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Join ZoomMeeting
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ABS. Epoxy. directional
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In addition to the above categories, there are the following categories:

Laminates These usually consist of several layers in each of which long fibers are arranged in parallel in a
different direction per layer.

Sandwich Compositeshese usually consist of two metal surfaces (skins) and between them is a third
material called the core (Core).

Hybrid CompositesThese are composites that are reinforced by two or more types of inclusions that
differ in either nature, or geometry, or both.

Composite materials reinforced with fiber fabriégdgven)
Natural composites.g., the wood, the bones, the tissues.

Green Compositeswvhere the reinforcement and the matrix are made of natural raw materials.
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Matrix: Function

Matrix

Made from Metal, polymer or ceramic
Continuous phase
Some ductility is desirable

Functions
2 Binds the reinforcements (fibers/particulates) together
a2 Mechanically supporting the reinforcements
2 Load transfer to the reinforcements

a Protect the reinforcements from surface damage due to
abrasion or chemical attacks

2 High bonding strength between fiber and matrix is important

> however the distribution of loads depends on the interfacial bondings
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Classification of Composites.(l)

dz0 ¥Natural Composite Materials:
Wood; bamboo; bones: muscles and other tissues

+ 2) Microcomposites

Metallic alloys, Polymer blends, Fibre reinforced composites (PMCs,

MMCs, CMCs); Particulate reinforced composites
+ 3) Macrocomposites

Coated sheets-galvanized steel
Laminate composites
Sandwiches-honeycomb and foam structure

4) Nanocomposites

Polymer composites reinforced with clay minerals, BN, fullerence,
Carbon nanotubes, Graphene.
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Typical properties of unidirectional-fiber-reinforced epoxy resins

Fiber type
Graphite

Property E-Glass Kevlar 49 (Thornel 300)
Fiber volume fraction : 46 60-65 63
Specific gravity 1.80 1.38 1.61
Tensile strength, 0° (MPa) 1104 1310 1725
Tensile modulus, 0° (GPa) 39 83 159
Tensile strength, 90° (MPa) 36 39 42
Tensile modulus, 90° (GPa) 10 5.6 10.9
Compression strength, 0° (MPa) 600 286 1366
Compression modulus, 0° (GPa) 32 73 138
Compression strength, 90° (MPa) 138 138 230
Compression modulus, 907 (GPa) 8 5.6 11
In-plane shear strength (MPa) — 60 95
In-plane shear modulus (GPa) — 2.1 6.4
Longitudinal Poisson ratio (v, ;) 0.25 0.34 0.38
Interlaminar shear strength (MPa) 31 69 113
Longitudinal cocfficient of thermal

expansion (107°/°C) 5.4 -2.3 to —4.0° 0.045
Transverse coefficient of thermal

expansion (10™°/°C) 36 35° 20.2

f~79°C 1o +100°C.
*~195°C to +120°C.

M~
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Material Specific |[Young's |Ultimate |Specific  |Specific
Gravity |Modulus | Strength |Modulus | Strength
Units GPa MPa GPa-in"/kg |MPa-m’/kg
Graphite 1.8 230 2067 0.13 1.1
Unidirectional Graphite/Epoxy |1.6 181 1500 0.11 0.94
Cross-Ply Graphite/Epoxy (1.8 96 373 0.060 0.23
Quasi-Isotropic Gr/Epoxy 1.8 70 276 0.043 0.17
Steel 7.8 207 648 0.026 0.083
Aluminum 2.6 69 276 0.026 0.106

Specific strength (mm)

1040 steel

2048 Al
Ti-SAl-2.55n

Epoxy

Glass/epoxy

>
<
)
o,
&
g
>
3
M

Clepoxy

Al, Os/epoxy

Wood

Noncomposites

Composites
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Table 1.4. Comparison of some typical values of the properties of engineering materials at 20 °C

