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S0 The laboratory of the E|Drive-Center in Nuremberg covers
various processes for the production of electric drives.

IPT charging Winding technology

Magnetizing and
magnet processing
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The E|Drive-Center supports the
projects, seminars and patents.

Industry and
research projects

A wide range of direct industrial projects

Fublicly funded research projects

Successful research applications in the
context of the electric mobility proposals
of the federal government
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industry with

April 2019 8t Expert Seminar in
Electromechanical Engineering: Production of
Electric Drives

December 3th — 4th 2019:
gth International IEEE Electric Drives
Production Conference (E|DPC)

Inventions
and patents

2 iams o EEEEE

T invention disclosures in the range of
electromechanical engineering and inductive
charging technology

2 patent workshops in cooperation with the
“Bayerische Patentallianz”
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The institute FAPS offers diverse cooperation possibilities
with the industry and further institutions.

Specific =
characteristics

Special benefit

Specialty

Project start
and duration

Service portfolio
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Funded
research projects

Funded research activities
Joint application

Funding quota for industry
partner normally at 40%*, for
Institutes till 100%*

Dependency on donors
Small projects realizable
with or without focus on the
region

Special programs for small
and medium-sized
companies, association
members or big companies

= Application ca.

12 months*

= Duration for 2-3 Years®

Network development

Industry promotion

Direct cooperation through
shared staff

Long-term research in direct
cooperation

Definition for Cooperation
projects, topic and focus
Employee of the university
with a workplace inside the
company and inside the
institute for an ideal exchange

Start with suitable doctoral
candidate
Promotion in 3 years™

Joint research and development activities

Capacity and machine use

Direct cooperation

Direct knowledge and
technology transfer

Service relationship with
confidentiality agreement

Abstract and joint academic
publication of the results
Possibly joint patent
application

Capacity-dependent start
Variable duration

Student cooperation

Supervision of final papers

ldeal Kick-off for a future
research cooperation

Thesis with focus an the topic
area of the E|Drive-Center

Starts with suitable students
(April & October)
Usually 6 months®
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The E|Drive-Center strives to resemble all relevant
production steps regarding electric drives.

Example: Production process ofa stator with distributedwinding

Package
stator

Sheet cutting

Packaging

Cutting and handling
sheets = 0,25 mm
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Inserting

L —
Pictures: Schuler, rm-Priftechnik, Castech, Lehner, Rizsomat, Remy, Spectrumtech

E|Drive-Center

Insulation Assembly Connecting

Flyer-, Rotation-, Insert windings in

Meedle-Winding

Tailoring of

paper insulation ) )
Remove insulation

Cutting of wire Additional paper

Soldering/crimping

Robot-based

Increase in copper
filling factor

Winding Head 2 :
Forming Testing Impregnation
Bandaging of Insulation 1 Resin casting
winding head o .
Partial discharge Mold injection
Forming
Reliable contacting Automotive matching
technologies testing technology
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The large-scale assembly of permanent magnets requires
efficient processes and testing technology.

Example: Production process ofa rotor with permanentmagnet on the inner side

ﬁ,

Package Magnet

: : S Final
with Shaft Application Magnet fixation Balancing Magnetizing Inspection
B Sheet cutting B Supply U Adhesive application B Determintation of rotor B Arrangement of magnets B Testing
) ) ] ) unbalance o attachment parts
B Packaging B Separation B Inserting resin E Magnetizing
B Applicati f weight G tric testi
E Shaft insertion B Insertion ® Hardening RRCAN I SR RN Se
® Magnetic testing
Supply Handling technology Design of assemply area Inline measurement

Magnet Separator

ELMAG 2 | }
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In the ZIM-Project E|[RoCut an alternative production process
is developed for thin electrical steel laminations.

