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PhysicsＧinformedneuralnetworksalgorithmforsloving
multiＧpointfrictionＧinducedstickＧslipvibrationproblems

ZHANGFeifan１,　LIZilin∗２,　BAIJinshuai３,　WANG Wei２,　WEIHongtao２,　WEIRonghan１,２

(１．SchoolofCyberScienceandEngineering,ZhengzhouUniversity,Zhengzhou４５０００２,China;
２．SchoolofMechanicsandSafetyEngineering,ZhengzhouUniversity,Zhengzhou４５０００１,China;

３．SchoolofAerospaceEngineering,TsinghuaUniversity,Beijing１０００８４,China)

Abstract:AddressingthechallengeofaccuratelysolvingunstablestickＧslipvibrationproblemsinnonＧ
smoothdynamics,thispaperproposesasolutionalgorithmbasedonPhysicsＧinformedNeuralNetworks
(PINN)．Firstly,theclassicalstickＧslipvibrationproblemisdynamically modeledusingthelinear
complementaritytheoryunderunilateralconstraints．Then,thelinearcomplementarityrelationshipis
designedasalossfunctiontoguidethetrainingoftheneuralnetwork,constructingaPINNalgorithmfor
solvingmultiＧpointfrictionＧinducedstickＧslipvibrationproblems．Theaccuratesimulationofcomplex
responsesofmultiplesliders’stickＧslipvibrationsinfrictionalsystemsisconducted．Bycomparingthe
numericalresultswiththeSwitching Modelmethodthatincludeseventdetectionandthetraditional
TimeＧSteppingmethodwithouteventdetection,theaccuracyofthePINNalgorithmisverified．The
proposedPINN algorithm transformsthetraditionaloptimizationproblem calculationintonetwork
trainingofthe machinelearningalgorithm,makingitsuitableforstickＧslipvibrationanalysiswith
multiplecontactpoints．This methodachievesaccuratenonsmoothstatetransitionsandprovidesa
convenientandeasyＧtoＧusenewapproachfortheaccuratesimulationofcomplexnonlinearvibration
responsesinmultiＧdegreeＧofＧfreedomfrictionalsystems．

Keywords:physicalＧinformedneuralnetworks;frictionＧinducedvibration;nonsmoothdynamics;stickＧslip
vibration;linearcomplementarityproblem
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DevelopmentstatusofCAEsoftwareforstructuraldamageandfractureanalysis
RENTianyu１,　HANFei１,　ZHANGLing∗２,　SUNYunhou３,　MEIYong３,　ZHANGAo３

(１．StateKeyLaboratoryofStructuralAnalysis,OptimizationandCAESoftwareforIndustrialEquipment,
DepartmentofEngineeringMechanics,DalianUniversityofTechnology,Dalian１１６０２４,China;

２．SchoolofEngineering,HangzhouNormalUniversity,Hangzhou３１１１２１,China;
３．DefenseEngineeringInstitute,AMS,Beijing１００８５０,China)

Abstract:Damageandfracturearethemaincausesofstructuralfailure,whichhaveasignificantimpact
onengineeringsafety．Crackpropagationproblemisalsoafundamentalscientificchallengethatneedsto
besolvedurgently．Inthispaper,therelevanttheoreticalbasisforsimulatingdamageandfracture,such
asafracturemechanicsmodel,damageevolutionmodelandnumericalcalculationmethods,suchasthe
finiteelementmethod,boundaryelementmethodandperidynamicstheory,areintroducedintheformof
literaturereview．ThispaperalsoreviewsthecommonlyusedCAEsoftwareforstructuraldamageand
fractureanalysis,includinggeneralＧpurposefiniteelementprogramssuchasthedamageandfracture
analysismodulethatcomeswithABAQUS,aswellasspecializedfractureanalysissoftware,damage
tolerancetools,fatiguelifeanalysistools,etc．Thedevelopmentstatusofsomeautonomous CAE
softwareisalsodiscussed．Finally,thispaperanalyzessomechallengesfacedbyCAEsoftwarefor
damageandfracturesimulation,andlooksforwardtothefuturedevelopmentdirectionofdomesticCAE
software．

Keywords:structuredamage;fractureanalysis;CAE software;crack propagation;finiteelement
method;peridynamics
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