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1. INTRODUCTION

The automatic generation control (AGC) is a techiniequirement for the proper operation of an
interconnected power system. Automatic generatinirol is very important in power system operaiom
control for supplying sufficient and reliable electpower with good quality, particularly for largecale
electrical power systems that normally consistnéériconnected control areas representing coherenpsg
of generators. In cases of area load changes amorrabl conditions, such as outages of generati@h an
varying system parameters, mismatches in frequandyscheduled tie-line power flows between areas ca
be caused. These mismatches are corrected by tiogttbe frequency, which is defined as the regataof
the power output of generators within a prescribegh. Automatic generation control is the regutatid
power output of controllable generators within asaribed area in response to change in systemeinegu
tie-line loading, or a relation of these to eacheot so as to maintain the schedule system frequand
establish the interchange with other areas withadetermined limits [1]. To accomplish this, it bewes
necessary to automatically regulate the operatidmsain steam valves or hydro gates in accordantteav
suitable control strategy. Some intelligent conénsl have been proposed to perform this act consglarea
interconnection with ac tie line [1]-[4]. Also fastting energy storage systems e.g. superconducting
magnetic energy storage [5], battery energy stoféfesuper-capacitor bank [7] etc., can effectivdamp
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electromechanical oscillations in a power systeatabise they provide storage capacity in additiothéo
kinetic energy of the generator rotors which caarshsudden changes in power requirement. A little
attention has been paid to use of HVDC transmisbidnas system interconnection. Majority of therwo
carried out earlier is centered on interconnectaaep systems considering the area interconnectitin ae

tie lines only. However, there has been a tremesidpowth of the HVDC transmission system due to
economic, environmental and performance advantagessthe other alternatives. Hence it has beenieppl
widely in operating a dc link in parallel with arMAC link interconnecting control areas to get arpioved
system dynamic performance with greater stabilisrgims under small disturbances in the system18]-[

A favorable effect on system dynamic performances Hmeen achieved considering such system
interconnection. These studies are carried outiderisg the nominal system parameter values after
linearization of the system about an operating tmrd In practical cases, system parameters daerotin
constant and continuously vary with changing opegatonditions. To solve this problem various reécen
trend intelligent controllers are discussed in {[13]]. Because of the complexity and multi-variable
conditions of the power system, conventional cdntnethods may not give satisfactory solutions. Oa t
other hand robustness and reliability makes fuzamgtrollers useful in solving wide range of control
problems including AGC of interconnected power sysf15]-[21].

In the present paper a fuzzy logic based propationtegral (pi) controller is designed and
implemented to analyze the dynamic performanceoof firea thermal power system, interconnected with
HVAC/HVDC parallel link taking parameter uncerta@s into account. The simulation results are priesen
to show the effectiveness of the scheme.

2. FOUR AREA POWER SYSTEM

The four area power system model identified ingresent study has the following configuration;
(i) It is a four area interconnected power systemsisting of identical single stage reheat thertonddines.
(ii) The four areas are interconnected via HVACitie in parallel with HVDC link.

The single line diagram of the model under consitien for two areas is presented in Figure 1 and
the transfer function model of four area intercarted power system with HVDC link is described igutie
2. The transmission links are considered as loagsmission lines specifically of length greatenttoreak
even distance length of HVAC and HVDC transmisdioes [8].

Investigations have been carried out on a four uakarea interconnected thermal power system of
area 1: 2000 MW, area 2: 4000 MW, area 3: 8000 MW area 4: 10000 MW. Typical generation rate
constraints (GRC) of the order of 10% per minutetfiermal area and 4.5%/s (270%/minute) for raisind
6%/s (360%/minute) for lowering generation for hydirea has been considered as in the IEEE Committee
Report on Power Plant Response [22]. The detailetster function models of speed governors andrtesb
are discussed and developed in the IEEE Commiteggoi® on Dynamic Models for Steam and Hydro
Turbines in Power System Studies [23]. An equas Ifi®) setting is considered for both thermal and hydro
areas. The step load perturbation of 1% of the nahibading has been considered in either of tha &or
system analysis. The system parameters are taden[&], [28] as given in the appendix.
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Figure 1. Single line diagram of two area powetesyswith parallel HYAC/HVDC links

