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Abstract

To enable efficient and effective development of additively manufactured parts, the development
process can be supported by a tailored information platform. In this paper, an Internet-based information
platform for this purpose is presented. A survey in an industrial environment with 35 participants was
conducted to determine the beneficial functions and information on the platform. This paper presents
the results of the survey and the realization of an information platform as a digital support tool for
designing additively manufactured parts.
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1. Introduction

A design for additive manufacturing (DfAM) requires several kinds of information. During product
development, the type of information required changes permanently in line with the iterative
development process, an example of which is described in VDI 2221 (VDI, 1987). In this paper, an
Internet-based platform offering fast access to the required information is presented. The objective
of the platform is to enable designers to conduct focused development of additively manufactured
(AM) products. Similar to other development processes, a DfFAM not only includes a design for
manufacturability, but also the optimization of functionality, the consideration of available materials,
cost reduction and limitation through achievable precision, among other things. Taking full
advantage of the unique capabilities of AM technologies is challenging for most designers as design
rules or guidelines for conventional manufacturing are deeply entrenched in the minds of those
designers (Tang and Zhao, 2016), even if a great deal of information required for developing AM
products can be found in literature. Laverne et al. (2014) show that methodologies for early design
stages are rarely supported by digital tools. In order to ensure high usability of the information system
and speed up the development of additively manufactured parts, an Internet-based platform that
offers the required information is presented in this paper. The underlying research question
throughout this paper is as follows: "What information is needed to support design specifically for
additively manufactured parts and how should the information be accessible?" The content of the
platform was modified in accordance with a survey conducted in an industrial environment, and it is
structured according to several development phases of an additively manufactured component. The
results of the survey are presented in the following sections, as are the structure and features of the
platform.
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2. Method

A literature review was undertaken to develop a digital tool for supporting the development of additively
manufactured parts. Following this review, an online survey was conducted in an industrial
environment.

2.1. Content of the survey

In order to answer the first part of the research question, a literature review was conducted to find studies
providing information that should potentially be considered for integration into the support system. The
literature review included established volumes such as (Gibson et al., 2015; Gebhardt and Hoétter, 2016),
in addition to various papers. A study that conclusively answers the first part of the research question
could not be found, although several works highlighting different aspects of AM-specific development
were identified. The following reviewed papers with a close relation to support in the development of
additively manufactured products were found: Hague et al. (2005), Kirchner (2011), Vayre et al. (2012),
Adam and Zimmer (2014), Laverne et al. (2014), Mellor et al. (2014), Ponche et al. (2014), Yang et al.
(2015), acatech et al. (2016), Hallgren et al. (2016), Kumke et al. (2016), Leutenecker-Twelsiek et al.
(2016), Tang and Zhao (2016), Thompson et al. (2016), Seepersad et al. (2017), Zhu et al. (2017). The
relevant aspects of these papers were adapted to match the purpose of the survey. The survey was
structured and the answer options were formulated in accordance with the results of the literature review.

2.2. Boundary conditions of the survey

The invitation to participate was issued through the mailing list of a large German industrial association
and the mailing list of a German state agency containing persons interested in AM. 35 persons
participated in the survey, which contained questions concerning general information about the
participants, information required for a DFAM and requirements for the Internet-based platform which
would ensure high usability. The participants originated from differently sized companies (Figure 1a).
They were mostly male (see Figure 1b) and represent different hierarchical levels in the respective
companies (Figure 1c).
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Figure 1. Company size, gender and hierarchical level of the participants
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The distribution list of the survey was composed in order to consult experienced product developers and
designers on the topic of additive manufacturing. To assess the participants' AM expertise, their self-
assessment was included in the questionnaire on a scale from 1 (no expertise) to 5 (expert). The result
of this is shown in Figure 2. The data shows a weighting toward higher expertise and has a mean of
3.42. According to the number of 35 participants, the statistical power of the survey is limited. This is
why a Kolmogorov-Smirnov test shows, that the data of the self-assessment features neither a Gaussian
nor uniform distribution.
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Figure 2. Self-assessment of participants' expertise

3. Boundary conditions for the use of AM

The boundary conditions of the use of AM technologies were queried in order to ascertain the context
in which the developed Internet-based platform was to be used: The results are presented in this section.
The results of the survey regarding the nature of the participants' occupation with AM are shown in
Figure 3, which reveals that the participants mostly use AM in engineering design and the development
of additively manufactured products. However, some of them also work in the fields of R&D with a
focus on improving AM manufacturing and related processes, and in providing the technologies as a
service.

