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USING MOLECULAR DYNAMICS METHODS

1) 2) 3)

Masaomi NISHIMURA, Hiromu WADA and Masahiro ARAI

1) ( 380-8553 4-17-1, E-mail: nishimu@shinshu-u.ac.jp)

2) ( 380-8553 4-17-1, E-mail: hwada@str.shinshu-u.ac.jp)

3) ( 464-8603 , E-mail: arai@nuae.nagoya-u.ac.jp)

In this study, indentation simulations to a silica glass are performed using molecular

dynamics methods in order to reveal atomic structural changes under the inhomogeneous

deformation. During the loading and the holding at maximum depth, we observe local

structural changes from normal-coordinated atoms to over-coordinated atoms, such as

Si4→Si5 and O2→O3. These over-coordinated atoms remain after the unloading, and

cause high tensile/compressive local stresses. Maximum indentation depths after the

simulation vary according to elastic deformation volumes in the silica glass model before

the unloading.
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Table 1 Parameters for Tersoff potential(6).

Si O

AI [eV] 1.8308× 103 1.88255× 103

BI [eV] 4.7118× 102 2.18787× 102

λI [Å] 2.4799 4.17108

μI [Å] 1.7322 2.35692

βI 1.1000× 10−6 1.1632× 10−7

nI 7.8734× 10−1 1.04968

cI 1.0039× 105 6.46921× 104

dI 1.6217× 101 4.11127

hI −5.9825× 10−1 −8.45922× 10−1

RI [Å] 2.5 1.7

SI [Å] 2.8 2.0

Table 2 Parameters for Lennerd-Jones potential(8).

Si-C O-C

εIJ [meV] 8.909 3.442

σIJ [Å] 3.326 3.001
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Fig. 1 Schematic of the indentation simulation.
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Fig. 2 Loading and unloading conditions of the simulation.
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Fig. 3 Indentation force versus distance of indenter tip from surface.
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Fig. 4 Changes in the system stress.
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Fig. 5 Changes in ratio of normal-coordinated atoms (Si4

and O2) and over-coordinated atoms (Si5 and O3).
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Fig. 6 Distribution of 5-fold coordinated Si atoms.
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Fig. 7 Visualizations of local stresses during the holding at

maximum depth.

Table 3 Maximum indentation depth after unloading

θ = 60◦ θ = 90◦ θ = 120◦

(ĩi) 610ps 8.32nm 7.31nm 5.71nm

(ĩii) 1510ps 9.07nm 8.37nm 6.69nm
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Fig. 8 Visualizations of local stresses after unloading.
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