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Preface

Dear Readers,

Political events in 2015 were dramatic and upsetting. The terror attacks in
France and other countries shocked us all and the Institute of Forming Tech-
nology and Lightweight Construction (IUL) stood shoulder to shoulder espe-
cially with our French friends and colleagues. The ongoing refugee drama calls
for support from all people and institutions in the safe European countries.
IULs old administrative building, which was supposed to be torn down already
in 2015, is now ready to be used, for the time being, as emergency accom-
modation for refugees. On short notice, we have opened our lectures for in-
terested refugees. It is obvious, however, that we will have to do even more for
these people, who were ripped out of their homelands, and we will actively do
so in the New Year.

Onthe other hand, 2015 was a very successful research year for the Institute.
A major equipment initiative proposal submitted to the German Research
Foundation (DFG) and The Ministry of Innovation, Science, Research and
Technology of the State of North Rhine-Westphalia for the acquisition of a
combination machine for laser deposition of powder in a 5-axis machining
center was approved and now marks the beginning of a new line of research
at the IUL. With this machine, we can implement and investigate our patent-
pending method for combining additive, subtractive,and formative manufac-
turing processes. From this combination method, we expect a drastic reduc-
tion of the energy brought into the products and an increased manufacturing
speed compared to products manufactured by a purely additive process.

On 1 August 2015, the ,Research Group on Additive Manufacturing* (ReGAT)
was launched to collate IUL's different research activities around the combi-
nation of additive and formative manufacturing methods. Dr.Ramona Holker-
Jager established this new work group and is its leader. We were very de-
lighted and motivated to do extensive research in this challenging new
territory when the Senate Committee for the Collaborative Research Centers
of the German Research Foundation (DFG) recommended submitting a pro-
posal on establishing a Collaborative Research Center on damage-controlled
forming processes together with RWTH Aachen University and the Max-Planck-
Institut fur Eisenforschung GmbH (MPIE). Furthermore, the approval by the
BMBF (Federal Ministry of Education and Research) of the transregional joint
research project ELLIZ confirms our concept on engineering education, which
is put into practice by the interdisciplinary cooperation between didactics of
higher education and engineering sciences. We are very much looking forward
to continuing and extending the excellent and well-established co-operation

P

UL



inthe jointly applied for collaborative research project with Professor Sabina
Jeschke of RWTH Aachen University and Professor Marcus Petermann of
Ruhr-Universitat Bochum as well as their teams.

The activities of the “Research Center for Industrial Metal Processing
(ReCIMP)*, which was established in 2012 in the framework of a research
project with the global corporation Faurecia, were further extended and
strengthenedin 2015.This reveals the great demand for and of such aresearch
group, that does not only perform applied research activities in co-operation
with the industry but also generates numerous innovative, practical, and
fundamentals-oriented research projects.

In 2015, the number of staff members has risen slightly: Six new members
joined the Institute and five left to take up new challenges in the industry
after their academic careers. Again this year, the graduates of our study pro-
grams showed a high interest in working at the IUL, which is reflected in the
employment of three new candidates from our own pool of students. With five
completed doctoral theses and 49 diploma, master’s, bachelor, project, and
student theses, we had an overall very successful academic year.

The fifth student generation of the international master study program
“Manufacturing Technology” (MMT) started their studies in October 2015.This
year again, the high number of international applications encouraged us to
continue our international commitment with this study program. The par-
ticipation of MMT students in research activities of the chairs and institutes
of the Department of Mechanical Engineering has risen from year to year and
has become an integral part of our research potential.

In2015,the lUL again organized several events. Apart from the 18th workshop
on “Simulation in Forming Technology” and the internationally attended “3rd
Industrial Colloquium of the CRC/TR 73 (SFB/TR 73)”, the colloquium which
was held on the occasion of Matthias Kleiner’s 60th birthday certainly was a
highlight in the academic calendar of the IUL. Numerous guests from aca-
demia and industry followed the invitation to attend the event, which was
orga-nized as a surprise for the jubilarian. The excellent international contri-
butions in the book “60 Excellent Inventions in Metal Forming®, which was
published on the occasion of this birthday, recognize the great progressin the
forming technology area in the last decades. The Industrial Advisory Board,
as well, celebrated a small anniversary with its 10th meeting. The IUL highly
appreciates the numerous suggestions and constructive criticism offered by
the members of the Board.
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The numerous renowned guests, who visited the UL for a long-term research
stay, constitute an essential part of the international networking of the Insti-
tute. Professor Misiolek (USA), Professor Martins (Portugal), Professor Lei
(China), Dr. Kim (Korea), Dr. Lou (China), Mr. Sumikawa (Japan), and several
students from USA and Japan performed valuable research work at the IUL.
These research stays were made possible thanks to the Alexander von Hum-
boldt Foundation, the German Research Foundation (DFG), the Korea Institute
of Materials Science (KIMS), the China Scholarship Council (CSC), and the
German Academic Exchange Service (DAAD). The successful international
co-operation within the worldwide research community is of great importance
to the IUL — not only for the successful research work but also for the trust
and friendships that result. We would like to thank our guests and interna-
tional partners most cordially for this fruitful co-operation.

We are especially proud of the numerous prizes we were awarded this year.
The “Best Paper Prize® of the ICEB 2015, the “Stahl-Innovationspreis 2015
(steel innovation award), and the “Zwick Science Award 2014“ were a great
honor and motivated us tremendously.

The success of the Institute of Forming Technology and Lightweight Construc-
tion could not have been achieved without the dedicated commitment of all
staff members, the support provided by research funding institutions, the
co-operation with industrial companies, the interconnection in the interna-
tional research community, and the maintenance of close ties with the uni-
versity colleagues in Dortmund and other locations. Our heartfelt thanks go
to all of them.

A & Folboyer W Reain

A.Erman Tekkaya Matthias Kleiner
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1.1

Education

Offered Courses

The Institute of Forming Technology and Lightweight Construction teaches
mainly bachelor and master students majoring in logistics, industrial engi-
neering, and mechanical engineering. In addition, the lectures are attended
by students of education, computer science, and physics in their minor sub-
ject.In this way, the students gain the knowledge and skills which are neces-
sary for a successful career entry inindustry or research. In the following, the
individual lectures are presented.

Bachelor

1st Semester /

Winter Basics, Semi-finished Pro-
v ducts, Procedures/Machines y
Fund i Analytical Method
Forming Technology |5 in Forming Technology
5th Semester /| | Advanced Basics, Plasticity Modelling of Forming
Winter Theory, Procedures/Machines) Processes
| | Engineering Design of ) Simulation
Machine Tools Forming Technology | | = i, Forming Technology
6th S ter /| Fund Is of Ext. Procedures/Machines, Use of FEM in Bulk Forming
Summer Farming Machines Process Chain and Sheet Metal Forming
Master
Advanced Simulation Techni-
B Forming Technology Il [€'| 65 in Forming Technology |
st Semester - -
Summer Forming Machines, Modeling, Evaluation,
Forming Laboratory Impl./Expl. Methods
Advanced Simulation Techni-
» Forming Technology Il in Forming Technology |

2nd Semester / ] ]
Winter Special Forming Processes Non-linear FEM

Structure of lectures e.g. of the study program mechanical engineering with specialization in
production engineering (all above courses are tought in German)

Further courses of the institute are:

« MMT | - Forming Technology — Bulk Forming (in English)

« MMT Il = Forming Technology — Sheet Metal Forming (in English)

« MMT Il - Advanced Simulation Techniques in Metal Forming (in English)
« MMT IV - High dynamic Testing of Materials (in English)

« MMTV - Additive Manufacturing (in English)




« Industrial Lecture Course: Industrial Field Reports (basically in German)

« Laboratory work A for Students of Mechanical Engineering (basically in
German)

« Laboratory work B for Students of Industrial Engineering (basically in
German)

« MMT Laboratory work (in English)

The lecture “additive manufacturing”, which was offered for the first time in
the winter semester 2015/16, describes the principles and characteristics of
the layer-wise production of components. Firstly, the lecture deals with topics
regarding the generation of manufacturing data as a part of the process chain,
which is divided into the steps of data preparation, data conditioning, and
data processing. One of the main emphases of the lecture is the description
and explanation of the most important AM processes, which commercially
available technologies are based upon. These include Stereolithography,
Laser Sintering, Laser Beam Melting, Fused Layer Modeling, MultiJjet Mod-
eling, Poly Jet Modeling, 3D-Printing, Layer Laminated Manufacturing, and
Digital Light Processing. As additional contents, various methods for post
processing of components are discussed in the lecture as well as the cost
effectiveness depending on different factors.

In 2015, the following guest professors and lecturers participated in the edu-
cational offers of the IUL:

+ Prof. P Haupt, Emeritus University of Kassel
+ Prof. K. Roll, formerly Daimler AG Sindelfingen

« Dr.E.Lach, ISL - French-German Research Institute of Saint-Louis,
France

+ Dr.H.Schafstall, Simufact Engineering GmbH, Hamburg
« Dr.J.Vochsen, SMS Meer GmbH Moenchengladbach
+ Dr.J.Sehrt, University of Duisburg-Essen

Further information at www.iul.eu/lehre (or using the following QR code)
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Master of Science in Manufacturing Technology (MMT)

October 2011
Prof. Dr.-Ing. Dr.-Ing. E.h. A. E. Tekkaya
M.Sc. 0. Napierala « Dipl.-Fachiibers. A. Hallen

Program start
Coordination

About 60 excellent students from more than 20 different countries are cur-
rently enrolled in the English-language, four-semester master study program
in the field of manufacturing technology.

With the newly introduced lectures “Plastics Technology” and “Additive
Manufacturing” the technical elective course offer could be extended again
as planned, thereby taking into account new developments in research and
technology.

Furthermore, the German language course offer was adapted to the students’
present needs. German language skills are not a requirement to complete the
MMT study program. However, for an employmentin Germany, they are almost
indispensable. For this reason, two new German language classes, level A1
and A2, especially for MMT students have been installed in addition to the
regular courses offered by TU Dortmund University to all students.

Program overview

1st semester 2nd semester 3rd semester 4th semester

Comp. module 1

Machining technology

Comp. module 2

Materials technology

Comp. module 3

Forming technology

Elective module 1

Elective 1 - Part 1

Elective 1 - Part 2

Elective module 2

Elective 2 - Part 1

Elective 2 - Part 2

Elective module 2

Elective 3 - Part 1

Elective 3 - Part 2

Laboratory work Laboratory work
Project work Project work
Interdiscipl. qual. Interdiscipl. qual.

Master's thesis

|Mas&ar‘shasis

The MMT online application portal could once more be considerably improved
in cooperation with the IT & Media Center of TU Dortmund University. Hence,
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the application procedure for the applicants as well as the processing of the
applicants”data and the subsequent selection of the students to be admitted
have become even more convenient and efficient.

A total of 19 selected excellent students from seven different countries
started their studies in the MMT program in the winter semester 2015/16.
Before the start of the lecture period, they were welcomed in person by Pro-
fessor Tekkaya in his function as head of the MMT study program in the frame
of a welcoming event in the experimental hall of the IUL:

...with interesting presentations and... ...time to meet and talk.

For furtherinformation please click www.mmt.mb.tu-dortmund.de or use the
following QR code:

o




1.3

Doctoral Theses

Cai, Sheng Tailored and Double-Direction Pressure
Distributions for Vaporizing Foil Forming

Series Dortmunder Umformtechnik

Publisher Shaker Verlag, Aachen, 2016

Oral exam December 18, 2015

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

Co-examiner Prof. Dr. -Ing. F. Vollertsen

(Bremer Institut fir angewandte Strahltechnik)

By applying high speed forming methods like electromagnetic forming, form-
ing limits of classical quasi-static processes can be exceeded to higher value
and spring-back can be reduced. Electromagnetic forming is currently the
most widely applied high speed forming method. However, electromagnetic
forming requires high electrical conductivity of the workpiece and expensive
tool coils. Metal wires or foils can be vaporized when high currents are applied.
The generated metal gas or plasma provides the pressure pulse to the sheet
metal, which results in a deformation of the sheet. This process requires no
electrical conductivity of the workpiece and no expensive coils.

In the present work an analytical model to predict the shock pressure ampli-
tude is developed. Based on the investigations of the process parameters,
two new pressure distributions are realized. The tailored pressure distribution
is supposed to reduce the rebound effect in high speed forming processes
while the multiple pressure distribution provides a new option for profile
forming and could be used to improve the productivity as well.

a) b)

a) Sheet metal forming by tailored pressure distribution, b) Profile forming by multiple pressure
distribution

Education
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Guner, Alper In-Situ Stress Analysis with X-ray Diffraction for
Yield Locus Determination

Series Dortmunder Umformtechnik

Publisher Shaker Verlag, Aachen, 2015

Oral exam January 9, 2015

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

Co-examiner Prof. Dr. rer. nat. W. Reimers (TU Berlin)

One of the main problems in the field of sheet metal characterization are the
inhomogeneous deformation fields caused by edge effects. For the calculation
of the yield stresses globally acting tool forces and a single averaged value
for the instantaneous gauge area are used. Hence, the inhomogeneity is an
error source for the analytical determination of yield stresses. The X-ray dif-
fraction method isintroduced to solve the problem caused by inhomogeneous
deformation fields in the sheet specimens. In the proposed strategy the strains
on the specimen surface are captured by an optical measurement system
during testing. At the same time, the loading stresses in the gauge zone are
measured by means of an X-ray diffractometer installed on a standard uni-
versal testing machine. The proposed method was applied to obtain the yield
locus. There, a novel specimen geometry was utilized to realize multiple de-
formation states.

Education
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Hanisch, Stephan Distortion Analysis of Cold Forged and Heat
Treated Components

Original Title Verzugsanalyse kaltmassivumgeformter und
warmebehandelter Bauteile

Series Dortmunder Umformtechnik

Publisher Shaker Verlag, Aachen, 2015

Oral exam May 7,2015

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

Co-examiner Prof. Dr.-Ing. habil. F. Hoffmann (IWT Bremen)

During the widespread production process of cold forging and subsequent
heat treatment undesirable dimensional and shape changes of the compo-
nents can occur. The sources of distortion and the effects of various param-
eters are still not entirely clear. Within the scope of this work, the relations
between cold forging, heat treatment, and distortion have been investigated
on the basis of forward rod extrusion.

In extensive series of experiments different parameters along the process
chain such as material, plastic strain, or heat treatment were varied and the
component properties were investigated. Based on the measured geometrical
changes between the individual process steps, the effects of various factors
were analyzed and their significances were determined. In addition to the
experimental work, the residual stresses as distortion potential carrier were
analyzed by means of numerical methods with two-dimensional and three-
dimensional FEA models as well as the impact of asymmetric interference on
the residual stress distribution and the shape deviation was examined.

It is shown that, in addition to material, lubricant, and plastic strain, in par-
ticularthe cooling rates during case hardening have an influence on distortion
and the factors are partly interacting. Based on the results, some approach-
es to reduce the distortion are suggested.

