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ABSTRACT 

Anisotropy of mechanical properties is characteristic of components printed using processes 
like extrusion deposition additive manufacturing, wherein the properties along the print direction 
(x-direction) are superior when compared to the corresponding properties in the build direction (z-
direction). This effect, influenced by the bond strength in the z-direction, can be more pronounced 
for components with longer layer times, as the bottom layers tend cool below the glass transition 
temperature (Tg) of the material, thereby restricting thermal fusion between the printed layers. The 
work discussed here builds on the previous work by the authors, demonstrating infrared preheating 
as a technique to actively control the bond temperature during printing to improve the mechanical 
properties (z-direction) of parts printed on a large-format extrusion AM system. IR preheating was 
used on the surface of printed layers just prior to the deposition of the next layer to increase the 
surface temperature closer to the glass transition temperature. The current study explores the effect 
of variation in bead surface temperatures (indicative of variations in layer times) prior to and after 
pre-heating on the mechanical properties in z-direction.  

1. INTRODUCTION 
1.1 Motivation 

Extrusion deposition additive manufacturing, the process where the feed material is melted 
and deposited layer-by-layer on a build platform, is now being used to print components using a 
variety of polymers and composite materials on print platforms with build volumes ranging from 
~ 10 cm3 up to ~130 m3 [1, 2]. Despite several advancements in the development of new materials 
and printers based on this process, one of the challenges that still exists is the inability to obtain 
printed components with isotropic mechanical properties [3-5]. There exists a certain level of 
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anisotropy in the properties of printed parts (mechanical properties being lower in the transverse 
direction or the print direction when compared to the axial direction) as the layer-wise deposition 
process makes these properties dependent on temperature history and processing conditions [6-8]. 
During printing on a large format AM platform (6 m x 2.4 m x 1.8m) [1], without an active 
temperature control of the entire build volume, increasing part geometry (or layer times) would 
lead to increased cooling of the deposited bottom layers (or beads) before the next layer gets 
deposited. If the bonding mechanism between the deposited polymer layers is primarily thermal 
fusion and polymer inter-diffusion, then the temperature of the bottom layer (or substrate) should 
at least be above the glass transition temperature (Tg) of the polymer for a sufficient time period 
to enable good thermal bonding [6, 7]. However, for large-scale system, this condition in not 
always fulfilled and therefore, there is a need to actively control the bond temperature during 
printing to obtain better mechanical properties in the print direction.  

1.2 Infrared Preheating 

As a strategy to address this issue of cooling of bottom beads below Tg before the next bead 
gets deposited for large-scale AM systems, the authors previously investigated and reported 
infrared (IR) preheating technique to be an effective method to improve transverse direction 
mechanical properties (z-direction) [9, 10]. An experimental design feasible for using IR 
preheating on large-scale printers such as the Big Area Additive Manufacturing system was 
demonstrated, and this technique was found to be a useful to modify the interlayer bond 
temperature actively during printing, independent of the material used and part geometry. The 
previous test set-up comprised of infrared lamps, pyrometers and the extruder all designed to move 
as a single unit while printing. The lamps were fitted such that they preceded the extruder to heat 
up the bottom layers just prior to the deposition of the next layer. Two pyrometers, one positioned 
before the lamp and another after, were used to record the cold bead (substrate) temperature prior 
to heating (Tcold) and the substrate temperature after IR preheating (Thot), just prior to deposition 
of next layer, respectively. The previously performed mechanical tests results overall indicated the 
IR preheating technique to be beneficial for print conditions where the cold substrate temperature 
(Tcold) was reduced below Tg (in the range of 75-85 oC and Tg of the material printed ~ 110 oC) and 
when IR preheating increased the substrate temperature closer to or slightly above Tg.  

Despite the reported efforts so far by the authors on using the IR preheating technique to 
actively control the bond temperature, there was a need to refine the experimental set-up and print 
conditions to have a better control of the substrate temperature before and after preheating to be 
able to better understand the effect of preheating on the mechanical properties. The previous efforts 
primarily used variations in print speed, intensity of the lamps (heat input), and extrusion 
temperature as methods to modify substrate temperature before and after preheating. There was no 
other active control of substrate temperature before preheating, and there were several cases of 
excessive heating caused by the lamps which might have led to some possible degradation of the 
polymer, thereby in turn weakening the z-direction properties. To have a better understanding of 
the conditions where this technique could be very effective, in the work reported here, print trails 
were performed by actively controlling the substrate temperature before and after preheating. 
Printing with a set speed and deposition temperature, artificial cooling was used to create different 
cold substrate temperatures (by varying the number of cooling cycles) and the intensity of the lamp 
was constantly controlled to raise the substrate temperature to a certain set value (above Tg) by 
preheating. This reduced overheating issues as well as provided a way to alter the cold substrate 
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temperature to ranges well below Tg (40 to 80 oC) unlike the previously reported trials. Also, it 
should be noted that lower cold substrate temperature is indicative of larger parts or increased layer 
times, thereby making these studies more useful to understand the effect of preheating in case the 
of printing very large parts.  

