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Preface

Since 2001, we have been informing you, dear readers, with an activity report
onour research activities. And for the past 10 years, we have been presenting
an annual report in the comprehensive version that is available to you. Here,
you will find in a compact form what our highly motivated team has been
working on hard for a year: results of research projects and research for en-
gineering education, a list of publications and patents, reports from teaching
and events, and much more.

Looking back on the past year, there are always special moments that will be
present at the IUL. The great pleasure of hosting an honorary colloquium for
Peter Haupt on the occasion of his 80" birthday is one of these moments.
Peter Haupt, advisor and friend of the institute, has been working as a lec-
turer at the IUL since 2010 and promoted many academic careers. We are
particularly grateful for his extraordinary commitment.

Another moment of great joy was the news that our former colleague Mr. Ben
Khalifa,chief engineer at the IlUL until April 2018, was offered a professorship
atthe Leuphana University of Luneburg, together with the Helmholtz-Zentrum
Geesthacht. Noomane Ben Khalifa began his career as a student assistant
at the IUL while studying at TU Dortmund University. After graduating, he
became a research assistant at the IUL and finished his doctoral theses in
2012 with honors with Erman Tekkaya as his supervisor. He will now continue
his academic career in Luneburg and Geesthacht and will hopefully remain
in cordial terms with the IUL. We congratulate him on this exciting new chal-
lenge.

In 2018, we also had the chance to welcome various visiting scientists and
students from all over the world in our already international team. The aca-
demic and personal exchange is a valuable and irreplaceable enrichment of
our research activity that does not end at national borders — this is a matter
of course in the research community. The chapter “International Exchange”
reports in more detail on the joint research work.

We can sum up another pleasing development for 2018: the number of promo-
tions was particularly high this year and we are very happy for the eight
doctoral candidates who earned their PhD. A summary of their work can be
found in this report.

Two established conference series continued in 2018: For the seventh time
we invited to the International conference on tube and profile bending (DORP)
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and for the eighth time the “International Conference on High Speed Forming”
(ICHSF), the world’s largest conference in the field the pulse-based forming,
was hosted with colleague Glenn Daehn in Columbus, Ohio. Initiated in 2002
by Matthias Kleiner at TU Dortmund University, the eventis regularly organized
by the IUL in cooperation with the “Ohio State University College of Engineer-
ing”. We are proud to enrich the conference landscape with the events since
2005 and 2008 and to form a continuous framework for the presentation of
forming innovations.

The TRR 188 has meanwhile completed half of its funding period and has
taken this as an opportunity to present the previous research results to a
wider audience at an industry colloquium. According to the project progress,
the main focus of this first colloquium was on the characterization of damage
mechanisms from the micro to the macro level and their influence on pro-
cesses of sheet metal and bulk forming. The lively discussions of the partici-
pants underlined the high relevance of the topic for the production technol-
ogy and provided a good occasion to reflect on the TRR 188’s scientific
standing, including many suggestions for further research.

However, these results are only possible thanks to a large number of institu-
tions that generously and sustainably supported and accompanied our work
again in 2018. We would like to thank you and all colleagues of the research
community and the IUL team.
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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.In detail, the following lectures were offered in 2018:

Production Engineering

1st Semester / Basics, Semi-finished Pro-
Winter ducts, Procedures/Machines
S
K] Fundamentals in Analytical and exp. Methods
g Forming Technology in Forming Technology
©  5th Semester/ Advanced Basics, Plasticity Modeling of Forming
g Winter Theory, Procedures/Machines Processes
Methods for the Analysis of Forming Technology | Simulation
Processes an Machines OININORIECNIRIcOY in Forming Technology
6th Semester / Fundamentals of Ext. Procedures/Machines, Use of FEM in Bulk Forming
Summer Forming Machines Process Chain and Sheet Metal Forming
i Advanced Simulation Techni-
I~ TeE gy ques in Forming Technology I']
1st Semester / " " - "
- Summer Forming Machines, Modeling, Evaluation,
) Forming Laboratory Impl./Expl. Methods
i)
=
i Advanced Simulation Techni-
IFeiig) Ueelimetegy ) ques in Forming Technology I}
2nd Semester / i i
Winter Special Forming Processes Non-linear FEM

*This lecture is provided by the Institute of
Mechanics.

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

Other courses offered by the institute are:

+ 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 — Sheet Metal Forming

+ Advanced Simulation Techniques in Metal Forming

+ Additive Manufacturing

« Aluminum - Basic Metallurgy, Properties, Processing, and Applications

 Laboratory
In the winter semester 2017/2018 TU Dortmund University participated in
the “Engineers-without-Borders” challenge (Ingenieure-ohne-Grenzen-
Challenge). As part of the BMBF-promoted joint project ELLI2, the challenge
offers the students the possibility to discuss present problems like globaliza-

tion, climate change, and social inequality. Thus, the students are able to
develop a sense for the social responsibility of their future profession.

Education
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Final event of the Engineers-without-Borders challenge at [UL

In 2018, the following guest lecturers have contributed to the course offer at
the IUL:

+ Prof. P Haupt, Emeritus Professor from the University of Kassel
+ Prof.J.Hirsch, Hydro Aluminium Rolled Products

« Prof. K. Roll, formerly Daimler AG Sindelfingen

+ Dr.-Ing.J. Sehrt, University of Duisburg-Essen

For further information, please visit: www.iul.eu/en/teaching
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Master of Science in Manufacturing Technology (MMT)

Coordination Prof. Dr.-Ing. Dr.-Ing. E.h. A. Erman Tekkaya
Frigga Gockede B. B. A.
Anna Komodromos 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
2018/19. 29 carefully selected and excellent students out of around 1,000
applicants from 37 nations have begun their MMT studies in Dortmund.
Within the scope of the cooperation with the Turkish-German-University in
Istanbul, organized by the German Academic Exchange Service (German:
DAAD), five students from Turkey started their MMT studies.

Nationality of applicants, accepted and registered applicants

50
40
30

20

M §%@ %%

2011 2012 2013 2014

Diversity of Nationalities

Year
N Nationality of Applicants B Nationality of Accepted Applicants [4 Nationality of Registered Applicants

Diversity of nationalities of applicants, accepted and registered applicants

In order to further increase the diversity of

International

£ | the MMT program, the coordination team

fanufacturing Technolog

analyzed the countries of origin of the stu-
dents and, on this basis, took steps to in-
form more students from other countries
about the study program.

Inthis context, newsletters have been sent
outand ads were placed in cooperation with
the DAAD in order to draw attention to the
program and the application period. Fur-

MMT coordination team meeting prospective students in Sofia

Education
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thermore, an education fair in Sofia, Bulgaria, was attended where prospec-
tive students were informed and advised in person.

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

Welcome event for the MMT batch 2018

Before the start of the lecture period the new MMT students were welcomed
by Professor Tekkaya as head of the MMT program within the scope of a wel-
come event in the lecture hall of the Mechanical Engineering Building MB Il
and the experimental hall of the IUL.

Further information can be found at www.mmt.mb.tu-dortmund.de
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Doctoral Theses

Grzancic, Goran
Original title

Series
Publisher
Oral exam
Advisor
Co-examiner

Process Development and Basic Investigations
for Incremental Profile Forming
Verfahrensentwicklung und Grundlagenunter-
suchungen zum Inkrementellen Profilumformen
Dortmunder Umformtechnik, Volume 97

Shaker Verlag, Aachen, 2018

February 2,2018

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

Prof. Dr.-Ing. D. Landgrebe

(Chemnitz University of Technology)

Incremental profile forming (IPF) is a novel process for the flexible manufac-
turing of tubes and profiles with varying and geometrically complex cross
sections. Its principle is based on the forming of tubular components by one
or more tools with variable shapes, each performing local forming operations
on the part by a multi-axis movement. With the objective to determine the
underlying forming mechanisms and to fully tap the great potential of this
process, a flexible machine system is developed first. In order to establish
fundamental process understanding, significant parameters are identified
and their influence on process and product properties is analyzed based on
analytical, numerical, and experimental investigations.

View to the IPF processing plane — Helical tubular structure, surrounded by different forming

tools
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Alkas Yonan, Sammer Incremental Cold Forming of Thermoplastics

Original title Inkrementelle Kaltumformung von
Thermoplasten

Series Dortmunder Umformtechnik, Volume 98

Publisher Shaker Verlag, Aachen, 2017

Oral exam February 27,2018

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

Co-examiner Prof. Dr.-Ing. D. Drummer (FAU)

Single pointincremental forming (SPIF) is characterized by high flexibility and
economic efficiency due to minimal tool dependence and low forming forces.
Thermoplastics are incrementally formable at room temperature. The aim of
thisworkis to develop acomprehensive understanding of this forming process
tocontribute toits establishment asan alternative for prototype building and
small batch production.

In this work fundamental investigations regarding the cold formability of
thermoplastics as well as experimental and numerical analyses of incremen-
tal cold forming process of thermoplastics are performed. By means of a
viscoplastic material model specially developed for this forming process
forming mechanisms are analyzed. Based on part properties and occurring
failure modes, a process window for the incremental forming of thermoplas-
tics is presented.

Process window

Working area

Penetration

Wrinkles

Bottom tear

R(ool / fo

Thinning crack

Validation of the process window for incremental cold forming of PVC

Education
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Sieczkarek, Peter Incremental Sheet-Bulk Metal Forming
Original title Inkrementelle Blechmassivumformung
Series Dortmunder Umformtechnik, Volume 99
Publisher Shaker Verlag, Aachen, 2018

Oral exam April 4,2018

Advisor Prof. Dr.-Ing. Dr.-Ing. E.h. A. E. Tekkaya
Co-examiner Prof. Dr.-Ing. habil. M. Merklein (FAU)

With regard to the production of weight-adapted components with an identi-
cal or improved load capacity and an increased integration of different func-
tions, the manufacturing technologies are faced with new challenges. Further,
within the trend of individualization, a flexibility of manufacturing processes
is necessary for a large variety of products.

In order to meet these increasing demands and to fulfill future economical
and ecological requirements, particularly in the automotive sector, a new
formingclass called incremental sheet-bulk metal forming (iISBMF) has been
fundamentally investigated. iSBMF is defined as the incremental forming of
sheets with a controlled three-dimensional material. The key innovation is
the defined control of the 3D material flow in a sequence of forming opera-
tions.The local setting of the workpiece contour, the sheet thickness, and the
hardening based on individual requirements are the most important advan-
tages provided by this incremental approach.

1. Pre-contouring

2. Thickening

3. Gear elements

Weight-adapted design of a seat adjuster (sample)

Education



Isik, Kerim Modelling and Characterization of Damage and
Fracture in Sheet-bulk Metal Forming

Series Dortmunder Umformtechnik, Volume 101

Publisher Shaker Verlag, Aachen, 2018

Oral exam June 13,2018

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

Co-examiner Prof. Dr. P. A. F. Martins (Universidade de Lisboa)

Sheet-bulk metal forming differs from conventional sheet forming processes
in the application of the bulk forming operations on the sheet material. Al-
though the initial workpiece is a sheet blank, the occurrence of three-dimen-
sional stress/strain states requires a revise of the basic assumptions and
available material models for conventional sheet forming processes. In this
study, necessary material characterization techniques for the available dam-
age models are developed to predict damage and fracture during sheet-bulk
forming processes. Two continuum damage models, namely Gurson’s porous
plasticity and Lemaitre’s continuum damage model, are investigated. A new
fracture criterion originating from the experimental observations related to
normal and shear fracture is introduced. The models’ predictive performanc-
es are compared for three sheet-bulk forming processes, namely local inden-
tation, local ploughing, and sheet upsetting.

= © S 5F

Tensile tests Sheartests Shearcutting  Nakajima tests
L
Void Force - displacement Local strain
mechanisms curves measurements

A 4

Gurson Lemaitre New
model model fracture

criterion

Local indentation Local ploughing Sheet upsetting

oig L I

General methodology
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Ossenkemper, Stefan Composite Cold Forging in Conventional Cold
Forging Tools

Original title VerbundflieBpressen in konventionellen
FlieBpresswerkzeugen

Series Dortmunder Umformtechnik, Volume 100

Publisher Shaker Verlag, Aachen, 2018

Oral exam July 25,2018

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

Co-examiner Prof. Dr.-Ing. B.-A. Behrens (Leibniz University
Hannover)

Composite cold forging denotes the simultaneous processing of hybrid raw
parts by cold forging operations. The objective of the thesis is the development
of a process for the manufacturing of composite shafts as well as the inves-
tigation of the achievable bonding properties. The composite shafts are
produced by forward rod extrusion of backward extruded steel cups, into which
an aluminum core is inserted. The final composite shafts possess a wear-
resistant outer steel sleeve and a light aluminum core which reduces the
overall component weight. The manufacturability by cold forging results in a
very high material efficiency. The simultaneous forming of the two components
creates a bond between the outer sleeve and the inner core. The bond proper-
ties are analyzed analytically, numerically,and experimentally with regard to
form and force fit as well as metallurgical bond.

p.and p,in MPa

]

P o
T
;/ ! |

0 1 1
llf1 ur llfz U

uin mm

Force fit between core and sleeve
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Gies, Soeren Joule Heat Losses of Working Coils for
Electromagnetic Sheet Metal Forming

Original title Thermische Spulenverluste bei der
elektromagnetischen Blechumformung

Series Dortmunder Umformtechnik, Volume 102

Publisher Shaker Verlag, Aachen, 2018

Oral exam August 16,2018

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

Co-examiner Univ. Prof. Dr. rer. nat. habil. M. Stiemer

(Helmut-Schmidt-Universitéat)

Joule heat losses in the coil winding can account for up to 50% of the overall
losses in the electromagnetic forming process. Due to the accumulation of
theJoule heatin the coil body, this loss component not only affects the process
efficiency, but also the coil lifetime. Thus, the physical description of the coil
losses and the development of technological approaches for the loss reduc-
tion are the objectives of this thesis.

