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Abstract— Transmission of power from one area to other area
in interconnected power system causes variations in both the
system frequency and tie line power interchange. Load frequency
control is one of the efficient ways to solve these kinds of
problems. In this paper a three area system is considered i.e.,
area-1with thermal power plant, area-2 with hydro power plant
and area-3 with nuclear power plant. These areas are combined
together in three ways to get two area systems and two types of
three area linear system models are also developed in MATLAB
Simulink environment. In order to analyze the performance of a
multi area system we are comparing the values of undershoot and
settling time for each case using conventional control and Fuzzy
logic control techniques separately for 1% disturbance in either
area. Simulation result shows that the fuzzy logic controller gives
efficient results for the LFC problem.
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I. INTRODUCTION

Due to rapid growth of population all over the world the
demand of the power is also increasing, but with the use of
single conventional source in the power system the demand
can't be reached. This can be done by using interconnection of
conventional energy source through which they can share the
load and automatically demand can be easily fulfilled.
Interconnection of systems with tie lines can cause frequency
fluctuations, so LFC method is used to reduce the transitions
and make the steady state error to zero. The interconnected
power system consists of control areas namely single-area,
two-area and multi-area connected system. In a control area, in
order to maintain the frequency constant the speed of all the
generators need to be either increased or decreased.

In single area control the change in the system load will
create the change in generation of the power which in turn
results in a deviation in steady state frequency. In order to
maintain frequency deviation to zero we need to use the
integral controller. The integral controller gain need to be
calibrated for obtaining transient response without any
deviations but in case of complex and variable dynamic
characteristics fuzzy logic control gives the good dynamic
response when compared to the integral controller in load
frequency problems
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In multi area control system the load is shared between
many areas. A multi area system consists of two or more single
area systems, connected through a power line called tie-line.
Each control area can be represented by an equivalent
generator, turbine and governor system. In an isolated control
area case the incremental power (APG -APD) was accounted
for the rate of increase of stored kinetic energy and increase in
area load caused by increase in frequency. Since a tie line
transports power into the area or outside the area, this fact must
be considered for the incremental balance equation of power
for each control area [2].

II. MODELLING

A. Two Area Thermal-Hydro Power Plant

Turbine and generator set in the thermal power system are
used to convert the temperature and steam pressure into
mechanical energy. The parameters for this model are
considered from thermal and hydro power systems are
considered [3].Mathematical modeling of thermal speed
governer is given as

Modelling equation of thermal generator is given as
AR(S) = [APG(S) -APp(S)] * (2-)2)

1+STp5

Transfer function of thermal load model is given as

AF(s) = AR, () = ARy () (7))

As for the requirement of hydro-electric power
system modeling for load frequency control, speed governor,
turbine and generator should be modeled. In order to represent
the hydraulic turbine and water column to be stable few
assumptions are to be done i.e., maintaining negligible
resistance and considering penstock pipe to be inelastic and
water incompressible.
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Transfer function model of hydro turbine is
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The generator dynamics is modeled by swing equation and
given in equation
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Load model for hydro system
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Figure 1: Simulink model of controlled two area Thermal-Hydro
System

B. Two Area Thermal Nuclear Model

As for the requirement of nuclear power system modeling
for load frequency control, speed governor, turbine and
generator should be modeled. These are modeled as follows:
The transfer function block diagram model of governor is
shown as in Figure
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Figure 2: Transfer function of governer

Model Development of Turbine of Nuclear Power Plant
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Figure 3: Turbine model of Nuclear power plant
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Figure 4: Simulink model of two area thermal-nuclear system

III. THREE AREA HYDRO-NUCLEAR-THERMAL SYSTEM

Three-area interconnected hydro-nuclear-thermal system

model is shown below:
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Figure 5:

Simulink model of three area system.




IV. CONTROL TECHNIQUES

A. Conventional PI Controller

PI controller is one of the most popular controllers in the
industry. The proportional gain provides stability and high
frequency response. In order to overcome the steady state
error caused in P controller we are using the P-I controller.
This type of controllers is mainly used where speed parameter
is not considered in the system. The integral term insures that
the average error is driven to zero. The characteristic of the PI
controller is infinite gain at zero frequency. Advantages of PI
include that it eliminate forced oscillations the only
disadvantage in PI controllers is that it produce excessive
overshoot time to a step command [4].

