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Abstract

The advantages of individuality and complexity for free are commonly known in the
field of additive manufacturing, but, nevertheless, they compete with advantages of
conventional manufacturing methods. On the one hand, a small size production can be
economically viable through additive manufacturing. On the other hand, conventional
manufacturing methods are well known and optimized, so that they have low cost per unit.
Therefore, to evaluate the economic efficiency various criteria are needed to compare additive
and conventional manufacturing methods. In the following part comparative criteria and
influence factors for economic efficiency are identified and described. Besides general aspects
personal reasons may influence a manufacturing decision. Therefore, the identified criteria are
used to build a method which helps the user to decide on a manufacturing method depending
on personal preferences. The structure and use of this method is described in the second part.
After this, an outlook and conclusion is given.

Introduction

Due to the progressive individualization of the required products and the resulting
product diversity new challenges arise within the production area. This trend towards diversity
of variants is evident, for example, in the automotive sector, which has seen a large increase in
vehicle variants in recent years. At the same time, the number of pieces shrinks and the
production times are reduced. Quality and design are becoming increasingly important. Market
needs are therefore changing fundamentally. [Wes10]

The conventional production of products with low unit numbers and high required
complexity is not economically advantageous. Additive manufacturing methods have lots of
advantages and characteristics: Components are build layer for layer, there are no additional
tools or models needed except of support material in some cases. Through this special
production method, complex geometry can be realized. This is a great advantage compared to
conventional manufacturing. Furthermore, the integration of functions is the second advantage
of additive manufacturing. The assembly process can be reduced or skipped because of the
integration of functions. Therefore, process time and financial resources can be saved. Still,
development time shrink and prototypes can be made easily and quickly. These advantages
make additive manufacturing methods to a competitive process to conventional manufacturing
methods. Nevertheless, a method to decide about the advantageous production method is
needed. Therefore, various decision criteria are defined. As an example for the use of this
method four manufacturing methods are selected. These are in case of the additive
manufacturing methods the selective laser sintering and the fused deposition modeling, in case
of the conventional manufacturing methods the injection molding and the milling of synthetic
material. [Arn15], [Geb13], [Gib10]

2563



In the method, the four manufacturing methods are compared concerning different
decision criteria which are presented in the part “concept”. Through the decision criteria each
manufacturing method reaches a rating. This rating is evaluated considering personal
preferences. Various decision criteria are needed because the conventional and the additive
manufacturing methods are very different and have special advantages. It does not make sense
to compare only the costs of a produced part. The quality for example is an important factor as
well. In the following part, the motivation for the topic is described. After that, a short state of
the art deals with approaches to evaluate the economic efficiency of additive manufacturing.
Next, the detailed concept is described with its structure and functionality. The next part deals
with the implementation and validation of the concept. In the end, an outlook and a conclusion
is given.

Motivation

The key motivation is the qualitative relation between cost per unit and lot size for
conventional and additive manufacturing which is shown in figure 1.

Cost per Unit

= conventional
manufacturing

s — —additive

manufacturing

Lot Size

Figure 1: Qualitative relation between cost per unit and lot size. [Vog13]

In the process of additive manufacturing almost all costs of a part are running costs.
There are only few or no fixed costs. This is demonstrated in the figure with the nearly constant
graph (grey). On the contrary, the graph for the conventional manufacturing (blue) has a falling
negative grade. This is caused by the high fixed costs for the injection molding tool or the
programming of the CNC-machine. The more parts are produced with the help of conventional
manufacturing the cheaper one unit becomes. Besides the grade the figure shows an intersection
point, the break-even point. At this point, the costs per unit for conventional and additive
manufacturing are the same. This relation is not quantified yet and forms the motivation for the
evaluation of economic efficiency of additive and conventional manufacturing with the help of
a method.

The value added of this method is created by simple and fast decision making. By
comparing different criteria, the advantages and suitability of the manufacturing processes are
investigated, since this can be determined only with great complexity in the existing multiplicity
of production processes. This effort of comparing manufacturing methods exceeds the possible
savings potential, especially in the case of simple components. In the end, know manufacturing
methods are used to produce a certain part because this is the easiest and fastest solution for a
company. The evaluation method, which is described in the “concept” part, recommends a
certain production process objectively and with relatively little effort to the user. From the
user’s point of view, he receives a suggestion of the most economical or best suited
manufacturing method with the help of the method.
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State of the Art

The cost calculation is an essential part of the process and production planning.
Furthermore, the calculated costs are often used for extern offers. Companies use for example
the machine hour rate to estimate the cost for a part. Concerning the conventional
manufacturing methods many costs occur during the preparation phase. For the milling process,
a special machine programming is necessary. For producing a part with the injection molding,
an additional tool is needed for the forming process. With the preparation costs, the material
costs and the machine hour rate a conventionally manufactured part can be calculated.

