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Abstract:- In this paper the problems of frequency and power in the generating units has been focused and two
thermal generating units has been taken as a source of power generation. Computational techniques GA PI, Fuzzy
and PID has been applied for the solution of such issues, when the system is operating normal and also even in
disturbing condition. The Simulink model has been simulated through MATLAB software and combined responses
have been tabulated for effective results. Comparative result shows that the GA technique gives good and efficient
results with respect to the other computational techniques by even when the number of generating units increased.
Keywords: Power Generation, Computational Technique, GA, Fuzzy, PI, PID, Generating Units.

analysis, planning, and control. At present,
analysis of modern power systems is generally
based on digital computers. Hence, establishment
of a mathematical model, describing the physical
processes of a power system, is the foundation for
the analysis and investigation of various power
system problems.
Correct
and accurate
computation for power system analysis requires a
correct and accurate mathematical model of the
power system. Transient processes of the power
system are very fast. This is why power system
operation heavily relies on the applications of
automatic control. With the installation of many
different automatic control devices, the operation
of which largely depends on the application of
electronic and computing technology, modern
power system operation has reached a very high
level of automation.
For controlling the frequency and power in the
limit some computational techniques GA PI,
Fuzzy and PID has been applied. Simulink transfer
function model of two and three generating unit
has been obtained, shown in Figure 1.[1], [5], [6],
[7], [8], [9], [10].

1 Introduction
The continuous increase of power system
complexity and installation of more and more new
equipment in power systems has demanded better
methods for power system analysis, planning, and
control. At present, analysis of modern power
systems is generally based on digital computers.
Hence, establishment of a mathematical model,
describing the physical processes of a power
system, is the foundation for the analysis and
investigation of various power system problems.
Correct and accurate computation for power
system analysis requires a correct and accurate
mathematical model of the power system.
Transient processes of the power system are very
fast. This is why power system operation heavily
relies on the applications of automatic control.
With the installation of many different automatic
control devices, the operation of which largely
depends on the application of electronic and
computing technology, modern power system
operation has reached a very high level of
automation. The continuous increase of power
system complexity and installation of more and
more new equipment in power systems has
demanded better methods for power system
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Figure 1: Transfer function model of two generating unit

2 Equation Mathematically

2.1 Frequency From Dynamic Equation

The transfer functions equation of the governor,
turbine, generator has been obtained and shown
below;
𝐾𝑠𝑔
Governor Transfer function = 𝑇𝑠𝑔 𝑠+1
(1)

For a sudden step change of load demand (𝛥𝑃𝐷 ),
𝛥𝑃
𝛥𝑃𝐺 (𝑠) = 𝑠 𝐷
(4)
the change in frequency is given by

Where Ksg is the gain of governor and Tsg is the time
constant of governor.
𝐾𝑡
Turbine Transfer function = 𝑇𝑡 𝑠+1
(2)
Where Kt is the gain of turbine and Tt is the time
constant of turbine.
𝐾𝑝𝑠
Generator Transfer Function = 𝑇𝑝𝑠 𝑠+1
(3)

𝛥𝐹(𝑠)|ΔPC(s)=0 = -

Where Kps is the gain of generator and Tps is the time
constant of generator, normally range of Tps is 20s.
1
2𝐻
Kps = 𝐵 , B is constant parameter in MW/Hz. Tps = 𝐵𝑓

the dynamic response of the system.
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(6)

This is equation for dynamic state, help to determine

2.2 Tie Line Power Equation
Power flow out of control area-1 can be expressed as
For Control area-1
𝛥𝐹 (𝑠)
𝛥𝐹 (𝑠)
ΔPTL1 (s) = 2πT12 [ 1𝑠 − 2𝑠 ]
(7)

0

, H be the inertia constant of a generator (MWs/MVA) and Pr the rating of the turbo-generator
(MVA). fo is frequency. [2], [3], [4], [10]
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For Control area-2
𝛥𝐹 (𝑠)
𝛥𝐹 (𝑠)
ΔPTL2 (s) = 2πT21 [ 2𝑠 − 1𝑠 ]
(8)
T12 is known as the synchronizing coefficient or the

3.3 GA Technique
Genetic Algorithm (GA) is the collective name for a
range of problem-solving techniques based on
principles of biological evolution, which are being
increasingly applied to a variety of problems, ranging
from practical applications in industry and commerce
to leading-edge scientific research. It uses iterative
progress, such as growth or development in a
population. This population is then selected in a
guided random search using parallel processing to
achieve the desired end.

stiffness coefficient of the tie-line. [2], [3], [4], [5],
[8], [10].

