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Abstract 

The Ministry of Economy, Trade and Industry (METI) of Japan established Technology Research 
Association for Future Additive Manufacturing (TRAFAM) in order to develop AM technology in 
FY2014. The association’s mission is twofold; to develop metal Additive Manufacturing technology and 
to develop binder jetting-type machine for the rapid production of sand molds. The goal of TRAFAM 
project is the development of innovative metal AM systems that will meet the world’s highest standards and 
the development of AM technology for high value-added products for aerospace, medical, and transportation 
industries etc. In this paper, the latest development status of the project, especially the development status of 
the electron beam PBF type machines, the laser PBF type machine and the laser DED type machines, is 
introduced. In addition, the numerical simulation software for metal AM based on multi-scale and multi-
physics model is introduced. 

Introduction 

The Ministry of Economy, Trade and Industry (METI) established a study group on New “Monodzukuri 
(manufacturing)” in October, 2013 because Japan lags behind the U.S.A. and Europe in addressing Additive 
Manufacturing (AM) technology. The study group proposed the future directions of “Monodzukuri”, and finally 
compiled the results of the meetings into a report [1]. Also the study group offered the issues to tackle; 
(1) developing technology in which devices, materials and software, (2) developing environments, (3) 
fostering human resources, and (4) seeking ideal approaches to creating enterprises. On the basis of this 
offer, METI invested about $36.5 million in FY2014 to establish a new research association, 
Technology Research Association for Future Additive Manufacturing (TRAFAM), in order to develop 
metal AM systems and a binder jetting machine for producing sand molds. 

In this paper, the latest development status of the project, especially, the development status of the 
electron beam powder bed fusion (PBF) type machines, the laser PBF type machine and the laser directed 
energy deposition (DED) type machines is introduced. In addition, the simulation software for metal AM based 
on multi-scale and multi-physics model developed by TRAFAM is introduced. 

The role of TRAFAM 

METI invested about $36.5 million in FY2014 to launch a new research association, Technology 
Research Association for Future Additive Manufacturing (TRAFAM) [2], in order to develop metal AM 
systems and a binder jetting machine for producing sand molds rapidly. The members of TRAFAM include 
three academic institutions and 34 companies in FY2018 as shown in Fig.1. The mission of TRAFAM project is 
to establish a new manufacturing industry in Japan centering on AM systems that will give rise to the next 
generation of innovative products. The goal of TRAFAM project [3] is the development of the innovative AM 
machines meeting the world’s highest standards as shown in Table 1; 
- Enhanced speed (Approximately 10 times the speed at FY2013)
- Enhanced accuracy (Approximately 5 times the accuracy at FY2013)
- Upsizing (Approximately 3 times the molding range at FY2013)
- Multi-material structure (Different types of metal materials can be used)
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TRAFAM developed the PBF type and DED type of AM machines with electron beam or laser beam 
systems The software for controlling AM machines and the production technology of metal powder for AM 
technology are developed in order to make AM machines higher performance.  

Fig.1 Corporative structure of TRAFAM 

Table 1 Final goal (to be reached in FY2018) 

The development status of TRAFAM project 

The status of development in the next-generation 3D printing technology project at the end of FY 2017 is 
mainly introduced.  

(1) EB-PBF machines
JEOL developed an EB-PBF prototype machine (first machine, Fig.2(a)) with an electron gun of LaB6 

cathode and an electron optic system for 6 kW. The second EB-PBF machine (Fig.2(b)) which is mainly used 
for TiAl alloy is equipped with an electron gun of LaB6 cathode and an electron optic system at 10 kW and a 
prevention system of electric discharge. Examples of trial products fabricated by the first machine are shown in 
Fig.3. JEOL is also developing a dispersing process technology of multi-material powders as shown Fig.4. 

Light
Source

Product Size 
(mm)

Modeling 
Speed  (cc/h)

Dimensional 
Precision (μm)

Type I EB Large (1000 x 1000 x 600) 500 50
Type II EB Small (300 x 300 x 600) 500 20
Type III LB Large (1000 x 1000 x 600) 500 20
Type IV
(Deposition method)

LB Small (300 x 300 x 300) 500 20
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(a) First machine (B) Second machine
Fig.2 EB-PBF machines developed by JEOL 

(a) Closed impeller (Early stage) (b) Opened impeller (middle stage)
Fig.3 Examples of trial products by JEOL machines 

