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tions for CFRTP
Airplane Automobile
High oil price High oil price and CO2 measures
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2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 [ 2020

CFRTP (material) Project 40m$

CFRTP (structure) Project (2013-2022) 120ms$

» Parts replacement
» High cycle molding |:
» In-plant waste recycling

METI, NEDO, +5 (+5)
PL: Prof. Takahashi (LCIC)

LCIC, Mitsubishi Rayon, Toray,
Toyobo, Takagi Seiko

(Kyoto Institute of Tech.,
Shizuoka Uni., Tohoku Uni.,
Toyama Uni., Yamagata Uni.)

» Composite design
» High cycle manufacturing

» Market waste recycling |:> [ ]
e QQP
PL: Prof. Takahashi (LCIC), Prof. Ishikawa

2020
LCIC, NCC, ICC, Tokyo Institute of Tech., Fukui Pr Tokyo

NIMS, Mitsubishi Rayon, Toho Tenax, Toray, Toye
Shimadzu, Aisin Seiki, Fukui Fibertech, KADO Corporation,
Komatsu, Kyowa, Takagi Seiko, IHI, SHI, Honda,
Mitsubishi Motors, Nissan, Suzuki, Toyota (GCC, Tohoku
Uni., Yamagata Uni., AIST, JAXA, DOME, Taiseiplas, Toray
Engineering)

METI, +5

Innovative CF Project N/
» Productive & low cost

GM: Prof. Kageyama, PL: Prof. Hatori (LCIC)

LCIC, AIST, Mitsubishi Rayon, Teijin, Toray
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2008 | 2009 | 2010 | 2011 | 2012 [ 2013 | 2014 [ 2015 [ 2016 | 2017 [ 2018 | 2019 | 2020
CFRTP (material) Project Project (2013-2022)
> Parts replacement
> g oiTme [ > HIg #Mtiacturing
China Japan World production share » In-plant waste recycling » Market waste recycling
30%
| 8% - & Toyota 11% METI, NEDO, +5 (+5) METI, +25 (+9)
Nissan 6% PL: Prof. Takahashi (LCIC) PL: Prof. Takahashi (LCIC), Prof. Ishikawa (NCC)
France o Honda 5% LCIC, Mitsubishi Rayon, Toray, LCIC, NCC, ICC, Tokyo Institute of Tech., Fukui Pref., JFCC,
9% . = o T ,b Takagi Seik ’ 4 NIMS, Mitsubishi Rayon, Toho Tenax, Toray, Toyobo,
Suzuki 4% oyobo, a‘agl el Shimadzu, Aisin Seiki, Fukui Fibertech, KADO Corporation,
Mazda 2% (Kyoto Institute of Tech., Komatsu, Kyowa, Takagi Seiko, IHI, SHI, Honda,
Korea . —— Shizuoka Uni., Tohoku Uni., Mitsubishi Motors, Nissan, Suzuki, Toyota (GCC, Tohoku
10% Mitsubishi 2% Toyama Uni., Yamagata Uni.) Uni., Yamagata Uni., AIST, JAXA, DOME, Taiseiplas, Toray
|Gremany Subaru 1% Engineering)

F ~~_ 19% Innovative CF Project { }

» Productive & low cost

METI, +5
GM: Prof. Kageyama, PL: Prof. Hatori (LCIC)

LCIC, AIST, Mitsubishi Rayon, Teijin, Toray

eOil Canby CFRTP?

Rectangular Ultrasonic Laser Metal
| @ Conventional car and CFRP car | Steel Oil Can Welding trimming insert
= Galvanic
. = Bep.la-cement of e corrosion
individual parts .
\ ‘ . Thermal
' — CFRTP- caulking
. joint
Standard sedan boori R luggage space Is t.hIS reaIIy
EnergyAbsorp ion loor inner ggage sp: the rlght Way tO Thermo
Pi ) .
e FRDash LUnder Cover reduce welght ? forming
CFRP : 17% Continuous CFRTP
£} 1,800 (17; kg) W CFRP :Structural member such as frame
< o ipers Discontinuous isotropic CFRTP
& 1000 O stel : Panels, complex parts
o
H
00 Steel -
E° 968kg Steel Body weight
I : 385ke 1380->970kg (A30%)

