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Abstract. The benefits of Model-Based Definition (MBD) are well known. Consid-
ering this there is a need to understand the reasons why MBD is utilized rarely in the
manufacturing ecosystems of low volume, customized products. For studying MBD,
manufacturing ecosystems and their mutual relations a literature study and a case study
of manufacturing ecosystem were applied. It was noticed that there are differences be-
tween the maturities of digital product processes between the actors of the ecosystem,
while MBD itself is a matter affecting the whole ecosystem. Investing in education and
renewing, integrating and harmonizing processes, legacy data and software lower bar-
riers towards adopting MBD. The motivation of the actors of an ecosystem has to en-
sure investments and commitment to change. The investment decisions require an eco-
system wide value definition and business case for each actor. The role of an actor
within an ecosystem, how common or niche the utilized product and production tech-
nology is and the economic situation of a company appear to impact companies’ will-
ingness to change into MBD. Also, the motivation to adopt MBD depends on the
amount of legacy data and the complexity of manufactured parts. Adopting PMI-data
can increase the efficiency of manufacturing processes, such as quality control.

Keywords: Model-Based Definition, Model-Based Enterprise, MBD, MBE,
Ecosystem, Manufacturing Ecosystem, PMI.

1 Introduction

Automotive, aerospace and military industries have been the forerunners in developing
digital methods to seamless information flow from design engineering to production.
For example, Toyota Motorsport announced already in 2004 that they were involved in
a drawing-less project where the conception, manufacturing and inspection of engine
components were carried out in a digital environment. In addition, Boeing was one of
the first aircraft builders to utilize a complete digital definition in one of its aircrafts.

[1].



1.1  Objective of the article

Manufacturing industry has not been an early adopter of digital thread. However, the
practices of managing engineering data and used IT support for industries appear to be
similar. Thus, the presentation and the use of information content can be a differentiat-
ing factor. In this paper, we study the reasons that prevent a manufacturing ecosystem
from adopting digital methods integrating engineering design and manufacturing oper-
ations. The purpose of the paper is to increase understanding how digital functionality
may come true in the ecosystem of the case.

Motivation. Our motivation to study and promote new ways to define and communi-
cate product design comes from experience and practical cases. For example, an obvi-
ous need for the reconsideration of the means for product definition was noticed when
a mechanical engineer was preparing manufacturing drawings for a certain steel con-
struction project. The drawing sheet was finally a size of A0X5! One can ask how to
utilize this size of a drawing in a manufacturing company as well as on a construction
site. Of course, this leads to need to make more drawings in a smaller sheet due to part
manufacturing processes. Furthermore, it is common to type annotations, including a
bill of material (BOM), manually in the documents of large assemblies instead of get-
ting them from the properties of a 3D model. Manual work and the redundancy of in-
formation causes a threat of inconsistencies and errors. Yet, 3D model is the mandatory
source for 2D drawings, but manually typed several rows of BOM may cause mistyping
and in a hurry, the checking of final documentation can be careless. Although it is in-
convenient to study a large 3D PDF, one can zoom the view and to recognize details.

Even today, documents are the dominant means of communication in manufacturing
and often files are a kind of digital twin of the paper-based documentation, but not the
part or product itself. Therefore, the means of digital thread do exist at least in engi-
neering design, but the manufacturing has not caught up in the potential of digital def-
inition. We argue that MBD is one of the key enablers for the creation of a Digital Twin
of a manufactured product.

Despite the obvious benefits of Model-based Definition (MBD), industrial compa-
nies still rarely utilized it [2]. Reasons for this are worth understanding. The Model-
Based Definition is a basis for the wider term Model-Based Enterprise (MBE). In prac-
tise, MBE means that all or most of the functionalities of an enterprise rely on infor-
mation in a form of a 3D model.

