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Abstract

In many branches in the design engineer department, product designs are just variations of

existing parts. To bring the additive manufacturing technology closer to the Designer, it is
necessary to show them which of their existing, conventionally manufactured parts can be produced
with this technology. A part selection methodology supports designers in the decision whether a
part is suitable for additive manufacturing or not. Due to the potential of the technology, which
was especially seen in the aerospace industries, many criteria of the methodology were initially
adapted for this industry. Furthermore the methodology is based on a quantified weighting system,
which comes to a certain subjectivity. For future use, a development towards a less subjective
methodology should be accomplished. Through a more detailed adaption for individual industries
and a simplification of the input mode, the objectivity of the criteria can be increased. Likewise,
the input time can be reduced by simplifying the questioning. A more efficient part selection will
be achieved by a better weighting system.
In the BMBF project “OptiAMix” this methodology is supposed to be further developed for highly
different branches. By a better weighting system, the part selection will be more efficient.
Therefore, the willingness for the use of the improved selection and for the additive manufacturing
technology will be increased.

Introduction

Since additive manufacturing (AM) became suitable for direct manufacturing of products,
the potentials of the technology are presented often. First one is the mass customization which
gives customers the opportunity to get an individual product for costs which otherwise would only
be possible for unitary mass production products. Also possible through AM is the integration of
different elements and functions of an assembly in one part (monolithic design and functional
integration). The additive manufacturing technology comes along with a great lightweight
potential, which often results in a reduction of used material. As well, a waste reduction in
comparison to the milling process is possible. In addition, the last often discussed potential is
complexity for free. [HHDO06], [Gebh12], [ReKo16]

These are great potentials in the area of the digitalization, where Additive Manufacturing plays an
important role, but they are often not used nowadays out of many different reasons. One of the
reasons are the high purchase price of the machines. In comparison to a milling machine, the costs
are not much higher, but the risks, which are based on the not fully developed technology of AM,
often ends in hesitation [LIMK12]. Another pain point is the high effort which is needed for the
integration of a new production technology into the work of an engineer. Today s engineers often
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work under high time pressure. When they have to design a part, the known development and
production processes often seem the faster ones, so there is no way to their heads for AM. One of
the often said sentences if someone speaks about the decision for or against the additive
manufacturing technology is: “this is how we always do it, this way it goes faster”. This sentence
brings up the next issue, the problem is not the knowledge about the technology it is more the
psychological barriers in the heads of every employee who is scared about the industrial
digitalization. Most employees, especially in small and medium-sized enterprises are scared about
what a new technology brings to their companies. The engineers are afraid about the time aspects
and the workers are afraid of automatization and possibilities of replacement. [InAl]

However, the digitalization is on its way and the time for a change in thinking is there. The additive
manufacturing technology is a big driver in the digitalization and in the field of industry 4.0
[Kiinz16]. In the German industry, 40% of the companies are just at the beginning of the
digitalization [www1]. Here is the point for changing and convincing arguments. This starts not
only at the unit of the engineers, rather is it necessary to integrate every unit of a company, also
marketing and sales management, into the digitalization development [Pelz10].

The easiest way to start the increasing of acceptance is in the construction area. As said before the
design tasks of today’s engineers are faster to handle when they use known production processes.
Especially under the consideration that the work is characterized by adaption and variation
constructions. Thus, an easy and fast way to find the most promising parts for the production with
additive manufacturing is needed, so the engineers are able to concentrate on the design tasks. The
aim is to reduce the level of frustration by avoiding of setbacks because of not additively
manufacturable parts. [Schul2] [VDMA16]

Through this facts it becomes more and more obvious, that a selection process is needed, which
shows engineers the exciting parts out of the product portfolio. One of these selection process tools
was developed by the Paderborn University, called “Trade off Methodology”, which is presented
in the following chapters. Additionally, possibilities for the further development are shown.

