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Aerodynamic Coefficients, 25, 27, 66
Aerodynamic Derivatives, 17, 59, 61, 63
Aerodynamic Disturbances on Space

Station, 401
Aerodynamic Forces, 24, 26, 58
Aerodynamic Models, 8
Aerodynamic Moments, 24, 26, 58, 63
Aeroelastic Coefficients, 84
Aeroelasticity, 82, 84
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Altitude Variation, 30, 98
Angle of Attack (alpha), 21, 49
Angle of Attack (alpha) Estimator, 103, 288
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Angular Acceleration Equations, 21, 50,
122

Angular Momentum, 32, 37, 45, 105, 106
Approach and Landing Control Design,

268, 341
Array of CMGs, 37, 104, 107
Ascent Dynamic Model, 393
Attitude Control Design, 401
Attitude Control System (ACS), 400
Augmented Model for Control Design,

255, 262, 285, 290, 300, 315, 326, 402,
405

Authority of the Control Effectors, 138,
141, 173, 175, 187, 198, 201, 203
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Biased Effectors, 200

Center of Pressure, 195
Center of Rotation (CR), 76, 78
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Change in Air Velocity due to Wind-Gust,
72

Change in Angles of Attack and Sideslip
due to Wind, 72

CMG Gimbal, 43
CMG Momentum, 43–45, 401, 407
CMG Torque, 40, 43, 108
Cnbeta-dynamic, 197
Combining a Flexible Vehicle Model with

Actuators, 123
Conditions on Slosh Stability, 77
Contour Plots, 225, 322, 348
Control Authority of Effectors, 187, 198,

201, 203, 230
Control Demands Matrix Partial (CT),

188
Control Effort Parameter, 202
Control Moment Gyros (CMG), 37, 107,

400
Control Surface Moments and Forces, 27,

61, 64
Control to Disturbance Partials (M

𝛼
∕M

𝛿
),

201
Controllability Analysis Using Vector

Diagrams, 312, 323, 348, 390
Converting Aero Uncertainties, 239–243
Coordinate Axes, 15
Cross-Range Velocity, 30
Cross-Range Velocity Variation, 98

Damping Coefficient, 9, 11, 61, 74, 398
Design Examples, 147, 152, 305
Developed Spin, 217
Directional Stability, 197
Disturbance Attenuation Compensator, 285,

405

Early Reentry Control Design, 253
Effector Capability to Accelerations, 211,

212
Effector Combination Logic, 60, 124, 137,

149, 189, 193, 207, 229, 233, 239, 262,
269, 348, 381, 390

Effector Scheduling, 183, 370
Effector Trimming along Trajectory, 308,

317, 329
Electro-Hydraulic Actuator, 114
Electro-Mechanical Actuator, 118

Electro-Mechanical Actuator Example, 126
Engine Forces, 56, 90
Engine Load-Torque, 13, 90
Engine Nozzle, 52, 156
Engine Nozzle Deflection, 52, 54
Engine Nozzle Gimbal, 3, 10, 12, 14, 22,

23, 52, 54
Engine Out, 205
Engine Trim Angles, 23, 53, 55, 181
Euler Angles, Attitude, 29, 97

Finite Element Models, 2, 9, 57, 83, 87, 91,
95, 125, 161

Flex Vehicle and Actuator Interconnection,
123

Flight Control Design, 245
Flight Control Design Examples, 251
Flight Control System (FCS), 100, 137,

154, 158, 161, 164, 188, 261, 364, 367
Flight-Path Angle Control, 329
Flixan Program, 5, 47, 103, 134, 153, 251,

299
Force at an Engine Gimbal, 56
Force Equations, 19, 47

Gain Scheduling, 2, 364
Generalized Aerodynamic Force

Derivatives (GAFD), 10, 68, 84, 85,
87–90, 93, 95

Generalized Modal Displacement, 9, 17, 58,
69, 83, 85, 87, 89, 96

Generalized Modal Mass, 10, 17, 83, 85
Generalized Modal Shapes, 10, 83, 85
Generalized Modal Slopes, 10, 83, 85
Gravitational Forces, 22, 51
Gravity Gradient Torque, 35, 105, 106,