ZIM-Project E|RoCut

large

Technical functionalities High-Speed Presses Lai‘::"cﬁ;lg
= Continuous process = High cutting speeds (miass prockiction, Nigh productiity) {Overcoming of structural
= Low mobile mass = High cutting precision Quase: Sctigler AT/ dynarmic limits of linsar dirsct
= Fast supply and remaval of the (tolerances of 50 pm) ) _ bre cboti v e el mmm::;:
electrical sheets = Low, homogeneous cutting force % . '
= Reusability of the distribution T | e j,,rf" —— Rotational Cutting
components/modules = Thin sheet thickness 0,05 - 0,35 mm -g ‘ S \ _
= Robust in application = Sheet metal band speed =10 m/min = mm’m&mﬁﬂ
(=30 pieces/min) £ compared to punching)
Economic aspects Potentials Lasercutting
= Low investment costs = Very high output at a sheet metal
= Low tooling costs band feed =400 m/min M.ﬂw:“m
= Low life cycle costs (already achieved in the paper affected zone needs fo be regarded)
= Long tool life industry) FE;
o

___v___ o Flexibiliy high .

AP 1 Analyzation of the requirements of the process, tooling and product

I'\=” 2 Conceptdevelopment and validation

PRGN Development of the core process of rotational cutting of electric sheet

V=R Development of a rotational cutting machine for electric sheet
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0 Additive Manufacturing of soft magnetic alloys enables great potentials for
bionic and lightweight design of electric drives for aerospace applications.

Material processing

m Stamping
m Interlocking

w Laser Cutting

Materials
w FeSiupto 6% Si
n FeNi
®m FeCo
State of the Art Research
Geometry Approach

© One tool for one design

© Axial entangled
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Material processing

n Laser Beam Melting of Metals in the

powder Bed (LBM)

Materials

w Screening for suitable
oft magnetic metal powders

M Sufficient magnetic properties

Geometry

Unlimited design possibilities

= Complex cooling features

= Lightweight construction

Proof of CDncept
- Single tooth designs

- Stator and rotor demonstrators
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Electrical machines need electrical insulation

in various parts in order to function.

Phase separation

Impregnation ofthe
winding

Base insulation

Cover slide

Insulation ofthe
individual sheets
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insulation washer

Inductive curing

Powder coating

Automatic attaching
of groove seal

Electric sheet
plastic clip
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Innovative process chains can be realized by using
industrial robots for winding technologies.

Linear
winding

Winding systems with
integrated process control
loop for automated
manufacturing of
accurately positioned
windings
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Flyer
winding

No wire guiding due to the
robot based wire guide
rotation

Needle
winding

i
m.:::_ 1

*.|-I

i ank'h

Robo-supported winding
techniques with
programmable flying path

Substitution of complex
insertion tools by flexible
robot-guided winding
assembly

Laying
techniques

i f sty
e Db o b
=

Realization of complex
winding patterns for litz-
wires with variating
winding gaps
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Due to the increased significance of the assembly of preformed coils,
current research projects focusing on hairpin-technology.

Basis Ehd e Rectangular semi-open groove
Polyesterimid coated ng IR g

Video: M&T Video: M&T Video: GM

Straightening wire
Bend flat wire in u-shape Insert groove insulation Insert hairpins in

Strip ends

Video: ME&T Video: M&T Picture: Partzech Picture: Meier

Twist ends Resistance welding of the ends Electrical insulation test Impregnation
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For contacting there is a multitude of technologies used in electromechanical
engineering with different advantages and disadvantages.

Contacting Technologies

Insulation stripping
and crimping

Hot Crimping Ultrasonic crimping Ultrasonic splicing

Laser welding
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The assembly of permanent magnet synchronous drives
comes with integrated evaluation technologies.

s Sl oS Magnet assembly Magnet fixation
sheet package (magnet, rotor)
= Alternative joining = Stack = Gripper = Bonding (SPM)
process for shaft / provisioning and technologies for
sheet package separating SPM

concepts for IPM
rotors

»  Bonding (IPM)

»  Caulking (IPM)
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Magnetization

Optimization of
magnetizing
quality and cycle
fime

Magnet
measurement

In-Line
measurement
strateqgies for
checking of
geometrical and
magnetic
characteristics
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Requirements due to higher power density and quality of traction drives
calls for development of efficient in-line testing technology.