For the field of additive manufacturing there is no standardized calculation method.
Some authors have already developed possibilities for various additive production processes to
name the costs involved in the production and to quantify them partially. They perform different
depth and accuracy. Hopkinson and Dickens (2003) divide the total costs into three areas: the
machine costs, labor costs, and material costs. As an example, they use these three cost
categories to determine the unit costs for two different parts. This concept is used and detailed
by Ruffo et al. (2006). The authors use the estimation of the process time and supplement
indirect costs such as administrative costs and production costs. Atzeni et al. (2010), such as
Hopkinson and Dickens (2003), focus on the calculation of unit costs by machine costs, labor
costs and material costs. Kraus et al. (2011) include the entire process chain into the
calculations. They subdivide the total costs into the three sectors of the building preparation,
construction and dismantling. Rickenbacher et al. (2013) look at the whole process and analyze
the costs of selective laser melting. They identify the costs of process preparation, the costs of
the alignment and positioning of the components, the cost of the machine preparation, the cost
of the assembly of the parts, the costs of the removal of the components, the cost of detaching
the components from the base plate and finally costs for the follow-up.

Concept

The aim of this part is the development of a concept to compare the economic efficiency
of different manufacturing methods based on the manufacturing of certain parts. In the
following, the requirements for this concept will be explained. Based on those requirements the
comparative criteria are described. After the determination of the total production costs
calculation and the assessment of the complexity of the component geometry the overall
concept is illustrated.

Requirements

There exist several general requirements. The method for the evaluation of the economic
efficiency needs to be user friendly and as a matter of course. Therefore, the user do not need
any excessive explanations to use the method. The structure has to be simple and clear which
supports the matter of course. The result of the method needs a high expressiveness that the
operator can interpret it quickly and easily on his own. The reproducibility ensures the same
result with the same initial specifications. Overall, an additional benefit should be evoked for
the operator using the method.

Besides the general requirements, there exist specific ones. The specific requirements

can be divided in input, output and database criteria. Figure 2 shows the general and specific
requirements for the method in an overview.
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Figure 2: Requirements on the method in an overview.

The main objective of the method is to determine the most suitable production process
and to evaluate the advantages with regard to the four production processes. In addition to these
imprecise information, the unit costs, the duration of the order and the resulting component
quality are presented to the user as a concrete output as well. General and specific information
are needed to generate the output. The general information is in a database and refers to the
characteristics of the production processes, such as machine data and costs, which forms a
decision-making basis within the method. In order to reflect the decision in a realistic manner,
market prices are also included through offers for engineered components. This collected data
basis is integrated in the method, these information are independent of the user. The special
input, however, is inserted directly by the user himself when using the method. It reflects the
current preferences with regard to the quality and order time of the user. The desired component
geometry also serves as an input and is an important decision-making factor. The lot size act as
an input as well.

Comparative Criteria

Based on the requirements, there exist six comparative criteria. The main aim of the
method is to enable the user to integrate his personal preferences and to decide with the help of
information and preferences, which manufacturing method is the most suitable one for the
manufacturing of a certain component. The comparative criteria contain the most important
information concerning the component and the manufacturing methods. Figure 3 shows the six
criteria.
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Figure 3: Comparative criteria in an overview.

The classic trio of cost, quality and time is supplemented by the comparative factor of
environmental compatibility. The costs can be determined as a quantitative value, whereby a
direct comparison between the production processes is possible. Besides the cost calculation
for the different manufacturing processes real bid prices are invited for explicit parts.

The quality of the components differs in the different production processes. Often, the
assessment of the cost-effective production process is not sufficient, since special requirements
exist for a component according to the surface or the mechanical properties. A cost comparison
without simultaneous consideration of the quality is less meaningful. The time of production
can also not be ignored as the four production processes have very different lead times and
production times. Another interesting feature is the comparison of the time course with an
increase in the lot size. Sustainable and resource-conserving production is nowadays an
important factor, which claims more attention through the increasing pollution of the
environment and the resource-constrained nature. Above all, additive production methods seem
to need a lot of energy during the manufacturing process, which is why the consideration is
necessary for a fair comparison of additive and conventional manufacturing methods. For this
purpose, the comparative criterion of environmental compatibility is established, which
includes the material exploitation, energy consumption, material production and waste. In
addition to these four factors, the component geometry and the quantity of components (lot
size) are two comparative criteria, which are determined through the user. The geometry is
evaluated in a number explained in the following part.

