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Abstract 

 

 The customization and time savings additive manufacturing (AM) offers has been applied 

to construct prosthetics. However, prosthetics produced using AM rarely resemble the original 

appendage they are intended to replace. This report details the engineering of a transhumeral 

prosthetic design for AM. A 3D scan of a subject’s existing arm and computer-aided design (CAD) 

were used to create a mirrored prosthetic, which appeared aesthetically like the existing arm. The 

process and complexities of integrating mechanical components for basic actuation into a patient-

custom prosthetic are discussed. A simple demonstration of the process is provided. The same 

methodology can be applied to more intricate prosthetics. This work aims to inspire subsequent 

research into well-functioning, custom prosthetics that can be generated relatively quickly through 

3D scanning and AM.  

Introduction 

 

AM, more commonly known as 3D printing, is a term that broadly encompasses seven 

categories: binder jetting, directed energy deposition, material extrusion, material jetting, powder 

bed fusion, sheet lamination, and vat polymerization. All types of AM create parts by adding 

material layer by layer, but traditional, subtractive manufacturing techniques usually involve 

removing material from an existing block of material to obtain the final part [1, 2]. While both 

processes have their own advantages and disadvantages, AM is becoming increasingly popular 

and widely used because it allows for parts to be rendered quickly and is becoming more affordable 

for industrial applications. The model detailed in this report was produced using fused deposition 

modeling of a polymer filament.  

Since its debut in the late 1980s, AM technology has advanced dramatically. With recent 

technological advancements making AM cheaper and more accessible, there has been a remarkable 

increase in its applications to the medical field, especially regarding physical medicine and 

rehabilitation [3]. A couple decades ago, AM was employed and researched, nearly exclusively, 

by corporations and scientists. Currently, multiple companies have small, desktop 3D printers that 

are available to purchase for private use at a relatively low cost. Various free websites 

(Thingiverse, Grabcad, Sketchfab, etc.) allow users to upload and download stereolithography 

(STL) files for virtually effortless printing on desktop printers. It is important to note how 

accessible 3D printing has become. This report details the design and construction of a custom, 

actuated prosthetic designed for a transhumeral amputee produced via laser scanning and AM.  
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Prosthetics allow amputee patients a fraction of their original limb’s functionality. As 

prosthetic technology develops over time, this fraction increases. Mimicking the human body’s 

functions can be challenging, especially when incorporating mechanical components into 

prosthetics. Due to this challenge, many modern prosthetics look bionic and strikingly 

industrialized (Figure 1). Although they can return some functionality to patients that would 

otherwise have to learn to live without an appendage, such prosthetics lack the ability to appear 

aesthetically similar to the original limbs.  

 In recent years, research has been focused on integrating sensory feedback controls into 

prosthetics so a sense of touch can be returned to prosthetic users (i.e., they can feel temperature, 

surface textures, and pressure). Research efforts by Massachusetts Institute of Technology (MIT) 

have yielded prosthetics, which use rerouted electrical signals that previously connected the limb 

and the spinal cord to the patient’s chest muscles. An electrode placed on the patient’s chest can 

then process contractions in the muscles and relay the signal to the prosthetic. This allows the 

wearer to distinguish the difference between hot and cold items and feel pressure applied to the 

prosthetic [4,5]. However, more exploration is needed of how to better integrate the necessary 

electrodes and equipment into the body of the amputee as well as the prosthetic.  

Although AM has allowed multiple companies to manufacture cheaper, more complex 

parts while saving time, it is not always the most logical solution. For example, if a part is being 

produced cost-effectively and successfully through traditional means (e.g., injection molding, 

casting, etc.), it is not logical from a business perspective to try to duplicate an economical process 

via AM unless it offers extreme novelty or significantly improves the part in question. For such 

processes, AM would be time-consuming, expensive, and could place constraints on part size. 