Trade-off Methodology — State of the Art

The development of the Trade-off Methodology (TOM) started 2015 in the ESA Project
“NewStructure”. The aim of the Methodology is to filter several parts, out of a company’s existing
product portfolio, which might have potential to be manufactured with the additive manufacturing
technology. For a good efficiency, the first step in the matrix is to check different K.O. criteria,
like part size vs. machine size and printable material. For those parts that are still feasible to be
manufactured with AM, a detailed investigation through the TOM criteria has to be done (see
Figure 1).
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Figure 1: TOM Excel sheet; first tab
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For every part, the AM specific questions of the matrix needed to be answered. The answers are
deposited with a scoring system from one to five points. The target definition of an AM redesigned
part are varied in the point of lightweight potential, the integration of functions or the other earlier
named potentials. Hence, for a better assessment, two categories were implemented, in which the
parts have to be divided. The first category is for the parts that should be printed in the way they
are, engineered with small adaptions for the additive manufacturing technology. The second
category involves the parts which should get an overall product optimization for the production
with AM (see Figure 2) [LJRK14].

criteria

rating scale

A:identical elements applicable to each platform

B: More complex parts featuring a high buy-to-fly ratio

redesign)

big influence on weighting due to different aims
e.pg. case a: large series <> case b individual parts,

Figure 2: Enlarged view on the part categories

During the first development phase, the main focus was more on finding the right questions
regarding manufacturability, than on a user-friendly handling of the matrix. As shown in Figure 3,
the options for answers in the first tab are just given in a much reduced way. The user just get the
information, that there is a 2 to 5 rating system.

q How complex is the part structure?

{2 - low; 5 - high)

NSimilar parts with slight modifications existing?

{2 - no; 5 - yes)

—

\

Figure 3: Enlarged view on the answer and weighting system
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The exact classification of the deposited scoring system has to be looked up on the second tab of
the Excel table (see Figure 4Figure 4). Here the user finds a description to every value, in which
the part can be ranged in. At the initially usage, this second tab is important for the user’s
understanding of the methodology, because the value explanations in the first tab are very short
and often only given for the maximum and the minimum value.
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Figure 4: TOM Excel sheet, second tab

Thus the problem with this matrix is, that the structure of two excel tabs makes it not user-friendly
and unclear in the operation. Furthermore the description of the values in the second tab leaves the
user a great scope for interpretation (see Figure 5). It is defined that the part gets two or three points
when the conventional manufacturing is done on a 3-axis milling machine and four or five points
for a 5-axis milling machine. But the interpretation about the surface, ribs and under cuts will be
done by the employee, who works with the matrix. Thus, the part ranking is very subjective despite
a detailed description for every single value.

e ——
rating scale / - ———— \
very easy machinable with milling process; e.g. 3-axis machinable with milling process; e.g. S-EXM
{2- low; 5- high) milling machine sufficient, only 1 clamping operation machine sufficient;
needed; flat surfaces mainly flat surfaces, partly ribs
(2-no; more than one degree of freedom needs to be adapted
! in order to obtain a new part
—

Figure 5: Enlarged view on the rating scale in the second tab

Based on the focus of the NewStructure project, the questions for the analysis of feasible AM parts
were defined very specifically for the aerospace industry. Especially the criteria on weight
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reduction were highly rated in the scoring, due to the high financial impact in the aerospace
industry.

Trade-off Methodology —First Improvement Activities

The first improvement activities attempted to create a cross-industry methodology with a
user-friendly design. All criteria have been revised in their terminology to get a phrasing that is
cross-industry understandable. For a more detailed scoring system, the two existing categories were
divided into four. Thus, the weighting of the questions could be more focused on different aims of
redesign and parts:

= Criteria A: Change of the manufacturing technology
The aim for this category is to filter parts, which needs just small modifications to be
feasible for the additive manufacturing technology. The actual part design shall be
maintained.

= Criteria B: Lightweight potential
For this category the aim is to find parts with a high percentage of solid block structures.
For Example milling parts who get their design based on the semi-finished product. This
parts could gain a high weight reduction through additive manufacturing.

= Criteria C: Functional integration
Parts for this category needs potential in the improvement of their functionality.
Furthermore a reduction of assembly steps is aimed.

= Criteria D: Overall product optimization for additive manufacturing
This category is for parts which have the potential for an extensive redesign and
functional optimization.

To get a better usability, to avoid the switch between the different excel tabs and to get a better
overview on which answer was chosen, a drop-down system was integrated (shown in Figure 6).
So the questions and all answer possibilities are found in the same tab of the excel sheet, that makes
the completion of the methodology easier and faster than before.
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Figure 6: Overworked Trade-off Methodology with drop-down system

During use of the matrix some other weaknesses were discovered, like the missing consideration
of plastics parts, which were not important for the NewStructure project but could have a
tremendous impact at other industries. Furthermore, it was pointed out, that it is not possible for an
engineer to complete the matrix on his own. To get the best results of the methodology, the part
analyses has to be done by minimum two people, one who have all important information about
the part (responsible engineer of the company) and the TOM and AM expert. Therefore, the results
would be still subjective, based on the personal experience. The development opportunities for
reducing the weaknesses on a minimum were presented in the next chapter.