Research approach. We study the adoption of MBD in a manufacturing ecosystem
with a triangulation of the findings of three sources. First, we carry out a literature study
(chapter 2). Second, we interviewed a sample of case companies in a manufacturing
ecosystem, and finally, we tested the benefits of MBD in a case study, replicating the
actual operations of a subset of the ecosystem parties (chapter 3.). The research method
is qualitative, and the aim is to provide answers to question, what are the factors pre-
venting from and promoting for the adoption of MBD in a manufacturing ecosystem?
As the research approach, we adopt critical realistic approach that was adopted by Fox



[3] for revealing that the hype about Building Information Model (BIM) underplays
many inter-related causal requirements. Although MBD and BIM are used in different
technical contexts, they are conceptually similar and the critical realistic approach ap-
pears feasible.

2 Literature review

A reliable answer to the research question requires a definition of the topics that are the
concepts related to MBD as well as the benefits and barriers of adopting MBD in in-
dustry. In addition, we define the role of product definition in a manufacturing ecosys-
tem and the ecosystem itself.

2.1  Product Definition in Engineering Design and Manufacturing

Typically, a design engineer creates the product data with Computer Aided Design
(CAD) and stores it in a product lifecycle management (PLM) system for the use of
e.g. manufacturing operations. The data is comprised of models and documents, such
as the drawings of parts, the structures of products and metadata. The drawings repre-
sent the characteristics of the part and structures represent the composition of a product,
i.e. the bill of materials (BOM). Characteristics are geometric and alphanumeric data,
such as dimensions, tolerances, surface qualities, material properties, etc.
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Fig. 1. Typical properties chart i.e. data card of 3D model. The model includes 3D annotations
(datums A-C and dimensions).

Modern CAD software have possibilities to include part data, such as material, mass,
dimensions, stock codes, color and engineer ID, to model’s properties by filling the
data card. The data card is usually included in PLM systems and so part or assembly
properties can be inserted to a drawing’s title block and bill of material (BOM). The
properties chart includes 3D CAD’s characteristics too and a separate PLM system may
not always be needed (Fig 1). Utilizing the potential of the data card of 3D model varies
in companies. Some use many possibilities of 3D and some trusts manual methods,
even if 3D modelling is relevant part of product design and manufacturing.



2.2  Model-Based Definition

Model-Based Definition (MBD) [1] can serve as an integrated presentation of a part
and replace the datasets of models and drawings [4, 5]. Thus, MBD embraces the idea
of a “"single source of truth”, by combining the different and potentially inconsistent
sources of information [6]. Model-Based Definition (MBD) is an annotated 3D model
and its associated data elements that fully define the product. The MBD includes all
tolerances, dimensions, surface quality, material information as well as process speci-
fications annotations that are needed for downstream users in a company and its net-
works. A MBD may include a Bill of Material (BOM) and product life-cycle manage-
ment attributes, when it constitutes an authoritative, single source of master, product
definition data completely without 2D drawings. [2].

Quintana [1] points out that Model-Based Definition means the 3D product model is
the most appropriate vehicle for the delivery of all the detailed product information
necessary for downstream organizations to perform their portion of the product delivery
cycle. MBD is a thing, a digital representation (artefact) of a physical object or system
and all its attributes is used to communicate information within various MBx activities
in model-based enterprise [7]. Ruemler et al. [7] means by MBx model-based manu-
facturing (MBm), model-based sustainment (MBs) and any other model-based activi-
ties (MBx) are categories of activity within the model-based enterprise. Adamski [8]
defines Model-based Definition (MBD) as a process that allows the design team to in-
put all their information into the 3D model, thus eliminating the need to create a draw-
ing.

Product and Manufacturing Information. According to Herron [9] Product and
Manufacturing Information (PMI) conveys non-geometric attributes in 3D Computer
Aided Design / Manufacturing / Inspection / Engineering (CAx) systems necessary for
manufacturing product components. PMI may include Geometric Dimensions & Tol-
erances (GD&T), 3D annotation (text) and dimensions, surface finish, and material
specifications. CAx application literature may also refer to PMI synonymously with
Geometric Dimensions and Tolerances (GD&T) or Functional Tolerancing and Anno-
tation (FT&A).

Model-based Enterprise. Model-based Enterprise (MBE) is a fully integrated and col-
laborative environment founded on 3D Model-based product definition constructed and
shared across the enterprise to enable the deployment of products from a concept
through delivery [10]. MBE is an environment, e.g. an organization that has trans-
formed itself to leverage model-based information in its various activities and decision-
making processes [11].



