New re?qirements for
electric motor production

The spread of electric mobility
will fundamentally change the
automotive industry. Apart from
high-performance batteries, effi-
cient drives must be developed
that meet the strict requirements
of the automotive industry in
terms of costs, quality, reliability
and operational safety. Regarding
electric motors, the reduction of
installation space, weight and
noise emissions is of particular
importance. Further objectives
include increasing power density,
optimizing cooling concepts and
improving controllability.

This results in a need for research
not only for the development of
electric motors but especially for
their production. Since industrial
motors in higher power classes
have only been manufactured in
small quantities so far, their pro-
duction is largely manual. How-
ever, for an economical and
series-flexible production of elec-
tric traction drives, efficient and
highly automated manufacturing
processes are indispensable. There-
fore, far-reaching new develop-
ments are necessary to enable
existing production technologies
of electromechanical engineering
for the automotive industry. The
cost and quality goals of the auto-
motive industry can only be

achieved by a close combination
of functional and process opti-
mization measures. m

Electromechanical
engineering at the
FAPS institute

In order to meet these new chal-
lenges, researchers at the Fried-
rich-Alexander University Erlan-
gen-Nuremberg (FAU) are wor-
king, among other things, on the
series-flexible automation of the
electric motor production. In the
research sector Electromechanical
Engineering of the Institute for
Factory Automation and Produc-
ton Systems (FAPS), innovative
manufacturing technologies are

being researched with the aim of
transferring the knowledge gained
to industrial practice (Fig. I).
Aside from production-oriented
design, the main focus is set on
the development and optimization
of production processes for com-
ponents and systems of electric
drive technology, particularly for
electric mobility and hybrid elec-
tric aircrafts. In addition, pro-
cesses for manufacturing inductive
charging systems are being re-
searched.

Electric motors and inductive
charging systems represent im-
portant components of future
forms of mobility. However, they
must always be considered in con-

Fig.1: View of the demonstration plants for different winding technologies in the
laboratory of the research sector Electromechanical Engineering of the FAPS institute =



junction with other central com-
ponents such as energy storage,
wiring systems or power elec-
tronics. Therefore, the research
activities in the field of electrome-
chanical engineering are supple-
mented by the complementary
work of the institute's adjacent
research sectors Electronics Pro-
duction, Wiring Systems and Effi-
cient Systems. In total, the FAPS
institute employs around 100 people,
spread over its two sites in Erlan-
gen and Nuremberg. =

Research laboratory with
extensive plant équipment

Due to the high application rele-
FAPS
research, numerous demonstra-
tion plants have been set up and
optimized in practical test series
within the scope of past projects.
Sufficient space is provided by
the laboratory and office facilities
on the former AEG site, on
which the research sector Elec-
tromechanical Engineering has
been located since mid-2011. The
large laboratory hall comprehen-
sively covers the various technolo-
gies of electric motor production
(Fig. 2).

The extensive plant equipment is
not only used for the work on

vance of the institute‘s

research and industrial projects
but also for the practical training
of FAU students. m

Research projects along
the entire process chain

The numerous past and current
research and development pro-
jects are distributed along the entre
process chain of electric motor
production. Thus, the following
descriptions are only a small
excerpt of the research activities
of the research sector Electro-
mechanical Engineering.

As a complementary alternative in
the processing of electrical steel,
the continuous process of rotary
cutting is investigated (Fig. 3).
Flexible laser cutting, on the
other hand, is used for rapid pro-
totype production. In order to
increase the motor's efficiency, a
further aim is to minimize the
hysteresis losses of laminated
cores. For this purpose, the mate-
rials used and the respective
packetizing processes are being
optimized in a current project.

In order to minimize product-
specific tool costs, various robot-
based winding and pull-in tech-
niques are being tested. Robot-
based winding techniques for
high-frequency litz wires also

Inductive charging

v

magnet assembly

enable the production of complex

coill geometries for inductive
charging systems. In addition, an
innovative  universal  winding

machine is being developed,
which can be used to produce
various winding patterns with
varying wire geometries (Fig. 4).
A CAD/CAM chain allows a fast
and flexible offline programming
of the machine.