Trade-off Methodology — Development Opportunities

The Trade-off methodology should be further developed in the project OptiAMix, with the
aims of prevention of subjectivity and elimination of all previously discovered weaknesses.
The first step to develop a less subjective matrix was the creation of a questionnaire, which
concentrates on the individualized company strategy and focuses on the aims of each possible AM
part. After a couple of iteration loops with the industrial partners about the content of the
questionnaire, the outcome are two worksheets. In the first one, the company strategy should be
explained. To get some general information about the company the industry affiliation is requested
and if the company operates as an OEM or as a supplier. Out of this information the used norms
and standards in the industry can be filtered, which have a great influence on the scoring system
for the potential AM parts. Another important point for the scoring in the matrix is the strategic
orientation. The companies can choose between technology, market, costs or price leadership
(multiple answers are possible).

= Technology Leadership
Companies with superior development tools or the most demanding production
techniques. In contrast to the innovation leadership a technologically outstanding
production is needed, innovative products are not necessary
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* Market Leadership
Companies with the largest market share

= Costs Leadership
Companies with the lowest production costs in the competitive environment. In many
cases, cost leadership is a prerequisite for price leadership

= Price Leadership
Companies with the aim to offer always the best price in the defined market. A price
leadership can usually only be reached and held over a short time period. It often
conduced to expand the own market share or keep away from competition
[www2]

So the overarching aims for the company’s product portfolio can be specified. At the end there are
some questions about the management strategies for spare parts and tools, to get a complete
company overview.

The second questionnaire is for the aim of the product itself. The general information of the part to
be examined are the assembly group, the quantity per year or the batch size. These are the crucial
information for the additive manufacturing feasibility analysis. For a complete product-related
weighting of the TOM the aims of the product in the sectors costs, time, weight reduction, function
integration and increase of operating features are important. Furthermore, the construction type
possibilities like integral, differential or hybrid construction are asked.

With these two questionnaires and the current methodology, the part analysis is a manual workflow
(see Figure 7), which still needs two experts. The first one is an employee from the company, who
have the knowledge of all necessary information about the considered part and the company
strategy. He has to complete the questionnaires. The second one is the TOM expert, who adapts
the weighting of the methodology based on the results of the questionnaires. After that, both experts
fill in the TOM, under the consideration of different influence factors between some questions. On
this way, a promising part can be selected for the additive manufacturing process.
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Figure 7: current workflow

Out of the current workflow can be derived that there is still a lot of optimization potential for the
Trade-off Methodology, especially in the weighting area. The weighting should be automated and
the missing aspects integrated. The matrix needs to deal with plastic parts as well as casting parts
and the number of needed molds. The number of parts and the effort for an assembly needs to be
requested. The influence between the criteria has to be analyzed and an interactivity between these
questions has to be integrated. An Example is the question about solid block structures. A part with
a high percentage of solid block structures is normally not feasible to be manufactured with AM
and get a low rating. However, when the block structure can be replaced by lattice structure, it
would have a positive impact for the production with additive manufacturing and the question
needs a high rating. Another improvement for the matrix is the cost analysis. A detailed comparison
between the conventional and the additive manufacturing process is the aim. The comparison
started with the material and machine hourly rate costs and ended by how high is the work load for
one employee for the monitoring of a milling and an AM machine.

The OptiAMix project would like to exhaust the weaknesses of the matrix over the project duration
in the next two years.

Outlook and Summary

In the OptiAMix project, it is foreseen to develop a tool that fulfills all requirements for a
multi-target-optimized part. To integrate the TOM into this tool it is necessary to get a less manual
workflow for the matrix. The idea is to merge the questionnaires with the Trade-off methodology,
so the weighting of the TOM questions will be done automatically (see Figure 8). The most
important challenge for this task is to formulate all questions in such a way, that they are
understandable across all industry sectors. The formulation of the current questionnaires are a good
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start, but only based on the company branches, which are involved in the project. Furthermore, it
is necessary to establish a complete influence and weighting matrix, which covers all dependencies
between the answers of the questionnaires and the questions in the TOM.