The PI controller is characterized by the transfer function
given below [5]

G =K1+ ®

B.  Fuzzy logic controller

The idea behind the Fuzzy Logic Controller (FLC) is to
fuzzify the controller inputs, and then infer the proper fuzzy
control decision based on defined rules. Fuzzy knowledge
based system is shown in Figure. The FLC output is then
produced by defuzzifying this inferred fuzzy control decision
[6]. Thus, the FLC processes contain following main
components:

. Fuzzification
¢ Rules Definition
e Inference Engine
o Defuzzification

C. Rule Base for Fuzzy Logic System

Working of fuzzy logic controller is based on 49 rules.
These fuzzy logic rules are in “‘if and then™ format. These
rules can be placed in form of table (as in table 1). Here error
and cumulative error are two inputs of fuzzy logic controller
and we have only one output [7], [8]. Fuzzy rule table is given
in table-1, input and output membership functions are given

Table 1: FAM Table

Cumulative Error

nb | nm | ns Z ps | pm | pb

nb | pb | pb | pm | Pm | ps ps z

nm | pb pb | pm | Pm | ps z Z

ns pb pb | pm | Pm Z ns ns

Error | 7z | pb | pm | pm | =z ns | nm | nb

ps | pm | pm | ns ns | nm | nb | nb

pm | ps ps ns | nm | nb | nm | nb

pb | ns | ns | nm | nm | nm | nm | nb
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Figure 7: Cumul;tive Error input Memi;ership Function

Figure 8: Outpl'iythl\’l'é;ﬁ‘l')érship Function

V. SIMULATION

The following simulations were performed on two areas
with thermal-thermal, thermal-nuclear and thermal-hydro and
three area hydro-nuclear-thermal systems with namely two
controllers i.e., PI and FUZZY LOGIC controller with 1%
disturbance in either area.

Simulation is carried out in two area system for the
following cases:
e Simulated result parameters of area 2 when
disturbance in area 1
e Simulated result parameters of area 1
disturbance in area 2

when

Simulation is carried out in three area system for the
following cases:

e Simulated result parameters of area 1 when
disturbance in area 1
e Simulated result parameters of area 2 when
disturbance in area 1
e Simulated result parameters of area 3 when
disturbance in area 1
A. Two Area Thermal-Thermal:
Case-1: Simulated result parameters of area 2 when

disturbance in area 1
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Figure 9: Simulated Result area 2 of two area Thermal System when
disturbance in arealwith reheat unit

Table 2: Time analysis parameters of simulations of area 2 for Thermal-
Thermal system when disturbance in area 1

B. Two Area Thermal-Hydro System

Case-1: Simulated result parameters of areca 2

disturbance in areal
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Figure 11: Simulated Result of area 2 of two area Thermal-Hydro System
when disturbance in areal

Parameters System with | System with
PI FUZZY
controller controller
Undershoot(Hz) 0.027 .026
Settling time(sec) 96 64
Case-2: Simulated result parameters of area 1 when

disturbance in area2

) ! | !

1 L
L] 100
Time {sec|

[F]

TR |
— — FUZEY ||

1l 16l ] m

Figure 10: Simulated Result of area 1 of two area Thermal system when
disturbance in area 2with reheat unit

Table 4: Time analysis parameters of simulations of area2 for Thermal-
Hydro system when disturbance in area 1

System with System with
Parameters PI controller | FUZZY controller
Undershoot(Hz) 0.051 .047
Settling time(sec) 110 68
Case-2: Simulated result parameters of area 1 when

disturbance in area2
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Table 3: Time analysis response parameters of simulations for Thermal-
Thermal system for area-1when disturbance in area 2

System with System with
Parameters PI FUZZY
controller controller
Undershoot(Hz) 0.027 .026
Settling time(sec) 96 64

Figure 12: Simulated Result of area 1 of two area Thermal-Hydro System
when disturbance in area 2

Table 5: Time analysis parameters of simulations of areal for Thermal-
Hydro system when disturbance in area 2

System with System with
Parameters PI controller | FUZZY controller
Undershoot(Hz) 0.051 .047
Settling time(sec) >200 140




