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:\What is the decisive factor to use CFRP in automobile ?

m Driving performance ? Yes, but...

m Fuel efficiency ? Of course yes, but...

m Not rust property ? Maybe yes, but...

= Multifunction property ?  .... (yawn)

m Aesthetics ? . (222)

m Recyclability ? You must be joking !

m Cost? Yes, cost is the first and

absolute condition !
Others are later.

-_}F'ctional Energy Consumption of OECD and Non-OECD countries

2008 Population | Total Primary Energy Supply | Total Final Energy Consumption
OECD 1190 million 4.56 toe/capita 3.11 toe/capita
Non-OECD | 5498 million 1.24 toe/capita 0.86 toe/capita
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j‘féfnsition,_of Egssi?lger Automobile Type in Japan
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Problem is not only cost but also production cycle time and recyclability.

"‘qo;t reduction i’if;,CFfP products by using thermoplastics

j"ﬁ;ncept of au't_‘@“_‘mo'{ﬁle lightening for mass production

< Thermosetting CFRP > < Thermoplastic CFRP >
Material cost Material cost
» Hi CF volume fraction » Lower CF volume fraction
» Expensive resin » Inexpensive resin
» Inefficient prepreg system » Efficient prepreg system
» Ineffective utilization ratio of CF - » Effective utilization ratio of CF
Manufacturing cost Manufacturing cost
> Machine - mass production »  will be reduced by
» Operation -> out of autoclave automated high cycle
» Employees -> automation molding technology
» Tools

Effective measures for cost reduction
> Develop higher cycle manufacturing method
» Achieve required properties by lower V;
» Establish advanced 3R system of CF

Current ( ave.1380kg, 200,000cars/y *1) Concept car (weight is 1/3)
*1) 800/day = 50/hour = cycle time is 1minute integration structure by thermoset CFRP

Lightweight
Parts number
Cycle time
Cost

Recycle
Safety
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Project target (weight A30%, 200,000cars/y) By using CFRTP sheet and tape
Parts substitution by thermoplastic CFRP > high cycle press molding

» expansion into non-automotive field

Then,
» Lightweight ©
> Cycletime O ¢ projectth
> Cost O ¢ projectth
> Recycle O ¢ projectth
' > Safety O ¢ projectth

®®o®m®mm

» Immediate effect for not only energy saving but also waste management la
» It contributes cost reduction, early spread, saving rear metals of electric vehicles
» It will extend to 60% weight reduction for mass production automobile
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Develop CFRTP for Mass Production Automobile

2008 — 2012fy
Total budget: 4 billion JPY (=50 million USS)

1. CF/PP and CF/PA sheets
» surface treated CF and modified
thermoplastics
» continuous and discontinuous CF
reinforced sheets

2. High cycle molding technology
» press molding
» bladder molding

3. Jointing technology
» between CFRTP
»  with metal

4. Repair and recycling
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Under Cover

1500 CFRP : 17% Continuous CFRTP
B (174 kg) WCFRP :Structural member such as frame
< gomers | | Discontinuous isotropic CFRTP
& 1000 © fr— o stoel : Panels, complex parts
H < Monocoque body > < Frame monocoque hybrid body >
@ 50 | Steel 2 . . . o
2 968kg Steel Body weight Better structure for lightweight Better for safety and recyclability
g ‘ 385kg 1380-5970kg (A30%) | | | e e ee s en e

: » Automobile parts are mostly composed of plates.

i > Flexural properties are dominant in the case of

Body weight can be reduced by 30% with CFRTP application automotive materials and structures.

f one-third weight reduction
Steel plate CF/PP plate Ratio to Steel
Elastic Modulus (E) E; = 200GPa E. = 25GPa (v;=0.3, ISO) 1/8 Compressive
Side
Volume (Vect) ; o ;
v v @ Delam Gitatal plast
Flexural stiffness N 5 SR L SEa ) ocal-p a_st-lc
(EI<E?) Est Ec (2t) 1 > A e o deformation
. Load (P) Load (P) 1
Deformat(lg:cp/ﬂ) . o i same flexural
WGH; als & M performance
Surface strain () Is is 2
Surface stress (o) o = Eg*e oc=Ec*2¢e 1/4
Buckling strength Py=m? Els/L2 P=m? E(l /L2 1
Density (p) 7.8 1.3 1/6
Weight (W) 7.8V 13*2v 13 Fracture mechanism of CFRTP is ductile
in comparison with that of CFRTS.
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!_’éompar,iﬁbﬁ:aaf s'i:'eel, CF/EP, and CF/PP panels
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= Reduction of sectional
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Composites become

