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Our origin 
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● Founded in 1870 

● One of only 11 Elite Universities  

● Highest third-party funds in GER 

● 40.000 students 

● 10.000 students in Mech. Eng. 

● 62 institutes in Mech. Eng. 

● Founded in 1906 

● 580 employees* 

● 10.000m²  office and production  

● Factory Planning 

● Assembly Planning 

● Excellence Cluster  

● Founded in 2014 

● More than 50 permanent 

employees* 

● 4.000m² office and production  

● PEM institute conducts 

technology-driven research in all 

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 
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Charging Infrastructure

Small Electric Transporter

Compensating ElementsMini-Environments Cell Prod.

Electric Kart E-Scooter Electric Trike ACM Taxi Design Mock-Up e.GO Life Electric Autonomous Shuttle Bus

Rolling Chassis and Design Mock-Up e:GORolling Chassis Small EVPrototype L7E EVFord CarrE

Lithium-Ion-Battery-Cell Electric Drive TrainBattery-Management-System Lithium-Ion-Battery-Pack Pedelec Frame Body Structure

Big Data Demonstrator Cell Production 3D Printing
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One of our industry partners: e.GO Mobile AG 
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Source: e.GO Mobile AG Homepage 
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Elementary are the changes in the area of the drive and 

energy storage 

8 

Internal Combustion Engine Vehicle Electric Vehicle 

Chassis10%

Drivetrain

23%18%

34%

Body

15%

Others

Interior

20%

13% Body

Interior

Chassis
36%

Battery

Others

10%

Drivetrain

6%

15%

Example costs of the components in the production of an electric car 
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Focus on quality assurance in battery cell production 
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Produktionsparameter

 Durchsatz und Chargengewicht: z.B 320 kg/h

 Schüttgewicht: z.B. 0,6 kg/l

 Mischzeit: 20 min bis 6 Stunden (je nach Mischer-Typ: 
Klassisch vs. Intensiv) 

 Mischtemperatur (20ºC bis max. 40ºC wegen 
organischem Binder)

 Mischgeschwindigkeit bzw. Rotationsgeschwindigkeit 
über Drehzahl (bzw. resultierende Schergeschwindigkeit)

 Mischleistung: 90 – 211 kW (abhänging vom Motortypen)

 Tankvolumen: 1l – 1000l (Eirich); 300 – 500 l (Shenzen B 
& K); 1300 l (Michigan PJT)

 Atmosphäre (Vakuum, Schutzgas, normale Atmosphäre, 
Restfeuchtigkeit)

 Dosiergenauigkeit (Beschichtungsmasse, Aditive)

 Winkellage des Mischbehälters

Merkmal Erläuterung

Kapazität (Kapazität, 

Kurzschluss)
Materialwahl und Kombination

Ω Innenwiderstand
innerer Zellwiderstand durch SEI-Schicht, Kontaktwiderstand an 

Schweißstellen

Energiedichte Zusammensetzung der Aktivmaterialien, Schichtdicke

Leistungsdichte Zusammensetzung der Aktivmaterialien, Schichtdicke

Gewicht Indikator für Gleichheit der Bestandteile und Abmaße

Abmaß und Aufbau Höhe, Breite, Länge sowie Anzahl Stapelungen bzw. Wickelungen

Temperaturverträglichkeit Einhaltung des optimalen Temperaturbereichs

Sicherheit Leckage, Druck, Temperatur

Reinheit Materialmixe, Verunreinigungen, Verteilung der Materialien/ Komponenten

Feuchtigkeit Wasser + Elektrolyte = HF Korrosion

Lebensdauer
Elektrisch/Chemisch: Kapazitätsverlust über Ladezyklen

Mechanisch: z.B. Haltbarkeit Kontakte, Dichtheit, etc

Umweltanforderungen

 Feuchtigkeit: Taupunkt -5 °C bis -35 
°C (nicht bei Slurry auf Wasserbasis 
notwendig)

 Reinraum:ISO 5 (100.000 Partikel 
0,1 μm)

