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ABSTRACT

Demands on shortened development leadtimes in many branches of the manufacturing industry has
implied earlier and more intense efforts of sales, manufacturing and aftermarket preparations than
before. Thus, the need of sharing emerging pieces of the product definition from product development
to downstream processes such as manufacturing and aftermarket has received more attention in later
times. An important view of the product definition is its geometrical representation. Distribution and
use of 3D visualisation data is a critical ability for an effective downstream development.

This work relates to a study in the commercial vehicle industry and concern issues on how to
efficiently distribute configured visualisation data to the aftermarket preparation process throughout
the product development process, including the conceptual design phases. This includes utilisation of
visualisation data for production of service and repair methods, service information, parts assortment
and spare parts information.

The results unfold information needs from, and requirements on the Product Lifecycle Management
(PLM) system, from an aftermarket perspective. These prerequisites are set in relation to available
information technology and utilised or evolved architectural concepts. The analysis comprise an
exploitation of 3D lightweight formats as a mean for carrying geometrical definitions between
processes and organisations, as well as different standards and techniques for establishing a working
application and infrastructure architecture in support. The principal element is an architectural design
for an Engineering Portal (Hub) and adherent feasibility analysis.
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1 BACKGROUND

Product development of today includes management of large quantities of product-related data that is
very often interrelated in a complex way. With the wide-spread use of digital engineering tools, the
data managed normally encompasses multiple views of the product, each of them capturing a subset of
the final product’s properties. In the commercial vehicle industry, the most common view used is the
product’s geometrical representation. It can encompass the visualisation of a single part, a
subassembly or the entire product. The latter are sometimes referred to as Digital Mock-Ups (DMU),
and baselines out of these as virtual prototypes [1]. In a manufacturing company, the product
definition master is normally created and owned by a product development unit. If the product is
complex and comprises many parts, a large number of designers are likely to be involved in its
creation. But a considerably larger number of engineers throughout the company are to be regarded as
potential users of these geometry representations [2]. There is a variety of applications for product
geometries to be found in sales, manufacturing and aftermarket businesses, e.g. virtual order
configurations, virtual manufacturing, virtual service method development and spare parts planning. In
this way, communication of geometry (visualisation) data from product development through the
interface towards downstream processes and their users becomes an important PLM performance
aspect, see Figure 1.

ICED’07/429 1



Product Development /\

Sales

on

CAD

Manufacturing

y Aftermarket

Figure 1 Visualisation data interface for downstream processes

PDM

g
€
5

22

2%
]
82

o

g
=3
g2

o
T e
S8

3
S

&

A not uncommon challenge is that engineering data is stored at multiple physical and logical locations
[3], and that means for consolidating a common view of the product definition are defective.
Visualisation data is most frequently stored and made accessible in native formats with respect to
Computer Aided Design (CAD) and Product Data Management (PDM) systems. This means that
rather expensive and complex CAD systems need to be used to access, understand, and perform the
wide variety of analyses and preparations that need to be done in downstream processes to enable the
sales, manufacturing and aftermarket development.

Concurrent engineering as a mean to speed up development cycles has been given an increased level
of attention in later years. This means that manufacturing and aftermarket engineers actively influence
the product design, even at conceptual stages in the development cycle. Furthermore, it requires that
manufacturing and aftermarket development is started early, to avoid a sequential process and thus
gain time to market with new products. A bottle-neck for boosting collaboration efficiency in this
cross-functional work is the ability to access visualisation data early in the process. In addition, to
control the product configuration throughout the process, thus being able to track all changes that are
performed, becomes very important for tracing downstream preparations to product geometries. This
ability certainly affects quality in engineering work throughout the development process.

