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Abstract 

Syntactic foams are lightweight structural composites with hollow reinforcing particles 
embedded in a soft matrix. These materials have applications in transportation, packaging, and 
armor due to properties such as relatively high specific stiffness, acoustic dampening, and impact 
absorption. Aluminum matrices are the most widely studied of metal matrix syntactic foams, but 
there is little to no research in regards to processing the foams with additive manufacturing.  It is 
theorized that the fast cooling rates and limited kinetic energy input of additive could reduce two 
issues commonly associated with processing syntactic foams: microsphere flotation in the melt 
and microsphere fracture during processing. In this study, 4047 aluminum blended with glass 
particles was deposited on a 4047 Al substrate using an additive process. Characterization of the 
foams include mechanical testing and microstructural analysis. 

Introduction 

The aluminum composite built in this study is an aluminum matrix syntactic foam. Metal 
matrix syntactic foams (MMSF) are lightweight structural composites composed of a metal 
matrix and rigid, hollow spheres. The hollow spheres embedded in the matrix significantly 
reduce the weight of the composite, while also offering some. The unique microstructure of the 
MMSF also offers other benefits such as vibrational dampening and impact absorption. When 
comparing the MMSF to a metal foam or a particulate composite, there is an improvement to the 
specific stiffness and specific strength. [1] 

Most of the literature surrounding syntactic foams focuses on refining two main 
processing methods – stir casting and pressure infiltration. [1] Both methods include harsh 
mechanical forces that can easily fragment the delicate microspheres. Microsphere fragments can 
cause unwanted densification of the microstructure and possibly create stress concentrations in 
the matrix which would decrease the mechanical properties of the composite. It is possible that 
AM could form the material without applying significant mechanical forces to the microspheres. 
Microsphere buoyancy in the melt can also be countered by laser AM as the fast cooling rates 
and layer-by-layer nature should lock microspheres into layers instead of allowing them to float 
to the top of the part. Finally, AM is a near net shape fabrication process, a requirement for 
syntactic foams.  
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 Aluminum alloys are difficult to laser additive manufacture for several reasons. 
Aluminum tends to be difficult to impossible to weld due to the high thermal conductivity of the 
metal (about 41% IACS for 4047 aluminum [2]) and the high surface tension of the liquid 
aluminum. Aluminum alloys also tend to reflect, rather than absorb, laser energy. Because of 
this, although aluminum alloys can be made with laser AM [3] [4], alloys tailored to be less 
reflective and conductive (such as 4047) tend to be more successful.  The Missouri S&T LAMP 
group built 4047 aluminum on their custom-built Directed Energy Deposition (DED) system. 
This study builds on that work done by Isanaka et al. [4] to laser additive manufacture an 
aluminum composite on the same DED system.  

In this project, a syntactic foam with a 4047 aluminum alloy and hollow borosilicate 
glass microspheres was fabricated with the Missouri S&T custom-built DED system. This was 
done by first finding the optimal DED parameters for 4047 aluminum with solid SLS glass 
particles. Specimens were then optically observed for intact microspheres. This work is a 
continuation of work presented by the author at the MS&T conference in 2016. [5]  

Experimental Procedure 

The DED equipment used in this project was custom built by the Missouri S&T LAMP 
group students. This machine is still in the process of equipment optimization. Figure 1 shows a 
schematic of the equipment setup. The substrate used in this experiment was a 1”x0.5”x0.125” 
sheet of 4047 aluminum from Eagle Alloys Corp.  

 

Figure 1: Schematic of the Missouri S&T DED system built by students. 

4047 aluminum powder from Valimet Inc. was used in this experiment. The aluminum 
had a D50 of 70 microns according to the manufacturer. [6] Two types of glass were used. The 
first was a soda-lime-silicate (SLS) glass that was crushed into a 45 to 75 micron particle size 
range. This was done by ball milling large glass particles for 24 hours, then sieving to the correct 
size. The second type of glass was a borosilicate glass from MO-SCI LLC. This material 
consisted of hollow glass spheres between 1-140 microns in size. The glass was then sieved to 
the same 45 to 75 micron particles size range as before.  
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The first composition tested was 4047 aluminum with 30 vol.% SLS glass. This was 
attempted first in order to understand the laser parameters required to deposit the aluminum 
composite. The second composition was 4047 aluminum with 15% borosilicate hollow glass 
spheres. Table 1 shows the final parameters used tuning the machine for each composition. Table 
2 shows the compositions of the 4047 aluminum, SLS glass, and borosilicate glass. All three 
materials melt or soften at temperatures below 1000oC. 

