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[CFRP effects] Possible to reduce 400kg by CFRP N

Weight saving | —
Good Mileage > Ecology |
Fender support Front cowl
—EBE“ET crash S-EfEt Front engine cover m;emgage partition
Energy—d:snrhmg Front strut tower bar
Lower assembl Mission center tunnel 970[{9 (= 30%)
man-hour / expense Radiator core support
Modularized b‘)' unification Engine paris Rear luggage back panel
Crush box Rear luggage side panel
Better driving nerl‘orman::gl Front floor tunnel - {IE:I?E;QE:: mF!ear luggage floor
Better vibration damping Front fioor panel Under cover
Natural vibration UP Front dashboard Under support rod
- Thermal cure CFRP:
Saffw 'mpm‘";mf"t _j Panel, Reinforced member RTM method,
mprovement o 30% the weight of steel
ermoplastic :
material fatigue i g CFRP{E | tThermoplastic cFRP
Average weight car model Press molding material
. . 50 the weight of steel
For more CFRP application... (Gasoline car, 4 door, FF) g /
. Issues C Solving issues, even as aiming for
B Countermeasures o ing new concepts by integration of
- Total cost down -Inte ratipn and systematization cf characieristics (electromagnetic
- Improvement of molding of material shielding, etc.) and those of other
flexibility Combination with thermoplastic materials and materials such as resin or IT-related

joint technology, etc. materials.
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El Nouveaux matériaux et structures de I'A380.

New materals and structures in the A380 Airbus Bielles de soutien
du pont supérieur
en CFRP

Upper deck floor
beams in CFRP

Dérive, aileron,
gouvernail... en
CFRP monolithique
Fin box and rudder,
horizontal tailplane
box and elevators
in monolithic CFRP

Panneaux de
fuselage supérieur
en matériau Glare
Glare material upper
fuselage panels

Panneaux d'aile
en CFRP
CFRP outer wing

Cloison de
pressurisation en CFRP
CFRP pressure bulkhead

Panneaux
de fuselage
inférieur soudés
Welded lower
fuselage panels

Piéce centrale de

soutien des ailes en CFRP _ : .
CFRP centre wing box Bord d‘attaque en composite thermoplastique

Thermoplastic fixed wing leading edge
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I Carbon laminate
I Carbon sandwich
B Fiberglass
B Aluminum
[ ] Aluminum/steeltitanium
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excel Composites manufactures an extensive range of high performa;

hmposite materials, ideally suited for the automotive indus try: .

1 Neserement Tanel
J Real Rails

K [Door Side Impact
Froecrion

L Engine Acoessore
M Sreering Column
M [irive Shat

0 Knee Pratecrion
Bolser

P Sean
@ Conemal Arm
R Floor Fan - Fronr
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I Lightweight concept

- Developed lightweight technologies for our future models

@ Arc-Sprayed cylinder bores ® PC glazing quarter window
® Titanium connecting rod ® PC glazing partition

@ Titanium valve a
!-'B F

® CFRP cabin

® CFRP roof and hoocd . SMC)'AIumlnum hybrid door



| Main Body Material Mix

- CFRP cabin and aluminium frames

B CcFrP

» Aluminium

Weight composition
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OEM BMW

L% 7 series

[ 55.000 cars

Hi& (6 parts) 6,7 kg
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245 AcoustiMax

Headliners

Sunshade

Door Trim

Pillar

- = e -
4 | Parcel Shelf

Seat

Trunk Trim

Underbody Panels

Load Floors







Features
B All carbon body panels
B SPRINT™ CBS

B Vacuum only processing

Body mouidngs produced by SPA Composites

Ultima Cars of Hinckley (Leics) are the SP proposed a solution based on syntactic core in the CBS material also













The MonoCell tub for the McLaren MP4-12C supercar is moulded as a single piece and weighs less than
80 kg (176 [bs).
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Composite body panels on the Aptera electric car make extensive use of DIAB foam core in the sandwich
construction.



~ Lightweighting the
~automotive market




The Tesla Roadster Sport is an all-electric, high-performance sports car with innovative lightweight
body panels of carbon fibre/epoxy composite.



