
3

Flight Dynamics of a Flexible Aircraft

Von der Gemeinsamen Fakultat fiir Maschinenbau und Elektrotechnik
der Technischen Universitat Carolo-Wilhelmina zu Braunschweig

Zur Erlangung der Wiirde

eines Doktor-Ingenieurs (Dr.-Ing.)

genehmigte Dissertation

von: Chi-Heng Wu

aus: Pin-Tung, Taiwan

eingereicht am: 20. Oktober 1998

mundliche Priifung am: 7. Juli 1999

Berichterstatter: Prof. Dr.-Ing. D. Rex
Prof. Dr.-Ing. P. Hamel

1999

 
 

  
© 2008 AGI-Information Management Consultants   

May be used for personal purporses only or by  
libraries associated to dandelon.com network. 



Table of Contents

1. Introduction 7

1.1 General Introduction 7
1.2 Background and Previous Work 8

1.3 The Objectives of Present Work 9

2. Basic Theory and Equations of Motion 12

2.1 Basic Theory 12
2.2 Elastic Equations of Motion 13

2.2.1 Wing Segment 13
2.2.2 Wing with Control Surface 15
2.2.3 Tail with Control Surface 20
2.2.4 Validation of the equations of motion ( Cantilever Wing ) 26

2.3 Unsteady Aerodynamic Model 28
2.3.1 Introduction 28
2.3.2 Incompressible Flow for Arbitrary Motion 28
2.3.3 Compressible Flow for Arbitrary Motion 33
2.3.4 Validation of the Aerodynamic Model 39

2.4 Flight Mechanics Equations of Motion 42
2.4.1 Non-linear 6-DOF Equations of Motion (Flexible Aircraft) 42
2.4.2 Longitudinal Equations of Motion ( Small Perturbation Theory) 45

3. Integrated Model of a Flexible Aircraft 49

3.1 Introduction 49
3.2 Open-Loop of a Flexible Aircraft 49
3.3 Closed-Loop of a Flexible Aircraft 52

3.3.1 Requirements of Flying Qualities 52
3.3.2 Linear Quadratic Regulator (LQR) 53
3.3.3 Genetic Algorithms Regulator (GAR) 57

3.3.3.1 Basic Theory 57
3.3.3.2 Implementation 59

4. Application Data Base and Numerical Flow Chart 60

4.1 Introduction 60
4.2 Numerical Data for the Generic Flexible Aircraft 61
4.3 Numerical Method 64

4.3.1 Natural Frequency and Natural Mode Calculation 64
4.3.2 Integration Numerical Methods 65
4.3.3 Eigenvalue Calculation and Simulation in Time Domain 65
4.3.4 Optimal Control Syntheses Calculation 66

4.4 Numerical Flow Charts 67
4.4.1 Numerical Flow Chart Due to Parameters change 67
4.4.2 Numerical Flow Chart Due to SAS Design 68


