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Abstract

Following partial hand amputation, a post-surgery orthosis is required to hold the
remaining ligaments and appendages of the patient in a fixed position to aid recovery. This
type of orthosis is traditionally handmade and fabricated using laborious and qualitative
techniques, which would benefit from the enhancements offered by modern 3D technologies.
This study investigated the use of optical laser scanning, Computer Aided Design (CAD) and
Material Extrusion (ME) additive manufacturing to manufacture a polymeric splint for use in
post-surgical hand amputation. To examine the efficacy of our techniques, we take an existing
splint from a patient and use this as the template data for production. We found this approach
to be a highly effective means of rapidly reproducing the major surface contours of the orthosis
while allowing for the introduction of advanced design features for improved aesthetics,
alongside reduced material consumption. Our demonstrated techniques resulted in a more
lightweight and lower cost device, while the design and manufacturing elements afford greater
flexibility for orthosis customisation. Ultimately, this approach provides an optimized and
complete methodology for orthosis production.

Introduction

The use of orthotics devices post-surgery is an important part of the overall patient
recovery process, particularly with respect to cases involving the upper limbs, such as
hand/arm amputations (Carl R. Chudnofsky 2010) and shoulder joint replacements (Browner
et al. 2014). The orthosis allows for vital load bearing support of the patient’s residual
appendages and whilst their remaining ligaments/musculature recover (Cross 2014).
Traditionally, such orthotic devices are custom made, using thermoforming plastics,
conforming to the natural anatomy of the patient, providing a configuration to stabilise the
residual appendages in a desired orientation for directed recovery (MacDonald, Chinchalkar
& Pipicelli 2016).

Modern 3D technologies are now allowing for unprecedented accuracy and flexibility
for product development, with benefits to be seen in terms of 3D data acquisition (Treleaven
& Wells 2007), how design iterations can be explored and developed and the final
manufacturing of the prototype and functional devices (Bagaria 2015; Mohammed et al.
2016). Given the overwhelming potential of this technology as a transformative product
development paradigm, we have seen adoption across multiple fields ranging from sports
technology, prototyping of commercial products, and with a considerably large uptake for
medical applications (Mohammed, Fitzpatrick & Gibson 2017; Mohammed et al. 2017).
More recently, the use of such technology for orthotic development and production is a highly
emerging area (de Jesus Faria 2017; Fitzpatrick et al. 2017; Kelly 2015; Lasane 2013;
Paterson et al. 2015; Summit 2007), but also is a largely underexploited area of interest. We
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predict with the rise in the net global, and in particular aging, populations, such developments
would become of growing interest and necessity in the coming decades.

In this study, we aim to develop a streamlined methodology for next generation
orthotics production which leverages the advantages of emerging 3D technologies. As a case
study, we examine an existing orthotic device made for a patient who has undergone a partial
hand amputation, assess the merits and limitations both in terms of efficacy, ergonomics and
aesthetics, and apply a combination of optical scanning, CAD and additive manufacturing to
redevelop the part to address these limitations. We discovered optical scanning allows for
rapid virtual reproduction of the orthosis (1-2minutes). The use of CAD can allow for the
incorporation of intricate open structures alongside part thickness tolerance considerations;
something not readily achievable using traditional fabrication techniques. Finally, additive
manufacturing using ABS Material Extrusion (ME) printing readily reproduces the intricacies
of the CAD design, producing a robust and superior final orthosis. We believe our findings
would provide guidance to orthotists to streamline partial amputation orthotics and potentially
provide a range of alternative orthotics for both the upper and lower limbs.

Original orthotic assessment

In the present case study, we examined an orthotic device made for a patient who had
undergone a partial amputation of their hand (thumb and index finger). The devised splint
was required post-surgery to help support and fix the mobility of the ligaments, nerves, and
tendons to aid in the recovery process. Such devices are normally made using a
thermoformable plastic, made of cured polyester resin, which has been the industry standard
for several decades (fig 1). The plastic is available in a range of thicknesses (1.6-5.0mm), and
can have small holes regularly spaced within the bulk of the material, with the intension of
providing porosity for moisture release.

