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Editors’ Preface

In times of global challenges, such as climate change, the transformation of
mobility, and an ongoing demographic change, production engineering is cru-
cial for the sustainable advancement of our industrial society. The impact of
manufacturing companies on the environment and society is highly dependent
on the equipment and resources employed, the production processes applied,
and the established manufacturing organization. The company’s full potential
for corporate success can only be taken advantage of by optimizing the interac-
tion between humans, operational structures, and technologies. The greatest
attention must be paid to becoming as resource-saving, efficient, and resilient
as possible to operate flexibly in the volatile production environment.

Remaining competitive while balancing the varying and often conflicting pri-
orities of sustainability, complexity, cost, time, and quality requires constant
thought, adaptation, and the development of new manufacturing structures.
Thus, there is an essential need to reduce the complexity of products, manufac-
turing processes, and systems. Yet, at the same time, it is also vital to gain a
better understanding and command of these aspects.

The research activities at the Institute for Machine Tools and Industrial Manage-
ment (iwb) aim to continuously improve product development and manufac-
turing planning systems, manufacturing processes, and production facilities. A
company’s organizational, manufacturing, and work structures, as well as the
underlying systems for order processing, are developed under strict considera-
tion of employee-related requirements and sustainability issues. However, the
use of computer-aided and artificial intelligence-based methods and the neces-
sary increasing degree of automation must not lead to inflexible and rigid work
organization structures. Thus, questions concerning the optimal integration of



ecological and social aspects in all planning and development processes are of
utmost importance.

The volumes published in this book series reflect and report the results from
the research conducted at iwb. Research areas covered span from the design
and development of manufacturing systems to the application of technologies in
manufacturing and assembly. The management and operation of manufacturing
systems, quality assurance, availability, and autonomy are overarching topics
affecting all areas of our research. In this series, the latest results and insights
from our application-oriented research are published, and it is intended to
improve knowledge transfer between academia and a wide industrial sector.

Ruediger Daub Gunther Reinhart Michael Zaeh



Geleitwort der Herausgeber

Die Produktionstechnik ist in Zeiten globaler Herausforderungen, wie der Klima-
krise, des Mobilititswandels und der Uberalterung der Gesellschaft in westlichen
Landern, fiir eine nachhaltige Weiterentwicklung unserer Industriegesellschaft
von zentraler Bedeutung. Der Einfluss eines Industriebetriebs auf die Umwelt
und die Gesellschaft hangt dabei entscheidend von den eingesetzten Produk-
tionsmitteln, den angewandten Produktionsverfahren und der eingefiihrten
Produktionsorganisation ab. Erst das optimale Zusammenspiel von Mensch, Or-
ganisation und Technik erlaubt es, alle Potenziale fiir den Unternehmenserfolg
auszuschopfen. Dabei muss grofites Augenmerk darauf gelegt werden, moglichst
ressourcenschonend, effizient und resilient zu werden, um flexibel im volatilen
Produktionsumfeld zu agieren.

Um in dem Spannungsfeld Nachhaltigkeit, Komplexitit, Kosten, Zeit und Quali-
tit bestehen zu konnen, miissen Produktionsstrukturen stindig neu iiberdacht
und weiterentwickelt werden. Dabei ist es notwendig, die Komplexitdt von
Produkten, Produktionsabldufen und -systemen einerseits zu verringern und
andererseits besser zu beherrschen.

