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Fig. 1. Model of single crystal iron under triaxial tension
(atoms are colored by CNA).
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Fig. 2. Tensile stress as a function of time at 100-1100 K.
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Fig. 3. Relationship of peak pressure and temperature.

XU I 7 W fF s R 28 DL 100 K 3L BE M 4]
ML 2 0] DL, B0 7 bl B (] 3 22 3 1, 7
15.7 ps i Y BESE — D IE(H (2978 21.4 GPa) J5 T
I TR, 78 16.5 ps B, LN 145 LRI, Bl A
K (293K 0.03 GPa), 19.1 ps I Ik F)55 4 14
H (494 16.9 GPa), 19.1 ps ZJ, B T FLIFA Mt
HAEK, P TP TR 755 x 10° s7', i
R X AR BRI A ST, Mayer dMEE R0 /)
AR 2 B EL S, AR5 — A hi iy T I (E
GERG R R IAVE AT | A AR 7 WA 9 AL
. WL 7 WA IR 2N XUAE BCC 454 1 H.
rn R B, 7E FCC 4544 (1% A S 4 vh s WL g2 3128
RIS, Rawat 55 29 76 B G i 1) =SB 4 73
J12E R TS B B R 7R 1250 KORE T (e
W B4 ) BN g B R R R T A W R
Rawat A 0 ) 15— M E(E SR B T k4 1A
s B TANEE R LI R A S A K X B

246102-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 24 (2019) 246102

Mayer 5 Rawat 5555 i [ 7 B i1 2 i AUE A 5Y
SER—F R, FCC 450 B e 1250 K
TR B ) B, 1T BCC 2544 ) 2
A BEFE 100—700 KRBT H B, 5 R BIAE =l
P T IR X BCC # FCC SR SS ¥ O 4543
AL IS MR AN R

SHARGTE LN 7 st A 2 ) BOBUUE AR A S AT, %of
B EE REIEAT T A0 434 1) 43 BT 7 A il
2R SALIRARFR B R, BV FLIR 0 i 9
RIS 2) @it DXA, 598 AR & A s ]
3) i Bh RS54 43 B, FIH RDF 43041 it CNA J7
BRHT AR, R FXF AT, 7EIE 2 H L
100 K 5B AR bron T PR Sy S AE 2 1] ()
PAARAAE AL, 53000 R B — (B AL (A 50) . 5B —
AN (B S P P N RS (B a5, 25— IR{A A
J& PR 7 PR K A (C )5 A IR E
(D 4%), 100—700 K LT PUANRFE &SR] dn e 1
4.

# 1 100—700 K T PUARFAE 2 E]

Table 1. Four characteristic points time at 100 —

700 K.
K I 1] /ps
A B C D
100 15.7 16.5 17.5 19.1
300 134 14.5 154 17.9
500 12.6 13.8 14.9 17.7
700 13.1 13.9 14.6 17.6

MF 1A LLE H, 7 100500 K R E T, 4
— AL 7 (L PR A B[R] B R, 500 K IR
NE— AP WA B E] 100 K ORER
PERT T 2.9 ps, 700 K R T 45— AN J7I84H H
PRE R 500 K iR T APTE)E, HAHZEAR, {2
0.5 ps; 100—700 K ik BE T $i7 5 7 P U S Y
ik [ A R 35 A7 1y W 30 %) B ] B 3 2
T B B ET, 700 KRR LN )5 AN (R
100 K JEE T 4R T 1.5 ps.

3.2 REXFLEERSER RN

K 42517 1001100 K ¥R T FLIR AR
FOBE S R AR k. IR 4 AT LB RAF 100—
700 K 5 900—1100 K & & T H 0y i th e A
AR RE A, AR AL AR S B BT [ 4 2 A 2

FEAHAIN], Bl L ) TR, LIRS IR B PR B2
FLIRAR R B R s 8 BT fin b, 100—1100 K i
BE N FL IR AR FR 3 B0 AE 30 ps F R A M), 200
29%. 100—1100 K i T LI peAx i [l an &l 5 fr
N, W 5 B[ LB, 1100 K T3 T FLIRE SAZ I E
J& 12.8 ps, 100 K LT FLIR BAZ B[] A 17.4 ps,
1100 K BT FLIA BUAZ I ] e 100 K iR 2 4R
T 26.4%, X 7 WL B LA A B () A J 2 52
M), LI A% B 1] B e e T 2 4L i 11 6 4
TR 0.1 1F, 1001100 K IR E T 258
FRFLIA A f . AL 6 1T LA, RGN
FLILEARBUR ZA LI B % | AR RIEE 28 AR
K, 1100 K BT FLIA AR B & F 100 K EEE,
X I B A I T T v R 8 P LR B
W2, LR AR o3 H50 < ok 3 i I B s T
e,

0.30
— 100 K
— 300 K
0251 500K
g — 700 K
E 020} 900 K
g 1100 K
&
Q
£ 0151
2
[e]
>
< 0.10}
o
>
0.05
ol
0 4 8

