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Fig.1 Morphology (a) and particle size distribution (b) of 316L

steel powders
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Fig.2 Schematic diagram of ultrasonic vibration-assisted system
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Fig.4 Grain morphologies in the cross section perpendicular to the
scanning direction of samples prepared with different ultraso-
nic powers: (a) 0 W, (b) 600 W, (c) 1000 W, and (d) 1400 W;
(e) schematic diagram of the growing directions of columnar

grains and heat flux directions of thin walled samples
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Fig.5 Three-dimensional grain morphologies of samples prepared with different ultrasonic powers:

(a) 0 W, (b) 600 W, (c) 1000 W, and (d) 1400 W
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Fig.6 Columnar dendritic colonies in columnar grains at the same height of samples prepared with different ultrasonic powers:

(a) 0 W, (b) 600 W, (c) 1000 W, and (d) 1400 W
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Table 1 O values (°) of grains in samples prepared with
different ultrasonic powers
oW 600 W 1000 W

1400 W

8, 29, 19, 53,
25, 15, 11, 46,
36, 29, 40, 25, 49, 19, 26, 15,
9, 36, 31, 5,
10, 20, 19, 10, 25, 27, 32, 36,
24, 26, 31, 43,
10, 19, 17, 39, 27, 17, 14, 6,
41, 46, 36, 28,
18, 30, 16, 16, 41, 27, 22, 44, 28, 7, 27, 35,
24, 42, 36, 15,
8,5 41, 18, 23, 5, 46, 41, 51, 34,
28, 37, 34, 8,
25, 27, 39, 32, 46, 46, 5, 43,
17, 13, 38, 42,
35, 23, 18, 34, 23, 24, 36, 28,
41, 36, 14, 17,
17, 26, 38, 26 34, 42, 45, 33,
11,40,40.18 "
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Microstructural Evolution of 316L Stainless Steel Prepared by Ultrasonic
Vibration Assisted Laser Melting Deposition Technique

Chai Pengtao, Liu Xue, Li Jinfeng, Liu Zhenghao, Yang Xiaoshan, Zhou Yuzhao,
Wang Xiaoying, Dong Xianfeng, Le Guomin
(Institute of Materials, China Academy of Engineering Physics, Mianyang 621908, China)

Abstract: Ultrasonic vibration with different ultrasonic powers of 0, 600, 1000 and 1400 W was applied during laser melting deposition of
316L stainless steel. The effects of ultrasonic power on the grain morphologies and sizes, the microstructure formation mechanism and
grain growth characteristics of 316L stainless steel were studied. The results show that the application of ultrasonic vibration can break
large sized columnar grains of the directional epitaxial growth, resulting in a refinement of microstructure, and increase the accumulative
misorientations and dislocation densities along the long axis of grains. By promoting the convections in the melt pool, and reducing the
temperature gradient along the deposition direction, the application of ultrasonic vibration accelerates the transitions of growth directions
for columnar grains. The application of ultrasonic vibration also helps to increase the cooling rate during solidification, resulting in
refinements of both columnar grains and the interior columnar dendrites.

Key words: ultrasonic vibration; laser melting deposition; 316L stainless steel; microstructure
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