Ziel der Forschungsarbeiten des iwb ist die stdndige Verbesserung von Produkt-
entwicklungs- und Planungssystemen, von Herstellverfahren sowie von Produk-
tionsanlagen. Betriebsorganisation, Produktions- und Arbeitsstrukturen sowie
Systeme zur Auftragsabwicklung werden unter besonderer Beriicksichtigung
der Anforderungen des Personals sowie von Nachhaltigkeitsaspekten entwickelt.
Die dabei eingesetzten rechnergestiitzten und Kiinstliche-Intelligenz-basierten
Methoden und die notwendige Steigerung des Automatisierungsgrades diirfen
jedoch nicht zu einer Verfestigung arbeitsteiliger Strukturen fithren. Fragen der
optimalen Einbindung 6kologischer und sozialer Aspekte in alle Planungs- und
Entwicklungsprozesse spielen deshalb eine sehr wichtige Rolle.
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Die im Rahmen dieser Buchreihe erscheinenden Bénde stammen thematisch
aus den Forschungsbereichen des iwb. Diese reichen von der Entwicklung von
Produktionssystemen {iber deren Planung bis hin zu den eingesetzten Technolo-
gien in den Bereichen Fertigung und Montage. Die Steuerung und der Betrieb
von Produktionssystemen, die Qualitatssicherung, die Verfiigbarkeit und die
Autonomie sind Querschnittsthemen hierfiir. In den iwb-Forschungsberichten
werden neue Ergebnisse und Erkenntnisse aus der praxisnahen Forschung des In-
stitutes ver6ffentlicht. Diese Buchreihe soll dazu beitragen, den Wissenstransfer
zwischen dem Hochschulbereich und den Anwendenden zu verbessern.

Riidiger Daub Gunther Reinhart Michael Z&h
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senschaften) of Technical University of Munich
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Notation

If not indicated otherwise, vector symbols are printed in bold type and in lower
case, whereas matrices are written in bold type and upper case.

Symbol Description

Zero vector or matrix

I identity matrix

a scalar quantity

a vector

A matrix

a first derivative with respect to time

a second derivative with respect to time

a* complex conjugate

a’ transpose

a_; vector of model factors with fixed value for index i
a" conjugate transpose (Hermitian transpose)
j imaginary unit

E(a) expected value of a random variable a
Re(a) real part of a complex number a

V(a) variance of a random variable a

Latin Symbols

If not indicated otherwise, vector symbols are printed in bold type and in lower
case, whereas matrices are written in bold type and upper case. Symbols that
cannot be assigned a unique unit are marked with “~”, and dimensionless
quantities are shown with the unit 1.

Symbol Description Unit

A modal constant -

A estimated modal constant -



Xvi Latin Symbols
Symbol Description Unit
b viscous damping coefficient Nsm™!
b modal viscous damping coefficent Nsm™!
B viscous damping matrix Nsm™!
c regressor -

c regressor vector -

C regressor matrix -

d hysteretic damping coefficient Nm™!
d modal hysteretic damping coefficent Nm™!
D hysteretic damping matrix Nm™!
E loss function -
AE energy offset J

e error vector -

f force N
fe Coulomb friction force N
fy normal force N
fs sticking friction force N

F F-ratio 1

f nodal force vector N
f nodal force amplitude vector N

g function -

g objective function observation -

g objective function observation vector -

h symbolic frequency response function -

h numerical frequency response function vector -

i index variable or iteration number 1

j index variable 1

k stiffness Nm™!
kg Boltzmann constant kgm?s 2K!
k modal stiffness Nm™!
K stiffness matrix Nm™!
K reformulated stiffness matrix Nm™!
l index variable 1

L number of reduced degrees of freedom 1

m modal mass kg
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Xvii

Description

Unit

> E «x

<

qummw»&@@*u*c2>’a22:1:§

&3
[~

mass matrix

reformulated mass matrix

number of model parameters

number of constraints

number of degrees of freedom

number of frequency response function averages
number of data points or observations
probability

frequency response function placeholder
eigenvector truncation number
frequency response function placeholder
modal degree of freedom vector

random number

Sobol’ index

power spectrum vector

time

temperature

general transformation matrix
Craig-Bampton method transformation matrix
nodal displacement

nodal displacement vector

nodal amplitude vector

boundary nodal displacement vector
inner nodal displacement vector
Stribeck velocity

velocity vector

weight variable

model factor or model parameter

model factor or model parameter vector
temporary best model parameter vector
model output

average model output

model output vector

kg

i gy

8 8 B B B

ms
ms

-1

-1



xviii Greek Symbols

Symbol Description Unit
2z reduced degree of freedom vector -
Greek Symbols

If not indicated otherwise, vector symbols are printed in bold type and in lower
case, whereas matrices are written in bold type and upper case. Symbols that
cannot be assigned a unique unit are marked with “~”, and dimensionless
quantities are shown with the unit 1.

