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Fig. 1. Research object (jet of metal copper).

K2 gk iR

Fig. 2. Model of nanocrystalline copper.

R1 TSN Z RS

Table 1. Parameters of nanocrystalline copper at the equilibrium state.

kR T /nm BRRS (X xY x Z)/ A mrhi s/ A JRT R/ A g LB /%
7.17 115.68 x 119.65 x 119.59 8 130210 25.3
9.11 159.48 x 163.21 x 162.35 8 317622 18.6
12.55 203.05 x 206.45 x 206.84 8 699834 15.1
14.85 239.51 x 242.04 x 241.79 8 1146005 13.3
18.38 297.63 x 300.45 x 301.93 8 2199606 10.8
22.48 362.71 x 367.81 x 366.15 8 3991766 8.6

126201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 126201

R, R E X R B L, T DA B R
T T HE R AL R A B R, IR BT A
I A4 2 S A AR BAR(E B LR 1

2.2 EBIR{HRIIFE

XF st TR R 2 AR R B X Ak O 1) T 44
FR A AR, AR IE B 0N 0.002, MARZE N 2 x 109 /s,
BEINER — RN AR S5 5 14 1000 22, 73 130 )1 44U
RIS ] 20 K4 0.001 ps, Bl ghigaf a1 ps. EE
HInEA RIS AR, BRINARLF]0.2. R
th UG R A T ) (X i) B R PRI AR AR T 1)
(Y 5N Z ) B A S M R JE T i B g ]
R, T B RAE 9K b RS R BBz AR AR T
B3 g5t 1 bR s = AL ARSI S ek 3
#& Mishin 2 1] #2571 EAM #4565 HR4% Li 2% 27
XL SR JTE LR AU I8, N T RO 7 {8
Hi A8 T8 1 R HEAT %%, SR F L [F] AT 4R 43 A 07
(common neighbor analysis) 2% ¥} J5 745 ¥y 47 7]
ALK 53 HT.

H iz

11

S 5

[
1

YJ_ St
X

PI3 2 i Bl e s 2
Fig. 3. Schematic diagram of the molecular dynamics

straining simulation.
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Fig. 4. Stress-strain curves of nanocrystalline copper

at different grain sizes.
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Fig. 5. Schematic representation of the variation of

flow stress as a function of grain size.
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Fig. 6. Relationship of flow stress and grain sizes of

nanocrystalline copper.
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Fig. 7. Typical dislocation motion of nanocrystalline copper with the grain size of 22.48 nm. The strain is

(a) 0.056, (b) 0.064, and (c) 0.072.
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JITAE.

B9 SRR N 22.48 nm i 2 SR HARAR T E. MARE 5N () 0

e =0.056

: (b) 0.048; (c) 0.056; (d) 0.16

Fig. 9. Snapshots of uniaxial tensile deformation of nanocrystalline copper with the grain size of 22.48 nm.

The strain is (a) 0, (b) 0.048, (c) 0.056, and (d) 0.16.

Bl10 @RS 14.85 nm I 2 @4 R AR TE & . FAZ & 537119 (a) 0; (b) 0.048; (c) 0.08; (d) 0.16
Fig. 10. Snapshots of uniaxial tensile deformation of nanocrystalline copper with the grain size of 14.85 nm.
The strain is (a) 0, (b) 0.048, (c) 0.08, and (d) 0.16.
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Fig. 11. Schematic diagram of ideal deformation mechanism for grain coalition and grain-boundary rotation.

e = 0.048

Bl12 SRR 9.11 nm B 2 SR IR . AR #5350 (a) 0; (b) 0.048; (c) 0.056; (d) 0.08

Fig. 12. Snapshots of uniaxial tensile deformation of nanocrystalline copper with the grain size of 9.11 nm.

The strain is (a) 0, (b) 0.048, (c) 0.056, and (d) 0.08.
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Abstract

In the process of the generation of jet formed by the shaped charge explosive compression, the grain of the metal
liner is refined from 30-80 pm down to sub-micron or nanometer level. There is a strong scientific significance for
studying the mechanism of grain refinement and dynamic superplastic deformation at a micro level. The main contents
of this study are as follows. Firstly, the models of nanocrystalline copper with the grain sizes of 7.17, 9.11, 12.55, 14.85,
18.38 and 22.48 nm are established using the Voronoi geometrical construction method, and these models are relaxed in
100 ps to the equilibrium state at 293 K. Then, the tensile deformation processes of nanocrystalline copper at various
grain sizes are simulated by using the molecular dynamics method. The strain increases to 0.2 gradually at a strain rate
of 2 x 10°/s. Based on the data output, the stress-strain curves at different grain sizes are gained and the corresponding
values of the averaged flow stress are calculated. The results show that the average flow stress exhibits the maximum at
a grain size of 14.85 nm. Finally, the primary deformation process of nanocrystalline copper is displayed by analyzing
the atomic configuration evolvement. When the grain size is 22.48 nm, the typical dislocation motion is found and there
are a huge number of dislocations in the deformation process. However, the number of dislocations decreases sharply
at the grain sizes of 14.85 nm and 9.11 nm, and the grain-boundary motion is visible at these small grain sizes. The
most significant work is that the deformation mechanisms of nanocrystalline copper at different grain sizes are analyzed
in detail. The results indicate that the dislocation motion dominates the deformation process when the grain sizes of
nanocrystalline copper are larger than 14.85 nm. As the grain sizes decrease below 14.85 nm, the grain-boundary sliding
and rotation become a dominant deformation mechanism. This change of deformation mechanism is the fundamental
reason for softening, which is so-called reverse Hall-Petch relationship. On the basis of previous study and this molecular
dynamics simulation, combining the grain coalition and the grain-boundary rotation, an ideal deformation mechanism
model is established at small grain sizes, which provides the microcosmic deformation mechanism reference for the large

strain deformation of the jet.

Keywords: molecular dynamics simulation, dynamic superplastic deformation mechanism, uniaxial

tension, reverse Hall-Petch relationship
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