Thinking ahead the Future of Additive Manufacturing –
Seizing Opportunities for Business

Identifying
Business Fields

Developing
Business Models

Finding
Product Ideas

Imprint
Author
Prof. Dr.-Ing. Iris Gräßler
(Scientific Coordination)
Patrick Taplick
Xiaojun Yang
Heinz Nixdorf Institute
Chair for Product Creation
Fuerstenallee 11
33102 Paderborn
Germany
Martin Kage
Heinz Nixdorf Institute
Chair for Strategic Product Planning and Systems Engineering
Fuerstenallee 11
33102 Paderborn
Germany
Phone
Fax

+49 5251 | 60-6275
+49 5251 | 60-6268

E-mail Iris.Graessler@hni.uni-paderborn.de
Internet https://www.hni.uni-paderborn.de/pe/
By Order of
Paderborn University
Direct Manufacturing Research Center (DMRC)
Mersinweg 3
33098 Paderborn
Germany
Phone
Fax

+49 5251 | 60-5415
+49 5251 | 60-5409

Internet http://www.dmrc.de
Assistance
Maren Engel
Sarah Mrosek
Nadja Rest

© Heinz Nixdorf Institute, Paderborn University – Paderborn 2016

Preface

Preface
We have recently witnessed a soaring interest in Additive Manufacturing (AM) – the reason for that being mostly the incredible opportunities for lightweight design, functional integration and rapid tooling. For
years, the aerospace industry has been in the vanguard of applying
AM industrially. At Boeing, the technology has turned into a reliable
core technology for many of the currently operated aircraft ﬂy with
parts made via AM. There is little doubt: AM will be of pivotal importance for the aerospace industry when facing challenges such as
tightening re-quirements, customization and the desire for lower cost
processing.
Currently, many other industries ponder the application of the technology for similar reasons. From an aerospace standpoint, we believe
the diffusion of the technology into other industries comes with beneﬁts for everyone. Technology providers such as machine and powder
manu-facturers diversify into new ﬁelds while the technology is being
confronted with new require-ments which eventually leads to impetus
for development.
Irrespective of whether or not AM turns out to be a suitable choice in
a given application, no company should disregard checking AM for
potentials. Developments such as closed-loop control, in-process validation and increased speed will boost the producibility, reliability and
quality of the technologies thus making the beneﬁts of AM available
to many other players. For AM to gain ground in these industries we
believe that it takes courage and a systematic analysis of the potentials for AM.
The Direct Manufacturing Research Center (DMRC) is a collaboration of technology provid-ers and users with the goal to advance AM
to Direct Manufacturing. In many projects, the team from the University of Paderborn has helped us and other partners in assessing
and advancing the technology. In order to strengthen their ties with
their partners and pursue their strategy “Industrial Research Base”,
the DMRC has carried out the project “Development of an Additive
Manufacturing Potential Check System”. The goal of this project is a
scalable collection of methodologies for the assessment of AM in light
of the requirements of a given company.
The study at hand is the ﬁfth sequel of the study series “Thinking
ahead - the Future of Addi-tive Manufacturing”. It comprises excerpts
of the project results and was supported by various companies via
validation workshops. We would like to express our gratitude to the
DMRC, the Heinz Nixdorf Institute and the involved companies for the
excellent cooperation.
Best regards

Randy A. Southmayd
Senior Manager - Boeing Research & Technology
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Introduction

1
Introduction
Additive Manufacturing (AM) is a technology ﬁeld that revolves
around the layerwise production of physical objects. The term
‘AM technology’ is used in this study to simplify the represention
of various complementary technologies: Different manufacturing
technologies such as Fused Deposition Modeling (FDM) or Selective
Laser Melting (SLM), but also complementary technologies such
as Computer Aided Design (CAD), topology optimization and postprocessing technologies such as milling or sandblasting. Overall,
Additive Manufacturing can be applied in one of four ways (see
ﬁgure 1-1).
Additive Manufacturing
Applications of the technologies
Rapid Prototyping
Producing prototypes which resemble the final
part in design or
function but do not
possess the same
part properties.

Figure 1-1:

Rapid Tooling
Producing manufacturing tools or
parts thereof, e.g.
casting cores or
moulds with conformal cooling
channels.

Rapid Repair Direct Manufacturing
Repairing worn out Producing end use
parts by e.g.
parts which can be
planing and subassembled after
sequent addition of post-processing.
material.

Main applications of Additive Manufacturing

Historically, the ﬁrst applications of the AM technology have been
Rapid Prototyping: the creation of parts which resemble a ﬁnal
product or a component of it. By this, product development processes
can be shortened and made more ﬂexible. With the emergence of
metal-based processes, Rapid Tooling came into existence. That is
the production of tools or parts thereof. The salient difference
between Rapid Prototyping and Rapid Tooling are the tougher
requirements imposed on Rapid Tooling components. With further
technological advancement two new types of applications emerged:
Rapid Repair and Direct Manufacturing. Rapid Repair describes
the addition of material which has been lost by, for instance, wear or
abrasion; Direct Manufacturing is the production of end use parts by
layerwise production technologies [LL16].
At the moment, direct production capabilities for parts and tools
have exceeded Rapid Prototyping applications in public reception,
shown by most publications and use-cases. However, there is no
patent remedy as to whether which application is the most promising
per se. Rapid Prototyping is a viable, equally relevant application of
Additive Manufacturing . Arguably, judging by the sales numbers of
machines, Rapid Prototyping is still the most prevalent application of
the technology as of today [Woh16].

Overall, AM has four
application types.

There is no dominating
application of AM.
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Huge commercial and
public interest

Overall, since 2013 technology management has witnessed a
soaring interest in Additive Manufacturing (see ﬁgure 1-2). Google
Trends, even though of little scientiﬁc validity, conveys a clear
picture: The search requests for the term “3D printing”, often used
as a synonym for “Additive Manufacturing” especially in common
speech, have increased about tenfold over the last ﬁve years.
Although this analysis does not differentiate between professional
and consumer printing technologies, it can be safely assumed that a
sizable portion of this attention is fueled by the abundance of
commercial use-cases and news of large enterprises investing into
the technology ﬁeld (e.g. General Electric Aviation) [GE16-ol]: At the
moment, companies worldwide are seeking potentials of Additive
Manufacturing.
Relative Frequency
of Google Searches
(Index Value)
100
80
60
40
20
2007

Figure 1-2:
Technology diffusion
typically occurs in a five
stage process

2011

2013

2015

Time

Number of Google Searches for “3D Printing”

From a theoretical perspective, R
has shown that innovation
and technology diffusion typically occurs in a ﬁve stage process (see
ﬁgure 1-3) [Rog03].
•

Knowledge: Individuals or decision-making units in companies
are exposed to a technology’s existence and gain an understanding of how it functions.

•

Persuasion: In the persuasion phase, a deeper understanding
of a technology is being developed. The result of the phase is a
favorable or unfavorable attitude towards the technology.

•

Decision: Individuals or decision-making units make a choice to
adopt or reject the technology.

•

Implementation: The technology is being put to use.

•

Conﬁrmation: Empirical evidence shows that particularly in the
immediate aftermath of implementation, decision makers actively
seek information conﬁrming their decision.

Figure 1-3:
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Simplified innovation diffusion process according to
Rਮਦਤਲ [Rog03]
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Due to the broad attention towards the technology ﬁeld, it can further
be safely assumed that ample knowledge (and initial attention) has
been created around Additive Manufacturing for the diffusion process
to unfold. From the DMRC’s experience, currently most companies
ﬁnd themselves either in the Persuasion or in the Decision phase.
In these two phases, the diffusion process is vastly being shaped by
the development of four factors [Rog03]:
1) Technology development
Additive Manufacturing is constantly being developed further.
However, the speed at which innovations occur cannot cope with the
expectations raised by practitioners. This is vastly due to the fact
that much fundamental research has yet to be conducted to
understand the relationships between material, design and
processes. Also the range of materials is limited to few metals and
polymers at the moment [Ach16]. Naturally, the technology’s
performance is going to be incrementally increased, while at the
same time, new technologies might be developed. An example of a
recently developed new technology is CLIP (Continuous Liquid
Interface Production), a further development of the more commonly
known DLP technology which signiﬁcantly increased the
manufacturing speed for plastics parts [TSE+15]. Obviously there is
no reliable prognosis as to whether the technology ﬁeld is going to
experience disruptive technological advances in the future. However,
the possibility of these occurrences, combined with the high volatility
of the technology ﬁeld compels companies to a continuous
monitoring of technological research and development.

New technological
capabilities compel
companies to continuous
monitoring.

2) Requirements development
Oftentimes neglected and taken for granted: the decision in favor or
against a technology depends to a large degree on whether or not a
technology is capable of fulﬁlling the requirements imposed by
customers, politics, unions, etc. However, requirements change
over time . Additive Manufacturing may not fulﬁll the needs of a
market segment today, but might be able to do so in the future. The
diffusion of Additive Manufacturing will depend on whether
companies map the technology against future requirements
instead of today’s requirements.

Requirements of business
fields change over time.

3) Individual adopter type
Even companies in the same branch serving identical customer
segments adopt technologies at a different speed. In empirical
studies, R
has categorized innovators by their so called
adopter types. He identiﬁed ﬁve distinct adopter categories:
Innovators, Early Adopters, Early Majority, Later Majority and
Laggards (see ﬁgure 1-4). The adopter type is inherent to a company.
Factors such as culture, past experiences and operational
excellence inﬂuence the natural inclination of companies to adapt a
technology [Rog03]. These ‘soft’ factors are not subject of DynAMiCS
and therefore not detailed here.

AM’s diffusion success is
also dependent on courage.
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Number of
new adopters
34%

34%

16%

13,5%
2,5%
Innovators

Figure 1-4:

Early
Early
Adopters Majority

Later
Majority

Laggards

Time

Adopter types according to Rਮਦਤਲ [Rog03]

4) Companies capability to ﬁnd potentials

Most powerful lever for the
diffusion of AM is to enable
companies to find potentials
for AM.

The most powerful lever of technology diffusion is companies’
capability to ﬁnd applications for the technology during product
creation. Product creation (as visualized in ﬁgure 1-5) ranges from
strategic planning to integrated production management. In the ﬁrst
stage, Strategic Planning and Innovation Management, scenarios
of the future are developed, products are thought ahead and
business models are being developed. Engineering methodologies
such as Systems Engineering help to handle the high complexity of
products and production technologies and to manage the
communication of different disciplines (stage Systems Engineering
& Engineering Management). Finally, the product has to be
manufactured which is organized in the stage Integrated Production
Management. As a side-effect, this phase facilitates companies to
grow their knowledge base with regard to experiences with AM in
the actual work environment. In the context of Industry 4.0
manufacturing processes have to be more ﬂexible to produce
customised high complex products. Product Use is the last stage
referring to all after-sales phases of product lifecycles. Companies
gather information about the ﬁnal product by usage for continuous
improvements and learn for the development of new products.
Virtual Engineering represents an enabling approach building the
fundament for the other stages. Modern technologies act as an
important tool for the illustration, conception and validation of
modern, complex products of tomorrow. All stages create feedback
and restrictions which inﬂuences other stages of the action ﬁeld.
The focus of the study is on Strategic Planning and Innovation
Management. The AM technology carries potential to inﬂuence new
products in terms of technology push. Challenges subsume three
main tasks:
•

8

‘Potential ﬁnding’ includes the perspective and the identiﬁcation
of segment gaps.
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•

‘Product ﬁnding’ means to identify suitable products fulﬁlling
desired requirements. It comprises classical innovation management involving creativity methods and workshops.

•

‘Business planning’ deals with the development of strategy, economic calculations and business model development.

Figure 1-5:

Action field of product creation

In order to determine the way in which companies proceed in their
ambition to start or to increase the application of Additive
Manufacturing technology, an interview series has been conducted
in June 2016. Overall, 51 interviews have been conducted; most of
them on the trade fair Rapid.Tech 2016. The target group consisted
of companies which already apply Additive Manufacturing or
which are in the process of ﬁnding potentials for the technology.
Since the focus of the survey lays on commercial users of the
technology, neither machine manufacturers nor research institutes
took part in the interview series. As ﬁgure 1-6 indicates, the
interviewees stem from a broad ﬁeld of branches. Without being
representative, the variety of branches is in accordance with the
contemporary literature about Additive Manufacturing.

An interview series about the
modus operandi of AM
potential identification has
been conducted.
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Other
Machinery and
Plant Engineering

16%
29%

Aerospace

4%
Electronics

4%

Raw Materials

6%

Connection
Technology

6%

14%
8%

Automotive

12%
Consumer Goods
Medical

Figure 1-6:

Coverage of usual branches
as well as niche players.

AM has no clear-cut
branch profile.

Many large companies took
part in the interview series.
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Branches of the participating companies (aggregation based on ISIC rev.4 [UN08])

For instance, the Wohlers Report 2016 indicates that Industrial/
business machines, Motor Vehicles, Aerospace, Consumer Products
and Medical Industry are the leading industrial branches in Additive
Manufacturing [Woh16]. Additionally, various niche branches (e.g.
pharmaceuticals) showed interest in the technology during the trade
fair. This also aligns well with the literature which also points towards
a broad range of niche application ﬁelds for Additive Manufacturing,
for instance shipbuilding, jewelry or laboratory equipment [Mil15-ol],
[Kos16-ol], [KRS+12]. While ﬁrst applications of Additive
Manufacturing seemed to be in small range of branches, now more
and more branches show interest in the technology. Currently,
especially the Machinery and Plant Engineering branch seems to
seek potentials: 60% of the interviewed machine and plant
manufacturers have not yet applied the technology.
There apparently is no clear-cut branch proﬁle of Additive
Manufacturing. This partly explains why there is no common ground
in a methodology to ﬁnd potentials for the technology yet, since
every branch applies speciﬁc methods and tools. This is in sharp
contrast to manufacturing technologies such as, for instance, Axial
Forming, which are predominantly used in one branch (automotive).
For these technologies, extensive tool supports for the identiﬁcation
of part candidates, etc. have been developed, tailored to the needs
and processes of automotive OEMs.
Figure 1-7 shows the size of the participating companies by
workforce as indicated by the interviewees: 69% of the interviewees
indicated that their companies had more than 500 employees. On
the one hand, this can be explained by the fact that machines for
Additive Manufacturing cost about 100,000 USD on average
[Woh16]. Therefore, large investments into the technology are most
likely being undertaken by sizable companies only. Also, the size
distribution can be a random occurrence due to the rather small
sample set.