Based on the analytical modeling of the Joule heat losses, the effect of geo-
metrical, material, and process parameters is identified. Hybrid conductors
made of copper and steel as well as a new pulse generator concept with en-
ergy recuperation ability were proven as effective approaches for loss reduc-
tion. While the hybrid conductor design leads to a beneficial current density
distribution, the effect of the new pulse generator concept is based on a
modified temporal course of the discharge current running through the work-
ing coil.

N
H) 1 Charging of capacitor C

T1 D1

(

Ignition of thyristor T1

1

Crowbar Forming of the workpiece
L1 (Discharge of C through working coil L1)

1

Ignition of thyristor T2

4

10 Reversing the remaining
Z voltage in the capacitor

Circuit design and operating sequence of the new pulse generator



Lobbe, Christian Temperature-Assisted Bending and Heat
Treatment in Multi-Stage Tools

Original title Temperaturunterstiitztes Biegen und Warme-
behandeln in mehrstufigen Werkzeugen

Series Dortmunder Umformtechnik, Volume 103

Publisher Shaker Verlag, Aachen, 2019

Oral exam November 9, 2018

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

Co-examiner Prof. Dr.-Ing. habil. M. Bambach

(Brandenburg University of Technology
Cottbus — Senftenberg)

The key for manufacturing high-strength and complex shaped sheet metal
components is the combined forming and heat treatment. The investigation
is dedicated to the development of multi-stage progressive and transfer tool
technologies through anin-situ thermal treatment. For the compact tool set-
up the single-stage inductive heating and multi-stage cooling is developed.
Furthermore, the mechanisms in the in bending process are analyzed and
modeled. Beside springback, the over-bendingis an independent effectin the
air-bending process controlling the bending result. In the die-bending process
the thermal contraction leads to a stress superposition facilitating a calibra-
tion of the workpiece. Moreover, for the heat treatment of steels the austeni-
tization and quenching is studied and covered by analytical approaches. For
setting the tensile strength, the grain size and the carbon load are essential
actuators. Finally, case studies illustrate the application in terms of manu-
facturing components with a defined geometry and strength.

Bending in a progressive die at elevated temperatures



Lueg-Althoff, J6rn Joining of Tubes by Electromagnetic Forming —
Magnetic Pulse Welding

Original title Fugen von Rohren durch elektromagnetische
Umformung — Magnetpulsschweif3en

Series Dortmunder Umformtechnik

Publisher Shaker Verlag, Aachen, 2019

Oral exam December 12,2018

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

Co-examiner Prof. Dr.-Ing. G. Gobel (Dresden University of
Applied Sciences)

In order to ensure the efficient use of resources, the ideal material should be
selected for each application in manufacturing technology. Since most tech-
nical structures consist of more than one component, the challenge is to join
dissimilar materials using suitable joining technologies. In collision welding
processes such as magnetic pulse welding (MPW) welds are produced as a
result of a high-speed impact without excessive heating of the parts to be
joined, which would reduce the weld quality.

Inthis thesis, MPW by electromagnetic compression of tubes is analyzed from
the point of view of forming technology. The collision conditions of a thin-walled
aluminum tube with a steel cylinder are characterized by the radial and axial
velocity components and the collision angle. Differences between different
MPW structures are detected and attributed to the properties of the oscillat-
ing circuits of different pulse generators..

400
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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. Key objec-
tives are the achievement of a physical process description, the configurati-
on and improvement of component properties, and a holistic approach of the
process efficiency. The primarily fundamental questions are supplemented
by aspects of applied research to ensure the quickest possible transfer of
research results toindustrial practice. 38 scientists,who are supported by 12
technicians and administrative staff members, and approximately 50 student
assistants work on the institute’s research projects. Especially as regards
interdisciplinary research issues, the projects are often processed with nati-
onal and international partners. The participation in two “Collaborative Re-
search Centres”, TRR 188 (spokesperson) and TRR 73 (local spokesperson),
and in the two “Priority Programmes’, SPP 1640 und SPP 2013, express this

intensive networking.
Besides the four depart- ReC|Mp I ReGVT I//fEmLJfIJQ
Applied Mechanics

ments “Applied Mechanics
in Forming Technologies’,
“Bulk Metal Forming”,
“Profile and Sheet Metal
Forming”, and “Non-Con-
ventional Processes” the
institute structure (see
figure) covers three inter-
divisionalunits:“Research
Center for Industrial Metal
Processing” (ReCIMP),
“Research Group on Addi-
tive Technology" (ReGAT),
and “Excellent Teaching
and Learning in Enginee-
ring Science” (ELLI 2).

Bulk Metal Formmg
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211

Research Groups and Centers

Collaborative Research Center Transregio 188 —
Damage Controlled Forming Processes

Funding German Research Foundation (DFG)
Project-1D CRC 188/1-2018

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

The Collaborative Research Center TRR 188 is concerned with research on
the damage mechanisms during forming and their effects on product proper-
ties. It is generally known that every metal material contains damage, e.g. in
the form of casting pores and non-metallic inclusions, and every plastic de-
formation causes additional damage, e.g. in the form of pore growth. It is not
yet known how the damage can be specifically influenced in the forming
process and from which critical damage margin on a failure of the component
isto be expected. However, this knowledge is necessary in order to fully exploit
the potential of modern material concepts and forming processes and to
reduce the component weight to a minimum without sacrificing safety.

Therefore, the long-term goal of TRR 188, scheduled to run for twelve years,
is to develop new methods and technologies for the control and quantitative
prediction of the damage evolution as well as the targeted adjustment of the
damage states with regard to the best possible component performance.
Based on the guiding principle “damage is not a failure”, the aim is to ensure
that production-induced damage, including its implications, is taken into
account as a target variable in component and process design in the same
way as other production-induced properties. This makes it possible for the
first time not only to guarantee the formability of the components, but also
the properties and functional safety of the components during the use phase.

The primary subject of the first funding period, which is currently under way,
istodevelop afundamental physical understanding of initiation and develop-
ment of damage in the forming process beyond the hypotheses generally used
today. This is done using the example of representative process chains for
bulk and sheet metal forming in three project areas with different focuses.
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In project area A“Process Technology” forming processes and their influence
in production process chains are investigated from a technological point of
view. The focus is on researching the relationships between the forming pro-
cesses, the load paths, and the resulting damage development. On the basis
of these findings, an analysis and evaluation of the influence of damage on
the component properties is carried out. Subsequently, technological ap-
proaches for the targeted influencing and control of the damage development
are derived, which are to be converted into modified or newly designed form-
ing processes in the second funding phase.

Projectarea B“Characterization”identifies and assesses the forming-induced
damage mechanisms. The characterization takes place successively on the
starting material, in the forming process, and on the finished formed compo-
nentinorderto be able to monitor the damage development over the complete
process chain. Measuring methods and testing strategies for a qualitative
and quantitative description of damage on various length scales are being
developed. Important aspects are, on the one hand, the efficiency of the
characterization methods with regard to time and effort and, on the other
hand, a consistent approach for the application of the methods in order to
ensure the comparability of the results.



The project area C “Modeling” deals with basic model approaches for the
description of damage in sheet metal and bar material onvarious length scales
and, building on this, recovery processes for the reduction of material damage.
In detail, these are an anisotropic macroscopic material model, a coupled
model of hardening, softening, and damage for hot forming, a crystal plastic-
ity model as well as a damage model for service conditions and an approach
for optimization problems. The development and verification of the ap-
proachesiscarried outin close cooperation with the projects of the other two
project areas. The coordination of the exchange is the task of the scientific
service project “Model Integration”. Further cross-sectional topics are inves-
tigated across projects and project areas by means of three working groups.

The projects are jointly carried out by scientists from TU Dortmund Univer-
sity (Coordinating University) and RWTH Aachen University. Specifically, the
Institute of Forming Technology and Lightweight Components (IUL), the Insti-
tute of Mechanics (IM), and the Department of Materials Test Engineering
(WPT) from the Faculty of Mechanical Engineering in Dortmund are involved
as well as the Chair of Numerical Methods and Information Processing from
the Faculty of Architecture and Civil Engineering. At RWTH Aachen University,
the participating institutes are the Metal Forming Institute (IBF), the Steel
Institute (IEHK), and the Institute of Physical Metallurgy and Metal Physics
(IMM) from the Faculty of Georesources and Materials Technology as well as
the Laboratory for Machine Tools (WZL) from the Faculty of Mechanical En-
gineering and the Central Facility for Electron Microscopy (GFE). In addition,
there is the Chair of Mechanical Design and Manufacturing at BTU Cottbus-
Senftenberg and the non-university Max-Planck-Institut fur Eisenforschung
GmbH (MPIE) in Dusseldorf.

The interdisciplinary consortium of production engineering, materials science,
materials testing technology, and mechanics is supported by an industrial
advisory board. The industrial advisory board advises the TRR 188 and dis-
cusses current R&D results with the researchers. The research association
receives important impulses for further research activities by the experi-
ences and suggestions from industrial practice. Members of the industrial
advisory board are material and semi-finished product manufacturers,com-
ponent manufacturers, technicians from sheet metal and bulk forming,
component users as well as companies from the field of software and meas-
urement technology.

Inaddition, first research results of the TRR 188 were presented and discussed
at scientific and industry-related symposia in the national and international
environment. These included ICTP, ECCM, IDDRG, ESAFORM, GAMM, MSEC,
various DVM working group meetings and, not least, the 1st Industrial Col-
loquium organized by TRR 188 in November 2018 in Dortmund.
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ReCIMP — Research Center for Industrial Metal Processing

Head Dr.-Ing. Dipl.-Wirt.-Ing. J6rn Lueg-Althoff

With the beginning of 2018, the Research Center for Industrial Metal Process-
ing (ReCIMP) entered the second project stage. The successful cooperation
with the international automotive supplier Faurecia exists since 2013.

During a kick-off ceremony at the IUL on April 13, the project extension was
launched in the presence of representatives of the City of Dortmund, TU
Dortmund University, the Faculty of Mechanical Engineering, and the two
Faurecia groups “Automotive Seating”and “Clean Mobility”. The very productive
cooperation with Faurecia was illustrated by project examples. Professor A.
Erman Tekkaya underlined that the cooperation has already resulted in the
initiation of six new, third-party-funded research projects at TU Dortmund
University, in which basic knowledge about forming processes is generated.
Inasubsequent meeting, the members of the ReCIMP Advisory Board discussed
the framework development planning for the following five years.

The primary objective of ReCIMP is the improvement and deepening of basic
knowledge about innovative metal forming processes, process chains and
hybrid processes, the identification and investigation of new scientific trends
in manufacturing technology, and the establishment of a competence network
consisting of further research institutions and companies.

Representatives of Faurecia, the Economic Development Agency Dortmund, TU Dortmund Univer-
sity, and the IUL during the kick-off meeting for the second project stage of ReCIMP
Source: Schaper/TU Dortmund University

For the second project stage six priority areas were defined in which the re-
search activities are organized. In addition to extending the forming limits of



existing processes, the investigation of alternative manufacturing processes,
and the flexibilization of the manufacturing of products, the focus is on the
characterization of modern steel alloys and the modeling of their forming
behavior. In particular, the identification and development of efficient char-
acterization methods is in the spotlight.

Extension of Improvement of Product Properties by Selective Induction of
Forming Limits Residual Stresse in Incremental Sheet Metal Forming
| Evaluation of Global and Local Ductility of AHSS and Stainless Steel |
Characterization l Influence of the Cut-Edge on the Formability of Steel ‘
of Advanced Steel
Robust Material Models for Sheet Metal Bendin
Grades | d |
Simulation Strategies for the Application of Adiabatic Cutting in Sheet
Metal Part Manufacturing in the Context of Materials Science
A Additive Manufacturin
Alternative | g |
Production | Heat-assisted Forming of Sheet Metal |
Methods
[ Joining by Die-Less Hydroforming with Outer Pressurization |
Flexible
Production Understanding Shape Deviations for Non-Round Converter Design
Lightweight Shape Prediction and Improvement for Expansion of Non-Round Tubes
Structures
Processing | Investigation of Friction Conditions in Hydroforming |
of Tubes | Characterization of Tubular Material along the Process Chain |

|:| Running projects |:| Completed projects

Research projects worked on in 2018, allocated to six research priority areas

In some forming processes certain high-strength steel grades show a par-
ticular susceptibility to failure at sheared edges (so-called cut edge sensitiv-
ity). In the project “Influence of the Cut Edge on the Formability of Steel” (see
chapter 2.4.10) the influence of the strain induced during shearing on the
reduced formability in subsequent forming processes is investigated. In ad-
dition, the aim is to identify suitable methods for evaluating the sensitivity to
edge failure.
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In addition to sheet metal products tubes are used, especially in exhaust
systems. Non-round tubes are increasingly being used for reasons of an op-
timum use of the available space. The influence of the various process steps
inthe manufacturing of oval tubes on the geometric accuracy after expansion
is investigated in the project “Shape Prediction and Improvement for Expan-
sion of Non-Round Tubes” (see chapter 2.2.8). Here, the focus is particularly
on the investigation of the springback behavior.

The dissemination of the findings from the ReCIMP projects to the interna-
tional community is an important goal. In 2018, the research results of the
ReCIMP projects were presented at the international conferences ESAFORM
(European Scientific Association for Material Forming), TIME (Technological
Innovations in Metal Engineering), and IDDRG (International Deep-Drawing
Research Group Conference), among others.

As already established in the first project stage, numerous scientific and
student employees of the IUL work together in ReCIMP on a cross-depart-
mental, project-related basis. In 2018, ten student theses (project, bachelor,
and master theses) on ReCIMP-related topics were in progress.



2.1.3

ReGAT — Research Group on Additive Technology

Head Dr.-Ing. Dipl.-Wirt.-Ing. Ramona Hélker-Jager

The “Research Group on Additive Technology” (ReGAT) aims at integrating
additive manufacturing methods into traditional forming processes in order
to use the advantages of both. Research topic is the process combination of
formative and additive manufacturing processes, the additive manufacturing
of semi-finished products and their subsequent processing by forming as
well as additively manufactured dies for the forming technology.