Geometry Evaluation

To estimate the geometry of a component an evaluation number for the geometrical
complexity is created. With the four selected manufacturing methods, not all components can
be produced in the same way. There exist non-feasible elements or geometric shapes for every
production process. Within the method, the deposit of these design limits is important, since it
is only then possible to ensure that the recommended manufacturing method can manufacture
the component.
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Every component is classified as a simple, medium or complex part. Besides these three
classes the geometry of a component can exclude the manufacturing with a certain method. If
a component owns an undercut for example, it cannot be produced trough injection molding or
milling. If the size of the part exceeds the available space of the FDM or SLS machine, the part
cannot be manufactured with the two additive manufacturing methods. The rating of when a
geometry is considered complex can not be made generally, it is a subjective assessment.
Depending on the working environment, individuals value complexity different. In order to be
able to make an estimation of the complexity of the components, the geometry value is
calculated by a point system. Geometry structures generate different scores, the sum of these
scores lead to the classification as simple, medium or complex. These structures include for
example the general shape, component dimensions, material strengths, type and size of holes,
type and size of additional bodies, free form areas or bionic structures. The number of points,
which assigns a component to a class, depends on the user who can set an individual limit for
the classification in simple, medium and complex.

Cost Calculation

The costs are allocated to the three areas of pre-processing, manufacturing and post-
processing. This triple division allows first statements on the behavior of unit costs when the
lot size increases. Figure 4 shows the three parts.

Pre-Processing P Manufacturing ‘- Post-Processing

Incurred costs: Incurred costs: Incurred costs:

* Programming *  Machine hour rate +  Assembly Total

» Machine preparation e »  Personnel costs e »  Cleaning e production
» Data preparation »  Material costs »  Quality improvement cost

* Tool preparation e. g. surface finishing

Figure 4: Integral parts in the cost calculation.

The pre-processing involves costs that only arise once in the production process at the
beginning, such as the costs for tools or programming. The higher these pre-processing costs
are, the lower the unit costs become with an increase in the lot size. The costs of the
manufacturing contain the machine hourly rate, personnel costs and material costs. If the
number of items increases, the total cost of production increases as well, because additional
machine hours, additional material and more operating personnel are required. It must be noted
that it is not necessarily a linear connection. In the case of the SLS with the powder filling of
the construction space, for example, the production of several components is possible within
one production process, since these can be arranged simultaneously in the available space. In
some cases, process-specific activities and costs can be incurred in the manufacturing step, such
as the removal of supporting structures from the FDM. The costs of the post-processing include
all measures that cannot be included in the machine cost rate but are made for a specific
characteristic of the final component. It is important that these activities do not have to follow
the production process, but can be carried out selectively. These include, for example,
additional post-processing for improving the surface structure or measures for improving the
structural conditions.
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Overall Concept Structure

The overall concept structure unifies the comparative criteria, the possibility to import
personal preferences, information concerning the manufacturing processes, costs, quantity of
units and geometry of a component. Figure 5 shows the structure of the whole method.
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Figure 5: Functionality of the method in an overview.

The first and the last part (light grey) show what a potential user can see. The user can
set his preferences for costs, quality, time and environmental sustainability. Therefore, he uses
numbers from 0 to 10, with 0 equals not important and 10 means very important. Depending on
his preferences and needs, he can configurate the basis for the decision. Besides his preferences,
the user evaluates the geometry of the component and quantifies the lot size. After the user
concretized his input, the method shows the most suitable manufacturing method for the user
with his given preferences. The most suitable method matches the method with the greatest
utility for the user.

To determine the most suitable method, the concept is based on a utility or benefit
analysis. The preferences of the user are transferred into weighting. Therefore, every preference
is divided through the sum of the four given numbers. The comparison and evaluation of the
manufacturing methods are made for every criterion. The four manufacturing methods are
ranked concerning the criterion from 1 to 4 points with 1 the worst and 4 the best manufacturing
method when only one criterion is included. Therefore, the value from 1 to 4 points is set for
every single production process in one column. The values in one column are multiplied with
the weighting of the associated criterion. The sum of the multiplied values in one line for one
manufacturing method result in the utility for the manufacturing method. The production
method, which shows the greatest utility, is the most suitable manufacturing method. The output
corresponds to the production process with the highest utility.
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Prototypical Implementation and Validation

After the explanation of the concept for the method, a prototype implementation follows
in this part. Three exemplary components are developed. One can be categorized as simple, one
as medium and one as complex. Figure 6 shows the three exemplary components that show the
front of a loudspeaker housing. The parts are thin walled, suit the construction space of the
additive manufacturing and possess different gradations of complexity.

