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Abstract Shear transformation zone (STZ), as a basic characteristic unit of plastic events in metallic glasses (MGs), has

been widely accepted by researchers, but the source of its origin and activation mechanism are still controversial. Defor-

mation behaviours of CugyZri;s MGs under simple shear loadings are investigated using molecular simulation method in

this paper. The results indicate that the activation locations of STZ are related to the initial configuration of MGs. Though
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the field of atomic volume and its gradient are a direct representation of the local atomic structural heterogeneity of MGs,
they lack an obvious correlation to the regions of STZ activation. A new local structural parameter £ is proposed in this
paper based on the initial configuration of MG to predict the potential regions of STZ. £ is the product of two factors:
the Laplacian of atomic volume field (AVF) and the absolute difference between components of the gradient of AVE.
Vectors of the AVF gradient present a distribution pattern of pointing inside if the Laplacian of AVF is negatively large,
representing the localized soft regions in MGs. The absolute difference of AVF gradient components is used to select
different patterns of the AVF gradient distribution. Furthermore, the relationship among structural parameter £, nonaffine
displacement and shear localization is established, revealing that only certain patterns of AVF gradient distribution would
lead to nonaffine displacements field strengthening shear localization, which is more likely to result in activation of STZs.
The correlation analysis shows that the averaged spatial correlation index of & and STZ is larger than 78%, so & can be
used as an effective parameter for predicting the activation regions of STZs in MGs. Moreover, the ideology of using
Laplacian of local AVF in predicting potential STZ regions in MGs would bridge the analysis between atomic simulations

of MGs, the mechanism of STZ activations and the traditional mechanical theory.
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Table 1 Parameters of three sizes

Size Number L/ Ly/ L./
No. of atoms nm nm nm
1 9000 12.0 6.0 2.0
2 15000 11.2 19.9 1.1
3 25000 18.7 19.9 1.1
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Fig. 1 The configuration and dimensions of sample 1
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Fig. 2 RDF of the prepared metallic glass sample




372 71

i

4

i 2020 4F 52 %

2 ERML
2.1 JEERIRT Rz 3N R

Bl 3 A FE 1 FE BT DTN T AN A A 2,
JIE KAH HIAE AR g 9.0% I (1] o 41 65 g b
R TERAE/NT 9.0%0), BT T 24
B AN IE Sk 2l I U AR F A TR e A A
MIRE. BT BB BOR A TAT N RRF IR, AR SCHR
Fiv e SCHDJt Al s A ELAT T AN [ 23360 R AT, 5 SC
JE BB BOR R B R i (FEIX B NAE N 9.0%) 2 )5
(RIET BL.

1.6

14t

12}

1.0

0.8F

stress/GPa

0.6

04r

02F

0.0

oo Y S

b R A o A e O

W

0 5 20

strain/%

Pl 3 FEAL 1 IR AR i 2

Fig. 3 Stress strain curve of sample 1

JE IR T B B BT VI AR TR 2 STZ i 1O,
I HL RSB AR T () A= L 5 18] (¥ 2 RS
PRAEER S U3, U ) A RE B AN AR R A
Vi 101 R B SR AE AN AR PR SRR RS ) A 14
FEWOU L FHREE ) T BT DI STZ J5 17 0 L
AT A 5 JRy A 5 A B R AR AR A 21 S A A R
JEERAZTEAT N, AR SCR A Mises iR 1431 Sz i
TN T A ABIBAL TR, Jorr, 55 i DNJRT ) Mises
JRF RARIE Y pises. [ 4 4 T AR RAE BT DI AR 43
54 8.0%, 10.0% F1 15.0%H mMises s34 €. A3 Aii
LA, 5183 4 SRR R, 7R R MRAE N 9.0%
I 32 N Je e BE, 72 REAE N 15.0% I, 7T LB 2 L
LIp7IE

5 2k B4 I T R RAEA F BT PIRAR R,
y I3 1) b 28 i AR I A B U R A e A i A
ME 4 FE s SRR, AR BN E IRBr Boa, {E

v =15.0%

v =8.0%

v =10.0%

= =
0.0

0.2 0.1

Kl 4 R 8.0%, 10.0% Fil 15.0% B (¥ 5 Ri7AR 434 1

Fig. 4 The distribution of atomic strain when
v =8.0%, 10.0% and 15.0%

0.25 T
—— Y = 150%
ety = 10.0%
0.20 f v =8.0%
v =5.0%
0.15}f
g
]
0.10 f
0.05F S 1
0.00 " L
0 5 10

y/mm
5 PIRT AR y T7 A A1
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