
�49�    �5�                               ��������	                                     Vol.49,   No.5 

2020�      5�                     RARE METAL MATERIALS AND ENGINEERING                          May    2020 

�����2019-05-16 

���	����	
��
 (2017YFB1103803, 2017YFB1103004) 


��
��  ����1990��������������������� !"#$%��� 201306�E-mail: zxhsl2008@163.com 

 

Fe ��������	 TC4 
��
����� 

 

�  �������  ��	  
��  � 

(��������������� !"#$%��� 201306) 

  

�  ��
&' Fe()*0.026%�0.18%�+),-./012345 TC46789:;<=>?@AB/CDE:

FGHIJKL?89MN',OP2 Q Fe ()R�SCDTU89VWXYZ[\]^_? β `ab84�cdW

ef89gbhJ ij? αklmFGHIJKL�no Fe()pq�SCDTU89Xrs?`abtuWvj

`ab���'wxyzbB{JKL|}~�;<=>V���������SCDTU;<=>n Fe()���

���� Fe()/���CDTU�;<��@A�sB  

����012345mTC4mFe()m;<=> 

�������TG146.23        ������A        �����1002-185X(2020)05-1674-07 

 

��������	laser solid forming, LSF
�

� 20
� 90������������������

� !"#$�%&'()*+,�-./0120

34567��

[1]

89���:;<=��>+,�

?@�ABC��DE�F@GHIJ�KLMDN

�M�O�PQRST��UV�WX>)*TYZ

[\GU]��8 

TC4 ^)_`ab$�cdefPghihjk

l�m`#�;0n��opqrstuvw�xy

zP���������{ TC4^)+,y|}~�

���8�� LSF��r�o��n�=��� TC4

^)��o$������de��

[2-9]

8����0

��2�0���ur��L���� LSF�� TC4

^)����

[2-5]

�#��O������d��A

 0¡¢A�£�A ¤u¥  3¦§���̈ ©��

Oª«¬­®¯°UVG±²³´µ��d�A 

[4]

¶

·©����>��G¸¹º»¯���¼e½

[5]

8

�g LSF ��	α+β
¾¿^)cÀ�n�=r�ª

«�ÁfÂÃÄ¤ÅÆÇÈ�=

[6-9]

ÉÁfÂÃÄ�=

�^)Ê�¤Ë$Ì#ÍÎ�ÅÆÇÈ�=���Ì

#^)Ï^ÂÐ$�

[6]

¶n�=Ñ�K β BÒÑ�Ó

OÇ�ª«ÔÕ α Ö§×0ØÙo���cÚtÛÒ

β Ü��

[7,8]

�ÝÑ��6Þß#g βBÒÑ�Ç�

LSF�� TC4��à�´á' ��´ β�A BÒ

¬âA 

[9]

8 

ãä LSF��r�	����0��2�0��

�u
on�=r�� TC4^)��o$����å

æ�}çè�éê�� LSF���{ TC4^)+,/

���ëìíP8mî LSF��o��n�=r�²�

)*TY�������r��<Z[�`TYv$

	ï]Ð�§0Ü�§×u
ð>��� LSF�� TC4

^)ÂÐ$��ñ«_ò8�góô��¿^)�^

)�§�õÔ�ÂÐ$������

[10-14]

8TC4 ^)

öÑ÷øÊ�ù Fe úe»q	0.04%û0.26%
c»

q

[10,11]

�Fe K β Ö¨�üýþ�ðù Fe úe»qc

»q

[11]

�Ê]ÅÆÊ]È��Ì#^)ø�Ê�¶c

�g#Ñ$�	�350 �
�Ì# Fe úe�©^)�

�Ò$�

[11-13]

�ª«��g Fe/�q2��íP�q

2}:�	<
¤���
ì�Ì#�Ò2�

[14]

8 

LSF ��zP��\GU]TYc���`��

����v�	����0��fÂu
��g�N

óô�¿^)����Fe�óô�¿^)��o$�

��åæ���Pg LSF��������8ãä�

�g Fe� LSF�� TC4^)��$�����ÍÎ8

���;!��P��Ü�§×Ö60Feúe�Q�

TC4 TY�zP LSF ���{��� �§! Fe ú

e� LSF �� TC4 ^)��oÂÐ$�����¬

TC4)*TY�§a]"#Ì$�%8 

���������

!�P:&¬'�¬ 20 mm� TC4:&���ä

�:Z(�ç)8!�PTY¬u*
+B*,-]

X	plasma rotating electrode process�PREP
�{�

TC4^)TY�Ü�./¬ 45~180 µm�ª«�§ï



� 5�                              �  ��PFe()/012345 TC46789=>?@A                     �1675�  

 

( 1 018¬23TYÜ�§×½��!�'���

��!�ä�TY�45T�=�6P��Ü�§!

