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1- An investigation of the effect of indenter deformation and presence of voids on
silicon Nano indentation using molecular dynamics simulation, Chines physic B, Submitted.
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Ni-Ni

ro(nm) = 0.256
a(nm™1) = 0.19875
D(ev) = 1.0094

Morse

Ni-C

A=1393.6(ev)
B=346.7(ev)
C=38049
D=0.015(nm)
d=4.3484
R=0.195(nm)

u=1

p = 0.00000015724
y1 = 0.34879(nm™1)
Y2 = 0.22119(nm™1)
Y3 = 0.0(nm™1)

n =0.72751

m=3

cos(8,) = —0.57058

Tersoff

C-C

A=1830.8(ev)
B=471.17(ev)
C=100390
D=0.015(nm)
d=16.217
R=0.285(nm)

u=1

g = 0.0000011

Y1 = 0.24799(nm™1)
Y2 = 0.173222(nm™1)
Y3 = 0.0(nm™1)
n=0.78734

m=3

cos(6,) = —0.59825

Tersoff

Si-Si

ro(nm) = 0.19475
a(nm™1) = 0.468
D(ev) = 0.435

Morse

Si-C
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----- Before rolling nanoparticle
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Abstract

Today, the lubrication industry has become an important part of the development of the
machine industry and related industries. With the emergence of new issues such as
optimization of consumption and conservation of non-renewable resources, as well as
compliance with environmental requirements, the study of lubricants, especially in the field
of nanotechnology has found a special place. Nano-engine oils are base oils containing added
nanoparticles that can improve the tribological properties of engine oils. Diamond
nanoparticles are one of the most important types of lubricant nanoparticles known in this
field. The ability to understand nano-dimensional lubrication mechanisms using laboratory
methods is very difficult and costly. Today, an alternative method of calculating molecular
dynamics to better understand the phenomenon of lubrication and wear of nano-dimensional
parts has been developed with the help of this application. The selection of the potential
function as the most important simulation core has a significant effect on the wear
mechanism and the forces acting on the workpiece and nanoparticles. Therefore, the
validation of the molecular dynamics method has been done using the simulation of the nano
indentation process. Based on the results of molecular dynamics simulation, the difference
obtained in the nanoindentation simulation process with other studies is reported in the range

of 10%.

The nano wearing process of the iron workpiece is simulated in the presence of diamond
nanoparticles and the effective factors are investigated. Based on the obtained results, the
use of diamond nanoparticles makes it possible to reduce the coefficient of friction from 0.24
to 0.05. The results showed that if the surface temperature can be kept constant by cooling,
increasing the sliding speed of the surfaces will reduce the coefficient of friction. Increasing
the temperature and load applied to the upper block increases the coefficient of friction
between the nanoparticle and the workpiece. Molecular dynamics simulation of nanowear
was performed for parts with two different materials, iron and aluminum. The results showed
that the coefficient of friction in two pieces of iron is less than the coefficient of friction in
two pieces of different materials. The reason for this is the softness of aluminum metal
compared to iron, which causes high penetration of diamond particles into aluminum. Also
in this dissertation, a preliminary study was done on the effect of the presence of post and
surface prominence. Based on the results, it was observed that the surface that has a
protrusion has the highest coefficient of friction and the surface that has a small surface
cavity can have a smaller coefficient of friction. However, the presence of nanoparticles has

a large difference in the coefficient of friction compared to the absence of nanoparticles.
Keywords: Nanolubrication, Nanoparticle, Engine oil, Nanowear, Molecular dynamics.
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