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Learning Outcomes

By the end of the topic, students shall be able to:

1. Discuss the synthetic fibre for future
2. Discuss the natural fibre for future
3. Limitation of Composites in Future
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1. The market's growth is due to the development of emerging countries,
particularly in Asia. It is directly related to the health of the economy. These
countries are in the equipping phase and the demand for a variety of goods is
high there.

2. Thermoplastic composites are growing faster than thermosets.

3. According to some experts, carbon composite would be ready to be introduced
into the mass applications, via automobiles in particular. But the current
uncertainty on the user markets leaves the question open.

4. "Eco" or "organic" composites are receiving interest and the use of natural
fibres is becoming more professional. Few "fully organic" products, however,
are reinforced with long, natural fibres. This market is expected to grow
significantly in the next decade.
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5. Reinforcement architectures are increasingly complex and "intelligent": 2.5D or
3D, triaxial or multiaxial. Solutions are proposed to obtain structural
reinforcements that are much more deformable. 3D preforms are needed.

6. Carbon nanotubes are spreading. They are added to epoxy prepregs or
laminating resins to improve the ultimate strength and dimensional stability or

change conductivities.
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7. Production is becoming highly automated. The composites industry is moving
towards low volume mass applications, automation is essential and is
accompanied by an acceleration in cycle time.

8. Out-of-autoclave (OOA) systems are taking off. They make it possible to
produce composite parts faster, more efficiently and with an excellent surface
finish in a non-autoclave environment. The technique is more flexible, requires
less expensive tools, much less investment and is more energy efficient.
Resin injection techniques (RTM and others) are growing.

9. The need to solve the problems of recycling composites is increasingly urgent
with the advent of mass applications. Little progress has been made in recent
years, but the issue remains on the agenda.
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10.Integrated composite structures, designed and manufactured in a single step,
are one of the strong trends at the moment. The combination of multiple
processes allows manufacturing with low power consumption and advanced
automation. An interesting implementation technique involves thermoforming
reinforced sheets of continuous fibres and moulding them from a casting by
conventional injection with a short fibre reinforced polymer.

11.The aeronautical, automotive and wind industries are innovative sectors.
Composites in the first niche are growing (11%/year) thanks to on-going
efforts to produce lighter aircraft. The automotive industry remains creative
and is investing in carbon composite, but this sector is very sensitive to the
economic situation. The wind power industry is using an increasing amount of

composites (16% growth/year), but its future is linked to politics, which are
rather uncertain today, and the authorities.
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Multiple Composite Materials
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Composite Fibers in Automotive Applications

COMPOSITE FIBER REINFORCED PLASTICS (CFRP)
ﬁ oo
weight strength &

Non-structural Facia SEED / reduced number of
panels & Acoustic FRUIT
applications
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Composites Penetration in Market Segments

Wind Energy Consumer
Goods

ransportation Marine MAerospace Pipe & Tank

=#=Composite Materials Market Size =B=Total market Potential =ir-Composites Penetration
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Challenges Associated With Meeting 2025 CAFE
(Corporate Average Fuel Economy) Standards
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Natural Composites

——

- Rear Trunk Upper Hood ‘

Dash Board Mat

e

Main Floor Carpet

Luggage Mat

Door Panel
Rear Trunk Carpet

(Both sides)
‘ Acoustic Insulation Felt
Seat Carpet Flame Retardant Protection
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Lotus Eco Elise Concept

The materials incorporated
include : —— - D
= hemp - used on the '
car’s composite body
panels, spoiler and
seats,
eco wool for the
upholstery and
= sisal for the carpet.
The Eco Elise’s hemp hard
top incorporates a set of
solar panels to provide
power for the car’s
electrical systems.
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ola-Drayson tlectric Race Car : 'Green' Composites

The Lola-Drayson B12/69EV demonstrates

the potential of sustainable ‘green’

technologies in the motorsport industry,

using —

= Recycled Carbon fiber composites
(structural parts)

= flax reinforced composites

The Lola-Drayson B12/69EV

Structural Battery/

Moveable Aero Electric Battery DSERD/Sustainable

DSERD  Cluster/Control Systems Materials

Moveable Aero

Communitising Technology
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Potential Lightweighting Materials

Material Replaced | Mass Reduction (%)

Lightweighting Material

Magnesium Steel, Cast Iron
Steel , Aluminum,
Carbon Fiber Composites Gk Som

Aluminum Matrix Composites Steel, Cast Iron

Aluminum Steel, Cast Iron
Titanium Alloy Steel 40-55
Glass Fiber Composites Steel 25-35
Advanced High Strength Steel Mid St:teeI;ICarbon 15-25

High Strength Steel Mild Steel 10-15

Camparison of Carbon fiber vs steel manufacturing <osts

Communitising Technology
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Why use carbon composites?

