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Abstract
In production of automotive components, control-measuring is an important activity to assure that geometries meet expected tolerances. This is
done via randomly taking parts out of production for control-measuring in a fixture. This fixture is both a tedious and repetitive product to design
and configure. The aim of this paper is therefore to present an approach to adopt a design automation strategy towards supporting the configuration
of fixtures and to discuss opportunities for moving towards a Product-Service System-paradigm in this domain. This paper reports on a
development of a design automation demonstrator to configure fixtures for control-measuring. The demonstrator has been developed in a
commercial CAD-environment and will be deployed through a web-based interface. The paper concludes with a discussion on PSS-opportunities
and how to drive this with a Knowledge-Based Engineering-modelling approach.
© 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 9th CIRP IPSS Conference: Circular Perspectives on Product/ServiceSystems.
Keywords: Knowledge Based Engineering; Design Automation; Mass Customization; Product-Service Systems

1. Introduction
Moving from providing traditional hardware products to
product-service systems (PSS), means that manufacturers’
mind-sets shift from primarily doing cost reduction to taking
on a greater relationship focus, together with customers – being
providers of value. Similarly, suppliers move from being
providers of components to taking on responsibility in the
value-creation cluster, providing proactive value-creation for
their customers. At the same time, they take on added levels of
risk and costs, in exchange for a, potentially, steadier revenue
stream further ahead in the relationship. This, coupled with the
continuous change towards a globalized marketplace, where
companies can no longer rely on regional proximity for
sustaining their business, there is a need to develop their
capabilities for this scenario.
In production of automotive body components, fixtures are
an important part of the ongoing work on geometrical
assurance. They are used to control that the manufactured part,
often formed through a stamping, adhere to the expected form,
within given tolerances. A fixture setup is built-up by a number

of holders connected to a frame (see figure 1). The positioning
of the holders is relative to readily defined reference points on
the automotive body component, which are positioned so it is
possible to quickly measure at a set of defined control points.
By using these fixture setups, it is possible to accelerate the
number of measures that can be made.

Fig 1. A fixture setup for control measuring.
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The fixture setups are configured in a Computer Aided
Design (CAD)-environment, where design experts model the
fixtures, by reference to each automotive body component.
This includes manually positioning each holder relative to
reference points on the component, and fine-tuning their
orientation and positioning on the base-frame.
A major challenge with this is that it is repetitive, albeit it
requires the attention of expert configurators to put this fixture
setup together in a way that is structurally stable and also
efficient from a process and measuring perspective.
With this in mind, design automation seems to be an
interesting approach to explore. Is it possible to capture the
skills of the experts in some best practices, rules or other
knowledge elements that then allows it to be supported with a
design tool for automating, at least parts of the tedious and
repetitive design tasks?
From here on out, the idea is then to further virtualize and
globalize the capability, by putting it in the hands of the
customers through virtual channels. Customers, often
engineers at partner companies in the automotive industry, can
then do more of the configuration work on their own, at their
own desktops. They can then configure the fixture in parallel
as they make their design choices and decisions on their parts.
The aim of this paper is therefore to present an approach to
adopt a design automation strategy towards supporting the
configuration of fixtures and to discuss opportunities for
moving towards a PSS paradigm in this domain.
In essence, the paper is also exploring what capabilities
would be needed for a small firm, here being a support firm in
the value chain that is producing automotive fixtures, to be able
to add value in a large and global business-to-business (B2B)
consortia context.

dashed curves in figure 2). So also in the field of knowledge
enabled engineering, where various knowledge-oriented tools
and methods are applied to move downstream knowledge more
upstream – or to say, to utilize various previous experiences
and learnings from before in the current project.
2.1. Design Automation
Design automation deals with automating design tasks
which are normally carried out in manual fashion by engineers
and designers. Moving to Knowledge-based engineering
(KBE), it is defined by La Rocca ([3]) as:
“… a technology based on the use of dedicated software
tools called KBE systems, which are able to capture and
systematically reuse product and process engineering
knowledge, with the final goal of reducing time and costs of
product development by means of […] automation of repetitive
and non-creative design tasks [and] support of
multidisciplinary design optimization in all the phases of the
design process.”
Verhagen et al. [2] (2012) sees KBE as a way of working,
achieving design automation and knowledge retention.
For a generative KBE-application, a set of inputs are used to
redesign and analyze a generative product model in order to
generate an output design [3], see figure 3.

2. Theory
The design process paradox [1], see expanded version in
figure 2, captures, albeit coarsely, the notion of a catch-22 in
design process-terms.

Fig 3. Generative KBE Application, adapted from [3].

