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Table 1 Calculate model parameters

Parameter type Parameter size
Sample size 11.42X11.42X 31.41 nm®
o-Fe lattice constant ao 2.855 A
the number of Fe atoms in
320,000 4

tensile deformation zone
\oid position (5.71,5.71, 15.71) nm
0.00 nm, 0.25 nm, 0.50 nm,
0.75nm, 1.00 nm
MD LR I 22 i (¥ 73130 0 22 84, Ackland 25129)
TFR K Fe-Fe H ek ] T4tk Fe J 7B KA HAE T o 4
B 1 FR, BEMAERRRT Xy 1z #5505 N F MD
TR = AN AR, BB iRoE SR
5 300 K, B (a5 1 fs, SR =4k i B 7 2% A
FUGHEAT R A /MU AR AN 150 ps (5t 7R SR 7E NVT
R, KM 5B AT I 70 AR 7] 8 S R AE, 7 32
(24, WRAE SRR AR, 455 AT BT 7T 45 SR 2628,
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Fig.1 MD computational model of sample subjected to uniaxial tension

(a) Coordinate and geometry sizes (b) MD computational model
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Fig.2 Stress-strain curve of a-Fe with different radius of void
(a) The sample with perfect lattice (b) The sample with void
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Fig. 3. The relation between Young's modulus and the void
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Table 2 Mechanical properties of a-Fe samples with the void defects

Mechanical \oid radius/nm
property index 0.00 0.25 0.50 0.75 1.00
Young's
24138 24138 241.29 24110 240.69
modulus/GPa
Loss of the
Young's modulus 0 0 -0.04 -0.12 -0.29

1%
Yield stress/GPa 13.36 13.33 12.90 12.50 12.07
Loss of the yield
0 -0.22 -3.44 -6.46 -9.66
stress /%

Ultimate tensile
15.08 13.67 11.52 10.95 11.20

strength/GPa
Loss of the
ultimate tensile 0 -9.35 -23.61  -27.39 -25.73
strength /%
Critical strain 0.2842 0.2589 0.1162 0.0890 0.0763
Loss of the critical

-890  -59.11 -68.68 -73.15

strain/%
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424 1.00 nm HEAE, RN ERT, FLIEE
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BCC £5t4, Wk 6 Fras. iX—Hl % 584 S wi A 7T
25 24 )7 \Wang 250361, |vanisenko 25137 1 Latapie 25138
R s RARF. RIS, e 6 T, FLIR TR /)
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%749 1.00 nm e, LR B X3 S AR KT
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Fig. 6 Crystal structure of the a-Fe sample with void under

different tensile strain (Blue represents the BCC atoms, green
represents the FCC atoms, magenta represents the HCP
atoms, white represents the boundary or disordered atoms,
and black represents the fixed-end atoms, the same below)
(a) The sample with a void radius of 0.25 nm (b) The sample

with a void radius of 1.00 nm
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Fig. 7 Atomic strain of the o-Fe sample with void
(a) The sample with a void radius of 0.25 nm
(b) The sample with a void radius of 1.00 nm
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Fig. 8 Local diagram of the dislocation formed in the

sample of a-Fe with void defect
(a) The sample with a void radius of 0.25 nm (b) The

sample with a void radius of 1.00 nm
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Fig. 9 Evolution of void defect at different tensile strains
(The sample with an initial void radius of 1.00 nm)
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deformation behavior of single-crystal a-Fe

Li Xiang?, YinYihui?2, Zhang Yuanzhang 2, LiJicheng?, LiHongxiang 3
(1. Key Laboratory of Testing Technology for Manufacturing Process, Ministry of Education, Southwest University of Science and Technology,
Mianyang 621010, China)
(2. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, China)
(3. School of Civil Engineering and Architecture, Southwest University of Science and Technology, Mianyang 621010, China)
Abstract: In order to investigate further the effects of void defect on the plastic deformation behavior of a-Fe under tensile load, the molecular
dynamic models of the a-Fe samples with the void defects are established and related simulations under uniaxial tension are carried out for a series
of models in the void radius of 0 nm, 0.25 nm, 0.50 nm, 0.75 nm and 1.00 nm, respectively. The engineering stress-strain curve and the variations
of crystal structure types and defects of each sample with tensile strain are obtained. The results show that overall, the deterioration of tensile
mechanical properties of the sample with void is positively related to the void size. The larger the void size is, the easier it is for the sample to enter
the plastic deformation stage. Overall, Young's modulus, yield stress, ultimate tensile strength and tensile elongation of the samples containing void
decrease with increasing of the radius of the void. The plastic deformation mechanism is of a mixture of the tensile stress-induced structural phase
transition and the dislocation slip. However, the characteristics of stress-strain curves change significantly with increasing of the radius of the void,
and the plastic yield stage and strain hardening stage of the sample become shorter, the strain hardening stage even vanishes. The research deepens
the understanding of the effects of void defect on the mechanical properties and plastic deformation mechanisms of metals and lays a useful
foundation for the subsequent analysis and study of the physical and mechanical properties of polycrystalline a-Fe materials under various
conditions.
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