With the two machines for additive manufacturing at the IUL for processing
metal powder - a combined 5-axis-machining and laser deposition welding
center and a laser powder bed fusion machine for selective laser melting - a
large number of different semi-finished products, components, and dies can
be realized for their particular application purposes by complete or only par-
tial additive manufacturing. Current research focus is the characterization of
materials and parts properties. The focus of future research activities is the
development and the use of numerical methods for the investigation and
prediction of properties of additively manufactured semi-finished products
for a subsequent processing by forming.

.

Machines for additive manufacturing based on metal powder at the UL

w
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From March until June 2018, the working group ReGAT was supported by
Professor Carlos Manuel Alves da Silva, Assistant Professor in the working
group of Professor Paulo Martins, Instituto Superior Técnico, Technical Uni-
versity of Lisbon. During his research period Professor da Silva worked on the
connection of forming technology and additive manufacturing. His idea is to
manufacture blanks for collector’s coins additively by selective laser melting
and to coin them to their final geometry. For the design of the preform nu-
merical simulations are used to determine the material flow during the coin-
ing process. For the year 2019 another guest stay at the IUL is planned.

Additively manufactured preforms

Building platform

*Final geometry

Additively manufactured preforms which will be coined to their final geometry

In the summer of 2018 a project for the investigation of a novel process com-
bination of the two processes single point incremental forming and laser
powder deposition with a nozzle for the production of lightweight components
with a high integration of functions was launched, funded by the DFG. In this
project acombined processing consisting of incremental sheet metal forming,
additive manufacturing,and machining in one machine and in one setup shall
be realized.

In comparison to the previously mentioned additive manufacturing methods
in the field of the layer-laminated manufacturing method, a novel approach
for reducing the stair step effect was developed. The idea is to manufacture
the high volume base body of a die ora component from single sheet lamellas
with varying thicknesses and different materials quickly and cost-effective-
ly. The resulting so-called “stair step effect”, which derives from the layers of
the sheet lamellas, is filled by laser powder deposition and finally leveled by
roller burnishing and/or milling. A possible application is the fast and cost-
efficient fabrication of deep drawing dies.



This novel process chain was filed for a patent by TU Dortmund University

(DE 102018 004 294.5).
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Welding h

die
Material bead
A

(Sheet-)
Lamella

Channel

Unit for laser
powder
H deposition

-+
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Reducing the “stair step effect” during the layer-laminated manufacturing method by laser pow-
der deposition and roller burnishing

In September 2018, aworkshop on the subject of “3D Printing” was organized
together with the Karl-Kolle-Foundation. 20 students at the age of 13 to 14
years from 5 schools in the north-eastern Ruhr region and the neighboring
Munster region could gain insight into additive manufacturing. After an intro-
duction to the technology and the design software the students had the chance
to design their own 3D parts and to manufacture them on the polymer print-
ers existing at the IUL.
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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

Head Prof. Dr.-Ing. Dr.-Ing. E.h. A. Erman Tekkaya
Contact Joshua Grodotzki M. Sc. (Head of research group)

Dipl.-Ing. Tobias R. Ortelt ¢ Dipl.-Inf. Alessandro Selvaggio
Siddharth Upadhya M. Sc.

The term Industry 4.0 nowadays combines many recent developments and
research topics which will permanently transform the way how manufactur-
ing is done in modern facilities. In a similar fashion, the required skill sets of
engineers, who are sought after toimplement this revolution, will shift. There-
fore,engineering education faces an equivalent challenge to modernize itself
in such away that future generations of engineers are well equipped with the
required knowledge and the understanding of the game-changing technolo-
gies todrive thistransformation.Such a change, especially in higher engineer-
ing education, can be achieved only with specific research dedicated to this
field.

Therefore, the cooperative project ELLI 2 between RWTH Aachen University,
Ruhr-Universitat Bochum, and TU Dortmund University, which is being
funded by the Federal Ministry of Education and Research as part of the
Teaching Quality Pact since 2011, focuses on the research on teaching and
learning in engineering sciences

The project consists of four core areas:

+ Remote labs and virtual learning environments
 Globalization

+ Student Life Cycle

« Entrepreneurship

At TU Dortmund University, engineers from IUL together with engineering
education experts from the Center for Higher Education collaborate to resolve
the questions regarding how future generations of engineers should be edu-
cated best. Within the core area of “Remote labs and virtual learning environ-
ments” two activities are mainly conducted by members of the IUL: (1) further



development of the tele-operative testing cell and integration of new experi-
ments as well as (2) the virtual laboratory for forming technology.

The rotary draw bending machine by transfluid is the basis for the remote tube bending lab

With the delivery and installation of the rotary draw bending machine, trans-
fluid DB 2060-CNC-SE-F and the specimen handling robot, KUKA KRS0 R3700
K, the development of the remote tube bending lab was moved towards the
next stage. In the upcoming year, the programs currently under development
will be connected with the machines and first trial runs will be performed. By
incorporating the new remote lab into existing lectures as well as by the de-
velopment of a novel hands-on tube bending lab with a focus on the process
limits the students can combine the theory of the tube bending process with
experimental observations. By such labs the understanding and, thus, even-
tually the control of the process is fostered beyond classical lecturing ap-
proaches.

The existing remote lab for material characterization was successfully incor-
porated into the forming technology lecture 2018 at the WH Gelsenkirchen.
The evaluation showed that 74 % of the students involved rated the use of
the remote lab as a helpful tool to connect theory with practice.

The remote labs developed by the faculty partners ISF, Institute of Machining
Technology, and wpt, Department of Materials Test Engineering, are cur-
rently in their implementation phase. The remote machining lab by the ISF
connects a Pocket-NC machine to the web, such that the students can gain
a better understanding of machining process limits, for instance by observing
surface defects. For handling the specimens of wpt’s fatigue test remote lab,
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the IUL provided a mini-robot which can handle conventionally as well as
additively manufactured specimens. Comparing the results, the students can
learn aboutimportant properties of these products. Both labs will be equipped
with web-streaming cameras, enabling the students to study the processes
not just based on data, but also visually.

Aside from advancing the development of labs for university students, ELLI 2
also aims at bringing students and teachers from other educational institu-
tions in contact with novel technologies. Together with the KARL-KOLLE-
Foundation, the IUL ELLI 2 team hosted a workshop on 3D printing where
students and teachers could learn about the possibilities and limits of this
new technology. After being introduced to the necessary software, they could
design and print their own individualized shopping trolley coin. Using similar
concepts, ELLI 2 supported the TU Dortmund activities such as MinTU, do-
camp-ing, SchnupperUni, Girls' Day as well as the ScienceNightRuhr. Here,
interested students, teachers, and parents could get involved with modern
manufacturing technologies as well as augmented and virtual reality tech-
nologies used in engineering education.

Forthe second time, ELLI 2 hosted the “Engineers-without-Borders”challenge.
Atotal of 60 students were excited to participate together with over 25 students
from partnering universities, such as Aachen, Bochum and recently joined
Hamburg, Bottrop, and Mittelhessen universities. During this engineering
challenge the students have to solve engineering-related problems from
Kenyathat have beenidentified by members of the Engineers-without-Borders
association, based on their expertise and skills. The best solutions will be
implemented by the association in the country to help people improve their
living conditions.

At the Future Day of the DINI (The German Initiative for Network Information)
ELLI 2 gave an impulse talk and a subsequent special topic workshop where
solutions for teaching and learning with augmented and virtual reality were
shown. These results were also presented at the DeLFI (E-Learning Congress
of Informatics) and the DGfE Congress (German Educational Science Asso-
ciation). For the participants of the REV 2018 (International Conference on
Remote Engineering and Virtual Instrumentation) the excursion to the ex-
perimental hall of lULwas a unique chance to actively explore the work of ELLI
2inthefields of virtualand augmented reality as well as remote laboratories.
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Department of Applied Mechanics in Forming Technologies

Head Dr.-Ing.Till Clausmeyer

The members of the department of applied mechanics in forming technologies
develop new material testing methods such as the in-plane torsion test for
the characterization of damage and kinematic hardening. Experimental data
from these tests is indispensable for the evaluation of the performance of
metallic materials and the process analysis with the Finite-Element-Method.
In particular, sheet forming, sheet-bulk forming, and cold forging processes
are analyzed and material models for damage, kinematic hardening, strain
and temperature sensitivity are developed. The department hosted Professor
Junying Min (Tongji University in Shanghai) from April untilJuly 2018. Members
of the department presented new scientific results at international confer-
ences (MSE 2018 in Darmstadt, IDDRG 2018 in Waterloo, Canada) and at
working group meetings under the auspices of “Deutscher Verband fur Ma-
terialforschungund -prifunge.V’ (DVM). The department is an active partner
in the DFG-funded Collaborative Research Centers TRR 188 and TRR 73, but
also in joint projects with industry.

Members of the department with Prof. Tekkaya and participants of the DVM seminar on
October 9, 2018 in Dortmund

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

Funding German Research Foundation (DFG)
Project TE 508/65-1
Contact Heinrich Traphdner M. Sc.

Equivalent strains much larger than 1.0 are obtained for ductile materials in
the in-plane torsion test with circumferential groove. This fact is attributed
tothe almostideal simple shear stress and strain state. While the stress can
be easily calculated from the measured torque, it is no longer possible to
measure strains above this value by conventional optical strain measurement.
The optical pattern deforms severely so that an accurate strain measurement
isno longer possible. By the development of new methods for measuring very
high shear strains in the in-plane torsion test the determination of flow cur-
ves of very ductile materials is made possible. On the one hand, the feasibi-
lity of applying a new undeformed optical pattern to the sample in several
steps is investigated. Thus, flow curves are determined cumulatively. On the
other hand, a new method allows to determine the flow curve incrementally
from torque and angle of rotation. In this way, the limitations of the optical
measurement can be overcome.
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Flow curves for DCO4 with 2 mm sheet thickness from the tensile test and the in-plane torsion
test with groove



2.2.2

Model Integration for Process Simulation

Funding German Research Foundation (DFG)
Project SFB/TRR 188 « Subproject SO1
Contact Alexander Schowtjak M. Sc.

Aim of the SFB/TRR 188 is to understand and predict damage. The identifi-
cation of different material and model parameters is necessary in order to
analyze forming processes in terms of damage. For their determination an
optimization-based software tool for the parameter identification of complex
material models is developed.To this end, experimental data is compared with
simulations for several basic experiments. Local information like displacement
or strain fields (see figure a), which are determined by digital image correla-
tion software, as well as global information such as load-displacement curves
are considered.

The individual material parameters serve to describe varying phenomena.
Thus, certain parameters are evaluated separately through appropriate ex-
periments and examination methods. The nucleation-related part of the
Gurson-Tvergaard-Needleman-model can be identified by fitting the evoluti-
on to the experimentally determined voids obtained by microstructural inves-
tigations (see figure b).
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2.2.3

Micromechanical Modeling of Material Forming for the
Prediction of Anisotropic Hardening

Funding Mercator Research Center Ruhr (MERCUR)
Project Pr-2015-0049

Contact Dr.-Ing. Till Clausmeyer

Status Completed

Properties such as texture and hardness of the single phases determine the
forming behavior of modern multiphase steels. Modeling methods that con-
sider the microstructure explicitly predict mechanical properties locally. Prof.
Hartmaier and his team at Interdisciplinary Centre for Advanced Materials
Simulation (ICAMS) developed a non-local crystal-plasticity model for this
purpose (see figure a). The partners at the Institute of Mechanics at Univer-
sity of Duisburg-Essen provide a novel beam element formulation for the
simulation of bending processes with representative volume elements (RVE).
The formulation relies on the Euler-Bernoulli hypothesis. The material beha-
vior was described using test data from experiments with high strain such as
the in-plane torsion test at IUL. The springback and the local plastic strain
were predicted with this method for bending parts manufactured from dual
phase steel DP 600.
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a) Microstructural model (provided by ICAMS), b) Air bending, ¢) Macroscopic strain (17,5 %)
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2.2.4 Development of Simulation Strategies for the Application of
Adiabatic Cutting in Sheet Metal Part Manufacturing in the
Context of Materials Science

Funding AiF/FOSTA

Project 18865 BG - P 1127
Contact Fabian Schmitz M. Sc.
Status Completed

Due to its high local rate of deformation (& >10° s') and significant process
time (t<2 ms ) adiabatic blanking exhibits temperature-induced softening (see
figure a). This results in a high cutting quality and possible shortening of the
process route in comparison to conventional blanking methods for advanced
high-strength steels.

The resulting sheared surface exhibits special technological properties. This
includes the geometry of the shear surface (see figure b) and the mechanical
properties of the material (see figure ¢) in particular. The adiabatic effect
occursinalocalized zone and, therefore, a fine meshing of the deformed area
in FE-simulation is required in order to predict the accurate development of
the shear band. Advanced re-meshing strategies, e.g. adaptive re-meshing,
are used. By this means, characteristics in the shear band such as tempera-
ture and strains (see figure d) are determined. The project is conducted in
cooperation with the Institute of Materials Science and Engineering (LWW) in
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Analysis of Material-Specific and Geometric Influences on
the Numerical Springback Prediction

Funding AiF/EFB

Project 11/215/17613N

Contact Heinrich Traphdner M. Sc.
Status Completed

This project is conducted in cooperation with the Institute of Manufacturing
Technology in Erlangen. The focus is on the evaluation of the springback be-
havior of sheet metal materials. The following knowledge was obtained in the
project: It could be shown that the dependence of the rolling direction of the
Bauschinger effect is negligible for the investigated materials and does not
have to be considered in the modelling step. A load path-dependent local
assignment of material parameters leads to a slightly better springback
prediction, but this is disproportional to the increased effort that is caused
by the characterization and the increased simulation time. For the analyzed
load change indicators (LWI) a qualitative correlation between the amount of
the indicator and the difference between isotropic and isotropic-kinematic
material modeling could be determined. Under certain circumstances pro-
cesses with a low value of the LWI can also be simulated with isotropic har-
deningand processes with a high LWl only with isotropic-kinematic hardening.