Introduction

A more equal size distribution along the indicator workforce could
have been expected however. Especially because a vast sector of
AM Service Providers has settles which reduces up front investment
costs for small and medium-sized enterprises [RB13].
The goal of the interview series was to obtain an overview of the
modus operandi of potential identiﬁcation; with this regard, it can be
assumed that the share of structured approaches in the sample
at hand is slightly higher than the common practice. This is
because structured approaches in technology management are
more prevalent in larger companies [SK11].
Over 5000
Between 500 and 5000
Between 50 and 500
Lower than 50
0%

Figure 1-7:

10%

20%

30%

40%

50%

Size of participating companies by workforce as
indicated by the interviewees

In the interview series companies were asked how they have been
using Additive Manufacturing so far. Companies which do not yet
use the technology indicated how they were planning to use AM
in the future. A company is considered a user of the technology if
it uses AM in-house or regularly orders parts from an AM Service
Provider. For each interviewee multiple answers were possible. The
results are depicted in ﬁgure 1-8. Design Prototypes are prototypes
which are created in the product development process to illustrate,
for instance, geometry, texture or color. A Functional Prototype
illustrates the basic functionality of a part, for instance, ﬂuid ﬂow rate
through an oriﬁce. Usually, this kind of prototype category is used
for later testing. Rapid Tooling describes the production of tools or
their parts, while Direct Manufacturing describes the production of
end use parts (see ﬁgure 1-1).
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Figure 1-8:
There is no predominant
application type for AM.

The organizational embedding of AM potential
identification has been
evaluated.

Small and large
companies use single
technology experts to the
same extent.
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Applications of Additive Manufacturing as indicated
by the participants

From our ﬁndings, there is no clear indication which application of
the technology is predominant at the moment. However, there is still
an overall tendency towards the use of prototypes and Rapid Tooling.
Notably, there exists a large discrepancy between the degree of
current users’ application of Rapid Tooling and future users’ interest
in this kind of application. 74% of interviewees uttered interest in
Rapid Tooling in the future, yet only 48% of those who have used the
technology, used it for Rapid Tooling: an indicator for the assumption
that Rapid Tooling is currently experiencing the biggest attention
among practitioners. The reason for this is the emergence of use
cases which claim to reduce the average lead time for the fabrication
of tooling by between 40% and 90% [CNC14]. Even though the
production of end use parts has experienced high attention recently,
applications such as Design Prototypes will certainly still play a
relevant role in the future. That is why methods for the identiﬁcation
of potentials in companies should allow for all applications as
possible results.
A point of interest for the capability of a company to identify potentials
of any technology is the embedding of this task in the company’s
organizational structure. The organization of technology management
in a company has been subject to many (empirical) studies like
[SK11], [SGK10]. In this study, we do not want to argue in favor or
against certain concepts of technology management. Rather we
want to outline the common practice in Additive Manufacturing and
derive implications for the development of methodologies.
In our interview series, we asked interviewees to indicate which
entity in a company bears the operational responsibility for identifying
potentials of Additive Manufacturing. The results are given in ﬁgure
1-9. 46% of the respondents indicated that a single technology
expert is responsible for this task. This ﬁnding does not correlate
with company size. In the subset of larger companies (>500
employees), 44% of the interviewees replied that in their company,
a technology expert is mainly responsible for the identiﬁcation of
potentials. Overall, 32% organize this potential identiﬁcation in loose

Introduction

task forces. 16% of the approached companies allocate potential
identiﬁcation to central technology management departments.

Other

6%

Task Force

Central
Department

16%

32%

46%
Technology
Expert
Figure 1-9:

Operational responsibility of Additive Manufacturing
potential identification

Also, the organization of the AM potential identiﬁcation does not
correlate with whether or not a company has already used the
technology or not: In 40% of the companies which have already
used AM and in 58% of those who have not yet used AM a single
technology expert bears the operational responsibility of ﬁnding the
potentials of the technology.

No relationship between
organizational embedding
and prior usage of AM.

A follow-up question revolved around the way in which companies
pursue the potentials of Additive Manufacturing. Interviewees could
choose between ﬁve options, multiple answers were possible. A
Structured proceeding means that the interviewees can discern a
concrete plan of action for the identiﬁcation of potentials. Heuristic
means that a company does not have a masterplan of action for the
rollout of Additive Manufacturing, but deﬁnes pilot projects in which
the application of Additive Manufacturing is tested. The goal of these
pilot projects is twofold: gaining knowledge about the technology and
developing internal procedures to ﬁnd potentials. Also interviewees
were able to indicate whether they make use of consulting services:
Know-how Consulting by technology experts or Methodological
Consulting.
The interview results (see ﬁgure 1-10) yield that a majority (58%) of
companies pursue a heuristic approach towards Additive
Manufacturing. 28% of the interviewed experts indicated that their
company does not seem to follow a holistic plan in AM implementation,
while 35% conﬁrmed the existence of a structure. 37% of the
interviewees stated that they were using know-how consulting. The
use of methodological consulting seems to be of minor market
relevance today; only 14% of the interviewees employ it.

Usually, companies follow
a heuristic, trial-and-error
approach.
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Figure 1-10: Proceeding in potential identification as indicated by
the interviewees
The ﬁndings of our interview study are in line with the adoption routes
of Additive Manufacturing which have been outlined by S
and
M
[SM15]. The authors point towards the existence of three
prototypical adoption routes, which are prevalent in the industry:
1. Start from design engineering: Giving the design engineering
department of a company time to experiment with the technology. This yields for a slower, but more reliable and structured
learning approach.
2. Shop ﬂoor launch: Buying machines and using them within the
existing production system framework. This approach allows for
a faster implementation of AM, at the cost of inefﬁciencies and a
suboptimal use of Additive Manufacturing since the technology is
embedded in an existing production system at ﬁrst.
3. Prototyping expansion: Using Additive Manufacturing for prototyping at ﬁrst and expand to other applications later on.

Consulting services are
usually know-how
consulting services.

Operational responsibility and proceeding in potential identiﬁcation
(ﬁgure 1-9 and 1-10) unveil that a majority of companies use either
loose task forces or a single technology expert to ﬁnd pilot projects
for Additive Manufacturing. If consulting services are utilized, these
are mostly (technology) know-how consulting services . If a central
department is employed to coordinate the identiﬁcation of AM
potentials, 87% of the interviewees stated that the department
worked according to a structured plan or use a heuristic approach.
Unsurprisingly, there is a relation between the use of a single
technology expert and the impression of an unstructured proceeding:
75% of those who thought their pursuit of AM potentials was
unstructured stated they used one technology expert.
Additionally, the approached interviewees were also asked whether
or not they possess an Additive Manufacturing strategy. The
results are given in ﬁgure 1-11. For a technology user, an Additive

14
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Manufacturing strategy indicates 1) which applications of the
technology are being used to 2) serve which business ﬁelds using
which 3) competences. It is a sub-strategy of the corporate strategy
[GP14]. Overall, 33% of the companies stated that they already
have an AM strategy, while 63% indicated that they do not yet have
an AM strategy, but would like to have one. Only 4% uttered no
interest in an AM strategy. Despite the multitude of different
approaches towards AM, there seems to be a longing for a structure,
embodied by an AM strategy.

63% share of interviewees
require for an overarching
AM strategy.

Figure 1-11: Existence of an Additive Manufacturing strategy as
indicated by the interviewees
In the interview series, representatives of companies were asked
about the key challenges of implementing Additive Manufacturing.
The results are given in ﬁgure 1-12. The provision of multiple
answers was possible. Generally, there is no consensus on the
importance of ﬁnding business ﬁelds, parts or developing business
models. The respective answers all lie in the range of 34% to 46%.
Few interviewees stated they face other challenges as well. Notable
answers were overcoming internal resistance and getting to
know the technology. These ﬁndings reveal that companies clearly
assign equally high relevance to the tasks of strategic planning.

Finding business fields, parts
and development of business
models are equally difficult
for companies.
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Finding
Business
Fields
Finding
Parts
Developing
Business
Models
Other
0%

10%

20%

30%

40%

50%

Figure 1-12: Key challenges when operationalizing Additive
Manufacturing as indicated by the participants
AM is typically being
discussed on the systems
and processes level.

A future-oriented potential
identification is necessary.
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Adding to the ﬁndings of ﬁgure 1-12, much research in Additive
Manufacturing has recently been focused on systems and
processes level (see, for instance, [FSS+14], [Gry13], [RAE13],
[GWP13]). For years, however, scholars have outlined the
importance of implementing processes as a consequence of
thought-out strategies, which themselves rely on a visionary draft of
the future [GP14]. In the same vein, C
coined the phrase
“structure follows strategy” [Cha96].
As a result of this, the endeavors being undertaken currently focus
today’s deﬁciencies of the technology ﬁeld. While being an important
accelerator of technology diffusion (see four success factors) it only
cures today’s teething troubles of the technology (see ﬁgure 1-13).
For example, the automatization of AM-processes is vastly spurred
by the existence automated process chains in comparable
technology groups. To put it in a nutshell, research endeavors mimic
what is known from other technologies. In the case of automation,
the advantage of this development is undisputed. In the long run
however, the rationale in potential identiﬁcation for Additive
Manufacturing should be future-oriented.

Introduction

Does the strategy rely on an elaborate
vision (draft of the future)?

Do the processes adhere
to a business strategy?

Foresight

Are the supporting business
processes well defined?

Strategies

Processes

Additive Manufacturing
Systems

Figure 1-13: Current focus in Additive Manufacturing visualized by
the four layer model of future-oriented business
design (according to Gਠਲਤਬਤਨਤ and Pਫਠਲਲ) [GP14]

Conclusion
Given the different adoption routes towards Additive Manufacturing
and the ﬁndings of the survey at hand, there seems to be no patent
remedy as to how to ﬁnd potentials for the technology. As a conclusion
it can be stated that Additive Manufacturing is a very heterogeneous
technology group with speciﬁc chances, risks and technological
requirements. The technology group is used by a broad variety of
branches (see ﬁgure 1-6) in various applications (see ﬁgure 1-8).
Among these, Rapid Tooling and Prototyping currently seem to have
a slight edge over Direct Manufacturing. It is hence understandable
that there are various approaches in ﬁnding potentials for
Additive Manufacturing which are also embedded differently into
the organizational structure of a company. As a result of this, 63% of
the interviewees would like to subordinate the pursuit of potentials
to an AM strategy.
Methods and tools for the implementation of Additive Manufacturing
have to adhere to the requirements posed by these ﬁndings.
It is necessary to develop a toolset consisting of methods and
supporting (IT) tools which allow identifying promising business
ﬁelds, products and business models. In doing so they should
allow for an interchangeable and modular use. The toolset should
be adaptive regarding different contexts and allow for different
outcomes (regarding the application). Additionally, the technological
capabilities of AM technologies are going to increase in the future.
That is why the concrete design of methodologies for potential
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identiﬁcation must not be rigid and rather be ﬂexible to the individual
capabilities of the technology group. For example, SLS processes
usually yield parts with a surface ﬁnish with Rz 85-200μm [SSS13].
However this limit could change in the future, making it possible to
produce parts with better surface quality directly from the machine.

Project DynAMiCS – Development of an Additive
Manufacturing Potential Check System
The present study contains exemplary results of the project
“Development of an Additive Manufacturing Potential Check System”
performed by the Direct Manufacturing Research Center (DMRC)
and the Heinz Nixdorf Institute, Paderborn University, Germany.
Object of the project is the
development of a
methodology pool for the
identification of
potentials for AM.

Objective of the project is the development of methodologies to
identify business opportunities for Additive Manufacturing
technologies in companies. The sum of these methodologies is
considered an overarching check system which has been validated
in workshops with external companies and DMRC partners. The
check system is based on ﬁndings from the preceding project
“Research Strategies for Additive Manufacturing Technologies”.
The study at hand is complemented by results of DynAMiCS which
are published in a conﬁdential study. Both documentations present
and detail the elements of the check system. The public version
comprises an overview of the project results; the conﬁdential version
encompasses all results gathered in the project and is accessible for
DMRC partners exclusively.

Proceeding in the Project
The present project is structured into four work packages, as
indicated in ﬁgure 1-14. The study at hand is structured according to
the ﬁrst three work packages.
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1) Development* of AM-potential small check: potential identification
What are promising market segment/market offer combinations for AM? In which way could AM contribute to a company‘s core competences?

2) Development* of AM-potential medium check: product discovery
What are promising products for AM? How can these products be selected on a generic
and on a detailed level? What are implications with regard to make or buy?

3) Development* of AM-potential large check: business planning
What are success promising business models? What are necessary changes in
the vaue chain? Does AM pay off (return on investment)?

4) Development of a leveraging concept for consolidated check system

5) Documentation
Confidential version, incl. all information gathered in the project and the leveraging concept
Public version, incl. excerpts from the project

*The development of the checks also includes internal and external validation

Figure 1-14: Proceeding in the project
In work package 1, a small check for potential identiﬁcation is being
devised. Potential identiﬁcation addresses the following questions:
•

How can promising business ﬁelds (market segment / market
offer combinations) be found?

•

What are the key capabilities of Additive Manufacturing to be put
to use into these business ﬁelds?

•

How can business ﬁelds be prioritized/ranked regarding the use
of Additive Manufacturing?

To answer these questions, a suitable methodology in order to
structure a company’s business will be devised and extended to a
business ﬁeld check tool.
In work package 2, a medium check for product discovery will be
outlined. Product discovery deals with the following questions:
•

How can promising products for Additive Manufacturing be
found?

•

What are possible ways to select pilot products on a generic and
on a detailed level?

•

Does the result of product discovery justify contemplating an
investment into the technology or should a Service Provider be
contacted?
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The known concept of the funnel of idea selection is going to be
taken as a framework to answer these questions.
Work package 3 devises methodologies for business planning. This
addresses the following research questions:
•

What is a suitable framework to document business models?

•

What are tools which help us in the development of business
models?

•

What are possible impacts of a business model on a value
network?

The result of all work packages is a concise service offer for the
DMRC in order to conduct workshops and projects covering the
respective tasks (see ﬁgure 1-15). Additionally, an (internal) work
package 4 will devise concrete steps for the DMRC to implement
and run these service offers.

Figure 1-15: Service offers for the three main challenges in
identifying Additive Manufacturing potentials
Work package 5 entails the documentation of the project. The
following chapters represent the public output of WP5, presenting
a detailed documentation for all research issues addressed by the
DynAMiCS project.
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2
Identifying potentials for Additive
Manufacturing
The beneﬁts of Additive Manufacturing technology seem obvious:
Remarkable design ﬂexibilities facilitate to satisfy requirements like
lightweight construction, reducing waste and creating formerly nonproducible complex structures [Geb13]. However, companies who
are trying to leverage the advantages of AM face several questions:
How can AM be practically beneﬁcial for the company? How can
AM be integrated into existing production systems? Can existing
production processes be substituted by Additive Manufacturing?
Considering AM as an additional manufacturing technology for parts,
the generic suitability of AM for a company or even for a business
case has to be determined. In other words, business ﬁelds, which
are described by the combination between market segments and
product groups (MSPG) [GPW09] and implementation potentials of
AM have to be identiﬁed.

Figure 2-1:

Identification of potentials for
the introduction of AM.

Methodology for identifying potentials for AM

In the following sections a methodology for potential identiﬁcation is
proposed. The objective is to determine the, presumably, attractive
MSPG of implementation of AM. Additionally, a tool was developed
at the DMRC to support the methodology. Section 2.1 devises a
methodology for business analysis. Section 2.2 shows the derivation
of key capabilities of AM, which are summarized by DMRC experts.
In section 2.3 a methodology to allocate key capabilities to business
ﬁelds is provided. Subsequently, the application of business analysis
is demonstrated by a case study at Parker Hanniﬁn GmbH (section
2.4).

