
� 47� � 8� ��������	                                Vol.47, No.8

2018� 8�          RARE METAL MATERIALS AND ENGINEERING  August 2018

�����2017-08-15 

���	����	
�
2015ZE25017�

�
����
����1981�������������������������� 100024� !"010-85701254�E-mail: fumj@

bamtri.com

���� Ti-4.5Al-3V-2Fe-2Mo ��

��	
��
���

���

1,2,3

�� �

1,4

���	

1,2,3

(1. �������������� 100024)

(2. #$%&'(��)'*+,-.��� 100024)

(3. /01#$%&'(234��5*+,-.��� 100024)

(4. �6789�'(*+,-.��� 100024)

� ��:;<=;>?@ SP700AB	@C#D&$6EFGH1ID&J@KL$6MN��OPQRS�800 �

T&UD&V�>?WXYNZ�WX[\]^@C#D&$6�_`%&aKb 0.8 MPa�_`%&�cb 75 mm�

def� 20 mmOghD&i@j9�>klm`@nopq>??rstuvwx�pyz{|1O}~ 33%@C

#D&iJ�>?WXYNq��Z�WX@���c�\�����YNZ�WXE775 �%&@���c��_��

�b 2.2%OT&Uq�&U����@��x�����ef�O

����SP700AB	�=;>?�C#$���FG����c

�������TG146.23 ������A � !��1002-185X(2018)08-2555-06

�����SPF���	
� 45�
�����

�
����/�����SPL�����
����

�� !"#$%&'�()*+,����/-./

��SPF/DB���012345

[1,2]

6789:;<

=>?@ABC SPL��
DEFGHI�J��K

LMNOFP#QR7�STU�VWXYZFP�

�[\����P'
%]#^�_� `�abc

de6 

(α+β)f��� SP700 (Ti-4.5Al-3V-2Fe-2Mo)gh

_ NKK 9:��
K�^i 800 jLM%��k


^�_`Xlm����2001� SP700���nop

pqrstP(uvwxs[yz{)|}~�te�

�����H6SP700�����4�
^���k#

K��z��k�#��
�������k��s

[#����#��#��X�����e

[3-8]

6Brewer

[9]

X�C SP700 ���� �; SPF/DB ����

�RW/SPF/DB�
DEFGHI�����¡¢`�

���£!¤¥�¦§,¨©b6ª«B¬ Tasy

[10-12]

��� SP700 ��� YAG ����S CO

2

����

kDE�­®�01,�
����k��¯��z

K°(α+β)�±
²³´µ¶·¦¸ SP700 ����

��¹
º»¼½k6¾Ci SP700�������

'
��¿�À¨
DEÁÂÃÄ6 

_DEÅeÆ¨ÇÈ
�É����
*Ê�C

SP700���§¥C�¯
����k���±Ë¿È

À�DE�¨ SP700��� SPL��$ÌÍÎSÏÐ6 

��������

ÑÒ��¨ÓÔÕ�Ö1×ØÙ9:$Ì
 0.8 

mmÚ
 MÛ SP700���¥��ÑÜµB�ÝÞH

1ß®6àá�±Þâ 1ß®�α²³ãä¨ 2~8 µm6 

Åeå�'Sæ�'
����çèé�S��

ê�¥
����k��ëBk�����mÝìí

î¨é�
ïð��k�m 775 jS-./��m

800 j�Åe%ñòóÈÀ�ô��ôõ)¨ 0.02 

MPa/min�ö~��÷ø6 

SP700 �����ê���Åe 5 kW 
 IPG � 

 

" #$$SP700%&�'()*� 

Table1  Chemical composition of as-received SP700 

titanium alloy (ω/%) 

Al V Fe Mo O C N H 

4.32 3.04 1.83 2.06 0.13642 0.017 0.018 0.00153 
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Fig.1  SEM image of as-received SP700 titanium alloy 
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Fig.2  Weld cross-section of laser welding SP700 titanium 

alloy (a) and weld microstructure (b) 
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Table 2  Max. pressure and deformation height of SP700 

titanium cone 

No. 

Deformation 

temperature/  

Max. gas 

pressure/MPa 

Final height/ 

mm 

LWA1 775 1.0 66 

LWA2 800 0.8 75 

LWA3 775 0.82 62 

BMA1 775 0.8 55 

BMA2 800 0.6 55 

a 

b 

50 µm 
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Fig.3  Cone features of SP700 titanium alloy: (a) LWA1, 

(b) LWA2, (c) LWA3, and (d) BMA2 
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Fig.4  Microstructures under different deformation conditions: (a) macroscopic image of LWA1welding, (b) microstructure of LWA1welding,   

(c) LWA1 boundary microstructure between welding and heat effected zone, (d) microstructure of LWA1 BM zone, (e) microstructure 

of LWA2 heat affected zone, and (f) macroscopic image of LWA3 welding 
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Fig.5  Dimension of SPF box (a) and feature after SPF (b) 
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Fig.6  Comparison of welding ultra strength between SPF and 

base material 
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Fig.7  Structure of box part under different deformation conditions: (a) macroscopic image of LWA1welding, (b) microstructure of LWA2 

welding, (c) boundary microstructure between welding and base material of LWA2, and (d) microstructure of LWA3 welding 
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Fig.8  Morphologies of RT tensile fracture: (a) LWA1, (b) LWA2, and (c) LWA3 
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Fig.9  Ultimate tensile strength of base material at rolling 

and transverse direction 
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Abstract: The superplastic forming ability, microstructure evolution and tensile property of fiber laser welding SP700 titanium alloy after 

superplastic forming (SPF) were investigated. Results indicate that when deformed at 800 °C, the cone part has better superplasticity with 

the welding direction parallel to the rolling direction of base material. Its max. pressure is 0.8 MPa and the cone height is 75 mm, which is 

20 mm higher than that of base material. With the increase of deformation, the coarse columnar grains and weld undercut are eliminated 

gradually and the grains are comparably fine. With about 33% deformation reduction, the tensile strength of materials with two welding 

directions all decreases, and tensile strength of the specimen formed at 775 °C with welding direction parallel to the rolling direction only 

decreases by 2.2%. The fracture positions are all on the base material for the cone part and tensile specimen. 

Key words: SP700 titanium alloy; laser welding; superplasticity; microstructure; tensile strength 
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