Coef- ipecxﬁc Sp“.:'ﬁc
fcient of oung's  tensile
Elonga- thermal ?ogn'g:s‘l :?m:gth'm Heat
Young's  Tensile tion to expan- : WS A SUSHER. rasisi-
Density modulus  strength fracture sion density density ance
Material (Mgm™) (GNm=3) (MNm™?) (%) (10°C-') (GNm™%) (MNm™?) (°C)
High strength 2.80 72 503 11 24 25.7 180 350
Al-Zn-Mg alloy
Quenched and tempered 7.85 207 2050-600  12-28 11 264 261-76 800
low alloy steel .
Nimonic 90 8.18 204 1200 26 16 249 147 1100
(nickel-based alloy)
Nylon 6.6 1.14 2 70 60 90 1.8 61 150
Glass-filled nylon 1.47 14 207 2.2 s Lok 9.5 141 170
(¥ =0.25)
Carbon fibre-epoxy
resin unidirectional
laminae (}; = 0.60)
(i) parallel to 1.62 220 1400 0.8 -0.2 135 865 260
fibres
(ii) perpendicular 1.62 7 38 0.6 30
to fibres
Glass fibre-polyester
resin unidirectional
laminae (}; = 0.50)
(i) parallel to 1.93 38 750 1.8 11 19.7 390 250
fibres
(ii) perpendicular 1.93 10 22 0.2
to fibres
Glass fibre—polyester 1.55 8.5 110 2 25 5.5 71 230
resin planar
random fibres

(V% = 0.20)
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FIGURE 16-37 A hexagonal cell honeycomb core (a) can be joined to two face shests
by means of adhesive sheets (b), producing an exceptionaily lightweight yet stiff, strong
honeycomb sandwich structure (c).

Face sheel
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FIBER 3 METAL

VARTM

Process

Metal

Prepreg.

Metal

Prepreg
Metal

- LAMINATES

0° - direction
= rofling direction aluminum layers

2

T 907 - direction 2

o Al layer

_ UD prepreg layer with
fibers in 0° - direction

UD prepreg layer

527« with fibers in 90° -
direction

<Al Layar

; UD prepreg 90°

e \UD prepreg 0°

\ Al. Layer

fiber metal laminate
/  upper face

/

~-Adhesive

Core (foam)

\‘\Adhesive

/ fiber metal laminate
lower face
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FMLs including
aluminium alloys

ARALL

Aramed itee reinforced
alumervum iamnate

CARALL
Cardbon fibee reinforced
alurmensum Lamnate

GLARE
Glass Nbre reinforced
alumendum lamnate

Classification of FMLs

FIBREMETAL LAMINATES

FMLs including
alternating metal alloys

ARALL 1
ARALLZ | Titanium based
S ARALL3 FMLs

)o
2
f

4o

:%

Magnesium based
FMLs

. ; '
N o ~ ™~
|515]5
HEIME M lﬁ
W .- w [

OLARE 6
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ARAMID 3 ALUMINUM - LAMINATE (ARALL)

AL 2024 -T4

0 Kevlar/Epoxy
90 Kevlar/Epoxy
0 Kevlar/Epoxy

AL 2024-T4

0 Kevlar/Epoxy
90 Kevlar/Epoxy
0 Kevlar/Epoxy

. Thickness Length  Width  Volume Az e
Material % T
(mm) (mm) (mm) Fraction
Aluminum 0.305 255 e B 0.68
2024-T4
Kevlar/ Epoxy 0.45 255 259 0.32

Composite



CARBON 3 ALUMINUM 3 LAMINATE (CARALL)

Y CARALL - A

CARAIL-B CARALL- B with Veil ClothLayers
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Glass Laminate Aluminum Reinforced Epoxy ( GLARE)

Z 1 Glass Laminate Aluminium Reinforced Epoxy ( GLARE )

dzl & * NOT ik 00 O ARibBrNWgsal Laminate (FML) — OF uAlumlnIU\"

07 Udzjdzl U+ NJ #O0a OF njnjs  OF njA njdz0Us 1 U3 &A i
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Glass Laminate Aluminum Reinforced Epoxy (GLARE)

