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Finite Element Analysis and Experimental Verification for the Cold-
drawing of a FCC-based High Entropy Alloy
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Abstract

We present a multi-step cold drawing for a non-equiatomic Co10CrisFe2sMnioNiVio high entropy alloy (HEA) with a
simple face-centered cubic (FCC) crystal structure. The distribution of strain in the cold-drawn Co1oCrisFesMnigNizeVig
HEA wires was analyzed by the finite element method (FEM). The effective strain was expected to be higher as it was closer
to the surface of the wire. However, the reverse shear strain acted to cause a transition in the shear strain behavior. The
critical effective strain at which the shear strain transition behavior is completely shifted was predicted to be 4.75. Severely
cold-drawn Co10CrisFessMnigNizgVie HEA wires up to 96% of the maximum cross-sectional reduction ratio were
successfully manufactured without breakage. With the assistance of electron back-scattering diffraction and transmission
electron microscope analyses, the abundant deformation twins were found in the region of high effective strain, which is a
major strengthening mechanism for the cold-drawn Co1oCrisFezsMnigNiseVig HEA wire.
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Table 1 Target diameter at each pass of cold drawing

Pass No. Wire diameter (mm)
0 4.75 (0%)
1 4.51 (9.75%)
15 2.12 (80%)
31 1.00 (96%)
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d gagel mE XMW vAzy 2 PP
A wske BAs) g8 AARAY Fabd A
7 (field-emission scanning electron microscopy, FE-SEM,
JEOL JSM-7001F, Oxford Nordlys Nano)¥} <=2} 5.
A T34 = m) 7 (Cs-corrected  scanning  transmission
electron microscope, STEM, JEM-ARM200F instrument)
S ggsllon, HEol 1l (focused ion beam, FIB,

T feasd 2 294 43 165

gud

FEI Helios Nano-Lab 600)S 53 <%t whaka} 4 3)sh

e HET F AEF TEM AES AZsdth &=

) HES $3359 o™, EDAX TSL OIM™ ver. 8
o] &3] =7 X(inverse pole figure, IPF) & "¢
$}+<=(orientation distribution function, ODF)E& &1
o Bz Qldbell wE AAe] 1A 714
st& wpotetaral mpolAg HAZL AR
, Future Tech. Corporation)E A}8-3l Fig. 4}
of FHFE UH mA AxE S48
7 2] (gauge length)7} 100 mm<l <11+
, 100 mm/ming] €A Wy &L g}
Instron 5982 model & &, 73

32
R
=

~
o

0

1z

FORRE

)
it '“
N b8 ofy

R ol @
0 1:‘:1
2

-
Of
ol
% @
o

Co2 32 omd N ob o oalo
Jat

=
i
. oL -

B et R

Fig. 4 Schematics exhibiting the positions of cross-
section where hardness tests were carried out
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(b) Distribution of shear strain and variation of shear strain as a function of normalized distance
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