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Crack propagation 
boron/aluminum composite, 278-284,285-

303 
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silicon carbide whisker/aluminum com­
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fracture toughness testing 
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Damping (see Internal friction) 
Deformation (see also Dislocations) 
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Dislocations (see also Deformation) 
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Electron microscopy, scanning 
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414-421, 425-426 
boron fibers, 420-421 
3D-braided/aluminum-lithium composite, 

57-64 
silicon carbide whisker/aluminum compos­

ite, 139-142, 384, 385, 391-393 
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Extrusions 

ultrasonic inspection of, 380 

Failure mechanisms and processes 
electron microscopy of, 293-296 
finite analysis of, 95-102 
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ite, 123, 139-142, 370-372 
unidirectional ply composites, 165 

Fatigue, thermal-mechanical testing 
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Federal Aviation Administration (FAA) 

metal matrix composite specifications, 197-
204 

Fibers (see also Particulates, silicon carbide; 
Whiskers, silicon carbide) 

alumina, 31-46, 48-58, 227-247, 319-
328 

boron, 278-284, 285-303, 409-430 
electron microscopy of, 420-421 
transverse tension testing of, 413-415 

failure mechanisms and processes, 293-296 
FP, 31-46, 48-58, 319-328 
graphite, 19-30, 93-102, 107-120, 216-

225, 248, 254-258, 336-345, 347-
355, 396-405 

single filament 
dimensional scaling, 104-120 
size effect, 104-120 
statistical strength, 104-120 

tungsten, 3-17 
Filaments, testing of, 104-120 
Finite element analysis 

high-temperature, multilayered fiber com­
posites, 159-176, 177-196 

micromechanical properties, 95, 97 
Fixturing, 321 
Flexural testing 

ASTM Standard D 790, 355 
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computer programs, 273-274 
shear modulus, 266-272 
silicon carbide whisker/aluminum compos­

ite, 359-362, 384, 390 
FP fiber, 31-46, 48-58, 319-328 
Fracture, work of 

boron fiber/aluminum composite, 415-416, 
425-429 

Fracture behavior {see also Failure mecha­
nisms and processes; Failure modes) 

resistance 
silicon carbide whisker/aluminum com­

posite, 277-284, 305-316 
unreinforced versus reinforced aluminum 

alloy cylinders, 277-284, 280-281 
toughness testing, 277-316 

ASTM Standard E 399, 277, 278, 280-
281 

braided composite, 33, 38-40 
Charpy-type specimen, 278-284 
fatigue precracked specimens, 278-284 
Mode I and Mode II, 315-316 

Heating, rapid 
effect on tensile testing, 336-345, 346-375 
equipment for, 330-335, 350 
quartz lamps, 350, 365 

Hot working 
silicon carbide/aluminum composite 

mechanical properties, 385, 386-390 
microscopic examination, 385, 391-393 

Hydrostatic strain 
silicon carbide whisker/aluminum compos­

ite, 278-279 
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Impact loads {See Loading, impact) 
Impact testing 

drop-weight 
3D-braided/aIuminum-Iithium compos­

ite, 33, 40-42 
Interface reaction 

fiber/matrix, 409, 412 
Internal friction 

silicon carbide whisker/aluminum compos­
ite, 210-215 

Graphite fibers, testing of in matrix 
biaxial loading, 100-102 
bursting test, 400, 406 
compressive properties, 20-22, 26-27, 403, 

405-406 
crack propagation, 99-100 
dimensional scaling, 104-120 
elasticity testing, 222-225, 403-405 
failure strain rate, 339 
laser absorptivity, 22-26, 27-30 
micromechanical analysis, 95-102 
rapid heating testing, 329-345, 346-375 
shear testing, 99-100, 403, 405 
size effect, 104-120 
statistical strength, 104-120 
tensile testing, 198, 116-117, 118, 339-

345, 353 
thermal expansion measurements, 248, 254-

258 
torsion test, 401, 406 
ultrasonic evaluation, 216-225 
WeibuU distribution, 105-107 

Guidelines, military 
for metal matrix composites, 197-204 
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Heat capacity 
measurement methods. 75 

