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° . Polimer Matrix Composite
* . Ceramic Matrix Composite
V. Metal Matrix Composite
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Specific Gravity Modules of Elasticity

Plastics
Reinforced Plastica
Wood
Steal
Aluminum
Concrate
0 2 H 6 8 o 1'ui 2;u ES 4'ni 50 10° pai
100 200 300 GPa
Thermal Conductivity
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Material Ulumate Modulus,  Specific  Maximum Maximum
tensile stress, & (GPa) gravity  specific specific
a (MPa) strength, modulus,

by = 100 (m) kg % 10%(m})

Metal alloys

Steel T70-2200 180-210 7.8-185 288 2750
Aluminum 260-700 69-72 27-285  26.5 2670
Titanium 10001200 110 4.5 26.7 2440
Magnesium 260 40 1.8 14.4 2220
Beryllium 620 320 1.85 335 17300
Nickel 400-500 200 8.9 5.6 2250
Metal wires (diameter, pm)
Steel (20-1500) 15004400 180-200 78 56.4 2560
Aluminum {150} 290 69 2.7 10.7 2550
Titanium (100-800) 1400-1500 120 45 333 2670
Beryllium {50-500) LIDO0-1450 240-310 18185 BO.5 17200
Tungsten (20-50) 33004000 410 19-19.3 211 2160
Molybdenum (25-250) 1800-2200  3&0 10.2 21.5 3500
Thermoset polymeric resins
Epoxy 60-90 2442 1.2-1.3 1.5 350
Polyester -0 2.6-38 1.2-1.35 58 310
Phenol-formaldehyde 40-70 7-11 1.2-13 58 910
Organosilicone 25-50 6.8-10 1.35%-14 37 740
Polyimide 55-110 3z 1.3-1.43 83 240
Bismaleimide 80 4.2 1.2 6.7 350
Thermoplastic polymers
Polyethylene 2045 6-8.5 0.95 47 890
Polystyrene 1545 30 1.05 43 2860
Teflon 15-35 3.5 23 1.5 150
Nylon 80 2.8 1.14 7.0 240
Palyester (PC) 60 2.5 b.32 45 190
Polysulfone (PSU}) 70 2.7 1.24 5.6 220
Polyamide-imide (PAI) 90--190 2844 1.42 13.4 360
Polyetheretherketone (PEEK)  90-100 3.1-38 1.3 1.7 300
Polyphenylenesulfide (PPS) RO 15 1.36 59 250
Synthetic fibers
Capron 680-T80 4.4 1.1 70 400
Dacron 390-880 4.9-157 1.4 60 1430
Teflon 140440 29 23 190 130
Nitron 90880 49-8.8 1.2 70 730
Polypropylene 730930 44 0.9 100 480
Viscose 930 20 1.52 60 1300
Fibers for advanced composites (diameter, pm)
Glass (3-19) J00-5000 7295 24-26 200 3960
Quartz {10) G000 4 2.2 270 3360
Basalt (9-13) 300635000 S0 27300 130 3300

Aramid {12-15) 3500-5500 140180 1.4-1.47 390 12800



sl by s o jerls (pleS Ao ¥ Jgue

o Sl oo b gLl

[\]