24
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Glare grade Sub Al sheet thickness (mm) Prepreg orientation in Main beneficial
each fiber layer characteristics
Glare 1 - 0.3-0.4 (7475-T761) 0/0 Fatigue, strength, yield stress
Glare 2 Glare 2A 0.2-0.5 (2024-T3) 0/0 fatigue, strength
Glare 2B 0.2-0.5 (2024-T3) 90/90 fatigue, strength
Glare 3 - 0.2-0.5 (2024-T3) 0/90 fatigue, impact
Glare 4 Glare 4A 0.2-0.5 (2024-T3) 0/90/0 Fatigue, strength, in 07 direction
Glare 4B 0.2-0.5 (2024-T3) 90/0/90 Fatigue, strength, in 90° direction
Glare 5 - 0.2-0.5 (2024-T3) 0/90/90/0 Shear, off-axis properties
Glare 6 Glare 6A 0.2-0.5 (2024-T3) + 45/- 45 Shear, off-axis properties
Glare 6B 0.2-0.5 (2024-T3) - 45/+ 45

Light weight outer box CFRP upper deck & =
‘ : Pl Fin box, rudder HTF
box and elevators in
Uppe . fuselage : monolithic CFRP
panels in GLARE '

design floor berns

CFRP pressure
bulkhead

““‘7-

aluminum alloys

Advanced aluminium alloys for

mner and mid-wing covers

fiber/epoxy prepreg CFRP céntre

wing box
Welded stringers SPFDB/titanium in  Thermoplastic fixed

on lower fuselage panels wlon wing leading edge 25



Table A. Commercially Available GLARE Grades'

Grade

GLARE 1
GLARE 2
GLARE 3
GLARE 4
GLARE 5
GLARE 6

Al Layers Fiber Layers
Typical
Thickness per Thickness per Density
Alloy Layer(mm) Orientation Layer(mm) (g/cm?)
7475-T76  0.3-04 Unidirectional 0.25 2.52
2024-T3 0.2-0.5 Unidirectional 0.25 2.52
2024-T3 0.2-0.5 0°/90° Cross-ply(50%-50%) 0.25 2.52
2024-T3 0.2-0.5 0°/90°/0° Cross-ply(67%-33%) 0.375 2.45
2024-T3 0.2-0.5 0°/90°/90°/0° Cross-ply(50%-50%) 0.5 2.38
2024-T3 0.2-0.5 +45°/-45° Cross-ply(50%-50%) 0.25 2.52

Mote: The typical density here refers to laminates with (0.3 mm aluminum thickness and 2/1 lay-up.
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Figure 2. The fracture behavior of GLARE
laminates. (a) Fracture toughness at room
temperature by R-curve method;??” (b)
fracture process within GLARE 2 and 3
originating from a fatigue starter crack.®
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Effective crack extension Aa (mm) a =k Cycles



Minimum Energy to Initiate First Failure (J)

100
:
0. - High velocity
60 -
50 -
40 -
30 -
20 -
10 -
0 2024‘ T3 ‘bare GLARE3-3/2-0 3 Carrvt{]nIP.EEK er:bro; Fgﬁ
t=1.24mm t=1.42mm quasi-isotropic  cross-ply
t=2.05mm t=1.37mm

b

e 67 2024-T3 bare
GLARE 3 60
L 49
s 37
GLARE 4

i 26 25

22 21

32 (|43 || 54 || &5 3
4+03(/03]||03]|] 03 0.

142 19 254 3.10 1.68 180 203 3.12

Nominal Thickness (mm)

Figure 4. The impact behavior of GLARE. (a) A comparison of impact
performance of GLARE 3 and other aerospace materials; (b) low-velocity
impact performance of cross-plied GLARE laminates.?*%%
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Oila 2 nNNj Examples of Natural Composites

]

*$* Wood
® Cellulose Fibers

Compact Bone & Spongy (Cancellous Bone)

Lacunae containing osteocytes Qsteon of compact bone
" |ignin Matrix Lameliae ——aghiibeielats: './ Trabecuiae of spongy
. Canalicull — VRt O bone
A X4 Bones Y Al ) Ny,
" Collagen Fibers Osteon = SSCoMRRIRPS e Haversian
® Mineral Matrix Periosteum

