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Determination of Contact Area of Cylindrical Nanowire
using MD Simulation
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Abstract — Contact between solid surfaces is one of the most important factors that influence dynamic behavior
in micro/nanoscale. Although numerous theories and experimental results on contact behavior have been pro-
posed, a thorough investigation for nanomaterials is still not available owing to technical difficulties. Therefore,
molecular dynamics simulation was performed to investigate the contact behavior of nanomaterials, and the
application of conventional contact theories to nanoscale was assessed in this work. Particularly, the contact char-
acteristics of cylindrical nanowires were examined via simulation and contact theories. For theoretical analysis,
various contact models were utilized and work of adhesion, Hamaker constant and elastic modulus those are
required for calculation of the models were obtained from both indentation simulation and tensile simulation. The
contact area of the cylindrical nanowire was assessed directly through molecular dynamics simulation and com-
pared with the results obtained from the theories. Determination of the contact area of the nanowires was carried
out via simulation by counting each atom, which is within the equilibrium length. The results of the simulation
and theoretical calculations were compared, and it was estimated that the discrepancy in the results calculated
between the simulation and the theories was less than 10 except in the case of the smallest nanowires. As the
result, it was revealed that contact models can be effectively utilized to assess the contact area of nanomaterials.

Keywords —molecular dynamics simulation (=2} < & A]&#)] ©]41), contact mechanics (5 2 8}), nanowire
(U=9}e]o]), Hertzian contact (12X H =)

Nomenclature E* : Reduced elastic modulus (Pa) (=& EX37A1)
a : Contact width (m) GEFUR])
P : Adhesion force (N) (3&&]) v : Poisson’s ratio GFOIEH])
Py : Normal force (N) G23F%) P : Dimensionless normal force (73H S21315)
Ay : Work of adhesion (N/m) (&) a : Dimensionless contact width (FXF 4R
Rs : Radius of sphere (m) (7] ¥4
Rc : Radius of cylinder (m) (J3IE2] X&) .M B
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Fig. 1. Simulation models for (a) indentation of spherical
tip onto the FCC substrate and (b) assessment of
contact area of nanowire.
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Fig. 2. Hexahedral FCC model for tensile simulation to
obtain elastic modulus at nanoscale.
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Fig. 3. Simulation procedure to measure contact area
at the nanowire surface through following steps: (a)
relaxation (b) indentation for contact of nanowire with
the FCC substrate and (c) removal of constraint at the
FCC substrate to form natural contact between nanowire
and the substrate.
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Fig. 4. Stress-stain curve of hexahedral FCC model
obtained from tensile simulation.
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