New PLM technologies and thinking have emerged during later years. Visualisation data formats and
tools that operate them have been made available through different software vendors and
organisations. The data structures embedded in these formats are reduced to make usage of data easier
in typical downstream functions, e.g. aftermarket support development. Some of these formats have
also been made available for the public, which in turn have enabled certain levels of data
interoperability between different tools. The formats as such are sometimes referred to as 3D
lightweight formats. The multiplicities of tools available on the market that operate on these formats
have due to competition and relative simplicity to develop new software lead to lowered costs.
Furthermore, lightweight formats and related technologies are to be regarded as potential enablers for
managing a multi-CAD environment. Interoperability and related conversion services between native
CAD data and 3D lightweight data are generally available, and could thus constitute a consolidating
engine between different CAD systems, both with respect to product development as well as
downstream processes. In conclusion, there are significant benefits in letting downstream processes
retrieve and do their work based on data in these formats and tools have been easily glimpsed when
scrutinising this technology movement.

2 OBJECTIVES
The prime objectives for the study have been to

1. Identify and describe the needs for an efficient PLM solution with focus on the aftermarket
discipline

2. Map out the essentials of relevant technologies that would help in realising a solution for these
needs

3. Identify a solution concept based on those technologies that would support the aftermarket
business

4, Verify the results through the implementation of a software prototype
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3 RESEARCH METHOD

The research method deployed in this work has to a large extent relied upon active participation in a

research and development project in a large manufacturing company. A series of interviews have been

performed to understand and to map out essential business needs and available solution concepts.

Workshops with practicing engineers have been carried out to continuously verify the researchers’

ideas in terms of how an IT solution that supports the coordination of upstream and downstream

information should be developed. The aftermarket function has been utilised as a representative

downstream function in terms of driving the technical issues in a business and research context. In

additions to workshops, verification of results is performed through the setup and testing of a software

prototype.

Six different scenarios have been utilized to manifest aftermarket needs and requirements.

1. Information retrieval and change notification

2. Feedback to product development, including maintainability analysis and service method
development

3. Authoring of interactive 3D information for service method production

4, 3D simulations for training of workshop mechanics

5 Production of 2D information illustrations and images, which applies to both service
information and spare parts information production

6. Production of high quality illustrations for training and marketing purposes

4 NEEDS AND REQUIREMENTS

4.1 Analysis

The increased demands on shortened development leadtimes in the commercial vehicle industry has
necessitated more focus on cross-functional efforts in early phases of product development. Typical
aftermarket products that are worked upon, related to, and in parallel with design work, comprise the
service and repair method system and the spare parts system. In the conceptual design phases of a
product development project, much effort from the aftermarket side regards requirement engineering
work, and thus to provide feedback to designers on their concepts. The earlier an aftermarket analysis
on strengths and weaknesses of a particular product design could reach its originator, the better
prerequisites for reaching a sound solution [4]. In addition, the better chances of cutting time to market
as well. One kind of aftermarket feedback that can be provided to product development originates
from maintainability analyses on design. It relates to service method development. Another kind of
possible feedback originates from availability analyses on the design in conjunction with different
variance distribution analyses. It relates to spare parts planning.

In the detailed design phase, much effort is spent in systematically verifying technical solutions and to
drive adaptations of the products to aftermarket operations. An easy retrieval and an efficient use of
visualisation data during this phase is a mean for sustaining product quality, but also to avoid
expensive use of physical prototypes. Development of the aftermarket support system is being
initialised here. It is however completed during the industrialisation phase. Aftermarket design items
worked upon include repair/service methods, service information, parts assortment and spare parts
information.

Technology developments in the visualisation area in recent times do provide new means for
delivering an enhanced aftermarket support system in conjunction with the actual products.
Traditionally, service and spare parts information have been delivered in 2D on paper format. Also
training material for workshop mechanics has been in that format. Improved hardware and software
technology today enables this kind of information to be delivered as a virtual product in 3D through an
interactive methodology. Producing such systems set new demands on repurposing of visualisation
data along the development process.

To secure consistent work on the aftermarket side along the development process some key functional
requirements that regard information management have been identified. These are important needs as
the product definition is in a constant move all along the process, including product variety aspects as
well as change management aspects.

Correctness — The correct information should be available for use at all times. All measures performed
need to be based on correct and valid information. It is essential that engineers at the aftermarket side
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are continuously informed about any changes in their used sets of information. The users may then
decide if the changes received require any actions on their part.

Configurability — An important matter for aftermarket is the ability to configure product data for
analysis and preparations. With respect to visualisation not only the configured item in itself is of
interest, but also the surrounding geometry. Especially service method preparations regard this issue
since key elements of the work comprise clash analyses.

