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CA A3 area

Lightweight thermoplastic
components

Bio-inspired materials

Cost & life cycle inventory
of new processes/materials

Modeling real-world
energy demand of vehicles
with novel propulsion
systems & construction
materials
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Road map 2019

Integration and synergy of A3 research projects
(LCA as a platform for integration and comparison
of processes, continued collaboration within
technical developments (high fluidity materials, 3
D printing, etc...)

TRL increase for TP RTM: Industrial impregnation
tool implementation and validation

Achieve direct consolidation of hybrid yarns
Engineering application scale-up of bio-inspired
materials

Pursue the implementation of a database with life
cycle/cost inventory for all the processes under
consideration

Documentation on extended framework for energy
demand minimization.

Pursue the capacity area build-up.
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LAV Real-World Energy Demand Model

Final results from the project ESMOBIL-RED

end energy demand

experiment

WLTC

Source :L. Kiing et. al., Approach to estimate on-road energy demand of conventionally and alternatively

propelled passenger cars from type-approval driving cycle, under review at Applied Energy SCCER Mobility | 11.09.19 [——



Reducing vehicular energy demand

Estimated demand reduction using Willans approach and tracked driving behavior

Primary Reduced wheel-power leads to reduced
effect specific demand

Energy Unchanged

storage

Generally reduced > constant power to

Rated power weight ratio

Wheel power  Reduces > mass reduction

< median
95% confidence >

Light weighting is a critical issue!
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Innovative methods to realize lightweighting technologies with
composite materials

= Coordinated efforts for permeability measurement/improvement to speed up part
production

= High speed thermoplastic processing of composites (high TRL)

= Next generation of lightweight materials and processes (potentially disruptive)
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Permeability to speed up production: Measurement

= [n-Plane: EPFL = Qut-of-plane saturated: FHNW = Qut-of-plane unsaturated: ETHZ

/ Outlet

Compressed

Preform in \

the cavity Pressure
sensors

Spacers oy,

/

Inlet

Hydraulic

/ cylinder

Participation in the World Wide benchmark exercise (all research groups)
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Optimisation to speed up production

= In-plane permeability = Effect of compaction via MicroCT: = Effect of compaction via
estimation via MicroCT: FHNW, ETHZ microscopy: ETHZ
EPFL, FHNW, ETHZ
. :ﬁ tl?:ets fi}s]ter pro.celzssmg . 'Change |C||1 channel yolume under + Effect of cyclic compaction on
anks to the specia increased compaction pressure bundle shape and nesting
architecture with large
channels . _
Increasing compaction pressure ‘ Before cyclic After cyclic
Vi =0.45 V; = 0.45 i compaction compaction
K ~ 109 m2 K ~ 1010 m2

Investigation of the composite microstructure allows the enhancement of production speed
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Permeability to speed up production: Permeability optimisation

= FHNW:Novel fabric architectures = EPFL: Spacers from 3D printed grids (in

collaboration with Solvay)

* Creating open channels with additional
stiffener effect if the spacer remains

compaction pressure . Cre.atlng open channels fornlmpregnatlon
which collapse and blend with the polymer

(in cooperation with Tissa AG):

* Maintaining open channels under high

Closed Remains open
under pressure under pressure

Salvatori, Trigueira, Caglar, Michaud, under review
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TRL increase for thermoplastic liquid moulding composite routes

= Thermoplastic compression RTM: Tool for injection moulding machine:

= Thermoplastic RTM

_
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Mould for C-RTM moulding

" Process concept:

« Combination of injection molding and impregnation of fabrics
with low viscosity thermoplastics in through-thickness
direction

= Challenges:

« Compression injection mold necessary

* Sealing of low viscosity polymers

* Variothermal heating cycle with AT =100-130 °C

* Mould Temperature up to 360 °C and pressure around 5o bar

= Status:
* Mold manufacturing ongoing
 Test planned for end of 2019
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Mould for C-RTM moulding

= Focus at mould
development:

* Static-mechanical analysis
based on thermal-transient
analysis

* Thermal simulation of the
cavity verifying impregnation
and sealing performance of
the process
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High efficiency in-line coating for lightweight preform materials

Glass furnace —

Kiss-roll coating with
polymeric solution

Drying <

T~ Bushing

(

T Wetted fibers

Take-up winder —

T Dry bicomponent fibers

Source: N. Aegerter, C. Schneeberger, S. Arreguin, J. C. H. Wong, and P. Ermanni. A scalable process for making hybrid bicomponent
fibers for the efficient manufacturing of thermoplastic composites. in 4th International Conference and Exhibition on Thermoplastic

