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Acoustic intensity, 149
Active sensing, 8, 10, 148, 159, 164, 179,
333, 338, 369, 376
Actuator, 8, 146, 159-162, 289, 340, 343,
350, 360, 375
Adhesives, 137. See Attachments.
Aircraft systems, 18
Alaska Airlines, 3, 280
Aliasing, 176, 185, 220
Aluminum beam, 293, 295
Aluminum plate, 364, 371
Amplitude distortion, 142, 181
Analog to digital converter (ADC),
171, 172, 174
AND operation, 251-253
Applications, 16, 44, 159, 198, 201
commercial, 3, 4
defense, 4
Area reduction, 109
Array gain factor, 200, 366, 367
Attachments, 141, 272
adhesive, 138, 141, 143
epoxy, 29, 137, 138, 329
glue, 29, 137, 139
strap, 139
stud mount, 143
Auto-correlation, 206, 209
Automotive systems
passenger cars, 4
suspensions, 4
tires, 4, 114
trucks, 3, 4
Autonomic logistics, 3, 5

Autoregressive, 72

Averaging, 222, 234, 236, 237, 241, 242
asynchronous, 234, 299
cyclic, 234, 235, 240, 241
synchronous, 234, 237, 299

Ball joint, 319. See Fastener.
Bearings, 1, 3, 322

Bilinear stiffness, 111
Bispectrum, 224, 225

Bit dropout, 174

Body armor, 26

Bolt, 30, 107, 108, 319, 322, 350
Broadband excitations, 93, 159
Buckling, 50, 52, 116, 211

Cables, 129, 155, 159

Calibration, 152, 162

Central limit theorem, 269

Ceramic tile, 94, 356

Charge amplifier, 157

Chasle’s theorem, 309

Chirp, 226

Clearance, 11, 14, 109

Clevis, 110, 262

Coherence function, 239

Cold welding, 13, 14, 318

Combined loading, 322, 323

Compliance method, 42

Composite materials
constitutive law, 118
cylinder, 115, 118, 126, 283, 297, 379
plate, 62, 64, 254, 275, 367
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Condition-based maintenance, 3, 24
Conferences, 23
Continuous parameter, 31
Control charts, 270
Controllability, 166, 167
Convolution, 218, 219
Corrosion, 116, 117, 120, 311
Coulomb friction, 48-50, 69
Coupling, 40, 88, 126
Cracks, 109-111, 115, 117, 121, 354
link up, 20
models, 109
Creep, 94, 115, 123, 124
Curvature, 76, 116, 245, 360

Damage
accumulation, 2, 23, 383, 393
definition, 12, 13
global, 12, 24
local, 24
models
dynamic, 125
static, 124, 125
Damage identification, 7, 9, 10, 24, 257, 263,
287,299, 371
detection, 9, 13, 161, 222, 264, 287, 288,
373, 374
vibration-based, 329
wave propagation-based, 375
location, 10, 290, 367
quantification, 10, 292, 293, 333
Damage growth, 7, 121, 391, 392
Damping, 31, 36, 60, 70, 76, 85, 100,
113, 243, 336
Data analysis, 21, 24, 187, 189, 208, 298
Degrees of freedom (DOF), 31, 375
Delamination, 11, 39, 50, 108, 113
Detection. See Damage identification,
detection.
Diagnostics, 9, 16, 24
Digital to analog converters (DAC),
129, 159
Dimensionality, 263
Direct parameter models, 101
Discrete Fourier transform, 220.
See Fourier analysis.
Discrete frequency model, 349
Discrete time models, 71, 101, 212
Dispersion
meaning, 59, 64, 101
relation, 53

Drop tower, 341

Durability, 17, 24, 137, 138, 164
suspensions, 4
tires, 4

Dye penetrant, 16, 26

Eddy current, 16, 147, 159

Eigenvalue problem, 33

Embedded sensitivity, 78, 79, 101, 258,
274, 293, 296, 333

Embedded sensors, 350

Engine valve, 12, 13, 316

Equations of motion, 32, 33, 45, 48, 68,
84, 309

Equilibrium, 31

Erosion, 11, 112

Evanescent wave, 60

Excitation, 31

Extrapolate, 325-327

Failure
definition, 15
models, 18, 122, 125
False alarms, 10
Fast Fourier transform (FFT), 219
Fastener, 48
bolt, 30, 107, 108, 319, 322, 350
rivet, 313, 314
Fatigue test, 391
Faults, 9, 20, 287. See Damage.
Feature extraction, 9, 24, 257, 258, 358
Features, 129, 257, 260, 263, 265, 280, 299
Fiber breakage, 90, 118, 124, 292
Fiber pullout, 108, 117, 118
Filters, 129
frequency-domain, 193, 194, 298
bandpass, 193
finite impulse response (FIR), 193, 194
high-pass, 156, 193
infinite impulse response (IIR), 193, 194
low-pass, 192, 312
spatial, 187, 194, 196, 298
beamformer, 197-199
temporal, 200
Finite element model, 56, 60, 209, 351
beams, 62
mass matrix, 33, 56
nodes, 55, 254, 255
plates, 64
rods, 55, 62, 208
stiffness matrix, 33, 55, 110, 351



Fourier analysis, 10
discrete Fourier transform, 218, 219
Fourier integral transform, 91
Free body diagrams, 32
Free response, 35, 36, 100, 161
Frequency response function (FRF), 37, 44, 101, 177
Frequency spectrum, 60, 75, 90, 189
power spectral density (PSD), 132, 226
power spectrum, 224, 225
Functional degradation, 14, 25

Gas turbine engine, 7, 344. See Wire harness
and connector.

