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Preface

The year 2020 will be remembered as a special one for a long time because
of the corona virus pandemic. The primary goal was and still is to reliably
ensure teaching and supervision for students in consistent quality, to con-
tinue research work at the institute without major restrictions or interruptions,
and to fulfill our commitments to cooperation partners. At the same time, it
is necessary to reduce social contacts in order to prevent the virus from
spreading. The protection measures to prevent infections, which have been
developed as fast as possible, guarantee that all teaching and research work
intheinstitute’s test field could be continued after an adjustment period. The
IUL team works both from home and on campus. All lectures, practical exer-
cises, and examinations are performed entirely in digital form and we also
successfully conducted five digital PhD exams this year.

Ourteam has to face special challenges:The employees establish new struc-
tures while working from home and they work under difficult conditions in the
experimental hall. Innovative concepts for digital teaching were realized
within a very short time. The UL benefited from its expertise from the project
“ELLI"("Excellent Teaching and Learning in Engineering Science”). Since 2011,
the IUL has been contributing to research on engineering education - also
focussingon the digitization of teaching. Even before the pandemic, the results
obtained on engineering didactics were implemented in teaching at the UL
and technologies for the digital transfer of knowledge such as remote labs
and virtual worlds were established in the courses. This helped tremen-
dously when managing the short-term adaptation to online courses.

The DFG’s evaluation of the Collaborative Research Center TRR 188 also took
place digitally for the first time. We are grateful and proud that the German
Research Foundation decided to continue its funding. For the second funding
period Professor Erman Tekkaya will, according to schedule, hand over the
center’s managementto Professor Gerhard Hirt from the IBF at RWTH Aachen
University until the end of 2024. Other institutions involved in the second
funding period are the “Max-Planck-Institut fir Eisenforschung”in Dusseldorf
and the Institute for Applied Materials — Section “Materials and Biomechan-
ics”at KIT in Karlsruhe.

2021 will also be a challenging year for us. Yet, in view of the tasks we have
already mastered together, we are looking forward with confidence and an-
ticipation to the year 2021 in which we will also make up for the conferences
that could not be held due to last year’s special circumstances. We would be
pleased towelcome you at the International Conference on High Speed Form-
ing 2021 (ICHSF) or at the 8" Tube and Profile Bending Conference (DORP).
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Up-to-date information on our conferences and the IUL can be found at
www.iul.eu at all times.

We very much hope to meet our international colleagues in person again soon
and to be able to welcome them at the IUL. We would like to thank all partners

of the institute for their support and the entire IUL team for its great commit-
ment during these demanding times.

Wi

A.Erman Tekkaya Matthias Kleiner
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1.1

Education

Offered Courses

The Institute of Forming Technology and Lightweight Components offers
lectures and laboratories in the following bachelor and master programs:
logistics, industrial engineering, and mechanical engineering. In addition,
students of computer science, physics, and those studying to become teach-
ers attend the courses offered by the institute as part of their minor subject.
The students acquire knowledge in the field of forming technology that is
necessary in order to succeed in the industrial working environment or to
enter an academic career. Since the winter semester 2019/2020, the follow-
ing lectures were offered:

Structure of lectures for the study program mechanical engineering with a specialization in
production engineering

Other courses offered by the institute in 2020 were:

 Lecture series on forming technology
+ Laboratory work A as part of the Master’s Program in Mechanical
Engineering
» Laboratory work B as part of the Bachelor’s Program in Industrial
Engineering
Education
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The following courses are offered in English as part of the international mas-
ter's program “Master of Science in Manufacturing Technology (MMT)”:

« Forming Technology | - Bulk Forming

- Forming Technology Il — Sheet Metal Forming

» Advanced Simulation Techniques in Metal Forming

- Additive Manufacturing

+ Aluminum - Basic Metallurgy, Properties, Processing, and Applications
- Laboratory Work — Material Characterization in Forming Technology

Due to the worldwide COVID-19 pandemic and the corresponding access
restrictions at TU Dortmund University, the IUL found itself constrained to
shift all lectures of summer semester 2020 to virtual teaching methods. The
lectures were offered by video recordings. Weekly digital discussion sessions
ensured the interaction between students and lecturer. Due to the persistent
hazardous situation, the IUL will continue its digital education in the winter
semester 2020/2021.

Example of a video-recorded lecture during the digital semester at the IUL

In 2020, the following guest lecturers have contributed to the course offer at
the IUL:

+ Prof.J. Hirsch, Hydro Aluminium Rolled Products
« Prof. K. Roll, formerly Daimler AG Sindelfingen

« Prof.J.Sehrt, Ruhr-Universitat Bochum

- Dr.G. Georgiadis, Volkswagen AG

For further information, please visit: www.iul.eu/en/teaching.

Education
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1.2

Master of Science in Manufacturing Technology (MMT)

Coordination Prof. Dr.-Ing. A. Erman Tekkaya
Frigga Gockede B. B. A.
Kerstin Barton M. A.
Siddhant Goyal M. Sc.

The English-taught, four-semester study program ‘Master of Science in
Manufacturing Technology’, which started in 2011, was again of much interest
to international students regarding the start of studies in winter semester
2020/21. 48 carefully selected and excellent students out of around 900 ap-
plicants from 38 nations have been admitted to the MMT program. Within the
scope of the cooperation with the Turkish-German University in Istanbul,
organized by the German Academic Exchange Service (German: DAAD), three
students from Turkey started their MMT studies.

Diversity of nationalities of applicants, accepted and registered applicants

Inorder to furtherincrease the diversity of the MMT program, the coordination
team analyzed the countries of origin of the students and, on this basis, took
stepstoinform more students from other countries about the study program.

In this context, newsletters were send out, webinars were offered and ads
were placed in cooperation with the DAAD in order to draw attention to the
program and the application period. Due to the Covid-19 pandemic, the EAIE
conference, which the coordination team has attended regularly in previous
years, had to be held digitally this year. In video sessions, discussions, and
virtual“campfires”, more than 1,500 participants were able to exchange ideas
on a strategy development in the international affairs sector.

The MMT online application portal has qualitatively improved in cooperation
with the IT & Media Center of TU Dortmund University. Hence, the application

w
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procedure for the applicants as well as the processing of the applicant’s data
and the subsequent selection of the students to be admitted have become
even more convenient and efficient.

The global pandemic has also had a major impact on the start of studies in
2020/21. As official authorities and institutions were closed for weeks, it was
impossible for the majority of the selected applicants to travel to Dortmund
for the beginning of the winter semester. As a result, the coordination team
decided, in consultation with the individual chairs, to organize this semester’s
MMT lectures fully digital.

In order to give the students taking up their studies digitally from their home
countries the best possible start at the Faculty of Mechanical Engineering,
the MMT coordination team organized a virtual Welcome Week with various
activities for the new batch of students. The kick-off event was Professor
Tekkaya’'s welcome of the new students by video conference as head of the
study program. The students also had the opportunity to make first contacts
with each other. The next day, the chairs involved in the MMT introduced
themselves to the students with short presentations and videos. The students’
technical interest was immediately awakened, resulting in a lively exchange
between students and chair representatives. During the subsequent digital
tour of the IUL lab, the new MMT class was given an insight into the practical
partof the study program.Here, too, one could clearly feel the technical inter-
est and the anticipation of their arrival at TU Dortmund University. On day
three of the Welcome Week the MMT coordination team organized a workshop
on living and studying in Dortmund. During this workshop, the German
higher education system was explained to the students in detail and useful
hints and tricks were given. In the Q&A session that followed, the new MMT
students had the opportunity to ask questions about studying and living in
Germany. The lively exchange via video and chat made clear how much the
students had already networked during the last days. At the weekend, both
the new cohortand the older MMT students had the opportunity to participate
in an intercultural training that focused on networking with each other and
expanding their intercultural competences.

For further information, please visit: www.mmt.mb.tu-dortmund.de.



1.3

Doctoral Theses

Meya, Rickmer Damage-Controlled Sheet Metal Bending by
Means of Compressive Stress Superposition

Original title Schédigungskontrolliertes Blechbiegen mittels
Druckspannungsiiberlagerung

Series Dortmunder Umformtechnik, Volume 108

Publisher Shaker Verlag, 2020

Oral exam May 14,2020

Advisor Prof. Dr.-Ing. A. E. Tekkaya

Co-examiner Prof. Dr.-Ing. W. Volk

(Technical University of Munich)

In current product design of bent sheet metal components often only the
properties of the virgin material are included.In some cases the deformation-
induced strain hardening and residual stresses are also taken into account.
Damage induced by the forming process is not considered. As a result of the
unknown influence of damage on the product performance, the manufactured
components are often oversized. Therefore, this work shows for the first time
which influence damage has on the performance of bent components.

To influence damage, the load path must be changed during plastic deforma-
tion. For this purpose, a stress superposition is necessary. Since the conven-
tional processes are not able to apply predictable compressive stresses, a
new bending process has been developed. The so-called bending with radial
stress superposition can apply adjustable stress superposition during the
process and leads to reduced void area fractions while maintaining the ge-
ometry of the product.

This works shows that forming-induced damage has a decisive influence on
the crash behavior, the cyclic properties, and the stiffness of bent components.
Due to the known influences of damage on the performance, it can already
be included in the product design process as a product property.

New bending process for damage reduction and performance improvement

Education
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Hering, Oliver Damage in Cold Forging: Evolution, Impact,
and Control

Original title Schadigung in der Kaltmassivumformung;:
Entwicklung, Auswirkungen und Kontrolle

Series Dortmunder Umformtechnik, Volume 109

Publisher Shaker Verlag, 2020

Oral exam May 25, 2020

Advisor Prof. Dr.-Ing. A. E. Tekkaya

Co-examiner Prof. Dr.-Ing. S. Miinstermann

(RWTH Aachen University)

The load paths occurring during forward rod extrusion are numerically deter-
mined in this thesis and described using triaxiality and Lode-angle-parame-
ter. Forward rod extrusion was identified as an ideal method to determine the
relationships between the load path,damage, and performance as the hydro-
static pressure is strongly dependent on the process parameters along the
central axis of the extruded components as well as known homogeneous
strains and negligible residual stresses after component ejection and sample
extraction exist.

The influence of the load paths on the development of ductile damage is in-
vestigated experimentally using scanning electron microscopy and density
measurements. Ultimately, the influence of damage on the resulting perfor-
mance is determined. Notched bar impact tests, fatigue tests, and measure-
ments of the Young’s modulus and static strength are carried out for this
purpose. With the exception of static strength, increased damage leads to a
decrease in performance.

Void in an extruded part



Traphdner, Heinrich Extension of the Application Limits of the
In-Plane Torsion Test

Original title Erweiterung der Anwendungsgrenzen des
ebenen Torsionsversuchs

Series Dortmunder Umformtechnik, Volume 110

Publisher Shaker Verlag, 2020

Oral exam October 8,2020

Advisor Prof. Dr.-Ing. A. E. Tekkaya

Co-examiner Prof. Dr.-Ing. D. Mohr (ETH Zurich)

Due to its advantageous properties, the in-plane torsion test is increasingly
used for the characterization of sheet metal materials. These advantages are
the ideal simple shear stress state until fracture, the material characterization
without edge effects, and the resulting determination of flow curves up to very
high equivalent strains.

The aim of the work is to extend the application limits of the in-plane torsion
test. For this purpose, all components and influences involved in the test and
evaluation are analyzed. These are the strain measurement technology that
has to be used for the measurement of very large shear strains, the shape of
the specimen, which offers additional opportunities for the process design,
and the clamping, which in particular influences the process limits. Finally,
the application of the in-plane torsion test for the characterization of thin
sheets and curved parts is investigated.