Field of activity with AM technologies
(multiple entries possible)

Design/development of AM parts ‘ 85.79
Offering AM technologies as a service 31.4%
Research and development for the improvement ‘ 31.4%
of AM technologies and related processes 17°
Other 1 1.}4%

'
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Figure 3. Nature of participants' occupation with AM

The areas of interest for the field of application of AM technologies are shown in Figure 4. The use of
AM technologies was rated as being less interesting as the batch sizes increased. 85.7% of the
participants are interested in the technology for use in prototyping. For producing end products, the
interest in AM decreased as the batch size increased, from 74.3% with a batch size of 1 to 11.4% with
batch sizes of more than 1000 units. Nonetheless, 45.7% of the participants are interested in the
technologies for tooling and 37.1% in using AM as a bridge technology for manufacturing products with
uncertain market prospects.
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Areas of interest for the application of AM technologies
(multiple entries possible)
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Figure 4. Reasons for the use of AM technologies

The result of the ranking of the most interesting AM technologies for the participants is shown in Figure
5. Laser sintering (LS) is of the most interest for the participants, followed by laser beam melting (LBM)
and fused deposition modeling (FDM).

AM technologies of interest
(multiple entries possible)

Laser sintering (LS) 68.6%
Laser beam melting (LBM)

Fused deposition/layer modeling (FDM/FLM)
3D printing (3DP)

Poly-jet modeling (PJM)

Stereolithography (SL)

Electron beam melting (EBM)

Digital light processing (DLP)

Multi-jet modeling (MIM)

Direct energy deposition (DED)

Thermal transfer sintering (TTS)

Layer laminated manufacturing (LLM)
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Figure 5. Relevance of the different AM technologies
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The participants were queried on the reasons for their choice of AM technologies of interest and had the
option of marking the decisive factors. The incidence of the reasons is shown in Figure 6. One interesting
aspect of the result is that costs were not available as a predefined option, as their estimation is affected
by several factors, although this factor was notably stated numerous times in the free text field. By
contrast, familiarity with the specific AM technology was not seen as a relevant reason for the choice.
When asked for the reasons for their decision concerning the relevance of the technologies, the available
materials were cited most frequently by the participants, followed by accuracy levels and the possible
build volumes of the processes.

Decisive factors for the choice of AM technologies of interest
(multiple entries possible)
Materials 94.3%
Accuracies
Build volumes
Availability
Familiarity
Costs (no predefined answer) 7.1%
Other 14.3%
0% 20% 40% 60% 80% 1?0%

Figure 6. Reasons for the choice of technologies of special interest

The participants' answers regarding the importance of different groups of materials are shown in Figure
7, including the standard deviation. With the large standard deviation, it can be seen that there is a high
divergence in the rating of the importance of the groups of materials, whereby composites are rated as
less important than metal and plastic.
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Figure 7. Importance of groups of materials
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With a view to design freedom with AM, the factors of interest to the participants are shown in Figure 8.
Of special interest for AM is the option of integrating functions and parts (74.3%). The reduction in the
number of assembly steps, improvement of performance and the possibility of lightweight design are
deemed to be of almost equal importance by the participants (with 62.9% and 57.1% respectively). Other
aspects cited by the participants are a reduction of cost and time, and hybrid production incorporating
conventional manufacturing technologies.