Traceability — It should be possible to trace and control information created and owned by product
development, which is used by aftermarket engineers. There is a need to keep track of changes, thus
enabling work on the relevant information items. E.g. to keep track of visualisation data used to evolve
and document a service method or training illustration. Inversely, the ability to relate aftermarket
information items back towards the upstream structure is important as it can enable designers to take
notice of the impact of certain analyses, e.g. a space claim for a disassembly.

System flexibility — Many off the shelf software applications adapted for aftermarket preparations are
highly specialised. Therefore, interoperability aspects towards existing PLM environments become
important. The introduction of a best of breed approach in terms of supporting software for
aftermarket analyses and preparations is advocated in terms of increasing productivity. The
introduction of interactive 3D in aftermarket support products emphasise this even more.

Business flexibility — Means for managing a heterogeneous PLM environment are important in the
industry subject to study. Different departments or areas on the product development side are using
different CAD and PDM systems. In connection to that, the upstream information interfaces need to be
easily handled. If a single and open interface in cross-section between product development and
aftermarket were to be provided it would ease daily work for aftermarket engineers, but it would also
allow easier adaptation of enlarging the scope of aftermarket preparations.

4.2 Synthesis

There exist different architectural concepts that realises the needs conveyed in previous section. The
use of a multi-CAD and multi-PDM environment for different areas of the products lead to difficulties
for downstream processes to put together a comprehensive view of the product data. A consolidation
of product data, including both structure and visualisation data is one step towards complying the
business flexibility need. One application architecture concept could be to consolidate towards one
single CAD system and one PDM system used upstream. Another option is to implement a
middleware in between the heterogeneous PLM environment upstream and the systems and databases
used downstream for analyses and preparations. We hereby refer to that alternative in terms of an
Engineering Hub. Such a hub, as illustrated in Figure 2, should supply correct and relevant product
structure and visualisation data to aftermarket engineers. It should furthermore provide a product
configuration capacity, which should enable engineers to configure products according to their needs.
Even though the hub in itself does not need to contain all upstream and downstream product data that
exist, it should provide mechanisms for retrieving data and getting the user notified on changes in the
data sets of interest. It should also supply the necessary tracelink between product development and
aftermarket product data.

Configurability
Typical aftermarket products:
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Figure 2 Engineering Hub concept in context
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An Engineering Hub as outlined need to facilitate the provision of visualisation data. That could be
data in native CAD format. However, technology movements in recent times have entailed the
development of 3D lightweight formats [5, 6] as possible information carrier. Data provisioned on
these formats reduces the need for storage capacity and reduces data transfer times significantly as the
formats support enhanced data compression and streaming capabilities. Some of these lightweight
formats are neutral with public specifications, e.g. the U3D [7] and JT [8] formats, which in turn
enables software vendors to support them e.g. in applications adapted for aftermarket analyses and
preparations. The additional provision of visualisation data in the Hub through a commonly used
lightweight format would be to increase the ability to adopt a best of breed approach in terms of
systems to be used on the aftermarket side. If all configurable visualisation data was to be provisioned
through the Hub on a single lightweight format, difficulties would cease in terms of retrieving design
data.

The overall picture provided in this section of an Engineering Hub constitutes the founding body for
the discussion onward. The conception of a hub mechanism, as illustrated in Figure 2, is a promising
way for realising the functional requirements stated in Section 4.1. It should however be emphasised
that there are multiple ways of implementing an application architecture that encompass such Hub.

5 SUPPORTING TECHNOLOGY AND CONCEPTS

5.1 3D lightweight formats
PLM is greatly facilitated by access to 3D visualisation data. The original authoring of this data is
mainly done in CAD systems and the data which these systems create usually has a format specific to
the system, contains a lot of detailed information, and as a result, leads to file sizes which are
relatively large. For most downstream PLM tasks it is sufficient to use only a portion of this
information. Handling smaller amounts of data also increases the overall efficiency of downstream
processes. This has been the incitement behind the creation of 3D lightweight data formats.