2. EXPERIMENTATION 

2.1 Experimental Set-up 

Figure 1 represents the modified experimental set-up on the large-scale AM system used in 
this work comprising the IR lamps, pyrometers, extruder, all inter-connected and moving as a 
single unit, as well as provisions for artificial cooling during printing.  

 

Figure 1. Experimental set-up indicating (a) various key components and (b) IR preheating 
during printing. 

The feed material used for printing was the same as the previous trials, acrylonitrile 
butadiene styrene (ABS) reinforced with 20 wt.% short carbon fiber. The IR lamp used was a Strip 
IR model number 5306B-02-1000-01-00 fitted at a standoff distance of 10 mm from the bead 
surface. Components printed under different conditions were 0.25 m high hexagons with 
dimensions as shown in Figure 2. Three hexagons were printed, with cold substrate (Tcold) target 
temperatures (i.e. substrate temperature just prior to preheating) being 40 oC, 60 oC and 80 oC 
controlled by varying the number of active cooling cycles. Active cooling was achieved through 
forced convection. Eight sets of insulated hoses were used to direct air flow over the printed 
structure. The target substrate temperature after IR preheating was set to 150 oC (above Tg) for all 
the cases. The print speed for all the parts was set to 5.1 cm/s.  
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Figure 2. Schematic of the printed hexagonal sample (all dimensions in m), sample height: 
0.25 m. 

2.2 Tensile Testing 

Tensile testing was performed by harvesting samples from both, heated and the non-heated 
sides (control samples) of the hexagon. Plaques were cut out from the sections harvested and 
tensile test specimens were milled from these plaques. The target specimen dimensions are shown 
in Figure 3 and were in accordance with ASTM D638 (Type I). Tensile tests (z-direction of the 
sample) were performed using an MTS 4.4 kN (1 kip) load cell and MTS 200k micro-stain 
extensometer at a testing speed of 1.524 mm/min (0.06 in/min) until failure.  

 

Figure 3. Tensile test specimen dimensions (mm), sample thickness: 6.35 mm. 

3. RESULTS AND DISCUSSION 

Table 1 summarizes the printing and preheating conditions varied in the previous reported 
print trials to modify the substrate temperature before and after preheating (Tcold and Thot) and 
Figure 4 summarizes the tensile test results reported for preheating conditions that used a 1kW IR 
lamp with variations in print speeds and the extrusion temperature [9,10]. In almost all the reported 
cases, there were no statistically significant improvement in tensile strength due to preheating. In 
addition, for many conditions, IR preheating lowered the average z-direction tensile strength to 
some extent which was attributed to the possibility of excessive heating (as the substrate was 
preheated up to the chosen extrusion temperature) leading to possible degradation of ABS in the 
process.  
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The tensile test results for the samples harvested in the present work, with a good control of 
Thot and Tcold, are as shown in Figure 5. The data clearly indicates an increase in the average tensile 
strength for all the three Tcold conditions, with the increase being statistically significant for the 
case with Tcold of 40 oC. The average z-direction tensile strength for this condition was increased 
by 81% due to IR preheating. These trends show that IR preheating is a very useful technique for 
improving bond strength, especially for print scenarios involving long layer times that cool the 
part down to temperatures significantly below the glass transition temperature of the material.  

Table 1. Process parameters varied in previous trials. 

Print speed (cm/s) 3.8, 5.1, 7.6
Extrusion temperature (oC) 215, 235, 250
Lamp power setting 80-90% intensity for 1kW lamp 

2 X 500 W lamps (at max intensity) 
Standoff distance (cm) 8, 2.5, 1

 

Figure 4. Summary of tensile test results from previous trials [10]. 

 1580

20 Non-heated side 
IR preheated side 

'ii' 15 
IIL 
:::E -.c -m 
C 10 
! -(I) 

~ 
4ft 

5 C 

~ 

0 
Print speed (an/s} 3.8 5.1 7.6 3.8 5.1 7.6 3.8 5.1 7.6 

Texbusion: 235 °C Temusion: 250 °C 



 

Figure 5. Ultimate tensile strength (z-direction) for the three cooling conditions.

4. CONCLUSIONS 

Previous work by the authors demonstrated infrared preheating to be a useful technique to 
enhance the z-direction mechanical properties of components printed on large-format AM 
platforms. However, in those print trials, the substrate temperature (bottom beads) before and after 
preheating was controlled only by varying the print parameters and heat input conditions. The cold 
bead temperatures obtained by varying these parameters, although below the Tg of the material, 
were in the range of 75 – 85 oC and excessive preheating in some cases led to the possibility of 
polymer degradation. In this work, with modifications in the experimental set-up and processing 
conditions, the authors were able to simulate longer layer times (or larger part geometry) by 
actively cooling the substrate to chosen temperatures significantly below Tg and then preheating 
up to a certain temperature well above Tg (also below the extrusion temperature). These conditions 
enabled better control over the process as well as led to the possibility of printing parts where IR 
preheating enhanced the tensile strength by even ~ 80 %. Increase in the average tensile strength 
was observed to be greater as the substrate temperature lowered. This therefore indicates that the 
IR preheating technique to be advantageous for large-scale prints involving longer layer times. 
Future work involves experimental trials with multiple preheating temperatures (Thot) as well as 
validation of the trends in properties by performing mechanical testing using other methods.  

