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Abstract: 3D printing AM processes have advantages in complex shapes, customized fabrication and prototype

development stage. However, due to various parameters based on both the machine and the material, the AM

process can produce finished output after several trials and errors in the initial stage. As such, minimizing or

optimizing negative factors for various parameters of the 3D printing AM process could be a solution to reduce

the trial-and-error failures in the early stages of such an AM process, . In addition, this can be largely solved

through software simulation in the preprocessing process of 3D printing AM process. Therefore, the objective

of this study was to investigate a simulation technology for the AM software, especially Ansys Inc. The metal

3D printing AM process, the AM process simulation software, and the AM process simulation processor were

examined. Through this study, it will be helpful to understand 3D printing AM process and AM process

simulation processor.
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Table 1 Comparison of features and advantages and disadvantages of general manufacturing process
(Subtractive Manufacturing) and 3D printing manufacturing process (Additive Manufacturing)

General manufacturing process
(Subtractive manufacturing)

3D printing manufacturing process
(Additive manufacturing)

Production of completed products by
casting mold, casting, part molding,
Machining and assembly process

Manufacturing
method

Produce completed product without assembly
process by layering raw materials

- Skills are required to select machining
conditions and to create CAD/CAM data.
- Tool required replacement
Machining - The shape that the tool does not enter
characteristic can not be machined (under-cut)
-Chip occurs and work environment is
poor
- High precision

- Complete 3D data required for production (any
shape of 3D Modeled can be manufactured)

- Limitation on powder materials

- After completion of product, supporter removal is
necessary

- Step difference occurs on product shape surface

- Dimensional precision is low

- Advantage in mass production
- Easy to make of simple shapes product

- Advantageous for various products and small
quantity production

Advantages - Easy to make of complex shapes product
- Production of various products with one printer
- Cost and time reduction in prototype development
- Different molds and production lines | - General products take a long time to manufacture
. required for each product - Surface precision low
Disadvantages - Additional process such as assembly is | - Post-processing such as processing or heat
required treatment is required
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Table 2 AM method classification of material
type, power source type, and according
to laser manufacturer

Materi
aterial| Power AM Process
type source
SLS
(Selective Laser Sintering)
DMLS (Direct Metal Laser
Laser . .
Sintering)
SLM
PBF . .
(Selective Laser Melting)
Electron EBM
Powder beam (Electron Beam Melting)
based .
LENS (Laser Engineered
Net Shaping)
DMD
(Direct Metal Tooling)
Laser
DMT
(Direct Metal Tooling)
CLAD (Construction Laser
Additive Direct)
Electron | EBAM (Electron Beam
beam Additive Manufacturing
(C}}IF\F/I??;’/ WAAM (Wire Arc
DED arc Additive Manufacturing)
) DML
Sfﬁld GMAW | (Direct Metal Lamination)
Filler arc ADED (Arc Directed
based iy
Energy Deposition)
IFF (Ion Fusion Formation)
Plasma
RPD
arc . .
(Rapid Plasma Deposition)
GTAW STAM (Super-TIG
arc Additive Manufacturing)
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Table 3 Released software for AM process simulation®®
Softw: S rted
No. ohware name upporte Software characteristics Remark
(Company) AM process
1 Amphyon® PBF, Buildup process, Enable linkage
(Altair Inc.) (SLM, DMLS) Shape compensation of HyperWorks
Simufact Additive” PBF . S .
2 1(1;;18?30 Softwlalr\;;: (DMLS, EBM) Modeling, Distortion compensation Enable cloud
Netfabb® . S
3 ( Autz d:k Tnc) PBF, DED Multi-scale simulation Enable cloud
GENOA 3DP?” Simulation and analysis of polymers
4 . PBF . > | ABA FEM
(AlphaStar Corporation) metals and ceramics QUS support
FLOW-3D"" PBF, DED L . Analysis of material
5 . ; PBF and DED simulation possible ?YSIS .0 frateria
(Flow Science, Inc.) (BJ) melting micro-structure
Additive Suite'” PBF All stages of AM process can be | Additive Suite, Additive
6 g p
(Ansys Inc.) (DED) simulated Print, Additive Science
; Magics'? PRF Insufficient reflection on thermal Simufact base
(Materialise) analysis technology
2 Siemens NX'? PBF Pursuit of thermal distortion
(Siemens, Inc.) (DED, BJ) prevention
e-Xstream'” PBF Distortion compensation, AM special | Multi-material additive
9 p P
(e-Xstream engineering) | (SLS, FFF, FDM) material database possession pursuit
10 SIMULIA" PBF, DED Distortion compensation Enable cloud
. . . u
(Dassault Systémes) (B)) Multi-physics modeling
1 COMSOL'? PBF For metal/plastic AM, Addition of
(COMSOL, Inc.) Analysis of additive chemical process | electromagnetic analysis

SLM(Selective Laser Melting), DMLS(Direct Metal Laser Sintering), EBM(Electron Beam Melting), PBF(Powder
Bed Fusion), DED(Direct Energy Deposition), BJ(Binder Jet), SLS(Selective Laser Sintering), FFF(Fused Filament
Fabrication), FDM(Fused Deposition Modeling), MJ(Material Jetting)
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Fig. 3 AM simulation processor using Additive Print
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Fig. 5 Simulation processor
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