The carbon fibre bonnet (hood) of the Dodge Viper features integral, moulded-in louvres. An adjustable
carbon fibre rear wing was nominated for an SPE Innovation Award.















Develop market and technologies
as a pioneer in automobile application

e Respond to environmental regulation and
: needs for weight saving

- Comprehend trends in automobile industry
- Study effect of weight saving by CFRP
- Propose solutions to automobile manufacturers

Create CFRP demand for automobile

ﬂ- Enhance R&D for automobile

- Integration of company-wide technologies
- Develop low-cost material and mass production molding technology
- Co-develop with customers
Cross-organizational development

Go into automobile filed drastically









The transit bus preloaded flywheel design (pictured below) is assembled from
multiple individual rings fabricated from high-strength carbon fiber impregnated
with a toughened epoxy. All compaosite rings are assembled by interference fit
which preloads the rings and maintains a radial compressive stress state at
operating speed. A solid metallic hub or shaft serves as the foundation of the
preloaded flywheel design. Testing under earlier phases of this program have
shown that preloaded composite flywheels are robust, stable structures.
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LFG - ECM compression moulding

Conveyer belt — I9ng] [ il
(take-away of plastificate)

single screw extruder
{plastification of LFG)

sowrce: RIETER
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IRES AL
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23% Hii (4

Tailgate
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Accoustic shielding
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(BMW Megacity)



The BMW i3 electric car features a new vehicle architecture with a CFRP passenger cell. BMW has set up a joint venture with SGL Group to produce carbon fibre for the car.



Il Fundamental reinforcement of development capability for
automobile application

Integration of ’ Establish Automotive Center
Toray Group technology as cross-organizational base

Advanced Automotive center
Material technoloqgy

Polymer chemistry
Organic synthetic chemistry
Biochemistry
Nanotechnology

Advanced Product
processing technology design support

High process of fiber and film CAE analysis technology
Resin molding process  Analytical evaluation technology
Composite innovative molding Reliability and durability
Joint technology evaluation technology
Micro-fabrication technology

Image [Open in Jun, 2008]

Pursuit of ultimate performance through Proposal of innovative solution
integration of material and technology by Integrated technology
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Fabric

Auto-cutoff saw Sensor array Upper veil

\ Resin injection
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Lower veil

Heated conventional

pultrusion die :
Core material
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Reduced composite molding time by developing Achieved less than

ultrahigh-speed curing resin and high-speed resin » 10 minutes of molding
injection technology in national project led by NEDO by new method
o ~n Resin injection / curing BT : .

B&Wﬂl » » — Remnva ' i

1min 1 min Demonstration of
3 ) Total 160 min 10 minutes molding
New method 5min | Total less than 10 min I in inner door panel

ﬁ’ —— J] Ultrahigh-speed curing resin
High-speed resin injection (5-min curing) Removable

technology (3-min injection) He" mrmm =
Resin injection E
g3
®z P
:3 g Exisﬁnd epoxy resin
. S Ll (Amirle curing)
= Low : \
0 3 5 35 90 Resin flowable
Time (min)

It takes 3 min by multipoint injection *Based on isothermal condition
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Line for Vacuum Degassing Resin

Prior to Infusion Line to Vacuum

Pump

Resin Supply

” / Vacuum Bag

Porous Distribution Media

Porous Release Material

—_—\ l V
Sealant / Preform
Tape

Tool

Resin
Trap




I Composite Technology

- Developed various materials and processes

Three CFRP 3D
processing methods Braiding

[ 1: Pre-preg

Bl : RTM R
I : C-smc™! -

Moulded PU

Rigid Foam C-SMC

Hollow

CFRP Structure Thermoplastic

Epoxy Pre-preg

3D New

Stitching : ' RTM Process
NCF*2 *1{Carbon fibre - Sheet Moulding Compound)
Pre-preg *2(Non-Crimp Eabric)



ICFRP Processing Methods

- Balancing productivity and performance

Material /
Process

Specific strength | Specific stiffness

Performance >

o 36% 94%

(Vinyl Ester) >
Productivity

Specific strength and Stiffness Performance and Productivity
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Source; Boeing

A representative fuselage section, made as part of the program to develop and demon-
strate the manufacturing processes for representative design features, such as the doors

and windows.




