
� 38� � 10� ��������	                            Vol.38, No.10

2009�      10�                       RARE METAL MATERIALS AND ENGINEERING           October 2009

�����2008-10-16

���	����	
��
�����50331010���


��
�� ����1978��������� !"�#$%&����'()�*� �+ 710072�,-.029-88494001�E-mail: 

maliang@nwpu.edu.cn

������� TC4 �	
��
����

� ��������	

(�� !"� #$%&����'()�*� �+ 710072)

� ��/0123456 TC4 7
89:;<1=>?@AB'(CD�EFG0123HI><1J��CDG

89:;<1 KLM�89NOPQROS�/ TC4 7
<1TU>VW�XYG012345Z[\]7^�_

`a>4bcCDde�012345Z�TC4 7
<1>fghij]7^�_`a�kfglmn01HIop

q>rstu"vwx23y>rstu�z{|<1}~Ye������89NO>��PQRO>Xt�TC4

7
<1�>]7^�_`ahi������n����c����CD��_012345><1J��XYG

��9��������� 23¡¢�£ xPy 4¤¥¦�§899��z{|�Z¨§rs 1<>�©�ª«¬

���­®¯°G<1}~TU>±²c

����89:;<1�0123�TC47


�������TG146.2

+

3 ������A �����1002-185X(2009)10-1731-05

��������	
���

���
��

�������
�������� !"!#$%&

'(�TC4 ��)*� +,-../
.012(

�345
67
89:!";<.=>?@.(�

AB
CD�E��FG������HI&JKL

MNO�PQ$%R���+STUV�WX�YZ

[\]^_`�\Va
bXP
cd	�efgh

ij&JK�klmnocpqrsLaser Solid 

Forming�LSFt�uvwx�yqrz{cG���

�I4|*XP]^

[1]

&

}E�TC4 ��lmcp~���K�����

��ef�'(F|*�Elmcp��\[��+

ef&TC4 ��lmcp��I����G���@

�:��u�&@������)*�������

����:����� ¡��u�I��¢��£

¤�¤¥:¦¥�)*��P§¨©ª«����'

()*¬­E®V��
�¦¥¯6°�

[2~6]

&

�p±²��³´µ
¶·�¸o�¹
�º»

¼½"¥�[c¾¿ÀÁ�IÂÃ��

[7]

&�YZ�

mÄÅÆÇ¾Å�È��p±²ÉÊË���pÆÇ

¾Å�ÌÍlmcpÎÏÐ�ÑÈÒÓ
ÔÕ��Ö

È×�cpBØpÈ×

[8,9]

&

¬Ù�dÚÛÜÝR TC4���pÆÇ¾Å�c

pÞ�ßàáâ��ã�ß¡áâ��pÆÇ¾Åä�

lmå°
¯6°R TC4��cp�V�����æ

çáâ�èéæêjë�pÆÇ�ìímîï<ðñ

ò��óôõöë��u�:�÷øù&

���� �

dáâE�úûPQüýþ�qrL�|�ÚÛ

��n�lmnocpÂZæwc��yÂZ� 2 kW 

Nd:YAG lm�
��	<©�P
�
��@
�

��
	�����:�������c&ÚÛ��

�@
����ßà��M����� O
N
H �

���­��&��������@:��@Ò��

� & 

è�!�� Ti "�'#$G 140 mm×60 mm×6 

mm TC4 ��G @%&'p()���)�G

44~149 µm����V�©s%tG 6.02 Al�4.00 V�

0.098 Fe�0.033 Si�0.025 C�0.04 N�0.008 H�0.16 O�

*VG Ti���{+",-./0-1��2�& 

�� Ti è"æßà TC4 ���lmnocpÚ

Ûáâ¾345 1 67&�8Rlmå°
¯6°


ímîï<RcpB�V���ßàëÚÛáâ&5

1 (ìVibrationð957lmnocpE:��“ím

îï<”./& 



³1732³                                          ´�
µ¶·¸ ¹                                           � 38� 

 