Volkmamn's canal




Q Secondary wall
\\ A
2

I} ____— lnner layer (Sy)
7

Middle layer (S,)

Primary wall Oty (2]

—

S

e

“; v; I‘: .' "
E

Middle lamella

The cells in timber are very roughly rectangular in cross-section,
The morphology of the cell walls is complicated but the dis«
position of the cellulose molecules and fibrillae is preponderantly
helical, semething like this diagram. (2 Crown copyright.)
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Trabecular bone

Ay

Cortical

bone

SqaNloU®F @l 07 0

Trabecular packet Collagen / Mineral
and lamella composite

z Mineralized
_ collagen fibers
.
Osteon \" \ \ q

and lamella \

é

Alpha
chains

\

Organ and Microstructure and Nanotructure and Molecular
tissue sub-microstructure ultrastructure structure
10'm 10“*m 10"m 10°m 10'°m
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Use of CF on percentage

. Other 7%
0,
Marine 2% o \

Civil engineering 5%

Aerospace

i and defence 30%
Pressure vessels 5%

Automotive 11%

Moulding and ind
compound 12% turbines 14%

Sports/Leisure 14%

(@)

GRP production on percentage

Sports an Others 1%
leisure
15%

Transport
35%

kectronics

15%

ConstruCtion
34%

(b)

Aircraft composite content over time

60%

50%

40%

30%

20%

10%

1980

1985

1990

Source: Hexcel Corp., Aerostrategy

(c)

1995 2000 2005

@®A350

® A340-500/600

777® @ A340

2010
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Application of Composites

on Flight Vehicles

Structural
Components
Fuselage
Wings
Elevators
Vertical Stabilizers
Rudders
Ailerons
Doors

Rotors

Tank Structure

DC 10 Rudder

B727 and Vertical
‘ Elevatorl Stabilizer

Beech Star ‘ '
Ship

— e
E L 101
.gi’ =& B737 Hor. Stab.

ARES V

Shuttle -
Cargo Bay
Doors

Honda Jet
Composite
Fuselage

Material Systems
Gr/Epoxy

Gr/Polyimide
Gr/Bismalimide
B/Epoxy

1 Aileron

Figure 1
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:,LATsf in Upper Advancled cabin CFRP Floor Beams  High performance CERP J-Nose KBE design
uselage materials
elag for Upper Deck cutting CFRP Outer Flaps

/

CFRP Vertical
Tail Plane

New Al-alloys

CFRP Horizontal
Tail Plane

Y

—_— -

BW, Lower Fus‘elage

CFRP
: 7
Electron Beam Welding / Section 18.1
/ . -
=
4dqid | .-.4;_9«; e
. CFRP center wing box CFRP . CFRP Rear Pressure CFRP ‘
More & New Ti-material Wing Ribs Bulkhead Section 18
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A350 XWB STRUCTURAL DESIGN

Nose section (carbonfibre or aluminium) Fin (carbonfibre)

Fuselage section (carbonfibre skin pane (carbonfibre, one
doublers, joints and stringers, with aluminium frames) piece section)

Four shell skin A350 XWB material breakdown

panel concept

a - @ Aluminium/Aluminium lithium
WA @ steel

—==u 7% g Titanium

J @ Composite

@ Miscellaneous

Aluminium frames

Carbonfibre skin panel  Note: A350-900 shown

Figure 1. A350 XWB materials
Source: Flight International

Materials used in 787 body

U Fiberglass W Carbon laminate composite - Total materials used
B Aluminum B Carbon sandwich composite i Byweight

Aluminum/steel/titanium : Other
: Steel

: By comparison, the 777 uses 12 perceat
: composites and 50 percent aluminum.

Figure 2. Comparison between B777 and B787
Source: Aviation beta (2015).

