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Table 1 Nominal composition and density of wires and

substrate

pl Element content, /%
gem® Si Fe Cu Mn Zr Mg Ti Al
ER2319 2.77 0.04 0.1 6.3 0.28 0.19 0.145 Bal.

ER5087 2.66 0.05 0.1 0.74 0.12 5.05 0.114 Bal.
2A12 275 05 05 43 06 - 15 0.20 Bal.

Alloy

Fz2 WesBlEMREEH
Table 2 Parameters of D-WAAM process

Vw;:s/m min? wl%

WRSTIR v/ Layer
Sample I/A " ER ER " mmmin® number ¢y Mg

2319 5087
1 120 1.5 1.2 300 50 3.57 219
2 120 1.8 1.0 300 70 411 1.76
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1 D-WAAM Al-Cu-Mg & 4 F
Fig.1 As-deposited D-WAAM wall samples
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Fig.2 Schematic diagrams of sampling positions (a) and micro

hardness test (b)
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Fig.3  Microstructures of wall samples: (a) sample 1 and

(b) sample 2
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Fig4 Solidification pathways for Al-Cu-Mg alloys™®
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Fig.5 XRD patterns of sample 1 (a) and sample 2 (b)

Al, B1, C1,

Element wl% wl% wl%
Al 61.51 90.88 96.52
Cu 35.93 7.72 2.07
Mg 256 139 141

A2, B2, C2,

wl% wl% wl%
Al 68.91 7349 96.44
Cu 29.24 2558 2.65
Mg 1.84 0.92 0.91

Element

K 6 Al-Cu-Mg &4 EDS 7 ir4s
Fig.6 EDS analysis results of sample 1 (a) and sample 2 (b)
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Fig.7 Micro hardness (a) and its gradient distribution (b) of

as-deposited Al-Cu-Mg alloy
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Table 3 Tensile properties of as-deposited Al-Cu-Mg alloys

Sample YS/MPa UTS/MPa Elongation/%
1 183 286 45
2 171 267 3.5

o 46 %
320 s 16
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| Double wire sample 1
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Fig.8 Tensile properties of WAAM alloys
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Fig.9 SEM fractograph morphologies for tensile fracture specimens:

(a) sample 1 and (b) sample 2
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Microstructure and Properties of Double-Wires Plus Arc Additive Manufactured
Aluminium Alloy Deposits Using VP-GTAW Process

Sun Hongye™?, Cong Baogiang™?, Qi Zewu*?, Qi Bojin*?, Zhao Gang™?, Ding Jialuo®
(1. Beihang University, Beijing 100191, China)
(2. MIIT Key Laboratory of Aeronautics Intelligent Manufacturing, Beijing 100191, China)
(3. Cranfield University, UK MK430 AL)

Abstract: Double-wires plus arc additive manufacturing (D-WAAM) system for Al-Cu-Mg alloy using variable polarity gas tungsten arc welding
(VP-GTAW) process was established. Al-6.3Cu and Al-5Mg wires were employed as filling metal. The microstructure and mechanical properties
of as-deposited D-WAAM samples were analyzed. Results show that the excellent deposits wall samples can be achieved and the deposition
efficiency can be improved by D-WAAM process. Al-Cu-Mg alloys with different element contents of copper and magnesium are obtained by
adjusting the feed speed of the two wires. The microstructures of Al-Cu-Mg deposits are mainly composed of columnar dendrite and equiaxed
dentrite grains with the non-uniform distribution characteristics. Mechanical properties can be enhanced due to the addition of alloying elements.
The microhardness (HV) of as-deposited Al-Cu-Mg alloy is 900~1000 MPa. The UTS, YS and elongation of as-deposited D-WAAM alloy can be
increased to 286 MPa, 183 MPa and 4.5%, respectively.

Key words: double-wires+arc additive manufacturing; Al-Cu-Mg alloy; microstructure; mechanical properties
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