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Abstract: Today's power system is massive, complex and very
dynamic. With innovations such as power electronics and
renewable energy integration, the power system becomes more
complex. Controlling the frequency with respect to load is most
important in a power system because the system will lose its
synchronism if the frequency changes. When the load demand is
greater than the actual power generated, then the system
frequency goes down and this condition is called under
frequency condition. In some other cases when the load
decreases then the system frequency will go up and this
condition is called the over-frequency condition. In both cases,
the system frequency fluctuates from its normal frequency
range. This paper demonstrates the use of a fuzzy logic
controller in a single area system to control the change in load
frequency and a comparison with traditional (INTEGRAL AND
PID) controllers. The simulation of the entire system is
performed on the MATLAB Simulink.
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(FLC), Proportional-Integral-Derivative (PID) controller, Integral
Controller

I.  INTRODUCTION

The main objective of load frequency control is to

maintain the power balance between the interconnected
areas and to control the power flow in the tie lines. For the
smooth operation of any power system, the system
frequency must be in its normal frequency range otherwise
the whole system may get collapse. It may lead to loss of
consumer, difficulty in parallel operation of alternator,
increase in transformer loss, difficulty in controlling of
electric drives, etc [1].

Every machine has a speed governor and its function is to
monitor the frequency in the generator or system. The
speed governor controls the valve opening and closing
based on the frequency generated in the generator which is
the primary control otherwise we often need the secondary
control. Secondary control involves controlling the loading
on different plants when the primary control is not adequate
enough for frequency control.
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The various methods of secondary control are - Flat
Frequency Control, Parallel Frequency Control, and Flat
Tie-Line Control.

The above mentioned Frequency Controls has many
limitations such as slower response and accuracy which
leads to consumption of much time to become stable. So,
we use Traditional Controller such as I, PI, PID [2].

Electro-hydraulic PID-based governor or controller
replaces the mechanical components of the dash-pot and
piston with electrical components. As these electrical
components are static in nature, they don't have inertia. For
this, their response time is faster as compared to mechanical
hydraulic governors. PID Controller provides robust
satisfactory control of frequency by changing the
parameters of P, I, and D gain but we know that load
demands in power systems are variable in nature. In fact,
the load demand continuously changes throughout the day
[3].

On the other hand, PID controllers often exhibit poor
control performance when dealing with integrating
processes and processes with large time delays.
Additionally, they struggle to effectively handle ramp-type
set-point changes or slow disturbances. PID Controllers
have the limitation that their parameters cannot be tuned
online for continuous load variations. Due to this, the PID
Controller cannot provide the best optimal response for
every load variation. So we need satisfactory values of P, I,
and D for all load conditions [4].

A human expert can easily understand the behavior of an
FLC, as knowledge is expressed using intuitive, linguistic
rules. In contrast with traditional linear and nonlinear
control theory, an FLC is not based on a mathematical
model and is widely used to solve problems under uncertain
and vague environments with high nonlinearities. The
Fuzzy Logic Control has the ability that if we define the
rules for all conditions separately then it will provide the
best response for its condition every time. That means it can
provide the best response simultaneously for all the
operating conditions [5]. In this paper, a Fuzzy Logic
Controller (FLC) is used. This type of controller adds a pole
at the origin results in a reduction of the steady-state error.
System load is never steady but using controllers this can
be controlled. In uncontrolled cases, there is more
oscillation, and negative overshoot is observed but when
compared to conventional type controllers and proposed
work, it gives better performances of dynamic responses

[6].
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Il.  SYSTEM DYNAMICS

A single-area power system network consisting of thermal
area is taken into account in this paper. The block diagram
of the single-area power system is shown in Figure 1 which
consists of a non reheat type turbine with a governor and a
generating unit.

A. Modelling of the Thermal Area

The real power in a power system is controlled by
controlling the position of the control valve to exert the
flow of high-pressure steam through the turbine. The
mathematical model can be developed which is based on
small deviations around the nominal steady state. Let us
assume that the steam is operating under steady state and
delivering power from the generator at nominal speed or
frequency (f). Under this condition, the transfer functions
equation of the governor, turbine (Non-Reheat type
turbine), and generator has been obtained and shown below
[71.
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Fig. 1: Complete Block Diagram of the Single Area
System

Where Ky, Kt, and K are the gains of the governor, turbine,
and generator respectively. T4, Tt and T, are the time constant
of the governor, turbine and generator respectively.

I11.  FUZZY LOGIC CONTROLLER

Fuzzy means not clear. The fuzzy logic approach was
presented by Lotfi Asker Zadeh in 1965. It is called a
superset of boolean algebra. A fuzzy logic controller
involves 3 stages - (1) Fuzzification (2) Inference or
Interpretation (3) Defuzzification. Fuzzification is the
process of converting the crisp input to a fuzzy quantity
using a membership function stored in the knowledge base.
Knowledge base comprised of database and linguistic
control rule base. In the second stage of FLC, we formulate
rules using linguistic variables that rely on system
performance and experience. Then, we employ an
interpreter to make decisions based on the input provided
and the rule base. Defuzzification is the process of
changing the fuzzified value into a crisp value or precise
quantity [8][9][10][11][12][13].

