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ABSTRACT: For interconnection of two or more areas in power system, frequency should be maintained within the
scheduled value, which can be achieved by employing one of the most prominent techniques called as Automatic Load
Frequency Control (ALFC). In ALFC, the frequency can be controlled in three ways, namely Flat frequency regulation,
Parallel frequency regulation and Flat tie-line loading. Among these controls in this paper, Parallel frequency
regulation is commonly used method because constant frequency can be maintained by equalizing the power generation
with the power demand. The main aim is to reduce the oscillations or damping in the frequency and also the changes in
tie-line power. In this paper, Pl and PID controllers are used to improve both frequency and tie-line power responses
for multi-area interconnected power system (which consists of Hydro-thermal generating system). This issue is
resolved by implementing a novel controller called Sliding Mode Controller (SMC) and compared with the
conventional controllers. The proposed system is designed and simulated in MATLAB/SIMULINK.
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I. INTRODUCTION

LFC problem arises when individual generation areas are interconnected by transmission lines called as tie-lines. The
main objectives LFC are i) to maintain constant frequency throughout the system, ii) to preserve the tie-line power at a
scheduled level irrespective of load changes in any area, iii) to diminish Area Control Error (ACE) and V) to minimize
Peak time, Peak overshoot and settling time. When interconnecting two or more areas/regions for providing continuous
supply, the complexity of the system increases. Due to the increased complexity of modern power systems, advanced
control methods were proposed in ALFC. The most important features of two utility interconnected (multi-area) system
is that to buy or sell power with neighbouring systems, to meet sudden requirement of power demand, to reduce the
installed capacity, to possess higher reliability with better quality of supply. The Modelling and the simulation of two
area Hydro-thermal interconnected power systems [9] are realized in MATLAB Software. This paper is organised as
follows, section-I explains about the introduction of Load frequency control. Section-I1 briefly describes the proposed
work. Section-I11 illustrates about different control strategies such as conventional controllers, SMC technique. Section-
IV briefly describes about the system design. Section-V shows you the results with comparison of important
specifications such as Peak overshoot, settling time, steady state error, etc. of frequency of each area and tie-line power.

Il. PROPOSED WORK

The power generation involves with renewable and non-renewable sources i.e. thermal, nuclear, hydro, gas, wind,
solar etc. Among these nuclear, thermal and hydro power systems play a major role in the interconnected power
system. Gas, wind and solar power system are in evolution stage so these systems are less emphasized, where nuclear
operating to its maximum efficiency at maximum load there will not be much impact on the interconnected system.
So thermal and hydro systems are more taken care. In this regard several research works is pursued in the past.
Initially the problem of ALFC is approached by proportional controllers, later on P, Pl and PID controllers are used.
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Whereas a vast research is progressed on tuning the optimal gain values of the P, Pl and PID controllers.
Conventional and soft computing techniques are used to get the best gain values, but less research is emphasized on
design of new controllers. In this an attempt of designing a new controller is done and compared with the
conventional controllers. In this contest, the following are the steps obtained for the proposed work.

i) In the first stage of proposed work, hydro thermal system is design.

ii) Design of conventional controller (Pl and PID)

iii) Design of novel controller (SMC)

iv) Af,, AP, i, Af, responses in PI, PID and SMC controllers with 1% Step load Perturbation (SLP) in
thermal area are obtained.
v)  Af, APy e, Af,responses in PI, PID and SMC controllers with 1% Step load Perturbation (SLP) in

hydro area are obtained.
vi) Comparison of the above results.

1. SLIDING MODE CONTROLLER

The sliding mode controller one of the variable structure controls. In this, specific types of controllers the feedback
channels are to switch between two distinctively different system structures. Such a new type of motion is termed as
sliding mode control. Sliding mode control (SMC) having good behaviour with external disturbances controlling
techniques and parameter variations are also controlled so SMC is termed as robust [1]. In SMC, system closed-loop
behaviour is determined by a sub-manifold in the state space.

While the state is on the manifold, system invariance to particular uncertainties and parameter variations is guaranteed.
In this sliding mode controller there are two main components

Design a sliding surface.

Select the equivalent control law.

3.1 Sliding surface: The sliding surface function is used to define the desired state trajectories. Switching control
signal is a discontinuous control law driving system states to converge to the sliding surface, and Equivalent control
law is a continuous control law forcing the system states to remain on the sliding surface. Therefore, the purpose of
SMC is to drive the system trajectory to a sliding surface and to maintain the trajectory on the sliding surface in
subsequent time.