7�TYÜ�§×�4(��TY��oÜ�§×ï

8 1018¬}23Z[9:��©TY;Ü<ì$�

!�ä�TY�4} 2 h�=>�=8 

�P?@AÂv C1000������"{�9"

{B{Cd��¬ 4000W� Yb-fibre��D���·

þ¨�P#EFGHI���·þúJeM�K 50 

µg/gÓO8����KL�PM N+1GNM NG��

OP¸�+BQ�¬ 90º	8 2a
����Lï( 20

18����RST	930U10
�, 2 hiV+550 �, 

4 hiV�4ÅÆÇÈ�=8 

�P)Ö�õW	OM
�XYZ¤n�=Z�

R���4�[§!8�n�=Z��R�S8 2b

01�\XYW]	^]�R
¤_`gXYW]	a

]�R
bRqr�ø��R�K Instron 5982 c


d���p�ST ASTM E8 ef«g�4���0

y�ø�$�Lh¬ 3 °�R�ijk8P��cW

	SEM
�ø�lm�4�[8 

 

 1  TC4!"#$%� 

Table 1  Chemical composition of low-Fe and high-Fe TC4 

powder (ω%) 

 Al V Fe O C H N Ti 

Low-Fe 6.42 4.15 0.026 0.16 0.008 0.002 0.005 Bal. 

High-Fe 6.29 4.24 0.18 0.14 0.008 0.002 0.004 Bal. 
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Fig.1  SEM images of the low-Fe TC4 powders (a) and the 

high-Fe TC4 powders (b) 
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Fig.2  Schematic of the laser scanning pattern (a) and configuration  

of specimens for tension (b) 
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Table 2  LSF parameters for the fabrication of low-Fe and  

high-Fe TC4 samples 
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Fig.3  Optical metallographs of the cross-section (perpendicular 

to building direction ) of the low-Fe sample (a) and the 

high-Fe sample (b) after production 
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Fig.4  Grain morphology of the as-built samples: (a, c) the 

longitudinal section (parallel to building direction) of 

low-Fe sample (a) and high-Fe sample (c); (b, d) the 

cross-section of the low-Fe sample (b) and the high-Fe 

sample (d) 
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Fig.5  Optical metallographs of the as-built samples: (a, c) the 

longitudinal section (parallel to building direction) of 

low-Fe sample (a) and high-Fe sample (c); (b, d) the 

cross-section (perpendicular to building direction) of 

low-Fe sample (b) and high-Fe sample (d) 
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Fig.6  Grain morphologies of the longitudinal section ofthe 

low-Fe sample (a, b) and the high-Fe sample (c, d) after 

heat treatment  
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Fig.7  Optical metallographs of the longitudinal section of the 

low-Fe sample (a) and the high-Fe sample (b) after heat 

treatment 
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Fig.8  Tensile strength (a) and elongation (b) of the samples after 

heat treatments 
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Fig.9  Fractured surfaces of  the low-Fe sample (a, b) and  the 

high-Fe sample (c, d) after heat treatment   
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Fig.10  Cross-section of fracture of the low-Fe sample (a) and 

the high-Fe sample (b) 
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Effect of Fe Content on the Microstructure and Tensile Properties of TC4 Alloy 

Fabricated by Laser Solid Forming 

 

Shi Lei, Lei Liming, Fu Xin, Yang Yang, Fu Jun 

(AECC Shanghai Commercial Aircraft Engine Manufacturing Co., Ltd, Shanghai 201306, China) 

 

Abstract: The effect of Fe content on the microstructure and tensile properties of TC4 alloy manufactured by laser solid forming was 

investigated. The analysis of microstructure evolution of samples during heat treatment process shows that Fe does not affect the 

microstructure of as-built samples which consists of coarse columnar β grains in the longitudinal section, while after heat treatments the 

coarse columnar β grains in the longitudinal section are transformed into fine columnar β grains with increasing Fe content from 0.026 

wt% to 0.18 wt%, suggesting the occurrence of recrystallization. The tensile strength of samples at room temperature after heat treatments 

is higher than the standard requirements for forging. The tensile strength parallel to building direction is improved with the increasing of 

Fe, while for the strength perpendicular to building direction is insensitive to Fe content. 

Key words: laser solid forming; TC4; Fe content; tensile properties 
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