The next generations of electric
traction drives will increasingly
use semi-open form coils, so-cal-
led hairpins. While hairpins are
easier to handle in an automated
way, they go along with a high
number of contact points. Thus, a
central challenge of hairpin tech-
nology is the contacting. Here, a
promising approach is laser weld-
ing, which is being holistically
researched and further developed
in the research sector Electrome-
Engineering (Fig. 5).
Additionally, other projects inves-
tigate hot-crimping and innova-
tive ultrasonic welding for contact-
ing enameled copper wires. In
the context,
methods for the removal of insu-
lation from flat copper wires are
qualified. Moreover, new con-
cepts for the assembly and twis-
ting of hairpins are examined.
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Fig. 2: Overview of the laboratory hall of the FAPS institute at the site in Nuremberg with numerous demonstration plants on
innovative technologies in the field of electromechanical engineering =
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Further optimization potential
lies in the manufacturing of the
insulation 1in electric motors.
Compared to conventional slot
liners, powder coating can signifi-
cantly improve the copper filling
factor of rotors and stators. In
addition, the inductive curing of
insulation resins is investigated as
a resource-efficient alternative to
furnace processes. For this pur-
pose, different approaches for
effective temperature control and
monitoring have been developed.
A further focus of the research
sector Electromechanical Engi-
neering is the handling
assembly of permanent magnets
already magnetized. Besides feed-
ing devices, precise positioning
systems and gluing processes are
investigated. In addition, inline
measuring  systems for
testing and a magnet intralogistics
system for
assembly are
developed.
Apart from that, automated pro-
cess chains for the manufacturing
and balancing of rotor-shaft
connections are investigated.
Hereby, a new concept for the
combination of packetizing and
magnet assembly has been estab-
lished.

Due to the increased quality
requirements for traction drives,
it is necessary to develop effi-
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selective magnet

currently being

Fig. 3: Prototype plant for rotary cutting of electrical steel as a complementary

cient inline testing methods. As a
result, new testing techniques are
applied and further developed to
enhance product understanding
and defect detection. Hence, the
magnetic field measuring labora-
tory of the research sector Elec-
tromechanical Engineering pro-
vides various magnetic field pro-
bes and measuring systems for
the characterization of hard mag-
netic materials, electrical steel
sheets or other ferromagnetic
components. In addition, various
high-voltage testing devices allow
the qualification of primary in-
sulation and insulation systems

in accordance with standards.

Furthermore, specially developed
methods enable the detection of
insulation weaknesses caused by
manufacturing processes.

Due to the limited availability and
the high value of many materials
used in electric motors (especially
rare earths, non-ferrous and
heavy metals), procedures for
recycling as well as processes for
minimizing the material
sumption have also been devel-
oped.

The trend topics additive manu-
facturing and Industry 4.0 are also
increasingly being addressed in
the production of electric drives.
For the additive manufacturing of
permanent magnets, for example,
the processing of rare-earth
magnetic material by laser beam
melting in a powder bed is being
researched. Furthermore,
puter-aided methods of the digi-
tal factory are used for the simu-
lation of production systems and
virtual process validation. In the
context of Industry 4.0, data-driven
approaches using machine lear-
ning methods offer great poten-
tial. In ultrasonic welding, for
example, the connection quality
represented by the electrical
contact resistance could be pre-
dicted solely on the basis of
sound emissions and images of

con-
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Fig. 4: Innovative universal winding machine for the flexible production of different
winding patterns with varying wire geometries u



Fig. 5: Experimental cell for laser welding in order to investigate laser-based processes for
Jjoining copper materialsm

the burnup. Further applications
for machine learning methods are
currently being investigated in
close cooperation with industry. m

With its research on innovative
production technologies for to-
morrow’s electric drives, the rese-
arch  sector  Electromechanical
Engineering fits perfectly into the
initiatives  for

automation,
automotive as well as environ-
mental technology. Since the foun-
dation of the research sector Elec-
tromechanical Engineering in May
2010, a high number of research
and industrial projects have already
been completed. In the course of
the E|Drive Center, the Bavarian
"Technology Center for Electrical
Drive Technology funded by the
Free State of Bavaria, the coopera-

Bavarian  cluster

mechatronics  and
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tdon with partners from industry
and science has been sustainably
strengthened. In doing so, the
FAPS insttute has been estab-
lished as a recognized teaching and
research institution in the field of
electromechanical engineering.

In addidon to several invention
disclosures,
seminars, lecture series and confer-
ences were organized. Within the
WGP seminar ,Production of
Electric Drives, scientists from the

numerous technical

research sector Electromechanical
Engineering invite you once a year
to an intensive transfer of know-
ledge involving lectures, expert dis-
cussions and demonstrations in the
research laboratory. The seminar
program also offers the opportuni-
ty to discuss individual problems in
electric motor production.

‘With the E|DPC, the International
Electric Drives Production Con-
ference, the research sector also

Fig. 6: Annual international conference and accompanying exhibition on electric drives
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organizes an internationally unique
scientific congress (Fig. 6). This
year’s E|[DPC in Esslingen from
December 3 to 4 will be the ninth
time in a row that a unique plat-
form for an intensive experience
exchange on the production of
electric drives between science and
practice will be offered. m
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