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Abstract

Laser sintered polymer parts consist of rough surfaces due to the layered manufacturing and adherence of
incomplete molten particles. The absolute roughness depend on various process parameters like build angle,
spatial position, build temperature, exposure order and layer time. Analyses with the help of several areal
roughness values of DIN EN ISO 25178-2 considering these parameters are introduced in this paper. Multiple
build jobs with 120 um layer thickness and PA2200 powder were built on an EOS P396 machine using the same
build job design with varying process parameters. An individual sample part was designed to receive lots of
surface topography information with optical 3D measurements. The results show roughness dependencies for 0°
to 180° build angles in 15° steps and eleven distributed in-plane and three axial direction positions depending on
different build temperatures, reversed exposure order and layer times. Limitations of the varied parameters are
finally derived for the manufacturing of improved surface qualities.

Introduction

It is well known that polymer laser sintered parts possess rough surfaces. Nevertheless, only a few
investigation are focused on objective surface roughness values for additive manufactured parts. Mostly, surface
roughness is analyzed with the example of the profile arithmetic mean value R,. Reeves and Cobb [RC97]
introduced surface roughness analyses for stereolithography parts with their widespread “truncheon” sample part
which covers build angles from 2° to 180° in 2° steps. Later, Upcraft and Fletcher [UF03] demonstrated in their
review article advantages and challenges of several additive manufacturing processes including a surface
roughness comparison depending on layer thickness and a build angle between 10° to 90°. Bacchewar et al.
[BSP0O7] introduced an ANOVA study and analysis of process parameter influences on surface roughness. They
investigated how the parameters build orientation, laser power, layer thickness, beam speed and hatch spacing
influence the roughness with the example of the profile arithmetic mean value R,. Build orientation was found to
be the significant parameter affecting surface roughness followed by layer thickness for upward directed surfaces
and laser power for downward directed surfaces. Correlating results from the metal technology came from Strano
et al. [HSE+13] who analyzed and set up a prediction model for laser melting part surfaces of 316L material.
They used as well a surface profilometer and a scanning electron microscope for surface analysis. They found in
detail an increasing density of spare particles along step edges as the build angle increases.

Furthermore, only a handful examination are public where areal roughness values are applied to laser
sintered parts. Thompson et al. [TSG+17] compared different three-dimensional measurement methods, namely
confocal microscopy, coherence scanning interferometry, focus variation microscopy and X-ray computed
tomography. They applied measurements to selective laser melted Ti6Al4V part surfaces and analyzed them with
various areal texture parameters of ISO 25178-2. Grimm at al. [Gril6][GWW17] used confocal microscopy for
an evaluation of the feasibility of three-dimensional surface parameters for quality control in additive
manufacturing. Furthermore, they automated the surface analysis via an industrial six-axis robot and applied
measurements to laser sintering and laser melting part surfaces.
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This work is focused on the application of areal roughness values to laser sintered part surfaces. A
systematic approach with high statistic results was aimed at. The presented results of this work contain process
parameter variations for a fixed machine type, layer thickness, powder batch and exposure parameters and its
influences on surface roughness values.

Basics and measurement conditions

The analyses of all the surfaces were done via defined texture values of DIN EN ISO 25178-2. In detail,
the values areal arithmetic mean S, and areal roughness depth S, were considered, where S, is defined as follows:

1
Sa = folZ(x,y)l dx dy
A

S, is defined as the sum of the highest peak and the deepest valley point of the considered area.

The measurements were produced with a “3D-Macroscope VR-3100” of Keyence Corporation. This
system operates with fringe light projection as shown in figure 1. A tilted light source projects fringe light pattern
onto the sample and a CMOS detector collects the reflected light. Via triangulation, the height information is then
derived. A resulting exemplary surface measurement of a 15° tilted surface is also shown in figure 1, where the
stair-stepping effect and adhered particles are obvious.
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Figure 1: Exemplary 3D-measurement of 15° tilted LS surface (left) and measuring principle of fringe light projection (right).