Glass Fiber (wt %]
Property a 0 20 30 40 50 60
Specific gravity 1.14 1.21 1.28 1.37 1.46 157 1.70
Specific volume m3fmg x 10-10 243 88 229 83 216 78 201 73 190 69 176 B4 163 59
Tensile strength MPa 12 83 13 90 19 131 25 172 3 M4 32 2N 33 228
Tensife elongation (%) &G 35 35 30 25 25 1.5
Flexural strength MPa 15 103 20 138 29 200. 34 234 42 290. 46 317. 50 345
Flexural modulus GPz 40 28 60 41 90 62 13 a0 16 .10 22 1.52 28 1.93
Compressive strength MPa 49 338 13 896 23 1586 27 1862 28 1831 28 2000 30 2069
Heat defiection temperature 3t °C 150 470 475 485 500 500 500
Thermal expansion mm/mmK x 10° 45 B1 16 29 14 25 1.3 23 12 22 10 1.8 09 1E
Water apsorption, 24 n (%) 1.6 11 09 09 {.6 05 0.4
Mold shrinkage 15 6.5 5 a9 35 30 20
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fzod Deflection
Tensile Tensile Aexurad Hexural impact femperatise
Specific strength, Mo, Elongation, strengih, madulus, notched, wnder faad,
Resin orovity kfo GFa G Mfa Gro Jfm C
Myl on-6,6
Unreinfarced 1.14 a3 23 B0 na 28 53 80
30%: glass fibers 1.38 172 9.0 4 243 8.0 7 252
0% carban floers 128 227 207 3 J24 207 =] 763
40% mineral filler 1.50 92 55 3 155 72 48 245
40% glass-mineral 1.4% 124 TE 3 207 4.7 B4 245
Folypropylens
Unreinforced 09 34 1.4 1 16 51 53
300 glass floers 113 52 55 25 B5 4.1 &4 137
30% glass fbers 1.13 83 53 23 110 55 107 151
chemically caupled
A0 mica 1.23 K3 | 4.5 4 <8 4.1 3r L]
A0 talc 1.25 i3 31 4 <8 3.1 a7 76
Folycarhonate
Unreinfarced 1.20 65 24 7 g3 23 BO1E 132
30 glass fibers 1.43 13 9.0 25 128 7.4 160 143
0% carbon fibers 1.33 152 17.2 18 220 15.2 07 145
5% stainless steel 1.27 68 31 5 1o an 69 146
Polyesters
0% glass fibers (PRT) 1,51 12 e 4 200 87 96 206
30%% glass fibers (PET) 1.56 158 8.7 3 234 9.1 107 2249
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{zod Deflection
Tensile Tensife Flexural Fiexural impact temperature
Specific strength, modulus, Elangation, strenigih, madulus, notched, under load,

Resin gravity MPa GFa % MPa GPa Jim C
Nylor-6,6

Unreinfarced 1.14 83 29 60 119 238 53 90

30% glass fibers 1.38 172 9.0 q 248 90 107 252

300 carban fibers 1.28 227 20.7 3 324 20.7 85 262

40% minera 1.50 92 55 3 155 7.2 48 249

40% giass-minera| 1.49 124 76 3 207 9.7 64 746
Polypropylene

Unreinforced 09 34 1.4 11 1.6 B 53

30% glass fibers 1.13 52 55 25 65 4.1 &4 137

309% glass fibers 1.13 83 5. 23 110 5.5 107 1571

chemically coupled

40% mica 1.23 3 4.8 & 48 4.1 37 96

40% talc 1.25 29 31 4 48 3 27 76
Polycarbonate

Unreinfarced 1.20 65 24 7 93 23 801¢ 132

30% glass fibers 1.43 131 9.0 2.5 138 78 160 143

30% carbon fibers 133 152 17.2 1.8 220 15.2 107 145

56 stainless steel 1.27 68 3.1 5 1o 31 &9 146
Polyesters

30% glass fibers [PBT} 1.51 121 69 4 200 87 96 206

30% gtass fibers (PET) 1.56 158 a7 3 234 9.1 107 224




Reinforced plastics part to be processed (thermaset)

Large part Simiall part
lover 3x5 ft) (under 3x5 ft}
Strength predominant Cost predominant Strength predominant Cost predominant
Low _ _,.__.ma_.ca._ _. High _ — Low _ _ Medium _ _ High _ _ Low _ _ bedium _ _ High _ _ Low _ _ Medium _ _ High _
_ | ! _ _ | _ _ ! [ | _
Sprayup  Vacuum bag Filament winding Spray up Contact  Pressurebag  Bme & premix®  Smemat® Fabric® Mat preforms  Smemat Fabric
| | | | | _ preform fireprens preform prepreqs
Contact Autaclave Pultrusion  Macuumbag  Autoclave  Resin transfer | | |
| | | | Continuous  Matched tool Matched tool
Resin transfer  Pressure bag Resin transfer  Matched tool laminatian |
| | Injection
Pultrusian Injection
Shaps Volume Shape Volurme
| [ _ _ | _
- Simple | | Comlex | [ Low | | Hogn | | Simpe | | Complex | | Low | | High |
_ _ _ _ | _

Filament winding Pressure bag Contaet Pressure bag z__m_ Prefarm Preform Commpression
_ _ | _ _ _ _
Contact Autoclave Filament winding Auticlave Fabric Premix Mat Injection
| | | _ prepregs | |
Spray up Matched tool Wacuum bag Matched _ Injection Preforms
| | totling Compression _ _
Pultrusion Spray up Matched Continuous

toaling lamination
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