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Abstract

This study investigates the application of topological optimization in conjunction with additive
manufacturing (AM) process simulation for fabricating parts that meet strict quality and
performance requirements while also minimizing printed geometry. Integrated Computational
Materials Engineering (ICME) and GENOA 3D commercial software were used to simulate
specimen fabrication and, along with commercial design optimization tools, create an optimized
beam topology for simple loading conditions. Constraints were set in order to support any over-
hanging material with an appropriate inclination angle. These specimens were fabricated from Ti-
6AIl-4V using an EOS M290 direct metal laser sintering (DMLS) system with default parameters,
as well as 95%, 90%, and 88% of default laser power in order to reduce the porosity in the over-
heated areas. Parts were subjected to X-ray CT scanning to quantify part porosity. It was
determined that the process used allowed for the fabrication of specimens with optimized topology
and minimal defects.

Keywords: Additive manufacturing; Topology Optimization; Defects distribution; Porosity;
ICME

Introduction

Additive manufacturing (AM) is a promising avenue for manufacturing geometries that are
difficult or impossible to produce through normal means, such as internal channels and high
resolution features [1, 2], variable thickness walls, and parts already in an assembly [2]. However,
while these new capabilities open up new design spaces, AM also comes with its own unique
limitations. For example, there are support design considerations such as the minimum inclination
angles that can be built without requiring supports, dimensional accuracy, and minimum wall
thickness [2]. Additionally, the component size is limited by the volume of the AM machine [2].
The limitations vary by process and even by machine. Additionally, while AM can be used as a
cost saving measure to create otherwise impossible to fabricate parts and repair costly parts, the
material used to produce and repair these parts can be costly[1, 3]; therefore, it is important to
design parts that are optimized not only for the intended application, but also to save material. The
goal of topology optimization is to find the best distribution of limited material to minimize
compliance subject to constraints affecting the design; therefore, pairing topology optimization
with AM allows for the exploration of innovative geometries that would be difficult or impossible
to produce through traditional manufacturing techniques while minimizing material, and therefore
monetary, cost.
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While many geometries can be created with AM, the time variant heat transfer and cooling
rates of AM processes can result in non-uniform microstructures vastly different from those found
in the wrought material [4-10]. Due to this, the mechanical properties of the mechanical part can
vary across the geometry, leading to portions of the AM material not meeting application
requirements. This has been seen in the investigation of AM AISI P20 steel and the effect of inter-
layer time interval on AM specimens by Costa et al. [11]. The more uniform temperature profiles
were found to lead to more uniform microstructure and hardness [11]. In order to produce a part
with more homogenous mechanical properties, the deposition can be simulated and the geometry
can be monitored for regions of under-heating and overheating. Once these regions have been
identified, the build parameters in those areas can then be adjusted in order to produce a more
uniform temperature profile, resulting in more uniform microstructure and mechanical response.

The goal of this study was to develop a process that integrated topological optimization with
AM process simulation in order to produce as-built AM parts that would meet the quality and
performance requirements for the specified application, without additional machining or
modification. In order to accomplish this, a simply supported beam geometry was chosen as a test
case. An off-the-shelf topological topology optimization tool was used in order to remove
overhangs, eliminate the need for additional supports, and make the designed geometry able to be
printed by Laser Powder Bed Fusion (L-PBF). In order to simulate the AM process and detect
critical areas, the GENOA 3D printing software was applied to the geometry. Once the critical
areas were identified, a sensitivity analysis was run on the laser power used in the simulation to
find nodes in these areas containing over- and under-heating. Using these results, four additive
specimens were manufactured: one with baseline parameters, and one each with 95%, 90%, and
88% baseline laser power. X-ray tomography was then conducted in order to determine the
porosity of the fabricated specimens. It was determined that this process allowed for the
fabrication of specimens with optimized topology and minimal defects.

