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 �Ý�h� 1��;��¡¢�¡¢� 180 mm�

� 90 mm��� 22 mm*øE�ñ�e�h�ñu�
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Table 1  Chemical composition of the wires used for WAAM (ω/%) 

Sample Si Fe Cu Mn Zn Ti Mg Zr V 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. 

5# 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. 

++

  ,  -./ WAAM*01234 

Table 2  WAAM parameters of single walls 

Feeding 

speed, 

V

f

/m·min

-1

 

Travel 

speed, 

V
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/mm·s

-1

 

CMT 

cycles 

/Pulse  

cycles 

Weave 

frequency, 

F

w

/Hz  

Weave 

distance, 

D

w

/mm 

Path 

distance, 

D

p

/mm  

9 7 10/22 3 5 7 

 

 

 

 

 

 

 

 

 

 

° 1  ±²³xy´µ]H�¯£¥xy¶y·¸¹º° 

Fig.1  Schematic diagram of the dimensions of WAAM single wall 

and the cutting positions of metallographic specimens and 

tensile specimens 

 

° 2  »¼£¥xy´µ 

Fig.2  Dimensions of tensile specimens 
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° 3  WAAMUexy½¾ SEM~¿fg 

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) 

� �  �� WAAM �� EDS��	
�� 

Table 3  EDS analysis results of different positions in Fig.3  

(ω/%) 

Position Al Si Fe Mn Cu Possible phase 

P1 93.87 0.08 0.03 0.26 5.76 α(Al) 

P2 50.60 0.08 0.22 0.08 49.02 θ(Al

2

Cu) 

P3 74.55 0.03 1.70 0.65 23.06 Al

7

Cu

2

(FeMn) 

P4 80.35 0.07 3.22 1.05 15.30 Al

7

Cu

2

(FeMn) 

P5 93.85 0.03 0.00 0.25 5.86 α(Al) 

P6 71.65 0.08 6.09 1.46 20.72 Al

15

(FeMn)

3

(CuSi)

2

 

P7 85.14 0.05 2.28 0.79 11.74 Al

15

(FeMn)

3

(CuSi)

2
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�=� 5 ¶�h¡¢��C®¹º*¨4�§ë�¶
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Ñ��� Fe¹ºÏ���h{|¶¯°��C®á�
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Layer N 

Layer N+1 

Layer N-1 

a 

b 

c 

100 µm 

P1 

P2 

P3 

P4 

10 µm 

b 

P5 

P6 

P7 

10 µm 

c 



«1652«                                        ¬0HD®¯��                                             � 50� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 4  ST Cu[\XDUexyW SEMÀÁ 

Fig.4  SEM images of the WAAM samples with different Cu 

contents: (a, b) 5# sample; (c, d) interlayer region of 6# 

sample; (e, f) intralayer region of 6# sample 

 

�µ! 0.20%�tuV�Z��ÀÁ β-Fe®�tk�

C®�XY���º β-Fe®* 

�½
 Al-CuLM¶�()�£×Fe¹º��

0.15%��Si�Mn¹º��0.1%���çèÑ$�

�Ë�Ñ~1  /s��Ìh�ÀÁ β-Fe®Ü�� Si�
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° 5  ST_`[\XDUexy~¿fg SEMÀÁ 

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# (f), 4# (h) 

 

� 4   5 ������������ 

Table 4  Area percentage of the second phases in Fig.5  

Sample 1# 2# 3# 4# 

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

Second phases 

content in interlayer 

region/% 

3.78 2.13 2.05 1.53 

Second phases 

content in intralayer 

region/% 

2.64 2.12 2.25 1.13 

 

ª)PË�«¬PË�W§ 422.3�272.3 MPa�®Ð

5#¢��F� 30 MPa�8�����Ï���®

� 15%¯°*� 7§xD�¡¢£¥)�¡¢89h
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�¯° θ®�M7mõ��xàS�sù¸��*6#
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° 6  STUVXD WAAMxy£¥I?JK 

Fig.6  Tensile properties of the WAAM samples using different 

wires: (a) ultimate tensile strength, (b) yield strength, and 

(c) elongation 

 

 

 

 

 

 

 

 

° 7  ST Cu[\ WAAMxy����£¥¤ÂeÃ 

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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° 8   ST_`[\ WAAMxyW����£¥¤ÂeÃ 

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 
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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 α(Al), the yield strength of WAAM samples increases without deteriorating the plasticity although there are some residual 

θ(Al

2

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 θ 

phases and α(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 β(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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