Table 1: Laser parameters for the two compositions used in this study. 

Composition Layer 
Thickness 

Number of 
Layers 

Laser Power 
(KW) 

Laser Scan 
Speed 

(mm/min) 

Powder flow 
(g/min) 

30% SLS 
Glass 

0 
0.1 

4 
6 

1 
0.4 

130 
55 

0.6 
0.6 

15% 
Borosilicate 

Glass 

0 
0.1 

4 
12 

1 
0.4 

130 
40 

0.6 
0.6 

 

Table 2: Compositions of materials used in this study. 

4047 Aluminum (wt%) [6] Typical SLS Glass (wt%) [7] Borosilicate Microspheres 
(wt%) [8] 

Al Balance SiO2 70.5 SiO2 75-90 
Si 11.0-13.0 Na2O 16.3 B2O3 5-15 
Fe 0.8 K2O 1.2 Other 1-10 
Zn 0.2 MgO 2.9   
Cu 0.3 CaO 5.7   
Mg 0.1 Al2O3 2.6   
Mn 0.15 B2O3 0.5   

  SO3 0.2   
  

Samples were then mounted and polished. Optical microscope images and SEM images 
were taken. Point EDS data was collected in key areas. 

Results and Discussion 

The first section of this study was involved with the optimization of DED parameters for 
a material with 70% aluminum and 30% filler. This was done by depositing a composite 
comprised of 70% aluminum and 30% (by volume) SLS glass particles. The SLS glass was 
chosen because it was readily available, inexpensive, and nearly the same density as the 
aluminum at approximately 2.5 g/cc. The similar densities and particle size between the two 
materials reduced powder segregation. The SLS glass differed negatively from the borosilicate 
spheres in several important ways, however. First, the SLS glass was not perfectly spherical as it 
was made by ball milling. This caused the powder mixture to not flow well, hindering the 
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powder feeding process during deposition. Second, this soft SLS glass was designed to melt at 
relatively low temperatures and has a wide temperature range under which is stays at a relatively 
low viscosity. [7] This resulted in the glass powder melting during laser sintering and flowing 
during processing. Finally, the SLS glass was not hollow. 

The laser parameters were tuned to this composition by building single track walls on the 
surface of the substrate. A balance between the laser power and scan speed was found. A slow 
scan speed helped to keep a stable melt pool, while a low laser power helped to prevent 
overheating the melt and the substrate.  

Figures 1 and 2 show images of the aluminum and SLS glass composite microstructure. 
From these images, it is clear that the glass did melt. EDS was also done on this sample in order 
to confirm the chemistries. The optical image (figure 2) shows that the structure of the aluminum 
is primarily a eutectic structure with aluminum precipitates. This is the case across all the 
specimens. 

 

Figure 2: Unetched SEM image of the SLS glass and aluminum specimen. The phases are 
indicated on the figure. 

SLS 
glass 

aluminum 
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Figure 3: Unetched optical image of the SLS glass and aluminum specimen. The phases are 
indicated on the figure. 

The second section of this study was the deposition of a powder mixture containing 
hollow borosilicate glass spheres and aluminum. Due to the very low density of the spheres (0.15 
g/cc), the powder can easily segregate when agitated. Because of this, only 15 % borosilicate 
glass microspheres could be mixed into the aluminum without immediate segregation. The 
parameters had to be further tuned to the change in filler content. This was done in the same 
manner as before. 

