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Aerodynamic derivatives transonic flows, 84
body fixed/wind axes, 256, 267, 272, 280, 284, 432, two D aerofoil modelling, 388
471, 485 two D oscillating aerofoil, 394
flexible corrections, 238, 433, 439 unsteady, 154165, 167, 187, 300, 313, 318, 325
inertial axes, 218, 231, 293, 471 velocity potential, 382
oscillatory, 159 vortex filaments, 391
Aerodynamic Influence Coefficients (AICs), 194, Vortex Lattice method, 393
388-415,433 vorticity, 386
harmonic motion, 394 Aeroelastic equations, 171, 402, 408
modal space, 397 Aeroservoelasticity (ASE), see also, Flutter, 201-209,
Aerodynamic(s), 69-85, 381-400 441
AICs — see Aerodynamic Influence Coefficients closed loop system stability, 204
Bernoulli’s equation, 73, 385 control law frequency dependence, 206
Biot-Savart law, 391 control system implementation, 204
centre of pressure, 74 gust response, 205
centre, 76 response calculation — frequency domain, 208
CFD (Computational Fluid Dynamics), 432, 439 response calculation — time domain, 208
circulation, 386 state space modelling, 208
damping, 160, 168, 171 Aircraft model for certification
Doublet Lattice method, 396, 409, 432 aerodynamic, 432
doublet, 383 beam-like stiffness representation, 53, 65, 427
drag, 74, 81, 213, 218, 267, 485 box-like stiffness representation, 53, 65, 427
dynamic pressure, 72 damping, 431
gusts, 161,297, 301, 318 dynamic manoeuvre, 446
horseshoe vortex, 392 equilibrium manoeuvre, 443
Influence coefficients, 389 Flight Control System (FCS), 435
Kutta condition, 388 flutter, 439
lift curve slope, 75, 78 ground manoeuvre, 455
Mach No, 71 gusts and turbulence encounter, 449
panel method, 81, 405 mass/damping/stiftness/force, 427
point sink/source, 332 modes, 431
quasi-steady, 153, 168, 173, 256, 295 rigid aircraft, 432
Rankine oval, 384 static aeroelasticity, 437
Rational Fraction Approximation, 412, 434 stick-like stiffness representation, 46, 49, 53
stiffness, 160, 171 Atmosphere, 69
stream function, 381 Auxiliary equation, see Internal load(s)
streamlines, 72 Axes system
strip theory, 79, 212, 228, 236, 394, 432 body fixed/wind, 246
supersonic flow — Piston theory, 83, 194 earth fixed/inertial, 218, 231, 246, 293
three D oscillating wing, 396 mean, 258
three D wing modelling, 77, 81, 391 transformation, 248
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Balanced manoeuvre, see Equilibrium manoeuvre flexible aircraft in heave/pitch, 271, 448
Bernouilli’s equation, see Aerodynamics flexible aircraft in roll, 283, 448
Bessel Function, 163 rigid aircraft in heave/pitch, 266
Binary aeroelastic model rigid aircraft in roll, 279
control surface term, 202 Dynamic overswing, 10, 241
flutter, 168, 172
gust terms, 203 Eigenvalue solution
Biot-Savart law, see Aerodynamic(s) non-symmetric, 171
Bode plot, 113 symmetric, 22
Bookcase manoeuvre, 211-244, 423, 443, 455 Elevator angle to trim, 218, 225
Braking, 345, 457 Equilibrium manoeuvre, 211-244, 443
flexible aircraft in pitch, 225, 444
Centre of gravity, see Centre of mass rigid aircraft in normal acceleration, 213
Centre of mass, 88, 422 rigid aircraft in pitch, 218
Centripetal acceleration, 212, 252 rigid aircraft in roll and yaw, 239, 445
Certification process
dynamic aeroelasticity — flutter, 439, 461, 465 Failure cases, 440, 449
dynamic manoeuvre, 446 FAR-25, see Certification process
equilibrium manoeuvre, 443 Fatigue/damage tolerance, 424
gust/turbulence encounter, 449 Finite Element (FE) method, 53
overall, 421 assembly/solution process, 58, 405
static aeroelasticity, 437 boundary conditions, 61
Characteristic equation, 111 element formulation, 54
Checked manoeuvre, 265, 448 element mass matrix, 57
Condensation, 66, 429, 433, 481 element shape function, 55
Continuous system/structure, see Vibration element stiffness matrix, 57
Continuous turbulence, see Turbulence element type
Control effectiveness, see Static aeroelasticity bar/rod/axial, 64, 448
Control reversal, see Static aeroelasticity bending, 55, 427
Control surface, 82, 202 combined bending/torsion, 64, 405
Control systems shell/membrane, 66, 428
closed loop, 107, 110 torsion, 63
open loop, 107, 110 kinematically equivalent nodal forces, 58, 407
PID control, 118 Flexible aircraft, 225, 273, 289
Convolution integral, 12, 34 Flexural axis, 44, 64, 225, 236, 359, 427
Coriolis acceleration, 252 Flight Control System (FCS), 263, 435
Correlated loads, 374, 451, 458 Gust Load Alleviation, 263, 435
CS-25, see Certification process Manoeuvre Load Alleviation, 263, 435
Flight flutter test, 465
D’Alembert’s principle Flight loads validation, 466
body, 91 Flight mechanics equations, 245-264, 432
particle, 90 dynamic stability modes, 262
Damping flexible aircraft, 246, 257, 432
coupling, 29 rigid aircraft, 252
hysteretic, 9 solution process, 262
proportional/non-proportional, 25 Flight simulator test, 464
ratio, 6, 24 Flutter, 167-199, 439
viscous, 4 aerodynamic damping, 173
Design process/envelopes, 419, 422 aeroservoelastic calculations, 204, 441
Dimensioning, 376 binary, 168, 172
Discretised system/structure, see Vibration boundary, 440
Divergence, see Static aeroelasticity control surface, 191
Doublet Lattice method, see Aerodynamic(s) eigenvalue solution, see also Eigenvalue solution,
Duhamel integral, see Convolution integral 171, 182
Dynamic aeroelasticity, see Flutter flexible wing, 180