Fig.1.Simulink model of two area hydro- thermalSystem with sliding mode controller.

In order to designing sliding mode controllers the main objective is “Selection sliding surface function for that
particular system”. Whenever a system’s trajectory is above or below the sliding surface, the gain of the switching
controller will be change, so as to move the trajectory back to the surface. The surface in the state space is called
sliding surface. In which the switching surface s=0. The siding surface is,
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o,(t)=G,x, —jei(A' ~ B,k )Xi(r)dr (1)

The ith area of interconnected power system block diagram is as shown below,
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Fig.2.ith Area of inter connected power system block diagram.

From the ith area of interconnected power system the below dynamic equations are obtained.

AF0) =~ AR () Ap, ()% ap, (-5 5 k8 0)- a6, (1) @
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Where i=1....N and N is the number of areas. From the above equations (2)...(6) The below matrix form obtained.
Xi(T)=a,X;(T)+bU,(T)+ > e X,(T)+ fap, (T) (7)
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0000 2?[‘1 i
0000 0 AR ()
&=l0 000 0 20, 1)
K Xi(T)=| ax, (t)
0000 21—? sij Aei(t)
0000 ‘0 aot)| . K =[L4988 1.9918 0.6374 0.7199 0.1481]

The variables Afi(t), Ap, (t), AX, (t), Ae, (t)and Ao, (t) are the frequency changes in the system, output power,

position valve of governor, integral control and deviation of rotor angle respectively. The matrices g,, K, are the
constant matrices. Finally the equation (1) i.e. sliding surface is derived from the above matrices.
Based on the following assumptions, the sliding mode load frequency control and the sliding surface for each area are
designed.

Assumption 1: Two matrices in the systems are controlled fullyi.e. A & B;

Assumption 2: The condition mentioned below is true
g(t)=Bg (t) ®)
Assumption 3: rank|B', g; (t)] rank[B' ]
Assumption 4: ||gi (tm <h, where||.|| is matrix norm and positive constant is denoted as h,

3.2 Design of equivalent Control law:
The corresponding reachability condition of each area is described as for an interconnected power system.

" o, (t)o (t) .
2 o) ®

i=1
Based on assumptions 1 and 2, the equivalent control law can be designed to guarantee the hitting condition (9) will
be satisfied:

u(t)=kx - (6.8 ) 16, e Ix @) san(o, (1) - d, - (6,8, ) 4 son(o: (1) (10)
Where A, > 0, and
lifo,(t)> 0
sgn(o; (t)) = 0ifo, (t) = 0 (11)
~lifo,(t)< 0
SBaeiisSef?egp assumptions 4 and 5, the equivalent control law (12) is designed to guarantee the hitting condition is

u(t)=kx - (68,)I6 e Ix t)son(e, @) - (6.8, ) |eilh - (6B ) Asan(e,t) a2

IV.SYSTEM DESIGN

Here the system design consists of the two area hydro thermal system of LFC. The system of automatic generation
control (AGC) consists of two generating areas of equal size, area 1 comprising a reheat thermal system and area 2
comprising a hydro system. The figure.3 shows the model of two area hydro thermal system. The thermal system
consists of mechanical governer, single stage reheated turbine and power system. The hydro system consists of

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0608241 17310


http://www.ijirset.com

@
d )
ISSN(Online): 2319-8753

[JIR SET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(AN I1SO 3297: 2007 Certified Organization)

Website: www.ijirset.com
Vol. 6, Issue 8, August 2017

electrical governer, hydro turbine and power system. A bias setting considered for both hydro and thermal areas is Bi
= Bi. The linearized transfer function model is proposed in the system as shown in the fig.3. Each and every area has
its own parameters. In order to control the area error by controller is known as area control error (ACE). This is given
in equations are shown below

ACE, = ARy, , + B/Af,
ACE, = AP,,, ; + B,Af,

(13)
(14)

AFL, (S)

Govemor ——Steam Turbine (Reheat)—

—————— THERMAL AREA

AP, (s)

Electric Governor Turbine

K, + K s+ K, [[1=s

f -
Kys? (K, + L5+ K, AL (S)

Fig.3.Simulink model of an inter connected two area hydro-thermal System with PI controller.