However, AM does offer certain manufacturing advantages. It is especially useful when the design 

calls for customization and lightweight-components. For instance, research efforts and clinical 

applications of AM have become more widely used for custom, patient specific internal implants, 

Figure 1. Examples of current transhumeral prosthetics (from left to right: Northeast Advanced 

Surgery and Prosthetics, Defense Advanced Research Projects Agency’s) 
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resection guides, and external braces [6]. When designing for AM, it is possible to combine 

components that may not have been combined in traditional manufacturing, and topology 

optimization enables the fabrication of complex, lightweight structures. It is even possible to 

integrate actuation into additive manufacturing [7]. Part count consolidation, ultimately, increases 

the reliability of the overall system and can make assembly much more efficient. Additionally, one 

human body is vastly different from another, but traditional prosthetics have somewhat of a “one 

size fits all” design. However, amputee patients want a prosthetic specific to their amputation, size, 

and daily functions. For example, it is expected that a growing child will need multiple prosthetics 

over a relatively short period. This issue is easily solved with AM as AM would allow for a new 

prosthetic to be printed periodically when the child would, inevitably, outgrow the previous 

version. Previous companies have been established to making affordable, custom prosthetics via 

AM. For example, e-NABLE is a company that specializes in hand prosthetics [8]. e-NABLE 

addressed the lack of customizability in prosthetics by creating an open-source community that 

offers STL files to print prosthetics. They take it a step further by connecting those who want to 

print a hand prosthetic but may not have access to a 3D printer with people who have printers. 

Similarly, Easton LaChapell founded his company, Unlimited Tomorrow, with the intent to make 

AM prosthetic technology more available to all. Applying laser scanning and AM to prosthetic 

design allows for better fitting and functioning prosthetics that are made quickly and aim to 

aesthetically match existing appendages. This makes custom prosthetics produced via AM 

competitive and appealing not only from a business standpoint, but also from a patient’s 

perspective of wanting to have prosthetics that resemble their original appendage. 

Methods 

 

A first-generation Sense 3D scanner produced by 3D Systems was used to obtain a raw 

scan of the subject’s left arm (Figure 2, left). From the raw point cloud, a STL file was generated. 

Geomagic, a SolidWorks add-in, was used to generate an automatic surface from the exterior 

portion of the arm. This surface was used to create a solid model of the arm. Manual modifications 

were made to the solid model to address areas that were affected by noise during the scan. With 

simple CAD manipulations, the solid left arm model was mirrored to form a right arm model. 

Next, most of the model was shelled to a thickness of approximately 0.15 inches (Figure 2, right). 

The hand portion was not shelled because of its geometric complexity.  

 

 

 

 

 

 

 
Figure 2. Raw scan from 3D Sense Scanner (left) and cross-sectional 

rendering of shelled, mirrored arm (right) 
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Initially, it was thought that the model would be partitioned into three different sections: 

upper elbow, elbow, and forearm/hand. It was intended that both the upper and lower portions be 

printed from acrylonitrile butadiene styrene (ABS) while the elbow portion be printed from 

Ninjaflex, a material defined as “an innovative thermoplastic elastomer 3D printer filament” [9]. 

Ninjaflex is a thermoplastic elastomer (TPE). It was thought that this partitioning would be flexible 

enough to allow for the movement induced by the actuator. However, it quickly became apparent 

that the Ninjaflex filament was going to be difficult to print on the available machines. Therefore, 

two primary sections were fabricated from ABS and connected by a single hinge joint. Ultimately, 

a better material should be used for end-use applications, but ABS was sufficient to demonstrate 

the efficacy of the proposed method.  

The hinge joint approach was simpler than the original design, as it more accurately 

mimicked the function of a natural elbow, and it only consisted of four portions, which were all 

printed from ABS. After the lower and upper portions were defined in the model, the interacting 

surfaces were both reduced by 0.1 inches to allow for clearance needed for proper motion of the 

model. The new model consisted of four basic parts: the lower portion, the upper portion, the 

actuator, and the interior mounting boss for the attachment of the actuator (Figure 3). The lower 

portion and upper portion acted as the distal and proximal sections of a hinge joint, respectively. 

This gave the model the possibility of uniaxial motion.  

 

 

 

Figure 3. Revised model with annotations 
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To obtain the desired actuation of the prosthetic, a rotary actuator was introduced to the 

system. Although an air powered actuator does not replicate the functionality of an elbow, it was 

chosen for simplicity. The compact rotary air actuator used had an outer diameter of 1.97 inches 

and provides 90 degrees of rotation (Figure 4). Compressed air was used as the air supply to the 

actuator. Additionally, quarter-inch tubing, two pneumatic two-way valves with speed control, 

ninety-degree fittings, and an air source connector were added to the model.  