 Temperatur: 20ºC bis max. 40ºC 

 Atmosphäre: gekapselter Prozess 
(ggf. Vakuum oder Schutzgas
notwendig, daher eigentlich keine 
Reinraumanforderungen) 

Messtechnik

Messverfahren Inline/Offline Messpunkt

Pyrometer Inline mehrere Messstellen

Optisches Verfahren Inline Nach Slurry-Auftragung

Lasertriangulation, Betastrahlung Inline Nach Slurry-Auftragung

Optisches Verfahren Inline Nach Slurry-Auftragung

Waage Offline (an der Linie) Vor der Beschichtung

Rheometer Offline (an der Linie) Vor der Beschichtung

Optisches Verfahren Inline Nach Slurry-Auftragung

Betastrahler Inline Nach Slurry-Auftragung

optisches Verfahren Inline Nach Slurry-Auftragung

Optisches Verfahren Inline Nach Slurry-Auftragung

Kraftmessdose Inline mehrere Messstellen

Drehzahlmesser Inline mehrere Messstellen

Mechanisch Offline (Labor) Nach der  Trocknung

Quality features 

battery 
Critical process 

parameters 

Measurement 

technology in 

battery production 

End-of-Line 

Testing 

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 
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De-Gasing Folding Aging Control Formation 

Sealing Contacting Stacking 
Electrolyte 

filling 
Cutting 

Coating and  

drying 
Slitting Mixing 

Electrode  

production 

Cell  

Assembly 

Formation  

& testing  

Cell 

1000433AV
984BD

77

Calander 
Vacuum  

drying 

The eLAB covers all production steps 

from raw materials to a complete 

battery cell incl. end-of-line testing. 

Value Chain Depth at eLAB 

The production process comprises of 

both continuous as well as discrete 

production steps. 

Process Variety 

 No consistent data infrastructure 

 Different control systems 

 Partially missing sensor equipment 

Challenges 
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Vision: Digitalized production line to reduce testing 

costs and improve process quality 
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Intelligent 

Sensors 

User / Operator 

Interfaces 

Connection 

Machinery 

supplier 

Value-oriented data 

network for the 

elimination of separate 

test process steps 

Past: Many and expensive 

inspection processes, 

enormous unused data 

volumes, hardly linked process 

chain 

Big Data 

Analytics 

Future: 
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Use case with interrelations: Process-interrelated data 

management for process control & error removal 
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Example: Wet thickness measurement and visual inspection after electrode coating 

Thickness measurement 

and material testing 

Grooves 
Surface 

quality 
Agglomerates 

Pump 

Feedback of measured 

thickness to process control 

Copper or aluminum foil 

Coating system 

Coated  

electroce 

Roll 

Marking of faulty electrode 

areas 

Coating 

Dosage 

Speed 

Min. 

Camera Thickness  

measurement 

 Beschichten. 

 Trocknen. 

 Kalandern. 

 Schneiden. 

 Stapeln oder Wickeln. 

 Assemblieren der Zelle. 

 Versiegeln. 

 Aktivierung. 

 Aging. 

 Elektrolyte Befüllung. 

 Versiegeln der Zelle. 

 

 

 

 

Ausschneiden fehlerhafter 
Elektrodenstellen 
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Several use cases were identified and aligned with I40 Maturity 

Index to demonstrate the various business potentials 

Transparency Predictability Adaptability Visibility 

Data Integration 1 

Condition Monitoring 3 

Augmented Reality Maintenance 2 

Energy Management 8 Product Quality Increase 7 

Racing Line for Battery Production 4 

Anomaly Detection 6 

Machine Learning 9 

Advanced Recipe Management 10 

Asset Track & Trace 5 
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A Collaborative Approach to Digitalization 
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DATA ACQUISITION & 
EDGE PROCESSING

DATA INFRASTRUCTURE
CA PTURE / STORE / CONTEXTUA LIZE / DELIV ER

IOT PLATFORM & 
APPLICATIONS

IT INFRASTRUCTURE & 
COMMUNICATION LAYER

ACTUATORS & SENSORS CONTROLLERS & INTELLIGENT 
MOTOR CONTROL

TERMINALS
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ANALYZE

EXPERIENCE

EDGE & CLOUD COMPUTING

DATA AGGREGATION

6

„… if you want to go fast, go alone;  

if you want to go far, go together“ 
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The use cases span the roadmap to digitization in the 

battery production both in the two dimensions 

17 

  (m=manual; a= automatic; s= machine support) 

