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A3 Minimization of vehicular energy demand

Technologies & strategies to minimize non-propulsive energy demand of vehicles for improved

efficiency

* Development of processing routes
for high volume lightweight
thermoplastic components with
acceptable environmental impact &
commercial competitiveness

* In A3, several routes are currently
evaluated in technical terms:
* Thermoplastic RTM
* Thermoplastic C-RTM
* Hybrid coated yarns

* First assessment of environmental
and economic impact of using these
three routes.
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Greenhouse gas emissions

How do composites perform?

| cCabonfibre | Glassfibre

Cost (€/kg)

CO,(kg/kg)
Energy (MJ/kg)

Specific Stiffness
E/p (GPa.cm3/g)

Production

10-30 (tow) 1.6 (tow)
22 (NCF) 3.2 (NCF)
22.4 2.5 1.7 12.6
286 (186-360) 45.6 26.4 160
130-250 31 25 25
Vse End of Life - Great properties, but high cost and
production impact!
v
— v - Risk of leading to higher
K environmental impact, despite a
Break-even |Ower WEIght|
Initial design (Steel)
— Optimal design (Composite)
—— Lighter weight design (Composite)

N
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Example of a case study for automotive
application for “traditional composites”

Bulk head panel

Materials

 Effects of material substitution on life cycle costs/ environmental burdens,
burden transfers

* 6 Materials: Steel, Magnesium, GMT, SMC, SRIM (carbon / glass fibre)

Material Processing Component Weight Weight
(k9) Reduction

Steel Stamping 5.8 Baseline
Magnesium (AZ91) Die-Casting 2.2 62%

SMC Press molding 2.5 57%

GMT Press molding 2.4 59%

Glass fibers/PU Reactive injection molding 2.3 60%

Carbon fibers/PU Reactive injection molding 1.8 69% 4

Witik et al., Composites: Part A 42 (2011)



Cost Analysis
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Life Cycle Cost (€)

Life Cycle Cost mEOL
H Use (200k km)

B Manufacture

B Raw materials

Highest

manufacture
cost

teel Mag SRIMCF SRIM GF GMT SMC
8 kg 2.2 kg 1.8 kg 2.3 kg 2.4 kg 2.5 kg




Environme

ntal Impact

Resources mEoL Human Health W EOL
2500 - Use GiF:08 - Use
Manufacture 5.E-05 - Manufacture
2000 1 Overall reduction, increase  [naterials Raw materials
;1500 in phase contributions 5 B
E q S 2 3.E-05 - S S
: N N & © : Y D
2 1000 § § \\ % 2.E-05 - § §
500 % % § & 1.E-05 - % ;>\\/\>
Y 7 w ’ X 2 S
o B ' &\ ' § . << ‘ @ . 0.E+00 +—D : : x\\\\\g : \\\\% [
Steel Mag SRIMCF SRIMGF GMT sMC Steel Mag SRIMCF SRIMGF GMT sSMC
5.8 kg 2.2 kg 1.8 kg 2.3 kg 2.4 kg 2.5 kg 5.8 kg 2.2 kg 1.8 kg 2.3 kg 2.4 kg 2.5 kg
c) Ecosystem Quality mEOL d) Climate Change
90 - Use 400
80 Manufacture 350
70 - Raw materials 300 -
5 601 ~ 250 -
A 50 1 o
B
o 30 - § i
20 - § 100 §
. 50 2
. | . . = DD m
Mag SRIMCF SRIMGF GMT sSMC Steel Mag SRIMCF SRIMGF GMT sMmC
2.2 kg 1.8 kg 2.3 kg 2.4 kg 2.5 kg 5.8 kg 2.2 kg 1.8 kg 2.3 kg 2.4 kg 2.5 kg




A3: Melt Thermoplastic Resin Transfer Molding (mTP-RTM):
Direct impregnation of a reinforcing fabric
with melt TP matrix in closed rigid mold

fabric in mold cavity

wet fabric X Long impregnation ti
i
resin in
B ) = 100000
/ ~
10000
- 1000
S~ n
§ 100
= 10
3
v' Complex-shape parts in single stage é L
v" No intermediate materials (e.g. Organo-sheets) 21l
v’ Inclusion of functional features (e.g. Stiffeners) O-O;t“gher_Tmp e Conrocion
0.00 r\./n!umne’,

Oww.desighidws.com?2@0 March 3006) 400
Processing temperature (°C)



In-plane MTP-RTM

Investigate strategies to reduce impregnation time: preform architectures

Woven fabric 5 mm _10
K = 10 m?
(=~ 46%)
Non-crimp fabric
with Iarge 2 mm K ~ 10—9 m?2
meso-channels
(=~ 46%)
Wovenfabric © ® © ® ® ® ® © © !14mm |5mm K ~ 10~8 m2
+ spacers
8 mm

Salvatori et al., Composites Part A 108 (2018)



Compression RTM (C-RTM): through-thickness

Impregnation time is reduced as the impregnated lenght is the part thickness, but issues of
fabric transverse permeability and compression to reach best processing window, and need for
a more complex mould

i Plastic
fabric Iayers Moving Fixed Granules  Hopper
Platern Platern / .
Mould _ Mould 1N | Drive Injection
Clamping el | Cylinder

Cylinder ~

compression
(electric press

—>>

melt injection
© (extruder)

Heater
Bands

movable part

fixed part

Ch
Molton Valve
Plastic



Cost analysis: scenarios

fabric in mold cavity — 2 mm
wet fabric
—= A
HHE
resin in \\ﬁ 5 mm
****** Y
1. RTM Reactive TS 2. Melt TP-RTM: HFPAG6/G-PLY
fabric layers
compression
© © 0060606 0 00 !14mm|5mm (electric press melt injection
> " (extruder)
—8) -«
mm movable part
Y P fixed part