The measurement area of all measurements are approx. 7 x 9 mm? The corresponding S, value is
calculated by the whole data points. The S, value is calculated for nine different sub-areas of 2 x 2 mm? size for
each measurement to reduce the influence of individual particle agglomerations. The build angle range of 0° to
180° in 15° steps is covered by the hexagon sample part demonstrated in figure 2. The definition of surface angle
directions are also given in the two sketches. 0° is a surface parallel to the building platform and upward directed,
90° is a surface orthogonal to the building platform and 180° is a surface downward directed into the powder bed.
The angles are shown with front views of the two necessary orientations the sample part has to build with. The
basis of the part is formed by a hexagon with feed sizes of 18 mm and 20 mm, which is extruded for 18 mm. The
part is hollowed and consists of a wall thickness of 3 mm. Lastly, the center has a 10 mm sized quadratic extruded
cut for reproducible post-processing purposes. The design of the sample part enables the part to stand on every
surface while the opposing surface is aligned parallel to the ground. This feature allows a constant plane

measurement of each surface from the part with the measuring system without the need of a special bracket.
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Figure 2: Two build orientations of hexagon sample part with appropriate build angles.

Experimental design

For the manufacturing of sample parts one build job design was prepared, see left image of figure 3. For
the analyses covered here, only the blue hexagon parts of the design are of relevance. The whole build space of a
EOS P396 machine (350 x 350 x 620 mm?) minus small part free margins on each side is used with sample parts.
The hexagon parts are manufactured at three z-height levels, each level with two layers of parts in above-
mentioned two orientations. Each layer of parts consists of 22 parts positioned in a 5 x 9 position matrix as shown
on the right side in figure 3. The red marked positions are the ones that were measured and analyzed. The dashed
lines in red and black indicate center and outside areas. The presented build job was manufactured with various
process parameters. Following parameters were held constant for each job:

- Machine: EOS P395

- Material: PA 2200 mixed powder of one batch

- PartPropertyProfile Balance: 120 um layer thickness
- Preheating time: 4 hours

- Unpacking temperature: below 50 °C

The results of four different build jobs are included here. The variation contains firstly the build
temperature, changed by 2 K, and further a reversed exposure order of the parts and an additional 30 s layer time,
which is summarized in table 1. A reversed exposure order changes the duration the molten bath is covered with
powder material. In build job #4 a dummy part extends this time by 30 seconds, which is approx. four times the
exposure duration of the hexagon parts.

Table 1: Overview of build jobs and their varied process parameters.

Build job number Build temperature / °C Detailed variation
#1 172.5 -
#2 174.5 -
#3 174.5 reversed exposure order
#4 174.5 plus 30 s layer time
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Figure 3: Build job design with top view of x-y-distribution of hexagon samples and division in center (black dashed line) and outside
positions (red dashed line).

Results and discussion

The first results show the roughness values S, and S, in dependency of the build angle and the four
different build jobs in figure 4 and 5. Each data point is the mean value of 33 samples for the distinct build job,
averaging all spatial positions. Beginning with the results of S, values the flat surfaces (0° and 180°) show the
lowest values followed by 90° surfaces. Upward directed surfaces (15° to 75°) exhibit a decreasing roughness
with increasing angle correlated to a cosine relationship due to the stair-stepping effect of the layer wise
manufacturing principle. This effect is strongly diminished for downward directed surfaces (105° to 165°) where
all angles appear to be comparable rough. Explanatory approaches are a small curling effect on each layers edge
and the filleting effect due to the laser penetration geometry [BSP07]. The standard deviations of the most points
are overlapping, nevertheless a light tendency can be seen for build job #4 comprising the lowest the roughness
values of all build jobs. The areal roughness depth do not confirm this trend, nearly all values for each build angle
are on the same range. Rather noticeable are the even more comparable values for the downward directed surfaces
and that they are all lower than the roughness depth of 90° surfaces.
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For a view on spatial dependencies, analyses according the z-height and x-y-distribution are discussed in
the following. In figure 6, the z-height dependency is demonstrated exemplarily for build job #3 and the build
angles 0°, 15° and 90° as they represent the extreme points in roughness. Per plane the results of eleven samples
were averaged, distinct deviations on individual positions were not found. Also, the comparison of different build
heights show no differences beyond standard deviations.

32,5

30,0 -
27,5 -
25,0
22,54
20,0 -
17,5 -
15,0
12,5 -
10,0 -
7,5
5,0 -
2,5
0,0

Mum

a

Areal arithmetic mean S _/

0 15 90
Build angle / °

Figure 6. Areal arithmetic mean roughness in dependency of the Z-height for build job #3.
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In figure 7, the X-Y-Distribution is shown by separating sample of the
center and outside build area as defined in figure 3. Again, the extreme
points with 0°, 15° and 90° build angles are selected to exhibit the
qualitative tendencies. Measurements of all build heights are averaged
as this has no influence like shown before. Distinct differences can
hardly be highlighted. Once more, disparities for the in-plane position
can not be found while they appear between the different build jobs.
Build job #4 possess the smoothest surfaces, which confirms the
influence of increased layer time. For 15° build angle also the
increased build temperature has a small positive effect on the
roughness. The small differences between build job #2 and #3
demonstrate the degree of reproducibility.

