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Table 1 Chemical composition of the wires used for WAAM (/%)

Sample Si Fe Cu Mn Zn Ti Mg Zr A" Al
1# 0.07 0.24 6.0 0.30 0.01 0.10 0.01 0.11 0.10 Bal.
2# 0.06 0.13 6.1 0.30 0.01 0.10 0.01 0.13 0.10 Bal.
3# 0.20 0.17 6.0 0.23 0.01 0.12 0.01 0.11 0.08 Bal.
4# 0.04 0.10 6.1 0.20 0.01 0.10 0.01 0.14 0.12 Bal.
S# 0.04 0.06 5.3 0.001 0.004 0.02 0.01 0.02 0.03 Bal.
6# 0.04 0.06 6.4 0.001 0.003 0.02 0.01 0.03 0.03 Bal.

% 2 BEIEWAAMBRIZSH
Table 2 WAAM parameters of single walls

Feeding Travel CMT Weave  Weave Path
cycles . .
speed, speed, Pulse frequency, distance, distance,
Ve¢m-min'  Vy/mm-s"! Fw/Hz  Dy/mm Dp/mm
cycles
9 7 10/22 3 5 7
Transverse section
L3
90
4 Horizontal direction vigrtical directi0n~./212
180
Bl BRBEREURE RO R AR 5 AR BORE A & R

Fig.1 Schematic diagram of the dimensions of WAAM single wall
and the cutting positions of metallographic specimens and

tensile specimens
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Fig.2 Dimensions of tensile specimens
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AR R, 0 M. E Fe MIRIARE A A0
S EEEMmATA <. 24 Fe U AELL Al P [E % % X
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Bl 3 WAAM BB M4 SEM 8 i 41 21

Fig.3 Typical SEM images of the WAAM samples in lower

magnification (a), and in higher magnification for

interlayer region (b) and intralayer region (c)
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Table 3 EDS analysis results of different positions in Fig.3

(/%)
Position Al Si Fe Mn Cu Possible phase
Pl 93.87 0.08 0.03 0.26 5.76 a(Al)
P2 50.60 0.08 0.22 0.08 49.02 0(AL,Cu)
P3 74.55 0.03 1.70 0.65 23.06 Al;Cuy(FeMn)
P4 80.35 0.07 3.22 1.05 15.30 Al;Cuy(FeMn)

P5  93.85 0.03 0.00 025 5.86 a(Al)
P6  71.65 0.08 6.09 1.46 20.72 Al5(FeMn);(CuSi)
P7  85.14 0.05 228 0.79 11.74 Al;s(FeMn);(CuSi),
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Fig.4 SEM images of the WAAM samples with different Cu
contents: (a, b) 5# sample; (c, d) interlayer region of 6#

sample; (e, ) intralayer region of 6# sample
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Fig.5 SEM images of the WAAM samples with different
impurities contents: interlayer region of 1# (a), 2# (c),

3# (e), 4# (g) sample; intralayer region of 1# (b), 2# (d),

3# (1), 4# (h)
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Table 4 Area percentage of the second phases in Fig.5
Sample 1# 2# 3# 4#

Fe/Si content (/%) 0.24/0.07 0.13/0.06 0.17/0.20 0.10/0.04
Second phases

content in interlayer  3.78 2.13 2.05 1.53
region/%
Second phases
content in intralayer  2.64 2.12 2.25 1.13
region/%
Py 908 N e I i 52 70 Tl A 422,31 272.3 MPa, A EE

SHFEEE R T 40 30 MPa, Wi e KR ARG, IR FF
TE 15%2 A7 B 7 2568 N (1) 2 B 5[] A 3R W 11
P, EPIPEWRRAE . SHAE DN B AL 2 P ik 0 4>
Hal/h, PIERas; o#fiiks oz, HnweE
B 2 MRk 0 41 (B 7b Sk BTeRALED , H
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Fig.6 Tensile properties of the WAAM samples using different
wires: (a) ultimate tensile strength, (b) yield strength, and

(c) elongation
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Fig.7 Vertical tensile fracture morphologies of the WAAM

samples with different Cu contents: (a) 5# sample and

(b) 6# sample
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Fig.8 Vertical tensile fracture morphologies of the WAAM

samples with different impurity contents: (a, b) 1#
sample, (c, d) 2# sample, (e, f) 3# sample, and (g, h) 4#

sample
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Influence of Wire Composition on the Microstructure and Mechanical Properties of
WAAM Al-Cu Aluminum Alloy

Li Quan', Wang Guoging®, Dong Mingye’, Feng Chen', Luo Zhiwei', Zhou Qingjun', Wang Fude'
(1. Capital Aerospace Machinery Corporation Limited, Beijing 100076, China)
(2. China Aerospace Science and Technology Corporation, Beijing 100048, China)
(3. Tsinghua University, Beijing 100084, China)

Abstract: The influence of wire composition with different Cu, Fe and Si contents on the microstructures and mechanical properties of
heat-treated wire and arc additive manufactured (WAAM) single-walls was studied. It is found that the yields strength of WAAM samples
is low when the Cu content (5.3wt%) in wire is insufficient. When the Cu content in wire slightly exceeds the maximum solid solubility of
Cu (5.65wt%) in a(Al), the yield strength of WAAM samples increases without deteriorating the plasticity although there are some residual
6(Al,Cu) phases. When the wire has appropriate Cu content (5.8wt%~6.5wt%) with low Si content (<0.08wt%), the yield strength of
WAAM samples decreases with the increasing of Fe content due to the reduced amount of strengthening phases and increased amount of 6
phases and a(Fe) compounds. When the wire has appropriate Cu content with high Fe and Si content (>0.15wt%), the plasticity in vertical
direction of WAAM samples deteriorates due to the existing of acicular f(Fe) compounds in the interlayer region of the samples. Using the
wire with low impurities content (Si<0.08wt%, Fe<0.15wt%) and appropriate Cu content (5.8wt%~6.5wt%), the WAAM samples possess
the excellent mechanical properties with average tensile strength, yield strength and elongation after fracture exceeding 440 MPa, 300
MPa and 10%, respectively.

Key words: Al-Cu aluminum alloy; wire and arc additive manufacturing; impurity elements; inhomogeneous mechanical properties
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