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ABSTRACT- In this paper, the author intends to present
the application of Unified Power Factor Controllers (UPFC)
to control the frequency of three area interdependent and
interconnected reheat and hydro systems by controlling the
frequency of the system under disturbance due to load
variations. Efficacy of the PID controllers to regulate the
system dynamics has already been analyzed. By the use of
fuzzy logic controllers, the system dynamics is further
enhanced and the furtherance in the results is ascertained.
This paper also demonstrates the superiority of Fuzzy Logic
Controller (FLC) in connection with PID controllers and the
UPFC. This paper also discusses the mathematical model of
the system.
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I. INTRODUCTION

There is an undesirable variation of frequency of a power
system due to the inequality between generated values and
changing load. The Load Frequency Control (LFC) is
employed for the purpose of nullifying the difference
between generation and load such that the change in
frequency is minimized [1][2]. The modern power systems
employ thermal and hydro units as the predominant units of
power production. They also serve as base load units in a
power system [3]. Hydro power plants exhibit non-minimum
phase characteristics and these characteristics differentiate
them from the thermal units. For the purpose of investigation
in this paper, three interconnected units like hydro and two
reheat-thermal are considered. The disturbances like load
changes often lead to the inter area oscillations system which
consequently produce changes in frequency. The oscillations
can be damped out using Flexible Ac Transmission Devices
(FACTS). Hence, the LFC’s in association with the FACTS
devices turns amusing. Different FACTS devices [4, 5, 6,
7].By improving the stability of power systems Unified
Power Flow Controller (UPFC) find their purpose in modern
power systems. The imbalance between generation and
demand results in the variation of frequency of power
system. In our system, for damping out the oscillations
caused due to load variation, a Unified Power Flow
Controller (UPFC) is used. The system response is further
tested with the combination of UPFC with PID controller.

PID is favoured on account of its desirable qualities like
simplicity, reliability, low cost of manufacturing and
implementation as well as it’s straight forward usage. PID
controllers have always maintained their place as the best
option for LFC. While considering the advantages of the PID
controllers it is necessary to consider the major shortcomings
of PID controller i.e., the proportional and derivative
components which cause sudden overshoots and sharp
spikes. In order to address the disadvantages of PID
controller we can use Fuzzy Logic Controller (FLC) clubbed
with UPFC for the sharp spikes of frequency deviation and
the settling time to be reduced.

I1. DETAILS OF SYSTEM UNDER
INVESTIGATION

Three area hydro and thermal-reheat system are considered
interconnected for the purpose of investigation. Given below
is the figure below for the representation of transfer functions
of various elements of the power system. Ref [8, 9] provides
the details as well as the parameters of system under
investigation. PID and Fuzzy controllers are employed
separately as auxiliary controllers with the UPFC (a FACTS
device constituting of SSSC and STATCOM together) as
shown in Fig. 1. The pursuance of UPFC with different
controllers is observed. A step load perturbation is used to
evaluate the system performance. The step load perturbation
considered for making the studies realistic.

A. Generator Modelling

Generator model is given in Fig. 2. The term Generation Rate
Constraint (GRC) is defined as the specified maximum rate
at which the generation of power in a power system can
change. The GRC has certain effects on a power system.
When the GRC is changed the effects like increment of
settling time and overshoots are the evidence of changes in
the response of the power system. At the moment, we are
looking at for thermal units having 3% per minute of GRC.
[10]. The synchronous machine’s swing equation is given by

d*as

W = APm - APE

For an infinitesimal speed change, we have

w

Ws

1
dt = ﬁ(APm - APE)

In per unit, we have
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Figure.1: A Three area power system represented by its lock diagram

A block diagram representation of the same is as follows.

1+sT

———— APe

Figure. 2: Model of the Generator

APmach(s)
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Figure. 3: Load model
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Figure. 5: Model of the Governor

B. Modelling of The Load

Loads encountered in an electrical power system are either
frequency independent resistive loads or inductive loads that
are sensitive to the frequency changes. Speed-load
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characteristics determine the sensitivity of inductive load.
Mathematical relation to show the same is:

AP, = AP, + DAwW

Here, the percentage ratio of change in load to change in
frequency is represented by the value of D. AP, represents
the frequency independent DAw is the frequency dependent
load as shown in Fig. 3.

C. Modelling of the Prime Mover

From literature, we know that hydraulic turbines are the
prime mover for waterfalls and steam turbines are the prime
movers for gas and nuclear powerplants. While modelling the
turbine we need to uphold the relation that changing
mechanical power AB,) is directly proportional to the
change in steam valve APy).