(1) 0000000

Point cloud by optical and tactile component measurement



Sebastiani,Gerd  Extending the Incremental Sheet Forming Process by
Means of Flexible Tools

Original title Erweiterung der Prozessgrenzen inkrementeller
Blechumformverfahren mittels flexibler Werkzeuge

Series Dortmunder Umformtechnik

Publisher Shaker Verlag, Aachen, 2016

Oral exam December 14,2015

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

Co-examiner Prof. Dr.-Ing. W. Homberg (Paderborn University)

What causes the achievable strains in incremental sheet forming?The present
work investigates this question and describes the analysis of the underlying
mechanical principles in order to develop tools for reinforcing denoted prin-
ciples. With this aim, measuring methods are developed in order to analyze
the progression of the deformation in the forming zone. Based on the knowl-
edge obtained, a fundamental mechanical model of the process is developed.
Increasing the forming limits is accomplished by the development of support-
ing tools whose effectiveness is verified in case studies. As a rapid prototyp-
ing process, the incremental sheet forming requires a tool which is adaptable
todifferent forming tasks. Therefore, the flexible tool concept FlexDie is used,
which is optimized in a case study with respect to the achievable part qual-
ity as well as economical aspects.

N
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Weinrich Mora, Andres  Air Bending with Incremental Stress
Superposition

Original title Das Freibiegen mit inkrementeller Spannungs-
Uberlagerung

Series Dortmunder Umformtechnik

Publisher Shaker Verlag, Aachen, 2016

Oral exam November 23,2015

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

Co-examiner Prof. Dr.-Ing. W. Homberg (Paderborn University)

Sheet bending processes are characterized by high springback. A reduction
of the springback can be realized by applying the incremental stress super-
position to air bending. The aim of this work is to provide the basics of this
new process. Analytical models of pure bending, air bending, and stress su-
perposition have been developed. All analytical models have been validated
by FEM and, if obtainable, by experimental results. A comparison with other
bending processes has been done. The focus was on springback and the
forming operations. Other positive aspects like the application of stress su-
perposition to tailored blanks or an enhancement of the forming limits are
presented in this work. The presented results describe the new process
comprehensively.
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Research for Engineering Education

Excellent education is based on excellent research and excellent research
needs excellent educated engineers. Therefore, teaching must be adjusted to
currenttopics like digitization or Industry 4.0 (German term for cyber physical
systems). Several projects were designed at the IUL for a sustainable devel-
opment of engineering education in interaction with research for teaching
and learning.The main focus of attention in the field of engineering education
research is the science based investigation on learning in engineering labo-
ratories. With laboratories or by performing experiments, students are able
to combine theory with practical relevance. This connection can be reached
by different approaches. On the one hand, the ELLI tele-operative testing cell
for material characterization provides a location and time independent access
to experiments via the internet. On the other hand, live experiments are inte-
grated into lectures and students can use their own mobile devices to answer
polls during the lectures live and anonymously. So didactical concepts are
combined with new technologies.

List of projects:
« ELLI - Excellent Teaching and Learning in Engineering Science

 InglLab - The Laboratory within Engineering Education

+ KoM@ING - Modeling and development of competences related to
mathematics and its application in engineering studies

« MINTRelLab - International Manufacturing Remote Lab (Project of the
Faculty of Mechanical Engineering)
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ELLI — Excellent Teaching and Learning in Engineering
Education

Funding BMBF/DLR
Project-1D 01PL11082C
Project leader Prof. Dr.-Ing. Dr.-Ing. E.h. A. E. Tekkaya
Contact Dipl.-Ing.T.R. Ortelt
Dipl.-Inf. A. Selvaggio
M.Sc. R. Meya

Dr.-Ing. habil. S. Chatti

The trans-regional joint research project of RWTH Aachen University, Ruhr-
Universitat Bochum and TU Dortmund University is funded by the Federal
Ministry of Education and Research. ELLI is devided in four different fields:

- Virtual learning environments

+ Support of mobility and internationality
« Student lifecycle

« Creativity and interdisciplinarity

At TU Dortmund University the IUL collaborates with colleagues of the Cent-
er for Higher Education (zhb). The IUL principally works on two sub-projects
of the first field “virtual learning environments”:

« Investigation on lab courses in engineering education
+ Development and integration of remote and virtual labs

The first sub-project “Investigation on lab courses in engineering education”
is almost finished. Currenttopicis the evaluation of the tele-operative testing
cell. The evaluation is done with the help of the zhb and focuses on two dif-
ferent levels, i.e., technology and teaching or learning. The results of this
evaluation lead to a continuous improvement of the experiments.

The second sub-project “Development and integration of remote and virtual
labs” deals with the development of a tele-operative testing cell for material
characterization. The following picture shows the tele-operative testing cell
at the IUL and its components:

1) Universal testing machine Zwick Z 250
2) Sheet metal testing machine Zwick BUP 1000
3) Optical measuring system GOM ARAMIS 4M



4) Industrial robot KUKA KR30-3
5) Realtime control system from National Instruments
6) Safety system SICK

and Camera system

Tele-operative testing cell at IUL

Current developments aim at the integration of new experiments into the
tele-operative testing cell. During the winter semester 2015/2016 two new
experiments were first performed during lecture “Umformende Fertigungs-
technologien” (Fundamentals in Forming Technology). A tele-operative tensile
test with hot specimen temperature (up to 1000 °C) was controlled from the
lecture hallin interaction with the students. Before the start of the experiment,
the temperature was chosen by a student and the experiment was observed
by live camera feeds and real-time measured data. Furthermore, the automa-
tion of the sheet metal testing machine Zwick BUP 1000 was finished. A deep
drawing test according to Swift, to determine material properties relevant for
forming technology, is now tele-operatively available. During the first perfor-
mance of this new experiment the configuration was done by the lecturer in
interaction with the students.

Furthermore, current activities aim at the automation of the Nakajima ex-
periment to determine forming limit curves (FLC) and at the automation of
the compression test.

The integration of an industrial manufacturing process, incremental tube
forming, by developing a tele-operative control interface was started. Ideas
of Industrie 4.0 (a German keyword for digitization in the field of production),
like the controlling of machines viainternet, influences this development.The
main aim focuses on the learning outcome of students because they are able
to conduct an experiment of springback reduction and observe the forming
effect of stress superposition.

Research for Engineering Education




The tele-operative testing cell was repeatedly used during an online course
for new international students of the master study program Manufacturing
Technology (MMT).These students conducted an experiment via internet from
their home country (such as India, Iran, Nepal, or Mexico) before they have
ever been to Dortmund.

In a next step, the tele-operative testing cell will be used in a new scenario for
pupils of middle school. Therefore, the experiments have to be adjusted to a
different level. In a course of physics, the pupils should do experiments on
their own and calculate material properties, like Young’s modulus, applying
their mathematical knowledge.

Results of the ELLI project were presented at national and international
conferences like “ELEARN 2015 — World Conference on E Learning”.

In November 2015 it has announced that the Federal Ministry will continue
to fund ELLI in its second funding period from October 2016 until December
2020.0ntheone hand,the lULwill work on the expansion of the tele-operative
testing cell and the integration of new experiments. On the other hand, the
focus will be on new technologies for engineering education, like virtual and
augmented reality.



2.2

IngLab — The Laboratory in Engineering Science Education

Funding acatech - NATIONAL ACADEMY OF SCIENCE
AND ENGINEERING e. V.

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

Contact Dipl.-Ing.T.R. Ortelt

M.Sc. M.Eng. C. Pleul
Dr.-Ing. F. Maevus
Status Completed

The interdisciplinary project “InglLab — The Laboratory within Engineering
Education”was finished in May 2015. Researcher of the IUL collaborated with
experts of the Center for Higher Education (zhb) of TU Dortmund University.
The main aim of this project was the development of guidelines for laborato-
ries in engineering education. The connection of theory and practice is often
done by conducting experiments in engineering education. Therefore, the
examination of theory and the own procedure during the experiment is very
important for laboratories.

German and international experts were interviewed about their assessment
of laboratories in engineering education. With these assessment and the
analysis of 18 manufacturing laboratories, a total of 25 guidelines were de-
veloped. These guidelines will be published in an “acatech Studie (study)”
soon and are divided into three topics.

« Subject-specific oriented (11 guidelines)
« Didactical oriented (9 guidelines)
« Organizational oriented (5 guidelines)



2.3

KoM®@ING — Modeling and Development of Competences
according to Mathematics and its Substitution in Engineer-
ing Studies

Funding BMBF/DLR

Project 01PK11021A

Project leader Prof. Dr.-Ing. Dr.-Ing. E.h. A. E. Tekkaya
Contact Dipl.-Ing.T.R. Ortelt

Status Completed

The project KoM@ING was divided into three subprojects and was finished
in May 2015. Researchers of Leuphana University of Lineburg, University of
Paderborn, Humboldt-Universitat zu Berlin, TU Dortmund University, Univer-
sity of Stuttgart, and IPN - University of Kiel worked on the development of a
competences model for the required mathematic skills in engineering studies.

In the subproject B, the IUL was collaborated on an interdisciplinary basis
with the colleagues of the Center for Higher Education (zhb) of TU Dortmund
University and colleagues of Berlin on the development of a competences
model for mathematical competences in the context of laboratory learning
for engineering studies.

The following working packages were treated under the leadership of the zhb
in 2015:

« WP6: First performance of the developed instruments
« WP 7: Synthesis and systematization
InJune 2015 the last workshop meeting with all colleagues of all institutions

took place in Kassel. The results of the different subprojects were presented
and new approaches for further studies were discussed.



2.4

MINTReLab — International Manufacturing Remote Lab
(Project of the Faculty of Mechanical Engineering)

Funding Stifterverband

Project leader Prof. Dr.-Ing. Dr.-Ing. E.h. A. E. Tekkaya
(as the Dean of the Faculty of Mechanical
Engineering)

Contact Dipl.-Ing.T. R. Ortelt

In the project “MINTReLab - International Manufacturing Remote Lab” five
different partners of the Faculty of Mechanical Engineering (Department of
Materials Test Engineering (wpt), Institute of Mechanics (im), Institute of
Machining Technology (ISF), Institute of Forming Technology and Lightweight
Construction (IUL), Chair of Polymer Technology (LKT)), and experts of the
Center for Higher Education (zhb) are developing a MOOC (Massive Open
Online Course). The course will deal with the unidimensional tensile test from
different subject-specific views. The different chapters are batched and the
tele-operative testing cell of the IUL is integrated for experiments. The remote
lab should combine theory with practical relevance with different point of
views. In addition to that, the MOOC should also advertise studies in Ger-
many, and especially at TU Dortmund University, by showing social aspects of
the life in the Ruhr District. Therefore, the MOOC is divided into three parts
(Living, Learning, Lab).

Living Learning Lab

Introduction and Concept
Tensile Test juL &m ._

Measurement tech. tupl

Living and studying in | E)(tra.!.:iolatlon L. Lab experience using
Dortmund 1
Machining & ISF the remote Iabl'l:iL
| Polymers Lict, i

| Y
Mechanical aspects ¢ |

Conclusion

Concept of the MINTReLab MOOC
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Research

The research activities of the Institute of Forming Technology and Lightweight
Construction pursue three main objectives. The acquirement of physical
understanding of forming processes, the setting and improvement of compo-
nent properties,,and a holistic view on effi ciency are the aims of the depart-
ments Sheet Metal Forming, Bending, Bulk Metal Forming, Non-Convention-
al Processes, and Applied Mechanics in Forming Technologies.

Research focuses on the following main topics:

+ Flexible manufacturing processes

+ Hybrid components and hybrid processes
+ Locally graded properties

Extension of formability/forming limits

- Material characterization/modeling
Research for education

Sustainable production techniques (Recycling)

The IUL departments are complemented by the ReCIMP - Research Center
for Industrial Metal Processing and the ReGAT - Research Group on Additive
Technology. As with basically all other projects,

the ReCIMP and ReGAT research projects
are assigned toissue-specific teams
working both at an intradepart-
mental and interdepartmental
level, depending on the re-
quired expertise.

2 chiefengineers, 39 scien-
tists, bvisiting researchers,
14 technicians and admin-
istrative staff members,
and approximately 50 stu-
dent assistants ensured a
sustainable success in 2015.

Sustainable

Production
techniques

Research objectives of the Institute of Forming Technology and Lightweight Construction



3.1

3.1

Research Groups and Centers

ReCIMP — Research Center for Industrial Metal Processing

Head Dipl.-Ing. D. Staupendahl

The“Research Center for Industrial Metal Processing” (ReCIMP) was founded
in 2013 in cooperation with the international automotive supplier Faurecia
and aims at advancing and deepening scientific knowledge on innovative
metal production processes, process chains and hybrid processes, the
analysis of new scientific trends in metal processing, and networking with
leading research institutes and companies. Together with the Faurecia groups
“Automotive Seating”and “Emissions Control Technologies”, five core research
fields were set up as seen in the following figure. The figure also gives an
overview of the projects that ReCIMP worked on in 2015.

In the automotive industry advanced high-strength steels (AHSS) are one of

[ Incremental Forming of DP Steel |
Extension of
Forming Limits
| Extension of the Formability by the Use of Heat within the Process Chain |
[ Influence of the Cut Edge on the Formabilty of AHSS Materials |
Advanced High- | | Robus! Material Models for Sheet Metal Banding |
Strength Steels
Development of Simulati jes for the Application of Adiabatic Cut-
ting in Sheet Metal Part Manuf; in the Context of Materials Science
. | Mechanical Joining of Tubes by Incremental Tube Forming |
Alternative
Production
Methods
Flexible Economic Manufacturing of Weight and Load-Adapted Functional
Production Components by Incremental Sheet Bulk Metal Forming
| Design Guide for 30 Bending |
Standards for | Development of a Design Stralegy for Hydroforming Parts |
Processing of -
Material
| Prediction of the Forming Limit of Tubular Materials |

[ Running projects [_] Projects funded by third party funds [[]] Completed projects

Current ReCIMP research projects

23

Research

03



Investigation of the crack sensitivity of cut edges

Strain analysis of bent tubes

Simulation of z
induction heating tion heating |
- -

= Incremental forming of DP steel

A selection of research activities performed by ReCIMP

the key elements in the realization of lightweight design and, in effect, a re-
duction of the CO2 footprint. The necessity to reduce costs and save valuable
resources also leads to the replacement of currently used steels by steels
with a higher value to cost ratio as in the case of choosing ferritic over auste-
nitic stainless steel for exhaust applications. Since both, AHSS and ferritic
stainless steel, feature a low formability, methods for the extension of form-
ing limits are investigated. One possibility is the use of heat during the form-
ing process or between process steps. This approach is being investigated in
the project Extension of the Formability by the Use of Heat within the Process
Chain, which is described later in this report. Here, local induction heating
can reduce process costs and cycle times.

Another method to increase the formability of AHSS is the use of incremental
forming methods, with the forming process being cut down into a multitude
of single small forming steps which are characterized by complex states of
stresses that, in turn, extend the forming limits of the sheet metal. Addi-
tional to investigating the forming bevavior of DP steels, the current research
focuses on the decrease of the process time.

Apart from allowing the design of efficient lightweight applications, AHSS
tend to be sensitive to crack formation on cut edges. This can actually lead to
part failure during forming processes that follow upstream cutting operations.
To classify materials for the use in various forming processes, the project
Influence of the cut edge on formability was established. It shares the aim of




predicting material failure using finite element simulations with the project
“Robust material models for sheet metal bending”, which is described later
in this report.

Animportant research activity within ReCIMP is the investigation of alterna-
tive production methods to currently used processes. The project “Mechani-
cal joining of tubes by incremental tube forming”, also described in this report,
was set up to investigate the usability of mechanical joints in high temperature
applications as an alternative to brazing or welding. Also cold roll bonding
was investigated as an alternative method to welding in the production of
heat exchangers.