[ carbon fiber reinforced plastic (CRFP)
[ ] Glassfiber reinforced plastic (GFRP)
I Quartz fiber reinforced plastic (QFRP)

25% of Structure weight

[ ] Glass Reinforced Aluminium Laminate (GLARE)

gy CARBON
COMPOSITES



Composites 1n a Boeing 777

B Toughened carbion fiber reinforced

— Qutboard aleron Fin torque box
lastic (CFRP) ’ ¥
: / (Hybrid) T-CFRP
. CFRP T Stabilizer torque box — _
B syord T-CFRP
S OQutboard llap

& Fiberglass ' (Hybrid)

(Fiberglass) — Flaperon (Hybrid) -

| — Inboard llap e

Wing lixed leading edge

— S

/ -—
- o :

(Fiberglass)
Trailing edge paneis

“— Leading and trailing
edge pancls

/
/
J T X
Pososiwmsmn e e e o

Strut fwd and aft fairings ——

=7
\\

(Hybrid) (Fiberglass)
Wing-to-body fairing
~ g \ — (—CFRP) 7~ Inboard and outboard
Nosle /,/-"4 \\.\ 0 spollers (CFRP)
3 /\\,\\\x\\&\ P
\ \\x o / ‘-Q}‘:T\:;;-a)

' s gear doors — g -
e N (Hybrid) _E(H)hndl) '
\— Nose gear doors (Hybrid) bbb s



Tita{lium . Electrical
erosion shield heater mat

+ 45’ carbon
fibre/epoxy \ \

= ﬂl"‘

e T R
T i-,--
s - - ’--

sisi: 7 Tube for

/ / / balance weights
+ 45° carbon 'Nomex™' Woven Foam-filled Unidirectional
epoxy) lass/epox sore of ¢
fibre/epoxy ;\ Jncyycomb glass/epoxy  core of spar ﬁlalfs- _dc‘,‘.,bon,epoxy
ybn

Schematic section through a typical composite construction for a heli-
copter rotor blade. (Courtesy of Westland Helicopters.)
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Main laminate at the upper part

Main Ia‘nincfe Main laminate at

the rear edge



EMM25

Composite Materials for Wind Turbine
Blades

CFRP Sonar Dome

The NEG-Micon 40 m radius AL40
# carbon-wood epoxy wind turbine blade:
Resin infusion manufacturing process




EMM2512

CFRP Application

web.missouri.edu/~smith
Front of rear e doug/nsf/presentations/
Roof Monocoque center section

Rear lid

Front lid Rear wing

Roll-over bar trim

Door sill

Prepreg autoclave, TV ‘ Prepreg autoclave, Prepreg-treated aluminum tooling,
monolithic design monolithic desig: sandwich design monolithic design




Lightweight GRAPHENE based
materials for structural

applications \

Nanostructured TE materials
(cooling /heatrecovery)

Graphene nanocomposites
forintegrated sensors

Functional textile

Sensors for pollutants
detection and safety

Nanofluids (friction/thermal
management)
Smart adhesives
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Spare Tire Holder  Door Sills

Others

Noise
Encapsulation

12% 23%

Dash Board

Under Body Panels Seat Structures Front Ends

Source: Symalit, GEP
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Metal matrix composites can yield significant weight payoffs.

AADC IHPTET compressor featuring Ti mmc blings

www.youtube.com/watch?v=x
bPxVws5Ty4&feature=related
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APPLICATION
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Early use of
carbon fibers in
sports equipment

Space Race Developments
& Niche Defense
Applications )

First commercial (aero-grade)

fibers = 4320 =2

(R&D with Modern Carbon

% Aircraft Composites Structural Weight

75 1

20 9

25 9

" CNTs in sports

equipment

General nano Boeing

2030

Fiber Precursors 0 hD-90 ASUPD“BT of year
1950 1960 1970 1980 1990 2000 2010 2020
1880s Edison's carbon — A Nobel Prize for graphene
light bulb filament
I Aerospace & Defense Applications
1950s CNTs
CNT prehistory Identifie di?‘l R&D of Carbon Nanostructures (CNSs)

Filmisssam D N vlmin Filnmnie mind] mmvlnmin inmin nmdbviimdiivn [ mmam A niAllL

i mmsebn i i b ONITA
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Orthopedic
screws/fixation

