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16.1  Schematic representations of the various geometrical and spatial
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characteristics of particles of the dispersed phase that may influence the
properties of composites: (a) concentration, (b) size, (c) shape, () distribution,

and (e)

orientation. (From Richard A. Flinn and Paul K. Trojan, Engineering

Marerials and Their Applications, 4th edition. Copyright © 1990 by John Wiley &
Sons, Inc. Adapted by permission of John Wiley & Sons, Inc.)
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Composites

Particle-reinforced Fiber- remforced Structural
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Aligned Randomly
oriented
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oy 164 Photomicrograph of a
cemented carbide. Light areas are
thecobalt matrix: dark regions, the particles

- of tungsten carbide. 100, (Courtesy of
."_ Carboloy Systems Department. General
Electric Company.)
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%Vol particle ~ 90% or more!
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Ficone 16,5 Electron micrograph showing
the spherical reinforcing carbon black

| particles in a synthetic rubber tire tread

. compound. The areas resembling water
marks are tiny air pockets in the rubber.
80,000 . (Courtesy of Goodyear Tire &
Rubber Company.)
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%Vol particle ~ 15-30%
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Falile T4 Characteristics of Several Fiber-Reinforcement Materials

Tensile Specific Maodilus Speeific
Speeifie Strensth Strenzth af Efustivin: Waelulus
Materinl Ciravity [GPa (30" psi) [6:Pu) [GPa (1) )] (6P
Whiskers
Graphite 22 20 9.1 T0 318
(3} (100}
Silicon nitride 32 5-7 1.56-2.2 350380 109-118
(0.75-1.0) (50-55)
Aluminum oxide 4.0 10-20 2.5-50 TO0-1500 175373
{1-3} ( 1K-2200)
Silicon carbide 32 20 (.25 480 150
{3} {70}
Fibers
Aluminum oxide 3.95 1.38 0.35 379 e
(0.2) {35}
Aramid (Kevlar 49) (R 3n-41 2.5-285 131 91
(0L.525-00600) (19)
Carbon” 1.78-2.15 1.5-4.8 0.70-2.70 228724 106407
(0.22-0070) (321000}
E-Glass 258 345 1.34 725 28.1
(0.5) (10.5)
Boron 257 i6 140 400 156
(0.52) (60}
Silicon carbide 3.0 39 130 A 133
{(L57) [{e4)]
UHMWPE (Spectra %)) 0.97 26 268 17 121 17
(0.38) (17)
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MMC (Metal-matrix Composites)

m Continuous-fiber reinforced MMC 144
m Al-B fiber
= 6061, 2024 + SiC fiber, B fiber

m Discontinuous-fiber/ Particulate reinforced
MMC

= Al + SiC fiber, Alumina fiber
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PMC (Polymer-matrix Composites)
m GFRP=Glass Fiber-reinforced Polymer
m CFRP= Carbon Fiber-reinforced Polymer
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Frcvne 10012 Schematic diagram showing the pultrusion process.
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@ } The Macmillan Company, New York, 1981.]
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« Laminar Composites JRaNINANEU
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7 7 = - -~ -~ Pk 16,16 The stacking of successive

i 3 oriented, fiber-reinforced layers for a laminar

composite.
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o 10017 Schematic diagram showing the construction of a honeycomb
core sandwich panel. (Reprinted with permission from Engineered Materials 24
Handbook, Vol. 1, Compaosites, ASM International, Metals Park, OH, 1987.)
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Ex:V, =40%, E, =69 GPa, E, =3.4 GPa

E.=E)V, +EJV,
=(3.4)0.6)+(96)0.4)
=30GPa
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