400–402
Gyros, 99

Heading Alignment Maneuver, 253, 268,
271, 272, 275, 307, 341, 355, 368, 373,
376

H-Infinity Output-Feedback Control, 249
H-Infinity State-Feedback Control, 248,

282, 291
Hinge Moment Coefficients, 95, 216
Hinge Moments at the Control Surfaces, 93,

96, 216, 317
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Hinge Vector, 16, 60, 61, 94, 270, 306
H-Parameters, 10, 84, 87, 92, 95

IFL Model Implementation, 303
Incipient Spin, 217
Inertial Coupling Coefficients, 84, 87, 92,

95
Internal Feedback Loop Structure (IFL),

299

Landing Flare, 268, 274, 341, 367, 375, 380
Lateral Control Authority, 203
Lateral Control Departure Parameter, 206
Lateral Static Stability, 198
Launch Vehicle with Wings Example, 381
Launch Vehicles, 3, 10, 14, 22, 31, 55, 90,

100, 157, 381
LCDP Examples, 209
LCDP Ratio, 206, 227
Lifting-Body Space-Plane Example, 305
Linear Accelerations at Gimbals, 49
Linear Accelerations at Hinges, 49
Linear Analysis Equations, 47
Linear Dynamic Models, 2, 47, 124, 315,

393, 402
Linear Quadratic Regulator Control, 246,

256, 262, 269, 277
Linear Simulation, 316, 327, 338, 354, 405
Load-Relief, 13, 158
Load-Torque Feedback, 90
Load-Torque on Actuator, 13, 90, 111, 123,

130, 155, 164, 168
Local Vertical Local Horizontal (LVLH)

Frame, 400
Long Period Dynamics, 2
LQR State-Feedback Control Design, 246,

256, 262, 269, 277, 327, 336, 353, 393
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𝛿
Ratio, 201

Maximum Acceleration Capability of
Effectors, 211

Maximum Control Demands, 199
Max-Q, 13, 31, 152, 282
Midphase Reentry Design, 261
Mixing Logic Derivation, 138–146
Mixing Logic Example, 147, 270
Mixing Logic Matrix, 138, 270, 276, 348,

390, 393

Modal Data, 9, 83, 88, 161
Mode Selection, 161
Mode Shapes, 83
Mode Slopes, 83
Moment and Angular Acceleration, 21, 50
Moment due to TVC, 57
Moments at the Hinges of the Control

Surfaces, 216
Moments due to Aerosurface Deflections,

64
Moments Reference Center (MRC), 7, 16,

64, 66, 363
Momentum Exchange Devices, 32
Momentum Management Control Design,

401

Nominal Stability, 302
Normal Acceleration Control, 317
Normal and Lateral Loading, 204

Orbital Rate, 35, 104, 106, 401
Output Sensors, 97–102

Parameter Uncertainties, 228, 232, 237,
299, 301, 303, 357

Pendulum Propellant Sloshing Model, 11,
28

Performance Parameters, 5, 187, 194, 225,
308, 320, 329, 343

Perturbation Equations, 47
Pitch Control Authority, 201
Pitch Control Effort, 202
Pitch Inertial Coupling due to Stability Roll,

214
Pitch Static Stability, 195, 226
Propellant Sloshing, Spring-Mass Model,

10, 73, 153, 160, 381, 398
Propellant Sloshing, Stability, 77–80

Rate Gyros, 99
RCS Jets, 52, 53, 143, 147
Reaction Control Jets, 53, 56, 143, 147
Reaction Wheel, 34
Reaction Wheel (RW) Momentum, 35,

106
Reaction Wheel Torque, 35
Reaction Wheels Array, 33, 106
Reentry Control Modes, 307
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Reentry Design of a Lifting-Body
Space-Plane, 305

Reentry Vehicle Control Design, 251
Reference Axes, 15
Rigid-Body Modes, 161
Robust Performance, 302
Robust Stability, 302
Robustness Analysis to Uncertainties, 301,

356
Rocket-Plane with Throttling Engine

Example, 275
Rotational Acceleration Effector Capability,

211
RW, 34
RWA, 33, 106

Sensors, 97
Servo-Valve, 115
SG-CMG Array Model, 38
Short Period Dynamics, 2, 47, 82, 156,