The advantages in using lightweight visualisation data are that a) it contains only relevant data, b) has

a significantly smaller file size, c) has shorter data transfer and loading times, and considering

downstream aspects, d) format originators have ambitions for a widespread use of their format which

should lead to good availability of (inexpensive) vendor tools that can handle the format.

Apart from storing geometrical information, 3D lightweight formats may also contain textures and

light sources, metadata, such as Product Manufacturing Information (PMI), and information regarding

product structure. This information is sufficient for simple analyses, e.g. clearance measurements and
collision recognition.

Basically, lightweight format file creation is a push from a part or an assembly. When the

part/assembly is modified, the derived lightweight file needs to be recreated. The 3D lightweight file

does not contain configuration data because it is a representation of a resolved configuration.

Among vendors and their 3D lightweight formats, the most notable are

) Adobe and Intel with U3D (Universal 3D). Adobe and Intel are the main sponsors behind the
3DIF Consortium which have chosen U3D as an industrial standard. The U3D format is used in
Adobe’s Acrobat 3D, which enables 3D CAD models to be integrated into Acrobat products.
Here, 3D PDF files are used with authoring technology from Right Hemisphere.

) UGS and the Open JT Consortium with JT (Jupiter Tessellation). UGS in the main sponsor of
the collaborative format JT and initiated the JT Open Consortium to help spread the format. JT
is flexible, scalable, and toolkits are available to help 3rd-party developers to embed JT into
existing applications which has lead to a broad range of these.

o Dassault Systemes and Microsoft with 3D XML. Dassault and Microsoft have a signed strategic
cooperation agreement to develop the 3D XML format. The 3D geometry representation in the
3D XML files is in the XVL format from Lattice Technologies which supports many CAD
formats. 3D XML has currently only limited 3rd-party support.

o Autodesk with DWF (Design Web Format). Autodesk has chosen to support the use of DWF
through free DWF writers and viewers. Previously used mainly for CAD2CAD data exchange,
the new Autodesk Design Review workflow is now helping non-CAD users to participate in
collaborative processes using the format.
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Common for these formats are that they in a varying degree are non-public. U3D and JT are in

principal recognised as the most open formats, whereas 3D XML and DWF through the same view are

recognised as the most proprietary ones.

Widespread use of a lightweight format is tied with its ability to provide for a wide range of needs.

This has lead to the identification of the following key functionalities and capabilities to be associated

with 3D lightweight formats.

1. Openness — referring to access of the data model describing the format

2. File size/compression rate — which influences the handling of format files

3. Quality levels/Level Of Detail (LOD) — which concerns the precision in geometric
representations

4, Performance — with regard to generation/load times and run-time memory consumption.

5. Product structure support — which determines the ability to handle configuration information

6 Support for 2D imagery, rendering data, animations and kinematics — which enables
documentation, visualisation, and dynamics

7. Management of metadata, attributes and references — which facilitates the addition of
information at the part file or assembly node level

8. Application and format generation support — which gives the freedom of choice of format tools

Distribution of 3D lightweight data to aftermarket and the realisation of the Engineering Hub concept

led to the conclusion that (1), (8), (4) and (5) are to be considered as the most prioritised aspects. With

respect to Openness, increased competition among vendors of applications supporting the format tends

to lead to a wide range of (inexpensive) and rather high performing tools. Abundance of applications

supporting the format and the availability of translators from proprietary CAD to 3D lightweight

formats increases the attention that must be set on Application and format generation support. The

Performance issue include the need for acceptable loading speeds (including on-the-fly conversions)

and run-time memory consumption. To conclude, Product structure support is a mean for variant and

configuration information management.

5.2 Configuration and change management

There exist several descriptions of what configuration management is. In the context of aftermarket
and its needs to configure visualisation data throughout the development process, ISO [9] provides a
sufficient definition. Product configuration is concerned with the description of the composition of
specific products, which includes specification of the actual constituents of a planned or actual
product.

In the context of design work and aftermarket engineers’ utilisation of visualisation data it is important
to distinguish between non-configured structures on a type level and configured structures on a
planned product level. All geometries are not subject to configuration control, especially not in
conceptual design phases. But those that are, must be made available for downstream use. In addition,
the configured parts or assemblies in focus must include a surrounding geometry component. In turn,
these set hard demands on the configuration system, including processes and tools, that are needed to
support these engineering activities.

