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Disclaimer:  
 
This document is a preliminary list of planned courses as of December 2025. 
It is solely intended as a preview while the courses are being prepared, and 
courses might still be adapted or started later. For a more complete overview, 
please refer to the module handbook as soon as it is officially published.  
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1 Aufbau des Master-Studiengangs „FAME“ 

 
Schema 1: Modularer Aufbau des 4-semesterigen Master-Studiengangs „Fundamentals and Appli-
cations of Mechanical Engineering“ an der Universität Stuttgart. Inhalt und Organisation der ver-
schiedenen Module sind in den nachfolgenden Modulbeschreibungen festgelegt. 
  

!"#A"BBCA"#DEF"*+IB"-+.L
MM

1+"#F+#BD+"*DOF.-FCB !"#A"BBCA"#DEF"*+IB"-+.L
MMM

EP4FLDEAB.*DM RST
!"#A"BBCA"#DEF"*+IB"-+.L

M

U91 W

;1 W

;1 W

EP4FLDEAB.*DMM RST

<=>=W><=<?U"A@BCLA-A-D9-F--#+C-

OFCCA4F.FI
!"#A%&'#E%F* %#A+I--F./%E.M#* M1 2'/3%#./%F 4#R.#''S.#R+7 !I24

S

RSTDBC-AP"LaD
b cF-PIP-A@BD!"#A"BBCA"#D+"*Dc*@+"4B*DdPeA.A-f
b cF-PI+-AP"gDhPeP-A4LD+"*DdB4i+"A4L
b jAPIB*A4+.D!"#A"BBCA"#
b !"BC#fD!"#A"BBCA"#
b d+"Fk+4-FCA"#
b dB*A4+.gDBC-A4+.D+"*D;CB4ALAP"D!"#A"BBCA"#D
b 9fL-BILD+"*DlB4i"P.P#fDmB@B.PCIB"-

R<T OiPA4BDPkDP"BDPkD-nPD4PICF.LPCfDB.B4-A@BD
e.P4oLa
8#A"*ES.%F+8#E'S#*3.- 2MA"F'
− M"*FL-CA+.DM"-BC"LiAC RU91gD<pD!Ol9T
− hBk.B4-A"# P"DTPCoD1AkBDRU91gDWD!Ol9T
I/%A'&./+9'*'%S/3+2MA"F'
− hBLB+C4iD;CPrB4-D;.+4BIB"-DRj91ssgD<pD!Ol9T
− hBk.B4-A"#DP"DTPCoD1AkBDRU91gDWD!Ol9T

ss liBD#C+*BD*PBLD"P-D4PF"-D-Pn+C*LD-iBDkA"+.D
#C+*B>

RtT MkDA"-BC"LiACDe.P4oDSDi+LDeBB"DLB.B4-B*gD-iBD
d+L-BCuLD-iBLALD!"#$%&'$ eBDnCA--B"DA"DA"*FL-Cf>

!.B4-A@B dP*F.BL
d+"*+-PCf dP*F.BL

:;+<'&'*E'S =;+<'&'*E'S >;+<'&'*E'S ?;+<'&'*E'S

>@

d+L-BCDliBLALDRtT

;1 t=

;1 W

B@BC+..DlP-+. :=@

9BIBL-BCDlP-+.Ds >@9BIBL-BCDlP-+.Ds >@9BIBL-BCDlP-+.Ds >@9BIBL-BCDlP-+.Ds >@

sDM*B+.AvB*D!Ol9D4CB*A-LDCBCDLBIBL-BC

!"#A"BBCA"#D;C+4-A4B
lBCIR<T

t=

;1 Sw

;1 Sw



Preliminary Course List  Seite 10 

2 Wahlpflichtmodule im Studiengang Fundamentals and Application of 
Mechanical Engineering 

Engineering Fundamentals I/II/III: 

Computational Fluid Dynamics 

 Differential Algebraic Equations I+II  

Fundamentals of Optical Engineering  

Fundamentals of Vehicle Powertrain Systems  

Micro Technology and Microsystems Technology  

 Process Engineering  

Production Related Information Technologies  

Systems Engineering  

Thermo and Fluid Dynamics  

 

Language and Culture: 

 Module Container Language: 
• Deutsch als Fremdsprache A1.1 (für englischsprachige Master-Studierende) 
• Deutsch als Fremdsprache: Übungen zum Wortschatz für ausländische Studie-

rende (B1-/B2-Niveau) 
• English for Mechanical Engineering (C1) 
• Spanisch 4 (B2) 

 

 Module Container Culture: 
• DaF: Bewerbungstraining: Bewerbung um einen Praktikumsplatz für ausländische 

Studierende (B2-/C1-Niveau) 
• DaF: Deutschlandkunde: Allgemeine und aktuelle Themen in Deutschland (B2-

Niveau) 
• Intercultural Communication Skills (C1) 
• Effective Communication in the Workplace (C1) 

 

Engineering Practice Term: 

Industrial Internship Module: 

 Industrial Internship 

   Reflecting on Work Life: Supporting Module 

 Academic Research Module 

  Research Project Placement 

  Reflecting on Work Life: Supporting Module 
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Liste der Vertiefungen („Focus Fields“) 
Automotive Engineering and Advanced Mobility  

Automation, Robotics and Mechanics  

Biomedical Engineering  

 Energy Engineering  

Manufacturing  

Medical, Optical and Precision Engineering  

Systems and Technology Development  

 

Weitere Vertiefungen befinden sich derzeit im Aufbau, sind mit dem Start des Studiengangs 
“Fundamentals and Applications of Mechanical Engineering” aber noch nicht verfügbar. 

 

3 Wahlpflichtmodule („Fundamentals“) 

Modul Nr. Modulbezeichnung 

 Engineering Fundamentals I 

 Engineering Fundamentals II 

 Engineering Fundamentals III 

 Language and Culture 

 Engineering Practice Term 
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3.1 Engineering Fundamentals I - III: 

3.1.1 Computational Fluid Dynamics 

MODUL: Computational Fluid Dynamics                         STAND: 24.03.2025 

3 
 

Leistungspunkte (LP) / ECTS-Credits 6 

12 

 

Lernziele 

The students know the numerical approximations of the conservation 
equations of mass, momentum and energy. They know how to imple-
ment these approximations with the aid of different standard algorithms. 
They are able to assess their advantages and disadvantages with re-
spect to a specific problem setup in fluid dynamics. The students know 
how to run simple simulations using a given CFD software and can 
evaluate the simulation’s results in terms of plausibility and expected 
(and achieved) accuracy. 

13 

 

Inhalt 

The content of the lectures includes the following topics:  
• Conservation equations for mass, momentum and energy 
• Discretization for finite-volume and finite-element methods 
• Algorithms for their numerical implementation 
• Stability, convergence and accuracy 
• Mesh generation, mesh design and quality for simple and 

complex geometries 
• Initial and boundary conditions, error estimation 
• Application to laminar flows 
• Turbulence modelling in the context of RANS and LES and 

application to turbulent flows 
• Compressible flows and specific solution algorithms 

 
The tutorials include computer classes using opensource CFD soft-
ware. The topics of the specific tutorials are: 

• Mesh generation with the aid of open-source pre-pro-
cessing software  

• Definition of suitable initial and boundary conditions for 
laminar and turbulent flows  

• Parameter studies assessing the stability and accuracy as 
function of discretization schemes, algorithms and mesh 
quality.  

• Influence of turbulence modelling on the quality of results  
Postprocessing with the aid of an open-source visualization software 
and analysis of results.  
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3.1.2 Differential Algebraic Equations I&II 

MODUL: Differential Algebraic Equations I & II                        STAND: 31.10.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 
 

Lernziele In-depth knowledge of differential algebraic equations and their numerical 
time integration. 

13 

 

Inhalt 

Part I: 
Differential algebraic equations: 
• what are DAE’s? 
• the index concept and solvability 
• index reduction and constraint stabilization  
• consistent initial conditions  
 
Examples from various physical disciplines and benchmark systems:  
• stiff ODE's  
• chemical reaction kinetics  
• electrical circuits  
• incompressible fluids  
• constrained mechanical systems  
 
Implicit Runge-Kutta methods:  
• order conditions  
• simplifying assumptions  
• convergence  
• stability  
• Butcher tableaus  
 
Backward differentiation formulas  
Part II:  
Advanced implementation of implicit Runge-Kutta methods:  
• Dense output  
• Simplified Newton iterations  
• Transformation of the linear system  
• Error estimate  
• Step-size control  
 
Software for DAE’s: DASSL.f, RADAU.f and Sundials IDA.  
Practical workshop: Application of the learned concepts on a given research 
topic on differential algebraic equations.  
 

3.1.3 Fundamentals of Optical Engineering 

MODUL: Fundamentals of Optical Engineering                  STAND: 14.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Upon successful completion of the module, students will be able to:    
§ recognize the capabilities and limitations of imaging optics based on 

paraxial optical imaging (Gaussian model of collineation), 
§ classify fundamental optical systems and perform calculations within the 

framework of Gaussian optics, 
§ understand the role and impact of apertures, pupils, and field stops on 

imaging performance, 
§ comprehend the causes and effects of optical aberrations, 
§ describe the design and functionality of key optical systems (e.g., micro-

scopes, telescopes, zoom systems, lenses, interferometers), and apply 
and evaluate them appropriately, 

§ understand the basic derivation of optical phenomena such as interfer-
ence and diffraction from wave equations, 

§ define the limitations of wave-optical imaging and resolution. 

13 

 

Inhalt 

§ Optical media and light propagation: fundamental laws of reflection, re-
fraction, and dispersion; interaction of light with matter 

§ Paraxial optical imaging (Gaussian collineation), paraxial quantities, and 
cardinal elements 

§ Practical geometrical optics: stops and pupils, optical aberrations 
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§ Optical components, systems, and instruments 
§ Wave optics and wave-optical imaging: fundamentals of diffraction, in-

terference, and resolution 
 

3.1.4 Fundamentals of Vehicle Powertrain Systems 

MODUL: Fundamentals of Vehicle Powertrain Systems STAND: 29.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 
 

Lernziele 
Students are familiar with the sub-processes of various vehicle drive topolo-
gies. They are able to determine, analyze and assess e.g. thermodynamic, 
mechanical or electrical system dimensions and their loads. 

13 

 

Inhalt 

• Energy, Sustainability and Life-Cycle Analysis, Legal Framework 
Conditions 

• Powertrain topologies: Driving Resistances and Longitudinal Dy-
namics, Performance Requirements, Topologies 

• Energy Sources and Storage: 
• Molecular Energy Carriers (Conventional Fuels, Hydrogen, Biofu-

els, e-Fuels), Electro-Chemical Energy Storage (Lithium-Ion Bat-
teries), Hydrogen Refueling Technologies 

• Energy Converters: Electric Motors and Power Electronics, Com-
bustion Engines, Fuel Cells 

• Propulsion Systems: Battery Electric Vehicles, Fuel Cell Drives, 
Conventional Drives, Hybrid Drives, 

• Holistic Analysis of Powertrain Concepts 

 
 

3.1.5 Micro Technology and Microsystems Technology 

MODUL: Micro Technology and Microsystems Technology STAND: 12.07.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Participants acquire knowledge about the most important material properties 
as well as basics of development and manufacturing of micro technological 
components and microsystems. Participants are enabled to recognize the spe-
cial features concerning micro technology and microsystems technology and 
to identify individual solutions. 

13 

 

Inhalt 

-Properties of important materials for microsystems technology 
-Silicon-based micromechanics 
-Introduction to vacuum technology 
-Manufacturing and properties of thin films (PVD and CVD technology, thermal 
oxidation) 
-Lithography and mask technology 
-Etching (wet chemical etching, RIE, IE, plasma etching) 
-Clean room technology 
-Assembly and interconnection technology for microsystems (bonding, encap-
sulation) 
-LIGA technology 
-Micro technological components based on polymers (for example micro injec-
tion molding) 
-Micro machining of metals (for example EDM) 
-Characterization technologies for micro technology 
-Process chains for microsystems technology 
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3.1.6 Process Engineering 

MODUL: Process Engineering     STAND: 03.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students know about the physical basics and the unit operations in me-
chanical process engineering which are used in plants worldwide: Students 
are able to select the appropriate unit operations according to given require-
ments and boundary/ operating conditions. They have the competence to 
carry out first-cut analyses and develop initial designs of apparatuses in me-
chanical process engineering. The students have knowledge about the fun-
damentals of thermal process engineering, especially balances and kinetics. 
They are familiar with the main unit operations, especially vapour/liquid-sep-
aration processes (stripping, absorption and distillation).Thus they are able 
to select the appropriate unit operations according to the given requirements 
and boundary/operating conditions. They have the competence to carry-out 
initial, first-cut analysis and design of apparatuses in the framework of ther-
mal process engineering. 

13 

 

Inhalt 

Mechanical Process Engineering: 
• Characterisation of dispersed systems 
• Adhesion mechanisms in dispersed systems 
• Resistance behaviour of particles in flows 
• Flow through packed beds 
• Separation processes and characterisation of separation 
• Mixing processes (mixing of disperse and non-disperse media) 
• Crushing and agglomeration processes 
• Conveying processes 
Thermal Process Engineering: 
• Phase equilibrium thermodynamics: vapour/liquid, liquid/liquid, Gas 
solubilities, Adsorption: gas/solid, liquid/solid 
• Thermal separation process fundamentals: Mass and energy balances, 
Kinetics: heat and mass transfer equations 
• Vapour/liquid separation: Counter current theoretical stage concept, 
Absorption, Stripping, Distillation, Column internals 
• Heat exchangers, Condensers, Evaporators 
• Liquid/Liquid Extraction 
• Adsorption 
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3.1.7 Production Related Infomations Technologies 

MODUL: Production Related Information Technologies                   STAND: 08.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Students 
 
• understand the fundamentals of information processes and information 

technology in product development (focus on production planning and 
production), 
 

• can explain the methods of value stream analysis and process modeling 
in production and can apply them to planning new information processes 
in production, 
 

• understand the fundamentals of information processes in production 
planning (digital factory) and can classify them in trade-related planning 
tasks, 
 

• know the interrelationships in shop floor IT and, on this basis, can de-
sign new processes and IT for production facilities, 
 

• can plan new information processes based on a modular approach to in-
formation management in production, 
 

• know the project-related planning and control process for the introduc-
tion and implementation of IT projects in production, 
 

• recognize the impact of "Industry 4.0" on production-related information 
technologies. 

13 

 

Inhalt 

• Introduction to information processes and information technology in pro-
duction, as well as their integration into the business model 
 

• Fundamentals of value stream and process modeling, as well as an in-
troduction to business process modeling (BPM) 
 

• Fundamentals of modularizing information processes and information 
technologies in production 
 

• Introduction to digital production planning methods, introduction of Auto-
mationML and its impact 
 

• Introduction to shop floor IT and OPC UA 
 

• Coupling AutomationML and OPC UA for virtual commissioning 
 

• Management fundamentals of planning and control processes for IT pro-
jects in production 
 

• All content is expanded upon using practical examples from industrial 
applications 
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3.1.8 Systems Engineering 

MODUL: Systems Engineering                  STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Upon successful completion of this module, students will be able to: 
 

• Understand and apply core principles of systems thinking and sys-
tem architecture 

• Analyze and structure complex systems using methods such as 
the Design Structure Matrix (DSM) 

• Manage product families and variants using modularity and config-
uration techniques 

• Build and interpret MBSE models including requirements, struc-
ture, behavior, and parametrics 

• Use SysML and other tools to represent, validate, and trace engi-
neering system designs 

 

13 

 

Inhalt 

This two semester module provides a comprehensive introduction to Systems 
Engineering, with an emphasis on handling complexity in modern engineering 
design and development. Delivered across two semesters, the course inte-
grates theoretical instruction with interactive case studies to foster a systems-
level mindset, analytical thinking, and applied modeling skills. Students will 
learn to address interdependencies across mechanical, functional, and organ-
izational domains using established and emerging tools in Systems Engineer-
ing. 
 
Winter Semester: Systems Thinking, Complexity, and System Architecture 
 
The winter semester introduces students to systems thinking and the archi-
tectural principles necessary to understand and design complex engineered 
systems. The core lectures focus on structural complexity, interface modeling, 
system modularity, and product variability. Special emphasis is placed on the 
use of the Design Structure Matrix (DSM) and variant management methods. 
Several integrated case studies allow students to apply these techniques to 
real-world examples. 
 
Summer Semester: Model-Based Systems Engineering (MBSE) 
 
In the summer semester, students transition to model-based techniques that 
enhance system consistency and cross-disciplinary collaboration. Key topics 
include functional modeling, requirements engineering, behavioral modeling, 
and more. Students gain hands-on experience with SysML and MBSE tools 
through a series of case-based workshops involving realistic engineering sys-
tems. 
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3.1.9 Thermo and Fluid Dynamics 

MODUL: Thermo and Fluid Dynamics                  STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 
 

Lernziele Angaben zu den Kenntnissen und den Kompetenzen, über welche die Stu-
dierenden nach erfolgreichem Absolvieren des Moduls verfügen  

13 
 

Inhalt Contents oft the lectures Thermodynamics of Mixtures and Flow and Heat 
Transfer  

3.2 Language and Culture 

3.2.1 Deutsch als Fremdsprache A1.1 

MODUL: 511001080 Deutsch als Fremdsprache A1.1 (für englischsprachige Mas-
ter-Studierende)     STAND: 02.06.2025 

2 
 

Unterrichtssprache Deutsch 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 
 

Lernziele Das Sprachniveau entspricht nach Abschluss des Kurses der Niveaustufe 
A1.1 nach GER. 

13 

 

Inhalt 

Es werden alle Kompetenzen (Lesen, Schreiben, Hören und Sprechen) auf 
der Grundlage von A1.1 aufgebaut, geübt und gefestigt. Auch der entspre-
chende Wortschatz und die entsprechende Grammatik werden vermittelt und 
trainiert. Folgende Themen werden unter anderem behandelt: 

o Universität 
o Begrüßung 
o Berufe 
o Familie 
o Freizeit 
o Essen 
o Einkaufen 
o Möbel 
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3.2.2 Deutsch als Fremdsprache: Übungen zum Wortschatz für ausländische Stu-
dierende 

MODUL: 511000540 Deutsch als Fremdsprache: Übungen zum Wortschatz für aus-
ländische Studierende (B1-/B2-Niveau) 

STAND: 02.06.2025 

2 
 

Unterrichtssprache Deutsch 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 
 

Lernziele 
Die Studierenden können ihren Wortschatz in unterschiedlichen Bereichen 
und Situationen (d. h. sowohl in alltagsbezogenen als auch studienrelevan-
ten) vergrößern, vertiefen und festigen. 

13 

 

Inhalt 

Wiederholung erworbener Grundkenntnisse sowie Aneignung von aufbauen-
den Kenntnissen im Bereich Wortschatz für mündliche und schriftliche Kom-
munikationssituationen (u. a. Synonyme, Antonyme, Kollokationen, Vorsilben 
bei Verben, Endsilben bei Adjektiven, falsche Freunde, Kompositionen). Art 
und Umfang des Leistungsnachweises werden zu Beginn der Veranstaltung 
bekanntgegeben. 
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3.2.3 Englisch: English for Mechanical Engineering 

MODUL: 512100120 Englisch: English for Mechanical Engineering (C1) 
STAND: 02.06.2025 

2 
 

Unterrichtssprache Englisch 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Die Studierenden können ihre Ideen in technischem und akademischem Eng-
lisch auf fortgeschrittenem Niveau artikulieren. Sie sind in der Lage, techni-
sche Konzepte für Fachfremde und deutsche Quellen (Texte und Audiomate-
rial) für Nicht-Deutsche zu vermitteln. Sie sind in der Lage, in akademischen 
Diskussionen mühelos und angemessen zu interagieren und eine formale 
Präsentation in ihrem Fachgebiet zu halten. Sie beherrschen die für das tech-
nische Englisch relevante Grammatik und können diese angemessen anwen-
den. Darüber hinaus haben sie ein gutes Gespür für korrektes, formelles Eng-
lisch, wie es in schriftlichen Berichten verwendet wird.. 

13 

 

Inhalt 

Akademische und fachsprachlich orientierte Kommunikation im Bereich des 
Maschinenbaus. 

o Lesen und Hören von verschiedenen authentischen und techni-
schen Quellen auf C1-Niveau 

o Training der mündlichen und schriftlichen Fähigkeiten im Bereich 
des Maschinenbaus auf C1-Niveau 

o Zu den behandelten Themen gehören Elektro- und Verbrennungs-
motoren, autonome Fahrzeuge, erneuerbare Energien, Materialei-
genschaften, Mathematik und Gleichungen, allgemeines techni-
sches Englisch und die Beherrschung der entsprechenden Gram-
matik 

 

 



Preliminary Course List  Seite 21 

3.2.4 Spanisch 4 

MODUL: 513300280 Spanisch: Spanisch 4 (B2)                     STAND: 02.06.2025 
2 

 
Unterrichtssprache 

Spanisch (primär), Deutsch 
 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Der /die Studierende ist in der Lage: 

o Vorträgen allgemeinen Inhalts zu folgen; 
o längere, argumentierende Texte zu allgemeinen Themen zu ver-

stehen; 
o sich aktiv und flüssig an Gesprächen zu beteiligen sowie ein 

Thema von allgemeinem Interesse zu präsentieren; 
o schriftlich komplexe Sachverhalte wiederzugeben und eine eigene 

Argumentation zu entwickeln. 

13 

 

Inhalt 

Behandlung von längeren Redebeiträgen wie Ausschnitten aus Vorlesungen, 
Fernsehsendungen u dgl., Lektüre von Zeitungsartikeln und Berichten über 
die spanischsprachige Welt, Vertiefung grammatischer Probleme, Entwick-
lung des freien Sprechens für die Teilnahme an Diskussionen über aktuelle 
Themen, schriftliche Arbeiten zu den behandelten Themen. Art und Umfang 
des Leistungsnachweises bzw. Beurteilungsschemas werden zu Beginn der 
Veranstaltung bekanntgegeben. 
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3.2.5 Deutsch als Fremdsprache: Bewerbungstraining: Bewerbung um einen Prakti-
kumsplatz für ausländische Studierende 

MODUL: 511000610 Deutsch als Fremdsprache: Bewerbungstraining: Bewerbung 
um einen Praktikumsplatz für ausländische Studierende (B2-/C1-Niveau) 

STAND: 02.06.2025 
2 

 
Unterrichtssprache Deutsch 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Die Studierenden kennen Praktikumsmöglichkeiten passend zur individuellen 
Fachrichtung und verfügen über allgemeine Kenntnisse des Arbeitsmarktes. 
Sie können Praktikumsanzeigen analysieren und interpretieren. Sie kennen 
die Textsorten Anschreiben, Lebenslauf sowie Motivationsschreiben und kön-
nen eine schriftliche und elektronische Bewerbung um einen Praktikumsplatz 
erstellen. Die Studierenden üben das Telefoninterview, die Selbstpräsenta-
tion und das Vorstellungsgespräch. 

13 

 

Inhalt 

o Marktanalyse 
o Bewerbungsstrategien und Auswahlstrategie 
o Telefonische Anfrage und Telefoninterview 
o Bewerbungsunterlagen 
o Selbstpräsentation 
o Vorstellungsgespräch 
o Themenbezogenes Training der schriftlichen und mündlichen 

Kompetenzen 
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3.2.6 Deutsch als Fremdsprache: Deutschlandkunde: Allgemeine und aktuelle The-
men in Deutschland 

MODUL: 511001280 Deutsch als Fremdsprache: Deutschlandkunde: Allgemeine 
und aktuelle Themen in Deutschland (B2) 

STAND: 02.06.2025 
2 

 
Unterrichtssprache Deutsch 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Die Studierenden verfügen über die Kompetenz, sich anhand von deutsch-
landkundlichen Themen zu artikulieren und ihre DaF-Fertigkeiten zu trainie-
ren. Die Studierenden besitzen die Fähigkeit und haben die Kenntnisse, 
deutschlandkundliche Themen zu verstehen und zu diskutieren. Die Studie-
renden haben Ihr deutschlandkundliches Wissen erweitert. 

13 

 

Inhalt 

o deutschlandkundliche Informationen 
o sprachliche Strukturen und Redemittel 
o mündliche Kommunikationsformen im universitären Kontext 
o Training der Fertigkeiten Hör-, Leseverstehen, mündliche Fertig-

keiten anhand deutschlandkundlicher Themen. 
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3.2.7 Englisch: Intercultural Communication Skills 

MODUL: 512100460 Englisch: Intercultural Communication Skills (C1) 
STAND: 02.06.2025 

2 
 

Unterrichtssprache Englisch 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 
 

Lernziele 
Participants will acquire effective techniques for navigating critical communi-
cative situations, and will learn how to win the trust of people from different 
ethnic and cultural backgrounds. 

13 

 

Inhalt 

The course is designed to equip students with the knowledge and skills re-
quired for successful interactions across national, ethnic, and cultural bound-
aries. Participants will become sensitized to those differences in values 
which are often the cause of interpersonal friction and misunderstandings 
due to diverging cultural norms and expectations. A special feature of this 
course will be the focus on humor in intercultural settings. Jokes and humor 
are a shortcut to the innermost depths of a nation’s psyche and, skillfully 
applied, humor can be very helpful in lessening tension and even in defusing 
potentially explosive communicative situations. Participants will become fa-
miliar with the most important theories and techniques gleaned from a wide 
variety of humor sources and studies, and will be encouraged to develop 
their own sense of humor. 
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3.2.8 Englisch: Effective Communication in the Workplace 

MODUL: 512100230 Englisch: Effective Communication in the Workplace (C1) 
STAND: 02.06.2025 

2 
 

Unterrichtssprache Englisch 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Students can understand and use everyday workplace English appropriately 
in an intercultural setting. They are able to communicate clearly and effec-
tively in writing and orally, and write an international application. They also 
possess a deepened transcultural awareness. Students are capable of inter-
acting comfortably in a multicultural workplace. 