Initial sheet Area 1

LWI
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0.36
0.24
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Load change indicator and areas of comparable load paths on the modular demonstrator




2.2.6 Robust Material Models for Sheet Metal Bending

Funding ReCIMP
Contact Fabian Schmitz M. Sc.
Status Completed

Technical design of high-strength steels for bent structural parts in vehicles
is a particular challenge. Firstly, the parts must endure a reverse bending
during use; secondly, high-strength steels partially have strongly varying
hardening properties. Simulations of the bending process require an accura-
te description of the material behavior. Initially, a new testing device (see fi-
gure a) has been developed to compare different material concepts. With the
help of the new testing device bending radius and bending angle can be ad-
justed independently. Subsequently, another device has been used for cont-
rolled reverse bending. Additionally, air-bending tests have been conducted
to determine a material-dependent correlation of bending radius and bending
angle (seefigure b). Furthermore, a complete parameter identification for two
coupled damage models has been performed. It has been found that the
predicted damage values correlate very good with the experimentally deter-
mined crack classification of the specimen surface (see figure c).
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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/TR73 « Subproject C4
Contact Florian Gutknecht M. Sc.

For sheet-bulk metal forming processes the sheet thickness is adapted to
the loading. In this context, thickening is a typical subprocess at the sheet
edge (see figure a). This process is accompanied by high plastic strains and
strong non-linear strain-paths. For the reversal of the load (Indicator = -1) at
high strains the in-plane torsion test is available. The torsion test for curved
sheets has been developed for strain-path changes in orthogonal direction
(Indicator = 0) (see figure b). This test allows characterizing effects of ortho-
gonal strain-path changes at high pre-strains (see figure c). The microstruc-
ture of the specimen is investigated for void evolution together with the Ins-
titute of Materials Science at Leibniz University Hannover. Due to the combined
approach the influence of strain-path on strength- and damage evolution can
be directly determined.
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2.2.8

Shape Prediction and Improvement for Expansion of
Non-Round Tubes

Funding ReCIMP
Contact Dr.-Ing. Till Clausmeyer

Increasing requirements on the utilization of assembly space result in more
complex tube cross sections of containers. Consequently, fulfilling the tight
shape tolerances becomes more challenging. Therefore, the technical design
of the process must be improved to avoid an increase of iteration loops in
manufacturing. For non-round tube cross sections there are no analytical
models available. Thus, a numerical Finite-Element model is created. The
model will help to analyze the mutual influence of springback after expansi-
on and shape deviations by shape dependent pressure on the inside. Initially,
the expansion of the tube at the free end is investigated (see figure a). The
corresponding numerical model already predicts the shape in excellent ag-
reement with the real tube (see figure b). Furthermore, the analysis revealed
information otherwise not available, such as the plastic strain occurring in
the process (see figure ¢), which helps to improve process understanding.
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a) Expansion at free end, b) Shape comparison of simulation after springback and real part, c)
Process analysis
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2.3

Research

02

Department of Bulk Metal Forming

Head Christoph Dahnke M. Sc.

The department of bulk metal forming predominantly works in the field of hot
extrusion and cold forging. The objectives cover fundamental research on the
processes mentioned as well as the new and further development of process
variants (see figure). Fundamental research in the field of hot extrusion cur-
rently focuses onthe occurrence of undesired longitudinal press seams during
the process. In the field of cold forging the Bauschinger effect, which can
occur during a stress reversal, as well as the influence of damage on the
component performance are investigated. Motivated by lightweight strategies,
the production of hybrid componentsis a pivotal issue with regard to new and
further process developments. Composite extrusion, for instance, offers the
possibility of a continuous embedding of high-strength steel wires, shape
memory wires, or electrical conductors in lightweight profiles. Due to the hot
extrusion of consolidated aluminum chips ecological aspects are considered.
The process combination of deep drawing and cold forging as well as compo-
site cold forging allows a targeted reinforcement and a weight reduction of
the components.

Composite
extrusion

Combined deep drawing
and cold forging
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| )
Aluminum
Aluminum profile |
|

-

High-strength
steel wire
Reinforcing
element

High-
strength
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Chip extrusion Composite cold forging
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Steel

Chips

Research focuses of the department of bulk metal forming



2.3.1

Influencing the Evolution of Damage in Cold Extrusion

Funding German Research Foundation (DFG)
Project CRC/TRR188 « Subproject A02
Contact Oliver Hering M. Sc.

The properties of cold forged components are a consequence of residual
stresses, strain hardening, and the resulting damage along the process chain.
The aim of the subproject is to analyze, predict, and make controllable the
separated influence of damage development in cold forging to allow a pro-
duction of extruded components with defined, load-adapted performance.
Therefore, it is investigated to what extent the load path can be affected in
forward rod extrusion. This is analyzed by the example of forward rod extru-
sion with 1T6MnCrS5 semi-finished parts. The influence of tool geometry and
process parameters like extrusion strain (see figure), shoulder opening angle,
transition radii,and friction as well as the influence of different process rou-
tes on the load path is examined. The damage caused by different load paths
is determined by microscopy techniques. The performance, which varies as a
result of damage, is investigated by means of measurements of the Young’s
modulus, the impact energy, and the number of cycles to failure in fatigue
tests (see figure).
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2.3.2
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Composite Cold Forging of Cold Forged Semi-Finished Parts

Funding German Research Foundation (DFQG)
Project TE 508/54-1

Contact Christoph Dahnke M. Sc.

Status Completed

For the manufacturing of composite shafts hybrid raw parts have been pro-
cessed by forward rod extrusion at room temperature. The resource-efficient
raw parts consist of a steel cup produced by backward cup extrusion, in which
alight metal coreisinserted. Experimentally and analytically, it could be shown
that dueto a processing by forward rod extrusion a force fit in steel-aluminum
shafts can be achieved.The force fitis caused by the different elastic spring-
back of the aluminum core and the steel sleeve. Results of push-out tests
show that the generation of a metallurgical bond is not achievable. However,
torsion tests show that minor concentricity deviations lead to a form fit and,
as aresult,to anincrease of the bonding strength. For this reason, the targe-
ted design of a form fit has also been investigated. The bonding strength can
be increased due to a micro form fit by the generation of a structured contact
surface as well as a macro form fit caused by undercuts or oval cross sections

of the core (see figure).
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Process Combination of Combined Deep Drawing
and Cold Forging

Funding German Research Foundation (DFG)
Project TE 508/61-1
Contact Oliver Napierala M. Sc.

The combination of different materials represents a possibility to adjust the
local mechanical properties of a component and to reduce the weight by a
suitable choice of materials. The process combination of deep drawing and
cold forging, developed and patented at the IUL, allows the production of light
composite components out of a steel blank and a cylindrical aluminium core.
In experimental investigations four process stages can be determined due to
the interruption of the process and the ejection of the component at charac-
teristic areas of the force-stroke curve of the punch.The analytical characte-
rization of these process stages shows a good correlation with the experi-
mental results (see figure a). Regarding the bonding type, a combination of a
form and a force fit could be determined. The force fit is caused by the diffe-
rentelastic springback of the sleeve and the core. The form fitin axial direction
results from the increased thickness of the blank 7, in the edge area (see
figure b). Additionally, a form fitin peripheral direction is caused by the earing
of the steel cup due to the anisotropic material behavior.

a) Stage 1: Deep drawing Stage 2: Upsetting Stage 3: Redrawing Stage 4: Forward rod extrusion
of core and expanding and forging of core
2500 of cup

| == e= = Analytical model
Experiment

0 100 I410 120 | 130 140 150
Punch stroke s in mm

Steel cup Steel cup Aluminum core
after deep drawing after extrusion after extrusion

min. &, [max. fy
After deep drawing| 1.81 | 1.38
After extrusion 167 | 098 | in mm

a) Punch-force punch-stroke curve, b) Form fit due to a varying local change of the sheet thick-
ness
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2.3.4

Prediction of Local Product Properties
in FEM Forming Simulations

Funding AiF/FOSTA

Project 18225 N/P1057
Contact Felix Kolpak M. Sc.
Status Completed

The goal of this subproject of the research project “Massiver Leichtbau” (mas-
sive lightweight construction) was the exact prediction of an exemplary process
chain regarding the resulting local product properties of the produced parts.
For this, the sequence of cold forging (IUL), machining (ISF, TU Dortmund
University), and structural simulation (IFU, University of Stuttgart) was con-
sidered.In the field of cold forging, the focus was on the direction-dependence
of the local strength, caused by the Bauschinger. By means of forward extru-
sion tests the influence of the Bauschinger effect was proven experimentally
by conducting tensile and upsetting tests on specimens pre-strained by ex-
trusion (see figure).In order to increase the quality of the prediction, numerous
isotropic-kinematic hardening models were compared. The consideration of
kinematic hardening leads to adrastic improvement of the local strength and
residual stresses, whichis arequirement foracomprehensive process design
regarding the identification of lightweight potentials.
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2.3.5 Extended Technological Limits of Bulk Forming Processes
in Different Temperature Ranges

Funding AiF/FOSTA

Project 18229 N/P1058
Contact Oliver Napierala M. Sc.
Status Completed

The target of this subproject of the research initiative “Massiver Leichtbau”
(massive lightweight construction) was the production of gear shafts with
optimized surface properties by cold forging. The research was conducted in
collaboration with IFU Stuttgart and IFUM Hannover. Based on numerical
simulations of single and multi-step forward extrusion, the local strains in
the surface region of the shafts and, thus, the resulting increase in strength
due to cold working were optimized (see figure). The main question was whe-
thertypical heattreatment processes can by partly or fully substituted. It was
found that the hardness increase of appropriate heat treatments like case
hardening cannot be reached by cold forging only, however, the hardness
reached by quenching and tempering can be accomplished or even be excee-
ded. As an additional option to increase surface hardness, the incremental
forming process deep rolling was investigated. While heat-treated shafts can
be further improved by deep rolling, cold extruded material does not possess
the necessary formability, leading to a process failure.
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Maximizing surface hardness by optimized forward extrusion and deep rolling
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2.3.6

Manufacture by Forming and Characterization of Actuator
Profiles Based on Shape-Memory-Alloys

Funding German Research Foundation (DFG)
Project TE 508/45-2
Contact Christoph Dahnke M. Sc.

Composite extrusion allows the continuous embedding of wire into aluminum
profiles. Shape-memory-alloys are currently used as reinforcing material in
the project. Due to the shape-memory effect an actuator function can be
generated in the extruded composite profile. Furthermore, a positive influence
on the mechanical properties can be observed. Tensile tests on reinforced
composite specimens (see figure), which have been carried out in cooperati-
on with the IAM-WK of the Karlsruhe Institute of Technology (KIT), show an
increased ultimate tensile strength as well as an increased fracture strain.
As a result, the energy absorption capacity can be significantly increased.
Due to the phase transformation of the NiTi wires the response of the com-
posite material depends on the temperature. If the temperature is increased
over the A -temperature of the shape memory alloy, the martensitic phase of
the embedded NiTi wire changes into the austenitic phase which possesses
a higher strength. As aresult, the yield strength of the composite is increased.
However, as the flow stress of the matrix material is decreased at elevated
temperatures, the ultimate strength is lower than at room temperature.
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Representative stress-strain curves of reinforced and not-reinforced tensile specimens at differ-
ent temperatures



2.3.7

Analysis and Extension of the Limits of Application in Metal
Forming-Based Recycling of Aluminum Chips

Funding German Research Foundation (DFG)
Project TE 508/60-1

Contact Felix Kolpak M. Sc.

Status Completed

In collaboration with the WPT (TU Dortmund University) the direct hot extru-
sion of aluminium chips was investigated. On the basis of a physically moti-
vated weld model by Cooper and Allwood (2014), a weld model for the predic-
tion of the process success of hot extrusion of aluminium chips was derived.
The model takes all relevant process parameters (die design, extrusion ratio
etc) into account. It was adjusted by consideration of numerous literature
studies regarding chip extrusion. Additional extrusion tests were carried out
for a further validation of the weld model. For this, the process limits of chip
extrusion were explored in detail for a typical chip type of AABOGO factors. It
was shown that the model allows for a prediction of the local weld quality and,
thus, foratargeted and cost-efficient optimization of the process parameters
for the production of defect-free chip-based profiles (see figure). Furthermo-
re,the influence of the heat treatment strategy on the mechanical properties
of the produced profiles was investigated. It was found that the heat treatment
parameters from conventional cast-based profiles can be directly utilized to
improve the mechanical properties of chip-based profiles
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Application of weld model for the prediction of the process success in direct hot extrusion of
aluminium chips
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2.3.8

Research

02

Production of Aluminum Profiles with Continuous
Reinforcement

Funding AiF/Stifterverband Metalle
Project 18959 N/1

Contact André Schulze M. Sc.
Status Completed

In this project the composite extrusion process was investigated for indust-
rial applications. The resulting requirements such as complex profile geome-
try, limited assembly space, and poor accessibility of the extrusion presses
and dies and the demand for high productivity were to be considered. Together
with the industrial partners a side impact beam was designed as a composi-
te profile with reinforcing wires made of steel and shape-memory-alloy. The
corresponding tool was conceptualized, analyzed with the help of the advan-
ced simulation software, and experimentally tested. The reinforcing wires
were successfully embedded in the aluminium matrix and the influence of
subsequent process steps was analyzed. With the aim of increasing the me-
chanical properties of the composite profiles, the profiles were subjected to
performance tests. However, it has been found that under high bending loads
the wires detach from the aluminum matrix and no improvement in perfor-
mance could be achieved due to the low amount of reinforcing elements in
the profile.

Cross section i

Cross section outer wire

Light microscope images of the embedded reinforcing wires of a tested profile



2.3.9

Prevention of Longitudinal Weld Streak Defects on Anodized
Aluminum Profiles

Funding AiF/Stifterverband Metalle
Project 18756 N
Contact Johannes Gebhard M. Sc.