Joints 
thermal-mechanical testing, 9-17 

K 

Kink band formation, 323-324 

Laminates {see Metal matrix composites) 
Laser absorptivity 

graphite/aluminum composite, 22-26, 27-
30 

graphite/magnesium composite, 22-26, 27-
30 

Laser interferometric dilatometer, 248-258, 
287, 290-293 

Lithium matrix, 31-46, 48-64 
Load-displacement curves 

boron fiber/aluminum composite 
notched specimens, 296-302 
room versus elevated temperature, 296-

302 
Loading 

axial 
FP fiber/magnesium composite, 323-328 
shear modulus determination, 261-265 
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Loading (Continued) 
biaxial 

graphite fiber/epoxy composite, 100-102 
cyclic 

computer controlled, 9-17 
impact 

3D-braided aluminum/lithium composite, 
33, 40-41 

3-point bending 
unreinforced versus reinforced aluminum 

composite cylinders, 278-284 
shear 

FP fiber/magnesium composite, 323-328, 
366 

graphite/aluminum composite, 99-1O0 
tensile 

aluminum alloy cylinder, 278-279 
silicon carbide whisker/aluminum com­

posite, 278-279, 307-310 
transverse tension 

graphite/aluminum composite, 98 
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Magnesium matrix, 19-30, 227-248, 257-258, 
319-328 

Mechanical testing (see Blanking; Bursting 
test; Compression testing; Crack-open­
ing displacement; Crack propagation; 
Damping; Deformation; Dislocation; 
Elasticity testing; fatigue, thermo-
mechanical; Flexural'testing; Fracture 
behavior; Impact testing; Internal fric­
tion; Micromechanical testing; Micro-
stresses, thermomechanical; Minime-
chanical testing; Pin-bearing tests; 
Plasticity; Shear testing; Strain harden­
ing; Strain rate; Strength, transverse; 
Strength/stiffness; Stress-strain; Ten­
sile testing; Torsion testing) 

Metal Matrix Composite Information Analysis 
Center (MMCIAC), 346 

Metal matrix composites 
alpha-alumina fiber/alumina-lithium, 31-46, 

48-59 
alpha-alumina fiber/magnesium, 319-328 
aluminum-lithium matrix, 31-46, 48-59 
boron fiber/aluminum, 285-303, 409-430 
borsic/aluminum, 336-345 
3D-braided, 31-46, 48-59 
FP fiber/aluminum, 227-247 
FP fiber/aluminum-lithium, 31-46, 48-59 
FP fiber/magnesium, 227-247, 319-328 

graphite/aluminum, 19-30, 93-102, 107-
120, 216-225, 248, 254-257, 336-
345, 347-375 

graphite/copper, 336-345, 347-375 
graphite/magnesium, 19-30 
high-temperature, 159-176, 177-196 
honeycomb, 66 
particulates (see Particulates, silicon car­

bide) 
silicon carbide particulate/aluminum, 346-

348, 350-375, 376-382, 383-395 
silicon carbide whisker/aluminum, 79-88, 

121-141, 143-158, 207-225, 277-
284, 305-316, 336-345, 346-348, 
350-375, 376-382, 383-395 

whiskers (see Whiskers, silicon carbide) 
Micromechanical analysis 

graphite/aluminum composite, 95-102 
high-temperature, multilayered fiber com­

posites, 159-176 
Microstresses, thermomechanical 

equations for, 166-168, 180 
applications, 170-172, 180-196 

Microstructural analysis (see Electron micros­
copy, scanning) 

Military handbooks 

MIL-HBK-5, 197-200, 202-204 
ASTM Standards E 8, 198 
ASTM Standards E 9, 198 
ASTM Standards E 238, 198 
ASTM Standards E 466, 198 

MIL-HBK-17, 201-204 
ASTM Standard D 3039, 201 
ASTM Standard D 3410, 201 
ASTM Standard D 3518, 201 

Minimechanical analysis 
silicon carbide whisker/aluminum compos­

ite, 121-142, 143-158 
Missile aerodynamic heating, 346 
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Nondestructive evaluation (see also Electron 
microscopy, scanning) 

acoustic emissions, 121-142 
computed tomography, 227, 230-232, 234 
electromagnetic acoustic transducers 

