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Study on Residual Stress during Selective Laser Melting using 3D printer
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Abstract

Recently, 3D printer technology has been attracting attention in a wide range of industries such as mold, automotive, aviation
and medical fields because it can form compley shape by a simple method. In particular, 3D printer using metal powder is expected
as a core technology of new product manufacturing. However, advancing control techniques for deformation and stress is necessary
because crack and deformation may occur after or on the forming. To predict the deformation and stress on the forming, FEM is
considered to be an effective tool and it can be useful for solving the problem in the product manufacturing process by metal 3D

printer.

In this research, by introducing Idealized Explicit FEM, which can perform large-scale analysis, stress behavior on the metal
3D printing is investigated. Furthermore, the influence of various factors on the stress behavior during metal 3D printing was

discussed.
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Fig. 1 Concept of powder bed fusion using laser melting.
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Fig. 2 Schematic illustration of EBM process.
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(b) Cuboid model with base plate.

Fig. 3 Analysis model.
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Fig. 4 Stress in X direction on central plane of cuboid attached
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Fig. 5 Comparison of residual stress distribution on x-z cross section between with and without base plate.
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Fig. 6 Stress in X direction on A-A’ line.
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Fig. 7 Stress in X direction on B-B’ line.
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Fig. 8 Stress in Z direction on C-C’ line.



1500
= 1200 ¢ —#&— w/o constraint(Surface heat source) E
S 900 E
< —#— w/0 constraint(Line heat source)
g 600 3
S 300F :
5 m
> 04 A
.8 3 el -\_‘
o -300F
=
»n -600F \:l I:I_
-900 1 1
0 10 20 30
Coodinate in Z direction (mm)
Fig. 9 Stress in X direction on A-A’ line.
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Fig. 11 Stress in Z direction on C-C’ line.
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Fig. 10 Stress in X direction on B-B’ line.
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