 Copper and M2 powder  
Accuracy of positioning: 200 μm

Fig.4 Results of multi-material powder dispersion 

(2) Large–scale EB-PBF machine
TADA ELECTRIC CO. LTD., which is one of MITSUBISHI ELECTRIC CO. group, developed a large-

scale EB-PBF prototype machine as shown in Fig.5. The build size is 500x500x600 mm and the rated output is 
6 kW by the original long lifetime cathode (over1000 h). The high-speed deflection of electron beam control 
system was developed to control an electron beam on a large area of powder bed stably. Also, the powder 
recycle system for large-scale machine was developed as shown in Fig.6. 
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Fig.5 Large-scale EB-PBF prototype machine developed by TADA ELECTRIC 

Fig.6 Powder recycle system for large-scale machine 

(3) Large-scale LB-PBF machine
MATSUURA MACHINARY CO. developed a large-scale LB-PBF prototype machine (Fig.7(a)) and a 

large-scale LB-PBF second machine (Fig.7(b)). The build size is 600x600x400 mm. These machines are 
equipped with high power lasers of 1 kW single mode fiber laser and 2 kW single mode fiber laser for high-
speed production and a multi-laser control system for wider area. Fig.8 shows an example of a large-scale pipe 
model of Inconel 718. 

(a) Large-scale prototype machine (b) Large-scale second machine
Fig.7 Large-scale LB-PBF machines developed by MATSUURA MACHINARY 
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Fig.8 An example of a large-scale pipe model (INCONEL718) 400 350 350 mm  

(4) LB-DED machine
TOSHIBA CO. and TOSHIBA MACHINE CO. developed a LB-DED prototype machine (Fig.9) 

equipped with a 6 kW laser and a high performance nozzle. This machine type is multi-layer and the build 
speed is 510 cc/h at maximum. An example of a complex-shaped pipe with accurate and smooth surface owing 
to not only a high performance nozzle but also the CAM software for 5-axis control & multi-material DED is 
shown in Fig.10. 

Fig.9 LB-DED multi-layer prototype machine       Fig.10  An example of complex-shaped 
pipe (INCONEL 718) 

A large-scale LB-DED prototype machine was developed as shown in Fig.11. The specifications are as 
follows: 

- Maximum dimension of built parts: 2000 mm in diameter x1000 mm in height
- Laser power for building: 6 kWx2
- Number of axis: Head 3 axis (Y, Z, A), Table 2 axis (X, C)

An example of a large fan case after machining is shown in Fig.12. 

Fig.11 Large-scale LB-DED prototype machine     Fig.12 An example of fan case after machining 
(Size: 710 x h400 x t10 mm, Black area is as-deposited.) 
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(5) LB-DED and Milling hybrid-type machine
MITUBISHI HEAVY INDUSTRIES MACHINE TOOL CO. LTD. developed a LB-DED and milling 

prototype machine (Fig.13) equipped with a 6 kW laser and a high performance nozzle. Examples of a hollow 
body fabricated on a shaft are shown in Fig.14. The build speed is 500 cc/h at 6 kW at maximum, and the 
powder is able to switch to different one. This machine is suitable for manufacturing larger parts, repairing and 
printing different powders or functionally graded materials. The monitoring feedback of this system was 
developed so as to manufacture parts with high quality stably. The commercial machine is shown in Fig.15. The 
CAM software for 5-axis control & multi-material DED was developed in collaboration with the DED group as 
shown in Fig.16.  

Fig.13 LB-DED & Milling prototype machine     Fig.14 Examples of hollow body fabricated on a shaft 
(SUS316L & INCONEL 718) 

Fig.15 LB-DED commercial machine     Fig.16 CAM software for 5-axis control & multi-material DED 

Development of simulation software for metal AM 

The development of numerical simulation is one of the most significant issues not only to manufacture 
high-quality products but also to realize “Digital Twin” for AM processe. The numerical simulation software 
analyzing the melting and solidification phenomena, the prediction of microstructure and the thermal 
deformation has been developed on the basis of multi-scale modeling technique and multi-physics simulation. 
Figure 17 demonstrates the schematic illustration of multi-scale modeling strategy for the AM process in 
TRAFAM project. The micro-simulation for melting-solidification analysis based on a two-fluid model and the 
thermal deformation simulation using inherent strain method were developed. 
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Fig.17 Schematic illustration of multi-scale modeling strategy for the metal AM process in TRAFAM project 

The numerical simulation software of melting and solidification phenomena in metal PBF process was 
developed on the basis of a two-fluid model. The significant physical phenomena during melting and 
solidification such as keyhole, plume, and spatter generation due to interfacial pressure difference between gas 
and liquid phases can be treated using this software [4]. The gas-liquid two-phase flow is treated with the 
Eulerian-Eulerian two-fluid model. Figure 18 shows the top view of single track of Inconel 718 by simulation. 
The scattering of the spatter of melting metal as well as the melt pool are able to be observed. In the case of the 
one-fluid model [5], although the rolling waves of the molten metal surface can be expressed, the scattering of 
the spatter cannot be simulated. As a result, the simulated result is similar to the experimental one shown in 
Fig.18(b).  

