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ABSTRACT

This paper, fundamental controller system is presented for Automatic Generation Control of three-area
interconnected power system. The objective of providing an Automatic Generation Control (AGC) has been to
maintain the system frequency at nominal value and the power interchange between different areas at their
programmed values. The main requirement of an interconnected AGC is to ensure that frequency of various bus
voltages and currents are maintained at near specified nominal values, tie-line power flowing among the
interconnected areas are maintained at specified levels, and total power requirement on the system as a whole is
shared by individual generators economically in optimum fashion. The simulations have been performed using
MATLAB.
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I. INTRODUCTION

Noble excellence of electrical power system means
both the voltage and frequency to be fixed at desired
values irrespective of change in loads that occurs
randomly. It is in fact impossible to maintain both
active and reactive power without control which would
result in variation of voltage and frequency levels. To
cancel the effect of load variation and to keep
frequency and voltage level constant a control system
is required. Though the active and reactive powers
have a combined effect on the frequency and voltage,
the control problem of the frequency and voltage can
be separated. [1]

Frequency is mostly dependent on the active power and
voltage is mostly dependent on the reactive power.
Thus the issue of controlling power systems can be
separated into two independent problems. The active
power and frequency control is called as load
frequency control (LFC).[2] The most important task
of LFC is to maintain the frequency constant against
the varying active power loads, which is also referred
as un- known external disturbance. Power exchange
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error is an important task of LFC. Generally a power
system is composed of several generating units. To
improve the fault tolerance of the whole power system,
these generating units are connected through tie-lines.
This use of tie-line power creates a new error in the
control problem, which is the tie-line power exchange
error. When sudden change in active power load occurs
to an area, the area will get its energy through tie-lines
from other areas.[3]

Eventually the area that is subject to the change in load
should balance it without external support. Or else
there will be economic conflicts between the areas.
This is why each area requires separate load frequency
controller to regulate the tie line power exchange error
so that all the areas in an interconnected system can set
their set points differently. In short, the LFC has two
major duties, which are to maintain the desired value of
frequency and also to keep the tie line power exchange
under schedule in the presence of any load changes.
Also, the LFC has to be unaffected by unknown
external disturbances and system model and parameter
variation. [4]
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If the load on the system is suddenly increased, then
the speed of the turbine drops before the governor
could adjust the input of the steam to this new load. As
the change in the value of speed decreases the error
signal becomes lesser and the position of the governor
and not of the fly balls gets nearer to the point required
to keep the speed constant. One way to regain the
speed or frequency to its actual value is to add an
integrator on its way. The integrator will monitor the
average error over a certain period of time and will
overcome the offset Thus as the load in the system
changes continuously the generation is adjusted
automatically to restore the frequency to its nominal
value. This method is known as automatic generation
control (AGC). [5]

Il. METHODS AND MATERIAL

1. Scientific Modeling

According to practical point of view, the load
frequency control problem of interconnected power
system is much more important than the isolated
(single area) power systems. Whereas the theory and
knowledge of a isolated power system is equally
important for understanding the overall view of
interconnected power system.

Generally now days all power systems are tied with
their neighboring areas and the Load Frequency
Control Problem become a joint undertaking. Some
basic operating principle of an interconnected power
system is written below:

1. The loads should strive to be carried by their own
control areas under normal operating conditions, except
the scheduled portion of the loads of other members, as
mutually agreed upon.

2. Each area must have to agree upon adopting,
regulating, control strategies and equipment which are
beneficial for both normal and abnormal conditions.

2. Dynamics of the Power System

The AFLC circle is primarily connected with the vast
size generators .The fundamental point of the main aim
of the automatic load frequency control (ALFC) can be
to keep up the sought unvarying recurrence, in order to
gap loads among generators despite dealing with the
trading of tie line control in agreement to the booked
gualities. Different segments of the automatic load
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frequency control loop are as given a technique shown
in the Fig.1 [5]
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Figure 1. Block diagram of automatic frequency
control

3. Governors

Governors are employed in power systems for sensing
the bias in frequency which is the result of the
modification in load and eliminate it by changing the
turbine inputs such as the characteristic for speed
regulation (R) and the governor time constant (Tg).
Mathematically

APy(s) = APyer(s) — %AF 1)

Where AP, (s) =Ggovernor output
AP,(s) =The reference signal
R=Regulation constant or droop

AF(s) =Frequency deviation due to speed

4. Turbine

Turbines are used in power systems for the conversion
of the natural energy, like the energy obtained from the
steam or water, into mechanical power (Pm) which can
be conveniently Supplied to the generator .There are
three categories of turbines usually used in power
systems: non-reheat, reheat in addition to hydraulic
turbines, each and every one of which may be modeled
and designed by transfer functions. In the model the
representation of the turbine is,

Kt
1+STS

AP1(S) _
APy(s)

)

