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Figure 1 Application examples of metallic wires. (a) Collar of Psusennes™™. (b) Golden crown . (¢) Queen’s crown . (d) Gold bonding wire. (e)

[6]

Contact wire in high-speed railway . (f) Arrester wire. (g) Cable-stayed bridge
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Figure 2 Five preparation technologies for fabricating metallic wires and corresponding application examples. Drawing method (a)"™ and
AlCoCrFeNi, , eutectic high entropy alloy wire (b)['°]. Glass-coated method (c)[27] and CoCrNi medium entropy alloy wire (d)[m. Rotating water melt-
spinning method (e)m] and Cu-Al-Ni-Ti-Cr shape memory wires (f)m]. Melt-extraction method (%)[37] and Zrs, 5Cu,; 45Ni; 3 9sAly amorphous wires (h)[m.
Drawing method in supercooled liquid region (i)m] and Pd4;Cu;(Ni,(P,, amorphous wires (]')[42
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Figure 3 Ashby plot showing ultimate tensile strength versus true
elongation of various high-strength metallic wires, including nickel-
based alloy wires[so], titanium-based alloy wires'*"), pearlitic steel

ires! % amorphous alloy wires” " and high entropy alloy
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Figure 4 Mechanical properties and fracture morphologies of various pearlitic steel wires. (a) True stress-strain curves of pearlitic steel wires'*"]. (b)
The change of strength of pearlitic steel wires with drawing strain. (c) The change of elongation of pearlitic steel wires with drawing strain™. (d) The
change of mechanical properties of pearlitic steel wires with annealing temperaturem]. The fracture morphologies of pearlitic steel wires at pre-drawing

strains of 2.34 (e, f) and 5.0 (g, h)™
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Figure 5 Mechanical properties and surface morphologies of various amorphous wires. Effect of different alloy compositions (a)[m, draw processes
(b, c)bl] and annealing processes (d)m] on the mechanical properties of amorphous wires. The scanning electron microscope images of fracture
4]

morphologies (e, f) and bending morphologies of amorphous wires (g)" "
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Figure 6 Mechanical properties of various high entropy alloy wires. Tensile engineering stress-strain curves of Al;;CoCrFeNi high entropy alloy
wires (a, b)“s], AlCoCrFeNi,; eutectic high entropy alloy wires (c)m and CoCrFeNi high entropy alloy wires (d)“x] at room and cryogenic
temperatures. Quasi-static and dynamic tensile engineering stress-strain curves of CoCrNi medium entropy alloy wires at room (e) and cryogenic

temperature (f)[Z']
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Figure 7 The plastic deformation behaviors and mechanisms of polycrystalline alloy wires. (a) Changes of different strengthening effects with
drawing strain in pearlitic steel wires™*. The transmission electron microscope images of the microstructures of pearlitic steel wires at pre-drawing
strains of 2.34 (b)[m and 5.4 (c)m]. (c) The atom probe tomography (APT) results of pearlitic steel wire at a pre-drawing strain of 6.521%
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Figure 8 Plastic deformation mechanisms of polycrystalline alloy wires. (a) Dislocations”. (b) Dislocation cross-slip networks!®. (c) Stacking

faults™®. (d) L-C locks®'. (e) Deformation twins*2. (f) Secondary deformation twins®'. (g) Interactions between dislocations and deformation twins™.

2]