3. FUZZY LOGIC CONTROLLER

Because of inherent characteristics of the chanlgiads, complexity and multi-variable conditions
of the power system, conventional control methody mot give satisfactory solutions. Artificial ifitgence
based gain scheduling is an alternative techniquranmonly used in designing controllers for non-linea
systems. Fuzzy system transforms a human knowladgemathematical formula. Therefore, fuzzy set
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theory based approach has emerged as a compleowrib tmathematical approaches for solving power
system problems. Fuzzy set theory and fuzzy logtaldish the rules of a nonlinear mapping [24]. Auz
control is based on a logical system called fuegyc which is much closer in spirit to human tkiimg and
natural language than classical logical systemsvadiays fuzzy logic is used in almost all sectorsdfistry
and science. One of them is automatic generatiotralo The main goal of AGC in interconnected pow
systems is to protect the balance between primtuahd consumption. The fuzzy logic controllerigeed

for the system analysis is shown in Figure 3.
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Figure 3. Structure of fuzzy logic controller
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Figure 4. Components of a fuzzy controller

The fuzzy logic controller is comprised of four maiomponents: the fuzzification, the inference
engine, the rule base, and the defuzzification,shewn in Figure 4. The fuzzifier transforms the
numeric/crisp value into fuzzy sets; therefore thiperation is called fuzzification. The main comgonof
the fuzzy logic controller is the inference engimdiich performs all logic manipulations in a fuzipgic
controller. The rule base consists of membershigctions and control rules. Lastly, the results lné t
inference process is an output represented byzy feet, however, the output of the fuzzy logic colher
should be a numeric/crisp value. Therefore, fuzel is transformed into a numeric value by using the
defuzzifier. This operation is called defuzzificati The control signal is given by

u(t)= -(pr+j K, ydt) 1)

Ky and K are the proportional and the integral gains retbgelg and taken equal to one. For the
proposed study, Mamdani [25] fuzzy inference engmeselected and the centroid method is used in
defuzzification process.

Table 1. Rules for the fuzzy logic controller

ACE

LN MN SN Z SP MP LP
LN LP LP LP MP MP SP z
ACE MN LP MP MP MP SP z SN
SN LP MP SP SP z SN MN
z MP MP SP 4 SN MN MN
SP MP SP z SN SN MN LN
MP SP 4 SN MN MN MN LN
LP z SN MN MN LN LN LN

LN: large negative, MN: medium negative, SN: smalyjative, Z: zero, SP: small
positive, MP: medium positive and LP: large positiv

Degree of membership

-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 o.0g

Degree of membership

Degree of membership

1 1
-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05

Figure 5. Membership functions used in the study
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Fuzzy logic shows experience and preference thrangmbership functions which have different
shapes depending on the experience of system e)@éit These rules are obtained based on expetsnoén
the process step response, error signal, andnts dierivative [27]. The membership functions of thezy
logic pi controller presented in Figure 5 consisthmee memberships functions (two-inputs and ouigat).
Each membership function has seven memberships reinyp two trapezoidal and five triangular
memberships. Seven numbers of rules have been takeference mechanism. Therefore, 49 controlsule
are used for this study. The range of X is selefitech simulation results. All memberships are selddo
describe the linguistic variables. These functidrave different shapes depending on system experts’
experience. For the determination of the contrdeésuit can be more complicated than membership
functions, which depend on the designer experieandsactual physical system. The control rulesbaitel
from the if-thenstatement (i.e. if input &nd input 2then output 1). Table 1 taken from [28]-[29], iralies
the appropriate rule base used in the study. Lebuasider the fourth row and fifth column in Talile.g. if
ACEis Z and ACE is SP thery is SN.

4. SIMULATION RESULTS

In this paper, a fuzzy logic based proportionatgnal (pi) controller has been designed and applied
to analyze the effect of HVDC link on the AGC ofufoarea interconnected thermal power system. The
implementation worked with Matlab-Simulink softwafEhe simulations were run on a personal computer
Intel Core2Duo CPU T5450 @ 1.66 GHZ, 982 MHZ, 2@BRAM, under Window XP. The same values of
system parameters given in appendix are used|fsinallations to facilitate a comparative study.