A KBE-system is closely related to CAD, often being
implemented as modules inside CAD-systems, where the
developer writes code to manipulate a CAD-representation of
a product in the KBE-application.
From a knowledge perspective, KBE is motivated and
supported by the application of a knowledge lifecycle [4], see
figure 4. The knowledge lifecycle is devised to support the
identification, justification, capture, formalization, packaging
and activation of knowledge-support solutions on specific
design activities or entities.

Fig 2. Expanded version of design process paradox, adapted from Ullman [1]
and Verhagen et al. [2].

In the beginning of the design project, when the possibility
to affect the design and thus also the committed costs is at its
greatest, the knowledge is also at its lowest. Many strands of
research into supporting and improving product development
focuses on moving the curves in a positive direction (see

Fig 4. KBE lifecycle, adapted from [4]– accentuating its focus on primarily
knowledge capture and formalization.
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Most of the implementations have been limited [2] to major
development projects in aerospace (see e.g., [5,6]) and
automotive sectors. Also, being relatively stable and governed
by rules and standards helps to transform the engineering
activities into a formalized state where development of an
application makes sense from a business perspective.
From a methodological perspective, Methodology and tools
Oriented to Knowledge-based Applications, or MOKA [4], is a
commonly referenced approach, which focuses to a large
degree on the capture and formalization of knowledge elements
for the KBE-implementation. An important factor is the
separation of informal and formal knowledge modeling, where
the former focuses on natural-language descriptions and
evaluation of what should be captured and formalized, using
the so-called ICARE-forms (i.e., the Illustrations, Constraints,
Activities, Rules, and Entities forms). This is then taken into a
format that is closer to implementation in a Unified Modelling
Language (UML)-style format known as the MOKA Modelling
Language (MML). Then, (still) the developer needs to
manually code the applications in the solution of their choice.
At the centre of a design automation application are various
types of rules (i.e., logic rules, math rules, geometry
manipulation rules – see [3]), which control the flow of
selections and decisions being made by the system, and thus
allows more advanced capabilities to be captured, than what a
parametric CAD application can capture otherwise.
There are strong arguments [2] both for and against adopting
KBE. Arguments for concern rationalisation and automation of
conceptual and preliminary design, because here a lot of the
costs are committed. With capabilities, offered by KBE, to
reduce the amount of time-consuming routine work in the early
phases, there is opportunity to spend this gained time on more
creative exploration of alternatives.
Knowledge re-use in a guided KBE framework can help
save time, and thus either reach markets quicker or to allow the
engineers to do more iterations of the same design tasks in the
same amount of time, or both. See figure 5. Similarly, KBE can
be used also to support mass-customization [7], where use of
knowledge sources to drive variation of product features allows
designers to create variant designs with little additional work
effort.

Fig 5. Potential time gains with KBE, adapted from e.g. [2].