3. Melt TP-RTM:
HFPAG6/G-WEAVE + spacer 4. C-RTM: HFPAG/G-WEAVE



Cost analysis

mTP-RTM HFPAG/G-PLY

Production of a plate: e R s
. i i o apor i
- Size: 200 X 270 X 5 mm Sl B | B g R 0%
o Vf 45 8% e | - o
 LowT=160"°C . S "
° H|gh T =280 °C ELat?or: 0.25 : Press . !
: Reject: 0 % ) Rhwe ]
i Scrap: 15 % i i
T Preforming (120 s)
""""" Trimming (60s) | /RTM (2020+300+180s) = ¢
Four process subunits (cells): . y 3 s T |
« Cutting
 Preforming : "
 RTM (Injection) > |
« Trimming . Ceaning Tim and D " ecton/Coolig
Labor:05Refect: 0% Scrapi0% | Labor: 1 Reject 5% Soapi0% - ]
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RTM cell for different scenarii

_________________________________________________________________________________________

Post Cure

. Labor: 1 Reject: 5 % Scrap: 0 %

1: RTM press:
Injection/Cooling
2: Heating station

_____________________________________________________________________________________________________

MTP-RTM: HFPA6/G PLY

..............................

2

1: RTM press:
Injection/Cooling
2: Heating station

RTM Injection/Compression
+ Heating/Cooling

 Labour: 1 Re]ect 5 % Scrap 0%

___________________________________________________________________________________________________



250

Cost analysis: Results

100

50 A

Manufacturing cost (€/part)

200 ¥

150 °

----- RTM Epoxy

—— mTP-RTM HFPAG/G-PLY

- - - mTP-RTM HFPAG6/G-WEAVE+spacer
—-—--C-RTM HFPA6/G-WEAVE

0

MTP-RTM (w/ spacers) and C-RTM comparable

| ' | ' | ; | : | ' '
10k 20k 30k 40k 50k 60k

Production Volume (Parts per year)
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Cost: mTP-RTM vs. C-RTM

MmTP-RTM: HFPA6/G-WEAVE + spacers
80 T T T . T . T " T . T -

C-RTM: HFPAG6/G-WEAVE

80
I Consumables

—_ I Labor . I consumables |
ﬁ- 60 Energy o) [ Labor
-~ Plant I @,60 Energy
-
@ I Violds = Plant
8 [ Equipment 8 [ | Molds
2 40 Resin o [ Equipment
= | Fabric £ 40 Resin
B 2 [ Fabric
g £
2 S
£ 20 =

@
= =

15% 10.4%

10k 20k 30k 40k 50k 60k

\/ Production Volume (Parts per year)

Material contribution to total cost
Replace materials:

Glass (5 €/kg) -> Carbon Fibers (15 €/kqQ)
+

Polyamide 6 (3 €/kg) -> Polyphenylene Sulfide (12 €/kg)

10k 20k 30k 40k 50k 60k
Production Volume (Parts per year)

Total cost per part (@70Kk):
26.8 -> 30.8 €/part 24.5 -> 26.6 €/part



Lab-processes - Life Cycle Analysis using Brightway

- LCA framework developed at PSI, uses Python/Javascript to conduct assessment: open source and flexible.

®

Interpretation

6% E@\ nﬂl]"

Loal and scope Inventory Analysis Impact Assessment

definition

@ Goal and Scope Inventory Analysis @ Assessment @ Interpretation
* Reason to perform * |Inputs (material, Impact on human health, Check data consistency,
LCA energy) resource depletion and damage compare with other similar

waste, pollutants)

$ $ ¥ $

Cradle-to gate  Lab data + Ecoinvent3 ReCiPe 2008 Industrial upscale?
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Industrial upscaling — Solvay’s C-RTM vs. 3-station splitting

Plastic

Moving Fixed Granules  Hopper

Platgrn Platern _ _ o
Mould . Mould ~ ; IRiBEAion . . .
Clamping | ; ) Cyinder =% C-RTM is efficient: 13.6 min/part

Cylinder

_
- \N\‘ W

Molton \/4ve Bands V S
Plastic \>

g SOLVAY
asking more from chemistry® \

————————————————————

Cooling/Demolding :‘.‘ ,," Heating/injection

Splitting the 3 phases : preforming, heating/injection,
cooling in 3 sub-stations to reduce cycle time =» 20
min/part
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Preliminary results—C-RTM vs. 3-station splitting

ReCiPe Endpoint (H) - industry C-RTM vs. 3-station splitting impact by heating category,
first heat

Resources, Total

Ecosystem Quality, Total

Human Health, Total

0 0,01 0,02
Ecopoints(-)

B Solvay C-RTM pre heating W Solvay C-RTM mold heating M Solvay C-RTM injection B Solvay C-RTM cooling

B 3-station split mold heating ™ 3-station split injection 3-station split cooling 3-station split first heat
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Conclusions and perspectives

v' Melt TP-RTM can be a promising technique for high volume production of thermoplastic
composite parts, if the preform architecture and the process are adapted to reach fast
enough cycle times.

v Scale-up is in progress for C-RTM and in-plane RTM (patent pending)

v In-plane TP-RTM (complex shapes) and C-RTM (flatish shapes +
overmolding) are complementary processes.

v Work is in progress to assess the LCA of these processes, and to
Include the other processes developed in the A3 capacity area in the
analysis, using the framework developed at PSI.

Transverse impregnation

18



sccer (@\

mobility

som  THANK
T youl

\‘) g more from chemistry®
HHHHHHHHHHHHHHHHHHHH

RS nw




