power flows must be kept
within specified limits. The inputs to the system are
Changes to the electric load APD1 and APD2 in each
area. Quantities of interest are the mechanical power
output of the turbine, APT1 and APT2, changes to
the plant set point, PC1 and PC2, output change of
governor, APG1 and APG2, and the system
frequency increment, APF1 and APF2, of the each
area system. Other quantity of interest is the
deviation of tie line power flow out of the area from
the scheduled power flow, APTIE. It is known that
LFC systems include an integral control as
secondary controller, in conventional control
configurations.
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In practice the adjustment of APC1 and
APC2 is done automatically by the tie line bias
control or secondary control. Each area supplies its
user pool and allows electric power to flow between
areas. The control error for each area consists of a
linear combination of frequency error and tie-line
error [9]. The area control error (ACE) must be kept
close to zero in each control area. The ACE is used
as the input of the PI controller of LFC, while the
output is the raise/lower signal (APC) sent to
generating units to adjust their generated power to
meet the demand [14]. The ACE for a two area
system is:

ACEy =(-D¥*' AP + ByAfy,  N=1,2

where N is number of area and BN is
frequency bias setting. The BN should be high
enough such that each area adequately contributes to
frequency control. The choosing BN equal to the
area frequency response characteristic (), gives

satisfactory performance of interconnected system.
The value of B[] varies according to electric load
characteristic, governor performance and speed
regulation settings [15]. If speed regulation factor
and damping factor system for an each area is
represented by RN and DN respectively, then the By
is:
By =Dy + L
H H R,

The value of AfN in (1) represents the amount of
frequency variation, which can be calculated as
below:

Af, =f—f

a

where fo is the nominal frequency and f is the
operating frequency. The frequency bias BN
determines the amount of interaction during a
disturbance in the neighboring areas. The BN should
be high enough such that each area adequately
contributes to frequency control. The ACEs are used
as actuating signals to activate changes in the
reference power set points, and when steady state is
reached, APTIE and AfN is returned to zero and
ACE1=ACE?2. Sate equation

of two area system with controller and without
reheat with

nine variables:

X =[Af; APy, APy, AP, APy Af; AP AP AP TF

U:[ﬂpm *':'*PD:]I

are obtained. The equation systems for N=1, 2 are:
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111 MATLAB/SIMULINK MODELING AND ‘
SIMULATION RESULTS
The below figure shows the MATLAB/SIMULINK
circuit of the two area power system.
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The below figure shows the output waveforms of the
i system which shows the Frequency deviation in
subsysend ’@ terms of turbine time constant changes of first area
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Fig 3: MATLAB/SIMULINK circuit of the two area
power system.

The below figure shows the output
waveforms of the system which shows the
Frequency deviation in terms of integration constant
changes of first area

Fig 6: Frequency deviation in terms of turbine time
constant of first

Area

The below figure shows the output waveforms of the
system which shows the Tie line power flow
deviation in terms of inertia constant changes of first
area

Fig 4: Frequency deviation in terms of integration
constant changes of first area

The below figure shows the output waveforms of the
system which shows the Frequency deviation in
terms of integration constant changes of second area

Fig 7:Tie line power flow deviation in terms of
inertia constant changes of first area
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The below figure shows the output waveforms of the
system which shows Tie line power flow deviation
in terms of integration constant changes of first area

Fig 8: Tie line power flow deviation in terms of
integration constant changes of first area

The below figure shows the output waveforms of the
system which shows Tie line power flow deviation
in terms of turbine time constant of first area

Fig 9:Tie line power flow deviation in terms of
turbine time constant
of first area

REFERENCES

[1]

2]

[3]

M.Aldeen, R.Sharma, “Robust detection of
faults in frequency control loops”, IEEE
Tran. On Pow. Syst., Vol.22, No.1, pp.413-
420, February 2007.

J.Faiz, G.Shahgholian, M.Arezoomand,
“Analysis and simulation of the AVR
system and parameters variation effects”,
IEEE/POWRENG, 450-453, April 2007.

P. Aravindan, M.Y. Sanavullah, “Fuzzy
logic based automatic load frequency
control of two area power system with
GRC”, Inter. Jour. of Comp. Intel. Rese.,
Vol.5, No.1, pp.37-44, 2009.

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

J.D.Glover, M.Sarma, "Power system
analysis and design”, PWS Publishers,
1987.