4 100—1100 K3 EET fLiA R AR B s a9 42 £k
Fig. 4. Void volume fraction as a function of time at 100
1100 K.
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Fig. 5. Void nucleation time at 100-1100 K.
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Fig. 6. Distribution of voids at 100-1100 K (void volume fraction is 0.1).
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Fig. 7. Void volume fraction as a function of time at 100-700 K: (a) 100 K; (b) 300 K; (c) 500 K; (d) 700 K; (e) 900 K; (f) 1100 K.
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Fig. 8. Void distribution on the second-peak of tensile stress at 100—700 K.
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Fig. 9. Evolution of dislocation density as a function of time at 100-1100 K: (a) 100 K; (b) 300 K; (c) 500 K; (d) 700 K; (e) 900 K;

(f) 1100 K.
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Fig. 10. Radial distribution function of the system at 100-1100 K: (a) 100 K; (b) 300 K; (c) 500 K; (d) 700 K; (e) 900 K;

(f) 1100 K.
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Fig. 11. Snapshots for the structural changes at 100-1100 K: (a) 100 K; (b) 300 K; (c) 500 K; (d) 700 K; (e) 900 K; (f) 1100 K.
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Fig. 12. Crystal structure fraction as a function of time at 100-1100 K: (a) 100 K; (b) 300 K; (c¢) 500 K; (d) 700 K; (e) 900 K;

(f) 1100 K.
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Fig. 13. Structural changes at different time at 300 K.
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(d) 700 K; (e) 900 K; () 1100 K.
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#* 2 100— 1100 K AT NAG SRR G S5
Table 2.  Best-fit NAG parameters at 100-1100 K.

Py/Pa P, /Pa No/m 3.5t Py/Pa n/Pa-s R,/m x
100 K 1.61 x 101 1.42 x 107 7.10 x 10 2.75 x 109 1.72 x 107 3.1 x 10 015
300 K 1.55 x 1010 2.35 x 107 1.22 x 101 2.48 x 109 2.20 x 10! 3.1 x 1070 018
500 K 1.51 x 10 1.18 x 107 5.91 x 104 2.15 x 109 1.83 x 107! 3.1 x10%  0.14
700 K 1.50 x 1010 3.31 x 107 1.37 x 106 2.02 x 109 2.17 x 107! 3.1 x 100 017
900 K 1.46 x 10 2.76 x 107 3.29 x 101 1.98 x 10° 2.53 x 10! 3.1 x 100 012
1100 K 1.33 x 1010 1.87 x 107 1.88 x 101 1.95 x 10° 2.11 x 10! 3.1 x 100 017
RN 1.12 x 10° 1.0 x 108 2.5 x 104 2.0 x 108 2.778 x 102 3.0 x 107
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Abstract

In this work, we investigate the triaxial deformation of single crystal iron at a strain rate of 5 x 107 s! by
using molecular dynamics simulation through the embedded atomic method, and thus study the temperature
effect on the void nucleation and growth, and we also discuss the applicability of nucleation and growth (NAG)
model in single crystal iron. The molecular dynamics model size is 28.55 nm x 28.55 nm x 28.55 nm and
contains 2 x 105 atoms. The results show that the maximum tensile stress of single crystal iron decreases with
temperature increasing. The maximum tensile stress reduces 35.9% when temperature rises from 100 K to 1100 K.
We find that at 100-700 K temperatures, there are two peaks in the tensile stress-time profile. To ascertain the
origin of the double-peak in the stress-time profile, we compute the void volume fraction evolution. In addition,
we conduct the dislocation analysis, radial distribution function analysis and common neighbor analysis. The
analysis results show that the relaxation of tensile stress in the first peak of stress-time profile takes place
through the structural change and the body-centered cubic crystal structure transforming into face-centered
cubic crystal structure, hexagonal close packed crystal structure and other structures. We find that there are no
voids’ nucleation in the first peak of stress-time profile. The second-peak of stress-time profile proceeds through
the nucleation and growth of voids. And the rapid increase of the void volume fraction corresponds to the rapid
decline of the tensile stress. The void volume evolution can be divided into three stages. With the increase of
temperature, the double peak characteristic of the tensile stress-time profile disappears at 900-1100 K. While at
900-1100 K the nucleation and growth of voids are the only way to release the built-up stress. It is shown that
the nucleation and growth of voids are more preferred at high temperature than at low temperature. The
nucleation and growth of voids in single iron under high strain rate follow the NAG model. We calculate the
best-fit NAG parameters at 100-1100 K, and analyze the sensitivity of NAG parameters to temperature. It is
shown that the nucleation and growth threshold of the single crystal iron are much higher than those of mild
steel. The results can be useful for developing the fracture models of iron at high strain rate to describe the

dynamic damage on a continuum length scale.

Keywords: single crystal iron, void nucleation and growth, temperature effect, molecular dynamics
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