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Minimization of Vehicular Energy Demand

Overview and Selected Topics from the Capacity Area A3
Prof. Dr. Paolo Ermanni, IDMF-CMAS Lab, ETH Zurich, Coordinator CA A3
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How this research supports the SCCER Mobility Mission

= (apacity Area A3 aims to reduce energy demand in mobility and

transportation by that allow for
the mass production of lightweight vehicles, and by

will affect energy consumption.

Energy or CO,

A/
Status quo

Business as usual scenario

100
% Mobility and transportation demand

reduction

—— Energy conversion processes (efficient
drivetrain, reduction of vehicular energy demand)

Political target

y

—— Energy carrier substitution (electricity, renewable
fuels, H,)

A | fi ER Mobili .09.
SCCER Efficient Technologies and Systems for Mobility 3rd Annual Conference SCC obility | 16.09.2026 |

2



In cooperation with the CTI
sccer ( ‘ . o ; V
Swiss Competence Center for Energy Research Swiss Competence Centers for Energy Research
dgenossenschaf

Efficient Technologies and Systems for Mobility [+

How this research supports the SCCER Mobility Mission

= Enabling cost-effective high volume production of
thermoplastic composite materials for sustainable and
affordable transportation vehicles
= For each 100 kg reduction in weight, expected savings of 10 g CO,/km

= Overcoming limitations in existing composite materials
through bio-inspired material toughening techniques

= Developing control strategies to optimize passenger cabin
comfort (heating/cooling) while minimizing energy demands

= Energy to heat/cool cabins can be greater than that used to propel the
vehicle depending on environmental conditions
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Research topics and partners — CA overview

A3.1 A3.2
New Routes to high Bioinspired
volume lightweight composites || lightweight composites
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Topic A3.1.1: Development of a Melt Thermoplastic Resin
Transfer Moulding (TP-RTM) process

Prof. Véronique Michaud

Dr. Sara Dalle Vacche
EPFL-LTC

MSc. Damiano Salvatori
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Topic A3.1.1: Development of a Melt Thermoplastic '
Resin Transfer Moulding (TP-RTM) process

14 cm

S
v

Experimental Work

water cooling
hot plate

injecting
piston 7 cm

melting pot | |

@] @]
== —— outiet inleti%ZWJ
fabric cavity

flow

o - thermocouples o Proof of concept for simple geometry
hot plate « Fabric G-PLY® (Chomarat)
water cooling

V; = 46%
« Matrix: iPP Borflow®© (Borealis)
viscosity = 20 Pa.s @200°C
* Applied fluid pressure = 5.7 bar
* Impregnation time = 6 min

Lab-scale mold design
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Topic A3.1.1: Development of a Melt Thermoplastic :
Resin Transfer Moulding (TP-RTM) process

Experimental Results

Bl saturated Permeability
B Unsaturated Permeability

5 layers G-PLY (46%) @ @
z-alternated stack o O

5layers G-PLY (46%) @ __©®
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‘ Wide channels to increase permeability More results on poster
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Topic A3.1.1: Development of a Melt Thermoplastic
Resin Transfer Moulding (TP-RTM) process

Future work for Phase Il

* Optimize impregnation

* Fabric architectures vs Void content
* Case-study on areal part

* Life Cycle and Cost Analysis (LCCA)
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Topic A3.1.2: Low viscosity melt route

= Processing concept for fast and cost effective Material
manufacturing of thermoplastic composites characterisation

= Through thickness impregnation of dry fabrics with
thermoplastic melt via injection moulding
Process
= |njection compression moulding with variothermal simulation
tool temperature

fabr'Q melt - .
< Model experiment
ﬁ of the process

3 3 Processing and
characterisation
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Topic A3.1.2: Low viscosity melt route

= Material characterisation = Process simulation
= Polymer: viscosity (15-50 Pas) = Input: matrix viscosity, fabric
= Fabric: compaction and compaction/permeability, applied
permeability pressure, number of layers
2 512 ————— — : = Qutput: Matrix pressure/preform
! i . K200 2| . . . . .
e . powe};{{“‘ stress distribution, impregnation
| } | time and fibre volume fraction
:%.1.55.12 A i diStribUtion
= ‘ ‘ ‘ l' ‘ atrix pressure
g 1.0E-12 | 200 g/m2 400 g/mz_ I::s:ribuption
£
& 50E-13} ]
0.0 -
0.50 . 0.:55 0.160 ‘ 0.165 0.170 0.175 0.80

y Preform stress
distribution

Fibre volume fraction V. [-] -
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Topic A3.1.2: Low viscosity melt route

= Model experiment of the process = Processing and characterisation

= Setup: pressure controlled = Impregnation experiments: with
impregnation of fabrics thermoplastic matrix in closed

= Model fluids: silicone oil or syrup mould on hot press

= Monitoring: flow front, preform " Analysis of impregnation quality:
top and piston position Fluorescence microscopy, red

indicating unimpregnated fabric

iston position
P P direction of

preform top impregnation

flow front
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Topic A3.1.2: Low viscosity melt route

= Outlook phase Il: Thermoplastic composites via low viscosity melt
impregnation (V. Michaud, C. Dransfeld):

= Cost efficient routes to high volume lightweight components:

= |s high volume production of thermoplastic composites possible without
compromising performance and at acceptable costs and environmental
impact?