(a) Simulation

(b) Experimental result
Fig.18 Melting and solidification phenomena. (a) Top view of single bead molding processes of Inconel 718 by 
simulation [4], (b) Experimental result of Inconel 718 observed using a high-speed camera 

Macro-simulation for melting-solidification analysis using commercial software was performed and 
predicted fabrication conditions such as laser power, speed, hatch pitch and so on. The analysis of melting-

ustration of multi-scale modeling strategy for the metal AM process
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solidification phenomenon of a melt pool by a computational fluid dynamics (CFD) was performed, and the 
solidification maps, displaying solidification microstructure as a function of solidification rate and thermal 
gradient at the solidification front, were determined by using a cellular automaton simulation. 

In addition, the thermal deformation simulation software for LB-PBF, EB-PBF and DED using inherent 
strain method was developed. The results analyzed by the inherent strain method coincided considerably with 
those of the thermal elastic-plastic FEM analysis by optimization of the inherent strain of material. 
 

Summary 
 
 Technology Research Association for Future Additive Manufacturing (TRAFAM) was carried out the 
following two projects in order to develop the innovative Additive Manufacturing systems that would meet the 
world's highest standards and the manufacturing technologies for high-value-added products. The schematic 
chart of the Next-generation industrial 3D printers project is shown in Fig.19. The main results obtained are as 
follows: 
 
(A) Next-generation industrial 3D printers project 

(1) TRAFAM developed the PBF type and DED type of AM prototype machines with electron beam or laser 
beam systems. The software for controlling AM machines and the production technology of metal powder for 
AM technology were developed in order to make AM machines higher performance. 
(2) Morphology and temperature of a melt pool were observed and analyzed by using the electron-beam 

powder-bed fusion (EB-PBF) system, equipped with a high-speed camera. Based on this basic survey, the 
advanced monitoring system for the EB-PBF has also been designed and prototyped.  

(3) The electrical and thermal properties of alloy powders used in the EB-PBF system were measured, and 
the effect of a surface oxide layer was analyzed in order to consider the methodology to suppress the smoke 
phenomena in EB-PBF system.  
(4) The analysis of melting and solidification phenomenon of a melt pool by a computational fluid dynamics 

(CFD), solidification maps, displaying solidification microstructure as a function of solidification rate and 
thermal gradient at the solidification front, were determined by using a cellular automaton simulation, not 
experiments. 
(5) Considering the melting and solidification phenomena by laser radiation, the macroscopic simulation was 

carried out by using the newly developed heat input model considering the different laser absorption factor 
values by the powder layer, solidified part, and liquid phase in the unsteady heat conduction analysis. And, by 
introducing the overlap ratio, it was suggested that the optimum value of energy density could be predicted. 
(6) The multi-physics model in the LB-PBF system was constructed to simulate the melting and solidification 

phenomena at a microscopic level by using a supercomputer. 
(7) The thermal elastic-plastic simulation program was developed by using the inherent strain method in 

order to predict the deformation of the parts fabricated by DED, LB-PBF and EB-PBF. The results analyzed 
by the inherent strain method coincided considerably with those of the thermal elastic-plastic FEM analysis by 
optimization of the inherent strain of materials. 
(8) The tensile tests and fatigue tests were carried out using the specimens fabricated by PBF and DED type 

prototype machines. The tensile strength of the as-built and HIPed specimens was similar to that of the 
wrought materials. The fatigue strength of the as-built specimens was lower than that of the wrought materials, 
while the fatigue strength of the HIPed specimens was similar to that of the wrought materials. 
(9) The obtained data have been stored in the database designed and developed in this project. 
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Fig.19 Schematic chart of the Next-generation industrial 3D printers project 

(B) Development of 3D printing systems for sandcasting cores and molds
The large-scale AM machines and materials for sand mold, which enable us to produce the required 

complex molds and unified cores for metal casting were developed by CMET INC.. 
By FY2016, the first large AM machine with an organic binder and a coated sand was developed to 

achieve the desired build speed of 100000 cc/h and work size (more than 1000 x 1000 x 600 mm). 
In FY2017, the non-organic binder sand mold for AM system was developed to improve environment of 

foundry. Sound cast parts were able to be obtained using this sand. The sand mold AM machine which can use 
two types of sand partially was developed. The effect of reducing casting defects by the difference of heat 
capacity in sand mold parts was able to be verified. 

