MODELLING ELASTOHYDRODYNAMIC LUBRICATION

CHRIS GOODYER, UNIVERSITY OF LEEDS CASE AWARD WITH SHELL GLOBAL SOLUTIONS

Lubrication

When surfacesare in contactthere is a frictional force. By
introducing a flow of a lubricant (oil) into the cortact, the
surfaces are separated. This reducesthe frictional force,
meaning less wear and hence minimises the regularity of
componenteplacemen

CarEngineJournalBearingsandGears

- Actual surfaceareasin contactarevery small

- Surfacesarerotaing very quickly

- Resultingpressuesareof theorderof 2 or 3 GPa.
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Deformation

- Undersuchhigh pressureshe surfa@ will deform
- Thisis calledelastohydrodynamilubrication(EHL)

JournalBearingPrablem Description

- Oil flow from left to right
— Centralregionwith largedeformatia andhigh pressure
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TheProblemToday

- Complexlubricans with real-life properties
- Realrough surfaces

- All threespatialdimensiongepresated

- Time dependenproblems

ComputationaModeling

- Aids industrywith the designof parts andlubricants
— Mathematicakqudionsbebesolved

— Accuraterobustnumericalsolversthereforerequired
- Solutionsneededjuickly

Pressure across &L Point Contac

EHL Equations

Theequationdorm a highly non-linearsetof integro—diferential
equationgo besolvedfor the pressurep, andfilm thicknes, h.
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TheFilm ThicknessEquation
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- givesdeformationfor a givenpressue distribution
- doubleintegralis very computationtly expensive
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Lubricantmodel
- equationgjovernhg the pressurep, andviscosity,n
- modelbeingusedmay beviscoelastic
- temperaturelepemiencealsoincludedhere
- theseareall also non-linearin p

NumericalRepreseration

- Pressurandfilm thicknesscalculaedat samplepoints
inamesh

- ReynoldsEquationsolvedusingfinite differences

- Eachequationsolvedto updatevarigblesin turn

- Repeatedteratively to convergeon thetrue solution
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AdaptiveMeshing

- Someregionsof solution havelargererrorsthanothers

- Theability to meshfinely in theseregionscan
concentrateonputationalwork where mostneeded

- Error estimationneededo identify whereto refine

- High pressurgegon with largedefamationshown
abovefinely mesed

Multilevel Techniqes

- Numericalconvergnceis slowonfine grids

- Errorsremovedmore easilyon coarsegrids

- Multigrid usedto transfersolutionsbetweergrids to get
accurataesuls quickly

- Deformationcalcuation very time consuming

- Multilevel Multi-In tegrationusedto estimatemany
calculationsusng coarsemgrids

- Evaluationtime vastlyreducedor very fine meshes

- Combiningthesetechniquegeneratesesultshundreds
of timesfasterthancould be achieveda decadeago

High Performance&Computing

Use of parallel conputersenablesfurther reductionin the time
requiredto obtainaccuratesolutions.
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Time Dependent Problems

— All EHL problemsrepresentnotionof parts,
with oil flow betweerthem

- Insidemachineryphysicalconditionsvary,
e.g. whengearteethergage henceloadsand
speedsnay be changingcontinuousy

- To obtaintransiet solutionsmanyhundred
individual EHL problemsneedto be solved.
This meanghatfastsolutiontechiquesare
very importantfor the calculatiors to be of use
to industry.

Thechoiceof timedepsizeis important because
—if it is toolarge thenerrorswill enterthe solution
—if it is too smal thenunnecessargomputational
work maybedone

Theuseof Variable Timesteppig canthereforebe usedto
balance erras in space and time automatically. In
additionto providing accuratesoluionsthis will alsooften
leadto a significantreductionin therequiredwork.

SurfaceFeatures

— Realcontactsarenot perfectlysmodh

— Dentsandridgesoccuroncein use

— Smalldeviationsin the surfacegeometryproduce
largevariationsin the pressureand film thickness

- Surfaceroughnesss the combinationof many
smallamplitudedeviationsfrom the ideal profile

Example: True SurfaceRoughness

Representedboveis the contactgeoméry of an EHL point

contactwith a patern of bumpsanddimplesappliedacrass

the undeformedbearing. This modek the very rapidly

varying shapeof a real surface. The resulting pressure
distributionis shavn below.

Conclusions

- Efficient modelling tools havebeendevelopedor

practicalindudrial problems.

- New robustcompuationalmethodshawe beenused
to obtainsoluionsfar morequickly thanbefore.

- Multidisciplinary work hasenableccomputer
modelling,visudisationandparalkl computingto
aid thedevelopnentof researcheading to newand
betteroils.
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