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ABSTRACT 

Additive manufacturing is revolutionizing the way we build and produce a plethora of 

products spanning many industries. It has shown strong potential in reduced energy use, 

sustainability and cost effectiveness. Exploring avenues that this technology can be utilized is key 

to improve productivity and efficiencies in various applications including electronic systems and 

devices manufacturing.  Electronic systems and sub-systems are built using a variety of material 

and processes, which require a large carbon footprint, significant waste material and high 

production time. We propose the application of 3D printing technology to support an integrative 

process for combining circuit board fabrication, solder mask process, electronic component pick 

and place and enclosure manufacturing. The integration of these separate processes into a single 

high efficiency additive manufacturing process will yield significant savings in energy use, carbon 

footprint, waste product and production time and cost.  

INTRODUCTION 

The electronics industry is growing rapidly with emergence of new technology every day. 

Additive Manufacturing (AM) has become a game changer in the way we build things and it has 

immense potential to further integrate into more processes in various industries, specifically the 

electronic industry. While the electronics (consumer) industry is a multi-billion dollar industry, it 

is rapidly growing and so is the demand. Electronic device manufactures are not only looking for 

cost effective and efficient manufacturing solutions, but ones that will also lessen the carbon 

footprint, significant waste material, and high production time [1]. Energy efficient solutions and 

lower production time are not only good for the environment but lower cost, which benefits the 

manufacturers. So it is imperative to come up with solutions that address most, if not all, of these 

factors [2]. Advances have and are being made in the drive to find solutions that can be integrated 

into electronic devices manufacturing using 3D printing, a subset of additive manufacturing. One 

of these efforts is inkjet printing based. Where conductive nanoparticle liquid inks are used to print 

traces on 3D printed substrate, plastic or paper and/or encased in 3D printed cases. Though this 

approach meets some of the solutions to the goals stated above, it has challenges. Ink prices and 

properties such as stability, aggregation and viscosity have to be considered and can be a hindrance 

to electronic integration that is efficient [3].  

This manuscript will introduce and serve as a guide that showcases the application of 3D 

printing technology to support advanced 3D manufacturing of integrated electronic devices using 

conductive polymer. The current electronic device manufacturing process has many steps that 

consist of the circuit board fabrication, solder mask process, electronic component pick and place, 

board soldering/cleaning, and enclosure manufacturing. This proposed integrative process of 

2163

Solid Freeform Fabrication 2018: Proceedings of the 29th Annual International
Solid Freeform Fabrication Symposium – An Additive Manufacturing Conference

Reviewed Paper



combining these separate processes into one that will yield 3D printed circuits using conductive 

polymer filament, and can support digital and analog circuits with an extended level of complexity. 

When you integrate this capability with 3D automation of component placement and enclosure 

construction, we believe this research could revolutionizing the way electronic devices like cell 

phones, TVs, and automotive systems are designed, manufactured, and distributed. All this while 

saving energy, reducing time from concept to product, reducing carbon footprint and the cost of 

manufacturing consumer electronic products.  

  

MATERIALS AND METHODS  

  Two 3D printers, the Series Pro 1 and Ultimaker, were selected to perform the necessary 

prints for the proposed circuits. The Series Pro 1 has single extrusion while the Ultimaker has 

dual extrusion, making for more efficient printing. Despite the difference in extrusion heads both 

printers have played an integral role in the printing process.  

With the printers selected, the conductive filaments that were available to us were 

evaluated and tested. These filaments consisted of four conductive polymers of which two were 

Acrylonitrile Butadiene Styrene (ABS) and other two Polylactide (PLA) filaments. The two 

PLA, a Composite PLA - Electrically Conductive Graphite (ECG) filament from Proto-Pasta 

and a Conductive Graphene PLA Filament from Black Magic 3D were tested to have the least 

resistance and were therefore selected for further evaluation. The composite PLA had the 

following product specification of volume resistivity; 30 Ω-cm 3D printed parts along layers in 

the X, Y dimension and 115 Ω-cm 3D printed parts against layers in Z dimension (this is a 

reference to build direction) [4]. And the Conductive Graphene PLA had a product 

specification with a volume resistivity of 0.6 Ω-cm [5].  Given that resistivity specifications 

were incomplete due to the fact that the cross-section areas of the materials were not specified, 

further analysis had to be done.   

  Figure 1 was the model used to further analyze the resistances. The Y represents the 3 

different cross-sectional area (width and height), 1.5 x 1.5 mm, 3 x 3 mm, 6 x 6 mm, that were 

used to determine how the resistance is affected by surface area and volume. Figure 2 show a 

3D printed 3 x 3 mm analysis model.  

  

Figure 1: Filament Analysis Model  
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Figure 2: 3D Printed Analysis Model  

Measured Resistance  

The first model printed was the 3x3 mm the composite PLA filament, conductive 

graphene PLA filament.  

