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@ ‘ Lightweight design in global context

CHEMNITZ

Challenge of reducing fleet consumption and CO, emissions

A o S China

2025 2021 2020

101 g CO,/km 95 g CO,/km 511100 km

100 kg weight reduction - 8.5 g/ km CO, reduction!

2> CO, reduction is a key task that affects all markets

Quelle: Volkswagen AG
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- Lightweight design in global context
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Vision

100 Mio. t/a CO,

V)

Mobility, moved parts
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@ Cluster of Excellence MERGE

CHEMNITZ

MERGE Technologies for Multifunctional Lightweight Structures

»  Research Cluster within the German Excellence Initiative ssamwme
»  2rd Call 2012-2018 TECHNISCHE UNIVERSITAT
CHEMNITZ

Involved Research Institutes

» 14 Institutes at Chemnitz University of Technology

MERG j
Cluster of Excellence

~

3 Institutes at Dresden University of Technology

~

3 Affiliated Institutes at Chemnitz University of Technology RWTH Aachen

2 Fraunhofer Institutes

~

1 Leibniz Institute

~
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Leibniz Institute ®
for Solid State and &b
Materials Research
Dresden
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Lightweight materials Lightweight constructions Smart systems integration

- Fibre-reinforced plastics - Sandwich constructions = Structural health monitaring (SHM)

- Hybrid laminates - Multi material design (MMD) - Miniaturised sensors, generators
General PrOblems - Renewable materials - Ribbed structural beams and actuators

- Biodegradable materials

» Increasing prices of energy and

raw materials %Ab_,.a N %‘fa
» Climate change by greenhouse effect,
lobal warmin
: :
Requirements

» Energy savings BIVALENT RESOURCE EFFICIENCY STRATEGY (BRE-Strategy)
» Mass reduction
Energy saving in production
Approach -
> Merge Technologies — g ocsepoductn
) nghtwelght Structures Vision P::::T::: = P _Reduction of process steps
Strategy -
» Bivalent Resource Efficiency [ e et e
. meral [N I
Today Plastics/Textile (R W N ,‘, ..
L Microsystems | | [ ] -
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TECHNISCHE UNIVERSITAT FOCUS

CHEMNITZ

» Merging of key enabling technologies, which are already technically mature

» In-line and in-situ technologies predestined for large-scale production

» Metal-intensive technologies

» Textile-/Plastic-based technologies

» Micro- and Nanosystems Integration

e Deutsche .
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@ Campus at Chemnitz University of Technology

CHEMNITZ

Hauptsitz SLK
Reichenhainer Str. 31/33

» = ——" ®

TECHNISCHE UNIVERSITAT
CHEMNITZ

B SLK-Akustik- und Crashlabor
Reichenhainer Str. 70

,Start-up“ - Gebaude
Kompetenzzentrum fiir
\ Strukturlelchtbau e.V. (SLB)

0

Textile and Plastics

|
|

B Micro- and Nanosystem Integration
Bl Metalls

MERGE Technology Centre (MTC)
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22 Toxtile manufacturing processes for resource efficient production

CHEMNITZ

Bionic inspired fibre reinforced structures

Continuous load path-adapted textile technologies
for lightweight structures in mass production

» Development of high-quality warp and weft offset
(K/S-V) technology (based on multi-axial textiles)

» Production of reduced-shrink and load path-adapted
semi-finished textiles and preforms

» High mechanical properties, high bonding strength,
high drape and formability

Z Fraunhofer
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w22 | Continuous Orbital Wrapping (COW)-System

CHEMNITZ

New process combination "hydroforming/injection molding” for hybrid systems

~

Continuous production of non-rotationally

symmetrical profiles winding core

~

Combined tape laying and wrapping process

~

Suitable for mass production

~

Application example: instrument panel carrier
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TECHNISSSE%VERSITAT SeleCted resu |tS
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Engine carrier for Volkswagen E-Golf

» Weight saving 2.3 kg compared to conventional Mass Aluminium/Steel:
metal design 7,8 kg

» Reduction of individual parts and the associated

assembly steps —> Assembly made of Al-

carrier and St-holding tray
» Reduction of the total price by 30% through
component integration

> Savings of 2 holding trays and 8 screwing points m =-30%

(M8)

s Solardach

Mass by thermoPre:
5,5kg

—> Integrated holding shells

ermoPre
verbunde fiir die Grolserie

lanageme! 7= [ S =
System (BMS) ochspannung o

Source: www.spiegel.de
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TECHNISSEE%VERSITAT SeleCted resu |tS
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Load through device for Audi Q5

» Weight savings 2.2 kg compared to
conventional metal design

» Representation of a large-scale
production process chain from material
cutting to the removal of the finished

component
-> Series use in the Jaguar SUV F-Pace m = -55%
Mass Steel Mass Reinforced Plastic
3,8 kg 1,6 kg
—> Welded assembly —> Organic sheet with
made of sheet steel injection moulded

Source: Autozeitung

stiffening ribs
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Potentials

AA

» The virtual IT world and the real world of production continue to grow together. [...] i.e.
with the networking of (embedded) IT systems with each other and with the Internet, we

are in the opinion of many experts and researchers at the beginning of the fourth industrial
revolution.

Prof. Dr. Dr. Wolfgang Wahlster, Deutschen Forschungszentrums fur kinstliche Intelligenz (DFKI)
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& |Industry 4.0 - Digitalization in production
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View of industry — Why? - because of all it do?