Therefore, the greatest benefits from KBE are drawn when
product that is being designed changes very little from one
generation to the next, and thus the parameters representing the
design knowledge are relatively stable.
Conversely, arguments against [4] applying a KBE- or
design automation-approach include having a too
straightforward design task, there is no organisational will or
business case, there are too many changes going on in the
design process, the knowledge is not available, and it is difficult
to define the process.
In addition, the core focus on knowledge capture, retention
and re-use, sets it aside from other automation techniques
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because it is also about ensuring that knowledge is available for
re-use based on the continuous lessons learned.
As a final note on this topic, applications can be packaged
in a graphical user interface (GUI), where users are permitted
to make choices and selections as designed by the knowledge
engineer/developer.
2.2. PSS
Products and services combined in a system to deliver value
and functionality for users, is known as product-service
systems (PSS) [8]. Companies provide customers with desired
outcomes [9] instead of products.
There are three different types of PSSs [10]; product-, use-,
or results-oriented offerings. Product-oriented PSS depicts that
the provider commits to deliver services in addition to the sold
product [10]. Use-oriented PSS implies that the provider does
not sell the product but makes it available under a leasing
agreement [10]. Finally, result-oriented PSS means that the
provider delivers a certain result to the customer rather than a
specific product or service. Barquet et al (2013) [11] have
developed a framework that comprises of three parts; the
business context, the types of PSS and the PSS characteristics.
The business context analyses the current situation with the
PSS requirements and restrictions to decide whether to develop
a new or an existing model. The types of PSS relate to which
of the three (product-, use-, or results-oriented PSS) options
best suits the goals. Finally, the last step embraces what is
needed to develop and deliver the PSS offer, noted in the
business model canvas format. The idea with the approach is to
give companies a reference for PSS implementation.
PSS development is known as functional product
development [12], where the solution (any combination of
hardware, software and services) is developed in a coordinated
development effort. Understanding the customer needs will be
paramount [12] as well as developing new competencies,
especially in the interface with the customer in order to tie them
closer into relationships [12]. The PSS is conceived with a
system view in mind [13]. PSS offers the opportunity to
decouple growth from increased material consumption [14],
thus serving an opportunity for reduced environmental impact.
PSS offers opportunities for mass-customization or product
customization [15]. This can take the form of more diverse
product features, but also a combination of product and service
components [16] to better serve the customers’ needs.
3. Research Approach
This paper presents an approach for automating
configuration work of production fixtures. It is essentially an
initial case study [17] that intends to bump-start a development
into lowering the threshold for design automation and
knowledge-based engineering and thus, through the reduction
of repetitive work, provide firms with the much-needed “slack”
that allows them to focus their capabilities on further value
adding activities and also to approach more opportunities that
would otherwise have been difficult for them.
From the perspective of the partner firm the idea is that by
offering their expert design capabilities as a design automation
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tool, they can offer their customers the chance to co-design the
fixtures and thus take a larger market share.
As part of this case study, a demonstrator tool is being
developed that aims to convey an early example of this type of
tool. This paper presents this demonstrator, with a view of
opening up a discussion about this type of approach, and what
future development would be feasible to support designers.
4. Result
This section will present and outline the early steps towards
a web-based Computer Aided Engineering (CAE) configurator
that aims to enable a PSS-approach towards offering
automotive fixtures.
4.1. Modelling approach
The development work was initiated by the design expert
presenting and walking through the use of the existing as-is
technique for configuring the fixture setup. This part starts with
analysis of the CAD-geometry parts that their customers
supply. Here, the designers responsible for the part have in
almost all cases already outlined the points where control
measures should take place and where the holders should be
located. Often the expert mainly needs to control this, and
sometimes tweak it slightly, and then move forward with
configuration of the setup. The first step is to identify
connection points. Then holders are imported, locked onto the
points and oriented so that they can be connected with a base
frame, which is used to support it. This frame is then imported
as a base version and reconfigured in a few steps to support the
fixture. Finally, the expert controls by means of quick
simulation that the measuring is possible to achieve. Based on
this, instructions and documentation is produced, and finally
the customer receives a quotation. If agreed, this fixture setup
is produced, assembled, controlled, and finally delivered to the
customer.
After the first level of knowledge capture, a mock-up was
produced and then communicated to the experts for iteration
and validation of the approach.
Then, some further clarification and finer knowledge
capture has taken place. In this case, the required knowledge
relates to geometrical choices and limitations. Also, some rules
of thumb for how to structurally support the frame is included
as consideration.
Then a demonstrator tool was developed to explore the
application of the approach at hand.
4.2. Capturing the knowledge
The activity process (as described in the previous section) is
as outlined in figure 6; it is a relatively straightforward process,
albeit with some considerations and feedbacks going on where
the fine tuning goes on.

Fig 6. The process steps that is performed.

The structure of the product, as outlined from a design
automation perspective is presented in figure 7. Here the fixture
setup will comprise of the customer product, a holder, which is
an assembly that can be retrofitted with a spacer, and then
finally the frame. In reality there are some more components
and small parts, but from a modelling perspective these are as
interesting as a bolt or a nut.

Fig 7. Structural breakdown of the fixture setup entities that are of interest
from the design automation perspective.

4.3. Design Automation for Automotive fixtures – The
Demonstrator
The demonstrator is developed as a toolbox in the CATIA
[18] CAD/CAE-suite using the Visual Basic for Applications
(VBA) Macro scripting backend. See figure 8 for a screenshot.
Another strength of applying this backend is that the
developers have the opportunity to interface with many other
Windows applications via the Component Object Model
(COM) interface [19]. In this case, a connection is established
with Microsoft Excel, which permits developers to utilize its
listing capabilities to drive rules as well as offload information
from the CAE environment in readily-prepared reports.
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Fig 8. Design automation demonstrator integrated in CATIA.