Symbol Description Unit
a receptance frequency response function -

A receptance frequency response function matrix -

& Stribeck factor 1

€ model error -

n loss factor 1

r numerical coherence function vector 1

K constraint function -

A number of children in evolutionary strategies 1

A eigenvalue (rad/s)?
A eigenvalue matrix (rad/s)?
u friction coefficient 1

u population size in evolutionary strategies 1

n step length 1

v first Rayleigh damping coefficent 571
w angular frequency rads™!
@ angular eigenfrequency rads™!
@ damped angular eigenfrequency rads™!
[3) estimated angular eigenfrequency rads™!
Q function space -

¢ model constant -

® mass-normalized mode shape matrix entry kg0
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Symbol Description Unit
o mass-normalized mode shape matrix kg0
YP mode shape -
v mode shape matrix -
LTS static constraint mode matrix -
T, fixed-interface normal mode matrix -
Je} recombination parameter in evolutionary strate- 1
gies
T input variable -
T input variable vector -
g second Rayleigh damping coefficent S
19 modal damping ratio 1
13 estimated modal damping ratio 1




Chapter 1

Introduction

Machine tools are mechanized and, to a varying degree, automated production
devices which lead to a predefined shape or cause a desired form change on
a workpiece via relative movements between the workpiece and a tool (DIN
69651-1 1981). In this way, all kinds of parts, ranging from simple forms to
very complex shapes, can be manufactured. Even though the market size of the
machine tool industry is small compared to other sectors with, in Germany, a
sales volume of EUR 14.1 billion and 64,264 employees (VDW 2022), it plays
an important role as an enabler for manufacturing capabilities of many other
sectors. One might even go as far as to say that without machine tools as
the so-called mothers of production (SCHULZ 2014), our current standard of
living would not have been possible (WECK 2002). Nevertheless, the European
machine tool industry faces several challenges such as, for example, the trans-
formation in the automotive industry and the increasing pressure from Asian
competitors (VDW 2022). As a result, the sector’s demand for cost-efficiency,
innovativeness, and flexibility is higher than it has ever been.

One of the key performance indicators for the economic success of machine tools
is their dynamic behavior (WEck 2002). Cutting machine tools, in particular, are
constantly exposed to periodic excitations caused by the intermittent tool-work-
piece engagement. This potentially results in form errors and chatter. The
latter is characterized by self-excited and exponentially growing vibrations and
leads to increased wear, poor surface quality, and even damage to the tool, the
workpiece, and the machine itself (ALTINTAS 2012; BRECHER and WECK 2006).
These vibrations are limiting the productivity of machine tools (ALTINTAS 2012;
MUNOA et al. 2016). To increase the productivity and robustness of machine
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tools, their dynamic behavior must be properly designed. Nowadays, simulation
methods are available which have replaced the time-intensive and costly testing
of several physical prototypes (ALTINTAS et al. 2005). Dynamic machine tool
models offer the opportunity to evaluate and implement possible improvements
more quickly, resulting in a reduced number of physical prototypes and, in the
end, a shorter time to market.

Apart from the machine tool design process, other applications of machine tool
dynamic simulation models exist. For example, an integrated simulation of the
machine tool including its control, the workpiece, and the cutting process offers
the opportunity to assess and even improve the part quality before starting the
manufacturing process (REBELEIN 2019; WIMMER 2020; WITT 2007). In this
way, dynamic instabilities can be avoided, and geometrical errors can be reduced.
During production, dynamic simulation models can also be used for monitoring
the condition of critical components. These models correlate to the specific
point in time at which they were set up. Wear processes, however, change the
machine tool’s dynamic behavior (BENKER et al. 2022), eventually leading to a
mismatch between the model and the real-world machine tool. Monitoring these
deviations and parameterizing the model again at specific intervals enables the
detection and localization of wear. Furthermore, the gathered information can
be even used for remaining useful life predictions (IMIELA 2005).

