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	— lubricated contacts also gradually squeeze out trapped lubricant pockets (“starvation”)


	Rising Friction
	• Armstrong-Hélouvry / Dupont (1993)
	— constraint force acting at zero velocity
	— tangential elastic deformation of surface aperities
	— slope discontinuity at the zero-velocity interface, but functional continuity is preserved
	— presilding friction can be used to predic the breakaway static friction force


	Presliding Friction
	• Stribeck (1902)
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	— impulse force delivered over a brief instant
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	Viscoelastic Impact Effects
	• de Marchi / Craig (1997)
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	Backlash with Impact Effects
	• Hooke (1660)
	— describes the proportionality of stress and strain in springs (“Hooke’s Law”)
	— a linear model which is only valid for elastic deformations with limited range
	— nonlinearity becomes evident with extreme amplitudes


	Classical Compliance Model
	• Rayleigh (1877), Thomson (1972)
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	Summed-Mode Compliance
	Friction Model
	Asymmetric Viscous + Kinetic Friction ID:
	Mathematical Details
	• Simple harmonic motion
	• Coulomb Friction
	where



	Simple Harmonic Motion
	• Static friction stasis
	• Kinetic friction stasis
	• Quasi-linearization
	where


	Kinetic Friction
	• Asymmetric friction
	• Quasi-linearization

	Asymmetric Friction
	Free Harmonic Oscillation
	• General solution
	where

	• Underdamped solution
	where

	• Peak displacements
	• Logarithmic decrement

	Log. Decrement Method
	• Peak displacements with asymmetric friction
	• Viscous friction estimation

	Asymmetric Viscous Friction
	• Kinetic friction estimation

	Asymmetric Kinetic Friction
	• Forced harmonic oscillation
	• Steady-state solution
	• System ID
	where


	Forced Harmonic Oscillation
	• Parametric harmonic oscillation (PHO) via PD feedback
	where

	• Physical and dimensionless parameter relationships

	Parametric Harmonic Osc.
	• (Pseudo) Free parametric oscillation
	where
	where


	Physical Parameter Estimation
	• (Pseudo) Forced parametric oscillation
	(with no restriction on or )


	Physical Parameter Estimation
	• Note sensitivity to the viscous friction estimation

	Dataset #1
	• Note sensitivity to the natural frequency estimation

	Dataset #2
	• Note again the viscous friction sensitivity

	Dataset #3
	• Note again the natural frequency sensitivity.

	Dataset #4
	• Mass parameter estimation:
	•
	•
	•

	Physical Parameter ID
	Backlash Model
	(new contribution)
	Compliance Model
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	Lumped Parameter Model
	and
	Actual Mechanical System

	M
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	System Identification
	Algorithms
	(new contributions)
	• Tüfekçi / de Marchi / Craig (1998)
	— mechatronic device for research and education
	— linear table movement analogous to machine tool workpiece table
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	• Walczyk / Craig (1991)
	— unique test bed for experimentation and validation
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	— can mimick various actual machines and configurations
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