In-plane torsion test on tubes
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Napierala, Oliver Combined Deep Drawing and Cold Forging —
Draw Forging Analysis, Component Properties
and Potentials

Original title Tiefzieh-VerbundflieBpressen —

Analyse, Bauteileigenschaften und Potentiale
Series Dortmunder Umformtechnik, Volume 111
Publisher Shaker Verlag, 2020
Oral exam October 23, 2020
Advisor Prof. Dr.-Ing. A. E. Tekkaya
Co-examiner Prof. Dr.-Ing. habil. Dipl.-Math. B. Awiszus

(Chemnitz University of Technology)

Draw-forging enables the manufacturing of composite shafts from a core and
asheet metal semi-finished product on the surface by a combination of deep-
drawing and extrusion. In numerical and experimental investigations the
process failures “crack of the blank”, “gap between blank”and “core, and insuf-
ficient forming of the component head” were analyzed and a process window
was determined (see Figure a). An analytical model describes the punch force
curve with a deviation < 16%. A large number of process potentials were
identified from the results of the basic research and implemented techno-
logically. For example, the process “expanding-draw-forging”, which had been
applied for a patent within the scope of this work, allows each individual
shoulder of a shaft to be covered with different materials that meet the re-
quirements of the shoulder surface (see Figure b).

a) Process window, b) Expanding-draw-forging — Double-stepped composite shaft



Staupendahl, Daniel 3D Profile Bending with Five Controlled
Degrees of Freedom

Series Dortmunder Umformtechnik,
Publisher Shaker Verlag, 2021

Oral exam December 4, 2020

Advisor Prof. Dr.-Ing. A. E. Tekkaya
Co-examiner Prof. Dr.-Ing. B. Engel

(University of Siegen)

Kinematic bending of tubes and profiles to three-dimensional (3D) contours
offers the potential of coping with current demands for natural aesthetic
design and high flexibility.In order to generate a comprehensive understand-
ing of the mechanics of 3D bending, first, the geometrical characteristics of
3D-shaped profiles are analyzed. Subsequently, the controlled degrees of
freedom (cDOFs) which process kinematics need in order to produce 3D shapes
are derived. This groundwork is used to set up a 5-cDOF profile bending pro-
cess with integrated force and torque sensors and to develop an efficient
contact-based contour sensor.

A curved elastic model is created which is able to accurately model in-plane
springback and the interaction of torque and bending force components.
During the analysis of the plastic profile behavior, equations are set up that
describe the reciprocal effects of axial and shear stress. They are used to
calculate the bending force and torque acting on a profile during 3D bending.
Finally, the geometric, elastic, and plastic process description is merged into
a comprehensive process model.

a) Simplified supported beam model of the 3D bending process, b) Segment of the profile, c) Ele-
ment of a profile segment with the simplified stress state uniaxial stress + shear stress
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Research

The research activities of the Institute of Forming Technology and Lightweight
Components comprise the development of new forming processes and process
chains as well as the extension of existing production processes. The objectives
are physically sound process descriptions, the configuration and improvement
of component properties, and a holistic approach of the process efficiency. Me-
thodological key aspects are material characterization and simulation methods.
The fundamental research results are transferred to industrial practice. This
process is often accompanied by industrial partners.

35scientists, supported by 11 technicians and administrative staff members and
approximately 50 student assistants, work on the institute’s research projects.
Especially when it comes to interdisciplinary research issues, the projects are
often pursued with national and international partners. The participation in two
“Collaborative Research Centers”, TRR 188 (spokesperson) and TRR 73 (local
spokesperson),and inthe two “Priority Programs’, SPP 2013 and SPP 2183, express
these intensive networking efforts. Besides the three departments “Bulk Metal
Forming”, “Profile and Sheet Metal Forming”,and “Non-Conventional Processes’,
the institute structure covers four inter-divisional units (see figure): “Research
Center for Industrial Metal Processing” (ReCIMP), “Research Group on Additive
Technology” (Re-

GAT), “Excellent

Teaching and

Learning in Engi-

neering Science”

(ELLI 2),and “Re-

search Group Ap-

plied Mechanics”

In the following,

the department-

specificresearch

objectives and

research projects

are presented.

Institute structure

Research
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Research Groups and Centers

Collaborative Research Center Transregio 188 —
Damage Controlled Forming Processes

Funding German Research Foundation (DFG)
Project-1D CRC 188/1-2020

Spokesperson Prof. Dr.-Ing. A. Erman Tekkaya
Managing Director Dr.-Ing. Frauke Maevus

The research hypothesis of the Collaborative Research Center TRR 188 is that
the damage caused by the forming process can be controlled and that the
damage significantly influences the performance of the components. Accord-
ingly, the overall goal of TRR 188 is to understand the mechanisms of mate-
rial damage during forming to quantitatively predict the evolution of damage
and to adjust damage states with regard to component performance. The
guiding principle of TRR 188 “Damage is not a failure” means that ductile
damage in forming technology is not only a measure of the distance to the
failure limit (“formability”), but also has a decisive influence on the performance
inthe application (“usability”). Thus, the damage is a product property that is
influenced by the forming technology used in component production.

The first phase of the Collaborative Research Center TRR 188, which started
in 2017, ends this year. Therefore, we look back on years full of results and
events, on the one hand, and, on the other hand, expectantly to the future of
this project. The application for approval of the second phase with a renewed
term of four years was submitted in July. In September, the first virtual as-
sessment of a collaborative research center with the participation of the IUL
took place.The German Research Foundation (DFG) has decided to continue
funding the CRC/TRR188. Thus, research on the paradigm shift in forming
technology can be continued until the end of 2024.

Scientists from TU Dortmund University (the spokesman university) and RWTH
Aachen University carry out research in multiple subprojects. In Dortmund,
the Institute of Forming Technology and Lightweight Components (IUL), the
Institute of Mechanics (IM), and the Department of Materials Test Engineering
(WPT) from the Faculty of Mechanical Engineering and the Chair of Struc-
tural Mechanics (BM) from the Faculty of Architecture and Civil Engineering
are involved. At RWTH Aachen University, the Institute of Metal Forming (IBF),
the Steel Institute (IEHK), and the Institute for Physical Metallurgy and Ma-
terials Physics (IMM) from the Faculty of Georesources and Materials Engi-



neering as well as the Laboratory for Machine Tools and Production Engineer-
ing (WZL) from the Faculty of Mechanical Engineering and the Central
Facility for Electron Microscopy (GFE) are part of TRR 188. Moreover, there is
the Chair of Mechanical Design and Manufacturing at BTU Cottbus-Senften-
berg and the non-university institute Max-Planck-Institut fir Eisenforschung
GmbH (MPIE) in Dusseldorf.

In the first funding period fundamental forming processes were investigated
with regard to damage development and the resulting performance. For this
purpose, an interdisciplinary consortium was formed, which is divided into
the project areas characterization, technology, and modeling (see figure).

Project areas of the TRR 188

In project area A (Technology) damage in the forming process was controlled
by adjusting the hydrostatic pressure via process parameters and modifica-
tions. Furthermore, it was shown that the damage significantly influences the
performance.In project area B (Characterization) efficient methods for quan-
tifying the damage and characterizing the damage mechanisms were devel-
oped using samples from project area A.In project area C (Modeling) damage
modeling approaches from the micro- to the macroscale were developed and
validated using experimental data from project areas A and B. The scientific
service project prepared the developed damage models for finite element (FE)
simulations and provided software tools for process simulation and param-
eter identification.
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In this research center an interdisciplinary team has grown together, which
has learned to speak a common language. Besides the regular meetings, the
work on central cross-cutting issues in the four working groups “Efficient
damage characterization”, “Performance”, “Validation”, and “Damage definition”
contributed to this.

Despite these successes, some questions already mentioned in the first
phase’s proposal, but also new open questions remain for the possible second
funding period. Potential topics include the consideration of more complex
component geometries and process sequences, the variation of the Lode
angle parameter, and temperature-assisted forming or heat treatment.

Not only because of the proposal phase and the upcoming assessment, five
plenary meetings were held this year, four of which were virtual. In March, the
second industrial colloquium took place in Aachen. Nearly 70 national and
international participants were provided insights into the latest developments
in the field of damage-controlled forming processes in 13 lectures and an
accompanying poster exhibition. Due to the corona virus, the lectures of the
second industrial collogquium were also available online. The focus of the
conference was on the characterization as well as the multiscale modeling
of damage evolution.

In collaboration with the international researchers Pierre-Olivier Bouchard,
Stefania Bruschi,and Cem Tasan,A.Erman Tekkaya as main author published
the keynote paper “Damage in Metal Forming”in the CIRP Annals. In addition,
10 papers of TRR 188 were published in a special issue of “Production Engi-
neering” on the topic “Damage Controlled Forming Processes”



2.1.2

ReCIMP — Research Center for Industrial Metal Processing

Head Sebastian Wernicke M. Sc.

The cooperation with the international automotive supplier Faurecia, which
has been established more than sevenyears ago, was successfully continued
in 2020.In the Research Center for Industrial Metal Processing (ReCIMP) the
UL cooperates with Faurecia’'s divisions Automotive Seating and Clean Mobil-
ity in various projects in the field of innovative metal forming processes. The
superordinate objective of each project is to improve and deepen the basic
knowledge about the processes and process chains under investigation. In
addition, there is a focus on the identification and investigation of new scien-
tificdirections of research in the field of manufacturing technology. Coopera-
tion with other industrial companies and research institutions to build up a
competence network is a welcome side effect.

Structurally, the individual ReCIMP projects are assigned to the following six
priority areas:

+ Extension of forming limits

» Characterization of advanced steel grades
» Alternative production methods
 Flexible production

+ Lightweight structures

 Processing of tubes

The project work is performed by scientists from the various IUL departments
on a subject-specific basis. The Advisory Board of ReCIMP regularly dis-
cusses the progress of the individual projects as well as the overall strategy
of the research center. The following figure gives an overview of the projects
carried outin 2020.

The researchers are supported by a large number of student assistants and
students preparing project or final theses in the projects. Since the establish-
ment of the research center, far more than 60 students have been involved in
ReCIMP projects; for several current scientific employees of the UL, a thesis
in ReCIMP was the first step towards their scientific career.In 2020 alone, six
project, bachelor,and master theses were written in the research center.

The cooperation is particularly effective when the research topics initially
dealt with within the research center lead to fundamental questions and

17
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research fields for externally funded projects - this has already happened
several times in the past years.

Research projects worked on in 2020

In the field of characterizing modern steel grades, the investigations on the
evaluation of global and local ductility were continued in 2020. Depending on
the manufacturing process chain, one of the two properties is more important
than the other.However, there are also cases in which a balanced relationship
between global and local formability is of interest. The measurement of the
parameters requires new approaches and was investigated in the project
“Ductility analysis of high-strength steels and stainless steels” of various steel
grades for applicationsinthe areas of “seating technology” and “exhaust tract”.

Animated by the raising political effort towards the reduction of C02-emissions,
ReCIMP initiated a new project in 2020 focussing on the emissions in metal
forming process chains. The first steps of the project “Green Manufacturing”



are the identification of political and industrial efforts and developments.
With two exemplary metal forming process chains, the project goal is to ana-
lyze the emissions of sub-processes and to determine the corresponding CO,
saving-potential.Currentinvestigations concentrate on an analytical approach
for the prediction of CO,-emissions for the future process design.

In 2020, the project “Processing of materials with wall thicknesses below 0.8
mm”focusses on structured sheet material. The numerical process design for
the structured sheets requires knowledge about the forming limits of this
material. Therefore, the work in this project addresses the determination of
forming-limit-diagrams (FLC) of such structured sheets. The measurement
of the local strain during conventional material characterization is identified
to be the major challenge in this project (chapter 2.4.12). Due to the structure
of the sheets, the crack-initiation happens to occur non-reproducibly and is,
thus, usually beyond the range of the optical strain measurement. Conse-
quently,the FLC-determination is not feasible for all observed sheet structures.
Moreover, the FLC-determination is limited to only a few strain states.