An absolute prerequisite for these applications to be successful is the availability
of a high-fidelity machine tool dynamic simulation model that is able to accu-
rately predict the real-world structure’s dynamic behavior. Even though these
models already exist (REBELEIN 2019; SEMM 2020), they are rarely sufficiently
well-parameterized for a predictive simulation. Since this is a cumbersome and
manual process (NIEHUES 2015; REBELEIN 2019), these models are currently
only used for specialized research applications. No automated procedure for
parameterizing these models exists, thus hindering their industrial application
and the exploitation of the above-mentioned use cases.

This publication-based thesis aims at automating the parameterization process
of high-fidelity dynamic machine tool models. Parameterization, in other words,
means finding those values for the model parameters that lead to the best
approximation of the real-world structure’s behavior. This can be formulated
as a complex optimization problem. Thus, the main objective of this work is to



provide a method for solving this problem as highly automated and effortlessly
as possible. The parameterization requires information about the machine tool,
typically in the form of modal parameter estimates. Automatically determining
these estimates is another objective of this thesis. Furthermore, the benefits of
well-parameterized high-fidelity machine tool dynamic simulation models are to
be demonstrated by providing and exploiting a condition monitoring use case.

To reach these objectives, this thesis first gives an overview of the theoretical
foundations in chapter 2. The basics of structural dynamics will be briefly
covered, and sensitivity analysis methods for examining and understanding
models will be presented. The remainder of the chapter is dedicated to numerical
optimization methods, which are an elementary component of the developed
automated parameter identification method. Chapter 3 contains a detailed
review of the state of the art of machine tool simulation models and their
identification methods. It will be shown that gaps exist in the state of the art, in
particular regarding the parameterization of these models. To overcome these
gaps, research targets will be formulated in chapter 4, and a research approach
will be presented. This involves five publications, whose key results will be
presented in detail in chapter 5. Chapter 6 critically discusses the papers’ results
as a whole and relates them to the research gaps and research targets defined in
chapters 3 and 4. Finally, chapter 7 concludes this thesis with a short summary
and an outlook.



Chapter 2

Fundamentals

The intention of this chapter is to briefly show the relevant theoretical founda-
tions for understanding the remainder of this thesis, especially the publications
summarized in chapter 5. The presented method for parameterizing high-fi-
delity machine tool dynamic simulation models strongly relies on both sensitivity
analyses and numerical optimization methods, which are described in the sec-
tions 2.1 and 2.2, respectively. Finally, section 2.3 covers the basics of structural
dynamics and shows how to calculate and measure the dynamic properties of
real-world structures.

2.1 Sensitivity Analysis

Today’s simulation models are becoming more and more complex, which is
especially true in the modern field of machine learning for neuronal networks.
For analyzing models, it can be helpful to understand the relation between the
variance of the model’s output and the variances of its input variables. This is
the definition of sensitivity analyses (SALTELLI and RATTO 2008; SIEBERTZ et al.
2017), which will be covered in this section. First, sensitivity analysis for linear
models will be presented, before the transition to analyzing nonlinear models
will be made.
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2.1.1 Linear Models

Linear models with two-way interaction effects only are often a good compro-
mise between accuracy and simplicity (SIEBERTZ et al. 2017). They can be

written as
n n—1 n
y=¢0+z¢l—xi+z Z ijxix; +e. 2.1
i=1 i=1 j=i+1

Here, y denotes the model’s output, n is the number of model factors, ¢; are
model parameters, x; are model factors (i.e., the model’s input values), and ¢
accounts for the model’s errors in describing a real-world effect or quantity. For
this type of models, the so-called analysis of variance (ANOVA) approach is a
very popular sensitivity analysis method (SIEBERTZ et al. 2017), and it will be
explained in detail using an illustrative example. This is based on the work of
SIEBERTZ et al. (2017), which also demonstrates other linear sensitivity analysis
methods such as, for example, the partial correlation coefficient, the coefficient
of partial determination, or the standardized regression coefficient.