Table 1: Filament Analysis Results for the Conductive PLA  

  Composite  

PLA  

Filament  

Conductive  

Graphene  

PLA  

Filament  

Cross-Sectional  

Area (weight x 

height)  

3x3 mm  3x3 mm  

Resistance (pad 

to pad)  

4.3 kΩ  0.13 kΩ  

  

With this information, printing and measurements with the other models (1.5x1.5 mm 

and 6x6 mm) were conducted for both the composite PLA filament and conductive graphene 

PLA filament. These measurements helped us better understand how resistance varies with the 

different widths and heights of the models. Table 2 below, shows a comparison of the 

resistances measured for all of the three models of the conductive PLA filaments.  

Table 2: Filament Analysis Results for the Conductive PLA  
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  Composite  

PLA Filament  

Conductive  

Graphene  

PLA Filament  

Cross-Sectional  

Area (width x 

height)  

Resistance (pad to pad)  

1.5 x 1.5 mm  13 kΩ  0.48 kΩ  

3 x 3 mm  4.3 kΩ  0.13 kΩ  

6 x 6 mm  1.1 kΩ  0.04 kΩ  

  

As shown above, as the widths and heights increase, the resistance decreases. Though 

this new knowledge gave us some insight, we had to further analyze whether resistance varied 

with volume or surface area.  

Volume(Vol) and Surface Area(S.A.) in relation to Resistance  

Below are surface area and volume calculations of the analysis model with the three 

different widths and heights of 1.5 x 1.5 mm , 3 x 3 mm and 6 x 6 mm. The models length is 

held constant at approximately 202 mm. Using the 6x6 mm model as reference, a resistance 

surface area and resistance volume was calculated. Comparing the calculated resistances above 

with that of table 2, it is observed that the volume resistance factor yielded relatively close 

resistances to the measured values, compared to that of the surface area resistance factor. 

Additionally, observing table 3 below (by the colored text), provides that the volume has a 

stronger relationship with the resistance and it was therefore concluded that resistance is 

affected by the volume of the material conducting through the body of the material and not just 

the surface.  

Table 3: Filament Analysis Results for the Conductive PLA  

  Composite PLA Filament  Conductive Graphene PLA Filament  

Cross-Sectional  

Area (width x 

height (mm))  

1.5x1.5  3x3  6x6  1.5x1.5  3x3  6x6  

S.A.(mm2)  1212  2424  4848  1212  2424  4848  

kΩ.(mm2)  15756  9454  5333  581.8  315.1  193.9  

Vol (mm3)  454.5  1818  7272  454.5  1818  7272  

kΩ.(mm3)  5909  7090  7999  218.2  236.3  290.9  
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We can observe the volume resistance calculations in table 3 that the conductive graphene 

PLA filament shows better correlation between volume and resistance than the composite 

PLA filament. This could all be attributed to multiple reasons, which could include; lack of 

accuracy with the material due to consistency of distribution of conductive particles during 

and after the printing process, variations caused by print temperature and cooling, size/density 

of conductive particles in the material, and capacitive load. It’s possible this accuracy can be 

further improved by increasing the model dimension’s width and heights.  

The Circuit Printing Process  

With the eventual goal of implementing both an analog and digital circuit, we focused 

on a digital circuit. With reference from a concept, the digital circuit was modeled in Autodesk 

Fusion 360. Figure 3 shows a top view of the 3D circuit design with the electrical components 

placements specified:  a Common Cathode 7 Segment Display, Seven 4.7 kΩ Series Resistors, 

Four Switches, Four 1.5 kΩ Pull-Up Resistors, 74LS48 BCD to 7 Segment Decoder.  

  

  

  

Figure 3: The Digital Circuit Layout Design  

With the circuit chosen, it was decided to first concentrate on the digital circuit, given it 

would be less susceptible to resistance in the traces. Therefore printing analysis of the material 

to execute suitable pin holes for the components of the digital circuit was done. White 

nonconductive PLA filament was used as the non-conductive base of all the circuit boards. 

Figure 4 shows the AutoDesk Fusion 360 3D model for the pin hole analysis. The pin holes had 

a height of 5mm, outer width of 1.8mm, outer length of 1.9mm, inner width of 0.8 mm and 

inner length of 0.9mm.  
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Figure 4: Pin Holes Analysis  

Printing Challenges  

The composite PLA filament did not offer as many challenges in the printing process as 

the conductive graphene PLA filament did. Initially both materials deposited extra material at 

the start of the print as can be seen in figures 5 and 6. To resolve the extra material deposition 

at the start of the print (e.g. on the top right corner), a small square pad as well as 

nonconductive material line traces in between the pin holes were added to the print, as shown 

in figure 6 and 9. This was done to try and force the extra material to be deposited before the 

print of the pin holes and to avoid bleeding in between the pin holes. This however did not 

solve the problem. Several adjustments to the temperature and columns were tested to achieve 

better prints. For the composite PLA filament the print temperature was increased slightly 

above the manufacturers/distributors recommended maximum temperature to 205◦ C. As for the 

conductive graphene PLA filament, it was found that the suitable printing temperature was 215◦ 

C. We must also note that the conductive graphene PLA filament material texture caused a 

slight expansion to the nozzle of the printer from wear, which we had to switch out  

(detachable nozzles) when we printed with the composite PLA filament. This affected the print 

resolution for the conductive graphene PLA filament.  