Apart from flexible production methods, the setting up of standards for the
processing of metal is a requirement to provide an efficient work flow. Espe-
cially for complex processes with a large number of variable parameters, as
for instance 3D profile bending, design guides can be used for knowledge
transfer. In the project “Development of a design strategy for hydroforming
parts with secondary forming elements”a guideline for designers is developed
to reduce design-simulation-loops. This is done by setting up a process
simulation and varying relevant geometry, process, and material parameters
and by analyzing their impact on the formability.

Altogether, fourteen separate projects were carried out in 2015, four of which
were successfully completed in the same year. One of these was the project
“Dry shearing of metal material and polymers”, third-party funded by the AiF/
FOSTA and described later in this report. In contrast, two new third-party
funded projects started in 2015. The AiF/FOSTA funded projects “Economic
manufacturing of weight and load-adapted functional components by incre-
mental sheet bulk metal forming”and “Development of simulation strategies
for the application of adiabatic cutting in sheet metal part manufacturing in
the context of material science”, both described later in this report.

Eight researchers and six student researchers were involved in ReCIMP pro-
jectsin 2015. Furthermore, three master theses, one diploma thesis, and four
student research projects were completed and two master theses and six
student research projects are still running. This team setup provides an op-
timal basis for high level research activities and continuous input of new
ideas of industrial relevance.



3.1.2

ReGAT — Research Group on Additive Technology
Head Dr.-Ing. Dipl.-Wirt.-Ing. R. H6lker-Jager

Additive manufacturing processes develop progressively from prototype
manufacturing to component manufacturing and are a complement and/or
alternative to conventional manufacturing technologies like metal forming.

The major advantage of additive manufacturing,i.e. the geometrical freedom
of the components to be produced, is confronted with the big disadvantages
of a long manufacturing time and the high energy consumption. In contrast
to many forming technology processes, additive manufacturing processes
are, despite machine and process-specific developments, still not suitable
for mass production. Therefore, the Institute of Forming Technology and
Lightweight Construction pursues the approach of an integration of additive
manufacturing processes into the traditional forming technology in order to
combine the advantages of both technologies. Currently, additively manufac-
tured dies with inner cooling channels for the extension of the process limits
during hot extrusion and additively manufactured tool windings for electro-
magnetic forming processes are explored at the institute.
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Motivated by the previous research results, the ,Research Group on Additive
Technology” was established on August 1st, 2015. In this newly founded group
the potential of the combination of additive and forming manufacturing pro-
cesses shall be elaborated and explored fundamentally. A key factor for the
facilitation of the research activities is an approved proposal for the acquisi-
tion of a combination machine for laser deposition of powder in a 5-axis
machining center, which was installed at the end of the year. With this machine
it will be possible to combine formative, additive, and even subtractive
manufacturing processes for the first time in one machine. The IUL filed a
patent for the process.



3.2

3.2.1

Coordinated Research Programs

Combined Quasi-Static and Dynamic Forming Processes

Funding Deutsche Forschungsgemeinschaft (DFG)
Project PAK 343

Spokesman Prof. Dr.-Ing. Dr.-Ing E.h. A. E. Tekkaya
Status Completed

After six years of funding by the German Research Foundation (DFG), the joint
project PAK 343 was successfully completed in September 2015. The main
objective was the development of strategies for the design and the control of
combined quasi-static and dynamic forming processes.

In the first funding period a combination of a deep drawing process with a
subsequent electromagnetic forming operation in the cup radius region was
investigated. In the second funding period several electromagnetic forming
stepsinthe flange region were conducted parallel to the deep drawing process
to increase the drawing ratio.

The PAK 343 Final Colloquium was organized within the international ,Work-
shop on Electromagnetic Pulse Forming and Joining® on October 6, 2015.
Representatives of the four involved research institutes presented their final
results and the remaining challenges for the analyzed process combinations
with focus on technology, numerical simulation, and materials science. The
presentations of this Final Colloquium are available on the TU Dortmund
University literature server (see QR-code).




3.2.2

Dry Shear Cutting of Metal Laminated Composite Material

Funding German Federation of Industrial Research
Associations (AiF),
German Research Foundation (DFG)
Project PAK 678/0
Spokesman Prof. Dr.-Ing. Dr.-Ing. E.h. A. E. Tekkaya

Laminated composite material offers many advantages for lightweight con-
struction, especially due to the wide range of its properties. To facilitate the
industrial application of such material in the future, important processing
technologies need to be developed further. The development of the shear
cutting technology is one of the main topics within this AiF/DFG-Cluster. The
main objectives were to improve the process efficiency and to increase the
capability of the process:

+ Reliable control of the process

+ Stability of the process concerning the part quality
- Avoid using additional lubricants

+ Minimizing the tool wear

 Processing of new lightweight materials

The basic methodologies have been executed two DFG projects. The imple-
mentation in industry-related applications was carried out in three AiF
projects. Participating research partners were PtU (Institute for Production
Engineering and Forming Machines, Technische Universitat Darmstadt) and
utg (Institute of Metal Forming and Casting, Technische Universitat Minchen).

Scientific analysis of the fundamental mechanisms

and their influences on dry shearing
DFG Il Intelligent tools

DFG | Simulation

Generating design methods and guidelines,
enhancing VDI 2906
Methods and distribution of tasks in the AiF/DFG-Cluster
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3.3

Department of Bulk Metal Forming

Head Dr.-Ing. Dipl.-Wirt.-Ing. Matthias Haase

The focus of research in the bulk metal forming departmentis on the develop-
ment of innovative process variants of hot extrusion and cold extrusion. The
scientific assistants work on the production of hybrid components, the grada-
tion of the properties of the materials, and on taking the local mechanical
properties for the dimensioning of lightweight components into account.The
production of hybrid components is realized by the processes of composite
hot and cold extrusion. Here, the mechanical and functional properties of the
components are defined by combining lightweight materials with high-strength
steelelements and functional elements. The gradation of the mechanical prop-
erties of a component can be achieved exemplarily by using multi-stage
forging dies for the cold extrusion process. Therefore, the local mechanical
properties at the surface of the cold-forged part can be defined. By using
numerical simulations for the prediction of local mechanical properties and
the subsequent dimensioning of lightweight components, the lightweight
potential of these components can be exploited.

Composite extrusion Process simulation Microstructure analysis

Cold forging

Direct hot extrusion

Additive manufacturing

Overview of the research activities of the bulk metal forming department



3.3.1

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

Funding German Research Foundation (DFG)
Project TE 508/45-1
Contact M.Sc. C. Dahnke

Shape memory metal matrix composites (SM-MMC) with an actuator func-
tionare produced in cooperation with the Institute of Applied Materials of the
Karlsruhe Institute of Technology (KIT) by means of composite extrusion and
further forming processes. The mechanical and technological funda-mentals
of this approach are analyzed. By using composite extrusion, NiTi-wires are
continuously embedded into an aluminum matrix. After the manu-facturing
process a defined axial elongation isinduced into the structural components.
The shape memory effect is activated due to a subsequent heat treatment in
which the specimens are heated above the characteristic austenite finish
temperature of the NiTi-elements. Thereby, the contraction of the wires
within the specimens as well as their eccentric positioning creates a deforma-
tion of the component. In order to achieve a defined de-flection of the com-
ponents, the knowledge of all influencing parameters is absolutely necessary.
In consideration of different specimen geometries (figure a), recent studies
show that the temperature and especially the NiTi-volume as well as the
position of the wire have a significant influence on the achievable deflection
(figure b).
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a) Investigated specimen geometries and influence of the heat treatment, b) Influence of the
temperature and the NiTi-volume on the achieved deflection
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3.3.2

Optimization of Workpieces by Forging of Composite
Aluminum Extrudates

Funding German Research Foundation (DFG)
Project TE 508/17-2
Contact Dr.-Ing. Dipl.-Wirt.-Ing. M. Haase

Hybrid structural components are manufactured in the process chain “Dis-
continuous composite extrusion and subsequent forging”in cooperation with
the IFUM Hannover. With respect to the composite extrusion process, espe-
cially the embedding of centrically or eccentrically positioned, rotationally
symmetric reinforcing elements in an aluminum matrix has been investi-
gated up to now. Thereby, the quality of the embedding is evaluated by means
of three characteristic process defects:rotation and local plastic deformation
of the elements as well as the development of cavities in front of the elements.
In recent studies was shown that also non-rotationally symmetric elements
as well as elements, which are positioned laterally to the extrusion direction,
could be embedded in the aluminum matrix without any defects (figure a).
Subsequently, the achieved experimental results have been converted into a
process window (figure b). The expansion of the process leads to a significant
increase of the flexibility, in particular with regard to a potential industrial
application of the investigated process chain.
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a) Results of the experimental investigations (lateral cylinder (d,,*h,,)), b) Process window for the
embedding of cylinders positioned laterally to the extrusion direction



3.3.3

Complex Industrial Extrusion Dies with an Integrated Die
Cooling

Funding BMWi/ZIM-KF
Project KF2198142K04
Contact M.Sc. O. Hering

The extrusion speed of profiles can be increased by up to 80% by using hot
extrusion dies with integrated cooling channels. The position of the cooling
channels and the cooling strategy have a major impact on the achievable
profile exit speed and, thus, also on the surface properties of the produced
profiles. In conventionally manufactured extrusion dies it is only possible to
insert simple cooling channels, e.g. straight boreholes, due to manufacturing
constraints (Fig. a), top). In this collaborative project with the company WEFA
Inotec GmbH extrusion dies with complex conformal cooling channels are
realized in industrial extrusion dies (Fig. a), bottom). Here, selective laser
melting is used as the manufacturing process in order to produce complex
Micro-Multi-Port-Tools (Fig. b)) with integrated cooling channels for produc-
ing heat exchangers. The tools are to be evaluated by experimental and nu-
merical investigations regarding the achievable profile quality and productiv-

ity.
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3.3.4

Research

Extrusion Dies with Local Internal Cooling Channels
Manufactured by Additive Manufacturing Technologies for
Extending the Process Limits in Hot Extrusion

Funding German Research Foundation (DFG)
Project TE 508/27-2

Contact Dr.-Ing. Dipl.-Wirt.-Ing. R. H6lker-Jager
Status Completed

The application of the inner die cooling in hot extrusion leads to a significant
increase of the production speed. By localizing the cooling in the area close
to the forming zone, the extrusion force increases only moderately. For the
technological implementation of the local inner die cooling, two additive
manufacturing processes were used: The layer-laminated manufacturing
method, where tool parts are assembled by single sheet layers,and the selec-
tive laser melting, where geometrically complex parts are built from steel
powder. Furthermore, a hybrid die concept was developed and tested ex-
perimentally. Here, the geometrically simple die part with a large volume, like
the die bridge, was manufactured conventionally by subtractive methods.The
smaller part with a complex geometry, like the top of the mandrel, was added
on it by selective laser melting (see figure). The experimental results show
that these hybrid tools withstand the high mechanical and thermal loads
which occur during hot aluminum extrusion.

Conventionally manufactured die bridge Additively manufactured mandrel tip

Manufactured
additively
Manufactured
conventionally

Concept for a hybrid mandrel (top) and real manufactured hybrid mandrel with a detail view of
the mandrel tip (bottom)



3.3.5

Thermo-Mechanical Processing of Aluminum Alloys
Subsequent to Extrusion

Funding German Research Foundation (DFG)
Project SFB/TR 30 « Subproject A2

Contact Dr.-Ing. Dipl.-Wirt.-Ing. M. Haase
Status Completed

Inthis research project the production of parts with locally adapted properties
by integrating thermo-mechanical forming and heat treatment operations
into the process of direct hot extrusion was investigated. The focus of the
project was on the numerical process design and on the technological devel-
opment of the process chain “Electromagnetic compression and local heat
treatment”. Furthermore, the process combination of hot extrusion and cor-
rugation was developed for the production of corrugated I-beams, which have
an increased load capacity compared to conventional I-beams. For the
analysis of the developed process chains thermo-mechanically coupled nu-
merical simulations were conducted along the whole process chain, using the
results of one process step as an input variable for the next step. In addition,
a model for the prediction of the local grain size was also developed and in-
tegrated into the numerical simulation, which allowed a correlation of the
individual process parameters to the resulting microstructure in the produced
parts.

Hot extrusion and electromagnetic compression
Porthole die

Tool coil
Mandrel  gpray quenching

Connecting rod 3 Locally
compressed

Container 4 Extrusion profile
Billet

Field shaper

Hot extrusion and corrugation Modeling of grain size

Grain size in pm
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3.3.6

Ribbed Tubes by Hot Extrusion

Funding ZIM

Project KF2198117RU2
Contact Dr.-Ing.T. Kloppenborg
Status Completed

Ribbed tubes serve as heat dissipator by leading a corrosive cooling fluid
through achemically resistant steel tube. Cooling ribs made of a material with
a high thermal conductivity dissipate the heat to the environment. A process
for the cost-efficient manufacturing of ribbed tubes made of different mate-
rials was developed for an industrial partner at the IUL. A hot extruded alu-
minum profile is being coiled onto a tube directly after exiting the die. The
temperature of the profile behind the die orifice is about 400 °C. By cooling
down, the cooling ribs shrink onto the tube, which results in a press-fit between
the ribs and the tube. Different geometries of the cooling ribs were analyzed
experimentally as well as numerically (see figure). Abaqus 6.13 was used for
the numerical analyses with an explicit solver.

Cooling rib (aluminum)

Tube (steel) Equivalent
plastic strain
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Simulation of the coiling process after hot extrusion of an aluminum T-profile



3.3.7

Prediction of Local Product Properties in FEM Forming
Simulations

Funding AiF/Fosta
Project 18225 N/P1057
Contact Dipl.-Ing. M. Schwane

In the subproject TP3, which is a part of the project “Massive Lightweight
Construction”, local product properties shall be specifically exploited and
considered in order to obtain a weight reduction of cold forged components.
For this, the IUL and the Institute of Machining Technology (ISF) of the TU
Dortmund University as well as the Institute for Metal Forming Technology
(IFU) of the University of Stuttgart collaborate closely.

At the IUL, material models for finite element simulations are selected, ex-
amined, and qualified to permit the precise prediction of product properties,
such as strength and residual stresses (see figure), which result from the
forming process. The simulation results are verified by means of benchmark
experiments and in-depth component testing. The determined material mod-
elsand material data will be used in the forming simulation, in the subsequent
machining simulation (ISF), and finally in the structural simulation (IFU). The
integrated simulation is supposed to allow a load adapted component design
and, hence, the exploitation of the lightweight potential of cold forged com-
ponents.
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Extended Technological Limits of Bulk Forming Processes in
Different Temperature Ranges

Funding AiF/Fosta
Project 18229 N/P1058
Contact M.Sc. 0. Napierala

Inthis joint project of the research initiative “Massiver Leichtbau”a gear shaft
with load-adapted mechanical properties, especially a high surface hardness
and strength at the peripheral zone, is produced in cooperation with the IFU
Stuttgart and the IFUM Hannover by means of forming processes. The aim of
this projectis to maximize the effect of work hardeningin the peripheral zone
to reduce the vehicle weight by a load-adapted dimensioning of the compo-
nents. Both the influence of the process chain, for example single or multistage
cold extrusion, the variation in die geometry (see figure a), e.g. the cone angle
a, and also the influence of the tribological conditions on the mechanical
properties are investigated numerically and experimentally. Subsequently, it
will be determined how a deep rolling process can replace a traditional heat
treatment to increase the hardness of the peripheral zone (see figure b). It is
also investigated whether an already hardened shaft surface can be further
strengthened by an additional deep rolling process.
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a) Parameters of the cold extrusion die, b) Surface hardening of a shaft by deep rolling



3.3.9

Systematic Process Control in Cold Forging and Heat
Treatment for Minimizing Distortion

Funding AiF ZUTECH
Project 478 ZN
Contact Dipl.-Ing. S. Ossenkemper

Cold forged parts can show size and shape deviations after a subsequent heat
treatment due to the release of residual stresses. Reducing this distortion by
a systematical adaption of the process parameters is the aim of this research
project which is performed in cooperation with the Foundation Institute of
Materials Science (IWT), Bremen. To analyze e.g. the influence of the manu-
facturing route on the distortion, gear shafts were manufactured in different
ways. Besides a single-stage cold forging operation, shafts were double-stage
cold-forged and also machined for comparison purposes.