The following explanations are based on the assumption that an experiment was
conducted in which the participants have received a coffee and rated its taste
on a scale from one to ten. In this experiment, one indicates a poor and ten an
excellent coffee taste. Each participant was given coffee in different containers
(disposable or reusable) with a different temperature level (low, medium, and
high), and with or without sugar. In other words, an experiment with three
factors, that is, the container type, the coffee temperature, and the sugar level,
was conducted. The sugar and container factors take two different values
(i.e., levels), meaning that these factors have one degree of freedom (DOF)
each. The temperature level can take three values, thus having two so-called
statistical DOFs. Table 2.1 contains exemplary results for this experiment with
24 participants. Under the assumption that rating the taste of coffee can be
described with a linear model (see equation 2.1), it will be examined which of
the three factors (i.e., adding sugar or not, the container type, and the coffee
temperature) have a statistically significant influence on the taste.

Therefore, a so-called ANOVA table given in table 2.2 is constructed. The first
column contains all factors of the model, including the interaction effects (e.g.,
“Sugar:Temperature”). Interaction effects indicate combined (i.e., second-order)
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wirtschaftliche Fertigung

ISBN 978-3-8316-4188-8
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kohlenstofffaserverstarktem Kunststoff

232 Seiten - ISBN 978-3-8316-4662-3

Andreas fabian Hees: System zur Produktionsplanung fiir
I g Froaukt

218 Seiten - ISBN 978-3-8316-4676-0

Fabian Michael Distel: Methodische Auslegung ultraschallbasierter
292 Seiten - ISBN 978-3-8316-4679-1

(hristian Plehn: A Method for Analyzing the Impact of Changes and
their Propagation in Manufacturing Systems

276 Seiten - 15BN 978-3-8316-4695-1

Josef Huber: Vierfahren zur Klassifikation von Ungénzen bei der
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Simone Dietrich: Lichtbogenbasierte Pulverherstellung fiir die
additive Fertigung

246 Seiten - ISBN 978-3-8316-4822-1

Christian Markus Seidel: Finite-Elemente-Simulation des
Aufbauprozesses beim Laserstrahlschmelzen

238 Seiten - ISBN 978-3-8316-4833-7

Manuel Johannes KeBler: Fehlerdetektion und -vermeidung beim
Rotationsreibschweien.

202 Seiten - ISBN 978-3-8316-4842-9

Kai Philipp Bauer: Standortwah! fiir die Distribution mittels Luftfracht

248 Seiten - ISBN 978-3-8316-4852-8

Corinna Liebl: Systematische Energiedatenerfassung in der
Produktion

198 Seiten - ISBN 978-3-8316-4853-5

Florian Roland Brof3: Dimensionierung indirekter Bereiche auf Basis
unscharfer Daten

220 Seiten - ISBN 978-3-8316-4854-2

Julia Nina Pielmeier: System zur ereignisorientierten
Produktionssteuerung.

230 Seiten - ISBN 978-3-8316-4856-6

Sepp Sebastian Wimmer: Prognose und Kompensation von
Formabweichungen bei der Frésbearbeitung diinnwandiger
Strukturen

220 Seiten - ISBN 978-3-8316-4876-4

Dominik Schmid: Untersuchungen zum Laserstrahlschmelzen von
Magnesiumlegierungen.

240 Seiten - ISBN 978-3-8316-4878-8

Peter Simon: Methodik zur risikoorientierten Bewertung von
Energieflexibilitat von Produkti

236 Seiten - ISBN 978-3-8316-4879-5

Peter Michael Seebach: Topologieoptimierte, patientenindividuelle
Osteosyntheseplatten fiir die Rekonstruktion der Mandibula.

240 Seiten - ISBN 978-3-8316-4894-8

Susanne Vernim: Anforderungsermittlung fiir das Montagepersonal
in der digitalen Transformation.

244 Seiten - 15BN 978-3-8316-4909-9

Andreas Bachmann: Regelung der Temperatur beim
RiihrreibschweiBen.