It is typically found however that such orthotic devices made from this material are
generally quite uncomfortable for patients, due to both weight and excessive moisture build-
up (even when using the perforated version), which causes issues such as chaffing. In worst-
case scenarios, excessive moisture build-up and chaffing can result in ulceration (Gregory P.
Guyton 2005). Additionally, the aesthetics of the device generally makes patients feel highly
self-conscious of their condition, resulting in issues with respect to wider societal inclusion.
We therefore identified that modifications could be made to the design to reduce the weight
(in this case approximately 110g) to reduce strain on already compromised musculature,
while introducing design elements, such as open structures, to both minimise moisture
retention and improve the overall aesthetics.
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Fig 1. A diagram illustrating the typical phases of traditional upper limb orthotic
production
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Methodology
Optical Scanning and Digitisation

The current thermoplastic splint was virtualised using a Kreon Solano 3D laser scanner
(Kreon, Belgium), attached to a 7-axis rotatable arm for ease of scanner translation. The
scanner uses a red laser line, with a wavelength of 610-630nm (George et al. 2016), and a
triangulation method of measurement. To perform a scan, the laser line is translated over the
object at a fixed distance to build up the point cloud data profile for a respective surface. Once
an exposed surface has been recorded, the orthosis was re-orientated to scan additional surfaces
until the entire profile was obtained.

The scanner creates a point-cloud data file within its proprietary software, which
requires post-processing to remove any outlying data points and any unwanted additional scan
data from the surrounding environment. Once post-processing is complete the point-cloud
forms the basis of the final 3D model. After cleaning, the dataset was solidified into an STL
(Stereolithography) format. The STL model was measured virtually and compared to
measurements taken from the physical model. The exported STL file was then taken into 3-
Matic STL (Materialise, Belgium) for further error correction to ensure model integrity for 3D
printing. Following this procedure, the virtual model was again checked for dimensional
accuracy.

Orthotic Design

The exported model, once taken into 3-Matic STL, is in the same orientation as the scan
was taken. Designs were developed using the original orthosis topography as the basis. At this
stage, we use the data to introduce a parametric tile pattern (Figure 3.2) into the bulk of the
digital structure. The pattern is scaled according strength and aesthetic requirements and it must
be ensured that there is an effective boundary. To create this Surface map, a surface contour
must be defined. This Surface is used to create a UV map (Policarpo et al. 2005). Using the
UV mapping process, the chosen design can be applied to the surface in 3-Matic STL
(Fitzpatrick et al. 2017). Using the applied map, the design can be subtracted from the blank
model using the texture function, removing any unwanted sections. As the applied map is an
image file, the borders of the pattern edges are jagged, this is due to the subtraction process as
well as the tessellation of the model prior to this operation. This is fixed using the surface
smooth function in the software.

Next the model is again checked for accuracy to ensure the design process has not
moved any of the external faces which may affect comfort. Following this, FEA (Finite
Element Analysis) is performed on the design to ensure mechanical integrity for the intended
application. The variables that could change within the design are the splint thickness and the
spar thickness. This could be an iterative process that would involve a dialog between the
designer and the client. This is then verified for 3D printing and exported to the slicing
software.

Manufacturing
We opted for polymer-based ME as the preferred additive manufacturing method,

which allowed for accurate reproduction of the developed design, whilst also being suitably
low cost to serve as a method for mainstream orthosis production. The final design was printed
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using ABS plastic, due to its low cost and suitable mechanical and biocompatibility properties,
and with the orthotic device orientated upright in the Z build direction. Initially, preliminary
design iterations were printed using a Zortrax M200 ME printer (Zortrax, Poland). However,
due to build volume constraints, the optimum orientation could not be reached, in addition to
printed models being relatively weak. It did however allow a test fit model to be created at a
much lower cost than the final splint. To overcome the mechanical and size constraints a Fortus
450M (Stratasys, USA) FDM printer was utilised to produce the final orthosis.