Numerical analyses show that the manufacturing route strongly affects the
residual stress distribution. In double-stage forging the middle step of the
shaft shows high compressive residual stresses in the core and tensile re-
sidual stresses near the surface, while in case of single-stage cold forging
the residual stresses are significantly lower (see figure). Due to the release of
residual stresses during heating, the shafts show a different distortion be-
havior.
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3.3.10 Hollow Lateral Extrusion of Additional Shape Elements

Funding German Research Foundation (DFG)
Project TE 508/13-3

Contact M.Sc. O. Napierala

Status Completed

Within the scope of this joint project of the IUL and the Institute for Metal
Forming Technology of the University of Stuttgart the basics of the manufac-
turing process “Hollow lateral extrusion without lateral mandrel” were devel-
oped.The observed geometric effects of wall thickening as well as the conical
and elliptical shape of the lateral elements (see figure a) could be analyzed
and explained by numerical experiments. The conical and elliptical shape
could be avoided by the use of lateral punches and by improving the die ge-
ometry. Furthermore, the use of lateral punches led to a superposition of
compressive stress. The tensile stresses near the surface of the samples (see
figure b) could be minimized, which can potentially improve the lifetime of the
component.The gained knowledge of this manufacturing process is also used
for the production of a flange by using Hollow Lateral Extrusion. The created
process window for manufacturing the flange could also be enhanced by the
use of lateral punches.

Al 6060

2 laterally formed elements 4 laterally formed elements
z=y z<y
b) Stress in X-direction o,in MPa

600

Simulation without using Simulation using
lateral force lateral force of 20 kN 1200

a) Samples with 2 and 4 laterally formed elements, b) Stress ox with and without the use of a
lateral punch
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3.4

Department of Sheet Metal Forming

Head Dr.-Ing. Alper Glner

The department of sheet metal forming is primarily concerned with the
analysis and development of both known and new sheet metal forming pro-
cesses and characterization of utilized sheet materials. The primary goal is
to enhance the understanding of physical relations, so as to develop sustain-
able technologies and to end up with efficient process designs. In 2015, the
department’s activities, especially in the field of hybrid structures, were
presented at the Euromold fairin Dusseldorf. Other highlights of the year were
the leading market competitions within the framework of the EFRE.NRW
programs. Here, the group could place two winning projects in the field of
magnesium-plastics-hybrid structures and online process monitoringin press
hardening. This year,the sheet metal forming department welcomed two guest
scientists from Harbin Institute of Technology in China (for one year) and JFE
SteelinJapan (for two years), who will do research in various fields at the IUL.

Exhibition stand at the Euromold 2015 in Dusseldorf
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3.4.1 In-Situ Hybridization of Sandwich Sheets

Funding German Research Foundation (DFG)
Project BE 5196/4-1
Contact Dipl.-Ing. T. Mennecart

In this project lightweight components are intended to be manufacturedin a
one-step process. These sandwich sheets consist of metallic outer layers and
aninner layer consisting of fiber-reinforced thermoplastic (see figure below).
In cooperation with the Karlsruhe Institute of Technology (KIT), the two pro-
cesses of deep drawing and resin transfer molding will be combined. The
forming process starts with a wrought material stacked by metallic sheet,dry
fibers,and metallic sheet. This stack is formed and during the forming process
two monomers are injected through the fiber. During the injection a chemical
reaction occurs which leads to a polymerization.The curing takes place in the
closed press at elevated temperatures. Designated target is the adjustment
of a process window in which the parts show no failure and the bonding be-
tween sheets and fibers can withstand high loads. Investigations at the IUL
will deal with the formability of multi-layer sheets under the influence of the
viscosity and the different loads applied.

Sandwich part consisting of metallic outer layer,
fiber inner layer, and metallic outer layer

Visualization of drape behavior by using
polycarbonat outer layer

Sandwich sheet with fiber reinforcement
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3.4.2

Granular Media-Based Tube Press Hardening

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

Press hardening of closed profiles is an excellent possibility for the manufac-
turing of components with very high stiffness and strength. In this project
granular materialis used as forming media because conventional fluids used
as forming media in hydroforming are not suitable for the application in press
hardening. For the application of shapeless solids investigations regarding
the mechanical behavior of the particles under high pressure conditions are
necessary. The surface nature of an individual particle as well as the packing
structure of a particle volume have direct influence on the pressure distribu-
tion within the forming zone. Additionally, the shape of the punches can op-
timize the force transmission from axial in radial direction. The project is
geared for the collaboration with the German Aerospace Center (DLR) in Co-
logne. In close cooperation, the physical processes within the granular media,
which are initiated by the pressurization, are studied and described.

Heated 22MnB5 tube  Die halves o b A 4
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Foming

Heat transfer

Heat transfer

Friction force Initial  Compress

a) Tool, b) Granular media, ¢) Interaction between granular media and tube during press harden-
ing



3.4.3

Production of Structural Elements by Deep Drawing and
Back Injection in Injection Moulds

Funding AiF
Project 18075 N
Contact Dr.-Ing. A. Guner

The aim of this project is the development of a combinated process for the
production of hybrid lightweight components with structural application made
out of steel and polyamid. For this, tools for deep drawing are integrated into
an injection-molding tool so that a part can be formed and injected back
within one manufacturing step. Through experimentalinvestigations the influ-
ence of the injection volume and holding pressure was identified. A suitable
lubricant was determined that can chemically withstand the bonding agent
as well as the polyamide. For the analysis of adhesion samples were pre-
stretched in uniaxial direction and then back-injected in a separate step.
Compared to tool temperatures of 80 °C, the strength of the bonding can be
raised using tool temperatures of 120 °C. By numerical calculations of the
deep drawing process the critical regions of the part were identified. Those
are the areas with the highest thickness reduction which can be found at the
radius of the bottom and in the flange region (as shown in the figure below).

Die Blank holder Punch Injection nozzle

V.=0cm’ V.=9cm® VF.=14em® F.=21cm’
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c) d) ¥-coordinate in mm

a) Tool, b) Fill study, c) Critical regions of the component, d) Influence of holding pressure on form-
ing operation



3.4.4

Dry Shearing of Metal Material and Polymers

Funding AiF/Fosta

Project 17791 N/P 885
Contact Dipl.-Ing. F. Steinbach
Status Completed

This project is part of the DFG/AiF-Cluster “Dry Shearing” The challenges
which dry shearing implies are examined in the project. For typical speeds of
shearing, e.g. like in the production of automotive sheet metal parts, no sig-
nificant influence regarding cut edge surface and shearing forces could be
found between cuts under dry and oiled condition.

Onthe otherhand, the wear of the shearing tools is substantially affected. By
comparison of different oiling conditionsin a long-term test, the highest wear
was measured for the dry condition, as expected (see figure). However, the
protection oil which is applied in the manufacturing of sheets (as delivered)
could already reduce the tool wear. Here, the decreasing effect of lubricants
on adhesion acts positively. Especially the use of novel DLC-coatings of the
shearing tools needs to be mentioned. The high hardness of the coating and
the minor tendency of cold welding results in a considerably increased life
time of the shearing tools.

45° length of wear for SEM-micrographs of the tool

different lubricated conditions Completely dry conditon, after 50,000 strokes
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Adhered sheet metal on the
surface of the punch stem

Comparison of tool wear and SEM-micrographs of the cutting edge
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3.4.5 Hybrid Deep Drawing Tools of High Wear Resistance with an

Adaptive Tool Stiffness

Funding German Research Foundation (DFG)
Project SFB 708 « Subproject C1

Contact Dipl.-Ing. T. Mennecart

Status Completed

Inthis project hybrid deep drawing tools were produced and their performance
as a tool material could be proved. These tools are made of a polymer body
and a fiber reinforcement as a coating to minimize the deformation under
applied loads. It could be shown that high-strength steels as DP600 can be
formed successfully. Furthermore, life cycle tests were performed to show the
capability of the use in mid production ranges. Further investigations dealt
with the possibility of influencing the blankholder pressure by the use of
functional elements like springs or actuators in the polymer body. The results
showed that the material flow can be optimized in order to improve the geo-
metrical accuracy of the formed parts when the load is changed locally and
temporally. Finally, the use of tailored tools,combining hybrid and steel tools,
showed improvements in the formability of high-strength tailor welded blanks
(as shown in the figure below).
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steel/steel

Fiber-reinforced Die holder Steel die
polymer tool
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Use of tailored tools (hybrid/steel) for the forming of tailor welded blanks
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3.4.6

Strategies for Springback Compensation

Funding German Research Foundation (DFG)
Project SFB 708 « Subproject C3
Contact M.Sc. H. ul Hassan

The aim of this project is to allow for an optimal and robust layout of deep
drawing and stretch drawing processes with respect to dimensional accu-
racy and part failures. An enhanced finite element model is generated which
is capable of the variation of process parameters as the blankholder force
over the process time.The model can also accommodate the pre-strain based
material parameters for different kinematic hardening models. This imple-
mentation has made it possible to improve the accuracy of springback predic-
tion and to reduce it in deep drawing processes.

In the recent investigations the effect of Young’s modulus degradation on
springback prediction (as shown in the figure) and reduction is analyzed for
DCO04, DP600, and DP1000 materials. The degradation is 28 % and 26 % for
DP600 and DP1000 and 14 % for DCO4 at their saturation level. Itis observed
that the springback can be reduced if the maximum force is used only during
the last 13 % of the punch travel. Higher tension at the end of deep drawing
leads to the same residual stresses. However, the reduction in Young’s modu-
lus is smaller, which leads to smaller springback.

Generation of pre-strain  Single simulation with Validation with
based flow curves multiple flow curves experiments

3
\ 4
5
i~ Change Springback
'l during
J simulatio
70 |Matetial : DP60O " Gl
EGO 1z :210 GPa 7 pellm nt
=90 TeHF  sokn \ Y
o 40 1 | i ‘ ~
1} /I_
£30 '—Expm'i.menl E,=T70%E,
520 {55 f E=E,
—E =90%E,
8 10 .-——§,=?0%§,
t:l 0 L/ E,=50%E,

0 20 40 60 80 100120140 160
x-coordinate in mm
Springback prediction based on multiple stress strain curves and influence of Young’s modulus
degradation



3.4.7

Identification of Stress-Dependent Bauschinger
Coefficients

Funding EFB/AIF

Project 17375N/1

Contact M.Sc. H. Traph&ner
Status Completed

This project is carried out in cooperation with the Institute of Manufacturing
Technology in Erlangen and industrial project partners. At the center of the
project was the analysis and comparison of different methods to characterize
the kinematic hardening and the identification of characteristic values for
different complex isotropic-kinematic hardening models. The requirement of
complex modeling approaches has been tested for three materials and an
less elaborate and more accurate modeling of kinematic hardening has been
determined. A new tool for a preliminary evaluation of the need for different
complex numerical hardening models was developed in the form of a scalar
load change indicator (LWI), which has been implemented for LS-Dyna. It was
tested in a S-rail workpiece as seen in the top of the figure. LWI provided an
estimation of local stress differences within a component. The aim of this
aproach was the assessment of the modeling effort based on isotropic mate-
rial models, only with the evaluation of occuring local deformation changes
(bottom of figure).
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3.4.8

Extension of the Formability by Using Heat within
the Process Chain

Funding ReCIMP
Contact M.Sc. S. Hess

The focus of this project is the extension of the forming capacity of ferritic
stainless steel. A reliable manufacturing process for components with hyd-
roformed shapes shall be enabled using targeted heat treatment (see figure).
The first approach is to include intermediate annealing steps between the
forming steps. With a standard tensile test it is shown that the value of true
strain can be doubled using suitable annealing parameters.

Another approach is to use heat treatment during the forming step. Superfi-
cially, a process similar to hydroforming is examined, but instead of using
liquids, shapeless solids like steel balls are used as forming medium. Due to
the heating the material is softened during the hot forming step so that the
forces necessary to form the material are reduced. Furthermore, the punch
geometry shows a direct influence on the material flow. If flat punches are
used, the transmission of the axial forces towards the radial direction takes
place through the contact surfaces within the granular material. Using coni-
cal punches,the transmission is additionally assisted by the punch geometry
itself.
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3.5

Department of Bending Technology

Head Dr.-Ing. Christoph Becker (until October 31, 2015)
M.Sc. Lars Hiegemann (since November 1,2015)

Tube and profile bending, sheet bending, and profile forming are the main
research areas of the bending department. In the field of tube and profile
bending the focus is on the investigation of kinematic 3D bending processes
to improve their accuracy as well as the flexibility of bending processes in
general. Furthermore, the process limits can be expanded and the bending
forces can be decreased by a combination of the bending process with other
forming processes like flow forming. In addition, research is carried out to
increase process limits and develop an improved process understanding for
sheet bending processes. These increased process limits are achieved by a
hot air bending process combined with active control and setting of process
parameters. Furthermore, investigations for the design of roll forming pro-
cesses are carried out. In the field of profile forming current research is done
to investigate incremental forming processes. By this, profiles with high geo-
metric flexibility can be produced. This approach was awarded the Steel In-
novation Prize in 2015.

Tube and profile bending ‘ Profile forming

Research areas of the bending department



3.5.1

Incremental Tube Forming to Establish a Process Model in
Order to Predict Springback

Funding German Research Foundation (DFG)
Project TE 508/26-2
Contact M.Sc. E. Nazari

Incremental tube forming (ITF) is a process in which free form tube bending
and spinning are combined, as shown in figure a. This combination results in
a reduced bending force as well as a reduced springback compared to con-
ventional tube bending processes. In the first phase of the project bending of
the tubes with constant diameter reduction has been investigated. Further-
more, a process model which is able to predict the bending moment and the
springback quiet accurately has been developed.

Inthe second phase of the project the possibility of wall thickness adjustment
is investigated. For this reason, an internal mandrel is used. It can be seen
thatduring the incremental tube forming process without using the mandrel
the thickness increases unintentionally. However, it is possible to achieve the
desired wall thickness by using the mandrel and adjusting the clearance
between the inner mandrel and the spinningroller (see figure b). Furthermore,
the whole process will be analyzed with experimental as well as numerical
and analytical approaches.

Bending movement

Spinning device Bending tool

Workpiece

al b)

a) Process principle of incremental tube forming, b) Comparison of the wall thickness with and
without internal mandrel
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3.5.2

Fundamentals of the Incremental Profile Forming

Funding German Research Foundation (DFG)
Project BE 5196/3-1
Contact Dipl.-Ing. G. Grzancic

Incremental profile formingis an innovative process for the flexible manufac-
turing of tubes and profiles with changing cross-section geometries along the
longitudinal axis.In order to deploy the process effectively, the physical basics
will be developed within this research project. On the one hand, process
knowledge will be gained by fundamental research and significant process
parameters will be quantified. On this basis, process limits and suitable pro-
cess windows will be defined. On the other hand, process limits will be ex-
tended by the introduction of superposed oscillations into the forming process.
Since the dynamic change of contact conditions leads to a modification of the
friction behavior, the process forces will be reduced.

