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1． Introduction

Aclassicexampleofanunstablecontrolsystemisthatofasmallballisplacedontopofafixed

largeball.

Thesmallballcanneverholditspositionandwillrolloffthelargeballimmediatelyduetothe

forceofthegravity.However,evenforsuchununstablesystem,thesmallballcanbemadetostay

ontopofthelargeballbyproperlycontrollingthelargeball'srotation.

Thisreportproposedthatgiventwogears,oneplacedontopoftheotherandthelowergear

connectedtoaDCmotor,thetopgearcanbemadetostayinplacebyapplyingfuzzycontroltothe

DCmotor.Theexperimentalgearsetisnowunderconstruction. Simulationhasbeendoneto伽dthe

stableconditionbyusingnumericaldataoftheparametersintheset.

2． Gearset

PrinciplesofthegearsetisshowninFig.1,andFig.2depictstheexperimentalsystem.Twogears

aremountedoneontopoftheother.Thegearsareengagedandtheircentersarefixedbyaconnecting

levertopreventseparation. ADCmotorisconnectedtothelowergearthroughagearbox. The

inclinationanglezzoftheuppergearismeasuredbyapotentiometerconnectedtotheconnectinglever

throughasensinglever.

A2048(p/"22ﾉ)PulseencorderismountedontheDCmotor'sshaft,andmeasurestheDCmotor

angle's8．
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Fig.2SideViewoftheGearSetOneGearOverOtherFig. 1
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3． Simulationmodel

Tablelliststheparametersandtheirnumericaldataoftheexperimentalgearset

Tablel DataoftheExperimentalGearSet

Symbols Quantity NumericalData Units

Lowergear

Equivalentmomentofinertia

Radius

Uppergear

Weight

Momentofinertia

Radius

Centerdistanceofbothgear

Equivalentfrictioncoefficientoflowergear

Voltagecoefficientoflowergearangle

Voltagecoefficientofleverinclinationangle

Voltagecoe価cientofmotortorque
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ThestatespaceequationiscalculatedbyusingtheparametersinTablel. Theuppergearis

engagedwiththelowergear,therotationangleoftheuppergearisの＝量(α-8)
Thecoordinatesofthecenteroftheuppergearis(/sin", /cos")

量(j－j）誹十会〃&｡+茅｛ ｝’KineticenergyisT=

POtentialenergyiSU=W@2g/COSfZ

Dissipati｡nenergyisD==D'j,
Generalizedcoordinates9jare",8,andgeneralizedforceQj is/j.Andtheaboveenergyvalues

aresubstituteintotheLagrange'sequationwhichisshownbellow.

釜(%)-¥+%+gg=Q,
Iftheuppergearisstabilized,thentziskeptsmallvalue.Thisjustifiedtheapproximationsin"=

●

a

(訂，Thelowergearequivalentmomentofinertiaoftheuppergear"isE="

Thedifferentialequationforthegearsetcanthenbewrittenasshownbelow.

（ﾉi+")"z2g/ hD8 ん
α＝(ﾉi+J5)("/2+〃~ﾉ;α~(ﾉi+J5)("/2+〃一ﾉ38+rﾉi+ﾉ§)("/2+〃_ﾉ評

’=(ﾊ+"〃，+"-ﾉ:"-(ﾉi+殻詩瑞_ﾉ38+(A+J5)'"/¥"_ﾉ誹
肋g"§ 〃@2/2+"

Thestatevariablesarechosentobe

x=[β α β α)T /b="

Andthestatespaceequationandoutputequationareasfollows.

x=Ax+b"
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NumericaldataaresubstitutedforeachparameterinTablel.

] ㈱ I;J"A=

Now,matrixA,baretransformedtoanewequivalentmatrixbysimilaritytransformation.

ir=Tx T=

Kj,Kz,and脇arethevoltagecoefficientsofthelowergearangle,theleverinclinationangleand

themotortorquerespectively,andtheirnumericaldataareshowninTablel.Allstatevariablesare

expressedbyvoltage.

Andthefinalstatespaceequationsareasfollows.
●

r=配r+b3"

A*=TAT-', b$=K"Tb

ざ:翻り "仏心A*=

4． SimulationSystem

Fig.3showstheblockdiagramofthesimulationsystem. Fuzzyreasoningisexecutedusingthe

fuzzysimulationsoftwareFS-2000developedbyOMRON.Theoutputsignalsofthegearsetarethe

lever'sinclinationangle, itsangularvelocityandtheangularvelocityoftheDCmotor・TheSesignals

arenamedVAA,VAV,andVTVrespectively.Theinputsignalforthegearsetisthemotordriver's

inputvoltagenamedⅥⅣ．
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Fig.3BIockDiagramoftheSimulationSystem
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5． Fuzzycontrol

5.1Membershipfunctions

Infuzzyreasoningsection, thepre-conditionvariablesareVAA, VAV, andVTV. Their

membershipfunctionsareshowninFig.4(a). AsfortheconclusionvariableⅥⅣ, itsmembership

functionisshowninFig.4(b). PL,P"etc.arefuzzylabels.Thereare7standardlabelsinboththe

membershipfunctions.

NL NMNS ZR PS PMPL NL NMNS ZR PS PMPL
1 1

0 0
－5 0 ＋5 －5

VAAVAVVTVinvolt

(a) Pre-condition

Fig.4MembershipFunctions

O

Vminvolt

(b) Conclusion

＋5

5.2 Fuzzyrules

Table2isthefuzzyruletable.Leverangleanditsvelocityareusedsoastomake"iszero,which

meansthattheuppergearisstayingontopofthelowergear.

Table2FuzzyRuleTable

VAA:Leverangle

NL NM NS PSZR PM PL

NL

NM

NS

ZR

PS

PM

PL

NL

NM

NS

ZR

PS

PM

PL

VAV:

Leverangle

velocity

NL NM NS PS PM PL

6． SimulationreSults

Fig.5(a)showsthattheuppergearisabletoreachtoitstoppositionontopofthelowergear
within30ms.

Fig.5(b) isthereducedtimescaleofFig.5(a). Inthisgraph, itshowsthataftertheuppergear

reacheditstopposition, itgraduallyrolleddownafter2seconds.Thereasonseemstobethatthedrive

powerofthelowergearisthesameineachdirection,sothevelocityofthelowergearspeedsupin
onedirection.
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