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Table 1 Experiment parameters

Machine tool

Scanning sPeed/ Powder feeding
acceleration

mm s speed/g min™
1700 3 10

Laser power/W Angle change/(9)

Infinity, 0.5 g 30, 60, 90, 120, 150, 180

R2 TCABMKRBOAAMSHK
Table 2 Parts of thermophysical parameters of TC4 powder

e/t AW {K m)? Cold {kg K)* E/GPa oyl x10° K™ v o kg m?
20 17.0 500 120.0 0.900 0.300 4420
200 15.0 580 110.0 0.965 0.310 4420
400 15.0 595 88.0 1.107 0.325 4420
600 16.0 615 70.0 1.004 0.342 4420

1530 20.0 760 3.5 1.005 0.38 4420

1650 20.5 840 3.0 1.006 0.384 4420

2 000 21.0 730 0.1 1.008 0.390 4420
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Fig.3 Temperature field cloud pictures when the heat just leaves

the corner: (a) 302 (b) 609 (c) 909 (d) 1202 (e) 1509 and
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Fig.2 Temperature field cloud pictures when the heat just arrives
the corner: (a) 309 (b) 602 (c) 902 (d) 1202 (e) 1509 and

(f) 180° (f) 180°
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Fig.4 Temperature field cloud pictures of the machine tool
nonstop: (a) 309 (b) 602 (c) 902 (d) 1202 (e) 1509 and
(f) 180°
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Fig.5 Temperature contrast curves
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Fig.6 Curves of maximum temperature gradients
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Thermal stress field cloud picture when the heat just

arrives the corner:
(e) 150<9and (f) 1802
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Fig.8 Thermal stress field cloud pictures when the heat just

leaves the corner:
(e) 1509and (f) 1802
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Fig.9 Thermal stress field cloud pictures of the machine tool
nonstop: (a) 302 (b) 602 (c) 902 (d) 1202 (e) 150< and
(f) 1802
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Fig.10 Thermal stress contrast curves
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Influence of the Corner Angle of 3D Printing Parts on Temperature and Thermal
Stress

Wang Fuyu'?, Liu Weijun®, Zhao Jibin®, Kong Yuan', Zhao Yuhui®, Lai Youbin*? Han Wenchao™?
(1. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: During 3D printing processing of complex parts, many processing defects, such as cracks, burr, and collapse appear easily in
the scanning around the corner. To reduce the scanning defects of different angle corners, the thermo-mechanical coupling field of
different parts were simulated and the thermal and stress cloud pictures were analyzed. The relationship among the machine tool's
acceleration, the size of angle, the temperature of the corner, temperature gradient and thermal stress were gained. The simulation results
show that the thermal stress of corners depends on the machine tool's acceleration and the angle of corners with both sides. The
temperature results of simulation and the forming quality of the different angles of corners are verified by the experiment.

Key words: 3D printing; corner; Ti-6Al-4V; finite element
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