2.1

Business analysis

Business analysis is the initial step required to structure a company’s
products and services. It is usually necessary for small and mediumsized enterprises (SMEs), which do not maintain a clear and explicitly
documented business structure. Market segmentation is a generic
management tool to identify and construct precise business
activities. It aims primarily at the identiﬁcation of the main business
ﬁelds. It provides the fundament for the selection and conﬁguration
of business analysis methods and tools in this study. The following
paragraphs outline the proposed methodology for this step including
relevant background knowledge.

Using market segmentation
for deriving main business
fields.
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For business analysis the “Market Segment / Product Group Matrix”
(MSPG) is selected which divides a market into several subordinate
units. It is a well-established tool. The columns of the matrix are
deﬁned by the respective market segments, while the product groups
are added successively in rows. Based on P
, framing market
segments can be conducted according to three features [Por99]:
types of customers, distribution channels and geographical location
of markets. A hierarchical structure of products or services can be
recommended by company experts and completed in MSPG. The
occupied areas in the matrix describe the business ﬁelds which can
be characterized by standard Key Performance Indicators (KPIs)
turnover, turnover growth and earnings before taxes (EBT) [GPW09].
Figure 2-2 shows an example of the traditional MSPG applied for an
automotive manufacturer. The product groups are couplings, gears,
motors, gas turbines, steam turbines and generators. The market
has been divided into the segments: China, Europe, Australia,
Northern America, Central America, Southern America and Africa
(geographical segmentation). The turnover in million Euros is placed
in the upper left corner of each business ﬁeld. The bottom right corner
is ﬁlled with turnover growth. The colors indicate the respective EBT.
Objective of this matrix is identifying the main business ﬁelds. Three
criteria constitute main business ﬁelds:

MSPG serves as tool for
business analysis.
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1)

A main business ﬁeld is independent from other business ﬁelds.

2)

A main business ﬁeld contributes a signiﬁcant proﬁt for a company.

3)

The success factors for all business activities are identical within a main business ﬁeld.

Figure 2-2 shows a well-structured and comprehensible
demonstration of the present business of the automotive
manufacturer. The main business ﬁelds which satisfy the
requirements mentioned above are indicated by black frames.
Besides, the MSPG supports the identiﬁcation of segmentation gaps
(grey squares) to identify potential markets. Based on identiﬁed
segmentation gaps appropriate measures can be derived.

Identifying potentials for Additive Manufacturing

Figure 2-2:

Traditional MSPG with evaluated data of an automotive manufacturer

Using conventional manufacturing technologies, many products and
parts are produced by taking pieces of raw material and cutting
away sections to create the desired parts or by injecting material into
a casting mold. AM adds material layer by layer to create objects.
Compared with traditional manufacturing technologies AM opens up
new opportunities for a broader spectrum of products. However, to
enable the technology and to identify the main business ﬁelds of AM,
key characteristics of AM should be devised and considered in the
MSPG. Therefore it is necessary to match business ﬁelds for AM in
the MSPG matrix regarding the speciﬁc requirements of the
manufacturing technology of AM. Economic KPIs are replaced by
technological criteria. Analyzing and evaluating the MSPG of AM,
the following criteria are ﬁlled in the speciﬁc cells of the matrix:
1)

AM enables manufacturing
complete new products.

AM development trend in the company (increasing, constant,
decreasing): The use of AM has increased signiﬁcantly in previous years. However, additively manufactured products currently represent only a tiny fraction of worldwide production [DS14].
AM development trend depicts the outlook of AM in respective
business ﬁelds in companies. Three arrow directions (upwards,
rightwards and downwards) are used to indicate the development trends of AM referring to the requirements of products and
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markets, which are determined by company experts. They represent the decision of undertaking AM activities in a company.

Technological criteria
play a more decisive role
than financial criteria
in choosing AM.
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2)

Suitability of company’s material requirements and corresponding AM capabilities: AM materials, systems and process parameters should perfectly match each other to achieve the targeted
property proﬁles for products and speciﬁc customer requirements. As a consequence, AM currently covers a small material range. Products, based on metal and plastic, are assigned
to the “suitable” group with a cross. In the contract, unsuitable
materials such as wood and resin are indicated by a minus. The
material solutions are a major driver for this AM technology. In
view of this point, the material suitability is taken into account in
the speciﬁc MSPG for AM.

3)

Conformity of requirements of AM (see section 2.2) with the
requirements of products or markets various requirements of
products, which AM often cannot satisfy, can impede and slow
down the adoption of AM. For example, the production costs
of AM are signiﬁcantly higher than traditional manufacturing
technologies [DS14]. Thus, the second criterion ensures that
the key capabilities, derived from section 2.2, are meeting the
requirements of products and markets. The “requirements conformity” is divided into three ranks high, medium and low, which
are labeled by the numbers 3, 2 and 1 in the MSPG.

4)

Production quantity in relation to the technology of AM: Although AM allows manufacturing customized and increasingly
complex parts, the slow print speed of AM limits its use for mass
production. Therefore, the production quantity is a crucial factor
of using this technology. Three grades of quantity (high, middle
and low) are indicated by colors (red, yellow and green) in each
business ﬁeld.

5)

Visualizing the market situation from a ﬁnancial perspective
through analyzing the position of economic efﬁciency of companies and comparing with competitors: The last criterion is the
current market situation, which can be measured by e.g. turnover, turnover growth or EBT from traditional MSPG. In conclusion, the speciﬁed MSPG matrix focuses more on AM speciﬁc
requirements, but less on precise values.

Obviously, the underlying evaluation criteria differ from the traditional
MSPG. The decision in favor or against AM is determined more by
technological criteria than ﬁnancial criteria (ﬁgure 2-3). Besides the
last criterion, all the others refer to the technology of AM, which
covers the technical potential and the index of production technology.
The technical potential is comprised of “AM development trend” and
“requirements conformity”, which address the relationship between
market and technology. The criteria of “quantity” and “material” are
collected to indicate the production technology, that the basic
conditions of AM are reviewed. Combining the traditional MSPG with
the particular features of AM, the adapted MSPG is evaluated for a
pump manufacturer. This exemplary MSPG matrix is shown in ﬁgure
2-3.

Identifying potentials for Additive Manufacturing

Figure 2-3:

Exemplary MSPG Matrix with evaluated data for AM

The AM speciﬁc MSPG which was evaluated by experts of the pump
manufacturer divides the market into ﬁve segments: Asia, Western
Europe, Eastern, Middle Europe, Northern America, Central America
and Africa. According to the product category of the manufacturer,
AC motors, DC motors, linear motors, drain pumps and related
applications are listed as product groups in the MSPG.
AC motors are mass products with low production costs which are
most attractive for emerging countries in Asia. Because of the
producing complexity of DC motors, main market sectors are located
in developed countries which mostly belong to Western Europe and
Northern America. In the business ﬁeld of HealthCare costly linear
motors are produced in a small lot size. These conditions of linear
motors meet the requirements of AM. The high demands of circulation
and drain pumps do not suit an implementation of AM. Other
applications such as pool pumps require a high level of customization.
The grey ﬁelds indicate the market gaps of the pump manufacturer.

MSPG shows easy
comprehensible main
business fields.
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Based on the above analysis and the aforementioned criteria, the
main business ﬁelds for this pump manufacturer are identiﬁed
and indicated with black frames: DC motors in Asia, linear motors
in Asia and Western Europe, other in Asia and Western Europe.
These business ﬁelds will be analyzed in section 2.4 to identify the
potentials of AM.

2.2

Key capabilities of Additive
Manufacturing

The speciﬁc advantages of Additive Manufacturing allow to derive
key capabilities which are deﬁned in terms of distinctive technological
features or a unique selling proposition – a beneﬁt provided by the
technology which is not exhibited by other technologies. In doing
this, the focus is shifted to economical and practical key capabilities.
Using a text mining approach to extract relevant keywords from more
than 3000 documents, collected from professional journal articles
and publications about the topic, 200 preliminary key advantages
are discerned.

Using a DSM to identify
selected key capabilities.

Identifying key capabilities allows companies to assign key
capabilities to certain business ﬁelds. However, 200 terms are still
overmuch for the desired quantity of key capabilities. Therefore, the
preliminary results are clustered in a Design Structure Matrix (DSM).
Generally, a DSM allows to cluster objects or to arrange them in a
logical sequence. In order to ﬁlter advantages of the aforementioned
purpose, the DSM shown in ﬁgure 2-4 is created and used. Thereby,
redundancies can be eliminated. An example: producing spare parts
on demand also enables producing products on demand as well as
a shortening lead time.

Figure 2-4:
28

DSM to analyze the relationships of advantages of
AM
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Using this DSM, 33 clusters of advantages are identiﬁed and
visualized in a tag cloud (ﬁgure 2-5).

Figure 2-5:

Clusters of advantages tag cloud

One of the driving forces for the DMRC is to facilitate an effective
and efﬁcient use of Additive Manufacturing technology. Based on
this objective, DMRC experts derived 13 key capabilities from the
33 clusters of advantages. The resulting ‘key capabilities’ are shown
in the following table with individual description and picturesque
instances from DMRC.

2.3

Merging business ﬁelds and key
capabilities for potential analysis

The key challenge for the identiﬁcation of potentials is merging
identiﬁed relevant business ﬁelds (section 2.1) and key capabilities
of Additive Manufacturing (section 2.2). The merging process is
presented schematically in ﬁgure 2-6. This process is supported by a
tool which was developed based on Microsoft Excel.
The evaluated business ﬁelds are linked with the key capabilities by
associative requirements and features which can be reached through
AM. While key capabilities are generic and independent from speciﬁc
companies, requirements and features are related to actual or
planned products of a company checking the potential of AM. In
DMRC a workshop-capable catalogue of questions is developed to
support ﬁnding out the correct requirements and features.
Subsequently, these requirements and features are evaluated with
MSPG and key capabilities of AM. Finally, besides providing the
results of suitability between corresponding business ﬁelds and key
capabilities, a potential ranking of key capabilities and a MSPG
ranking of business ﬁelds, which are identiﬁed in section 2.1, are
concluded.

The merging is elaborated by
associative requirements and
features.

Questions were developed in
DMRC-workshops.
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1. Complex (Bionic) Structures
Description:
The main advantage of AM is its ability to produce parts with complex structures.
As compared to subtractive manufacturing methods such as lathing, milling or
forging, AM faciliates the production of parts with undercuts and holes.
Conventional downstream manufacturing steps are often rendered needless.
To harness the potential of complex structures, design engineers more and
more draw on numerical optimization methods such as topology optimization to
minimize material in parts. The results of these optimizations oftentimes
resemble principles known from biology, hence the name of bionic structures.

Example:
With the use of complex bionic structures, a
part of a satellite from the European Space
Agency (ESA) is optimized. A reduction of
waste, costs and time could be realized
through a weight reduction of 60% from
1114g to 456g.
Source:ThomasReiher,[DMRC15]

2. Functional Integration
Description:
With AM it is possible to pursue Functional Integration during the manufacturing
process. Functional Integration means building in one part, what normaly has to
be built as separate parts, including functional components like springs, hinged
joints or even pneumatic actuators. Thereby, downstream assembly steps can
be significantly eliminated if not reduced. Potentials can naturally be sought in
complex manufacturing lines with many assembly steps.
Example:
The function of product piracy prevention
should be considered in early stages of the
product development process and contribute
preventively to the protection of products by
including additional brandings or QR codes,
which prove the authencity of the product and
require AM technology and knowhow in
production.
Source:[DMRC15],[HN16]

3. Lightweight Design

Description:
Lightweight Design is one of the core advantages of AM parts. Due to its
capability to produce complete new structures, material can be cut where
unnecessary. The technology has already proven to be a viable production
technology in the aerospace industry. With regard to functional performance
and strength, AM parts are on par with their substractive counterparts. While
they are usually more expensive to manufacture, they yield high potential to
reduce costs during operation (total cost of ownership). Potentials can
naturally be sought in moving parts with many load cycles.
Example:
In order to meet the demand of optimized
light-weight parts, the development of load
adapted structures using AM has begun to
play a key role in today's research. The
figure shows sandwich structures with facecentered base cell with additional struts in
loading direction (stretch-dominated) and
face-centered
base
cell
(bendingdominated).
Source:AlexanderTaube,[DMRC15]

4. Conformal Cooling
Description:
Conformal Cooling describes the integration of cooling channels into areas
which had formerly been inaccessible for e.g. drills. Thereby, heat can be
transferred faster, also the heatflow can be controlled better. Benefits are
significant especially for Rapid Tooling. They can be used in shorter cycles
and the quality of the end product can be increased. For instance, injection
molds made by AM allow a higher quality of the polymer part and also increase
productivity. Estimates for the improvement of cycle times alone range form 20
to 40%.
Example:
Using AM makes it possible to integrate optimised, conformal cooling channels
into the moulding form during the production process. This ensures faster and
more evenheat dissipation to reduce thermal stress in the mould.
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5. Waste Reduction
Description:
During conventional machining processes parts are stripped off unnecessary
material, thereby creating the final geometry. Naturally this results in waste of
build material and lubricants. Additionally, tools are susceptible to abrasion
leading to downtimes and increased costs. Using AM, parts can be produced
almost without waste. Potentials can naturally be sought in larger, complex
parts which are machined from a single block of material.
Example:
A wheel carrier of 515g for a formula student
team was formerly milled from a 16kg block
of material. Via FEA optimization and AM,
the part could be reduced to 305g, requiring
720g of powder. This material and waste
reduction of over 95% was achieved in a
project at DMRC.
Source:ThomasReiher,[DMRC15]

6. Spare Parts on Demand
Description:
Printing spare parts on demand is a promising future application field for AM.
At the very bottom, the core idea is reducing stock inventory for parts that have
to be kept in storage for long periods. Via AM, the company is able to store the
digital models of the part and print them when necessary. Thus, AM is
attractive for companies or business fields with huge product portfolios, volatile
spare part demand a long product life cycles. A credible implementation of this
potential has yet to be realized.
Example:
In 2015 Boeing has filed a patent for printing non-metallic aerospace spare
parts via AM. The company is already using approx. 20,000 parts in 10
aircrafts production lines. The figure shows the first-sized T25 housing for a
compressor inlet temperature sensor, which was fabricated by GE Aviation, for
over 400 GE90-94B jet engines on Boeing 777 aircrafts.
7. Realization of Last Minute Changes
Description:
Since AM is a throughout digital manufacturing process right until the start of the
build-job, it is possible to realize last minute changes in the design of a product.
Because there is no need of producing manufacturing tools beforehand,
changes in a parts geometry can be realized rather quickly. This potential is
especially auspicious in cases of volatile customer requirements. Some
companies have already taken advantage of this capability and offer software
solutions which allow for quick changes during the design stage.
Example:
Volvo Trucks is now producing more than 30 tools using AM. It enables the
equipment design team to be far more responsive and avoids possible waste in
the event of last-minute design changes before tools are made (according to a
interview of a technical manager in Volvo Trucks).
8. Decentral Manufacturing
Description:
Decentral Manufacturing describes distributing the production to local production
facilities as compared to centralized production facilities. Each small production
facility is supplied with the material necessary to produce the required parts, as
compared to distributing final parts. The material can be supplied in larger
batches reducing emissions and local manufacturing units can specialize on e.g.
regional product variants. Once large production capacities are required, an
intelligent platform distributes build jobs according to a multiobjective
optimization.
Example:
Nowadays, 3D printing services are becoming more and more popular. Trinckle
for example offers a cloud-based customization engine which allows rapid
adjustments of the product design during the development process. Thereby the
consumer is able to customize shape and appearing of products.
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9. Individualization
Description:
AM allows for the production of smaller batches, up to lot size 1 (assuming the
quality of each product can be verified). Customer requirements can be met
more specifically (e.g. regional requirements). Products can be adapted for the
demands of a single customer. Here, the medical industry is in the vanguard:
custom protheses are reality today. For the manufacturing industry, potentials
can be sought in products with many variants and in products which are directly
sold to the consumer.
Example:
AM enables the inclusion of consumers into
design and manufacturing processes. With
an online cloud, consumers can design and
order traditional toys and furnitures and place
orders for their own product.
Source:eppm.com,[DMRC]

