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Our origin

RWTHAACHEN T
i BAZZ

e Founded in 1870 e Founded in 1906 e Founded in 2014
e One of only 11 Elite Universities e 580 employees* e More than 50 permanent
e Highest third-party funds in GER e 10.000m? office and production employees*

e 4.000m2 office and production

e 40.000 students e Factory Planning e PEM institute conducts

e 10.000 students in Mech. Eng. e Assembly Planning technology-driven research in all

e 62 institutes in Mech. Eng. e Excellence Cluster fields of the E-Mobility value
chain.

*|last updated: June 2017
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We can build various types of electric vehicles, components
and infrastructure prototypes in our facilities in Aachen

Components

Vehicles from small to big

Infrastructure

Charging Infrastructure Mini-Environments Cell Prod. Compensating Elements Big Data Demonstrator Cell Production 3D Printing
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One of our industry partners: e.GO Mobile AG

Source: e.GO Mobile AG Homepage
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Elementary are the changes in the area of the drive and
energy storage

Example costs of the components in the production of an electric car

Internal Combustion Engine Vehicle Electric Vehicle

Drivetrain
Others

Drivetrain

Battery Chassis

U4 Chassis ] oy

Interior

Others .
Interior
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Focus on quality assurance in battery cell production

Quality features
battery

Measurement
technology in
production

Critical process
parameters

End-of-Line
Testing

Produktionsparameter

= Durchsatz und Chargengewicht: 2.8 320 kg/h
Lo e Materiawah und Kombination = Schiittgewicht: .B. 0,6 kg/l
L = = Mischzeit: 20 min bis 6 S
@ o et 5 Kicach ve Intonsiy
[} Mlschtelrr:pe’aém d(ZO"C bi: m  Feuchtigkeit: Taupunkt -5 °C bis -35
B evoore e . ‘»}'.95‘225;3'3,. r:;‘mig“ e °C (nicht bei Slurry auf Wasserbasis -
A, Leisungedicne. ‘Zusammensetzung der Amaterilien, Scichicke Giber Drehzahl (bzw. resuli notwendig) s z\eh"re:ws:::n @
i . nine ach Sy Auiagung S
Ay Gt Initor i Gletdr Bl un b g0-2uk m R 1SO 5 (100.000 Partikel Hung ke A
azrvg;;}m;?M %L.];:,?% 0,1 um) Optiches Vertahren Inine Nach Surry-Auftragung 22
Hote, i, Wickegen fe K): . 3 %
Amosphare (vakuum, Sl @ Temperatur: 20°C bis max. 40°C wasoe Oftne (an der L) Vordr Beschehung o
1 . Restfeuchtigkel)  w  Atmosphare: gekapselter Pro~~-~ Oftine (an der Line) _Vor der Beschichiung
G schemen Leckage, Druck, Temperatu

D et Maamce Veusvrigngn Ve

Eew - Cause-effect
| relationship

BigData

Source: Sources for pictures: m+w zander, Karo Electronics, Kroenert, IBG, SB Limotive, ThyssenKrupp Homepage
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We cover the entire production equipment, that is necessary

for the production of Batteries from cells to packs
1Y g _—

! both continuous as well as discrete
_ production steps.

1]

& Value Chain Depth at eLAB

| The eLAB covers all production steps e
&v" i from raw materials to a complete

s battery cell incl. end-of-line testing.

e .
s, o

.t :
S e

. Coating and
Mixing ) dryi%g

T ceseraemm

~ production

e o n‘\ﬁ-.r 2n ————

3 Cell B < Electrolyteg . . . _
Assembly . fillin Sealing (Contactlng( Stacking ( Cutting

1
? Challenges

e ——

v
Formation ) De-Gasing ) Folding ) Aging ? Control >
B 2 3 x: - v

2 Formation
& testing

= No consistent data infrastructure
= Different control systems
= Partially missing sensor equipment

= 1=y

P
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Vision: Digitalized production line to reduce testing
costs and improve process quality

Future:

Value-oriented data
network for the
elimination of separate
test process steps

3 & Past: Many and expensive User / Operator
~ inspection processes, =

enormous unused data

volumes, hardly linked process

chain

Machinery |
supplier

L4
R4
*
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Use case with interrelations: Process-interrelated data
management for process control & error removal

Example: Wet thickness measurement and visual inspection after electrode coating

Feedback of measured Thickness measurement Marking of faulty electrode

thickness to process control and material testing

./ '\‘ Camera Thickness R ®  Beschichten.
/ l \ measurement @ = Trocknen.
/' | °  Coated = Kalandern.
. . electroce

m  Schneiden.