Dynamic manoeuvre, 211, 245, 265-292, 446 flexural axis position, 167, 179
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flutter conic, 184
frequency coalesence, 173
frequency matching — 'k’ method, 188
frequency matching — "pk” method, 189
Handley Page 0-400 Bomber, 184
hard/soft, 177
mass axis position, 169, 179
panel, 194
phasing of motion, 176
prediction of critical speed, 182, 187
structural damping, 171, 178
supersonic flows, 194
transonic flows, 194
unsteady aerodynamics, 167-193, 433
whole aircraft, 193
wind off frequency spacing, 180
Forced vibration
harmonic, 7, 31
random, 16, 34
transient, 10, 33
Fourier Transform (FT)
analytical, 14
Fourier Transform (FT)
discrete, 15
Free vibration, 5, 21
Frequency parameter, see Reduced frequency
Frequency Response Function (FRF)
response per force, 8, 32
response per gust velocity, 318
Friction coefficient, 345

Generalised coordinate, 38
Generalised equation, 39, 41, 42
Generalised force, 41, 42
Ground manoeuvres, 329-354
Ground vibration test, 28, 33, 179, 431, 462
Gust aerodynamics, see Aerodynamic(s)
Gust envelope, 299
Gust Load Alleviation, see Flight Control System
Gust loads, see Internal loads
Gust response
flexible aircraft in heave/pitch, 306
rigid aircraft in heave, 297
rigid aircraft in heave/pitch, 303
Gust(s), 293-327, 449
alleviation factor, 299, 302
(1 - cosine), 296
design gust velocity, 451
discrete, 294-313, 451
flight profile alleviation factor, 451
gradient distance, 296, 451
inclusion in binary aeroelastic model, 203
Loads, see internal loads
penetration effect, 295, 320
sharp-edged, 295
Guyan reduction, see Condensation
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Hankel Function, 157
Harmonic gust, 157, 162, 315

Impulse Response Function (IRF), 10
Incremental work, 4, 5, 20, 40, 41, 44
Inertia couple, see Loads
Inertia coupling, 44, 64
Inertia force, see Loads
Inertia relief, 356
Influence Coefficients, see also Aerodynamic(s), 389,
402
Internal load(s), 95, 355-380
auxiliary equation, 370, 436
continuous wing, 356, 358
determination of, 96, 100, 443
discretised wing, 366
force summation, 369, 443
fuselage, 357, 370
manoeuvre/gust, 361, 362
MAST loads, 95, 103, 374, 443, 458
turbulence, 373
wing-mounted engines/landing gear, 360

Jig shape, 438

Kinetic energy
bending/torsion, 40, 43
Kussner’s Function, see also Aerodynamic(s), unsteady,
161,301, 313, 433