Though the printing temperatures helped to a certain degree with the above mentioned 

challenges, we still had to take further measures to ensure that the pin holes would print 

according to the 3D model design. The bottoms of the pin holes were beveled 0.5 1 mm, figure 

8 shows the resulting print with the beveling. A line trace was added for extra measure. With 

this result, we were more confident to proceed with printing the digital circuit.  
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Figure 5 :Conductive Graphene PLA Filament Pin Holes challenges 1  

 

Figure 6: Conductive Graphene PLA Filament Pin Holes challenges 2  

Extra material deposition 
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Figure 7: Conductive Graphene PLA Filament Pin Holes adjustments ( with graphene base)  

  

Figure 8: Composite PLA Filament Pin Holes challenges 1  
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Figure 9: Composite PLA Filament Pin Holes challenges 2  

  

Figure 10: Composite PLA Filament Pin Holes adjustments  

  

  

RESULTS/DISCUSSION  

  

Implementation with both the composite PLA filament and conductive graphene PLA 

filament was conducted. To reduce the resistances across the circuit, with the information 

learned in filament analysis, without compromising the circuit design, the line traces were 

designed with a height on 4mm and width of 0.5 mm, while the pin holes remained the same 

dimensions shown in figure 4. A height of 5mm, outer width of 1.8mm, outer length of 1.9mm, 

Non-conductive material 

line traces in between the 

pin holes. 
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inner width of 0.8 mm, inner length of 0.9mm, and gaps between the the pin holes was 0.7mm. 

With the gap between the pin holes being 0.7 mm, we were unable to place any traces in 

between the pin holes due to the print resolution.  

  

Figure 11: Composite PLA Digital Circuit Print  

We experienced no issues with printing the digital circuit with the composite PLA filament. 

As can be seen in both figures 11. The design was adjusted to extend the ground line trace on 

the right side to create another ground connect in the hopes of further reducing resistance in the 

ground circuit.  

  

  

Figure 12: Conductive Graphene PLA Digital Circuit Print  

The conductive graphene PLA filament line traces were also designed with a height on 

4mm, width of 0.5 mm, and the pin holes remained the same dimensions shown in figure 4. 

The digital circuit print for this filament, as a whole, was relatively good. However two spots in 

the circuit line trace was ragged in certain layers of the print. This could have been due to 
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clogging and the material did not deposit evenly. We mitigated the issue by thickening the 

traces 0.5mm or less, which seemed to alleviate the problem.  

Circuit Tests  

After the circuits were printed, resistance of the circuit traces were measured to observe 

resistance across the circuit at various points. Using figure 13 as reference and the resistance 

measurement lists below, R(1-2) represents the measurement between points (1) and (2).  R(23) 

represents the measurement between points (2) and (3). R(I.(4)), R(II.(4)), R(III.(4)), R(IV.(4)), 

R(V.(4)), R(VI.(4)), R(VII.(4)) represents the measurements between the points identified (4) 

in figure 13. R(5-5), R(6-6), and R(7-7) represents the measurement between point (5) and (5), 

(6) and (6), and (7) and (7), respectively. As displayed by the resistance measurements listed 

below (from the different points of measurement) that the conductive graphene PLA filament 

circuit measured lower resistance than the composite PLA filament circuit. However it was 

decided to test both circuits with the electronic components embedded.  

  

  

Figure 13: Composite PLA and Conductive Graphene PLA Filament Digital Circuit for  

Resistance Measurement Points  

 

 

 

2173



Table 4: Composite PLA and Conductive Graphene PLA Filament Digital Circuit 

Resistance Measurement 

Composite PLA Filament Circuit Resistance 

Measurements 

Conductive Graphene PLA filament 

Circuit Resistance Measurements 

R(1-2) = 5.1 kΩ R(1-2) = 0.7 kΩ 

R(2-3) = 5.5 kΩ R(2-3) = 1.0 kΩ 

 

R(I.(4)) = 1.0 kΩ R(I.(4)) = 0.6 kΩ 

R(II.(4)) = 1.1 kΩ R(II.(4)) = 0.3 kΩ 

R(III.(4)) = 1.1 kΩ R(III.(4)) = 0.5 kΩ 

R(IV.(4)) = 1.0 kΩ R(IV.(4)) = 0.3 kΩ 

R(V.(4)) = 1.0 kΩ R(V.(4)) = 0.6 kΩ 

R(VI.(4)) = 0.9 kΩ R(VI.(4)) = 0.5 kΩ 

R(VII.(4)) = 1.1 kΩ R(VII.(4)) = 1.0 kΩ 

 