13 

 

Inhalt 

Written and oral international business communication within a multicultural 
work environment. 

o Training of oral workplace communication skills as they are found 
in business presentations, office small talk and telephoning 

o Focus on intercultural awareness in business situations with 
stress on relationship-orientation 

o Reading and listening to various authentic business sources 
o Training of written workplace communication skills as they are 

found in business correspondence 
o Writing an international skills-based CV and letter of application 
o Training of speaking skills by chairing meetings and doing job in-

terviews 
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4 Vertiefungen („Focus Fields“) 

Fakultät 7: Automotive Engineering and Advanced Mobility 
Automation, Robotics and Mechanics 
Manufacturing 
Medical, Optical and Precision Engineering 
Systems and Technology Development 

  

Fakultät 4: Energy Engineering 
Biomedical Engineering 

  

Legende: Zu wählen sind zwei Vertiefungen. 
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4.1 Automation, Robotics and Mechanics 

Focus Field  Automation, Robotics and Mechanics 

Vertiefung Automation, Robotik und Mechanik 

Verantwortlicher Professor Jörg Fehr 

Auskünfte  

Institut für Technische und Numerische Mechanik (ITM) 

 

Tel.: 0711 / 685 – 66388 

Email: joerg.fehr@itm.uni-stuttgart.de 

Homepage: www.itm.uni-stuttgart.de 

  

Modulcontainer 6 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

107110 Andrea Iannelli Advanced Topics in Convex Optimi-
zation 

4 1 SS 

74980 Prof. Dr. C. David 
Remy 

Computational Dynamics for Robo-
tics 

4 1 WS 

111880 Prof. Dr.-Ing. 
Frank Allgöwer 

Concepts of Automatic Control 6 1 WS 

 Prof. Dr. Philipp 
Rothemund 

Design of Soft Robotic Devices 4 1 WS 

110700 Dr. Jonas Breuling Differential Algebraic Equations I & 
II 

4 1 SS 

 Univ.-Prof. Dr.-Ing. 
Cristina Tarín 
Sauer 

Dynamic Filtering 4 1 WS 

105750 Prof. Dr. C. David 
Remy 

Dynamics and Control of Legged 
Locomotion 

4 1 SS 

111890 Prof. Dr.-Ing. Oli-
ver Sawodny 

Dynamics of Distributed Parameter 
Systems 

6 1 SS 

33820 Prof. Dr.-Ing. Oli-
ver Sawodny 

Flat Systems 4 1 WS 

111030 Prof. Dr. Philipp 
Rothemund 

Fundamentals of Soft Robotics 4 1 SS 

35000 Carsten Scherer Linear Matrix Inequalities in Control 
(9 ECTS) 

6 1 WS+SS 

31720 Prof. Dr.-Ing. 
Frank Allgöwer 

Model Predictive Control 4 1 SS 
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Modulcontainer 3 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

57860 Prof. Dr.-Ing. 
Frank Allgöwer 

Advanced Methods in Systems and 
Control Theory 

2 1 WS+SS 

46770 Dr.-Ing. Kevin 
Schmidt 

Control of safety-critical systems 2 1 SS 

104760 Prof. Dr.-Ing. 
Frank Allgöwer 

Data-Driven Control 2 1 WS 

110710 Dr. Jonas Breuling Differential Algebraic Equations I 2 1 SS 

56670 Dr. André 
Schmidt, Prof. Fe-
lix Fritzen 

Discretization methods 2 1 WS 

 Dr.-Ing., Pascal, 
Ziegler 

Experimental Modal Analysis 2 1 SS 

51840 Prof. Dr.-Ing. 
Frank Allgöwer 

Introduction to Adaptive Control 2 1 WS 

 Jun.-Prof. Dr.-Ing. 
J. Fehr   

Model Reduction of Mechanical 
Systems 

2 1 SS 

70430 Joachim Birk Operational Technology for Waste 
Treatment 

2 1 WS 

30060 Eberhard, Peter; 
Univ.-Prof. Dr.-
Ing. 

Optimization of Mechanical Sys-
tems 

2 1 WS 

111900 Prof. Dr.-Ing. 
Frank Allgöwer 

Project Automatic Control 2 2 WS 

 Prof. Dr.-Ing. Prof. 
E.h. P. Eberhard 
Andreas 
Baumann 

Simulation of Particles and Mesh-
free Computation Methods  

2 1 WS+SS 

18640 Prof. Dr.-Ing. 
Frank Allgöwer 

Nonlinear Control 4 1 SS 

 Prof. Dr. Remco I. 
Leine 

Nonlinear Dynamics of Mechanical 
Systems 

4 1 WS 

 Prof. Dr. Remco I. 
Leine 

Nonsmooth Dynamics 4 1 SS 

18620 Andrea Iannelli Optimal Control 4 1 WS 

105400 Dipl.-Phys. André 
Mielke 

Quantum Computing for Engineers  1 WS 

18630 Carsten Scherer Robust Control 4 1 WS+SS 

42980 Prof. Dr.-Ing. 
Frank Allgöwer 

Topics in Autonomous Systems 
and Control 

4 1 WS+SS 

 Prof. Dr.-Ing. Mi-
chael Hanss 

Uncertainty Quantification 
 

4 1 SS 



Preliminary Course List  Seite 29 

 

Legende: Turnus: WS (wird nur im WS angeboten), SS (wird nur im SS angeboten), WS/SS (2-
semestriges Modul, Beginn im WS), SS/WS (2-semestriges Modul, Beginn im SS), WS+SS (Modul 
kann sowohl im WS als auch im SS begonnen werden). 
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4.1.1 Advanced Topics in Convex Optimization 

MODUL: Advanced Topics in Convex Optimization          STAND: 03.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

• Understand the most important features of state-of-the-art optimization al-
gorithms used in new application domains;  
• Learn the basic technical principles that allow analysis and design of high 
performing optimization algorithms;  
• Recognize advantages, disadvantages and underlying assumptions of 
widely used optimization algorithms in order to be able to decide when they 
should be deployed;  
• Develop familiarity with concepts from optimization theory which can be 
used to analyze problems in several engineering and applied mathematics 
domains. 

13 

 

Inhalt 

The course provides an in-depth treatment of both classical and modern 
concepts in convex optimization (with emphasis on the latter) that are rele-
vant in control, decision making and data science problems. The course 
articulates around the following four topics: basics of convex analysis; op-
erator-splitting methods; distributed optimization; online convex optimiza-
tion. After an introductory part covering classic and foundational concepts 
in convex optimization (convex sets and functions; Lagrangian and Fenchel 
duality; gradient and coordinate descent methods), we will focus on three 
state-of-the-art topics in convex optimization. Operator-splitting methods 
are first-order methods based on monotone operator theory that are partic-
ularly suitable to handle non-smooth problems (which often arise in control 
and learning applications). Distributed optimization allows largescale prob-
lems (appearing e.g. in learning-from-big-data and distributed control set-
tings) to be solved by means of local computations and is a central paradigm 
for the development of network infrastructures (e.g. smart cities, swarm ro-
botics). Online convex optimization is a paradigm for sequential decision-
making problems where an agent needs to take decisions by solving a se-
ries of optimization problems online, thus requiring real-time capable com-
putations and means to take action in the face of uncertainty. 
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4.1.2 Computational Dynamics for Robotics 

MODUL: Computational Dynamics for Robotics         STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Students: 
• are able to use an off-the-shelf dynamics engine to model sim-

ple mechanical systems. gain an intuitive understanding of the 
dynamics of mechanical systems. In particular, they under-
stand and are able to visualize: physical and numerical vec-
tors, coordinate systems, transformations, as well as their de-
rivatives. the properties of inertia/mass matrices in Euclidean-
, generalized-, and contact coordinates. angular momentum 
and kinetic moment of rigid bodies. constraint Jacobians as 
generalized lever-arms. 

• can classify constraints as explicit/implicit, uni-/bilateral, reho-
/scleronomic, (non-)/holonomic. can determine the Denavit–
Hartenberg parameters for robotic joints. are able to derive the 
equations of motion for complex multibody dynamic systems 
using projected Newton-Euler Equations. 

• know the following algorithms and understand their computa-
tional complexity: recursive forward kinematics recursive New-
ton-Euler algorithm articulated body inertia  

• implement a multi body dynamics engine in Matlab using: re-
cursive algorithms acting on linked lists. object oriented pro-
gramming taking advantage of the concepts of inheritance, ab-
stract classes, and polymorphism. 

• understand the implications of implicit constraints, loop clo-
sures, contacts, and collisions.  

• are able to apply their dynamics knowledge in the comparison 
of the following robotic controller concepts: virtual model con-
trol. operational space control 

13 

 

Inhalt 

Kinematics and dynamics of multibody systems as they are typical for 
applications in robotics, mechatronics, and biomechanics. The course 
provides a solid theoretical background to describe such systems in a 
precise mathematical way and develops the tools and methods to create 
the governing differential equations analytically and in a numerically effi-
cient way. Special attention is paid to an intuitive but thorough physical 
understanding of such systems. This understanding will enable a creative 
approach to the design and control of robotic systems. Topics of particu-
lar interest include efficient algorithmic implementations for multibody al-
gorithms and the handling of collisions and variable structure. As part of 
the exercises, students will implement a complete multibody dynamics 
engine in MATLAB, using advanced programming techniques that in-
clude recursive formulations and object oriented programming. 
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4.1.3 Concepts of Automatic Control 

MODUL: Concepts of Automatic Control                  STAND: 26.04.2024 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The students 
• know the relevant methods for the analysis of linear and nonlinear 

dynamical systems and are capable of applying them to real sys-
tems 

• can synthesize and validate controllers for linear and nonlinear 
• know and understand the basic terms of important concepts in 

control engineering, in particular non-linear, optimal and robust 
control 

 
 

13 
 

Inhalt 

• Lyapunov stability 
• Linear-quadratic regulator 
• Robust control 
• Control design for nonlinear systems 
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4.1.4 Design of Soft Robotic Devices 

MODUL: Design of Soft Robotic Devices                   STAND: 07.05.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The goal of this class is to introduce participants to the working principles, 
design, and fabrication of soft robotic actuators and sensors.  
At the end of the class, students will be able to 
• explain the basic working principles 
• understand the design principles 
• apply the learned fabrication methods  

13 

 

Inhalt 

Discussed technologies 
• Fluid-driven soft actuators: PneuNet actuators, McKibben actuators, 
Puch Motors 
• Electrostatic actuators: Dielectric elastomer actuators, Electrohydraulic 
actuators 
• Soft sensors: Capacitive sensors, Resistive sensors 
 
The class consists of a combination of theoretical lectures, applied exer-
cises, and a design project. 
The theoretical lectures explain the basic working principles, design rules, 
fabrication methods, and the advantages and disadvantages of the differ-
ent technologies. 
In the laboratory exercises, the students will apply the learned knowledge. 
In a small project, students will design, fabricate, and test their own soft 
robotic device. 
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4.1.5 Differential Algebraic Equations I&II 

MODUL: Differential Algebraic Equations I & II                        STAND: 31.10.2024 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 
 

Lernziele In-depth knowledge of differential algebraic equations and their numerical 
time integration. 

13 

 

Inhalt 

Part I: 
Differential algebraic equations: 
• what are DAE’s? 
• the index concept and solvability 
• index reduction and constraint stabilization  
• consistent initial conditions  
 
Examples from various physical disciplines and benchmark sys-tems:  
• stiff ODE's  
• chemical reaction kinetics  
• electrical circuits  
• incompressible fluids  
• constrained mechanical systems  
 
Implicit Runge-Kutta methods:  
• order conditions  
• simplifying assumptions  
• convergence  
• stability  
• Butcher tableaus  
 
Backward differentiation formulas  
Part II:  
Advanced implementation of implicit Runge-Kutta methods:  
• Dense output  
• Simplified Newton iterations  
• Transformation of the linear system  
• Error estimate  
• Step-size control  
 
Software for DAE’s: DASSL.f, RADAU.f and Sundials IDA.  
Practical workshop: Application of the learned concepts on a given research 
topic on differential algebraic equations.  
 

4.1.6 Dynamic Filtering 

MODUL: Dynamic Filtering                  STAND: 05.05.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Students know the individual functional blocks of a digital communication sys-
tem, they are familiar with the Fourier transform, especially the discrete-time 
Fourier transform and the Z-transform. Students are familiar with digital filter 
design, both with methods for IIR filters and for FIR structures. Using the dis-
crete Fourier transform, efficient algorithms (Fast Fourier Transform) are 
demonstrated, which illustrate the tools for frequency analysis. Students are 
familiar with basic methods for Kalman filtering and advanced methods for 
dynamic estimation. Methods for linear prediction provide the basis for adap-
tive filtering. Finally, students are familiar with methods for deconvolution. 

13 

 

Inhalt 

• Introduction to adaptive filtering 
• Stochastic processes and models 
• Fourier analysis of stationary random signals 
• Wiener filter 
• Linear prediction 
• Least-Mean-Square adaptive filtering 
• Kalman filter 
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4.1.7 Dynamics and Control of Legged Locomotion 

MODUL: Dynamics and Control of Legged Locomotion              STAND: 
03.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The overarching goal of this class is to provide students with an overview 
of the current state of the art as it pertains to the control and dynamics of 
legged (robotic) locomotion. Subtopics range from basic biomechanics 
and locomotion in nature to optimal control of robotic systems. The 
course will apply the principles of mechanical dynamics to a specific class 
of systems and will hence cover a broad range of dynamics topics, in-
cluding multibody-dynamics, non-smooth dynamics, nonlinear-dynamics, 
limit cycles, continuation, and bifurcation, as well as a range of different 
control strategies. 

13 

 

Inhalt 

• Definition and classification of gaits and other modes of loco-
motion in nature for bipedal and multilegged animals. 

• The effects of scaling, normalized units 
• Modelling of legged locomotion, multibody dynamics, contact, 

collisions, types of ground contact models, zeno effects, Time 
stepping algorithms. 

• Natural dynamics motions in locomotion, simple models, limit-
cycles in locomotion, Floquet-analysis, the fundamental solu-
tion matrix, the saltation matrix, continuation and bifurcations. 

• Energetic economy in legged locomotion 
• Control: 

o Static walking, IK based control, 
o Zero moment point control 
o Hybrid zero dynamics 
o Virtual model control 
o Raibert’s controller 
o ID based control 
o Machine learning approaches 
o Definitions of stability and robustness, viability 
o Optimal control of hybrid systems, multiple shooting, 

direct collocation 
A series of 6 hands-on exercises and a robotic locomotion competition 
will round off the class content 
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4.1.8 Dynamics of distributed parameter systems 

MODUL: Dynamics of distributed parameter systems STAND: 26.04.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Students can formulate suitable model equations for distributed parameter 
systems. They can analyze such a system and derive its general solution an-
alytically. 
 

13 

 

Inhalt 

The lecture covers basic methods for systems with distributed parameters. 
Common modelling approaches are introduced. Distributed parameter sys-
tems are analyzed and solved using suitable approaches. The focus is on 
methods for solving partial differential equations including the modal transfor-
mation, the Green's function method, the product approach and the method 
of characteristics. The methods taught in the lecture are explained in the ex-
ercises using specific examples, e.g. heat conduction, bending of Euler-Ber-
noulli beams, transport systems and wave equation. 
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4.1.9 Flat Systems 

MODUL: Flat Systems                  STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 
 

Lernziele 

The students know methods for model-based design of tracking control for 
linear and nonlinear SISO (single-input-single-output) and MIMO (multiple-in-
put-multiple-output) systems. By solving the assigned exercises the students 
gain experience in the usage of computer algebra systems. 

13 

 

Inhalt 

  
Flatness based methods are used to plan reference trajectories. Moreover, 
model-based design of feedforward controllers and stabilizing feedback con-
trollers for the tracking of the reference trajectory are realized. The corre-
sponding 2-Degree-of-Freedom control structure consisting of feedforward 
and feedback controller is used to control linear time invariant systems, linear 
time varying systems and nonlinear SISO and MIMO systems. The methods 
are explained on various examples. For realizing the flatness based controller 
an introduction in the design of linear and nonlinear observer is given. 
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4.1.10 Fundamentals of Soft Robotics 

MODUL: Fundamentals of Soft Robotics                     STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The goal of this class is to introduce participants to the fundamental work-
ing principles and the modeling of soft robotic devices and functional soft 
materials, including soft actuators, sensors, and generators. 
At the end of the class, students will be able to  explain the working princi-
ples of the most important soft robotic technologies and functional soft ma-
terials • know modeling techniques for soft robotic devices and apply them 
to simple soft transducers • analyze the behavior and performance of soft 
robotic systems • understand the advantages and limitations of different 
soft robotic technologies 

13 

 

Inhalt 

Basics of describing the mechanics of soft materials with finite strains and 
large deflections • Constitutive models of soft materials (hyperelastic ma-
terial models)  
• Modeling of multiphysics coupling (temperature, electric fields, magnetic 
fields, chemical potential coupled with mechanics) 
• Numerical simulation techniques 
• Working principles of fluid-driven actuators, electrostatic transducers, 
magnetic actuators, hydrogel-based actuators 
• Principles of soft actuation, sensing, energy harvesting 
• Examples of embodied intelligence 
• Advantages and disadvantages of soft transducer technologies 
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4.1.11 Linear Matrix Inequalities in Control 

MODUL: Linear Matrix Inequalities in Control            STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 9 

12 

 

Lernziele 

The student is able to reproduce the theory and apply convex optimization in 
controller analysis and synthesis. Specifically, students are able to  
1. summarize essential ingredients from convex optimization  
2. discuss dissipation theory for dynamical system and its implication for per-
formance specifications  
3. reproduce nominal and robust LMI characterizations of H-infinity, H2, 
quadratic-performance, and energy-to-peak performance  
4. sketch derivation of generic convexifying transformation for state- and out-
put-feedback controller synthesis  
5. master derivation of synthesis inequalities for single- and multiobjective 
controller design  
6. construct LMI regions and understand synthesis with constraints on pole-
locations  
7. explain quadratic stability and its inherent conservatism 8. apply robust 
stability tests with parameter-dependent Lyapunov functions  
9. describe multiplier relaxation for robust LMI problems and sketch theory of 
integral quadratic constraints  
10. understand the difficulties of robust control design and  
11. discuss design of gain-scheduling controllers by linear-parametervarying 
controller synthesis 

13 

 

Inhalt 

Introduction to optimization theory (convexity, linear matrix 
inequalities, Lagrange duality) 
Dissipation theory and nominal performance analysis for various 
criteria 
From analysis in terms of linear matrix inequalities to controller 
synthesis 
Design of multi-objective controllers (Youla Parameterization) 
Robustness tests for time-varying parametric uncertainties 
Sum-of-squares relaxations 
The multiplier approach to robustness analysis 
Design of robust controllers: state-feedback, estimator design and 
output-feedback control 
Linear parametrically-varying systems and the design of linear 
parametrically-varying controllers 
Integral quadratic constraints 
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4.1.12 Model Predictive Control 

MODUL: Model Predictive Control                  STAND: STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students analyze and synthesize various types of model predictive 
controllers for different system classes and implement them in Matlab. 
They are able to derive systems-theoretic guarantees of MPC controllers, 
including closed-loop stability and robustness, and can assess the 
different properties, advantages, and disadvantages of different MPC 
schemes. The students have insight into current research topics in the 
field of model predictive control, which enables them to do their own 
first research projects in this area. 

13 

 

Inhalt 

Basic concepts of MPC 
Stability of MPC 
Robust MPC 
Economic MPC 
Further advanced MPC topics 
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4.1.13 Nonlinear Control 

MODUL: Nonlinear Control                                      STAND: STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The student 
• knows the mathematical foundations of nonlinear control 
• has an overview of the properties and characteristics of nonlinear 
control systems, 
• is trained in the analysis of nonlinear systems with respect system-theoret-
ical properties, 
• knows modern nonlinear control design principles, 
• is able to apply modern control design methods to practical 
problems, 
• has deepened knowledge, enabling him to write a scientific in the area of 
nonlinear control and systems-theory. 

13 

 

Inhalt 

Course Nonlinear Control: 
Mathematical foundations of nonlinear systems, properties of  
nonlinear systems, non-autonomous systems, Lyapunov stability, ISS,  
Input/Output stability, Control Lyapunov Functions, Backstepping,  
Dissipativity, Passivity, and Passivity based control design 
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4.1.14 Nonlinear Dynamics of Mechanical Systems 

MODUL: Nonlinear Dynamics of Mechanical Systems           STAND: 24.03.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 
 

Lernziele 
The aim of the course is to give the student a basic knowledge and un-der-
standing of nonlinear system behavior and to provide analysis tools to ana-
lyze nonlinear dynamical systems. 

13 

 

Inhalt 

Introduction: Notation; Literature 
Dynamical Systems: Continuous-time systems; Discrete-time systems; Li-
mit sets; Lyapunov stability Bifurcations of Equilibria: Center Manifold; Cen-
ter manifold reduction; De-finition of Bifurcation; Normal forms 
Bifurcations of Fixed Points of Discrete-time Systems; Linearization around 
a fixed point; One-dimensional linear discrete-time systems; Sta-bility of fixed 
points of nonlinear discrete-time systems; Bifurcations of fi-xed points with a 
single eigenvalue +1; Flip bifurcation (single eigenvalue -1); Naimark-Sacker 
bifurcation (complex eigenvalue through unit circle); The logistic map; Horse-
shoes & intermittency 
Stability and Bifurcations of Periodic Solutions; Periodicity properties; Fun-
damental Solution Matrix; Stability of periodic solutions; The Poincaré map; 
Bifurcations of periodic solutions; Harmonic Balance Method 
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4.1.15 Nonsmooth Dynamics 

MODUL: Nonsmooth Dynamics                  STAND: XX.YY.ZZZ 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The aim of the course is to provide students with mathematical tools from 
Nonsmooth Dynamics to model, describe and simulate mechanical sys-tems 
with frictional unilateral constraints. At the end of the course, the students 
can simulate planar mechanical systems with frictional contact. 

13 

 

Inhalt 

Convex analysis: 
Normal cone 
Subdifferential 
Maximal monotonicity 
Proximal point functions  
 
Set-valued Force Laws:  
Scalar force elements  
Potential theory  
Contact law in normal direction  
Coulomb friction (planar & spatial)  
Impact laws in multibody dynamics  
 
Nonsmooth Dynamical Systems:  
DAEs  
Differential inclusions  
Event driven integration method  
Measure differential inclusions  
Time-stepping methods  
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4.1.16 Optimal Control 

MODUL: Optimal Control                  STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 
 

Lernziele 

The students learn how to analyze and solve optimal control problems.  
The course focuses on key ideas and concepts of the underlying theory.  
The students learn about standard methods for computing and implementing 
optimal control strategies. 

13 

 

Inhalt 

 
In many practical control problems it is desired to optimize a given 
cost functional while satisfying constraints involving dynamical 
systems. These kind of problems typically fall into the area of optimal 
control, a centerpiece of modern control theory. This course gives an 
introduction to the theory and application of optimal control for linear 
and nonlinear systems. Topics covered in the course are: 
 
    Introduction to nonlinear optimization 
    Calculus of variations 
    The variational approach to optimal control 
    The dynamic programming approach to optimal control 
    Overview of numerical methods 
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4.1.17 Quantum Computing for Engineers 

MODUL: Quantum Computing for Engineers                 STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 
 

Lernziele 

Students have a general overview of current quantum algorithms and how to 
apply them to small relevant problems. They know how to use common librar-
ies and the advantages and disadvantages of different hardware architec-
tures. 

13 

 

Inhalt 

Quantum Computing is an active research field ever since Shor’s algorithm 
showed that quantum computers could tackle challenging and relevant prob-
lems where classical computers probably fail. The chances and benefits of 
this new technology for problems arising in engineering are still largely unex-
plored and may yield either significant speedup to known algorithms or com-
pletely new approaches to solving complex problems. This lecture aims at 
providing an overview of the currently available technoqlogy, algorithms and 
recent trends like quantum-enhanced machine learning without delving too 
deep into the physics aspect of things. Topics include: - Introduction to Python 
- Introduction to complex Hilbert spaces - Gate-based quantum computing - 
Adiabatic quantum computing - Hard- and Software - Optimization on quan-
tum computers - Quantum machine learning - Applications on real Hardware 

 
  



Preliminary Course List  Seite 46 

4.1.18 Robust Control 

MODUL: Robust Control                  STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students are able to mathematically describe uncertainties in dynamical 
systems and are able to analyze stability and performance of uncertain sys-
tems. The students are familiar with different modern robust controller design 
methods for uncertain systems and can apply their knowledge on specific ex-
amples. 

13 

 

Inhalt 

Selected mathematical background for robust control 
• Introduction to uncertainty descriptions (unstructured uncertainties, struc-
tured 
uncertainties, parametric uncertainties, ...) 
• The generalized plant framework 
• Robust stability and performance analysis of uncertain dynamical systems 
• Structured singular value theory 
• Theory of optimal H-infinity controller design 
• Application of modern controller design methods (H-infinity control and mus-
ynthesis) 
to concrete examples 
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4.1.19 Topics in Autonomous Systems and Control 

MODUL: Topics in Autonomous Systems and Control      STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The student obtains specialized knowledge in a particular modern field of 
autonomous systems and control theory, is enabled to write a scientific thesis 
in the area of systems and control theory.  
 

13 
 

Inhalt The course Topics in autonomous systems and control consists of lectures 
covering varying topics from the field of autonomous systems and control. 
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4.1.20 Uncertainty Quantification 

MODUL: Uncertainty Quantification                                    STAND: 26.03.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 
 

Lernziele 
Students are familiar with the theories of various methods of uncertainty 
quantification and their application in the context of forward and backward 
problems in systems with uncertainties. 

13 

 

Inhalt 

Fundamentals of uncertainty quantification.  
Introduction to probability theory: measure theory, independence, random 
variables, random vectors, random fields, random processes.  
Imprecise probabilities: Dempster-Shafer theory of evidence, intervals, p-
boxes, lower previsions, fuzzy sets and possibility measure.  
Forward problem: numerical quadrature, interval arithmetic, fuzzy arithme-
tic. Backward problem: distribution estimator, maximum likelihood estima-
tor, Bayesian inference, Dempster-Shafer inference.  
Substitute models: regression, proper orthogonal decomposition, model 
order reduction, neural networks, multi-fidelity methods.  
Applications: reliability analysis, parameter estimation, filters, system iden-
tification, stochastic optimization, stochastic control. 
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4.1.21 Advanced Methods in Systems and Control Theory 

MODUL: Advanced Methods in Systems and Control Theory       STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 
 

Lernziele 
The student obtains knowledge of advanced methods in systems or control 
theory. 
 

13 
 

Inhalt The module contains short courses taught by varying control experts of in-
ternational renown covering advanced methods in systems or control theory. 
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4.1.22 Control of Safety Critical Systems 

MODUL: Control of Safety-Critical Systems                   STAND: 06.05.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The students 
• Know basic properties of safety-critical systems and can differ-

entiate between functional safety, safety of intended functionality 
and cyber security 

• Can analyze stochastic systems, e.g. with parametric uncertain-
ties, with methods of uncertainty quantification with regard to sta-
bility and constraint satisfaction 

• Are familiar with the basics of model-based fault diagnosis and 
can apply these to LTI systems 

• Know basic failure and reliability parameters and their stochastic 
characterization 

13 

 

Inhalt 

• Basic properties of safety-critical systems 
• Model-based fault diagnosis and fault-tolerant control 
• Control of dynamic systems with parametric uncertainties 
• Safety certification of dynamic systems with additive faults 
• Characterization of fault and reliability parameters 
• Boolean system theory 
• Methods for analyzing and evaluating functional safety 
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4.1.23 Data-Driven Control 

MODUL: Data-Driven Control               STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students 
- know the mathematical foundations of data-driven 
control for discrete-time linear time-invariant systems, 
- understand the challenges of analyzing and controlling systems without 
explicit 
model knowledge, 
- have an overview of modern control-theoretic 
techniques for handling data, 
- can apply data-driven analysis and control techniques to practical prob-
lems 

13 
 

Inhalt 

The course covers different control-theoretic approaches to analyzing 
systems and designing controllers based directly on measured data. 
Among the topics that are handled are virtual reference feedback tuning, 
the data informativity framework, and Willems‘ Fundamental Lemma. 
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4.1.24 Differential Algebraic Equations I 

MODUL: Differential Algebraic Equations I                        STAND: 31.10.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 
 

Lernziele Basic knowledge of differential algebraic equations and their numerical time 
integration 

13 

 

Inhalt 

Differential algebraic equations: 
• what are DAE’s? 
• the index concept and solvability 
• index reduction and constraint stabilization  
 consistent initial conditions  
 
Examples from various physical disciplines and benchmark systems:  
• • stiff ODE's  
• • chemical reaction kinetics  
• • electrical circuits  
• • incompressible fluids  
• • constrained mechanical systems  
 
Implicit Runge-Kutta methods:  
• • order conditions  
• • simplifying assumptions  
• • convergence  
• • stability  
• • Butcher tableaus  
 
Backward differentiation formulas  
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4.1.25 Discretization Methods 

MODUL: Discretization Methods                  STAND: 20.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The students understand different concepts how ordinary and partial differ-
ential equations in time and in space can be solved numerically. They are 
familiar with the strengths and weaknesses of the different methods and have 
a deeper understanding of selected aspects 

13 

 

Inhalt 

The lecture deals with the numerical treatment of differential equations which 
arise from different mechanical and thermodynamical problems. Contents 
are: 
Deduction of differential equations based on the principles of mechanics and 
thermodynamics and their classification 
The Finite Difference Method 
The method of weighted residuals: method of subdomains, collocation 
method, least squares, and Galerkin's method 
The Finite Element Method 
Different time integration schemes 
Convergence and stability 
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4.1.26 Experimental Modal Analysis 

MODUL: Experimental Modal Analysis                   STAND: 24.03.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 
 

Lernziele 
The student is familiar with the measurement of structural vibrations and 
the processing of the signals in the frequency domain. 
The student is able to identify the modal parameters from this data. 