Factors of interest for the design of AM products
(multiple entries possible)
| | |
Function/part integration 74.3%
Reduction of assembly steps 62.9%
Opportunities of lightweight design 60.0%
Performance improvement 57.1%
Other 25.7%
| >
0% 20% 40% 60% 80%

Figure 8. Aspects of interest in the freedom of design with AM

4. Importance and preparation of the required information for a DfAM

In this section, the results of the survey concerning the weighting of information in the Internet-based
platform are presented. To determine the weighting of the information included in the Internet-based
platform from an industrial perspective, questions were asked concerning the importance of possible
information for the DfFAM. The participants had to rate the importance of information categories by
relevance with a view to the development of additively manufactured parts between 1 (not necessary)
and 5 (absolutely necessary). The available options were generated according to the reviewed literature
(see Section 2.1). The following options were evaluated by the participants:
e Specific manufacturing restrictions for particular AM technologies
e General descriptions of particular AM technologies for generating an understanding of the
specific manufacturing restrictions
Descriptions of data formats and data processes
Description of an approach for developing additively manufactured parts
Description of a computer-aided procedure for generating topologically optimized parts
Examples of good solution principles for additively manufactured parts
Description of a method for assessing the potential of using AM technologies for a product or
product idea
e Description of a method for determining the suitability of AM technologies for a specific
application
e Description of legal aspects in the context of AM in terms of liability and property issues

The results of the survey regarding the importance of several information categories and the standard
deviation are shown in Figure 9, whereby the available options are listed in the order of their importance
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to the participants. As shown, the standard deviation is not insignificant, and the rating cannot be
considered definite. This is due to the inhomogeneous group and the wide range of prior knowledge
levels among the participants. However, it can be seen that the assessment of information which is more
important on average shows greater consensus and a smaller standard deviation than the information
rated as less important overall. Only the two lowest rated aspects have a median of three, according to
a Wilcoxon signed-rank test.

In addition to the predefined options, information about the costs of the manufacturing technologies and
material properties were declared to be important information for the development of additively
manufactured parts.

Ranking of the importance of the required information for a DfAM

1. Restrictions for particular
AM technologies ‘ ‘

2. Examples of solution principles

3. Approach for the development of :
additively manufactured parts ‘ ‘ '

4. Assessment of the potential

5. Descriptions of AM technologies

6. Determination of AM technologies .
for a specific application ‘ . ‘

7. Computer-aided procedure for the genera- .
tion of topologically optimized parts ‘ : ‘

8. Data formats and data processes

9. Legal aspects of AM regarding :
liability and property issues : ! |

1 2 3 4 5

average value (from 1 to 5) and standard deviation

Figure 9. Importance of different information categories for developing AM parts

To assess adequate preparation of the information required for developing additively manufactured
parts, the participants of the survey were asked how the information should be prepared. The
summarized results are shown in Figure 10 and sorted by relevance. Evidently, characteristics of the
preparation that are related to digital presentation of the information are rated especially highly, such as
the search functionality, the possibility of filtering the information and the ability to interlink related
information. The possibility of enhancing the provided information as a result of the increasing
knowledge of AM-specific developments can also be more easily implemented within a digital
environment, which goes hand in hand with the rating of the Internet-based preparation of information
as being the second most important aspect. In contrast to this, traditional methods of presenting required
information for the development of products were rated as being less important, such as the presentation
in a paper-based format, a tabular structure within the presentation and the limitation of access for
external parties.
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Preparation of the necessary information for the development of additively manufactured parts
(multiple entries possible)

Searchable 77.1%
Internet-based 65.7%
60.0%

5413%

Filterable
Enhanceable
As an application software
With interlinks between the contained information
In the form of paper
Tabular
With limited access for external parties 25.7%
Other 8.6%

>
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Figure 10. Relevance of potential ways of preparing important information for the
development of additively manufactured parts

5. Realization of an Internet-based information platform for the development of
additively manufactured parts based on the survey

After conducting the presented survey in an industrial environment, an Internet-based platform for the
development of additively manufactured parts was created, and the functions rated as being important
were realized. The platform's content is based on the rating of the importance of the information required
for developing additively manufactured parts, and it is structured according to the timeline within a
product-development project.
Access to the platform starts with registration/login. This user management concept was implemented
to enable specific users' rights to be controlled in terms of modifying the tool's content. After
registration, each user gets a view of an individually selected front page or starts the system with the
predefined view of a development process. To structure the information in the Internet-based tool, it
is thematically clustered and assigned to the different phases of product development. The underlying
description of the development process is, due to its current validity and its guideline character, chosen
in accordance with VDI 2221 from 1987, on which the process proposed by Kumke et al. (2016) is
also based, for example. In the context of the Internet-based platform, the process is only used as a
tool for communicating the various included information categories and can therefore be easily
changed.
In further steps, the users can either select the desired information, if they are already familiar with the
platform, or they can use the implemented functions of the platform to find it. For easier access to the
information at the time that this paper was written, the following functions have been implemented in
the platform, and are illustrated in Figure 11:
e Access bar that shows all headings of the platform's included information in the predefined order
according to their importance during product development.
e Search function that shows content including the search term and highlights the relevant area
within it.
e Links between related content items that enable inexperienced designers to explore the content
appropriate to their interests, thus leading to relevant related information.
e Print function that enables designers to extract reoccurring relevant content in a printable format.
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Figure 11. Implemented functions of the platform