Beside sheet materials, ReCIMP also considers the forming of tube materials.
Emphasis is to be put on non-round tubes as their impact, for example in
exhaust systems, increases due to limitations in the assembly space. In the
project “Understanding shape deviations for non-round converter design —
shape prediction and improvement for the expansion of non-round tubes” a
numerical model of the forming process was developed and validated in 2020.
The current investigations deal with the subsequent canning process (chap-
ter 2.2.9). With this canning processes the preformed tubes become a com-
ponent of the exhaust system. During the canning process a sensitive mono-
lith is surrounded by a soft-material and inserted into the preformed tube.
This leads to an undesired deformation of the oval tubes. Therefore, the
progressive investigation incorporates the numerical implementation of the
canning process. Numerical modeling of this process will support the improve-
mentof final shape deviations as well as the load distribution on the sensitive
monolith. The numerical consideration of the soft material, which surrounds
the monolith, appears to be the most challenging task of further investiga-
tions.
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2.1.3

ReGAT — Research Group on Additive Technology

Contact Stephan Rosenthal, M. Sc.
Dr.-Ing. Dipl.-Wirt.-Ing. Ramona Hdlker-Jager (on parental leave)

The working group “Research Group on Additive Technology” (ReGAT) deals
with the combination of forming technology and additive manufacturing. The
working group pursues the goal of using the flexibility and design freedom of
additive manufacturing processes in an advantageous way for forming tech-
nology. Current research deals with the development of additively manufac-
tured semi-finished products for further processing as well as the use of
additive manufacturing processes for tool production or as part of the
forming-production chain.

The IUL has two additive manufacturing machines for metallic materials. On
the one hand, a 5-axis milling machine with integrated laser-powder-depo-
sition capabilities combining additive manufacturing and milling-post-pro-
cessing. In this way, tools for forming technology can be produced in a single
clamping, which saves time, money, and material and it also offers the pos-
sibility of functionalintegration. Stainless steel and tool steel can be processed,
or even hybrid material concepts can be produced by material mixing. As part
of aresearch project,the milling machine was enhanced to include the option
of integrated incremental sheet forming. Thus, itis possible to combine three
manufacturing processes (forming, additive manufacturing, subtractive
manufacturing) in one set-up and to manufacture specific components for
specific applications. Current research work to be mentioned in the context
of the Lasertec 65 3D investigates new types of tool concepts for forming
technology. Strategies are developed to reduce the stair step effect in tools
made of laminated sheet metal (see chapter 2.4.3). This is done by means of
a combination of additive manufacturing and post-processing employing
surface roller burnishing. This means that even complex tools can be manu-
factured quickly and cost-effectively. Another basic project deals with the
functionalization of additively manufactured press hardening tools by means
of roller burnishing, including internal cooling channels (see chapter 2.3.7).
Additively manufactured tools are reworked using forming technology in order
to level the tool surfaces in a targeted manner and to influence the material
properties locally (strength, heat transfer coefficients).

The second additive manufacturing machine uses Selective Laser Melting
(SLM).This process enables the production of highly functional metallic com-
ponents in the powder bed with filigree geometry details. Current research in
this area focuses on the design of semi-finished sandwich products with
optimized core structures for forming technology (see chapter 2.4.1). By a
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subsequent forming operation of the semi-finished products, the productiv-
ity of the process chain can be increased.

Machines for metallic powder-based additive manufacturing at the UL
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Research for Engineering Education — ELLI 2

ELLI 2 — Excellent Teaching and Learning in Engineering Science

Funding BMBF/DLR

Project 01 PL16082C

Project director Prof. Dr.-Ing. A. Erman Tekkaya
Contact Joshua Grodotzki M. Sc.

Dipl.-Inf. Alessandro Selvaggio

Siddharth Upadhya M. Sc.

Oleksandr Mogylenko M. Sc.
Status Completed

Teaching and learning, the main focus of the ELLI 2 project in the field of
engineering sciences, was affected by the pandemic like hardly any other
aspect of university life. The media was filled with reports of closed schools
and universities as well as the struggle of these institutions to continue teach-
ing despite a total lockdown. Closed campuses and school buildings forced a
rapid digitization of the entire teaching process. In most cases, the teachers
were neither trained to do this nor were they equipped with the proper tech-
nology. Hence, the quality of teaching suffered noticeably in many cases,
especially at the beginning of the lockdown.

Preparing higher engineering education for the shift to digital teaching was
one of the crucial aspects of the ELLI 2 collaborative project. Research from
the previousyearsin the fields of teaching technology and methodology came
inhandy during this critical time.The entire field of digital teaching got a huge
push forward, with many aspects here to stay. Since 2011 (ELLI: 2011-2016,
ELLI 2: 2016-2020), TU Dortmund University, RWTH Aachen University, and
RUB Ruhr-Universitat Bochum have joined forces in this project, which is
funded by the Federal Ministry of Education and Research as part of the
Teaching Quality Pact. Combining excellent technologies with the best didac-
tical methods is the key to the success of this project. The project consists of
four core areas:

« Remote labs and virtual learning environments
+ Globalization

» Student Life Cycle

« Entrepreneurship



A strategically important tool of the ELLI 2 project in this year was the work-
shop series Proper Digital Teaching. This workshop series was initiated pro-
actively two years ago by the ELLI 2 team in Dortmund - way before the acute
necessity posed by the pandemic. The goal of the workshop is to prepare the
educators of the department of mechanical engineering at TU Dortmund
University for a successful transition to digital teaching using appropriate
digital tools and methods alike. In each workshop technological as well as
engineering education-related aspects were presented.Once it was clear that
the summer semester at TU Dortmund University would be a fully digital
semester, the frequency of workshops was ramped up - of course using vir-
tual meetings - in order to support the teachers during these unprecedented
times. Owingto the engagement of all teachers and with the support of these
workshops, the department of mechanical engineering can look back at a very
successful semester. Everyone is well prepared for the winter semester, which
will be held completely online as well.

Especially forall the laboratory courses, which traditionally take place during
the winter semester, the research work from the last years focusing on remote
laboratories is of high value now. That is because the best way for students
and teachers to remain safe and healthy is to not get in physical contact with
one another.Remote laboratories are the method of choice so that the students
neither face a delay in their study program nor miss out lab courses entirely.
Tothisend, the students can use the remote laboratories in the field of mate-
rial characterization, tube bending, and additive manufacturing. The latter
was enhanced by a post-processing chamber, so that the students can re-
construct the entire process chain on their own while following all safety
regulations.

The current stage of the remote tube bending lab allows for the direct meas-
urement of springback using augmented reality tools. The students can
perform this measurement on their own by accessing

the newly developed tool through the webpage of the

laboratory. Owing to the flexible design, the tool works

independently of the initially defined parameters by the

students. Hence, the explorative nature of the learning

process is maintained, since the students can measure

arbitrary geometries. A demonstration video of the ro-

tary draw bending remote laboratory can be accessed

by following the QR code on the right.

The current developments and research outcomes are frequently published.
At this year’s International Conference on Remote Engineering and Virtual
Instrumentation (REV) in Athens, GA, USA, the conference attendees could
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try many of the ELLI developments hands-on.They could experiment with the

tele-operative testing cell for material characterization directly from the

plenary hall. Mr.Upadhya’s paper on the ongoing developments of the additive
manufacturing remote lab was awarded the Best Short
Paper Award at the conference. The newly developed
open-source user and content management platform
HALO (German abbreviation for house of laboratories)
was presented to the public for the first time. This plat-
form will host all remote laboratories of the ELLI project
and will also be accessible to other educators around
the world. This QR code links you to the landing page of
the platform.

Towards the end of the ELLI 2 project, a new homepage was conceptualized
and developed in which all products that have been developed during ELLI
and ELLI 2 will be archived and made accessible to the public. In this context,
the term product comprises every technology and methods which has been
investigated for its beneficial impact on engineering education. The list con-
tains mobile applications, remote laboratories, software but also concepts
for lectures, workshops,and seminars. The name of the page is BEETBox — Best
Practices in Engineering Education Toolbox. All partners involved in the ELLI
project from Aachen, Bochum, and Dortmund will include their products in
this toolbox. Hence, long after the project is finished, all

information will still be available to the public. As the

HALO platform, the BEETBox, which can be accessed

through the QR code below, is designed to be a hub for

impulses and discussions centered on engineering

education. Therefore, a lot of material will be available

for download on the respective product pages. On each

of these product pages all relevant information is given

in written form as well as in the form of a short video.

The entire ELLI team wishes you lots of inspiration browsing through the
products! In addition to the BEETbox, the ELLI team will publish a book on its
8 years of research at the wbv Verlag with the title “Lehren und Lernen in den
Ingenieurwissenschaften: innovativ, digital, international’.



Research Group Applied Mechanics

Contact Dr.-Ing. Till Clausmeyer

The Research Group Applied Mechanics concentrates on the competences of
the Institute of Forming Technology and Lightweight Components in the fields
of analytical approaches, material characterization, material modeling, and
simulation for forming applications. The researchers working in these fields
discuss these topics, e.g. during information sessions on mechanical and
microstructural characterization methods at IlUL. They support each otherin
related research questions. Fundamental research topics of the former De-
partment of Applied Mechanics in Forming Technologies are addressed in the
new research group since June 1. The development and application of the
aforementioned methods is conducted for the forming technologies available
at IUL: bulk, sheet and profile forming as well as non-conventional forming
methods. The purchases of a 10 kN Erichsen UNIMAT Basic 054 tensile test
machine, a servo-hydraulic Walter + Bai testing machine,and a Coxem EM-30
PLUS scanning electron microcope strengthen the competences of the
research group.

Presentation of the current CIRP paper of IUL during the virtual CIRP video paper sessions

The methods supported by the research group play an important role regard-
ing the grants acquired by IUL in 2020: DFG projects on adiabatic blanking
and the analysis of continuous hot extrusion by means of similtude theory as
wellas an AiF project on the manufacturing of springs with the help of plastic-
ity theory. Expertise in plasticity theory and damage mechanics are central
for the research in the collaborative research center CRC 188 “Damage con-
trolled forming processes”, in particular newly developed methods for param-
eteridentification.The researchers present the methodological studies of the
research group in scientific journals, patents, and presentation at confer-
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ences. Presenting at conferences provides the researchers with important
feedback from colleagues, e.g. of the CIRP community. Dr. Till Clausmeyer
explained a new analytical approach to decribe high-speed blanking pro-
cesses at the CIRP video paper sessions. The width of shear bands in this
process can be predicted with respect to the material properties.Important
journalarticlesinclude a new testing method to determine forming limit curves
at high strain rates (> 1000 /s) by Dr. Koray Demir and co-authors, new meth-
ods for the determination of yield curves under shear for large strains
(>2.5) by Dr. Traphoner, and an efficient method to predict the geometry dur-
ing high-speed forming processes by Marlon Hahn and Prof. Erman Tekkaya.
The developed method relies on elementary assumptions to decribe the dy-
namical forming of sheet metals, e.g. with vaporizing foils. Sheets are formed
by mechanical impulses. The approach predicts the geometry with good ac-
curacy and is approximately 10.000 times faster than a detailed modeling
with complex finite-element simulations, even though itis based on simplify-
ing assumptions. Felix Kolpak, Dr. Oliver Hering, and Prof. Erman Tekkaya in-
vented a device for the material testing in biaxial conmpression. The patent
for this invention, which enables a determination of yield curves of metallic
specimens under compression from two sides, is pending. The knowledge of
such flow curves is important for bulk metal forming.

The researchers in the research group could contribute to virtual confer-
ences even though there were travel restrictions due to the coronavirus
pandemic. Prof. Erman Tekkaya and Dr. Till Clausmeyer organised a minisym-
posium on topics related to damage controlin forming processes for the first
virtualinternational forming conference ESAFORM 2020. Several participants
of IUL provided presentations and discussed with other participants at a
webinar on the identification of material parameters under large strain. The
webinar was organized by the Belgian company OCAS and the Belgian uni-
versity KU Leuven. The collaboration of the Department of Bulk Metal Form-
ing, researchers in the research group Applied Mechanics, and the Japanese
steel manufacturer KOBE Steel and its employee Yasuhisa Taki could be
continued sussessfully,even though there were temporary restrictions on the
use of the lab and the metallography lab.

a) Principal sketch of forming with vaporizing foils and b) Comparison of chain model and

Research measurements



2.2

Department of Bulk Metal Forming

Head Dr.-Ing. Oliver Hering

The focus of the department of bulk metal forming lies on the investigation
of the processes hot extrusion and cold forging. Fundamental issues as well
as innovative processes and process variants are investigated. Basically, the
influence of the Bauschinger effect occurring during load reversal as well as
the influence of forming-induced damage on the performance of cold forged
components is investigated. For the application in sheet-bulk metal forming,
the occurrence of cross-hardening in sheet metals with orthogonal strain
path changes is investigated. For the prediction of the damage evolution,
methods for parameter identification based on experimental microstructure
investigations are developed.

