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Abstract

Companies within different industries have to face several key challenges, among which
the demand for shortening the time-to-market whilst decreasing costs and the strong in-
diviuality and dynamic of globalized markets are highlighted. In order to overcome those
challenges companies not only have to optimize their products but also the underlying
product development and manufacturing processes. The objective from engineering design
point of view is the exchange of design-relevant manufacturing knowlegde between both
disciplines as early as possible. Especially for newly emerging manufacturing technologies
common knowledge acquisition methods to assist such knowledge exchange processes fail.

This thesis proposes an approach for a self-learning engineering assistance system (re-
ferred to as Slassy) for the automatic acquisition of design-relevant manufacturing know-
ledge. Such knowledge is represented in terms of so-called metamodels. In the context of
this thesis a metamodel is capable of predicting manufacturing process related parameter
such as forming force, equivalent plastic strain, sheet thinning (and thickening) or forming
tool cavity filling. The prediction depends on design related parameters such as lengths,
widths, heights or angles of geometric design features. Design features that are considered
in this work are for example toothings, straps or tapets. The self-learning process incorpo-
rated in Slassy’s knowledge acquisition component is based on two core items: the robust
optimization and performance estimation of different metamodels and a two-step inference
mechanism. The former is referred to as ROPE process and ensures that the prediction
quality of all metamodels is robust and reliably estimated. It facilitates methods from the
field of knowledge discovery in databases (KDD). The latter enables Slassy to chose the
most suitable metamodel, that is, the prediction quality of the chosen metamodel is signi-
ficantly better than the remaining. This metamodel is incorporated in Slassy’s knowledge
base. Hence, Slassy can assist design engineers during the analysis of design concepts in
terms of design-for-manufacture, an important aspect in the field of design for X (DfX).

The emerging manufacturing technology sheet-bulk metal forming (SBMF) creates the
background for the concluding use case. Data from an exemplary SMBF process develop-
ment is analysed by means of KDD methods and a set of metamodels is derived with
the developed ROPE process. The selection of the most suitable metamodel by the pro-
totypically implemented Slassy is comprehended. Afterwards the prediction of relevant
manufacturing process parameters with Slassy is shwon. By enabling the prediction of
these process parameters the number of time-consuming iterations between product and
manufacturing process developement can be reduced.
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