Dental
Implants

Implantable
California $tate Uniersity Microelectrode
Northridge

Drug Delivery
Devices

Synthetic

S

Semiconductor
Materials

BIOMATERIAL

Skin/cartilage

Ocular
implants

Bone
replacements

Biosensors

\

A\ Heart
A\ valves

Dental Implants
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Dental Implant Dental Post
CF/C, SiCIC CF/C, CF/Epoxy,

GF/Polyester
Arch Wire & Brackets Dental Bridges
GFIPC, GFIPP,
GF/Nylon, GF/PMMA UHMWPE/PMMA = _ﬁ:‘rr:HF;onr:;?;rEnan;:Bagﬂgl
CFIPMMA, GE/PMMA . -
KF/PMMA ( CFIFTFE, PET/PU, HAHDPE
Dental Restorative Material ORQ / PET/PU, HA/PE, Bio-Glass/PE,
Silica/BIS-GMA 1 Bio-Glass/PHB, Bio-Glass/PS, HAIPLA

HAJ2.2'{4-methacryloxydiethoxyphenyl)

Screws and Disc

Vascular Grat
Cells/PTFE, Cells/PET

PET/Collagen, PET/Gelatin
PU/PU-PELA

Abdominal Wall Prosthesis
PET/PU, PET/Collagen

PET/SR, PET/Hydrogel

Finger Joint
PET/SR, CFIUHMWPE

Spine Cage, Plate, Rods

CF/PEEK, CF/Epoxy, CFIPS
Bio-Glass/PU, Bio-Glass/PS,

Total Hip Replacement
Intramedullary Nails
CFILCP, CF/PEEK
GFI/PEEK

CF/PTFE, CF/UHMWPE, CF/PE,
UHMWPE/UHMWPE

CFiEpoxy, CF/C, CF/PS, CF/IPEEK,

Tendon / Ligament
PET/PHEMA, KFIPMA, KF/PE
CF/ PTFE, CF/PLLA, GFIPU

Bone Cement
Bone particles/PMMA, Titanium/PMMA,
UHMWPE/PMMA, GF/IPMMA, CFIPMMA,

KF/PMMA, PMMA/PMMA,
Bio-Glass/Bis-GMA

G

PET/PU, PTFE/PU, CF/PTFE
CFIC

Total Knee Replacement
CFRUHMWPE

Bone plate & Screws UHMWPE/UHMWPE

CF/PEEK, CF/Epoxy,
CF/PMMA, CF/PP, CFIPS

CF/PLLA, CFIPLA, KF/PC
HA/PE, PLLA/PLDLA,
PGA/PGA

External Fixation

CF: carbon flbers, C: carbon, GF: glass fibers, KF: kevlar fibers, PMMA: Polymethylmethacrylate, PS:

lysulfone, PP: , UHMWPE: ultra-high-molecular weight polyethylene, PLDLA: poly(L-DL-
lactide), PLLA: poly (L-lactic acid), PGA: polglycolic acld, PC: pc , PEEK: polyetherett HA.
hydroxyapatite, PMA. polymethylacrylate, BIS-GMA: bis-phenol A glycidyl methacrylate, PU: polyurethane,
PTFE: polytetrafluoroethylens, PET: polysthyleneterephthalate, PEA: poltethylacrylate, SR: silicone rubber,
PELA: Block co-polymer of lactic acid and polyethylene glycol, LCP: liquid crystaline polymer, PHB:
polyhydroxybutyrate, PEG: polyethyleneglycol, PHEMA: poly(20hydroxyethyl methacrylate)

Cohlear Implants

Intacts

Cardiovascular
Implants (Vascular
Grafts)

Abdominal Wall
Prosthesis

Prosthetic
Arthroplasty

Intramedullary Nails

Knee joint

Replacement, Tendon

/ Ligament, Cartilage
Replacement

Dental Implants,
€ Dental Post, Arch
Wire & Brackets,
& > Dental Bridges,
Dental Restorative
- Material

Shoulder Prosthesis

.9 = = Pacemaker
——

= Tumbar Disc
Replacement, Spine
Cage, Plate, Rods
and Screws

Total Hip

Replacement,
Acetabnlar

Bone Cement

Bone Fixation,
Bone Plates &
Screws

b
”
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DOs UNBE ¥ yAaldz0+
| GREEN COMPOSITES

. * Green composite combines plant fibres with
~ natural resins to create natural composite
materials.

