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Abstract. Roth’s design catalogue was developed particularly as repository for
engineering knowledge also for the early phases of the design process and as a
methodological support for the designer. Design catalogues are not only a simple
collection of known and proven solutions for design problems but allow for struc-
turing and prioritizing solutions according to requirements and development goals.
In the current article, a knowledge-based engineering environment is presented
that combines a computer aided design catalogue and a case based reasoning
system with geometric and analysis models. At the example of dust separators
it is shown how Roth’s design catalogue is used to determine the most suitable
separation technique and to access component configurators, e.g. for a cyclone
separator.
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1 Introduction

Developing technical products is highly complex due to the variety of solution principles
and design constraints [1]. Different activities are carried out in this context, e.g., a
distinction is made between conception, i.e., the selection of solution principles for a
task, and embodiment design/detailed construction, i.e., the determination of the product
shape and manufacturing information [2]. There are numerous tools for both activities.
One of them,which has been developed especially for the early phase of the development
process, is Roth’s Design Catalogue (in the following: RDC) [3].

Although having conceptual similarities with catalogue systems known from com-
puter aided selling, the RDC is implemented as knowledge repository which allows
designers straightforwardly to traverse from, e.g., customer requirements to functional
requirements or solution concepts with their draft determining parameters [4].

Although literature reports about computer aided RDC, only single sources deal
with the application of these tools in context of design automation and knowledge-based
engineering systems. Thus, the following paper examines the potential of RDC in the
case study of a design automation system for industrial dust separators. As a result of
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the case study, a platform was created which controls access to individual knowledge-
based computer aided design (CAD) models for the respective separator types through
the RDC, obtaining the relevant design parameters. The RDC also stores successfully
completed and validated configurations in a case base for future accelerated access and
knowledge retrieval, so that they can be reused for the same or very similar separation
tasks.

2 Theoretical Background

2.1 Roth’s Design Catalogues

RDCs are defined as knowledge repositories which were particularly developed for
product development. A special attention was drawn towards the early phases of the
development process where the design engineer has to acquire new expertise and use it
to methodologically find solutions to the actual design problem [5, 6].

RDCs are organized in tables with one- to three-dimensional index structures. One-
dimensional RDC are most common and have a layout with index structure, a main part
showing the content and selection/solution characteristics (Fig. 1). The content in the
main part can consist of sketches, equations and texts, ideally with a same degree of
abstraction [7]. The part containing the solution characteristics is particularly typical for
RDCs and should be appropriate to the purpose. As such, the solution characteristics can
be used to store and access customer requirements, functional requirements (like in the
example shown in Fig. 1, raw gas load and clean gas load) or draft determining param-
eters for distinct configurations (e.g. in case of cyclone separators dive tube diameter or
depth).

Fig. 1. One-dimensional solution catalogue for dust separation systems

RDCs are further divided into four types: Object and Operations Catalogues deal
with closed knowledge areas or methods. Solution and Relationship Catalogues focus
on specific tasks [4]. E.g., they only refer to certain functions or function classes, but
describe almost all possible solutions within the set framework. The RDC depicted in
Fig. 1 belongs to Solution Catalogues.
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Approaches to implement computer-aided RDCs have not yet led to widespread
application. As long as the RDCs are used like paper-based ones the only advantage
is advanced search and filtering. But if the RDC system is connected to, e.g., a CAD
system, additional benefit is created since it allows to traverse directly from conceptual
to embodiment design by obtaining relevant parameters from the RDC and hand them
over to the parametric CAD model [8].

Another existing enhancement is the idea to use a RDC as repository for a case-
based reasoning (CBR) system [9]. CBR is the solution of a current problem by using
information and knowledge based on similar experiences (cases) from the past and so
to reason by analogy. A prerequisite for CBR is the ability to operationalize similarity
between cases which can be done with index structures or distance measures [10].

2.2 Knowledge-Based Engineering and Knowledge-Based CAD

Knowledge-based engineering (KBE) is a set of techniques to establish product models
that are easy to adapt to new requirements and to partially automate design tasks [11].
Many systems thereby focus on activities in embodiment design when the solution
concepts are already determined and no conceptual changes occur [12].

Fig. 2. Synthesis tasks delivering artefact descriptions (acc. to [13])

Froma task-perspective,KBEsystems performdifferent knowledge tasks that deliver
artefact descriptions (Fig. 2). To those belong synthetic design,which is designing a sys-
tem that meets specified requirements, configuration, which is assembling a system
out from fully predefined building blocks that are matched via standardized interfaces,
and parametrization, which means to eliminate degrees-of-freedom in a variable prod-
uct model by setting parameter values [13]. To automatically perform these tasks or
combinations of them, a KBE system usually has the ability of reasoning [14, 15].

CAD configurators and knowledge-based CAD models, as instantiations of KBE
systems, use this specification as a basis for defining the product shape. In this context,
knowledge-based CAD uses functionalities that are available in the CAD system itself,
e.g. design rules, equations or constraints. If a design process is fully mapped into
such a system and it creates a complete design without the need for further processing or
detailing, such systems are also calleddesign automation systems.Thesemay incorporate
all three types of synthesis tasks [16].
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3 RDC-Based Engineering Environment

As stated above, to fully exploit the potential of the RDC, it is necessary to link it with
other systems to a computer aided engineering environment. This idea is taken up in
this paper, where RDC, knowledge-based CAD templates, analytic sub-models and a
case-base are combined (Fig. 3).