The figure provides the results of the first experimental and numerical inves-
tigations regarding the tube indentation step by which forming mechanisms
(stressand strain conditions) are identified and forming forces are determined.
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3.5.3

Indubend — Technology for Inductive In-Situ-Heating in
Stamp- and Bend Forming with Progressive-Press-Tools

Funding BMWi/ZIM-KF
Project KF2198118LK2
Contact M.Sc. C. Lébbe
Status Completed

In the Indubend project a technology for warm forming in progressive press
tools was developed in cooperation with the company KODA in order to reduce
springback of high-strength steels. For the process demonstration and the
theoretical analysis a progressive prototype die has been developed, which
is shown in the figure. Based on this prototype, the warm bending of a micro-
alloyed steel was investigated for high stroke rates up to 20 min-1.The picture
shows the upper and lower die. Modular units for inductive heating, forming,
cooling,and stamping before and after forming are integrated to cover a wide
range of process variations. Based on the prototype tool and the integrated
acquiring systems as the force and temperature sensors, a fundamental
process knowledge has been obtained. Through the new warm bending tech-
nology general problems as e.g. the high stamping forces and low accuracy
when stamping high strength steels can be compensated. Furthermore, by
the additional heat higher geometrical flexibility due to the higher formabil-
ity and adapted residual stresses will also be achieved.

Upper die

Channel inductor Blank holder

Separated specimen
Lower die Detailed view

Upper and lower die of progressive press tool and detailed view of heating and forming station
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3.5.4

ConProBend — Closed Loop Control of Product Properties in
Progressive Dies

Funding BMWi/ZIM-KF
Project KF2198138LP4
Contact M.Sc. L. Hiegemann

In the ConProBend project a technology for the adjustment of geometrical
and mechanical properties in progressive dies will be developed in coopera-
tion with the company KODA by means of a combined heat treatment and
forming operation. In compliance with a standard hot forming process, the
integrated heat treatment, which consists of a rapid heating, forming, and
quenching, offers the opportunity to shape material parameters beyond the
geometrical dimension. As shown in the figure, the centerpiece within this
development is the closed loop control based on the online feedback of both
geometrical and strength properties. In order to adapt the target values, a
multi-variable control system will be implemented, controlling several process
parameters as the dwell time at high temperature, the forming speed, the
resting time in the lower tool point, and tool temperatures at the same time.
In addition to the multi-variable control system, the project focuses on the
development of an intelligent technology to increase the cooling effect and
control plastic forming through thermal strains.
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3.5.5

Material Behavior in Roll Forming Processes

Funding Cooperative project with ThyssenKrupp Steel Europe AG
Contact M.Sc. M. Tschierschke

In roll forming processes sheet metal is formed to a desired shape in several
consecutive steps. Besides transverse bending shear, longitudinal bending
and stretching occur in roll forming. Simplified assumptions are often made
on the basis of existing models to describe the roll forming process. Alterna-
tively, the models are based purely on empirical data. High-strength steels
areincreasingly used inroll forming, but the existing models cannot describe
the material behavior satisfactorily. The projectis realized in cooperation with
the ThyssenKrupp Steel Europe AG and the project’s objective is to gain a
better understanding of the process. For this purpose, experimental investi-
gations will be carried out. Furthermore, a numerical model is implemented
to undertake simulations of the roll forming process. Analytical models will
be developed to describe process parameters, such as the forming length (see
figure). Acomparison of the roll forming process with other bending operations
such as swing bendingis also of interest. The comparison is used to describe
the bending behavior and failure of different bending operations.

~ / Upper roll

Forming length

.\ Lower roll

Roll forming of a V-shape
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3.5.6

Mechanical Joining of Tubes by Incremental Tube Forming

Funding ReCIMP
Contact M.Sc. C. Lobbe

In the project the mandrel-free spinning process to produce form and force-
fit joints out of congeneric tubes is investigated. Based on an experimental
analysis of different process routes, several demonstrators are manufactured
which will finally be tested in a mechanical and thermal examination.To reveal
the strength of force-fit joints, parameters such as the revolution/feeding
ratio, the diameter reduction ratio, and the roller radius are alternated for
different steel grades and tube thicknesses. The form-fit joints are analyzed
with respect to the motion sequence in order to achieve notches and grooves
with sharp edges, which should enhance the joint strength. Finally, in me-
chanical tests the tensile and bending strength is measured as well as the
tightness and durability during a thermomechanical load consisting of ther-
mal shocks and vibrations. The picture shows the relevant rollers and an
exemplary process strategy to obtain grooves with sharp edges inside the
joint tubes.

Rollers for force and

ti
form-fit joining Exemplary process route

Inner tube QOuter tube

-shaped roller

Rectangular roller

Step 3 -
Joining

Double-V-shaped roller
Rollers and an exemplary process strategy for the manufacturing of a form-fit joint




3.5.7

Forming Limit Extension of High-Strength Steels in Bending
Processes by Using Innovative Process Management

Funding AiF/FOSTA

Project IGF-Nr. 16585/P 930
Contact Dipl.-Ing.T. Clausmeyer
Status Completed

Small bending radii are often requested for industrial bending parts. When
using high-strength steels, such radii lead to an undesired early fracture. The
tendency to springback-induced geometrical shape deviations increases with
the strength of the material. The failure and springback behavior in air bend-
ing (see figure b) and ¢)) and roll forming was analyzed in this project. The
process limits of air bending were extended significantly with the help of an
elastomer cushion for advanced high-strength steel. Springback was reduced
and the forming limits were extended. Suitable process parameters such as
the position of the elastomer cushion (see figure a)) were determined by ex-
perimental analyses and process simulations with a Lemaitre damage
model.Adesired reduction of the force on the elastomer cushion was achieved.
A demonstrator part was successfully manufactured by air bending and roll

forming on the basis of these findings.

Superposition of compressive
stress by an elastomer cushion

a) Air bending with elastomer cushion, b) micrograph after air bending, c) prediction of damage
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3.6

Department of Non-Conventional Processes

Head Dr.-Ing. Dipl.-Wirt.-Ing. Christian Weddeling (until August 31,2015)
Dipl.-Wirt.-Ing. Soeren Gies (since September 1,2015)

Technological limits of conventional forming processes are the basic motiva-
tion for the activities in the Department of Non-Conventional Processes.
Aiming at an extension of forming limits or a widening of the spectrum of
processible materials, new forming techniques are developed or combined
with established technologies. The field of research focuses on forming at
high strain rates, incremental forming, and joining by forming technologies.
In the field of high speed forming processes a new project was started at the
beginning of 2015 which deals with the additive manufacturing of coil turns
for electromagnetic forming processes.

Anincreased efficiency is the main objective of two new projects in the field
of incremental forming. Multiple forming zones as well as an increased speed
of the forming tools are the main instruments within these projects.

Joining by die-less hydroforming is the topic of a project which started in the
summer of 2015. By focusing on profiles with non-rotationally-symmetric
cross sections, the field of application for this technology should be extended.

Incremental forming Joining by forming

Tool 2 "““09 0./ Tool 1 High pressure  Pressurizing the
) connection joining zone
il 4 o "
Pressurized = — : P :_:’--
zone (round) 11 -
¥y |
Prototype with two forming tools m (oval) h + g
Expansion
Pressure release
* Zz # Joining tool for profiles with
Tool 2 g | Tool 1 rectangular cross section

Sheet

i L Forming zone |.h 1. Forming zong

[ Partial die |

Incremental sheet metal forming process with Joints produced by dieless Formation of
two forming zones hydroforming interference fit
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hydroforming of profiles with non-rotationally-symmetric cross sections



3.6.1

Deep Drawing with Integrated Electromagnetic Forming

Funding German Research Foundation (DFG)
Project TE 508/10-2 « PAK 343 « Subproject 1
Contact Dr.-Ing. Dipl.-Wirt.-Ing. C. Weddeling
Status Completed

Subproject 1 within the joint project PAK343 was successfully completed in
September 2015. The main objective was the extension of the process limits
of the deep drawing process by superposing a sequential electromagnetic
forming operation.

Based on experimental and numerical analyses, a working window was de-
termined for this combination of quasi-static and dynamic forming pro-
cesses. An increase of the drawing ratio from 2.0 in case of a conventional
deep drawing process to 2.1 for the electromagnetically assisted drawing
operation was realized. As shown in the figure below (part b), the maximum
drawing depth was increased by up to 73%. The positive effect of the electro-
magnetically formed bulge in the flange region can be attributed to a tempo-
rary decrease of the meridional stresses in the cup wall. This stress reduction
is as a function of coil position and formed bulge geometry (see figure, part
a), and was determined analytically. The knowledge about this correlation of
coil position, bulge geometry, and stress reduction is a useful instrument for
the tool and process design.

a) Effect of coil position
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3.6.2 Optimized Working Coil Windings for Electromagnetic

Forming Employing Additive Manufacturing Techniques

Funding German Research Foundation (DFG)
Project TE 508/51-1
Contact Dipl.-Wirt.-Ing. S. Gies

An extended working coil lifetime and an increased flexibility in terms of coil
design are the main objectives of the joint project started in spring 2015 in
collaboration with the Institute of Machine Tools and Factory Management
(IWF) of the TU Berlin.

Inthe first step the Institute of Forming Technology and Lightweight Construc-
tion focuses on the analysis of the thermomechanical loads acting on working
coilsin electromagnetic forming processes. Based on these results, strategies
foran increased toughness of the coil winding or a decreased load spectrum
are derived. Potential methods are additional reinforcing elements, inte-
grated cooling channels, or a hybrid design of the coil cross section (see figure
a). In case of the hybrid design, a copper layer is used to reach a good electri-
cal conductivity whereas the steel substrate ensures a high mechanical
toughness. The effect of a varying copper layer thickness on the maximum
magnetic pressure and the thermal losses is shown in figure b.

a) Approaches for an increased coil lifetime and geometrical flexibility
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3.6.3

Magnetic Pulse Welding: Targeted Manipulation of Weld
Seam Formation

Funding German Research Foundation (DFG)
Project SPP 1640 « Subproject A1
Contact Dipl.-Wirt.-Ing. J. Lueg-Althoff

The focus of the current second funding period of the project, which is per-
formed in cooperation with the Institute of Manufacturing Technology at TU
Dresden, is on the investigation of the influence of joining zone parameters
on the weld seam formation during Magnetic Pulse Welding (MPW) by elec-
tromagnetic compression. Based on the results of the first funding period,
the influence of different surface treatments and coatings on the weld forma-
tion and the achievable joint strength is investigated. Another research topic
within the project is the geometric design of the joining zone with respect to
the welding front formation (see figure). The so-called working length, which
defines the relative position of the flyer part in the working zone of the tool
coil, is a crucial parameter for a successful welding process. For various
combinations of joint geometries and discharge circuit characteristics spe-
cific optimum values of the working length were identified by experimental,
numerical,and analytical methods. Exceeding those values leads to conditions
which are unfavorable for welding.
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3.6.4

Research

Joining by Die-Less Hydroforming of Profiles with Non-
Rotationally-Symmetric Cross Section

Funding German Research Foundation (DFG)
Project TE 508/50-1
Contact M.Sc. M. Miller

Joining by die-less hydroformingis already used in the production of camshafts
and heat exchangers with circular cross-sections. The objective of the project
is the extension of the process limits to enable form-fit and interference-fit
joining of profiles with polygonal and oval cross sections, as shown in figure
). The focus of the project is on the development of analytical models for
process and joint design and for predicting achievable joint strengths as a
result of stress and strain distribution in the joining partners. For validation,
joining experiments are used to identify the effects of various combinations
of materials and process parameters. Currently, the research work concen-
trates on the further development of the prototype hydro probe, shown in
figure b, to ensure a process-safe pressurization of the joining zone (see
figure a:possible joining zones). The major challenge is to design a tolerance-
compensating and low-wear sealing system.

a) Possible joining zones b) Prototype Hydro Probe
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3.6.5

Tailored and Mutual Pressure Distributions for
Vaporizing-Foil Forming

Funding German Academic Exchange Service (DAAD)
Contact M.Sc. S. Cai
Status Completed

Metal forming by vaporizing foils is an innovative impulsive forming method.
In this process metallic foils or wires are rapidly vaporized by high pulsed
electrical currents. Hence, a fast expanding plasma which generates an in-
tensive mechanical pressure pulseis formed. The aim of the projectis to real-
ize tailored pressure distribution to improve the forming accuracy and double-
direction pressure distribution in order to enhance the energy efficiency and
productivity in manufacturing.

An analytical model for the prediction of the acting pressure amplitude was
developed.Additionally,a tailored pressure distribution and a double-direction
pressure distribution were realized based on experimental investigations
regarding general process parameters. A part with different forming depths
was successfully manufactured by the tailored pressure distribution. The
vaporizing foil technology was also used for forming of profiles. Using the
double-direction approaches, a bulge was formed into two opposing sides of
the profile in one forming step (see Figure).
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3.6.6 Optimization and Texturing of Coated Tool Surfaces by Local
Plastic Deformation

Funding German Research Foundation (DFG)
Project SFB 708 « Subproject A3

Contact M.Sc. L. Hiegemann

Status Completed

The roughness of thermally coated surfaces can be decreased by an incre-
mental forming process. This affects the tribological properties of the surface
and makes it possible to use these post-treated coatings for wear protection
of deep drawing tools. The surface topography after rolling depends on the
materials to be processed as well as the rolling parameters. An analytical
model developed within this project allows the prediction of the resulting
roughness. This was initially limited to the determination of the roughness in
the middle of one rolling track. Now, this model could be extended so that also
the roughness of total areas can be predicted. Thereby, the rolling track dis-
tance is added as a further parameter. To be able to predict the roughness
independently of the rolling tool used, the rolling track distance is related to
the width of one single rolling track. A comparison between model and ex-
perimental data is shown in the figure. The calculated values are in good
agreement with the experiments.
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3.6.7

Manufacturing of Load-Optimized Parts by Incremental
Forming of Metal Sheets — Sheet-Bulk Metal Forming
(SBMF)

Funding German Research Foundation (DFG)
Project SFB/TR 73 « Subproject A4
Contact Dipl.-Ing. P. Sieczkarek

The overall objective is the manufacturing of geometrically complex compo-
nents with integrated functional and secondary design elements of thin sheets
(2-3mm) by forming operations. For this purpose, the incremental sheet-bulk
metal forming process is used which is characterized by a material flow per-
pendicular to the sheet plane and a localized forming zone. This way, a local
adaption of the workpiece contour and thickness is possible. Using a five-
axis forming press, differentincremental forming operations (rolling, upsetting,
embossing) can be combined to a process sequence which offers even more
flexibility.

