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with Dispersed Nanocrystalline Particles
(Molecular Dynamics Analysis on Appearance of Particle Size Effects)
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Molecular dynamics simulations of tensile deformation of amorphous metals with dispersed
nanocrystalline particles were performed in order to reveal the particle size effects on Young’s
modulus and the flow stress through all crystal volume fraction from 0% (amorphous) to 100%
(nanocrystalline metal). The analysis model used in this research contains 32 nano-scaled crystal
particles with random orientation in a unit cell. It became clear that the Young’s modulus of the
nano-composite is increased as the average particle radius and the crystal volume fraction increase.
On the other hand, the flow stress is not affected by the particle size when the crystal volume fraction
is lower than 609%. The particle size effects appear gradually for higher crystal volume fraction
models. This phenomenon is caused by an increase of the fraction of the grain boundary to the entire
interface. We also demonstrate that the elastic constants can be estimated with a higher accuracy
by employing a self-consistent compliance model based on the equivalent inclusion method. The
Lennard-Jones potential, modified to enforce the continuity at the cut off distance, was used as an
interatomic potential. The potential parametes were defined based on Inoue’s three basic principles.

Key Words: Molecular Dynamics, Computational Mechanics, Material Design, Size Effect, Plastic-
ity, Amorphous Metal, Nanocrystalline Metal, Material Modeling, Nano-Composite,
Equivalent Inclusion Method
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Table 1 Potential parameters
Kind of atom a b c
o [nm] 025 | 03 | 035
£[10719]] 0.6
rc [nm] 0.786
m[10~25 Kg] || 0.5787 | 1.000 | 1.5880
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Fig. 1 Simulation model
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Fig. 2 Distribution of interparticle distance

Table 2 Simulation condition

Number of particle 32
Temperature T [K] 300
Time step At (fs] 2
External stress 0y, 0, [MPa] -0.1
Mass of virtual wall M [Kg] || 2 x 10~%
Strain rate &, [1/s] 1.0 x 10°
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Table 3 Size of simu

lation models

Model N (Ney /Namo ) do [nm] | d [nm] | Lo [nm] | L [nm] | f[%]
A (d6LA435) 2,915,295 ( 130,224 /2,785,071 ) 6.0 60 | 4370 | 4363 | 45
B (d6L36f8) 1,686,888 ( 130,103 / 1,556,785 ) 6.0 60 | 3642 | 3633 | 77
C (d6L29f15) 863,349 ( 130,075 / 734,942 ) 6.0 60 | 29.13 | 29.01 | 149
D (d6L.27£20) 666,936 ( 128,407 / 536,861 ) 6.0 60 | 2669 | 2665 | 19.5
E (d6L.24£26) 501,873 ( 128,068 / 373,805 ) 6.0 59 | 2412 | 2415 | 255
F (d6L22f34) 366,454 ( 124,391 / 242,063 ) 6.0 59 | 21.82 | 2166 | 339
G (d6L19f45) 256,116 ( 115,363 / 140,753 ) 6.0 5.8 19.43 | 19.20 | 45.0
H (d6L17f61) 173,844 ( 106,661 / 67,183 ) 60 | 56 17.01 | 1670 | 61.4
1 (d5L14f80) 108,614 ( 87,028 /21,586 ) 60 | 52 1457 | 1430 | 80.1
J (d12L4436) || 2,976,648 (1,028,793/1,947,855) | 120 | 12,0 | 4370 | 4352 | 356
K (d11L36f54) 1,743,277 (933,281 / 809,996 ) 120 | 114 | 3642 | 3621 | 535
L (d11L29f81) 909,557 ( 733,884 / 175,673 ) 120 | 106 | 29.13 | 2891 | 807
M (d11L29f100) 833,240 ( 833,240 /0) - 112 | 29.13 | 28.00 | 100
N (d8L21£100) 350,202 ( 350,202 /0) - 82 | 21.82 | 2098 | 100
O (d6L14£100) 101,657 (101,657 /0) - 5.5 1457 | 1395 | 100
P (d0L290) 864,000 ( 0 / 864,000 ) - - 2913 | 2913 | ©
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Fig. 3 Stress-strain relation
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Fig. 6 Influence of the crystal volume fraction f and
particle diameter d on the flow stress o¢
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