M
ix

in
g
 

C
o
a
ti
n

g
  

D
ry

in
g
 

C
a
la

n
d
e
r 

S
lit

ti
n

g
 

V
a
c
u
u
m

  

d
ry

in
g
 

C
u
tt

in
g
 

S
ta

c
k
in

g
 

C
o
n
ta

c
ti
n

g
 

S
e
a
lin

g
 

E
le

c
tr

o
ly

te
 

 f
ill

in
g
 

F
o

rm
a
ti
o

n
 

D
e
-G

a
s
in

g
 

F
o

ld
in

g
 

A
g
in

g
 

C
o
n
tr

o
l 

M
a
n
u
a
l 

M
ix

in
g
 

E
x
tr

u
d
e
r 

C
o
a
ti
n

g
 

e
q
u
ip

m
e
n
t 

F
u

rn
a
c
e
 

L
a
s
e
r 

  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 I40-solution stack (HPE, PTC, OSI, NI)                                   

Visibility 

Data integration                                   

Product Quality Increase                                   

Asset Track & Trace                                   

Energy Management                                   

Transparency 

Augmented Reality                                   

Asset Track & Trace 

Product Quality Increase 

Condition Monitoring                                   

Anomaly detection                                   

Racing Line for Battery Production                                   

Predictive 

Capacity 

Anomaly detection                                   

Racing Line for Battery Production                                   

Machine Learning                                   

Energy Management                                   

Adaptibility Advanced Recipe Management                                   

17 
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The use cases span the roadmap to digitization in the 

battery production both in the two dimensions 
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  (m=manual; a= automatic; s= machine support) 
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  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 I40-solution stack (HPE, PTC, OSI, NI)                                   

Visibility 

Data integration                                   

Product Quality Increase                                   

Asset Track & Trace                                   

Energy Management                                   

Transparency 

Augmented Reality                                   

Asset Track & Trace 

Product Quality Increase 

Condition Monitoring                                   

Anomaly detection                                   

Racing Line for Battery Production                                   

Predictive 

Capacity 

Anomaly detection                                   

Racing Line for Battery Production                                   

Machine Learning                                   

Energy Management                                   

Adaptibility Advanced Recipe Management                                   

Scope Mid September 

Scope End of 2017 

Scope End of 2018 
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First impressions of implemented use-cases 

19 
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Coating 
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Drying Process Overview 
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Quality check 
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Picture / Image 

RESULTS CHALLENGE SOLUTION 

COMPANY and GOAL 

Company 

Logo 

Summary Slide 

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 
cause-effect relationships with big data to reduce testing 
efforts. 

Linking and analysis of the cause-

effect relationships with big data to 

reduce testing efforts. High scrap 

rates in production. High testing 

efforts. 

With a strong solution stack of our 
partners and a structured 
procedure and methodology first 
results could be achieved. We just 
started a big change process. 

Three implemented and validated 

use-cases in 6 weeks to increase 

process quality. Next steps will 

fully integrate all use-cases. 

• Connecting the industry partners and 

their expertise 

• Using OSIsoft system for data 

structure 

• Bringing in process know-how 

• Integrated selected cause-effect 

relationship in the control centre 

• Software and hardware infrastructure 

ready for full integration 

• Expecting costs saving on testing 

(~around 20% of production costs) 

• Expecting to reduce scrap rate to <2% 

 

 

 

 

• Different machinery 

• Various process types 

• No data availability 

• Limited budget 

• Missing sensors 

Value-oriented data 

network for the 

elimination of separate 

test process steps 

Future: 
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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! 

mailto:M.Ordung@pem.rwth-aachen.de
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Questions 

Please wait for the 

microphone before asking 

your questions 

Please remember to… 

Complete the Online Survey 

for this session 

State your  

name & company 
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Thank You 
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Backup: New Agenda 
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