The process development aims at lightweight-oriented process designs. The
processes composite cold forging and combined deep drawing and cold forg-
ing allow for lightweight and load-adapted components to be realized. A re-
search focusinextrusionisthe grading of the mechanical properties over the
profile cross-section for the production of battery boxes.

Members of the department of bulk metal forming
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2.2

Composite Cold Forging of Cold Forged Semi-Finished Parts

Funding German Research Foundation (DFG)
Project 270149504
Contact Robin Gitschel M. Sc.

Forward rod extrusion of composite billets consisting of a light metal core and
a steel cup allow for the production of lightweight gear shafts while losing
only small amounts of torsional and bending stiffness in comparison to a
steel-only shaft. The steel sheath of the composite billet is produced by back-
ward can extrusion. To further increase the lightweight potential compared
to aluminum cores, magnesium is used instead. To this end, C15 steel cups
with three different wall thicknesses are produced, into which hot extruded
round AZ 31 magnesium profiles with corresponding diameters are inserted.
Subsequently, the hybrid billets are formed into composite shafts by forward
rod extrusion (see Figure a). The high hydrostatic pressure during this forming
process enables the magnesium to be formed at room temperature and up
to large strains. The process is limited by the occurrence of chevron cracks
when using low extrusion strains (see Figure b) and by upsetting of the shafts
during ejection for high extrusion strains.

a) Process flow, b) Longitudinal cross section view of investigated specimens



2.2.2

Influence of the Multiaxial Bauschinger Effect in
Cold Forging

Funding German Research Foundation (DFG)
Project 418815343
Contact Felix Kolpak M. Sc.

In the DFG-funded project new methods were developed that allow the cha-
racterization of anisotropic hardening effects exhibited at large strains (see
figure). By using and modifying the kinematic work hardening model according
to Yoshida and Uemori (2002), all anisotropic hardening effects exhibited by
the case-hardening steel 16MnCrS5 could be captured with high accuracy
over the entire relevant strain range. By using the model, the prediction qua-
lity of component properties (hardening and residual stresses) could be im-
proved significantly by means of FEM simulation of forward rod extrusion.

In the area of cold bulk forming, multi-stage or combined forming processes
are frequently used to produce complex, highly stressed parts. Thus, certain
material regions are sometimes formed multiple times. If a load reversal
occurs locally, this can trigger anisotropic hardening phenomena. It is expec-
ted that the use of the model in multi-stage process chains will also reveal
an influence on process forces and tool loads.

Characterization and modeling of anisotropic hardening at large strains

29

Research
1a\Y%)
()
NS



wW
C

2.2.3 Influencing the Evolution of Damage in Cold Extrusion

Funding German Research Foundation (DFG)
Project CRC/TRR 188 « Subproject A02
Contact Dr.-Ing. Oliver Hering

Damage in terms of microscopic voids influences the performance of cold
extruded components. It has already been shown that the influence of geo-
metric parameters, such as extrusion strain or shoulder opening angle, on the
load path leads to a change in the microscopically measurable damage. The
separated influence of damage on the performance of the components was
determined by means of measurements of the stiffness E,impact energy,and
the number of cycles to failure in fatigue tests. Damage evolution is reduced
by systematic stress superposition using a counter punch in forward rod
extrusion without changing the geometry of the produced component (see
Figure a). Furthermore, shafts with multiple stages and varying process rou-
tes are investigated. The occurring counter pressure p reduces the triaxiality
nduring forming, resulting in a reduced damage evolution and, thus, improved
product properties. By changing the process route, the damage distribution
can be affected locally (see Figure b).

Impact of counter pressure and process route on damage evolution and resulting product perfor-
mance



2.2.4

Process for Manufacturing Composite Components by a
Combination of Deep Drawing and Cold Forging

Funding German Research Foundation (DFG)
Project 289596321
Contact Johannes Gebhard M. Sc.

The combination of deep drawing and cold forging, the so-called draw-forging
process, enables the production of composite components consisting of an
aluminum core and a steel shell. In this way, the advantages of different ma-
terials, such as the low weight of aluminum and the high strength of steels,
can be brought together appropriately. In the research project the product
range of draw forging is extended by the process variants draw-forging with
a pierced blank (see Figure a) and direct successive draw-forging (see Figure
b).Inthe first variant, perforated circular blanks are used to cover any section
of a shaft. In the second process variant, the metal blank is deep-drawn in
several steps and then extruded together with the aluminum core. The drawing
ratio and the coated length can be increased significantly by successive deep
drawing. Both process variants were successfully carried out experimentally
and first limits for the sheet metal geometries and process parameters were
identified.

a) Draw-forging with pierced blank, b) Direct successive draw-forging



2.2.5

Linear Joining of Profiles with Increased Sealing
Requirements

Funding AiF/Stifterverband Metalle
Project 21048 N
Contact André Schulze M. Sc.

In cooperation with the Laboratory of Materials and Joining technology (LWF)
at Paderborn University, this project investigates the development and im-
plementation of a novel extrusion concept for the production of profiles with
increased sealing requirements for battery housings. Especially in the context
of electromobility, the impermeability of assemblies is of fundamental impor-
tance. The solution to achieve these goals involves a simulation-supported
development of profile geometry, the setting of extrusion parameters, and
local cooling strategies to produce profiles with ideal properties for a
downstream, optimized joining process (see figure). The joining process is to
be realized by forming technology, ideally on the basis of a press stroke. After
the development of corresponding profiles, the resulting impermeability of
the linear joints will be investigated and the results will be evaluated in the
context of the manufacturing and joining process. Initial investigations are
concerned with the profile design by identifying structures suitable for joining.

Design and development of extrusion profiles suitable for joining



2.2.6

Production of Flange-Shaped Components by Cold Forging
of Composite Hot Extruded Semi-Finished Products

Funding German Research Foundation (DFG)
Project 404239924
Contact Patrick Kotzyba M. Sc.

The aim of the project is the development of a process route consisting of
composite hot extrusion with tubular reinforcing elements and subsequent
cold forging to produce flange-shaped components. While the extrusion pro-
cessis carried out at the IUL, the Institute of Metal Forming (IFU) in Stuttgart
isresponsible for further processing of the semi-finished products by means
of lateral extrusion.

Initially, hybrid profiles were extruded from the combination of AAGOBO as
matrix materialand AA7075 as reinforcing element. Figure a shows the cross
sections of extruded semi-finished products utilizing reinforcing tubes with
different initial inner and outer diameters d, and d,. A process window was
determined numerically which shows the process success with regard to the
extrusion ratio and the relative tube outside diameter (see Figure b). Process
errors occur at high values of these parameters. Low values reduce the weld-
quality so that the desired solid-state bonding does not occur.

a) Light microscopy images of three composite profiles, b) Process window of AAB060 — AA7075
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2.2.7 Analysis of Strain Path-Dependent Damage and
Microstructure Development for the Numerical Design of
Sheet-Bulk Metal Forming Processes

Funding German Research Foundation (DFG)
Project CRC/TR 73 « Subproject C4
Contact Florian Gutknecht M. Sc.

Sheet-Bulk Metal Forming (SBMF) enables the near-net-shape production
of components directly from sheet metal. The extent to which an increased
strain rate, e.g. in case of sudden overload, has an influence on failure in
service was investigated on a gear wheel manufactured by BMU (see Figure
a). To this end, a test rig was developed by the Institute for Materials Science
(IW) at Leibniz Universitat Hannover to test the strength of the gearing at
peripheral speeds of 0.012 mm/s and 25 mm/s (see Figure b). Numerically,
the plastic behavior was represented with the Johnson-Cook approach and
the damage development with a criterion according to Lemaitre. The nume-
ricaland microscopic investigations have shown that, regardless of the speed,
the component fails at the same position and in the same way (see Figures ¢
and d). At increased speed, however, the damage in the component is about
25% higher, although the plastic strains are almost identical.

a) Gear wheel, b) Test rig for gear wheel, c) Simulation result, d) Microscopic investigation
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2.2.8

Model Integration for Process Simulation

Funding German Research Foundation (DFG)
Project CRC/TRR 188 « Subproject S01
Contact Alexander Schowtjak M. Sc.

Numerical simulations are used in order to optimally design forming proces-
sesinthe CRC/TRR 188.The prediction of damage in the sense of void fractions
is of special importance for the product performance. In order to predict the
damage realistically,a methodology for model calibration has been developed
based on experimentally measured void fractions. While a similar procedure
for the Gurson-Tvergaard-Needleman-model is already established, this
strategy has been extended to be generally applicable.

The figure depicts the simulation results with the Lemaitre model for a clas-
sical parameter identification process compared to the newly developed
strategy. While there is barely any difference between those curves (see Fi-
gure a), there are large differences in the void evolution D of an air bending
process (see Figure b). The results for the strategy based on void measurements
depict the experimental data well, whereas there are large differences for the
conventional strategy.

a) Results of the parameter identification process, b) Validation in terms of air bending
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2.2.9 Shape Prediction and Improvement for Canning of
Non-Round Tubes

Funding ReCIMP
Contact Dr.-Ing. Till Clausmeyer

Exhaust systems for automobiles are facing increased requirements on uti-
lization of assembly space. Consequently, the demand for non-round tubes
increases. To comply with the required shape tolerances of complex non-
round-tubes, a finite-element model of the forming process chain was crea-
ted. A challenge was to adequately consider unknown or variable process
parameters in the simulation. The chosen approach enabled the prediction
of shape deviation within the required tolerance for different shapes (see
figure). The subsequent filling process (canning) is currently being considered.
Only this filling process turns the formed tubes into an exhaust component.
In this process a stiff ceramic is encased in a soft bearing mat and inserted
into the tube. This results in an undesired deviation of the shape of the pipe
component. Currently, various approaches are being investigated to numeri-
cally map the filling process. The aim is to predict the further change in sha-
pe caused by canning as well as the load on the sensitive inner component.

Continuous prediction of the shape during the canning process chain



2.3

Department of Profile and Sheet Metal Forming

Head Dr.-Ing. Rickmer Meya

The department primarily focuses on the development of new processes for
the forming of profiles, tubes, and sheets as well as on the research of fun-
damentals for known forming processes and on the characterization of ma-
terials at elevated temperatures and strains (see picture).

This year, for example, active media-based profile forming and simultaneous
kinematic bendingin a continuous process using a graded temperature field
was developed as a new process. In the field of fundamental research, the
influence of forming-induced damage on the performance of bent components
is revealed. Further investigations deal with temperature-assisted forming
forimproved process and product properties. Here, the focus is on controlling
product properties in hot stamping and by the use of additively manufactured
press hardening tools as well as profile bending with partial heating. Further-
more, a conventional rotary draw bending machine was prepared as a tele-
operative test laboratory for the application in teaching (see figure).

The pictures show the rotary draw bending machine lab and the conduction of a hot tensile test.
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2.3.1 Damage in Sheet Metal Bending of Lightweight Profiles

Funding German Research Foundation (DFG)
Project CRC/TRR 188 « Subproject A05
Contact Dr.-Ing. Rickmer Meya

Bent parts made of high-strength steel materials are often produced by pro-
cesses such as air or die bending. The stress state and, thus, the damage is
only slightly influenced by conventional process parameters during air bending
so that the so-called RSS bending was developed. This process is able to
superpose compressive stresses in the forming zone in a controlled manner.
Thus,damage can be reduced. The hypothesis that damage control based on
the modification of the hydrostatic stress state can significantly increase the
performance of bent parts in terms of absorbed impact energy, stiffness, and
fatigue strength has been confirmed.To determine the notched impact strength
of bent sheets, a modified specimen with a groove has been developed which
generates a stress concentration directly in the forming zone. Due to the stress
superposition during RSS bending and the resulting reduced damage, the
absorbed impact energy is increased by up to 19% (see figure).