5. ACKNOWLEDGEMENTS 
The authors gratefully acknowledge Dr. Donald Erdman at Oak Ridge National Laboratory for the 
use of lab facilities for mechanical testing and Techmer ES for providing the materials used in this 
work. Research was sponsored by the U.S. Department of Energy, Office of Energy Efficiency 
and Renewable Energy, Advanced Manufacturing Office, under contract DE-AC05-00OR22725 
with UT-Battelle, LLC. 

 1581

12 

_ 10 
Cl:I 
ll. 

~ 8 
J: -C) 
C: 
f -U) 

~ 

"' C: 

~ 

6 

4 

2 

0 

T hot= 150 °C (after preheating) 

Non-heated side 
IR preheated side 

Tcold = 40 oc Tcold = 60 °C Tcold = 80 oc 



6. REFERENCES 

1. Duty, C.E., Ajinjeru, C., Kishore, V., Compton, B., Hmeidat, N., Chen, X., Liu, P., Hassen, 
A.A., Lindahl, J. & Kunc, V. "What makes a material printable? A viscoelastic model for 
extrusion-based 3D printing of polymers." Journal of Manufacturing Processes 35 (2018): 
526-537. https://doi.org/10.1016/j.jmapro.2018.08.008.  

2. Brenken, B., Barocio, E., Favaloro, A., Kunc, V. & Pipes, R.B. “Fused filament fabrication 
of fiber-reinforced polymers: A review.” Additive Manufacturing 21 (2018): 1- 16. 
https://doi.org/10.1016/j.addma.2018.01.002. 

3. Duty, C.E., Kunc, V., Compton, B., Post, B., Erdman, D., Smith, R., Lind, R., Lloyd, P. & 
Love, L. “Structure and mechanical behavior of Big Area Additive Manufacturing 
(BAAM) materials.” Rapid Prototyping Journal 23 (2017): 181-189.  

 https://doi.org/10.1108/RPJ-12-2015-0183. 
4. Shaffer, S., Yang, K., Vargas, J., Di Prima, M.A. & Voit, W. “On reducing anisotropy in 

3D printed polymers via ionizing radiation.” Polymer 55 (2014): 5969-5979. 
 https://doi.org/10.1016/j.polymer.2014.07.054. 
5. Perez, A.R.T., Roberson, D.A. & Wicker, R.B. “Fracture surface analysis of 3D-printed  

tensile specimens of novel ABS-based materials.” Journal of Failure Analysis and 
Prevention 14 (2014): 343-353. http://dx.doi.org/10.1007/s11668-014-9844-0. 

6. Turner, B. N., Strong, R. & Gold, S.A. “A review of melt extrusion additive 
 manufacturing processes: I. Process design and modeling.” Rapid Prototyping Journal 20 
 (2014): 192-204.  https://doi.org/10.1108/RPJ-01-2013-0012. 
7. Sun, Q., Rizvi, G.M., Bellehumeur, C.T. & Gu, P.  “Effect of processing conditions on the 

bonding quality of FDM polymer filaments.” Rapid Prototyping Journal 14 (2008): 72-80. 
 https://doi.org/10.1108/13552540810862028. 
8. Ahn, S.-H., Montero, M., Odell, D., Roundy, S. & Wright, P.K. "Anisotropic material 

properties of fused deposition modeling ABS." Rapid Prototyping Journal 8(2002):248-
257. https://doi.org/10.1108/13552540210441166. 

9. Kishore, V., Ajinjeru, C., Nycz, A., Post, B., Lindahl, J., Kunc, V. & Duty, C. "Infrared 
 preheating to improve interlayer strength of big area additive manufacturing (BAAM) 
 components." Additive Manufacturing 14 (2017): 7-12.   
 https://doi.org/10.1016/j.addma.2016.11.008. 
10. Kishore, V., Ajinjeru, C., Nycz, A., Post, B., Lindahl, J., Kunc, V. & Duty, C. "Infrared 

Preheating to Enhance Interlayer Strength of Components Printed on the Big Area Additive 
Manufacturing (BAAM) System." SAMPE Technical Conference Proceedings. Long 
Beach, CA, May 2016. Society for the Advancement of Materials and Process Engineering.  

 
 

 1582


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

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

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

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

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

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

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

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

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

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

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


	Attendee List
	Author Index