Experimental Procedure

In order to test the simulation, a geometry had to be selected. For this study, a simply supported
beam, shown in Figure 1, was settled on. Due to the symmetry of the part, only half of the beam,
shown in Figure 1 as the grey portion, was optimized and printed. The off-the-shelf optimization
software, OptiStruct, by Altair Engineering was applied to this half-beam geometry. Optistruct is
based on the Solid Isotropic Microstrucutre with Penalization (SIMP) topology optimization
theory, developed by Bedsge in 1989 [12]. The SIMP method generates a continuous density
voxel field associated with each element of the design domain. Based on a threshold value, pt, this
continuous field is converted into a voxel array, and smooth interior and exterior surfaces are
generated by the software. Any elements found to have a density of less than 0.5 were removed
and the smoothed, producing the final geometry used in this study, shown in Figure 2.
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Figure 1. Simple beam geometry to be optimized

Over-hanging Material

Figure 2. Optimized specimen geometry

Although Optistruct optimized the geometry for load bearing capacity and mass, it was
necessary to refine this geometry in order to fit within the manufacturing geometric constraints of
L-PBF. This refinement considered the minimum feature size (minimum section size, tmin),
minimum manufacturable inclination angle (minimum inclination with respect to the horizontal at
which an unsupported structure can be manufactured, o), and accommodation of heat transfer as
critical design constraints. While the machine used to print the optimized geometry could
accommodate an angle of inclination of 30° for Ti-6Al-4V, the more conservative angle of 45°
was used to divide the geometric features into two categories: the robust zone, where the angle of
inclination was greater than or equal to 45°, and the failed zone, where the angle of inclination was
below 45°. In order to ensure successful builds, dedicated support material was put in place at all
of the failed zone surfaces in order to enable AM [13]. There are drawbacks to such heavy-handed
measures, such as increases in part weight, manufacturing time, and cost. Therefore, a novel
approach was implemented in order to determine which surfaces lied outside of the robust zone
and modify the identified geometry in order to allow for support-free manufacturing. Using a
custom algorithm developed to accommodate infeasible domains with internal and external
boundaries, the modified geometry is iteratively defined with a support inclination angle of 45°
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and a minimum offset thickness of 0.5 mm until the geometry can be fabricated with a minimum
of support material. The final geometry obtained through this method is shown in Figure 3.

Figure 3. Final Geometry edited for L-PBF fabrication. The red portion represents the
original optimized geometry, while the grey represents the added support to allow for
the geometry to be manufactured.

After the optimized geometry was finalized, a parametric study was performed with GENOA-
3D in order to determine overheating and under-heating caused by the laser during the deposition
process. Overheating and under-heating result in uneven temperature profiles, leading to less
homogenous microstructure and mechanical properties. Using comparative values from the
thermal field, the temperature at each node, Tnode, iS cOmpared to Tmint and Tmaxt. Once the area
of interest, which contained the most over- and under-heated nodes, was determined through
simulation, the simulation was iterated with different laser powers in an effort to find a laser power
that would produce a more uniform thermal field. The laser powers investigated in this study were
280 W, 266W, 252 W, and 246 W, or baseline, 95%, 90%, and 88% laser power, respectively. It
was found that the 95% laser power provided the best mix of under and overheated nodes in the
areas predicted to have overheating by GENOA3D; the results of these simulations are presented
in Table 1.

Table 1. Under- and Over-Heating predicted at different laser power.

Laser Power Overheat Under-heat
Baseline 308 0
95% Laser Power 283 1
90% Laser Power 221 7
88% Laser Power 208 8

The optimized beam geometry was fabricated using the aforementioned laser powers, a travel
speed of 1200 mm/s, and a hatch spacing of 0.14 mm. A layer thickness of 30 microns was chosen,
with hatching orientation rotating 67° between each layer for all specimens. In order to accomplish
the altered print parameters at the area of interest, the optimized geometry was sliced into three
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separate .stl models, and stacked on top of each other, as shown in Figure 4. Baseline parameters
were used in the white and grey areas, while the blue portion utilized the altered laser power.
Specimens were oriented to be 45° with respect to the vertical in order to allow for point contact
between the recoater blade and the specimen rather than face contact, and utilized 3 mm support
structures. Additionally, the curved edge of the specimen faced the recoater blade, in order for the
feature to ‘lean’ with the build path rather than into the build path, reducing stress input from the
recoater to the specimen during fabrication.

.

Figure 4. Sliced geometry used to alter printing parameters from baseline (white and grey areas)
to lower laser power (blue area).

After the optimized geometry specimens were fabricated, x-ray tomography was conducted on
the region of interest predicted to contain overheating for all of the specimens. All of the
specimens were scanned in a single operation with a scan resolution of 16 pum.