R(5-5) = 2.3 kΩ R(5-5) = 0.8 kΩ 

R(6-6) = 2.5 kΩ R(6-6) = 0.6 kΩ 

R(7-7) = 3.0 kΩ R(7-7) = 0.5 kΩ 

 

The electronic components were laid for the composite PLA filament and conductive 

graphene PLA filament, and connected to the 5V power supply. This is displayed in figures 14 

and 15. It can also be seen that there is an obvious response from the circuit, in terms of 

connectivity, however the display did not switch numbers when prompted by the switches.  
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Figure 14: Composite PLA Digital Circuit Print  

  

Figure 15: Conductive Graphene PLA Digital Circuit Print  

There various possible reasons as to why the both circuits, shown in figure 14 and 15, 

did not produce any other results when promoted by the switches. It could have been due to 

different resistance the traces showed as seen in figure 13, causing poor conductance in certain 

areas of the circuit. Furthermore, the ragged traces seen in the conductive graphene PLA 

filament print, definitely created additional resistance. Finally, we have not yet looked into a 

relationship between the material and its capacitance and/or inductance, but it could have also 

played a role in impeding the flow of current in some of the line traces.  
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CONCLUSION  

  

From the analysis and initial testing, a 3D printed digital circuit was successfully 

implemented using the composite PLA filament and conductive graphene PLA filament, as 

shown in figures 14 and 15. There are still a few adjustments that need to be made to attain 

optimal functionality, however, this analysis and initial testing highlights tremendous promise 

that a digital circuit can in fact be 3D printed with the both filament materials.  

Moving forward, a better characterization of the materials needs to be done for consistency. 

A further look into the material make up, as in what amounts of graphene and graphite are 

present in the materials and how it relates to the conductivity. This information was not 

provided by the manufacturers/distributors and further research into the materials must be 

conducted. In addition to future work, there are plans for implementation and testing of analog 

circuit with these conductive polymers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

    

   

  

  

    

  

  

  

  

2176



REFERENCES  

[1] Hooper, T. (2017). The 7 biggest trends and challenges in the electronics manufacturing 

industry in 2017. [Online]. Available: https://www.pannam.com/blog/ top-trends-

andchallenges-in-electronics-manufacturing/  

[2] Association, C. T. (2014). Consumer electronics industry revenues to reach all-time 

high in 2014, projects ceas semi-annual sales and forecasts report.[Online]. Available 

:https://www.cta.tech/News/Press-Releases/2014/July/ Consumer-Electronics-

IndustryRevenues-to-Reach-Al.aspx.  

[3] Kamyshny, A. and Magdassi, S. (2014). Conductive nanomaterials for printed 

electronics. Small, 10(17):3515–3535.  

[4] Proto-Pasta (2017). Composite pla - electrically conductive graphite. [Online]. 

Available: https://www.proto-pasta.com/products/conductive-pla.  

[5] BlackMagic3D (2017). Conductive graphene pla filament 100g. [Online]. Available: 

https://www.blackmagic3d.com/Conductive-p/grphn-pla.htm.  

  

  

  

2177


	Welcome
	Title Page
	Preface
	Organizing Committee
	Papers to Journals
	Table of Contents
	Broader Impacts
	Using Additive Manufacturing as a Pathway to Change the Qualification Paradigm
	Technology Integration into Existing Companies
	Lattice Design Optimization: Crowdsourcing Ideas in the Classroom
	Education of Additive Manufacturing – An Attempt to Inspire Research
	Printing Orientation and How Implicit It Is
	Method for a Software-Based Design Check of Additively Manufactured Components
	The Recycling of E-Waste ABS Plastics by Melt Extrusion and 3D Printing Using Solar Powered Devices as a Transformative Tool for Humanitarian Aid

	Binder Jetting
	Evaluating the Surface Finish of A356-T6 Cast Parts from Additively Manufactured Sand Molds
	Economies of Complexity of 3D Printed Sand Molds for Casting
	Mitigating Distortion During Sintering of Binder Jet Printed Ceramics
	Binder Jetting of High Temperature and Thermally Conductive (Aluminum Nitride) Ceramic
	Binder Jetting Additive Manufacturing of Water-Atomized Iron