13 

 

Inhalt 

The lecture topics are structured as follows: 
• Fundamentals and applications of the modal analysis 
• Methods of vibration excitation, measurement techniques 
• Signal analysis and -processing, time- and frequency domain 

representation 
• Frequency response, transfer function and their modal seg-

mentation 
• Identification of modal parameters, mode shape identification 

and comparison 
Additionally, the transfer to problems from the industrial application are 
demonstrated. As a practical part, specific experiments in modal analysis 
are offered. 
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4.1.27 Introduction to Adaptive Control 

MODUL: Introduction to Adaptive Control              STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

This lecture aims at introducing the theory and practice, abilities and limita-
tions of the mainstream adaptive control concept, namely "Direct Model-Ref-
erence Adaptive Control" in continuous-time. This method is widely used e.g. 
in flight control of modern aircrafts. We will talk about other approaches and 
adaptive control of nonlinear systems, but focus on the understanding of the 
above, in theory and practice.  
The learning goals are how and why an adaptive controller works, when to 
use it, when not, how to improve it, and some robustness extensions. 

13 

 

Inhalt 

The student 
- knows the mathematical foundations of adaptive control 
- has an overview of the properties and characteristics of adaptive 

systems 
- is able to apply model-reference adaptive control to state-feed-

back 
and output-feedback of relative degree less than three. 

- is able to prove stability of these adaptive control methods 
- knows extensions of robust adaptive control 
- knows advantages and disadvantages of adaptive control com-

pared 
to other control design methods 
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4.1.28 Model Reduction of Mechanical Systems 

MODUL: Model Reduction of Mechanical Systems        STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students know about the different technologies available for model re-
duction of mechanical systems.  
They are able to select the appropriate solution technique according to the 
given framework. 
They have the competence for the first implementation of model reduction 
algorithms 

13 

 

Inhalt 

The course teaches the basics of model reduction of mechanical systems 
with the following syllabus:  
� basic concept and description forms of dynamical system 
� mathematical foundations of model reduction 
� modal reduction techniques 
� SVD-based reduction techniques 
� Krylov-based reduction techniques 
� numerical analysis 
� error analysis 
� nonlinear model reduction techniques 
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4.1.29 Operational Technology for Waste Treatment 

MODUL: Operational Technology for Waste Treatment           STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students know about specific methods, technologies and solutions for 
waste treatment based on automation technology. The students have 
knowledge about fundamentals of control engineering and process dynam-
ics. Students are able to understand the interfaces between process tech-
nology, automation technology, and information technology. Students can 
develop such solutions specifically for applications in waste water plants 
and incinerator plants. They have the competence to estimate the efforts 
for different solutions. Students understand which Operational Technology 
solutions for waste water treatment and incinerator plants are increasingly 
important in highly developed countries and which solutions can also be 
handled relatively simple in developing countries 

13 

 

Inhalt 

For numerous practical applications especially for waste water treatment 
processes and incinerator plant processes following aspects will be taught  
• Major challenges and innovation drivers for Operational Technology (OT) 
(e.g. innovation rates by Industry 4.0 approaches, life cycles, complexity)  
• Fundamentals of structuring OT solutions,  
• Basic automation principles (e.g. important add-ons to standard control-
lers, control loop pairing),  
• Advanced automation solutions (e.g. complexity reduction by alarm man-
agement, controller performance management, Human Machine Interface, 
diagnostic functions, and Advanced Process Control),  
• Manufacturing Execution Systems (MES) as a functional interface be-
tween different aspects of OT (production, quality, inventory, mainte-
nance),  
• Engineering and maintenance process for OT solutions and innovative 
solutions to support plant maintenance 
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4.1.30 Optimization of Mechanical Systems 

MODUL: Optimization of Mechanical Systems                STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 
 

Lernziele 
Knowledge of the basics of optimization in engineering systems, Independ-
ent, confident, critical and creative application of optimization techniques to 
mechanical systems 

13 

 

Inhalt 

O FORMULATION OF THE OPTIMIZATION PROBLEM: optimization crite-
ria, 
scalar optimization 
problem, multicriteria optimization 
O SENSITIVITY ANALYSIS: Numerical differentiation, semianalytical meth-
ods, 
automatic differentiation 
O UNCONSTRAINED PARAMETER OPTIMIZATION: theoretical basics, 
strategies, Quasi-Newton 
methods, stochastic methods 
O CONSTRAINED PARAMETER OPTIMIZATION: theoretical basics, strat-
egies, 
Lagrange- 
Newton methods 

 
  



Preliminary Course List  Seite 59 

4.1.31 Project Automatic Control 

MODUL: Project Automatic Control                  STAND: 08.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 
 

Lernziele The students are capable to apply and deploy theoretical concepts of au-
tomatic control on a real-world system. 

13 
 

Inhalt 

Various control design methods are to be tested on a helicopter system. 
For this, the students have the task to specify a desired control structure 
and closed-loop performance. Building up on this, multiple controllers are 
to be designed based on the theoretical concepts known by the student. 
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4.1.32 Simulation of Particles and Mesh-free Computation Methods 

MODUL: Simulation of Particles and Mesh-free Computation Methods 
STAND: 30.3.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The student knows and understands application areas of meshless meth-
ods compared to conventional mesh-based methods. The student under-
stands fundamentals in modeling, simulation, and analysis of meshless 
methods especially of Smoothed Particle Hydrodynamics (SPH) and Dis-
crete Element Method (DEM) 

13 

 

Inhalt 

Discrete Element Method 
1.1-1.3 Particle Motion/Integration/Interaction  
1.4+1.5 Collison Detection/General Procedure/Challenges  
1.6     DEM Wrap Up and Examples  
Particle Methods (Mesh-free Methods) 
2.1 Review Mesh-based Finite Element Method  
2.2 Smoothed Particle Hydrodynamics 
2.2.1 SPH approximations  
2.2.2 Kernel Functions 
2.2.3 Boundary Treatment  
2.2.4 Gradients 
2.3 Navier-Stokes Equation  
2.4 SPH for Navier-Stokes, density, and continuity equations  
2.5 Conservation Properties 
2.6 Corrections  
2.7 ISPH 
2.8 SPH Examples and Wrap-up  
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4.2 Automotive Engineering and Advanced Mobility 

Focus Field Automotive Engineering and  
Advanced Mobility 

Vertiefung Fahrzeugtechnik und Advanced Mobility 

Verantwortlicher Professor André Casal Kulzer 

Auskünfte  

Institut für Fahrzeugtechnik Stuttgart (IFS) 

Pfaffenwaldring 12, 70569 Stuttgart 

Tel.: 0711 / 685 - 66646 

Email: andre.kulzer@ifs.uni-stuttgart.de 

Homepage: www.ifs.uni-stuttgart.de 

  

Modulcontainer 6 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

Kernfächer 
 Prof. André Casal 

Kulzer 
Dr. Dietmar 
Schmidt 

Fundamentals of Vehicle Powertrain 
Systems 

4 1 WS 

 Dr.-Ing. Daniel Stoll Vehicle Aerodynamics I+II 2 2 WS+SS 

Ergänzungsfächer 

 Dr. Dietmar 
Schmidt 
Prof. André Casal 
Kulzer 

Combustion Phenomena in Vehicle 
Propulsion Systems 

4 1 WS 

 Prof. André Casal 
Kulzer 
Dr. Dietmar 
Schmidt 

Fundamentals of Vehicle Powertrain 
Systems 

4 1 WS 

 

Dr. Dietmar 
Schmidt 
Prof. André Casal 
Kulzer 

Sustainable Fuels and Combustion 2 2 WS+SS 

 Prof. Dr.-Ing An-
dreas Nicola 

Transmission Design 4 1 WS 

 Dr.-Ing. Daniel Stoll Vehicle Aerodynamics I+II 2 2 WS+SS 
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Modulcontainer 3 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

 Prof. Dr.-Ing. Wolf-
ram Remlinger 

Fundamentals of Driving Simulation 2 1 WS+SS 

 Dr. Dietmar 
Schmidt 
Prof. André Casal 
Kulzer 

Numerical Principles for 3D Flows 
in Automotive Powertrains 

2 1 SS 

 Prof. Tjark Siefkes Vehicle Concepts 2 1 SS 

 

Legende: Turnus: WS (wird nur im WS angeboten), SS (wird nur im SS angeboten), WS/SS (2-
semestriges Modul, Beginn im WS), SS/WS (2-semestriges Modul, Beginn im SS), WS+SS (Modul 
kann sowohl im WS als auch im SS begonnen werden). 
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4.2.1 Fundamentals of Vehicle Powertrain Systems 

MODUL: Fundamentals of Vehicle Powertrain Systems STAND: 29.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 
 

Lernziele 
Students are familiar with the sub-processes of various vehicle drive topolo-
gies. They are able to determine, analyze and assess e.g. thermodynamic, 
mechanical or electrical system dimensions and their loads. 

13 

 

Inhalt 

• Energy, Sustainability and Life-Cycle Analysis, Legal Framework 
Conditions 

• Powertrain topologies: Driving Resistances and Longitudinal Dy-
namics, Performance Requirements, Topologies 

• Energy Sources and Storage: 
• Molecular Energy Carriers (Conventional Fuels, Hydrogen, Biofu-

els, e-Fuels), Electro-Chemical Energy Storage (Lithium-Ion Bat-
teries), Hydrogen Refueling Technologies 

• Energy Converters: Electric Motors and Power Electronics, Com-
bustion Engines, Fuel Cells 

• Propulsion Systems: Battery Electric Vehicles, Fuel Cell Drives, 
Conventional Drives, Hybrid Drives, 

• Holistic Analysis of Powertrain Concepts 
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4.2.2 Vehicle Aerodynamics I+II 

MODUL: Vehicle Aerodynamics                                      STAND: 29.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students are familiar with: 
• the fundamental governing equations of vehicle aerodynamics, 
• the influence of vehicle shape on external and internal flow, and 
• the application of numerical and experimental development tools 

in vehicle development. 

13 

 

Inhalt 

Vehicle Aerodynamics I 
• Basic equations of fluid mechanics; 
• Aerodynamic forces, moments and coefficients; 
• Drag components; Computational fluid dynamics (CFD); 
• Influence of the vehicle shape on drag and lift; 
• Implementation of aerodynamic measures in concept vehicles 

 
Vehicle Aerodynamics II 

• Aerodynamic aspects of: component loading, wind noise, con-
vertibles, brake cooling, vehicle soiling, high-performance vehi-
cles; 

• Cooling airflow; 
• Sidewind; 
• Wind tunnel technology: 
• wind tunnel designs and resulting differences between wind tun-

nel and road, specific wind tunnel effects, wind tunnel measure-
ment techniques. 
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4.2.3 Combustion Phenomena in Vehicle Propulsion Systems 

MODUL: Combustion Phenomena in Vehicle Propulsion Systems                  STAND: 
29.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students know the physical and chemical processes in combustion sys-
tems, such as combustion engines, gas turbines, heating burners, etc. (e.g. 
reaction kinetics, fuels, turbulence-chemistry interaction), the reaction paths 
for the formation of pollutants and their avoidance strategies or exhaust gas 
aftertreatment technologies, but also more marginal topics, such as thermal 
runaway of batteries or fires of metals. Students are able to establish and 
interpret correlations and develop appropriate solution strategies. 

13 

 

Inhalt 

• Fundamentals of combustion: Thermodynamic aspects, fuels 
(incl. hydrogen and alternative fuels [eFuels]), high (conventional 
and alternative fuels) and low temperature kinetics (e.g. knocking 
in gasoline engines, ignition in diesel and HCCI combustion), 
thermal runaway). 

• Premixed combustion: Turbulence chemistry-interaction (laminar 
and turbulent flame velocity), time and length scales, combustion 
in gasoline engine. 

• Non-premixed combustion: Droplet and spray combustion, turbu-
lence effects, combustion in diesel engine. 
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4.2.4 Sustainable Fuels and Combustion 

MODUL: Sustainable Fuels and Combustion                  STAND: 29.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The students are aware of the problem of climate change and its causes 
and consequences. Therefore, they learn about the various aspects of 
fuels in terms of mobility and transport. These include, among others: (Re-
newable) production of various energy carriers, energy storage options, 
and emissions, especially CO2, locally/globally during operation and in the 
upstream chains (production, transportation, etc.). 
Secondly, the Students are familiar with the development and design of 
gasoline and diesel engines with regard to mixture formation, combustion 
and pollutant formation 

13 

 

Inhalt 

Fuels for the Mobility of the Future 
• PtX technologies with regard to the energy transition: Electricity 

/ hydrogen / CO2 capture for further use / PtGas (methane) / 
PtLiquid (methanol, OME, DME) / biofuels 

• Drive concepts: Internal combustion engine drives with renewa-
ble energy sources (petrol, diesel, gas) / electric drives / hybrid 
drives / fuel cells and FC vehicles 

• Life cycle assessment and efficiency levels 
 
Engine Combustion and Emissions 

• Fundamentals of engine design and power control. 
• Fundamentals of combustion and thermodynamics related to 

engine combustion 
• Fuels 
• Combustion of spark ignited engines (Otto-engines): combus-

tion, ignition, flame propagation, knock 
• Combustion in Diesel-engines: combustion, auto-ignition, spray 

combustion 
• Exhaust gases in Otto- and Diesel Engines: emissions and af-

tertreatment 
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4.2.5 Transmission Design 

MODUL: Transmission Design                  STAND: 08.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Students are able to characterize the fundamental relationships between 
prime movers, transmissions, and working machines. For shiftable vehicle 
transmissions, they can determine the vehicle’s power requirements and 
match the transmission to the engine and the vehicle. They are capable of 
calculating aspects such as optimal gear selection, tractive force diagrams, 
and fuel consumption. They are familiar with typical types of vehicle trans-
missions such as conventional automatic transmissions, dual-clutch trans-
missions, continuously variable transmissions (CVTs) with and without 
power split, hydrostatic drives, as well as transmissions for hybrid and elec-
tric drives. 
They can characterize and calculate essential drive elements such as start-
ing elements, shafts, shaft-hub connections, bearings, friction clutches, and 
planetary gearsets, and identify their specific features. In the field of industrial 
transmissions, they can describe approaches to the systematic design of 
modular transmission systems. 
 

13 

 

Inhalt 

• Structure of drivetrains in mobile and stationary applications 
• Requirements for transmissions 
• Transmission development based on the V-model 
• Structure and functionality of vehicle transmissions 
• Hydrostatic and hydrodynamic drive components 
• Electric drive components 
• Typical machine elements in transmissions 
• Power splitting 
• Design, calculation, and validation 
• Modular transmission systems 
• Special applications & topics 
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4.2.6 Fundamentals of Driving Simulation 

MODUL: Fundamentals of Driving Simulation                   STAND: 14.08.2023 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The module teaches the basics, skills and areas of application of driving sim-
ulation and the functionality and components of driving simulators. After com-
pleting the module, students will have: 
- Knowledge of the use and benefits of driving simulation 
- An overview of the software components and the required simulation mod-
els as well as the software architecture for coupled simulations 
- Knowledge of the mathematical procedures and calculation methods  
- Overview of the offered software tools and their capabilities  
- Knowledge of the structure and components of driving simulators 
- Overview of vision and motion systems  
- Basic knowledge of the high-end visualisation  
- Knowledge of the use of driving simulation in motorsport 
- Overview of current research and development priorities and the role of 
driving simulation in the future 
- Overview and transferability to the simulation of other vehicles and means 
of transport 

13 

 

Inhalt 

- Driving simulation: basics, requirements, use, benefits 
- Software tools: systems, features and capabilities 
- Coupled simulation and system architecture, related model types 
- Track models: properties, structure and formats 
- Driving simulation for automated driving 
- Driving simulators: Designs, components and areas of application 
- Technical components of driving simulators 
- Special simulators for other vehicles 
- Professional driving simulators and gaming 
- Driving simulators in motor sports 
- Further development of driving simulation, future areas of application 
- Visit of the Stuttgart Driving Simulator 
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4.2.7 Numerical Principles for 3D Flows in Automotive Powertrains 

MODUL: Numerical Principles for 3D Flows in Automotive Powertrains                  
STAND: 28.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 
 

Lernziele 

Students are familiar with the mathematical principles and numerical meth-
ods for 3-dimensional calculations for flow and fluid mechanics problems, e. 
g.  virtual engine development. They will be able to analyze and interpret the 
results of the calculations. 

13 
 

Inhalt 
Examples of numerical flow simulations (CFD), numerical grids, basic equa-
tions of fluid mechanics, incompressible and compressible flows, finite vol-
ume method, turbulent flows, interactions of turbulence with combustion 
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4.2.8 Vehicle Concepts 

MODUL: Vehicle Concepts                                                        STAND: 20.05. 2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students are familiar with: 
• complex interrelationships of overall mobility, energy supply and 

vehicle requirements 
• vehicle concept engineering (user & safety requirements; form, fit 

& function; manufacturing requirements; future technologies) 
• usage of vehicle concept engineering tools 

13 

 

Inhalt 

The lecture introduces the complex interrelationships of mobility develop-

ment, using examples of innovative road vehicles. Students are taught how 

to use tools for vehicle development in order to be fit for their future career. 

Case studies and an excursion are used to understand and critically reflect 

on the challenges of new types of road vehicles and to be able to inde-

pendently derive future-oriented engineering actions. Content: 

Fundamentals of current and future-oriented vehicle concepts, customer ex-

pectations, energy-efficient and environmentally friendly powertrains, mod-

ern energy storage and management, lightweight construction (body, chas-

sis) and production processes, sustainable materials throughout the value 

chain, methods and tools for professional systemic design. 
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4.3 Biomedical Engineering 

Focus Field Biomedical Engineering 

Vertiefung Biomedizintechnik 

Verantwortlicher Professor Giorgio Cattaneo 

Auskünfte  

Institut für Biomedizinische Technik BMT 

Seidenstraße 36, 70174 Stuttgart 

Tel.: +4971168582370 

Email: giorgio.cattaneo@bmt.uni-stuttgart.de 

Homepage: www.bmt.uni-stuttgart.de 

  

Modulcontainer 6 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

105700 Prof. Giorgio 
Cattaneo 

Biomedical Implant Engineering 4 1 WS 

110060 Prof. Dr.-Ing. Gior-
gio Cattaneo, 
Christoph Schmidt, 
M.Sc. 

Computational Modeling of Flow in 
Organs and Medical Devices 

4 1 SS 

109950 Jun.-Prof. Dr. 
Amirreza 
Aghakhani 

Microrobotic Bioengineering 4 1 WS 

105680 Prof. Giorgio 
Cattaneo 

Models and Test Methods in Bio-
medical Engineering - lectures and 
practice 

4 1 SS 

Modulcontainer 3 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

105690 Prof. Giorgio 
Cattaneo 

Models and Test Methods in Bio-
medical Engineering - lectures 

2 1 SS 

 Prof. Dr. Alois Her-
kommer 

Modern topics and systems in bio-
medical optics   

2 1 WS 

103910 Prof. Dr.-Ing. Gior-
gio Cattaneo 
Dr. Daniela 
Sanchez 

Neurovascular Implant develop-
ment 

2 1 SS 
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107240 Dipl.-Ing. Thomas 
Ceferino Kut-
schenreiter 

Risk management and statistics in 
medical technologies 

2 1 SS 

 

Legende: Turnus: WS (wird nur im WS angeboten), SS (wird nur im SS angeboten), WS/SS (2-
semestriges Modul, Beginn im WS), SS/WS (2-semestriges Modul, Beginn im SS), WS+SS (Modul 
kann sowohl im WS als auch im SS begonnen werden). 
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4.3.1 Biomedical Implant Engineering 

MODUL: Biomedical Implant Engineering       STAND: 05.10.2023 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The course provides the students with comprehensive knowledge on bi-
omedical implants. Students will recognize the role of biomaterials and 
design for intended use in different medical applications. They will iden-
tify suitable implantation procedures with regard to anatomy and recog-
nize effects including complications associated with the implant-tissue 
interaction. Finally, they will be able to derive the main requirements and 
to translate these requirements into essential features of implant design.  

13 

 

Inhalt 

The course focuses on design, mechanics, fluid dynamics and biological 
interaction of different classes of implants and their navigation systems. 
 
Following topics and medical applications are treated in the course: 
§ Imaging guided navigation 
§ Balloon catheters 
§ Stents and Grafts 
§ Heart valves and heart repair devices 
§ Blood pumps and artificial heart 
§ Coils and Flowdiverters for neurovascular intervention 
§ Cooling catheters for neuroprotection 
§ Active implants and implantable sensors 
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4.3.2 Computational modeling of flow in Organs and Medical Devices 

MODUL: Computational modeling of flow in Organs and Medical Devices    
STAND: 04.10.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Students learn how to model flow processes taking place within organs 
and medical devices using different computational methods. They learn 
to use MATLAB to implement differential equations required for model-
ling flow processes in both biological and artificial organs. Students will 
gain an in-depth knowledge of electrical equivalent circuits for flow sim-
ulation in the cardiovascular system and lungs as well as ventricular as-
sist devices and oxygenators as components of heart-lung machines. 
They learn to critically scrutinize the simulation results and check them 
for plausibility and correctness. Finally, they learn methods to verify the 
numerical results through in vitro experiments.  

13 

 

Inhalt 

In this module, methods for the modelling of fluid mechanics processes 
in biological and artificial organs are presented. These include the mod-
elling of convective blood flow in the cardiovascular system, the simula-
tion of pulmonary mechanics, the gas transport in the airways of the tra-
cheobronchial tree to the alveoli as well as the modelling of gas ex-
change in the oxygenator as a component of cardiopulmonary machines. 
Selected additional anatomical regions and devices, such as kidney and 
dialysis machine, complement the course. The lecture is accompanied 
by MATLAB exercises to consolidate and practically apply what has been 
learned. Examples of verification using in vitro models are included.  
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4.3.3 Microrobotic Bioengineering 

Microrobotic Bioengineering                                        STAND: 27.06.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

 
The students will learn the principles, technologies, and applications of mi-
crorobots in bioengineering context. Students will gain the skills to design, 
fabricate, functionalize, control and image microrobots for their use in tar-
geted drug delivery, diagnostics, and minimally invasive surgery applica-
tions. By the end of the course, students will have the knowledge and skills 
to innovate and apply microrobotic technologies to real-world biological and 
medical challenges in both academic and industrial directions. 

13 

 

Inhalt 

 
1. Introduction to Microrobotic Bioengineering  
    - Overview of microrobotics and bioengineering 
    - Historical context and recent advancements 
    - Interdisciplinary nature and applications 
2. Fundamentals of Microrobotics 
    - Principles of microrobot design 
    - Types of microrobots (e.g., magnetic, acoustic, optical) 
    - Scaling laws and physical constraints 
3. Design and Microfabrication Techniques 
    - Photolithography 
    - Soft lithography 
    - Micro-molding and 3D printing 
    - Material selection for biocompatibility 
4. Actuation Mechanisms 
    - Magnetic actuation 
    - Acoustic actuation 
    - Optical actuation 
    - Chemical and biological actuation 
5. Medical Imaging techniques 
    - Light Microscope imaging 
    - MRI & X-Ray imaging 
    - Ultrasound imaging 
    - Optoacoustic imaging 
6. Control Strategies for Microrobots 
    - Swarming and collective behavior 
    - Open-loop vs. closed-loop control 
7. Targeted Drug Delivery Systems 
    - Mechanisms of drug loading and release 
    - Navigation and targeting in biological environments 
    - Case studies of microrobot-assisted drug delivery 
8. Diagnostics and Minimally Invasive Surgery  
    - Design considerations for surgical microrobots 
    - Techniques for navigation and control in vivo     
    - Techniques for imaging and sensing in vivo 
    - Case studies and clinical applications 
9. Ethical, Regulatory, and Safety Considerations 
    - Ethical implications of microrobotic technologies 
    - Regulatory frameworks and approval processes 
    - Safety standards and risk assessment 
10. Case Studies and Industry Applications 
    - Detailed examination of notable case studies 
    - Applications in industry and commercial viability 
    - Guest lectures from industry experts 
11. Project Development and Presentation 
    - Formulating research questions and project proposals 
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    - Experimental design and methodology 
    - Presentation of project findings 
 
Exercises: Homework problem sets will be posted usually one every two 
weeks. No late homework will be accepted. 
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4.3.4 Models and Test Methods in Biomedical Engineering – lectures and practice 

MODUL: Models and Test Methods in Biomedical Engineering – lectures and prac-
tice                  STAND: 04.06.2025 

3 

 Leis-
tungs-
punkte 
(LP) / 
ECTS-
Credits 

6 

12 

 

Lernziele 

The course provides the students with knowledge in investigation of biomedical devices for research and 
product development.  
Lectures 
The students will be able to define the main characteristics of models suitable for preclinical testing of 
biomedical devices depending on the medical application. They will understand methods to reproduce 
anatomical and biological properties of the tissues and organs targeted using different materials and 
manufacturing technologies. They will know different methods to investigate the performance and safety 
of biomedical devices with regard to the fundamental requirements. 
 
Practice:      
Students will be able to work in a team. They will acquire experience in developing anatomical models 
and test setups reproducing the physiological environment. They will be able to draft a test protocol, 
perform the test in lab and interpret the results. 

13 

 

Inhalt 

Biomedical devices undergo an extensive engineering process before becoming mature for clinical ap-
plication. In all phases of research, development and certification, investigation of device performance 
and compatibility is performed in numerical, in vitro and in vivo models. 
Lectures 
§ Requirements for biomedical models  
§ Numerical, in vitro and in vivo models   
§ Anatomical models based on medical imaging  
§ 3D-manufacturing techniques  
§ Model biologization 
§ Test protocols and reports    
§ Standards for preclinical device verification  

Practice (in teams)  
§ Test requirements 
§ Draft of the test protocol including model requirements    
§ Model construction: 3D imaging data segmentation  
§ Model manufacturing: 3D printing and molding 
§ Implant verification and report 
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4.3.5 Models and Test Methods in Biomedical Engineering – lectures 

MODUL: Models and Test Methods in Biomedical Engineering - lectures                  
STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The course provides the students with knowledge in investigation of bio-
medical devices for research and product development. The students will 
be able to define the main characteristics of models suitable for preclinical 
testing of biomedical devices depending on the medical application. They 
will understand methods to reproduce anatomical and biological properties 
of the tissues and organs targeted using different materials and manufac-
turing technologies. They will know different methods to investigate the 
performance and safety of biomedical devices with regard to the funda-
mental requirements, defining it in a proper test plan.  

13 

 

Inhalt 

Biomedical devices undergo an extensive engineering process before be-
coming mature for clinical application. In all phases of research, develop-
ment and certification, investigation of device performance and compatibil-
ity is performed in numerical, in vitro and in vivo models.  
Lectures 
§ Requirements for biomedical models  
§ Numerical, in vitro and in vivo models   
§ Anatomical models based on medical imaging  
§ 3D-manufacturing techniques  
§ Model biologization 
§ Test plans and reports    
§ Standards for preclinical device verification  
§ Scientific writing  
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4.3.6 Modern topics and systems in biomedical optics 

MODUL: Modern topics and systems in biomedical optics        STAND: 22.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Upon successful completion of the module, students    
 

§ have an understanding and overview of various 
modern optical methods and systems used in 
bio-medical technology. 

§ are able to understand and explain optical systems 
and components on the basis of literature and critically assess 
their limitations. 

