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Abstract A transition method from discrete molecular dynamics (MD) simulation to continuum elastic finite element
analysis (FEA) is proposed. Firstly, the moving position and displacement of crystal material atoms is obtained by MD
calculation, and then the finite element deformation model under the assumption of continuous medium is constructed

according to the characteristics of crystal structure. Further, the strain and stress fields are obtained combined with the
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constitutive relationship of material mechanical behavior. In order to test the effectiveness of the MD-FEA method, this
method is applied to analyze the tensile deformation of Al-Ni soft-hard composite nano cylinder and the nano indentation
of substrate Al with spherical diamond indenter. The stress and the strain fields of the above two problems are obtained
by MD-FEA method, and the calculated results are compared with the atomic strain calculated by discrete deformation
gradient and the atomic potential stress in traditional MD method. The difference between the stress and strain field
calculated by MD-FEA method and the traditional MD atomic strain and potential stress is discussed in detail, and the
effectiveness of MD-FEA method and its advantages over traditional MD method are discussed. The result shows that the
MD-FEA method and the traditional MD method are consistent when the stress and strain change softly in the volume,
and in the area where stress and strain change rapidly and in the surface/interface area, the MD-FEA method can
calculate the result more precise. Meanwhile, the MD-FEA method avoid the selection of the cutoff radius and weighting
functions, which is necessary in traditional MD method and can lead to human error in some circumstances. When the
strain is large, there are obvious difference between the small strain calculated by MD-FEA method and the Green strain
calculated by traditional MD method. Thus the MD-FEA method is more suitable for the situation that the stress and

strain is small.

Key words molecular dynamics-finite element analysis method, strain/stress field, atom strain, virial stress
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atom strain of the selected atom near the interface with »,=0.8 nm computed by different cutoff radius
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of (al)-(a3) Al and (b1)-(b3) Ni in the middle line of interface section
computed by different cutoff radius (continued)
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Fig. 18 Comparison of ¢.. and ¢, at the center of the substrate between
MD-FEA method (MF) and atom strain (AS) during the indentation

IR KL 1 nm (AL E, 1M ey, (K5 H AR
JHARTMZY 1.5 nm

BRI AR ATV e R I AR P A S AR (1 5%
WG /N, AERWT A% r.=0.4 nm Al 7,=0.8 nm R4
{18 5 A v AT 110 VAR A0 AT B 19 P, AR 43
&, T e FEAN IR INT 12 1A 5 B AE A4 Py B 3R A
— B, ANAE IR R M 1 A7 BT 2% 5. 1 =0.8 nm |
THA N AR 73 & e, AR IR R {EHL r,=0.4 nm I
FH R, M 23 5 e A8 HS IR 1T B U4 =04 nm I}
T /N ST 2 5 A 53 M s R 0 R v A TR AR AR T
I ] 208 AN T, R DGV s IR 3 1T (1428 A4 B a2 250

(al) &, I, =0.4 nm

L
(a2) &,, r,= 0.8 nm ’

0.03
0.02
0.01
0
—0.01
—0.02

(b1) £, 1, = 0.4 nm 003

&l 19 #WTEAT 7 =0.4 nm 1 7,=0.8 nm T "k L (1) J5 5 N 38 43
H (al)-(a2) e 55 (b1)-(b2) &, AT

Fig. 19 Atom strain of (al)-(a2) €., and (b1)-(b2) ¢, with the cutoff
radius 7.=0.4 nm and .=0.8 nm

http://www.cnki.net



g

3094 i

4

£t 2021 4F 5 53 %

0.03
0.02
0.01
0
—0.01
—-0.02

-0.03
(b2) &y, r., = 0.8 NM

Bl 19 742 r=0.4 nm F r=0.8 nm PRI b (¥ 7R ARS)
H (al)-(a2) e.. 5 (b1)-(b2) &, 274 (4)

Fig. 19 Atom strain of (al)-(a2) e.. and (b1)-(b2) &, with the cutoff
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Fig. 20 Comparison of ¢, and o, between MD-FEA method (MF) and
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Fig. 21 (al)-(el) Virial stress and (a2)-(e2) the stress field computed by
MD-FEA method on the middle section of the substrate during
indentation
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Fig. 21 (al)-(el) Virial stress and (a2)-(e2) the stress field computed by
MD-FEA method on the middle section of the substrate during
indentation (continued)
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