10. Repairing Parts
Description:
Abrasion due to mechanical load or temperature cycles oftentimes forces the
replacement of whole parts or groups of parts. Deemed "unrepairable", old parts
are often scrapped directly. Here, AM bears the potential of adding material onto
worn out surfaces via e.g. Laser Cladding or Laser Melting technology. Hybrid
AM machines already show the possibility of straightening the fracture plane of
worn out parts and then successively building up onto the plane.
Example:
Maintaining and repairing aircrafts in a cost efficient way can be realized by AM.
AM technologies create the possibility to repair damaged parts just in time and
thereby safe material and money.
11. Rebuild older Parts
Description:
One application field of AM is the replication of older parts respectively the
retrofit of older products. Machine parks in small and medium sized companies
are oftentimes characterized by older machines. Manufacturing equipment which
is not supplied anymore can easily be replaced by AM. As long as there is a
digital mockup of the part, the part can oftentimes be printed. Potentials can be
sought in older machine parks and aircrafts in late phases of their product life
cycle of about 50 years.
Example:
Jay Leno is a former tv-host, who is collecting many old cars. To replace
obsolete parts, he uses his own direct manufacturing 3D printer by simply
scanning the old part and reprinting it.
12. Rapid Prototyping
Description:
Rapid Prototyping describes the production of design or functional prototypes via
layer wise manufacturing. In doing so, it is possible to include the customer into
the design process and realize faster feedback loops. Some technologies are
able to print from a large set of colors. New, high strength materials are able to
create functional prototypes in order to verify requirements in the early phases of
the development process.
Potentials can be sought in complex product development projects, volatile
customer demands and daring projects which require fast feedback loops.
Example:
One of the many successful applications of Rapid Prototyping is the Skil-Bosch
Power Tools Corp. The company produces functional protptypes of tools via
Fused Deposition Modeling.
13. Reduce Time to Market
Description:
Due to shortening product life cycles, time to market has to be reduced. AM has
proven to be a viable option in order to shorten development cycles.
1) Rapid Prototyping technologies allow faster design feedbacks and functional
testing and
2) Direct Manufacturing technologies make the production of tools unnecessary,
therefore enable a production directly from CAD file.
Example:
A.O. Smith, a manufacturer of water heating equipment managed to reduce their
time to market by weeks using 3D printers for prototyping. A.O. Smith can print
multiple prototypes reflecting a range of design alternatives in a few hours at a
significant cost reduction. The conventional manufacturing of prototypes has
taken at least six weeks before.
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Figure 2-6:

Merging Business Field and key capabilites for
potential analysis

Referring to the example of the pump manufacturer (see ﬁgure
2-3), the critical requirements and corresponding descriptions are
requested and listed in the table below (see ﬁgure 2-7). For example
producing smaller motors is represented by the requirement “small
or limited build space”.
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Figure 2-7:

Evaluation of main
business fields.

Evaluating business fields
through requirements.

After listing requirements and features, the main business ﬁelds are
evaluated. The evaluation of the relationship between MSPG and
derived requirements and features is extracted in the following ﬁgure
2-8. Two types of requirements and features with positive or negative
effect for the implementation of AM in business ﬁelds are ﬁlled in
light and dark blue background. In the evaluating process, crucial
requirements for assigned business ﬁelds should be noted by ‘1’ or
‘-1’. The other slight combinations are not taken into account. For
instance, the business ﬁeld of ‘DC motors in Asia’ requires lightweight
design. However, a hollow structure is irrelevant for the production
of DC Motors. Furthermore, DC motors in Asia have a medium lot
size, which favors conventional manufacturing technologies instead
of AM. Evaluating the key capabilities is similar to this procedure.

Figure 2-8:
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Extract of requirements and features referring to the
pump manufacturing

Extract of evaluation of the main business fields

Identifying potentials for Additive Manufacturing

Results of the identiﬁcation of potentials are presented in ﬁgure 2-9.
The value of a potential, or rather a key capability, increases by
1 whenever a requirement is met. For example, the combination
between DC motors in Asia and ‘Functional Integration’ adresses
ﬁve common requirements, while linear motors in Western Europe
do not meet the requirement “Decentral Manufacturing”.

Figure 2-9:

results of the potential analysis

In this example for a potential ranking, ‘Spare Parts on Demand’
is the most important potential of the business ﬁelds with 31,
whereas, for instance, ‘Conformal Cooling’ is less important with an
assessment of 23.
On the other side, ‘MSPG Ranking’ shows that ‘Other’ in Asia and
Western Europe have the highest potential for the implementation of
AM with the values of 49. In contrast, DC motors in Asia and linear
motors in Western Europe show a worse prospect to implement AM
technology with the analyzing value of 33 and 36.
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2.4

Practical application at
Parker Hannifin.

Case Study: Parker Hanniﬁn GmbH

Parker Hanniﬁn is the world’s leading diversiﬁed manufacturer of
motion and control technologies and systems. With approximately
55,000 employees in 50 countries, Parker provides precisionengineered solutions for a wide variety of mobile, industrial and
aerospace markets. Parker´s products cover most areas of
mechanical engineering and therefore serve as a prime example for
showing the potentials of implementing AM. The wide range of
products includes individualized products, which need to be
developed in close collaboration with the customer, and mass
products with completely different characteristics.
As mentioned in section 2.1 the ﬁrst step of the AM potential
identiﬁcation is an analysis of the current business situation in a
company. This analysis includes the determination of technological
potentials of implementing AM and an identiﬁcation of market
growth potentials. Both were determined by expert surveys through
workshops at Parker Hanniﬁn. As a result an adjusted MSPG matrix
for the identiﬁcation of AM market potentials and main business ﬁelds
were created. An exemplarily derived MSPG matrix is extracted and
shown in the following ﬁgure 2-10. Values are modiﬁed to ensure
conﬁdentiality of actual data.

Figure 2-10: Extract of MSPG at Parker (modified values)
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The MSPG is divided by customer segments and different types
of products. Because of different requirements of small and big
producing companies, an additional division was made. Parker has a
wide range of product groups (more than 20). The MSPG shows the
current situation of each business ﬁeld regarding AM. For example,
the market situation in the business ﬁeld ‘Ship & Ship Repair’ for
small and big producers is constantly increasing. It results on the
progress of ocean technology in the last decades. Other business
ﬁelds, like the manufacturing of ‘Robots’ also offer high potentials
of AM due to a good market situation and meeting prerequisites.
Besides, with the increasing implementation of clean energy, the
product group ‘Wind Power’, which is not shown in this extract,
possesses also an attractive AM market at Parker, especially for
‘small producers’ and ‘governments’.
The technological requirements conformity is mostly determined by
AM-related product and production features. Lightweight design,
complex structures, a high demand of individualization, different
materials and susceptibility to repairs are indicators for a productwise high beneﬁcial AM implementation. Production-wise small lot
sizes and a minor inﬂuence of production costs on total costs are
requirements. The black frames in the extracted MSPG indicate
high potentials for an application of AM. Many business ﬁelds pair
a fulﬁlment of prerequisite with an increasing market situation for
AM. Besides an individual implementation of AM in each business
ﬁeld, Parker Hanniﬁn could beneﬁt from a company-wide AM
implementation due to improvements in prototyping and repair.
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Product discovery
The chapter Product Discovery deals with different approaches of
product idea generation. Several questions have to be answered
such as: Which products could gain the most beneﬁts from Additive
Manufacturing? What are possible ways to select products on a
generic and on a detailed level? Does the result of product discovery
justify contemplating an investment into the technology or should a
Service Provider be contacted?
The project DynAMiCS followed a twofold approach: From a
methodological and scientiﬁc perspective, the full potential can be
utilized best by integrating it from early stages of product engineering.
From a pragmatic perspective, companies often need to experience
the beneﬁts of AM at ﬁrst. Therefore, approaches, methods and
tools are developed and used to identify suitable products. Suitability
means that, for a given product, there is a signiﬁcant likelihood that
many resp. sufﬁcient key capabilities of AM have a positive impact.
The ﬁrst section describes the creative and deductive approach to
ﬁnd products, representing the two aforementioned perspectives.
The methodological one is emphasized by useful creativity
techniques with an excursion to Design Thinking. Necessary stages
and methods for idea creation are incorporated in the funnel of idea
creation process illustrated in the third section of this chapter. After
that, several methods and tools are described which are necessary
to structure and condense product ideas. For a better understanding
of methods and tools in this chapter a ﬁctive example is given. The
last section includes a real industrial case study, conducted in
cooperation with the companies Krause DiMaTec and Krause
Biagosch.

3.1

Companies chose mostly a
heuristic way to integrate AM
technology.

Methods and tools support
the structured way to find
product ideas.

General Modes of Product Discovery
Approaches

Finding suitable products for AM is a difﬁcult task for companies all
over the world. The survey presented in chapter 1 has conﬁrmed
the ﬁnding of parts as the main challenge when operationalizing
Additive Manufacturing as indicated by the participants. 46% of
the interviewees have depicted this point as the main challenge.
Evidence from interviews shows that companies mostly do it in an
unstructured way. To change the way of product idea generation the
DMRC has used two structured ways supported by several tools in
the project “DynAMiCS”.
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Figure 3-1:
AM provides a new
possibility of
manufacturing.

Interdisciplinary teams of
companies are important to
implement company specific
information.

General modes of product discovery approaches

AM can be regarded as a substitution technology. It extends the
options to change manufacturing processes of the actual product
portfolio and to design new products. Product idea generation for
additively manufactured products can be divided in two different
ways being illustrated in ﬁgure 3-1.
One possibility is scanning an existing portfolio. Questions like
“Which requirements can be fulﬁlled by AM?” or “How can I reduce
unsuitable product possibilities of my portfolio for AM?” are important
for a deductive analysis. In this case, the product idea generation
process can be based on existing products with speciﬁc properties
and information. One advantage of the deductive way is the high
dimension of concrete data and information. Product information
has to be available to carry out the deductive way. Another important
point is the local availability of employees to implement company´s
internal know-how. It has to be noticed that the deductive approach
prioritizes those key capabilities regarding physical part
characteristics in contrast to service related characteristics.
The other possibility is generating products and services for AM. All
features and capabilities of AM are incorporated by this approach.
In facilitated workshops new products and services are found using
Additive Manufacturing. In these workshops, dedicated facilitation
tools are implemented to structure product ideas (Chapter 3.2).

3.2

Creative Approach

The creative approach requires speciﬁc methods being used
in facilitated workshops for generating AM product possibilities.
Classical methods such as brainstorming or mindmapping can
assist, but are not enough goal-orientated to generate successful
or even disruptive ideas. For the development of AM products and
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services a suitable mindset including use cases, advantages and
disadvantages is necessary. This mindset deﬁnes the constraints for
the creative way. Within these constraints ideas can be developed
in a free way of thinking. The identiﬁed AM key capabilities help to
orientate within constraints.
The matrix in ﬁgure 3-2 includes a categorization of several useful
creativity approaches and techniques being important for creativity
workshops [Gau01]. Intuitive thinking is deﬁned by S
[Mus12]
as the idea of free thinking and method to investigate thinking.
S
deﬁnes discursive thinking by a structural procedure
which assembles the idea of logic trains of thoughts [ScSc78].

Figure 3-2:

Portfolio of creativity techniques

The bubble chart shows that methods having a high degree of both
categories provide a high probability for innovative product ideas.
By validations of the DMRC it was determined that methods such as
Brainstorming have a high degree of intuitive thinking, but not a high
degree of discursive thinking. The method is not structured enough
to increase the probability innovative product ideas.
The area of the portfolio with low probability of innovative ideas
includes methods such as Searching and Mindmapping. These
methods are not capable of creating innovative ideas. In the area
with medium probability of innovative ideas methods such as
Brainstorming, Method 6-3-5, Morphological Box and Construction
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Catalogues are placed. These methods differ by the inclusion of
intuitive and discursive thinking. For instance, Brainstorming and
Method 6-3-5 have a high rate of individual free thinking, whereas
the Morphological Box and Construction catalogues provide a high
rate of structural ideas. The most promising methods are included
in the area of high probability of innovative ideas. Methodologies
such as TRIZ and Design Thinking include intuitive and discursive
thinking by combining methodological procedure and a high rate
of free thinking by participants. Because of these conclusions, it is
logical to choose creativity methods with a high grade of intuitive and
discursive thinking. In this context especially the Design Thinking
approach delivers high quality and quantity of AM products in
workshops with several companies. It is suitable to generate product
ideas in the creative approach.
Excursion: Design Thinking
Design Thinking is an
innovative approach to
solve complex problems.

Design Thinking is suitable to create new ideas, but also to solve
speciﬁc problems. Figure 3-3 visualizes the approach of Design
Thinking. One important element is a multidisciplinary team. A
Design Thinking team should include up to six people. Not only team
members of technical disciplines like mechanical engineering are
important. Employees of human resources, management and other
disciplines and domains have other points of view on problems. For
a holistic view on the creation of AM use cases all workshop
members include several different perspectives. The second
important element is the work space for the procedure. [PMW09]

Figure 3-3:

Design Thinking process according to [PMW09]

For generating innovative ideas, use cases, products and services, it
is important to create a suitable atmosphere. There are alternatives
such as moveable and ﬂexible furniture or space for whiteboards.
Another important point is the supply of prototyping material.
The material can differ by different types and time of prototypes.
An innovative way to produce complex prototypes is Additive
Manufacturing. Another possibility is a paper based prototype in
the ﬁrst runs of the iterative process. By parallel working of Design
Thinking groups the creativity can be increased. [PMW09]
The third element is an iterative micro process which is repeated by
the team several times. The process consists of six steps. The step
Understand describes the problem space. The Observe step has
the task to analyze users and stakeholders. After that, in Point of
view the team deﬁnes the point of view to solve the problem.
Workshops at DMRC conﬁrmed that especially interdisciplinary
teams are necessary to identify all users and stakeholders. In the
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Ideation several solutions and use cases are generated which are
produced as prototypes in the following step. The produced solutions
are validated and tested in the last step. The Design Thinking
approach has proven to be very useful because the combination of
generating ideas and creating prototypes of ideas guarantees fast
results. The DMRC has determined that the usage of AM prototypes
in workshops increases the imagination of participants which leads
to higher creativity. New ideas can be discussed on AM prototypes
to ﬁnd new use cases, products and services.