§ are able to present a technical-scientific 
topic in an understandable way 
 

13 

 

Inhalt 

 
§ Selection of recent literature on biomedical application of optics 

and photonics 
§ Different types of optical systems for biomed applications 
§ Microscopes, mirror systems, zoom systems, photonic sys-

tems, spectrometers, etc. 
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4.3.7 Neurovascular implant development 

MODUL: Neurovascular implant development    STAND: 04.10.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Die studierenden erlernen den Prozess, der aus der medizinischen Frag-
stellung die Auslegung, Konstruktion und Testung eines Implantats für 
die minimalinvasive Intervention in Hirngefäßen ermöglicht.   
Sie definieren wesentlichen Anforderungen an das zu entwickelnde Im-
plantat. Sie sind in der Lage, die Rolle von Konstruktionsparametern zu 
verstehen. Sie erlernen die Methode zur manuellen Herstellung eines 
drahtbasierten Implantats aus Formgedächtnislegierung. Sie sind in der 
Lage, mit wesentlichen Tests die Anforderungen zu verifizieren. Sie 
üben, Angaben zur Konstruktion und Testergebnisse auf englisch zu prä-
sentieren und vor Publikum zu verteidigen.   
Sie können das Erlernte auf weitere Anwendungsfelder der Medizintech-
nik, vor allem der katheterbasierten Intervention übertragen. 

13 

 

Inhalt 

§ Definition von Anforderungen 
§ Einfluss von Konstruktionsparameter 
§ Auslegung und Realisierung des Implantats  
§ Durchführung von In-vitro-Untersuchungen: Kompatibilität mit dem 

Mikrokathetersystem, Navigation, Behandlung   
§ Präsentation und Bericht 
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4.3.8 Risk management and statistics in medical technologies 

MODUL: Risk management and statistics in medical technologies      STAND: 
04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The course provides the students with knowledge in applying systematic risk 
management throughout the full life cycle of biomedical devices. The stu-
dents will be able to define the main characteristics for risk analysis. They 
will understand the relationship of modern risk management processes be-
tween development, production, testing, process validation and supplier 
management. Furthermore, they will learn to apply different statistical meth-
ods to determine sample sizes for different test scenarios such as screening, 
full-factor testing, verification and validation. 

13 

 

Inhalt 

§ Requirements for risk analysis for biomedical products 
§ Risk management according EN ISO 14971   
§ Statistical techniques for sample size calculation  
§ Screening test 
§ Factorial-/full factorial testing (Design-of-Experiments) 
§ Response Surface Designs 
§ Practical tips for test protocols and reports     
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4.4 Energy Engineering 

Focus Field  Energy Engineering 

Vertiefung Energietechnik 

Verantwortlicher Professor Andreas Kronenburg  

Auskünfte  

Institut für Reaktive Strömungen IRST 

Pfaffenwaldring 31, 70569 Stuttgart 

Tel.: +4971168565635 

Email: kronenburg@irst.uni-stuttgart.de 

Homepage: www.irst.uni-stuttgart.de 

  

Modulcontainer 6 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

107500 Dr.-Ing. Thorsten 
Zirwes 

Applied Computational Fluid Dy-
namics I 

5 1 SS 

 Prof. Dr.-Ing. Kon-
stantinos Stergiar-
opoulos 
Lukas Siebler, 
M.Sc. 
Joel Kimmich, 
M.Sc. 

Calculation of Heat Exchangers 4 1 SS 

106900 Prof. Dr. Andreas 
Kronenburg 

Computational Fluid Dynamics 4 1 SS 

110180 Guest lecturer: Dr. 
Adolfo Uribe 
Dr.-Ing. Carolina 
Acuña Caro 
Guest lecturer: 
Dr.-Ing. Ling He 

Environmental Policy Analysis and 
Emissions Reduction in Industrial 
Processes 

4 1 WS 

15440 Prof. Dr. rer. nat. 
Markus Reinmöller 

Firing Systems and Flue Gas 
Cleaning 

4 1 WS 

 Prof. Dr.-Ing. Kon-
stantinos Stergiar-
opoulos 
Johannes Brunder, 
M.Sc. 

Heat Pumps and Refrigeration 
Technology 

4 1 SS 

110110 apl. Prof. Dr.-Ing. 
habil. Daniel Dobs-
law 

Introduction to air quality control 4 1 WS 
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Prof. Dr.-Ing. 
Gunnar Grün 
Dr.-Ing. Ulrich 
Vogt 

15430 Martin Reiser 
Ulrich Vogt 

Measurement of Air Pollutants 3 1 SS 

19080 Prof. Dr. Andreas 
Kronenburg, Dr.-
Ing. U. Vogt 

Pollutant Formation and Air Quality 
Control 

5 1 WS 

19200 Prof. Dr. Natalie 
Germann 

Thermo and Fluid Dynamics 6 1 WS 

Modulcontainer 3 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

51800 Prof. Dr. Andreas 
Kronenburg,  
Dr. Thorsten. Zir-
wes 

Advanced Combustion 2 1 WS 

39110 Dr. Ulrich Vogt Air Quality Management 2 1 SS 

107510 Dr.-Ing. Thorsten 
Zirwes 

Applied Computational Fluid Dy-
namics II 

3 1 WS 

 Prof. Dr. Markus 
Reinmöller 

Chemical Recycling and Sector 
Coupling 

2 1 SS 

 Prof. Dr. Andreas 
Kronenburg 

Chemistry and Physics of Combus-
tion 

3 1 WS 

 Prof. Dr. Peter 
Radgen 

Compressed Air and Pneumatics 
2 1 SS 

30990 Dr. Carolina Acuña 
Caro 

Emission reduction at selected in-
dustrial processes 

2 1 WS 

 Prof. Dr.-Ing. Kon-
stantinos Stergiar-
opoulos 
Dr.-Ing. Tobias 
Henzler 

Hydrogen Technology 2 1 SS 

 Prof. Dr.-Ing. Kai 
Hufendiek 

Power Demand, Supply and Distri-
bution 

2 1 WS 

102660 Prof. Dr.-Ing. Peter 
Radgen 

Sector Coupling for the Energy 
Transition 

2 1 WS+SS 

 Prof. Dr. Markus 
Reinmöller 

Sustainable Product Development 
and Recycling Strategies 

2 1 SS 

36790 Prof. Dr. rer. nat. 
Markus Reinmöller 

Thermal Waste Treatment 2 1 SS 

 

Legende: Turnus: WS (wird nur im WS angeboten), SS (wird nur im SS angeboten), WS/SS (2-
semestriges Modul, Beginn im WS), SS/WS (2-semestriges Modul, Beginn im SS), WS+SS (Modul 
kann sowohl im WS als auch im SS begonnen werden). 
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4.4.1 Applied Computational Fluid Dynamics I 

MODUL: Applied Computational Fluid Dynamics I         STAND: 24.01.2024 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The goal of the course is to understand the basic building blocks of fluid 
flow solvers and to be able to perform numerical simulations for fluid dy-
namics. In the first half of the semester, students develop their own flow 
solver step-by-step in Matlab. Using practical examples, fundamental 
concepts such as discretization schemes, grid generation and conver-
gence criteria are illustrated. In the second half of the semester, the ac-
quired knowledge will be used to perform more complex simulations us-
ing OpenFOAM, an open-source fluid dynamics simulator, which is an 
industry-standard tool for engineering applications. After the course, stu-
dents will be able to understand how modern flow solvers are imple-
mented and will be able to perform computational fluid dynamics simula-
tions for practical engineering problems on their own as well as assess 
the quality of the simulation results. 

13 

 

Inhalt 

The content of the lecture is composed of the following topics: 
• Review of numerical discretization schemes 
• Theory of boundary conditions 
• Theory of computational mesh generation 
• Theory of pressure correction methods 
• Theory of linear equation system solvers and convergence 

criteria 
Exercises include guided, hands-on (computer) sessions. Topics of indi-
vidual exercise blocks are:  

• Creation of a Navier-Stokes solver in Matlab 
• Implementation of different discretization schemes and 

boundary conditions as well as evaluation of numerical sta-
bility and convergence 

• Steady-state and transient simulations with the industry-
standard tool OpenFOAM 

• Creation of computational grids with open-source grid gener-
ators and evaluation of simulation quality on different grid 
types 

• Implementation of routines to evaluate the simulation results 
• Post-processing using open-source visualization software 

and analysis of the results 
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4.4.2 Calculation of Heat Exchangers 

MODUL: Calculation of Heat Exchangers                              STAND: 04.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The objective of the course is to make an important contribution to engineer-

ing education by imparting specialised knowledge for the calculation of heat 

exchangers. The course shows different types of heat exchangers and flow 

patterns in practice, teaches the basics of calculation (temperatures, k-value, 

key figures, NTU diagram, cell method, deals with special designs and spe-

cial problems (heat losses), teaches the basics of heat transfer in ducts and 

in the shell space (single-phase pipe flow, plate flow, condensation, evapo-

ration), introduces fouling (types of fouling, fouling resistance, measures to 

prevent/reduce prevention/reduction, cleaning methods), and deals with the 

determination of pressure loss and heat transfer through finned surfaces 

teaches the calculation of regenerators 

13 

 

Inhalt 

- Design and recalculation of recuperators 
- Application of the cell method 
- Single and multi-turn plate heat exchangers 
- Co-flow, counter-flow and cross-flow devices 
- Heat exchangers with fins 
- Design of a heat exchanger according to economic aspects 
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4.4.3 Computational Fluid Dynamics 

MODUL: Computational Fluid Dynamics                       STAND: 24.03.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The students know the numerical approximations of the conservation 
equations of mass, momentum and energy. They know how to implement 
these approximations with the aid of different standard algorithms. They 
are able to assess their advantages and disadvantages with respect to a 
specific problem setup in fluid dynamics. The students know how to run 
simple simulations using a given CFD software and can evaluate the sim-
ulation’s results in terms of plausibility and expected (and achieved) accu-
racy. 

13 

 

Inhalt 

The content of the lectures includes the following topics:  
• Conservation equations for mass, momentum and energy 
• Discretization for finite-volume and finite-element methods 
• Algorithms for their numerical implementation 
• Stability, convergence and accuracy 
• Mesh generation, mesh design and quality for simple and com-

plex geometries 
• Initial and boundary conditions, error estimation 
• Application to laminar flows 
• Turbulence modelling in the context of RANS and LES and ap-

plication to turbulent flows 
• Compressible flows and specific solution algorithms 

 
The tutorials include computer classes using opensource CFD software. 
The topics of the specific tutorials are: 

• Mesh generation with the aid of open-source pre-processing 
software  

• Definition of suitable initial and boundary conditions for laminar 
and turbulent flows  

• Parameter studies assessing the stability and accuracy as 
function of discretization schemes, algorithms and mesh qual-
ity.  

• Influence of turbulence modelling on the quality of results  
Postprocessing with the aid of an open-source visualization software and 
analysis of results.  
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4.4.4 Environmental Policy Analysis and Emissions Reduction in Industrial 

MODUL:  Environmental Policy Analysis and Emissions Reduction in Industrial 
Processes        STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Students gain a deep understanding of Environmental Policy Analysis and 
Emissions Reduction in Industrial Processes. They acquire proficiency in 
command and control strategies, incentive-based approaches, and benefit-
cost analyses, allowing efficient pollution management. Additionally, they 
possess in-depth knowledge of emissions reduction potential in industrial 
processes. Practical excursions provide firsthand insights into the environ-
mental aspects of industrial plants. Their competence 
extends to independently solving emissions reduction challenges. 

13 

 

Inhalt 

I Lecture, Dr. Adolfo Uribe and Dr.-Ing. Ling He: Environmental Policy Anal-
ysis 
- I. 1 The Economics of Environmental Quality: Overview of environmental 
economics and pollution control models. 
- I. 2 Command-and-Control (CAC) Strategies: Ambient, emission, and tech-
nology standards in industrial processes. 
- I. 3 Benefit-Cost Analysis: Private costs of abatement technology and mar-
ginal abatement cost curves. Avoided costs. 
- I. 4 Enforcement: Enforcing emission standards, reporting, and cost im-pli-
cations. Challenges in ensuring environment compliance (Dr. Adolfo Uribe 
and Dr.-Ing. Ling He). 
- I. 5 Carbon Neutrality Policies and Technologies: Understanding decarbon-
ization and transformation process in the industry (electrification, energy ef-
ficiency, renewables). Carbon dioxide removal (CDR) (Dr.-Ing. Ling He). 
- I. 6 Incentive-Based Strategies: Pollution taxes, market-based systems, and 
abatement subsidies. Incentive strategies. 
- I. 7 Strategies for Carbon Emissions reduction (CO2): Cap-and-Trade Sys-
tem, voluntary carbon markets. 
- I. 8 Environmental, Social, and Governance (ESG) Standards: ESG frame-
works. 
Third-party verification and avoiding greenwashing. 
II Project Work, Dr.-Ing. Carolina Acuña Caro: Emissions reduction at se-
lected industrial processes 
- II. 1 Emissions reduction at selected industrial processes: Discussion of the 
general subject and procedure of the project work. 
- II.2 Office hours: Individual discussion of the subject in office hours (2 - 3 
visits) 
- II.3 Project work with presentations: Emissions reduction measures for a 
special case of industrial processes. Description of the selected indus-trial 
process. 
Description of the emissions sources and pollutant formation within this pro-
cess. 
Possibilities of emissions reduction for this specific process. Presentation of 
the work in a seminar. 
- II.4 Excursion to an industrial plant to illustrate the subjects Examples: Ce-
ment factory, steel factory, mineral oil refinery, pulp and paper pro-duction, 
chipboard factory, lacquering plant. 
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4.4.5 Firing Systems and Flue Gas Cleaning 

MODUL: Firing Systems and Flue Gas Cleaning                  STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The students of the module have understood the principles of heat genera-
tion with combustion plants and can assess which combustion plants for the 
different fuels - oil, coal, natural gas, biomass and waste - and for different 
capacity ranges are best suited, and how furnaces and firing systems need 
to be designed that a high energy efficiency with low pollutant emissions 
could be achieved. In addition, they know which flue gas cleaning techniques 
have to be applied to control the remaining pollutant emissions. Thus, the 
students acquired the necessary competence for the application and evalu-
ation of air quality control measures in combustion plants for further studies 
in the fields of Air Quality Control, Energy and Environment and, finally, they 
got the competence for combustion plants' manufactures, operators and su-
pervisory authorities. 

13 

 

Inhalt 

I: COMBUSTION AND FIRING SYSTEMS: 
• Fuel types, fuel properties, fuel analyses 
• Combustion fundamentals, aerodynamics, diffusion and kinetics, mass and 
energy balances 
• Firing systems - overview and applications 
• Gasification systems - overview and applications 
II: FLUE GAS CLEANING: 
• Environmental effects of combustion 
• Greenhouse gas emissions 
• Products of incomplete 
combustion 
• Removal of particulate matter 
• Sulphur removal 
• Nitrogen oxide reduction 
• Destruction and removal of other pollutants 

  



Preliminary Course List  Seite 90 

4.4.6 Introduction to air quality control 

MODUL: Introduction to air quality control                  STAND: XX.YY.ZZZ 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students have the following knowledge and competences after com-plet-
ing the lecture "Biological Waste Air Treatment and Ventilation": 
- Know the legal basics in the field of approval procedures of BIm-SchG 
plants as well as related laws (BImSchV, TA-Luft, EU direc-tives, interna-
tional contracts. 
- Are able to check the suitability of various waste air treatment pro-cesses 
for specific waste air problems. 
- Know the principle, advantages and disadvantages as well as the most im-
portant constructional aspects for the selection and con-struction of the dif-
ferent waste air purification methods. 
- Are familiar with the necessary preconditioning measures, especially for 
biological treatment processes. 
- Are able to carry out a rough design of biological exhaust air purifica-tion 
processes. 
- Are familiar with the design of air ducts in ventilation and air-conditioning 
systems according to pressure loss and sound level. 
- Can evaluate the indoor air according to air quality indicators and are famil-
iar with suitable ventilation concepts. 
 
According to lecture „Basics of Air Quality Control” students are used to: 
- Air pollutant compounds and their definitions 
- Natural sources of air pollutants 
- Pollutant formation during combustion and industrial processes 
- Atmospheric pollutant dispersion and meteorological impact 
- Chemical reactions in the atmosphere 
- Impacts of pollutants on humans, vegetation and materials 
- Ambient air quality characterization 
 

13 

 

Inhalt 

I: Biological Waste Air Treatment and Ventilation (Dobslaw, Grün) 
- Legal framework (BImSchG, BImSchV, TA-Luft) as well as other 
relevant laws for approval procedures. 
- Non-biological and biological waste air purification processes 
- Required preconditioning measures for air pollution control pro-
cesses 
- Guidelines for the assessment of water solubilities and degrada-
tion kinetics of pollutants 
- Guidelines for the construction and design of biological air purifi-
cation systems 
- Chemical and biological parameters of indoor air quality 
- Design of ventilation ducts 
 
II: Basics of Air Quality Control (Vogt) 
- Clean Air and air pollution, definitions 
- Natural Sources of Air Pollutants 
- History of air pollution and air quality control 
- Pollutant formation during combustion and industrial processes 
- Dispersion of air pollutants in the atmosphere: Meteorological influ-
ences, inversions 
- Atmospheric chemical transformations 
- Ambient air quality 
 
 

4.4.7 Heat pumps and refrigeration technology 

MODUL:  Heat pumps and refrigeration technology       STAND: 04.04.2025 
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3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students understand the functioning of chillers and heat pumps with 
different operating principles and the properties of the equipment used. 
The theoretical principles they have learned enable students to calculate 
the efficiency of heat pumps and chillers and to evaluate efficiency 
measures. They are familiar with the broad spectrum of heat pump and 
refrigeration technology, from low-temperature technology to the provision 
of industrial process heat. Students have in-depth knowledge of the com-
ponents of heat pumps and chillers. They can design individual compo-
nents, complete heat pumps and chillers, and connected systems. They 
can compare and evaluate the economic and environmental impact of dif-
ferent heating and cooling concepts. 

13 

 

Inhalt 

• Working fluids (refrigerants): Climate and environmental im-
pact, safety and thermodynamics 

• Theoretical comparison processes for heat pumps and chillers, 
evaluation parameters and efficiency measures 

• Absorption heat pumps and chillers 
• Further operating principles for heat pumps and chillers: ther-

moelectric, elasto-, electro- and magnetocaloric, rotary heat 
pumps, gas refrigeration process, etc.  

• Components of compression heat pumps and chillers (com-
pressor technology, heat exchangers, control, icing and de-
frosting, noise, etc.) 

• Efficiency of real heat pumps (depending on heat source, heat-
ing system, etc.) 

• Heat sources for heat pumps (air, ground, groundwater and 
others) 

• Recooling of chillers (cascades, cooling towers, etc.) 
• Design examples for heating and cooling applications, compari-

son with other heating systems in terms of costs and climate 
impact 

• Industrial and large heat pumps 
• Low-temperature technology (air liquefaction, liquid hydrogen, 

etc.) 
• Intelligent linking of heating and cooling supply in the overall 

system 
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4.4.8 Measurement of Air Pollutants 

MODUL: Measurement of Air Pollutants                  STAND: 03.06.2025 
3 

 
Leistungspunkte ECTS-Credits 6 

12 
 

Lernziele 

The graduates of the module can identify and describe air quality problems, 
formulate the corresponding tasks and requirements for air quality measure-
ments, select the appropriate measurement techniques and solve the meas-
urement tasks with practical implementation of the measurements. 

13 

 

Inhalt 

  
 
I: Measurement of Air Pollutants Part I, 1 SWS (Vogt): 
 
Measurement tasks: 
 
    Discontinuous and continuous measurement techniques, different require-
ments for emission and ambient air measurements 
 
Measurement principles for gases: 
 
    IR- and UV Photometer, Colorimetry, UV fluorescence, Chemilumines-
cence, Flame Ionisation, Potentiometry 
 
Measurement principle for Particulate Matter (PM): 
 
    Gravimetry, Optical methods, Particle size distribution, PM deposition, PM 
composition 
    Assessment of measured values 
    data storage and processing 
    graphical presentation of data 
 
II: Measurement of Air Pollutants Part II, 1 SWS (Reiser): 
 
    Gas Chromatography, Olfactometry 
 
III: Planning of measurements (Vogt): 
 
Introducing lecture (0,5 SWS), office hours, project work and presentation 
 
Content: 
 
    Definition and description of the measurement task 
    Measurement strategy 
    Site of measurements, measurement period and measurement times 
    Parameters to be measured 
    Measurement techniques, calibration and uncertainties 
    Evaluation of measurements 
    Quality control and quality assurance 
    Documentation and report 
    Personal and instrumental equipment 
 

 
  



Preliminary Course List  Seite 93 

4.4.9 Pollutant Formation and Air Quality Control 

MODUL: Pollutant Formation and Air Quality Control      STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 
 

Lernziele 

The graduates of the module have understood the physics and chemistry of 
combustion and subsequently the air pollutants formation. Thus the student 
has acquired the basis for further understanding and application of air pollu-
tion control studies and measures. 

13 

 

Inhalt 

I: Chemistry and Physics of Combustion (Kronenburg): 
Definitions and phenomena 
Conservation laws 
Laminar flames 
Chemical reaction 
Reaction mechanisms 
Laminar premixed flames, Laminar non-premixed flames 
NO-formation, NO-reduction 
Unburned hydrocarbons 
Soot formation 
Phenomena on turbulent flames 
II: Basics of Air Quality Control (Vogt): 
Clean Air and air pollution, definitions 
Natural Sources of Air Pollutants 
History of air pollution and air quality control 
Pollutant formation during combustion and industrial processes 
Dispersion of air pollutants in the atmosphere: Meteorological influences, 
inversions 
Atmospheric chemical transformations 
Ambient air quality 
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4.4.10 Thermo and Fluid Dynamics 

MODUL: Thermo and Fluid Dynamics                  STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 
 

Lernziele Angaben zu den Kenntnissen und den Kompetenzen, über welche die Stu-
dierenden nach erfolgreichem Absolvieren des Moduls verfügen  

13 
 

Inhalt Contents oft he lectures Thermodynamics of Mixtures and Flow and Heat 
Transfer  
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4.4.11 Advanced Combustion 

MODUL: Advanced Combustion                                    STAND: 24.03.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students understand the complexities of turbulent reacting single and 
multiphase flows. They appreciate the interactions of the different physico-
chemical processes. They are able to apply the concepts of turbulent com-
bustion and its modelling to real turbulent flames in applications of tech-
nical relevance using different types of fuel (gaseous, liquid and solid). 

13 

 

Inhalt 

Part I: Introduction to turbulent combustion theory and modelling; turbulent 
premixed and non-premixed flames; issues related to the modelling of tur-
bulent reactive species; advanced closures for the chemical source terms; 
mixture fraction based methods for turbulent non-premixed combustion; 
probability density function/Monte Carlo methods for turbulent combustion; 
linear-eddy modelling; level-set methods and flame surface density models 
for turbulent premixed combustion;  
  
Part II: Introduction to liquid fuel and solid fuel combustion and its coupling 
with the flow field; single droplet combustion; stochastic modelling of spray 
break-up and dispersion; spray combustion;  
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4.4.12 Air Quality Management 

MODUL: Air Quality Management              STAND: 03.06.202 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Students can construct air quality plans to identify efficient air pollution con-
trol strategies.  
Students can understand and explain the issue of air pollution with its main 
sources and impacts and are able to determine the need for air pollution con-
trol strategies based on current air quality indicators. They are able to per-
form an impacts assessment of policy measures by generating emission in-
ventories, use air quality and exposure modelling and estimate changes in 
related impacts, especially health impacts. 

13 

 

Inhalt 

• Sources of air pollution and greenhouse gases and their main impacts 
• Current regulations and air quality indicators 
• Application of related VDI guidelines 
• DSPIR Framework and impact assessment methods 
• Generation of emission inventories and scenarios 
• Air quality and exposure modelling 
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4.4.13 Applied Computational Fluid Dynamics II 

MODUL: Applied Computational Fluid Dynamics 2       STAND: 24. 01.2024 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

In Part 2 of the course, the fundamentals learned in Part 1 are applied to 
multi-physics problems often encountered in practical engineering applica-
tions. These include multiphase flows, chemically reacting flows, particle 
simulations and coupled heat transfer problems. In addition, an introduc-
tion of parallel execution of numerical simulations is taught. At the end of 
the course, students will be able to independently set up, run and evaluate 
flow simulations of industry-relevant problems with the open-source tool 
OpenFOAM. 

13 

 

Inhalt 

The content of the lecture is composed of the following topics: 
• Review on the design of numerical flow solvers 
• Brief introduction to OpenFOAM 
• Theory of turbulence modeling 
• Theory of multiphase flows (Volume of Fluid method) 
• Theory of Euler/Lagrange methods 
• Theory of chemically reacting flows 
• Theory of coupled heat transfer problems 

 
Exercises include guided, hands-on (computer) sessions. Topics of indi-
vidual exercise blocks are: 

• grid generation using open-source pre-processing software 
• influence of turbulence models on the prediction quality of flow 

simulations 
• creating and running multiphase simulations using the volume 

of fluid method 
• Creation and execution of particle simulations using Euler/La-

grange method 
• Evaluation of the parallel efficiency of large simulation cases 
• Post-processing with open-source visualization software and 

analysis of the simulation results 
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4.4.14 Chemical Recycling and Sector Coupling 

MODUL: Chemical Recycling and Sector Coupling                   
STAND: 06.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The students are gaining a fundamental knowledge about the processes 
of chemical recycling and currently untreated amounts of waste suitable for 
it. With this kind of knowledge, the students are enabled to calculate the 
product outputs, energy demands, and related emissions based on the ap-
plied processes from the input waste and targeted product composition. 
The students can analyze the opportunities for the coupling with other sec-
tors (energy, materials, construction, resources etc.) and can estimate the 
energy and material streams to be exchanged between these coupled pro-
cesses. Finally, the students can exemplarily optimize these processes 
with respect to current industrial framework conditions in different countries 
for a more sustainable application in the future. 

13 

 

Inhalt 

- Introduction of the conditions for chemical recycling processes: 
  - Relevance, global amounts, global markets and global emissions 
- Chemical recycling processes: 
  - Detailed introduction of gasification processes and different plant types 
  - Detailed introduction of pyrolysis processes and different plant types 
  - Detailed introduction of various synthesis and post-processing steps 
  - Best-practice cases for the use of chemical recycling in industry 
- Chemical recycling processes coupled to other sectors (energy, materi-
als, construction, resources etc.)  
- Various calculation tasks for chemical recycling (calculation of various 
waste, energy, and materials streams) and with sector coupling. 
- Future improvements of these processes by coupling of various sectors 
(based on reference values from different countries) 
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4.4.15 Chemistry and Physics of Combustion 

MODUL: Chemistry and Physics of Combustion                     STAND: 24.03.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students have gained a thorough understanding of the physico-chem-
ical fundamentals of combustion. They are able to identify and analyze the 
different combustion regimes. They will understand strengths and weak-
nesses of combustion modelling strategies, are able to describe the inter-
actions between chemical reaction, convective transport and diffusion and 
they are aware of the importance of finite rate chemistry effect for pollutant 
formation. They have acquired the basic knowledge necessary for conduct-
ing a final year thesis in the field of combustion science. 