In FY2018, the largest sand mold AM machine (Fig.20) was developed and achieved the desired build 
speed of 100000 cc/h and work size (1800x1000x750). An example of a sand mold part is shown in Fig.21. 

Fig.20 Sand mold AM machine developed by CMET Fig.21 An example of sand mold  
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This paper is based on results obtained from a project commissioned by the Ministry of Economy, Trade 
and Industry (METI) and the New Energy and Industrial Technology Development Organization (NEDO).  

References 
[1] www.meti.go.jp/english/press/2014/0221_02.html.
[2] www.trafam.or.jp
[3] H. Kyogoku, “The current status and outlook for metal Additive Manufacturing in Japan”, Metal Additive

Manufacturing, Vol.1, No.3, Autumn/Fall, (2015), pp.31-39.
[4] N. Watari, Y. Ogura, N. Yamazaki, Y. Inoue, K. Kamitani, Y. Fujiya, M. Toyoda, S. Goya, T. Watanabe,

Two-fluid model to simulate metal powder bed fusion additive manufacturing, Journal of Fluid Science and
Technology, Vol.13, Issue 2(2018).

[5] W. E. King, T. Anderson, R. M. Ferencz, N. E. Hodge, C. Kamath, S. A. Khairallah, Overview of modelling
and simulation of metal powder bed fusion process at Lawrence Livermore National Laboratory, Materials
Science and Technology, Vol.31, No.8(2015), pp.957-968.

Acknowledgement 

 1650


	Welcome
	Title Page
	Preface
	Organizing Committee
	Papers to Journals
	Table of Contents
	Broader Impacts and Education
	Design for Additive Manufacturing: Simplification of Product Architecture by Part Consolidation for the Lifecycle
	An Open-Architecture Multi-Laser Research Platform for Acceleration of Large-Scale Additive Manufacturing (ALSAM)
	Large-Scale Identification of Parts Suitable for Additive Manufacturing: An Industry Perspective
	Implementation of 3D Printer in the Hands-On Material Processing Course: An Educational Paper
	Conceptual Design for Additive Manufacturing: Lessons Learned from an Undergraduate Course
	An Empirical Study Linking Additive Manufacturing Design Process to Success in Manufacturability
	Investigating the Gap between Research and Practice in Additive Manufacturing

	Binder Jetting
	Influence of Drop Velocity and Droplet Spacing on the Equilibrium Saturation Level in Binder Jetting
	Process Integrated Production of WC-Co Tools with Local Cobalt Gradient Fabricated by Binder Jetting
	The Effect of Print Speed on Surface Roughness and Density Uniformity of Parts Produced Using Binder Jet 3D Printing
	Experimental Investigation of Fluid-Particle Interaction in Binder Jet 3D Printing
	Binder Saturation, Layer Thickness, Drying Time and Their Effects on Dimensional Tolerance and Density of Cobalt Chrome - Tricalcium Phosphate Biocomposite

	Data Analytics
	Predicting and Controlling the Thermal Part History in Powder Bed Fusion Using Neural Networks
	‘Seeing’ the Temperature inside the Part during the Powder Bed Fusion Process
	Conditional Generative Adversarial Networks for In-Situ Layerwise Additive Manufacturing Data
	In-Situ Layer-Wise Quality Monitoring for Laser-Based Additive Manufacturing Using Image Series A
	Applications of Supervised Machine Learning Algorithms in Additive Manufacturing: A Review
	Real-Time 3D Surface Measurement in Additive Manufacturing Using Deep Learning
	Roughness Parameters for Classification of As-Built and Laser Post-Processed Additive Manufactured Surfaces
	Application of the Fog Computing Paradigm to Additive Manufacturing Process Monitoring and Control
	Spectral X-ray CT for Fast NDT Using Discrete Tomography