STRENGTNS. * L [— Fiber Composite
STIFFNESS — Strength 4150 ~2200 ~ 690 ~415

VEHICLES

(MPa)

Modulus 245 ~132 ~ 207 ~69

(GPa)

Density 181 ~1.54 ~78 ~2.7

(8/cc)
Front/Rear Bumper Hood Deck Lid Rear Trunk
Beam Supports +30% - 40% mass +25% - 35% mass Compartment
+30% - 40% mass reduction reduction feduction +Up to 50% mass

+80% - 70% lower +50% - 80% lower tooing reduction
100ling Investment nwe » *Up to 70% lower

\Iloo!ng investmant

What is needed for broader

automotive use of Carbon Fiber

Composites?

= Lower cost carbon fiber & L
intermediate products

= High throughput / low cost j _I |_l.....,.,.., Structure
manufacturing technologies = frent/Rearkenders Omepilin S0% +60% Lo Bntiary Madia
.55“-65%bwer ookng lower tooling investment -mm
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Opel Insignia OPC Seats

= QOpel teamed up with Recaro & BASF to
create a state-of-the-art slim seat design.

= Recaro was able to create a seat with
minimal components, ultimately reducing
assembly time and cost.

= Design criteria included low weight, high
mechanical strength, high level of comfort
and sporty look - without the use of large
metal springs or excessive amounts of foam,
which also creates more interior room for
cargo or passenger legroom.

Communitising Technology
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Structural Underbody

The United States Council For Automotive
Research LLC (USCAR) have patented a
composite underbody for a full-size, rear-
wheel-drive passenger car.

Communitising Technology
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BMW Carbon Fiber Cars i3 and i8 : Harder Than Steel

Drive Modul b . - Body surfaces

BMW is building its own
carbon fiber factory, to secure
supply of the lightweight
material and refine the

® By production processes.

- -
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VOLVO : Batteries in Composite Body Panels

Volvo is developing a special composite material consisting of

carbon fiber and polymer resin which will be —

= capable of storing and discharging electrical energy

= holding enough charge for 81 miles of electric driving

= and will recharge faster than the conventional EV batteries
used today.

The latest nanomaterials made of extremely
thin and strong carbon fibre replace the car's
steel body panels and can be used in the car's
roof, doors, bonnet and floor. These panels
also double up as the car's battery.

The car’s woght can bo rdy
cod by 15 percent. Thers =
potential for cuthag wasght stll
furthor,

The body panels
am decharged o
the car's electng

fors (+] moloe i usod

The materal Gan be rechwrged by ——
1) hamnessng the ensigy generatod when e car brakes .
2) plugging neo the mans slectnody gnd
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Carbon Fiber Wheels

= Japanese company Weds

2 [——
Sport came up with the \ DRY CARBON
first full carbon fiber wheel g 1 WHEEL PROJECT

-unveiled at the 2008 Tokyo L

Auto Salon show, using the
Dry Carbon Fiber process.

= One wheel weighs just
2.76kg.

e W

In 2009, Australian
company Carbon
Revolution
introduced it’s CR-9
as a one-piece
carbon fiber wheel

= Each wheel weighs
50% less than a
aluminum wheel of
comparative size.

Communitising Technology



Composites in Automotive Industry

The Final Frontier : CFRP Engine Block

THE ENGINE

i
oo

Communitising Technology

= Created by Florida engineer Matti
Holtzberg in 2011

= A carbon-fiber-reinforced engine block with
strategic use of inserts to handle the heat
and concentrated loads

= Constructed out of a six-piece aluminum
mold with a removable core
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Lamborgini “Sesto Elemento” 2011

LAMBORGHINI SESTO ELEMENTO CONCEPT

Lamborghini’s Sesto Elemento - was a technology
demonstrator :
= 80 % of the car is CRPF
= Featuring a skin one-third the thickness of previous
CFRP sports car body panels, the car’s monocoque
achieves the required rigidity via integrated stiffeners
= Uses one-shot Forged Composites technology
= Achieved its designers’ objectives —
» reduced the weight by 40 percent
* cut acceleration from 0 - 100 kmh to 2.5
seconds from 3.4 seconds
* increased the power-to-weight ratio, and the
car’s handling and performance

Lamborghini is the only automaker to have mastered the
complete CFRP design-to-production process in-house

Communitising Technology
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Lamborgini + Callaway : “Forged Composites”

CARBON FIBER

Tough as a diamond,
yet lighter than steel.

