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À 1  d�ef&'ÁÂPDEFIÃÄÀ 

Fig.1  Schematic diagram of laser deposition manufacturing 

process and forming direction 

 

 

 

 

 

 

 

À 2  QR{uvÅÆÀ 

Fig.2  Ultrasonic testing schematic 

 

 

 

 

 

 

 

 

 

 

 

À 3  mnoQR{ÇÈÃÄÀ 

Fig.3  Schematic diagram of ultrasonic propagation through a  

through hole 

 

������	�

JKLMNO�(�JKdeEf? IPG ghN

O
KiJKd YLS-6000�Ki¼m�$�R 800 µm+

��j�klm�c`d6nl�oc`Upc`

a���q�5rs.tmuvw$6x��y:�

(zndÇ+�(#<
 TA15 û�`añm� 47{

156 µm��\¸��|� 1+;JKLMÁq`ad

Ç 120 }~=��çè��qe�
 TA15 ²z�S

�ÓdÇ���E����+ 

�(89¥¾��JK�� 2200 W�K�¼m   

5 mm�DEY- 10 mm/s�c`Y- 10 g/min�DE

J� 2.3 mm��p�- 0.6 mm+LMN�® 2�Ý

Î��� 1 �ÝÎdÇ�¡��çè��
çè89

� 850 }u� 2 h�=5� 650 }u� 2 h�=5+�

�e� TA15 ���²z�3²O�.LM�(�¡ 
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Table 1  Chemical composition of TA15 titanium alloy 

powder (ω/%) 

Al Zr Mo V Fe O Ti 

6.53 1.78 1.53 1.47 0.13 0.11 Bal. 

(Z) 

(Y) 

(X) 

probe 
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À 4  wxQR{uvÃÄÀP.ËÀ 

Fig.4  Ultrasonic detection schematic (a) and physical maps of the samples: (b) forged state, (c) deposited state, and 

(d) double-annealed state 
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À 5  �{R�uvÅÆÃÄÀ 

Fig.5  Schematic diagram of longitudinal wave sound velocity 

detection principle 
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À 6  mnoÌÍQRuv��  

Fig.6  Through-hole water immersion ultrasonic testing results: (a) A-scan waveform diagram, (b) C-scan image, and  

(c) three-dimensional view�
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À 7  ~luvwxmno��ÎÏ 

Fig.7  Amplitude curves of through holes of different test  

samples 
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Fig.8  Longitudinal wave sound velocity of different test samples 
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Table 2  Measurement results of longitudinal wave sound 

velocity and attenuation coefficient of different test 

samples 

Sample 

status 

Forming 

direction 

Longitudinal 

wave sound 

velocity/m·s

-1

 

Attenuation 

coefficient 

Direction 1 6737 0.0548 Forging 

state Direction 2 6771 0.0533 

X direction 6529 0.0665 

Laser 

depositing 

state 

Z direction 6455 0.0699 

X direction 6362 0.0754 

Double 

annealing 

state 

Z direction 6288 0.0836 
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À 9  b'¡ TA15BC�MNÐÑ 

Fig.9  OM (a) and SEM (b) images of forged TA15 

titanium alloy 
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À 10  ef¡d�ef TA15BC�MN 

Fig.10  OM (a, b) and SEM (c) images of TA15 titanium alloy in the as-deposited laser deposition: (a) Y-Z plane and (b) X-Y plane 

 

 

 

 

 

 

 

 

À 11  ��� ¡d�ef TA15BC�MN 

Fig.11  OM (a, b) and SEM (c) images of double-annealed laser deposited TA15 titanium alloy: (a) Y-Z plane and (b) X-Y plane 
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Abstract: In order to investigate the influence of the forming method and forming direction of TA15 titanium alloy on the microstructure 

and ultrasonic parameters, so as to clarify the acoustic properties of the material, the TA15 titanium alloy was manufactured by forging and 

laser deposition. The test specimens with the same cross hole defect and the same standard size were manufactured. Ultrasonic 

non-destructive testing equipment was used to inspect the sample to obtain the defect amplitude, longitudinal wave sound velocity, and 

ultrasonic attenuation coefficient of the sample, and the optical microscope (OM) and scanning electron microscope (SEM) were used for 

the observation of the microstructure. The results indicate that the forming method affects the tissue characteristics, and then affects the 

ultrasonic parameters. The laser deposition manufactured sample has obvious tissue anisotropy, which results in a large difference in 

ultrasonic parameters in different forming directions. Compared with laser-deposited sample, the length-width ratio of lath shape α phase in 

the microstructure of the double-annealed sample has a decrease, resulting in an average reduction of the longitudinal sound velocity in all 

directions by 167 m/s and an increase by 13%~20% in attenuation coefficient. And compared with the forged sample, the double annealed 

sample has obvious differences in characteristics of microstructure, which leads to the X-direction and Z-direction longitudinal wave sound 

velocity decreases by 392 and 466 m/s, respectively, and the attenuation coefficient increases by 39% and 55%, respectively. The research 

results have certain reference value for the ultrasonic non-destructive testing of laser additive parts and the non-destructive evaluation of 

internal defects of TA15 titanium alloy materials.  

Key words: laser deposition manufacturing; ultrasonic parameters; ultrasonic testing; TA15 titanium alloy; microstructure 
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