A non-reheat turbine has only one time constant. The
modelled transfer function is represented by:

APp(s) 1
AP,(s) 1+ Tr(s)
D. Modelling of the Governor

The equation representing the governor model and as shown
in Fig. 5 is.

Gr(s) =

1
APV(S) = mApg (S)

1. FUZZY LOGIC CONTROLLER

Fuzzy logic controllers find tremendous applications in
modern power system. The principle for the working of
FLC’s is the knowledge acquisition process. Each fuzzy set
is linked to a membership function. And we use fuzzy IF-
THEN rule to achieve the purpose of controlling the process
of fuzzy systems. PID controller generates an error which is
used by FLC’s for optimization in order to produce the
membership function’s horizontal range. The frequency
deviation produced by changing load has to be in permissible
limits. That is the foundation for LFC.

Table 1: Rule Base
ACE’/ NB’ NS’ 77’ PS’ PB’
DACFE’
NB’ S’ S’ M’ M’ B’

NS’ S’ W% M’ B’ VB’

zr M’ W% B’ VB’ VB’

PS’ M’ B’ VB’ VB’ VVB’

PB’ B’ VB’ VB’ VVB’ | VVB’

Fuzzification: The process of conversion of real-valued
variable into fuzzy variable.

Rule base: The elemental and essential rule applied in the
rule base is the IF-THEN rule, which is composed of a
collection of rules. Combination of these fuzzy rules gives

rise to the rule base. Membership functions are required for
carrying out this information.

De-Fuzzification: In order to control the process real and
meaningful values of the interpreted information are needed.
After passing through the rule base the information is still not
clear and needs to be converted to usable form. All of this is
achieved by the process called De-Fuzzification. De-
Fuzzification involves the conversion of a fuzzy variable to
real valued variable called crisp value. The representation of
de-Fuzzification is given by the block diagram below. By
changing the rule base, the controlling action of the FLC can
be altered. [11]-[16].

The governor generates the dA decide teeiosifs). It is fed as
the input to FLC. There are five variables (NB’, NS’, ZZ’,
PS’ and PB’) which are used to form the rule base and the
membership functions. This method is valid for the inputs
and two output system and the same is represented the rule-
base table and in the diagram.

&mar (AR)

1 FUZZY | CONTROL

SETer -II:-E = Dl...ﬁ'..l.'

A

Figure. 6: Fuzzy controller

z
m

NS ZZ PS PB

Degree of membership
) = -
= = e -

-
W

=

-0.2 0 0.2 04 0.6 08 1
Input Variable "A" w10

&
]
& |
&
&
b

Figure. 7: Input variable ACE

NB NS zZ PS PB

0

-0.01 -0.008 -0.006 -0.004 -0.002 0 0.002 0.004 0.006 0.008 0.01
Input Variable "B"

Figure. 8: Input variable DACE

Innovative Research Publication

151



International Journal of Innovative Research in Computer Science & Technology (IJIRCST)

S M
1
0.8
B
=
z
206
2 0.
w
k-
; 0.4
g
=
0.2
(1]
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Output Variable "K"
Figure. 9: Output variable K
T T T T T
. S M B vB vvB
0.8 — —
=
=
£
= 0.6 — -
=
5
=
o 0.4
g
=
=
0.2 - -
0 Y
(1] 0.5 1 1.5 2 2.5

Output Variable "I"

Figure. 10: Output variable |

IV. SIMULATIONS AND RESULTS

A step variation of load in the system has been used to
simulate the three-area power system. The system oscillates
around a new frequency with initially high spikes and large
overshoot. By implementing UPFC the oscillations are
eliminated with the reduction in the transient spikes.
However, a PID controller is also used to boost the system's
response but the high spikes still persist. The system regains

its steady state at its nominal frequency with some time
delay. Further the system is tested for fuzzy controller instead
of PID controller to improve the response further. With the
incorporation of fuzzy controller, we see that the system
attains steady state earlier than with the PID controller at the
nominal frequency i.e., the settling time of the system is
reduced along with the reduction in the high spikes. Thus,
using fuzzy controller, the system response is better than
UPFC and PID.
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Figure. 11: Uncompensated
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Figure. 14: With UPFC and fuzzy
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Figure. 16: Comparison 2
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Figure. 17: Comparison 3

V. CONCLUSION

With the implementation of the UPFC in the system we can
eliminate the oscillations due to load change, but the system
steady state is achieved at frequency different from the
nominal frequency. For eliminating the steady state error PID
controller is employed in the system. The system regains the
steady state at its nominal frequency after some time (settling
time). The system is subjected to high spikes and large over
shoots due to the PID controller used. To reduce the high
peaks in the transient period and the overshoot a Fuzzy Logic
Controller is used. It is observed that the fuzzy controller
used reduces the settling time as well. Thus, fuzzy controller
gives the finest results in reference to transient response as
compared to the UPFC alone and as compared to the UPFC
and PID controller together in the system.

