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Abstract —In this study, we investigated the effect of the spring constant on frictional behavior at a nanoscale
through molecular dynamics simulation. A small cube-shaped tip was modeled and placed on a flat substrate.
We did not apply the normal force to the tip but applied adhesive force between the tip and the substrate. The
tip was horizontally pulled by a virtual spring to generate relative motion against the substrate. The controlled
spring constant of the virtual spring ranged from 0.3 to 70 N/m to reveal its effect on frictional behavior. During
the sliding simulation, we monitored the frictional force and the position of the tip. As the spring constant
decreased from 70 to 0.3 N/m, the frictional force increased from 0.1 to 0.25 nN. A logarithmic relationship
between the frictional force and spring constant was established. The stick—slip instability and potential energy
slope increased with a decreasing spring constant. Based on the results, an increase in the spring constant reduces
the probability of trapping in the local minima on the potential energy surface. Thus, the energy loss of escaping
the potential well is minimized as the spring constant increases.
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Fig. 1. Simulation model consisted of two object with
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Fig. 2. Schematic of simulation condition and procedure.

Table 1. Simulation conditions

Temperature 300K
Sliding velocity 0.01 nm/ps
Spring constant 0.3~70 N/m

Morse (for identical pair)
Lennard-Jones (for non-bonded pair)
No external force Only adhesion force

Potential function

Normal force
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Fig. 3. Relationship between spring mass position and
tip position with respect to spring constant.
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Fig. 4. Frictional force measured during sliding simulation
with respect to spring constant.
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Fig. 5. Relationship between frictional force and spring
constant.
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