Lagrange’s energy equations, 4, 20, 41, 45
Landing
flexible aircraft, 345, 456
rigid aircraft, 341
spin-up and spring-back, 348, 456
Landing gear
layout, 329, 333, 455
oleo-pneumatic shock absorber, 330
wheel/tyre, 332
Laplace Transform, 108
Lift distribution, see Static Aeroelasticity
Limit Cycle Oscillations (LCO), 197
Limit load, 316, 356, 424
Load(s)
external, 93, 356
Free Body Diagram (FBD), 94, 356, 358
generation/sorting, 374, 458
inertia couple, 91, 212, 241
inertia force, 90, 213, 253, 260
inter-component, 102, 370
internal — see Internal load(s)
reactive (reactions), 93, 346, 350
weight, 93
Load envelopes, 374
Load factor, 213
Lumped parameter system, see Vibration
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Manoeuvre envelope, 217
Manoeuvre Load Alleviation, see Flight Control System
Manoeuvre loads, see Internal load(s)
Matrix differentiation, 45
Modal
mass/damping/stiffness/force, 27
matrix, 23, 24, 27
reduction, 30, 484
space/coordinates, 27
Mode
branch, 46
complex, 24, 171
dimensions, 30
dynamic stability — see Flight mechanics equations
flapping/pitching, 168
flexible, 46, 49, 225, 473
free-free, 31, 46, 49
fuselage bending dominant, 225, 476
normal/real, 22, 39, 49
normalisation, 29
orthogonality, 27
rigid body, 31, 46, 49, 193, 469
shape, 22, 24, 30
whole aircraft antisymmetric, 283, 489
whole aircraft symmetric, 225, 473
wing bending dominant, 225, 476
wing torsion dominant, 225, 477
Moment of inertia, 89, 25, 259

Natural frequency
damped, 6
effective, 24
undamped, 6, 22
Newton’s laws
body, 88
particle, 88
units, 89
Non-linearity, 197, 441, 447, 451
Nyquist plot, 113

Phugoid motion, 262, 269, 275
Power Spectral Density (PSD), 16, 314
Product moment of inertia, 240, 254

Quasi-steady aerodynamics, see Aerodynamic(s)

Rational Fraction Approximation, see Aerodynamic(s)
Rational manoeuvre, 212, 239, 269-292, 423, 446, 455
Rayleigh damping coefficients, 178

Rayleigh-Ritz method, 38, 127

Reduced frequency, 156, 167, 187, 318, 409, 432,
Reference axes, 427

Reversal, see Static aeroelasticity

Rigidity, flexural/torsional, 39, 43

Roll subsidence, 263, 282, 287
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Root locus plot, 113
Root-mean-square (RMS), 17, 314, 373
Routh-Hurwitz method, 112, 182

Scaled frequency, 314

INDEX

Sears’ Function, see also Aerodynamic(s), unsteady

Shear centre, 44, 427
Shimmy, 350
Short period motion, 262, 268, 275
Slip ratio, 346
Spin-up, see Landing
Spring-back, see Landing
Stability
control systems, 111
gain margin, 114
phase margin, 114
State Space equations, 116, 208, 412
Static aeroelasticity, 123—151
control effectiveness
fixed wing case, 146

full aircraft model, 149, 274, 286, 438

steady roll rate case, 141
deformation

effect of trim, 129

fixed wing case, 127

2D aerofoil, 124
divergence

effect of sweep, 134

effect of trim, 129

fixed root flexible wing, 127

full aircraft model, 186, 402, 439

2D aerofoil, 124
lift distribution

effect of sweep, 134

effect of trim, 129

fixed wing case, 127, 145

steady roll rate case, 145
reversal

effect of trim, 151

fixed wing case, 146

steady roll rate case, 141

Static stability, 223
Step Response Function (SRF), 10
Strain energy

bending/torsion, 40, 43

Stress, 103, 374, 377, 458

Structural coupling test, 463

Structural test(s), 464

Superposition, 11, 12

Swept wing — flexible effects, 134, 236

Taxiing

flexible aircraft in heave/pitch, 337, 457
rigid aircraft in heave/pitch, 334
runway profile, 333, 457
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Theodorsen’s Function, see also Aerodynamic(s),
unsteady, 156, 318
Thrust, 213, 218, 256
Transfer function
control systems, 108, 110
flight mechanics, 268, 273, 281, 286
Trimmed manoeuvre, see Equilibrium manoeuvre
Turbulence, 314-326, 449
Design Envelope Analysis, 451
loads — see Internal load(s)
Mission Analysis, 451
reference/limit intensity, 452
Turbulence PSD (von Karman), 314
Turbulence response
flexible aircraft in heave/pitch, 323
rigid aircraft in heave/pitch, 320
rigid aircraft in heave, 297
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Turbulence response PSD, 316
Turning, 350, 457

Ultimate load, 356, 424, 464
Unchecked manoeuvre, 265, 448
Unsteady aerodynamics, see Aerodynamic(s)

Vibration
continuous systems — Finite Element method, 53—67
continuous systems — Rayleigh-Ritz method, 38-52
free-free system, 31, 46, 49
mutliple DoF systems, 19-36
single DoF systems, 3—18

Wagner’s Function, see also Aerodynamic(s), unsteady,
154,301, 313, 433
‘Wind tunnel test(s), 432, 461
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