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Abstract: With the rapid development of the economy and society, the construction of urban rail tran-
sits, and the gradual popularization of electric vehicles and new energy transportation vehicles, the ap-
plication of aluminum alloy conductors in the power transmission and transportation equipments opera-
tion is increasing year by year. Due to their inherent resistance, however, aluminum alloy wires still
have a significant degree of energy loss during the power transmission. How to improve conductivity
while ensuring the strength of aluminum alloy conductor materials has been a long-term challenge in re-
search. Based on the current development and main research progress, this review paper explores the
strength-conductivity constraint relationship of aluminum alloy conductor materials. It summarizes the
present research progress in synergistic improvement of strength and conductivity, as well as the prepa-

ration of high strength and high conductivity aluminum alloys. Several main improvement methods and
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techniques are demonstrated, that is, microalloying design, optimization of heat treatment process, se-

vere plastic deformation, aluminum matrix composites, melt purification treatment, introduction of

slender grains, and so on. Finally, future prospects for high strength and high conductivity aluminum

alloys are addressed.

Key words: conductive aluminum alloy; microalloying; aluminum matrix composites; strength; con-

ductivity; slender grain
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Fig.1 Schematic diagram of common aluminum alloy wires

structures
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Tab.1 Performance comparison between heat-resistant aluminum alloy wires and hard—drawn aluminum wires
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Fig.2 Performance pair of different AI-Mg-Si series alumi-
num alloys with high strength and high conductivity for
overhead transmission lines'™ (A1-2 to Al-8 refers to
the AI-Mg-Si alloy wire of 6 specified in EN 50183—
2002 as shown in Tab.2)
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Tab.2 Heat treatment on mechanical properties of Al1-Mg-Si wires

WS SRR/ UIACS  BRAREAE/mm  PLHERE/MPa EBU/MPRER/ 6 R KRHR/(10 °pQim)
Al-2 52.50 1.50 325.00 3.00 32.84
Al3 53.00 1.50 295.00 3.50 32.53
Al-4 52.90 1.50 325.00 3.00 32.90
Al5 55.30 1.50 310.00 3.50 52.20
Al-6 55.60 3.50 304.00 3.50 31.50
Al-7 57.50 3.50 265.00 3.00 30.50
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Tab.3 Chemical compositions of 8000 series aluminum alloy wires with annealing and medium temperature tempering

24]

BEMS wADX w(SD/%  w(Fe)/%  w(Cw)/%  wMg)/% w(Zn)/% w(B)/ % B/ % HRITER/E
8017 e 0.1 0.55~0.80  0.10~0.20  0.01~0.05 0.05 0.04 0.03 0.1
8030 e 0.1 0.30~0.80  0.15~0.30 0.05 0.05 0.04 0.03 0.1
8076 gy 0.1 0.60~0.90 0.04 0.08~0.22 0.05 0.04 0.03 0.1
8130 N 0.15 0.40~1.00  0.05~0.15 — 0.1 0.04 0.03 0.1
8176 S 0.03~0.15  0.40~1.00 — — 0.1 0.04 0.05 0.15
8177 s 0.1 0.25~0.45 0.04 0.04~0.12 0.05 0.04 0.03 0.1
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Fig.3 Strength-conductivity —performance distribution of

some commonly used conductive aluminum alloys (a)

and common alloy systems (b)™”
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Fig.4 Curves of conductivity of Al-X binary alloys with

different compositions"*”
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Tab.4 Influence of impurity elements in aluminum alloys

on resistivity increment'*

S R Ak S BB A B / (p /Wt %)

TR I

fi] 5 A B2
Si 165 1.02 0.088
Fe  0.052 2.56 0.058
Cu 565 0.344 0.03
Mn  1.82 2.94 0.34
Mg 14.9 0.54 0.22
Zn 828 0.094 0.023
Ti  1.00 2.88 0.12
Cr 077 4.00 0.18
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Fig.6 Ultimate tensile strength and conductivity curves of
several types of aluminum alloy wires with different

compositions and aging time"™"’
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Fig.8 Evolution of ultra-tensile strength and conductivity of

Al-Mg-Si alloy wires after heat treatment'*”’
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Fig.11 Microstructural evolution of cold-drawn copper wires during annealing heat treatment'””’
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Fig.12 The grain orientation and performance evolution of new pure aluminum wire with the increase of deformation'™
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Fig.13 Bright field TEM image of the cold drawing alloys™
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matrix composites'®"
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