142 Seiten - 15BN 978-3-8316-4910-5

Thomas Semm: Position-flexible Modeling Approach for an Efficient
Optimization of the Machine Tool Dynamics Considering Local
Damping Effects.

134 Seiten - ISBN 978-3-8316-4911-2

Eric Unterberger: Methodik zur Gestaltung
Produktionssysteme.

276 Seiten - ISBN 978-3-8316-4920-4
Michael Klaus Gerhard Jelinek: Wissensbasiertes zerstorungsfreies
Priifen hybrider Faserverbundstrukturen durch optische Lock-in-
Thermografie.

378 Seiten - ISBN 978-3-8316-4918-1

Julia Berger: System zur aufgabenorientierten Programmierung fiir
die Mensch-Roboter-Kooperation.

224 Seiten - ISBN 978-3-8316-4919-8

Jan Bernd Habedank: Laser Structuring of Graphite Anodes for
Functionally Enhanced Lithium-lon Batteries.

200 Seiten - 978-3-8316-4933-4

Severin Teubner: Dynamisches und individuelles
erkerinformationssystem fiir die manuelle Serienmontage.

306 Seiten - ISBN 978-3-8316-4934-1

Marc Matthias Schneck: Technology Strategy for Metal-based
Additive Manufacturing

228 Seiten - ISBN 978-3-8316-4943-3

>

DS

<

=

S

>

=

=

=)

=)

&

&

kS

&

=8

il

&

=)

Richard Sung-Hyon Popp: Energieflexible, spanende
Werkzeugmaschinen. Analyse, Befahigung und Erfolgsaussichten
186 Seiten - ISBN 978-3-8316-4944-0

Dino Nikolaus Gustaf Knoll: Value Stream Mapping for Internal
Logistics using Process Mining

254 Seiten - 978-3-8316-4946-4

Roman Hartl: Monitoring and Optimizing the Surface Quality of
Friction Stir Welds Using Machine Learning

170 Seiten - 978-3-8316-4949-5

(hristoph Schmutzler: Analyse des Verzugs infolge der Schwindung
beim 3-D-Druck

246 Seiten - 978-3-8316-4963-1

Sandra Grohmann: Reaktive Partikel aus Nickel und Aluminium als
innovative Warmequelle fiir die Fiigetechnik

312 Seiten - 978-3-8316-4961-7

Robin Karl-Hermann Kleinwort: Methodology for Enabling Active
Vibration Control Systems of Machine Tools for Industrial Use

156 Seiten - 978-3-8316-4968-6

Philipp Maximilian Stefan Rinck: Ultraschallunterstiitztes

Frésen von Ti 6AI 4V

220 Seiten - 978-3-8316-4969-3

Georg Hollthaler: Methodik zur Integration digitaler Technologien fiir
Ganzheitliche Produktionssysteme

242 Seiten - 978-3-8316-4974-7

Nicolas Billot: Modeling of Adhesion Mechanisms of Graphite-based
Anodes for Lithium-ion Batteries

248 Seiten - 978-3-8316-4976-1

Martin Schreiber: System zur integrierten Produktions- und
Instandhaltungsplanung.

268 Seiten - 978-3-8316-4985-3

Stefan P Meyer: A holistic, model-predictive process control for
plastic-metal direct joining.

170 Seiten - 978-3-8316-4988-4

(osima Stocker: Automatisierte Generierung von Ordnungsschikanen
fiir Vibrationswendelforderer mithilfe von Reinforcement Learning.
250 Seiten - 978-3-8316-4991-4

Ulrich Teschemacher: Dynamische Routenzugoptimierung bei
kurzfristigen Materialabrufen.

218 Seiten - 978-3-8316-4992-1

Johannes Martin Lohe: Methodik zur Identifikation des
Warmeaufteilungskoeffizienten bei der Frésbearbeitung
diinnwandinger Werkstiicke.

216 Seiten - 978-3-8316-4997-6

Florian J. Giinter: Charakterisierung der Befiillung von Lithium-lonen-
Zellen mit Elektrolytfliissigkeit.

