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(b) (c) (d)

textile composites:

(a) 3D angle interlock layer-to-layer woven composite,

(b) 3D orthogonal woven composite,
(c) 2D diamond braided composite,
(d) 2D tri-axially braided composite,
(e) warp knitted composite, and

(f) weft knitted composite.

Knitted

-

(f)
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Fiber Matrix Applications
Graphite Aluminum Satellite, missile, and helicopter structures
Magnesium Space and satellite structures
Lead Storage-battery plates
Copper Electrical contacts and bearings
Boron Aluminum Compressor blades and structural supports
Magnesium Antenna structures
Titanium Jet-engine fan blades
Alumina Aluminum Superconductor restraints in fission power reactors
Lead Storage-battery plates
Magnesium Helicopter transmission structures

Silicon carbide

Molybdenum, tungsten

Aluminum, titanium
Superalloy (cobalt-base)

Superalloy

High-temperature structures
High-temperature engine components

High-temperature engine components
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MMCs:Increased creep resistance
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Typical Mechanical Properties of Metal Matrix Composites

SiC/ Graphite/
Property Units aluminum  aluminum  Steel  Aluminum
System of units: USCS
Specific gravity — 26 22 7.8 26
Young's modulus Msi 17 18 30 10
Ultimate tensile strength ksi 175 65 94 3
Coefficient of thermal uin. /in./°F 6.9 10 6.5 12.8
expansion
System of units: SI
Specific gravity — 2.6 22 7.8 2.6
Young's modulus GPa 117.2 124.1 206.8 68.95
Ultimate tensile strength MPa 1206 448.2 648.1 234.40
Coefficient of thermal um/m/°C 124 18 11.7 23

expansion
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CMCs: Increased toughness

Force

particle-reinf

>

fiber-reinf
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Bend displacement
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Typical Mechanical Properties of Some Ceramic Matrix Composites

Property Units SiC/LAS SiC/CAS  Steel Aluminum

System of units: USCS

Specific gravity - 21 25 7.8 2.6

Young's modulus Msi 13 17.55 30.0 10.0

Ultimate tensile strength ksi 72 58.0 94.0 34.0

Coefficient of thermal pin./in./°F 2 2.5 6.5 12.8
expansion

System of units: SI

Specific gravity — 2.1 2.5 7.8 2.6
Young's modulus GPa 89.63 121 206.8 68.95
Ultimate tensile strength MPa 496.4 400 648.1 2344
Coefficient of thermal um,/m/°C 3.6 4.5 11.7 23

expansion
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PMCSs: Increased Elp

3 ceramics
102
1_02 _ PMCs
GPa
10 metal/
1L metdl alloys
=T polymers
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Density, p [mg/m3]
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Typical Mechanical Properties of Polymer Matrix Composites and

Monolithic Materials

Graphite/ Glass/

Property Units epoxy epoxy Steel Aluminum
System of units: USCS
Specific gravity — 1.6 1.8 7.8 2.6
Young's modulus Msi 26.25 5.598 30.0 10.0
Ultimate tensile strength ksi 217.6 154.0 94.0 40.0
Coefficient of thermal expansion  pin./in./°F 0.01111 4.778 6.5 12.8
System of units: SI
Specific gravity — 1.6 1.8 7.8 2.6
Young's modulus GPa 181.0 38.6 206.8 68.95
Ultimate tensile strength MPa 150.0 1062 648.1 275.8
Coefficient of thermal expansion — um/m/°C 0.02 8.6 11.7 23
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CFRP- Carbon fibre reinforced poly mers
GMC-Glass matrix composites

GCMC- Glass Ceramic matrix composites
CMC- Ceramic matrix composites

MMC- Metal matrix composltes

C-C -Carbon/carbon composites

C-C* Advanced carbon/carbon composites

__\sialon SSiC ™
1000 1200 1400 1600 1800

T

0 200 400 600 800

Temperature (°C)
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Typical Mechanical Properties of Carbon—Carbon Matrix Composites

Property Units C-C Steel Aluminum
System of units: USCS
Specific gravity — 1.68 7.8 2.6
Young’s modulus Msi 1.95 30 10
Ultimate tensile strength ksi 5.180 94 40
Coefficient of thermal expansion  Uin./in./°F 1.11 6.5 12.8
System of units: SI
Specific gravity — 1.68 75 2
Young’s modulus GPa 13.5 206.8 68.95
Ultimate strength MPa 35.7 648.1 234.4
Coefficient of thermal expansion  um/m/°C 2.0 11.7 23
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