Biodeg
radable

resin

Green
+ . composites
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FIBRES USED IN GREEN COMPOSITES :

= Natural / biofibres may be classified in two broad
categories:

Non-wood fibres
Wood fibres

= Natural fibres such as kenaf, flax, jute, hemp, and
sisal have attracted renewed interest, especially as a
E glass fibre substitute in the automotive industry.

» The other fibres used are Coir (Coconut), Bamboo ,
Pineapple , Ramie
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Green Composites : Opportunities and Challanges

Marti Npacwa YAwka?

e

*

MNeploplopévol mopol metpelaiou
Aufavopuevo kooTtoc etpelaiou
Meiwon Twv agpiwv tou Beppoknmiov
N€a UALKA YL TTPONYUEVEC KATAOKEUEC

Yo

*

+ +
0‘0 0‘0

Nowa eival ta MAsoveKTpata?

Kataokeudlovtol amnd avavewoLUEC TINYEC
EivalL avakukAwoipa

Eival Broanodopovpeva

Eival owkovopika Buwotlpa

Eival pAka nmpocg to nepPariov

+ + +
0‘0 0‘0 0‘0

*e

*

Yo

*
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Vehicle part Material used
Glove box Wood/cotton tibers molded,
flax/sisal
Door panels Flax/sisal with thermoset
resin
Seat covering Leather/wool backing
Seat surface/backrest Coconut fiber/natural fiber
Trunk panel Cotton fiber
Floor panels Flax mat with PP
Trunk floor Cotton with PP/PET fibers

Green composites have found increasing application in
industrial housing construction as compared to other industrial
application.
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Types of matrix composites

 J L J Y L} Y
| Metal matrix | Inorganic Polymer matrix Ceramic matrix Carbon
nonmetallic matrix| |(composites (PMC) composites based matrix
Types of fibre PMCs
Y l l
| Glass fibres | |Polyethylene fibres| | Carbonfibres | [ Aramidfibres | [Boronfibres

Types of carbon fibre composites

Thermosets Thermoplastics
increasing carbon-epoxy carbon-polyetheretherketone
temperature carbon-hismaleimide carbon-polyetherketone
capability l carbon-polyimide carbon-polyimide
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Polymerization, any process in which relatively small molecules, called monomers, combine chemically
to produce a very large chainlike or network molecule, called a polymer. The monomer molecules may
be all alike, or they may represent two, three, or more different compounds.
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I

Butadiene -elastomers
(BR)

Styrene-butadiene -
elastomers (SBR)

Polyurethane (PUR)

Elastomers Thermoplastics Thermosets
| Epoxy resins (EP)
Amorphous Phenol resins (PF)

thermoplastics

Semi-crystalline
thermoplastics

Polyester resins (UP)

Polycarbonate (PC)
Polymethymethacrylate
Polystyrene (PS)
Polyvinylchloride (PVC)

Polyamide (PA)
Polyethylene (PE)

(PET, PETE)

m Polypropylene (PP)

Polyphenylensulphone
(PPS)

Polyvinyldenfluoride
(PVDF)

Polyethylene terephthalate
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Polyaddition

= =

Polycondensation

Step Growth

Thermoplastics

Thermoplastics Thermosets Thermoplastics Thermosets
Examples: Examples: Examples: Examples: Examples:
* Polyethylene * Urethanes * Epoxies * Polyester * Alkyd
* Polyacetal * Polyurea * Crosslinked * Nylon * Melamine
* Polypropylene * Polyethers Urethanes * Polyimide * Phenolic
* Polystyrene * Polysulfone * Silicone
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