Results and Discussion

Printed Geometry

Figure 5 shows the results of printing a single optimized build geometry using the baseline
parameters, while Figure 6 shows the results of printing the baseline, 95%, 90%, and 88% laser
power specimens in the same build operation. The slight ridge, or “witness line” seen near the top
of the specimen was caused by the machine running out of powder with approximately 100 layers
of the build left. The specimen was allowed to cool in order to add more powder and finish the
build; this lead to a larger temperature differential when the build resumed as compared to if the
build had continued unhindered, resulting in the ridge. Note that overheating occurred in the
predicted areas (marked by a red circle) on the single built baseline parameter specimen; this was
absent in the specimens that utilized lower laser powers (Figure 6). The specimens that utilized
lower laser power during fabrication exhibited a slight ridge where the altered parameters ended
and the default parameters started, similar the witness line in Figure 5; this is shown in Figure 7,
denoted by the red arrows.
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Figure 5. Optimized geometry built by itself in a single build operation. Overheating (red circle) occurred
in the predicted area.

Figure 6. Optimized build geometry (a) overview and detail of specimens built with the (b) baseline, (c) 95%
power, (d) 90% power, and (e) 88% power parameters.
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Figure 7. Slight ridge (marked by red arrows) exhibited by the specimen fabricated with 88% laser power
in the area of interest.

Simulation Results

In order to determine if the optimized geometry met the stress criteria, a finite element analysis
of the optimized beam geometry as-designed and as-printed under identical loading was
performed, the results of which are shown in Figure 8. Note that for loads of up to 3,000 N the as-
designed and as-printed geometries performed nearly identically, and for loads of up to
approximately 5,250 N the performance was very close. At higher loads the behaviors depart
dramatically, with the as-printed geometry not showing the spike in deformation behavior and
overall exhibiting less deformation due to the applied force. It is interesting to note that the
secondary supports added during the optimization process (grey supports in Figure 3) experienced
negligible stresses as compared to the primary structure produced by the initial analysis, as shown
in Figure 9. This supports the assertion that the initial geometry optimization was satisfactory, and
that the added refinements only serve to allow for L-PBF fabrication of the specimen.
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Figure 8. Simulated deformation upon displacement-control service loading for full beam, optimized
beam, and 3D printed optimized beam geometry.
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Figure 9. Finite element analysis showing stress concentrations in AM optimized beam geometry.

X-Ray Evaluation

After the specimens were removed from the build plate, the specimens were all investigated
via x-ray tomography in order to quantify the porosity and surface roughness of the specimens.
The results of the void and surface roughness calculations conducted at the midsection of the
specimens on a plane perpendicular to the regions with altered parameters, denoted in Figure 10
by the blue plane, are given in Table 2. As the laser power decreased, the surface roughness
increased. Additionally, while the 95% laser power specimen was predicted to have the optimal
mix of under-heated and overheated nodes, it, along with the 90% laser power specimen, exhibited
the highest void content of the specimens. The baseline specimen exhibited the least amount of
void content.  The 88% laser power specimen exhibited the highest surface roughness and
exhibited a void content similar to the baseline specimen. It is important to note that this plane
includes a cross section of the entire sample, not just the area with the adjusted build parameters;
the differences in porosity could be the result of variation in the samples inherent to the additive
process.

Figure 10. X-ray tomography of baseline, 95%, 90%, and 88% laser power samples. The plane the void and
surface roughness measurements were taken at is shown in blue.
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Table 2. X-ray tomography results.

Laser Power Void Content Surface Roughness
Baseline 2.5% 15.1
95% Laser Power 5.9% 20.7
90% Laser Power 5.9% 20.7
88% Laser Power 3.1% 24.3
Conclusions

In this project, a design tool was developed by integrating commercial topology optimization
software (OptiStruct) and GENOA3D. The framework was utilized in topology optimization of
simply-supported beam to be fabricated with AM without support structure. Process parameters
were developed using GENOAS3D to fabricate part with minimum defects in overhanging regions
caused by under- and overheating. It was found that the framework design provides topology
which can be fabricated without any additional manufacturing consideration. The specimens
fabricated following software suggested process parameters were evaluated using X-ray CT and
compared with baseline specimen. It was shown that software results improved the quality of the
build. The following conclusions can be drawn from this study:

1. Integrating a commercial topology optimization software (OptiStruct) with GENOA3D
produced a geometry that was not only optimized for a specific loading scenario, but also
able to be manufactured by an additive manufacturing machine.

