Index

Aircraft dynamics, 48
Amplifier
integrating, 181, 195
operational, 9, 180, 194
sample and hold, 201
summing, 181, 199
Amplitude ratio, 31, 35, 36, 42
Analog computer, 180
Analog electronic controls, 193
Analog-to-digital converter (A-D),
197, 211
Anticipation, 72
Asymptotes, 43, 44, 50, 143
Attenuation, 30
Auto-land, 193
Autopilot, 48

Bandwidth, 43

Bang-bang control, 5, 158, 234
Block diagrams, 1, 4

Bode diagram, 45, 51, 52
Break frequency, 43, 49
Built-in-test (BIT), 202

Bulk modulus, 72, 114

Central processing unit (CPU), 201
Characteristic equation, 28, 29, 140
Class 0, 1 & 2 systems, 56
Command-Monitor processing

(COM-MON), 204, 205
Comparison device, 5
Compensation

feedback, 84
lag-lead, 81
lead-lag, 78, 97
notch filtration, 78
Complex conjugate, 128, 134
Complex frequency, 118, 127
Complex numbers, 18
Complex plane, 18
Complex sinusoid, 19, 40
Computer, 180
Constant of integration, 13
Control
derivative, 76
integral, 89, 215
proportional + derivative, 215
proportional + integral, 73, 93
proportional + integral +
derivative, 76
supervisory, 193
Control algorithm, 195, 214
Control architectures
dual channel, 204, 205
dual-dual architecture, 204, 205
quadruplex, 204, 205
triplex, 204, 205
Control loop, 23
Controller, 24
Coulomb friction, 182
Critical damping, 17

‘D’ notation, 12
Damping ratio, 16, 45, 46, 134
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Dead time, 159
Deadband, 158, 168, 170
Decibels, 35
Derivative, 12, 216
Describing function, 168, 224
Design examples
class 2 system, 101
lead-lag compensation, 97
proportional + integral
compensation, 89
Differential equations, 11
Differentiation, 11
Digital computer, 180, 197
Digital control algorithms, 215
Digital control stability impact, 206
Digital controller, 197
Digital design example, 207, 210
Digital signal quantization, 206
Digital-to-analog converter (D-A),
197, 212
Disturbance, 23
Double integral, 12

Effector, 23
Engineering units, 2
Error, 23

FADEC, 192, 207
Fault coverage, 204, 205
Feedback
compensation, 84
impedance, 195
loop, 23
First order lag, 39
First order lead, 74
Flapper valve, 10
Float control valve, 6
Float pilot valve, 7
Fluidics, 191
Fly-by-wire (FBW), 192
Flyball, 7
Flyweight, 8
Force summing, 10
Frequency range of interest, 68
Frequency response analysis, 40

Gain margin, 52
Gas turbine engine
acceleration limit, 186
fast path, 164
fuel control, 161
model, 185
slow path, 164
Generic closed loop system, 23
Governor
droop, 89
isochronous, 89
speed, 7, 162, 186
Graphical methods, 54

Hertz, 20
Hybrid computer, 180
Hydrostatic drive, 104

Imaginary terms, 17

Inertial resistance, 2

Initial condition, 13, 22

Inlet guide vane (IGV), 208
Integral wind-up, 227
Integration, 13, 32

Inverse Laplace Transform, 118
Inverter, 181

Kirchhoff’s law, 10, 195

Lag-lead, 81
Laplace transforms
general case, 121
table of standard transforms, 122
Lead-lag, 78, 108
Linearization, 157, 224
Linkage summing, 7

M & N circles, 61

Marginal stability, 26
Mass, kilogram, 2
Mechanical stiffness, 228
Microprocessor, 191
Modern control theory, 234
Modulus, 19
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Newtons, 2 Sample and hold amplifier, 201
Nichols chart, 62 Sample data systems, 234
Nonlinearities Saturation, 159, 168, 169
continuous, 157, 159 Serial data transmission, 200
discontinuous, 158, 167 Servo actuator, 7, 37, 48
Nyquist diagrams, 54 Short cut method, 68, 92, 226

Signal conversion, 197
Simulation, 179, 224
Simulation tools, 181
Small perturbations, 160
Speed governor, 7

Partial fractions, 127, 129
Phase advance, 80
Phase angle, 19

Phase lag, 30 Spirule, 230
Phase lead, 75, 80 Spring-mass system, 14, 180
Phase margin, 52 Stability
Phase plane analysis, 234 concept of, 24, 26
Phase shift, 30 definition of, 27
Polar coordinate form, 19 margins, 47
Poles. short cut method, 69, 92
residues at, 130 Stepping motor, 98
in the ‘s’ plane, 128, 129 Summation devices
Power control unit, 37 examples, 5
Pseudo derivative, 217, 228 float valve, 6
Pulse train, 199 force summing, 10
Pulse width modulation (PWM), 198 mechanical linkage, 7

operational amplifier, 9
Summing amplifier, 181

Quadruplex architecture, 204 = :
Summing junction, 9

Random access memory Taylor series, 21, 122
(RAM), 201 Time constant, 39
Random noise, 233 Time delay, 159
Redundancy, 203, 233 Transfer function
Residue at poles, 130, 192 closed loop, 25, 39
Resonance, 53, 66, 77, 138 open loop, 49, 57, 92
Response, 29 Transfer function, 13
frequency, 29, 40 Transport delay, 159, 176
ramp, 29 Triplex architecture, 204
steady state, 29
step, 29 Undamped natural frequency, 16, 45,
transient, 29 133, 135
Response testing, 28, 29 Unit impulse, 119
Root locus Units
construction rules, 141 engineering, 2
example, 147, 152 Standard International (SI), 2

introduction to, 140 US/Imperial standard, 2, 3
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Valve
flow gain, 34
gate, 33
overlap, 168, 175, 231
spool, 38, 158, 231
Very large scale integration (VLSI), 191

Virtual ground, 10, 195
Viscous damper, 14

Watch-dog timer (WDT), 202

Zeros, 129