Gaussian distribution, 96

Grating lobes, 200

Group velocity, 62, 63, 100

Harmonic response, 176
Health and usage monitoring (HUMS), 16
Health monitoring, 19, 23, 24, 111, 266,
334, 344, 367

definition, 1

process, 94, 297
Higher order spectra (HOS), 224, 225, 228, 298
Humidity, 95, 136, 271, 274
Hypothesis testing, 266, 299, 315

Impact hammer, 159, 166, 275, 283, 311, 323, 333

Impedance method, 41

Impulsive load, 305, 306

Inertia, 31, 100, 110, 111, 116, 152, 280

Integrated systems health management (ISHM),
16

Intelligent maintenance, 16

Interference, 100, 163, 196

Interpolate, 192

Inverse problems, 282, 299

Lamb waves, 64
Laser ultrasound, 149
Launch environments, 249
Leakage, 178, 179, 189, 191, 219, 234, 298
Least squares solution, 101, 281, 309, 312, 327
Loads
cyclic, 18
interaction effects, 4, 18, 287
redistribution, 2
transient, 316, 328
Loads identification, 7, 8, 24, 266, 280-282,
299, 313, 327
location, 380, 381
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Location, 327, 363, 366, 367. See Damage
identification, location.

Longitudinal waves, 60, 62, 208. See Wave
propagation.

Lumped parameter, 80, 100, 187

Mass, 337, 363, 375. See Inertia.

MATLAB®
‘adcerrors.m’, 172
‘aliasdemo.m’, 174
‘attachtrans.m’, 142, 184
‘averagingdemos.m’, 234, 235
‘bbandpdf.m’, 93
‘beamsteer.m’, 200, 301
‘frfestimation.m’, 239, 302
‘“filterdemo.m’, 193, 301
‘onedofesens.m’, 79, 105
‘ninedofdata.m’, 183, 184, 303, 328, 377, 394
‘ninedofenviron.m’, 136, 184, 328
‘ninedoffeature.m’, 263, 264
‘ninedofselect.m’, 165, 168, 185
‘ninedofspatial.m’, 243, 244
‘panelsimprestemp.m’, 98
‘piezoaccelfrf.m’, 153
‘piezosensorfrf.m’, 156
‘platefemsim.m’, 254, 303, 328, 377,

378, 394

‘rodldtranswave.m’, 60, 112
‘rodldwave.m’, 104
‘rodtemporal.m’, 209, 301, 302
‘thermalobserver.m’, 202, 301
‘threedofesense.m’, 81, 106
‘threedoffrfload.m’, 74
‘threedofmodal.m’, 86, 87
‘threedoftrans.m’, 46
‘threedofvforce.m’, 82
‘timefreqanalysis.m’, 228, 302, 378
‘twodofdft.m’, 220, 302
‘twodofdpe.m’, 67
‘twodofdtm.m’, 73, 74
‘twodofeig.m’, 33, 34, 36
‘twodofembed.m’, 215, 302
‘twodoffree.m’, 36
‘twodoffrf.m’, 38, 103
‘twodofhos.m’, 225
‘twodofrf.m’, 69
‘twodoftemporal.m’, 206, 212, 301-303
‘twoDshapesensor.m’, 144, 184
‘windowdemo.m’, 189

Matrix cracking, 119

Measurement degree of freedom, 163



458 INDEX

Measurements, 127
channel, 127
errors, 127, 145
variability, 271, 272
Membranes, 62
Metallic materials, 122
Microstructural changes, 119, 120
Missile casings, 20
Modal curvatures, 245, 262
Modal deflection shapes, 33, 244
Modal matrix, 84
Modal modeling, 243
Mode of vibration, 36
Modeling, 21, 24, 29, 31, 84, 108
data-driven, 325
physics-based, 293, 310
Moving average, 72
Multiplexer, 179
Multi-site damage, 367

Narrowband excitation, 60
Natural frequencies, 33, 34
Neural network models, 88
Newton’s laws, 32
Nodes, 55. See Finite element model.
Nodes of vibration, 164
Noise, 14, 73, 74
60 Hz, 172, 174
Noncontact sensors, 149. See Sensing.
Nondestructive evaluation, 16
offline, 16, 17
online, 16, 17
Nondestructive testing, 16, 17
Nonlinearity, 48, 292
damage detection, 9, 13, 161, 222, 264, 287,
288, 373, 374
modeling, 21, 24, 29, 31, 84, 108
Nonproportional damping, 111. See Proportional
viscous damping.
Nonstationary, 133, 135, 136, 181