	Data Analytics in AM
	Effects of Thermal Camera Resolution on Feature Extraction in Selective Laser Melting
	Artificial Intelligence-Enhanced Multi-Material Form Measurement for Additive Materials
	Machine Learning for Modeling of Printing Speed in Continuous Projection Stereolithography
	Curvature-Based Segmentation of Powder Bed Point Clouds for In-Process Monitoring
	Nondestructive Micro-CT Inspection of Additive Parts: How to Beat the Bottlenecks
	Non-Destructive Characterization of Additively Manufactured Components Using X-Ray Micro-Computed Tomography
	Precision Enhancement of 3D Printing via In Situ Metrology
	Layer-Wise Profile Monitoring of Laser-Based Additive Manufacturing
	Correlative Beam Path and Pore Defect Space Analysis for Modulated Powder Bed Laser Fusion Process

	Hybrid AM
	Characterization of High-Deposition Polymer Extrusion in Hybrid Manufacturing
	Mechanical Properties Evaluation of Ti-6Al-4V Thin-Wall Structure Produced by a Hybrid Manufacturing Process
	Development of Pre-Repair Machining Strategies for Laser-Aided Metallic Component Remanufacturing
	Viscosity Control of Pseudoplastic Polymer Mixtures for Applications in Additive Manufacturing
	Curing Behavior of Thermosets for the Use in a Combined Selective Laser Sintering Process of Polymers
	Effect of Porosity on Electrical Insulation and Heat Dissipation of Fused Deposition Modeling Parts Containing Embedded Wire
	A New Digitally Driven Process for the Fabrication of Integrated Flex-Rigid Electronics
	Hybrid Manufacturing with FDM Technology for Enabling Power Electronics Component Fabrication
	Digitally-Driven Micro Surface Patterning by Hybrid Manufacturing
	Potentials and Challenges of Multi-Material Processing by Laser-Based Powder Bed Fusion
	A Digitally Driven Hybrid Manufacturing Process for the Flexible Production of Engineering Ceramic Components
	Stereolithography-Based Manufacturing of Molds for Directionally Solidified Castings
	Examination of the Connection between Selective Laser-Melted Components Made of 316L Steel Powder on Conventionally Fabricated Base Bodies
	Characterization and Analysis of Geometric Features for the Wire-Arc Additive Process

	Applications
	Geometry/Surface Finish
	Effect of Inter-Layer Cooling Time on Distortion and Mechanical Properties in Metal Additive Manufacturing
	Effect of Shield Gas on Surface Finish of Laser Powder Bed Produced Parts
	Material Characterization for Lightweight Thin Wall Structures Using Laser Powder Bed Fusion Additive Manufacturing
	Metal Additive Manufacturing in the Oil and Gas Industry
	Development of a Customized CPAP Mask Using Reverse Engineering and Additive Manufacturing

	Specific Parts
	Multimaterial Aerosol Jet Printing of Passive Circuit Elements
	Additive Manufacturing of Liners for Shaped Charges
	An Aerospace Integrated Component Application Based on Selective Laser Melting: Design, Fabrication and Fe Simulation
	Additive Manufacturing of Metal Bandpass Filters for Future Radar Receivers
	Fast Prediction of Thermal History in Large-Scale Parts Fabricated via a Laser Metal Deposition Process
	Design Guidelines for a Software-Supported Adaptation of Additively Manufactured Components with Regard to a Robust Production

	Large Scale Parts
	Increasing Interlaminar Strength in Large Scale Additive Manufacturing
	Using Post-Tensioning in Large Scale Additive Parts for Load Bearing Structures
	Precast Concrete Molds Fabricated with Big Area Additive Manufacturing
	3D Printed Fastener-Free Connections for Non-Structural and Structural Applications – An Exploratory Investigation
	Correlations of Interlayer Time with Distortion of Large Ti-6Al-4V Components in Laser Metal Deposition with Wire
	Model Development for Residual Stress Consideration in Design for Laser Metal 3D Printing of Maraging Steel 300
	Topology Optimisation of Additively Manufactured Lattice Beams for Three-Point Bending Test

	Residual Stress
	Morphable Components Topology Optimization for Additive Manufacturing
	Next-Generation Fibre-Reinforced Lightweight Structures for Additive Manufacturing

	Topology Optimization
	Topology Optimized Heat Transfer Using the Example of an Electronic Housing
	Microstructural and Mechanical Characterization of Ti6Al4V Cellular Struts Fabricated by Electron Beam Powder Bed Fusion Additive Manufacturing
	Effect of Wall Thickness and Build Quality on the Compressive Properties of 304L Thin-Walled Structure Fabricated by SLM
	Mechanical Behavior of Additively Manufactured 17-4 Ph Stainless Steel Schoen Gyroid Lattice Structure