= Main challenges:

= Designing novel manufacturing tools and processing windows for direct
(low viscosity melt) thermoplastic injection impregnation

= |dentifying candidate applications and process optimization in close
cooperation with industrial partners
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Topic A3.1.3: Direct Consolidation via Hybrid Ya o

Route _&!5
92 b
Two Projects/Approaches:

and Adaptive Structures

1) Bicomponent Fibres for Thermoplastic Composites
* Introducing bicomponent fibers as advanced precursor for direct
rapid stamp forming to support mass production
« Design and demonstrate economical process for manufacture of
bicomponent fibers.

* Prove validity of approach through process and part demonstrator.

2) Continuous Lattice Fabrication using Commingled Yarns
« Developing 3D free-forming process for digital fabrication of
lightweight and ultralight weight load bearing structures

« Optimizing the inline consolidation of commingled yarns to minimize
voids

* Developing approaches to form complex curvatures
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Topic A3.1.3: Direct Consolidation via Hybrid Yarn
Route

Results from Bicomponent Fibers for Thermoplastic Composites

= Results from phase | so far:
Proof of feasibility of bicomponent fiber
fabrication.

Melt furnace
and spinneret

Sizing application

Thermoplastic matrix application
(proposed coating process)

= Analytical feasibility study for
implementation of coating process in-line Take-up I
with glass fiber spinning plant.*2 Dip coating
g- i P in PEA-CHCI; | - |
= Experimental proof of concept for the
coating method.*2

Gathering shoe

Polymer sheath :
I |
|

I
I
Glass core |
I

Glass spinning
theory

=  Qutlook until December:

. .. . Industrial
= Conclusion of empirical demonstration olass spinning

Over fUII parameter range_ Lol .1 ol il
1070 10° 10t 10?

Velocity range v Im 57! ‘

1 C. Schneeberger, J. C. H. Wong, and P. Ermanni. ECCM17, Munich, Germany, 26-3oth June 2016.
2C. Schneeberger, J. C. H. Wong, and P. Ermanni. SAMPE Europe Conference 16, Liege, Belgium, 13-15th September 2016.
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Topic A3.1.3: Direct Consolidation via Hybrid Yarn
Route

Outlook for Bicomponent Fibres for Thermoplastic
Composites

=  Work plan for phase II:
= Experimental demonstration and parameter study of in-line
coating in glass spinning machine.
= Production of reference batches of bicomponent fibers for
further studies.

= Characterization of preforms manufactured from
bicomponent fibers with regards to direct stamp forming.

= Modeling of consolidation behavior.

Source: IPF Dresden

= Fabrication of demonstrator part.

= Qur partners:

—— sccer /@\

Swiss NATIONAL SCIENCE FOUNDATION mObi[ity

Leibniz-Institut
fiir Polymerforschung
Dresden e.V.
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Topic A3.1.3: Direct Consolidation via Hybrid Yarn
Route

Results from Continuous Lattice Fabrication*

ultra — lightweight
pe < 10mg/cm?3

/RN |

e =

'-

I
;A,Jl
4
\ M

.

*natented technology, pictures can not be published without
approval from CMAS Lab
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Outlook for Continuous Lattice
Fabrication in Phase Il

= Processing Physics

= Intercorrelation of processing
parameters

= Behaviour of fibre filled viscous melts
* Find Ideal Processing Condition

= Fabricate demonstrator structure

SCCER Efficient Technologies and Systems for Mobility
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ideal Processing
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3D composite lattice
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Topic A3.3: Bioinspired lightweight comp05|tes

Nacre’s structure is a promising new composite
architecture

Evolution has used microstructure, not chemistry to create
strength and fracture toughness

Two key features:

aligned brick and
mortar structure

Lopez, M. |, et al., Acta Biomaterialia (2014) 10 (5), 2056

We develop of micro-structured bulk composites to mimic nacre’s combination of strength and toughness
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Topic A3.3: Bioinspired Ilghtwelght comp05|tes

| | | | ] ] I l |
Translating nacre’s structural hierarchical ,
toughening mechanisms brick and mortar .