3.3

Prototyping is one of the core
aspects of Design Thinking.
AM expands the possibilities
of prototyping.

Deductive Approach

The deductive approach describes the other possibility to identify
suitable products. The experiences of the DMRC show that
companies have less problems with the procedure of this approach
due to already existing information on products. It has to be
mentioned that the usage of this approach requires a re-design of
the chosen products which can be an immense effort.
For this case, the funnel of idea creation provides a suitable option to
structure the deductive process [Gau06]. Figure 3-4 shows the AM
speciﬁc adjustment of the funnel of idea creation. It is suitable for
the deductive approach to ﬁnd product ideas. In case of the creative
approach, the ﬁrst task is to analyze the product portfolio to collect
a selection of possibly suitable products. The funnel of idea creation
is an optimal process to reduce the wide range of possible product
ideas (up to 1000 product ideas). The process includes seven steps
from Collection or Creation to Cost Analysis. The Collection or
Creation deals with generating product ideas. This can be handled
in several ways, for example the creation of product ideas in
workshops. The Exclusion Criteria Analysis includes ﬁrst exclusion
criteria. The use of AM is only possible with speciﬁc materials and
coping with the limited build space. These Knock-Out criteria prove
the product ideas in context of AM speciﬁc characteristics. But they
have to be updated continuously because of the technological
improvements of AM. The Product Analysis deals with AM, market
and product speciﬁc criteria such as material, production, market and
requirements to assess the product ideas. The assessed product
ideas can be manufactured with AM technology and are ranked
with these criteria to identify the products with the highest potential.
These criteria depend on individual situations such as the speciﬁc
AM process being interesting for the company. The Re-Design
deals with the optimized product geometry for AM processes. The
restrictions of AM design rules have to be integrated to exploit the
full AM potential. This step is only necessary for the selection of
already existing products of a company’s portfolio. New designed
product ideas being collected with the creative approach do not
have to change. They should possess an optimal AM geometry. The
Chances-Risks Analysis includes methods to estimate the chances
and risks. This is possible by a portfolio. Specify deals with the
listing and documenting of the chosen product´s properties such as
dimensions, measures or environment. The last step Cost Analysis
includes relevant economic aspects. The ﬁnal product ideas have to
be proven in their economic feasibility. The assessment
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Figure 3-4:

Specific AM funnel of idea creation (based on
[Gau06])

effort and the range of products are inverse to each other. During the
reduction of possible product ideas the assessment effort increases
[LRJDK15].

Lightweight design plays an
important role for aircraft and
aerospace industries.

To demonstrate the procedure with the funnel of idea creation, a
speciﬁc example is chosen: Company A is an automotive, mechanical
engineering and aircraft and aerospace supplier. Company A has
over 5000 employees all over the world and a turnover of 2 Billion
Euro a year. The portfolio of company A includes several product
ﬁelds. Technology specialists are already concerned with AM
technology. They have chosen the product portfolio mechanical
connection technology which includes products such as bearing
ﬂanges, torque shafts and other components for . Company A wants
to prove the potential of AM technology for this product portfolio. The
previous investigations of AM technology were unstructured. They
want to execute the deductive approach to ﬁnd suitable Am products.
1) Collection and Creation
Key elements initializing the approach are enlisted in the Collection
or Creation phase: A set of candidate product ideas and/or existing
product designs. Product ideas can be generated by creativity
workshops with an interdisciplinary team of the company and AM
experts. Chapter 3.2 describes creativity methods being important
for the creation of product ideas. Methodologies such as Design
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Thinking and TRIZ especially are suitable for these tasks. The other
possibility is scanning the chosen product portfolio. Employees have
to make a pre- selection.
For the speciﬁc example of company A, the DMRC organized
creativity workshops using Design Thinking to create product ideas
with an interdisciplinary team of the company. In this case, the
workshops took place in a creativity focused environment. As a key
element for the study, a portable AM system was used to create
prototypes for the generation of ideas. Manufactured prototypes
increase the imagination and enable creativity processes. It helps
interdisciplinary teams to improve already existing product ideas and
create new ones. In addition to creativity workshops, employees have
scanned the product portfolio of mechanical connection technology.
Combining both ways, the company created and collected a wide
range of product ideas. Five products were identiﬁed of the product
portfolio mechanical connection technology: Torque shaft, joint
shaft, bearing ﬂange, linear ball bearing and shaft holder.
2) Exclusion Criteria Analysis
The candidate listing is based on various perspectives and an
open approach. Thus Exclusion Criteria Analysis are applied to
sort out those candidates that are not suitable (for instance, due
to size restrictions, applicable materials or intellectual properties).
The collection and creation phase ensures that several properties
and pieces of information of already existing products are available
for this analysis. To enhance efﬁciency and traceability, a decision
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making tool has been created. A short overview of the developed
exclusion Criteria Tool is illustrated in ﬁgure 3-5.
As an example, applicable material can disqualify the possible
product idea. Today only few materials are suitable for AM. Focusing
the Selective Laser Melting process, Aluminium, Cobalt, Steel, Nickel
and Titan alloys are possible material. In context of Fused Deposition
Modeling and Laser Sintering processes, several polymers such
as Polylactide and Polyamid are suitable. Products which consists
of other materials such as glass are not manufacturable with AM
technology. Another criterion is the dimension of the product
ideas. The build space of AM systems is limited. One example is
the part dimension which is limited to the build space of Additive
Manufacturing machines. Machines such as SLM500HL with a build
space of 500 x 280 x 365 mm³ or EOSINT P 800 with 700 x 380
x 560 mm³ constitute a limitation for the creation of parts. But this
build space limitation is an actual hurdle which will be overcome
by future machine generations. Products exceeding the dimensions
of the build space are not manufacturable by AM. Another criterion
is the cross-sectional area of material accumulation which should
not be greater than 20 x 20 mm with a low wall thickness. All three
criteria are exclusion criteria which are clearly implied by the state of
the art of the technology. Product quantity is another criterion which
is based either economic assessments or assumptions regarding
the ability to draw conclusions from a pilot study. Products being
manufactured 1000 times a year are hardly suitable for AM. Higher
lot sizes should be manufactured with conventional processes such
as lathing and milling.
Back to the example of company A, the ﬁve identiﬁed product ideas
are investigated with the exclusion criteria illustrated in ﬁgure 3-5.
The assessment by exclusion criteria identiﬁes that the product’s
torque shaft and shaft holder are unsuitable for AM. Both products
can be manufactured in a more efﬁcient way with conventional
manufacturing technologies. The torque shaft does not possess
a high geometry complexity. The product can be manufactured
with a lathing process. The shaft holder is a similar example. The
geometry is not complex enough and can be manufactured simply
by milling processes. A second criterion which leads to the rejection
of the torque shaft is the dimension of the product which exceeds
the dimensions of the available AM machine. Only changing
product geometry or purchasing a new machine could change the
assessment. But these changings lead to high costs. The second
exclusion criterion for the shaft holder is the product quantity. The
product is manufactured more than 1000 times a year. After the
assessment with the exclusion criteria the company determined
that only the joint shaft, bearing ﬂange and linear ball bearing are
suitable to be manufactured with AM.
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Figure 3-5:

Exclusion-Criteria Tool for AM product finding

3) Product Analysis
After the efﬁcient reduction of the candidate list, the Product
Analysis helps to identify product ideas with lower suitability. The
evaluation criteria in this stage of the funnel of idea creation differ
from the exclusion criteria. The evaluation criteria depend on the
situation of the company. Product ideas are investigated using a
criteria list which concretizes the properties of product ideas. Several
speciﬁc questions such as: “Does the product possess undercuts,
cavities, etc.?” or “Is the product geometry simply designed because
of the given manufacturing conditions?” help to assess the suitability
of the product ideas. Also, material and manufacturing speciﬁc
properties inﬂuence the selection process. One example is the
possibility, dependent on product geometry, to manufacture more
than one product at the same time in the build space of the AM
machine. The usage of conventional manufacturing processes is
also regarded: for example, the current buy-to-ﬂy ratio in context
of milling and lathing processes and the number of tools which are
necessary for conventional manufacturing processes. Additional
criteria are material properties and required or collected load cases.
The assessment of the criteria has to be carried out by AM experts
and experts for the product portfolio together for a realistic result.
The assessment can be realized by a numerical system. The criteria
are weighted with values from 1 to 5 (i.e., from low to exact fulﬁllment
of the criterion). The results for product properties, material and
manufacturing criteria are summed up separately and integrated in
the portfolio of ﬁgure 3-6. In case of company A in ﬁgure 3-5 and 3-6,
the bearing ﬂange has the best suitability for AM. The results of the
material and product properties are illustrated on the axes of the
portfolio. The assessment of the manufacturing criteria are described
by the diameter of the product bubbles. The portfolio shows that the
bearing ﬂange fulﬁlls the most criteria with high values. The joint
shaft and linear ball bearing are also suitable for AM processes but
are less suitable. This indicates that the bearing ﬂange is the most
suitable product and is predestined to be manufactured with AM. It
is chosen for the next stage of the funnel of idea creation.

DMRC experts help to
assess parts of an
existing product portfolio.
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Figure 3-6:

Assessment portfolio of possible product ideas

4) Re-Design
The next stage is to adapt the product ideas and to create a Redesign. A reasonable pilot study is deﬁned by using key capabilities
of AM such as lightweight design or complex (bionic) structures
and being manufacturable with AM. Both characteristics imply that
the original design of selected products or product ideas has to be
adapted. The DMRC has investigated speciﬁc AM design rules which
are summarized in the Design Rules Catalogue [Ada15]. It aims at
a successful manufacturing process without failure and accounts for
the differences of several AM processes such as Selective Laser
Melting, Selective Laser Sintering and Fused Deposition Modeling.
In combination with the topology optimization process a new suitable
AM design which uses AM key capabilities can be created [ReKo15].
Topology optimization is one possibility to create an optimized
product design. Usually the resulting designs are lightweight and
include key capabilities of AM such as functional integration (cooling
canals) or individualization. The ﬁrst step for topology optimization
is the identiﬁcation of deﬁned build space. After that, the model is
transformed in a FE-model with meshes and speciﬁc loads which
have inﬂuences on the investigated part. A deﬁned design variable
which controls the density distribution for every ﬁnite element is an
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important element of the model. A parallel task is the deﬁnition of
part regions such as interfaces or contact surfaces untouched by
topology optimization. In the last step, the optimization goal and
possible constraints are being determined. Topology optimization is
followed by smoothing and removing details (see ﬁgure 3-7). The
next step is the intersection with design space and combination of
non-Design. Finally a structural check is necessary to investigate
the needed properties of the part. If failures occur, the model has to
be adjusted.

Figure 3-7:

Topology optimization process

Topology optimization leads to a high reduction of material. The redesigned bearing ﬂange possesses a force optimized structure and
fulﬁlls AM design rules. The investigation with FE simulations proves
the fulﬁllment of necessary properties by the re-design. The redesigned product is validated based on the same load cases as the
initial product being manufactured with conventional manufacturing
processes.
To document the results of the previous product selection and the
re-design, product proﬁles are used (ﬁgure 3-8). For a characterization
of the product ideas the DMRC uses a workshop tool to structure the
information of product ideas. The paper-based product proﬁle
document includes necessary information to analyze the product
idea in context of criteria being important for AM usage. Another
possibility to use the product proﬁle is the documentation of product
ideas created in workshops to collect already existing information.
The uniform structure of the document allows a comparison and
evaluation of product ideas. The product proﬁle includes general
information such as name of idea and idea number. A detailed
description and current technical solution is important for a correct
characterization of product ideas. The most important categories
are advantages & beneﬁts and disadvantages & risks. In these
categories key capabilities and speciﬁc product information are
combined. Disadvantages and risks can be used to inform the

The usage of topology
optimization leads to
an ideal lightweight design
of parts.

Key capabilities of AM were
identified in 2: Identifying
potentials for Additive
Manufacturing.
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product ﬁnding process. The contemplation of both categories
provides a possibility to assess the suitability of AM product ideas in
a much more detailed way. For example, bearing ﬂanges or joint
shafts can be identiﬁed by employees in a workshop as possible
product ideas (ﬁgure 3-8). In this case, advantages and beneﬁts are
lightweight potentials and material reductions. The AM product is
only proﬁtable in low unit numbers which is a disadvantage.

Figure 3-8:

Product idea profile for the topology optimized flange

The description documents are used in workshops by different
employees of several departments. This gives the possibility to
create product ideas of different viewpoints. Another beneﬁt is the
assessment which can be created by an interdisciplinary team.
For company A, the bearing ﬂange is described with the product
proﬁle document. The product is a component which is used in the
aircraft and aerospace industries. One special application of the
bearing ﬂange is the integration in a swashplate of a helicopter.
Companies of aircraft and aerospace industries have speciﬁc
requirements. It is a safety relevant product. The central function
of the bearing ﬂange is the translation of linear motion to rotation
motion. To fulﬁll this function the product has to absorb high forces
continually. Additionally in aircraft and aerospace industries waste
reduction and lightweight design play an important role. It is also
documented that the bearing ﬂanges is only proﬁtable for AM with a
re-designed geometry and low lot sizes.
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5) Chances-Risks Analysis
After the re-design the market chances and risks have to be identiﬁed
for the product in the Chances-Risk Analysis. One possibility
to analyze these aspects is the Chances-Risks-Portfolio [Gau1].
Chances and risks are depended on speciﬁc application scenarios
and the speciﬁc environment of a company such as branch of industry
or the share of market. The chances and risks can be assessed
by inﬂuences of the company and probability of occurrence being
illustrated by x- and y- axis of the portfolio. This step of the funnel of
idea creation does not need adaptions of existing methodologies to
fulﬁll the task for Am products.
6) Specify
The second last stage of the funnel of idea creation is the stage
Specify including a detailed description of the part. No matter which
approach (creative or deductive) a detailed description of the chosen
part is necessary. The DMRC uses a document which is an extension
of the already presented product proﬁle document (ﬁgure 3-9). By
several categories such as market performance, requirements and
competition different viewpoints on the product ideas can be veriﬁed.
For these detailed investigations of product ideas an advanced
document is used (ﬁgure 3-9). The elaboration of an interdisciplinary
team helps to create a holistic illustration of the product idea. Aspects
such as product design, key features or product variants can be
determined by engineers. But the integration of the middle
management or designer gives the option to include hidden
arguments.

Different perspectives are
important to choose the most
suitable parts.