13 

 

Inhalt 

The fundamentals of combustion are taught in this course: 
• chemical kinetics and reaction mechanisms for the combustion 

of hydrocarbons  
• specific issues regarding pollutant formation of pollutant such 

as NOx, SOx and soot  
• the characteristics of different combustion regimes (premixed 

vs non-premixed combustion 
• transport equations in two and three dimensions 

experimental techniques 
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4.4.16 Compressed Air and Pneumatics 

MODUL: Compressed Air and Pneumatics                  STAND: XX.YY.ZZZ 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The compressed air and pneumatics lecture deals with the design, plan-
ning, operation and optimisation of compressed air systems in industry and 
commerce, planning, operation and optimisation of compressed air sys-
tems in industry and commerce under the aspect of energy efficiency, 
emission reduction and cost optimisation. 
Students are familiar with the different types of compressors, understand 
the strengths and weaknesses of the compressors used and are able to 
select the suitable compression processes depending on the require-
ments. 
They understand the requirements for the compressed air quality of differ-
ent processes and are able to select the necessary components for com-
pressed air treatment, including the requirements of standardisation. 
Students will be able to analyse the compressed air consumption of com-
panies, identify weak points and increase the energy efficiency of com-
pressed air systems. 
Students will be familiar with the typical weak points in the compressed air 
supply and are able to develop efficiency measures and analyse their effect 
on energy consumption, energy saving potential and environmental im-
pact. 
They are able to analyse the complex interactions between the individual 
subsystems and compressed air consumers and develop holistic concepts 
for an energy-efficient compressed air supply. 
They understand the different compressor control systems and are familiar 
with the available measurement technology for analysing the current status 
of compressed air systems. 
They will learn about the possibilities of using AI and data-driven methods 
for monitoring and optimisation of compressed air supply. With the 
knowledge acquired, students will be able to execute, evaluate and ana-
lyse system measurements and derive the necessary need for action. 

13 

 

Inhalt 

The contents of the lecture are structured around the importance of com-
pressed air for industrial production, the thermodynamic fundamentals as 
well as the individual technical areas of compressed air systems and com-
pressed air applications. 
- Importance of compressed air as an energy source in the company 
- Thermodynamic fundamentals 
- Compressed air generation 
- Compressed air treatment (drying, filtering, oil removal) 
- Condensate treatment 
- Compressed air storage 
- Control concepts for compressed air systems and AI applications 
- Compressed air distribution (dimensioning, pipework materials, leakage 
and leakage elimination 
- Compressed air applications (e.g. controlling, screwing, moving, clamp-
ing, cleaning, generating vacuum, cooling) 
- Auditing of compressed air systems 
 
In addition to the lecture, an energy technology EXCURSION is offered, 
participation is voluntary. 
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4.4.17 Emissions reduction at selected industrial processes 

MODUL: Emissions reduction at selected industrial processes                  STAND: 
04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 
 

Lernziele The students have the competence for the independent solution of emission 
reduction problems at several industrial processes. 

13 

 

Inhalt 

I INTRODUCING LECTURE: Discussion of the general subject and proce-
dure of the project work 
II Office hours: Individual discussion of the subject in office hours (2 - 3 
visits) 
III EXCURSION: Examples: Cement factory, foundry, steal factory, refinery, 
pulp and paper production, chipboard factory, lacquering plant, glas melting 
plant 
VI PROJECT WORK WITH PRESENTATION: Working out of possibilities of 
emissions reduction measures for a special case of industrial processes: 
• Description of the selected industrial process 
• Description of the emissions sources and pollutant formation within this 
process 
• Possibilities of emissions reduction for this specific process 
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4.4.18 Hydrogen Technology 

MODUL: Hydrogen Technology                                 STAND: 04.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students have knowledge of the material properties of hydrogen 
from the cryogenic liquid state to the gaseous state under high pressure, 
the process of producing and storing hydrogen, the hazards and safety 
measures in hydrogen plants, the operation of climate-neutral heat and 
power generation plants using hydrogen. They will have mastered the 
rough dimensioning of fuel cell CHP units. They have a basic knowledge 
of the importance of hydrogen in modern renewable energy systems and 
the life cycle assessment of the complete hydrogen chain. 

13 

 

Inhalt 

• Hydrogen and its importance in renewable energy systems 
• Thermophysical material properties 
• Hydrogen production (electrolysis, steam reforming) 
• Hydrogen storage (compressed hydrogen, liquid hydrogen, 

cryogenic storage, metal hydride storage, sorption storage) 
• Transportation of liquid and gaseous hydrogen 
• Hydrogen technology in domestic applications 
• Electricity and heat supply with fuel cell CHP units 
• Mobile hydrogen applications 
• Components and devices for hydrogen use 
• Safety, hazards, protective measures for hydrogen systems 
• LCA: Life Cycle Assessment 
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4.4.19 Power Demand, Supply and Distribution 

MODUL: Power Demand, Supply and Distribution                  STAND: 20.03.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Power Demand, Supply and Distribution: 
 
The students, 
 

- know the German, European and worldwide energy markets re-
lated to demand, supply and its distribution capabilities 

- are aware of that non-renewable energy sources are strictly lim-
ited and time-scales for conversion of energy markets long 

- have an idea about the relations between energy, politics, social 
changes and influences on environment 

- have a basic knowledge about present energy conversion sys-
tems, theoretical limits of efficiencies, and the potential to en-
hance applied technology 

- have a basic understanding about where and how energy is pro-
vided and distributed 

- comprehend the balance between load and supply in electrical 
grids and the resulting necessity for control energy. 

 

13 

 

Inhalt 

Power Demand, Supply and Distribution: 
 
    Energy demand, energy supply 
    Energy generation 
    - overview of different types of power plants 
    - renewable energy 
    - thermal power plants (conventional and nuclear) 
    Areas of application of different power plants 
    Emission control techniques 
    Cooling of thermal power plants 
    - methods 
    - water resources aspects 
    Energy transport and energy storage 
    Net techniques 
    Energy market 
    - trade 
    - politics 
    - law 
    social changes due to energy supply 
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4.4.20 Sector Coupling for the Energy Transition 

MODUL: Sector Coupling for the Energy Transition          STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students master the basics of the energy transition in Germany and 
Worldwide. They know and understand the available technologies with 
the relevant process parameters such as temperature, pressure, effi-
ciency and cost. They understand the chances and challenges for the 
uptake of the new technologies. The students are able to independently 
develop and identify suitable solutions for balancing energy demand and 
energy supply in a world of dominating renewable energy. They are fa-
miliar with the environmental, energy and resource impacts associated 
with the sector coupling technologies. They understand the importance 
to analyse all life cycle phases from construction over operation to the 
end of live phase of the technologies. The students are able to apply the 
knowledge they have learned about sector coupling in the implementa-
tion of sustainable energy systems. The students can carry out an eco-
nomic evaluation of for the use of sector coupling technologies and es-
timate the most likely pathways for further development. The students 
are aware of the non-technical challenges in the energy world. They un-
derstand the time requirements for a system transformation and the im-
portance of a reliable and decarbonised energy system. 

13 

 

Inhalt 

• Energy transition: Status and challenges 
• Key drivers for the energy transition 
• Definition of sector coupling 
• Technologies (Power to heat, Power to gas (hydrogen, methane, syn-
gas), 
power to chemicals (methanol, ammonia), power to mobility, power to 
compressed air, heat to power (ORC, Thermoelectric) 
• Sector coupling and energy efficiency – best friends or enemies 
• Policy and legal framework 
• Economics of sector coupling 
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4.4.21 Sustainable Product Development and Recycling Strategies 

MODUL: Sustainable Product Development and Recycling Strategies                  
STAND: 05.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The students are gaining a fundamental knowledge about the steps and 
processes of product development for technical/engineered products. 
They are enabled to calculate the environmental impact according to dif-
ferent established methods in the field of product development and cost 
models. With this kind of knowledge, the students can analyze, evaluate, 
and modify conventional and novel processes and final products as well as 
independently develop solutions according to achieve more environmen-
tally-friendly products by a lower environmental impact. In particular, they 
are gaining knowledge about various recycling strategies and planning of 
recycling for technical/engineered products in the product development. Fi-
nally, the students are qualified to develop and estimate potential improve-
ments (reduction of demands in energy, materials, wastes, emissions etc.) 
by new processes and where in the product development process these 
changes must be integrated. 

13 

 

Inhalt 

Introduction of Product Development and Recycling Strategies: 
- Fundamental processes of product development from the idea of a tech-
nical/engineered product until planning of the production ramp-up   
- Common methods for the estimation and assessment of the environmen-
tal impact (energy and materials consumption, generated wastes and 
emissions as well as the applied refining and production methods) of the 
different concepts such replacement of single components, use of novel 
materials and recyclability 
- Knowledge how to plan changes in the product development process 
- Various calculation tasks based on practical processes (substitution of 
energy, novel materials, production/manufacturing processes etc.) 

  



Preliminary Course List  Seite 106 

 

4.4.22 Thermal Waste Treatment 

MODUL: Thermal Waste Treatment                  STAND: 03.06.2025 
3 

 
Leistungspunkte ECTS-Credits 3 

12 

 

Lernziele 

The students know about the different technologies for thermal waste treat-
ment which are used in plants worldwide: The functions of the facilities of 
thermal treatment plan and the combination for an efficient planning are pre-
sent. They are able to select the appropriate treatment system according to 
the given frame conditions. They have the competence for the first calcula-
tion and design of a thermal treatment plant including the decision regarding 
firing system and flue gas cleaning. 

13 

 

Inhalt 

In addition to an overview about the waste treatment possibilities, the stu-
dents get a detailed insight to the different kinds of thermal waste treatment. 
The legal aspects for thermal treatment plants regarding operation of the 
plants and emission limits are part of the lecture as well as the basic com-
bustion processes and calculations. 
I: Thermal Waste Treatment: 

• Legal and statistical aspects of thermal waste treatment 
• Development and state of the art of the different technologies for 

thermal waste treatment 
• Firing system for thermal waste treatment 
• Technologies for flue gas treatment and observation of emission 

limits 
• Flue gas cleaning systems 
• Calculations of waste combustion 
• Calculations for thermal waste treatment 
• Calculations for design of a plant  

II: Excursion: 
• Thermal Waste Treatment Plant 
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4.5 Manufacturing 

Focus Field Manufacturing 

Vertiefung Fertigungstechnik 

Verantwortlicher Professor Andreas Michalowski  

Auskünfte  

Institut für Strahlwerkzeuge (IFSW) 

Pfaffenwaldring 43, 70569 Stuttgart 

Tel.: +4971168560815 

Email: andreas.michalowski@ifsw.uni-stuttgart.de 

Homepage: www.ifsw.uni-stuttgart.de 

  

Modulcontainer 6 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

Kernfächer     

 Prof. Dr.-Ing. Dr. h. 
c. Mathias Liewald 

Fundamentals in Metal Forming 
Technology 

4 1 WS 

 Prof. Dr.-Ing. Oli-
ver Riedel 

IT Architectures in Production Ap-
plications 

4 1 WS 

 Prof. Dr.-Ing. An-
dreas Michalowski 

Laser technology in manufacturing 4 1 WS+SS 

 Dipl.-Ing. Jens 
Baur 

Machines and Facilities for Metal 
Forming Technologies I+II  

4 2 WS 

 Prof. Dr. phil. nat. 
Thomas Graf 

Materials Processing with Lasers 4 1 WS oder 
SS 

 Prof. Dr.-Ing. Oli-
ver Riedel 

Production Related Information 
Technologies 

4 1 SS 

 Prof. Dr.-Ing. Ro-
bert Schulz, 
Dipl.-Ing. Stefan 
Hecht 

Rope technology, rope systems 
and innovative applications 

4 1 WS 

Ergänzungsfächer     

110740 Prof. Dr.-Ing- Wolf-
gang Rheinheimer 

Functional Ceramics I + II 4 2 WS/SS 

 Prof. Dr.-Ing. Ste-
phan Reichelt 
Erich Steinbeißer 
� Kathrin 
Doth 

Fundamentals of Optical Enginee-
ring 

4 2 WS 
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Modulcontainer 3 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

 Prof. Dr.-Ing. H.-
Christian Möhring; 
Dr.-Ing. Dipl.-Gwl. 
Rocco Eisseler 

Advanced hybrid manufacturing 
technologies 

2 1 WS+SS 

 Prof. Dr.-Ing. Rob-
ert Schulz 

Automotive logistics  2 1 WS 

 Dr. Martin Dazer Design of Experiments 2 1 WS 

 Prof. Dr.-Ing. H.-
Christian Möhring; 
Dr.-Ing. Dipl.-Gwl. 
Rocco Eisseler; 

Digital twins in manufacturing tech-
nologies 

2 1 WS+SS 

 Prof. Dr.-Ing. Rob-
ert Schulz 

Digitalization of logistics processes 2 1 SS 

 Dr.-Ing. Tobias 
Menold 

Laser processing of semiconduc-
tors and transparent materials 

2 1 WS+SS 

 Prof. Dr.-Ing. Ste-
phan Reichelt /  
Prof. Dr. Alois Her-
kommer 

Optical Systems Engineering 2 1 WS 

 Dr.-Ing. Christian 
Hagenlocher 

Physics in Laser Material Pro-
cessing 

2 1 WS+SS 

 Prof. Dr.-Ing. Rob-
ert Schulz 

Product-Lifecycle-Management in 
Logistics 

2 1 WS 

 Dr.-Ing. Thomas 
Stehle 

Self-optimizing Machining Systems 2 1 WS+SS 

 Prof. Dr.-Ing. 
Dr.h.c. H.-Chris-
tian Möhring, 
Dr.-Ing. Thomas 
Stehle, 
Dr.-Ing. Rocco Eis-
seler 

Sustainable processing of light-
weight and bio based materials 
 

2 1 WS+SS 

 Volkher Onuseit System technology for laser-based 
manufacturing - Part 1 

4 2 WS+SS 

 Dr. Andreas 
Letsch 

System technology for laser-based 
manufacturing - Part 1 

4 2 WS+SS 

 

Legende: Turnus: WS (wird nur im WS angeboten), SS (wird nur im SS angeboten), WS/SS (2-
semestriges Modul, Beginn im WS), SS/WS (2-semestriges Modul, Beginn im SS), WS+SS (Modul 
kann sowohl im WS als auch im SS begonnen werden).  
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4.5.1 Fundamentals in Metal Forming Technology 

MODUL: Fundamentals in Metal Forming Technology STAND: 20.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Skills acquired: students  
• know the basics and the most important processes of sheet 

and massive metal forming 
• can assign typical forming components to the respective 

manufacturing process 
• understand the process limits and know the background for 

the evaluation of their economic efficiency 
• are familiar with the design of the most important sheet 

metal and bulk forming machines and types of forming tools 
• can estimate exemplary forming processes on the basis of 

analytical solutions with regard to the required forming 
forces, plastic work, stress conditions, strain spaces etc. 

13 

 

Inhalt 

• Fundamentals: processes in metallic materials (steel produc-
tion, deformation and hardening mechanisms, energy hy-
potheses, flow and yield point curves, representations of 
load cases in the strain and stress space). 

• Fundamentals of tribology in sheet metal and bulk forming, 
knowledge about surface changes due to friction and lubri-
cation.  

• Basics in tool and press technologies, press force and plas-
tic work requirements of forming machines. Overview of the 
most common forming processes according to DIN 8582. 

• Compression forming (DIN 8583: rolling, tube rolling, free 
forming, upsetting, stamping, die forming, spinning (tapering, 
extrusion, extrusion); tensile compression forming (DIN 
8584: drawing through, deep drawing, spinning, collar draw-
ing); tensile forming (DIN 8585: stretch drawing, widening, 
deep drawing); bending forming (DIN 8586: bending of sheet 
metal); shear forming (DIN 8587). 

• Shear cutting. 
• Numerical simulation of forming processes. 
• Economic efficiency analysis. 
• IOT and examples of AI in metal forming 
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4.5.2 IT Architectures for Production Applications 

MODUL: IT Architectures for Production Applications        STAND: 08.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students 
 
• know the fundamentals of modern IT architectures for production and 

can independently use them to develop and design smaller IT architec-
tures in production. 
 

• have a strong grasp of the principles and methods of designing IT ar-
chitectures in production. 
 

• have a strong grasp of various hardware architectures and can place 
them in the context of production information technologies. 
 

• have a knowledge of various methods for designing software-based 
systems and software development methods. 
 

• are able to design and implement smaller software projects for produc-
tion based on the principles and methods learned. 

13 

 

Inhalt 

• Introduction to IT architectures related to production-related issues 
 

• Overview of basic IT architectures from the cloud to the microcontroller 
 

• Fundamentals of IT architectures in production for cloud-based sys-
tems, clusters, industrial computers, automation technology, embedded 
systems, microcontrollers, and FPGAs 
 

• Fundamentals of communication and network technology in production 
 

• Software development methods for production systems, including re-
quirements management, version management, documentation, test-
ing, and deployment 
 

• Team software development methods 
 

• Overview of programming languages and integrated development envi-
ronments for production-oriented IT architectures 
 

• All lecture content is reinforced in exercises using practical examples 
from industrial applications 
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4.5.3 Laser technology in manufacturing 

MODUL: Laser technology in manufacturing                     STAND: 01.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Deutsch 
Die Möglichkeiten und Grenzen üblicher laserbasierter Fertigungsverfahren 
sind bekannt, die für die Fertigung relevanten physikalischen Mechanismen 
(insbesondere Laser-Material-Wechselwirkungsprozesse, thermische Pro-
zesse, Wechselwirkung mit der Umgebungsatmosphäre) sind verstanden. 
Typische Anwendungen von laserbasierten Fertigungsverfahren sind be-
kannt.  
Die Grundlagen der Laserstrahlerzeugung und für die Fertigungstechnik re-
levante Strahleigenschaften sind verstanden. Die Funktionsprinzipien, Mög-
lichkeiten und Grenzen gängiger für die laserbasierte Fertigungstechnik ver-
wendeter Systemtechnik und optischer Komponenten sind bekannt. Die 
Grundlagen der Parametrierung und Optimierung von Laserprozessen (ein-
schließlich der Verwendung von Optimierungsverfahren aus dem Bereich 
des maschinellen Lernens) sind verstanden und können in der Praxis ange-
wendet werden.  
Möglichkeiten und Grenzen von Komponenten und Systemen zur Prozess-
überwachung (teilweise auch für nicht-Laserprozesse einsetzbar) sind be-
kannt, deren Funktionsprinzipien sind verstanden. Die physikalischen 
Grundlagen zur Simulation von Laserprozessen sind bekannt. 
Laserprozesse können von der Auswahl geeigneter Strahlquellen, Strahlfüh-
rung, optischer Komponenten und Systemtechnik bis hin zur Auffindung op-
timaler Prozessparameter eigenständig entwickelt und hinsichtlich Prozess-
stabilität, Maschinen- und Prozessfähigkeit bewertet werden. 
 
Englisch 
The possibilities and limitations of conventional laser-based manufacturing 
processes are known and the physical mechanisms relevant to manufactur-
ing (in particular laser-material interaction processes, thermal processes, in-
teraction with the ambient atmosphere) are understood. Typical applications 
of laser-based manufacturing processes are known. 
The basics of laser beam generation and beam properties relevant to manu-
facturing technology are understood. The functional principles, possibilities 
and limitations of common system technology and optical components used 
for laser-based manufacturing technology are known. The basics of param-
eterization and optimization of laser processes (including the use of optimi-
zation methods from the field of machine learning) are understood and can 
be applied in practice.  
The possibilities and limitations of components and systems for process 
monitoring (some of which can also be used for non-laser processes) are 
known and their functional principles are understood. The physical principles 
for simulating laser processes are known. 
Laser processes can be developed independently from the selection of suit-
able beam sources, beam guidance, optical components and system tech-
nology to the identification of optimum process parameters and evaluated 
with regard to process stability, machine and process capability. 
 

13 

 

Inhalt 

Deutsch 
Möglichkeiten und Grenzen beim Einsatz von Lasertechnik in der Fertigung. 
Typische Anwendungsszenarien laserbasierter Fertigungsprozesse. Erzeu-
gung von Laserstrahlung, Strahleigenschaften sowie Strahlführung zum 
Bauteil, sowie typische Fehlerbilder. Physikalische und technische Grundla-
gen der wichtigsten Laserverfahren (Schweißen, Bohren, Schneiden, Frä-
sen/Abtragen, Polieren, Beschriften) für zahlreiche technologisch relevante 
Materialien. Eigenschaften und Auswahl von optischen Komponenten und 
Systemtechnik. Funktionsprinzipien und Auslegung von Systemen zur Kon-
trolle, Diagnostik und Regelung von Laserprozessen. Entwicklung von La-
serprozessen mit klassischen Methoden sowie mit modernen Algorithmen 
des maschinellen Lernens.  
Messtechnik und Bewertung von Laserprozessen inklusive Maschinen- und 
Prozessfähigkeit. Lasersicherheit und Anforderungen an Sicherheitskon-
zepte. 
 
Englisch 
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Possibilities and limitations of using laser technology in manufacturing. Typ-
ical application scenarios of laser-based manufacturing processes. Genera-
tion of laser radiation, beam properties and beam guidance to the compo-
nent, as well as typical error patterns. Physical and technical fundamentals 
of the most important laser processes (welding, drilling, cutting, milling/abla-
tion, polishing, marking) for numerous technologically relevant materials. 
Properties and selection of optical components and system technology. 
Functional principles and design of systems for monitoring, diagnostics and 
control of laser processes. Development of laser processes using classical 
methods and modern machine learning algorithms. Measurement technol-
ogy and evaluation of laser processes including machine and process capa-
bility. Laser safety and requirements for safety concepts.    
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4.5.4 Machines and Facilities for Metal Forming Technologies 

MODUL: Machines and Facilities for Metal Forming Technologies    STAND: 
04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Skills acquired: students  
• know the basics of press construction, press drives, mecha-

nization and other systems required for automation in sheet 
metal forming and massive metal forming 

• can select the optimal machines and systems for the produc-
tion of specific parts 

• know the possibilities and limits of individual machines and 
systems, as well as their quantity-dependent economic effi-
ciency 

• can estimate forces and power required for shaping. 

13 

 

Inhalt 

• Fundamentals, forming process 
• Presses with displacement drive principle, presses with force 

drive principle, comparison of mechanical/hydraulic presses, 
die cushion, mechanization in sheet metal forming, facilities 
for sheet metal forming 

• Machines and facilities for bending 
• Machines and dies for hydro sheet forming, machines and 

dies for hydro tube forming 
• Presses with kinetic energy drive principle, Machines for 

forging processes, machines for impact extrusion processes, 
machines for extrusion processes, machines for rolling pro-
cesses 

• Facilities for heating, transfer, lubrication and post-treatment 
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4.5.5 Materials Processing with Lasers 

MODUL: Materials Processing with Lasers                     STAND: 31.03.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Deutsch: 
Die vielfältigen Einsatzmöglichkeiten des Strahlwerkzeuges Laser insbeson-
dere beim Schneiden, Schweißen, Oberflächenveredeln, bei additiven Ver-
fahren sowie beim Abtragen und Bohren kennen und verstehen. Wissen, 
welche Strahl-, Material- und Umgebungseigenschaften sich wie auf die Pro-
zesse auswirken. Bearbeitungsprozesse bezüglich Qualität und Effizienz 
bewerten und verbessern können. 
 
Englisch: 
Know and understand the many possible applications of the laser beam as a 
manufacturing tool, especially in cutting, welding, surface finishing, additive 
processes, ablation and drilling. Know which beam, material and environ-
mental properties affect the processes and how. Be able to evaluate and 
improve machining processes in terms of quality and efficiency. 

13 

 

Inhalt 

Deutsch: 
• Laser und die Auswirkung ihrer Strahleigenschaften (Wellenlänge, In-

tensität, Polarisation, etc.) auf die Fertigungsprozesse 
• Komponenten und Systeme zur Strahlformung und Stahlführung, 

Werkstückhandhabung, 
• Physikalische Grundlagen zur Wechselwirkung zwischen Laserstrahl 

und Werkstück 
• Physikalische und technologische Grundlagen zum Schneiden, 

Schweißen, Oberflächenveredeln, zu additiven Verfahren sowie zum 
Abtragen und Bohren 

 
Englisch: 
• Lasers and the influence of their beam properties (wavelength, inten-

sity, polarization, etc.) on manufacturing processes 
• Components and systems for beam shaping and beam guiding, work-

piece handling, 
• Physical fundamentals of the interaction between laser beam and work-

piece 
• Physical and technological principles of cutting, welding, surface finish-

ing, additive processes, ablation and drilling 
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4.5.6 Production Related Information Technologies 

MODUL: Production Related Information Technologies      STAND: 08.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Students 
• understand the fundamentals of information processes and information 

technology in product development (focus on production planning and 
production), 

• can explain the methods of value stream analysis and process model-
ing in production and can apply them to planning new information pro-
cesses in production, 

• understand the fundamentals of information processes in production 
planning (digital factory) and can classify them in trade-related planning 
tasks, 

• know the interrelationships in shop floor IT and, on this basis, can de-
sign new processes and IT for production facilities, 

• can plan new information processes based on a modular approach to 
information management in production, 

• know the project-related planning and control process for the introduc-
tion and implementation of IT projects in production, 

• recognize the impact of "Industry 4.0" on production-related information 
technologies. 

13 

 

Inhalt 

• Introduction to information processes and information technology in 
production, as well as their integration into the business model 

• Fundamentals of value stream and process modeling, as well as an in-
troduction to business process modeling (BPM) 

• Fundamentals of modularizing information processes and information 
technologies in production 

• Introduction to digital production planning methods, introduction of Au-
tomationML and its impact 

• Introduction to shop floor IT and OPC UA 
• Coupling AutomationML and OPC UA for virtual commissioning 
• Management fundamentals of planning and control processes for IT 

projects in production 
• All content is expanded upon using practical examples from industrial 

applications 
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4.5.7 Rope technology, rope systems and innovative applications 

MODUL: Rope technology, rope systems and innovative applications  
                                                                                                       STAND: 04.04.2025 

3 
 Leistungspunkte (LP) 

/ ECTS-Credits 6 

12 

 

Lernziele 

 
Part I: Rope technology:  
 
The students  
• have knowledge of the systematization of different types of ropes and rope 

types, metallic and high-strength fibre materials and the production of com-
ponents, 

• know their use in different applications and the criteria for their design and 
development, 

• can determine the stress on a rope according to standards and design a 
rope drive, 

• are able to apply the most important methods for determining the lifetime / 
discard criteria of ropes and assess their correct use, 

• have knowledge of common means of transmitting and applying force in 
rope drives, 

• can assess and apply the correct technical production methods for different 
rope end connections and select them according to requirements. 

 
Part II: High-performance ropeways, elevators and large cranes 
 
The students 
• have an overview of the wide range of types of modern ropeways for alpine 

and urban applications as well as types of (high-rise) elevators and large 
cranes, their most important elements and features, 

• can classify the tasks and function of the individual drive, braking, control 
and safety components, 

• can apply the basic features of dimensioning individual assemblies using 
the example of ropeways and assess their correct use in accordance with 
standards, 

• know the method of rope line calculation for mono-cable circulating rope-
ways. 

  

13 

 

Inhalt 

 
Part I: Rope technology 
 
The lectures include: 
• The basics of rope technology, materials, functions, types, production, clas-

sification and systematization of wire ropes. 
• The procedure for determining the stresses in the rope. 
• Methods for the standardized use of ropes, types and functions of rope 

guide and rope force transmission elements as well as rope end connec-
tions. 

• An excursion (optional) to a rope producer to deepen the principles of pro-
duction, finishing and the methods of subsequent assembly on the object. 

 
Part II: High-performance ropeways, elevators and large cranes 
 
• The lectures include: 
• An in-depth analysis of the mechanical and electrical components of rope-

way systems based on modern winter sports and urban installations: from 
towers, vehicles and brakes to drives, power electronics, monitoring equip-
ment and control systems. 

• The calculation of a rope line based on a mono-cable circulating ropeway, 
including practical exercises. 

• Application of the knowledge gained to elevators with high lifting heights 
and speeds as well as large cable cranes, with a focus on special technical 
features. 

