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INTRODUCTION
The fractal character of surfaces is central to
models of contact and friction. At the atomic scale,
the discrete geometry of atoms creates new features
on the surfaces, such as atomic “steps.” Such
features affect the mechanics of how surfaces
contact, and may be important in friction, electrical
contact, and design of nanosystems.

THEORY
Continuum theory
Rough surfaces are considered self-affine fractal:

〈∣h(⃗x)−h(⃗x + ⃗l )∣〉 ∼l

SIMULATION

PRESSURE DISTRIBUTION

Molecular dynamics simulation
Fourier filtering is used to produce a continuous surface with self-affine
fractal scaling between specified lengths, Lmin and Lmax. All atoms in a
crystal that lie below this surface are removed. The resulting surface has
atomic steps along crystal facets. Non-stepped surfaces are also
constructed by displacing atoms to coincide with the continuous surface.
Atoms interact with a Lennard-Jones
potential, and interactions across the
interface are purely repulsive. The
equilibrium state for a prescribed load is
found with energy minimization.

Lmax  l  Lmin
where surface height h(x) changes as a power law
with lateral distance l. Theory predicts contact area
to be proportional to load
H

A    FN / hrms
for typical rough surfaces at typical loads. The
quanities in the denominator are the effective
contact modulus and the root mean square slope.

CONTACT AREA
κ – (area prop. constant)
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Simulation confirms this prediction and finds the
proportionality constant between area and load to be
κ ≈ 2.0.

Plastic atoms
Atomic-geometry effects
Steps are expected to focus the stress and produce
plasticity. Stepped surfaces may geometrically
align the surfaces and increase contact area.
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SUMMARY
We observe that the small-scale contact morphology
is different for stepped surfaces than for surfaces
without steps. The highest pressures occur near the step
edge rather than in the center of the contact patch.
However, the PDF for normalized pressure largely
follows the same decaying exponential for stepped and
non-stepped surfaces. An exception is a pronounced dip
at the origin for stepped surfaces. κ, the proportionality
between contact area and load, is only moderately
affected by the presence of steps. In contrast, the steps
increase the amount of plasticity considerably. The
small-scale contact morphology and the increase in
plasticity show that steps can be important in friction
and wear processes.
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