Results

Virtualisation
The time taken to 3D scan the splint accurately was around 45 minutes.
This was because the scanning arm was unwieldy to use. A turn table would have made it
easier, but it wouldn’t have worked with the current scanner as it uses the arm to register its
position rather than the surface topology. The aim was to get the splint scanned in one pass,
rather than stitching multiple scans together. Although more time-consuming, this made the
result more accurate (see fig 2).

The accuracy of the virtual model produced was +/- 0.1mm using a scanner resolution
of around 16um, measured within 3-Matic.

@ | (b)

Fig 2. The initial scan of the splint and the resultant cleaned model

The process of virtualisation was made easier as it was scanning an inanimate object.
It would be made inherently more difficult if the scan was of a human subject as any
movement would be shown in the scan.

Design process
The integration of end user input is an important aspect in customised designs, such as what
we hope to achieve with the developed splint design. This is a trend that has been increasing
within other fields of engineering (Collins 2016). However, this is a concept that has had a
hesitant uptake in the medical devices industry (Money et al. 2011), but there are indications
that this is beginning to change (de Jesus Faria 2017). Having control over the design of the
treatment device has been shown to increase the quality of life (Fayers & Machin 2013).
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Fig 3. Design variants chosen by the end user.

To examine facets of user based design, we selected two arbitrary, yet aesthetically
pleasing designs (Fig 3) from the perspective of the researchers in this study, and assessed for
viability for the splint. From preliminary design evaluations, the pattern in Fig 3(b) was chosen
for the final design as it provided a greater strength throughout the splint. Additionally, this
design was advantageous as manufacturing required less support material and could be
achieved comparatively more quickly.

Fig 4. Surface contour defined for the virtual model.

The mapping process first requires the definition of the surface, leaving a border
around the external contours of the virtual splint, shown in fig 4. The reasoning for this is to
allow enough room for an adequate border around the splint to ensure its strength and
stability.

The pattern is then applied to the UV map. This is then resized, positioned and rotated
until it is in the correct orientation. Shown in fig 5, the UV map is shown alongside the
wrapped model. This allows the accurate positioning of the pattern and to ensure the borders
will have adequate support. The thinking behind the border was to minimise the sectioned
holes, as they would be filled in the next step to increase the size of the splint border and to
integrate the design seamlessly.
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Fig 5. The wrapped model shown alongside the UV map.

Following the texture application, the model is modified using the 2D to 3D texture
function in 3-Matic STL. The function gives the user the options of offsetting the surfaces
positively or negatively in the direction normal to the surface. Using the external surface of the
splint for the texture mapping, the white sections were offset through the splint, while the blue
surfaces remained in a fixed position, as shown in Figure 6(a). At this stage, the model was
error checked again, to ensure no digital anomalies (inverted normal, overlapping triangles,
etc). The resulting splint model is shown in Figure 6(b).

(@) (b)
Fig 6. Splint overlayed with a textured model and the final model

The accuracy of the model following the design application stays the same as the
scanned model. This is because borders and datum points were used to ensure any design
variations wouldn’t affect the applicability of the model. Any changes that were made to the
splint were completed on a duplication of the original scan. This was to assess the accuracy
of the model through the design period.

This is completed in both 3-Matic STL as well as Magics (Materialise, Belgium),
allowing for a smaller file size and the slicing software to quickly process the model.

Additive Manufacturing allows more complex designs to be manufactured. Using ME

to print the model, the design needs to be as self-supporting as possible to minimise the
material used in manufacture.
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Following exporting the STL files, renders were done in Showcase (Autodesk, USA)
for colour and design approval, shown in fig 7. Additive manufacturing allows the production
of multiple pieces in a variety of colours, giving the end user the ability to pair the splint to
their outfit for example.