Anodized profiles are widely used as visual components. Acommon defect is
the occurrence of longitudinal weld streaks on the surface, which depend on
the whole process chain from casting of the billets to anodization of the ext-
ruded profiles. In cooperation with the companies of the industrial advisory
board Hueck, Gerhardi Alutechnik, HMT Hofer Metall Technik, and Wilke
Werkzeugbau, an extrusion die with the purpose of provoking weld streaks
has been designed and used in the industrial facilities. The microstructure
plays animportant role and is examined by the IAM-WK of Karlsruhe Institu-
te of Technology (KIT), using light and electron microscopy. Since the weld line
cannot be traced with optical microscopy of the microstructure (see figure a),
EBSD measurements will be used in a further approach. So far, weld streaks
canonly be assessed quantitatively by visual control. One important factor is
the quality of the cast billets. The usage of non-homogenized billets shows
visible weld lines while homogenized billets lead to no defect (see figure b).

a) Profile with visible weld streaks b) Non-homgenized cast billet

Homogenized cast billet

a) Microstructure at the weld seam, b) Influence of homogenization
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2.4

Research

02

Department of Profile and Sheet Metal Forming

Head Dr.-Ing. Christian Lébbe

The new department of profile and sheet metal forming includes the techno-
logies for tube, profile, and sheet metal bending, the processes for further
profile forming steps, and sheet metal forming such as deep drawing and
shear cutting. The focus is on the process analysis of conventional and new
processes, the development of processes through methods such as stress
superposition and heat assistance as well as the development of complete-
ly new processes. In this context, e. g. the processes of incremental profile
forming and wire winding of non-circular bobbins were investigated. Also
sheet bending at elevated temperatures as well as with stress superposition
have been realized and studied in order to adapt properties during forming
and inthefinal product.In addition,incremental tube forming and tube forming
by means of granular media have been adapted through advanced tooling
methods to expand the process limits. Finally, the development of an auto-
mated bending cell was started which contains, amongst others, a patented
profile bending machine with stress superposition (see figure).

Profile bending machine
with stress superposition
by rolling

machine

Planned automated bending cell and patented profile bending machine
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2.41 Damage in Sheet Metal Bending of Lightweight Profiles

Funding German Research Foundation (DFG)
Project SFB/TRR188 « Subprojekt A05
Contact Rickmer Meya M. Sc.

Profiles made of high-strength and ultra-high-strength steel materials are
often produced by classic bending processes such as air and die bending.
Characteristic for these bending processes is the inhomogeneous plastic
strain distribution over the sheet thickness. The performance of bent com-
ponents in use is determined by the strain hardening, the residual stresses,
and the damage evolution. Damage develops at the outer tensile fibers de-
pending on the loading condition during the plastic deformation. In order to
influence the load path during bending, stress superposition must be used
since conventional process parameters do not lead to a change in the stress
state. For compressive stress superposition during bending a new bending
process is being developed. The so-called bending with radial stress super-
position (RSS bending) is able to initiate predetermined and controlled com-
pressive stresses during bending. This leads to a delayed damage development
(see figure) and, thus, to increased performance.
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2.4.2 Development of a Model to Describe Springback and
Residual Stresses Resulting from Bending at Elevated

Temperatures

Funding German Research Foundation (DFG)
Project TE 508/59-1

Contact Dr.-Ing. Christian Lobbe

Status Completed

In order to model sheet metal bending at elevated temperatures, a process
description was developed according to an experimental study. The analysis
finally reveals two different models for the two process variants air and die
bending.In the air bending process a closed solution of the bending line in an
isothermal state is not possible when a non-linear elasto-viscoplastic mate-
rial behavioristakenintoaccount.Thus,the derived semi-analytical approach
is based on the discretization along the curved line. The figure exemplarily
shows overbending and springback-ratios in relation to the Cowper-Symonds
parameter ¢ compared to the FEM simulation. In addition, the die bending
process was investigated for different process parameters. For a given com-
ponent geometry during coining the changing elastic, plastic, and thermal
strains during cooling were covered by an analytical approach which allows
a qualitative description of the springback ratio (see figure).
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2.4.3

Granular Media-Based Tube Press Hardening

Funding German Research Foundation (DFG)
Project TE 508/52-1
Contact Mike Kamaliev M. Sc.

Together with DLR (German Aerospace Center), the suitability of granular
media as a forming medium for tube expansion at elevated temperatures is
investigated in this project. The process is an alternative for the production
of high-strength hollow profile parts through a combined forming and quen-
ching in one tool. Due to its high compressive strength and temperature re-
sistance zirconium dioxide is particularly suitable as a forming medium. The
force transmission behavior between individual granules, the sheet, and the
medium lead to acomplexinteraction in the tool. For the process development
the procedure was analyzed using a thermo-mechanically coupled FE model
and an active axial feeding axis has been added to the process. Through the
feeding axis the component thickness can be adjusted and localized thinning
can be prevented. Simultaneously, the reduced thinning leads to an improved
formability. The effect of this measure is limited by the onset of wrinkling at
high feed rates. With the aid of a newly developed tool the numerical results
will be validated.

Process principle Influence of axial feeding

Sufficient forming R

Tube .. \ \

Higher feed

Wrinkling

1. In-plane principal strain ¢,

Granular media

2. In-plane principal strain ¢,

Punch

)

Increasing formability of tube components through axial feeding
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2.4.4 Forming-Based Process Modeling
of the Linear Winding Method

Funding German Research Foundation (DFG)
Project TE 508/56-1

Contact Anna Komodromos M. Sc.

Status Completed

Due totheincreasingimportance of electromobility the linear winding of non-
circular coil bobbins (see figure a) has been analyzed in cooperation with the
Institute of Production Science (KIT). This was done considering the forming
behavior of the copper wire: On the one hand, by the characterization of the
plastic properties of the copper like the kinematic hardening (see figure b).
On the other hand, by the examination of the bending process at the edge of
the coil bobbin on the basis of essential influencing parameters. The tension
superposed bending of the round wire results in a reduction of the cross
section (flattening) in comparison to the area of the edges. Consequently, the
ohmic resistance is increased and the efficiency of the electric motor is re-
duced (see figure c). The change in cross section contradicts the development
of the clearance between wire and bobbin (see figure d). By means of the
conducted examinations it was shown within which limits the process can be
performed — under consideration of the influencing parametersin relation to
the filling factor (see figure d).
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2.4.5

Fundamentals of Incremental Profile Forming

Funding German Research Foundation (DFG)
Project BE 5196/3-1

Contact Dr.-Ing. Christian Lobbe

Status Completed

Incremental Profile Forming (IPF) allows the flexible manufacture of various
profile components with a very high degree of complexity. The basic principle
of the forming procedure is based on the performance of local forming ope-
rations on semi-finished tubes with a simultaneous use of one or more forming
tools (see figure b). The high flexibility of this process is represented by the
large variety of manufactured parts (see figure a). A minimum number of 108
producible geometrical elements has beenidentified. They are manufactured
in a kinematic, form-based as well as in a combined way of deformation. The
most possibilities of deformation are achieved by the kinematic deformation.
Thus, the two basic processes of radial indentation and axial drawing were
examined fundamentally. A strain-based process model for the prediction of
the present deformation and the resulting reduction of wall thickness during
radial indentation was developed. Furthermore, a model for the calculation
of the maximum effective forming force was developed and validated nume-
rically and experimentally.
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Freeform Bending of Aviation-Relevant Tubular Parts

Funding BMWi/DLR
Project 20W1514B
Contact Stefan Gallus M. Sc.

In cooperation with PFW Aerospace GmbH, Incremental Tube Forming (ITF) is
qualified for the production of aviation-compatible tube structures made of
titanium and titanium alloys. Incremental tube forming (see figure a) as a
freeform bending process is very flexible so that the setup effort is low in
comparison to conventional rotary draw bending, which is beneficial for small
lot sizes such as in aviation.

It is shown that the ovality and wall thinning of the outer tube bend is lower
in incremental tube forming than in conventional rotary draw bending (see
figure b). In addition, in a test setup (see figure c) the residual stresses are
determined by means of x-ray diffraction on the outer surface of a bent tube
and their distribution over the wall thickness is calculated with thermo-
mechanical simulations (see figure d). The compensation of the residual
stresses does not take place completely over the circumference, but partly
over the wall thickness. It creates residual compressive stresses on the inner
tube wallincreasing the fatigue strength in tubes subjected to internal pres-
sure.
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2.4.7

Development of a Technology for Bending U-Profiles

Funding BMWi/ZIM-ZF
Project ZF4101104US6
Contact Johannes Gebhard M. Sc.

Bending of metal profiles is currently restricted to high bending radii and,
therefore, bent products are limited to spacious constructions. The failures
that limit the bending radius are wrinkling at the profile walls and cracks. In
cooperation with the company FLORA GmbH & Co. KG, a technology has been
developed to bend U-profiles with small bending radii. The used three-point-
bending process is investigated analytically, numerically,and experimentally
and has been developed to a modular roller-bending device with additional
blankholder (see figure a). The blankholder supports the profile walls at the
roller and can be used with constant holding force or with a fixed distance to
the roller. Reliant on the setup of the blankholder, wrinkling can not entirely
be prevented because the profile wall does not move uniformly in the gap
between roller and holder (see figure b). Dependent on blankholder force or
distance,width and height of the profile and bending radius, the process limits
can be determined.

a) b)
T — O,..in MPa

Niederhalter

a) Bending device, b) Comparison of experimental and numerical results
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2.4.8

Optiform — Optimized Online Process-Monitoring to Improve
the Deep-Drawing Properties of High-Strength Steels During
Hot Forming

Funding LeitmarktAgentur.NRW
Project EFRE-0800265
Contact Mike Kamaliev M. Sc.
Status Completed

The aim of this project is the determination of potentials of acoustic sensors
for condition monitoring of hot stamping processes. To identify the acoustic
sources, experiments were performed initially on a laboratory scale. Friction,
hot forming,and phase transformations were examined separately. The com-
parison with signals from a press hardening process enabled the classifica-
tion and filtering of the signals. For example, friction was identified as the
dominant signal source during the forming process. Occurring cracks with
specific characteristics resulted in a stagnant relative movement, causing a
detectable signal decrease (see figure a). The summation and integration of
relevant energy values enabled to set potential variable limits for the auto-
mated condition monitoring (see figure b). Thus, the project created a general
understanding of the emergence of acoustic signals that occur through the
various process phenomena. Furthermore, this basis can be used for quality
assurance in process monitoring.
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a) Recorded acoustic signal in a hot stamping process, b) Calculation at the detection of
cracks



2.4.9

Development of a Profile Bending Process with Compressive
Stress Superposition by Rolling

Funding LeitmarktAgentur.NRW
Project EFRE-0400139
Contact Juri Martschin M. Sc.

As part of this NRW patent validation, a process is developed that enables
profile bending with compressive stress superposition. The stress superpo-
sition is realized by the combination of flexible and fixed rollers (see figure).
The unique feature of the process, compared to conventional profile bending
processes with stress superposition, is the closed roll gap to build up an even
pressure.

Numerical simulations show a significant reduction of the bending force when
working with a contemporaneous cross section reduction. The direct relation
to the springback also reduces the shape deviation significantly (see figure).
The cause can be attributed to the shift of the yield curve to more favorable
bending stresses. The aspired use of a special roll stand in combination with
a mandrel system will provide the possibility to change the profile cross sec-
tion over the longitudinal axis. This allows to produce load-adapted profiles
with versatile contours.
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2.4.10 Influence of the Cut Edge on the Formability of Steel

Funding ReCIMP
Contact Dr.-Ing. Christian Lobbe

The sensitivity of sheared Advanced High-Strength Steels (AHSS) to fail at
the sheared edge is a critical problem for the automotive industry. The prob-
lem is exacerbated by the fact that this edge failure can not be predicted by
conventional methods. To understand the edge formability of AHSS under
different edge preparation conditions, the hole expansion ratio A (HER), a
measure of the engineering strain obtained by a ISO 16630 Hole Expansion
Test (HET) (see figure a) is used as a comparison tool. Comparing sheared
edges, 15 % cutting clearance provided the best HER. The strain induced
during the shearing operation plays a key role in the subsequent reduced
formability. This strain, if calculated from the hardness values at the cut edge
using hardness to stress conversion rules, such as Levy, Tabor etc.,and map-
ped onto the edge of the blank in the forming simulation allows for an accu-
rate prediction of edge failure (see figure b). However, it is observed that the
HET results are highly sensitive to the testing apparatus and conditions being
used and it is essential to make the process more robust (see figure c-d).

a)

b Comparison experiment - simulation
) 120

Variance < 10 %

Mat 1 Mat 2 Mat 3 Mat 4
mExp.HER =HER(Levy) =HER(Tabor)
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a) Schematic of ISO HET, b) Accuracy of numerical simulations, c-d) Influence of test setup and
conditions



2.5

Department of Non-Conventional Processes

Head Marlon Hahn M. Sc.

The research activities of the department of non-conventional processes
focus on technologies which offer distinct advantages such as extended
process limits. These processes are either very new or so complex in nature
that they have not yet been widely applied in industry. Current topics are
forming with high strain rates, joining by forming, incremental forming, and
forming of hybrid or novel semi-finished products. In the latter case, e.g. the
forming behavior of additively manufactured (AM) sandwich sheets with
complex core structures for lightweight design is investigated (see figure a).
A technological innovation is realized through the combination of joining by
forming and incremental sheet bulk-metal forming. This way, a stack of dif-
ferent sheets can be joined to one hybrid part with locally adjusted properties
(see figure b). Within all fields of activities both numerical and analytical
methods as well as up-to-date measuring techniques are used and perma-
nently enhanced for an in-depth process analysis.

a) m 1300 b)
Bending stress in MPa

Inside:DCO4 (1 mm)

Outside: AIMg3 (2 mm)

Examplary non-conventional processes: a) Bending of AM sheets, b) Hybrid sheet-bulk-formed
part
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2.5.1

Research

02

Optimized Working Coil Windings for Electromagnetic
Forming Employing Additive Manufacturing Techniques

Funding German Research Foundation (DFG)
Project TE 508/51-2
Contact Siddhant Prakash Goyal M. Sc.