Body weight can be reduced by 30% with CFRTP application

Design by composites More Flexible ! More Functional ! More Cute !
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CFRTP (structure) Project (2013-2022)
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METI, +25 (+9)
PL: Prof. Takahashi (LCIC), Prof. Ishikawa (NCC)
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1 CF and PP to Improve Adhesion |

VX000 10pm 33 30 5E1

Normal CF Special treated CF
+ PP without modification + PP without modification

X2.000  10pm 32 30 SEI
Normal CF Special treated CF
+ PP with modification + PP with modification

Hollow beam with the
same flexural stiffness

Panel with the
same flexural stiffness

Panel with the
same tensile stiffness
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[ High cycle press molding
with discontinuous
thermoplastic prepregs

Autoclave molding
with
continuous prepreg

» Fully resin impregnated preforms
realize high cycle molding and
high performance

» Fiber/tape flow molding can make
complex shape parts by one shot

> Fibers keep straight and lengths ¢

\keep longer than critical ones

Resin transfer molding
with
continuous preform

Too expensive
Combination | Too slow

JToo weak Press molding
with

discontinuous
long fiber

with
discontinuous
short fiber

Formability, Molding Cycle Time, Cost

n CFRTP and Steel Hollow Beam |

14000
—— Optimal hybrid hat
17D —r ||
—— Steel 440MPa
plues ~———Steal 720MPa
Z oo
! 000
4000
2000
[}
[ 1 ] ] L]
Swrole (nn)

4 Weight is 50%

4 Energy absorption capacity is
2.0 times of 440MPa grade steel
1.5 times of 780MPa grade steel
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1. Compared to steel parts,
the weight of CFRP parts is

— Steel Parts from 1/3 (plate) to 1/2 (beam).
— CF/EP Parts 2. Elastic strain range of CFRP is
— CF/PP Parts larger, hence less likely to dent.
B Ky ST 3. CF/EP shows sudden load fall
S S fratE—_ e, due to the delamination, hence
— ST NN e is weak in hole, notch and corner.
[ ¥ o ) '.,.""“\
2|1/ & = “==2* "\ 4. CF/PP not only shows high energy
S| 0%\ absorption capacity but is
Wl ov,et " 2 stronger in hole, notch and corner.
- a®
s/ 5. Additionally, CF/PP can easily
e bond, repair and recycling by
v using thermoplasticity.
Flexural Deformation 6. By using these features of CF/PP,

new structures and manufacturing
methods can be developed.

,_-!rT_-, P "’Differe_ n ce iﬁ;gdl-'@-sion between and CFRTP

CFRTS: Bolted or adhesive joint --- weaker than base material
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CFRTP: Welding joint --- the same or stronger than base material

l o~ L W AR

fiber volume fraction becomes higher
and fiber tangles at the welded section !

Heat Up
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< Monocoque body >
Better structure for lightweight

< Frame monocoque hybrid body >
Better for safety and recyclability

Automobile parts are mostly composed of plates.

» Flexural properties are dominant in the case of
i automotive materials and structures.

Standard sedan

Support

Energy Absorption

Pipe FRDash ~Under Cover
1500 CFRP : 17% Continuous CFRTP
i (174 kg) WOFRP :Structural member such as frame
< S::“"‘ Discontinuous isotropic CFRTP
-':Ef 1,000 OStesl : Panels, complex parts
3
2 50 r Steel I— f
% 968kg T steel Body weight
s ‘ 385kg 1380->970kg (A30%)
__Oonventionnl __OFRP car

Body weight can be reduced by 30% with CFRTP application

ake Oil Canm\,

\\, >
7

More Flexible !

Design by composites

More Functional !