When planning development, for instance, information about available AM processes and scenarios for
their application are relevant. For example, these may include potential market prospects and general
information about the operation principles and potential materials/material properties of specific
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manufacturing technologies. The relevant information can therefore be retrieved by starting at the
description of the development process and using the links to this content.
Especially during the early phases of product development, when the most freedom of design is
available, a function-oriented support system for designers that takes full advantage of the existing
scope of design freedom is required in order to realize a design. This includes information on
identifying an appropriate solution principle in order to fulfill the desired function. Information
regarding good solution principles in the case of AM is therefore integrated into the platform. It is
structured in accordance with generally valid functions according to (Weiss et al., 2016), and can
either be explored using the search function, the links or by manually navigating the content using the
access bar.
According to the survey presented above, the following information is currently included in the
platform:

¢ General information about the use of the platform
Restrictions for particular AM technologies
Examples of solution principles
Checklist for assessing the potential of using AM technologies for a product or product idea
General descriptions of AM technologies
Checklist for verifying a suitable design for additively manufactured parts
Information on material properties relating to specific AM processes
Development process for assigning information to the different product development phases
Description of the data process for AM
Description of post-processes for AM

As a result of the implemented user management system, users can modify and supplement the content
and suggest optimization approaches to the administrators.

6. Example of a usage scenario for the platform

In this section, the benefit of using the platform shall be shown in an example scenario that is depicted
in Figure 12.

The design task of an adaptive control element is adopted for the use case in question: This is described
in more detail in (Weiss et al., 2017). The design task is to develop a human-machine interface (HMI)
that changes its shape according to the forces applied to its exterior, so as to enable positive locking for
high torque transmission from the hand to the element.

1. After clarifying the task and deciding to potentially use AM technologies for the production of the
HMLI, the first content on the platform that is used is the checklist for assessing the potential of using
AM technologies for a product or product idea. This shows that there may be potential for part
integration. AM suits potential personalization, complex shapes could enable ergonomic design, and the
build volume and batch size are also small.

2. In the next step, possible solution principles for enabling the movement of single elements of the HMI
are explored using the collection of examples for solution principles, and are used to define an initial
concept for the HMI's design.

3. With this initial design idea, the general descriptions of AM technologies (3a) can be used to
determine appropriate technologies for manufacturing the HMI from plastic. To determine the used AM
technology further, the plastic processing technologies are compared by means of their more specific
descriptions (3b). Fused deposition modeling (FDM) technology is chosen due to its sufficient accuracy,
availability and the availability of materials.

4. In the next step, the design is refined for the production with FDM by recurrently using the
information about the restrictions for the specific AM technology (4a) and the checklist for verifying a
suitable design for additively manufactured parts (4b).

Later on, the production of the first HMI can be initiated by using the description of the data process for
AM. The cycle of continuously improving the HMI can then start.
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Figure 12. Example usage scenario of the platform

7. Conclusion and outlook

In this paper, the results of a survey for the conception of an Internet-based platform for supporting the
development of additively manufactured parts are presented, while insights are also given into the final
design of the Internet-based platform itself, its content and its functions. The function of the platform
was tested as a support evaluation with several persons during its development, and the practical
applicability was able to be initially evaluated in two student projects and in initial contact with industry.
An evaluation in the form of a long-term development project was not able to be conducted thus far,
although this is planned for the future. At the point of this paper's publication, the information contained
therein is limited to AM-specific content, and does not include general information about non-
technology-specific methods used during product development. According to the test in an industrial
environment, the content should be adapted and supplemented in future. This may be achieved through
the use of the user management system and by utilizing users of the platform as creators of new content.
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