Inthe second funding period of this project, which is carried out together with
the Institute of Machine Tools and Factory Management of TU Berlin, research
focuses on the further development of scan-strategies and tools for the pro-
cess design for electromagnetic forming. To expediently make use of the
increased design freedom in additive manufacturing with regard to electro-
magnetic sheet metal forming, especially the thermomechanical loading
of multi-turn coils needs to be investigated and described physically (see
figure). In this context, a stronger separation of the functions of current con-
duction and mechanical support is pursued in the additive manufacturing
and design of hybrid working coils. As a consequence, this will enhance the
possibilities of local current concentration while at the same time reducing
the risk of plastically deforming the current-carrying layer of the coil. These
aspects are of particularinterest when parts having a more complicated final
geometry are to be formed electromagnetically.

Stage 1 | Stage 2
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Reinforcement

bed

Timezins

»
>

Max

Current densit
Displacement u,, in mm

Min

\ 4

Thermal-electric loading of a multi-turn coil by ohmic heating



2.5.2

Forming by Locally Varying Vaporizing Actuators

Funding German Research Foundation (DFG)
Project TE 508/69-1
Contact Marlon Hahn M. Sc.

Athin metal foil can be vaporized by an intense current generated through a
rapid capacitor bank discharge (called vaporizing actuator). The pressure
evolving during such a resistive heating can be used to impulsively form a
sheet metal blank, for example. Thus, the foil serves as a flexible disposable
forming tool. The aim of the research project is to provide predetermined
pressure distributions for a part-indiviual process design (see figure). For this,
a process model has to be developed to be able to deduce the required actu-
ator conceptand process parameters. The chosen modeling approach consists
of two sequential steps. First, the electrical energy deposition is modeled
taking into account the foil geometry, circuit schematic, and discharge cha-
racteristics of the actuators. In the second step, on the basis of the previous-
ly determined energy distribution, the mechanical interaction between the
expanding foil actuator, an elastomer as forming medium, and the workpiece
is analyzed.

Actuator concepts for pressure gradation in the foil plane

Vaporizing foil actuators
(different pressures p;)

Part-individual forming pressure

Sheet blank
Pulse generator (FE mesh) ez

R) Resistance

C Capacitance
U Charging voltage ' . !
Ly Induct g :

0 nductance x Part (Autodyn)

Forming by foil vaporization with adjusted pressure distribution
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2.5.3

Magnetic Pulse Welding: Targeted Manipulation of Weld
Seam Formation

Funding German Research Foundation (DFG)
Project TE 508/39-3 (SPP 1640 « Subproject A1)
Contact Dr.-Ing. Dipl.-Wirt.-Ing. J6rn Lueg-Althoff

Within the scope of the project cooperation with the Institute of Manufactu-
ring Science and Engineering at Technische Universitat Dresden, different
pulse generators and tool coils are used for magnetic pulse welding (MPW)
of aluminum tubes and steel cylinders. It can be seen that the minimum ra-
dial impact velocities v, for otherwise identical experimental configurations
strongly depend on the discharge frequency of the applied pulse generator
(seefigure). The reason for this is a different deformation and collision beha-
vior.Small collision angles which are favorable for the activation of the surfaces
to be joined can already be achieved at low discharge frequencies with lower
radialimpact velocities. During the collision of the joining partners an impact
pressure acts with a distinct amplitude and duration.The time integral of this
pressure is defined as the pressure deforming pulse /, and can be used for
the comparison of different MPW setups. A specific minimum value I, can be
identified which must be achieved for a complete weld seam around the
circumference of the samples.

350 1.6
>
S .. ®
32 g 2
¢ = 300 o e
B e Maxwell Lot 2,
© o =
g ;:E'-" + o'.... & ."...A E‘E
= 21250 . . N 1; 12 8 Z
.'E -E /W ..'. o .E
€3 v, ot f Bmax g
d;) ir ..-° =
g 5 200 SMU 18
- — e 13
£ y/ ‘ Flyer: EN AW-6060, Parent: C45 ,’ .
= Id /r Flyer wall thickness s, = 1.5 mm Ir
0 | | 0
0 5 10 15 20 25

Discharge frequency fin kHz

Required impact velocity and pressure deforming pulse for welds with different pulse generators



2.5.4

Joining by Die-Less Hydroforming with Outer Pressurization

Funding German Research Foundation (DFG)
Project TE 508/66-1
Contact Florian Weber M. Sc.

The aim of this knowledge transfer project is to extend the process limits of
joining by inner pressurization by reversing the forming direction (outer pres-
surization). Current investigationsinclude the analytical derivation of a process
window. Based on the plastic deformation of the outer joining partner, the
elastic springback of the inner joining partner is restricted. This causes an
interference pressure in the joining zone. The model enables the calculation
of a minimum fluid pressure at which a force-fit joint occurs. Moreover, the
calculation of a maximum fluid pressure is possible. This calculation indi-
cates that no significant increase in the interference pressure can be
observed. Besides the experimental validation of the analytical model, the
numerical analysis of further process parameters as well as the influence of
form-fit elements on the interference pressure are essential components of
upcoming investigations.
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2.5.5

Research
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Improvement of Product Properties by Selective Induction of
Residual Stresses in Incremental Sheet Metal Forming

Funding German Research Foundation (DFG)
Project TE 508/67-1 (SPP 2013)
Contact Fabian Maaf3 M. Sc.

Within the scope of the project cooperation with the Institute for Materials
Science and Technology (Metallic Materials) of TU Berlin the relationship
between the forming mechanisms shearing, bending, normal loading, and
hydrostatic compression in Single Point Incremental Forming (SPIF) and the
resulting residual stress state is analyzed. The aim of this research project is
to improve the operational behavior of incrementally formed components by
deliberately adjusting the residual stress state during the forming process.
The residual stresses are induced locally and defined by adjusting the para-
meters of the incremental sheet metal forming process. The adjustment of
therelative tool step-down (quotient of tool step-down 4zand tool radius R )
influences the plastic energy fraction of each forming mechanism. This is
correlated with the resulting residual stress state. It was found that particu-
larly the bending mechanism intensifies tensile residual stresses on the
tool-side.
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2.5.6 Economic Manufacturing of Weight- and Load Adapted
Functional Components by Incremental Sheet Bulk Metal

Forming

Funding AiF/FOSTA

Project 18663 N/P1064

Contact Dr.-Ing. Peter Sieczkarek
Status Completed

The objective of the research project was the production of industrially
relevant functional components by means of incremental sheet-bulk metal
forming (iISBMF). Different process routes for a defined edge thickening of
blanks and a subsequent gear forming operation were investigated. Besides
the targeted process acceleration for achieving economic cycle times, a ma-
jor challenge was the maximization of the strain hardening and its adaptati-
on for possible industrial applications by using materials with a pronounced
strain hardening characteristic. A key aspect of the investigations was the
determination and control of the conflict between the increased forming heat
due to the process acceleration and the desired strain hardening at the gea-
ring.

In addition to an economic production of rotationally symmetrical thickened
and/or geared components by means of rotating tools (see figure a), ISBMF
enables a very flexible and individual design of weight- and load-adapted
asymmetric components (figure b). This feature can become beneficial due
to anincreasing product diversification.

1

a)

BS600

42 mm
120 mm
1.5 mm

Material:
Dece

a) Rotationally symmetrical thickening and gearing, b) Asymmetric component (seat adjuster)
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2.5.7

Research

Prototyping of Metallic Bipolar Plates by Means
of Inremental Micro-Forming

Funding AiF/FOSTA
Project 14 EWN/P1247
Contact Dr.-Ing. Peter Sieczkarek

Fuel cells offer a great potential for electromobility. So far, the production of
the functional patterns of bipolar plates is performed by deep drawing or
hydroforming in the development stage. Since the evaluation of the efficien-
cy of the flowfields (see figure a) is done experimentally, the cost of the requi-
red tools represents a significant obstruction to innovation. The aim of the
projectis therefore the development of a cost-effective manufacturing process
for the prototypical production of metallic bipolar plates from stainless steel
foils (s, = 0.1 mm) by means of incremental forming. To minimize the friction
between the tool and the foil, three different tool concepts were developed:
a rigid (figure b), a rotating, and an oscillating one. In order to increase the
contour accuracy of the flowfields, suitable process strategies are derived in
the further course of the project. In cooperation with the Center for Fuel Cell
Technology (ZBT GmbH, Duisburg) the testing of the operational behavior of
the components represents the final focus of the investigations.

a)

N X il
Material: Stainless steel 1.4404
t, = 0.1mm
D, = 0.3 mm

Vacuum exhaust

Clamping on the machine table

a) Bipolar plate, b) Experimental setup with rigid tool (opened, without stainless steel foil)



2.5.8

Process Combination of Incremental Sheet Forming and
Laser Powder Deposition for Lightweight Manufacturing

Funding German Research Foundation (DFG)
Project TE 508/68-1
Contact Lennart M. Tebaay M. Sc.

The project covers the combination of incremental sheet forming (ISF) and
additive manufacturing (AM) by laser powder deposition to produce lightweight
products (ISF) with functional elements (AM). Due to the integration of the
tooling technology of incremental sheet forming into the milling and welding
machine it is possible to manufacture specimens at one setting. The aim of
this projectis,i.a.,the determinition of process boundaries. It is analyzed how
the groove profile generated during ISF affects the welding process. Afterwards,
the material compound is mechanically tested in order to characterize the
weld connection. Based on the privous results, strategies for the ISF process
can be deduced to receive an optimal preconditioning of the sheet for the
subsequent additve process. Also, the tool path of the powder nozzle has to
be studied because thermomechanical effects are likely to affect the part
quality. Finally, the energy and resource-efficiency of the combined manufac-
turing process is evaluated.

> Functional element

s,= 1 mm
Seee=0,5-0,3 mm
h =20 mm

Demonstrator geometry (ISF) - pyramid and AM - cube
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2.5.9 Fundamental Research and Process Development for the
Manufacturing of Load-optimized Parts by Incremental
Forming of Metal Sheets — Sheet-Bulk Metal Forming

(SBMF)

Funding German Research Foundation (DFG)
Project CRC/TR 73 » Subproject A4

Contact Sebastian Wernicke M. Sc.

Within the subproject A4 of the Transregio 73 the main objective is the ma-
nufacturing of geometrically complex components from sheet metals with
integrated functional elements by forming operations. With the incremental
procedure the sheet is processed by means of a flexible arrangement of lo-
calized forming operations.

Currentinvestigations focus on improving the mechanical property gradation
through a hybridization of the components. A new process strategy has been
developed where two metal sheets of lower density and strength surround a
steel sheet having a higher strength. In the first step, the centered sheet is
incrementally edge-thickened (figure a). Afterwards, the resulting bonded
sandwich configuration is geared employing incremental sheet-bulk metal
forming (see figure b). Besides a deliberately induced distribution of the local
strength,areduction of the component’s weight as well as a reduced tool load
can be achieved.

a) Edge thickening b) Gearing
Material B (AIMg3, 2 mm) AARItttar?ati\tle T
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Thickening tool edge
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Radial indenting
tool
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Cross section

Syavgs= 129 MPa
Gyncos = 214 MPa Gearing ground

=== DCO4 (5x 1 mm) —
== AlMg3 (2 x 2 mm) + DC04 (1 x 1 mm)

0 0.5 1 15 2 25 3 35
Indentation iin mm

a) Edge thickening and b) Gearing of hybrid gears and c¢) Resulting force reduction
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2.5.10 In-Situ Hybridization in Deep Drawing Processes —
Thermoplastic Fiber-Metal Sandwich Parts Based on Cast

Polyamide 6

Funding German Research Foundation (DFG)
Project BE 5196/4-1

Head Prof. Dr.-Ing. Noomane Ben Khalifa
Contact Dipl.-Ing. Thomas Mennecart
Status Completed

Within the project that was conducted in collaboration with the Karlsruhe
Institute of Technology (KIT) hybrid components consisting of sheet metals
and a glass fiber-reinforced core were successfully manufactured. The two
strategies shown in the figure were developed: deep drawing with thermo-
plastic resin transfer molding and deep drawing with wet-pressing. In the
in-situ hybridization experiments the influence of the fibers on the formabi-
lity of the blanks was investigated. With finite element simulations it was
shown that the fiber friction due to contact has a larger influence on the blank’s
formability than the friction due to the form-fit between the imprinted fiber
structure and the blank in case of high normal loads. With this knowledge, a
process strategy primarily featuring an early injection was derived. To avoid
the squeezing out of the matrix during the process, another injection at the
end of the forming step should be done. This way, a successful in-situ hybri-
dization is possible.

With the former chief engineer Nooman Ben Khalifa being appointed Profes-
sor for Production Engineering at Leuphana University of Lineburg and
Helmholtz-Zentrum Geesthacht, the project will be continued in Luneburg.
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2.5.11 Forming of Additively Manufactured Sandwich Sheet
Composites with Optimized Core Structures

Funding German Research Foundation (DFG)
Project TE 508/63-1
Contact Stephan Rosenthal M. Sc.

In cooperation with the Institute of Product Engineering of the University of
Duisburg-Essen sandwich sheets with optimized core structures for the use
in forming technologies are developed and additively manufactured. Due to
the high degree of design freedom in additive manufacturing the development
of the core structure needs to be carried out with the help of numerical simu-
lation tools. Therefore, the material and semi-finished parts used need to be
characterized. The results reveal a highly anisotropic yield behavior as well
as tensile-compression asymmetry. The microstructure develops, depending
on the manufacturing parameters used, as a highly oriented cellular dendri-
tic structure.Thus, ayield criterion thatis capable of describing these effects
is considered. The experimentally investigated yield loci in the figure show a
transversal isotropy with similar properties in the build-plane of the additive
manufacturing process.
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2.5.12 Development of Hybrid Plastic/Magnesium Composite Parts
for Ultra-Lightweight Construction Applications

Funding LeitmarktAgentur.NRW
Project EFRE-0800113
Contact Hamed Dardaei Joghan M. Sc.

