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Abstract

Commercially pure Ti (CP Ti), Ti alloys and Ti composites have applications in a wide
range of industries. With the merits of the emerging additive manufacturing technique, e.g. layer-
wise fabrication and rapid solidification rate, the fabrication of Ti composites with tailorable
microstructure and hence controllable properties is possible. In this work, a Ti composite was
fabricated through selective laser melting (SLM) of CP Ti with Mo2C, consisting of a matrix
mainly from a-Ti and a small amount of B-Ti which could potentially embed very fine existing
particles. The influence of SLM on the phase formation and microstructure of the fabricated Ti
composite was investigated. The results showed that a tailorable microstructure of the Ti
composite can be achieved via SLM. This work provides fundamental and important information
on the fabrication of Ti composites with controllable microstructure through SLM of CP Ti with
ceramic particle additions.

Introduction

Commercially pure titanium (CP Ti) is an important engineering material which has
various applications in industry, especially in chemical, petrochemical processing and
biomedical sectors, due to its excellent corrosion resistance, fabricability and durability in
service [1]. However, the drawbacks of CP Ti such as low strength, low hardness and poor wear
property severely impede its wider applications where mechanical properties are equally
important as environmental resistance [1]. To accommodate the high demand for CP Ti, great
efforts have been devoted to improving the mechanical properties while maintaining a superior
environmental resistance through design and fabrication of titanium matrix composites (TMCs)
or fabrication of CP Ti with small grain size [1]. However, the fabrication of TMCs through
conventional approaches is time- and energy-consuming due to the high strength and hardness of
TMCs. In the meantime, the increased level of mechanical properties which can be achieved
through the fabrication of CP Ti with small grain size is limited [1].

Selective laser melting (SLM), as a laser-based powder bed additive manufacturing
technique, enables the coupling of fabricating complex geometric metal components with local
tailoring of microstructures in the fabricated parts. A variety of metallic materials including Al,
Ti, Ni, steel and even amorphous and high entropy alloys with tailorable microstructures have
been successfully fabricated using SLM recently [2-10]. Fine microstructures with improved
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mechanical properties are obtained [11-13]. Aside from this, SLM features a high temperature
rise depending on the materials being processed and parameters used during SLM. This provides
a potential way of promoting melting of the secondary particles and their reaction with the metal
matrix. As a result, the fabrication of metal matrix composite materials with addition of
secondary ceramic or metal particles using SLM has also been reported [14-18]. Additionally, it
is known that at least two melt flow patterns are triggered by the laser in the melt pool: damped
capillary oscillations and thermocapillary flows [19]. This means that it is possible for the laser
to alter the chemical homogeneity (distribution of the constituent elements) of the melt alloy due
to the formation of liquid oscillations or capillary waves within the melt pool. These all together
render SLM a promising technique to tailor metallic materials in a site-specific manner through
the introduction of a small amount of secondary particles and by controlling the processing
parameters in SLM.

In this study, 1 vol.% of Mo2C particles were introduced into a CP Ti matrix by
mechanical mixing and the mixed powder was processed using SLM. Different SLM processing
parameters including laser power, scanning speed and scanning strategy were used to produce
fully dense and crack-free TMCs with tailorable microstructures which were characterised using
X-ray diffraction (XRD) and scanning electron microscopy (SEM). The results showed that
tailorable microstructure of the TMCs can be achieved by controlling the SLM processing
parameters. This study provides fundamental and important information not only on the
fabrication of TMCs with controllable microstructure through SLM of CP Ti with ceramic
particle additions but also on local tailoring of metallic materials by introduction of a small
amount of secondary particles.

