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1. PRINCIPLES OF COMPOSITE MATERIAL MECHANICS
Ronald F. Gibson

2. Handbook of Analytical Methods for Textile Composites
NASA Contractor Report 4750

3. 3-D textile reinforcements in composite materials

4. Mechanics of Laminated Composite Plates and Shells

J. N. Reddy

5. MECHANICS of Composite Materials

Autar K. Kaw
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1.COMPOSITES MANUFACTURING Materials, Product, and Process Engineering

Sanjay K. Mazumdar
2. PRINCIPLES of the MANUFACTURING OF COMPOSITE MATERIALS

Suong V. Hoa
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Fibers Resin Composite
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Short or long Continuous
fibers, or flakes fibers

Fiber composites
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Lance Armstrong’s 2-1b.
Trek bike, 2004 Tour de
France

Pedestrian bridge in
Denmark, 130 feet long

(1997)

Swedish Navy, Stealth
(2005)
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C-17 Aircraft

O Carbonsepoxy [ &ramid /DuFPont Nome:x
[ Carbonsaramid fepoxy M Aramid/foam core

Bl Glass-fiber B Carbon/DuPont Nomex
reinforced plastic
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Composite Components in Aircraft Applications

Composite Components

F-14

E-15

E-16

B-1

AV-8B
Boeing 737
Boeing 757
Boeing 767

Doors, horizontal tails, fairings, stabilizer skins

Fins, rudders, vertical tails, horizontal tails, speed brakes, stabilizer skins
Vertical and horizontal tails, fin leading edge, skins on vertical fin box
Doors, vertical and horizontal tails, flaps, slats, inlets

Doors, rudders, vertical and horizontal tails, ailerons, tlaps, fin box, fairings
Spoilers, horizontal stabilizers, wings

Doors, rudders, elevators, ailerons, spoilers, flaps, fairings

Doors, rudders, elevators, ailerons, spoilers, fairings
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Launched in 2000 To be launched in 2007

11% composites 50% composites
70% aluminum 20% aluminum
7% titanium 15% titanium
11% steel 10% steel

1% other 5% other

20% more fuel efficiency
and 35,000 Ibs. lighter
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Carbon Fiber Tubing
Cm-FmIEmyotC\/me
+ High Tolerance ID and

Shear Panels
+ Carbon Fiber and Aluminum Skins
* Aluminum Honeycomb Core

N :m

Brackets / Fittings
* Carbon Fiber | Epoxy or Cuanate Ester
* Keviar / Epoxy

'\\ &Lw@wjbdfs‘}ou.&b

Satellite Components

Integrally Stiffened Bus Panel
+ Carbon Fiber | PEEK

*Cox idated using C

Washout Tooling

Wave Guide
+ Carbon Fiber / PEI
* Siver Plated

Feed Hom Antenna
= Carbon Fiber | PEJ
* Siver Plated
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Inshore IB1 2003 338 kg 495x2m 25 knots  FRC structure with Hypalon coated polyester boat fabric
Atlantic 21 1972 1.4 tonnes 6.9x2.44 m 32 knots  GRP hull with hypalon-coated nylon tube
Atlantic 75 1992 1.5 tonnes 7.3x2.64m 32 knots  GRP hull with hypalon-coated nylon tube
Mersey 1988 14 tonnes 11.77 x4 m 16 knots  aluminium or fibre reinforced plastic
Trent 1994 27.5 tonnes 14.26 x 49 m 25 knots  fibre reinforced composite
Tamar 2005 30 tonnes 16x5m 25 knots  fibre reinforced plastic (FRP)
Arun 1971 31.5 tonnes 16-17 x5.43 m 18 knots  glass reinforced plastic

Severn 1996 41 tonnes 17x59 m 25 knots  fibre reinforced composite
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Average Use of Composites in Automobiles per Year, 1988-1993

Usage Usage Manufacturing Usage
Applications (kg x 10°) Matrix Material (kg x 10°) Process (kg x 10°)
Bumper beam 42 Polyester (TS) 42 SMC (comp. mold) 40
Seat/load floor 14 Polypropylene 22 GMT (comp. mold) 20
Hood 13 Polycarbonate/PBT 10 Injection molding 13
Radiator support 4 Polyethylene 4 Ext. blow mold 5
Roof panel 4 Epoxy 4 Filament wound 3
Other 11 Other 7 Other 8
Total 89 Total 89 Total 89