 

The lower portion, or the forearm, (Figure 5) primarily consists of the hand, forearm, and 

elbow. To allow for proper actuation without intersecting features, four slits—two in the anterior 

and two in the posterior area—were made in the lower portion (Figure 6) for both brackets housed 

in the upper portion. Additionally, a boss extrusion that holds the shaft of the actuator stationary 

was added to the lower portion to provide correct initial placement of the actuator and to increase 

stability (Figure 7). A hole was drilled post-print on the flat portion of this boss extrusion. A 

corresponding hole of the same dimensions was drilled in the shaft of the actuator. A pin was used 

to connect the two. Holes intended for #6 screws were drilled and tapped post-print on the flange 

section of the lower portion. This allowed the interior mounting boss to be screwed into the lower 

portion to conceal the inner workings of the model after the actuator was installed.  

Figure 4. 6508K14 Compact Rotary Air Cylinder (McMaster Carr) 
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To properly integrate the actuator into the design, two brackets were created and added into 

the upper portion (Figure 8). Designing via AM allowed the brackets to be printed to the upper 

portion thus reducing complexity, part count, and weight. The brackets allowed the actuator to be 

easily placed into the correct location during the assembly of the prosthetic. The flanges added to 

the bracket functioned as support for the stress the model underwent from the motion caused by 

the actuator (Figure 9). Part of the anterior upper portion was removed to prevent interface during 

actuation.  

 

Figure 5. Lower portion Figure 6. Slits for interaction with the upper 

portion’s bracket 

Figure 7. Actuator placement within the lower 

portion 
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To make installation and interaction with the actuator portion of the model more accessible, 

a section of the lower portion was separated and used to create a detachable piece (Figure 10). 

Screw holes designed for a #6 screw were created to attach the interior mounting boss to the lower 

portion of the prosthetic. A boss extrusion, like the one located in the lower portion, was added to 

mate with the other shaft of the actuator. This extrusion provided additional support to the actuator, 

especially to assist with the device’s motion.  

Figure 8. Upper portion 

Figure 9. Section view of the upper portion 

showing bracket flanges  

Figure 10. Exterior view of internal mounting boss (left) and internal view of interior mounting boss (right) 
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The prosthetic was fabricated using ABS on a Stratasys Fortus 400mc Production 3D 

Printer. To reduce the amount of support material needed, the lower portion was printed in two 

separate segments: the hand and the forearm. Therefore, the model was printed in four separate 

parts: the upper portion, the interior mounting boss attachment, the hand, and the forearm. The 

print used 45.3 cubic inches of ABS and 19.1 cubic inches of support material to build the 

prosthetic. After the approximately 47-hour print, the parts were placed in a solvent bath of 

Stratasys’ alkaline cleaning solution for five hours to dissolve the support material. All the printed 

pieces of the model turned out to be remarkably similar to the SolidWorks model. Filing of the 

anterior and posterior slits on the lower portion and the lateral interface between the lower and 

upper portions was needed to remove interference of the pieces during actuation. The pieces were 

assembled accordingly. Figure 11 shows the placement of the actuator inside the model. 

 

 

 

  

 

 

 

 

 

 

 

 

Perhaps one of the biggest advantages of AM is the ability to make lightweight 

components. Considering the upper arm, forearm, and hand comprise approximately 5.7% of a 

person’s bodyweight [10, 11] and the adult male used as the subject in this study has a bodyweight 

of 235lb, the approximate weight of the subject’s arm is 13.4 lb. The prosthetic manufactured in 

this study, including the actuator, had a total weight of 2.2 pounds (Table 1), yielding an 83.5% 

reduction in weight. A similar, lightweight prosthetic structure could allow more weight to be 

allocated to actuation, sensors, energy storage, etc. in future prosthetic designs.  

 

Figure 11. Model with interior mounting boss attachment removed to show 

actuator placement 
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Table 1. Prosthetic Component Weights  

Component Weight (lb) 

Actuator 0.6 

*Hand 0.45 

*Lower Portion 0.66 

*Upper Portion 0.42 

*Interior Mounting Boss 0.06 

Total 2.19 

*indicates the component was fabricated via AM 

 

Overall, this project objective was met as a custom prosthetic, capable of actuation, was 

derived from laser-scanning and fabricated using AM. As seen from the resolution of the print, the 

laser scan provided a lifelike detail to the prosthetic not previously achieved. The accuracy of the 

prints can be seen in Figures 12 and 13. 