Experimental procedures

Commercially pure titanium powder (CP Ti, Grade 1, LPW, UK) with a powder particle
size from 15 to 45 um and molybdenum carbide powder (Mo2C, Changsha Langfeng, China)
with an average powder particle size ~3.5 um were used. 1 vol.% Mo2C powder was added to
the CP Ti powder by mixing on a multidirectional mixer for 4 h to ensure a homogeneous
distribution. The laser reflectivity of the CP Ti powder, Mo2C powder and the mixed powder
were measured using diffuse reflectance spectroscopy (DRS). DRS was carried out in the 250 to
2250 nm wavelength range using an UV-Visible-NIR Lambda 950 Perkin Elmer spectrometer
equipped with a 150 mm diameter integrating sphere coated with Spectralon with 1 nm spectral
resolution. A Spectralon reference was used to measure the 100% reflectance and internal
attenuators were used to determine zero reflectance in order to remove background and noise.
The powders were placed in a quartz cuvette, sealed, and mounted on a Teflon sample holder for
the DRS measurement. Titanium matrix composite (TMC) specimens were produced on an in-
house built selective laser melting machine equipped with a fibre laser, with a wavelength of
1.06 pum and maximum power of 300 W on the part bed. An inert, high purity (>99.99%) argon
gas atmosphere flow was used during the whole process to minimise oxidation. Various SLM
processing parameters including laser power (50 and 250 W), scanning speed (225~325 mm/s at
50 W and 1400~1800 mm/s at 250 W) and scanning strategy (bidirectional and island scanning
patterns) were used to fabricate fully dense and crack-free specimens. The powder layer
thickness was fixed at 30 pm, the scan spacing at 60 um, without pre-heating. The
microstructure of the powder materials and SLMed TMCs was characterised using a FEI-Nova
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NanoSEM 450 scanning electron microscope (SEM). The phase formation in the powder and
SLMed TMCs were characterised using X-ray diffraction (XRD, Siemens D500 powder
diffractometer, Cu Ko source, operated at 40 kV and 40 mA with a step size of 0.02° and
scanning speed 2°/min. All XRD scans were done on the plane parallel to the SLM building
direction). The relative density of the TMCs was measured using the Archimedes method.

Results and discussion

The morphology of the CP Ti, Mo2C and mixed powder is shown in Figure 1. CP Ti
shows a typical spherical morphology of gas-atomised powder while Mo2C shows an irregular
morphology. After 4 h mechanical mixing the majority of the Mo2C powder was homogeneously
distributed and mainly attached to the surface of the CP Ti powder particles, although some
isolated Mo2C powder particles can be seen. Because only 1 vol.% of Mo2C powder was added
to CP Ti, the mixed powder maintained a good flowability.

Figure 1 Morphology of the (a) CP Ti, (b) M0o2C and (c) mixed powder.

Since the laser reflectivity of the powder particles has an important and direct influence
on the laser energy being absorbed by the materials, which will further affect not only the
temperature profile during the SLM process but also the resultant microstructures of the
fabricated materials. The laser reflectivity of the CP Ti, M02C and mixed powder is measured
and given in Figure 2. The laser reflectivity of Mo2C powder and CP Ti powder at 1.06 um laser
wavelength was measured to be ~22% and ~30%, respectively. As a result of the addition of
Mo2C powder with lower laser reflectivity, the laser reflectivity of the TMC powder was lower
(~27%) than that of CP Ti powder. This indicates that even a small amount of addition of Mo2C
(1 vol.%) can result in an improved laser absorptivity.
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Figure 2 Laser reflectivity of the CP Ti, Mo2C and mixed powder. The black dotted line
indicates 1.06 pum laser wavelength used in this study.

Based on our previous studies on SLM of CP Ti [20], different processing parameters
were explored and fully dense TMCs (relative density >99%) were achieved at both low and
high laser power, as shown in Figure 3a. However, when using a bidirectional scanning strategy,
cracks were formed in the TMCs no matter which laser power and scanning speed were used.
These cracks were also found to be aligned perpendicular to the building direction, as shown in
Figure 3b. This is probably caused by the built-up residual stresses and weak bonding between
the layers during SLM. By using an island scanning strategy, fully dense TMCs without cracks
can be obtained. Therefore, the scanning strategy plays an important role in eliminating the
cracks in the SLMed TMCs.