	Lattices and Cellular
	An Investigation of the Fatigue Strength of Multiple Cellular Structures Fabricated by Electron Beam Powder Bed Fusion Additive Manufacturing Process
	On the Mechanical Behavior of Additively Manufactured Asymmetric Honeycombs
	Fabrication of Support-Less Engineered Lattice Structures via Jetting of Molten Aluminum Droplets
	Finite Element Modeling of Metal Lattice Using Commercial Fea Platforms
	A CAD-Based Workflow and Mechanical Characterization for Additive Manufacturing of Tailored Lattice Structures
	A Comparison of Modeling Methods for Predicting the Elastic-Plastic Response of Additively Manufactured Honeycomb Structures
	Numerical and Experimental Study of the Effect of Artificial Porosity in a Lattice Structure Manufactured by Laser Based Powder Bed Fusion
	Size and Topology Effects on Fracture Behavior of Cellular Structures
	Rheological, In Situ Printability and Cell Viability Analysis of Hydrogels for Muscle Tissue Regeneration
	Development of a Thermoplastic Biocomposite for 3D Printing
	Design Rules for Additively Manufactured Wrist Splints Created Using Design of Experiment Methods


	Biomedical Applications
	Design and Additive Manufacturing of a Patient Specific Polymer Thumb Splint Concept
	Mandibular Repositioning Appliance following Resection Crossing the Midline- A3D Printed Guide
	A Sustainable Additive Approach for the Achievement of Tunable Porosity
	Effects of Electric Field on Selective Laser Sintering of Yttria-Stabilized Zirconia Ceramic Powder
	Fabrication of Ceramic Parts Using a Digital Light Projection System and Tape Casting
	Slurry-Based Laser Sintering of Alumina Ceramics
	Material Properties of Ceramic Slurries for Applications in Additive Manufacturing Using Stereolithography

	Materials
	Ceramics
	Additive Manufacturing of Alumina Components by Extrusion of In-Situ UV-Cured Pastes
	Mechanical Challenges of 3D Printing Ceramics Using Digital Light Processing
	Effect of Laser Additive Manufacturing on Microstructure Evolution of Inoculated Zr₄₅ꓸ₁Cu₄₅ꓸ₅Al5Co₂ Bulk Metallic Glass Matrix Composites
	Fiber-Fed Printing of Free-Form Free-Standing Glass Structures
	Additive Manufacturing of Energetic Materials
	Methods of Depositing Anti-Reflective Coatings for Additively Manufactured Optics
	A Review on the Additive Manufacturing of Fiber Reinforced Polymer Matrix Composites

	Non-Traditional Non-Metals
	Design and Robotic Fabrication of 3D Printed Moulds for Composites
	Mechanical Property Correlation and Laser Parameter Development for the Selective Laser Sintering of Carbon Fiber Reinforced Polyetheretherketone
	4D Printing Method Based on the Composites with Embedded Continuous Fibers
	Fabricating Functionally Graded Materials by Ceramic On-Demand Extrusion with Dynamic Mixing

	Composites
	The Effect of Shear-Induced Fiber Alignment on Viscosity for 3D Printing of Reinforced Polymers
	Processing Short Fiber Reinforced Polymers in the Fused Deposition Modeling Process
	Impact Testing of 3D Printed Kevlar-Reinforced Onyx Material
	Deposition Controlled Magnetic Alignment in Iron-PLA Composites
	Effects of In-Situ Compaction and UV-Curing on the Performance of Glass Fiber-Reinforced Polymer Composite Cured Layer by Layer
	General Rules for Pre-Process Planning in Powder Bed Fusion System – A Review
	Development of an Engineering Diagram for Additively Manufactured Austenitic Stainless Steel Alloys
	Fatigue Life Prediction of Additively Manufactured Metallic Materials Using a Fracture Mechanics Approach
	Characterizing Interfacial Bonds in Hybrid Metal Am Structures

	Direct Write
	The Mechanical Behavior of AISI H13 Hot-Work Tool Steel Processed by Selective Laser Melting under Tensile Stress

	Broad Issues
	Additive Manufacturing of Metal Functionally Graded Materials: A Review
	Understanding Adopting Selective Laser Melting of Metallic Materials
	The Effect of Processing Parameter on Zirconium Modified Al-Cu-Mg Alloys Fabricated by Selective Laser Melting
	Selective Laser Melting of Al6061 Alloy: Processing, Microstructure, and Mechanical Properties
	Small-Scale Characterization of Additively Manufactured Aluminum Alloys through Depth-Sensing Indentation
	Effects of Process Parameters and Heat Treatment on the Microstructure and Mechanical Properties of Selective Laser Melted Inconel 718
	Effects of Design Parameters on Thermal History and Mechanical Behavior of Additively Manufactured 17-4 PH Stainless Steel

	Aluminum
	The Effects of Powder Recycling on the Mechanical Properties of Additively Manufactured 17-4 PH Stainless Steel
	Mechanical Properties of 17-4 Ph Stainless Steel Additively Manufactured Under Ar and N₂ Shielding Gas
	Recyclability of 304L Stainless Steel in the Selective Laser Melting Process
	The Influence of Build Parameters on the Compressive Properties of Selective Laser Melted 304L Stainless Steel

