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ABSTRACT

The mechanics and physics of soft linearly viscoelastic
materials is an intricate research field, where the
strongly time-dependent constitutive stress-strain
relations govern the response of this class of materials
and often make classical methodology unfeasible for the
solution of mechanical issues. Indeed, the determination
of stresses, strains and dissipated energy result even
more difficult when attention is focused on contact
mechanics problems: in this case, the surface roughness
on the contacting bodies often covers several orders of
magnitude. Given the theoretical importance of these
themes and, at the same time, the implications for many
practical components, including a variety of scales and
fields (earthquake dampers, mechanical seals, biological
scaffolds are only possible examples), a large number of
publications has been dedicated to shed light on the
contact mechanics of rough viscoelastic solids [1-3].
These contributions include analytical [4, 5] numerical [6,
7] and experimental [8] studies.

The present work deals with an issue of fundamental
importance: the reciprocating contact of viscoelastic
materials, where the relative motion between the
contacting bodies is periodically inverted. We develop a
Boundary Element Methodology in order to determine
the contact solution in terms of stresses, strains and
hysteresis. Specifically, we provide the explicit solution,
in terms of a Fourier series, of the Green’s function of
the reciprocating contact problem between a rigid punch
and a linear viscoelastic solid. The periodic features,
intrinsically marking the problem, enables us to carry out
the parametric calculation of the contact solution for
each time step without any necessity of employing the
solution in the previous time interval. By implementing
such a parametrically time-dependent approach, we
obtain the full numerical convergence in each moment

of the cycle and, interestingly at the dead points, i.e.
when the punch inverts its motion.

Furthermore, we specifically study the influence of the
surface roughness on the viscoelastic friction. This shows
that, as in the steady-state case, viscoelastic friction
strongly depends on the number of scales included in the
simulation.

REFERENCES

[1] Arzt E. , Gorb S., and Spolenak R., From micro to
nanocontacts in biological attachment devices. Proceedings
of the National Academy of Sciences, 16, 100 , 19 ,
10603- 10606, (2003).

[2] Bao G. , Suresh S., Cell and molecular mechanics of
biological materials, Nature Materials 2, 715 - 725,(2003).

[3] Johannessen W., Vresilovic E. J., Wright A. C., Elliott D.
M., Intervertebral Disc Mechanics Are Restored Following
Cyclic Loading and Unloaded Recovery. Annals of
Biomedical Engineering, 32, 1, 70-76, (2004).

[4] Hunter S.C., The rolling contact of a rigid cylinder with a
viscoelastic half space . Trans. ASME, Ser. E, J. Appl.
Mech. 28, 611-617 (1961).

[5] Persson B.N.J., Theory of rubber friction and contact
mechanics, Journal of Chemical Physics, 115, 3840-3861,
(2001).

[6] Dapp, W.B., Lucke, A., Persson, B.N.J., M"user, M.H.,
Self-affine elastic contacts: Percolation and leakage,
Physical Review Letters, 108 (24), 244301, (2012).

[7] Carbone G. , Putignano C., A novel methodology to
predict sliding/rolling friction in viscoelastic materials:
theory and experiments., Journal of the Mechanics and
Physics of Solids, 61 (8), 1822-1834, (2013).

[8] Grosch K. A. , The Relation between the Friction and
Visco-Elastic Properties of Rubber, Proceedings of the
Royal Society of London. Series A, Mathematical and
Physical, 274-1356, 21-39, (1963).



