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1.1. The LevitronThe Levitron ©©
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ObjectiveObjective:: developingdeveloping aa FEMFEM--basedbased designdesign procedureprocedure forfor thethe realizationrealization ofof aa LevitronLevitron©© inin laboratory,laboratory, usingusing secondsecond--handhand componentscomponents..
IssuesIssues::
�� generationgeneration andand tuningtuning ofof COMSOLCOMSOL©© modelsmodels forfor availableavailable permanentpermanent magnets,magnets,
�� perturbationperturbation analysisanalysis onon magnetmagnet models,models, inin orderorder toto derivederive aa configurationconfiguration whichwhich allowsallows stablestable magneticmagnetic levitation,levitation,
�� forceforce computationcomputation onon magnetsmagnets fromfrom finitefinite elementelement modelsmodels..

1.1. The LevitronThe Levitron ©©

�� Earnshaw’sEarnshaw’s theoremtheorem:: nono stablestable
equilibriumequilibrium allowedallowed forfor staticstatic fields,fields,

�� LevitronLevitron©© :: gyroscopicgyroscopic torquestorques
maintainmaintain thethe toptop inin nearlynearly verticalvertical
alignmentalignment (flipping(flipping phenomenon)phenomenon)

22.. Numerical modelNumerical model
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�� AC/DCAC/DC modulemodule -- MagnetostaticsMagnetostatics
-- NoNo currentscurrents ((33DD))::
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�� ConstitutiveConstitutive lawlaw::

�� EquilibriumEquilibrium

StabilityStability:: obtainedobtained whenwhen axialaxial ((zz oriented)oriented) andand
radialradial ((rr oriented)oriented) excursionsexcursions ofof thethe toptop aroundaround
equilibriumequilibrium areare simultaneouslysimultaneously compensatedcompensated byby
oppositeopposite perturbationperturbation forcesforces andand

StaticStatic:: magneticmagnetic forceforce exertedexerted onon thethe toptop isis
balancedbalanced byby gravitationgravitation

zfrf

5.5. Force computationForce computation

ThreeThree methodsmethods::
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(NUMINT(NUMINT))

OneOne nodenode displaceddisplaced atat aa timetime (LVW(LVW))

AllAll nodesnodes displaceddisplaced «« enen blocbloc »» (CVW(CVW))

((basedbased on Virtual on Virtual WorkWork theorem)theorem)
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��

6.6. ResultsResults

StableStable equilibriumequilibrium areaarea alongalong zz axisaxis

(total(total magneticmagnetic scalarscalar potentialpotential ))ψ

VSVS

Measurements using a gaussmeterMeasurements using a gaussmeter COMSOLCOMSOL©© finite element modelsfinite element models

Tuning of Tuning of MMzz to fit simulation results with measurements to fit simulation results with measurements 
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3.3. Magnetic component identificationMagnetic component identification

4.4. Perturbation analysisPerturbation analysis
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�� twotwo modelsmodels
forfor MM
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(M(M11)):: rigidlyrigidly zz orientedoriented

(M(M22)):: samesame directiondirection asas basebase
magneticmagnetic fieldfield (flipping(flipping motion)motion)

�� StabilityStability areaarea:: inin goodgood agreementagreement withwith experienceexperience,,

�� TopTop massmass :: betterbetter thanthan [[11]] ((integrationintegration overover entireentire top),top), butbut smallersmaller
thanthan experienceexperience ((measurementmeasurement errorserrors))
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