Composite Stiffened Wing Skin










I Development Focus of CFRP Body Production Engineering

- New technology for Parts production
- Quality control technology for adhesive bonding

(Parts production\

Adhesive bondin@

/Mechanical fastening\*

\
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I New Production Technology for CFRP Parts

- Improved productivity using the following technologies:

A

/One piece moulding

Floor Panel

-

iy

Short cycle time moulding

/\i ;:- Upper Body

® One piece moulding of large integrated components
® 3D weaving technology
® Short cycle time moulding

3D weaving technology

w

Crash Box Roof Rail

Combination of weaving & automotive technology




IOne Piece Moulding

- Preform with foam cores and corrugated inserts
- One piece moulding of large integrated Floor Panel

by new RTM process

/

Preform

" One piece moulding \

.

EH Dry carbon
Il Foam cores "<
Corrugated inserts

10 preform pieces

#

New RTM process for LFA ~ /

|3D weaving technology

- Developed automated preform technoloegy by 3D loom

for Front Crash Boxes

Fibre placemerﬁ 73D stitching \

/RTM moulding®

Carbon
fibre

0

‘\.\ ~
h g
J-(;/,J
A




|3D weaving technology

- Developed automated preform technology by 3D loom
for Front Crash Boxes

fibre placemerﬁ 7 3D stitching \ RTM moulding\

"
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|3D weaving technology

- Developed automated preform technology by Braiding
machine for Roof Rails
ecomplex 3D profile , Near net-shape , single piece textile

New braiding machine | Complex 3D profile
| Roof Rail

Different cross-
sectional shape

Different thickness
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GERBERcutter
4

DCS 2500

Static Cutting System

The economical solution vo sccurate, fast, low-ply cutting

GERBERcutter’

DCS 3500

iR, Conveyorized Cutting System

The low-ply, high-volume cutting solution
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| CFRP Design Method

- Determine lay-up construction by CAE analysis

®Stress simulation ®Draping simulation

Red shows too much

tension or compression
for a pre-preg

LHEARARE B LP BAR BTSN ERANEE FAE 85

o O

Determine the number of ply
and the orientation of the fibres

Determine pre-preg cut pattern



| CFRP Design Method

- Ply books for CFRP parts  Zone number instructions

Cut pattern and lay up instructions

BV 1A ="FTHO S0

L _FILLAR _CRAHD
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IJoining Technology - Adhesive

- Developed three types of adhesive

Adhesive Type

Application

Features

3. Sheet adhesive
(with glass beads)

Bonding between
Aluminium Inserts
and Uncured CFRP

®Used in moulding process

®Absorbs the thermal expansion
differences

®Clearance ensured by glass beads




I.Joining Technology - Adhesive

- Strength testing and strength design
with an assumption of various degradation factors

Environmental factors

Thermal Cycle
® Repetition of
expansion and contraction

Physical factors

High Temperature
® Degradation by oxidation
® Structure change by Tg

Complex
factor

Moisture and Humidity
® Degradation of resin
matrix by hydrolysis.

Continuous Load
® Creep

Vibration and Fatigue
® Repeated stress cycles

Mean Stress

® Shrinkage stresses due to
curing process

® Deformation of parts due to
curing



I.Joining Technology — Rivet

- Stainless steel rivet to prevent galvanic corrosion with CFRP
- Temporary fixing method until completion of adhesive curing

- Stabilization of failure load by using combination of adhesive
and rivet

Adhesive Only

/ Adhesive and Rivet

Load

Rivet Displacement
Effect of rivet




I Repair Concept

- CFRP cabin can be repaired by following methods
- QOuter panels and aluminium frames can be replaced

Damage

Scratch

Delamination

Carbon fibre damage

Repair Method

Fill with resin

:'gr;rg n

£

‘*"Eﬁ { 0

Injection

1.Remove damaged area
2.Re-Layup

CFRP damage patterns and basic repair methods
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