(a) (b)

Figure 3 (a) SLMed TMC cubes and tensile bars; (b) typical microstructure of the SLMed
TMCs showing cracks (black arrows) perpendicular to the building direction.
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The phase formation in the CP Ti and Mo2C powder as well as the SLMed TMCs is
shown in Figure 4. Both CP Ti and Mo2C powder have a hexagonal close packed (hcp) crystal
structure. Only o-Ti was detected in the CP Ti powder while no 3-Ti (body centred cubic, bcc Ti)
was observed. In all fully dense and crack-free SLMed TMCs, along with the peaks from a-Ti a
tiny peak corresponding to B-Ti appeared, signifying the formation of a small amount of B-Ti in
the TMCs. In addition, the relative peak intensity in the SLMed TMCs and the CP Ti remains
identical. This implies that no strong crystallographic texture was formed after SLM.
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Figure 4 XRD patterns of the CP Ti, Mo2C powder and the SLMed TMCs. The black arrow
indicates the B-Ti peak.

The microstructure of the SLMed TMCs fabricated using two different sets of processing
parameters, i.e., one with high and one with low laser power, is shown in the back-scattered
SEM images in Figures 5a and 5b. Both high laser and low laser power fabricated TMCs exhibit
a heterogeneous microstructure in which three distinct regions can be observed. According to our
recent study (not shown here), the bright and grey regions contain a higher and lower content of
Mo respectively, while no Mo was found in the dark region. The regions with Mo are confirmed
to be B-Ti while the region without Mo is a-Ti. This implies that the Mo2C decomposed during
SLM, releasing Mo and C into the laser melt zones. Upon solidification, Mo as a well-known f-
Ti stabiliser dissolved into the Ti matrix and formed B-Ti. C on the other hand could be dissolved
in Ti matrix or potentially form TiC particles and more future work will be carried out to
uncover this. Meanwhile, some pure Mo and Mo2C powder particles were also observed
embedded in the TMC matrix, especially in the TMCs fabricated at low laser power. This
indicates that the temperature rise in some local area is not high enough to trigger the reaction
between the Mo2C and CP Ti. In addition, the a-Ti and B-Ti show a different distribution in high
and low laser power fabricated TMCs. In the high laser power fabricated TMCs, B-Ti distributes
mainly at the edge around the melt pool, while a-Ti is located inside the melt pool, forming a
nest-like microstructure. In the low laser power fabricated TMCs, both o-Ti and B-Ti distribute
randomly and the a-Ti shows a highly localised distribution in some areas. Higher magnification
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microstructures, shown in Figures 5c and 5d, reveal that the size of the o-Ti differs apparently in
the TMCs fabricated using high laser power and low laser power. More a-Ti with much smaller
size can be seen in the TMCs fabricated using low laser power compared to high laser power.
This is probably due to the peak temperature difference in the melt pool and the resultant
different melt pool behaviour as well as the different local thermal profiles in the TMCs
fabricated using high and low laser power.

(a) (b)

Figure 5 Microstructures of the SLMed TMCs fabricated at (a) high laser power and (b) low
laser power. (c) and (d) are high magnifications of (a) and (b), respectively.

Conclusion

Different SLM processing parameters were used to fabricate fully dense crack-free TMCs
from 1 vol.% Mo2C doped CP Ti. The microstructure of the TMCs can be tailored using
different processing parameters. Both high and low laser power can result in a heterogeneous
microstructure consisting of three distinct regions with different content of Mo. The Mo enriched
region was confirmed to be B-Ti while the region without Mo is a-Ti. The underlying mechanism
is the reaction between Mo2C and CP Ti during SLM, which is promoted by the higher
temperature rise in Mo2C. The distribution of a-Ti and B-Ti and the grain size of a-Ti were also
different in the TMCs fabricated using high and low laser power. This is probably due to a peak
temperature difference and concomitant different melt pool behaviour as well as the different
local thermal profiles. This study provides fundamental and important information not only on
the fabrication of TMCs with controllable microstructure through SLM of CP Ti with ceramic
particle additions but also on local tailoring of metallic materials by introduction of a small
amount of secondary particles.