• An excursion (optional) to ropeway manufacturers or operators to experi-
ence and discuss production, operation and special features on site. 
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4.5.8 Functional Ceramics I+II 

MODUL: Functional Ceramics I + II               STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Students will be able to: 
 
-Explain the mechanisms and effects of ionic conduction 
-Gain an overview of the wide range of applications of functional ceramics 
in various energy technology applications 
-Select appropriate materials and manufacturing processes for different 
ionically conductive applications 
-Critically reflect on and discuss future prospects and challenges in the 
field of functional ceramics 

13 

 

Inhalt 

Functional ceramics play a crucial role in various industries and applica-
tions particularly related to energy, such as hydrogen technology with fuel 
cells, electrolysis, and batteries. They are also used in electronics and bi-
omedicine, e.g. as sensors. This broad range of applications stems from 
their diverse properties. This lecture introduces students to the fascinating 
world of functional ceramics, covering the full spectrum from materials sci-
ence to processes, methods, and applications. It is divided into two parts 
based on use cases. The first part is offered in the winter semester, while 
the second part is taught in the summer semester. 
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4.5.9 Fundamentals of Optical Engineering 

MODUL: Fundamentals of Optical Engineering         STAND: 14.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Upon successful completion of the module, students will be able to:    
§ recognize the capabilities and limitations of imaging optics based on 

paraxial optical imaging (Gaussian model of collineation), 
§ classify fundamental optical systems and perform calculations within 

the framework of Gaussian optics, 
§ understand the role and impact of apertures, pupils, and field stops 

on imaging performance, 
§ comprehend the causes and effects of optical aberrations, 
§ describe the design and functionality of key optical systems (e.g., mi-

croscopes, telescopes, zoom systems, lenses, interferometers), and 
apply and evaluate them appropriately, 

§ understand the basic derivation of optical phenomena such as inter-
ference and diffraction from wave equations, 

§ define the limitations of wave-optical imaging and resolution. 

13 

 

Inhalt 

§ Optical media and light propagation: fundamental laws of reflection, 
refraction, and dispersion; interaction of light with matter 

§ Paraxial optical imaging (Gaussian collineation), paraxial quantities, 
and cardinal elements 

§ Practical geometrical optics: stops and pupils, optical aberrations 
§ Optical components, systems, and instruments 
§ Wave optics and wave-optical imaging: fundamentals of diffraction, 

interference, and resolution 
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4.5.10 Advanced hybrid manufacturing technologies 

MODUL: Advanced hybrid manufacturing technologies     STAND: 02.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Die Studierenden kennen die grundlegenden hybriden Verfahren insbeson-
dere auf der Basis von additiven und subtraktiven Prozessen und deren Ver-
kettung inklusive vor- und nachgelagerter Prozesse. Die Studierenden ken-
nen die wichtigsten Einflussgrößen hybrider Verfahren und die davon abhän-
gigen Zielgrößen der einzelnen Teilschritte im Produktentstehungsprozess. 
Die Studierenden können zu einfachen hybriden Verfahren die zugehörigen 
Werkzeuge und Prozessparameter auswählen und auslegen und kennen die 
Potenziale und Grenzen der Einzel- und Hybridverfahren. 
Students know the basic hybrid processes, in particular on the basis of addi-
tive and subtractive processes and their interlinking, including upstream and 
downstream processes. Students know the most important influencing vari-
ables of hybrid processes and the target variables of the individual sub-steps 
in the product creation process that depend on them. Students will be able 
to select and design the associated tools and process parameters for simple 
hybrid processes and know the potentials and limitations of individual and 
hybrid processes. 

13 

 

Inhalt 

Einführung, typische Anwendungen und Problemstellungen - Definitionen, 
Begriffe und Einordnung - Einzelverfahren Anlagen, Komponenten, Werk-
zeuge - Einzelverfahren: Einfluss- und Zielgrößen sowie Parameter und Wer-
tebereiche - hybride Verfahren: Kombinationen, Mechanismen, Wechselwir-
kungen - Prozessketten mit vor- und nachgelagerten Prozessen - Auslegung 
von hybriden Prozessen - Digitalisierung und Simulation bei hybriden Pro-
zessen - Praxisübungen und Betriebsbesichtigungen. 
 
Introduction, typical applications and problems - Definitions, terms and clas-
sification - Individual processes - Systems, components, tools - Individual 
processes: Affecting and goal variables as well as parameters and value 
ranges - Hybrid processes: Combinations, mechanisms, interactions - Pro-
cess chains with upstream and downstream processes - Design of hybrid 
processes - Digitalization and simulation in hybrid processes - Practical ex-
ercises and plant tours 
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4.5.11 Automotive Logistics 

MODUL: Automotive logistics                                    STAND: 04.04.2025 
3 

 Leistungspunkte 
(LP) / ECTS-Credits 3 

12 

 

Lernziele 

 
The Students: 

• have an overview of current trends and challenges in automotive pro-
duction and logistics, 

• have developed an understanding of the processes in automotive pro-
duction and logistics, 

• learn about the various methods and tools in automotive logistics.  
 

13 

 

Inhalt 

 
The lectures and exercises of the module provide students with insights into the 
processes and workflows of automotive logistics. Students acquire the ability to 
apply and design systems, solution techniques, and processes. 
 
The lecture includes: 
• an introduction to automotive production, 
• an overview of the different production stages of automobile manufactur-

ing and their logistics, 
• an approach to logistics planning, 
• methods and processes in automotive logistics, 
• a look at future trends and challenges in the automotive industry. 

 
The exercises deepen the acquired theoretical knowledge through practical ex-
amples. The lectures and exercises are further enriched by guest lectures from 
industry and research experts, as well as excursions. 
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4.5.12 Design of Experiments 

MODUL: Design of Experiments                  STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students acquire a fundamental understanding of statistical ex-
perimental design and general experimental methodology. They learn 
about various test strategies, experimental designs, and their key factors 
for efficient application, and are able to apply them depending on the spe-
cific conditions and constraints. 

The students become familiar with test planning methods and their areas 
of application. They are capable of performing system and data analyses, 
know the most important statistical parameters, and can evaluate data us-
ing hypothesis testing and sensitivity analysis. They are able to critically 
assess the results, enabling valid decision-making despite statistical vari-
ability. 

As part of Design of Experiments (DoE) – students independently develop 
full factorial, fractional factorial, and response surface designs, including 
through the use of software tools. Furthermore, they perform effort estima-
tions using power analysis. After analyzing the data, they critically evaluate 
the results and learn how to utilize the obtained data effectively. In addition, 
they learn how to handle and account for the specific characteristics of non-
normally distributed lifetime data in reliability testing. 

 

13 

 

Inhalt 

Test Planning 

• Why testing is conducted 
• Experimental setup, procedure, and classification 
• System and data analysis 

Hypothesis Testing 

• Purpose of hypothesis tests 
• Types of errors and statistical power 
• Significant effects 
• t-Test 
• F-Test 
• Analysis of variance (ANOVA) 

Efficient Experimental Design 

• Basic idea of Design of Experiments (DoE) 
• Factorial designs 
• Response surface designs 
• Effect analysis and model development 

Key Success Factors in Experimental Design 

• Randomization and blocking 
• Non-normally distributed data / Lifetime DoE 
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4.5.13 Digital Twins in Manufacturing Technologies 

MODUL: Digital Twins in Manufacturing Technologies         STAND: 02.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Die Studierenden besitzen fundiertes Wissen über die Vorgehensweise, die 
mathematisch / physikalischen Grundlagen und die Anwendung digitaler 
Zwillinge in der Produktionstechnik, speziell der subtraktiven und additiven 
Fertigung. Sie kennen Einsatzszenarien in den Bereichen numerische Ma-
schinenzustandsüberwachung und -monitoring sowie Fertigungssimulation 
und -optimierung, der numerischen Zerspanungssimulation einschließlich 
der Auswahl der Berechnungsmethoden, sie sind in der Lage, die fachge-
rechte Erweiterung, Verifikation und Validierung problemangepasster Simu-
lationsrechnungen in der subtraktiven und additiven Fertigungstechnik vor-
zunehmen. Die Studierenden kennen grundlegende Ansätze zur Nutzbarma-
chung von digitalisierten Realdaten aus Prozessen mittels KI. Die Studieren-
den haben einen Überblick über KI- und ML-Methoden bezogen auf Anwen-
dungen in der spanenden und additiven Fertigungstechnik. 
Students have in-depth knowledge of the procedure, the mathematical/phys-
ical fundamentals and the application of digital twins in production technol-
ogy, especially in subtractive and additive manufacturing. They know appli-
cation scenarios in the areas of machine tool condition monitoring as well as 
production simulation and optimization, numerical machining simulation in-
cluding the selection of calculation methods, they are able to carry out the 
professional extension, verification and validation of problem-adapted simu-
lation calculations in subtractive and additive manufacturing technology. Stu-
dents know basic approaches for the utilization of digitized real data from 
processes using AI. Students have an overview of AI- and ML-methods with 
respect to applications in machining and additive manufacturing technolo-
gies. 

13 

 

Inhalt 

Definition und Grundlagen der FEM, Lagrange und eulersche Formulierung, 
Arbiträre Lagrange-Euler-Formulierung (ALE), Gekoppelte Euler-Lagrange-
Formulierung (CEL), Netzungebundene Methoden: SPH – Modellparameter 
und Randbedingungen, Materialmodelle, Schadensinitiierungsmodelle, 
Reibmodelle, Kontaktmodelle – Lagrange Simulation in ABAQUS, Modell-
vorüberlegungen, Preprocessing, Simulation, Postprocessing, Simulations-
bewertung, Übung – Lagrange Simulation in LS-DYNA, Modellvorüberlegun-
gen, Preprocessing, Simulation, Postprocessing, Simulationsbewertung, 
Übung – Gekoppelte Euler-Lagrange Simulation in ABAQUS, Modellvor-
überlegungen, Preprocessing, Simulation, Postprocessing, Simulationsbe-
wertung, Übung – Smoothed Particle Hydrodynamics in LS-DYNA, Modell-
vorüberlegungen, Preprocessing, Simulation, Postprocessing, Simulations-
bewertung, Übung, DOE – IoT-Plattformen und Datenintegration, Methoden 
der KI und des ML, Voraussetzungen und Randbedingungen für den Einsatz 
von KI- bzw. ML-Methoden, KI-Einsatz bei Werkzeugmaschinen sowie spa-
nenden und additiven Fertigungsprozessen. 
 
Definition and basics of FEM, Lagrange and Eulerian formulation, Arbitrary 
Lagrange-Euler formulation (ALE), Coupled Euler-Lagrange formulation 
(CEL), Mesh-free methods: SPH - model parameters and boundary condi-
tions, material models, damage initiation models, friction models, contact 
models - Lagrangian simulation in ABAQUS, model considerations, prepro-
cessing, simulation, postprocessing, simulation evaluation, exercise - La-
grangian simulation in LS-DYNA, model considerations, preprocessing, sim-
ulation, postprocessing, simulation evaluation, Exercise - Coupled Euler-La-
grange Simulation in ABAQUS, model considerations, preprocessing, simu-
lation, postprocessing, simulation evaluation, exercise - Smoothed Particle 
Hydrodynamics in LS-DYNA, model considerations, preprocessing, simula-
tion, postprocessing, simulation evaluation, exercise, DOE - IoT platforms 
and data integration, AI- and ML-methods, requirements and boundary con-
ditions for AI- and ML-applications, AI use in machine tools as well as ma-
chining and additive manufacturing processes. 
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4.5.14 Digitalization of logistics processes 

MODUL: Digitalization of logistics processes                   STAND: 04.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students 
• learn about important logistics processes and solution concepts for 

digitalization, 
• develop an understanding of the digitalization of intralogistical pro-

cesses, 
• have an overview of current trends and challenges in logistics, 
• are familiar with various systems for the digitalization of intra-logis-

tics processes and their application in different areas, 
• get to know software for the digitalization of intra-logistics produc-

tion processes in more detail and use it to create a digital twin of a 
factory. 

 

13 

 

Inhalt 

The lecture and exercise provide students with technical and methodological 
knowledge on the digital modeling of logistics processes. A particular focus 
here is on intralogistics processes in production and warehousing. Students 
learn to understand and analyze complex logistics processes and to model 
them in software as a digital twin. 
 
The lecture includes: 
• an insight into the digitalization of various industrial sectors and in spe-

cific within logistics 
• the consideration of different systems for process digitization in logis-

tics 
• all important areas and processes of an intralogistics system 
• an outlook on future trends and challenges in digitalization in logistics. 

 
The theoretical knowledge acquired is deepened in the exercises. The stu-
dents model the actual state of a factory as a digital twin in software and opti-
mize it using examples. The lectures and exercises are completed by guest 
lectures with experts from industry and research. 
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4.5.15 Laser processing of semiconductors and transparent materials 

MODUL: Laser processing of semiconductors and transparent materials 
STAND: 31.03.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Deutsch: 
Die Wechselwirkungsmechanismen von Licht mit Halbleitern und trans-
parenten Materialien sind bekannt. Die Beiträge der Prozesse Multipho-
tonionisation, Tunnelionisation und Stoßionisation bei der Absorption 
von ultrakurzen Laserpulsen sind bekannt. Die laserinduzierten Materi-
almodifikationen in Halbleitern und transparenten Materialien sind be-
kannt. Die Systemtechnik, die speziell für die Laserbearbeitung von 
Halbleitern und transparenten Materialien benötigt wird, ist bekannt. 
Speziell die benötigte Aberrationskorrektur bei der Bearbeitung im Volu-
men von transparenten Materialien ist bekannt. Spezielle Prozesse wie 
der Abtrag von Halbleitern, die Herstellung von Lichtwellenleitern in 
transparenten Materialien, die Erzeugung von Mikrokanälen mittels se-
lektivem laserinduziertem Ätzens und das Fügen von transparenten Ma-
terialien sind bekannt. Einsatzmöglichkeiten in der Photonik und Quan-
tentechnologie sind bekannt.   
 
Englisch: 
The interaction mechanisms of light with semiconductors and transpa-
rent materials are known. The contributions of processes such as mul-
tiphoton ionization, tunnel ionization, and impact ionization to the ab-
sorption of ultrafast laser pulses are known. Laser-induced material 
modifications in semiconductors and transparent materials are known. 
The system technology specifically required for laser processing of sem-
iconductors and transparent materials is known. In particular, the neces-
sary aberration correction for volume processing of transparent materi-
als is known. Specialized processes such as the ablation of semicon-
ductors, the fabrication of optical waveguides in transparent materials, 
the creation of microchannels through selective laser-induced etching, 
and the joining of transparent materials are known. Potential applications 
in photonics and quantum technology are known. 
 

13 

 

Inhalt 

Deutsch: 
Benötigte physikalischen Grundlagen der Festkörperphysik. 
Einteilung von Materialen anhand des Energiebändermodells. 
Beschreibung der Wechselwirkungsmechanismen mit Licht anhand des 
Energiebändermodells. 
Spezielle Absorptionsmechanismen ultrakurzer Laserpulse: Multipho-
tonionisation, Tunnelionisation und Stoßionisation.  
Systemtechnik zur Laserbearbeitung von Halbleitern und transparenten 
Materialien. 
Spezielle Bearbeitungsprozesse: Ablation von Halbleitern, die Herstel-
lung von Lichtwellenleitern in transparenten Materialien, die Erzeugung 
von Mikrokanälen mittels selektivem laserinduziertem Ätzens und das 
Fügen von transparenten Materialien.  
Einsatzmöglichkeiten dieser Prozesse in der Photonik und Quanten-
technologie. 
 
Englisch: 
Required fundamentals of solid-state physics. 
Classification of materials based on the energy band model. 
Description of interaction mechanisms with light using the electronic 
band structure. 
Special absorption mechanisms of ultrafast laser pulses: multiphoton 
ionization, tunnel ionization, and impact ionization. 
System technology for laser processing of semiconductors and trans-
parent materials. 
Special processes: ablation of semiconductors, fabrication of optical 
waveguides in transparent materials, creation of microchannels by se-
lective laser-induced etching, and joining of transparent materials. 
Application possibilities of these processes in photonics and quantum 
technology. 
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4.5.16 Optical Systems Engineering 

MODUL: Optical Systems Engineering STAND: 14.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Upon successful completion of the module, students will:    
§ develop a comprehensive understanding of the conception, design 

and construction, manufacturing, assembly, and final qualification of 
optical components and systems, 

§ be familiar with tools for optical system design (e.g., ray tracing and 
physical modeling), 

§ have a fundamental understanding of optical manufacturing and as-
sembly processes, 

§ be familiar with key measurement principles and methods for optical 
components and systems, and be able to apply them purposefully for 
qualification tasks, 

§ be able to read technical optical drawings, understand optical specifi-
cations and tolerances, and know the specific requirements for creat-
ing technical drawings of optical elements and systems. 

13 

 

Inhalt 

§ Introduction to optical systems 
§ Optical materials and components 
§ Fundamental principles of geometrical and physical optics 
§ Basics of optical design, optical design principles and tools, and toler-

ance concepts 
§ Fundamentals of opto-mechanical design 
§ Optical manufacturing processes 
§ Coating of optical components 
§ Assembly of optical components and systems 
§ Metrology for optical components and systems 
§ Introduction to and overview of ISO 10110 standard 
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4.5.17 Physics in laser material processing 

MODUL: Physics in laser material processing               STAND: 31.03.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Deutsch: 
Die physikalischen Grundlagen und Modelle der unterschiedlichen La-
sermaterialbearbeitungsverfahren kennen und verstehen. Wissen, wel-
che Bedeutung die einzelnen Wechselwirkungsmechanismen auf das je-
weilige Verfahrensergebnis hat. Modellierungsansätze für unterschiedli-
che Prozesse und Geometrien bewerten und verbessern können. 
 
Englisch: 
Knowing and understanding the physical fundamentals and models of 
the different laser material processes. Know the significance of the indi-
vidual interaction mechanisms on the respective process result. Be able 
to evaluate and improve modelling approaches for different processes, 
materials and geometries. 

13 

 

Inhalt 

Deutsch: 
• Beschreibung und Modellierung ausgewählter Lasermaterialbear-

beitungsverfahren: Laserstrahlschweißen, -bohren, -abtragen, -
schneiden und - härten. 

• Modellierung der physikalischen Prozesse bei der Wechselwir-
kung Laserstrahl/ Werkstück: Absorption, Wärmeleitung, Schmel-
zen/Erstarren, Schmelzbadbewegung, Verdampfung, Plasma-
ausbildung. 

• Anhand zahlreicher Beispiele wird die Bedeutung der einzelnen 
Wechselwirkungsmechanismen für das jeweilige Verfahrenser-
gebnis erläutert. 

Englisch: 
• Description and modelling of selected laser material processes: 

Laser beam welding, drilling, ablation, cutting and hardening. 
• Modelling of the physical processes involved in the interaction 

between laser beam and workpiece: absorption, heat conduction, 
melting/solidification, melt pool movement, evaporation, plasma 
formation. 

• Numerous examples are used to explain the significance of the 
individual interaction mechanisms for the respective process re-
sult. 
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4.5.18 Product-Lifecycle-Management in Logistics 

MODUL: Product-Lifecycle-Management in Logistics            STAND: 04.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

 
The students: 

• have an overview of current trends and challenges in automo-
tive production and logistics, 

• have developed an understanding of the processes in automo-
tive production and logistics, 

• learn about various methods and tools in automotive logistics, 
• have developed a basic understanding of Product Lifecycle 

Management (PLM) systems, 
• are familiar with different PLM systems and their applications in 

various areas (product development, production, logistics, etc.), 
• understand the potential applications of PLM in logistics, 
• can assess the effort and benefits of PLM systems. 

 

13 

 

Inhalt 

 
Advanced technical and methodological knowledge of Product Lifecycle 
Management (PLM) is acquired using the automotive industry as an exam-
ple. Students develop the ability to apply and design systems, solution tech-
niques, and processes. 
 
The lecture "Product Lifecycle Management in Logistics" includes: 
 
• an overview of PLM, 
• the role of PLM within a company and its integration into produc-

tion-related information technology, 
• an examination of different PLM systems, 
• various application areas of PLM, with a focus on its use in logis-

tics, 
• an outlook on future trends and challenges in PLM. 

 
The exercises reinforce the acquired theoretical knowledge through practi-
cal examples. Additionally, the lectures and exercises are enriched by 
guest lectures from industry and research experts, as well as excursions. 
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4.5.19 Self-Optimizing Machining Systems 

MODUL: Self-Optimizing Machining Systems           STAND: 02.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Students acquire an understanding of the basic terms, technologies, princi-
ples and methods that enable the realisation of self-optimizing machine tools 
for metal-cutting production (turning, milling, drilling, grinding, sawing, etc.). 
Students learn the design and functional units of machine tools and manu-
facturing systems as well as the formulae for their calculation. They learn 
how machine tools and their functional units work and can explain their struc-
ture and function. Furthermore, students acquire an understanding of tech-
nologies and methods for process monitoring and control in the field of ma-
chining. Students learn about the use of sensors, the structure of measuring 
chains and the possibilities of signal processing. In addition, the require-
ments for process control and the possible applications of artificial intelli-
gence (AI) and machine learning (ML) are shown, which can be used to au-
tonomously adjust parameters and settings to optimize productivity, quality 
and efficiency in production. 
 

13 

 

Inhalt 

The lecture course ‘Self-Optimizing Machining Systems’ provides practical 
and in-depth knowledge about the development, use and optimization of 
modern machine tools and manufacturing systems. The focus is on the con-
cept of self-optimization, which makes it possible to adapt production pro-
cesses autonomously to changing conditions using adaptive control sys-
tems, intelligent algorithms and innovative sensor technology. After an intro-
duction to the structure, design, application, use and evaluation of machine 
tools, central elements of self-optimizing manufacturing systems are system-
atically discussed. This includes process monitoring technologies, sensor in-
tegration, signal and data processing as well as strategies for process con-
trol. A special focus is placed on the role of Industry 4.0, artificial intelligence 
(AI) and machine learning (ML) in modern manufacturing. The combination 
of these technologies creates high-precision, efficient and adaptable manu-
facturing systems that sustainably improve productivity and quality. Real ap-
plication examples from research and industry will be used to show how var-
ious basic technologies can be synergistically integrated to realize self-opti-
mizing manufacturing processes. 
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4.5.20 Sustainable processing of lightweight and bio-based materials 

MODUL: Sustainable processing of lightweight and bio-based materials  STAND: 
02.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The students are able to select materials and processing technologies for 
lightweight applications based on specific requirement profiles. They have a 
sound knowledge of the most important methods for manufacturing, pro-
cessing, and joining sustainable lightweight materials and can independently 
solve arising problems. 
Furthermore, the students are familiar with the principles of chip removal us-
ing various cutting tools and the different types of cutting edges. This 
knowledge enables them to professionally assemble machines and tools for 
processing a wide range of materials. In doing so, they take into account 
criteria such as efficiency, consistency, and sufficiency to ensure sustainable 
and ecological manufacturing. The students have an overview of lightweight 
material processing (e.g. CFRP, GFRP, etc.) as well as bio-based materials 
(particularly wood and wood materials, bio-fiber reinforced composites, etc.) 

13 

 

Inhalt 

This module provides students with in-depth knowledge of the machining and 
processing of sustainable, lightweight materials (e.g. fibre-based materials, 
wood and wood based materials, lignin foam, ...), particularly in the area of 
machining and production technology. The content is divided into the follo-
wing key areas: 
• Materials in lightweight construction - selection and properties 
• Manufacturing processes in lightweight construction - machining and 

processing 
o Basic and in-depth knowledge of machining technology with regard 

to wood and other fiber-reinforced materials, including the design of 
manufacturing processes 

• Process quality 
• Joining technologies in lightweight construction  
• Recycling strategies and processes 
• Holistic accounting and sustainability in lightweight construction  
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4.5.21 System technology for laser-based manufacturing - Part I: from application to 
system 

MODUL: System technology for laser-based manufacturing - Part I: from ap-
plication to system                  STAND: 22.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Deutsch: 
Selbständiges Abschätzen der Auslegung von Laserbearbeitungspro-
zessen für eine vorgegebene Anwendung. D.h. Fragen beantworten 
können wie "wie sieht die Anlage aus", "Welchen Laser, Optik... benö-
tige ich um die Anwendung durchzuführen...", "kann ich mit meiner An-
lage die Anforderungen der Anwendung erfüllen", "Was kostet die Her-
stellung eines Teils"  
English: 
Being able to independently assess the design of laser machining pro-
cesses for a given application. This means being able to answer ques-
tions such as ‘what does the system look like’, ‘which laser, optics... do 
I need to carry out the application...’, “Can I fulfil the requirements of the 
application with my system?”, ’What does it cost to manufacture a part?’ 

13 

 

Inhalt 

Deutsch: 
Prozessgrößen für industrielle Laseranwendungen und deren Auswir-
kung auf den Anlagenbau 
- Die Auswirkung der Grundlagen der Laser-Materialbearbeitung auf die 
Auslegung von Anlagen und das Werkzeug Laser (Inhalte sind: Anwen-
dungen, Absorption, Wärmeleitung, Energiebilanz) 
- Das Werkzeug Laser: Laserquellengrundlagen, Lasertypen und Strahl-
propagation (Inhalte sind: Strahlführungen, Fokussierung, Achsendyna-
mik und die entsprechenden Komponenten) 
- Ergänzend: Anlagen- und Stückkostenrechnungen sowie Lasersicher-
heit in Anlagen 
English: 
Process parameters for industrial laser applications and their impact on 
system design 
- The effect of the fundamentals of laser material processing on the de-
sign of systems and the laser tool (contents include: applications, ab-
sorption, heat conduction, energy balance) 
- The laser tool: laser source basics, laser types and beam propagation 
(content includes Beam delivery, focussing, axis dynamics and the cor-
responding components) 
- Supplementary: System and unit cost calculations and laser safety in 
systems 
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4.5.22 System technology for laser-based manufacturing - Part II: from system to op-
eration 

MODUL: System technology for laser-based manufacturing - Part II: from sys-
tem to operation                STAND: 31.03.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Deutsch: 
Kern der Vorlesung ist das Verständnis der Wechselwirkung Laser-
strahlquelle, Aufbau der Maschine an sich, des optischen Systems im 
Zusammenspiel mit dem Laserprozess an sich. Ziel ist es die Grundla-
gen für robuste und stabile Laseranlagen in der Fertigung zu vermitteln. 
Hierzu sind die Grundlagen zur Strahldiagnose und -propagation essen-
ziell. Des Weiteren werden die Maßnahmen zum Bewerten, Umsetzen 
und Erreichen der wirtschaftlichen Ziele vermittelt.  
 
Englisch: 
The core of the lecture is understanding the interaction between laser 
source, the machine itself and the optical system in interaction with the 
laser process itself. The aim is to teach the basics of robust and stable 
laser equipment in production. For this, the basics of beam diagnosis 
and propagation are essential. Furthermore, the measures for evaluat-
ing, implementing and achieving the economic goals are taught. 