Y.L.A.Magid, M.M.Dawoud, "Genetic
algorithms applications in load frequency
control", IEEE/ICEC, Vol.1, pp.207-213,
November/December 1995.

J.L.M.Ramos, A.M.Marcolini,
M.T.F.Rivera, "Load and frequency control
in compective power systems",
IEEE/MELECON, pp.935- 938, May 2006.
G.Shahgholian, A.A.Bahmanpour,
"Analysis and simulation of Loadfrequency
control in the single area power system with
steam turbine”, proc. PSC Iran, 2002,
pp.257-266.

Q.P.Ha, H.Trinh,"A variable structure -
based controller with fuzzy tuning for load-
frequency control ", International Jou. of
Pow. And Ene. Sys., Vol. 30, pp.1-5, 2001.
E.Rakhshani, J.Sadeh, “Simulation of two-
area AGC system in a competitive
environment using reduced-ord”,
IEEE/EEM, pp.1-6, May 2008.

C.FJuang, C.F.Lu, "Power system load
frequency control by evolutionary fuzzy Pl
controller”, IEEE Int. Conf. Fuzzy system,
Vol.2, pp.715-719, July 2004.

B. Anand, AE. Jeyakumar, “Load
frequency control with fuzzy logic
controller considering non-linearities and
boiler dynamics”, ICGSTACSE Jour.,
Vol.8, No.lll, pp.15-20, January 2009.
S.A.Taher, R.Hematti, “Robust
decentralized load frequency control using
multi variable QFT method in deregulated
power systems”, Ame. Jou. of App. Scie.
Pp.818-828, 2008.

D.Rerkpreedapong, A Feliachi,
“Decentralized load frequency control for
load following services”, IEEE/, pp.1252-
1257, 2002.

A.Demiroren, H.L.Zeynelgil, N.S.Sengor, "
The application of ANN technique to load
frequency control for three area power

system", |EEE/PPT, Vol.2, September
2001.
N.Yadaiah, P.S.Srinivas, “Intelligent

decentralized controllers for multi area
power systems”, IEEE/ICIEA, pp., 2006.
D.Rerkpreedapong, A.Feliachi, "Pl gain
scheduler for load frequency control using
spline techniques”, IEEE/SSST, pp.259-
263, March 2003.

SJier, C.C.Huang, "An automatic load
shedding scheme including pumped storage
units", IEEE Trans. On Eng. Conv., Vol.15,
No.4, pp.427-432, December 2000.
K.Hasegawa, G.Shirai, T.Ono, G.Fujita,
K.Konayagi, T.Funahashi, R.Yokoyama,

1576 |Page



P.Anil Kumar, J.Shankar, G.Ashok Kumar / International Journal of Engineering Research
and Applications (IJERA) ISSN: 2248-9622 www.ijera.com
Vol. 2, Issue 6, November- December 2012, pp.1573-1577
"Contribution of power electronics for load
frequency control of interconnected power
system", IEEE/ISAP, pp.361-366,
November 2005.

Authors Biography:

'P.Anil Kumar was born in 1985. He
received the B.Tech. & M.Tech degrees in
electrical engineering from the Dr.Paul Raj
Engineeting College, Bhadra chalam,
Khammam Dist, A.P, in 2006 and 2011
respectively. Currently, he is the Assistant
Professor in the Department of Electrical
Engineering, “ANNAMACHARYA
INSTITUTE OF TECHNOLOGY & SCIENCE”

2J.Shankar was born in 1984. He received
the B.Tech. degree in electrical engineering
from the Dr.Paul Raj Engineeting College,
Bhadra chalam,in 2006 & M.Tech degree in
Power Electronics From PRRM Engg college
in 2011 respectively. Currently, he is the
Assistant Professor in the Department of
Electrical Engineering, ANNAMACHARYA
INSTITUTE OF TECHNOLOGY &
SCIENCE.

%G.Ashok Kumar.He received his B.Tech
degree in electrical engineering from the
L from Aizza college of engineering &

technology,Mancherial and M.Tech degree
Electrical Power Engineering from JNT
University,Hyderabad. Currently, he is the
Assistant Professor in the Department of
Electrical Engineering, “AlZZA COLLEGE
OF ENGINEERING &
TECHNOLOGY”

1577|Page