Influence of different bending methods on damage and performance



2.3.2

Property-Controlled Multi-Stage Hot Sheet Metal Forming

Funding German Research Foundation (DFG)
Project 424334660 (SPP2183)
Contact Juri Martschin M. Sc.

To enable a robust and versatile production, a method for the manufacturing
of complex sheet metal components using a controlled, multi-stage, heat-
assisted forming process is being developed in this project. In the closed-loop
demonstrator process (see Figure a) a sheet metal blank is first rapidly hea-
ted and then formed and quenched in three stages in a progressive die. Finally,
essential product properties are measured and fed back to the process
control. The press hardening steel X46Cr13 is used to carry out a heat treat-
ment during the forming process. The setting of the product properties — such
as the hardness - takes place within the process control by adjusting the
heating parameters as well as the number of strokes per minute and ram
curve of the press. Quenching tests are carried out to determine the sensiti-
vity of the selected material to the heating parameters (see Figure b). Hardness
measurements show that the product hardness can be set by varying the
austenitizing temperature T,

a) Demonstration process in the progressive die, b) Quenching test and hardness results

Research
) )

&/



2.3.3 Novel In-Plane Torsion Specimen for the Characterization of
Damage and Hardening

Funding German Research Foundation (DFG)
Project 327544970

Contact Dr.-Ing. Heinrich Traph6ner

Status Completed

One advantage of the in-plane torsion test is the efficient characterization of
the kinematic hardening by evaluating the specimen at different radii. For
planar specimens, however, the strain that can be achieved before the rever-
se of load is limited by the influence of the inner clamping. Specimens with a
groove achieve significantly higher strains, but can only be evaluated in a li-
mited area of the groove. For this reason, a sample is developed that combines
the advantages of both specimen shapes. The figure shows the numerical
simulation of a groove which has been extended by a planar area. The equi-
valent strain decreases with increasing distance from the inner clamping.
With this new specimen shape it is possible to characterize both very high
pre-strains and very low pre-strains on a single specimen. The figure shows
the cyclic stress-strain curves for a high-strength DP600 steel of 2 mm sheet
thickness with pre-strains between 0 and 0.7, which was determined on a
single specimen and with a single experiment.

Numerical simulation and cyclic flow curves for an in-plane torsion test with a planar groove root



2.3.4

Preparing the Standardization of the In-Plane Torsion Test

Funding AiF/FOSTA
Project 21137 N/P1320
Contact Fabian Stiebert M. Sc.

The in-plane torsion test (IPTT) is a material characterization method which
can determine flow curves under pure shearing up to high degrees of defor-
mation. In order to enable a broader industrial use of the IPTT, a standardiza-
tion of the test procedure needs to be established and a test specification
has to be prepared. For this purpose, the influence of different process pa-
rameters as well as the influence of the sample manufacturing and sample
geometry on the test results will be investigated. Based on these results,
suitable test conditions for a standardized test procedure will be defined. By
an analytical examination of smooth clamping surfaces it can be shown that
when using the same clamping force an annular clamping surface can increase
the transmittable torque compared to a full clamping surface. However, due
to the machine-related limitation of the clamping force, this torque is not
sufficient to test materials up to high strains without slipping. For this reason,
different clamping surface geometries are examined in a further step with
regard to their suitability.

Test setup and influences on the results of the in-plane torsion test

41

Research
1a\Y%)
()

NS



42

2.3.5 Analysis of the Application Potential of Roll-Clad MnB-Cr
Steel Composites for Press Hardening

Funding German Research Foundation (DFG)
Project 444548865
Contact Markus Stennei M. Sc.

Press hardeningis used for the production of high-strength components which
are, for example, installed in safety-relevant areas of the automobile. Due to
the high process temperatures, coated sheets must be used as a protection
against oxidation. However, the coatings are not resistant to high temperatu-
res, so diffusion layers must be formed. These require low heating rates and
long holding times. To reduce the process time, the extent to which the coatings
canbereplaced by stainless steel cover plates is being investigated in coope-
ration with the IBF of RWTH Aachen University. An austenitic (1.4301) and a
martensitic stainless steel (1.4021) are being investigated as top layer and
the boron-manganese steel 22MnBb5 as core material. In the next step, these
plates will be materially bonded at the IBF during the rolling process (roll
cladding). The variation of the materials and their layer thickness ratios ena-
bles the production of load-adapted lightweight components. The roll clad
semi-finished products are subsequently evaluated in terms of forming
technology at the IUL.

Potential for improvement in press hardening by using roll-clad semi-finished products



2.3.6

Kinematic Profile Bending with Partial Cross-Sectional
Heating

Funding German Research Foundation (DFG)
Project 408302329
Contact Eike Hoffmann M. Sc.

In this project the suitability of partial heating of asymmetric profiles for the
reduction of geometrical deviations in bending processes is examined. In
conventional bending of asymmetric profiles a deviation of the shear center
position from the bending plane leads to warping in the cross section. To
avoid the effect of warping, L-profiles are partially heated through induction
and quenched using an air-water mixture after the bending process. Conse-
quently, the position of the stress-free fiber and the position of the shear
center changes due to thermal softening in one of the profile areas (see Fi-
gure a). For the geometrical result the forming temperature as well as the
selection of the heated area is relevant. The first research objective is to find
a temperature of the heated area which negates the warping entirely while
not influencing the material properties. To quantify the influence of tempe-
rature on the stress free fiber, numerical and analytical methods are used
(see Figure b).

a) Process principle, b) Analytical and numerical results for stress-free fiber
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2.3.7 Functionalization of Additively Manufactured Hot Stamping
Tools Using Ball Burnishing

Funding German Research Foundation (DFG)
Project 417202720
Contact Anna Komodromos M. Sc.

Hot stamping is used in sheet metal forming in order to use the increased
forming capacity due to high temperatures and the increase in strength due
to quenching. For this purpose, cooling channels, which are usually produced
using machining processes, are integrated into the tools. Within the scope of
the project the development of additively manufactured hot stamping tools
by means of direct energy deposition is intended to enable the channels to
be positioned as close as possible tothe surface. This avoids local overheating
of the tool. Since direct energy deposition creates a very rough, wavy surface,
post-processing is necessary. This is done by means of incremental ball bur-
nishing (see figure). Here, the tool surfaces can be adjusted locally. In this way,
a targeted influence on the heat transfer and the material flow during hot
stampingis to be achieved. Initial studies of ball burnishing additively manu-
factured surfaces show that the high roughness can be reduced by up to 75%,
depending on the hardness of the tool steel powder.

Process steps for additively manufactured and ball-burnished hot stamping tools



2.3.8

Characterization of Fracture Resistance of Optimized
Ferritic and Bainitic Steel Grades with Special Focus on
Shear Loading

Funding ReCIMP
Contact Dr.-Ing. Rickmer Meya

Car seat components are often subjected to shear loads. Based on the aniso-
tropy of the material and the type of shear test, a high deviation is observed
in the shear fracture strain. With the aim to understand this deviation, the
shear fracture resistance of a ferritic (S700MC) and a bainitic (HBS800) steel
is determined using five different specimen geometries (see Figure a), while
also considering their rolling direction. Additionally, numerical stress triaxi-
ality investigations for four of these geometries show that, apart from the IPT
specimen, the SMF specimen was the only geometry showing an almost
ideal shear behavior during the test (n=L=0) (see Figure b). Experimentally, it
is determined that HBS800 shows high anisotropy with the fracture strain
being lower in the diagonal direction compared to the longitudinal (see Figu-
re c). Up next, investigations to correlate the results with the triaxiality variance
aswellasavalidationusinganindustry partare planned. Further, the influence
of the equipment as well as the operator on the results has been analyzed
(see Figure d).

a) Tested geometries, b) Triaxiality distribution, Influence of ¢) Anisotropy and d) Test conditions
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2.3.9 Media-Based Profile Shaping and Kinematic Bendingin a
Continuous Process Using a Graded Temperature Field

Funding BMWi/ZIM-ZF
Project ZF4101119US9
Contact Mike Kamaliev M. Sc.

The production of thin-walled, load-adapted, and cuved profiles has a high
potential for safety-relevant structures in automotive applications. Current-
ly, there is no process enabling all these aspects in one manufacturing step.
In cooperation with the company HoDforming, the temperature-assisted in-
ternal-pressure profile-forming (TIP process) is being investigated for this
purpose (see Figure a). A profile is subjected to internal pressure and pushed
through a forming die. By inductive heating of the semi-finished product, the
yield point of the material is reduced locally so that the internal pressure
expands the profile in this area. A cooling unit is used to achieve variable
thermal treatment along the longitudinal axis, while the profile is formed by
a bending tool. The feasibility of the process has already been proven expe-
rimentally (see Figure b). Analytical and empirical approaches enable the
establishment of a process window with regard to temperature, flow behavi-
or,and the pressure required for plastic expansion (see Figure c).

a) Process principle, b) Experimental implementation and ¢) A process window for the expansion



2.4

Department of Non-Conventional Processes

Head Marlon Hahn M. Sc.

This research department focuses on technologies that offer advantages over
traditional forming operations, such as extended forming limits or an incre-
ased production flexibility. These processes are either very new or challenges
regarding a wide industrial adoption still exist and should be overcome. Cur-
rent projects deal, for example, with different high speed processes, joining
of hybrid material systems by forming, targeted enhancement of a part’s fatigue
strength through adjusted incremental forming as well as with novel appli-
cations of additive manufacturing, like the improvement of the prototyping
technology of layer-laminated deep drawing tools or the forming of innovati-
ve three-dimensional high performance structures (cf. figure background).
Within all these research projects, both numerical and analytical methods as
well as up-to-date experimental measuring techniques are employed to fa-
cilitate a fundamental process understanding. This way, further potentials
and scientific questions can be identified. The team consists of eight resear-
chers at present (see figure).

Animated image of the department during the pandemic
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2.41 Forming of Additively Manufactured Sandwich Sheets with
Optimized Core Structures

Funding German Research Foundation (DFG)
Project 317137194
Contact Stephan Rosenthal M. Sc.

In cooperation with the Institute for Product Engineering of the University of
Duisburg-Essen additively manufactured sandwich sheet composites with
core structures optimized for forming are developed. The semi-finished core
structures must withstand a forming operation without losing their structural
integrity. The aim of the second funding period is the production and charac-
terization of large-area semi-finished sandwich products. This is intended to
overcome the currently prevailing space restrictions for additively manufac-
tured components. In order to manufacture the semi-finished products,
suitable joining methods (material- or form-fit; see figure) for connecting the
additively manufactured core and the rolled top layer must be developed and
tested. To further increase the formability of the semi-finished products, a
new type of highly ductile TWIP steel is to be qualified as part of the project.
To furtherincrease performance, the structures will also be adapted by means
of topology optimization.

Concept for joining and manufacturing large-area semi-finished sandwich products



2.4.2

Automated Joining and Non-Destructive Testing of Tube-
Fitting-Joints (AutoFit)

Funding BMWi/DLR
Project 20W1905C
Contact Florian Weber M. Sc.

The research in this project is designed as a collaborative joint project with
the partners PFW Aerospace, Steitz Prazisionstechnik, and Fraunhofer IZFP.
Within the scope of the IUL subproject the use of contactless joining by forming
processes for hybrid metal-thermoplastic force- and form-fit connectionsin
aerospace applications is investigated. Joining by die-less hydroforming as
well as electromagnetic joining by expansion is taken into consideration, in-
cluding a possible integration of corresponding non-destructive testing
methods. Besides the significantly different material behavior of the joining
partners, the specific requirements of the aerospace industry pose funda-
mental challenges for the novel joints to be developed. These are, for examp-
le, the prevention of a kerosene leakage and the necessity of a well-defined
electrical conductance of the joint in the event of a lightning strike. Current
investigations focus on the time-dependent material characterization of the
different joining partners.