Stapeln oder Wickeln.

Ausschneiden fehlerhafter :
Elektrodenstellen

m  Assemblieren der Zelle.

m  Versiegeln.

Surface
quality

Coating system Agglomerates Grooves

=

'y m  Elektrolyte Befullung.
m  Versiegeln der Zelle.

=

m  Aktivierung.
m  Aging.

Copper or aluminum foil
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Several use cases were identified and aligned with 140 Maturity
Index to demonstrate the various business potentials

{ 10 ) Advanced Recipe Management

C/\M e Machine Learning

e Energy Management

Visibility S Adaptability

Lt
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A Collaborative Approach to Digitalization

... If you want to go fast, go alone;
if you want to go far, go together”

ion

Naglelss
Information
Presentat
& analytics

IOT PLATFORM Ill Sl
@ pTC APPLICATIONS ANALYZE % m%@

CONNECT

DATA INFRASTRUCTURE
OSISOft@ CAPTURE / STORE / CONTEXTUALIZE / DELIVER

j=2}
=
;Cn
Q<
82
o]
e
EQ_
< 3
S
0

EDGE & CLOUD COMPUTING

Hewlett Packard

Enterprise

[—

SERVICES

—] 1
IT INFRASTRUCTURE &
Hewlett Packard COMMUNICATION LAYER ez m

Enterprise DATA AGGREGATION

Infrastructure

INTEGRATION & SECURITY

¢ NATIONAL DATA ACQUISITION & M. -
)INSTRUMENTS"‘ EDGE PROCESSING ))

ACTUATORS & SENSORS CONTROLLERS & INTELLIGENT TERMINALS
MOTOR CONTROL

r Smart Information
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The use cases span the roadmap to digitization in the
battery production both in the two dimensions

o 3 £ =2 g o %, s 2 o =
g S g s | 2|52 2| £ |38 £|82|l 5| a|f| 2|8
= g S, E | E|35| E| 3| 8|3 |8S| £ 8| 2| 5| E
= o < = I o} o= £ [}
= $) a 8| o |S5| 0| & § o |27 5| & | & <] 0
I
— = o (0]
S2| S |SE| €| B
SX| 2 |82| ¢ @
S| § |83 2| -
(m=manual; a= automatic; s= machine support) )
Type of process| m a a a a m m m m m m m m a a a a a

Computerisation System control
CoMMeCuly 190 solion SRck (FPE. FTC. OS1 N ﬁ—
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The use cases span the roadmap to digitization in the
battery production both in the two dimensions

o 3 = =3 g =)} %{ 5 g =
e | 2| 2 || 2|52 2| |5| 2|22 2| 2| 2|t
g | 8| 2 S| E 35| 2| | €| s|sS5| €| 8| 2| 5| 8
= S o 8 o | S5| O = 5 é | 2% 5 o 2 < o
© > n o i e fa
. €
= [} =2} bt
g 2 o EE e o}
(=3 2 T S c 2
s £ 85| 5| 8
. . == i OTc [
(m=manual; a= automatic; s= machine support) ]
Type of process| m a a a a m m m m m m m m a a a a a
Computerisation System control ||
Connectivity 140-solution stack (HPE, PTC, OSI, NI) |
ope 0 0
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First impressions of implemented use-cases

o T e
| 'm" ‘.;:::"IJJ ._"'- o o [ [

IS8 1T IS 1) )
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Coating

O Pl \iision © NewDisplay | m | oemowvemo | @
V]

Production process of battery cell

Asset: | CoatingRoll+ V‘ . BD ‘ET

Production process of battery cell

Location Process Manufacturer Asset Name  Serial Number Last Maintenance Date
elLab elab Burkle Coating Cabin 4711 10/2/2017 12:00:00 AM
Heater 1 Temp Heater2Temp  Cooler Temp N
117 (ﬂ}f d 116 ﬂt}ﬁo 29.00000 de C 299.00000 % 299.00000 %
. = 120 120 B? " O 450 450
-~ - 70 70 i — - S 400 400
£ 014930 pm & " 25 U ) A 350 350-{
\@ 0 Nm = - - Purging time 300 300-]
7 r Heater 1 Est Heater 2 So \ 250 250
\ 115.00000 segC 115.00000 degc \ 200 200
\ { \ 1501 150
\ \ 100 100
\\ O S 50— 50
\ : :
Overrun Waste air  Supply air
[ .V;. H .‘ 1 0 Nm
Foil Length -
COATING CABINE v aIDRYING CABI 008314 rpn