The product definition changes and matures throughout the development process. From a product data
management perspective, we refer the efficient administration of this phenomenon to the concept of
change management. Again, according to ISO [9], change management involves the changes over time
in a product as new versions of a product and/or it constituents are developed. An important aspect of
change management regards traceability, which is the possibility to trace consequences of a possible
or conducted change in one area to another area of the product. In the case of synchronous product and
aftermarket support development, the ability to understand and to manage changes in the product
definition towards e.g. maintainability analyses becomes obvious.

Facilitation of a cross-functional change management is one of the cornerstones that must be provided
in the realisation of an Engineering Hub. It should encompass means for traceability on a configured
item or assembly level, between the as-designed and the as-maintained views of a product, thus
enabling engineers of different domains to act efficiently the development process.

5.3 Supporting architecture

From an application architecture point of view there are at least two extremist concepts that are
possible to use for implementing a solution that supports the needs, given that off-the-shelf software
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should be utilised. One concept comprises the exploitation of a very limited number of softwares, for
virtual product and aftermarket support development. Softwares should be selected to secure a very
high level of data interoperability between applications deployed in different engineering domains.
The other concept aims at facilitating an open architecture and allows the adopting of a best of breed
approach in terms of software deployment in different engineering disciplines across the PLM
ecosystem. In this case, data interoperability is secured through manifested data interfaces between
applications.

The first concept has the result that the vendor(s) becomes the owner of the information architecture,
and that the business becomes heavily dependent. An advantage is the company (customer) does not
need to get profoundly involved in development and maintenance of application interfaces. The
second concept necessitates a large engagement in information architectural issues, and thus also
interfaces issues regarding application-to-application data communication. An advantage related to
this concept regards liberty of action in terms of introduction and phase out of particular applications.
It is advocated that an open architecture best oblige to the conditions for aftermarket. That prerequisite
does however emphasise the importance of a distinct information architecture, i.e. definition of
concepts, semantics and data structure. Good support for elucidating the corporate information
architecture can be found in various industry standards, e.g. in STEP [10]. Such standard can be either
use as-is or customised to a particular need. A high level of conformance towards industry standards
increases the prerequisites for succeeding in achieving easy to develop and easy to maintain
application integrations, and is thus beneficial also from an economical standpoint. A trend in today’s
PLM is Service Oriented Architecture (SOA), which aims at formalised methods of integrating
applications into the enterprise architecture [11]. In short, SOA is an architectural style that separates
implementation of services (functionality) from the service consumers. One frequent realisation of
SOA is that of web services [12], which make up a standardised interface for information exchange.
Enabling web services are now emerging in the PLM area [13, 14]. A very clear advantage with SOA
and web services are that maintenance costs can be kept to a minimum, and that they facilitate means
for providing flexibility in terms of choosing PLM components.

6 RESULTS

With respect to technology aspects and identified concepts it is possible to evolve a conceptual
application architecture that has the potential of being a further step forward. The architecture, see
Figure 3, does not in particular consider information and infrastructure aspects other but peripheral.

At first, we recognise that an Engineering Hub must provide some means for data retrieval. It should
then be possible to search, navigate and select product structure and visualisation data through an easy
to use interface. The kinds of information concepts of interest are product structure and part
information, including version and effectivity attributes. Also, additional information such as
application context (e.g. functional possession) and configuration defining information is needed. It
should be possible to retrieve all this information through the Hub user interface without having to
manually find it in an abundance of CAD and PDM systems. Addressing these issues is fulfilling
aftermarkets’ need regarding Correctness, and constitutes the first step in meeting the Traceability and
Configurability needs.