In the context of company A, a detailed product proﬁle document
for the bearing ﬂange was used. It concretizes the already existing
description of the short product proﬁle document which is used
after re-designing the bearing ﬂange. The detailed product proﬁle
document includes several aspects such as market performance,
requirements, competition, research approaches, abilities of AM
technologies, assessment of the product, reference to other products
and a conclusion.
With regard to the bearing ﬂange, the part is integrated in a
swashplate in a helicopter. It is a safety- relevant component which
needs a high durability and a low weight. Lightweight design is a
very important topic for aircraft and aerospace industries because
a reduction of the weight leads to fuel savings. Lightweight design
and waste reduction are requirements which do not have to be
fulﬁlled only by the bearing ﬂange, but also from the whole end
product swashplate. There are several requirements which have to
be fulﬁlled by the product. The ﬁrst point is the elementary function
to translate linear motion in a rotation motion. The main requirement
of the bearing ﬂange itself is the mount for the swashplate. In this
case, the bearing ﬂange has to guarantee fatigue strength larger
than the average of 30 years. To regard the competition it has to be
documented how the part is actually manufactured with conventional
processes. In the company example, the bearing ﬂange is produced
in several manufacturing steps. The bearing ﬂange is manufactured
with a heat bending process followed by welding, milling and
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lathing processes. Finally the part is heat treated. A description of
the actual manufacturing process shows many subsequent steps
are necessary to create the part. The integration of the comparison
between actual and AM speciﬁc production costs in combination
with added values of AM processes helps to make a decision for the
suitability of AM usage.

Figure 3-9:

Detailed product profile document

In case of company A, the production costs of AM and conventional
processes are assessed to be “similar”. But the added values such
as lightweight design and better buy-to-ﬂy ratio are strong arguments
in favor of AM. For an investigation of the technical feasibility, future
requirements and the actual ability of AM technologies have to be
considered. The company producing the bearing ﬂanges has to add
the fatigue strength for more than 30 years as a future requirement.
To fulﬁll it, materials have to be identiﬁed and investigated which
possess suitable requirements and are able to be manufactured by
AM technologies.
Finally a decision has to be made for the product idea. There are
several possibilities such as give up, put back, pursue and realize. In
the company example it is decided that the product idea should be
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pursued. One possibility to pursue the product idea is a concretization
by modeling product structure, requirements and activities to ensure
that products´ requirements are fulﬁlled.
Especially in the context of requirements various important differing
aspects are identiﬁed by employees of the products´ value chain. As
a result of detailed product proﬁle document the product architecture
has to be modeled. One possibility to model complex structures of
products is the usage of the modeling language SysML [Wei14].
There are several partial models in SysML. A requirements diagram
determines a connection between elements of the product structure
and their requirements. Figure 3-10 illustrates a requirements
diagram of a swashplate including the chosen product idea.

SysML is a modeling
language based on UML.

As described by the product proﬁle document the swashplate is an
important control element of a helicopter. It transfers a linear motion
into rotation. It is used on the one hand to control the angle of all
the main rotor blades and thus of the lift, and on the other hand, the
cyclic pitch to control the lateral and longitudinal movement. General
requirements of the swashplate are for example strong resistance of
cyclic loadings, Fly-By-Wire approval, fatigue strength and a product
life cycle of 30 years. One component of this part is a bearing ﬂange
which has been re-designed for AM. In the requirements diagram
the requirements of the bearing ﬂange are structured and connected
with other components (Blue boxes) such as the ﬂange connection.
Waste reduction or lightweight are for example requirements which
are valid for several elements of a product. Because of that it can
be connected with several elements of a product. The aim of a
requirements diagram is the reduction of complexity by a structural
illustration. Figure 3-9 shows that AM is the generic term for AM
speciﬁc requirements. All key capabilities of AM such as waste
reduction, lightweight design or individualization are connected to
the generic term AM which is connected with part elements being
necessary to fulﬁll the AM speciﬁc requirements. The implementation
of SysML modeling makes sense for complex products with a high
amount or safety-relevant components.
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Figure 3-10: Section of a requirements diagram of a helicopter
component swashplate
7) Cost Analysis
To investigate the ﬁnal cost structure of the product, another
established DMRC tool is used. Basically it is a multi-criteria
decision support tool which is called “Trade-off Methodology Matrix”
(TOM) [LJRK14]. It supports rating the suitability with regards to
product/process/economic, environmental and social criteria. The
TOM consists of a classiﬁcation based on a traditional design and
a comparison between the conventional and a possible AM design(idea). For instance, the part deﬁnition contains basic information
like a brief description of the function, typical production quantities,
production costs, dimensions and mass of the part, as well as the
currently used material. Once this data is entered, the user gets a
ﬁrst quote over the rough production costs. For an easy-to-use tool
in this early phase the production costs are calculated based on
certain assumptions like appreciation times and a speciﬁc demand.
Detailed costs can be assessed later in the methodology. The TOM
consists of different segments and sub categories which target
different users. For instance, the part owner/design engineer needs
to be aware of the original part characteristics while other section
might be ﬁlled by AM experts.
Through a change of ratings or through an adaption of sub categories
the matrix may be adapted to several applications. Taking ‘possible
weight savings‘ as one example criterion, one can see that this
aspect is more important for the aerospace industry or race car
applications than for medical components.
After evaluation of the part design, the comparison between the
conventional and the possible AM design parts for the re-design /
AM application are chosen in a ﬁnal trade off. This requires very
detailed information on the part and includes a detailed cost analysis
to ﬁnally decide if a part should be manufactured additively or not.
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3.4

Case study: Krause DiMaTec

To illustrate the proceeding in Product Discovery, one example of a
validation workshop series is presented in the following.
Krause DiMaTec is a Service Provider and competent partner for
Additive Manufacturing in mechanical engineering and related
industries. The company supports their costumers along the
entire product development and manufacturing process. Starting
with technology selection, construction design and optimization
for mechanical stress and weight and ending with the production
of small series. The company is part of the HorstmannGroup, a
family-run company group with wide diversiﬁcation and a focus on
mechanical engineering. Because of this, Krause DiMaTec knows
the requirements and desires of the branch. Part discovery has
been conducted in collaboration with Krause DiMaTec and the
DMRC to ﬁnd product ideas for Krause-Biagosch, an afﬁliated
company within the HorstmannGroup. Krause-Biagosch develops
and produces innovative computer-to-plate systems (CTP) for the
graphical industry.
At ﬁrst, a preselection of parts from an existing portfolio (drawn from
the company’s ERP system) has been conducted via ABC analysis.
Furthermore, ﬁrst exclusion criteria could be applied easily such as
the exclusion of parts with a simple geometry or a low product price.
We have for instance found that tubes and shafts are not suitable
because the product complexity is not high enough. They can be
produced with conventional manufacturing technologies for lower
costs.
The selected parts were reduced with further exclusion criteria
(materials, dimensions, lot size, etc.). Some of the exclusion criteria
used in this process will be discussed in the following. The material
type of products is a factor which inﬂuences the feasibility for AM.
Product ideas which need other materials such as wood or glass
are not suitable for AM. The dimension of a part is also an exclusion
criterion because the build space of AM machines is limited (about
5000 mm x 3000 mm x 3000 mm). Lot size is another criterion which
separates AM suitable products. Small lot sizes (about 1000 pieces
per year) are typically suitable for the usage of AM technologies. An
increasing of lot sizes leads to a change of efﬁciency which favors
the choice of conventional technologies such as milling, lathing or
injection molding.
After the reduction, the selected parts were assessed further and
documented by brief characteristics in an Excel ﬁle. Overall, the
assessment was conducted in the three dimensions material-ﬁt, partﬁt and manufacturing-ﬁt. Each dimension is speciﬁed by about ten
evaluation criteria, some of which will be discussed in the following.
For instance, the material range of AM is quite limited at the moment.
Already available materials for AM (AlSi10Mg, Ti64, etc.) have to be
investigated for the fulﬁllment of the speciﬁc part requirements.The
manufacturing-ﬁt for example also encompasses whether excessive
machining efforts are associated with the conventional design.
Overall, the DMRC´s and DiMaTec’s analysis showed that several
product ideas can be manufactured by conventional manufacturing
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methods such as injection molding in a more proﬁtable way, for
example a feedback lever because of its low design complexity.
The resulting number of suitable product ideas is low enough to
develop re-designs. The best assessed product idea (vacuum
shoe) was re-designed without a topology optimization. The high
design skills of the design department of Krause DiMaTec rendered
computer aided re-design steps unnecessary.
In the following the re-design process is going to be outlined using
the example of the vacuum shoe. The vacuum shoe has initially
been manufactured by milling and sheet metal bending. The basis
of the product consisted of 14 parts which had to be assembled.
The product had air-channels to create a vacuum by a Laval nozzle
to pull release papers. The vacuum shoe itself does not bear heavy
loads.
A re-design of the vacuum shoe is necessary to guarantee producibility
of the part on the one hand, but on the other hand usually provides
for the opportunity to make use of the speciﬁc advantages of AM
(reduce weight, etc.). In this case, the most important potential that
could be put to use is the reduction of the assembly time as a result
of functional integration.
Figure 3-11 shows the previous design and the re-designed vacuum
shoe. These illustrations help to understand the importance of a
new design for AM speciﬁc products. It is visually recognizable that
the re-designed vacuum shoe has a completely different geometry.
Starting from the air channels the vacuum shoe was optimized. The
most important advantage is the reduction of assembly steps, the
re-designed vacuum shoe consists only of one basis part. Another
result of the re-design is a volume reduction of more than 50% and
a weight reduction of 70%. The changed geometry leads to a cost
reduction by exploiting lightweight design made possible by AM. The
availability has also changed for Krause DiMaTec. The initial product
was produced by a supplier and had a delivery time of up to three
weeks. By the AM know-how of Krause DiMaTec the re-designed
product can be manufactured internally in few days.

Figure 3-11: Previous design (left) and AM specific design (right)
of the vacuum shoe
The last step was a ﬁnal cost analysis with the re-designed product.
Therefore, the determination of unit costs is one possibility. To
get a realistic result speciﬁc constraints have to be regarded. For
example it is important to use the complete build space of an AM
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system to produce the maximal number of products. Because of the
low lot sizes for AM speciﬁc products, it is rational to manufacture
different products in the build space. The consideration of the lot
sizes alone is not adequate to gather the holistic economic point of
view. Therefore a comparison of initial and re-designed product with
aspects such as availability and product weight is created. The AM
vacuum shoe has a lower weight and is quickly available through inhouse production. These aspects lead to a massive cost reduction
by 60 percent. The important information of the re-designed AM part
are documented with data sheets (ﬁgure 3-12).

Figure 3-12: Product ideas description of Krause DiMaTec
The example of Krause DiMaTec successfully shows the strength
of a structural product ﬁnding approach. In this context, Krause
DiMaTec has elaborated the AM potential for Krause-Biagosch in
cooperation with the DMRC. The procedure based on the funnel of
idea creation is used by Krause DiMaTec. Tools such as the product
ideas proﬁle and the decision making tool have been used to support the process.
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4
Business Planning for Additive
Manufacturing
The following chapter is going to devise methodological excerpts
for the development of business models in the context of Additive
Manufacturing. The chapter is structured according to the phases
of business model development (see ﬁgure 4-1). Chapter 4-1 deals
with Value Proposition Design: the speciﬁcation of a customer
segment and its speciﬁc value proposition. Chapter 4-2 covers
enriching a Value Proposition to a full-grown business model,
using tools such as business model patterns or business model
variables and options. Chapter 4-3 describes the evaluation of
business models. The implementation phase will not be subject
of the present study. Instead of outlining the implementation phase
of business models, chapter 4-4 is going to conclude with a brief
assessment of the gathered experiences in the project. Chapter 4-5
contains a brief example from a validation project with one of the
DMRC’s partners.

Figure 4-1:

Generic Business Model Development Process
(according to [Kös14])
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4.1

Example for the
illustration of business
model development.

Value Proposition Design

In the study at hand, the process of business model development is
going to be explained on the basis of a ﬁctional example, a slightly
altered result from one of the validation workshops will be devised in
chapter 4-4. The example is the market entry as an intermediary
between customers and AM Service Providers in the AM industry.
The following role constellation in the value network illustrates the
business idea (see ﬁgure 4-2):

Figure 4-2:
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Customer intermediary for Additive Manufacturing
Service Providers

1)

Customer: The role customer describes companies and individuals purchasing products made by Additive Manufacturing.
Especially addressing various small niche markets is made very
easy by the technology due to the abolition of tooling costs. This
concept has been popularized by the term “long tail” [And08].
Hence, the role customer can be occupied by various types of
actors.

2)

Platform Operator: The platform operator wants to act as an
intermediary between customers and Additive Manufacturing
Service Providers.

Business Planning for Additive Manufacturing

3)

Additive Manufacturing Service Provider: Service providers
are usually small and medium sized enterprises with a diverse
machine park. On the basis of manufacturing inquiry, they offer individual quotations for each customer and deliver (small
series) parts in exchange for a payment [Woh16]. They use the
services of platform operators to establish or strengthen sales
channels.

In the present study, the development of a sustainable business
model for the role platform operator is used as an exemplary
application to demonstrate the methodology. For the development of
the value proposition (the core of the business model), the process
draws on the value proposition canvas [OP10].
Due to the tighter interaction between stakeholders in modern
business ecosystems, it is necessary to obtain a sound overview of
the relevant stakeholders for the respective business model.
Therefore, stakeholder radar is a suitable tool [Sly96]. In the present
case, the two main stakeholder groups for the platform operator
have already been presented: customer and Additive Manufacturing
Service Provider. For simpliﬁcation purposes, an additional
stakeholder analysis is not going to be outlined. If the group of
potentially relevant stakeholders is too large, they can be prioritized
using the Inﬂuence-Goal-Grid [Leh14].
In order to reﬁne and check the business idea, a value proposition
canvas according to O
. can be used [OPB+15]. The
value proposition canvas addresses three elements of a business
model: Customer Segment, Value Proposition and Products and
Services. When working with the value proposition canvas it is
important a) to indicate which information holds true for which
stakeholder and b) to include participants from the respective
stakeholder groups in the workshop. The following six step procedur
e has proven to be successful for value proposition design, albeit
iterations must not be allowed for (see the numbers in ﬁgure 4-3 and
4-4 for reference).
1)

Framing customer jobs: Customer jobs are noted and prioritized from the perspective of the respective stakeholder.
Functional, social, personal and emotional actions can be addressed. A customer job simply describes, what the respective
stakeholder does or intends to do (without an evaluation). In the
present example, the customer wants to quickly create parts
in very small lot sizes. The Service Provider however wants to
scale up his business, i.e. realize a high occupancy rate of his
machines or even buy new machines. Additionally, the business
relationships between Service Providers and customers are not
yet well established for there are many branches entering the
AM business currently (see chapter 1).

2)

Deriving pains: Pains are nuisances which keep the customer from the successful completion of his customer actions. In
the example at hand, the customer cannot quickly engage in
a relationship with a Service Provider because he is possibly

Business model development
for a platform operator.

Stakeholder analysis.