Figure 7: Areal arithmetic mean roughness in dependency of the X-Y-Position for all build
jobs and 0°, 15° and 90° build angle.
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Figure 8: Zoomed 3D-images of 0° surfaces of build job #2 (left) and build job #4 (right) with increased layer time.

An approach for the explanation of smoother surfaces for the build job with increased layer time is
demonstrated with exemplary 3D-measurements of 0° build angle surfaces of build job #2 and #4 in figure 8. For
this flat surfaces only adhered particles and no stair-stepping effect is responsible for the surface roughness. Both
shown images have the same color scale and the differences in local topography gradients are obvious. In the left
image the particles protrude much more than in the right image. The increased layer time for the right part surface
provides the adhered particles time to melt more into the surface. The adherence of unmolten particles proceed
due to the unavoidable contact of the molten bath and particles of the next powder layer. The heat conduction of
the material is very low as well as the viscosity just a few degrees over melting temperature. Hence, the degree
of particle melt is mostly driven by the available time with IR-heating from above before the next colder layer of
powder is deposited and supposed to abort the adherence process. Figure 9 sketches the progress of particle
adherence to a molten bath and a time correlation to the layer times of build jobs #2 and #4.
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Figure 9: Sketch of particle adherence progress over time after the last laser exposed layer.

Conclusion and outlook

In this paper we demonstrated surface roughness analyses of polymer laser sintered part surfaces via
areal surface texture values of DIN EN ISO 25178-2. Build orientation, spatial position, build temperature,
exposure order and layer time are varied parameters of the investigations. It was shown that the build
orientation has the highest influence on surface roughness followed by the layer where longer durations lead to
smoother surfaces. Spatial position, build temperature and exposure order play a minor role.

Further analyses are in preparation for an extended variation of parameters e g. machine type, wall
thickness, part distance, layer thickness and powder quality. These results will give an even more detailed view
of influence factors for the surface quality in polymer laser sintering.

2630



Acknowledgement

The authors want to thank all industry partners of the DMRC as well as the federal state of North Rhine-
Westphalia and the University of Paderborn for the financial and operational support within the project “STEP:
Surface Topography Analysis and Enhancement of Laser Sintered Parts”.

[RCY7]

[UF03]

[BSP07]

[HSE+13]

[TSG+17]

[Gril6]

[GWW17]

[Keyl5]

Literature

Reeves, E. R; Cobb, R. C.: “Reducing the surface deviation of stereolithography using in-
process techniques”. Rapid Prototyping Journal, Vol.3, pp. 20 — 31, 1997.

Upcraft, S.; Fletcher, R.: “The rapid prototyping technologies”. Assembly Automation,
Volume 23, pp. 318 — 330, 2003.

Bacchewar, P. B.; Singhal, S. K.; Pandey, P. M.: “Statistical modelling and optimization of
surface roughness in the selective laser sintering process”. Proc. IMech E, Part B: J.
Engineering Manufacture, Vol. 221, pp. 35 — 52, 2007.

Strano, G.; Hao, L.; Everson, R. M. et al.: “Surface roughness analysis, modelling and
prediction in selective laser melting”. Journal of Materials Processing Technology, Vol.
213, pp. 589 — 597, 2013.

Thompson, A.; Senin, N.; Giusca, C. et al.: “Topography of selectively laser melted
surfaces: A comparison of different measurement methods”. CIRP Annals — Manufacturing
Technology, in press, 2017.

Grimm, T.: “Entwicklung und Validierung einer automatisierten, dreidimensionalen
Oberflichenanalyse zur Qualititskontrolle von additive gefertigten Bauteilen”. Shaker
Verlag, Phd thesis, 2016.

Grimm, T.; Wiora, G.; Witt, G.: “Quality Control of Laser-Beam-Melted Parts by a
Correlation Between Their Mechanical Properties and a Three-Dimensional Surface

Analysis”. JOM, Vol. 69, pp. 544 — 550, 2017.

“One-Shot 3D Measurement”. Keyence Corporation, Japan, 2013.

2631



	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