	Hybrid AM
	Part Remanufacturing Using Hybird Manufacturing Processes
	Integration Challenges with Additive/Subtractive In-Envelope Hybrid Manufacturing
	Robot-Based Hybrid Manufacturing Process Chain
	Integrated Hardfacing of Stellite-6 Using Hybrid Manufacturing Process
	Inkjet Printing of Geometrically Optimized Electrodes for Lithium-Ion Cells: A Concept for a Hybrid Process Chain
	Ultrasonic Embedding of Continuous Carbon Fiber into 3D Printed Thermoplastic Parts

	Materials: Metals
	Comparison of Fatigue Performance between Additively Manufactured and Wrought 304L Stainless Steel Using a Novel Fatigue Test Setup
	Elevated Temperature Mechanical and Microstructural Characterization of SLM SS304L
	Fatigue Behavior of Additive Manufactured 304L Stainless Steel Including Surface Roughness Effects
	Joining of Copper and Stainless Steel 304L Using Direct Metal Deposition
	SS410 Process Development and Characterization
	Effect of Preheating Build Platform on Microstructure and Mechanical Properties of Additively Manufactured 316L Stainless Steel
	Characterisation of Austenitic 316LSi Stainless Steel Produced by Wire Arc Additive Manufacturing with Interlayer Cooling
	Effects of Spatial Energy Distribution on Defects and Fracture of LPBF 316L Stainless Steel
	Environmental Effects on the Stress Corrosion Cracking Behavior of an Additively Manufactured Stainless Steel
	Effect of Powder Chemical Composition on Microstructures and Mechanical Properties of L-PBF Processed 17-4 PH Stainless Steel in the As-Built And Hardened-H900 Conditions
	Powder Variation and Mechanical Properties for SLM 17-4 PH Stainless Steel
	Fatigue Life Prediction of Additive Manufactured Materials Using a Defect Sensitive Model
	Evaluating the Corrosion Performance of Wrought and Additively Manufactured (AM) Invar ® and 17-4PH
	Comparison of Rotating-Bending and Axial Fatigue Behaviors of LB-PBF 316L Stainless Steel
	A Study of Pore Formation during Single Layer and Multiple Layer Build by Selective Laser Melting
	Dimensional Analysis of Metal Powder Infused Filament - Low Cost Metal 3D Printing
	Additive Manufacturing of Fatigue Resistant Materials: Avoiding the Early Life Crack Initiation Mechanisms during Fabrication
	Additive Manufacturing of High Gamma Prime Nickel Based Superalloys through Selective Laser Melting (SLM)
	Investigating the Build Consistency of a Laser Powder Bed Fused Nickel-Based Superalloy, Using the Small Punch Technique
	Fatigue Behavior of Laser Beam Directed Energy Deposited Inconel 718 at Elevated Temperature
	Very High Cycle Fatigue Behavior of Laser Beam-Powder Bed Fused Inconel 718
	Analysis of Fatigue Crack Evolution Using In-Situ Testing
	An Aluminum-Lithium Alloy Produced by Laser Powder Bed Fusion
	Wire-Arc Additive Manufacturing: Invar Deposition Characterization
	Study on the Formability, Microstructures and Mechanical Properties of Alcrcufeniᵪ High-Entropy Alloys Prepared by Selective Laser Melting
	Laser-Assisted Surface Defects and Pore Reduction of Additive Manufactured Titanium Parts
	Fatigue Behavior of LB-PBF Ti-6Al-4V Parts under Mean Stress and Variable Amplitude Loading Conditions
	Influence of Powder Particle Size Distribution on the Printability of Pure Copper for Selective Laser Melting
	Investigation of the Oxygen Content of Additively Manufactured Tool Steel 1.2344
	The Porosity and Mechanical Properties of H13 Tool Steel Processed by High-Speed Selective Laser Melting
	Feasibility Analysis of Utilizing Maraging Steel in a Wire Arc Additive Process for High-Strength Tooling Applications
	Investigation and Control of Weld Bead at Both Ends in WAAM