C. Two Area Thermal-Nuclear System with Controller

Case-1: Simulated result parameters of area 2 when

Table 7: Time analysis parameters of areal for Thermal-Nuclear
system when disturbance in area-2

disturbance in areal Parameters System with System with
) PI FUZZY controller
i = controller
i Undershoot(Hz) 0.0075 .0071
= e
f/’ Settling time(sec) 100 54
\/ -
Ty D. Three Area Hydro-Nuclear- Thermal Systems:
;! _ Case-1: Simulated result parameters of area 1 when
2 ‘\\r % disturbance in areal
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Figure 13: Simulated Result of area 2 of two area Thermal-Nuclear
System when disturbance in areal

Table 6: Time analysis response of simulations of area 2 for Thermal-
Nuclear system when disturbance in area 1
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Figure 15: Simulated Result of Hydro system for three area Hydro-
Nuclear-Thermal System when disturbance in area 3

amt

Table 8: Time analysis parameters of simulations of Hydro system for
Hydro-Nuclear- Thermal system when disturbance in area 3

System System with
Parameters with PI FUZZY controller
controller
Undershoot(Hz) 0.0075 .0072
Settling time(sec) 200 47

Case-2: Simulated result parameters of area 1 when

disturbance in area2
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Figure 14: Simulated Result of area 1 of two area Thermal-
Nuclear System when disturbance in area2

System with System with
Parameters PI controller FUZZY
controller
Undershoot(Hz) 0.026 0.025
Settling time(sec) 104 73

Case-2: Simulated result parameters

disturbance in areal
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Figure 16: Simulated Result of Nuclear system for three area Hydro-
Nuclear-Thermal System when disturbance in area 3




Table 9: Time analysis parameters of simulations of Nuclear system for
Hydro-Nuclear- Thermal system when disturbance in area 3

Parameters System System with
with PI FUZZY
controller controller
Undershoot(Hz) 0.0013 0.0012
Settling time(sec) 85 80

Case-3: Simulated result parameters of area 3 when
disturbance in areal
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Figure 17: Simulated Result of Thermal system for three area Hydro-
Nuclear-Thermal System when disturbance in area 3

Table 10: Time analysis parameters of simulations of Thermal system for
Hydro-Nuclear- Thermal system when disturbance in area 3

Parameters System System
with PI with FUZZY
controller controller
Undershoot(Hz) 0.0225 0.022
Settling time(sec) 80 76

VI. CONCLUSION

Investigation of two area and three area systems has been
done with PI and fuzzy logic controllers. Considering the
disturbance as 1%, the result for different cases are compared
and it shows that fuzzy logic controller gives improved
dynamic response than PI controller. With the aid of fuzzy
controller the transients in the frequency response reduced to a
great extent.

REFERENCES

[1T G. Concordia C., and Krichmayer L.K., (1954), “Tie-line power and
frequency control of electric power systems-part II”, AIEE Transactions,
133-146, April.

[2] P. Kundur, Power System Stability and Control, Ist ed., New York:
McGraw-Hill, 1993.

[3] H. Saadat, Power System Analysis, 1st ed., Tata McGraw-Hill, 2002.

(4]

B3]

(6]

(7]

(8]

Abdennour A., (2002), “Adaptive Optimal Gain Scheduling for the Load
Frequency Control Problem”, Electric Power Components and Systems,
vol. 30(1), 45-56.

N. R. Ullah, T. Thiringer, and Daniel Karlsson,“Temporary Primary
Frequency Control Support by Variable Turbines— Potential and
Applications”, IEEE Transactions on Power Systems, vol.23, No.2, May
2008.

Chidambaram I.A., and Velusami S., (2005), “Decentralized biased
controllers for load-frequency control of interconnected power systems
considering governor dead band non-linearity”, IEEE INDICON 2005
Conference, Chennai, India, 521-525, Dec.

Cohn N., (1957), “Some aspects of tie-line bias control on
interconnected power systems”, Amer. Inst. Elect. Eng. Trans., vol. 75,
1415 -1436, Feb.

O. Anaya-Lara, N. Jenkins, J. Ekanayake, P. Cartwright, M. Hughes,
Power generation Modelling and Control, 1st ed., J. Wiley Sons Ltd.,
2009.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