Visualisation data in the Hub should be made accessible on a format that enables any particular
organisation to identify, download (export), and preferably use it in a specialised tool for analysis and
preparation. This export should facilitate the preservation of product structure and related information
to a feasible level, seen from a downstream perspective. This brings the usage of a 3D lightweight
format to the fore. With respect to ease of implementation (Openness and Product structure support
aspects, see Section 5.1) and eager to adopt a best of breed approach in terms of application strategy
downstream (Application and format generation support, see Section 5.1), it is seen as a necessity that
an Engineering Hub, as described, should be able to provide all visualisation data through a single 3D
lightweight format. However, native data from CAD is likely to be needed in a minor set of
applications in the future, which in turn drives the issue of also making such data accessible in the Hub
as well. To sum up, the need for System flexibility is to be met by this provision of visualisation data.
Furthermore, it should be possible to access product structure and visualisation data of varying
maturity. Early phases of concept design are likely to include only a very limited set of released
product configurations. Hence, there is a need to provide a mechanism for retrieving non-released
CAD & PDM data, e.g. from personal layouts. In this manner, early aftermarket analysis and
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preparation is not prevented, even though such case is not likely to be the most common one with
respect to the entire development lifecycle. Typical information managed in DMU tools in the product
development domain is what should be provisioned to the Hub. The Traceability and Configurability
needs are hereby met.

The first step towards a cross-functional change management is to enable engineers to keep track of
changes in the product data of interest. The facilitation of an automated (or semi-automated) tracking
of changes in the used set of information is needed for a reasonable level of work efficiency. It is very
conceivable that some kind of subscription and notification service is needed, which relates to product
structure items of concern. The Hub in itself does not necessarily need to contain all data of interest (if
implemented as a stand alone solution), but should provide means from retrieving, tracing and keeping
track of change information. Thus, the Correctness need is even met further by the concept.

The Engineering Hub should also allow referencing of information to allow provision of feedback
information. Thus, there is a need to tie feedback information created by any user to a specific
information “baseline”. An example of such feedback information is a resulting space claim from a
disassembly analysis performed by an aftermarket engineer. This emphasise the need for an instrument
that enable downstream users to add data items to the structure provided by product development. This
addresses the Traceability issue.

Thoroughly manifested information interfaces upstream and downstream the conception of an
Engineering Hub are required to enable upstream Business flexibility. The better these comply with
accepted standards and courses of action in industry, the better prerequisites to succeed.
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Figure 3 Conceptual architecture of the Engineering Hub concept

7 SOFTWARE PROTOTYPE

A software prototype implementing the conceptual architecture was built within the study related to
this work. It was build in order to verify the results, i.e. the basic Engineering Hub concept. The
overall setting for the prototype was service method preparation and aftermarket engineers’ feedback
to designers. The prototype was thus delimited to focus scenario 1 and 2, see Section 3. The industrial
setting and the used product data were authentic from a commercial vehicle company. The replace
(exchange) method for a compressor was used to illustrate the overall concept. The compressor in
itself is designed in a number of variants, and is planned for use in a multiplicity of product
configurations. The overall aftermarket goal is to keep the number of service method variants for the
compressor to a minimum. Furthermore, the compressor’s positioning in the product assembly is quite
intricate as space for disassembly is limited. In addition, the surrounding geometry in some way needs
to be retrieved and compiled from data managed in three different CAD vaults, as a result of the
industrial setting. As a preparatory step, live product structure and native visualisation data was
manually retrieved from multiple CAD vaults and then converted into the JT 3D lightweight format.
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This data was semi-automatically stored in commercial software; Share-A-space™ [15], which
conceptually realises some of the basic features wanted for the Engineering Hub. Another part of the
prototype system was a visualisation mock-up tool, to use for aftermarket analysis related to the
method development. In reality, it was only loosely coupled to the Hub, even though the eye should
perceive a tight integration. The software used for realising the analysis tool became Teamcenter
Visualization Mockup [16].

Feasibility of the system was tested through a basic workflow with firm anchorage in the business’
needs, see Figure 4. It included a typical user scenario and encompassed 1) search for a certain product
in the Hub, 2) retrieval of product and surrounding geometry, 3) assessment of result in the Hub, 4)
export of data to system for analysis, 5) service analysis (in this case resulting in a space claim), 6)
publication of aftermarket product data, 7) and finally, setup of a subscription profile for product data
related to the performed analysis.