Creep behavior of polycarbonate determined by tensile tube test
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Reducing the Stair Step Effect for Dies Manufactured by
Layer-Laminated Manufacturing by Additive and Formative
Post-Processing

Funding German Research Foundation (DFG)
Project 426515407
Contact Hamed Dardaei Joghan M. Sc.

The aim of the project is to develop a resource-efficient process chain for the
flexible manufacturing of dies for deep drawing processes. The corresponding
high-volume base body of the die is manufactured in a fast and cost-efficient
way from varying single sheet metal layers. The occurring ‘stair steps, which
always result from the layering of the sheets, are to be filled subsequently by
laser powder deposition (LPD) and, eventually, the active die areas are to be
smoothed through roller burnishing employing different strategies. In this
context, the weld seam as well as the bonding quality to the sheets has to be
characterized thoroughly. An analytical description is supposed to ease the
design process for the layer-laminated tool. The fundamentals developed are
transferred todrawingtools of different complexities and examined in forming
tests with regard to the achievable component quality and wear development.
Finally, a technological, economic, and energetic evaluation is carried out.

Process chain of manufacturing a hybrid deep drawing tool



2.4.4

Application and Analysis of Adiabatic Blanking

Funding German Research Foundation (DFG)
Project 428780322
Contact Fabian Schmitz M. Sc.

Due to its high local rate of deformation ( €> 10* s') and short process time
(t < 2 ms), adiabatic blanking exhibits temperature-induced softening. This
localizes the plastic strain and leads to a compression-shear stress in the
cutting gap. Compared to the conventional blanking process, this resultsin a
high blanking quality and the formation of adiabatic shear bands (dynamic
recrystallization). Depending on the blanking geometry (see Figure a), this
stress state can also alter in adiabatic blanking. By adapting the boundary
conditions,a homogeneous loading is to be achieved over the circumference.
Forthis purpose, simulative predictions of local effects are required for which
existing methods are continuously extended. For example, the determination
of the onset of failure is improved by new temperature-dependent failure
criteria, which are determined by dynamic characterization tests (see Figure
b). The project is conducted in cooperation with the Institute of Materials
Science and Engineering (LWW) at Chemnitz University of Technology.

a) Stress state during the process, b) Modeling of temperature-dependent failure
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2.4.5 Improvement of Product Properties by Selective Induction of
Residual Stresses in Incremental Sheet Metal Forming

Funding German Research Foundation (DFG)
Project 372803376 (SPP 2013)
Contact Fabian Maaf3 M. Sc.

The aim of the second funding period of the priority program is to improve
metal component properties through forming-induced residual stresses. In
collaboration with the department of Metallic Materials of TU Berlin Univer-
sity the Single Point Incremental Forming (SPIF) process is analyzed with
regard to the targeted adjustment of residual stresses. The potential of influ-
encing the residual stresses in a specific way through the forming process
was proven in the previous funding period. Based on a numerical process
model (see Figure a), a SPIF process enhancement using a flexible polyure-
thane die is established (see Figure b). This process enhancement even
enables an introduction of compressive residual stresses at the tool side of
the component (see Figure c). Eventually, the fatigue strength of cyclic loaded
components is to be increased through the targeted SPIF-introduction of
residual stresses. The research also considers the influence of disturbance
values on the residual stress generation.

a) Numerical process model, b) Process set-up, ¢c) XRD measurement results



2.4.6

Forming by Locally Varying Vaporizing Actuators

Funding German Research Foundation (DFG)
Project 391967465
Contact Marlon Hahn M. Sc.

Discharging a capacitor bank over an Al foil leads to the foil’s rapid vaporiza-
tion (called vaporizing actuator) so that the resulting pressure — depending
on the actuator placement - can be used for a locally flexible sheet metal
forming operation.Aiming at a predictive process design, a two-step approach
for the establishment of a multi-physical modeling exists. The electrical
energy deposition until the so-called burst point was already investigated
numerically as well as analytically. The burst energy density corresponds to
a certain impulse pressure, by which the strain rate-dependent forming is
modeled in the second step. Regarding a spatially complete simulation, a
meshless method is considered for the expanding foil actuator. Yet, in a sim-
plified code the sheet blank has first been expressed as a “plastically con-
nected mass chain” (chain model in figure), loaded by a pre-defined impulse
over the vaporization region of the actuator. Measurements employing Photon
Doppler Velocimetry (PDV) validate the inertia-caused dynamics of the forming
history (see figure).

Exemplary comparison between experiment and simplified forming model
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2.4.7

Optimized Working Coil Windings for Electromagnetic
Forming Employing Additive Manufacturing Techniques

Funding German Research Foundation (DFG)
Project 259797904
Contact Siddhant Prakash Goyal M. Sc.

In collaboration with the Institute of Machine Tools and Factory Management
of TU Berlin the final funding period of the project is conducted with the ob-
jective of developing hybrid (multi-metallic) additively manufactured coils for
the process design for electromagnetic forming. The current focus of research
atthelULisonthe development of a hybrid coil for the reduction of the achie-
vable corner radius of deep-drawn parts (see Figures a, b). Due to the com-
plicated geometry of the hybrid coil,an assembly-based solution is proposed
which provides additional flexibility to the coil use. Moreover, the prevention
of plastic deformation of the coils is investigated with the introduction of steel
support structures. By the help of side supports, a hydrostatic pressure inthe
coil is applied, minimizing undesired plastic deformation (see Figures c, d).
Validated numerical and analytical analyses facilitate the design procedure
of the novel hybrid coils for the ensuing experimental realization.

a) Assembly-based coil, b) Corresponding ring element, c) Coil cross section, d) Deformation
analysis



2.4.8 Fundamental Research and Process Development for the
Manufacturing of Load-Optimized Parts by Incremental
Forming of Metal Sheets — Incremental Sheet-Bulk Metal
Forming (iSBMF)

Funding German Research Foundation (DFG)
Project CRC/TR 73 « Subproject A4
Contact Sebastian Wernicke M. Sc.

The main objective is the manufacturing of geometrically complex components
from sheets with integrated functional elements by incremental forming.
After adjusting the load capacity by thickening of the edge (see Figure a) the
calibration of functional elements follows. As a fundamental question, it has
to be investigated whether the strain paths resulting from different process
strategies are usable for a targeted manipulation of the mechanical product
properties. Numerical investigations of the iISBMF processes present cyclic
load changes. Measurements of the resulting hardness reveal that iISBMF is
not able to transform the strain hardening potential of the material observed
in material characterization with monotonous loading. The consideration of
cyclic strain hardening by a simplified modeling approach increases the
quality of the force prediction by 55% compared to utilizing flow curves de-
termined during monotonous loading (see Figure b). Therefore, taking kine-
matic hardening into account is identified to be essential for the numerical
process design of iSBMF.

a) Schematic of experimental setup, b) Resulting forming force comparison
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2.4.9 Incremental Sheet-Bulk-Metal Forming by Application of
Thermally-Controlled Grading Mechanisms

Funding German Research Foundation (DFG)
Project CRC/TR 73 « Subproject TO4
Contact Stephan Rosenthal M. Sc.

A challenge of incremental sheet bulk metal forming is to achieve a uniform
edge thickness distribution from the sheet edge to the center of the sheet. By
means of thermally graded forming, the flow stress needs to be reduced locally
in order to be able to influence the axial material flow in a targeted manner.
With this strategy a homogenization of the thickened sheet height shall be
achieved. The transfer project is being carried out in cooperation with the
industrial partners Winkelmann Powertrain Components GmbH, Thyssenkrupp
Hohenlimburg GmbH, Faurecia Seatings GmbH, and Voestalpine High Perfor-
mance Metals Germany GmbH. Investigations intending to identify suitable
process control strategies have shown that inductive heating is a promising
approach for setting a sharp temperature gradient. In addition to the thermal
grading, cryogenic cooling with temperatures down to -80°C is planned to be
used. Thus, a further change of the yield stress in the outer boundary region
of the sheet should be achieved.

a) Inductive heating with thermographic image, b) Possible cryogenic cooling setup



2.4.10 Forming Technologies for Metallic and Hybrid Lightweight
Structures for the Use in Electromobility

Funding BMBF/PTKA « Promotion Platform FOREL 2
Project 02P16Z011

Contact Fabian Schmitz M. Sc.

Status Completed

The partners within this coordination project of the University of Dresden,
Bergakademie Freiberg, University of Paderborn, University of Munich, and
TU Dortmund University dealt with topics on future mobility, particularly re-
garding numerical predictive ability and lightweight construction. The project
focused on the further development of existing processes as well as the
identification of new fields of research for specific problems and fields of
application of electric mobility. On the basis of expert interviews and studies
an interdisciplinary guide was created in the last phase of the project, which
isdivided into four sections (see Figure: joining technology, numerical predict-
ability, recycling, lightweight technology). It corresponds to the final milestone
of the project and shows a vision for the specialized fields involved for the
year 2030+, derives a roadmap for the next 10 years, and provides specific
recommendations for funding and guidance to achieve the vision.

Material flow of a production chain as well as thematic allocation of the FOREL guide
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2.411 Process Combination of Incremental Sheet Forming and
Laser Powder Deposition for Lightweight Manufacturing

Funding German Research Foundation (DFG)
Project 385276922

Contact Marlon Hahn M. Sc.

Status Completed

The aim of this project was the analysis of the process combination of incre-
mental sheet forming (ISF) and additive manufacturing (AM) in the form of
laser metal deposition (LMD) with respect to their fundamental interactions.
The investigations focused on the effects of ISF having an influence on the
application of functional additive elements. The incrementally formed sheet
metal served as thin substrate for the ensuing LMD process. Besides a process
window for the additive material deposition itself, including corresponding
path strategies, the influence of the ISF step-down incrementation and inc-
lination angle on the qualitiy of the additive deposition was analyzed (see
figure). In this context, despite some inherent restictions, the process com-
bination appeared to be relatively robust with regard to the abovementioned
variations. Furthermore, the bonding strength between the deposited mate-
rial and the sheet substrate was tested under tensile and torsional loading
and failure always occurred in the thin sheet instead of in the welded region.

AM-deposited material and dilution with (40°) and without (0°) inclination from ISF



2.4.12 Crash Forming of Structured Sheets with Wall Thicknesses

Less Than 0.8 mm

Funding ReCIMP
Contact Florian Weber M. Sc.