(EMATS), 216-225 
laser absorptivity, 19-30 
laser interferometer, 248-258, 287, 290-

293 
television, closed-circuit, 93 
ultrasound, 208-209, 216-225, 232-234, 

238-247, 376-382 
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Notch acuity effects 
unreinforced versus reinforced aluminum 

composite cylinders, 278-284 
Notched specimens (see also Crack propaga­

tion) 
boron fiber/aluminum composite, 278-284, 

285-303 
graphite fiber/aluminum composite, 99-100 

O 

Off-axis testing 
for shear modulus, 261- 265 

Particulates, silicon carbide 
dynamic modulus, 209-210 
elasticity testing, 384, 390 
flexural strength, 359-362, 384 
fracture strength, 339 
pin-bearing tests, 362-364 
tensile strength, 339, 351 
ultrasonic inspection, 376-382 

Piezoelectric ultrasonic composite oscillator 
technique (PUCOT), 208-209 

Pin-bearing tests 
silicon carbide particulates/aluminum com­

posite, 362-364 
silicon carbide whiskers/aluminum compos­

ite, 362-364 
Plasticity testing 

silicon carbide whisker/aluminum compos­
ite, 153-156 

Plates 
graphite/aluminum composite, 218-221 
silicon carbide whisker/aluminum compos­

ite 
ultrasonic inspection of, 382 

3-Point bending tests 
boron fiber/aluminum composite, 411-412, 

415-416 
Polymeric matrix composites 

graphite/epoxy, 107-120 
Pressure derivative 

elastic constants, 84-85 
Pultruded tubing, 396-407 

R 

Root attachments 
bond strength testing, 10-17 

SEM (see Electron microscopy, scanning) 
Shape factor 

compression testing 
FP fiber/magnesium composite, 319-

328 
Shear testing 

adiabatic shear stability 
3D-braided unreinforced versus rein­

forced aluminum-lithium composite, 
48-59 

3D-braided/aluminum-lithium composite, 32, 
34-37, 48-59 

metal matrix composites, 259-272 
modules, composites 

review, 259-261 
turbine airfoils, 189 
yield stress 

boron fiber/aluminum composite, 301-
302 

Short-fiber composites (see Particulates, sili­
con carbide; Whiskers, silicon carbide) 

Silicon carbide whiskers (see Whiskers, silicon 
carbide) 

Specifications 
Department of Defense, 197-204 
Federal Aviation Administration, 197-204 

Specimens, types of 
Bauschinger effect, 307-308 
Charpy, 278-284 
fatigue precracked, 279-284 
notched, 278-284 

Statistical data 
for metal matrix composites, 197-204 

Strain hardening 
silicon carbide whisker/aluminum compos­

ite, 123-125, 153 
Strain rate (see also Stress-strain curves) 

silicon carbide whisker/aluminum compos­
ite cylinders, 306-316 

Strength, transverse 
boron fiber/aluminum composites, 410-411, 

416-424 
metal matrix composites, 409 

Strength/stiffness (see also Elasticity) 
silicon carbide whisker/aluminum compos­

ite, 123-125 
Stress-strain curves (see also Strain rate) 

silicon carbide particulate/aluminum com­
posite, 356-358 

silicon carbide whisker/aluminum compos­
ite, 125-133, 148-156, 356-358 

transverse tension tests, 422-424 
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Structural analysis 
nonlinear composites, 178, 180, 182-183 
turbine airfoils, 178, 180, 182-183 

Television, closed-circuit 
deformation, observation of, 293 

Temperature, elevated {see also Temperature, 
room; Thermal properties) 

compressive testing, 26, 27 
deformation effect, 288-302 
elasticity testing, 207, 208, 209-210, 225, 

288-293, 345, 387-390 
expansion effect, 96, 253-258 
laser absorptivity testing, 27-29 
load-displacement curves, 296-302 
tensile testing, 96, 336-345, 346-375, 351, 

