
� 38� � 7� ��������	                  Vol.38, No.7

2009�      7�    RARE METAL MATERIALS AND ENGINEERING   July  2009

�������2008-06-20���	
����2009-04-23

����� ��	�1981�
���
���� �������������� �� 410083�� !029-86231095�E-mail:

yangxin0301@163.com"#$%&!'()�� !029-86231095

��������	
����

��������

� �

1,2

����

2

�� �

1

�	
�

2

���

3

(1. ��� �������������� �� 410083)

(2. *+,-�./01�2* *3 710016)

(3. 45���+6 100084)

� ��789�:;<=>?�<@A�BCD�E/0F ELI TA7 �.��G�HIJKLMNOPQRS:;

TU@A�VCWXYZ[!\]^ 3.0×10

-2

~5.0×10

-2

 Pa=_%�` 2.0~3.0 mA , Zab>?cdef,ghijXR

Skl^=�mn^@opqWjXRSrsl^et 97%�uvn^ 740 MPa�opq 8%�wxyRSVCWkl

^iSz{|�HIiSC}78qGjX~��
���r���\]���SZ����M�hiFjX�V"

�NOS��~�,���
��S��W��kl^Shif���S�M�,��jXRA�VCShiW

����NOPQ"�HI"���"A�VC

�������TG 146.2

+

3        ������A �� ��1002-185X(2009)07-1272-04

��������	
����������

�����������	�� !"#$%&�'

()*�+,-./01�2345$6�789:�

;,<5�=�>?@1ABC�D�EF�GGH

IJKL45MN6OP�QRMN6�9:/S-�

����TU
��45V�WX+,YB�9Z[

\]"^_V�`�9Z[\],���ab��c

"decMN�fg	fh"ij�kYlm�^_

VWX,nop	qh"rstul�kYl�

[1]

/

v�S-���kYl�45VwxGyz�{,�

|}�~������}R?�
������$/

�9���	
�����L�$$�~�����

����X��/

S-����M���WX����(MC)	�

����(PM)"�D���(RP)

[2]

/����WX�

�~�M������ ¡�¢	£¤¥¦"§¨©

Gm�������M������ª$�«¬F�

®��d


[3]

/n¯�D��°±²³T�$�´

µ¶·¸�# (Electron Beam Selective Melting, 

EBSM)$�¹~ 2005 1º» �¼½¾¿ÀÁ�9

:/Â°±ÃÄJÅ·¸ÆÇ"JÅ·¸�#$��

?ÈÉÊËÌÍÎ���¯ÏÐ�ÑÒÓkl�ÔÕ

CAD zUÖ×ØÙ�Ú�ÛÜ¢ÝÞßàá�âk

l�ÔÕ�ãCäÉÊ�Ø\åæÕCä�çÖ×@

ØÝ��ãèéêÝÌÍQR�³ë¿À�ìí�k

l

[4]