2.3 The benefits of MBD

Model-Based Definition speeds the product ramp-up and lowers quality defects [1].
Apparently, there are separate mechanisms for this, as some of effects caused by MBD
associate to information management and processes in general, while other effects are
distinct benefits that appear in the separate activities of process. The essential purpose
of MBD is to accelerate and to improve communication between the parties of product
development. According to the author’s experience, every product development and
engineering project has difficulties due to deficiencies of communication. The single-
source principle is the key general benefit of the MBD [9], because the same 3D model
can be utilized in the several process phases of an enterprise. Another general aspect of
utilizing the MBD is that, 2D drawings can be avoided, which means it is not anymore
needed to control whether there are correct paper-revisions in a production or not. This
presumes the shared source of information and persistent processes of MBE.

Automatic toolpath generation is a distinct, but repeatedly gained benefit enabled by
MBD. The use of MBD datasets can be useful also in quality control as the geometry
and associated attributes, such as dimensions, geometric tolerances, datums and surface
qualities, are part of a MBD. Unlike Quintana et al. [1] noticed, path planning for Co-
ordinate Measuring Machine (CMM) based on part geometry, can incorporate the use
of tolerance data. We noticed this during the measuring test that we describe later in
this article. Zhu [12] introduced that MBD enables the intelligent manufacturing of
parts. This is possible through a feature machining and Coordinate Measuring Machine
(CMM) control technologies.

24 Barriers of MBD

According to Ruemler et al. [7], large capital investment, lack of business pulls, and
legacy designs are the biggest barriers of utilizing MBD and MBE. The study revealed
that the lack of workforce skilled in MBD or the lack of training opportunities were less
regarded issues. All these are general barriers against the use of MBD. Quintana et al.
[1] categorized the barriers towards utilizing the MBD into three main categories: tech-
nical issues, process issues and legal issues [1].

Technical issues. Problems may occur when there is different software in delivering
than in receiving systems. Consequently, a receiving system cannot open the files. Dif-
ficulties may come also when the maturity level of MBE is different in delivering and
receiving organizations. For example, a customer sends separate 3D STEP files to the
sheet metal manufacturing subcontractor that can utilize only 2D DXF files. In that
case, the customer may need to make traditional, redundant 2D drawings, including all
necessary dimensions, tolerances and annotations. The 2D drawings will be saved as
PDF and/or DXF/DWG files and the subcontractor often prints them on paper. Tech-
nical issues are distinct barriers preventing the efficient use of MBD, even though they
may appear repeatedly.



Process issues. Data accessibility and visualization can be a distinct, key issue pre-
venting the use of MBD, because most downstream users (including suppliers and cus-
tomers) do not have access to CAD software. Therefore, visualization tools that enable
the users to access and present the MBD datasets are vital. Data content is another
process issue, because downstream users need to be confident that the MBD datasets
will carry the core of a drawing and the required management elements.

The single sourcing and use of data are important for manufacturing operations and
production planning, e.g. computer aided manufacturing. Users need that an MBD da-
taset is in machine-readable form, a representation of product definition. This approach
can ensure the seamless single source of product definition and minimize unnecessary,
distinct errors due to human intervention, e.g. in off-line programming of toolpaths.

Version management means that an appropriate method must be available in order
to manage and record revisions of MBD datasets. Data security is another issue, be-
cause a mechanism that incorporates security features (confidentiality, authentication,
integrity and non-repudiation) when accessing, exchanging and interacting with MBD
datasets will be required. Both of the issues appear to be general barriers against MBD.

Data retention is another general issue against the use of MBD, because usu-
ally only 2D data is stored and used for legal or business purposes. The distinct exam-
ples of this are:

A request for quote

Validation and release

Manufacturing

Inspection

Certification

Engineering change management (ECM)
Long-term storage

Traditionally, drawings are considered as the controlling contract document with cus-
tomers and suppliers. Drawings, electronic, printed or microfilmed, are the usual me-
dium to safely and securely preserved the product definition, which allows for product
maintenance and data reuse.