Six step procedure of value
proposition design.
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afraid of sharing valuable product information online. The Service Provider cannot create quotes efﬁciently, because he is not
acquainted with e-commerce solutions. Therefore his staff has
to deal with every inquiry individually.
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3)

Developing gains: Gains are advantages or beneﬁts each
stakeholder hopes for. Gains can be structured in various
ways (see e.g. [OPB+15] for further reference). In the example
at hand, the Service Provider wishes for a simple interaction
between the customer and him which allows the customer to
specify his desired product. On the basis of this speciﬁcation,
the Service Provider could then deliver a quotation.

4)

Deriving pain relievers: Pain relievers describe how pains (result of step 2) can be overcome. A certain pain reliever for the
Service Provider would be an automated design checker functionality, such that designs which are not suitable for Additive
Manufacturing are automatically fed back to the customer with
the request to redesign them.

5)

Deriving gain creators: Gain creators describe how gains (result of step 3) can be realized. A Gain Creator for the Service
Provider would be an automatized meshing engine such that
the design-input by the customer is directly enhanced towards
printable data.

6)

Finalizing products & services: This element comprises the
concise products and services which should be addressed by
the business model. Typically, ideas for products and services
are derived during steps 1 – 5. The core product and service
idea in the example at hand is the provision of an Additive Manufacturing online shopping (e-commerce) solution for AM Service Providers. Core element of this e-commerce solution is a
drawing engine which allows customers to provide input about
their part with respect to geometry, material and tolerances.
A design checker engine checks whether the product can be
printed and realizes quick quotations.

Business Planning for Additive Manufacturing

Figure 4-3:

Value Proposition Canvas as a first step towards an AM Business Model (1/2)
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Figure 4-4:
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Value Proposition Canvas as a first step towards an AM Business Model (2/2)
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4.2

Business Model Enrichment

The core idea of Business Model Enrichment is developing business
model alternatives which can each be modeled by a business model
canvas [OP10]. The literature provides numerous types of business
model canvases [OP10], [Kös14]. In the context of the DynAMiCS,
the business model canvas according to K
has been further
developed (see ﬁgure 4-5).

Further development of
known business model canvas frameworks.

Business Model Canvas

Figure 4-5:

Extended Business Model Canvas (based on
[Kös14])

The new elements (colored grey on the right) will be devised brieﬂy
in the following:
•

Risks: “What are inherent risks in operationalizing and running
the business model?” During business model development workshops organized by the DMRC, oftentimes valuable input for a
risk assessment is being discussed (e.g. Will the customer provide the data for this service?). This is the reason for the addition
of this element to the business model canvas.

•

Advantages for Users: “Which beneﬁts do users (i.e. operators) of a business model obtain, especially when comparing it to
the business model of (potential) competitors?” As a conclusion
from validation workshops, the key beneﬁts of business models
should be extracted in order to ensure management approval.

•

Impact on Value Network: “Can possible impacts (positive or
negative) on the value network already be discerned?” Oftentimes, a change in the business model automatically alters relationships to partners, or even renders them redundant. Changes
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in the value network are typically more relevant in cases where
existing business models are adapted than in full out startups.
•

Incentives for Partners: “What are the beneﬁts for the key partners in the business model and what are motivations for them to
cooperate?” Sometimes neglected, partners are more likely to
engage as partners in a business model, if (besides monetary
compensation) there are other (weak) incentives for them to take
part. Examples are, for instance, ingredient branding.

As mentioned above, the Business Model (Canvas) is connected to
the value proposition canvas via the elements customer segments,
value proposition as well as products and services. These three
elements are framed in detail by the value proposition canvas.
The objective is hence, to ﬁll the remaining elements such that the
overall business model is 1) economically viable, 2) realizable and
3) consistent [Kös14]. In the following, three different exemplary
methods and tools to aid in this process are going to be devised
brieﬂy.
Conﬁguring business models using variables and options
Business models can be developed by composition of business
model options [Kös14]. In doing so, the business model elements
(e.g. revenue model), are detailed further utilizing variables (e.g.
pricing mechanism or revenue form) which in turn can again each
be detailed by various options.
Business model development
on the basis of
consistent options.

Reduction of the variable set.

There are two modes of operation when using variables and options
for business model development: 1) Different options for a business
model can be checked for consistency and therefore allow for the
development of highly consistent business models and 2) they can
be used as creative stimulus during workshops. In the project
Development of an Additive Manufacturing Potential Check System
a list of variables and options has been collected and described.
Overall, the list contains 107 standardized variables and 490 options.
The ﬁgures 4-6 and 4-7 show exemplary excerpts.
If a consistency-focused approach is being favored, the list of
variables has to be narrowed down to about 20 most relevant
variables for the business model. In the following, the corresponding
options are being checked for consistency. Depending on the
number of selected variables and the associated options, this can
result in more than one thousand evaluations. Combinations of
options which are highly consistent are each considered alternative
business model drafts. They are then clustered to bundles and
prioritized. If used as creative stimulus, the variables and options list
can be used in terms of a questionnaire to walk through during a
workshop.
The key challenge in conﬁguring business models using variables
and options is ﬁnding relevant business model variables and options
in the ﬁrst place. Because a business model which is described by
107 variables and 490 options cannot be comprehended easily, it is
necessary to either work through a long list of options and prioritize
them ﬁrst, or ﬁnd suitable options by chance.

66

Business Planning for Additive Manufacturing

Development of business models with patterns
According to A
, patterns describe proven solutions for
recurring problems [AIS77], [Ale79]. A
, an architectural
theorist, formulated 253 patterns for designing towns, buildings and
constructions. The basic idea of patterns is reusing solutions which
are documented in an abstract way, such that they can be applied in
a different context. Thereby, patterns contribute to reduce the
complexity and increase effectiveness in problem-solving [BMR+96].
Hence, working with patterns is not a new concept. Also in the
context of business models, several authors have conducted
groundwork: W
. have deﬁned 16 business model archetypes
by analysis of 1000 US-based companies [WMU+06]. O
and P
have found ﬁve business model patterns [OP10].
G
. have compiled 55 business model patterns which
vary in their degree of abstraction [GFC13]. Whether implicitly or
explicitly: All business model patterns stem from the empirical
analysis of successful companies and the abstract description of
their core elements.

Patterns help in the solution
of recursive problems.

In Business Model
Development, several
attempts for pattern
catalogues have been made.
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Figure 4-6:
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Extract of Business Model Variable Catalogue (1/2)
(according to [BV07], [FWW14], [GK16], [Joc10],
[RS14])
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Figure 4-7:

Extract of Business Model Variable Catalogue (2/2)
(according to [BV07], [FWW14], [GK16], [Joc10],
[RS14])

Typically, business model patterns are described in business model
cards and are complemented by at least one concrete example.
Exemplary business model pattern which are frequently being
discussed in the context of Additive Manufacturing are Mass
Customization or Razor and Blade. Simply put, Mass Customization
describes the sales of customized goods at costs of mass production.
Mass Customization business models are usually the ultimate goal
of Direct Manufacturing – due to the obsolescence of tools,
manufacturing companies plan ahead future business models in
which products are tailored to customer needs in lot size one. Razor
and Blade is a business model pattern which involves a basic
product sold at low prices and complementary goods sold at high
prices. Widely known examples are consumer goods (razors and
blades) but also electronics (printers and cartridges). Similarly, in
the Additive Manufacturing branch there are currently companies

Pattern catalogues entail
business model patterns
relevant for Additive
Manufacturing.

The Additive Manufacturing
branch operates according
to known business model
patterns.
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selling machines which only operate with proprietary materials.
According to our observations, the Additive Manufacturing branch
overall operates mostly with established business models.

Patterns can be used for
association of confrontation.

Using business model patterns in our example.

Patterns are easy to use.

No revolutionary business
models.

At the DMRC, we have evaluated known business model patterns
and evaluated them with regard to their relevance in the realm of
Additive Manufacturing. Once the set of patterns has been reduced,
there are two modes of working with business model patterns:
Pattern Association and Pattern Confrontation [GMC13],
[EAG15]. Pattern association describes the process of allocating
business model patterns to a given business idea. In the context of
the previous example (customer intermediary for Additive
Manufacturing Service Providers), the business idea has already
been developed using the value proposition canvas (see ﬁgures 4-3
and 4-4). On the contrary, pattern confrontation describes the
process of handing out business model patterns to participants in
business model development workshops and developing entirely
novel business ideas.
In the example above the ideas developed for the example customer
intermediary for Additive Manufacturing Service Providers
(ﬁgure 4-2) can exemplarily be enriched by business model patterns:
For instance, the business model pattern Lock-in can reﬁne the
business idea further such that the platform operator ‘forces’ Service
Providers (either via contractual obligation or technical aspects such
as ﬁle formats) to use the platform operator’s software exclusively
for order processing. Another idea could revolve around the business
model pattern Layer Player: Possibly the ideas developed in the
value proposition canvas can be quickly adapted to other
manufacturing technologies as well.
Overall, we have found that the development and enrichment of
business models using patterns is very efﬁcient – usually many
ideas can be generated in little time. Also, it takes little time for
workshop participants to understand the methodology . In the vast
majority of cases patterns have been used for pattern confrontation.
However, in about 50% of business model workshops business
model patterns yield ideas far from the intended business idea.
Workshop facilitators are well-advised to incorporate this into their
planning. On the negative side, business models developed by
patterns are seldomly new-to-the-world. Arguably, this is never
the case due to the principle of using patterns. Also workshops
showed that only a small fraction of patterns sparks the creativity of
participants in the ﬁrst place (low hit rate). That is why, for each
workshop, the available set of patterns has to be prioritized up front,
depending on the speciﬁc case at hand.
Developing cross-industry business models
Cross-industry business model innovation describes the direct
application of business models from a foreign industry to the
domestic industry [EG09], [Dür12]. Similar to pattern-based business
model development and the employment of variables and options,
cross-industry business models have their roots in product
development. For years, companies have developed methodologies
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to solve development problems or transfer product ideas by solutions
from other branches. A famous example is the BMW iDrive whose
human-machine-interaction system has been borrowed from
joysticks in the computer games industry [Ste09]. In that sense,
cross -industry business models are similar to pattern-based
approaches. The salient difference between cross-industry
business model innovation and pattern-based business model
innovation is that for the latter, the solutions have already been
found and described in an abstract manner. Here, practitioners can
draw on extensive pattern catalogues. On the contrary, crossindustry business model innovation largely relies on serendipity.
There obviously is no overarching catalogue or systematization of
business models yet.

Cross-industry business
models are related to
pattern-based approaches.

Cross-industry innovation processes usually follow a three step
logic [EH10]: 1) abstraction, 2) search for analogies and 3)
adaptation. In a ﬁrst step, the ‘problem’, i.e. the business idea for
which suitable business models are to be sought, has to be
abstracted. We usually use known methods such as progressive
abstraction or abstraction trees [Nöl10], [Ech14]. In the sample
case, customer intermediary for Additive Manufacturing Service
Providers, the abstraction leads to search terms such as solutions
for a ‘two-sided market’ or for a novel ‘sales system’ because the AM
Service Provider industry largely consists of small and medium
sized enterprises which are possibly hard to reach.

Cross-industry innovation
process as a three step
process.

Using abstracted search terms , analogies from different branches
are sought and adapted to the domestic industry. Searching for a
sales system with a high penetration of the target market yields
multi-level-marketing. Albeit sometimes confused with pyramiding
schemes, multi-level-marketing has proven to be a reliable sales
system which is efﬁcient, robust and guarantees a high degree of
penetration of the target market [Die10-ol]. Figure 4-8 illustrates
what the adaptation of a multi-level-marketing business model
would, exemplarily, look like in the domestic industry.

Abstracting the problem to
search terms.

Figure 4-8:

Adapting a foreign business model to the domestic
industry [EH10]
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Checking for success
factor compliance.

Setting up and testing
hypotheses.

Disadvantage: high effort.

The key in adapting business models from foreign industries is
checking whether the important success factors which make the
business model work, also hold true in the domestic industry. For
example, the German household appliance manufacturer Vorwerk
successfully operates a multi-level-marketing business model for
their kitchen appliance Thermomix. They hire non-professional
sales representatives who conduct product presentations in the
homes of potential buyers and receive a commission for sold
appliances. The ﬁrst implementation of this business model is from
Tupperware Brands Corp. [Gro07]. Among others, the success
factors for this concrete business model are:
•

It is very important for the product to be sold by credible
salespersons.

•

The product can be sold via emotional attachment.

•

Existence of an interconnected customer base.

If, for instance, the product representatives do not have access to
other possible customers, this distribution system would fail. One of
the hypotheses of adapting this business model to the realm of
Additive Manufacturing (according to ﬁgure 4-8) is therefore: The
customers of an Additive Manufacturing e-commerce solution know
each other and are willing to interact. Before rolling out such a
business model, this hypothesis needs to be tested with a minimal
functional prototype [Rie12].
Cross-industry business model innovation has the advantage of the
discussion of concrete, existing business models. In patterncentered workshops, practitioners usually automatically search for
use-cases or examples for patterns and inadvertently discuss these.
The disadvantages of cross-industry business model innovation are
twofold: 1) Finding suitable business models for customers usually
takes about a month of research and 2) there is a risk of rejecting
business models for the wrong reasons.
Business model enrichment with the DMRC

Professional help is
often needed for the
value creation model.
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From a methodological standpoint, there is sufﬁcient theory and
support for business model enrichment. Additive Manufacturing
does not impose the necessity for new methods of business model
development per se. However, due to the complex value network
around Additive Manufacturing the know-how necessary to develop
profound business models (especially regarding key activities,
resources and partners) is spread sparsely in new incumbent
companies. In our business model workshops with the DMRC (see
e.g. ﬁgure 4-9) we therefore found it inevitable to bundle the
methodological know-how of business model development with the
technical know-how of our experienced staff.

Business Planning for Additive Manufacturing

Figure 4-9:

4.3

Business Model Enrichment with the help of the
DMRC

Business Model Assessment

The results of Business Model Enrichment are typically either
entirely different business models or different variations of the same
business model (e.g. differing only in revenue model). The primary
goal of the third phase is therefore a (single) prioritized business
model to be implemented at ﬁrst. Additionally, it is worthwhile to
discuss whether alternative business model drafts (developed in
Business Model Enrichment) can be launched over the product life
cycle [Pei14]. The study at hand however exclusively focuses the
prioritization of business models and disregards the roadmapping
approach.
We have developed two independent analysis tools to prioritize
business models according to 1) proﬁtability and 2) stability. The
stability tool will be devised brieﬂy in the following; the proﬁtability
assessment is part of the conﬁdential study which is available
exclusively for DMRC partners. The stability of a value network
describes how the current stakeholders of a given company are
likely to react to an intended business model change. DynAMiCS
resulted in a tool for this purpose – BMESA (Business Model
Effects and Stability Analysis). The tool is borrowed from the
established Failure Modes and Effects Analysis (FMEA) and allows
for the analysis of entirely novel business models, as well as small
business model changes [TDM11], [PBF+07]. The overall proceeding
is illustrated in ﬁgure 4-10, the general manner of processing is from
the left to the right (column).
In a ﬁrst step, the relevant stakeholders or stakeholder groups are
being determined drawing on, for instance, stakeholder radar [FS06],
[Sly96]. A stakeholder group is a role in the value network such as
MRO provider; a corresponding stakeholder is Lufthansa Technik.
Depending on the complexity of the value network either concrete

Choosing the right
business models.