State-of-the-arttechnology Potentials because of in-line testing

Station 1-100

complex manufacturing processes were not _ Stf’_*\‘fr” 3 Integrated analysis of production facilities in
entirely evaluated — just single processes and -IiIIII] the industrial series production, instead of -
stations L L individual units. IM"

The relevant process data is not available in Huge datasets should be available in short
a direct evaluable format — a manual time —the quality of the ongoing value chain o —h@
processing 1s not practical. should be improved.
: Opportunity of an improved influence on aEEEEE
erdalini e N bl value acded quakty. Growt of the =
are only -pa tly possible ey T competitive advantages through extended =__J'_','__ Horas
' EENERE process understanding. =

: : : Development of efficient analysis concepts ; E
#:émdrigf HT(L??(!{E:“ET&S;E;;GSIS threaten for highly automated manufacturing plants. EE?EE-.- Ea
P L - No fault finding but prevention. sesEna e
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The magnetic field measurement laboratory is equipped with magnetic field testing probes and
testing systems for error detection and characterization of magnetic circuits.

Magnetically soft Magnetically hard

Competences in magnetic field a e} Rl KNI A Microcrack recognition

measurementtechnology % .4 mrT—

Low-Field sensaors Broadband sensors

s EEpe =

Domain recognition Testing of field distribution

Testbench development for magnetically
softand hard materials

Automated test bench

E

Level recognition Crack recognition

Measurement data processing .%ﬂt *}
Image data processing Control / Analysis
il i
e . -
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0 For the identification, evaluation and selection of application scenarios for Industry 4.0
technologies in electric motor production, a suitable methodology is required.

Overview of production processes for electric motors

Housing Stator Shaft Rotor Final assembly

£ 4 = 2 4

Cleaning Impregnation Machining Balancing Final testing
i i i i i
o : j Joining laminated Sensors &
Machining Contacting Hardening corerehat connecting
i _ i
_ _— , , Bearings & end
= © :
Casting Winding Solid forming NSl o e shields
S S EN S B
[ i 2zl - E |
Slot insulation Machining ; =8 ° = Assembly
o s B rotor/stator
q .l c E
c =41 =l = Assembly
@ gug S B4  statorhousing
0o
£

Stacking &
joining

Electrical stegl
sheet cutting
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Identification of Industry 4.0 potentials

Opportunity-push Problem-pull
Best practices in industry, | Value stream analyses,
iterature review, strategic |Ishikawa diagrams, expert
goals, etfc. surveys, efc.

- ™

b Specification of use cases
Basic description, objectives and requirements
L ]
Benefit analysis
. Determination of benefits, e. g. using
scoring models or analytic hierarchy process
® [.=)] T T S
Effort analysis
‘ Estimation of elementary (investment, operation)
and dispositive efforts (from planning, monitoring)

®
. ., - ' @
p Prioritization and selection
* o Comparison of efforts and benefits,

e Q. using a portfolio matrix
Concrete implementation strategy
for selected use cases
Creation of roadmaps, specification sheets,
monitoring instruments etc.
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A knowledge-based system could support the conceptual design of an electric motor
production system by provisioning existing expert and proven solution knowledge.

Knowledge-based planning tool for the conceptual design of electric motor production systems

Methodology for an integrated product and process development

Phases

>

<

Domains

L

... using the modelling technigue OMEGA,

Planning of a production system for electric motors

|
Qrﬁ:n:us
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T T Reqguirements
1 | main aspoec

using the specification technigue CONSENS by Gausemeier

1.1 | mequererrént

1.2 | requiernant

2 | main sapoct

Process

D (21

]

@ s R

Active
structure s ®

\ < Building
@ f’ s structure

"= sasembly 1 I-I mgembti 2|

=  mieial bow e -
S [Gausemeier]
increasing concretization >

Provision and
storage of
solution
knowledge

Vo
NV

Knowledge-based system

... with a knowledge base containing
specialist and solution knowledge

User interface

Inference
mechanism

Knowledge
retrieval and
madification

Knowledge
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Thank you
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