Legal issues. Governments control very strictly some products and industries such as
medical, military, construction, aircraft and vehicle industries. All products and pro-
cesses of them, need to be done very properly. Herron [9] has found five main barriers
to overcome on the road to adopting MBE:

1. Decision makers need more information about Model-Based Engineering
2. Holes appear in the technology tapestry of Model-Based Enterprise.

3. Standards do not address large-scale assembly integration into MBE.

4. Agreement on authoritative sources needs to be determined.

5. Change is hard, that causes often change resistance.

All the legal issues cause a general barrier against the adoption of MBD, even though
they may appear distinct issues alone.



Summary of barriers. For a company, transition to MBD is an investment and each
investment must pay off in a form or another. Change from traditional product defini-
tion to MBD is a project, which must result with a higher benefit than the investment.
Thus, the business case for a MBD project is necessary.

A company has usually invested in the legacy processes and archives of designs in
files and models. The legacy product data is an illiquid asset and a company usually
cannot convert it easily into another format. Getting rid of or the re-design of a large
set of designs into a new format may not be appealing. The amount of legacy data can
be large in a company that has to manage it along with new data. Some companies have
stored legacy data to different databases or systems than the new data. It may not a
viable option to combine old drawings and 3D models to a new system. Eventually, the
size of the new database can be much larger than the legacy data.

When adopting MBD an organisation is not only changing technology but also mak-
ing changes in engineering design and manufacturing engineering processes. If the
technology and the processes do not comply with each other, it may be difficult to mo-
tivate the change. However, the technology has to provide seamless digital thread for
computer-integrated processes. The business and legal processes contain distinct issues
that as a whole cause a barrier against the utilization of MBD.

2.5  Product definition in an Ecosystem

A single enterprise is hardly responsible of both design and manufacturing of all the
parts and product definition is a matter of inter-organizational communication. Organ-
izations must exchange product definition, either in a form of MBD or traditional doc-
ument-oriented definition, between engineering and manufacturing organizations.

Digital Extended Enterprise. A whole supply network may form a digital extended
enterprise, if the given conditions on e.g. business development, processes, metrics, and
information sharing are met [13]. The interconnected infrastructure, environment, and
methodology (process, methods, and tools) used to store, access, analyze, and visualize
evolving systems' data and models to address the needs of the stakeholders [14]. De-
veloping a digital extended enterprise requires development activities in many fields
and product definition is one of them. However, the development should occur with a
balanced manner, because the key development areas are interrelated. [15]. The utili-
zation of a digital extended enterprise can lead to remarkable improvements for exam-
ple in the reliability of suppliers’ deliveries and quality. The concept of single sourcing
is essential in the digital extended enterprise, because in it the up-to-date digital defini-
tion is shared, version management enhanced and access to consistent product defini-
tion ensured throughout the extended enterprise [13].

Ecosystems. An ecosystem is always a unique concept, which has a unique set of actors
and interactions [16]. The ecosystem has borders and each actor has a certain role,
which may differ from roles in other ecosystems. The borders can be set by geograph-
ical scope, by temporal scale, by permeability, as well by types of flows (material,



knowledge, value) [16]. As well as the ecosystem, have actor’s common target and
purpose to act to serve the whole ecosystems benefit. Typically, the manufacturing eco-
system, which is one type of business ecosystems, consists of a keystone, a niche, a
commodity and a physical dominator (PD) [17]. The keystone is the company, which
dominates the value of the ecosystem. It also protects the ecosystem against other eco-
systems, and it provides rules and standards for other actors in the ecosystem. Niche is
the actor that has special skills and technology. Physical dominator occupies a wide
range of technology and services in the ecosystem. However, the physical dominator
results a low level of innovation. The commodity competes with price and volumes by
producing components with a large series.

Collaborative networks as well as an outsourcing, according to the standard ISO 44001
[18] belong also to business relationships. They have similarities with business ecosys-
tems like common target with each actor but also differences. The collaborative net-
work and the outsourcing may function between two companies only. The other com-
pany sells products and/or services to the other and each company develop its business
individually. Each actor in a business ecosystem needs to develop business on the eco-
systems’ point of view.