369, 372, 387-390 
Temperature, room (see also Temperature, el­

evated; Thermal properties) 
elasticity testing, 287, 345 
flexural testing, 359-362, 390 
load-displacement curves, 296-302 
pin-bearing tests, 362-364 
tensile testing, 364-375, 390 

Tensile testing, 336-375 
boron fiber/aluminum composite, 409-430 

longitudinal strength, 411, 412 
transverse strength, 411, 412, 416-424 
3D-braided/aluminum-lithium compos­

ite, 32, 34-37 
graphite/aluminum composite tubing, 397-

400, 403, 403-405 
graphite fiber/aluminum composite, 98-99, 

119, 347-375 
graphite fiber/epoxy composite, 119-120 
graphite filament, 118, 120 
silicon carbide particulate/aluminum com­

posite, 347-375, 384, 385, 387-388, 
390 

silicon carbide whisker/aluminum compos­
ite, 98, 122-133, 147-153, 278-279, 
347-375,351,352, 367,384, 385, 387-
388, 390 

silicon carbide whisker/aluminum compos­
ite cylinders, 306-310 

Test coupons 
continuously reinforced, 348-350 
discontinuously reinforced, 347-348 

ASTM Standard E 8, 347 
Thermal properties {see also Temperature, el­

evated; Temperature, room) 
conductivity 

analytical models, 67-72 

diffusivity 
honeycomb matrix, 73-75 

expansion 
graphite/aluminum composite, 248, 254-

257 
graphite/magnesium composite, 248, 

257-258 
metal matrix fiber-reinforced composites, 

76 
fatigue testing 

bond joints, 9-17 
composite specimens, 4 -9 

high-temperature metal matrix composites, 
162, 165, 177-196 

stress testing 
measurement methods, 67-76 

tensile testing 
boron fiber/aluminum composite, 409, 

411-430 
boron fibers, 409, 413-430 

thermoviscoplastic behavior 
high-temperature metal matrix compos­

ites, 177-196 
turbine airfoil, 180-196 

Through-transmission, 231-234 
Torsion testing 

graphite fiber/aluminum tubing, 401 
silicon carbide whisker/aluminum cylin­

ders, 310-311 
Tubes, composite 

graphite fiber/aluminum, 222, 396-407 
pultruded, 396-407 
tungsen fiber reinforced, 3, 9-17 

Tungsten 
fiber reinforcement, 3, 9-17 

Turbine airfoils 
microstress analysis, 170-173 
thermoviscoplastic nonlinear constitutive 

relationships, 180-196 

U 

Ultrasonic inspection, 208-209,216-225,232-
234, 238-247, 376-382 

ASTM Standard E 127, 377 
Uniaxial stresses 

high-temperature metal matrix composites, 
166 

W 

WeibuU distribution, 105-107, 199, 411 
Whiskers, silicon carbide {see also Particu­

lates, silicon carbide) 
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acoustic emissions, 133-139 
adiabatic elastic constants, 79-88 
Bauschinger effect, 307-308, 310-316 
compression testing, 147-148, 310-311 
dislocations, 210-214 
dynamic modulus, 208-210 
elasticity, 81-88, 207-215, 384, 390 
electron microscopy of, 139-142, 384, 

385, 391-393 
failure modes, 123, 139-142, 370-372 
failure strength, 339, 345 
flexural strength, 359-362, 384, 390 
fracture toughness testing, 277-284, 305-

316 
hydrostatic strain, 278-279 
minimechanical analysis, 121-142, 143-

158 
pin-bearing tests, 362-364 
plasticity, 153-156 

strain rate, 121-142, 305-316 
strength/stiffness, 123-128 
stress-strain behavior, 125-133, 148-156, 

356-358 
tensile testing, 98,122-133, 147-153, 278-

279, 306-310, 347-375, 385, 387-
388, 390 

ultrasonic inspection, 376-382 

Young's modulus {see also Dynamic modulus) 
shear modulus determination, 261, 266-

272 
silicon carbide particulate/aluminum com­

posite, 386-390 
silicon carbide whisker/aluminum compos­

ite, 208-210, 386-389, 390 




