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ABSTRACT

Thepaperconsiderstheinfluenceofyieldstrengthonthestaticanddynamicbehaviourofcylindrical
contact interfaces. The semi-cylinder is assumed to be in plane stress condition. A quasi-static
analysisisexecutedbymeansoffiniteelement(FE)softwarepackageANSYS18.2toobtainseveral
contact parameters.Akeyparameter, quantifyingnonlinearity for the single-asperity cylindrical
contactsystem,iseducedfromtheinterference-contactforceplot.Thedynamiccharacteristicsof
thecylindricalcontactinterfaceisinvestigatedbyutilizingthisparameter.Inordertoinvestigatethe
same,thecontactinterfaceisrepresentedbyasingledegreeoffreedomspring-mass-dampersystem,
andtheanalysisiscarriedoutforfree-undampedaswellasforced-dampedvibration.Itisfoundthat,
withhigherYoung’smodulus,thedynamiccontactsystembecomesmorenonlinearinnature.Itis
foundthat,withlowervalueofyieldstrength,thedynamiccontactsystembecomesmorenonlinear
innature.Moreover,thecontactsystemisfoundtopossessahardeningtypeofnonlinearity.
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1. INTRodUCTIoN

Hemispherical and cylindrical contacts are two of the most fundamental problems of contact
mechanics(Johnson,1982,1985).Theyareoftenconsideredtobetheunitsofmulti-asperityrough
surfacecontactmodels.Fibrousandanisotropicmaterialsurfacesoftenconsistofelongated/stretched
asperitieswhichcouldbeefficientlymodelledusingcylindricalcontact(Bushetal.,1979;Xuetal.,

Effect of yield Strength on the Static and 
dynamic Behaviours of Cylindrical Contact:
Plane State of Stress
Tamonash Jana, Mallabhum Institute of Technology, India

 https://orcid.org/0000-0002-4673-5534

Anirban Mitra, Jadavpur University, India

 https://orcid.org/0000-0003-3530-9123

Prasanta Sahoo, Jadavpur University, India*

 https://orcid.org/0000-0002-1538-0646



International Journal of Surface Engineering and Interdisciplinary Materials Science
Volume 10 • Issue 1

2

2021).Cylindricalcontactanalysishasbeenusefulformodellingindifferentdomainsofanalyses
includingelectricalcontact(Angadietal.,2012;Jackson&Kogut,2007),thermalcontact(Jackson
etal.,2012),mechanicalseals(Green&English,1992),camsetc.

Mostoftheearlierresearchworksoncylindricalcontactwereconcentratedonindentationcontact
problemswithmajorfocusonhardnesstest(Cinar&Sinclair,1986;Dumas&Baronet,1971).The
firstclosedformcompleteelasticsolutionforcylindricalcontactwasderivedbyJohnson(1985).
ThisworkwasbasedontheseminalworkbyHeinrichHertz(1882).Although,itwasconsidered
forparaboliccontact, itwas foundappropriate forelasticcylindricalcontact.Oneof theearliest
workoncylindricalcontactwascarriedoutbyRadzimovsky(1953)whichanalysedtwocylinders
rollingtogetherononeanotherwiththeiraxesparallel.Thestressdistributionaswellasthestrength
conditionofthecylindricalcontactinterfacewereinvestigatedinthiswork.Hamrock(1994)provided
similarclosedformsolutionsasJohnson(1985)forcylindricalelasticcontacts.Twoothercylindrical
contactmodelsprovidingclosedformcontactforceexpressionswereproposedbyLankaraniand
Nikravesh(1989)andGoldsmith(2001).Allthesepreviouslymentionedanalyseswerebasedon
elasticcontact.Whileinloadedcondition,mostoftheasperitiesgothroughplasticdeformation.
Therefore,itisnecessarytoanalysethecylindricalcontactprobleminelastic-plasticaswellasfully
plasticdomain.Green (2005)provided the first analysisderiving the critical contactparameters
(contactforce,interferenceandhalfcontactwidth)fortheinitiationofyieldingbasedonvonMises
yieldcriterion.HealsoinvestigatedtheeffectofPoisson’sratioonthecontactstresses.However,
alongago,TianandSaka(1991a,1991b)carriedoutoneoftheearliestanalysesonelastic-plastic
cylindricalcontact(normalaswellassliding)usingfiniteelementanalysis.Inalaterwork,Jackson
(2017)usedanalyticalsliplinetheorytopredictcontactpressureresultsforcylindricalindentationof
rigid-perfectlyplasticsubstrateandcomparedwithfiniteelementresults.Theresultswerefoundto
beinagreementforrelativelylowdeformations.ZhupanskaandUlitko(2005)presentedananalytical
approachtoobtaintheexactsolutionsforthefrictionalindentationproblemofrigidcylinderonelastic
half-space.DocaandAndradePires(2014)carriedoutexperimentalaswellasnumericalstudyfor
theelastic-plasticcontactinteractionbetweenafinitelengthsemi-cylinderandaflatsurface.Pereira
etal.(2015)proposedanewimprovedcylindricalcontactmodelbasedontheexistingJohnsonmodel
(Johnson,1985)andFEanalysis.Inordertopredicttheelastic-plasticcontactbehaviourefficiently
forcylindricalcontact,finiteelement(FE)simulationisfoundtobethemostpopularmethodinthe
recentfewyears.TheworksbyMuetal.(2017),SharmaandJackson(2017),Xuetal.(2021)are
someofthesignificantworksthatinvestigatedcylindricalcontactinplanestrainandplanestress
conditions,throughfiniteelementsimulation.Inanothersignificantwork,VijaywargiyaandGreen
(2007)investigatedslidingcontactinteractionbetweentwocylindricalasperitiesunderplanestrain
condition.Recently,finiteelementbasedcylindricalfrettingcontactwasinvestigatedbyYangand
Green(2018,2019).Slidingcontactanalysisofcylindricalinterfaceshasbeenattemptedbyanumber
ofresearchers(Adams,2014;Wangetal.,2020;Yang&Green,2020).Whilemostoftheworkson
cylindricalcontactadoptsthecontacttakingplaceatthecurvedfaceofthecylindersfortheanalysis,
someconsidersthesametakingplaceattheflatend(Brutti,2021;Hu&Hassan,2019;Riccardi&
Montanari,2004).Anumberofresearchershaveinvestigatedcylindricalcontactwiththeeffectof
adhesionactingattheinterface(Liuetal.,2015;Saitoetal.,2016;Wu,2019;Zhupanska,2012).In
arecentwork,Guoetal.(2020)analysedanelastic–plasticcylindricalcontactmodelundervarying
contactanglesthroughanalyticalandnumericalmethods.Thesamegroupofresearchers(Guoetal.,
2021)carriedoutasimilarstudyonthecontactoftwoparaboliccylinders.

Apartfromthestaticcontact,dynamiccontactinteractionisquitecommoninmachineelements,
e.g.gear,cam,rollingcontactbearingetc.Thistypeofcontactvibrationcancausefatigue,wearand
damageattheinteractingsurfaces.Therefore,unrestrainedcontactvibrationhasimmensedetrimental
effecttoanymachineelement.Inordertocontrolsuchvibrations,athoroughunderstandingonthe
dynamicbehaviour the systemofcontact interface is essential.For thecaseofdynamiccontact
analysisofsingleasperity,Hertziancontactisthemostfrequentlyusedmodel.Oneoftheearliest
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