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Table 1 Variation of atomic number with void radius

Void radius/nm 0 0.2 0.4 0.8 1.2

Atomic number 201600 201598 201582 201467 201148
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Fig.1 Model of bicrystal TiAl alloy: (a) without void, (b) with voids at intragranular, and (c) with voids at grain boundary
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Fig.2 Distribution of acoustic emission signal acquisition points
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Table 2 Parameters of signal sphere center coordinates and

signal sphere radius

Center coordinates 1 2 3 4 5 6
X 35 139 243 35 139 243
y 147 147 147 49 49 49
z 50 50 50 50 50 50

Radius/nm 0.8 0.8 0.8 0.8 0.8 0.8

—— R=0nm
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Fig.3 Stress strain curves of TiAl alloy with different

intragranular void radii
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Fig.4 Evolution of atomic structure with void of R=0.4 nm at different strains corresponding to point A, B, C, D and E in Fig.3:
(a) 10.22%, (b) 10.78%, (c) 12.00%, (d) 15.65%, and (e) 20.21%
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Fig.5 Stress-strain curves of TiAl alloy with different void radii

at grain boundary
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Fig.6 Micro defects of TiAl alloy with different grain boundary void radii corresponding to the maximum stress at different strains:

(a) 13.42%, (b) 13.21%, (c) 11.99%, (d) 9.97%, and (c) 8.85%

—=— Grain boundary void
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Fig.7  Curves of yield stress of TiAl alloy with different

intergranular voids radii and grain boundary voids radii
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Fig.8 Microstructure of TiAl alloy with grain boundary void

radii R=0.4 nm at yield strength: (a) microstructure

diagram and (b) Lomer-Cottrell dislocation

R TT a2 N BB VE AL B, W0 &l 4b Fiom. BT
for B J B A7 A8 L 73 B Lt B I S AR TR e, o B HE
BAS 2 T SN 77 37 3 58 i A7 KB I AS TR E, 34
JRy ¥ R 33 B e FARLI 5 K PR L B O A 22 i 5 R
PrAETEAZ IR, A AT ISR LA T RE N LB K A% . 9
JERE B PR PLIREN 77, RLEEAT 9 SORT A8 SR B S A1 3
st TR TR R AR RE BRI B4 5 AT RE Eh A B 2
B F A e si N E G BC B F kKAHE
FUEMEAE TIAl A S AEFBT TR IR G, A0 7E i 57 28
MG, fiffF T KRB RE, b — 8 Eok
PR AR R, 5 — d8 0 AL A A 1 S SR S i A
RMsh 71, Bt BC B BUK A RO 5 04 T g%



Wit @A RS TR

%5 51 45

. 2928 -
30
14
25 A :
ma . 12
$ 20 10 g
2 (O]
“s 8 %
S C 6 a3
2 10 =
= 4 &
§ 5 2
0 0
50 100 150 200 250 300
e A b |14
225 12
o
?1 20 B 10 Qﬂz
m g 9
;15 E
e 6 4
= @
s 10 4 2
< 5 2
0 0

50 100 150 200 250 300
Time, t/ps

B9 FLIM¥:42 R=0.4 nm [ TiAl &4 175 K 4HE 5 5 5 b
IS T A2 A s 2k

Fig.9 Acoustic emission signal and stress vs time curves of TiAl
alloy with void radius R=0.4 nm: (a) intragranular void

and (b) grain boundary void
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Fig.10 Two dimensional distribution of intermediate frequency-power and energy integration diagrams from different signal collection

points of acoustic emission from intragranular voids: (a, d) N1, (b, €) Nz, (¢, f) N3, (g, j) N4, (h, k) N5, and (i, I) Ng
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Fig.11 Microstructure evolution of TiAl alloy with intragranular void radius R=0.4 nm for different time: (a) 94 ps, (b) 98 ps, and

(c) 103 ps
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Acoustic Emission Response on Effect of Voids on Fracture Behavior of
Bicrystal TiAl Alloy
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(1. School of Mechanical and Electronical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
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Abstract: Based on the molecular dynamics method, the uniaxial tensile simulation of the bicrystal TiAl alloy containing voids was
performed. The evolution behavior of defects and acoustic emission (AE) response on the deformation of TiAl alloy and fracture of the
TiAl alloy were studied at nanometer scale. The results show that the size and location of the voids have little influence on the elastic
modulus of the TiAl alloy and the yield strength decreases with the increase of the void size. After plastic deformation, twin boundary can
block dislocation emitted continuously at the edge of void, and increase crystal strength. When yield stress is reac hed, the TiAl alloy with
voids at grain boundary is more likely to produce stable dislocation structure, which hinders the movement of other dislocations, thus
improving the crystal strength. Through the analysis of the AE signals during the stretching process, it is found that the AE signals mainly
come from lattice vibration, and has a large power range and a lower median frequency. The AE signals of dislocation slip reveal the
characteristics of wide frequency domain, and the AE signals of dislocation proliferation and dislocation accumulation display the
characteristics of low power. The AE signals of crack propagation belongs to the burst signal, which is characterized by high frequency and
high power.
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