	Nickel
	Characterization of Impact Toughness of 304L Stainless Steel Fabricated through Laser Powder Bed Fusion Process

	17-4PH Stainless Steel
	Incorporation of Automated Ball Indentation Methodology for Studying Powder Bed Fabricated 304L Stainless Steel
	Effect of Powder Degradation on the Fatigue Behavior of Additively Manufactured As-Built Ti-6Al-4V
	Volume Effects on the Fatigue Behavior of Additively Manufactured Ti-6Al-4V Parts

	304 Stainless Steel
	Effects of Layer Orientation on the Multiaxial Fatigue Behavior of Additively Manufactured Ti-6Al-4V
	Ambient-Temperature Indentation Creep of an Additively Manufactured Ti-6Al-4V Alloy
	Individual and Coupled Contributions of Laser Power and Scanning Speed towards Process-Induced Porosity in Selective Laser Melting
	A Comparison of Stress Corrosion Cracking Susceptibility in Additively-Manufactured and Wrought Materials for
Aerospace and Biomedical Applications

	316L Stainless Steel
	Effect of Energy Density on the Consolidation Mechanism and Microstructural Evolution of Laser Cladded Functionally-Graded Composite Ti-Al System

	Titanium
	Mechanical Properties of Zr-Based Bulk Metallic Glass Parts Fabricated by Laser-Foil-Printing Additive Manufacturing
	Experimental Characterization of Direct Metal Deposited Cobalt-Based Alloy on Tool Steel for Component Repair
	PEEK High Performance Fused Deposition Modeling Manufacturing with Laser In-Situ Heat Treatment
	A Comparative Investigation of Sintering Methods for Polymer 3D Printing Using Selective Separation Shaping (SSS)
	Not Just Nylon... Improving the Range of Materials for High Speed Sintering
	Material Property Changes in Custom-Designed Digital Composite Structures Due to Voxel Size
	Quantifying the Effect of Embedded Component Orientation on Flexural Properties in Additively Manufactured Structures

	Non-Traditional Metals
	Influences of Printing Parameters on Semi-Crystalline Microstructure of Fused Filament Fabrication Polyvinylidene Fluoride (PVDF) Components
	Effects of Build Parameters on the Mechanical and Di-Electrical Properties of AM Parts

	Novel Polymers
	Laser Sintering of PA12/PA4,6 Polymer Composites
	Understanding Hatch-Dependent Part Properties in SLS
	Investigation into the Crystalline Structure and Sub-Tₚₘ Exotherm of Selective Laser Sintered Polyamide 6
	The Influence of Contour Scanning Parameters and Strategy on Selective Laser Sintering PA613 Build Part Properties
	Processing of High Performance Fluoropolymers by Laser Sintering

	Polymers for Material Extrusion
	Reinforcement Learning for Generating Toolpaths in Additive Manufacturing
	Control System Framework for Using G-Code-Based 3D Printing Paths on a Multi-Degree of Freedom Robotic Arm
	Analysis of Build Direction in Deposition-Based Additive Manufacturing of Overhang Structures

	Polymers for Powder Bed Fusion
	Topology-Aware Routing of Electric Wires in FDM-Printed Objects
	Using Autoencoded Voxel Patterns to Predict Part Mass, Required Support Material, and Build Time
	Continuous Property Gradation for Multi-Material 3D-Printed Objects
	Convection Heat Transfer Coefficients for Laser Powder Bed Fusion
	Local Thermal Conductivity Mapping of Selective Laser Melted 316L Stainless Steel


	Modeling
	Finite Element Modeling of the Selective Laser Melting Process for Ti-6Al-4V
	Modelling the Melt Pool of the Laser Sintered Ti6Al4V Layers with Goldak’S Double-Ellipsoidal Heat Source
	A Novel Microstructure Simulation Model for Direct Energy Deposition Process
	Influence of Grain Size and Shape on Mechanical Properties of Metal Am Materials
	Experimental Calibration of Nanoparticle Sintering Simulation
	Solidification Simulation of Direct Energy Deposition Process by Multi-Phase Field Method Coupled with Thermal Analysis

	Physical Modeling
	Thermal Modeling Power Beds
	Establishing Property-Performance Relationships through Efficient Thermal Simulation of the Laser-Powder Bed Fusion Process
	An Investigation into Metallic Powder Thermal Conductivity in Laser Powder-Bed Fusion Additive Manufacturing
	Simulation of the Thermal Behavior and Analysis of Solidification Process during Selective Laser Melting of Alumina
	Low Cost Numerical Modeling of Material Jetting-Based Additive Manufacturing
	Screw Swirling Effects on Fiber Orientation Distribution in Large-Scale Polymer Composite Additive Manufacturing