Acknowledgements

165



This work was supported by the Flemish Agency for Innovation by Science and
Technology (IWT) Strategic Basic Research (SBO) project “MultiMet”, Flanders and the
Academic Start-up Fund from the School of Mechanical and Manufacturing Engineering, The
University of New South Wales (UNSW), Australia. The authors would like to thank Dr. Wouter
Baekelant from the Department of Chemistry, KU Leuven for powder laser absorptivity
measurements.

References

[1] G. Litjering, J.C. Williams, Titanium, Springer-Verlag Berlin Heidelberg2007.

[2] Y. Brif, M. Thomas, I. Todd, Scripta Materialia 99 (2015) 93-96.

[3] N.J. Harrison, I. Todd, K. Mumtaz, Acta Materialia 94 (2015) 59-68.

[4] J.-P. Kruth, L. Froyen, J. Van Vaerenbergh, P. Mercelis, M. Rombouts, B. Lauwers, Journal
of Materials Processing Technology 149(1) (2004) 616-622.

[5] X.P. Li, M.P. Roberts, S. O'Keeffe, T.B. Sercombe, Materials & Design 112 (2016) 217-226.
[6] M. Rombouts, J.-P. Kruth, L. Froyen, P. Mercelis, CIRP Annals-Manufacturing Technology
55(1) (2006) 187-192.

[7] L. Thijs, K. Kempen, J.-P. Kruth, J. Van Humbeeck, Acta Materialia 61(5) (2013) 1809-1819.
[8] L. Thijs, F. Verhaeghe, T. Craeghs, J. Van Humbeeck, J.-P. Kruth, Acta Materialia 58(9)
(2010) 3303-3312.

[9] Y.J. Liu, X.P. Li, L.C. Zhang, T.B. Sercombe, Materials Science and Engineering: A 642
(2015) 268-278.

[10] D. Gu, Y.-C. Hagedorn, W. Meiners, G. Meng, R.J.S. Batista, K. Wissenbach, R. Poprawe,
Acta Materialia 60(9) (2012) 3849-3860.

[11] X.P. Li, X.J. Wang, M. Saunders, A. Suvorova, L.C. Zhang, Y.J. Liu, M.H. Fang, Z.H.
Huang, T.B. Sercombe, Acta Materialia 95 (2015) 74-82.

[12] J. Suryawanshi, K.G. Prashanth, S. Scudino, J. Eckert, O. Prakash, U. Ramamurty, Acta
Materialia 115 (2016) 285-294.

[13] W. Xu, M. Brandt, S. Sun, J. Elambasseril, Q. Liu, K. Latham, K. Xia, M. Qian, Acta
Materialia 85 (2015) 74-84.

[14] D. Gu, H. Wang, D. Dali, P. Yuan, W. Meiners, R. Poprawe, Scripta Materialia 96 (2015)
25-28.

[15] X.P. Li, G. Ji, Z. Chen, A. Addad, Y. Wu, H.W. Wang, J. Vleugels, J. Van Humbeeck, J.P.
Kruth, Acta Materialia 129 (2017) 183-193.

[16] T. Sercombe, X. Li, Materials Technology 31(2) (2016) 77-85.

[17] B. Vrancken, L. Thijs, J.P. Kruth, J. Van Humbeeck, Acta Materialia 68 (2014) 150-158.
[18] B. Song, S. Dong, C. Coddet, Scripta Materialia 75 (2014) 90-93.

[19] C. Ma, Fundamental Study on Laser Interaction with Metal Matrix Nanocomposites,
University of California, Los Angeles, 2015.

[20] X.P. Li, J. Van Humbeeck, J.P. Kruth, Materials & Design 116 (2017) 352-358.

166



	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