Simple Component Medium Component Complex Component

l _| al I

Figure 6: Geometry of the three exemplary components.

With the help of these three components, the economic efficiency of conventional and
additive manufacturing methods can be compared. Bid prices and several information
concerning the quality, production time and environmental sustainability are collected. The
information operate in the background of the method. The ranking of the four production
processes is based on the information that originate from real offers and literature. Besides the
generation of information for the evaluation concept the bid prices are used to quantify the
initially introduced correlation of the cost per unit and the lot size (see figure 1).

Figure 7 shows the correlation of real bid prices and lot sizes for the three exemplary
components for the four manufacturing methods injection molding (green lines), milling (blue
lines), selective laser sintering (black lines) and fused deposition modeling (grey lines). The
name of the curve for the simple component is C1 for every production process and has a
continuous line. The curve for the medium component is called C2 and is long dotted. The name
of the complex curve is C3 and is short dotted.

The first chart has an ordinate from 0 to 10,000 € unit costs. The curves of the injection
molding fall down with an increase of the lot size. This can be explained through the high costs
of the in-mold assembly. Independently of the lot size, the in-mold assembly is needed.
Therefore, the costs for the in-mold assembly are fixed costs, which are prorated on the single
units. The curves of the injection molding equal the trend of the curve for conventional
manufacturing in figure 1.

The second chart has an ordinate from 0 to 1,000 € unit costs, this means it shows the
first tenth of the first chart. It is an enlargement of the first chart. With an increase of the lot
size the unit costs for components produced with injection molding fall steadily. The blue lines
of the milling are nearly constant. It can be seen, that the complex component is more expensive
than the medium, and the medium component is more expensive than the simple component.
To mill the exemplary components is very expensive independently of the lot size.
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Nevertheless, the quality of the component is very good. Even if milling is a conventional
manufacturing method, it does not show the typical trend with an increase of the lot size.
Besides the CNC-programming, there are not any high additional fixed costs.

Change of the absolute Unit Costs through Variation of the Lot Size
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Figure 7: Correlation of real unit costs and lot size.

The third chart is again an enlargement of the second chart and owns an ordinate from
0 to 100 €. In this chart, the curves of the additive manufacturing methods can be seen.
Independently of the component complexity, the single curves show a nearly constant course.
For the selective laser sintering the unit costs sink a little bit with an increase of the lot size. On
the one hand, this is caused by a volume discount, because real bid prices are used for the charts.
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On the other hand, in one construction phase several parts might be produced depending on
their dimensions and the dimensions of the construction space. Generally, the constant curve of
figure 1 for the additive manufacturing can be confirmed with the different curves for selective
laser sintering and fused deposition modeling. Producing the components with fused deposition
modeling is the cheapest possibility, but the quality of the components are worst. Therefore, the
developed evaluation method considers not only costs, but as well quality, time, environmental
sustainability, component geometry and lot size depending on the user’s preferences.

To investigate the functionality of the evaluation method a validation is conducted. With
the help of a new exemplary component, the function of the method can be validated. The
geometry of the new part is similar to the three exemplary components in figure 6, but it is not
the same. For this component, both the method is used and real bid prices are obtained. The
estimated price of the method is allowed to change in a range of ten percent compared to the
real bid price. In case of the new part, the two prices differ circa 5 %. Figure 8 shows the
prototype implementation of the user interface with the possibility to insert personal
preferences. The geometry is evaluated for the validation component and is ranked as complex.
The lot size is determined on 50 units. With a high preference in costs, low preferences in
quality and time and middle preferences in environmental sustainability, the method
recommends the selective laser sintering as production process. The estimated unit costs are
circa 75 € with a medium quality and an estimated production time of seven days.