3 A Case of a product definition in the manufacturing
ecosystem

Several manufacturing companies and three research institutes are carrying out a joint
development and research project under the title “Intelligent Manufacturing Ecosys-
tem” (IME) during 2019-2020. The companies presented in this chapter are part of the
project consortium, but not the whole consortium. The project IME has three themes
focusing on intelligent materials, engineering and manufacturing, and ecosystem.

Table 1. Characteristics of case companies (values from 2018)

Position Turnover | Result | Specialization Person- Actor /
(M€) / (M€) nel role
Customer 1 000 155.6 Dedicated mobile | 2009 Keystone
machinery
Supplier A | 15.7 1.8 Bearing sleeves, | 85 Niche
material expert
Supplier B 12.5 0 ETO Gears 62 Niche
Supplier C | 9.4 0 Subcontractor ma- | 50 PD
chine shop
SupplierD | 7.6 0.3 Subcontractor ma- | 40 PD
chine shop
Inspector Measuring Niche

This case study is part of work package the integration of engineering design and
manufacturing and it focuses on five industrial companies of the IME (see Table 1).



One of them was the customer company for the other four companies, i.e. suppliers.
The customer has outsourced part manufacturing and the suppliers deliver components
and subassemblies that the customer designs and assembles in its products. In the case,
the customer acts as a keystone, the suppliers A and B can be described as a niche and
the suppliers C and D are typical physical dominators. Albeit, the nature of the ecosys-
tem in this research is kind of niche itself and the size of product series is relatively
small, the Suppliers C and D represent a commodity in this ecosystem and context.

In addition, the sixth organization acted as a niche actor for the manufacturing eco-
system by replicating the measurement operations in the laboratory of the university
(Inspector). The laboratory has the digitalized, integrated measurement facilities, such
as similar CAx environment than the Customer and coordinate measurement machine
(CMM). During the case, the Inspector made measurement tests to find out how feasible
the PMI-model is when measuring a part without engineering drawings.

3.1  The ecosystem members

The Customer — a keystone. The customer company of the ecosystem is manufactur-
ing mobile machinery for a dedicated, niche purpose. The international corporation, the
customer is part of, is investing 18 M€ on developing an R&D center in Finland. The
company has recognized that it must update the technology of the key module of the
product offering and at the same time modernize the factory that produces the module.
While the factory is undergoing a large modernization and automation project, also the
processes and management of product definition, production, supply chain collabora-
tion and information exchange must be re-considered. The objective is to enhance in-
formation and material flow, radically increase agility and to reduce throughput time in
both product development and in production processes. Simultaneously, the company
must maintain or improve the high level of quality. The role of networks and manufac-
turing ecosystems is critical in the achieving of the objective, while the company is
solving many issues on production, engineering and collaboration. For all this, the com-
pany has launched a manufacturing ecosystem project with selected supplier compa-
nies, IT-vendors, consultants and researchers from different institutions.

In the project, the customer company is aiming at Model-Based Definition internally
and in the ecosystem where it is collaborating with its key suppliers. However, the
company must recognize how far the suppliers are able to go with MBD. In the begin-
ning of the ecosystem project, the company recognized that drawings were still a master
of product definition for it even though drawings always accompany a part model in
the native format of the CAD system (NX by Siemens). The intent of the company is
to change this so that a model will be a master file, sometimes accompanied by a draw-
ing. Along with this, the company will take into use MBD and derive drawings when
needed. In the beginning most of the suppliers relied solely on part drawings, while
some received the geometry in STEP- or JT-files. The aim is to study the potential of
sharing MBD files with the selected suppliers.
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Supplier A - niche. The supplier A has also a long history of manufacturing machined
products as parts for the machinery. Typically, the parts are sleeve bearings for large
installations in demanding conditions. On top of only machining parts, the company
also casts the blanks of bronze for products. The material is mostly re-cycled from out-
side and within the company. Typically, the parts are axially symmetric, and the geom-
etries are quite simple, and invariant. The number of customers is large and stable, when
the company’s ability to deliver bearings and gaskets with special alloys at a short no-
tice is an asset. In addition, material management is a competitive asset for the com-
pany.