Loam tore 3>

[ 10/5/2017 3:31:38PM | R 7d = | 101212017 3:31:38 PM
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Drying Process Overview

soft
O Pivision
@ Drying Cabin Overview  Asset ‘Dryer v

© New Dispiay | m | oEmowemo | @

+ Ad Hoc Display BD v

& Back to 'Production process of battery cell'

®  DRYING CABIN Overview

i
Location Manufacturer Asset Name

elLab Burkle

Process Serial Number

HEATER

Estimated Heater Temp.1
115.00000 | 112.00000
[120

[120 .
r110 r110
Lo | ST_HE L 100
roo = e 90
%) Lso
Fro~—/

Fro-~—
Leo 60 , . . M- L .
101122017 23632 PM_1h 10/12/2017 3:36:32 PM

10/12/2017 2:36:32 PM  1h 10/12/2017 3:36:32 PM

Vs  Actual Heater Temp.2

Estimated Heater Temp.2
113.00000

Vs Actual Heater Temp.1
' 115.00000

Cooler 1

Heater 2

Heater 1
40 o0 60

50 50
0 ® g 0 X w0 40, 60
30, 70 30 70 30 70 30 _70 30 O
20 80 20 80| |20 80 20 80 20+ - 80
10 % 10 J;u 10 90 10 10 %
00 0 100 0 100 0 100

0 1 0 100
30.00000 % 78.00000 % 40.00000 % 70.00000 % 30.00000 %
Circulation air Waste air Fresh air Circulation air Overrun

30.00000 % LA
Fresh air Circulation air Fresh air

‘ 10/12/2017 3:36:32 PM

I 10/12/2017 2:36:32 PM
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Quality check

© ) Pi Vision

1 data Assel‘“ inder ¥

& Back to 'Quality cabin overview'

Location Manufacturer

elLab Burkle

Asset Name

Rewinder

Process Serial Number

Coating Cabin 4711

Sensor - Configuration Data

Sensor Radius - Reference Value

Actual Diameter

Calibrate Diameter Sensor - Set Diameter

Production Values - Set Tension

70.00000

Limits (mm)

&

J

> 350
200 - 350
0-200

Sensor - Peripheral Data

Sensor Radius - Reference Value

s N

K,sprf .«:;

P,
7459 70

10/5/2017 3:39:12 PM

10/2/2017 12:00:00 AM

@ NewDisplay | m | oEmowemo | @

+ Ad Hoc Display BU v

Now [ 10122017 3:39:12PM
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Summary Slide

COMPANY and GOAL

PEM of RWTH Aachen University focus on production
technology for e-mobility components. For the battery cell
production in Aachen the goal is to link and analyze the
c?fuse—effect relationships with big data to reduce testing
efforts.

Value-oriented data
network for the
elimination of separate
test process steps

v
RESULTS

Linking and analysis of the cause- ngr?n g[rrsogg dsglgiir%r;tit%%k of our Three implemented and validated
effect relatlpnshlps with _blg data to procedure and methodology first use-cases |n'6 weeks to increase
reducg testing e_fforts._ High scrap results could be achieved. We just } process quality. Next steps will
rates in production. High testing started a big change process. fully integrate all use-cases.
efforts.

* Integrated selected cause-effect

+ Different machinery » Connecting the industry partners and relationship in the control centre

« Various process types their expertise « Software and hardware infrastructure

+ No data availability » Using OSlsoft system for data ready for full integration

- Limited budget structure + Expecting costs saving on testing

- Missing sensors * Bringing in process know-how (~around 20% of production costs)

» Expecting to reduce scrap rate to <2%
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Christoph Lienemann, M.Sc. M.Sc.

Group Leader Battery Production

PEM der RWTH Aachen

Telefon: +49 152 67 29 70 75

Fax: +49 241 80 628197

Mail: C.Lienemann@pem.rwth-aachen.de

We would like to invite you to Aachen!
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Questions

Please wait for the
microphone before asking
your questions

State your
name & company

Please remember to...

Complete the Online Survey
for this session

Download the Conference App

» View the latest agenda and create your own " .Iz\p;;gfo;e

+ Meet and connect with other attendees pr——
P> Google Play

Search OSlsoft in the app store S HTML
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