158, 161, 188, 195, 227, 322, 328, 329,
343

Shuttle Ascent Control Design Using
H-infinity, 282

Shuttle Ascent Flight Control System, 154,
164, 165

Simple Actuator Model, 112
Simulation 6-DOF, 361, 394, 406
Single-Gimbal CMG, 37, 107
Slosh Disturbance Forces and Moments on

Vehicle, 76
Slosh Frequency, 73
Slosh Mass, 11, 15, 17, 28, 74, 76, 78, 80,

158, 398
Slosh Modes, 74, 77, 160, 289, 294, 381,

398
Slosh Stability, 77
Solution Based Spin Criteria, 220
Space Shuttle Ascent Analysis Example,

152
Space Shuttle Ascent H-Infinity Control

Design, 282
Space Station Design Example, 400
Spacecraft with an Array of Single Gimbal

CMGs, 37, 107
Spacecraft with CMGs in LVLH Orbit

Linear Equations, 104
Spacecraft with Reaction Wheels and

Momentum Bias, 33, 106

Speed-Brake, 14, 137, 174, 189, 202, 268,
270–275, 306, 341–349, 366, 370–377

Spin Departure, 217
Spin Equilibria, 220
Spin Recovery, 217
Spin Susceptibility, 219
Spring-Mass Slosh Analogy Model, 11, 73
Stability Analysis, 281, 317, 327, 356, 399
Stability Axes Rates, 30, 99
Stability Biased Criteria, 217
State Estimator, 279
Static Analysis, 173, 228
Static Margin, 195
Static Performance Analysis, 187, 387
Static Stability, 84, 111, 173, 188, 195
Steady Pull-Up Maneuverability, 212
Steering Logic for Spacecraft with

SGCMGs, 42
Stiff Actuator Model, 113
Structural Flexibility, 9, 80, 161
Structural Flexibility Filters, 9, 12, 82, 126,

130, 154, 157, 161
Structural Loading Parameter, 204
Structural Nodes (Locations), 10, 73, 83, 87
System Momentum, 32–35, 43

Tail-Wags-Dog (TWD) Dynamics, 12, 20,
90, 123, 155

Throttle Control, 56, 393
Throttling Engine, 3, 56, 381
Thrust Vector Control (TVC), 3, 52
Time to Double Amplitude (T2), 195
Time to Double Amplitude Derivation, 196
Torque Equilibrium Attitude (TEA), 401
Trajectory Analysis, 2, 172, 183, 187, 226,

309, 318, 330, 342, 383
Transforming the Aerodynamic Moments

(MRC to CG), 65, 66
Translational Acceleration Effector

Capability, 212
Trimming Along a Trajectory, 172
Trimming of an Aircraft, 171
Trimming with an Engine Failure, 385
Trimming: Adjusting the Effector Positions

along Trajectory, 183
Trimming: Algorithm Calculating the

Effector Deflections, 180
Trimming: Base Aero Moments and Forces,

176
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Trimming: Moments and Forces due to
Aerosurfaces, 177

Trimming: Moments and Forces due to
Engine Gimbaling, 178

Turn Coordination, 31, 100, 209
TVC Actuators, 109
TVC Forces, 22, 24
TVC Moments, 57
TWD Forces, 27, 55, 61, 64
TWD Frequency, 12, 157

Uncertainty Models for Robustness
Analysis, 298

Vector Diagrams Aerosurface Uncertainties,
239–243

Vector Diagrams Analysis, 228, 323, 334,
348, 390

Vector Diagrams of Acceleration Partials,
238, 314, 325, 335, 337, 392

Vector Diagrams of Maximum
Acceleration, 233

Vector Diagrams of Maximum Moment/
Force, 229, 313, 335, 337

Vector Diagrams of Moment/Force Partials,
234, 313, 325, 335, 392

Vector Diagrams Uncertainties, 231, 232,
236

Vehicle Rates in Stability Axes, 30,
99

Wind-Gust Disturbance, 3, 70, 394

Yaw Inertial Coupling due to Loaded Roll,
215

YCG Offset, 205
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