The product documentation is typically in the format of part drawings, stored either
in paper archives or in PDF files. The company did not indicate a need to change the
way of managing product definition, because the geometries of products are rather sim-
ple and persistent. In addition, changes in the way of work for just one customer do not
pay off in the case of many customers. Instead, automation and managing the flow of
material and the management of materials in general may be more appealing invest-
ments for the company.

Supplier B — niche. The company manufactures components for gear installations with
high performance requirements. An asset for the company is the ability manufacture
specialized gears with high precision and to sustain the high quality of products. There-
fore, the geometries of the parts do not follow standardized modules of part geometries.
Therefore, the company has specialized grinding tools for the special gear geometries.
When considering the routing of the parts and products, the management recognized
that the company would benefit from the MBD only in the very first stages of produc-
tion or in the final inspection of parts, which sums up only about 20% of the whole
production. Thus, investing in MBD is not an intention of the company and the focus
is on enhancing the production management and flow of production. None of the sup-
pliers had already a dedicated manufacturing execution system, but supplier B was im-
plementing a system for manufacturing operations planning, simulation and manage-
ment.

Supplier C — physical dominator. The case company has a history of 50 years of part
manufacturing with more than 30 machining systems such as NC controlled lathes and
machining centers, robots for tool and part exchange as well as a dumbwaiter and a
CMM. The clientele is quite large, comprising of both many national and some inter-
national customers, who deliver part documents in PDF-files and sometimes the geom-
etry of parts in native CAD or STEP format. The products are prismatic and axially
symmetrical machined parts and a team of few experts does the toolpath programming
of parts. The variations of parts and part geometries exhibit in complex part documen-
tation. The flexibility and the expertise of the CAM team are assets for the company.
Typically, a new, complex part geometry takes one day of offline programming.

The company has automated part and tool exchange to certain extent, but due to the
small series of products, full automation is not feasible. A typical set size, the company
reported in an interview is approximately 40 pieces. A separate unit does the inspection
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of machining and the set of tools such as CMM system deliver measurement reports in
PDF format. The labelling of products and document management is manual.

An asset for the company is the expertise in heavy machining and the continuous
modernization of equipment. The company is aiming at streamlining the computer
aided manufacturing of parts. For this purpose, the company has been introducing the
same NX CAM as some of the main customers of the company have already. Therefore,
the company expects that the use of MBD is going to replace part drawings, in some
cases. The company may also invest in managing the data from quality assurance, i.e.
the CMM data, so that the customers investing in MBD would be served better than
drawing oriented customers.

Supplier D — physical dominator. The manufacturing company focuses on subcon-
tracting machined parts for a limited set of customers. The company delivers more than
75% of production value to two main customer companies. Typically, the toolpath gen-
eration relies on part geometry in STEP-file, and the drawings indicating the tolerances
and surface qualities of the parts. The company makes part inspection with CMM’s,
but statistical process control is not possible due to a small series (less than 40) of pro-
duction.

One of the assets of the company is the marking of the parts so that the traceability
of the parts is possible. In general, the company is rather development oriented, and it
is investing in MBD as well as in automation.

Inspector-Niche. Tampere University of Applied Sciences (Tampere UAS) had a pilot
project in Intelligent Manufacturing Ecosystem, with supplier and its customer. The
target was to find out the benefits of using PMI data with coordinate measuring machine
comparing measuring by traditional way.

B
1. Measuring process without PMI-data 2. Using CAD-model and MiCAT Planner 3. Measuring by using PMI|—data
Making measuring program *  Making measuring program by * The workpieceis able to measure
manua’\ljly from drawing by Mlltutoyo offline programming = saving even 3...4 times faster than in the
MCOSMOS program (manual way) measuring machine running time case nro 1and case nro 2
’ Egiz::]r;gtetrsenrgiaj;lryerrsxz apr:(cimess Measuring programis able to * The results have been promisingin
optimize by simulating this measuring process

-> the risk for mistakes is big

+ slow and expensive way to make
mesuring program

Fig. 2. Three ways to measure the workpiece by using coordinate measuring machine (CMM).