Figure 3 shows an optical image of one microsphere within the specimen. There were 
very few microspheres within the specimens, and most of them were near the outer surfaces of 
the aluminum deposit. Serial polishing through 1 mm of the specimen, in intervals of 
approximate 50 microns, revealed less than 10 microspheres per specimen. It is likely that the 
lightweight microspheres simply do not have the kinetic energy to penetrate the aluminum melt 
pool, a necessary step of the DED process. It is also possible that some of the microspheres fully 
melted in the aluminum melt pool. A powder bed process may be a better method for fabricating 
syntactic foams as the microspheres would not have to inject into the meltpool.  
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Figure 4: Optical Image of the borosilicate glass and aluminum specimen. Phases on indicated on 
the figure. 

 

Conclusions and Future Work 

The major conclusion to be drawn from this work is that additive manufacturing of an aluminum 
matrix syntactic foam is possible, but not without great difficulty. A powder bed method may 
work much better for this composition, to be certain that the microspheres enter the melt pool. 
Future work for this project includes the utilization of a powder bed, as well as increasing the 
volume fraction of the microspheres from 15 to 30 volume %.  

References 
 

[1]  P. K. Rohatgi, N. Gupta, B. F. Schultz and D. D. Luong, "The Synthesis, Compressive 
Properties, and Applications of Metal Matrix Syntactic Foams," JOM, vol. February, 2011.  

[2]  AlcoTec Wire Coproration, "Alloy 4047 Weld Data Sheet," [Online]. Available: 
http://www.alcotec.com/us/en/support/upload/a4047tds.pdf. [Accessed August 2017]. 

[3]  G. P. Dinda, A. K. Dasgupta, S. Bhattacharya, H. Natu, B. Dutta and J. Mazumder, 
"Microstructural Characterization of Laser-Deposited Al 4047 Alloy," Metallurgical and 
Materials Transactions A, vol. 44A, 2013.  

[4]  S. P. Isanaka, S. Karnati and F. Liou, "Blown powder deposition of 4047 aluminum on 2024 
aluminum substrates," Manufacturing Letters, vol. 7, pp. 11-14, 2016.  

[5]  M. Spratt, J. W. Newkirk and K. Chandrashekhara, "Fabrication of Metal Matrix Syntactic 
Foams with a Laser Additive Manufacturing Process," in MS&T, Salt Lake City, Utah, 2016.  

aluminum 
eutectic 
structure 

Borosilicate 
glass  

pore 

247



[6]  Valimet Inc, "Chemical and Physical Characteristics of Valimet Sphereical Aluminum 
Silicon Powders," [Online]. Available: 
http://www.valimet.com/documents/2013_pdfs/data_sheets/Silicon%20Data%20Sheet.pdf. 

[7]  M. Wheeler and C. Roeger, "Scientific Glassblowing Class," Arizona State University, 
Biology and Chemistry Department. 

[8]  MO-SCI Specialty Products, LLC, "GL0179 Data Sheet," [Online]. Available: 
http://www.mo-sci.com/uploads/product-docs/glass-
microspheres/GL0179%20Data%20Sheet.pdf. 

[9]  J. E. Shelby, "Compositions and Properties of Commercial Glasses," in Introduction to 
Glass Science, Cambridge, UK, The Royal Society of Chemistry, 2005, pp. 262-274. 

 

 

 

