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Fig.1 Schematic diagram of scanning pattern: (a) unidire-

ctional scanning and (b) weaving scanning
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Fig.2 OM metallographs of LRFed TA15 titanium alloy. unidi-

rectional scanning: (a) as-deposited, (b) after the heat-
treatment; weaving scanning: (c) as-deposited, (d) after

the heat-treatment
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Fig.3 SEM images of LRFed TA15 titanium alloy. unidirectional

scanning: (a) as-deposited, (b) after the heat-treatment;
weaving scanning: (c) as-deposited, (d) after the heat-

treatment
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Table 1 Tensile properties of LRFed TA15 titanium alloy

Tensile direction

Heat treatment condition ~ Scanning pattern

Horizontal direction

Vertical direction

00.2/MPa apn/MPa 01% go2/MPa  ap/MPa /%

As-deposited UnidirecFionaI 912.9 970.8 4.6 843.5 960.7 8.5
Weaving 1044.6 1136.7 9.1 980.3 1098.4 116

Annealed Unidirectional 1101.4 1235.1 11.6 1065.6 1185.7 135

at 940 ‘Cfor 1 h, AC Weaving 1297.4 14154 14.8 1178.4 1335.3 165
Horizontal tensile properties Wrought+annealed (11-CL-059B-2001) =855 930~1130 =8

Vertical tensile properties

Wrought+annealed (11-CL-059B-2001) =855

930~1130 =10
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Fig.4 Fractographs of LRFed TA15 titanium alloy along

vertical direction. unidirectional scanning: (a) as-
deposited, (b) after the heat-treatment; weaving
scanning: (c) as-deposited, (d) after the heat-

treatment
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Effect of Scanning Pattern and Annealing Heat Treatment on Microstructures
and Mechanical Properties of TA15 Titanium Alloy Formed by
Laser Rapid Forming Process

Xi Mingzhe, Gao Shiyou, Liu Bo, Li Xiaorong
(Key Laboratory of Advanced Forging & Stamping Technology and Science, Ministry of Education of China,
Yanshan University, Qinhuangdao 066004, China)

Abstract: Two thick-wall parts of TA15 alloy were formed by laser rapid forming (LRF) process using unidirectional scanning pattern and
weaving scanning pattern, respectively. The investigation on the effect of scanning pattern and heat treatment on the microstructures and
the tensile properties of the LRFed TA15 alloy was carried out. Results show that the LRFed TA15 alloy has a good thermal stability of
metallographic microstructures. The tensile properties of TA15 alloy formed by the weaving scanning pattern are superior to that of TA15
alloy fabricated by the undirectional scanning pattern due to finer metallographic microstructures of TA15 alloy obtained by the weaving
scanning pattern. The tensile properties of as-deposited and heat-treated TA15 alloy prepared by the both scanning patterns are anisotropic,
after the heat treatment of 940 <C/1 h/AC, the tensile properties of the formed TA15 alloy are better than that of the wrought annealed
TA15 alloy.

Key words: laser rapid forming; TA15 titanium alloy; scanning pattern; microstructures; mechanical properties

Corresponding author: Xi Mingzhe, Ph. D., Associate Professor, Key Laboratory of Advanced Forging & Stamping Technology and
Science, Ministry of Education of China, Yanshan University, Qinhuangdao 066004, P. R. China, Tel: 0086-0335-8052253, E-mail:

ximingzhe@ysu.edu.cn