The response plots for variables like frequencyiat®ns in area 1 to area 4 and tie line power
deviations for power system model with and withBlMDC link, in the wake of load disturbance of 1% in
area 1 are obtained with the implementation of yulgic controller to analyze the system dynamic
performance. Figure 6 shows the frequency deviatgmponses and Figure 7 shows some tie line power
deviation responses with 1% load perturbation eaat of the four area interconnected system. Ei@ur
shows the frequency deviation responses of areaateta 4 with 1% load perturbations in area 2 apd 4
simutaneously. The simulation results show that $ledtling time and peak overshoots are reduced
considerably (as shown in Figure 6, Figure 7 amglifei 8) by the use of HVDC link in parallel of eiig
HVAC link. The simulation results of frequency datons and tie line power deviation with fuzzy cotler
advocates, the HVDC link’s suitability for AGC sches.
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Figure 6. Frequency deviation of area 1to areatd mRy; =0.01
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Automatic generation control problem is one of thajor problems in present day power system
scenario. The electrical utilities are also boumdtipply quality and reliable power to its consusner cut
throat competition, therefore, in order to suppjiable and quality power, HVDC regulation conteoll
connection is helpful to reduce sustained osailteti
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Figure 10. System frequency response with -35 #oafinal values of B Ty and T; with APy, =0.01

Other simulations in Figure 9 and Figure 10 areiedrout for +35% change in parameter values
(mainly B, T; and T,s) of the systemin Figure 9, the responses are shown with +35% ggham system
parameter values at 1% load perturbation in ardiiridicates that the changes in frequency in arémarea
4 are getting settled down within reasonably gamet Similarly with same amount of disturbance rieaal,
it is observed that the system settles down gagéwith -35% changes in system parameter valush@sn
in Figure 10. This justifies the robustness of filnezy logic pi controller which is capable to witasd the
changes in dynamic parameters of the system. dtdgpicts the effectiveness of the HVDC link in gk
with HVAC tie line to suppress frequency and tigelipower oscillations of interconnected power syste
under load perturbations.

5. CONCLUSIONS

In this paper, a new power system model is propdeennprove the dynamic performance of
interconnected four area thermal power system éysie of HVDC link in parallel with existing HVA@k.
Four area power system consists of identical sistdge thermal reheat turbines with GRC. The system
dynamic performance in the wake of load disturbanagther area of interconnected power systembleas
investigated comprehensively. A fuzzy logic contstdategy is designed and its feasibility is stddisy
varying system parameters. It has been observeddbponses of the system with parallel HVDC lim& a
better in terms of dynamic parameters such as peatshoot and settling time. Simulation resultsprged
justify the incorporation of HVDC transmission litd supply consumers reliable and quality power.

Automatic Generation Control in Multi Area Interawected Power System by using .... (Yogendra Arya)



74

a ISSN: 2088-8694

APPENDI X

Nominal parameters of the four area system invatsl
P.1+= 2000 MW; R=4000 MW; R;=8000 MW, R,=10000 MW,
Ri=R;=Rs=R,=2.4 Fk/pUMW,
B,=B,=B3;=B,=0.425 &/pUMW,
Tsg=Tsgr Tsg=Tsg~0.08 seconds;
Tu=T=Ts=Tu=0.3 seconds;
Tosi=Tps=Tps=Tps=20 seconds;
Kpsi= Kpsi=Kps7=Kpsi=120 Hy/p.u.MW;
T12:T13:T14:T23:T24:T34:0.086 pUMW/RaC“an,
a;=- Pri/F’rj;
T =T»= T,5=T,,=10 seconds;
Kin=K= K3=K4=0.5;
Ptie, max=200 MW;
F=50 H; Kge1 = Ky Kaeg= Kaes~1.0;
Tae1 = Tae= Taem= Tqe~0.2 seconds;
APdF0.0l pUMW
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