Evaluation of the Most Suitable Manufacturing Method

Absolute Values
Please, insert all the information concerning the geometry and the lot size of your component. Thank you.
Geometry Lot Size
please evaluate please fill in
Manufacturing with
\ -
1\_‘& every method P
L | possible €.$
-
complex 50

Personal Preferences
Please rate the four criteria with 0 to 10 points depending on your preferences, with 0 not important and 10 very important

Costs Quality Time Environmental Sustainablility
please evaluate please evaluate please evaluate please evaluate

2 W B (=)

Recommended manufacturing method

. selective laser sintering
depending on your preferences:
Estimated unit costs (without tax): circa 75 € +/-10% 3
Estimated quality: medium quality L 2 :/—'n-
Estimated production time: circa 7 days (, g ) ;’ N

Figure 8: User interface with the validation example.
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There is no output information about the environmental sustainability yet, because the
preferences concerning this factor and the rating helps to choose the right manufacturing
method. The three output factor estimated unit costs, estimated quality and estimated
production time serve only as an orientation help for the user.

A screenshot of a real offer shows figure 9. The unit cost amount to 71,32 € with a lot
size of 50 units.

41333_63715_Bauteil_Uberprufung STL.stl
¢ Modellparamete . * 71,32€

R % &
e IR

Figure 9: Real bid price for validation component.

With the help of the new part, it can be verified that the method is working well. The
more information are integrated in the background, the better the estimated values are.
Therefore, the next step is collecting more information concerning different component
geometries and their prices — real and calculated — with the corresponding information about
quality, production time and environmental sustainability.

Conclusion and Outlook

The prototypical implementation confirms the functionality of the developed concept
for the evaluation of the economic efficiency of conventional and additive manufacturing
methods. The initially introduced correlation of unit costs and lot size is verified with the help
of real bid prices for exemplary components. Beside the costs, the concept of the method and
the method itself contain five other comparative criteria. These are the quality, the time, the
environmental sustainability, the lot size and the complexity of the geometry. The method
enables an integrated consideration of the economic efficiency of the four manufacturing
methods injection molding, milling, fused deposition modeling and selective laser sintering.
This is important, because the four production processes lead to different qualities for example.

A further step is the integration of additional information. Besides, the determination of
the geometry factor needs to be easier to contain the simple use of the method. Components
with different geometries can be tested in the method and more bid prices can be gained.
Through this step, the prices can be approximated for nearly equal components. Additionally,
the information concerning the quality, the production time and the environmental
sustainability can be extended. Besides the new information, additional manufacturing methods
can be included in the method. A market-ready implementation with a database is then
necessary.

2573



[Arnl4]

[Atz10]

[Geb13]

[Gib10]

[Hop03]

[Rapl5]

[Ric13]

[Ruf06]

[Vogl3]

[Wes10]

References

Arndt, A.; Hackbusch, H.; Anderl, R. (2015): An algorithm-based method for
process-specific three-dimensional nesting for additive manufacturing
processes. In: 26th Solid Freeform Fabrication Symposium 2015, 10.08.-
12.08.2015, Austin, Texas.

Atzeni, E.; luliano, L.; Minetola, P.; Salmi, A. (2010): Redesign and cost
estimation of rapid manufactured plastic parts. In: Rapid Prototyping Journal,
16. vol., pp. 308-317.

Gebhardt, A. (2013): Generative Fertigungsverfahren — Additive
Manufacturing und 3D Drucken fir Prototyping — Tooling — Produktion,
Miinchen.

Gibson, 1.; Rosen, D. W.; Strucker, B. (2010): Additive Manufacturing
Technologies — Rapid Prototyping to Direct Digital Manufacturing, New York.

Hopkinson, N.; Dickens, P. M. (2003): Analysis of rapid manufacturing — using
layer manufacturing processes for production. Proceedings of the Institution of
Mechanical Engineers, Part C: Journal of Mechanical Engineering Science 217
(2003) 1, pp. 31-39.

Rapidobject (2015): Von lhrer Idee zum fertigen 3D Modell. Link:
https://www.rapidobject.com

Rickenbacher, L.; Spierings, A.; Wegener, K. (2013): An integrated cost-
model for selective laser melting (SLM). In: Rapid Prototyping Journal, 19. vol.,
pp. 208-214.

Ruffo, M.; Tuck, C., Hague, R. (2006): Cost estimation for rapid
manufacturing — laser sintering production for low to medium volumes.
Proceedings of the Institution of Mechanical Engineers, Part B: Journal of
Engineering Manufacture 220 (2006) 9, pp. 1417-1427.

Vogel, M. (2013): Produktion mit Laserlicht revolutioniert die Fertigung. Link:
http://www.maschinenmarkt.ch/produktion-mit-laserlicht-revolutioniert-die-
fertigung-a-404249/

Westkamper, E.; Warnecke, H.-J. (2010): Einfuhrung in die
Fertigungstechnik, Wiesbaden.

2574



	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



