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 1  !"#$%&�  

Table 1  Chemical composition of raw materials (ω/%) 

Element Si Mg Ti Sr Fe Be 

ER4220 6.98 0.66 0.12 0.027 0.108 ²0.0005 

Metal mold  

test bar 

6.87 0.58 0.132 0.028 0.122 0.03 

Sand mold 

test bar 

7.08 0.59 0.141 0.032 0.098 0.034 
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· 1  !MN0OP¸` 

Fig.1  WAAM system 

 

 

 

 

 

 

 

 

 

· 2  WAAMbc¹xº»· 

Fig.2  Schematic diagram of forming principle 

 

 2  '()* 

Table 2  Process parameters 

Forming process Wire feed speed/m·min

-1

 Travel speed/mm·s

-1

 Flow rate/L·min

-1

 Current/A Voltage/V 

CMT+Plus 6 10 25 120~130 20.4~21.4 

 

 3  WAAMZL114A$%&� 

Table 3  Chemical composition of WAAM ZL114A (ω/%) 

Element Si Mg Ti Sr Fe 

National standard (GB/T1173-2013) 6.5~7.5 0.45~0.75 0.1~0.2 - ≤0.2 

WAAM ZL114A 6.85 0.62 0.11 0.026 0.11 

 

[� FOUNDRY-MASTER Xpertíîïðñ²E

cRP²¶WDW-30ò�¡�ó�±êë��ô¡¶

{� CamScan-3400 Äõö÷Tøùuúvûêë¡

Âüý�þJuvNO¶�� Kroll’s ¡�X2 mL �

��%6 mL��%92 mLáY��¡Â�� Axio Imager 

A2mÄ�ìùuú	vûuvFG+ 

������	
�

���������	
��

WAAM P�¡Â�cRP�³ 3 ´µ+Ñ
W«

_W ER4220 ìÁ�Si �2�S
 1.8%�Mg �S


6.1%��WAAMP�ghk�Ç���TU�Ý��� 

_Wk� Si%Mg=>
������2��� ZL114A

����+.z�����:;
W«� Si%Mg�2�

���WAAMP�¡Â�cRP²����+�

������
���

WAAMP�¡Âí pq!%�^ÄJÅÄ¡Æ

	!����ìFG�Ê 3a�3e�3i´µ+"£ Al-Si

#$��ìÊ�ZL114A ���^�%&K����

ijgh'E()* Al+K�à, Al-Si&Kr�+

K-�Þ�P�	!��efghkE( Mg

2

Si
 Si

Lø+.Ê 3a ��/(�WAAM P�¡Âí pq

!��ìFG0123�&K Si ì�8456L�

78Æ�²9�+K-Þ¶Mg

2

Si (E(:�t6L

�;<²9�pqrk+Ñ�^ÄXÊ 3eYJÅÄXÊ

3iY¡ÂìÁ�WAAMP�¡Â��=t�+KÞ>�

&K SiJ Mg

2

Si²<=�HI+ 

?gj×ÚÛ,�WAAMP�¡Âk6L�78

Æ��&K@ìA>
Bc
×C��o=�DE�

F#ìLø×C� α-Al ·rk��Ê 3b ´µ+Ñj

×,��^ÄXÊ 3fY%ÅÄXÊ 3jY¡ÂìÁ�WAAM

P�¡Â SiìGcmHù���7²<HI+ 

?gI�ÓÙ,�WAAMP�¡Âk;<E(


Mg

2

Siì�Gc@ìÑE(� Mg

2

Siì� α-Al·rè

;<²9XÊ 3c%3dY�@ìÑ Mg

2

Si ì��ð²E

}��Ê 4´µ+Ñ�^Ä¡ÂXÊ 3g%3hYJÅÄ

¡ÂXÊ 3k%3lYìÁ�WAAM P�¡Â Si ìJ�

G��7²<=HI+ 

Al-Si	
�����Ñ�cì¤2%²9��·

r�KL¹ºJ&K@6t%�þ%²9(./Kæ

ìL

[16,17]

+WAAMghx`b`egh���l6�

efam��oí pq! WAAM P�¡Â� α-Al

)KFGÑ	!�^Ä
ÅÄìÁ���=t��M

+KÞ>XDASYJ#M+K-Þ>XSDASY�62 

Specimen 

Substrate 

Torch 

Wire 

Z 

X 

Y 



� 9�                               ���G#!MN0OP ZL114AUV�[WXYZC                          ³2919³ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· 3  WAAM��µ�>�� ZL114A�:¼½ 

Fig.3  OM images of ZL114A (a, b) as-deposited, T4 of WAAM, (c, d) T6 of WAAM; (e, f) as-cast, T4 of metal mold casting, (g, h) T6 of 

metal mold casting; (i, j) as-cast, T4 of sand casting, (k, l) T6 of sand casting 

 

 

 

 

 

 

 

 

 

 

 

 

· 4  T6vwxy WAAMbcD�[ SEM� EDS*H 

Fig.4  SEM images and EDS analysis of the WAAM ZL114A-T6 
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· 5  WAAM ZL114A¥¦ ¡�*n¼½ 

Fig.5  Porosity and distribution of WAAM ZL114A: (a) as-deposited, (b) T4, (c) T6, and (d) SEM image of porosity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· 6  �µ�aP>��aPD� ¡*n¼½ 

Fig.6  Defect distribution of metal mold casting (a, b) and sand casting (c, d) samples: (a, c) OM images and (b, d) SEM images 
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· 7  ZL114A-T6¾¿bcRS[��ZC 

Fig.7  Mechanical properties of different molding methods of  

ZL114A-T6 
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· 8  T6Àe 3ÁbcRS[ ZL114A���� SEM¼½ 

Fig.8  SEM images of ZL114A tensile fracture: (a) WAAM, (b) metal mold casting, and (c) sand casting 
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Microstructure and Properties of ZL114A Aluminum Alloy Prepared by Wire Arc 

Additive Manufacturing 
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Abstract: The effect of wire arc additive manufacturing process on the microstructure and properties of ZL114A aluminum alloy was 

studied by metallographic microscope, scanning electron microscope and electronic universal test. Compared with the traditional casting 

method, the microstructure of as-deposited WAAM ZL114A has smaller dendrite spacing, the distribution of fine Si-phase is uniform, and 

the chemical composition is controlled effectively. Through T6 heat treatment process, Si-phase is fully spheroidized and the second phase 

is dispersed on the matrix of alpha-Al. Meanwhile, the mechanical properties are significantly improved. The tensile strength, yield 

strength and elongation are 360 MPa, 315 MPa and 7.5%, respectively; in particular, the elongation is 2.1 times higher than that of sand 

cast sample. The tensile fracture is characterized by ductile fracture. The defects of WAAM ZL114A are mainly pores smaller than 30 µm. 

After heat treatment, the number of pores decreases and the size increases. 

Key words: wire arc additive manufacturing (WAAM); aluminum alloy; microstructure and properties; defect 
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