 

Conclusions 

 

There were some sections of the model, especially in the hand area, that did not 

aesthetically match the existing arm. This can be attributed to noise from the original 3D scan of 

the arm as the STL obtained was a function of scan resolution. The 3D Sense scanner used in this 

project was relatively cheap (approximately $300). It is likely that a better-quality laser could 

produce a sharpened raw scan with less noise.  

The prosthetic created was relatively simple. It does not have individual, functioning 

fingers but rather a “mitten” hand. This model also lacks extension, flexion, and rotation of the 

Figure 12. Side view of the subject’s arm and the 

mirrored prosthetic 

Figure 13. Top view of the subject’s arm and the 

mirrored prosthetic 
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wrist and rotation of the elbow. As it was not intended for actual use, it does not have a feedback 

system nor could it be fitted to an amputee patient. Additional research needs to be completed to 

integrate the state-of-the-art technology of sensory feedback. Additionally, surface modification 

of the printed prosthetic could be introduced to fix deformities in the SolidWorks model. The use 

of a linear electrical actuator or solenoid instead of a rotary air would be a more realistic option 

for a prosthetic model.  

The research and techniques used in this paper can be applied to numerous other areas to 

reverse engineer a part. Additionally, this work could be integrated with state-of-the art prosthetics 

such as ones that allow the user to experience sensory feedback. Prosthetics produced this way 

could be enhanced and advanced by using higher quality materials. For example, the prosthetic 

could be printed from polyetherimide (Ultem), which has nearly triple the tensile strength of ABS. 

Ultem offers excellent chemical resistance and dielectric effectiveness and is available in Food 

and Drug Administration (FDA) compliant grades. Similarly, the use of superior actuators, capable 

of offering increased actuation velocity while handling greater torques, could be used to create a 

more advanced prosthetic. Lastly, fit and power source options need to be explored to increase 

functionality and usability. 

Acknowledgements 

 This material is based upon work supported by the U.S. Department of Energy, Office of 

Science, Office of Energy Efficiency & Renewable Energy, Advanced Manufacturing Office, 

under contract number DE-AC05-00OR22725. A special acknowledgment to Bill Bankes for 

being the subject of the study.  

 

 

 

 

 

 

 

 

 

 

 

2428



References 

 

1. ISO / ASTM52900-15, Standard Terminology for Additive Manufacturing – General Principles           

– Terminology, ASTM International, West Conshohocken, PA, 2015, www.astm.org 

2. Lunsford, Grindle, Salatin, and Dicianno. "Innovations With 3-Dimensional Printing 

inPhysical Medicine and Rehabilitation: A Review of the Literature." PM&R 8.12 (2016): 

U;. =[ 

3. Wohlers, Terry, and Tim Gornet. "History of Additive Manufacturing." Wohlers Report 24 

(2014): 2014.  

4. Rosenwald, Michael. "A Lifelike Prosthetic Arm." Technology Review 112.3 (2009): 76-77. 

Print.  

5. Talbot, David. "An Artificial Hand with Real Feeling: A New Nerve Interface Gives a Sense 

of Touch to a Prosthetic Limb." MIT Technology Review 117.2 (2014): 48. Web.  

6. Fitzpatrick, Mohammed, MI, Collins, PK & Gibson, I 2017, 'Design of a Patient Specific, 3D 

printed Arm Cast', KnE Engineering, vol. 2, no. 2, pp. 135-42. 

7. Love, Lonnie J et al. “Freeform Fluidics.” Dynamic Systems, Measurement and Controls 

135.6 (2013): n. pag. Print. 

8. Brown, Alan S. "Q&A: Jon Schull.(TECH BUZZ: ONE-ON-ONE)(founder of a Volunteer 

Organization Enable Community Foundation (e-NABLE))." 137.8 (2015): 18. Web. 

9. "NinjaFlex(R) 3D Printer Filament Introduces Fresh Colors and New Website." Internet Wire 

08 Sept. 2014: Internet Wire, Sept 8, 2014. Web.  

10. De Leva, Paolo. "Adjustments to Zatsiorsky-Seluyanov's Segment Inertia 

Parameters." Journal of Biomechanics 29.9 (1996): 1223-230. Web. 

11. Plagenhoef, S., Evans, F.G. and Abdelnour, T. “Anatomical data for analyzing human 

motion.” Research Quarterly for Exercise and Sport 54 (1983), 169-178. 

 

 

2429


	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