13 

 

Inhalt 

Deutsch: 
• Laserstrahleigenschaften 
• Laserstrahlpropagation 
• Laserstrahldiagnose (inklusiver Normung) 
• Optische Komponenten, Systeme und deren Herstellung 
• Auslegung optischer Systeme 
• Anlagenauslegung und -bewertung an Hand unterschiedlicher 

Konzepte aus der Praxis 
 
Englisch: 
• Laser beam properties  
• Laser beam propagation 
• Characterization of laser beams (including standards) 
• Optical components, systems and their procurement 
• Design of optical system 
• Equipment design and evaluation using real world examples 
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4.6 Medical, Optical and Precision Engineering 

Focus Field Medical, Optical and Precision Engineering 

Vertiefung Medizin-, Optik- und Präzisionstechnik 

Verantwortlicher Professor Bernd Gundelsweiler 

Auskünfte  

Institut für Konstruktion und Fertigung in der Feinwerktechnik (IKFF) 

Pfaffenwaldring 9, 70569 Stuttgart 

Tel.: 0711 / 685- 66401 

Email: gundelsweiler@ikff.uni-stuttgart.de 

Homepage: www.ikff.uni-stuttgart.de 

  

Modulcontainer 6 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

 Prof. Dr.-Ing. 
Bernd Gundels-
weiler 

Actuators in precision engineering 2 2 WS/SS 

 Prof. Dr.-Ing. Ste-
phan Reichelt, 
Erich Steinbeißer, 
Kathrin Doth 

Fundamentals of Optical Enginee-
ring  

4 1 WS 

75990 Prof. Dr. rer. nat. 
habil. Peter Pott 

Medical Measurement Methods 4 1 WS 

110080 André Zimmer-
mann PhD, 
Thomas Günther 

Micro Technology and Microsys-
tems Technology 

4 1 SS 

 Prof. Dr.-Ing. Ste-
phan Reichelt, 
Dr. Karsten Fren-
ner 

Optical Information Processing 4 1 SS 

 Prof. Dr.-Ing. Ste-
phan Reichelt, 
Erich Steinbeißer, 
Markus Zimmer-
mann 

Optical Metrology and Measure-
ment Techniques 

4 1 SS 

 Prof. Dr. phil. nat. 
Thomas Graf 
Prof. Dr.-Ing. An-
dreas Michalowski 

Principles of Lasers 4 1 WS+SS 
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Modulcontainer 3 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

49910 Prof. Dr. Alois Her-
kommer, 
Christoph Menke 

Advanced Optical Design 2 1 WS+SS 

76140 Thomas Günther, 
stv. André Zim-
mermann 

Fluidic Microsystems 2 1 SS 

73270 Dr. Marwan, 
Abdou Ahmed 

Grating Waveguide Structures for 
High-Power Lasers 

2 1 WS+SS 

47270 Dr. Alois Herkom-
mer 

Illumination Systems 2 1 WS 

 Prof. Dr. Alois Her-
kommer 

Introduction to optical design 2 1 WS 

 Prof. Dr.-Ing. Ste-
phan Reichelt / 
Prof. Dr. Alois Her-
kommer 

Optical Systems Engineering 2 1 WS 

 

Legende: Turnus: WS (wird nur im WS angeboten), SS (wird nur im SS angeboten), WS/SS (2-
semestriges Modul, Beginn im WS), SS/WS (2-semestriges Modul, Beginn im SS), WS+SS (Modul 
kann sowohl im WS als auch im SS begonnen werden). 
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4.6.1 Actuators in precision engineering - Design, calculation and application of 
mechatronic components 

MODUL: Actuators in precision engineering - Design, calculation and application 
of mechatronic components STAND: 26.11.2024 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

 • The students know the basics of magnetic engineering and technology 
(materials, processes, structural design, magnetization).  
• The students can calculate and design electromagnetic drives (rotary and 
linear stepper motors) in a simplified manner.  
• The students know controls and power output stages for precision engi-
neering drives and can select and use them specifically.  
• The students are familiar with piezoelectric, magnetostrictive and other 
unconventional actuators. 

13 

 

Inhalt 

In the lectures Actuators in precision engineering 1 and 2 in the winter and 
summer semesters, precision engineering drives with different operating 
principles are discussed with the following focus points:  
• Magnetic technology (materials, processes, structural design, magnetiza-
tion)  
• Electromagnetic drives (rotary and linear stepper motors, calculation, de-
sign, application)  
• Electrodynamic drives (rotary and linear DC micromotors, calculation, de-
sign, application)  
• Piezoelectric, magnetostrictive and other unconventional actuators (new 
materials in mechatronic components, calculation, design, application)  
• Examples of implementing mechatronic solutions in device technology. 
Exemplary in-depth study of related exercises and internships (specializa-
tion internships). 
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4.6.2 Fundamentals of Optical Engineering 

MODUL: Fundamentals of Optical Engineering         STAND: 14.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Upon successful completion of the module, students will be able to:    
§ recognize the capabilities and limitations of imaging optics based on 

paraxial optical imaging (Gaussian model of collineation), 
§ classify fundamental optical systems and perform calculations within 

the framework of Gaussian optics, 
§ understand the role and impact of apertures, pupils, and field stops 

on imaging performance, 
§ comprehend the causes and effects of optical aberrations, 
§ describe the design and functionality of key optical systems (e.g., mi-

croscopes, telescopes, zoom systems, lenses, interferometers), and 
apply and evaluate them appropriately, 

§ understand the basic derivation of optical phenomena such as inter-
ference and diffraction from wave equations, 

§ define the limitations of wave-optical imaging and resolution. 

13 

 

Inhalt 

§ Optical media and light propagation: fundamental laws of reflection, 
refraction, and dispersion; interaction of light with matter 

§ Paraxial optical imaging (Gaussian collineation), paraxial quantities, 
and cardinal elements 

§ Practical geometrical optics: stops and pupils, optical aberrations 
§ Optical components, systems, and instruments 
§ Wave optics and wave-optical imaging: fundamentals of diffraction, 

interference, and resolution 
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4.6.3 Medical Measurement Methods 

MODUL: Medical Measurement Methods STAND: 23.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

This course is designed to give students practical knowledge and un-
derstanding of a range of common and state-of-the-art sensors used for 
medical applications. Students will be taught how to select the appropri-
ate sensor for a specific application according to the design require-
ments, and build the appropriate circuitry to have the sensor functioning 
correctly. Lastly, measurement characteristics and appropriate analysis 
of results will be taught. 

13 
 

Inhalt 

Introduction to measurement characteristics, how to turn a mechanical 
value into an electrical value, how to measure the temperature, height, 
speed, mass, torque, blood pressure, blood flow, and muscle contrac-
tion (weak noisy signals) of a patient. 
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4.6.4 Micro Technology and Microsystems Technology 

MODUL: Micro Technology and Microsystems Technology STAND: 12.07.2024 

3 
 Leistungspunkte (LP) / 

ECTS-Credits 6 

12 

 

Lernziele 

Participants acquire knowledge about the most important material properties as well 
as basics of development and manufacturing of micro technological components and 
microsystems. Participants are enabled to recognize the special features concerning 
micro technology and microsystems technology and to identify individual solutions. 

13 

 

Inhalt 

-Properties of important materials for microsystems technology 
-Silicon-based micromechanics 
-Introduction to vacuum technology 
-Manufacturing and properties of thin films (PVD and CVD technology, thermal oxida-
tion) 
-Lithography and mask technology 
-Etching (wet chemical etching, RIE, IE, plasma etching) 
-Clean room technology 
-Assembly and interconnection technology for microsystems (bonding, encapsulation) 
-LIGA technology 
-Micro technological components based on polymers (for example micro injection 
molding) 
-Micro machining of metals (for example EDM) 
-Characterization technologies for micro technology 
-Process chains for microsystems technology 
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4.6.5 Optical Information Processing 

MODUL: Optical Information Processing                       STAND: 14.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Upon successful completion of the module, students will be able to:    
§ understand the physical principles of light propagation and diffraction 

based on (scalar) wave optics, 
§ comprehend the derivation of optical phenomena such as interfer-

ence and diffraction from wave equations, 
§ demonstrate knowledge of the fundamentals of Fourier-optical sys-

tem descriptions, as well as the mathematical basis of Fourier trans-
formation and its key implications (e.g., the Sampling Theorem), 

§ understand coherent and incoherent imaging and describe these pro-
cesses using the optical transfer function, 

§ identify typical setups in optical information processing – particularly 
for filtering, correlation, and holography – and describe them mathe-
matically, 

§ demonstrate a sound understanding of the principles of coherence 
and polarization, 

§ recognize the relationship between digital and analog optical image 
processing, 

§ identify the basic components commonly used in optical information 
processing systems 

13 

 

Inhalt 

§ Fundamentals of wave optics, beam optics, and polarization optics 
§ Mathematical foundations and basic functions for the description of 

scalar waves, Fourier optics, diffraction phenomena, and linear shift-
invariant optical systems 

§ Convolution and correlation in optics 
§ Fourier transformation and its applications in optics 
§ Wave-optical analysis of coherent optical systems 
§ Frequency analysis of imaging systems using optical transfer func-

tions (coherent and incoherent) 
§ Spatial light modulators, wavefront modulation, and computer-gener-

ated holography 
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4.6.6 Optical Metrology and Measurement Techniques 

MODUL: Optical Metrology and Measurement Techniques   STAND: 14.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Upon successful completion of the module, students will be able to:    
§ understand and distinguish between the fundamental concepts of 

wave optics and geometrical optics, 
§ are able to describe the information contained in optical wave fields, 
§ identify the functions and operating principles of key optical compo-

nents, and competently assemble and assess optical measurement 
systems using individual elements, 

§ apply major optical measurement principles and methods to accu-
rately characterize optical and technical surfaces, including detecting 
and analyzing surface changes, 

§ comprehend essential metrological terms and definitions – such as 
error propagation and measurement uncertainty in accordance with 
the GUM (Guide to the Expression of Uncertainty in Measurement) – 
and critically assess measurements through appropriate error analy-
sis techniques. 

13 

 

Inhalt 

§ Fundamental principles of geometrical optics and wave optics 
§ Components of optical metrology and the optical transmission chain: 

light sources, basic elements for beam guidance and beam shaping, 
sensors 

§ Microscopy and microscopic techniques 
§ Length and angle measurement techniques 
§ Interferometry and wavefront sensing 
§ Surface and contour measurement techniques 
§ Deformation measurement 
§ Basic metrological principles and terminology 

4.6.7 Priciples of Lasers 

MODUL: Principles of Lasers                        STAND: 31.03.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Deutsch: 
Das Prinzip der Laserstrahlerzeugung, insbesondere die Anregung, stimu-
lierte Emission, Strahlausbreitung und optische Resonatoren kennen und 
verstehen. Wissen, welche Eigenschaften des laseraktiven Mediums und 
des Resonators sich wie auf die erzeugte Strahlung auswirken. Laserkon-
zepte bezüglich Leistungsdaten und Strahlqualität bewerten und verbessern 
können. 
 
Englisch: 
Know and understand the principle of lasers, in particular excitation, stimula-
ted emission, beam propagation and optical resonators. Know which proper-
ties of the laser-active medium and the resonator affect the generated radia-
tion and how. Be able to evaluate and improve laser concepts in terms of 
performance and beam quality. 

13 

 

Inhalt 

Deutsch: 
• Physikalische Grundlagen der Strahlausbreitung, Strahlerzeugung und 

Strahlverstärkung 
• Laseraktives Medium, Inversionserzeugung, Wechselwirkung der 

Strahlung mit dem laseraktiven Medium (Ratengleichungen) 
• Laser als Verstärker und Oszillator, Güteschaltung, Modenkopplung, 

Resonatoren 
• Technologische Aspekte, insbesondere CO2-, Nd:YAG, Yb:YAG, Fa-

ser- und Dioden-Laser 
 
Englisch: 
• Physical principles of beam propagation, beam generation and beam 

amplification 
• Laser-active medium, generation of inversion, interaction of radiation 

with the laser-active medium (rate equations) 
• Lasers as amplifiers and oscillators, Q-switching, mode locking, reso-

nators 
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• Technological aspects, in particular CO2, Nd:YAG, Yb:YAG, fiber, and 
diode lasers 

 

4.6.8 Advanced Optical Design 

MODUL: Advanced Optical Design             STAND: 03.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The students know  
• how to find starting points for the design of optical imaging systems for 
various applications  
• the source of basic aberrations and have strategies to avoid them  
• different techniques to analyze the performance, aberrations and limitations 
of optical imaging systems  
• how to optimize optical systems of with commercial design software for cer-
tain specifications under given side conditions.  
• how to analyze the effect of tolerances and ways to reduce sensitivity 

13 

 

Inhalt 

Short review of 3'rd order aberrations Set-up of optical systems to fulfill gen-
eral requirements (f-number, field size, stop position) in commercial software 
(CodeV or ZEMAX). Hands-on practice to optimize simple systems and to 
control aberrations with commercial design software (CodeV or ZEMAX) 
Overview of various imaging systems and their underlaying design concepts. 
Introduction into the optimization of more complex optical systems, e.g. zoom 
systems. Usage of complex surface shapes, e.g. asphers, diffractive sur-
faces, toric surfaces. Basic strategies and practical work to perform tolerance 
analysis of optical systems. 
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4.6.9 Grating Waveguide Structures for High-Power Lasers 

MODUL: Grating Waveguide Structures for high-power lasers        STAND: 
31.03.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 
 

Lernziele 

Learning about and understanding the working principle of grating waveguide 
structures (GWS) and about their applications in laser technology. Learning 
about the different methods of fabrication and characterization of GWS. Be-
ing able to design and implement GWS in laser systems. 

13 

 

Inhalt 

 
 • Definition of grating waveguide structures and their different operation 
modes (resonant reflection, resonant diffraction, etc…) 
• Basics and applications of GWS 
• Fabrication technologies of GWS 
• GWS for polarization shaping in high-power lasers (linear, radial and azi-
muthal polarization): application to CO2 and Yb:YAG thin-disk (CW and ul-
trafast) lasers . 
• GWS for spectral and polarization selection in high-power lasers: applica-
tion to Yb:YAG thin-disk lasers (including Second harmonic generation 
SHG). 
• Study of scientific publications reporting on GWS. 
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4.6.10 Fluidic Microsystems 

MODUL: Fluidic Microsystems              STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

With the knowledge gained from this lecture, students should:  
- present different system concepts of fluidic microsystems and be able 
to distinguish their details with regard to the microfluidic principles of ac-
tion.  
- be able to explain the physical principles and apply them in example 
calculations. 
 - be able to describe manufacturing methods, materials and assembly 
techniques of the key components.  
- be able to classify learned knowledge for practice-relevant applications 
and combine it into example tasks while assessing the boundary condi-
tions. 

13 

 

Inhalt 

Introduction: Examination of exemplary applications: inclination sensors, 
pipe jets, fluidic discs, droplet generators, integrated dosing systems, in-
tegrated PCR systems, valves, pumps.  
Basics: aggregate states, suspensions, bonds, polarizations, electroneg-
ativity, solution limits, fluid properties. Fundamentals of fluid dynamics. 
Electrokinetics, diffusion and heat.  
Microfluidics and microsystems: Fluidic components, dimensionless 
numbers, dosing systems, pressure-driven systems, centrifugal systems 
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4.6.11 Illumination Systems 

MODUL: Illumination Systems            STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

The students 
- develop an understanding and overview of different types of 
light sources and lighting systems 
- are able to characterize light sources and lighting systems and 
know the basic parameters and their relationship 
(light guide value, luminous intensity, etc) 
- know the structure and limitations of simple lighting systems 
- know basic methods and optical components for mixing light 
- are able to evaluate concepts for lighting systems 

13 

 

Inhalt 

Photometry, radiometry: 
Parameters and correlations 
Light sources, lasers: 
Properties and characteristics of different light sources, 
Areas of application, parameters 
Lighting systems: 
Basic system structure, parameters, light guide value, 
Basic components, mixed systems, design methods, simulation methods 
Overview of different lighting systems and their application 
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4.6.12 Introduction to Optical Design 

MODUL: Introduction to Optical Design                      STAND: 22.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Upon successful completion of the module, students    
 

§ will know the geometrical physical principles of optical imag-
ing 

§ are familiar with the conventions of geometrical optical imag-
ing systems 

§ can evaluate the image quality of optical systems 
§ know the origin and effects of individual imaging errors 
§ can name suitable correction methods for the individual imag-

ing errors and applications 
§ are able to optimize simple optical systems using the ZEMAX 

optical design program (on provided computers) 
 

13 

 

Inhalt 

 
§ Fundamentals of geometrical optics 
§ Geometric and chromatic aberrations  

(origin, systematics, effects, countermeasures) 
§ Optical aberration types  
§ Evaluation of the imaging quality of optical systems 
§ Different types of optical systems (photographic lenses, tele-

scopes, eyepieces) 
§ Microscopes, mirror systems, Zoom systems 
§ System development (set-up in software, approach finding, 

optimization, analysis) 
§ Software based optical design 
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4.6.13 Optical Systems Engineering 

MODUL: Optical Systems Engineering STAND: 14.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Upon successful completion of the module, students will:    
§ develop a comprehensive understanding of the conception, design 

and construction, manufacturing, assembly, and final qualification 
of optical components and systems, 

§ be familiar with tools for optical system design (e.g., ray tracing and 
physical modeling), 

§ have a fundamental understanding of optical manufacturing and 
assembly processes, 

§ be familiar with key measurement principles and methods for opti-
cal components and systems, and be able to apply them purpose-
fully for qualification tasks, 

§ be able to read technical optical drawings, understand optical spec-
ifications and tolerances, and know the specific requirements for 
creating technical drawings of optical elements and systems. 

13 

 

Inhalt 

§ Introduction to optical systems 
§ Optical materials and components 
§ Fundamental principles of geometrical and physical optics 
§ Basics of optical design, optical design principles and tools, and tol-

erance concepts 
§ Fundamentals of opto-mechanical design 
§ Optical manufacturing processes 
§ Coating of optical components 
§ Assembly of optical components and systems 
§ Metrology for optical components and systems 
§ Introduction to and overview of ISO 10110 standard 
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4.7 Systems and Technology Development 

Focus Field Systems and Technology Development 

Vertiefung System- und Technologieentwicklung 

Verantwortlicher Professor Philipp Berendes 

Auskünfte  

Institut für Konstruktionstechnik und Technisches Design IKTD 

Pfaffenwaldring 9, 70569 Stuttgart 

 

Tel.:  +49 711 685 - 66098/ +49 711 685 - 66083 

Email: philipp.berendes@iktd.uni-stuttgart.de 

Homepage: www.iktd.uni-stuttgart.de 

  

Modulcontainer 6 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

 Prof. Dr. Meike 
Tilebein 
Ph.D. Juan 
Esteban Martínez 
Jaramillo 

Business Dynamics Lecture with 
Exercises 

4 1 WS 

110190 Dr.-Ing. Maximilien 
Kintz 

Data Science and Artificial Intelli-
gence in Industrial Work 

2 2 WS/SS 

 Prof. Dr. rer.nat 
Andreas Wort-
mann 

Engineering Digital Twins 4 1 WS 

104960 Dr. Ferran Giones, 
Dr. Andreas Wahl 

Entrepreneurship 1 4 1 WS 

104970 Dr. Ferran Giones, 
Dr. Andreas Wahl 

Entrepreneurship 2 4 1 SS 

 Dr. Mathias Vuke-
lic (HCI-1) 
Ravi Kanth Kosuru 
(HCI-2) 

Human-Computer-Interaction 2 2 WS/SS 

110410 Dr. Brian Kagay Mechanical behavior of materials 4 1 SS 

106470 Prof. Dr. rer.nat 
Andreas Wort-
mann 

Modeling of Software-Intensive 
Systems 

4 1 SS 

 Dr. Frederik Zohm R&D Leadership – Managing Prod-
uct Development and Organizations 

2 2 WS+SS 
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 Dr. Martin Dazer Reliability Engineering 2 2 WS 

 Prof. Dr.-Ing Frank 
Bauer 

Sealing technology 2 2 WS+SS 

 Prof. Dr. Matthias 
Kreimeyer 

Systems Engineering 2 2 WS/SS 

13330 Prof. Dr. rer. oec. 
Katharina Hölzle 

Technology Management 2 2 WS/SS 

Modulcontainer 3 ECTS: 

Modulnr. 
(aus Cam-
pus) 

Dozent Benennung SWS Modul-
dauer 

Turnus 

 Apl. Prof. Dr.-Ing 
Frank Bauer 

Basics of Tribology 2 1 SS 

912480 Prof. Dr. rer. oec. 
Katharina Hölzle 

Design Factory (DF): Design Think-
ing - Innovation Process in Practice 

2 1 WS+SS 

 Dr. Martin Dazer Design of Experiments 2 1 WS 

39960 Prof. Dr. Marc 
Kreutzbruck 

Nondestructive Testing 2 1 WS+SS 

103180 Katharina Bosse-
Mettler 

Project Management 2 1 WS+SS 

 Katharina Bosse-
Mettler 

Quality- and Environmental Ma-
nagement 

2 1 WS+SS 

 

Legende: Turnus: WS (wird nur im WS angeboten), SS (wird nur im SS angeboten), WS/SS (2-
semestriges Modul, Beginn im WS), SS/WS (2-semestriges Modul, Beginn im SS), WS+SS (Modul 
kann sowohl im WS als auch im SS begonnen werden). 
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4.7.1 Business Dynamics lecture with exercises 

MODUL: Business Dynamics lecture with exercises      STAND: 07.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Students 
- are able to model complex dynamic problems in socio-technical systems 
with causal loop diagrams (qualitative modelling) 
- can analyze and interpret causal loop diagrams 
- know basic types of system behavior and the associated system structures  
- have basic knowledge of dynamics and examples of non-linear behavior, 
path dependence, bounded rationality, network effects, innovation diffusion, 
and supply chain management 
- can create System Dynamics simulation models in stock/flow diagrams and 
with VenSim® Software 
- can apply System Dynamics simulation models to support decision-making 
in complex dynamic problems  

13 
 

Inhalt  
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4.7.2 Data Science and Artificial Intelligence in Industrial Work 

MODUL: Data Science and Artificial Intelligence in Industrial Work 
STAND: 03.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The module provides students with an overview of basic principles, current 
developments and specific applications of data science and artificial intel-
ligence in industrial and knowledge work. Students will be able to assess 
the potential and limits of data science and AI in the world of work and have 
important skills for the implementation or support of data science and AI 
projects. Students know the basic principles of data science, artificial intel-
ligence, and machine learning, can describe the steps of a data science 
project, understand the importance of data pre-processing, of important 
machine learning algorithms, and know relevant metrics for the evaluation 
of data science and AI models. Students have an overview of applications 
of the technologies in industrial and knowledge work. (Data Science and 
Artificial Intelligence in Industrial Work I) Students understand the basic 
principles of machine text analysis, the possibilities of generative AI and 
large language models, the combination of rule-based methods with ma-
chine learning methods. The limits and challenges of data science and AI, 
in particular the explainability of the models, as well as social aspects and 
the effects of AI on business organisation and jobs, are known. Students 
will be able to categorise and evaluate possible applications of the tech-
nologies in industrial and knowledge work (Data Science and Artificial In-
telligence in Industrial Work II) 

13 

 

Inhalt 

The lecture "Data Science and Artificial Intelligence for Industrial Work I" 
provides 
students with basic knowledge in the areas of data science, artificial intel-
ligence 
and their applications in industrial and knowledge work.  
This includes: 
Development and current trends, definitions of important terms 
Implementation of AI projects: Processes and models 
Data strategies and AI strategies in the company 
Introduction to machine learning 
AI applications in the company, including image analysis, text analysis, 
time 
series analysis, structured data. 
Use of data science and AI in industrial and scientific work: af-fected 
business areas 
In the lecture "Data Science and Artificial Intelligence for Industry II", the 
topics 
are deepened, and the following focal points are dealt with: 
Text comprehension and natural language processing (NLP) 
Generative AI, large language models and foundation models 
Hybrid AI, combination of machine learning and rule systems 
XAI (Explainable Artificial Intelligence), explainable AI 
Digital assistants and expert workstations, human-machine in-teraction, 
and 
AI 
Future developments 
The module "Data Science and Artificial Intelligence for Industrial Work" 
consists 
of the lectures "Data Science and Artificial Intelligence for Indus-trial Work 
I" in 
the winter semester and "Data Science and Artificial Intelli-gence for Indus-
trial 
Work II" in the summer semester. 
The lecture is accompanied by exercises. The work can be carried out in 
groups if appropriate. 
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4.7.3 Engineering Digital Twins 

MODUL: Engineering Digital Twins                STAND: 08.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Students will: 
• understand what digital twins are 
• understand various reference architectures and models of digital twins 

and be able to analyze their applicability for different purposes 
• Understand the composition mechanisms of digital twins 
• • Know and apply techniques for implementing various aspects of digi-

tal twins 

13 

 

Inhalt 

• Definitions of digital twins 
• Reference architectures and their implementations 
• Modeling techniques and platforms for digital twins 
• • Implementation techniques for various aspects of digital twins (data, 

models, connectivity) 
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4.7.4 Entrepreneurship 1 

MODUL: Entrepreneurship 1                                       STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Students will gain familiarity with the function of strategy in entrepreneur-
ship (knowledge). They will learn to identify co that entrepreneurs face 
(skills), assess the different factors choices more adequate (skills), and 
the distinct implementation of these choices (knowledge). They will also 
practice, and g application of methods and tools to select an entrepre-
neuria entrepreneurial contexts (competences). 

13 

 

Inhalt 

In the course, the students will learn the key concepts associated with 
strategy in entrepreneurship. They will be able to understand the con-
cept, identify the different types of choices, and apply it in their own 
venture or advising other entrepreneurs. 
The key content of the course is: 
•    Strategy in Entrepreneurship, the entrepreneurial strategy. 
•    Strategic choices in innovation-based new ventures. 
•    Testing Entrepreneurial Strategies 
•    Customer, Technology, Organization, Competition influence on En-
trepreneurial Strategy choice. 
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4.7.5 Entrepreneurship 2 

MODUL: Entrepreneurship 2                                           STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Lecture: The students will learn the specific aspects related to the financ-
ing of new ventures and entrepreneurial projects. They will be able to 
identify and describe what makes entrepreneurial finance different from 
standrd accounting and finance for established companies. They will 
also be able to apply methods to value new companies and entrepre-
neurial projects, and to discuss the alternative options to finance a grow-
ing business and manage the growth-related challenges of a new ven-
ture.  
 
Excercise: Students understand the role and importance of technologies 
in young companies (including start-ups, corporate spin-offs and aca-
demic spin-offs) and can differentiate between idea, invention and inno-
vation. Stu-dents learn the most important methods, techniques and con-
cepts along the start-up process from a technology-driven perspective 
and are able to reproduce and apply these in a targeted manner. Stu-
dents can systematically develop solution concepts and analyze and 
evaluate these in terms of economic efficiency and feasibility. In addition, 
students can analyze and interpret critical situations in relation to found-
ing a company and derive entrepreneurial decisions and evaluate them 
retrospectively. Students can use the techniques for joint creative work 
in a targeted manner to develop entrepreneurial concepts and projects 

13 

 

Inhalt 

Lecture: The course gives the opportunity to go in-depth with the finan-
cial challenges that new ventures face. It also provides the students the 
possibility to understand the challenges to value early-stage projects, in 
particular technology-oriented startups.  
The main topics covered are:  
• Finance and Accounting in the context of new ventures  
• Financial view on present &future, forecasting growth  
• Funding sources: from early-stage to market-ready projects  
• Valuation of projects: IRR and NPV  
• Valuation methods: Discounted Cash Flow and market-based (compa-
rables)  
• Investor profiles and negotiation 
• Current topics in Entrepreneurial Finance (e.g. crowdfunding)  
 
The lectures combine theoretical concepts and their practical applica-
tions, with real cases and experiences.  
The course also offers the possibility to connect with ongoing initiatives 
to promote an entrepreneurial mindset and entrepreneurial activity at the 
University of Stuttgart and its broad ecosystem.  
 