Source: The Automotive Composites Consortium.?
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1.8 pounds (56)
Size: 50, 54, 56. 58. 60
IsoTruss® Technology

Carbon fiber/Kevlar

Lifetime warranty

’ ! Limited production

l“ll\ A




~_ P ple s S el S

Y p'\jj |

"'ﬁjuf.ﬁ:ﬁf}::;"’lf‘)J ‘L.SSM ¢ yah J...:\.ALSK;B C)‘jj

5 oo o3kl ol ST UL (gla 5 sl 51 iy 3550 (0]
L5‘°)L“'ﬁ LS’L":"'L'“ﬁ LS"J’Q'; ;})L,o_n .

%&&u&&ujsoamw‘jaﬁyéu&q}gﬁ . @

iy blae yo Coods () b Ogmw O3ls ES g (gl eslanal®






Al b R s S e sl s

Typical Properties of Some Engineering Materials

Tensile  Tensile Max.
Density Modulus Strength Specific Specific Service
(p) (E) (o) Modulus Strength Temp.
Material (g/cc) (GPa) (GPa) (E/p) (a/p) °O)
Metals
Cast iron, grade 20 7.0 100 0.14 14.3 0.02 230-300
Steel, AISI 1045 hot rolled 7.8 205 0.57 26.3 0.073 500-650
Aluminum 2024-T4 2.7 73 0.45 27.0 0.17 150-250
Aluminum 6061-T6 2.7 69 0.27 255 0.10 150-250
Plastics
Nylon 6/6 1.15 29 0.082 2.52 0.071 75-100
Polypropylene 0.9 14 0.033 1.55 0.037 50-80
Epoxy 1.25 35 0.069 2.8 0.055 80-215
Phenolic 1.35 3.0 0.006 2.22 0.004 70-120
Ceramics
Alumina 38 350 0.17 92.1 0.045 1425-1540
MgO 3.6 205 0.06 56.9 0.017 900-1000
Short fiber composites
Glass-filled epoxy (35%) 1.90 25 0.30 8.26 0.16 80-200
Glass-filled polyester (35%) 2.00 15.7 0.13 7.25 0.065 80-125
Glass-filled nylon (35%) 1.62 14.5 0.20 8.95 0.12 75-110
Glass-filled nylon (60%) 1.95 21.8 0.29 11.18 0.149 75-110
Unidirectional composites
S-glass/epoxy (45%) 1.81 39.5 0.87 21.8 0.48 80-215
Carbon/epoxy (61%) 1.59 142 1.73 89.3 1.08 80-215

Kevlar/epoxy (53%) 1.35 63.6 1.1 471 0.81 80-215
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Maximum Continuous-Use Temperatures ég?'; sle 035w )3 s
for Various Thermosets and Thermoplastics BTGy }-:'“L{ &_,_1_‘;‘ & | @ as & L
Maximum . ‘ -
Continuous-Use 22 S S s* o2l LSM w'ju
Temperature )\ b _5)5- u,pb}- C—*‘;j*” 4 YL Lgl.a.)
Materials °O) .
O ij LS)K 6 gd>en D S D
Thermosets
Vinylester 60-150 R SEARRN e
Polyester 60-150
Phenolics 70-150
Epoxy 80-215
Cyanate esters 150-250
Bismaleimide 230-320
Thermoplastics
Polyethylene 50-80
Polypropylene 50-75
Acetal 70-95
Nylon 75-100
Polyester 70-120
PPS 120-220
PEEK 120-250

Teflon 200-260
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Plastic/general
g _gmin 1/2
yielding KC/O'}, = 2.5 in.
o~ : L
= 300 | Elastic-plastic/mixed mode L
< 5 K Joy = 06in 172
% %, "",« KCJGY = 0.6 in.
2 200 -
§ ?}‘-‘Q ,""
w O«g e Clastic/plane strain
k= > X
Q s
£ 100 X
[ e
Aluminum - e - i
e Composites Ceramics
- I o 1 I | N
/ 100 200 300 400 500
Polymers

Yield strength, x10° psi
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Strength

N\ Ceramic
Metal

- Composite

Toughness

e

N

Corrosion resistance Formability

Joinability