248


	Welcome
	Title Page
	Preface
	Organizing Committee
	Papers to Journals
	Table of Contents
	Materials
	Scanning Strategies in Electron Beam Melting to Influence Microstructure Development
	Relating Processing of Selective Laser Melted Structures to Their Material and Modal Properties
	Thermal Property Measurement Methods and Analysis for Additive Manufacturing Solids and Powders
	Prediction of Fatigue Lives in Additively Manufactured Alloys Based on the Crack-Growth Concept
	Fatigue Behavior of Additive Manufactured Parts in Different Process Chains – An Experimental Study
	Effect of Process Parameter Variation on Microstructure and Mechanical Properties of Additively Manufactured Ti-6Al-4V
	Optimal Process Parameters for In Situ Alloyed Ti15Mo Structures by Laser Powder Bed Fusion
	Efficient Fabrication of Ti6Al4V Alloy by Means of Multi-Laser Beam Selective Laser Melting
	Effect of Heat Treatment and Hot Isostatic Pressing on the Morphology and Size of Pores in Additive Manufactured Ti-6Al-4V Parts
	Effect of Build Orientation on Fatigue Performance of Ti-6Al-4V Parts Fabricated via Laser-Based Powder Bed Fusion
	Effect of Specimen Surface Area Size on Fatigue Strength of Additively Manufactured Ti-6Al-4V Parts
	Small-Scale Mechanical Properties of Additively Manufactured Ti-6Al-4V
	Design and Fabrication of Functionally Graded Material from Ti to Γ-Tial by Laser Metal Deposition
	Tailoring Commercially Pure Titanium Using Mo₂C during Selective Laser Melting
	Characterization of MAR-M247 Deposits Fabricated through Scanning Laser Epitaxy (SLE)
	Mechanical Assessment of a LPBF Nickel Superalloy Using the Small Punch Test Method
	Effects of Processing Parameters on the Mechanical Properties of CMSX-4® Additively Fabricated through Scanning Laser Epitaxy (SLE)
	Effect of Heat Treatment on the Microstructures of CMSX-4® Processed through Scanning Laser Epitaxy (SLE)
	On the Use of X-Ray Computed Tomography for Monitoring the Failure of an Inconel 718 Two-Bar Specimen Manufactured by Laser Powder Bed Fusion
	Laser Powder Bed Fusion Fabrication and Characterization of Crack-Free Aluminum Alloy 6061 Using In-Process Powder Bed Induction Heating
	Porosity Development and Cracking Behavior of Al-Zn-Mg-Cu Alloys Fabricated by Selective Laser Melting
	Effect of Optimizing Particle Size in Laser Metal Deposition with Blown Pre-Mixed Powders
	Aluminum Matrix Syntactic Foam Fabricated with Additive Manufacturing
	Binderless Jetting: Additive Manufacturing of Metal Parts via Jetting Nanoparticles
	Characterization of Heat-Affected Powder Generated during the Selective Laser Melting of 304L Stainless Steel Powder
	Effects of Area Fraction and Part Spacing on Degradation of 304L Stainless Steel Powder in Selective Laser Melting
	Influence of Gage Length on Miniature Tensile Characterization of Powder Bed Fabricated 304L Stainless Steel
	Study of Selective Laser Melting for Bonding of 304L Stainless Steel to Grey Cast Iron
	Mechanical Performance of Selective Laser Melted 17-4 PH Stainless Steel under Compressive Loading
	Microstructure and Mechanical Properties Comparison of 316L Parts Produced by Different Additive Manufacturing Processes
	A Parametric Study on Grain Structure in Selective Laser Melting Process for Stainless Steel 316L