(h) Interactions between stacking faults and deformation twins''. (i) Phase transformation””’
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B A AT A AT AR R 4 )8 A A i BRI, x4
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3.0 GPal'. NI, B4 4 sk 4 s 22
M3 A R,
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RARIERE. TR, PR RTES BB GIA
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T RIBR R RO AT LRI AR A e e B
P 22 22 AT A 5 1 £E ALCoCrFeNi, 3k i mi i A 4
22N I AR E AN S e 2458, B 2244 Nt
Y2025 B2AH F 2 52 0 B 1l O3 A1 TE B AR FCCAR AR o,
ST G A M PERER R IE SR, IR AR O ZH 2
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P BT 22498 BUARS 1) Ao 2 3 A1 8 T LA 06 55 152 5 (geo-
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DX 3 ) O X3k, GNDs % B 2 BIH 8 19 Bt 3.
GNDsFETE AT LATE PPN 3850 98 PR A8 I 104 W] I 75 5
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SHimAE, 7EHLL AT 2 e i B I R/
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F R AT A B Y% (strain gradient plasticity, SGP)HiE &
JEE A 5EE. 19094F, Cosserat! i H T — {7 7 2t
W, BEMR S B3T3 A R3S B R,
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RNy, RIS AN INTERFIE RS 2B

Ep=[es‘+(lnp)"]%‘, )

K, CHAPEH INTERFIE RS 250, o, SRR P AR
BERERE &, WG 250 7EFleck-HutchinsonFig 1,
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Metallic wires, as a distinctive type of structural and functional materials, have a long history and play irreplaceable roles in
the fields of energy, transportation, marine vessels and so on. With the development of national strategic demands, the new
generation of major equipment faces challenges in extreme service environments, such as deep space, deep sea and polar
regions, and the corresponding harsh application scenarios, i.e., high-speed impact, cryogenic temperature and corrosion,
etc., pose significant challenges to the service reliability of high-strength metallic wires. Therefore, not only to provide
adequate supports for most challenged structural applications, but also to save material cost, developing high-performance
metallic wires and revealing their mechanical behavior have been pressing and vital subjects. Up to date, researchers have
invented numerous wire preparation technologies, including the drawing method, glass coated method, rotating water melt-
spinning method, melt-extraction method and drawing method in the supercooled liquid region, leading to the emergence
of various high-performance metallic wires, such as traditional pearlitic steel wires, amorphous alloy wires and high
entropy alloy wires, etc. Among high-strength metallic wires, conventional pearlitic steel wires currently hold the world
record for the highest tensile strength of metallic wires, while novel high entropy alloy wires have successfully addressed
the strength-ductility trade-off dilemma among traditional wires, as well as the issues of low-temperature brittleness,
showing great application potential under harsh service circumstances. Due to the different microstructures and physical
and chemical properties, different types of metallic wires exhibit unique mechanical behaviors and complex plastic
deformation mechanisms. The high strength of polycrystalline alloy wires, e.g., pearlitic steel wires and high entropy alloy
wires, primarily arises from multiple strengthening mechanisms, such as boundary hardening, dislocation hardening,
precipitation strengthening, etc., while the high strength of amorphous alloy wires stems from their intrinsic atomic
disordered structures. The plastic deformation of polycrystalline alloy wires is characterized by a variety of complex plastic
deformation mechanisms, including dislocation motion, propagation of stacking faults, deformation twinning, phase
transformation and their interactions, while the plastic deformation of amorphous alloy wires is mainly related to the
activation and aggregation of flow defects. In order to further enhance the strength and ductility of metallic wires,
researchers have proposed amounts of effective methods, such as regulating alloy composition, refining microstructures
and designing non-uniform structures. As the diameter of metallic wire decreases, a deformation size effect becomes
apparent, then the strain-gradient plasticity theory that considers this size effect has been developed and effectively applied
to describe the mechanical behavior of these metallic wires. In this paper, the development history and preparation
technologies of metallic wires, and mechanical behaviors, plastic deformation mechanisms and constitutive models of
typical high-strength metallic wires are reviewed and summarized. Some prospects for future research are further put
forward, e.g., developing brand-new high-strength metallic wires with a better combination of strength and plasticity,
conducting comprehensive and extensive mechanical tests of high-strength metallic wires (including fatigue assessments
and impact tests), and establishing effective constitutive models for high-strength metallic wires based on plastic
deformation mechanisms.

metallic wires, preparation technologies, mechanical behaviors, plastic deformation mechanisms, constitutive
model

doi: 10.1360/TB-2024-0138

3176