	Materials: Polymers
	Process Parameter Optimization to Improve the Mechanical Properties of Arburg Plastic Freeformed Components
	Impact Strength of 3D Printed Polyether-Ether-Ketone (PEEK)
	Mechanical Performance of Laser Sintered Poly(Ether Ketone Ketone) (PEKK)
	Influence of Part Microstructure on Mechanical Properties of PA6X Laser Sintered Specimens
	Optimizing the Tensile Strength for 3D Printed PLA Parts
	Characterizing the Influence of Print Parameters on Porosity and Resulting Density
	Characterization of Polymer Powders for Selective Laser Sintering
	Effect of Particle Rounding on the Processability of Polypropylene Powder and the Mechanical Properties of Selective Laser Sintering Produced Parts
	Process Routes towards Novel Polybutylene Terephthalate – Polycarbonate Blend Powders for Selective Laser Sintering
	Impact of Flow Aid on the Flowability and Coalescence of Polymer Laser Sintering Powder
	Curing and Infiltration Behavior of UV-Curing Thermosets for the Use in a Combined Laser Sintering Process of Polymers
	Relationship between Powder Bed Temperature and Microstructure of Laser Sintered PA12 Parts
	Understanding the Influence of Energy-Density on the Layer Dependent Part Properties in Laser-Sintering of PA12
	Tailoring Physical Properties of Shape Memory Polymers for FDM-Type Additive Manufacturing
	Investigation of The Processability of Different Peek Materials in the FDM Process with Regard to the Weld Seam Strength
	Stereolithography of Natural Rubber Latex, a Highly Elastic Material

	Materials: Ceramics and Composites
	Moisture Effects on Selective Laser Flash Sintering of Yttria-Stabilized Zirconia
	Thermal Analysis of Thermoplastic Materials Filled with Chopped Fiber for Large Area 3D Printing
	Thermal Analysis of 3D Printed Continuous Fiber Reinforced Thermoplastic Polymers for Automotive Applications
	Characterization of Laser Direct Deposited Magnesium Aluminate Spinel Ceramics
	Towards a Micromechanics Model for Continuous Carbon Fiber Composite 3D Printed Parts
	Effect of In-Situ Compaction and UV-Curing on the Performance of Glass Fiber-Reinforced Polymer Composite Cured Layer by Layer
	3D Printing of Compliant Passively Actuated 4D Structures
	Effect of Process Parameters on Selective Laser Melting Al₂O₃-Al Cermet Material
	Strengthening of 304L Stainless Steel by Addition of Yttrium Oxide and Grain Refinement during Selective Laser Melting
	Approach to Defining the Maximum Filler Packing Volume Fraction in Laser Sintering on the Example of Aluminum-Filled Polyamide 12
	Laser Sintering of Pine/Polylatic Acid Composites
	Characterization of PLA/Lignin Biocomposites for 3D Printing
	Electrical and Mechancial Properties of Fused Filament Fabrication of Polyamide 6 / Nanographene Filaments at Different Annealing Temperatures
	Manufacturing and Application of PA11-Glass Fiber Composite Particles for Selective Laser Sintering
	Manufacturing of Nanoparticle-Filled PA11 Composite Particles for Selective Laser Sintering
	Technique for Processing of Continuous Carbon Fibre Reinforced Peek for Fused Filament Fabrication
	Processing and Characterization of 3D-Printed Polymer Matrix Composites Reinforced with Discontinuous Fibers
	Tailored Modification of Flow Behavior and Processability of Polypropylene Powders in SLS by Fluidized Bed Coating with In-Situ Plasma Produced Silica Nanoparticles

	Modeling
	Analysis of Layer Arrangements of Aesthetic Dentures as a Basis for Introducing Additive Manufacturing
	Computer-Aided Process Planning for Wire Arc Directed Energy Deposition
	Multi-Material Process Planning for Additive Manufacturing
	Creating Toolpaths without Starts and Stops for Extrusion-Based Systems
	Framework for CAD to Part of Large Scale Additive Manufacturing of Metal (LSAMM) in Arbitrary Directions
	A Standardized Framework for Communicating and Modelling Parametrically Defined Mesostructure Patterns
	A Universal Material Template for Multiscale Design and Modeling of Additive Manufacturing Processes

