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Table 1 Chemical composition of TA15 titanium alloy
powder (/%)
Al Zr Mo v Fe (¢} Ti
6.53 1.78 1.53 1.47 0.13 0.11 Bal.
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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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Table 2 Measurement results of longitudinal wave sound

velocity and attenuation coefficient of different test

samples
Sample Forming Longitudinal Attenuation
S wave sound .
status direction X 1 coefficient
velocity/m-s
Forging Direction 1 6737 0.0548
state Direction 2 6771 0.0533
Laser X direction 6529 0.0665
depositing o
state Z direction 6455 0.0699
Double X direction 6362 0.0754
annealing .
state Z direction 6288 0.0836
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Effect of Forming Method and Direction on Microstructure and Ultrasonic
Parameters of TA1S Titanium Alloy

Yang Guang', Wu Huaiyuan ', Ren Yuhang', Zhou Siyu', Qin Lanyun', Wang Xiangming®
(1. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process
Shenyang Aerospace University, Shenyang 110136, China)
(2. AVIC Shenyang Aircraft Design and Research Institute, Shenyang 110035, China)

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 a 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.
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