The laboratory set up resembled the actual situation within Supplier D, but the Inspector
utilized the MBD instead of traditional part definition in the measurement operations.
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Thus, the Inspector’s laboratory tests provided a comparable empiric evidence on the
utilization of different forms of product definition.
The empiric research brought forth several direct benefits:

e Measuring by using PMI-data is 3...4 times faster than in traditional way

e The more features there are to measure, the more evident the difference between the
traditional way and using PMI-data becomes

e Applying PMI, improves the lead time of production

e The benefit is bigger, if production batch is small

e Measuring process with PMI-data is simpler, so it is easier to teach more people in
the production to use measuring machine

One may regard the benefits above as distinct benefits that Supplier D can gain within
the quality control operations of the company. Likewise, the supplier C might have
similar benefits in quality control, although the replication did not include data from: it.

4 Results and discussions

In this article, we have studied several barriers and issues in introducing model-based
product definition with a literature research as well as by studying the case of manufac-
turing ecosystem. On top of the qualitative assessment of literature and material from
interviews, researchers conducted an empiric study replicating the measurement oper-
ations of a company. Some of the results of the empiric study are quantitative.

It is noteworthy that companies can solve many of the technical challenges and MBD
is a feasible option to represent product information within a manufacturing ecosystem.
Moreover, MBD is a specific topic for a manufacturing ecosystem, because its’ mem-
bers add value to the ecosystem with different means. For example, single sourcing is
a mutual, general interest that can benefit the whole ecosystem, but often with an indi-
rect manner.

A decisive challenge for the adoption of MBD in an ecosystem is the community
nature of MBD as it is a means of communication and, thus, requires that both sides of
the communication, which are the maker and the users of documentation, agree upon
the means. Within the challenge, a general issue that both Ruemler et al. [6] as well as
we acknowledged is the reasoning of business investment in MBD. In an ecosystem,
the mutual, comprehensive model of ecosystem business case is needed in order to bal-
ance the investment and value added. There, the concept of dispositions by Andreasen
& Olesen [19] may a viable option to represent the relations between the members of
manufacturing ecosystems.

The second issue to acknowledge is the co-existence and the need of several ecosys-
tems. Along with business ecosystem there is a need for knowledge ecosystem that will
enhance the knowledge on MBD. For example, to a manufacturing service provider or
a supplier the potential of MBD and the ways of presenting e.g. geometric tolerances
with MBD require often the introduction of new knowledge. Investing in education on
utilizing Model-Based Definition [20] can lower the barrier to adopt new methods.
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Also, the versions of software brands support certain standards of MBD representation
while other versions do not.

The software and the related standards form an innovation ecosystem that runs ac-
cording to its own rules. Being aware and solving the issues of interoperability requires
knowledge on the rules. In practise, companies can avoid the incompatibility issues
between systems and software by using similar systems or file transferring formats.
Nowadays several 3D CAD software include smart tools for file transferring and
Model-Based Definition. Standards, such as ISO 16792 and ASME Y 14.41, have been
supporting digital product definition for a long time.

Revision management, data retention, data accessibility and visualization all can be
managed by modern systems, but they require the adoption of mutually operated pro-
cesses. In a business ecosystem the setting of the rules for digitally enhanced processes
is another topic worth noticing. When considering manufacturing ecosystems as well
as supply chain networks, to be able to act in digital process, it is fundamentally im-
portant for all actors in ecosystems and networks to have similar abilities of digital
processes. In addition, all actors must have high motivation to change way to work. For
a single company, adopting MBD is a long-term investment and therefore requires stra-
tegic collaboration between the members of a manufacturing ecosystem. Like we have
noticed in the case, Suppliers C & D have challenges in business profit as niche actors.
However, they are motivated to develop processes, such as MBD, and consequently
they are investing in the new way to work. However, the dominant actors, such as Sup-
pliers A and D, find the mentioned barriers, such as lack of recognized benefit and
legacy data, as inhibitors for adopting MBD. The empirical study proved there are leap-
frog benefits using PMI-data in measurement process. To be able to prove benefits can
be found in whole operations processes product lifecycle, more research need to be
done.
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