(a) (b)

Fig 7. Resultant models in colour variants

The current splint design was constrained by the aesthetic and ergonomic properties of
the thermoplastic splint, however performed relatively satisfactory from a biomechanical stand
point. For this reason, we aimed to retain these aspects such that the overall longitudinal
rigidity, rotational stiffness and latitudinal compressive strength were equivalent in the
developed splint. As the pattern in Fig 3(b) would result in a more open, porous structure in
the bulk of the splint, we needed to ensure that all compressive or shear forces would be even
distributed throughout the design. As our primary intension in this study was to demonstrate
the design and product realisation facets of the splint, we hope to address this in future studies.

Manufacturing
The Splint took 23 hours to print, with 58g of ABS. The print was completed with the
splint lying flat of the print bed. This was due to height restrictions in the Fortus. Because of
the orientation, the splint required support. The weight of support used was 50g contributing
to a slower build time.

The initial model printed on the Zortrax, and the final part, completed on the Fortus,
(shown in fig 8.), acted very differently under load, with the Zortax model fracturing
relatively early. This could have been due to the orientation that it was printed at. More work
will be completed to characterise each of the designs and the mechanical properties that are
affected by design changes.
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Fig 8. Result after manufacture

Discussion and future work
Comparing the thermoplastic and 3D printed splints, some of the notable differences
between these approaches are;

- The reduction in weight, with a possible 60% reduction

- The breathability of the AM splint should be considerably better in comparison to the
thermoplastic, due to the open pore design.

- The comfort of the splint, due to the reduction in weight and sweat build up, should be
considerably better with the AM splint.

Furthermore, indications are that the splint should chaff less as the design doesn’t
appear to move in relation to the body as much. The aesthetic appeal of the splint can be
adjusted to suit the user, with even the possibility of having a number of variants to suit
aesthetic requirements

Future work planned will take a more quantitative perspective, looking at the
engineering properties of the design variants, material properties, stress, fracture load, etc.
Being able to characterise the splint properties by varying the design constraints should
provide a better quality of life for the end user, as well as make it easier to manufacture the
splints. A variety of designs can be assessed, allowing the end user to have a wider range of
patterns that can be easily designed and manufactured, while ensuring the correct care is
provided.

The major problem to be solved is reducing the overall time to create the orthosis
from start to finish. A more effective scanning method is being developed that will scan the
upper limbs in real time. We are also working on optimising the design process to streamline
the scan data manipulation whilst incorporating the aesthetic design components and
maintaining mechanical integrity. Finally, we have chosen a Delta configuration ME system
(Anzalone et al. 2015) which will allow the construction of larger orthoses to suit the upper
limb with minimal supports. All of these approaches will considerably speed up the design
and build process.

The materials that have been used in this study, will be assessed and compared in a

future study. The study will look at the variation on materials with a standard design. These
results will be compared to other materials that are used in current splinting practices.
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Conclusion
Concluding this study, it was found that the current thermoplastic splint, whilst
effective, it does not seem to be a perfect solution. The use of 3D printed splints can enable
tailoring to suit the end-user’s preferences, potentially increasing the quality of life during the
treatment process. This can aid in the end-user’s recovery as well as allowing the return to
normality without the stresses of wearing something that they are not content with.

References

Anzalone, GC, Eujin Pei, D, Wijnen, B & Pearce, JM 2015, 'Multi-material additive and
subtractive prosumer digital fabrication with a free and open-source convertible delta RepRap
3-D printer', Rapid Prototyping Journal, vol. 21, no. 5, pp. 506-19.

Bagaria, V 2015, 'Technical Note: 3D Printing and Developing Patient Optimized
Rehabilitation Tools (Port) - A Technological Leap', International Journal of
Neurorehabilitation, vol. 02, no. 03, pp. 1085-9.

Browner, BD, Jupiter, JB, Krettek, C & Anderson, PA 2014, Skeletal Trauma E-Book,
Elsevier Health Sciences.

Carl R. Chudnofsky, SEB 2010, 'Splinting Techniques', in Roberts: Clinical Procedures in
Emergency Medicine, 5th ed., Saunders/Elsevier, vol. 5, p. 28.