Current research focuses on the local material concentration outside the
sheet plane (Fig). Using analytical and numerical approaches, the prevailing
material flow is determined. This way, the influence of the process parameters
on the resulting pile-up and the resultant forces can be analyzed. One pos-
sible application is a locally increased material volume for fasteners.

a) (1
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a) Rolling process in the sheet plane (schematically), b) Real material pile-up and appllcat|on
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3.6.8

Research

Economic Manufacturing of Weight- and Load Adapted
Functional Components by Incremental Sheet Bulk Metal
Forming

Funding AiF
Project 18663 N/1
Contact M.Sc. S. Wernicke

Aim of the project is the economic manufacturing of industrially relevant
functional components. The investigations focus on a defined thickening of
the sheet edge (see figure a) followed by a gear forming operation (see figure
b). To reach the aim of an economic manufacturing, the process will be ac-
celerated close toreal cycle times of industrial processes. The major challenge
istoinvestigate and control the target conflict between the increased forming
heat due to process acceleration and the desired strain hardening at the
gearing. Further challenges are the process-typical tool loads combined with
the unknown tribological system.

For the optimal process design material parameters which also consider the
increased strain rate are necessary. These have been determined by tensile,
pressure, in-plane torsion, and Nakajima tests. Current investigations deal
with the economical process design in sheet bulk metal forming. Unlike in
previous investigations, the new design includes rotating tools as well as a
consideration of the influence of lubrication in the accelerated process.

a) b)
2 wedge tool

Chambering Tool

Sheet Sheet after thickening

a) Thickening of the sheet, b) Gearing of the sheet by different tool layouts and kinematics



3.6.9

Incremental Sheet Forming by Multiple Simultaneous
Forming Zones (MPIF)

Funding German Research Foundation (DFG)
Project TE 508/42-1
Contact Dipl.-Ing.T. Dang

Incremental sheet metal forming is characterized by flexible and low-cost
manufacturing of hollow shapes. However, the process has long cycle times
as a result of small forming tools to achieve higher dimensional and form
accuracy. Therefore, itis only useful for the production of prototypes and parts
in small batches. To decrease the production time per part, process
strategies with multiple forming tools should be developed. This way, several
zones on the sheet can be formed simultaneously. Based on this, many con-
cepts with multiple forming tools were developed and patented. In addition,
a prototype with two forming tools (Twintool, see figure a) was designed and
tested. The preliminary test has shown that a reduction of the cycle time is
possible by using specific interaction strategies of both tools. The interaction
between the independent forming zones is to be investigated within the
framework of this research project. For this purpose, the control technology
of the Twintool has to be extended in order to develop appropriate forming
strategies (figure c).
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3.6.10 Efficient Integral Manufacturing Processes to Form Metal-

FRP Semi-Finished Sheet Products

Funding BMBF/PTKA, Promotion Platform FOREL
Project 02PJ2772 (Collaborative project LEIKA)
Contact M.Sc. M. Hahn

The applicability of mass-production-suitable forming processes for semi-
finished sandwich products developed by project partners is investigated to
improve the lightweight potential of electric vehicles. Such products consist
of carbon fiber-reinforced plastics (FRP) covered with metal sheets (microal-
loyed steels, Mg-alloys). By adjusting the process parameters such as blank-
holder pressure, temperature, and drawing depth parts can be deep-drawn
without wrinkles or cracks. However, due to the tool pressure thickening occurs
inthe free forming zone where the punch is not in contact with the workpiece
(figure a). In die bending there is tool contact on all sides at the bottom dead
center. In figure b it can be seen that the springback of the cover sheets is
compensated by the solidification of the thermoplastic core layer. This obser-
vation was made for different punch radii and almost independent of the
fiber orientation. This could also be shown analytically by employing sandwich
theory.
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3.7

Department of Applied Mechanics in Forming Technologies

Head Dipl.-Ing. Till Clausmeyer

The analysis of forming processes with analytical and numerical models
constitutes the main field of activity. The aim is to determine quantities which
are difficult to measure and to obtain hints for possible improvements of
processes. In this regard, new mechanical methods are implemented into
finite-element-programs and applied in forming simulations. Simultane-
ously to model development for plasticity and damage, researchers improve
methods for material characterization and parameter identification.
Currently, the blanking process of monolithic sheets and sandwich sheets as
well as the damage in sheet forming are investigated. The influence of the
evolution of microstructural defects on sheet-bulk forming processes is analyzed
in the Collaborative Research Center SFB TR 73. Alexander-von-Humboldt
scholar Dr.Yanshan Lou and Prof. Paulo Martins collaborated with the depart-
mentin 2015. A new researcher joined the department in September to work
in the field of adiabatic blanking.

e e ————

7 g 5
Participants of the SFB TR 73 simulation workshop organized by the department



3.7.1

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 SFB/TR 73 « Subproject C4
Contact M.Sc. K. Isik

Sheet-bulk metal forming processes combine conventional forming of semi-
finished sheets with bulk forming, i.e. a distribution of material across the
thickness. The objective of this project is the experimental and numerical
investigation of the microstructure and the corresponding damage behavior
for this novel type of metal forming process. The void volume is measured in
the highly deformed regions of the semi-finished and final product by scan-
ning electron microscopy in collaboration with the Institute of Materials Sci-
ence of Leibniz Universitat Hannover. The figure shows representative void
geometries in regions with increasing deformation. The simulation model
correctly predicts the critical regions for the accumulated damage as observed
inthe micromechanical investigations. Alternatively,the damage is character-
ized indirectly. The change of elastic behavior of the material due to the evolved
damage is detected. The natural frequency of the pre-strained specimens is
measured to determine the anisotropy of the damage evolution.
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3.7.2

Software Tool for Robust Design of the Blanking Process of
Metal Laminated Composite Material without Lubricants

Funding German Research Foundation (DFG)
Project TE 805/37-1
Contact M.Sc. F. Gutknecht

A software tool for the prediction of wear is developed together with the utg
at TU Munchen. At the IUL the blanking process of different types of sheets
is analysed numerically with a Lemaitre damage model. Starting with mono-
lithic sheets, more complex composites are considered to gain fundamental
knowledge of the process. An automated strategy for parameteridentification
enables an efficient application of the damage model. Numerical investiga-
tions applying this model demonstrate the pronounced non-linearity of the
blanking process and reveal a ratio of different stress states in the entire
process. This is exemplified by the graphic below.

The projectis embedded into the DFG/AIF coordinated research program “Dry
Shear Cutting of Metal Laminated Composite Material” Additional sub-projects
are conducted at utg, PtU (Darmstadt), and IUL.

Material: DP 600 Unionial tonsion oss  TRIAXIALITY

Sheet thickness: 1mm 0.16

Clearance: 8 % Plana shear 0.16 Jhyd rostat.

Tool '25 Uniaxial compression- 048 n=———
et damotar -4.00 Oy, Mises

Punch diameter: 16 mm
Stress state in blanking for punch displacements (relative to sheet thickness): a) 15 %, b) 26 %,
andc) 28 %



3.7.3

Robust Material Modeling for Sheet Metal Bending

Funding ReCIMP
Contact Dipl.-Ing.T. Clausmeyer

The description of the material behavior of advanced high-strength steels
during bending operations and under service load is necessary for the com-
parison of different material grades. Important aspects in the manufacturing
process as well as during service are the failure behavior and the behavior
during load reversals. A new experimental device for bending and unbending
of sheets (see figure a)-b)) is developed based on the previous project in col-
laboration with Bilstein GmbH. The objective is to determine the influence of
kinematic hardening and damage during unbending. Afurther objective is the
description of the material behavior with proper material models which are
suited for finite element simulations. The simulations are used to predict the
properties of bent parts. The plane torsion test and tensile tests are used for
the identification of material parameters. Failure is analyzed with the help of
alight microscope. Anew methodology for the assessment of failure in bend-
ing operations is applied.

| 333 gl

a) Manufactured bending device, b) CAD drawing, c) bent specimen without crack and d) with
crack



3.7.4

Failure Mechanisms in Forming of Monolithic and
Composite Plates

Funding German Academic Exchange Service (DAAD)
Contact M.Sc. L.Chen
Status Completed

Composite sheets are used for different applications, e.g.in civil engineering
or for noise reduction. The focus is on investigations of failure mechanisms
in forming of monolithic metallic and metal/polymer/metal sandwich plates.
The mechanical behavior of the monolithic metallic sheets and each compo-
nent of the half sandwich structure have been successfully characterized. At
this stage, the separately characterized components are then combined in a
blanking process simulation for the half sandwich structure. The effect of
punch-die clearance on the cutting edge is studied quantitatively. Three de-
fects, namely the bending angle, bending width, and the delamination, are
defined to describe the deviation of the real cutting edge compared with the
ideal cutting edge (see figure). The results from both experiment and simula-
tion show that the smallest clearance generates the best quality of the cutting
edge (see figure). The stress state of the metallic layer during blanking is
analyzed taking advantage of the validated finite element model.

Punch-die Experimental Simulated 3 Delamination le
clearance cutting edge cutting g_.dge 25 | "Experiment
Damage initiation ] £ 2 *Simulation
! £15 H
0.04 mm =1
o i 0.5
0
Clearance in mm
12 Bending le
0.08 mml . Experin]e% ngth
i E 1K S N ula
£ 6
| = 3
0.12 mmi :
' 22 0
Hy 0.040.080.12 0.3 0.45
Clearance in mm

Experimental and simulation results of blanking of half sandwich structure
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3.7.5

Research
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Enhanced Continuum Damage Mechanics Model for Low
Triaxialities for the Deep Drawing Simulation of Advanced
High-Strength Steels

Funding FOSTA
Project P 1039
Contact Dipl.-Ing.T. Clausmeyer « M.Sc. K. Isik

A damage model which considers the effect of different stress states was
developed to predict the failure of advanced high-strength steels in deep
drawing.Animportant quantity for the onset of failure is the triaxiality, i.e. the
quotient of hydrostatic and equivalent stress. Different characterization ex-
periments (tension tests with different geometries, shear tests) were con-
ducted to determine the plasticity and the damage behavior. In this regard,
the analysis of several experimental setups with respect to the failure behav-
ior due to shearloading or for low triaxialities is important. These experiments
are used to identify material parameters for the material model in collabora-
tion with the company inpro. The model is implemented into commercial
software. The predictions of the simulation model are validated with the help
of industrial drawing experiments (see figure). The objective is to obtain a
more accurate prediction of failure.The project is supported by car manufac-
turers, software companies, and steel manufacturers.

Damage evolution Industrial drawing part
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Experimental part Result of simulation
Comparison of finite-element simulation with modified damage model and experiment
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3.7.6  Simulation Strategies for the Application of Adiabatic
Cutting in Sheet Metal Part Manufacturing in the Context of
Material Science

Funding AiF/FOSTA
Project 18865 BG — P 1127
Contact M.Sc. F. Schmitz

This project is a cooperation with the Institute of Materials Science and En-
gineering (LWT) of TU Chemnitz. Due to the high quality of the cutting surface
adiabatic shear cutting is particularly suited for the processing of materials
with extremely high strength. The high (local) strain rates (¢ > 10° s™') lead to
local temperatures of T >10° °C. These high temperatures are accompanied
by a local softening. However, a fundamental understanding of the process is
still lackingin order to be able to establish an industrial application of adiaba-
tic cutting of sheets. The objectives are to develop an experimentally vali-
dated simulation tool (exemplary simulation results are shown in the figure)
which considers the relevant forming and microstructural processes. In this
context, an improved understanding of the mechanical and microstructural
analysis of the adiabatic cutting process is required. Especially the resulting
shear bands (see figure) are in the focus of this project.

alt bit clt
Simulation 0,111 0,138 0,75
Experiment 0,087 0,22 0,72
Deviation in % 224 13,6 69

1000pm

Left: Simulation result cutting process (material DP1000), right: Shear band formation in a Ti-
10V-2Fe-3Al alloy (testing stopped at 10 % strain applied)/Images on the right by S. Winter (TU
Chemnitz)




3.8

3.8.1

Patents

Published Patents

Title Process for the Manufacturing of Tool Coils and/or Tools for the
Electromagnetic Forming of Thin Walled Electrically Conductive
Workpieces as well as Tool Coil Based on this Strategy

Application Number DE 102013 013 335.1

Patentholder TU Dortmund
Status Published February 12,2015
Inventors A.Jager « R.Holker « J. Lueg-Althoff « L. Kwiatkowski

0. K. Demir « A. E. Tekkaya

Title Process and Device for Controlling the Forming Behaviour,
Particulary the Springback when Forming Workpieces in Clocked
Forming and Processing Stations, Particularly when Bending
Progression Tools

Application Number DE 102014001 872 A1

Patentholder KODA Stanz- und Biegetechnik GmbH
Status Published August 13, 2015
Inventors C.Becker « M. Hermes « C. Lobbe « D. Putschkat

A. E.Tekkaya



3.8.2

Filed Patents

Test Methods and Test Equipment for a Non-Destructive Determi-
nation of Strength and/or Forming Technique —Relevant Material
Properties of Sheet Metal Components to be Tested Based on the
In-Plane Torsion Test

Application number DE 10 2015 005 146
Patent applicant TU Dortmund University
Status Filed

Inventors A.E.Tekkaya « Q.Yin

The testing of components for determining the local strength is very costly
depending on the complexity. In most cases the part will be destroyed for the
testing process so that the additional use is no longer given. A new process
was invented by applying the in-plane torsion test locally on a part, using a
miniaturized and curved stamp.Thus, a non-destructive and mobile strength
test was invented which enables for the first time testing even under produc-
tion conditions.The basis of the invented method is the local torsion of a
component (see figure) to the beginning of the plastic deformation, in order
to determine the beginning of plastic yielding. A measurement of surface
deformation will be donein the test either by tactile or by an optical measure-
ment system. The small size of the stamps used and the very small deforma-
tions make this process quasi non-destructive and by an analytical calcula-
tion of the stress from the measured torque the yield stress at the measuring
point is determined. This can be done independent of the geometry of the
component and the shape of the surface.
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Principle of mobile and non-destructive strength testing with in-plane torsion



Procedure and Equipment for the Determination of Material
Coefficients, Especially of Flow Curves for Lightweight Materials,
Especially for Extrusion

Application number DE 10 2015 007 867

Patent applicant TU Dortmund University « ISPT GmbH & Co. KG
Status Filed

Inventors T. Kloppenborg ¢ A. E. Tekkaya

The simulation of extrusion processes by using lightweight materials such as
aluminum and magnesium is increasingly used in the industry for a detailed
analysis and optimization of extrusion processes and dies. With the help of
the new procedure and equipment a characterization of aluminum for simu-
lation becomes feasible with a high efficiency regarding time and costs. With
this approach a realistic characterization of materials under high hydro-
static pressure, high strains, and high temperature is feasible.

For the characterization, cylindrical samples are pressed through a die
similar to a conventional extrusion process. The forming of the material is
homogenous in the cross-section of the container during the process for
positions in a sufficient axial distance from the die orifice. Here, the material
is sheared under high pressure and temperature close to the container wall.
The innovation of the characterization equipment is to measure the shear
forces at the surface area of the container. This can be done in one or in mul-
tiple sections along the container. Based on these measuring results, a cal-
culation of material coefficients can be obtained.
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Equipment for the characterization of lightweight material



Process for the Manufacturing of a Multi-Layer Sheet Metal Body

Application number DE 102015015 388.9

Patent applicant TU Dortmund University

Status Filed

Inventors S. Wernicke « P. Sieczkarek « S. Gies

N. Ben Khalifa « A. E. Tekkaya

Load-adapted functional components made of thin sheets can be manufac-
tured using the technology of incremental sheet-bulk metal forming. Due to
prevailing tool loads the application of high-strength materials is currently
limited. The invention offers the possibility of processing several stacked sheet
workpieces with different material properties. Here, the individual sheet lay-
ers have different dimensions. By reducing the diameter during a simultane-
ous rotation of the workpiece the outer high-strength material (A) is thickened
(i). Subsequently, the gear elements are formed incrementally (ii). Thus, a
positive form and force connection can be achieved in the sheet composite.

