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Table 1  Tensile properties of Ti-6Al-4V alloy wire at 

room temperature 

Ultimate strength/MPa Yield strength/MPa Elongation/% 

897 835 9.5 

 

 

 

 

 

 

 

 

 

 

· 1  Ti-6Al-4V1�#4E�FGO ¸¹· 

Fig.1  Schematic illustration of wire+arc additive manufactured 

Ti-6Al-4V alloy 
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Table 2  Process parameter sets for wire+arc additive 

manufactured Ti-6Al-4V alloy 

Current/ 

A 

Arc voltage/ 

V 

Wire-feed speed/ 

mm·min

-1

 

Feeding 

angle/(°) 

150 15 300 15~30 

 

 

 

 

 

 

· 2  ¢¦º»¼½¾¿ 

Fig.2  Geometric dimension of tensile sample 
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· 3  Ti-6Al-4V1�#4E�FGL*89À/�ÁÂ� 

Fig.3  Macrostructure (a) and microstructures (b~d) of wire+arc 

additive manufactured Ti-6Al-4V alloy: (b) side, (c) top, 

and (d) bottom 

Arc 

Melt pool 

Wire 

Base 

Fusion layer 

Deposition zone 

Z 

X 

Y 

Φ
6
 

Φ
3
 

R5 

Y 

X 

Z 

B 

D 

C 

Initial β-Ti 

Initial β-Ti 

Initial β-Ti 

a 

b 

c 

d 

500 µm 

500 µm 

500 µm 



¶1892¶                                           Ã,9Ä����                                           � 47� 

��,«/Ò�¬­)� 3a M¿ÎDEBF¸¡«�

¬­�� Z�x||�c���}�)� 3b
3c
3d

�®M¡¯� Z �x|k�°,±£(B)
²�(C)


[�(D)³»´Éµ��34�]�¶����·¸ β

¹,¢£��º»)±£�<�·¸ β ¹pq�¼�

¹�½�[»¹�ýþ¾òCa¿)²�¹�ýþ|

U)óM�k[»Ùr|U,%å��å��]{k

ÀÁtÂ¢£��C#��A�CU¥tÂ�\³î

Ã|¹vÄ]�:?¼½�½�Å!�½¹�Æ�Ç

ÈR����½�t}¾¹����| Z�Éx|�

��¿ÎR¢ô�n¥����É,n�¦Z9:�

�/
]�.]?Nî|	,:��Ê:Nî|Ë,

ùú½Z�¨C�»rY�Uýþ¹��½) 

�������
��

�®2� Z�x|RzÏ(¹º�Ò34��)�

4aM/�ÏÃÌî���i�,b�Ï(Ä,�Ò34�

� 4b MÌ���Ï(,�Ò34)2 Ät}mO,

α+β­�34�\9:34Írã_�Î¥v)Nx£

ÏÐ�¿ÎDEBF9:Ìî��Ï(Ô/�Ï:?

�r¾,Ñ�b��ÒNx£¿ÎxEDEBF]r¾

ÓKÔÌÍPÏ/#(laser engineered net shaping, 

LENS)¼åt},�Î¥v

[12,13]

)� 5 �<k9�u

v¹º LENS DEBFB�, Ti-6Al-4V ��

[14]

)]

�¶�¤rU¥, α'�Î¥v)Õ���bÖ,l�

#�#	T¥,¿Î{�0����x×�/#}� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· 4  Ti-6Al-4V1�E�FGL*89L<8y�@Ay 

L��QR 

Fig.4  Microstructure of wire+arc additive manufactured Ti-6Al- 

4V alloy: (a) fusion zone and (b) deposition zone 

 

 

 

 

 

 

 

 

 

· 5  Ti-6Al-4VÅ�L LENS ����QR 

Fig.5  Microstructure of LENS material with Ti-6Al-4V 

powder
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· 6  #4E�FI Ti-6Al-4V89O aQRÆÇ¸¹· 

Fig.6  Schematic illustration of the grain transformation in wire+ 

arc additive manufactured Ti-6Al-4V alloy: (a) martensite 

formation and (b) grain transformation by heat cycle affe- 

cted zone 
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· 7  �� Ti-6Al-4V89L��QR 

Fig.7  Microstructure of as-cast Ti-6Al-4V alloy 
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· 8  #4E�FG Ti-6Al-4V89L���� 

Fig.8  Microhardness of wire+arc additive manufactured 

Ti-6Al-4V alloy 

 

 

 

 

 

 

 

 

 

 

· 9  E�FGU��L Ti-6Al-4V89LÈÉ¢¦ÊV- 

ÊÇËÌ 

Fig.9  Stress-strain curves of wire+arc additive manufactured and 

as-cast Ti-6Al-4V alloy at room temperature 
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Table 3  Room temperature tensile properties of AM Ti-6Al- 

4V alloy with different processing technology 

Manufacturing method Ultimate strength/MPa Elongation/% 
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EBM
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· 10  ��UE�FGL Ti-6Al-4V89L¢¦¨©ST 

Fig.10  Fractographs of as-cast Ti-6Al-4V alloy (a, c) and wire+arc additive manufactured Ti-6Al-4V alloy (b, d) 
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Microstructure and Properties of Ti-6Al-4V Alloy 

by Wire+Arc Additive Manufacturing 
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Abstract: Ti-6Al-4V alloy wire was molten by electric arc and then deposited layer by layer for the rapid prototyping of additive 

manufacture. Morphology, micro-hardness and mechanical properties of the Ti-6Al-4V alloy were analyzed. The results indicate that the 

deposit in the first and the second layers is in the form of columnar crystals and the rest are equiaxial crystals. Meanwhile, a fair amount of 

heat from arc ensures a good metallurgical bonding in all of the zones (deposition zone, fusion zone and deposition zone), and eliminates 

both clear deposition-layer and martensite of alloy. The integral alloy gets the stable α+β lamellar structure and similar micro-hardness of 

all zones. Compared with as-cast Ti-6Al-4V alloy, the titanium alloy in this work obtains finer initial β-Ti grains and shorter α+β lamellar 

spacing by wire+arc additive manufacturing. The ultimate tensile strength and elongation of the Ti-6Al-4V alloy have increased by 3.6% 

and 37%, respectively. Besides, the tensile fracture morphology of the wire+arc additive manufactured alloy is ductile dimple clearly, 

which is different from tearing edged quasi-cleavage morphology of as-cast alloy. 

Key words: additive manufacturing; Ti-6Al-4V alloy; wire; morphology; mechanical property 
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