Composites (ITHEC 2018) in Bremen, Germany, October 30-31, 2018.
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Rapid consolidation with stamp forming 10 cm

12 s

5s

Press temperature T,, = 120°C
Oven temperature T, = 300°C

A

Materials
E-Glass
(SiLi beads)

Polycarbonate
(Makrolon 3108,
Covestro)

v

io0cm

Fiber cake Consolidated plate

Achieved void content very low (< 0.3%)
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Scaling from monofilament to fiber bundles

Understanding meniscus formation for parallelization of fiber coating

1 mm

Increasing meniscus width with withdrawal speed

limits desirable high process efficiency

Source: N. Aegerter, C. Schneeberger, S. Arreguin, J. C. H. Wong, and P. Ermanni. A scalable process for making hybrid bicomponent
fibers for the efficient manufacturing of thermoplastic composites. in 4th International Conference and Exhibition on Thermoplastic

Composites (ITHEC 2018) in Bremen, Germany, October 30-31, 2018. SCCER Mobility | 11.09.19




Optimizing fiber matrix interface for increased product performance

fiber with matrix
Materials residues
E-glass (SiLi beads)
Poly(methyl metacrylate) (Evonik 7N)

Need for an efficient in-line interface modification

technique to comply with state-of-the-art mechanical
properties of thermoplastic composites
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nw

Nature inspired super stiff and tough composites

(I@n)scale Microscale

Sub-millimeter scale

200 nm 5um 50 um

mineral bridges connect platelet interfaces brick and mortar microstrucure growth bands separate structure into lamella

(b) Biological nacre

(c)

Synthetic nacre
At same length scale

(d)

Advanced Materials 2017, PNAS 2018 , Adv. Fun. Mat.
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nw

Nature inspired super stiff and tough composites
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Hierarchical organization effectively captures a major

design principle from nature and will help us guide future
high performance materials with damage tolerance

Advanced Materials 2017, PNAS 2018, Adv. Fun. Mat.
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From printing to transparent glass objects

o
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Pyrolised

Sintered

Transmittance (%)
50

25

—— 3D Printed Glass
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|

Printed &Aged 5mm 200 400 600 800 1000
—_— Wavelength (nm)

Nature Materials, in print



Life Cycle evaluation of these new processes

= Processes to be analysed:

* Melt-RTM (in-plane) at EPFL
* Thermoplastic direct impregnation by through-plane injection moulding at FHNW
* Hybrid biocomponent fibre production at ETH

= Analysis of:
1. Production of small plates
2. Production, usage and disposal of a bonnet

= Acquired good knowledge of process structures
= Process structures implemented in SimaPro
= (Collection of detailed data is ongoing
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Spin off: 9T Labs 3D printing of CFRP materials to series
production by developing tailored material, machine and software

solutions.
Highlights:

O Incorporated, January 2018

0 Member ESA BIC, February 2018
O Official ETH Spin-off, March 2018
0 Team at 13 people, end of 2018
Q First product launch, early 2019

Connection to SCCER

O Originated at CMASLab, ETH Zurich
U Benefit from 4 year research
U Benefit from existing infrastructure



Spin off: CompPair, materials solutions to obtain structural healable composites

Q Originated at LPAC, EPFL
O Will be launched early 2020

O Tough composites, increased life
time and reduced maintenance,
improved recycling-> lower
environmental impact



Bcomp, progress in automotive applications

= Lightweight, cost-efficient and safe automotive interior panels with powerRibs™
reinforcement grid.

= Up to 40 % lighter than standard parts
= Cost neutral
= Decreased eco footprint — less material, less waste, more sustainable material

Automotive interior part with powerRibs & ampliTex
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Capacity build-up in efficient technologies for mobility
in 2018-2019

= Four PhDs, a few more to finish in the coming year, many undergraduate students, 6
patents, many publications, Innosuisse projects, EU project, BAFU/CFF project and two
Spin off.

= Intensification of the A3 collaboration: equipment and materials sharing, creation of a
tighter community through A3 specific technical meetings, thematic areas at
conferences, CC-Schweiz thematic day in April 19.

= HigherTRL, spin-offs and evaluation of real lightweighting impact.

= Qverallin 2018-2019, 25-30 FTE people active in the efficient technology for mobility
area among our partner institutions.
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Capacity Area A3

Thank you!
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