In cooperation with the IKV Aachen and the companies JUBO, KODA, and TWI
a combined process for hybrid plastic/magnesium composite parts with the
target of saving weight, time, and cost is developed. Magnesium sheets (ME20)
are extruded as open-tubes and subsequently flattened. Afterwards, the
magnesium sheets are warm deep-drawn and continuously back-injection-
molded. A special coating needs to be applied on the surface of the magne-
sium sheets forimproving the corrosion resistance and the adhesion between
magnesium and polymer. Material characterizations for both extruded profi-
les and the flattened sheets are carried out. Deep drawing in isothermal and
non-isothermal condition is investigated experimentally and numerically. In
comparison to the isothermal condition, the non-isothermal deep drawing
results show that a lower thickness reduction occurs in the transition or punch
radius region. Hence, the drawability of the magnesium alloys is increased in
the non-isothermal case.
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2.5.13 Forming Technologies for Metallic and Hybrid Lightweight-
Structures for the Use in Electromobility

Funding BMBF/PTKA, Grant Platform FOREL 2
Project 02P162011
Contact Fabian Schmitz M. Sc.

In this coordination project in collaboration with TU Dresden (TUD), TU Berg-
akademie Freiberg, Paderborn University, and the Technical University of
Munich, topics dealing with future mobility with regard to the manufacturing
of lightweight components and recycling of materials are covered. With the
help of a survey in which participants from the automotive, aerospace, elec-
tronics, and recycling industry are questioned about concepts for future
mobility, about the requirements for new manufacturing technologies as well
as about the recycling of materials, future research topics and recommenda-
tions are identified and deduced. For example, together with the Institute of
Mineral Processing Machines of TU Bergakademie Freiberg the re-use of
aluminum chips and scrap in manufacturing is considered. The mechanical
properties of aluminum profiles made by extrusion are investigated and the
influence of the chip and scrap dimensions and the method of preparation
on the recycling process are analyzed.

Importance of recycling in the next 10 to 15 years

Ecological requirements
for components (i.e. recycling)

Requirements on the complete vehicle
related to the possibility of recycling
of end-of-life vehicles
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A

Importance of secondary material
for the manufacturing of components
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N Rather unimportant [If] Rather important (+1) [JJjf Important (+2) [l Very important (+3)

Results of the FOREL survey 2018 on the subject of recycling
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2.6.1
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Patents

Published Patents

Title Method and device for increasing the thickness of the edge of
a sheet-metal body

Application number DE 102016012 270 A1

Patent holder TU Dortmund University

Status Published April 19,2018

Inventors S.Wernicke « S. Gies « A. E. Tekkaya

Title Apparatus and method for bending of profiles and bar
material, in particular asymmetric and open profiles or bar
material

Application number EP 3320993 A1

Patent holder TU Dortmund University

Status Published April 26,2018

Inventors C.Lobbe « G.Grzancic « A. E. Tekkaya

Title Process and apparatus for planar or spatial bending by arolling
process

Application number EP 3320994 A1

Patent holder TU Dortmund University
Status Published May 17,2018
Inventors R.Meya « A. E. Tekkaya
Title High current pulse generator

Application number EP 2991 224 B1

Patent holder TU Dortmund Universitys Astrol Electronic AG
Status Published November 21,2018
Inventors S. Gies « C. Weddeling « A. Herdt - A.E. Tekkaya

A. Stockli « F. Forster
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2.6.2 Filed Patents

Method and Device for Forming and Bending
of Thin-Walled Profiles

Application number DE 102018 008 302

Patent applicant TU Dortmund University

Status Filed

Inventors C.Loébbe ¢ R. Meya ¢ D. Englert « H. Chen

P.Bazargan « A. E. Tekkaya

This invention concerns the forming of a profile cross section and the super-
posed bendingin one process step. Current methods for bending of thin-walled
profiles require form-closed tools for a fixed geometry and they are only ap-
plicable for small diameter to wall thickness ratios because of wrinkling,
tearing, and buckling. In the proposed heat- and pressure-assisted forming
technology a profile passes through a short die section while it is partially
heated and expanded by an internal pressure. Concurrent to the shaping of
the cross section, the curvature of the structural part is obtained by the su-
perposed bending (see figure). Beside the high formability, the rapid heating
and cooling enables an integrated heat treatment to achieve a high product
strength. Hence, the new forming method offers a possibility for the flexible
manufacturing of complex profile parts with tailored properties through a
simple tool setup.
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Process principle for the continuous profile forming by an internal pressure and targeted heat
assistance
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Process for Reducing the Stair Step Effect in Layered Dies
and Components Manufactured from Single Sheet Lamellas
by Additive and Formative Post-Processing

Application number DE 10 2018 004 294.5

Patent applicant TU Dortmund University
Status Filed

Inventors R. Holker-Jager « A. E. Tekkaya

The invention deals with a new process chain for the manufacturing of dies
fore.g.deep drawing processes or also for components. The base body of the
die is manufactured fast and cheap by single sheet lamellas. The resulting
stair step effect deriving from the layers of the sheet lamellas is filled by laser
powder deposition and finally leveled by roller burnishing and/or milling. A
possible application is the fast and cost-efficient fabrication of deep drawing
dies.

a)
Stair step effect
/ at the die surface
b) (Sheet-) Umt for laser Roller

Lamella powder burnishing

Weld bead

| i deposition die
Layer-laminated Laser powder Roller burnishing/
manufacturing deposition deep rolling

a) Draw ring of a deep drawing die manufactured by the layer-laminated manufacturing method,
b) Process combination

Research
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3.1

Further Activities

Events and Awards

In 2018, diverse conferences and workshops were hosted or co-organized by
the Institute of Forming Technology and Lightweight Components to present
research results and to meet researchers from industry and universities. In
the following, you will find more information on selected events.

Seminar on Applied Mechanics in Forming Technologies on the
occasion of Prof. Haupt’s 80*" Birthday

On the occasion on the 80™ birthday of Prof. Peter Haupt, long-time lecturer,
consultant and friend of the IUL, the institute organized a honorary collo-
quiumon the subject of “Applied Mechanics in Forming Technologies®on April
24,2018. Former students, colleagues, and the family of the guest of honour
were invited. Since the winter semester 2010 the emeritus professor of Uni-
versity of Kassel works at the IUL as lecturer. So far, he has accompanied many
academic careers at the institute.

Congratulation to the guest of honour

Further Activities
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After a short welcome reception Prof. Tekkaya welcomed the honoured guest,
his family, and the seminar participants with a personally addressed speech.
Prof.Haupt’s former PhD students Prof. Charalampos Tsakmakis of TU Darm-
stadt, Prof. Stefan Hartmann of Clausthal University of Technology (CUT), and
Dr. Dirk Helm of Fraunhofer Institute for Mechanics of Materials IWM pre-
sented Prof. Haupt’s outstanding achievements for the field of mechanics.
Graduated staff members of the IUL who profited directly from the valuable
discussions with Prof. Haupt emphasized the relevance of his research works
for their theses and for the field of mechanics in their lectures. After the of-
ficial part of the seminar a cosy lunch served in the experimental hall com-
pleted the seminar day.

Meeting of the IUL Industrial Advisory Board

The Industrial Advisory Council of the Institute of Forming Technology and
Lightweight Components, established in 2010, is composed of 22 renowned
representatives of industrial companies and research associations.The close
collaboration within the scope of biannual meetings fosters the exchange of
experience between industry and research. The current industrial need for
research and education is communicated quickly to the institute and, in re-
verse, the industrial participants benefit from the information on research
innovations that can lead to an increase in efficiency of their production. The
focus of this year’s meetings on May 5 and November 30 was on material
characterization and the application of numerical process simulation in pro-
duction as well as stamping and bending technology using progressive dies..

A

Participants of the 16" Industrial Advisory Board Meeting

Further Activities
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ICHSF 2018

The 8" International Conference on High Speed Forming (ICHSF), the world’s
largest conferencein the field of impulse-based metal forming, was held from
May 13 until May 16, 2018 in Columbus, Ohio. Founded in 2002 by Prof.
Kleiner at TU Dortmund University, the eventis organized regularly by the lUL
in cooperation with the “Ohio State University College of Engineering® The
international conference takes place every two years, alternately in Dortmund
and atvarious locations worldwide. In 2018 Prof. Glenn S. Daehn of “The Ohio
State University“ hosted the conference and welcomed approximately 80
conference delegates from all over the world.

Dr. Gies holding a lecture

The ICHSF 2018 presented current research results concerning impulse-based
forming and its current and future (industrial) applications. Representatives
of universities and companies discussed process technologies, tools, mate-
rials, and measurement techniques as well as modelling and simulation of
processes concerning high-speed forming.

Further Activities




Forming Colloquium 4.0

This year’s “Forming Colloquium 4.0” was dedicated to the topics of “Industry
4.0”. The focus was on the accordingly changing requirements forming tech-
nology faces and measures to be initiated. After a short welcome by the heads
of institute, current and former staff members of the Institute of Forming
Technology and Lightweight Components (IUL) participated in diverse lectures
and an issue-specific lab tour. The guests took the opportunity to network in
arelaxed and familiar atmosphere. Subject of the discussions were the con-
flicting aspects of mass production and batch size one as well as the chanc-
es of networked sensor systems in forming machines. Finally,another impor-
tant element to improve forming technology in connection with the fourth
industrial revolution is the targeted use of the advantages of additive tech-
nologies as supporting factor for forming technologies.

Welcome by Prof. Tekkaya (left) and Prof. Kleiner

Further Ac
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DORP 2018
7% Tube and Profile Bending Conference

The 7" Tube and Profile Bending Conference (DORP — Dortmunder Kolloquium
zur Rohr- und Profilumforung) took place from September 11-12, 2018. After
the reception evening in the Signal Iduna Stadion with an exciting speech by
Prof. Tolan dealing with the physics of football, the IUL welcomed the guests
from industry and academia on September 12,2018 at the facilities of TU
Dortmund University. More than 75 participants, four exhibiting companies,
and twelve presentations - eight from industry and four from research - pro-
vided a forum to exchange topics related to tube and profile forming. New
processes, for example for the production of large pipes, innovative sensors
for continuous profile measurement, or the networking of different manufac-
turing steps in the field of Industry 4.0 were major issues. The wide range of
topics demonstrates the versatility of current research and development
trends which lead to intensive discussions amongall participants and highlight
the need for close networking between companies and universities. The DORP
conference serves as a venue and actively takes part in meeting the require-
ments expressed by the attendants.

i
7" DORP 2018

Participants of the 7" Tube and Profile Bending Conference

Further Activities




1. Industrial Colloquium of the CRC/Transregio 188

On November 15, 2018, the CRC/Transregio 188 invited to its first industrial
colloquiumin the Dortmund Congress Centre, Germany. Latest research results
on the subject of “Damage controlled forming processes” were presented to
more than 100 international participantsin 12 lectures and an accompanying
poster presentation. The focus was on the analysis and characterization of
damage on different scales as well as the influence of damage evolution in
sheet metal and bulk forming processes. The application-oriented use of the
knowledge gained ranged from the simulation of individual forming pro-
cesses to thevirtual optimization of the entire production chain, including the
evaluation of the product with regard to its application and crash behavior.
The variety of application examples presented by the invited speakers from
industry and renowned research institutes as well as the great response from
the participants underlined the high relevance of the topic for manufacturing
technology and beyond.

We would like to thank the German Research Foundation (DFG) for making
this event possible by supporting the research association and the Eco-
nomic Development Agency Dortmund (Wirtschaftsférderung Dortmund) for
kindly supporting the event financially.

Participants of the industrial colloquium 2018

Further Activities
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Best Paper Award EDPC 2018

During the annual Electric Drives Production Conference Janna Hofmann
(wbk — Institute of Production Science at KIT) and Anna Komodromos (IUL)
have been awarded the Best Paper Award for their joint paper entitled “Opti-
mization of the linear coil winding process by combining new actuator prin-
ciples on the basis of wire forming analysis® The conference took place in
Schweinfurt on December 4 and 5, 2018. The paper resulted from the joint
project “Forming-based process modeling of the linear winding method”
funded by the German Research Foundation (project TE 508/56-1). It examines
the application of new actuators for linear winding in order to improve the
winding result and reduce the copper losses of the electric motor. One impor-
tant aspect is the influence of the wire guide on the forming behavior of the
wire because the clearance between wire and coil bobbinisincreased. There-
fore, a concept for a movable wire guide preventing the pre-deformation of
the wire is presented.

Furthermore, the IUL participated in the following events, some of which were
also open to a non-scientific audience of different target groups:

- Engineers-without-Borders « February 5

« Girls'Day 2018 « April 26

+ Student competition “Stahl fliegt” (Flying steel) « July 3-4
+ Summer party of TU Dortmund University « July 5

+ do-camp-ing « July 16-19

« SchnupperUni « August 23

- Science Night Ruhr » September 28

« MinTU « November 9

+ Open Day of TU Dortmund University « November 10

r Activities
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3.2 Participation in National and International
Organizations: Prof. Dr.-Ing. Dr.-Ing. E.h. A. Erman Tekkaya

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. V.")