112 Seiten - 978-3-8316-5023-1

Maximilian Johann Florian Benker: Condition Monitoring of Machine
Tool Feed Drives and Methods for the Estimation of Remaining Useful
Life.

170 Seiten - 978-3-8316-5034-7

David Schreiner: Simulationsgestiitzte Auslegung des

Kalandrierp und experi lle Charakterisierung der
Elektroden von Lithium-lonen-Batteriezellen.

130 Seiten - 978-3-8316-5035-4

Alexander Zipfel: Anreizbasierter Austausch steuerungsrelevanter
Informationen in Wertschdpfungsnetzwerken.

266 Seiten - 978-3-8316-5038-5

Philipp Alexander Friedrich Bauer: Ein Beitrag zur Verbesserung von
roboterbasierten optischen Messsytemen durch eine neuartige
Verkettung von Punktwolken.

152 Seiten - 978-3-8316-5042-2

Robin Dennis Sochor: Veerbesserung des Wissensmanagements in der
manuellen Montage durch Einsatz eines Anreizsystems.

246 Seiten - 978-3-8316-5047-7




S

~

by

r

G

>

=3

©

>

=

B4

b~

G

Richard Dobler: Friihaufklarung produktionstechnischer Defizite
224 Seiten - ISBN 978-3-8316-5053-8

Daniel Baier: Qualitatssicherung bei der Additiven Fertigung mit
Draht und Lichtbogen

134 Seiten - 15BN 978-3-8316-5063-7

Patrick Voit: Methodik zur Planung modularer, skalierbarer
Fertigungszellen im Kontext Cyber-physischer Produktionssysteme
244 Seiten - ISBN 978-3-8316-5066-8

Stefan Roth: Risik ystem fiir die energieorientierte
Produktionsplanung und -steuerung

180 Seiten - ISBN 978-3-8316-5069-9

Lucas Christian Hille: Investigations on the Industrial Applicability of
Laser Electrode Structuring in Lithium-ion Battery Production

136 Seiten - 15BN 978-3-8316-5073-6

Christoph Berger: Entwicklung eines Systems zur Produktionsregelung
von Cyber-physischen Produktionssystemen

244 Seiten - ISBN 978-3-8316-5074-3

Andreas Hofer: Potenzialbewertung und strategische Planung von
Technologieprojekten in der Produkti

232 Seiten - ISBN 978-3-8316-5075-0

Alejandro Magaria: A ing the P ing of Robot-Based
Optical 3D Measuring Systems

152 Seiten - 15BN 978-3-8316-5076-7

Felix frankenbach: Adaption von Fabrikstrukturen unter
Beriicksichtigung von Veranderungsfahigkeiten

240 Seiten - ISBN 978-3-8316-5077-4

Albrecht Lottermoser: Soziotechnische Systemgestaltung fiir die
robotergestiitzte Assistenz leistungsgewandelter Werkskréfte
244 Seiten - ISBN 978-3-8316-5084-2

Maria Maier: Managing Individualized Learning Processes in Manual
Assembly

80 Seiten - ISBN 978-3-8316-5085-9

Christian Josef Bernauer: Closed-Loop Control of Laser Metal
Deposition with Coaxial Wire Feeding

108 Seiten - [SBN 978-3-8316-5090-3

Sophie Grabmann: Laser Beam Welding of Metal Foil Stacks for
Contacting of Lithium-lon Batteries

120 Seiten - ISBN 978-3-8316-5089-7

Lisa Christine Heuss: Referenzarchitektur zur Befahigung von
Industrierobotern fiir die selbststandige Planung und Ausfilhrung
von Aufgaben mit hohem A d i

110 Seiten - ISBN 978-3-8316-5091-0

(lément H. 0. Ferry: Methodik zur effizienten und effektiven
Datenanalyse in der industriellen Produktion

am Beispiel der Fabrikplanung

160 Seiten - ISBN 978-3-8316-5092-7

Johannes Stefan Ellinger: Automated Parameter Identification of
High-Fidelity Structural Dynamic Machine Tool Models

134 Seiten - 15BN 978-3-8316-5093-4