	316L Powder Reuse for Metal Additive Manufacturing
	Competing Influence of Porosity and Microstructure on the Fatigue Property of Laser Powder Bed Fusion Stainless Steel 316L
	Studying Chromium and Nickel Equivalency to Identify Viable Additive Manufacturing Stainless Steel Chemistries
	Investigation of the Mechanical Properties on Hybrid Deposition and Micro-Rolling of Bainite Steel
	Process – Property Relationships in Additive Manufacturing of Nylon-Fiberglass Composites Using Taguchi Design of Experiments
	Digital Light Processing (DLP): Anisotropic Tensile Considerations
	Determining the Complex Young’s Modulus of Polymer Materials Fabricated with Microstereolithography
	Effect of Process Parameters and Shot Peening on Mechanical Behavior of ABS Parts Manufactured by Fused Filament Fabrication (FFF)
	Expanding Material Property Space Maps with Functionally Graded Materials for Large Scale Additive Manufacturing
	Considering Machine- and Process-Specific Influences to Create Custom-Built Specimens for the Fused Deposition Modeling Process
	Rheological Evaluation of High Temperature Polymers to Identify Successful Extrusion Parameters
	A Viscoelastic Model for Evaluating Extrusion-Based Print Conditions
	Towards a Robust Production of FFF End-User Parts with Improved Tensile Properties
	Investigating Material Degradation through the Recycling of PLA in Additively Manufactured Parts
	Ecoprinting: Investigating the Use of 100% Recycled Acrylonitrile Butadiene Styrene (ABS) for Additive Manufacturing
	Microwave Measurements of Nylon-12 Powder Ageing for Additive Manufacturing
	Improvement of Recycle Rate in Laser Sintering by Low Temperature Process
	Development of an Experimental Laser Sintering Machine to Process New Materials like Nylon 6
	Optimization of Adhesively Joined Laser-Sintered Parts
	Investigating the Impact of Functionally Graded Materials on Fatigue Life of Material Jetted Specimens
	Fabrication and Characterization of Graphite/Nylon 12 Composite via Binder Jetting Additive Manufacturing Process
	Fabricating Zirconia Parts with Organic Support Material by the Ceramic On-Demand Extrusion Process
	The Application of Composite Through-Thickness Assessment to Additively Manufactured Structures
	Tensile Mechanical Properties of Polypropylene Composites Fabricated by Material Extrusion
	Pneumatic System Design for Direct Write 3D Printing
	Ceramic Additive Manufacturing: A Review of Current Status and Challenges
	Recapitulation on Laser Melting of Ceramics and Glass-Ceramics
	A Trade-Off Analysis of Recoating Methods for Vat Photopolymerization of Ceramics
	Additive Manufacturing of High-Entropy Alloys – A Review
	Microstructure and Mechanical Behavior of AlCoCuFeNi High-Entropy Alloy Fabricated by Selective Laser Melting
	Selective Laser Melting of AlCu5MnCdVA: Formability, Microstructure and Mechanical Properties
	Microstructure and Crack Distribution of Fe-Based Amorphous Alloys Manufactured by Selective Laser Melting
	Construction of Metallic Glass Structures by Laser-Foil-Printing Technology
	Building Zr-Based Metallic Glass Part on Ti-6Al-4V Substrate by Laser-Foil-Printing Additive Manufacturing
	Optimising Thermoplastic Polyurethane for Desktop Laser Sintering