Load
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compressive load and
deform by flexural load

Deformation

Flexural Load
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Steel Panel
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Flexural Deformation

CFRP plate, which has the same flexural
rigidity as steel plate, is 1/3 of the weight of
the steel panel.

Elastic strain range of CFRP is larger than
steel, hence CFRP is less likely to dent.

However, stress concentration part of CF/EP
shows sudden load fall (i.e. brittle fracture).
Hence CF/EP is weak in hole, notch, and
corner. They are caused by delamination.

Since delamination doesn’t occur, CF/PP not
only shows high energy absorption capacity
but is stronger in hole, notch, and corner.

Additionally, CF/PP can easily bond, repair
and recycling by using thermoplasticity.

By using these features of CF/PP, various
novel structures and manufacturing
methods can be developed.

_s!ﬁleight Li_gﬁtél;f"lrlg'{%'atio of CF/PP Plate to Steel Plate

-

~ Weight of CF in CF/PP Plate

Difference between isotropic
and unidirectional CF/PP plate

Weight lightening ratio, density and
thickness ratio of isotropic CF/PP plate
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\{ GF/UP(Vf60-is0) 0.58
Aluminum 0.50
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CF/EP(Vf60-iso) 0.31

Elastic strain
range is not
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Automobile parts are mostly
composed of flexural member.

In the case of flexural member, steel
panel of 100 kg can be replaced by
CF/PP panel (isotropic, Vf=0.2) of 32 kg
in which just 10 kg of CF is used.

In the case of tensile/compressive
member, the same weight lightening
ratio and CF usage rate can be
achieved by anisotropy and higher Vf.

Effective utilization of carbon fiber and
efficient joint are indispensable to
reduce both weight and cost.
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Weight Lightening Ratio of Automobile
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v’ Steel Car of 1380 kg is composed by
1 1200 weight fixed part =200 kg
< 1000 g replaceable part =900 kg
kS proportionally lightening = 280 kg
5 800 2
H
- s 600 g v The amount of CF usage  =xkg
. 3 - CFRP =2xkg
. < 400
H \ § -> replaced steel =6x kg
H V\ - 200 5 where, 0=6x=900 kg

0 20 40 60 80 100 120 140
The Amount of CF Usage (kg

v’ Automotive weight after lightening
=1380-1180*(4x/900)

By using v’ Automotive weight lightening ratio
anisotropic =1-0.0038 x




cle time and weight lightening ratio Potential demand by application
unit passenger truck wind turbine | commercial
Flexural stiffness | Torsional stiffness | Weight automobile blade airplane (L)
. 700,000@2010 | 260,000@2010 120@2010 15@2010
Isotroplc 152 210 \ 151kg world stock 10° 1,000,000@2030 | 380,000@2030 1,000@2030 30@2030
A A « id00-00003050neni00-00003050 1,50 @A
Anisotropic 200 286 151kg Drastic i £ carbon fib ional
world annual rastic increase of carbon fiber Japanese Nationa
= production production capacity is necessary - Project 2011-2015
GACLIELE ton o] 0.4 4 25
per product
1d f 10%t 5,300@2010 8,000@2010 100@2010 15@2010
"::"F' de:'::: o :’:r 7,500@2030 | 12,000@2030 200@2030 30@2030
pery 10,000@2050 [ 16,000@2050, 240@2050 45@2050
production per year 200,000 50,000 5,000 300
volume per day 800 200 20 1.2
per plant per hour 50) 13 || 1.25 0.075
—
number of plants 5@2010 400@2010 5@2010 2@2010
(Assuming an ideal 1
production plant) Drastic high cycle manufacturing Japanese National
CF de":‘a"td technology of CFRP is necessary Project 2008-2012
per plan
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