25 hnol High cost,
?... o A..'q.r S o A S time-consuming and
1& photo above shows part of a Callaway club ¥ g
using traditional weave (left) versus one using labour intensive
Forged C e, In the latter case, fiber chips process to
v pd manufacture in large
volumes
* Forged Composite uses a paste of fibers
mixed with resin that is squeezed out to FORGED COMPOSITE
make almost any shape
= Since the fibers aren’t oriented in any Forgoes the standardized
weave

particular direction, the finished part is

strong all around, while remaining light Strong in all directions

= Reduce press cycle times to four minutes without the additional
for vinyl ester and 10 minutes for epoxy cost and complexity of

= Forged Composites can mint 10,000 parts adding multiple layers
peryear Cheaper to produce

Communitising Technology




Composites in Automotive Industry

‘ | I Lamborgini “CarbonSkin”

= A new version of carbon fiber material
developed for the Aventador J. called
"Carbonskin"

= Made of woven carbon fibers soaked with a
special epoxy resin that stabilizes and keeps
the material soft

= Like a hi-tech fabric, the carbon fiber mats fit
perfectly to every shape

In the Aventador J, the complete cockpit and

Communitising Technology
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Toyota Lexus LFA

Carbon Fiber : from Key-to-Chassis

The LFA consists of 65 % CF and 35 % Al

Communitising Technology
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Toray Teewave AR1 Concept

TORAY ADVANCED!I ELECTRIC POWERTRAIN
ECO MATERIALS :CARBO\I FIBRE REAR CRASH
| |STRUCTURE

ALUMINIUM SUBFRAME |

CARBON FIBRE BODY

[CARBON FIBRE AERODYNAMIC
REAR DIFFUSER

STRUCTURAL CARBON FIBRE
BATTERY TRAY

CARBON FBRE MONOCOQUE

CARBON FIBRE
FRONT CRASH STRUCRURE
= TEEWAVE uses a range of Toray CFRP products

= |ts body weighs 846 kg, including the battery

= |t features Carbon Fibre composite monocoque chassis, crash structures, body, interior and
seats

= The parts use a process time of less than 10 minutes.

Communitising Technology
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Smart Forvision Concept Car
—— I e

= Weight =942 Kg

= The carbon fiber extra-thin door-
skins with strengthening surface
features to add strength

= CF bodycage & wheels

= Natural composite fiber interiors

- -
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REPAIR - SELF-HEALING

o— Catalyst © ~ ®

°
o ° Microcapsule—g
Crack b

®Healing agent

-9 .0

A 'Polymerized

Figure 1. Schematic of a microcapsule-based self-healing epoxy

[3].

R asasaad
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Unhealed delamlnatlon 1ooum ]__

=

e tany,
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“ _.A (L &
Healed .;‘--\ S A
delamnnatlon \.\

B Microcapsule 1

Figure 2. Optical micrographs of
cross-section of two self-healing com-
posite panels. (a) a fully self-healing
composite showing the two capsule
diameters as well as healed dam-
age. {b) A nonhealing control show-
ing unhealed delaminations. Impact
energy for both specimens was
45 [15].
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RECYCLING

Chean &
Refurbish

Communitising Technology
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RECYCLING

Internal Conversion of Secondary 100% Plus Return on
Material to an Altemnative Product Cost of Original Raw
Material
50% to 95% Relurn on
Cost of Original Raw
Material

Convert Form and Package
For External Product 5% to 25% Return on Cost of
Original Raw Malerial

Convert To 4

0% to 5% Avoid Landfill Cost and
_Energy Recoup a Small Portion of the

‘ Original Material Cost
iginal Material Cost

Additional 2% to 10% Cost
Above Original Material Cost

Handling

,D, and Landfill

Cosls
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Natural Fibres

Matural fibers
I 1 T 1
Plant Animal Mineral
| | 1 . L] 1 1 |_1_|
Bast Leaf Seed Fruit Grassesand Wood Wool, Hair, Silk |— Asbestos
fibers fibers fibers fibers reeds fibers fibers Leather
- Flax - Pineapple - Cotton Coir Bamboo Hardwood | Sheep Silk
(merino)
F Hemp - Sisal - Coir Luffa Totora Softwood - Llama Spider silk
- Kenaf - Abaca - Kapok - Guanaco
- Jute - Curaua - Poplar - Llama
- Ramie - Palm - Calotropis - Alpaca
- Isora L African palm - Wicuna
- Mettle | Chambira - Camel
- Toina L Chiquichigui - Gioat
L Moriche Angora goat

L Cabuya Cashmere goat

- Cpuntia Common goat

- Paja toquilla - Goose (feather)

- Yuceca - Rabbit

L Pita - Bristle

Source: Institute of natural fibres and textile terms and definitions, textile institute
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Natural Fibres
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What else?

1. Biocomposites
2. Nanocomposites
3. Aerospaces
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