The tie line power deviation in areal is APy, , and the tie line power deviation in area2 is AP, , B,andB,are
frequency bias constants of two areas. Af, , Af, are the frequency change in areal and area2 respectively. The

dynamic responses Af,, Af,, AP,, for 1% step load perturbation in either area. System data has been taken from [10]

and [11]. The optimum values of derivative, proportional and integral gains for the electric governor have been taken
from [6]. For the system analysis, 1% step load perturbation has been considered either in thermal or hydro area. The
controllers in both areas have been optimized using integral square error (ISE) criterion. For ISE technique, the
objective function used is

2000 5 ) 5
J= z AP, + Af %1 + Af, ]AT (15)
n=
Where AT = interval during sample for short period (0.1 sec),
n = iteration count,
APy, = tie power incremental change,
Af = frequency incremental change.

V. RESULT AND DISCUSSION

In this paper, Hydro -Thermal interconnected power system is considered. The parameters for the propose system is
obtained from the reference paper [10] and the Simulink model is shown in Figure-3.The frequency deviationAf;, Af,
and change in tie line power (APqge.ine)plots of Hydro -Thermal system for 1% step load increase in the thermal and
hydro system are observed simultaneously.The results of two area interconnected hydrothermal power systems are
clearly analysed.

Here the time taken to reach steady state value is in the order of seconds, because in thermal and hydro power systems
consists mechanical equipment’s which has more time constants when compared with the electrical devices. The
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comparison among these parameters with 1% SLP in thermal area in quantitatively has shown in table.1 using PI, PID
and SMC controllers. In the table.1 the peak overshoot is reduces from 0.52 to 0.09. Here the Settling time in Pl
controller is150 sec, in PID controller is 110 sec and in SMC controller is 90sec. The variation in the delay time of
these controllers is 5sec in PI controller, 2sec in PID controller and 1sec in SMC controller and the rise time is in Pl
controller is 4.5sec, in PID controller is 4.9sec and in SMC controller is 3.2sec.The peak times of these controllers is
10sec in PI controller, 6sec in PID controller and 3sec in SMC controller.

The comparison among these parameterswith 1% SLP in hydro area in quantitatively has shown in table.2 using PlI,
PID and SMC controllers. In the table.2 the peak overshoot is reduced from 0.25 to 0.06.Here the Settling time in Pl
controller is140 sec, in PID controller is 100 sec and in SMC controller is 40sec. The variation in the delay time of
these controllers is 9sec in PI controller, 5sec in PID controller and 3sec in SMC controller.And the rise time is in Pl
controller is 5.6sec, in PID controller is 2.9sec and in SMC controller is 3sec. and the peak times of these controllers is
12sec in PI controller, 7sec in PID controller and 4sec in SMC controller.

change In frequencylha)

——— P controller
SMC controller
== PID controller

== = Pl controller I
SMMC controller
----- PIC controller
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Fig.4. Comparison of PI, PID and SMC responses with 1% SLP in thermal area, (a) Af,, (b) AP, (c) Af,

ie—line’

Hence, it can be concluded that the optimized control strategy, SMC controller provides best control under wide
variations in the loading condition of the system.
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SMC controller |-
=== = PID controller
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Fig.5. Comparison of PI, PID and SMC responses with 1% SLP in hydro area, (a) Af;, (b) AP,
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Table.1. Comparison of time response specifications for two area systems ALFCwith 1% SLP in thermal area

controller Rise Time(s) Setting Time(s) PSer?clJ(o%f )r Delay Time(s) Peak Time(s)
PI 4.5 150 52% 5 10
PID 4.9 110 32.50% 2 6
SMC 3.2 90 9% 1 3

Table.2. Comparison of time response specifications for two area systems ALFCwith 1% SLP in hydro area

controller Rise Time(s) Setting Time(s) Peak O(\ol/i)r Shoot Delay Time(s) Peak Time(s)
PI 5.6 140 25% 9 12
PID 2.9 100 18% 5 7
SMC 3 40 6% 3 4

VI.CONCLUSION

In hydrothermal system, continuous-discrete mode strategy is used for hydro area to consider electric governor, reheat
turbine in thermal area and for both the areas the appropriate GRC is considered. In order to obtain less peak overshoot,
settling time and the system should give dynamic responsesin this paper, multi-area interconnected power systems with
matched and unmatched uncertainties, a novel decentralized SMLFC with PI switching surface is designed. It has been
observed that from the simulation results the SMC response is far better than Pl and PID controllers. In future this can
be extended by interconnecting renewable sources.
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