3 Computational Techniques
Different types of computational techniques, GA,
Fuzzy, PI and PID technique used to control the limit
of frequency and power.
3.1 PI And PID Techniques
PI (Proportional Plus Integral) and PID
(Proportional Plus Integral Plus Derivative)
techniques are the traditional technique.
The transfer function of the PI controller is
𝐺(𝑠) = 𝐾𝑝 + 𝐾𝑖𝑠
(9)
Where Kp is proportional gain and Ki is an integral
gain.
The transfer function of the PID controller is
𝐺(𝑠) = 𝐾𝑝 + 𝑘𝑖
+ 𝑠𝐾𝑑
(10)
𝑠
Where Kp is proportional gain, Ki is an integral gain
and Kd is derivative gain.

.

Figure 3 Flow chart of GA

3.2 Fuzzy Technique
Fuzzy technique is an innovative technology that
enhances conventional system design with
engineering expertise. The use of fuzzy logic can help
to circumvent the need for rigorous mathematical
modeling. Fuzzy logic controller is shown below in
figure 2.

The parameter used in GA controller for solving the
problem of frequency and power in thermal
generating unit is shown in Table 1. All the
parameters value has been chosen default.
Table 1: Parameters of GA for Multi Area System
Parameters

Figure 2: Fuzzy logic control scheme model
In this fuzzy system having 9 membership functions,
which makes 81(9x9) rule.
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4 Result

-3

2

Two thermal generating unit model have been
simulated by the Simulink software to minimize the
problem of power and frequency. Different
computational techniques GA, PI, PID, Fuzzy
techniques has been appiled for obtaining the
combined response and results has been tabulated in
Table 2;
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Figure 5: Power Variation Response of Two
Generating Unit
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The comparative result of settling time of load frequency
and tie-line power deviation are tabulated in Table 2;
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Figure 4: Frequency Variation Response of Two
Generating Unit
Table 2: Comparative Result of Two Generating Unit
Techniques

Settling Time (Sec)
Frequency Variation (Hertz)

Power Variation (MW)

GA

8

11

Fuzzy

20

21

PID

27

43

PI

28

44
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Table 2 shows that GA technique provides good and
efficient results with respect to other techniques for
two thermal generating units.

5 Conclusion
Two thermal units have been applied to solve
frequency and power problem. Transfer function
model of two and three thermal generating units has
been obtained and simulated through MATLAB
Simulink software. Load change has been assumed
to 0.02 variation. Comparative dynamic response of
system has been shown in figure 6 to figure 13 and
results are tabulated in Table 2, which shows that the
GA gives good, efficient and favorable results with
respect to the PI, PID and Fuzzy techniques. So, it
can be concluded that GA technique performs better
when the system is being complex
APPENDIX

Two thermal generating system’s parameters are as
under:
Tgov1 = Tgov2 = Tgov3 = Tgov4 = 0.0 8 Sec; Tgen1 = Tgen2 =
Tgen3 = Tgen4 = 20 Sec; Ttur1 = Ttur2 = Ttur3 = Ttur4 = 0.3
Sec; a12 = a23 = a34 = a41 = 1; H1 = H2 = H3 = H4 = 5
MW-S/MVA; Pr1 = Pr2 = Pr3 = Pr4 = 2000 MW; Kgen1 =
Kgen2 = Kgen3 = Kgen4 = 120 Hz/pu MW; Kgov1 = Kgov2 =
Kgov3 = Kgov4 = 1; Ktur1 = Ktur2 = Ktur3 = Ktur4 = 1; D1234
= 8.33*10-3 p.u MW/Hz.; b1234 = 0.425 p.u.MW/hz;
ΔPD1234 = 0.01 p.u; T12 = T23 = T34 = T41 = 0.0 867 MW/
Radian; Ptie max = 200 MW; R1 = R2 = R3 = R4 = 2.4
Hz/p.u MW; Frequency f = 50Hz.
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