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Zum Buch

For the realization of autonomous production machines, it is necessary to 
enable them to independently assess the condition of their components 
and, in a medium-term step, inform the maintenance department about it. 
This requires methods that allow the reli-able estimation of the condition of 
machine components. For the realization of a predic-tive maintenance stra-
tegy, it is also necessary to analyze and understand the wear progression 
of machine tool components in order to develop prognosis models on that 
basis.

As a commonly used and highly stressed machine tool component, the ball 
screw drive (BSD) plays a central role for the reliable operation of auto-
nomous production ma-chines. Previous work on condition monitoring of 
BSDs has been based on the indirect interpretation of the wear characte-
ristics. In addition, the development of surface de-fects on the BSD has not 
been documented and investigated in image data yet, which has preven-
ted the reliable implementation of a prognosis model based on direct wear 
signals.

The approach presented in this work documents the entire wear develop-
ment on the surface of the BSD up to the mechanical failure of the compo-
nent for the first time in image data. On this basis, the classification of the 
damage is investigated using ma-chine learning methods for the first time, 
thus creating the basis for a reliable condition monitoring system. Based on 
this, a wear forecasting system is investigated. The func-tionality of the fore-
casting system could be demonstrated for the first time on image data of 
the BSD. The investigations are extended by experiments on data efficient 
clas-sification by investigating a novel approach for data efficient classifica-
tion of image data. The so called SBF-Net approach is validated on images of 
ball screw drives as well as on image data of other technical and non-techni-
cal domains. The superiority of the ap-proach compared to state of the art 
models could be demonstrated.
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w
b

k
To

b
ia

s 
Sc

h
la

g
en

h
au

f



Forschungsberichte aus dem
wbk Institut für Produktionstechnik

Karlsruher Institut für Technologie (KIT)

Hrsg.: Prof. Dr.-Ing. Jürgen Fleischer
Prof. Dr.-Ing. Gisela Lanza

Prof. Dr.-Ing. habil. Volker Schulze

Tobias Schlagenhauf

Ein Beitrag zur Zustandsüberwachung von 
Kugelgewindetrieben mittels Methoden des 

maschinellen Lernens

Band 263





 

 

 
 
 
 
Bildbasierte Quantifizierung und Prognose des Verschleißes an 

Kugelgewindetriebspindeln 
Ein Beitrag zur Zustandsüberwachung von Kugelgewindetrieben 

mittels Methoden des maschinellen Lernens 
 
 
 
  Zur Erlangung des akademischen Grades eines  

DOKTORS DER INGENIEURWISSENSCHAFTEN (Dr.-Ing.) 
 

von der KIT-Fakultät für Maschinenbau des 

Karlsruher Instituts für Technologie (KIT) 

angenommene 

 

DISSERTATION 
 

von 

 

M.Sc. Tobias Schlagenhauf 

 
 
 
 
 
 
 
Tag der mündlichen Prüfung:   07.11.2022 
Hauptreferent:           Prof. Dr.-Ing. Jürgen Fleischer 
Korreferent:            Prof. Dr.-Ing. Benjamin Noack 



Bibliografische Information der Deutschen NationalbibliothekBibliografische Information der Deutschen NationalbibliothekBibliografische Information der Deutschen NationalbibliothekBibliografische Information der Deutschen NationalbibliothekBibliografische Information der Deutschen Nationalbibliothek
Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der Deutschen
Nationalbibliografie; detaillierte bibliografische Daten sind im Internet über
http://dnb.d-nb.de abrufbar.

Zugl.: Karlsruhe, Karlsruher Institut für Technologie, Diss., 2022

Copyright  Shaker  Verlag  2022
Alle Rechte, auch das des auszugsweisen Nachdruckes, der auszugsweisen
oder vollständigen Wiedergabe, der Speicherung in Datenverarbeitungs-
anlagen und der Übersetzung, vorbehalten.

Printed in Germany.

ISBN 978-3-8440-8875-5
ISSN 0724-4967

Shaker  Verlag  GmbH  •  Am Langen Graben 15a  •  52353  Düren
Telefon:  02421 / 99 0 11 - 0   •   Telefax:  02421 / 99 0 11 - 9
Internet: www.shaker.de   •   E-Mail: info@shaker.de



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

Vor diesem Hintergrund wird im Rahmen dieser Schriftenreihe über aktuelle For-
schungsergebnisse des Instituts für Produktionstechnik (wbk) am Karlsruher Institut für 
Technologie (KIT) berichtet. Unsere Forschungsarbeiten beschäftigen sich sowohl mit 
der Leistungssteigerung von additiven und subtraktiven Fertigungsverfahren, den Pro-
duktionsanlagen und der Prozessautomatisierung sowie mit der ganzheitlichen Be-
trachtung und Optimierung der Produktionssysteme und -netzwerke. Hierbei werden 
jeweils technologische wie auch organisatorische Aspekte betrachtet.

Prof. Dr.-Ing. Jürgen Fleischer

Prof. Dr.-Ing. Gisela Lanza

Prof. Dr.-Ing. habil. Volker Schulze
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For the realization of autonomous production machines, it is necessary to enable them
to independently assess the condition of their components and, in a medium-term step, 
inform the maintenance department about it. This requires methods that allow the reli-
able estimation of the condition of machine components. For the realization of a predic-
tive maintenance strategy, it is also necessary to analyze and understand the wear 
progression of machine tool components in order to develop prognosis models on that
basis.
As a commonly used and highly stressed machine tool component, the ball screw drive 
(BSD) plays a central role for the reliable operation of autonomous production ma-
chines. Previous work on condition monitoring of BSDs has been based on the indirect 
interpretation of the wear characteristics. In addition, the development of surface de-
fects on the BSD has not been documented and investigated in image data yet, which 
has prevented the reliable implementation of a prognosis model based on direct wear 
signals. 
The approach presented in this work documents the entire wear development on the 
surface of the BSD up to the mechanical failure of the component for the first time in 
image data. On this basis, the classification of the damage is investigated using ma-
chine learning methods for the first time, thus creating the basis for a reliable condition 
monitoring system. Based on this, a wear forecasting system is investigated. The func-
tionality of the forecasting system could be demonstrated for the first time on image 
data of the BSD. The investigations are extended by experiments on data efficient clas-
sification by investigating a novel approach for data efficient classification of image data.
The so called SBF-Net approach is validated on images of ball screw drives as well as 
on image data of other technical and non-technical domains. The superiority of the ap-
proach compared to state of the art models could be demonstrated.
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