Fig. 3. Components of the RDC-based engineering environment

The central component of the computer-aided engineering environment described
here is a RDC as part of a knowledge base. The RDC generates concepts for the solution
of an existing design problem on the basis of a profile either of customer or functional
requirements. After entering them into the system, these are first operationalized by an
interpreter and compared with the selection characteristics of the RDC. To reduce the
search space, features can be filtered or weighted according to their importance. After
this comparison has been carried out, all potential solutions from the main part of the
RDC are presented to the user. The solutions stored here are generic in nature and are
not 100% adapted to the entered requirement profile. In parallel, the requirement profile
is transferred to the case base of a CBR system that is also part of the knowledge base
and has a similar structure than the RDC. In the case base, requirement profiles and the
corresponding solutions of already solved design tasks are stored in pairs. The solutions
are represented by parameter values and links to CAD and analysis models. If the same
or similar cases can be found, the corresponding information is extracted and forwarded
to the corresponding CAD model. Here, single parameters can be adapted, which leads
to a recalculation and adaptation of the geometry. This can be validated in connected
analysis models and after validation be transferred to the case base as a new case.
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If there is no similar case, the designer can continue working with the generic solu-
tions from the RDC module. Here too, the configuration module is started and a CAD
template is initialized. This must then be adapted to the case by the designer by setting
and optimizing its parameters. Afterwards it is possible to return a validated solution to
the case base.

4 Application for Industrial Dust Separators

Dust separation is an established and well understood process in plant engineering and
beyond to separate solid or liquid particles from gases as completely as possible [17].
There is a variety of different processes for dust separation, which in turn are based
on different physical working principles, like wet scrubbing or centrifugal separators.
For the selection of a separation system, technical parameters such as the particle size
of the material to be separated, static pressure loss, material flow, raw gas temperature
or the available installation space have to be taken into account [18]. To implement
high-efficiency separators for a defined use case, different models are used to predict
the behavior of the separator and discover sensitivities of design parameters on the
performance.

The instantiation of the engineering environment for designing dust separators con-
sisted of mainly two activities: (1) the RDC had to be filled with content and (2) the
knowledge-based CAD-templates and analysis systems for each separator type had to be
implemented. In order to test the system, it was yet chosen to include templates for differ-
ent settling chambers, cyclone separators and bag houses. All templates are implemented
in Autodesk Inventor Professional, parameter control is maintained by spreadsheets and
macros, as analysis tools serve, among others, MATLAB/Simulink models.

To start the design of a new separator, the user decides to either enter functional
requirements, e.g., particle size distribution and temperature ranges, or customer require-
ments like dust type, count and types of sources, e.g., woodworkingmachines orwelding
fumes and operatingmodes. The case base intercepts the values and checks towhat extent
such a task has been solved before. If similar designs are available, then these are offered
for retrieval. If no solution is available, the system enters the RDC. It then returns which
solution concepts are basically available for the specified task and allows comparing
them on the basis of the selection characteristics: The user can now also decide which
parameters are additionally important, e.g. installation space requirements, exclusion of
solution principles (e.g. no wet separators because no additional medium is desired).
This can also be enriched by conditions regarding the engineering environment itself,
e.g. whether simulation data is available for the selected concept or to what extent
experimental validation still has to be carried out.

If the user now decides on a solution concept, the RDC initializes the respective pre-
liminary design models and determines the starting parameters for the CAD templates.
These are then transferred to the CAD system and the developer can start detailing or
run parameter studies. For cyclone separators, e.g., the depth of the dive tube can be sys-
tematically investigated with regard to sensitivities on the separation behavior. To easy
access and manipulation, a configuration dialog was implemented where optimizable
parameters are instantiated as slider controls (Fig. 4). The results are returned to the case
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base, so that it contains not only the “good” results but also data for later knowledge
formalization. E.g., the case base can be investigated in order to find patterns of useful
parametrizations and optimize the starting parameters stored in the RDC part of the
knowledge base.

Fig. 4. Analytical model and knowledge-based CAD template for cyclone separators

The CAD models themselves also contain various knowledge implementations, like
manufacturing restrictions formalized as parameter value ranges or production rules,
which ensure e.g. the weldability of the assembly. If such restrictions are violated, the
variant is marked as discarded in the case base.

Case base and optimizer communicate before evaluating a new variant and check if
a design with exactly the same parameters had already been investigated before. If so,
the corresponding entries of the case base are added to the result report without further
analysis.

5 Conclusion and Future Work

The implemented system allows fast and targeted access to information in various prod-
uct development phases and rapid adaptation of CAD models through the integration of
RDC, case base, CAD system and further analysis models. Conceptual changes are
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possible at every step of the design process when the designer returns to the cata-
logue and choses a different suitable separator type. All generated knowledge is stored
automatically.

Dust separators can be considered as standard examples from plant engineering,
nonetheless there are a few point that reduce the complexity of this knowledge-based
engineering environment:

• Linearity of design activities: Although the modeling is in some cases effortful, espe-
cially when techniques like CFD are incorporated, and although empirical validation
is necessary for many separator types, the design activities follow basically a linear
flow. Inputs can be computed to outputs without further considerations of changing
constraints and interactions to other components.

• Simplicity of CADmodels: The CADmodels for the implemented separators involve
mostly prismatic and revolved geometry with only little relation between single
design parameters so that the implementation of, e.g., manufacturing knowledge is
comparably simple.

• Good initial knowledge base:Design knowledge for dust separators iswidely available
and already formalized to a good degree.

Regarding the stated goal to easily traverse from requirements over concepts to
embodiment design and to integrate RDCs as organizer for concept access and knowl-
edge retrieval, the implemented system met the requirements. Especially the integration
of RDC and case base showed promising features for the identification of design intent,
which in the case study was performed by a human designer. The integration of fur-
ther algorithmic tools to discover new reasoning is thus an obvious avenue for further
research.
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