	Physical Modeling
	Modeling Thermal Expansion of a Large Area Extrusion Deposition Additively Manufactured Parts Using a Non-Homogenized Approach
	Localized Effect of Overhangs on Heat Transfer during Laser Powder Bed Fusion Additive Manufacturing
	Melting Mode Thresholds in Laser Powder Bed Fusion and Their Application towards Process Parameter Development
	Computational Modelling and Experimental Validation of Single IN625 Line Tracks in Laser Powder Bed Fusion
	Validated Computational Modelling Techniques for Simulating Melt Pool Ejecta in Laser Powder Bed Fusion Processing
	Numerical Simulation of the Temperature History for Plastic Parts in Fused Filament Fabrication (FFF) Process
	Measurement and Analysis of Pressure Profile within Big Area Additive Manufacturing Single Screw Extruder
	Numerical Investigation of Extrusion-Based Additive Manufacturing for Process Parameter Planning in a Polymer Dispensing System
	Alternative Approach on an In-Situ Analysis of the Thermal Progression during the LPBF-M Process Using Welded Thermocouples Embedded into the Substrate Plate
	Dynamic Defect Detection in Additively Manufactured Parts Using FEA Simulation
	Simulation of Mutually Dependent Polymer Flow and Fiber Filled in Polymer Composite Deposition Additive Manufacturing
	Simulation of Hybrid WAAM and Rotation Compression Forming Process
	Dimensional Comparison of a Cold Spray Additive Manufacturing Simulation Tool
	Simulated Effect of Laser Beam Quality on the Robustness of Laser-Based AM System
	A Strategy to Determine the Optimal Parameters for Producing High Density Part in Selective Laser Melting Process
	Rheology and Applications of Particulate Composites in Additive Manufacturing
	Computational Modeling of the Inert Gas Flow Behavior on Spatter Distribution in Selective Laser Melting
	Prediction of Mechanical Properties of Fused Deposition Modeling Made Parts Using Multiscale Modeling and Classical Laminate Theory

	Process Development
	The Use of Smart In-Process Optical Measuring Instrument for the Automation of Additive Manufacturing Processes
	Development of a Standalone In-Situ Monitoring System for Defect Detection in the Direct Metal Laser Sintering Process
	Frequency Inspection of Additively Manufactured Parts for Layer Defect Identification
	Melt Pool Monitoring for Control and Data Analytics in Large-Scale Metal Additive Manufacturing
	Frequency Domain Measurements of Melt Pool Recoil Pressure Using Modal Analysis and Prospects for In-Situ Non-Destructive Testing
	Interrogation of Mid-Build Internal Temperature Distributions within Parts Being Manufactured via the Powder Bed Fusion Process
	Reducing Computer Visualization Errors for In-Process Monitoring of Additive Manufacturing Systems Using Smart Lighting and Colorization System
	A Passive On-line Defect Detection Method for Wire and Arc Additive Manufacturing Based on Infrared Thermography
	Examination of the LPBF Process by Means of Thermal Imaging for the Development of a Geometric-Specific Process Control
	Analysis of the Shielding Gas Dependent L-PBF Process Stability by Means of Schlieren and Shadowgraph Techniques
	Application of Schlieren Technique in Additive Manufacturing: A Review
	Wire Co-Extrusion with Big Area Additive Manufacturing
	Skybaam Large-Scale Fieldable Deposition Platform System Architecture
	Dynamic Build Bed for Additive Manufacturing
	Effect of Infrared Preheating on the Mechanical Properties of Large Format 3D Printed Parts
	Large-Scale Additive Manufacturing of Concrete Using a 6-Axis Robotic Arm for Autonomous Habitat Construction
	Overview of In-Situ Temperature Measurement for Metallic Additive Manufacturing: How and Then What
	In-Situ Local Part Qualification of SLM 304L Stainless Steel through Voxel Based Processing of SWIR Imaging Data
	New Support Structures for Reduced Overheating on Downfacing Regions of Direct Metal Printed Parts
	The Development Status of the National Project by Technology Research Assortiation for Future Additive Manufacturing (TRAFAM) in Japan
	Investigating Applicability of Surface Roughness Parameters in Describing the Metallic AM Process
	A Direct Metal Laser Melting System Using a Continuously Rotating Powder Bed
	Evaluation of a Feed-Forward Laser Control Approach for Improving Consistency in Selective Laser Sintering
	Electroforming Process to Additively Manufactured Microscale Structures
	In-Process UV-Curing of Pasty Ceramic Composite
	Development of a Circular 3S 3D Printing System to Efficiently Fabricate Alumina Ceramic Products
	Repair of High-Value Plastic Components Using Fused Deposition Modeling
	A Low-Cost Approach for Characterizing Melt Flow Properties of Filaments Used in Fused Filament Fabrication Additive Manufacturing
	Increasing the Interlayer Bond of Fused Filament Fabrication Samples with Solid Cross-Sections Using Z-Pinning
	Impact of Embedding Cavity Design on Thermal History between Layers in Polymer Material Extrusion Additive Manufacturing
	Development of Functionally Graded Material Capabilities in Large-Scale Extrusion Deposition Additive Manufacturing
	Using Non-Gravity Aligned Welding in Large Scale Additive Metals Manufacturing for Building Complex Parts
	Thermal Process Monitoring for Wire-Arc Additive Manufacturing Using IR Cameras
	A Comparative Study between 3-Axis and 5-Axis Additively Manufactured Samples and Their Ability to Resist Compressive Loading
	Using Parallel Computing Techniques to Algorithmically Generate Voronoi Support and Infill Structures for 3D Printed Objects
	Exploration of a Cable-Driven 3D Printer for Concrete Tower Structures