Order product with
desired configuration

View the result in the
Hub
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Search for product in e

the Hub —
= = i
= T
r -
Export items of interest
to downstream system
Setup Compressor
subscription profile
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Figure 4 Software prototype

The prototype system did not concern all aspects, analyses and systems that need to be supported on
the aftermarket side. But through the scenario represented by the basic workflow it illustrated the basic
principles. The effort supported the presumption that 3D lightweight formats are sufficient for
consumption by aftermarket engineers, besides feasible for consolidation of heterogeneous sets of
native CAD data. Several user groups at the company subject to the related study have been
introduced to the overall ideas and concepts. As part of that they have scrutinised the software
prototype system. The reception from these user groups has been predominantly positive. Even though
not implemented in the prototype, principal applicability of the system with respect to scenario 3 to 6,
see Section 3, was judged as feasible. Validity of the Engineering Hub feasibility has by these means
been verified.

8 DISCUSSION

Distribution and use of visualisation data for aftermarket, but also for other downstream functions, can
be facilitated through the deployment of 3D lightweight formats. Their use fit into the overall concept
for distribution of product data presented in this work, i.e. the Engineering Hub. To improve the
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prerequisites for ease of implementation and maintenance openness (non-proprietary) aspects are
important in the choice of format(s). It is also important to minimise the resulting delimitation that is
attached to a certain choice of format with respect to the possibilities to deploy software components
in the downstream PLM ecosystem.

A means for complying with the information needs of a aftermarket business is to make product
structure and visualisation data accessible through the conception of an Engineering Hub. Such Hub
should fit into an open architecture by defining the standards and technologies to be used. In this
connection, it is important to define the information interfaces between areas of application. This
relates to the open architecture idea and is a requisite for the realisation of the needed services for data
exchange between systems.

A solution that enables aftermarket engineers to search and select precisely the data needed will make
their work more pliable and efficient. Solution features related to the Engineering Hub concept such as
upstream/downstream traceability, cross-functional change management and notification services are
important added value to the basic configuration concept. An Engineering Hub with considerable
configuration capabilities is a requisite for creation of efficient workflows in the aftermarket business.
Such a solution should provide means for downstream structure creation, work and reuse.
Implementing the Hub concept will however require a lot of focus and further elaboration on virtual
development methods in the aftermarket business.

9 CONCLUSIONS

The condensed remarks that concludes this work are as follows

o The choice of lightweight format as a mean to efficiently consolidate and distribute geometry
data is a key issue in providing flexibility for businesses in managing a multi-CAD/PDM
environment and utilising a best-of-breed approach with respect to choices of engineering tools.

o Lightweight formats build on open and publicly available standards is important for minimising
risk and maximising freedom of action in terms of implementing a robust architecture for
distribution of geometry data.

o The ability to adapt product configurations according to the own cross-functions needs is one of
the most important abilities to enable concurrent engineering in early development phases.

o Consolidation of product development and cross-functional information must be enabled
throughout the development process as a mean to effectively manage the evolution of the
technical system (product, production and services).

o The conception of an Engineering Hub for consolidation of upstream and downstream
information is a realistic way of meeting cross-functional information needs.

o Such an Engineering Hub must be able to provide functionality such as product structure and
visualisation data management, cross-functional change management, besides subscription &
notification services regarding changes, in order to support the basic downstream information
needs.

o Establishing a single point of contact for cross-functions to evaluate and retrieve product
structure and geometry data, given a heterogeneous system environment and a multi-CAD/PDM
landscape is an effective instrument for increasing productivity and quality of engineering work.

o The ability to subscribe to, and receive change notifications on delimited sets of the product
definition is a mean to attain effectivity in daily engineering work.

10 FUTURE WORK

Applicability of ideas and concepts provisioned through this work should be tested in other
downstream domains, e.g. virtual manufacturing and sales. As the industrial trend is that suppliers are
getting more and more involved in product development, in earlier phases, with larger responsibilities
than before, this work’s ideas and concepts could be tested as a mean to provide a feasible level of
transparency also there. Building all management and distribution of product data on the same
principles, i.e. with similar processes, tools and methods, independently of whether the information
receiver is an downstream actor or a supplier has the potential of increasing synergies, and thus, to
save resources when further implementing the PLM system.
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