Rick Lind and Marty Brenner

ROBUST
AEROSERVOELASTIC
STABILITY ANALYSIS

Advances In
Industrial Control

SN Springer



I R e e e e e o el e B O S S ML

CONTENTS

1 THPOdCEION co. waiss i & sims v s comins s & vninh Sv0srs SAms ¥ aves & scetie o & 1
2. Robust Stability ........... ... 7
2l SIPANE G s wey pacem s mem v oE CE WS § e § JEES Sokm SIS 4 HE 8 8 7
202 SVSEBIIS » wan sos mas s st & 50 DUV S B SN § eame W DR E T 88 9
2.3 ‘Small Gain THeOTRIM « 0. & s 4 s 50 5 o5 » 00 508 S8 o 8 4 11
2.4 Robust Stability. ..o v = o s s smne s s s i b ai0d S50 $65 5 ¢ 12
3. Structured Singular Value : p............. ... ... ... ... 15
3.1 Linear Fractional Transformations ........................ 15
3.2 Structured Uncertainty .........c.ooveenniiennnirernannns 18
3.3 Structured Singular Value : o ........ ... ... ol 21
A3 UpperBomndHor i . « cse sume wos e nacsn s v sxese « ssnn 6 s o 23
4. Aeroservoelasticity ........... ... .. i 29
4.1 Lagrangian Derivation of Equations of Motion ............. 29
4.2 Aerodynamic Derivative Representation ................... 34
4.3 Servoelastic MOdelii  con v s s v v don v s vy s & v s 39
4.4 Aeroelastic and Aeroservoelastic Stability.................. 46
A.4 Inertial to Body-fixed Coordinate Transformation .......... 50
5. Aeroelastic and Aeroservoelastic Models.................. 55
5.1 Aeroelastic Equation of Motion .......................... 35
5.2 Nominal Aeroelastic Model .................. ... ......... 57
5.3 Robust Aeroelastic Model .......... ..o, 60
5.4 Robust Aeroservoelastic Model ........................... 61
A.5 Models with Specific Aerodynamic Elements ............... 64
6. Uncertainty Descriptions ................................. 67
6.1 Parametric Uncertainty in Structural Models............... 67
6.2 Parametric Uncertainty in Aerodynamic Models ............ 70
6.3 Parametric Uncertainty in Modal Models .................. 74
6.4 Dyriamnic Uncertaioty « « s v onm sen 5 ven 1 085 2ah s we 1 e 80
6.5 Uncertainty Associated with Nonlinearities ................ 84
6.6 Uncertainty Associated with Flight Data .................. 89
.. Incorporating Flight Data: .. : os oens v 5 ons s auw pas vams s 91
7.1 Model Validation ......... ..., 91

7.2 Determining Levels of Uncertainty ........................ 93



XII Contents
8. Stability Margins ............. ... ... ... ... ... .. 99
8.1 Robust Aeroelastic Stability Margins...................... 99
8.2 Robust Aeroservoelastic Stability Margins ................. 105
8.3 Properties of Robust Stability Margins . ................... 108
9. p Method ......... ... 111
9.1 Model WpHatinig. .co: v « vo 5 s s s 55 ¥ 555 5 253 simave srnsarm o 111
9.2 Approaches to Utilize Flight Data ........................ 113
10. Robust Stability Margins of a Pitch-Plunge System. ... ... 117
10.1 Equations of Motion ..., 117
10.2 Nominal Aeroelastic Model .............................. 120
10.3 Robust Aeroelastic Model ............................... 124
10.4 Robust Aeroservoelastic Model ........................... 132
10.5 Aeroelastic Stability Margins ............................ 138
10.6 Aeroservoelastic Stability Margins . ....................... 140
AN Computer Code: ..o s v v wes 3 i £ 552 5055 555 5 vare » voee o oun 143
11. Robust Flutter Margins of the F/A-18 SRA .............. 153
T1.1. Plight Flutter Test ... . con o avm s i 5 565 © 555 €0 summme auae 153
11.2 Flight Data Analysis .. .:...oueinnniiiinnenneinnnnnenuns 155
11.3 Analytical Model .............. ... ... ... ... 159
11.4 Uncertainty Description .................... ... ... 161
11.5 Nominal and Robust Flutter Pressures .................... 164
11.6 Nominal and Robust Flutter Margins ..................... 167
11.7 Computational Evaluation ............................... 170
12. Robust Aeroservoelastic Stability of the F/A-18 HARV .. 173
12.1 Sensing and Control Elements............................ 173
12.2 Analytical Madel « coo ccos imen mon s 655 5 205 565 5 tean o mis o seie s 174
12.3 Uncertainty Description ................ovueuiinnenenn. .. 176
12.4 Stability Margins . ................ ..o, 179
13. On-Line Analysis during a Flight Test ............. ... . ... 183
13.1 Flutterometer . .. ..ot 183
13.2 Aircraft Model ............. ... ... ... . 185
13.3 Simulated Flight Test ........... .. ................ . ..... 187
13.4 On-Line Robust Flutter Margins ......................... 191
14. Conclusion ........... ... 195
Beleremens ... - o« von i v vows 955 5 555 7 5s 5 e cos = 1o 2 ammes 5 e 197



	scan0001.pdf
	scan0002.pdf
	scan0003.pdf