The introduction of defined three-dimensional structures into sheet forming
has several advantages compared to flat sheets. The increase in heat trans-
fer due to an expansion of the surface, an improved moment of inertia as well
as the decrease in noise and the possibility of shock absorbency can be
mentioned exemplarily. Within the scope of this ReCIMP project the applica-
tion of structured ferritic chromium steel sheets for exhaust system insula-
tion is investigated. To ensure a robust manufacturing process, the deep
drawing of the sheets is analyzed numerically. Therefore, the experimental
determination of the forming limit is necessary (see Figure a). Besides the
Nakazima test, the principal strains are determined by tensile tests with
grooved specimens. Due to the inhomogeneity of the three-dimensional
structure (see Figure b), the strain distribution depends on the rolling direction
of the sheets as well as the positioning of the grooves. This leads to a scatte-
ring in the forming limit diagram.

a) FLC determination via tensile tests and optical strain measurement. b) Example of a structured
sheet
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2.5

2.5.1

Patents

Granted Patents

Title Device and method for producing non-porous profiles from
separation residues by means of extrusion

Application number EP2809461

Patent holder TU Dortmund University

Status Granted July 29, 2020

Inventors A.E.Tekkaya « V. Guley

Title Process for the production of thermoplastic fiber-metal

laminate components by means of forming processes and
correspondingly produced fiber-metal laminate components

Application number DE102014001132

Patent holder Karlsruhe Institute of Technology
TU Dortmund University
Status Granted September 3, 2020
Inventors A.E.Tekkaya « N. Ben Khalifa « A. Glner

T.Mennecart « A.Rosner « K. André « F. Henning
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2.5.2 Published Patents

Title

File number
Patent holder
Status
Inventors

Title

File number
Patent holder
Status
Inventors

Title

File number
Patent holder
Status
Inventors

Device and method for the conduction of compression tests
on specimens to characterize materials as well as correspon-
ding test specimens

DE102019001442 A1

TU Dortmund University

Filed September 3, 2020

F. Kolpak « O. Hering « A. E. Tekkaya

Method and device for producing profiled cross-sections from
metals and plastics by means of extrusion molding and
extrusion

PCT/DE2019/000058

TU Dortmund University

Filed September 10, 2020

J.Gebhard « A. E. Tekkaya « M. Stommel
N.Ben Khalifa « T. Kloppenborg « A. Schulze
C.Dahnke « F. GUnther

Process for the production of composite parts by combination
of sheet expansion, deep drawing, and forward rod extrusion

DE102019002851.1 A1

TU Dortmund University

Filed October 22,2020

O.Napierala « M. Izydorczyk « O. Hering
C.Dahnke « A. E. Tekkaya
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2.5.3 Filed Patents

Method and Device to Produce Metallic Specimens with
Known Plastic Strain for Material Characterization

Application number DE102020005670

Patent applicant TU Dortmund University

Status Filed

Inventors 0. Hering « F. Kolpak ¢ A. E. Tekkaya

The invention concerns a novel process for the production of specimens made
of metallic materials with known plastic pre-strains for the characterization
of sheet materials. By using multiple test specimens with various known
plastic pre-strains, flow curves with strains of up to 1.7 and higher can be
generated. A pre-strained sheet metal test specimen is produced by placing
a sheet between two solid semi-cylinders and then jointly extruding it by
forward rod extrusion at room temperature. Due to the high hydrostatic pres-
sure, the sheet specimens can reach the required large plastic pre-strains.
The pre-strained sheet specimens are then removed from the half cylinders
and tensile test specimens are cut from the formed sheets (e.g. by laser cut-
ting). Conventional tensile tests on the pre-strained test specimens then
allow for the determination of the flow stress up to true strains of 1.7.

Process principle of sheet extrusion to produce sheet specimens with large known pre-strains



Process and Device for High Speed Forming of Sheet Metals

Application number DE102020006753.0

Patent applicant TU Dortmund University

Status Filed

Inventors M. Hahn « S. Rosenthal « A. E. Tekkaya

The invention relates to a novel concept for the die design in high speed forming
applications. The aim is to safe or directly reuse as much tool material as
possible. In conventional forming processes, massive solid tools (e.g. made
of steel) are needed, whose geometry depends on the specific part. This is
neither flexible nor efficient for individual parts, as e.g.in medical engineering.
In the present case, the part shape is only governed by a thin shell preferab-
ly made of plastic and manufactured additively. This shell is backed by a so-
called shear thickening fluid (STF, see figure on the left), which can be easily
transferred before and after the forming operation. In high speed forming, the
blank hits the tool shell very dynamically. This,in turn,almostinstantly causes
the STF to briefly act like a solid - depending on the strain rate - through a
significantly increasing viscosity. Consequently, the forming forces are sup-
ported by the ‘activated’ STF (see figure on the right). This way, the shape-
defining tool shell basically just acts as a cheap pressure transfer layer.

Schematic sketch of the impact-activated fluid-solid tool concept
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3 Further Activities

3.1 Awards

“Best Short Paper Award” REV2020

At the 17" International Conference on Remote Engineering and Virtual In-
strumentation, held from February 26 to 28 at the University of Georgia in
Athens, USA, the ELLI2 team was awarded the Best Short Paper Award for its
paper “Remote Lab to Illustrate the Influence of Process Parameters on Prod-
uct Properties in Additive Manufacturing” The submission, mainly written by
Mr. S. Upadhya and presented by Mr. J. Grodotzki, deals with the conceptual
design,development,and implementation of a remote lab focusing on process
parameters in additive manufacturing. Both IUL staff members are part of the
ELLI team. The developed laboratory will be made accessible to students of
TU Dortmund University in the future, so that they can familiarize themselves
with the influence of different process parameters on the component proper-
ties during the additive manufacturing process of selective laser melting.

Joshua Grodotzki (left) and Alessandro Selvaggio, members of the ELLI team, receiving their
award certificate
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TU Dortmund University honors IUL employee Rickmer Meya with
dissertation prize

The Rectorate of TU Dortmund University honors authors of excellent dis-
sertations written at TU Dortmund University with its dissertation prize. Only
17 winners are awarded each year. Rickmer Meya, head of the department of
profile and sheet metal forming at the IUL, received his award at TU Dortmund
University’sannual academic celebration on December 16. Unfortunately,due
to the protective measures against the coronavirus, the festivities could not
be celebrated on a large scale as usual.Alternatively, the speakers presented
video messages on the TU Dortmund University website. Mr. Meya also re-
corded a short acceptance speech.

Rickmer Meya obtained his doctorate as a member of the Collaborative Re-
search Center TRR 188 “Damage-Controlled Forming Processes” on the sub-
ject of “Damage-controlled sheet metal bending by means of compressive
stress superposition” In his thesis, he shows that forming-induced damage
has a decisive influence on the crash behavior, the cyclic properties, and the
stiffness of bent components. In addition, with the so-called “bending with
radial stress superimposition”, he develops a process that applies adjustable
stress superposition during the bending process and thus leads to reduced
void area fractions.

Screenshot of the acceptance speech by Mr. Meya at the digital annual celebration
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3.2

Participation in National and International
Organizations: Prof. Dr.-Ing. A. Erman Tekkaya

Honors

Honorary Professor of Xi’an Jiaotong University

Memberships of Research Boards

acatech — Member of the “German Academy of Science and Engineering”
(“Deutsche Akademie der Technikwissenschaften”)

AGU - Chairman of the “German Metal Forming Association” (“Wissen-
schaftliche Arbeitsgemeinschaft Umformtechnik”)

CIRP - Fellow of “The International Academy for Production Engineering”
Council member of the “European Society of Experimental Mechanics”
Curatorship member of “KARL-KOLLE Stiftung”, Dortmund, Germany
DGM - Member of “Deutsche Gesellschaft fur Materialkunde”

FOSTA — Member of the Advisory Board of the “German Steel Federation”
(“Forschungsvereinigung Stahlanwendungen e.\.")

GCFG - Member of the “German Cold Forging Group”
I2FG — Member of the “International Impulse Forging Group”
ICFG — Member of the “International Cold Forging Group”

ICTP — Advisory Member of the Standing Advisory Board of the “Interna-
tional Conference on Technology of Plasticity”

JSTP - Member of the Uapan Society for Technology of Plasticity”
Member of “DGM-Regionalforum Rhein-Ruhr”

MPIE = Member of the Scientific Advisory Board of the “Max-Planck-
Institut fur Eisenforschung” (until September 2020)

Vice president of the German consortium of “Turkisch-Deutsche
Universitat” (Turkish-German University)

WGP — Member of the “German Academic Society for Production
Engineering” (“Wissenschaftliche Gesellschaft fir Produktionstechnik”)

Journals/Editorship

Editor-in-Chief, “Advances in Industrial and Manufacturing Engineering
(AIME)” (Elsevier)

Deputy Editor, “Elsevier Series in Plasticity of Materials”
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Chairman of the Editorial Committee, “CIRP Annals”

Member of the Editorial Board, “CIRP Journal of Manufacturing Science
and Technology” (Elsevier)

Member of the Editorial Board, ‘Journal of Production Processes and
Systems”

Member of the Editorial Board, “Materials”

Member of the International Advisory Committee, “International Journal
of Material Forming” (Springer)

Member of the Scientific Editorial Board, “Computer Methods in
Materials Science”

Member of the Scientific Editorial Board, “International Journal of
Precision Engineering and Manufacturing”

Member of the Scientific Editorial Board, “Romanian Journal of Techni-
cal Sciences — Applied Mechanics”

Further Memberships

Chairman of the Scientific Committee, “The International Conference on
High Speed Forming 2021” (ICHSF21)

Member of the Advisory Committee, “The 13" International Conference
on the Technology of Plasticity” (ICTP 2021), Columbus, USA

Member of the CIRP Communication Committee

Member of the Scientific Committee, “International Deep Drawing
Research Group 2020” (IDDRG), Busan, South Korea

Member of the Scientific Committee, “International Deep Drawing
Research Group 20217 (IDDRG), Lorient, France

Member of the Scientific Committee, “The 12™ International Conference
and Workshop on Numerical Simulation of 3D Sheet Metal Forming
Processes” (NUMISHEET 2021), Toronto, Canada

Member of the Scientific Committee, “The 31" CIRP Design Conference
20217 Enschede, The Netherlands

Member of the Standing Advisory Board, “The 13" International Confer-
ence on the Technology of Plasticity” (ICTP 2021), Columbus, USA

Further Activities
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Activities as Reviewer
In Scientific Committees

« AiF - Arbeitsgemeinschaft industrieller Forschungsvereinigung “Otto
von Guericke”e. V.

» Bayerische Forschungsstiftung, Munich, Germany

« CIRP - International Academy for Production Engineering

» DFG - German Research Foundation, Member of Fachkollegium 401
(Review Board on Production Engineering)

« ESF College of Expert Reviewers

« The Ohio State University, USA

« University of Cyprus

 University of Lisbon, Portugal

« WGP - German Academic Society for Production Engineering
- Xi'an Jiaotong University, China

For Journals

+ Acta Materialia

» Advanced Manufacturing Technology

« Applied Mathematical Modelling

« Archive of Applied Mechanics

« ASME - Journal of Manufacturing Science and Engineering
+ CIRP Annals - Manufacturing Technology

« Computational Materials Science

« Computer Methods in Applied Mechanics and Engineering
» Engineering Applications of Artificial Intelligence

« Engineering Computations

« Engineering with Computers

+ Forschungim Ingenieurwesen

« HTM Journal of Heat Treatment and Materials

« International Journal for Numerical Methods in Engineering
« International Journal of Advanced Manufacturing Technology

( (

( (
+ International Journal of Damage Mechanics
« International Journal of Machine Tools and Manufacture
( (

« International Journal of Material Forming

Further Activities
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International Journal of Materials and Product Technology

International Journal of Mechanical Engineering Education

(

(
International Journal of Mechanical Sciences
International Journal of Mechanics and Materials
(

(

International Journal of Precision Engineering and Manufacturing

International Journal of Solids and Structures

Journal Material Characterization — An International Journal on
Materials Structure and Behavior

Journal of Applied Mathematical Methods

Journal of Computational and Applied Mathematics
Journal of Manufacturing Processes

Journal of Manufacturing Science and Engineering

Journal of Materials Processing Technology

Journal of Mechanical Engineering

Journal of Pressure Vessel Technology

Journal of Production Engineering

Manufacturing Letters

Materials

Materials & Design

Materials and Manufacturing Processes

Materials Science and Engineering A

Mechanics of Materials

Simulation Modelling Practice and Theory

Steel Research International

Strain: An International Journal for Experimental Mechanics
Surface and Coatings Technology

The International Journal of Advanced Manufacturing Technology

ZWEF Zeitschrift fur wirtschaftlichen Fabrikbetrieb

Further Activities
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3.3 Participation in National and International
Organizations: Prof. Dr.-Ing. Dr. h.c. Matthias Kleiner

Scientific Academies

« Academia Europaea

+ acatech — Council of Technical Sciences of the German Academy of
Science and Engineering

« Berlin-Brandenburg Academy of Science and Humanity

+ CIRP —The International Academy for Production Engineering
« German Academy of Natural Scientists Leopoldina

» European Academy of Sciences and Arts

 Indian National Science Academy

» Russian Academy of Engineering

« Swiss Academy of Engineering Sciences

Advisory Boards

+ Global Learning Council, Chair
+ Open Science Policy Platform

+ STS Council and Board - STS-Forum Science and Technology in Society,
Japan

« Member of the Supervisory Board Futurium gGmbH
+ Advisory Committee Japan Science and Technology Agency (JST) Tokyo

