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2 Evaluated for the collision of two equal 1000 A grains.

0 0 1: Chokshi et al.(1995)] O
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MATERIAL PARAMETERS

y* & G P a b
Material (ergsecm™?)  (dynem™?)  (dyn cm™?) v (gem™3) (A) (A) References
Quartz............ 25° 5.4(11) 2.3(11) 0.17 2.6 344 1.84 1,23
Polystyrene 12 3.4(10) 2.1(11) 0.5 1.04 3.00 2.00 2,4
Graphite.......... 75 1.0(11) 3.8(10) 0.32 22 3.40 1.54 3,56
Iron........ . 3000 2.1(12) 8.3(11) 0.27 7.7 2.24 224 2,3,7
) (N 370° 7.0(10) 2.8(10) 0.25 1.0 3.36 336 2,3
# Surface energy per surface.
® Measured for micron-sized particles.
¢ Estimated from H-bonding,
RerEReNCES.—(1) Kendall, Alford, & Birchall 1987; (2) Physics Vademecum (Anderson 1981); (3) Israelachvili 1992;
(4) Kendall & Padget 1987;(5) Brocklehurst 1977;(6) Zisman 1963;(7) Easterling & Tholen 1972. O

IHydrodynamic friction in lubricants{ 0 ), Wear-less energy losses on atomic levels, Plastic deformation of the surfaces during
sliding, Material wear{ 0 ),...
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Sketch of independent oscillator model. The sliding atom is pressed on a rigid substrate with a
constant force f,. The tangential force arising is balanced by a horizontal spring.
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Resistance to sliding on surfaces with steps in the surface grids. See text.
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2.4.1 Maximum force in the independent oscillator model
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2.4.2 Average friction force for non-matching grids in the independent oscillator model
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2.4.3 Friction force due to grid steps on surfaces
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2.5.1 Maximum torque for alined idential grids twist
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2.5.2 Average torque for unalined grids twist
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2.5.3 Torque due to surface steps
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Resistance to sliding at zero applied load, as derived for the different processes discussed in
the text. The lines in all plots are lines of constant force. Forces are normalized to the
pull-off force P,. (a) Maximum force for aligned identical grids, with all atoms in
phase. (b) Minimum force, as derived for independent oscillators. (c) Friction force
resulting from repeated flattening of steps inside the contact area. (d) Sum of (b) and
(¢), which is the friction force acting over most of the surface.
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Resistance to spinning at zero applied load, as derived for the different processes discussed in
the text. Lines in all plots are lines of constant torque. Forces are normalized to P_a,,.
(a) Maximum torque for aligned identical grids, with all atoms in phase. (b) Minimum
torque, as derived for independent oscillators. (¢) Torque resulting from repeated
flattening of steps inside the contact area. (d) Sum of (b) and (c), which is the torque
that acts over most of the surface.
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I:l I:l I:l D D D D I:l I:l Experiment to show distance of sliding in a typical collision between two spheres. One of the
two spheres is fixed in an inertial system (hatched area). The other sphere approaches
with kinetic energy W,. Upon contact, the moving spheres slides over the fixed sphere
until all energy is dissipated.
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Sliding distance of a sphere colliding with an energy P d, with an equal-size sphere. The sliding
distance is normalized by the circumference of the sphere.
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