+ GCFG - Member of the “German Cold Forging Group”
+ I?FG — 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”

+ Vice president of the german consortium of “Turkisch-Deutsche Univer-
sitat” (Turkish-German University)

+ WGP - Member of the “German Academic Society for Production
Engineering” (“Wissenschaftliche Gesellschaft fur Produktionstechnik”)

Journals/Editorship

« 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”

Further Activities
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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, “International Conference on High
Speed Forming” (ICHSF 2018), Columbus, USA

Member of the CIRP Communication Committee

Member of the Scientific Committe, “International Deep Drawing
Research Group 2018” (iddrg), Waterloo, Canada

Member of the Scientific Committe, “International Deep Drawing
Research Group 2019” (iddrg), Enschede, Netherlands

Member of the Scientific Committee, “International Conference on Sheet
Metal” (SheMet 2019), Leuven, Belgien

Member of the Scientific Committee, “The 13™ International Conference
on Numerical Methods in Industrial Forming Processes” (NUMIFORM
2019), Portsmouth, USA

Member of the Scientific Committee, “The 28" CIRP Design Conference
2018% Nantes, Frankreich
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Activities as Reviewer

In Scientific Committees

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

CIRP - International Academy for Production Engineering

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

DTU, Technical University of Denmark, Lyngby

ESF College of Expert Reviewers

Massachusetts Institute of Technology, Boston
Max-Planck-Institut fir Eisenforschung GmbH, Disseldorf
Middle Eastern Technical University, Ankara

National Research Council Canada

Oakland University

Steel Institute VDEh

The Ohio State University

University of Cambridge

University of Cyprus

University of Lisbon

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

For Journals

Applied Mathematical Modelling

ASME - Journal of Manufacturing Science and Engineering
CIRP Annals — Manufacturing Technology

Computational Materials Science

Computer Methods in Applied Mechanics and Engineering
Engineering Computations

Engineering with Computers

HTM Journal of Heat Treatment and Materials

International Journal for Numerical Methods in Engineering
International Journal of Advanced Manufacturing Technology
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International Journal of Damage Mechanics

International Journal of Machine Tools and Manufacture
International Journal of Material Forming

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 Materi-

als 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
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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 (Vice-chair)
+ Advisory Committee Japan Science and Technology Agency (JST) Tokyo

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

University Advisory Boards
+ Chairman of the University Council,Johann Wolfgang Goethe-University,
Frankfurt
+ Excellence Initiative Board, Bremen University
+ Board of Trustees, TU Berlin
« International Advisory Board Faculty of Engineering, Twente University

Further Activities
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Foundation Advisory Boards

« Board of Trustees, Deutsche Telekom Foundation
» Board of Trustees, Daimler und Benz Foundation
 Scientific Advisory Board, Fritz Thyssen Foundation

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

+ Advisory Board, Werner Siemens-Stiftung, Swizzerland

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 Advisory Boards

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

Further Activities
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International Exchange

Prof. Carlos Manuel Alves da Silva

Professor Carlos Manuel Alves da Silva, Assistant Professor in the working
group of Professor Paulo Martins, Instituto Superior Técnico, Technical Uni-
versity of Lisbon, was hosted at the [UL from March 14 to June 29, 2018. Dur-
ing his research stay Professor da Silva worked on the connection between
forming technology and additive manufacturing. His idea is to manufacture
preforms for collector’s coins additively and to coin them to their final geom-
etry. To test this manufacturing strategy, blanks were fabricated additively
made of a stainless steel alloy using a machine for selective laser melting (in
a powder bed). Furthermore, Professor da Silva numerically investigated the
material flow in the coining process, focusing on the design of the preform.
For the year 2019 another guest stay at the UL is scheduled.

1. Additively manufactured preforms 2. Coining process

Process of an additively manufactured pre-form which was delivered to the final geometry by a
coining operation

Prof. Junying Min

ProfessorJunying Min conducted joint research in the field of material char-
acterization and modeling with the members of the Applied Mechanics group
from May 1 until July 28, 2018. He developed new analytical approaches for
the evaluation of material tests such as the hydraulic bulge test and the bi-
axial tension test at the School of Mechanical Engineering of Tongji Univer-
sity (Shanghai). Professor Min collaborated closely with Mr. Traphoner to test
sheet metals with the in-plane torsion test during his stay at lUL. Mr. Gutkne-
cht und Dr. Clausmeyer are looking forward to the continuing cooperation in
the field of loading path changes. The former Alexander von Humboldt
scholar presented the results of hisresearch stay at IUL and previous projects

International Exchange

0



(Ruhr-Universitat Bochum, the research and development center of General
Motors in Warren, among others) in his final presentation “Mechanical Be-
havior and Characterization of Sheet Metals: Onset of Necking and Yield
Surface Evolution” to colleagues of TU Dortmund University on July 26.

Prof. Min (right) and Prof. Tekkaya Prof. Kanetake (right) and Prof. Tekkaya

Alexander von Humboldt scholar Prof. Naoyuki Kanetake

From June 12 to September 14,2018 Professor Naoyuki Kanetake, Emeritus
of Nagoya University Japan, was a guest of IUL. His stay was funded by a Al-
exander von Humboldt scholarship. During his stay an intense collaboration
with the staff of the department of bulk metal forming was developed. The
exchange led to the generation of new ideas in the field of direct recycling of
aluminium chips through the consolidation with the ,Compression Torsion
Process” (CTP) and the process development of aluminium foam production.
Due to the growing demands in the field of lightweight design and resource-
saving manufacturing processes these topics gain more importance and the
need for international cooperation increases. At the end of his stay in Dortmund
Professor Kanetake presented research results generated during his research
activities in Japan to interested students and scientists.
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RISE (Research Internships in Science and Engineering) —
Shemmar Jackson

As in previous years, in 2018 the IUL took part in the program “RISE® of the
German Academic Exchange Service (DAAD). From May until August, Shemmar
Jackson from the Rochester University (New York) visited the institute. The
RISE program gives Bachelor students from the UK and North America the
opportunity todointernships at German research institutions. The stay of Mr.
Jackson was financed by a grant collectively funded by the DAAD and the DFG
Collaborative Research Center Transregio 73. Under the supervision of Mr.
Wernicke, Mr. Jackson was engaged in the topic of incremental sheet-bulk
metal forming. He investigated hybrid gears formed by incremental sheet-bulk
metal forming with the focus on assessing the bond properties.

Shunyi Zhang (NSF travel grant)

With Shunyi Zhang an “old friend” visited the IUL in summer 2018 for a two-
month research stay. Mr.Zhang completed his Master’sdegreein 2015 as part
of the MMT program at the TU Dortmund University and now pursues his PhD
at the University of New Hampshire under Professor Kinsey. In close coop-
eration with Mr. Lueg-Althoff, Mr. Zhang investigated the characteristic wave
formation in the interface layer between the welded joining partners during
magnetic pulse welding. In addition to experimental investigations on the
pulse generators of the UL, a meshless numerical simulation method, SPH
(Smoothed Particle Hydrodynamics), was used for this purpose. The stay of
Mr.Zhang was financed by a grant of the National Science Foundation (NSF),
USA.

Exchange with The Ohio State University

The project ,Forming and manufacture of lightweight high-performance
components — International Research Experiences for Students at the TU
Dortmund University”, funded by the National Science Foundation (NSF),
enables an exchange research internship for up to five students from The Ohio
State University (OSU) at the IUL during the summer break. Undergraduate
as well as graduate student, can apply for the program. During their stay the
exchange students gather insights into the characteristics of research at a
leading German manufacturing research institute. They can directly apply
what they have learned to their work and research back home. At the IUL they
are actively involved in an ongoing research project under the supervision of
an associate researcher of the institute. During the second period of the

International Exchange
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program in summer 2018 four students took the opportunity to do research
at the IUL.

Madhura Athale

After graduation in Mechanical Engineering at The Ohio State University, Ms.
Madhura Athale started her Ph.D. studies in the Materials, Mechanics, and
Manufacturing Lab of OSU. In her second year she deals with the modeling
and simulation of tool wear during forming processes. The results are taken
intoaccountduring the evaluation of different agile tooling approaches. Dur-
ing her research stay at the I[UL she analyzed the wear of additively manufac-
tured tools for sheet forming operations based on experiments and simu-
lations. The results were compared to previous analyses of tools manufactured
by conventional approaches.

Denielle Ricciardi

As part of her Ph.D. research at the Center of Accelerated Maturation of Ma-
terials of OSU, Ms. Denielle Ricciardi investigates statistical uncertainties of
materials and their properties which are often used in forming operations.
For instance, texture evolution during a forming process can be predicted by
such tools. At the UL she used numerical simulations to forecast the statis-
tical distribution of material properties, such asyield stress, of cold extruded
16MnCrSh. Later, the results were validated by experimental analyses.

Angella Volchko

Ms. Angella Volchko is currently a mechanical engineering undergraduate
student at OSU. As part of her research internship, she dealt with the exten-
sion of the machine control of the incremental profile forming machine which
was developed atthe IUL.The projectis part of the joint collaboration between
thelULand her supervisor Professor Srinivasan who is the head of the depart-
ment of Mechanical and Aerospace Engineering.

Ryo Nakahata
Enhancing the incremental profile forming machine was also part of Mr. Ryo

Nakahata’s research stay at the IUL. He is also a mechanical engineering
undergraduate student. He investigated which optical sensor system is best
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suited for a real-time closed-loop control for the incremental profile forming
machine. Eventually, a laser-based triangulation sensor was chosen and
implemented into the machine. First experimental results show a promising
use of this system.

During their stay at the IUL their supervisors from OSU visited the exchange
students. As part of their trip to Germany, the professors used the opportu-
nity to give talks on their current research topics. Professor Srinivasan, the
coordinator of the student exchange research program at OSU, presented his
latest results on,Incremental Profile Forming: Process, Sensing,and Control
Innovations: Challenges and Proposed Solutions® This subject is part of a
collaboration between his institute and the IUL regarding the research that
was done by Dr.Grzancic during his dissertation. Furthermore, Profesor Niez-
goda also visited the I[UL while his student, Denielle Ricciardi, was working on
quantifying statistical uncertainties during forming operations. He gave a talk
on“Mechanics and structures at the mesoscale: Challenges and opportunities
for ICME*“ The IUL is looking forward to welcoming next year’s batch of research
exchange students in summer 2019.

International Exchange
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5

Technical Equipment

Experimental Area

Presses

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

Meer

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

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

Extrusion press 2,5 MN, Collin, PLA250t

« 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 Werk-

zeugmaschinen GmbH & Co. KG

Machine for electromagnetic forming, 1,5 kd, PPT SMU 1500 (recuperati-
onalble), self-built at IUL

« Machine for electromagnetic forming, 6 kJ, Poynting SMU 0612 FS

Machine for electromagnetic forming, 32 kd, Maxwell Magneform 7000

« Machine for Incremental Profile Forming, self-built at IUL

Machine for Incremental Tube Forming, IRU2590, transfluid Maschinen-
bau GmbH

Multi-axes forming press TR 73, 100 kN, prototype with five axes of moti-
on (Schnupp Hydraulik)

Press brake, 1300 kN, TrumaBend V 1300X
Profile bending machine TSS-3D, self-built at [UL

Technical Equipment
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Profiling machine RAS 24.10, Reinhardt Maschinenbau GmbH, Sindelfin-
gen

Spinning machine, Leifeld APED 350NC, CNC Siemens 840 D
Swivel bending machine, FASTI 2095
Three-roller bending machine, FASTI RZM 108-10/5.5

Additive Manufacturing Machines

Combined b-axis-machining and laser deposition welding center
Lasertec 65 3D, Sauer GmbH/DMG MORI

FDM-based 3D-Printers for thermoplastic materials (2x Ultimaker 3, 1x
Ultimaker 3 Extended)

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

Material Testing Machines

Bulge-testing machine, 200 kN, Erichsen 142/20

four Universal testing machines, Zwick 1475 100 kN, Zwick SMZ250/
SNBA, Zwick FR250SN.A4K, Allround Line, Zwick Z250 (2 x)

« Plastometer, 800 kN, self-built

Sheet metal testing machine Zwick BUP1000

Measurement Technique and Electronics
« 3D-coordinate measurement machine, Zeiss PRISMO VAST 5 HTG (in

cooperation with the ,Institut fir Spanende Fertigung®, TU Dortmund
University)

3D-video measuring system, Optomess A250

« 3MA-Il Measurement System

Borehole device, Milling Guide RS 200 for residual stress measurement
by strain gauges

- Digital storage oscilloscope, 4 measuring channels, Tektronix TDS 420A

Optical 3D digitizer: GOM ATOS Triple Scan (2 x), GOM TRITOP

+ Optical 3D deformation analysis: GOM ARAMIS 5M (2 x) and 4M (1 x),

GOM ARGUS
Optical 3D motion analysis: GOM PONTOS 4M

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

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

Large volume SEM, Mira Xl by Visitec (in cooperation with the ,Institut
fur Spanende Fertigung“and ,Lehrstuhl fur Werkstofftechnologie®, TU
Dortmund University)

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

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

Light optical microscope Axiolmager.M1m adapted for polarization,
Zeiss AG

Multi-wavelength pyrometer, Williamson pro 100 series
Near infrared pyrometer, sensotherm Metis M 318
Near infrared pyrometer, Sensortherm Metis M 316

Optical frequency domain reflectometer ODiSI-B10 from Luna Technolo-
gies. System for the space- and time-resolved measurement of tempe-
rature and strain

Pontos 4M, GOM, dynamic 3D analysis, solution 2358 x 1728 pixel

Prism - Residual stress measurement based on hole-drilling and ESPI
Residual stress measurement devices using borehole method

» Air-abrasive procedure
+ High-speed procedure

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

Thickness measuring device, Krautkramer CL 304

Miscellaneous

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

Belt grinding machine, Baier PB-1200-100S

different machines for machining purposes

Etching and polishing station - LectoPol-5, Struers GmbH
High-frequency generator, 10 kW, Hittinger Axio 10/450
High-performance metal circular saw, Haberle AL 380

Hydraulic power units and pressure intensifiers up to 4000 bar (3 x)

Technical Equipment
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Hydrostatic roller burnishing tool, Ecoroll, HG13 and HG6

« Industrial robot KUKA KR 30-3

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

« Laser processing center, Trumpf LASERCELL TLC 1005

Measuring rack, Boxdorf HP-4-2082

« Medium-frequency generator, 40 kW, Trumpf TruHeat 3040 und 7040,

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

- Tensile testing grinder, Schutz + Licht GmbH, PSM 2000

Tensile testing punch press, 1200 kN, Schitz + Licht GmbH 251200 CN

« Turning machine, Weiler Condor VS2

Technical Equipment
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Technical Equipment
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