	Modeling
	Real-Time Process Measurement and Feedback Control for Exposure Controlled Projection Lithography
	Optimization of Build Orientation for Minimum Thermal Distortion in DMLS Metallic Additive Manufacturing
	Using Skeletons for Void Filling in Large-Scale Additive Manufacturing
	Implicit Slicing Method for Additive Manufacturing Processes
	Time-Optimal Scan Path Planning Based on Analysis of Sliced Geometry
	A Slicer and Simulator for Cooperative 3D Printing
	Study on STL-Based Slicing Process for 3D Printing
	ORNL Slicer 2: A Novel Approach for Additive Manufacturing Tool Path Planning
	Computer Integration for Geometry Generation for Product Optimization with Additive Manufacturing
	Multi-Level Uncertainty Quantification in Additive Manufacturing
	Computed Axial Lithography for Rapid Volumetric 3D Additive Manufacturing
	Efficient Sampling for Design Optimization of an SLS Product
	Review of AM Simulation Validation Techniques
	Generation of Deposition Paths and Quadrilateral Meshes in Additive Manufacturing
	Analytical and Experimental Characterization of Anisotropic Mechanical Behaviour of Infill Building Strategies for Fused Deposition Modelling Objects
	Flexural Behavior of FDM Parts: Experimental, Analytical and Numerical Study
	Simulation of Spot Melting Scan Strategy to Predict Columnar to Equiaxed Transition in Metal Additive Manufacturing
	Modelling Nanoparticle Sintering in a Microscale Selective Laser Sintering Process
	3-Dimensional Cellular Automata Simulation of Grain Structure in Metal Additive Manufacturing Processes
	Numerical Simulation of Solidification in Additive Manufacturing of Ti Alloy by Multi-Phase Field Method
	The Effect of Process Parameters and Mechanical Properties Oof Direct Energy Deposited Stainless Steel 316
	Thermal Modeling of 304L Stainless Steel Selective Laser Melting
	The Effect of Polymer Melt Rheology on Predicted Die Swell and Fiber Orientation in Fused Filament Fabrication Nozzle Flow
	Simulation of Planar Deposition Polymer Melt Flow and Fiber Orientaiton in Fused Filament Fabrication
	Numerical Investigation of Stiffness Properties of FDM Parts as a Function of Raster Orientation
	A Two-Dimensional Simulation of Grain Structure Growth within Substrate and Fusion Zone during Direct Metal Deposition
	Numerical Simulation of Temperature Fields in Powder Bed Fusion Process by Using Hybrid Heat Source Model
	Thermal Simulation and Experiment Validation of Cooldown Phase of Selective Laser Sintering (SLS)
	Numerical Modeling of High Resolution Electrohydrodynamic Jet Printing Using OpenFOAM
	Mesoscopic Multilayer Simulation of Selective Laser Melting Process
	A Study into the Effects of Gas Flow Inlet Design of the Renishaw AM250 Laser Powder Bed Fusion Machine Using Computational Modelling
	Development of Simulation Tools for Selective Laser Melting Additive Manufacturing
	Machine Learning Enabled Powder Spreading Process Map for Metal Additive Manufacturing (AM)