Exercise: The participants:  
1. scout and understand promising technologies   
2. examine them for potential applications and feasibility  
3. identify and prioritize market opportunities 
4. work in a team to adapt the technologies into market-relevant products  
5. develop business models and create a financing plan  
6. prepare a "pitch deck" to convince stakeholders. 
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4.7.6 Human-Computer-Interaction 

MODUL: Human-Computer-Interaction                       STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The Human-Computer-Interaction module aims to impart both theoretical 
principles and practical skills. Knowledge and methods for the evaluation of 
system-ergonomic and engineering psychological issues are covered. In ad-
dition, methods for the evaluation and classification of psychophysiological 
methods are taught. This gives participants an understanding of how com-
plex issues, such as socio-technical work systems and human-machine in-
terfaces, can be analysed, evaluated and designed in an interdisciplinary 
team. In addition, students will be able to take into account the biological 
"basic equipment" of humans and their individual variability when designing 
and evaluating technical systems. From this, recommendations for stress-
optimising design of human-machine systems can be collected and derived. 
(HCI-1) 
 
Students understand the importance of interaction design for human ma-
chine interfaces. They have a critical insight into understanding their interac-
tion with the everyday world and possess the fundamental knowledge for 
analysing, designing, and evaluating intuitive user inter-faces. The have an 
overview of the challenges for interaction technologies built by or for AI and 
human-Ai interaction. They also know the landscape of HCI research that 
goes beyond keyboard mouse interaction. (HCI-2) 

13 

 

Inhalt 

The HUMAN-COMPUTER INTERACTION module consists of the lectures 
"HUMAN-COMPUTER-INTERACTION I" in the winter term and "HUMAN-
COMPUTER- 
INTERACTION II" in the summer term. 
The HUMAN-COMPUTER INTERACTION I lecture provides students with 
knowledge of biopsychological findings and concepts that are relevant in the 
context of human-computer (technology) interaction. 
This includes: Fundamentals of cognitive psychology (e.g. perception, atten-
tion, emotion/ affect, learning); Teaching the anatomical and physiological 
basics of the different human 
physiological systems (e.g. vision, hearing, feeling - motor skills) 
Neuroergonomics: definition, differentiation, problem areas, applications 
Teaching the technical basics of biophysiological measurement methods for 
neuroergonomics (EMG, EDA, ECG, EEG, fMRI, fNIRS) 
Empirical methods for assessing the usability of human-machine interfaces 
and for assessing the user experience in human-technology interaction Bi-
osignal processing and machine learning for the evaluation of cognitive and 
emotional user states in human-technology interaction Human-technology 
systems: Guiding principles of human-centred technology development Ap-
proaches to adaptable and adaptive automation 
Input and output devices Brain-computer interfaces 
The HUMAN-COMPUTER-INTERACTION II lecture provides an under-
standing into basic tools for interaction design and observing the every-day 
world from a user’s perspective. Methods from user-centred design for the 
design of interactive systems are presented including design fundamentals. 
The role of UX and design in human-Ai interaction is introduced along with 
methods and tools for Human- Centred Design for such systems. The histor-
ical milestones for HCI and research into future forms of human-machine 
interaction will be explored. 
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4.7.7 Mechanical Behavior of Materials 

MODUL: Mechanical Behavior of Materials                  STAND: 22.10.24 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Students can apply the fundamentals of elastic and plastic deformation to 
interpret mechanical behavior. Students are familiar with a multitude of 
strengthening mechanisms. Students understand how material damage and 
fracture occur on a microstructural scale and the appropriate analysis tech-
niques. Students can analyze and interpret results from a variety of mechan-
ical tests. Students understand the causes and mechanisms of, fatigue, 
creep, and hydrogen embrittlement of materials. Students are familiar with 
relevant applications, materials, and microstructures. 

13 

 

Inhalt 

Materials mechanics fundamentals 
� Dislocation theory 
� Mechanisms of plastic deformation 
� Strengthening mechanisms 
� Fracture of materials 
� Tension testing 
� Compression testing 
� Torsion testing 
� Impact toughness testing 
� Fracture mechanics 
� Fatigue 
� Creep 
� Hydrogen embrittlement 

  



Preliminary Course List  Seite 155 

4.7.8 Modeling of Software-Intensive Systems 

MODUL: Modeling of Software-Intensive Systems STAND: 08.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

The students 
 
• Know the fundamentals of object-oriented modeling 
• Know individual UML languages and their applications 
• Can model software-intensive systems using UML 
• Understand formal software architectures and can use them to de-

scribe systems 
• Understand the concepts and modeling of digital twins 

13 

 

Inhalt 

• Modeling fundamentals 
• Object-oriented modeling of software-intensive systems 
• Structural and behavioral modeling with UML 
• Modeling formal software architectures 
• Modeling digital twins 
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4.7.9 Reliability Engineering 

MODUL: Reliability Engineering                                                STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

The students are familiar with the statistical fundamentals as well as 
the various methods of reliability engineering and are able to apply 
them purposefully depending on the task. 

They master the most important qualitative methods (FMEA, FTA, Design 
Review, ABC Analysis), understand their benefits, and can apply them. 

For example: 

• Systematic identification of critical failure mechanisms 
• Systematic evaluation of identified failure mechanisms 
• Managing the residual risk (risk management) 

They master the most important quantitative methods (Boolean, Weibull, 
Monte Carlo, etc.), understand their benefits, and can apply them. 

For example: 

• Determining the product-specific failure distribution using the 
Weibull distribution 

• Selecting and applying the correct analytical estimation method 
based on the available data 

• Creating efficient test programs for reliability verification 

 

13 

 

Inhalt 

Significance and Classification of Reliability Engineering 
Fundamentals of a Reliability Analysis 
Application of qualitative methods for the systematic identification of faults or 
failures and their effects, e.g., FMEA (with exercises), Fault Tree Analysis 
(FTA), Design Review 
Basic concepts of quantitative methods for calculating reliability and availa-
bility values 
Calculation of system reliability, e.g., Boolean system theory 
Evaluation of lifetime tests (e.g., using the Weibull distribution) 
Determination of lifetime models 
Reliability verification procedures 
Reliability assurance programs 
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4.7.10 Sealing Technology 

MODUL: Sealing Technology                                                       STAND: 07.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Learnings: 
• Explain and assign technical terms. 
• Analyze sealing systems and verify statements. 
• Classify sealing systems and formulate hypotheses. 
• Justify, discuss, and comment on hypotheses. 

Competence:  
• Oversee an interdisciplinary field with knowledge and under-

standing. 
• Apply theoretical knowledge in practice. 
• Recognize, analyze, evaluate, and competently address tech-

nical problems, using sealing systems as an example. 
• Understand how to reliably seal technical systems and machine 

parts. 
• Engineer complex tribological sealing systems effectively. 
• Implement physical effects constructively in technical products. 
• Apply interdisciplinary approaches strategically. 

 

13 

 

Inhalt 

• Fundamentals of tribology, design, and calculation, as well as re-
quirements, functions, and elements of seals. 

• Friction, wear, leakage, design, function, application, and calcula-
tion of all essential seals for static and dynamic sealing points to 
seal solids, paste, liquid, gas, dust, or dirt. 

• When to use which seal and why - situation analysis and solution 
approach. 

• Special aspects under high pressure, high speed, high tempera-
ture, or extreme reliability - what is feasible and what is not. 

• Assessing and examining sealing systems, how to proceed with 
damage analysis 
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4.7.11 Systems Engineering 

MODUL: Systems Engineering                STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6 

12 

 

Lernziele 

Upon successful completion of this module, students will be able to: 
 

• Understand and apply core principles of systems thinking and 
system architecture 

• Analyze and structure complex systems using methods such as 
the Design Structure Matrix (DSM) 

• Manage product families and variants using modularity and con-
figuration techniques 

• Build and interpret MBSE models including requirements, struc-
ture, behavior, and parametrics 

• Use SysML and other tools to represent, validate, and trace engi-
neering system designs 

 

13 

 

Inhalt 

This two semester module provides a comprehensive introduction to Sys-
tems Engineering, with an emphasis on handling complexity in modern engi-
neering design and development. Delivered across two semesters, the 
course integrates theoretical instruction with interactive case studies to foster 
a systems-level mindset, analytical thinking, and applied modeling skills. Stu-
dents will learn to address interdependencies across mechanical, functional, 
and organizational domains using established and emerging tools in Sys-
tems Engineering. 
 
Winter Semester: Systems Thinking, Complexity, and System Architecture 
 
The winter semester introduces students to systems thinking and the archi-
tectural principles necessary to understand and design complex engineered 
systems. The core lectures focus on structural complexity, interface model-
ing, system modularity, and product variability. Special emphasis is placed 
on the use of the Design Structure Matrix (DSM) and variant management 
methods. Several integrated case studies allow students to apply these tech-
niques to real-world examples. 
 
Summer Semester: Model-Based Systems Engineering (MBSE) 
 
In the summer semester, students transition to model-based techniques that 
enhance system consistency and cross-disciplinary collaboration. Key topics 
include functional modeling, requirements engineering, behavioral modeling, 
and more. Students gain hands-on experience with SysML and MBSE tools 
through a series of case-based workshops involving realistic engineering 
systems. 
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4.7.12 Technology Management 

MODUL: Technology Management                  STAND: 04.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 6 

12 

 

Lernziele 

Students are familiar with the theoretical approaches to technology manage-
ment in companies. They are able to distinguish between normative, strate-
gic, and operational technology management and are familiar with the re-
spective contents and methodological approaches.  
The students understand the context of technology management. They are 
enabled to analyze and categorize megatrends and can recognize different 
innovation indicators.  
They are familiar with the basics of organizational management and the tra-
ditional organizational structure with respect tot technology management. 
They understand the importance of the process organization with its respec-
tive characteristics and can describe it. 
The students understand the importance of corporate culture and values for 
organizations especially in relation to technology management. They com-
prehend the competitive forces that affect companies and can carry out anal-
yses and develop strategies in order to meet the market conditions appropri-
ately. 
Students understand how the use of technologies is strategically planned 
and adequately applied in companies and how it has an impact on the re-
spective organization and its environment. In addition, they have learned the 
concepts of technology foresight and how to apply them. 
Students are familiar with the technology strategies available in organizations 
and understand their respective advantages and disadvantages. 
Students understand the different degrees and types of innovation as well as 
barriers and accelerators to innovation. They understand the goals and risks 
of project management, as well as the basic features of project planning and 
its tools. They are familiar with the instruments of technology and innovation 
management in terms of efficiency, financing options, and capacity planning, 
as well as various possibilities for internal and external collaboration. 

13 

 

Inhalt 

The lecture provides the fundamentals and application knowledge of tech-
nology 
management. 
In detail, the following topics are covered: 
 

• Context of Technology Management 
• Basics of Technology Management 
• Technology Foresight I 
• Technology Foresight II 
• Instruments of Technology Management I 
• Instruments of Technology Management II 
• Instruments of Technology Management III 
• Technology Strategies 
• Strategic Technology Management 
• Organizational Management (Structure) 
• Normative Management | Culture 
• Service Engineering 
• Innovation Management I 
• Innovation Management II - Process 
• Technology Transfer | Technology Cooperation 

 
Exercise on technology management: In the exercise, selected concepts of 
the lecture will be further discussed. 
NOTE: The specialization subject Technology Management in the M.Sc. can 
be taken despite successful participation in the module Technology Manage-
ment in the B.Sc. The core subject Technology Management is omitted ac-
cordingly and can be replaced by a supplementary subject. 
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4.7.13 Basics of Tribology 

MODUL: Basics of Tribology              STAND: 07.04.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 

 

Lernziele 

Learnings: 
• Explain and assign technical terms. 
• Conduct experiments. 
• Analyze and interpret measurement data. 
• Analyze simple tribological systems and verify statements. 
• Classify simple tribological systems and formulate hypothe-

ses. 
• Justify, discuss, and comment on hypotheses. 

 
Competence:  

• Oversee an interdisciplinary field with knowledge and under-
standing. 

• Analyze information from various sources. 
• Identify and solve problems. 
• Apply theoretical knowledge in practice. 
• Work independently and in teams. 
• Communicate constructively with others. 
• Apply new didactic learning methods and learn in a compe-

tency-oriented manner. 
• Reflect on and evaluate your learning progress. 

 

13 

 

Inhalt 

• History and fundamentals 
• System properties 
• Surface analysis 
• Friction (e.g., Stribeck curve and Gümbel number) 
• Wear (e.g., types and mechanisms of wear) 
• Lubrication 
• Failure analysis of tribological systems 
• Simulation of tribological systems 
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4.7.14 Design Factory (DF): Innovation Toolbox for New Product Development 

MODUL: Design Factory (DF): Innovation Toolbox for New Product  
Development                                                                                STAND: 03.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Students can reproduce essential and modern methods from the sections 
creativity, innovation and product development. Students are able to 
understand and analyze complex problems using the methods taught. 
Students are able to recognize the relevant interest groups (stakeholders) 
for 
the innovation project, to analyze their influence on the project and to 
subsequently integrate them into the project accordingly. 
Students can apply and use methods and expertise in a targeted manner 
with 
regard to complex problems. Information about the knowledge and exper-
tise 
that students possess after successfully completing the module. 
Students can reproduce essential and modern methods from the sections 
creativity, innovation and product development. 
Students are able to understand and analyze complex problems using the 
methods taught. 
Students are able to identify the stakeholders relevant to the innovation 
project, 
analyze their influence on the project and then integrate them into the pro-
ject 
accordingly. 
Students can apply and use methods and expertise in a targeted manner 
to 
solve complex problems. 
Students can develop innovative ideas and prototypes to solve complex 
problems. 
Knowledge: 
Learn and apply Design Thinking to real-world industry challenges 
Conduct stakeholder interviews to observe and synthesize the underlying 
needs 
Get to know tools and methods for the generation of ideas and to foster 
creativity and communication in teams 
Prototype to visualize ideas and communicate them to stakeholders in an 
iterative approach 
Present and pitch the result to stakeholders 
Skills: 
Incorporate an agile mindset and work in interdisciplinary teams 
Engage with a diversity of stakeholders during the development of an 
interdisciplinary project. 
Understand the challenges and opportunities in relation to interdisciplinary 
teamwork in the context of creativity & innovation 
Competences: 
Ability to identify and implement suitable design-thinking tools to engage 
with team members and external stakeholders to co-create new solutions 
to problems. 
Articulate and implement a work plan to move from a design problem to a 
potential solution. 
Deliver persuasive pitches of new ideas or concepts that combine 
interdisciplinary components and that are evidence-based. 

13 

 

Inhalt 

This course teaches Design Thinking with a hands-on and passion-based 
learning approach. Interdisciplinary teams of students work on real-life 
challenges posed by industry partners. Students learn how to employ a 
humancentered approach to obtain an out-of-the-box perspective on com-
plex problems. The course takes place in the Design Factory Stuttgart of 
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ARENA2036 The course is held in close cooperation with the Institute of 
Human Factors and Technology Management (IAT) and ARENA2036. 
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4.7.15 Design of Experiments 

MODUL: Design of Experiments            STAND: 04.06.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

The students acquire a fundamental understanding of statistical ex-
perimental design and general experimental methodology. They learn 
about various test strategies, experimental designs, and their key factors 
for efficient application, and are able to apply them depending on the spe-
cific conditions and constraints. 

The students become familiar with test planning methods and their areas 
of application. They are capable of performing system and data analyses, 
know the most important statistical parameters, and can evaluate data us-
ing hypothesis testing and sensitivity analysis. They are able to critically 
assess the results, enabling valid decision-making despite statistical vari-
ability. 

As part of Design of Experiments (DoE) – students independently develop 
full factorial, fractional factorial, and response surface designs, including 
through the use of software tools. Furthermore, they perform effort estima-
tions using power analysis. After analyzing the data, they critically evaluate 
the results and learn how to utilize the obtained data effectively. In addition, 
they learn how to handle and account for the specific characteristics of non-
normally distributed lifetime data in reliability testing. 

 

13 

 

Inhalt 

Test Planning 

• Why testing is conducted 
• Experimental setup, procedure, and classification 
• System and data analysis 

Hypothesis Testing 

• Purpose of hypothesis tests 
• Types of errors and statistical power 
• Significant effects 
• t-Test 
• F-Test 
• Analysis of variance (ANOVA) 

Efficient Experimental Design 

• Basic idea of Design of Experiments (DoE) 
• Factorial designs 
• Response surface designs 
• Effect analysis and model development 

Key Success Factors in Experimental Design 

• Randomization and blocking 
• Non-normally distributed data / Lifetime DoE 
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4.7.16 Nondestructive Testing 

MODUL: Nondestructive Testing                               STAND: 03.06.2025 
3 

 Leistungspunkte (LP) / ECTS-
Credits 3 

12 
 

Lernziele 

Students are familiar with the principle and typical areas of application of the 
individual non-destructive testing methods (NDT). They will be able to select 
the most suitable methods for specific applications and reliably interpret the 
results obtained. 

13 

 

Inhalt 

• Fundamentals of vibrations and waves  
• Presentation of modern NDT methods, categorised according to electro-
magnetic waves, elastic waves (linear and non-linear) and dynamic heat 
transport (e.g. Lockin thermography)  
• Classification of the methods according to physical principles as well as 
their advantages, limitations and finally typical application examples on in-
dustry-relevant components 

 
  



Preliminary Course List  Seite 165 

4.7.17 Project Management 

MODUL: Project Management                                              STAND: XX.YY.ZZZ 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

At the end of the course, students will have developed skills in planning, con-
trolling, calculating and evaluating project-critical points and will be able to 
apply the relevant tools. 
They will also be able to navigate the continuum of predictive and agile pro-
ject management and apply the methods of the agile framework. 

13 

 

Inhalt 

The American Project Management Institute (PMI) offers a globally  
accepted process model for project management which can be used and 
adapted to most modern industries and organizations. Based on this con-
cept, the course offers students a general approach to single project as well 
as multi project management. 
During the course, students will gain competency in initiating, planning, car-
rying out, controlling, and closing a project. Furthermore, .the most challeng-
ing aspects of time-, cost-, personnel-, risk- and stakeholder management 
will be tackled. Finally, features of agile methods are inte-grated throughout 
the curriculum. 
A selection of case studies covers topics such as research and development, 
process optimization, plant engineering, environmental protection and social 
projects. 
Note: The HOAI is not the subject of the course. 
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4.7.18 Quality and Environmental Management 

MODUL: Quality and Environmental Management                STAND: XX.YY.ZZZ 

3 
 Leistungspunkte (LP) / ECTS-

Credits 3 

12 

 

Lernziele 

Students will gain a good understanding of corporate environmental and 
quality management alongside core business topics. This is an increasingly 
essential part of corporate policy and strategy. Companies and organizations 
must consider the environmental impact of their activities and integrating it 
into quality assurance. Through obtaining theoretical knowledge and practi-
cal skills students become equipped to positively address the issues. By the 
end of the course, students should be able to: 
• understand and apply concepts of quality and environmental management 
in the business and non-profit sector, the DIN EN ISO 9000 family (Quality 
Management), DIN EN ISO 14000 series (Environmental Management), and 
EMAS (Eco-Management and Audit Scheme). 
• assess and apply different instruments of quality- and environ-mental man-
agement, and 
• explain and critically discuss relationships between quality- and corporate 
environmental management. 

13 

 

Inhalt 

Subjects included are: 
• basics of quality principles and environmental economics 
• corporate quality- and environmental management for profit and non-profit 
organizations 
• quality standards according to ISO 9000 family and related practices and 
instruments 
• variety of methods and tools used for evidence-based environ-mental man-
agement and decision making, like the ISO 14000 series of standards and 
EMAS. 
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5 Engineering Practice Term 

5.1 Reflecting on Work Life: Supporting Module 

MODUL: Reflecting on Work Life: Supporting Module   STAND: 07.04.2025 

3 
 Leistungspunkte (LP) / ECTS-

Credits 6  

12 

 

Lernziele 

Lernziele auf Deutsch: 
 
Das Modul dient den Studierenden als Begleitmodul zum universitären oder 
industriellen Praktikum.  
 
Die Studierenden werden dazu befähigt, Inhalte und Herausforderungen des 
Praktikums aufzubereiten, in einem interaktiven Austausch mit Kommilitonen 
zu diskutieren und unterschiedliche Perspektiven einzunehmen. Ziel ist es 
dabei, ein Verständnis für die deutsche Arbeitskultur zu erlangen. 
 
Die Studierenden kennen die Grundprinzipien der deutschen Arbeitskultur 
und haben ein Verständnis für die Bedeutung der arbeitswissenschaftlichen 
Systemlehre im Rahmen der Arbeitsgestaltung in deutschen Unternehmen. 
Die Studierenden verstehen die unterschiedlichen Arbeitsformen (Projektar-
beit, Büroarbeit, Produktionsarbeit, Entwicklungsarbeit, Schichtarbeit, etc.), 
die in deutschen Unternehmen existieren. Sie lernen ihre Teamfähigkeit, 
Kommunikations- und Problemlösungskompetenz durch die notwendige In-
tegration in fremde Arbeitsgruppen eines Unternehmens einzusetzen. Die 
Studierenden kennen die Arbeitsabläufe im Arbeitsalltag und können diese 
auf ihre eigene berufliche Praxis und künftige Tätigkeiten in deutschen Unter-
nehmen anwenden. 
 
Lernziele auf Englisch: 
 
The module supports students during their university or industrial internship. 
They are able to review the content and challenges of the internship, discuss 
them in an interactive exchange with fellow students and take on different 
perspectives. The aim is to gain an understanding of German work culture. 
 
The students know the basic principles of German work culture and under-
stand the importance of the scientific study of systems in the context of work 
design in German companies. The students understand the different forms of 
work (project work, office work, production work, development work, shift 
work, etc.) that exist in German companies. They learn to apply their team-
work, communication and problem-solving skills by integrating them into for-
eign working groups of a company. The students are familiar with the work 
processes in everyday working life and can apply these to their own profes-
sional practice and future activities in German companies. 

13 

 

Inhalt 

Inhalte auf Deutsch: 
 
Das Begleitmodul zum Industrial Internship oder Research Project Placement 
ist ein begleitendes Seminar und wird jedes Semester angeboten. 
 
Das Seminar vermittelt den Studierenden u.a. folgende Inhalte 
 

• Theorien der arbeitswissenschaftlichen Arbeitssystemgestaltung 
auf Mitarbeitenden-, Team- und Unternehmensebene in deut-
schen Unternehmen 

• Gängige Arbeitsformen in deutschen Unternehmen 
• Deutsche Unternehmenskultur  
• Theorien zur Mitarbeitendenführung (Umgang der Mitarbeitenden 

untereinander sowie im Über- und Untergeordnetenverhältnis) 
• Soft Skills zu Themen wie Teamfähigkeit, Kommunikations- und 

Problemlösungskompetenz als Grundlage zur Integration in ver-
schiedene Arbeitsgruppen eines Unternehmens 

• Grundlagen zum wissenschaftlichen Arbeiten und Präsentieren 
insbesondere zugehörigen Fähigkeiten zur Anwendung in der be-
ruflichen Praxis 

• Methoden zur Reflektionsfähigkeit im Rahmen des Praktikums 
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Inhalte auf Englisch: 
 
The accompanying module for the industrial and scientific internship as part 
of the FAME Master's program consists of the internship seminar and is of-
fered every semester. 
 
The seminar covers the following topics, among others 
 

• Theories of work science work system design at the employee, 
team and company level in German companies 

• Common forms of work in German companies 
• German corporate culture 
• Theories of employee leadership (dealing with employees among 

themselves and in a superior-subordinate relationship) 
• Soft skills in topics such as teamwork, communication and prob-

lem-solving skills as a basis for integration into different working 
groups within a company 

• Fundamentals of scientific work and presentation, in particular the 
associated skills for application in professional practice 

• Methods for developing reflective skills as part of the internship 
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5.2 Industrial Internship 

Modulbeschreibung  

 

STAND: 04.06.2025 

3 ECTS 24 

12 Lernziele Im Verlauf des Studiengangs soll das Industrieprak-
tikum das Studium ergänzen und erworbene theore-
tische Kenntnisse in ihrem Praxisbezug vertiefen. 
Die Praktikanten haben im Fachpraktikum die Mög-
lichkeit, einzelne der Fertigung vor- bzw. nachge-
schaltete Bereiche kennenzulernen und dabei ihr im 
Studium erworbenes Wissen, beispielsweise durch 
Einbindung in Projektarbeit, umzusetzen. Ein weite-
rer Aspekt liegt im Erfassen der soziologischen Seite 
des Betriebsgeschehens. Die Praktikanten müssen 
den Betrieb auch als Sozialstruktur verstehen und 
das Verhältnis zwischen Führungskräften und Mitar-
beitern kennenlernen, um so ihre künftige Stellung 
und Wirkungsmöglichkeit richtig einzuordnen. 
 
During the course of the degree program, the indus-
trial internship is intended to supplement the degree 
program and deepen the theoretical knowledge ac-
quired in its practical relevance. The internship gives 
students the opportunity to get to know individual ar-
eas upstream and downstream of production and to 
apply the knowledge they have acquired during their 
studies, for example by integrating it into project 
work. Another aspect is to understand the sociologi-
cal side of business operations. The trainees must 
also understand the company as a social structure 
and get to know the relationship between managers 
and employees in order to correctly classify their fu-
ture position and potential impact 

13 Inhalt Siehe Praktikantenrichtlinien FAME 
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5.3 Academic Research Placement 

Modulbeschreibung  

 

STAND: 04.06.2025 

3 ECTS 24 

12 Lernziele Der bzw. die Studierende hat die Fähigkeit zur selb-
ständigen Durchführung einer wissenschaftlichen 
Arbeit erworben. Hierzu gehören: das Erkennen und 
die klare Formulierung der Aufgabenstellung, die Er-
fassung des Standes der Technik oder Forschung in 
einem begrenzten Bereich durch die Anfertigung und 
Auswertung einer Literaturrecherche, die Erstellung 
eines Versuchsprogramms, die praktische Durchfüh-
rung von Versuchen oder die Anwendung eines Si-
mulationsprogramms, die Auswertung und grafische 
Darstellung von Versuchsergebnissen und deren 
Beurteilung. Mit diesen Fähigkeiten besitzt der bzw 
die Studierende im Fachgebiet entsprechende expe-
rimentelle oder modellhafte Ansätze zur Problemlö-
sung selbständig zu planen und auszuführen. Gene-
rell hat der bzw. die Studierende in der Studienarbeit 
das Rüstzeug zur selbständigen wissenschaftlichen 
Arbeit erworben. 
 
The student has acquired the ability to carry out sci-
entific work independently. This includes: recogniz-
ing and clearly formulating the task, recording the 
state of the art or research in a limited area by pre-
paring and evaluating a literature search, creating an 
experimental program, carrying out practical experi-
ments or using a simulation program, evaluating and 
graphically presenting experimental results and as-
sessing them. With these skills, the student is able to 
independently plan and carry out appropriate exper-
imental or model-based approaches to solving prob-
lems in the subject area. In general, the student has 
acquired the tools for independent scientific work. 

13 Inhalt Inhalt: Individuelle Vereinbarung 
Die abgeschlossene Arbeit muss innerhalb der Frist 
von 6 Monaten schriftlich bei dem bzw. der Prüfer*in 
eingereicht werden. Zusätzlich muss eine Kopie in 
elektronischer Form eingereicht werden. 
 
Content: Individual agreement 
The completed thesis must be submitted in written 
form to the examiner within the deadline of 6 months. 
In addition, a copy must be submitted in electronic 
form.  
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6 Masterarbeit 

Modulbeschreibung  

 
Stand: 03.06.2025 

3 Leistungspunkte (ECTS) 30 

12 Lernziele Zur Erlangung des Mastergrades ist eine Mas-
terarbeit anzufertigen. In ihr soll der bzw. die 
Studierende die Fähigkeit nachweisen, die im 
Studium erworbenen Kenntnisse in einer selb-
ständigen wissenschaftlichen Arbeit auf Pro-
jekte aus der Ingenieurspraxis anzuwenden. 
Eine Problemstellung soll innerhalb einer vorge-
gebenen Frist selbstständig strukturiert werden, 
nach wissenschaftlichen Methoden systema-
tisch bearbeitet und schließlich transparent do-
kumentiert werden. 
 
A Master's thesis must be completed in order to 
obtain the Master's degree. In this thesis, the 
student should demonstrate their ability to apply 
the knowledge acquired during their studies in 
an independent scientific work on projects from 
engineering practice. A problem should be struc-
tured independently within a specified period of 
time, worked on systematically using scientific 
methods and finally documented transparently. 

13 Inhalt Wird individuell definiert. 

 