2. As the laser power increased in specimen production, the surface roughness of the
specimen decreased.

3. The simulation could accurately predict areas of overheating and under-heating, as
evidenced by the overheating in the singly manufactured specimen.

Future plans include further investigation of the x-ray data, including in-plane with the altered
parameter regions, in order to determine if the void content found in the investigated plane is
representative of the entire specimen, or if it is constrained to the areas where overheating was
predicted. More complex geometries and a wider range of fabrication parameters will also be
investigated, with microstructural investigations performed The results of this study show that not
only are integrated topology optimization and structural modeling, such as the GENOA3D with
integrated OptiStruct, a convenient tool to optimize build geometry in such a way as to allow for
additively manufactured, but these tools can also aid in the selection and refinement of build
parameters, allowing for less design iterations.

Acknowledgments
Support from the Naval Air Warfare Center Weapons Division for supporting this project
under Contract #N68936-16-C-0083 is greatly appreciated.

References
[1] Frazier, W.E, “Metal Additive Manufacturing: A Review,” Journal of Materials Engineering
and Performance, Vol. 23, No. 6, 2014, pp. 1917-1928.

2271



[2] Atzeni, E., Salmi, A., “Economics of Additive Manufacturing for End-usable Metal Parts,” The
International Journal of Advanced Manufacturing Technology, Vol. 62, No 9-12, 2012, pp. 1147-
1155.

[3] Sterling, A.J, Torries, B., Shamsaei, N., Thompson, S.M., Seely, D.W., “Fatigue Behavior and
Failure Mechanisms of Direct Laser Deposited Ti-6Al-4V,” Materials Science and Engineering
A, Vol. 655, 2016, pp. 100 — 112.

[4] Sterling, A.J., Shamsaei, N., Torries, B., Thompson, S. M., “Fatigue Behaviour of Additively
Manufactured Ti-6Al-4V,” International Conference on Fatigue Design, Senlis, France, 2015.

[5] Brandl, E., Leyens, C., Palm, F. “Mechanical Properties of Additive Manufactured Ti-6Al-4V
using Wire and Powder Based Processes,” Trends in Aerospace Manufacturing 2009 International
Conference, TRAMO09, I0OP Conference Series: Materials Science and Engineering 26, 2011.

[6] Wu, Xinhua, et al, “Microstructures of Laser-deposited Ti-6Al-4V,” Materials and Design,
Vol. 25, No. 2, 2014, pp. 137-144.

[7] Mutombo, K, 2013, “Metallurgical Evaluation of Laser Additive Manufactured Ti6AI4V
Components” Rapid Product Development Association of South Africa (RAPDASA) Conference,
SanParks Golden Gate Hotel, South Africa.

[8] Selcuk, C., “Laser Metal Deposition for Powder Metallurgy Parts,” Powder Metallurgy, Vol.
54, Issue 2, 2011, pp. 94-99.

[9] Shamsaei, N., Yadollahi, A., Bian, L., Thompson, S. M., “An Overview of Direct Laser
Deposition for Additive Manufacturing; Part 1l: Mechanical Behavior, Process Parameter
Optimization and Control,” Additive Manufacturing, Vol. 8, 2015, pp. 12-35.

[10] Gammon, L. M., Briggs, R. D., Packard, J. M., Batson, K. W., Boyer, R., Domby, C. W.,
“Metallography and Microstructures of Titanium and Its Alloys,” ASM Handbook, Vol. 9, 2004,
pp. 899-917.

[11] Costa, L., Vilar, R., Reti, T., Deus, A. M., “Rapid Tooling by Laser Powder Deposition:
Process Simulation Using Finite Element Analysis,” Acta Materialia, Vol. 53, Issue 14, 2005, pp.
3987 — 3999.

[12] Bedsge, M.P., “Optimal Shape Design as a Material Distribution Problem,” Structural
optimization, Vol. 1, No. 4, 1989, pp. 193-202.

[13] Leary, M., Merli, L., Torti, F., Mazur, M., Brandt, M., “Optimal Topology for Additive
Manufacture: A Method for Enabling Additive Manufacture of Support-free Optimal Structures,”
Materials and Design, Vol. 63, 2014, pp. 678-690.

2272



	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