	Process Development
	Melt Pool Dimension Measurement in Selective Laser Melting Using Thermal Imaging
	In-Process Condition Monitoring in Laser Powder Bed Fusion (LPBF)
	Performance Characterization of Process Monitoring Sensors on the NIST Additive Manufacturing Metrology Testbed
	Microheater Array Powder Sintering: A Novel Additive Manufacturing Process
	Fabrication and Control of a Microheater Array for Microheater Array Powder Sintering
	Initial Investigation of Selective Laser Sintering Laser Power vs. Part Porosity Using In-Situ Optical Coherence Tomography
	The Effect of Powder on Cooling Rate and Melt Pool Length Measurements Using In Situ Thermographic Tecniques
	Monitoring of Single-Track Degradation in the Process of Selective Laser Melting
	Machine Learning for Defect Detection for PBFAM Using High Resolution Layerwise Imaging Coupled with Post-Build CT Scans
	Selection and Installation of High Resolution Imaging to Monitor the PBFAM Process, and Synchronization to Post-Build 3D Computed Tomography
	Multisystem Modeling and Optimization of Solar Sintering System
	Continuous Laser Scan Strategy for Faster Build Speeds in Laser Powder Bed Fusion System
	Influence of the Ratio between the Translation and Contra-Rotating Coating Mechanism on Different Laser Sintering Materials and Their Packing Density
	Thermal History Correlation with Mechanical Properties for Polymer Selective Laser Sintering (SLS)
	Post Processing Treatments on Laser Sintered Nylon 12
	Development of an Experimental Test Setup for In Situ Strain Evaluation during Selective Laser Melting
	In Situ Melt Pool Monitoring and the Correlation to Part Density of Inconel® 718 for Quality Assurance in Selective Laser Melting
	Influence of Process Time and Geometry on Part Quality of Low Temperature Laser Sintering
	Increasing Process Speed in the Laser Melting Process of Ti6Al4V and the Reduction of Pores during Hot Isostatic Pressing
	A Method for Metal AM Support Structure Design to Facilitate Removal
	Expert Survey to Understand and Optimize Part Orientation in Direct Metal Laser Sintering
	Fabrication of 3D Multi-Material Parts Using Laser-Based Powder Bed Fusion
	Melt Pool Image Process Acceleration Using General Purpose Computing on Graphics Processing Units
	Blown Powder Laser Cladding with Novel Processing Parameters for Isotropic Material Properties
	The Effect of Arc-Based Direct Metal Energy Deposition on PBF Maraging Steel
	Fiber-Fed Laser-Heated Process for Printing Transparent Glass
	Reducing Mechanical Anisotropy in Extrusion-Based Printed Parts
	Exploring the Manufacturability and Resistivity of Conductive Filament Used in Material Extrusion Additive Manufacturing
	Active - Z Printing: A New Approach to Increasing 3D Printed Part Strength
	A Mobile 3D Printer for Cooperative 3D Printing
	A Floor Power Module for Cooperative 3D Printing
	Changing Print Resolution on BAAM via Selectable Nozzles
	Predicting Sharkskin Instability in Extrusion Additive Manufacturing of Reinforced Thermoplastics
	Design of a Desktop Wire-Feed Prototyping Machine
	Process Modeling and In-Situ Monitoring of Photopolymerization for Exposure Controlled Projection Lithography (ECPL)
	Effect of Constrained Surface Texturing on Separation Force in Projection Stereolithography
	Modeling of Low One-Photon Polymerization for 3D Printing of UV-Curable Silicones
	Effect of Process Parameters and Shot Peening on the Tensile Strength and Deflection of Polymer Parts Made Using Mask Image Projection Stereolithography (MIP-SLA)
	Additive Manufacturing Utilizing Stock Ultraviolet Curable Silicone
	Temperature and Humidity Variation Effect on Process Behavior in Electrohydrodynamic Jet Printing of a Class of Optical Adhesives
	Reactive Inkjet Printing Approach towards 3D Silcione Elastomeric Structures Fabrication
	Magnetohydrodynamic Drop-On-Demand Liquid Metal 3D Printing
	Selective Separation Shaping of Polymeric Parts
	Selective Separation Shaping (SSS) – Large-Scale Fabrication Potentials
	Mechanical Properties of 304L Metal Parts Made by Laser-Foil-Printing Process
	Investigation of Build Strategies for a Hybrid Manufacturing Process Progress on Ti-6Al-4V
	Direct Additive Subtractive Hybrid Manufacturing (DASH) – An Out of Envelope Method
	Metallic Components Repair Strategies Using the Hybrid Manufacturing Process
	Rapid Prototyping of EPS Pattern for Complicated Casting
	5-Axis Slicing Methods for Additive Manufacturing Process
	A Hybrid Method for Additive Manufacturing of Silicone Structures
	Analysis of Hybrid Manufacturing Systems Based on Additive Manufacturing Technology
	Fabrication and Characterization of Ti6Al4V by Selective Electron Beam and Laser Hybrid Melting
	Development of a Hybrid Manufacturing Process for Precision Metal Parts
	Defects Classification of Laser Metal Deposition Using Acoustic Emission Sensor
	An Online Surface Defects Detection System for AWAM Based on Deep Learning
	Development of Automatic Smoothing Station Based on Solvent Vapour Attack for Low Cost 3D Printers
	Casting - Forging - Milling Composite Additive Manufacturing Thechnology
	Design and Development of a Multi-Tool Additive Manufacturing System
	Challenges in Making Complex Metal Large-Scale Parts for Additive Manufacturing: A Case Study Based on the Additive Manufacturing Excavator
	Visual Sensing and Image Processing for Error Detection in Laser Metal Wire Deposition