Collins, LG 2016, 'Industry Case Study: Rapid Prototype of Mountain Bike Frame Section.',
Virtual and Physical Prototyping, pp. 295-303.

2014, Manufacturing Guidelines: Upper Limb Orthoses, by Cross, ICotR.

de Jesus Faria, AST 2017, 'Additive Manufacturing of Custom-Fit Orthoses for the Upper
Limb'.

Fayers, PM & Machin, D 2013, Quality of life: the assessment, analysis and interpretation of
patient-reported outcomes, John Wiley & Sons.

Fitzpatrick, AP, Mohammed, MI, Collins, PK & Gibson, |1 2017, 'Design of a Patient
Specific, 3D printed Arm Cast', KnE Engineering, vol. 2, no. 2, pp. 135-42.

George, AF, Al-waisawy, S, Wright, JT, Jadwisienczak, WM & Rahman, F 2016, 'Laser-
driven phosphor-converted white light source for solid-state illumination’, Applied Optics,
vol. 55, no. 8, pp. 1899-905.

2417



Gregory P. Guyton, MD 2005, 'An analysis of iatrogenic complications from the total contact
cast', Foot & Ankle International, vol. 26, no. 11, p. 5.

Kelly, SP, A. Bibb, R. 2015, 'A review of wrist splint designs for Additive Manufacture’, in
Rapid Design, Prototyping and Manufacture Conference, Loughbrough, Great Britain, p. 12.

Lasane, A 2013, 3D-Printed Exoskeletal Cast Provides All the Support with None of the
Funk, Complex2017, <http://au.complex.com/style/2013/07/jake-evil-3d-printed-exoskeletal-
cast>.

MacDonald, K, Chinchalkar, SJ & Pipicelli, J 2016, 'Forearm Positioning and Its Functional
Implications', Journal of Hand Therapy, vol. 29, no. 3, p. 376.

Mohammed, MI, Fitzpatrick, AP & Gibson, 1 2017, 'Customised design of a patient specific
3D printed whole mandible implant', KnE Engineering, vol. 2, no. 2, pp. 104-11.

Mohammed, M, Fitzpatrick, AP, Malyala, SK & Gibson, | 2016, 'Customised design and
development of patient specific 3D printed whole mandible implant’, in Proceedings of 27th
Solid Freeform Fabrication Symposium, Austin TX, pp. 1708-17.

Mohammed, MI, Tatineni, J, Cadd, B, Peart, G & Gibson, | 2017, 'Advanced auricular
prosthesis development by 3D modelling and multi-material printing', KnE Engineering, vol.
2,no. 2, p. 37.

Money, AG, Barnett, J, Kuljis, J, Craven, MP, Martin, JL & Young, T 2011, 'The role of the
user within the medical device design and development process: medical device
manufacturers' perspectives', BMC Medical Informatics and Decision Making, vol. 11, no. 1,
p. 15.

Paterson, A, Bibb, RJ, Campbell, Rl & Bingham, GA 2015, 'Comparing additive
manufacturing technologies for customised wrist splints', Rapid Prototyping Journal, vol. 21,
no. 3, p. 13.

Policarpo, b, Oliveira, MM, Jo & Comba, oLD 2005, 'Real-time relief mapping on arbitrary
polygonal surfaces', paper presented to Proceedings of the 2005 symposium on Interactive 3D
graphics and games, Washington, District of Columbia.

Summit, S 2007, Wrist Fracture, Scott Summit, retrieved 27/06/17 2017,
<http://www.summitid.com/#/anais/>.

Treleaven, P & Wells, J 2007, '3D Body Scanning and Healthcare Applications', Computer,
vol. 40, no. 7, pp. 28-34.

2418


ttp://au.complex.com/style/2013/07/jake-evil-3d-printed-exoskeletal-cast%3e
ttp://au.complex.com/style/2013/07/jake-evil-3d-printed-exoskeletal-cast%3e
http://www.summitid.com/#/anais/

	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