Observability, 167

One-dimensional waves. See Wave propagation.
OR operation, 251

Overdetermined measurements, 281

Overload, 112, 177

Oxidation, 39

Paris’ law, 120-123
Passive sensing, 146

Peak pick, 85

Penetration, 112

Performance prediction, 11, 379

Phase distortion, 142, 181

Phase plane, 68, 70, 101,
344, 347

Phase velocity, 53, 63

Phased arrays, 196, 298

Phasors, 37

Phenomenological damage
models, 379

Pipe, 125

Plane wave, 197, 198

Plastic deformation, 112

Poincare sections, 216

Polymer beam, 166

Power spectral density (PSD), 226.
See Fourier analysis.

Preamplifier, 157

Prediction, 210, 213, 379

Principal coordinates, 84

Probability density function, 93

Probability of detection, 287

Product life-cycle management, 16

Prognostic health management, 16

Prognostics, 16, 19

Proportional viscous damping, 55

Pseudo-inverse, 67

Quadratic stiffness, 51, 70
Quantification, 292. See Damage

quantification.
Quantization, 174

Rayleigh waves, 64, 65
Rayleigh’s criterion, 179, 181
Readiness, 4, 5, 7, 20
Regression analysis, 295
Reliability forecasting, 16
Residual strength, 382, 383
Residual stress, 116, 253
Resonant frequencies, 38, 100.
See Natural frequencies.
Response, 35, 37
Restoring force models, 68,
101
Return map(s), 213, 215.
See Fastener.
Rivet, 313, 314
Rotating machines, 133



Sampling, 171, 174, 181
Sandwich panel, 115, 322, 369
Seismic loads, 246
Self loosening, 107, 329
Sensors, 1, 8,9
acceleration, 12
contact, 149
durability, 137, 164
footprint, 138
frequency range, 279
models, 29
noncontact, 149
piezoelectric, 155, 157, 181
robustness, 151, 181
sensitivity, 8, 151
stability, 139
strain, 137, 166
Separation of variables, 100
Shannon’s sampling criterion, 176, 181
Ships, 5
Shock, 8, 9, 116, 129
Signal processing, 9, 24
SIMULINK®
‘two_dof_model_nl.mdl’, 49, 69
Sine sweep, 262, 296, 384
Singular value decomposition (SVD),
168
Smart materials, 146
Solenoid, 13, 317, 318
Sonic fatigue, 94
Spectrogram, 176, 226, 228
Spectrum, 75. See Frequency
spectrum.
Speed of sound, 100
Spindle, 7, 110, 272, 351-355
Stabilizer bar, 260
State awareness, 9
State inference, 201
State—space model, 167, 169
Stationary data, 130, 133
Statistical analysis, 205
Statistical model, 29
Stiffness, 32, 41
Strain gauge, 150
Structural health monitoring, 16.
See Health monitoring.
Structures
parasitic, 12
unitized, 12
Suspensions, 4

INDEX

Tank, 12, 13, 371
Temperature effects, 1, 116
Thermal protection systems, 329
ceramic, 26
metallic, 12, 305, 329
Thermocouple, 146
Thermography, 16
Thermo-mechanical loads, 21
Threshold, 151, 267, 287, 290, 364
Time delay embeddings, 213, 298
Time—frequency analysis, 226
Tires, 4, 114
Transducers, 127, 137, 146, 181, 356
orientation, 163
placement, 163, 166
types, 146, 147
Transmissibility, 44, 222, 258, 273-275,
279, 289
Transverse waves, 58, 254. See Wave
propagation.
Triangulation, 243, 254, 299
Trispectrum, 224, 225
Trucks, 3, 4. See Automotive systems.
Two-dimensional waves, 64. See Wave
propagation.

Ultraviolet radiation, 95, 271
Uncertainties, 18
Underdetermined, 282, 312, 327
Unmanned aerial vehicle, 1, 2, 126
Unsupervised, 288

Variability, 21, 27, 270, 271, 273, 274,
279, 299, 327

Vibration, 31, 36, 51, 95, 129

Vibration modeling. See Modeling and
Vibration.

Virtual force model, 82, 83

Wave equation, 52, 54, 64, 65, 100
Wave number, 53, 59, 100, 198
Wave propagation, 52, 57, 63, 64, 109,
148, 351, 376
bulk waves, 62
guided waves, 62
one-dimensional, 52
longitudinal, 54, 64, 228
transverse, 59, 254
shear waves, 62
two-dimensional, 62
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Wavelet transform, 231
Weld, 11, 119
Wheel end, 351. See Spindle and Tires.
Windmill, 27, 91
Windows, 191, 219, 298
boxcar window, 191, 218
flattop (P301) window, 191
Hanning window, 191, 222, 235, 330, 356

Wire harness and connector, 20,
132, 344

Wireless sensing, 163

Wound composite, 288, 297

X-ray tomography, 16

Yield strength, 123



