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Foundational Research on Thermal Behaviors of Materials Processed Through 3D Printing
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Abstract: Additive manufacturing is an emerging 3D modeling technology that seeks smart, efficient, and easy
manufacturing systems. It is the creation of a part by adding layer upon layer of materials based on CAD data, usually
involving some heat source, until the process is completed. A 3D printer represents the machinery of additive manufacturing,
and this technology attracts a lot of attention from professionals as well as general consumers. However, it is well known
that the thermal stresses and deflections for a part molded by a 3D printer are exposed since bonding a melting layer and
solidified layer causes thermal expansion and contraction. Therefore, it is of significant important to understand the effect of
a heat source on a part. In this paper, we computationally and experimentally investigate the effect of 3D printing heat
source on the deformation of parts. It was demonstrated that the parts were shrunk in the in-plane direction shrinkage by

2.8 %. The optimal mesh size for computational simulations was determined.
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Figure 1. The manufacturing process of 3D printing
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Figure 2. Computational domain of FLOW-3D
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Figure 3. Temperature history on the top surface of a material

Table 1. Additive manufacturing and its applications

Applications Processing Users

Powder Sintering
Fused Deposition
Modeling
(expensive)
Stereo lithography

Engineers, industrial
designers, machinists
e.g.: airplanes, medical

devices, etc.

Professionals

Fused Deposition General manufactures

Prototype Modeling e.g. : vehicle,
Stereo Lithography | electronics, machinery,
Inkjet daily items, toy, etc.
Fused Deposition
Consumers Modeling Home users
(low price)

Table 2. The dimensions of the parts processed by 3D printing

No Length Height Error of Error of
' [mm] [mm] length[%] | height[%]

19.60 -2.0

1 10.10 1.0
19.65 -1.8
19.45 -2.8

2 10.10 1.0
19.60 -2.0
19.70 -1.5

3 10.00 0.0
19.85 -0.7