Rectangular Ultrasonic Laser Metal
Steel Oil Can Welding trimming insert
Replacement of Galvanic
. . . corrosion
individual parts
— Thermal
CFRTP caulking
Is this really joint
the right way to Thermo
reduce weight ? forming

More Cute !

ts For Mass PrW Automobile

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 [ 2020

CFRTP (material) Project

CFRTP (structure) Project (2013-2022)

» Parts replacement

» Composite design

In-plant waste recycling i> Market waste recycling

METI, NEDO, +5 (+5)
PL: Prof. Takahashi (LCIC)

LCIC, Mitsubishi Rayon, Toray,
Toyobo, Takagi Seiko

(Kyoto Institute of Tech.,
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LCIC, NCC, ICC, Tokyo Institute of Tech., Fukui Pref., JFCC,
NIMS, Mitsubishi Rayon, Toho Tenax, Toray, Toyobo,
Shimadzu, Aisin Seiki, Fukui Fibertech, KADO Corporation,
Komatsu, Kyowa, Takagi Seiko, IHI, SHI, Honda,
Mitsubishi Motors, Nissan, Suzuki, Toyota (GCC, Tohoku
Uni., Yamagata Uni., AIST, JAXA, DOME, Taiseiplas, Toray

Engineering)

METI, +5

Innovative CF Project ~/
» Productive & low cost

GM: Prof. Kageyama, PL: Prof. Hatori (LCIC)

LCIC, AIST, Mitsubishi Rayon, Teijin, Toray




Raw CF :C In-plant waste :C Market
100 % 30-50% 50-70%

aste” and ”mM’\.

=

| Preform |—>| Primary parts | |Vehicle |—>| End of life parts |

| Waste | | NG parts | | Damaged parts |
12 ¥

In-plant waste Market waste

“in-plant waste” : identity of the material is clear I:> high quality
no environmental degradation recycled materials

“market waste” : identity of the material is not clear
with environmental degradation

Without

Glue

Recycled

Double Belt Press Plate Fresh Sheet

Hybrid Stamping

Injection Molc-i.ing

s epreg SheeM CFRP

Raw Material Prepreg Sheets
Direct
Film
ate. Powder UD Sheet
Thermoplastics Staple o
. - Mixing
Opening T Cloth Sheet
Cut ape
Dispersion
Straighten
Combine Tape Reinforced Sheet
Spinning 1,
etc. Impregnation
[ Ifey Factors ] Mat Reinforced Sheet
Fiber Length
Alignment
Recycled CF Surface Treat
Scattering Card Web Reinforced Sheet




mption of variou es 0 icles

OMaterial production

W Parts & vehicle production
@ Maintenance

 Consumption for ﬁm‘

Energy Consumption [MJ/parts] # Energy Intensity [MJ/kg]

The weight of CFRP plate is one third of steel plate.

W Transport

W Use
I Waste
Bus
10t truck
4t truck
2t truck
Passenger car

0% 20%

40% 60% 80% 100%

Source: J. Kasai, The Int. J. of Life Cycle Assessment, Vol.5, No.5, p.316 (2000)

O assembly, molding
B CF production

M steel or matrix resin production
O materials recoverly

Fresh Steel

Recycled Steel i

Fresh CF/EP (Vf=60) |

Fresh CF/EP (Vf=50)

Fresh CF/EP (Vf=40)
Recycled CF/EP with PP i
Fresh CF/PP (Vi=40) |

Fresh CF/PP (Vf=30)

Fresh CF/PP (Vf=20)
Repaired or Recycled CF/PP | _[]

The weight of CFRP frame
member is a half of steel one.

: : : Innovative CF
i i i i

50 100 150 200 250
Energy intensity [MJ/kg]

D of CFRTP Technologies

(material simulation W( molding simulation 1( CAE W

< demand for materials ¢ demand for shape

specification
change

material
modification

evaluation method,

mechanism of physical mechanism of forming merchantability
property due to resin, and flow behavior due
fiber morphology, to T-p-t, etc.
surface treatment, etc. individual
design by
 P— y company
I L, AR _
o _ = iy dynamic
= 7 4 v A & ) social
N Wﬁ demand
know-how about know-how about | know-how about

| properties DB, etc. I |

parts shape, performance,
| molding condition, etc. | | | function, etc.
Usual development

Stiffness

For driving performance

/I\

Panel parts solve them

Energy Absorption
T

Frame parts solve them
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CFRTP (material) Project

CFRTP (structure) Project (2013-2022)
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» In-plant waste recycling

METI, NEDO, +5 (+5)
PL: Prof. Takahashi (LCIC)
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Engineering)

METI, +5
GM: Prof.

Innovative CF Project N/
» Productive & low cost

Kageyama, PL: Prof. Hatori (LCIC)

LCIC, AIST, Mitsubishi Rayon, Teijin, Toray

INNOVATION

Thank you for your kind attention.
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