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Multiscale investigation on lattice disability mechanism and
incipient plasticity in a-Ti single-crystalline

GU Jian-feng, XIONG Kai, LIU Xiao-hui

(School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Uniaxial tension and compression of a-Ti crystal were simulated by lattice dynamics finite element method
(LDFEM) to investigate the elastic-plastic transition and homogeneous nucleation mechanism of lattice disability in a-Ti.
The simulation results show that lattice dynamics instability of a-Ti single crystal is associated with crystallographic and
deformation model under uniaxial loading, indicating strong anisotropic incipient plasticity and tension-compression

asymmetry. The predicted products of lattice disability include not only lattice distortion and dislocation but also phase

transformation and deformation twining in crystal deformation process.
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Fig. 1 Uniaxial tension stress-strain curves of a-Ti crystal
along [0110] and [2110] directions (Solid and dash line

illustrate LDFEM and MD modeling results, respectively; ¥¢
denotes dynamic instability point)

(@ e=13.4%
2
o>
[0110]
| [2110] (0001)
(b) e=7.8%

S5 (0001)

[0110] AT [21 107 H [ el 7 o i 3y g 2 SR At
o I Y 7 15 PR 1 S SR A A )

Fig. 2 Lattice instability phonon spectras of a-Ti crystal
tension along [0110] (a) and [2110] (b) directions (Circle

shows instability region of wave vector)
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Fig. 3 Defect atomic configurations of «-Ti single-crystalline in initial plastic stage tension along [0110] (a) and [2110]
directions
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Fig. 4 Uniaxial compression stress-strain curves of o-Ti
single-crystalline along [0110] and [2110] directions

(Solid and dash line obtained from LDFEM and MD simulation,
respectively; ¥¢ indicates dynamic instability point)
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Fig. 5 Instability phonon spectras of crystal in tension along
the [0110] (a) and [2110] (b) direction, the circles denote

minus lattice vibration frequency
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Fig. 6 Defect atomic configurations of a-Ti single-crystalline at onset of plastic deformation during compression along [0110] ()

and [2110] (b) direction
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