/îïðñKìí	�$ò��óô"õ,�w

dªXög$�"÷��ø�ùG»
KMN�ú

�"�$D��û�üý�°±�9«¬�wx�

#������QRþ?�Y������ü���

��Â°±Ø¾» ���	
�
�P�/n��

�G�[!\�W�9� EBSM-�U��[VÛ

Ü Ti-5Al-2.5Sn ELI(���ô� TA7)������

·¸�#ÆÇ (����x����¯���#�

�)�w¢¦Â°±ÓÆÇ�����£¤"���

��� / 

��������

!��,�}R~"���L'"���Ö×

3:2#$%����|��`& 1"' 1�(/|²�

"���,�Éµ)*´ù+#�(plasma revolving 

electrode process, PREP)M�/�'"��~ÑÒ,#

-,(hydride-dehydride, HDH)�M�/ 

.ä-¬��$n�MÙ�$�/C�̀ & 2�(/ 

â& 1�(� 4s��Ö 3:3:2:2�#$01��

2345�%R67�w� V�%R[V%� 30 min�

v�238R9ÛÜ��!�/�^:¯ 71 mm×71 



� 7�                          � ��!�HIJKLM��s���TU@A�VCS��                       �1273� 

mm� TA1:VÆÇ@Ý���óô¯ 60 s	;�ó

ô¯ 20 s	< 60Ým�v=>?@A�B,CDEÞ

F{ÆÇlL�^:¢É/ 

ÆÇG�H�®��B,IJ�ÛÜKÙ/�

INSTRON-1185 UL�����[VKÙÆÇ���

��M���NO�m��£¤K�{, OLMPUS- 

PMG3 Å���P ; QR´P¢¦�S�´µTU

(EPMA)� JSM-5600LV UQR´PÛÜ/�V9WX

�,	YWX�ZK� LECO RH600" LECO TC600

ZK[VÛÜ/ 

����	
���

����������

' 2 ¯B,O[QR/Cd[QR�\M��J

]"^_����Å���£¤×ß/îï$���

���ÝLÝ`ô�ab¸����Ç�mÆÇc��

�H�d�el��v=>�f¿���£¤WX¯U

ã α+β O��§ghiKj>}k β O/OLO`ô

lOm¤��¯noã/p~îï�QRÇ¶�qô�

�rA�sv��{¿
AOtd�uÊ�vw�t

_?@A�x~�D=>y®�DuGOz�®/ 

 

 

 

 

 

 

 

� 1  TA7��� ���Q¡ 

Fig.1  The SEM image of the mixed TA7 prealloyed powder 
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Table 1  Characteristic of raw powders 

Raw powder Particle size/µm ω

O

/% Powder shape 

PREP-1 150-200 0.08 Spherical 

PREP-2 120-150 0.08 Spherical 

HDH-1 80-100 0.22 Irregular 

HDH-2 60-80 0.25 Irregular 
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Table 2  Main scanning parameters of EBSM 

Vacuum/ ×10

-2

Pa Facular diameter/ mm Scanning speed/m·s

-1

 Bestrow percentage/% Working current/mA 

305 0.3 35 50 2.003.0 
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Fig.2  Optical micrographs in different orientations: (a)  

horizontal and (b) vertical 
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Table 3  Relative density in different scanning way 

Scanning way Horizontal Vertical 

Relative density/% 97 95 
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Table 4  Chemical composition of TA7  

Elements O Al Sn N H Ti 

GB/T3620.1-1994 ¬0.12 4.505.75 2.03.0 ¬0.035 ¬0.0125 Bal. 

Mixed powder 0.18 5.50 2.76 0.024 0.41 Bal. 

Sintered part 0.13 3.89 2.30 0.018 0.002 Bal. 
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Table 5  Mechanical properties of parts 

Subject σ

b

/MPa σ

0.2

/MPa Ψ/% �/% 

Forgen 785 680 25 12 

Vertical 640 600 18 6 

Horizontal 740 650 22 8 
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Fig.3  Fracture appearance of sample by EBSM 
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Effect of Electron Beam Selective Melting on the Microstructure and Mechanical 

Properties of Ti Alloy 
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Abstract: The microstructure and mechanical property of forming parts by electron beam selective melting (EBSM) for ELI Ti-5Al-2.5Sn 

metal powder were investigated by means of optical microstructure and SEM, and universal mechanical testing machine. The results 

indicate that the density, the elongation and the room temperature strength of the forming parts are improved effectively according to 

zigzag scanning way with a vacuum of 3.0Î10

-2

 to 5.0Î10

-2

 Pa and a current of 2.0 to 3.0 mA,. The relative density, the tensile strength 

and the elongation are 97%, 740 MPa and 8%, respectively, close to the properties of forging parts, due to the transit liquid phase from the 

electron beam high energy utilization during sintering. Meanwhile, the cleaned surfaces of powders in vacuum improve the sintering 

actively. A rapid condensation process makes forming fine grains easy, while the increase of density and the refinement of grains are 

helpful to improve the mechanical properties of parts. 

Key words: rapid prototyping; electron beam; titanium alloy; mechanical property 
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