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Prof. Dr.-Ing. Jurgen Fleischer

Prof. Dr.-Ing. Gisela Lanza

Prof. Dr.-Ing. habil. Volker Schulze

AIT

Karlsruher Institut fur Technologie






‘wbk

Institut far Produktionstechnik

Vorwort des Verfassers

Die vorliegende Arbeit entstand wahrend meiner Tatigkeit als akademischer Mitarbeiter
am wbk Institut fir Produktionstechnik des Karlsruher Instituts fiir Technologie (KIT).

Mein besonderer Dank gilt Frau Prof. Dr.-Ing. Gisela Lanza fiir die Betreuung dieser
wissenschaftlichen Arbeit als Hauptreferentin und fur das mir entgegengebrachte Ver-
trauen in den vergangenen Jahren. Auflerdem danke ich Herrn Asst. Prof. Dr.-Ing.
Thorsten Wist fiir sein groRes Interesse an meiner Arbeit und die Ubernahme des Kor-
referats sowie Frau Prof. Dr.-Ing. Babara Deml fur den Prifungsvorsitz.

Dem Karlsruhe House of Young Scientists (KHYS) mdchte ich an dieser Stelle fur die
Forderung meines Forschungsaufenthalts an der West Virginia University (WVU) in
Morgantown bei Herrn Asst. Prof. Dr.-Ing. Thorsten Wist danken.

Allen Kolleginnen und Kollegen am wbk, im Besonderen im Bereich ,Produktionssys-
teme®, danke ich fir die freundschaftliche Atmosphare am Institut und aulRerhalb des
Arbeitsalltags. Einen besonderen Dank mdchte ich an dieser Stelle meinen beiden Kol-
legen Alexander Jacob und Andreas Kuhnle fir die vertrauensvolle Zusammenarbeit
wahrend meiner Zeit am wbk und ihr groles Engagement beim Korrekturlesen aus-
sprechen. Mein Dank gilt zudem allen Studierenden, die mit groBem Fleil3 zum Gelin-
gen meiner wissenschaftlichen Arbeit beigetragen haben. Hervorzuheben sind Matthias
Lang, Sebastian Schaumann und Sophie Stahl. Fur die offene, wissenschaftliche Dis-
kussion bedanke ich mich besonders bei Herrn Dr. Sven Wachter.

AbschlielRend mdchte ich meinen Eltern und meinem Bruder herzlich fir die bedin-
gungslose Unterstltzung danken, mit der sie mich stets begleitet haben. Ein besonde-
rer Dank gilt Katharina Kunz, die mit ihrem grof3en Verstandnis entscheidend zum Ge-
lingen dieser Arbeit beigetragen hat.

Karlsruhe, im Méarz 2020
Christoph Liebrecht

AIT

Karlsruher Institut fur Technologie






Abstract

The digitalization of all areas of life is increasingly finding its way into production and
often implies disruptive changes. Shorter product lifecycles increase the pressure on
costs and innovation. Customers demand individual products, so companies must in-
crease their flexibility and enable production down to batch size one. As a result of these
transformations which are difficult to predict, manufacturing companies find themselves
in a more and more dynamic environment. The new approaches and technologies of
Industry 4.0 offer opportunities to deal with these dynamics, but at the same time they
are accompanied by new challenges.

The economically successful implementation of Industry 4.0 in manufacturing compa-
nies requires a structured implementation process. The main objective of such a struc-
tured implementation process is the case-specific analysis and evaluation of available
Industry 4.0 methods to select the most suitable ones for an individual company.

This thesis presents a methodology for decision support for the implementation of In-
dustry 4.0 methods, which aims to establish a financial, strategic, and benefit-oriented
evaluation approach for Industry 4.0 methods to assess their potential. The core of the
methodology is a general Industry 4.0 toolbox providing a structured classification of
different methods. All Industry 4.0 methods are precisely described and delimited from
each other by a method profile.

In the first phase, a limited set of Industry 4.0 methods is derived from the toolbox by
classification into production typologies. In the second phase, all Industry 4.0 methods
of the derived set are strategically assessed as well as evaluated from a monetary per-
spective. The evaluation of the methods is based on company-specific characteristics,
its strategic focus, and its (market) environment. Based on this evaluation value-adding
implementation scenarios are developed. In the third phase, the identified implementa-
tion scenarios with their specific order of prioritized methods are simulated in a System
Dynamics model.

The three phases ultimately result in a recommendation for a company-specific Industry
4.0 implementation roadmap. All phases of the methodology has been discussed and
successfully applied in a production plant of a company from the railway industry as
part of the BMBF-funded research project “Intro 4.0”.
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