�lmcpÎÏ(�';P§<BuØ�lmm

î=>G 1.5 mm�ÆÇ?�G 6 mm/s���V 4 g/min& 

lmnocp���ÆÇ@>G Hilbert�pÆÇ

±²�4A 1 67&'( R 57lmmîí>�d 5

7�<BÆÇ²H¥�¯6V�H 57ÆÇ²¥C�

D¯6° αEFG d/2R�G¯6VHmî=>��I&

¯6°
mîí>
ÆÇ²¥C��4äJÂ� 

H=2R(1–α)                              s1t 

������	
�

���������	
���
�

GëKL�pÆÇ@>�cpÞ��dáâÜÝ

� H>>2R�MNäsH=6 mm�2R=1.5 mmt�GÆÇ

²¥COü lmmî=>�ßà TC4��lmno

cpÚÛsPQR1@>SuÌ\[¼T¯6�U 

�ãy@>cpÞ�t�cp1V4A 267& 

WÎ�ã��;ø�y@>cpÕ�6�XY�

�Z[	�È	�4A 2b (\] B 6^_`�¡'

;=²ÆÇ_`�Z[¤	��RI`�aÈX�.

�Z[	�a�4A 367& 

WÎ/b�ã�GlmcpÎÏÐ�Ñ��c�

�ã��;ø��PdX�.�e[ó�*�';_

`fg�h¡_`X�.�iÐ�ÑÈ	��i#$

Èü��iS�.Ìjk�l���k��()�h 

 

 !""TC4#�$%&'()*+,- 

Table 1  Parameters of the LSF process for TC4 alloy 

Number 

of samples 

Laser power/W Overlap rate/% 

Vibration 

(Yes/No) 

No.1 1000 50 No 

No.2 1200 50 No 

No.3 1500 50 No 

No.4 1500 30 No 

No.5 1500 40 No 

No.6 1500 30 Yes 

No.7 1500 40 Yes 

No.8 1500 50 Yes 

 

 

 

 

 

 

 

 

 

º 1  Hilbert0123HI 

Fig.1  Hilbert fractal scanning pattern 

 

 

 

 

 

 

º 2  01HI><1J� 

Fig.2  Forming features of fractal scanning pattern: (a) overall 

morphology and (b) local morphology 

 

 

 

 

 

 

 

 

º 3  rs tu�»¼>½² 

Fig.3  Height of sediment layer with the location change 
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º 4  ^¾89NOZ<1�}~1¿ 

Fig.4  Surface morphology with different laser powers: (a) P=1.0 kW, (b) P=1.2 kW, and (c) P=1.5 kW 
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º 5  `aM�89NO½²ÀÁ 

Fig.5  Variation of number of holes with different laser powers 
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º 6  ^¾QROZ<1�>}~TU 

Fig.6  Surface morphology change with different overlapping rates: (a) 30%, (b) 40%, and (c) 50% 
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º 7  ÂÃ0123HI 

Fig.7  Local fractal scanning path 
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º 8  �9���/}~TUÄ]7^�>ÅÆ 

Fig.8  Effects of semi-spot vibration on fusion defects: (a) with vibration, (b) without vibration, and surface morphology, 

(c) with vibration, and (d) without vibration 
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Research on Laser Solid Forming of TC4 Alloy Based on Fractal Scanning 

 

Ma Liang, Huang Weidong, Xu Xiaojing 

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: The application of fractal scanning pattern in laser solid forming (LSF) of TC4 alloy was investigated through experiments. The 

forming characteristics of the fractal scanning path were discussed and the influence of process parameters (laser power, overlap rate etc) 

on the forming quality of TC4 alloy was studied. A method of eliminating the formation defects under fractal scanning pattern was 

proposed. Study shows that under fractal scanning pattern, the main defects of TC4 alloy formed by the LSF process are ill bonding and 

porosity, because the height of deposition at the corner of the fractal path is larger than that under linear scanning pattern resulting in the 

concave on the formation surface. The defects including ill bonding and porosity are relieved to some extent with the increase of the laser 

power and overlap rate, but still obvious. According to the obtained conclusion and formation characteristics of fractal scanning pattern, a 

“semi-spot vibration” strategy is proposed. The strategy means that the beginning scanning position of each layer offset by half a laser spot 

along x and y direction to make the concave; therefore the convex formed by two adjacent deposition layers respectively overlap each 

other and thus the deterioration of surface quality is restricted effectively. 

Key words: laser solid forming (LSF); fractal scanning; TC4 alloy  
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