Since the forming of the gearings occurs mostly in the softer material (B), the
tool load decreases. This enables the production of sheet components with
a high-strength gearing in the outer active region. Moreover, the combination
of different materials increases the lightweight and application potential of
the load-customized components.
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Principle of the manufacturing process of a multi-layer sheet metal body
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Further Activities







4.1

Further Activities

Conferences and Meetings

In 2015 diverse conferences and workshops were hosted or co-organized by
the Institute of Forming Technology and Lightweight Construction to present
research results and to meet researchers from industry and universities. In
the following, you will find more information on selected events.

Meeting with Prof. Dr. Wucherer and representatives of “KODA
Stanz- und Biegetechnik GmbH”

Prof. Dr. Klaus Wucherer, IEC Vice President and member of the National
Academy of Science and Engineering (acatech), visited the Institute of Form-
ing Technology and Lightweight Construction on February 6, 2015, with repre-
sentatives of the company “KODA Stanz- und Biegetechnik GmbH” to promote
the exchange between industry and academia. The meeting topics covered
sustainability aspects of forming technology, current developments for ap-
plication-oriented research with industry participation, and the education
strategy to promote highly committed and motivated students by interna-
tional courses.

= ) =
Benedikt Kummer, Detlef Putschkat, Prof. A. Erman Tekkaya, Prof. Winfried Pinninghoff, Prof.
Klaus Wucherer, Christian Lobbe

During the institute tour current areas of research, e.g. the telemetric ex-
perimental setups for material characterization, were presented. Furthermore,
the tour focused on new bending technologies as profile bending with torque-



superposed stresses and other profile forming processes. Special attention
was given to the innovative process of warm forming in progressive dies which
has been developed in cooperation between the company KODA and the IUL.
The main principle was demonstrated on the basis of a prototype die driven
by a servo press.

18t Workshop on “Simulation in Forming Technology” & 3™
Industrial Colloquium of the CRC/TR 73 (SFB/TR 73)

On February 26 and 27, the workshop on “Simulation in Forming Technology”
took place as a combined event with the “Industrial Colloquium of the Tran-
sregional Collaborative Research Center on sheet-bulk metal forming (SFB/
TR 73)”. The guiding topic was “tribology” The simulation workshop was di-
vided into a bulk forming (1°* day) and a sheet metal forming session (2" day).
In between, a fluent transition was created with the innovative technology of
sheet-bulk metal forming investigated in the SFB/TR 73. Representatives of
industry have presented the industrial view on the latest developments and
challenges of metal forming simulations. Furthermore, the possibilities and
advantages offered by the new technology of sheet-bulk metal forming were
also presented. International speakers as well as representatives of the SFB/
TR 73 and of the SPP 1676 (Dry Metal Forming) discussed these topics from
a scientific point of view. The breaks between the presentations provided an
opportunity for discussions. These were intensified during lunch, which took
place in the experimental area of the IUL. A guided tour focusing on the tech-
nical equipment was also offered. The Maschinenbau Ill building of TU Dort-
mund University with its inviting design served as venue and contributed to
the big success of the entire event.

Herzlich  2——2i
Wiltkommen!
[

Welcome by Prof. Tekkaya and Prof. Liewald, participants of the event



10t Meeting of the IUL Industrial Advisory Council

Established in 2010, the Industrial Advisory Council meets twice a year with
the aim of supporting the IUL in its strategic alignment of application-orient-
ed research. In addition to the transfer of research results into industrial
environments, the Advisory Council is characterized by advising the institute
on the implementation of collaborative research projects. Therefore, the
council gives valuable input regarding industrial technologies and research
needs and, in return, receives detailed results of basic research and innova-
tion. The first meeting of the year took place on April 17, 2015. The topics of
its discussions focused especially on the extrusion process simulation, hybrid
structures and press hardening. At the tenth meeting of the panel in its fifth
year, the Industrial Advisory Council celebrated its anniversary on November
30,2015.The presentation of a retrospective of the years 2010-2015 was the
basis of the anniversary meeting and contained, among other things, com-
pleted disserations, the foundation of the research center for industrial
metal processing (ReCIMP) as well as the extpansion of the institute’s ma-
chinery. The subsequent constructive discussion took up the Industry 4.0
topicand the transfer of innovation into practice. Both meetings were enriched
by valuable presentations held by members of the Industry Advisory Council.

Anniversary meeting of the IUL Industrial Advisory Council




Colloquium on the Occasion of Professor Kleiner’s 60t Birthday

OnJune 19,2015, a colloquium on the occasion of Professor Matthias Klein-
er’s 60" birthday was organized at the Institute of Forming Technology and
Lightweight Construction. Around 130 guests accepted the invitation to come
to Dortmund. After an official reception of the guests and an opening speech
by Professor Tekkaya, Professor Kleiner was honored by friends and compan-
ions: Professor Matthias Liewald (University of Stuttgart), Dr. Hans-Joachim
Wieland (FOSTA), Professor Alexander Brosius (TU Dresden), Professor Hart-
mut Hoffmann (TUM), Professor Werner Homberg (Paderborn University), and
Dr.Ferdinand Hollmann (DFG). Professor Ursula Gather, TU Dortmund Univer-
sity’s Rector, acknowledged his extraordinary career and thanked Professor
Matthias for his achievements for the University.

Rector Prof. Ursula Gather und Prof. A. Erman Tekkaya congratulate Prof. Matthias Kleiner, hand-
ing over their gifts; Publication 60 Excellent Inventions in Metal Forming®

Following the speeches, Professor Tekkaya presented a book entitled “60
Excellent Inventions in Metal Forming” as a gift for Professor Kleiner. It is a
joint project of friends from the international forming community honoring
Professor Kleiner’s scientific and technological contributions. The event
continued in the experimental hall where Professor Kleiner received further
gifts as a stylized sailing vessel manufactured by forming by members of the
“Arbeitsgemeinschaft Umformtechnik (AGU)* Its hull is made of curved alu-
minum profiles. The sail is composed of several cup-shaped sheet metal
segments bearing the names of the AGU member institutions. The Institute



of Forming Technology and Lightweight Construction handed over a “photo
metal sheet” produced by laser technology, showing the experimental hall of
the IUL and the famous “Dortmunder U” It is symbolic for Professor Kleiner’s

-
On the left: Demonstration of the single-cylinder engine, On the right, top: Stylized sailing vessel
manufactured by forming, On the right, bottom: ,Photo metal sheet” showing the experimental
hall and the “Dortmunder U”

commitment and love for his hometown Dortmund.

A highlight of the evening was the demonstration of an old Christoph single-
cylinder engine with 14 liters capacity built in 1920. Professor Kleiner saved
it from being scrapped and took care of its restoration.

Concluding, the guests enjoyed the evening in the experimental hall. The event
was organized by Professor Werner Homberg, Professor Alexander Brosius,
and Professor A. Erman Tekkaya. Sincere thanks to the many helpers who
made sure that the event was a great success and to everyone who has been
involved in manufacturing the gifts and creating the book.

IUL Excursion

Aclose contact to partner institutes and industry is the basis for innovations
at IUL. Only in this way the needs and developments in metal forming can be
fully recognized and taken into account. For this reason, the Institute of Form-
ing Technology and Lightweight Construction organized a three-day excursion
with 46 employees in September 2015 to share experiences and knowledge
in the northern part of Germany. The first station of the trip was Bremen. In
small groups the team spirit was strengthened by sharing various social
activities. The day was rounded off with a dinner at the Bremer Ratskeller
restaurant. The next day, the Daimler AG was visited to see the pressing plant



and tooling and current challenges in this field were been discussed. In the
afternoon, the partner institute of Prof. Behrens (IFUM, Leibniz Universitat
Hannover) was visited. The get-together of the participating cientists led to
an active exchange about current research topics. On the last day the com-
pany Winkelmann Powertrain Components GmbH + Co. KG gave us an impos-
ing insight into their economic use of the sheet-bulk metal forming.

Group photo of the IUL employees in Bremen

PAK 343 & I2FG Workshop on Electromagnetic Pulse Forming
and Joining 2015

On October 5 and 6 this year, the combined event "PAK 343 & I1?FG Workshop
on Electromagnetic Pulse Forming and Joining” took place in Dortmund. The
Institute of Forming Technology and Lightweight Construction (IUL), the host
of the event,is member and at the same time the administrative office of the
“International Impulse Forming Group” (I?FG), which acts as a promoting
platform for science in the field of impulse forming. The 6th general assembly
of the I?’FG was also part of the workshop. Furthermore, the event provided an
international forum for the presentation of results of the project “Development
of a methodology regarding combined quasi-static and dynamic forming
processes’(PAK 343), funded by the German Research Foundation (DFG). For
two days more than 30 attendees from science and industry coming from
America and Europe actively participated in innovative talks about the whole



spectrum of impulse forming, ranging from the combination with conven-
tional processes to magnetic pulse welding. Here, the core aspects were
“technology”, “simulation” as well as “material behavior”. Professor Tekkaya,
Professor Reese, Professor Stiemer, Professor Maier, and Dr. Faes would like

to thank the speakers und attendees for a successful event.

PAK 343 overview given by Prof. Tekkaya

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

« Stahl fliegt (Flying steel) « June 16 - 17
« SchnupperUni « August 6

« do-camp-ing « June 28 - July 3

+ Open Day of TU Dortmund « October 24

Further Activities

\I:{;}Hig



4.2

Awards

»Best Paper Prize* ICEB 2015

During the ,International Conference on Extrusion and Benchmark” (ICEB
2015), which this year took place together with the conference ,Aluminium
2000 from May 12 to 16 in Florence/Italy, Dr. Ramona Holker-Jager was
awarded the “Best Paper Prize” in the category “Extrusion”for her publication
entitled “Hot extrusion dies with conformal cooling channels produced by
additive manufacturing® In her paper and presentation Dr. Holker-Jager showed
the results of additively manufactured hot extrusion dies with local inner
cooling. By using these novel dies, a significant increase in productivity can
be realized during hot extrusion of light metals.

Award ceremony during the gala dinner: Prof. Lorenzo Donati (University of Bologna) congratu-
lates Dr. Ramona Holker-Jager (IUL)

IUL receives Steel Innovation Prize 2015 for Incremental Profile
Forming Process

OnJune 9™, 2015 the “Incremental Profile Forming Process”, developed at the
Institute of Forming Technologies and Lightweight Construction (IUL), was
awarded the third place of the Steel Innovation Prize in the category “Steel in
Research and Development” by Prof. Johanna Wanka, Federal Minister of
Education and Research. Prof. A. Erman Tekkaya, Dr. Christoph Becker, Goran
Grzancic and Prof. Matthias Hermes (University of Applied Sciences Stidwest-
falen) developed an innovative manufacturing technology for the flexible



manufacturing of profiles made of
high-strength steels with a high geo-
metric complexity. It combines strat-
egies of material and component
lightweight design.

The SteelInnovation Prize was award-
ed for the tenth time this year. The
prize is one of the most prestigious
contests and it did not lose any of its
attraction in the last 26 years. 578
projects were submitted in 2015.
There is no comparable contest in
Germany with this many participants.

Federal Minister Prof. Johanna Wanka, Dr. Chris-

toph Becker und Ranga Yogeshwar (from left to

right), Photo: German Steel Federation

Awarded with the Steel Innovation Prize 2015: Dr. Christoph Becker, Prof. Matthias Hermes (Uni-
versity of Applied Sciences Sudwestfalen), Prof. A. Erman Tekkaya, and Goran Grzancic (from left
to right) Picture: Roland Baege/TU Dortmund University
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Third Prize in Zwick Science Award 2014

Every year, the material testing machine producer Zwick Roell awards the
international Zwick Science Award in order to honor the innovative application
of material testing devices in scientific research. This year, Dr. Alper Guner
won the third prize for his publication with the title “In-situ measurement of
loading stresses with X-ray diffraction for yield locus determination” The award
ceremony took place during the “6™ Zwick Academia Day” on June 2,2015 at
ETH Zirich. Besides well-known Professors also the prize winners had the
opportunity to present their works to an international audience.

Winners and theJury members ofthe Zwick Science Award 2014 (Dr Guner at center)

IUL team wins student competition ,,Stahl fliegt 2015

The competition “Stahl fliegt”, sponsored by Forschungsvereinigung Stahlan-
wendung eV.(FOSTA), took place onJune 16 and 17 in Aachen and Dusseldorf.
More than 80 students from seven German universities participated in this
competition, which was organized by the Institute of Metal Forming (IBF) at
RWTH Aachen University. The first day, the teams presented their aircrafts in
brief presentationsinthe Super C Buildingat RTWH Aachen. Thetotal weight
of the aircrafts was limited to 400 Grams. On day two, the competition con-
tinued in the fair hall 6 of Messe Dusseldorf fairground, hosting the fairs
Metec, Gifa, Thermprocess,and Newcast at the same time. Each team dropped
its aircrafts by hand from a height of approximately 10 meters, being allowed
5 attempts to reach the longest flight time before touching the ground. With
a maximum flight time of 17 seconds, the IUL team (see photo) won the first
place, followed by the teams from the Universities of Bremen and Kassel.The
winners, numerous participants of the competition, and representatives of

Further Activities
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the responsible institutions IBF and FOSTA participated in the award cere-
mony.