structure )
microstructure
fundamental structural unit e B e E——

mineral micro-platelet

Complex structure at the interface

nanostructured interfaces Yol a¥ 1V oV, I V¥, X, x X
resist pull out for high stiffness
and strength

nanoasperites mineral bridges organic phase
balance between strength of the platelets and the strength of the interfaces
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Topic A3.3: Bioinspired lightweight composites

Experimental Method
TiO2 coated Al2Os3

f} “ - rotating magnetic
T— - -
field aligns
platelets

SPION
functionalization

aqueous slurry of aligned
platelets are consolidated
by vacuum filtration

Vacuum Assisted Magnetic Alignment, VAMA
0 e

SCCER Efficient Technologies and Systems for Mobility

Hot press increases material
density and sinters the TiO>
interfaces

VAMA scaffold

Biological nacre

o _db o - . .--
- - -. a
e e T
—— " Gam -
- - - Barthelat 2007
- &b - T a

Scaffold porosity is backfilled with
polymer -
¢ o & um ~ this work uses epoxy,
& . butviscosity is the

only limitation

A
S Y Y Y
L ‘L‘ =y - - -
| a" . Y

4-"_'&‘.
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Phase Il Outlook
 Tailoring of microstructure to engineering application
« Exploration of 3D printed architectures

COMPL=X
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Composites compared to engineering materials
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Topic A3.3: Thermal Management including Thermal
Insulation

= Tosimulate and assess the effects of operating

parameters on energy demand and CO,
emissions

= driver behavior (trip duration, frequency of trips, vehicle
choice) affect energy consumption

= Passenger comfort (heating/cooling versus external
temperatures, air quality)

= |nsulation materials and thermal masses
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Topic A3.3: Thermal Management including Thermal
Insulation

Results from Phase |

[ | Qua nt|f|ed pote ntia| Of stage 1: ventilation stage 2: cooling stage 3: heating
actively managing CO,
concentration through

. . . “H  2-wa ventilator
recirculation of air ave

= No clear optimum found q T
for fresh-air vs. average 5 A | = oo
power indicating trade T -
off L= (o
= Preliminary studies . :
done on scaling effects I S ;
to different vehicle sizes
(cars to buses, etc)
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Topic A3.3: Thermal Management including Thermal
Insulation

Outlook for Phase Il

= Continued work on scaling
to different vehicle sizes

Heating/cooling & propulsion load per passenger in January and
July

0.80

= Comparison of heating and

min. heating
0.70

cooling versus propulsion  #soe S
o — 0.50
ener g% . B max. cooling
gy i % 2:2 M propulsion load
= Assessing trade offs of s o
. . 3 0.0
added mass of insulation  § o
. T Smart BMW Ser Merge?;s For;!n;l'rieansit Solaris Alpino rSirc:éaris
materials and reduced ST Comdils 86 UmnoteTs
thermal conductivity & o R EETIET TN

= Simulation of energy
versus ambient
temperature profiles
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Capacity Area A3 Road Map

Mew routes to high volume lightweight components (A3.1):
Pre-polymer processing (A3.1.1) / Low Viscosity meld processing (A3.1.2) / Hybrid yarn processing (A3.1.3)

< L 2 L
EPFL-LTC, FHNWAIKT, DA3.1.4 DA3.1.1.2 pas1.44 POStPONEd
ETHZ-IDMS-CMAS gﬁ:ﬂ- In progress Identification of candidate

applic_atiqns ar_1d process
Bio inspired lightweight composites (A3.2) optimization with industry

ETHZ-CML %1 %”3-2 W-Z-J Identification of processing rules

and upscaling

Thermal management (incl. insulation) (A3.3)

¢
ETHZ-LAV DMV . o
with modifications
2014 2015 2016 2017 2018 2019 2020 _
TRL 1-4
TRL 57
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Advanced use of ICT to sceer
’ - - — optimize the system and to = o
Efficient technologies and systems to reduce energy consumption change behavior mobility

and CO2 emissions in the transportation of goods and persons . .
‘ ! IC engine powertrain

CNG combustion

Electrification of passenger
New engine concept cars

Tools to éupport
behavior change

Electrification niche
Vehicles

Roll-out 8-9

Optimized operating
strategy for dual-fuel

Power electronic

: ' Systems for batteries
Living Labs

10 cell -1KWatt
Battery Systems for , o Demonstrator
New concepts and niche vehicles
algorithms ”

e
n
o
=
[
>
-
<]
=2
s
o

§ Cost Effective Fuel Cell
Systems

100 Watt
Demonstrata

Annual revision and update of the
Roadmap & KTT concept
2017 — 2020 2021 - 2035
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Questions?

permanni@ethz.ch
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