The configurator at this stage of development features a
sequence of steps that guides the user through the configuration
of the fixture, from the import of the CAD component that it is
built around to the completion of the frame. By clicking and
making choices in the GUI (top-right of figure 8), the fixture
can be developed, step-by-step. Finally, relevant parameters,
which are outlined by the developers can be exported to a report
in Microsoft Excel for further processing.
In conjunction with the CAE-configurator, a web-based
portal interface is being developed, which enables the users to
access the capabilities offered by the toolbox through a webbased virtual desktop connection.
The web-based portal interface offers access control as well
as business solution capabilities through an e-commerce layer,
which is connected to the CAE configurator. When different
choices are made in the engineering environment, the user is
instantly provided feedback on how these choices impact the
business case. When the customer is content with the choices
they should be able to complete the transactions using the ecommerce capabilities.
5. Discussion
As has been presented in the paper, development of these
types of fixtures is a repetitive and time-consuming activity that
seems to be prime for applying design automation techniques
via rules formalized in scripts and macros in a CADenvironment.
In PSS, mass customization can be achieved to tweak
product features as well as service components [16] closer to
the customers’ needs.
With a KBE-application it can be possible to achieve this by
identifying parameters that should be fine-tuned, and thus
varied, according to the needs and wishes and needs of the
users. Using this ability to develop many different variants of
the design configuration and coupling these with relevant
customer requirements in a response curve could be further
explored.
As suggested by Lützenberger et al (2016) [20], the use of
product Use Information (PUI) as drivers of design rules in the
KBE-application development is of interest to further explore.
As the relevant conceptual knowledge about design of
automotive fixtures is embedded in the design automation tool,
it is possible to analyze the design of a certain fixture in terms
of configuration and structure. Making this available to the
engineers at the customer companies provides them with the
opportunity to have a direct response of the approximate
feasibility and price points for the chosen solution.
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Using the tool, it is possible to automate (more) parts of the
design process (than before), which means that time can be
saved and it is possible to evaluate more concepts than before.
This, in turn, provides the opportunity for the company, being
limited in the number and sizes of projects that they can
undertake, to lower the “barrier to entry”, thus offering the
possibility to undertake more and smaller projects while still
being profitable enough.
From a business model perspective, there are opportunities
here to move into closer relationships with customers, taking a
deeper responsibility for their expected outcomes. As the case
company sees it, many potential customers, and thus also an
important growth opportunity, are smaller firms in automotive
and similar industries. With the design automation application
customers can do much of the preparation with guidance by the
system, and thus the transactional costs can be lowered.
Further, with a PSS-based business model it is possible to also
revisit the way the transaction takes place, based on the usage
of the solution.
With this and the closer relationships with customers, there
is an opportunity to further explore having this as a cornerstone
for a PSS-based offering. Here there are opportunities to use
the collected knowledge to the benefit of outlining a total offer,
where the customer can buy the functionality of the fixture as
a service.
Most cases of design automation, specifically being
generative design, have a clear baseline as a starting point,
which is then structurally and in other ways adapted to various
design criteria and limitations working as influence on the
design.
With this approach, there is an unknown in the customer part
coming into the system, which is challenging to deal with in a
robust way (i.e., being able to take care of any part coming in
from a customer). This highlights the importance of having
clear conventions and to adopt an approach where the
necessary flexibility and generalizability needed to deal with a
new (and unknown) part is taken into the KBE-environment.
Similarly, customers that are designing their parts should
also follow some best practice and even more importantly
specify how they have adopted their set of naming conventions
so that the KBE application can pick up on these definitions
and incorporate them into the system accordingly.
In addition, it is clear that there is a need for adopting a clear
methodological approach to the development, but that this
approach should be “natural” to the developers, and not overly
constrain them with to the degree that the method becomes the
point. This has also been identified by e.g. [2,3] as a research
challenge moving forward with KBE.
6. Concluding remarks and Future work
The aim of this paper was to present an approach to adopt a
design automation strategy towards supporting the
configuration of fixtures and to discuss opportunities for
moving towards a PSS paradigm in this domain.
The paper reports on a design automation approach using
the commercial CAD-software CATIA for the configuration
and design of fixture for control measuring in production
processes.
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The potential benefits with the design automation-approach
is that it makes the concept design of fixtures for control
measuring in production more rapid and thus shortens the lead
time, which in turn opens up for new opportunities moving
forward. Further, with a PSS-approach, there is a possibility to
“allow” the customer to co-create the solutions, where design
automation allows much of the tedious and repetitive tasks to
be automated. With reduced repetitive work, there is added
opportunities to scale up the value-adding and more creative
aspects of task at hand.
Future and ongoing activities include continuous
development and testing of the design automation tool that has
been presented as a demonstrator in this paper. Further, a PSSbased business model has been highlighted in discussions as an
interesting way forward, with the possibility of also deciding in
this model-based framework about how the solution should be
delivered and maintained. With opportunities for on-site
support there is an opportunity for some small sustainability
gains as fixtures are setup on location as part of a service, and
not at the production facility.
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