Retrieval Number: 100.1/ijese.F451113060824
DOI: 10.35940/ijese.F4511.12100924
Journal Website: www.ijese.org

Controller
—
Input

Fuzzy

Knowledge Base

Fuzzification

Fuzzy

—

Input

Inference Engine

Fuzzy
—

Qutput

Defuzzification

Controller

Qutput

Fig. 2: Block Diagram of Fuzzy Logic Controller

IV. SYSTEM MODELLING
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Fig. 3: Simulink Model of Thermal Plant with Fuzzy
Logic Controller
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Fig. 4: Simulink Model of Thermal Plant with Integral
Controller
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Fig. 5: Simulink Model of Thermal Plant with PID
Controller

In Figures 3, 4, and 5 we have seen the MATLAB
Simulink model of a thermal power plant with the fuzzy
logic controller, integral, and PID controller respectively.
The membership function taken for the input i.e. the change
in frequency is five in number. Membership functions are
High Undershoot (HU), Low Undershoot (LU), Normal
Frequency (NF), Low Overshoot (LO), High
Overshoot(HO). The membership function taken for the
output i.e. Valve Position is five in number. They are Full
Closed (FC), Half Closed (HC), Normal Open (NO), Half
Open (HO), and Full Open (FO).
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There is one input and one output to the fuzzy system
which are Changes in Frequency and Valve Position
respectively which is shown in Fig. 6
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A

valve_position

File Edit View
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Fig. 6: Input and Output to the Fuzzy Editor

In this controller, triangular and trapezoidal membership
functions are used for both input (Change in Frequency)
and output (Valve Position). The membership functions for
input and output are shown in Fig. 7 and Fig. 8
respectively. The rules highly depend on the membership
function and they are set in an appropriate collection of
input and output parameters. The suitable Fuzzy Rules
should be inserted into the fuzzy rule box which will be in
the format that “If A is Good then Output is Good” After
assigning the rules they will be saved as a file in FIS
format. This file will be stored in the same folder as our
Matlab file. We can then use this fuzzy file in the
corresponding fuzzy block, using the appropriate notation.
On simulating the respective simulation the following
output will be generated which will have the advantages of
reduction in settling time, meaning the system reaches
stability more quickly. Additionally, there will be less
fluctuation in frequency compared to what we got with a
PID controller.

HU LU NF LO HO

=

-1 -0.8 -0.6 -0.4 -0.2 0 02 0.4 0.6 0.8 1

Fig. 7: Membership Function for Input

FC HC NO HO FO

o=

0.01 0.02 ana 0 ad nne 0.06

Fig. 8: Membership Function for Output
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Table-1: Fuzzy Rule Base

Rules Input Output
Rule 1 LU HO
Rule 2 NF NO
Rule 3 LO HC
Rule 4 HU FO
Rule 5 HO FC

Mamdani’s method with Max-Min is used for fuzzy
combinations. Defuzzification is the last stage of a fuzzy
controller.  Centroid method is used here for
Defuzzification. The rules for this controller are shown in
Table 1. In Fig. 4 and Fig. 5, the Simulink model of the
thermal power plant with integral and PID controller is
shown. The gain of the integral controller and PID
parameters (K,, Ki, Kgq) are found using the trial and error
method. (Best possible values for all the gains).

V. SIMULATION AND RESULT

In this research, MATLAB software is used along with
the fuzzy logic toolbox to conduct simulations. In this
paper, the investigation of load frequency control (LFC) for
a single-area model of non-reheat turbine power systems is
undertaken, employing fuzzy logic controller, integral, and
PID controller. A disturbance of 0.02 p.u. is applied to the
single-area system. The data utilized for this system is
provided in the Appendix.
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Fig. 9: Frequency Deviation of Proposed Fuzzy Logic
for Single Area System
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Fig. 10: Frequency Deviation of the Single Area with
Integral Controller
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Fig. 11: Frequency Deviation of the Single Area with
PID Controller

From the above figures (Fig.10, Fig.11, Fig.12) we have

seen the frequency deviations of the single area system by
using a Fuzzy logic controller, Integral controller, and PID
controller respectively. We have seen a large undershoot in
the case of the integral controller, a medium undershoot in
the PID controller and a comparatively small undershoot in
the Fuzzy controller. The statistical comparison of the
responses in terms of settling- time and under-shoot is
shown in Table 2. It could be easy to say that the proposed
intelligent controller gives a small undershoot and settles
fast as compared to PID controller in a literal sense.
The suitable values for PID parameters (K,, Ki, Kq) and the
gain of the integral controller (K;) are shown in Table 3.
The suitable parameters are found using the Trial and Error
method.

Table-2: Comparison of Frequency Deviation of Single
Area System

Controller Settling Time Undershoot
(Second)
Fuzzy (Proposed) 6.243 0.602
Integral 14.006 15.345
PID 7.801 12.132
Table-3: Parameters for PID and Integral Controller
Controller] K, Ki Ka
PID - -0.5337| -0.0726
0.3960
Integral | --------- R e
0.29870

The comparison graph shown in Figure 12 illustrates the
results obtained by conventional PID, INTEGRAL
controller, and fuzzy controller. From the responses above,
it is evident that the performance of the fuzzy logic
controller is better than that of the conventional PID and
Integral controller in aspects like settling time. The
transients are observed to take less time to die out.
Moreover, the percentage of undershoot is very low as
compared to Integral and conventional PID controller.
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Fig. 12: Comparison of Deviations in Frequency in the
Single Area System
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VI. CONCLUSION

In this study, a fuzzy logic control approach is employed
for load frequency control of an isolated or a single-area
system. The proposed Fuzzy Logic Controller provides
better dynamic performance and reduces the oscillation of
the frequency deviation as compared to conventional PID
and Integral controllers, with 0.02 per unit(p.u.) step load
increment.
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Appendix
D(PUIHZ) H(PU S) R(HZ/PU) T(S) T«(S)
0.015 0.08335 3.00 0.08 0.4
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