Current Trends - ICT in production
» innovative components in production systems

» ,Ressource Data*

Key features of digitalisation?!

» loT - Internet of Things

» Completely transparency
» Digital Shadow

» Digital Twin
» Intelligent information retrieval, assistance systems

» Human in production

Dbt
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=2 . |Industry 4.0 - Digitalization in production
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View of industry — Why? - because of all it do?

INURMT

STURAB[

S TRIERTE

Current Situation ANA YTICS
» Increasing complexity in production \mg

g =

e
-]

» Tending upwards functionality

» Missing transparency

o

—> New approaches to handle increasing complexity = Concepts of Industry 4.0

. Digitalisat Amhl itormatiss
DefICItS testgelezt TEXt sgvcbert anal 0= msnn t
_ . . B Id amlog 8 lllhm itung d:gl(alls:erte st FOfm
> Problem-oriented analysis of production-related data Digitalsat D - 8 Yorte &S = 5 | SWNHE
: lntormatmn I I a IS' e ru "
—> BigData to SmartData stem. g « i
) ) o o ) ) . ) ) y gesamte « Wert .hu:uchnctlmgb m = g
» Consistent identification and localization (tracking/tracing) of smart objects in flexible mnehlf(lfma mnen = g2 ::'sei:;' -
. s = 153
production systems ':w”mtnagem EShichcl"llﬂlt ot Mmllhnlfe
. o . . na ache .=
» Industry-relevant solutions to visualize context-based informations
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s | INAUSEry 4.0 — Digitalization in production

CHEMNITZ

Industry 4.0 — Relevance of trends

Connectivity and exchange of information don't know/no statement
no relevance
neither ... nor

high relevance

Human-centered work design

Using mobile devices

IT-security in production processes

Digital representation, Simulation

Integration of sensors in production

MERGE
Cluster of Excellence

Integration of sensors in maintenance

Innovative business models

Variant management to batch size 1

0% 20% 40% 60% 80% 100%

Quelle: Bedarfsanalyse der Mittelstand 4.0-Agentur Prozesse ,Digitalisierung im Mittelstand*, 2016
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w22 | Industry 4.0 - Digitalization in production
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Data are “core” and “resource” of intelligent production

BUSINESS MODELS MATERIALS PROCESSES

RODUCTS
ENERGY

MACHINES
A o

LINKED DATA

) - PROCESS CHAINS

' FACTORY OPERATION T —

HUMANS

v/-‘ T \ ;"—:’ :;;\}“7‘)’ % .
INTERACTIONS (0 e e |+ PRODUCTION SYSTEMS
e m_ Zi ] !
DIGITAL FACTORY Photo acknowledgments: Fraunhofer IWU
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Vertical Integration
Real time production
data available

Enterprise /\\

Resource
Planning T!
L ~

—_—
Manufacturing / A
Execution )
System

= 1

Shop / \\
Floor

2014-2017
Implementation started

= Integration of Industry 4.0 in aviation

Horizontal Integration Full Integration

Virtual product
p / \
available

//
Engineering / 1!'\ In-Service

™
/

2030+

2016-2020

Source: Airbus
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Infusion Process

- Draping
. = Simulation

= Drape Test (exp.) Infusion

= Monitoring
(sensors)
= Resin flow Sim.

Distortion/ .
Structural _ .
analysis CU""S | .
= Monitoring (sensors) =
= Curing simulation e R R e R e e
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- Regulated process by predictiv Controller as first step to Industry 4.0

CHEMNITZ

Process
controller
> ZEro defect production of part positioning _ MPC
composite structures part heating P model predictive
ocal tool heating t controller
ool pressure W
e actual position
» complex, product-individual '--“p“--“-“l-_lT ----------------------------------- I Lo ﬁ
assembly process ! I.OEa__erﬂp_' _______________________________ F———d
1 I I
: : parttemperatureand} | ___ J
: \ | pressure
I I
1 I :
[ I I
[ I I
vy | v | Y y | shape innerlpart
L ‘ . i i tolerances quality
ositionin - heatin pressforming cooling,
P : J freezing o postpressing ~& ~0—>
image analysis ultrasonic
inspection
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o Digitalization of process and products
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= Flexible system solutions for 4.0 modifications on aircraft's CFRP main body section

TECHNISCHE UNIVERSITAT
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Inspection

m Federal Ministry
for Economic Affairs
and Energy

* Inspection Data
+ CAD-CAE-CAM
» Digital-Twin

Processing

-

Modifikation Prcess

:

3D-Printing

Mounting

(Production Resource)

y

Laminate Workshop

/(
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Thank you for your attention!

We gratefully acknowledge the cooperation of our project
PT partners and the financial support of the Federal Ministry and
Economic Affairs and Energy and the German research
Foundation (DFG) within the Collaborative Research Center /
Transregio 39 “PT-PIESA" and the Federal Cluster of Excellence
PIESA EXC 1075 “MERGE".

Contact Dipl.-Ing. Patryk Nossol

Research Assistant at Fraunhofer
Research Centre for Systems and
Technologies for textile Structures
STEX

Theodor-Kdrner-Allee 6

02763 Zittau, Germany

Telefon: +49 (0) 3583/54086 4020
Fax: +49 (0) 3583/54086 64020

E-Mail: patryk.nossol@iwu.fraunhofer.de
www.iwu.fraunhofer.de
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