Focus is twofold:
rentability and stability
of the value network.
Tool for the assessment of
value network stability.

Stakeholder analysis.
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stakeholders or stakeholder groups are considered. Using this tool,
the most inﬂuential stakeholders can easily be discerned and preprioritized for further use. In parallel to the stakeholder analysis, the
relevant business model changes are determined. Since business
models are usually described in prose or bullet points for each
element, the business model changes usually comprise short textual
statements. For example, in ﬁgure 4-10 the business model to be
analyzed is a decentral manufacturing order distribution platform in
which production orders are distributed to several Service Providers
according to availability of resources and desired lot size. The value
proposition to the Service Provider is a higher utilization rate of his
machines allowing for a faster Return on Invest (RoI).
In the next step, the BMESA rates the likelihood of the respective
stakeholder (group) to encounter the given business model
change (rated on a scale from 1 – very low; to 10 – very high).
This evaluation metric goes back to C
and H
, who rated
the relevance of a stakeholder according to whether the stakeholder
detects an action overall, whether the stakeholder is affected by the
action and whether the stakeholder has a natural inclination to react
towards the action [CH09].
In the fourth column, possible effects of the business model
change are noted. In doing so, it is necessary to take the perspective
of the corresponding stakeholder (group). In the given example, the
Service Provider is for example most likely going to be afraid of a
long-term dependence of the order distribution platform. The ﬁfth
column ‘likelihood of occurrence’ describes how likely the given
effect is (rated on a scale from 1 – very unlikely; to 10 – much
likely). The second last column indicates the reaction strength of a
stakeholder to the observed business model change. The reaction
can be positive or negative. For this reason, the evaluation metric
ranges from -10 to +10 (excluding 0).
The multiplication of (p)robability of detection, (l)ikelihood of
occurrence and (r)eaction strength of the stakeholder yields the
PLR value. The PLR ranges from -1000 to 1000, negative PLRs
represent possible threats to the realization of a given business
model and should be accounted for during implementation. On
the contrary, a high PLR represents the possibility for potential
cooperation partners.
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Figure 4-10: Business Model Effects and Stability Analysis
(BMESA)
As mentioned before, the second dimension of business model
evaluation is the ﬁnancial payoff. Here, statistical simulation has
proven to be an effective aid for the solution of complex foresight
problems [Has70]. On the basis of a mathematical model, different
‘pay-off’ scenarios with uncertain input can be calculated. The salient
feature of this methodology is that the method can be scaled up or
down, depending on the level of abstraction of the business model
[BBG97]. The result of the methodology is therefore not one
expectation, but rather a probability distribution of the expected
payoff. This is illustrated in ﬁgure 4-11: The business model
proﬁtability cannot be attributed to a single point on the x-axis. In
most cases, business models typically agglomerate at certain
x-values. Note that the y-axis is identical for each business model
idea. The bubbles positions have been altered merely for visualization
purposes. Further information on the statistical analysis can be
drawn from the conﬁdential study.

Probability distribution of
business model payoff.
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Figure 4-11: Portfolio for Business Model Assessment
Using the portfolio in ﬁgure 4-11, the three developed business
model ideas which were enriched by the methods in chapter 4-2,
could be evaluated. The selected business model e-commerce
software-as-a-service solution for Service Providers has a decent
pay-off expectation and (when compared to the other business
model ideas) a rather high stability of the value network. The detailed
business model can be drawn from ﬁgure 4-12 and 4-13 in which
they are described in prose.
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Figure 4-12: Selected Business Model for the e-commerce solution provider (1/2)
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Figure 4-13: Selected Business Model for the e-commerce solution provider (2/2)
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4.4

Business Model Design in the context
of Additive Manufacturing

In the project DynAMiCS, the developed methodologies for business
planning have been tested and validated in workshops or short
projects with companies willing to engage in business planning in
the context of Additive Manufacturing. Various business models
(resp. business model alternatives) for Additive Manufacturing users
and suppliers have been developed.
In related literature, many authors have pointed towards the fact that
Additive Manufacturing revolutionizes business models or
signiﬁcantly changes them (for instance [RS14], [RB15], [BHB16]).
Judging from the experiences in the project it can be stated that a
vast majority of the developed business models are not new-to-theworld and are instead rather conservative. Almost all business
models can be rooted back to established business model patterns
which have proven to be successful in other branches. We can
therefore rather conﬁrm the ﬁndings from J
.: The authors
presented empirical evidence from a multi-step delphi study for the
year 2030 and came to the conclusion that business models will not
be immensely inﬂuenced by AM, as it is just another production
technology requiring novel knowledge and skills [JKP16]. In line with
the authors, we found that the biggest changes can usually be
located in the business model elements ‘key activities’ and ‘key
partners’, for there is usually ample technological groundwork to be
conducted before launching a business model. Also, the partner
structure of a company almost always changes. While not totally
new, the value proposition of the developed business models usually
allows for the differentiation from competitors for the products can
only be produced by Additive Manufacturing.
When it comes to business model innovation, Additive Manufacturing
is (at least for now) not an enabler of revolutionizing business models
in terms of decentral manufacturing networks. It however constitutes
a worthwhile escape from the so called commodity trap – market
situations in which differentiation mostly occurs via price. The case
studies conducted as part of the study at hand – partially documented
in this document – clearly show, that Additive Manufacturing allows
for signiﬁcant product improvements in terms of lifecycle costs,
design etc. From a strategic perspective, this means that in matured
and strongly contested markets AM allows for differentiation via
product features.

Mostly smaller changes
to business models.

AM is nevertheless a
viable strategic choice for
differentiation.
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4.5

Case Study: Stükerjürgen Aerospace
Composites

The tools and methods developed at the DMRC have been validated
in a short project with the company Stükerjürgen Aerospace
Composites (SAC) from Rietberg, Germany. For the most part,
SAC is an aerospace supplier but also addresses applications
in the yachting business. Founded in 1996 as a subsidiary of the
Ferdinand Stükerjürgen group, the company has developed lots
of technological know-how in the development and production of
products and components made from plastics. In doing so, the whole
process chain from engineering, over component manufacturing,
post-processing (coating/painting) over assembly to ﬁnal logistics
are covered. In the realm of Additive Manufacturing, SAC has a
distinct focus on the Fused Deposition Modeling (FDM) technology
and the post-processing of the therewith produced products via, for
instance, coatings.
Business model for a
spare part supplier in the
container ship industry.

The case study was motivated by an attempt to broaden the service
portfolio and develop the business further as a spare part supplier in
the container ship industry. In a ﬁrst workshop, a value proposition
canvas has been developed from the perspective of the main
stakeholder ocean carrier (see ﬁgure 4-14). In order to incorporate
the customer perspective as much as possible, employees from the
yachting department have been invited since their business
resembles the container ship the most.

Figure 4-14: Value Proposition Canvas from the validation short
project
The main customer actions are the timely overhaul of damaged
ships via contract manufacturers once a part has been damaged.
Either the parts are repaired on site or are replaced quickly. In order
to ﬁnd suppliers for parts, ocean carriers can draw on a database of
maritime products which facilitates the ordering of spare parts
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(IMPA). It contains 42,000 products and allows for ﬁnding suppliers.
However there is no guarantee that the supplier can quickly deliver
the requested part. Also, the ocean carrier occasionally witnesses a
lack of information about a part, once it has been damaged. This is
mainly due to the long product lifecycle of ships. Also, ships contain
many (plastics) parts whose storage is expensive. Especially when
being forced to store them everywhere in the world. A desired gain
would be the availability of a digital database of all parts, which are
operated by the company (which can also be extended via 3D scans
of older parts). The corresponding products and service idea is the
implementation of spare parts production hubs, located in the proximity of container ship wharfs.
In a successive workshop, the business model has been detailed
using the variables and options which had been developed in
DynAMiCS (see chapter 4-2). Even though the business model is
technically challenging, it has been evaluated as ﬁnancially attractive
in the long run. However, in the evaluation it was concluded, that two
main challenges are going to impede the realization (see ﬁgure
4-15):
1)

customer’s fear of data security for their components

2)

opposition by existing spare parts platforms which might unfold
a price competition

Finding the key customer
actions for the ocean carrier.

Identifying key challenges for
implementation.

These spare parts platforms are competitors which have arisen
recently. They offer the online, user-friendly request and ordering
of supply parts. Even though many of them do not yet have AM
capabilities, they are likely going to be able to undercut the prices of
additively manufactured parts by far.

Figure 4-15: Extract from the BMESA in the validation project
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5
Summary
From Identifying Potentials for Additive Manufacturing through
Product Discovery to Business Planning for Additive Manufacturing
– the DMRC provides a holistic approach transferred to a practical
“Additive Manufacturing Potential Check System”. The study at hand
presented a methodology and adequate tools developed to leverage
the potential of AM in enterprises. They build a framework capable
to transfer scientiﬁc and industrial innovations into actual practice.
The first steps give an overview about the actual usage of Additive
Manufacturing (AM). Additionally, results of a survey carried out on
the RapidTech exhibition 2016 in Erfurt are presented. It deals with
the usage of the AM technology by companies of several branches
and the approaches to identify AM potentials, use cases and business
models. Identifying Potentials for Additive Manufacturing integrates
the business analysis of market segments and product groups of
companies. Another task is the identiﬁcation of AM key capabilities
with the help of Text Mining. A mapping of key capabilities and
suitable market segments and product groups leads to a successful
market possibility for AM. The Product Discovery contains of
two approaches (creative and deductive) to identify suitable AM
products, parts and services. The creative approach deals with the
creation of product ideas using creativity techniques. The fundament
of the deductive approach is the funnel of idea creation. By including
several stages and methods, a wide range of product and part ideas
is reduced to identify suitable options. Finally Business Planning
for Additive Manufacturing deals with the development of Value
Proposition Design and the enriching to a complete business model.
To illustrate the usage of methods, techniques and tools, ﬁctive and
real industrial examples are developed to demonstrate beneﬁts.
Introduction
Today´s usage of AM technology shows a differentiation in Rapid
Prototyping, Rapid Tooling, Rapid Repair and Direct Manufacturing.
The topic AM generates large demand being possible to be
regarded by google searches in the last ﬁve years. To analyze the
actual interest and usage of companies in context AM, several
expert interviews and a survey on RapidTech 2016 in Erfurt were
conducted. Interviewees of several branches (Machinery and Plant
Engineering, Automotive, Medical, etc.) with different numbers
of employees have answered a structured survey dealing with
strategies to ﬁnd AM potentials.
The main results of the expert interviews and the survey are:
•

Companies use AM for Design Prototypes, Functional Prototypes, Rapid Tooling and Direct Manufacturing. There is no predominant application for the AM technology.
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•

Interviewees identify a high future user´s interest for Rapid
Tooling.

•

In most companies, only one technology expert alone is responsible for the investigation of AM technologies.

•

The identiﬁcation of AM potentials in companies is mostly heuristic or unstructured.

•

Most companies do not have a structured AM strategy yet, but
see the importance of it.

The results of the survey and expert interviews show the signiﬁcance
of a structured AM strategy. The following chapters of the study
describe approaches to identify AM potentials, products, services
and business models.
Identifying Potentials for Additive Manufacturing
Before identifying possible parts, products or services, a suitable
business ﬁeld has to be identiﬁed in a ﬁrst step. Therefore, a modiﬁed
Market Segments-Product Groups (MSPG) matrix is used. Because
of the speciﬁc situation of every company (depending on branch,
strategy, business model, etc.) the main market segments and
product groups have to be identiﬁed individually for each company.
Values such as turnover, turnover growth and earning before taxes
(EBT) help to identify main business ﬁelds in the conventional
version of the MSPG matrix. For speciﬁc AM business ﬁelds the
MSPG matrix have to be modiﬁed by particular AM features such
as AM development trends in the company, production quantity in
relation to the technology of AM or applied material in MSPG matrix.
Another important point is the collection of AM advantages which
were identiﬁed with Text Mining. With the help of text mining
approach 200 preliminary key advantages are discerned from more
than 3000 documents (newspaper articles and publications on
the topic). The preliminary key capabilities were clustered by the
usage of a Design Structure Matrix (DSM) and reduced to 33 key
capabilities. A contemplation by experts of the DMRC leads to a ﬁnal
chose of 13 AM key capabilities.
The last important step for the identiﬁcation of AM potentials
is merging of AM business ﬁelds and AM key capabilities. The
combinations of market segments and product groups from the
MSPG matrix and AM key capabilities describe the AM potentials.
Product Discovery
To ﬁnd suitable AM parts, products and services, two approaches
were used by DMRC. The creative approach includes creativity
techniques in workshops to create new product ideas. For the
generation of high quality product ideas the selection of creativity
techniques is an important step. The portfolio of creativity techniques
gives a possibility to classify techniques and methodologies by
criteria such as discursive and intuitive thinking. A technique with
high levels of both criteria inﬂuences the product idea generation in
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a positive way. As an ideal example the Design Thinking approach
is described in a short excursion. The approach was already used
by the DMRC in workshops.
IThe deductive approach is based on the funnel of idea creation.
The basis for the procedure is a pre collection of already existing
products, parts and services of a company. By the usage of a tool
integrating Knock Out- as well as AM speciﬁc material and design
criteria the high range of possible AM products are reduced. All
remaining products, parts and services are AM suitable. The product, part or services with the best values have to be re-designed to
realize the AM key capabilities. One possibility in this context is a
topology optimization to create a lightweight design. After that the
chances and risks have to be identiﬁed with a chances-risks portfolio. A positive assessment leads a speciﬁcation of the product which
can be documented with product idea proﬁles and modeled with
modeling languages such as SysML. Finally a complete economic
consideration with the “Trade-off Methodology Matrix” (TOM) have
to be performed to identify the whole market potential for the speciﬁc
product.
Business Planning for Additive Manufacturing
To reﬁne and check the business idea the Value Proposition Canvas
including aspects such as Customer Segment, Value Proposition
and Products and Services can be used. A modiﬁed Business
Model Canvas added by Risks, Advantages for Users, Impact on
Value Network and Incentives for Partners is used to enrich the
already existing business model. With the help of pattern business
model options can be developed. The Business Model Variable
Catalogue assign business model variables to the different ﬁelds of
the Business Model Canvas. For these different variables business
model options can be chosen to be integrated in the business model.
To assess developed business models a tool called Business Model
Effects and Stability Analysis (BMESA) was developed. The tool is
borrowed from the established Failure Modes and Effects Analysis
(FMEA) and allows for the analysis of entirely novel business
models, as well as small business model changes.
Future research and implementation
DMRC service offer includes all described methods and tools
from Identifying Potentials for Additive Manufacturing through
Product Discovery to Business Planning for Additive Manufacturing
being necessary for a holistic implementation of AM technology
in companies. The DMRC is the ideal partner which possesses
competencies in all mentioned areas and beyond in areas dealing
with AM processes, material and property investigations.
The DMRC will accompany companies from the identiﬁcation of AM
potentials to the implementation in the business model. Furthermore,
the DMRC is a technical consultant for the young technology.
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