	Multi/Micro-Scale Modeling
	Numerical Prediction of the Porosity of Parts Fabricated with Fused Deposition Modeling
	Numerical Modeling of the Material Deposition and Contouring Precision in Fused Deposition Modeling
	Effect of Environmental Variables on Ti-64 Am Simulation Results

	Advanced Thermal Modeling
	Non-Equilibrium Phase Field Model Using Thermodynamics Data Estimated by Machine Learning for Additive Manufacturing Solidification
	Multi-Physics Modeling of Single Track Scanning in Selective Laser Melting: Powder Compaction Effect
	Towards an Open-Source, Preprocessing Framework for Simulating Material Deposition for a Directed Energy Deposition Process
	Quantifying Uncertainty in Laser Powder Bed Fusion Additive Manufacturing Models and Simulations

	Modeling Part Performance
	Optimization of Inert Gas Flow inside Laser Powder-Bed Fusion Chamber with Computational Fluid Dynamics
	An Improved Vat Photopolymerization Cure Model Demonstrates Photobleaching Effects
	Nonlinear and Linearized Gray Box Models of Direct-Write Printing Dynamics
	Insights into Powder Flow Characterization Methods for Directed Energy Distribution Additive Manufacturing Systems
	Effect of Spray-Based Printing Parameters on Cementitious Material Distribution

	Modeling Innovations
	Aligning Material Extrusion Direction with Mechanical Stress via 5-Axis Tool Paths
	Fieldable Platform for Large-Scale Deposition of Concrete Structures
	Microextrusion Based 3D Printing–A Review

	Improvements
	Theory and Methodology for High-Performance Material-Extrusion Additive Manufacturing under the Guidance of Force-Flow
	Knowledge-Based Material Production in the Additive Manufacturing Lifecycle of Fused Deposition Modeling
	Acoustic Emission Technique for Online Detection of Fusion Defects for Single Tracks during Metal Laser Powder Bed Fusion
	Development of an Acoustic Process Monitoring System for the Selective Laser Melting (SLM)


	Process Development
	Deposition
	Low Cost, High Speed Stereovision for Spatter Tracking in Laser Powder Bed Fusion
	Multiple Collaborative Printing Heads in FDM: The Issues in Process Planning
	Additive Manufacturing with Modular Support Structures
	Pick and Place Robotic Actuator for Big Area Additive Manufacturing

	Extrusion
	3D Printed Electronics
	Fiber Traction Printing--A Novel Additive Manufacturing Process of Continuous Fiber Reinforced Metal Matrix Composite
	Immiscible-Interface Assisted Direct Metal Drawing

	Imaging
	In-Situ Optical Emission Spectroscopy during SLM of 304L Stainless Steel
	Tool-Path Generation for Hybrid Additive Manufacturing
	Structural Health Monitoring of 3D Printed Structures
	Mechanical Properties of Additively Manufactured Polymer Samples Using a Piezo Controlled Injection Molding Unit and Fused Filament Fabrication Compared with a Conventional Injection Molding Process
	Use of SWIR Imaging to Monitor Layer-To-Layer Part Quality During SLM of 304L Stainless Steel

	Novel Methods
	DMP Monitoring as a Process Optimization Tool for Direct Metal Printing (DMP) of Ti-6Al-4V
	Effects of Identical Parts on a Common Build Plate on the Modal Analysis of SLM Created Metal
	On the Influence of Thermal Lensing During Selective Laser Melting
	Development of Novel High Temperature Laser Powder Bed Fusion System for the Processing of Crack-Susceptible Alloys
	Towards High Build Rates: Combining Different Layer Thicknesses within One Part in Selective Laser Melting
	Laser Heated Electron Beam Gun Optimization to Improve Additive Manufacturing
	Two-Dimensional Characterization of Window Contamination in Selective Laser Sintering
	Laser Metal Additive Manufacturing on Graphite

	Non-Metal Powder Bed Fusion
	Predictive Iterative Learning Control with Data-Driven Model for Optimal Laser Power in Selective Laser Sintering
	Realtime Control-Oriented Modeling and Disturbance Parameterization for Smart and Reliable Powder Bed Fusion Additive Manufacturing
	Microwave Assisted Selective Laser Melting of Technical Ceramics
	Research on Relationship between Depth of Fusion and Process Parameters in Low-Temperature Laser Sintering Process
	Frequency Response Inspection of Additively Manufactured Parts for Defect Identification
	Nanoparticle Bed Deposition by Slot Die Coating for Microscale Selective Laser Sintering Applications

	Spinning/Pinning/Stereolithography
	Fabrication of Aligned Nanofibers along Z-Axis – A Novel 3D Electrospinning Technique
	Z-Pinning Approach for Reducing Mechanical Anisotropy of 3D Printed Parts
	Structurally Intelligent 3D Layer Generation for Active-Z Printing
	microCLIP Ceramic High-Resolution Fabrication and Dimensional Accuracy Requirements



	Attendees
	Author Index
	Print
	Search