. ) Part Selection
« Complete the questionnaire for
the company and the product
aims
« Carried out by a company « Complete the TOM
employee « Carried out by a company
- Automated weight matching of employee
the TOM through the * In consideration of:
questionnaires » Assemblies
« Cast components
« Interaction of single questions

Questionnaire \_ ° etc. y,

Figure 8: future workflow

Beside the optimization of the workflow, the questions of the TOM will be also revised. Like said
before, there are some weaknesses that have to be looked at during the project. The first important
point is that the TOM needs the integration of thermoplastic parts. The current focus of the
methodology is on metal milling parts. That comes up with the next point, assemblies need to be
analyzed. How many parts need to be manufactured and how high is the installation effort, are two
questions which have a great influence on the AM capability for a part. At the end, the costs have
to be integrated. Therefore, the manufacturing costs, like material and machines costs, will be
analyzed. In addition, there will be a comparison of the personnel placement, especially between
milling, casting and additive manufacturing.

If all this steps will be done in the project, the TOM will be a fast and user-friendly tool to filter an
existing product out of a company’s product portfolio, which can be done by only one company
employee.

2583



Acknowledgement

The research leading to these results has received funding from the BMBF project
OptiAMix — “Multi-target-optimized and continuously automated product development for
additive manufacturing in the product development process”. This research and development
project is funded by the German Federal Ministry of Education and Research (BMBF) within the
program “Innovations for Tomorrow’s Production, Services, and Work” (funding number
02P158131) and managed by the Project Management Agency Karlsruhe (PTKA). The author is
responsible for the contents of this publication.

[Gebh12]
[HDDO6]
[InAl]

[Kiinz16]

[LIMK 2]

[LIRK 14]

[Pelz10]

[ReKo16]

[Schul2]
[VDMA16]

[wwwl]

[Wwww2]

Literature

Gebhardt, Andreas; ,,Understandig additive manufacturing. Rapid Prototyping,
rapid tooling, rapid manufacturing®; Miinchen: Hanser Verlag, 2012

Hopkins, Neil; Hague, Richard J. M.; Dickens, Phill M.; ,,Rapid Manufacturing.
An industrial revolution for the digitial age*; Chichester: Wiley, 2006

Die Psychologie der Digitalisierung. Wie sich Digitalisierung fiir den Mittelstand
anfiihlt*; innovation alliance*

Kiinzel, Hanzjorg; ,.Erfolgreiches Lean Management 2.0. Wettbewerbsfdhige
Verschlankung auf nachhaltige und kundenorientierte Weise™; Miinchen:
Springer Gabler, 2016

Lindemann, Christian; Jahnke, Ulrich; Moi, Matthias; Koch, Rainer; ,,Analyzing
product lifecycle costs for a better understanding of cost drivers in additive
manufacturing”; in: “23th Annual International Solid Freeform Fabrication
Symposium — An Additive Manufacturing Conference”; 2012

Lindemann, Christian; Jahnke, Ulrich; Reiher, Thomas; Koch, Rainer: “Towards
a sustainable and economic selection of part candidates for Additive
Manufacturing”, in: “23th Annual International Solid Freeform Fabrication
Symposium — An Additive Manufacturing Conference”; 2014

Pelzmann, Linda; Wirtschaftspsychologie. Behavior Economics, Behavioral
Finance, Arbeitswelt; Wien, Springer Verlag, 2010

Reiher, Thomas; Koch, Rainer: “Product Optimization with and for Additive
Manufacturing”, in: “23th Annual International Solid Freeform Fabrication
Symposium — An Additive Manufacturing Conference”; 2016

Schuh, Giinther; “Innovationsmanagement. Handbuch Produktion und
Management 3”’; Heidelberg: Springer Verlag; 2012

VDMA, Volkswirtschaft und Statistik; “Kennzahlen zu Forschung und
Innovation im Maschinenbau”; Mirz 2016

https://digitales-wirtschaftswunder.de/exklusiv-leitfaden-digitalisierung-fuer-
den-mittelstand/?gclid=CM2k gObpNQCFdS7GwodlwYJwA

last access: 30.06.2017
https://www.mittelstandswiki.de/wissen/Wachstumsstrategien

last access: 30.06.2017

2584


https://digitales-wirtschaftswunder.de/exklusiv-leitfaden-digitalisierung-fuer-den-mittelstand/?gclid=CM2k_qObpNQCFdS7GwodlwYJwA
https://digitales-wirtschaftswunder.de/exklusiv-leitfaden-digitalisierung-fuer-den-mittelstand/?gclid=CM2k_qObpNQCFdS7GwodlwYJwA
https://www.mittelstandswiki.de/wissen/Wachstumsstrategien

	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



