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Abstract

Whensystenparameterdalling into a certainareaor undersomeworking conditions
the permanentmagnet synchronousmotor (PMSM will appear chaos phenomenon
whichthreatenghe secureand stableoperationof drive systemSothis paperproposesa
robustadaptivesliding modecontrol strategyaiming at the complexchaotic behaviorof
PMSM. Using the sliding modecontrol technique a time varying surfaceis constructed
Thenan adaptivegain of the robustcontrol law is establishecdconsideringuncertainties
andexternalinterferencan PMSM.Sothe phenomenoonf chaosin PMSMsystenwill be
eliminated using proposedcontroller. Finally, stability analysiswill be given basedon
Lyapunov stability theory Simulation results demonstratethe effectivenessof the
proposedadaptivesliding modecontrol scheme

Keywords permanentmagnetsynciionous motor (PMSM), Chaotic system Adaptive
sliding modecontrol

1. Introduction

Thefundamentatharacteristiof a chaoticsystemis its sensitivedependenceninitial
conditions and systemicparametersSo a small shift in the initial statescan lead to
extraordinaryand unpredictableperturbationin the systemstates.This will go against
precisecontrol of system.During the pasttwo decadesghaoscontrol studyhasattracted
considerableattentionamongthe scholars.Many different control methodsof chaotic
systemshavebeenproposedsuchaslinear statefeedbackcontrol [1, 2], adaptivecontrol
[3], backsteppingmethod[4, 5], sliding mode control [6-10], HD approachll], PID
control[12-13], fuzzy logic control[14-16], etc. In recentyears,chaoticsystemsarealso
applied in secure communication, biological systems, power quality, information
processing@ndchemicalreactionanalysis.

Permanentmagnet synchronousmotors (PMSM) are intensively usedin industrial
applicationsdue to their simple structure high efficiency, high power densityand large
torqueto inertiaratio. However,it is still a challengingproblemto controlthe PMSM to
get the perfect dynamic performane, becausethe dynamic model of PMSM is
multivariable nonlinear and parametersvariable Even PMSM system demonstrates
chaoticbehavio whensystemicparametergall into a certainarea The chaoticbehavior
in PMSM can destroythe stabiization of the motor eveninducing the drive systemto
collap. Sothe control of chaosin the PM3V havebeenan active researchareain the
field of nonlinearcontrol of electric motors Up to now, a lot of valid control methods
have beensuccessfullyused to contrd chaosin PMSM. The OGY methal [17] is the
typical methodof contrdling chaosin PMSM. But the shortcomirg of this methodis not
easyto determinesystemparametes. Time delay feedbackcontrd (TDFC) [18] was
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successfullyimplementedio contol the PM3M, but it is difficult to determinethe time
delayfor the TDFC methodgiven a specifictargetandis not suitablewhenthe desired
targetis not an equilibrium or an unstableperiodic orbit of the system.[19] usedan
adaptivefuzzy backsteppig technologyto control chaosin the PMSM. This method
overcamethe problemof "explosionof terms causedoy the repeatedifferentiationsof
virtual input, but the calculationprocesds more complicated [20, 21] proposedsliding
modecontrol (SMC) appoachto realizethe controlling of chaosin the PMSM. However
theuncertaintiemandexternalinterferencen PMSM werenot taken into account

In this paper,a robustadaptivesliding modecontrolleris developedo suppresshaos
in permanenimagnetsyndronousmotor drive systems The proposedschemewill give
sufficientconsideratiorio uncertaintiesandexternalinterferencean PMSM. Furthermore
the stability of the propo® methodis guaranteedisingLyapunovstability theory Finally,
simulation resuts demonstratehe effectivenessand robustnessagainstthe chaoticin
PMSM drive system.

2. Mathematical Model of Chaotic PMSM Drive System

The mathematicamodelof the permanenmagnetsynchronousnotor with smoothair
gapis describedasfollows [22]:
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where id,iq and w arethe statevariables which representl-q axis currentsandmotor
angularfrequency. u; and u, are the d-q axis stator voltage. T denotesthe load
torque. S andgarenorrnegativesystemparameters.

In system(1), the externalinputsare setto zero, T, =u, =u, =0, andthe system
dynamicbecomesnunforcedsystemasfollows[16]:
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The study found that the PMSM experienceschaotic behavior when the system
parameters andg fall in a certdn rangeof values.For example the PMSM displays

chaos with s =5.45 and g=20.A typical chaotic attractor is shown in Figure 1.
Figure2-4 are the time graph of = ,ij,iy under chaos.For simplicity, the following
notationsareintroducedx=w,y =i and z=i, . Takinginto accountthe uncertaintief
systemandaddingtheinput u(t) , thedifferentialequation(2) is rewrittenas
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where u(t) is the input and Df (x, Y, ) is the uncertainty the rang of uncertairty is in
D (x,y,2)| ¢ d.

Figure 1. The Chaotic Attractors of PMSM
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Figure 2. The Time Graph of ¥ Under Chaos
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Figure 3. The Time Graph of Under Chaos

Figure 4. The Time Graph of Under Chaos
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