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Figure 1 (Color online) (a) Metallographic structure of amorphous
composite (Zr;5Ti;sNbyg)go[Beso(CussNigs)solog, With the XRD pattern in
the inset; (b) naturally formed random patterns on the specimen surface
by slightly etching the material.

067006-2



KMREE, HEEBE: WBLY )08 RIC¥ 2020 4F 5K 50 & 5 6 )

M2, TARTCTR RS SR S A AR T .
X E, ARG SR KA R R PR R T
B 09 EARBE B N EEE, 1), RTRAE R, &
PR 5 3R A A R 88 2 BT AT VR bR id 3E A T
BUE IR 7B Bl Je I8 3 T 2 8 b P 7 A HR i 1
A3E RVRE T (FE T RE A0 EDIC /T 46 4F), Rk
IRAAERE E XIAE EARid, (8T )5 S50 X1 HL
W5 R, K HInstron 88527 AEARHAIGHLINELFE F,
A2 R5x107 s~ BER B IN A ZE1000 MPa. NIlHEA
95 WA X (i SR E~1200 MPa) = N AF2)5%. st
NARZI10% DU B, S04 5 K FH 4 A S B FA Hede e
X IR SN, DIC/HTLE Vie-2D V- 5 58 1%,

3 BRTHEED

3.1 MRAXR
311 EREEAERH

MR E &, AR5 E &M A S
& RGN BT V) AR T (0 5 5 R T EHE AL R, 19774,
Spaepen” " ¥ VK 1 HARRUE & s BB IR R & 4
MM b, R IE NS NZER Y TR S
S IEPEARFIRERL. Z AR AN B A YR SR R ) K
NN, AR E AR X S T B A R T R
PRI, RINZE R EREE B AR R S
WK Z SR, EIRETMEN el T, FEWHE
P 2 2 AT LA o AR

—%&wk%%km%%} (1)
HA SRR TIREINE, a8 T2 Eg )1
TR 7, v AR (— R B A R T O B R A
), v AN T (K734 AR, AG™R R T B
BRIBE 2, QRS TR, k RURE 2% AL

TR IR, SR TR NE AN SR
SN, B E ARG K, R T
SECE AR K, W AR R R

20ksT| Q
{ 7:Cr [cosh[szT)

P _
el 2f exp

avf Kk _E _AGWI
a—t—vfexp[ " ]exp

foT

-1

1
_%}’ (2)
Horh, np R RARF Yy 1 H AR T 75 10 )51 Bk

U, I8 HUN3-10, C,p = E/3(1 —v) NEshibyfii &, E
N IR, o TERA L.

HuangZs A\ PH1Gao T [ sy AR B, @i 5
NEE AR R Jy, FIX AR 3 2 f S AR
& ATUER, FREOSQGH TIERESBEFESE
KA R R B ¢ = £ lexp(AG™/ kT), PHIETT
LAH]

1 lexp(AG™ 1 kgT)(@() / ot) = ()

TN I W BT I ] )
FENTER BB IERELES,  MIAR 3R] A i ik
ANERE 73

§y=EiTEL, (3)
ForpgE 7 B 2 ) L Hooke iE

e 1+of. v .

&7 TE ”ij_1+u”kk5y‘]' )

RAETTRE(L), ZBVERAZ RAE 2 Hh R SPIRE TR
A

S,
&y = Zexp[—vlf}sinh[g—;]é, (5)

WS, = 0,- 0,0,/ SHMBATKE, 0.=(35,5,/2)""H
BRI, v = v,/ ()RR B AR, 00=2ks T/
QLIRS HNF]. B AR AL T R (2) AT 46
SV

i = Lo L]1 30 —0) 70
Vi = o €Xp Vi £ B co

sh[g—Z] -1
Hep=yv/70~1.

TG0 T AEfh A &AM K R, Al LLE
1 9 5 Abaqus FH 7 A1 RET 12 7 4 A A AT IR o B,
S HrAEER A a1 R AR A AN S R
MR 2500 T 317,

3.1.2 @EAHXHR

BCC i A BB VAR T (0 3 ML A A 5. bl
FNASIIEIN, SR AL A R R R, LA
2 18] DL 5 FAD R R 2 18] 1 52 BAE A A6 4P 35 m]
Stk TR, RIS A — 2 s 5w 7 e i 5
KIIRL AT, BIAERLR A2 N ARRE Ak, S8 N3 & 14

067006-3



KMREE, HEEBE: WBLY )08 RIC¥ 2020 4F 5K 50 & 5 6 )

F1 ARG EEEMERARITEA KRR & SRS

Table 1 The material parameters of amorphous alloy involved in the finite element simulation of deformation of amorphous alloy composite
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Table 2 Parameters of crystalline materials involved in the finite
element simulation of deformation of amorphous alloy composite
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Figure 2 (Color online) 2D RVE geomatric model of the amorphous
alloy composite with periodic boundary condition.
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Figure 3 (Color online) Experimental DIC results of spherical crystal reinforced amorphous alloy composites, showing the plastic strain along y axis.
(a) Stress-strain curves of the composite strained to different levels; (b) the surface morphology without loading; (c¢)—(f) the surface morphology
corresponding to each stress-strain curve marked 1, 2, 3, 4 in (a) respectively.
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Figure 4 (Color online) FEM simulation results of stress-strain curves
of composites, pure amorphous matrix and pure BCC phase, and the
comparison with experimental result of the composites, respectively.
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Figure 5 (Color online) FEM results of the y axis plastic strain in the
amorphous alloy composite at different macroscopic strains. (a) The
applied strain is 1.6%; (b) the applied strain is 2.2%; (c) the applied
strain is 3%; (d) the applied strain is 4%.
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Figure 6 (Color online) FEM results of the Mises stress distribution
in the amorphous alloy composite at different macroscopic strains. (a)
The applied strain is 1.6%; (b) the applied strain is 2.2%; (c) the applied
strain is 3%; (d) the applied strain is 4%.
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Figure 7 (Color online) FEM results of the free volume distribution in
the glass matrix at different macroscopic strains. (a) The applied strain
is 1.6%; (b) the applied strain is 2.2%; (c) the applied strain is 3%; (d)
the applied strain is 4%.
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Deformation field evolution and shear banding of an in-situ
crystal reinforced amorphous alloy composite

LIU XingFa'?, CHEN Yan'”" & DAI LanHong"*""
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The strain field and shear band behaviors of an in-sifu crystal reinfored amorphous alloy composite at microscale were
experimentally characterized by digital image correlation method. Combined with the finite element analysis, the
deformation of the amorphous alloy composite was simulated, and the evolution of stress and strain fields was given out.
The role of each phase during the deformation was analysed. The results show that in the macroscopically elastic range,
the crystal phase first deformed plastically, then strain concentration formed at the phase interface, and gradually
expanded to the surrounding. As the applied strain increased, strain localization occured inside the material. It is found
that, the plastic deformation of the composites is accommodated by shear bands, and the presence of crystal phase in the
amorphous alloy composite promotes the formation of multiple shear bands. The load of the composite is mainly
sustained by the continuous amorphous matrix, and the shear band forms along with a rapid increase of free volume,
which leads to a decrease of flow stress and subsequent a reduced loadbearing capacity of the composite.

amorphous alloy composite, digital image correlation, plastic deformation, deformation field, shear band
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