	Applications
	Embedding of Liquids into Water Soluble Materials via Additive Manufacturing for Timed Release
	Prediction of the Elastic Response of TPMS Cellular Lattice Structures Using Finite Element Method
	Multiscale Analysis of Cellular Solids Fabricated by EBM
	An Investigation of Anisotropy of 3D Periodic Cellular Structure Designs
	Modeling of Crack Propagation in 2D Brittle Finite Lattice Structures Assisted by Additive Manufacturing
	Estimating Strength of Lattice Structure Using Material Extrusion Based on Deposition Modeling and Fracture Mechanics
	Controlling Thermal Expansion with Lattice Structures Using Laser Powder Bed Fusion
	Determination of a Shape and Size Independent Material Modulus for Honeycomb Structures in Additive Manufacturing
	Additively Manufactured Conformal Negative Stiffness Honeycombs
	A Framework for the Design of Biomimetic Cellular Materials for Additive Manufacturing
	A Post-Processing Procedure for Level Set Based Topology Optimization
	Multi-Material Structural Topology Optimization under Uncertainty via a Stochastic Reduced Order Model Approach
	Topology Optimization for 3D Material Distribution and Orientation in Additive Manufacturing
	Topological Optimization and Methodology for Fabricating Additively Manufactured Lightweight Metallic Mirrors
	Topology Optimization of an Additively Manufactured Beam
	Quantifying Accuracy of Metal Additive Processes through a Standardized Test Artifact
	Integrating Interactive Design and Simulation for Mass Customized 3D-Printed Objects – A Cup Holder Example
	High-Resolution Electrohydrodynamic Jet Printing of Molten Polycaprolactone
	3D Bioprinting of Scaffold Structure Using Micro-Extrusion Technology
	Fracture Mechanism Analysis of Schoen Gyroid Cellular Structures Manufactured by Selective Laser Melting
	An Investigation of Build Orientation on Shrinkage in Sintered Bioceramic Parts Fabricated by Vat Photopolymerization
	Hypervelocity Impact of Additively Manufactured A356/316L Interpenetrating Phase Composites
	Understanding and Engineering of Natural Surfaces with Additive Manufacturing
	Additive Fabrication of Polymer-Ceramic Composite for Bone Tissue Engineering
	Binder Jet Additive Manufacturing of Stainless Steel - Tricalcium Phosphate Biocomposite for Bone Scaffold and Implant Applications
	Selective Laser Melting of Novel Titanium-Tantalum Alloy as Orthopedic Biomaterial
	Development of Virtual Surgical Planning Models and a Patient Specific Surgical Resection Guide for Treatment of a Distal Radius Osteosarcoma Using Medical 3D Modelling and Additive Manufacturing Processes
	Design Optimisation of a Thermoplastic Splint
	Reverse Engineering a Transhumeral Prosthetic Design for Additive Manufacturing
	Big Area Additive Manufacturing Application in Wind Turbine Molds
	Design, Fabrication, and Qualification of a 3D Printed Metal Quadruped Body: Combination Hydraulic Manifold, Structure and Mechanical Interface
	Smart Parts Fabrication Using Powder Bed Fusion Additive Manufacturing Technologies
	Design for Protection: Systematic Approach to Prevent Product Piracy during Product Development Using AM
	The Use of Electropolishing Surface Treatment on IN718 Parts Fabricated by Laser Powder Bed Fusion Process
	Towards Defect Detection in Metal SLM Parts Using Modal Analysis “Fingerprinting”
	Electrochemical Enhancement of the Surface Morphology and the Fatigue Performance of Ti-6Al-4V Parts Manufactured by Laser Beam Melting
	Fabrication of Metallic Multi-Material Components Using Laser Metal Deposition
	A Modified Inherent Strain Method for Fast Prediction of Residual Deformation in Additive Manufacturing of Metal Parts 2539
	Effects of Scanning Strategy on Residual Stress Formation in Additively Manufactured Ti-6Al-4V Parts
	How Significant Is the Cost Impact of Part Consolidation within AM Adoption?
	Method for the Evaluation of Economic Efficiency of Additive and Conventional Manufacturing
	Integrating AM into Existing Companies - Selection of Existing Parts for Increase of Acceptance
	Ramp-Up-Management in Additive Manufacturing – Technology Integration in Existing Business Processes
	Rational Decision-Making for the Beneficial Application of Additive Manufacturing
	Approaching Rectangular Extrudate in 3D Printing for Building and Construction by Experimental Iteration of Nozzle Design
	Areal Surface Characterization of Laser Sintered Parts for Various Process Parameters
	Design and Process Considerations for Effective Additive Manufacturing of Heat Exchangers
	Design and Additive Manufacturing of a Composite Crossflow Heat Exchanger
	Fabrication and Quality Assessment of Thin Fins Built Using Metal Powder Bed Fusion Additive Manufacturing
	A Mobile Robot Gripper for Cooperative 3D Printing
	Technological Challenges for Automotive Series Production in Laser Beam Melting
	Qualification Challenges with Additive Manufacturing in Space Applications
	Material Selection on Laser Sintered Stab Resistance Body Armor
	Investigation of Optical Coherence Tomography Imaging in Nylon 12 Powder
	Powder Bed Fusion Metrology for Additive Manufacturing Design Guidance
	Geometrical Accuracy of Holes and Cylinders Manufactured with Fused Deposition Modeling
	New Filament Deposition Technique for High Strength, Ductile 3D Printed Parts
	Applied Solvent-Based Slurry Stereolithography Process to Fabricate High-Performance Ceramic Earrings with Exquisite Details
	Design and Preliminary Evaluation of a Deployable Mobile Makerspace for Informal Additive Manufacturing Education
	Comparative Costs of Additive Manufacturing vs. Machining: The Case Study of the Production of Forming Dies for Tube Bending


	Attendee List
	Author Index
	Print
	Search