Where AP, (s) = The input to the turbine
AP (S) =The output from the turbine

5. Generators

Generators receive mechanical power from the turbines
and then convert it to electrical power. However our
interest concerns the speed of the rotor rather than the



power transformation. The speed of the rotor is
proportional to the frequency of the power system. The
loads of the power can be divided into resistive loads
(PL), which may be fixed when there is a change in the
rotor speed due to the motor loads which change with
the speed of the load. If the mechanical power does not
change then the motor loads shall compensate the
change in the load at a rotor speed which is completely
dissimilar from the planned value

Mathematically
APy(S) _ Kr
APg(s) ~ 1+sTy

Where AP, (s) =the output from the generator
AP, (S) =The input to the generator
T,=Time constant to the generator

(6)

6. Load

The power systems load constitutes of a diversity of
electrical devices. The loads that are resistive, for
example lighting and also heating loads are not
dependent on frequency, but the motor loads are
responsive to frequency depending on the speed-load
characteristics as shown below

AP, = AP, + DAw
Where AP, =Non frequency responsive load change
DAw = Frequency responsive load change
D=% Change in load/% change in frequency

(")

7. Tie-lines system

The objective of tie-lines is to trade power with the
systems or areas in the neighborhood whose costs for
operation create such transactions cost-effective.
Moreover, even though no power is being transmitted
through the tie-lines to the neighborhood systems/areas
and it so happens that suddenly there is a loss of a
generating unit in one of the systems. During such type
of situations all the units in the interconnection
experience a alteration in frequency and because of
which the desired frequency is regained.

Let there be two control areas and power is to be
exchanged from area 1 to area 2.

Mathematically

(8)

P iyl
V1 21
12——X12 sin(81-s,)

Where 1stand for control area 1&2 stand for area 2
X,,=Series reactance involving area 1 and 2

|V1| and |V,|=Magnitude of voltage of area 1 plus area
2
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8. Control Error

The aim of LFC is not just to terminate frequency error
in all areas, but as well to enable the exchange of the
power due to tie-line as scheduled. In view of the fact
that the error due to tie-line power will be the integral
of the dissimilarity in frequency among every pair of
areas, but when we direct frequency error back to zero,
all steady state errors present in the system frequency
will give rise to in tie-line power errors. For this reason
it is necessary to consider the control input in the
variation in the tie-line power. Consequently, an area
control error (ACE) is stated. Each of the power
generating area considers ACE signal to be used as the
output of the plant. By making the ACEs zero in all
areas makes all the frequency along with errors in the
tie line power in the system as zero.

In order to take care of the total interchange of power
among its areas within the neighborhood, ALFC
utilizes real power flow determinations of all tie lines
as emanating through the area and there after subtracts
the predetermined interchange to compute an error
value. The total power exchange, jointly with a gain, B
(MWI/0.1Hz), known as the bias in frequency, as a
multiplier with the divergence in frequency is known
as the Area Control Error is specified by
ACE=Yf_; Pi Ps + B(face — fo)MW  (9)
Where
P,._Power in the tie line(if out of the area then positive)
P;_Planned power exchange
f, =Based frequency
Positive ACE shows that the flow is out of area.

9. Three Area Power System

If there is interconnection exists between three control
areas through tie line than that is called a three area
interconnected power system. Fig.2 shows a three area
power system where each area supplies to its own area
and the power flow between the areas are allowed by
the tie line.
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Figure 2. block diagram of three area power system

In this case of three area power system an assumption
is taken that the individual areas are strong and the tie
line which connects the two area is weak. Here a single
frequency is characterized throughout a single area;
means the network area is ‘strong’ or ‘rigid’. There
may be any numbers of control areas in an
interconnected power system.

I11.RESULTS AND DISCUSSION
Integral Controller Approach

The integral control composed of a frequency sensor
and an integrator. The frequency sensor measures the
frequency error Af and this error signal is fed into the
integrator the input to the integrator is called the Area
Control Error (ACE). The ACE is the change in area
frequency, which when used in an integral-control loop,
forces the s steady-state frequency error to zero.

The integrator produces a real-power command signal
APc and is given by

AP._-K; [ Afdt
=K; [(ACE)dt
AP, =Input of speed change
K;— Integral gain constant

(10)

Simulation Result
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Figure 4. Frequency deviation vs time in area 1
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Figure 5. Frequency deviation vs time in area 2
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Figure 6. Frequency deviation vs time in area 3
IV.CONCLUSION

In this paper, analysis is done on the simulation study,
for load disturbance in all three areas with integral
controller gives very less frequency deviation approx.
to zero. the ANN controller is very effective in
suppressing the frequency oscillations caused by rapid
load disturbances and it will improve the system
performance (voltage regulation) by effectively reduce
the overshoot. The results are shown that by using the
time delay the dynamic response of the system will
increase and the degradation in the system performance
can be compensated effectively using ANN controller .
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