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Die schnelle und effiziente Umsetzung innovativer Technologien wird vor dem Hinter-
grund der Globalisierung der Wirtschaft der entscheidende Wirtschaftsfaktor fir produ-
zierende Unternehmen. Universitdten kénnen als "Wertschopfungspartner" einen we-
sentlichen Beitrag zur Wettbewerbsfahigkeit der Industrie leisten, indem sie wissen-
schaftliche Grundlagen sowie neue Methoden und Technologien erarbeiten und aktiv
den Umsetzungsprozess in die praktische Anwendung unterstitzen.

Vor diesem Hintergrund soll im Rahmen dieser Schriftenreihe Uber aktuelle For-
schungsergebnisse des Instituts fir Produktionstechnik (wbk) am Karlsruher Institut fir
Technologie (KIT) berichtet werden. Unsere Forschungsarbeiten beschaftigen sich so-
wohl mit der Leistungssteigerung von Fertigungsverfahren und zugehérigen Werkzeug-
maschinen- und Handhabungstechnologien als auch mit der ganzheitlichen Betrach-
tung und Optimierung des gesamten Produktionssystems. Hierbei werden jeweils tech-
nologische wie auch organisatorische Aspekte betrachtet.

Prof. Dr.-Ing. Jurgen Fleischer

Prof. Dr.-Ing. Gisela Lanza

Prof. Dr.-Ing. habil. Volker Schulze

N

Karlsruher Institut far Technologie



,We are moving from a world of problems, which demand speed, analysis, and elimina-
tion of uncertainty to solve,

...to a world of dilemmas, which demand patience, sense-making, and an engagement
of uncertainty.”

Denise Caron, 2009
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Abstract

The complexity of high-precision products increases considerably and the requirements
reach technological manufacturing limits. The fulfilment of high quality requirements
and thus the assurance of the functionality of manufactured products cannot be guar-
anteed due to the occurring manufacturing deviations.

A corrective measure is the approach to quality control cycles in production. There are
various approaches to quality control cycles, which all are based on the geometric com-
pensation of direct product characteristic pairs. However, if components or sub-assem-
blies of a product have several functionally relevant product characteristics at the same
time, existing quality control strategies reach their limits.

In order to overcome this deficit, a planning and evaluation method of function-oriented
quality control cycles is presented. The developed method allows the creation of digital
twins of individual products under minimal uncertainty by modelling and calibration.
Quantitative, interpretable functional models of the digital twins can be derived using
statistical methods. They allow for a real-time prognosis of the product’s function with
minimal overall uncertainty. By integrating these functional models into production con-
trol, function-oriented quality control strategies are developed and analysed in event-
oriented material flow simulations. The final selection of adequate strategy alternatives
is based on a technical and economic evaluation of the simulation results.

The developed methods of the planning approach are demonstrated in the exemplary
industrial application for the serial production of piezo injectors. Results of event-ori-
ented material flow simulations as well as the implementation of the function-oriented
quality control strategies in the serial production of the industrial partner show an in-
creased first pass yield. The reduction of the scrap rate results in a reduction of the total
costs of conforming products. The use of function-oriented quality control cycles thus
serves as measure to reduce the uncertainty which occurs in product specification and
production of high-precision products.
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