+ Board of Trustees, Max Planck-Institute of Molecular Cell Biology and
Genetics, Dresden

« International Advisory Board for the Development of Competence
Centers on Artificial Intelligence Research in Germany, chair

+ Member of International Advisory Board of Moonshot R&D at Japan
Science and Technology Agency (JST) Tokyo

University Advisory Boards

+ Chairman of the University Council, Johann Wolfgang Goethe-University,
Frankfurt

 Board of Trustees, TU Berlin
+ Board of Trustees, Julius Maximilian-University Wurzburg



- International Advisory Board Faculty of Engineering, Twente University
+ Board of Govenors Jacobs University Bremen gGmbH

Foundation Advisory Boards

« Board of Trustees, Deutsche Telekom Foundation
 Scientific Advisory Board, Fritz Thyssen Foundation

« Scientific Advisory Board of the Excellence Initiative Johanna Quandt -
Charité Foundation

+ Advisory Board, Werner Siemens-Stiftung, Switzerland

Professional Chairs

+ AGU - Working Group on Forming Technology
+ WGP - German Academic Society for Production Engineering
« Board of Trustees, FOSTA Research Association for Steel Application

Consultant and Advisory Board

« Tang Prize International Advisory Board, Taipei
« Member of the Jury for the “Deutscher Innovationspreis”

« Member of the Jury of the Georg von Holtzbrinck Prize for Science
Journalism

» Board of Trustees of the “Zukunftspreis” of the Federal President
Cooperation

Cooperation Advisory Boards

+ Advisory Board, ALHO Holding
« Advisory Board, Siepmann Werke
+ Advisory Board, Winkelmann Group

Further Activities
2\Y%)

=

&/ Q:?/






International Exchange







79

International Exchange

Research Stay of Yasuhisa Taki

The Japanese visiting researcher Yasuhisa (“Yasu”) Taki investigated the be-
havior of steeland aluminum during cold forward rod extrusion from Septem-
ber 2019 until September 2020. His research ideas originate from his Kobe
Steel colleagues'visitat IlULin April 2019. He was inspired by research results
on damage in cold forward rod extrusion from CRC 188 and developed ex-
perimental set-ups, which allowed drawing conclusions on the deformation
behavior based on metallographic analyses. His stay took place in the context
of alarger cooperation with Kobe Steel. Finite-element simulations delivered
information on the stress states, which could be critical during cold forward
rod extrusion. Mr. Taki collaborated closely with the IUL colleagues Sven Luk-
ies (metallography), Robin Gitschel, and Dr. Oliver Hering (both bulk forming)
as wellas Dr.Till Clausmeyer (Chief Engineer for Research). The collaboration
offered the opportunity for the Department of Bulk Metal Forming to compare
results for cold extrusion from CRC 188 with examples from industrial practice.
Parts of the experiments were performed together with colleagues from the
Institute of Metal Forming at RWTH Aachen University. Mr. Taki and his wife
had decided to complete their stay in Dortmund as planned even though there
were many restrictions due to the coronavirus pandemic, in particularin March
and April. The Porsche cars enthusiast and passionate jazz trumpeter par-
ticipated in joint non-academic activities such as intercultural seminars and
visits to football games in the Westfalenstadion.

a) Principal sketch of full forward extrusion and b) icrograph of a steel specimen, ¢) Yasuhisa Taki
and Till Clausmeyer after a joint lunch

International Exchange
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G-CADET: International Exchange Program with Gifu University

The G-CADET exchange program with Gifu University aims to expand interna-
tional cooperation in engineering sciences. In 2020, the IUL sent Mr. Fabian
Stiebert toJapan for a research visit. There he performed research under the
supervision of Prof.Y.Yoshida, head and coordinator of the exchange program
at Gifu University, between November 2019 and February 2020 as a team
member of the ,Wanglab® Together with the doctoral candidate A. Kutsukake
and the studentT.Ishiguro, Mr. Stiebert investigated the influence of different
process parameters on the additive
manufacturing of components made of
TIGAL4V titanium alloy. In addition, Mr.
Stiebert participated in a course at the
»Center for Advanced Die Engineering and
Technology® inwhich a multi-stage die was
developed foracomponent usedin mobile
communications. After the process simu-
lation and the resulting design, the com-

G-CADET exchange student Fabian ponents were manufactured, assembled
Stiebert assembling the conveyor of a and tested.
multi-stage die set.

Visiting Student of the Colorado School of Mines

The American master’s student Stuart Shirley from the Colorado School of
Mines was a guest at the UL for a period of two weeks in February. Mr. Shirley
is very interested in forming technology and, in addition to his studies at the
Colorado School of Mines, runs his own forge (classic with hammer and anvil).
He visited the IUL on his own initiative as part of a Europe trip, during which
he stayed at various stations with a background in metal forming. Contact to
the IULwas made by Prof. Kester Clarke. During his time at the IUL, Mr. Shirley
dealt with the process combination of extrusion and deep drawing, as well as
incremental sheet metal forming.

International Exchange
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5 Technical Equipment

Presses

Adiabatic blanking machine, AdiaClip 1000 J, MPM Emalec

Blanking and forming press with servo drive, 4000 kN,
Schuler MSD2-400

C-frame eccentric press, 630 kN, Schuler PDR 63/250

Extrusion press 10 MN (direct), suitable for curved profile extrusion,
SMS Meer

Extrusion press 2.5 MN, Collin, LPA 250 t
Hydraulic drawing press, 10 MN triple action, M+W BZE 1000-30.1.1
Hydraulic drawing press, 1000 kN, HYDRAP HPSZK 100-1000/650

Hydraulic drawing press, 2600 kN, triple action,
SMG HZPUI 260/160-1000/1000

Press for working media-based sheet metal forming, 100 MN, SPS

Further Forming Machines

CNC rotary draw bending machine, DB 2060-CNC-SE-F,
transfluid Maschinenbau GmbH

DMU 50 - 5-axis milling maschine, DMG Mori

Hydraulic punching machine TruPunch 5000, 220 kN,
TRUMPF Werkzeugmaschinen GmbH & Co. KG

Machine for electromagnetic forming, 1.5 kJ,
PPT SMU 1500 (recuperationable), self-built at IUL

Machine for electromagnetic forming, 32 kJ, Maxwell Magneform 7000
Machine for electromagnetic forming, 6 kd, Poynting SMU 0612 FS
Machine for incremental profile forming, self-built at UL

Machine for incremental tube forming, IRU2590,
transfluid Maschinenbau GmbH

Multi-axes forming press, five axes of motion up to 100 kN, prototype,
Schnupp

Press brake, 1300 kN, TrumaBend V 1300X
Profile bending machine TSS-3D, self-built at lUL
Roll forming machine RAS 24.10, Reinhardt Maschinenbau GmbH

Technical Equipment



86

« Spinning machine, Leifeld APED 350NC, CNC Siemens 840 D
+ Swivel bending machine, FASTI 2095

Additive Manufacturing Machines
« Combined 5-axis machining and laser deposition welding center,
Sauer/DMG MORI Lasertec 65 3D

« FDM-based 3D printers for thermoplastic materials (2x Ultimaker 3,
1x Ultimaker 3 Extended, 1x Creality Ender 5)

- Powder bed machine for additive manufacturing,
DMG MORI Lasertec 30 SLM

Material Testing Machines

« Plastometer, 1 MN, self-built at IUL

» Roughness Tester Marsurf XR1, Roughness measuring station with drive
unit GD26, Mahr

+ Servo-hydraulic testing machine with HT-resistance heating system up
to 1200 °C and protective gas vacuum chamber,
Walter + Bai LFV-100-HH

« Sheet metal testing machine, 1000 kN, Zwick BUP1000
« Sheet metal testing machine, 200 kN, Erichsen 142/20
+ Testrig for the in-plane torsion test, self-built at IUL

« Universal testing machines (1x 10 kN Erichsen, 1x 100 kN Zwick,
4x 250 kN Zwick)

Measurement Technique and Electronics

» 3D-coordinate measurement machine, Zeiss PRISMO VAST 5 HTG
(in cooperation with the Institute of Machining Technology,
TU Dortmund University)

« 3D-video measuring system, Optomess A250
+ 3MA-II measurement system, Fraunhofer IZFP

« Density measurement system,
IMETER V6 by MSB Breitwieser MessSysteme

- Digital oscilloscope, 4 channels, LeCroy HDO6104A
- Digital oscilloscope, 4 channels, LeCroy Waverunner 104 MX
- Digital oscilloscope, 4 channels, Tektronix TDS 420A

echnical Equipment
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Hardness tester, Wolpert Diatestor 2 RC/S

Infrared Camera, Resolution 1280 x 960 Pixel,
Infratec VarioCam HD head 680 S

Infrared measuring device, PYROSKOP 273 C
Keyence Laser: non-contact distance measurement

Large volume SEM, Mira Xl by Visitec (in cooperation with the Institute of
Machining Technology and the Lehrstuhl fur Werkstofftechnologie,
TU Dortmund University)

Laser extensometer for universal testing machines,
Zwick laserXtens 2-120 HP/TZ

Laser Surface Velocimeter (LSV): non-contact velocity measurement

Laser-based Photon-Doppler Velocimeter for the measurement of high
workpiece velocities

Light optical microscope, adapted for polarization,
Zeiss Axio Imager.M1m

Multi-wavelength pyrometer, Williamson pro 100 series
Near infrared pyrometer, Sensortherm Metis M316
Near infrared pyrometer, Sensortherm Metis M318

Optical 3D deformation analysis: 4x GOM ARAMIS
(2x BM + 1x 4M +
1x 2M), GOM ARGUS

Optical 3D digitizer: 2x GOM ATOS Triple Scan, GOM TRITOP
Optical 3D motion analysis: GOM PONTOS 4M

Optical frequency domain reflectometer ODiSI-B10 by Polytec: System
for the space- and time-resolved measurement of temperature and
strain

Residual stress measurement by means of hole drilling technique and
Electronic Speckle Pattern Interferometry (ESPI), Stresstech Prism

Residual stress measurement by means of hole drilling technique and
strain gauge measurement, Milling Guide RS-200

Tabletop SEM-EDX: Coxem EM-30 PLUS, RJL Micro & Analytic
Thickness measuring device, Krautkramer CL 304

X-ray diffractometer for measuring residual stresses,
Stresstech Xstress 3000

Technical Equipment
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Miscellaneous

6-axes robot, industrial robot KUKA KR 5 sixx R650

6-axes robot, industrial robot KUKA KR 90 R3700 prime K

Belt grinding machine, Baier PB-1200-100S

CNC universal turning machine, DMG MORI NEF 400 V3

DC power supply LAB4020

Electrolytic polishing and etching machine, Stresstech Kristall 650

Encapsulated postprocessing cabin for additive manufactured parts,
joke Technology ENESKApostpro

Etching and polishing station, LectoPol-5, Struers

High-frequency generator, 10 kW, Huttinger Axio 10/450
High-performance metal circular saw, Haberle AL 380

Hydraulic power units and pressure intensifiers up to 4000 bar (3x)
Hydrostatic roller burnishing tool, Ecoroll, HG13 and HG6
Industrial robot KUKA KR 30-3

Laser processing center, Trumpf LASERCELL TLC 1005

Measuring rack, Boxdorf HP-4-2082

Medium-frequency generator, 40 kW, Trumpf TruHeat 3040 and 7040,
with coax transformer

Mitring band sawing machines, Klaeger HBS 265 DG

Roll seam welding machine, Elektro-Schweif3technik Dresden UN 63 pn

several machines for machining purposes

Tabletop cut-off machine Discotom-100, Struers (in cooperation with
the Institute of Machining Technology, TU Dortmund University)

Tensile testing grinder, Schitz + Licht PSM 2000
Tensile testing punch press, 1200 kN, Schitz + Licht ZS1200CN
Turning machine, Weiler Condor V52

Technical Equipment
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