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EHL Equations

Theequationsform a highly non−linearsetof integro−differential
equationsto besolvedfor thepressure,p, andfilm thickness,h.

TheReynoldsEquation

− governsthepressuredistribution

TheFilm ThicknessEquation

− givesdeformationfor agivenpressuredistribution
− doubleintegralis verycomputationally expensive

Lubricantmodel
− equationsgoverning thepressure,ρ, andviscosity,η
− modelbeingusedmaybeviscoelastic
− temperaturedependencealsoincludedhere
− theseareall also non−linearin p

NumericalRepresentation

− Pressureandfilm thicknesscalculatedat samplepoints
in amesh

− ReynoldsEquationsolvedusingfinitedifferences
− Eachequationsolvedto updatevariablesin turn
− Repeatediteratively to convergeon thetruesolution

AdaptiveMeshing

− Someregionsof solutionhavelargererrorsthanothers
− Theability to meshfinely in theseregionscan

concentratecomputationalwork wheremostneeded
− Errorestimationneededto identify whereto refine
− High pressureregion with largedeformationshown

abovefinely meshed

Multilevel Techniques

− Numericalconvergenceis slowon finegrids
− Errorsremovedmoreeasilyoncoarsegrids
− Multigrid usedto transfersolutionsbetweengrids to get

accurateresults quickly
− Deformationcalculationvery timeconsuming
− Multilevel Multi−In tegrationusedto estimatemany

calculationsusing coarsergrids
− Evaluationtimevastlyreducedfor very fine meshes
− Combiningthesetechniquesgeneratesresultshundreds

of timesfasterthancouldbeachievedadecadeago

High PerformanceComputing

Use of parallel computersenablesfurther reductionin the time
requiredto obtainaccuratesolutions.
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Conclusions

− Efficient modelling toolshavebeendevelopedfor
practicalindustrial problems.

− Newrobustcomputationalmethodshavebeenused
to obtainsolutionsfar morequickly thanbefore.

− Multidisciplinarywork hasenabledcomputer
modelling,visualisationandparallel computingto
aid thedevelopmentof researchleading to newand
betteroils.

Time Dependent Problems

− All EHL problemsrepresentmotionof parts,
with oil flow betweenthem

− Insidemachineryphysicalconditionsvary,
e.g. whengearteethengage,henceloadsand
speedsmaybechangingcontinuously

− To obtaintransient solutionsmanyhundred
individualEHL problemsneedto besolved.
Thismeansthatfastsolutiontechniquesare
very importantfor thecalculations to beof use
to industry.

Thechoiceof timestepsizeis important because
− if it is too large thenerrorswill enterthesolution
− if it is toosmall thenunnecessarycomputational

work maybedone

Theuseof VariableTimestepping canthereforebeusedto
balance errors in space and time automatically. In
additionto providing accuratesolutionsthis will alsooften
leadto asignificantreductionin therequiredwork.

SurfaceFeatures

− Realcontactsarenotperfectlysmooth
− Dentsandridgesoccuroncein use
− Smalldeviationsin thesurfacegeometryproduce

largevariationsin thepressureand film thickness
− Surfaceroughnessis thecombinationof many

smallamplitudedeviationsfrom the idealprofile

Example: TrueSurfaceRoughness

Representedaboveis thecontactgeometry of anEHL point
contactwith a patternof bumpsanddimplesappliedacross
the undeformedbearing. This models the very rapidly
varying shapeof a real surface. The resulting pressure
distributionis shown below.

Lubrication

When surfacesare in contact there is a frictional force. By
introducing a flow of a lubricant (oil) into the contact, the
surfaces are separated. This reduces the frictional force,
meaning less wear and hence minimises the regularity of
componentreplacement.

CarEngineJournalBearingsandGears

− Actual surfaceareasin contactareverysmall
− Surfacesarerotating veryquickly
− Resultingpressuresareof theorderof 2 or 3 GPa.

Theequivalentof threeelephantsstoodonapen!

Deformation

− Undersuchhighpressuresthesurfacewill deform
− This is calledelastohydrodynamiclubrication(EHL)

JournalBearingProblemDescription

− Oil flow from left to right
− Centralregionwith largedeformationandhighpressure

TheProblemToday

− Complexlubricants with real−lifeproperties
− Realrough surfaces
− All threespatialdimensionsrepresented
− Timedependentproblems

ComputationalModelling

− Aids industrywith thedesignof parts andlubricants
− Mathematicalequationsbebesolved
− Accuraterobustnumericalsolversthereforerequired
− Solutionsneededquickly
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Nelly 4.5 tonnes

Kelly 4.5 tonnes

Shelly 4.5 tonnes

   

  

        Contact Area 45 mm

Applied load of
                                   3 GPa
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