REFERENCES

Debdeep Saha and L.C.Saikia “Performance of FACTS and
Energy devices in a multi area wind hydro thermal system
employed with SFS optimized I-PDF Controller” Journal of
renewable and sustainableenergy 9, 024103
(2017);d0i:10.1063/1.4980160.

H.Bevrani and T.Hiyama, Intelligent Automatic Generation
Control(CRC Press,2011).

D.P.Kothari and 1.J.Nagrath, Modern Power System Analysis,
4thed.(McGraw Hill, New Delhi,2011).

(1

[2]
(3]

(4]
(5]

(6]
(71

(8]

[

[10]

[11]

P.Kundur, Power System Stability and Control (McGraw Hill,
NewDelhi,1994)

R.Shankar, R.Bhushan and K.Chatterjee, “Small Signal
Stability analysisfor two area interconnected power system
with load frequency controllerin co-ordination with FACTS
and energy storage devices,” Ain ShamasEng. J.7.603-
612(2016).

N.G.Hingorani and L. Gyugyi “understanding FACTS,
concept and technology of facts” (IEEE New York 2000).
K.Subbaramaiah, “Improvement of dynamic performance of
SSSC andTCPS based hydro-thermal system under
deregulated scenario employing PSO based dual mode
controller,” Eur.J.Sci.Res.57,230-243 (2011).
T.Dash,L.C.Saikia, and NSinha “Comparison of performance
of severalFACTS devices using Cuckoo search algorithm
optimized 2DOF controllers in multiarea AGC,” Electr.Power
Energy Syst,65,316-324(2015).

S.Padhan,R.K.Sahu, and S.Panda, “Automatic generation
control withThyristor controlled series compensator including
superconducting magnetic energy storage units,” Ain Shams
Eng.J.(Elsevier) 5.759-774(2014).

P.C.Pradhan,R.K.Sahu and S.Panda, “Firefly algorithm
optimized fuzzyPID controller for AGC of multi-area multi-
source  power systems withUPFC and SMES,”
Int.J.Eng.Sci.Technel,19.238-354(2016).

Aditya “Design of load frequency controllers using genetic
algorithmfor two area interconnected hydro-power system,”
Electric power components and system, 31:1, 81-
94,D0I:10.1080/1532500390112071.

Innovative Research Publication

154

100



[12]

[13]

[14]

International Journal of Innovative Research in Computer Science & Technology (IJIRCST)

Y. Arya and N. Kumar, “Fuzzy gain scheduling controllers
for AGCof two-area interconnected electrical power
systems,” Elect. PowerCompon. Syst., vol. 44, no. 7, pp. 737—
751, Apr. 2016.

Y. Arya and N. Kumar, “Optimal control strategy-based AGC
ofelectrical power systems: A comparative performance
analysis,” Optimum Contr. Appl. Methods, vol. 38, no. 6, pp.
982-992, Nov.-Dec. 2017.

V. Yousuf, N. Yadav and N Chopra,” Mitigation of
subsynchronousresonance using UPFC with fuzzy logic
control for power systemstability,” 2016 7th India
International Conference on Power Electronics (IICPE),
Patiala, 2016, pp. 1-6.

[15]

[16]

[17]

A . H. Lone, V. Yousuf, S. Prakash, M. A. Bazaz, “ Load
frequency control of two area interconnected power system
using SSC with PID, Fuzzy and neural network based
controlleres,” 2018 2nd IEEE International Conference on
Power Electronics, Intelligent Control and Energy Systems
(ICPEICES), pp. 108-113.

V. Yousuf, A. Ahmad, “ A control strategy for STATCOM in
alleviation of subsynchronous resonance in power systems,”
2018 2nd IEEE International Conference on Power
Electronics, Intelligent Control and Energy Systems
(ICPEICES), pp. 149-153.

Innovative Research Publication

155