	Applications
	Topology Optimization for Anisotropic Thermomechanical Design in Additive Manufacturing
	Cellular and Topology Optimization of Beams under Bending: An Experimental Study
	An Experimental Study of Design Strategies for Stiffening Thin Plates under Compression
	Multi-Objective Topology Optimization of Additively Manufactured Heat Exchangers
	A Mold Insert Case Study on Topology Optimized Design for Additive Manufacturing
	Development, Production and Post-Processing of a Topology Optimized Aircraft Bracket
	Manufacturing Process and Parameters Development for Water-Atomized Zinc Powder for Selective Laser Melting Fabrication
	A Multi-Scale Computational Model to Predict the Performance of Cell Seeded Scaffolds with Triply Periodic Minimal Surface Geometries
	Multi-Material Soft Matter Robotic Fabrication: A Proof of Concept in Patient-Specific Neurosurgical Surrogates
	Optimization of the Additive Manufacturing Process for Geometrically Complex Vibro-Acoustic Metamaterials
	Effects of Particle Size Distribution on Surface Finish of Selective Laser Melting Parts
	An Automated Method for Geometrical Surface Characterization for Fatigue Analysis of Additive Manufactured Parts
	A Design Method to Exploit Synergies between Fiber-Reinforce Composites and Additive Manufactured Processes
	Preliminary Study on Hybrid Manufacturing of the Electronic-Mechanical Integrated Systems (EMIS) via the LCD Stereolithography Technology
	Large-Scale Thermoset Pick and Place Testing and Implementation
	The Use of Smart In-Process Optical Measuring Instrument for the Automation of Additive Manufacturing Processes
	Wet-Chemical Support Removal for Additive Manufactured Metal Parts
	Analysis of Powder Removal Methods for EBM Manufactured Ti-6Al-4V Parts
	Tensile Property Variation with Wall Thickness in Selective Laser Melted Parts
	Methodical Design of a 3D-Printable Orthosis for the Left Hand to Support Double Bass Perceptional Training
	Printed Materials and Their Effects on Quasi-Optical Millimeter Wave Guide Lens Systems
	Porosity Analysis and Pore Tracking of Metal AM Tensile Specimen by Micro-Ct
	Using Wax Filament Additive Manufacturing for Low-Volume Investment Casting
	Fatigue Performance of Additively Manufactured Stainless Steel 316L for Nuclear Applications
	Failure Detection of Fused Filament Fabrication via Deep Learning
	Surface Roughness Characterization in Laser Powder Bed Fusion Additive Manufacturing
	Compressive and Bending Performance of Selectively Laser Melted AlSi10Mg Structures
	Compressive Response of Strut-Reinforced Kagome with Polyurethane Reinforcement
	A Computational and Experimental Investigation into Mechanical Characterizations of Strut-Based Lattice Structures
	The Effect of Cell Size and Surface Roughness on the Compressive Properties of ABS Lattice Structures Fabricated by Fused Deposition Modeling
	Effective Elastic Properties of Additively Manufactured Metallic Lattice Structures: Unit-Cell Modeling
	Impact Energy Absorption Ability of Thermoplastic Polyurethane (TPU) Cellular Structures Fabricated via Powder Bed Fusion
	Permeability Analysis of Polymeric Porous Media Obtained by Material Extrusion Additive Manufacturing
	Effects of Unit Cell Size on the Mechanical Performance of Additive Manufactured Lattice Structures
	Mechanical Behavior of Additively-Manufactured Gyroid Lattice Structure under Different Heat Treatments
	Fast and Simple Printing of Graded Auxetic Structures
	Compressive Properties Optimization of a Bio-Inspired Lightweight Structure Fabricated via Selective Laser Melting
	In-Plane Pure Shear Deformation of Cellular Materials with Novel Grip Design
	Modelling for the Tensile Fracture Characteristic of Cellular Structures under Tensile Load with Size Effect
	Design, Modeling and Characterization of Triply Periodic Minimal Surface Heat Exchangers with Additive Manufacturing
	Investigating the Production of Gradient Index Optics by Modulating Two-Photon Polymerisation Fabrication Parameters
	Additive Manufactured Lightweight Vehicle Door Hinge with Hybrid Lattice Structure


	Attendee List
	Author Index