A

Successful IUL team. Photo: FOSTA, Dugseldo;f

Further Activities




4.3 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”), acatech ambassa-
dor at TU Dortmund University

AGU - Member of “Wissenschaftliche Arbeitsgemeinschaft Umform-
technik®

+ CIRP - Fellow of the “The International Academy for Production Enginee-

ring”
Curatorship member of “KARL-KOLLE-Stiftung®, Dortmund, Germany

« DGM - Member of "Deutsche Gesellschaft fur Materialkunde”

ESAFORM — Member of the Scientific Committee of the “European
Association for Material Forming”

+ GCFG - Member of the "German Cold Forging Group”

Honorary member of the “TechNet Alliance”
ICFG — Member of the "International Cold Forging Group®

ICTP — Member of the Standing Advisory Board of the “International
Conference on Technology of Plasticity”

I2FG — Member of the ,International Impulse Forming Group”
JSTP - Member of “The Japan Society for Technology of Plasticity”

« Member of the Scientific Advisory Board of “Exzellenzcluster Integrative

Produktionstechnik fur Hochlohnlander”, RWTH Aachen University,
Germany

Member of “DGM Regionalforum Rhein-Ruhr*

« Member of the “German Academic Society for Production Engineering”

(WGP: ,Wissenschaftliche Gesellschaft fur Produktionstechnik®)

Member of the advisory board, “Max-Planck-Institut fur Eisenforschung
GmbH”

« Vice president of the consortium of “Turkisch-Deutsche Universitat”

(Turkish-German University)



Journals/Editorship

Editor-in-Chief, Journal of Materials Processing Technology” (Elsevier)
Member of the CIRP Editorial Committee 2016, Paris, France

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

Member of the International Advisory Committee, “Romanian Journal of
Technical Sciences — Applied Mechanics”

Member of the International Editorial Board, Journal “Computer Me-
thods in Materials Science”

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

Vice Chairman of the Editorial Committee “CIRP Annals”

Further Memberships

DAAD Scholar Committee, Ankara, Turkey

IUTAM - "Turkish Branch of the International Union of Theoretical and
Applied Mechanics”, Turkey

Member of the CIRP Communication Committee

Member of the Scientific Committee, “The 26 CIRP Design Conference
2016” Stockholm, Sweden

Member of the Scientific Committee, “The 23 CIRP Conference on Life
Cycle Engineering” (LCE2016), Berlin, Germany

Member of the Scientific Committee, “International Conference on high
speed forming” (ICHSF 2016), Dortmund, Germany

Member of the Scientific Committee, “4™" International Conference on
steels in cars and trucks” (SCT 2017), Amsterdam, The Netherlands

Member of the Scientific Committee, “The 16™ International Conference
Metal Forming” (Metal Forming 2016), Krakow, Poland

Member of the Scientific Committee, “The 16" International Conference
on Sheet Metal” (SheMet 2015), Erlangen, Germany

Turkish-German Cultural Association, Ankara, Turkey
Member of the Scientific Committee ,The 12" International Conference



on Numerical Methods in Industrial Forming Processes” (Numiform
20186), Troyes, France

- Member of the Scientific Committee “International Deep Drawing
Research Group 2015” (iddrg), Shanghai, P R. China

Activities as Reviewer

In Scientific Committees
+ AiF - Arbeitsgemeinschaft industrieller Forschungsvereinigungen ,,Otto
von Guericke”e. V. (AiF)
« Academic Council of the King Saud University
+ CIRP - International Academy for Production Engineering

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

+ External Advisory Committee, Department of Mechanical Engineering,
KAIST, Republic of Korea

+ North Carolina State University
« Steel Institute VDEA

For Journals

« Applied Mathematical Modelling

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

+ CIRPJournal of Manufacturing Science and Technology

« Computational Materials Science

« Computer Methods in Applied Mechanics and Engineering

« Engineering with Computers

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

+ International Journal of Machine Tools and Manufacture

« International Journal of Material Forming

+ 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 of Applied Mathematical Methods

« Journal of Computational and Applied Mathematics

Journal of Manufacturing Processes

- Journal of Materials Processing Technology

Journal of Mechanical Engineering

- Journal of Production Engineering

Manufacturing Letters

- Materials & Design

Materials and Manufacturing Processes

- Materials Science & Engineering A

Mechanics of Materials

« Simulation Modelling Practice and Theory

Surface and Coatings Technology

« The International Journal of Advanced Manufacturing Technology



4.4 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

« Scientific Council of the European Research Council (ERC)

« STS Council = Science and Technology in Society Forum, Japan

« Member of the Supervisory Board ,Haus der Zukunft e. V.

+ 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

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

« Member of the University Council, TU Dresden

« Member of the University Council, Bremen University

+ Board of Trustees, TU Berlin



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

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

+ ,Zwanzig20 - Partnerschaft fur Innovation®, Funding Program of the
Federal Ministry of Education and Research (BMBF), Chairman of the
Jury/Expert Group

+ Chairman of the Jury of MINTernational, Stifterverband fur die Deutsche
Wissenschafte. V.

« Member of the Jury of the Holtzbrinck Publishing Group for the “Deut-
scher 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



Senat Memberships
+ MPG - Max-Planck-Gesellschaft
+ HGF - Helmholtz-Gemeinschaft
+ DFG - Deutsche Forschungsgemeinschaft (Guest)



International Exchange




International Exchange

Prof. Wojciech Z. Misiolek

FromJune 1 toAugust 14 2015, Professor Wojciech Z. Misiolek of the Institute
for Metal Forming (IMF) at the Lehigh University (PA, USA) supported the bulk
metal forming group of the lUL as a Mercator visiting professor with his knowl-
edge in the area of microstructure development of aluminum and magnesium
alloys. This research stay was funded by the German Research Foundation
and was his second visit within this program. During a short-term visit, Alison
Kuelz, one of the students of Prof. Misolek, had the chance to join the bulk
metal forming group as well and to support Prof. Misiolek’s research activities.
The intense collaboration with different colleagues of the bulk metal forming
group resulted in joint publications and research articles which will be pre-
sented at international conferences. In addition, Prof. Misiolek gave a talk to
students and scientists on the application and restriction of the additive
manufacturing technology for metals.

Prof. Wojciech Z. Misiolek during his talk on additive manufacturing

Prof. Paulo Anténio Firme Martins

Prof. Paulo Martins from the Instituto Superior Técnico of the Technical Uni-
versity of Lisbon, Portugal, was working as a guest scientist at the IUL from
September 1 until November 27, 2015.

As one of the leading researchers in the field of incremental sheet forming,
he supported the subprojects A4 and C4 of the Collaborative Research
Center/Transregio 3 (DFG — German Research Foundation). With the aim of



producing load-adapted functional components, he focused on the descrip-
tion of the three-dimensional material flow and crack modeling in sheet-bulk
metal forming. Due to the complex states of stresses and strains in the form-
ing zone, a complementary use of experimental, numerical, and analytical
approaches was necessary. In addition, he worked on studies to determine
the formability of sheet metals by means of fracture curves. As a result, an
alternative method for the determination of forming limit diagrams and frac-
ture criteria is available. Furthermore, Prof. Martins gave lectures on analyti-
cal process evaluations using the slip-line method to train the IUL staff and
students in this field of analytical methods.

Prof. Paulo Anténio Firme Martins

Prof. Chengxi Lei

- Dr.Chengxi Lei is an associate Professor at the School
of Mechatronic and Engineering (SME) at Harbin Insti-
tute of Technology (HIT, China). His stay is funded by the
China Scholarship Council (CSC) to collaborate with the
IUL as a visiting scholar in the Department of Sheet
Metal Forming from September 2015 until September
2016. His research mainly focuses on the field of hot
stamping and tube bending. He has built a new consti-
tutive model of 22MnB5 at elevated temperatures with
strain rate, temperature and thickness dependency and
presented a ductile fracture criterion considering strain rates and tempera-
tures to predict the fracture in hot stamping processes in his PhD thesis.
During his stay at the IUL he will extend these models in order to analyze and

Prof. Chengxi Lei

International Exchange




model the formability of Tailor Rolled Blanks (TRB) made of 22MnB5 in press
hardening.

Dr. Daeyong Kim

Daeyong Kim, senior researcher at the Korea Institute
of Materials Science (KIMS), visited the UL for a three-
month research stay fromJune 8 to September 4,2015.
B As an approved expert in the field of material charac-
terization, Mr. Kim supportes the department of Non-
Conventional Processes. His work mainly focused on
the development of inverse strategies for the determi-
nation of temperature and strainrate-dependent mate-
rial data using the electromagnetic ring expansion test. Additionally, the nu-
merical models for a time-efficient simulation of the ring expansion
processes developed by Mr. Kim represent an important instrument for the
design of a ring expansion setup stand at the IUL.

Daeyong Kim, Ph.D.

Alexander von Humboldt Scholar Dr. Yanshan
Lou

Dr. Yanshan Lou developed novel anisotropic fracture
criteria for ductile sheet metals during his stay at the
UL from September 2014 until August 2015. He is known
as an expert in this field due to his previous research
which was conducted at the Korean Advanced Institute
of Science and Technology as doctoral student and as
post-doc at Swinburne University of Technology, Aus-
tralia, together with Prof. Jeong Whan Yoon. In further research he investi-
gated the correlation between the evolution of the microstructure at the
fracture surface and the stress state, in particular for shear-dominated stress
states. Dr. Lou co-operated closely with the Department of Applied Mechan-
ics and other members of the IUL. Dr. Lou was accompanied by his wife and
two daughters and returned to his home country, China, after his stay.

Dr.Yanshan Lou

Mr. Satoshi Sumikawa

Mr. Satoshi Sumikawa, a researcher from JFE Steel Corporation in Japan, is
working at the IUL in the sheet metal forming group as a visiting researcher



since October 2015 and his stay will last
until October 2017. His research topic covers
the analysis of material behavior during
unloading and high strain deformation under
various stress states. He will carry out vari-
ous material tests such as bulge tests, plane
straintension tests, shear tests, and torsion
tests in order to clarify the correlation be-
tween stress states and material behavior.
Finally, the impact of the material behavior
on the sheet metal forming analysis will be
investigated by press forming tests and finite
element simulations. Mr. Sumikawa is also
a PhD Student at Hiroshima University and Mr-Sumikawa in the IULs laboratory
his works at the IUL will serve as a basis of his PhD thesis.

RISE (Research Internships in Science and Engineering) — Robert
Gawrylo and Victor Sullivan

Robert Gawrylo (left) and Victor Sullivan (right) in the IULs laboratory

From June until August 2015, Robert Gawrylo from the Illinois Institute of
Technology and Robert Sullivan from Polytechnique Montréal visited the IUL.
Their stay was organized within the framework of the RISE program of the
German Academic Exchange Service (DAAD). The program gives Bachelor
students from North America and the UK the opportunity to do a three-month
internship at German research institutions. The stay of Mr. Gawrylo was fi-
nanced by a joint scholarship of the DAAD and the DFG Collaborative Research



Center Transregio 73. Mr. Gawrylo was supervised by Mr. Sieczkarek and gained
insightsinto the technology of sheet-bulk metal forming (SBMF). His activities
included experimental and metallurgical examinations on the local in-plane
rolling process on sheets with the objective of a defined material thickening.
Under supervision of Mr. Lueg-Althoff, Mr. Sullivan was engaged in research
related to joining of aluminium and steel tubes by magnetic pulse welding.
Using experimental and numerical methods, he investigated the deformation
behavior of the outer joining part.

G-CADET International Exchange Program with Gifu University

A cooperation agreement to further the studies of students and the faculties
involved through exchange programs between Gifu University,Japan, and TU
Dortmund University opened the opportunity to exchange excellent master
students of the Faculty of Engineering (Gifu University) and the Faculty of
Mecanical Engineering (TU Dortmund University). Within this scope, Mr.
Yoshki Sakali, a student of the Gifu University, stayed at the IUL in Dortmund
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Yoshki Sakai in the Lab

from October 5 to December 4,2015. He did research on the ring compression
test to determine friction coefficients of different lubricants. During his stay
he was supervised by Mr. Tobias R. Ortelt, project manager of the ELLI project.
At the same time, two students of the TU Dortmund University, Mr. Daniel
Pajonk and Mr.Johannes Gebard, stayed at the Gifu University to do research.



More over, the IUL welcomed the following international students in 2015:

+ Chiranshu Mukesh Agarwal, lIT Bombay
« Chitrang Bohra, lIT Bombay

« Brittany Ilardi, Princeton University

« Alison Kuelz, Lehigh University
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6 Technical Equipment

6.1 Experimental Area

Presses
+ Hydraulic drawing press, 2600 kN, triple action,
SMG HZPUI 260/160-1000/1000
 Extrusion press 2,5 MN, Collin, PLA250t

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

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

« Hydraulic drawing press, 1000 kN, HYDRAP HPSZK 100-1000/650

+ Hydraulic drawing press, 10 MN triple action, M+W BZE 1000-30.1.1
+ Press for working media based sheet metal forming, 100 MN, SPS

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

Further Forming Machines

« Swivel bending machine, FASTI 2095

« Press brake, 1300 kN, TrumaBend V 1300X

« Three-roller bending machine, FASTI RZM 108-10/5.5
Three-roll bending machine, Irle B70 MM

« Three-roll bending machine, Roundo R-2-S Special
Profile bending machine TSS-3D

+ Profiling machine RAS 24.10, Reinhardt Maschinenbau GmbH,
Sindelfingen

- Roller spinning machine, Bohner & Kohle BD 40

+ Spinning machine, Leifeld APED 350NC, CNC Siemens 840 D

« Machine for electromagnetic forming, 1,5 kJ, PPT SMU 1500

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

« Machine for electromagnetic forming, 32 kd, Maxwell Magneform 7000
+ Multi-axes forming press TR 73, 100 kN,



prototype with five axes of motion (Schnupp Hydraulik)

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

Machine for Incremental Tube Forming, IRU2590,
transfluid Maschinenbau GmbH

Machine for Incremental Profile Forming
DMU 50 - 5-Axis-millingmaschine, DMG Mori Seiki Academy GMBH

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

Sheet metal testing machine Zwick BUP1000
Plastometer, [UL T MN
Zwick Roell Z250 universal testing machine

Measurement Technique and Electronics

+ Laser based Photon-Doppler Velocimeter for the measurement of high

workpiece velocities

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

» Large volume SEM, Mira XI by Visitec (in cooperation with the “Institut

fur Spanende Fertigung” and “Lehrstuhl fir Werkstofftechnologie,
TU Dortmund University)

3D-coordinate measurement machine, Zeiss PRISMO VAST 5 HTG (in
cooperation with the “Institut fur Spanende Fertigung”,

TU Dortmund University)

+ Residual stress measurement devices using borehole method

- High-speed procedure
- Air-abrasive procedure

Hardness testing device, Wolpert Diatestor 2 RC/S

« Thickness measuring device, Krautkramer CL 304

4-channel-digital-oscilloscope, Tektronix TDS 420A
3D-video measuring system, Optomess A250



Infrared measuring device, PYROSKOP 273 C

« GOM:Argus, Atos, Tritop, 3 x Aramis — optical measuring systems for

geometry and strains

High-speed camera, HSFC pro of the company PCO Computer
Optics GmbH

« Light optical microscope Axiolmager.M1m adapted for polarization,

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

« Multi-wavelength pyrometer, Williamson pro 100 series

Keyence Laser: non-contact distance measurement

 X-ray diffractometer for measuring residual stresses -

StressTech Xstress 3000
Pontos 4M, GOM, dynamic 3D analysis, solution 2358 x 1728 pixel

« ARAMIS 4M, GOM, optical 3D-deforming analysis

Infrared Camera, Infratec VarioCam HD head 680 S/ 30 mm, Resolution
1280 x 960 Pixel

+ GOM ATOS Triple Scan - 3D scanner

GOM Aramis 4M Optical 3D deformation analyser

+ Prism - Residual stress measurement based on hole-drilling and ESPI

Miscellaneous

« Laser processing center, Trumpf LASERCELL TLC 1005

Plastic injection molding machine, Arburg Allrounder 270 C 400-100

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

Turning machine, Weiler Condor VS2

- different machines for machining purposes

High-performance metal circular saw, Haberle AL 380

- Belt grinding machine, Baier PB-1200-100S

Borehole device, Milling Guide RS 200

 Etching and polishing station - LectoPol-5, Struers GmbH

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

« Industrial robot KUKA KR 30-3

Three hydraulic power units and pressure intensifiers up to 4000 bar

« Hydrostatic roller burnishing tool, Ecoroll, HG13 and HG6



+ Measuring rack, Boxdorf HP-4-2082

« Combined 5-axis-machining and laser deposition welding center
Lasertec 65 3D, Sauer GmbH/DMG Mori

6.2 Hardware and Software Equipment

General Equipment
« different Servers and approx. 220 networked workstation PCs with an
extensive periphery

+ Linux Cluster with 4 nodes with altogether 12 processing units

. diverse Microsoft Software (Windows 7/8 Professional, Office 2010
Professional etc.)

« diverse graphics software (such as Adobe-products like Photoshop,
Acrobat, InDesign, Illustrator and Corel Designer X4)

- diverse High-End simulation PCs for CAD and FEM simulations

CAD Mathematical Calculation
Programs

« Unigraphics « Maple

« Catia « Mathcad

« AutoCad - Matlab

+ Mechanical Desktop

FEM

« Pam Stamp « MSC MARC
+ Autoform « ANsys

« Hyperworks/HyperXtrude « Abaqus

+ Deform « LS-Dyna

« Simufact
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