
Contents

Acknowledgements xi

Abstract xiii

Kurzfassung xv

1 Introduction 1
1.1 Vibration Assessment for Rotorcraft......................................... 3
1.2 Anti-Vibration Techniques............................................................ 6

1.2.1 Rotor Vibrations............................................................... 7
1.2.2 Tailboom Vibrations......................................................... 9
1.2.3 Atmospheric Turbulence................................................... 9

1.3 Problem Statement........................................................................ 10
1.4 Solution Approach........................................................................ 12
1.5 Research Contributions ............................................................... 16

2 Source-Related Ride Qualities Evaluation Method 19
2.1 Qualitative Assessment of Helicopter Vibrations...........................20
2.2 Evaluation of Random Vibrations................................................... 21
2.3 Quantification of Discomfort.............................................................28
2.4 Source-Related Evaluation................................................................35
2.5 Application to Flight Test Data...................................................... 39

2.5.1 Tests in Turbulence ............................................................39
2.5.2 Tests in Calm Air ...............................................................42

2.6 Discussion........................................................................................... 44

3 Control Design for Improved Ride Qualities 47
3.1 Closed Loop Transfer Functions...................................................... 48
3.2 Applicable Control Design Specifications.......................................50

3.2.1 Stability Margins..................................................................52
3.2.2 Disturbance Rejection Requirements................................52
3.2.3 Reference Tracking and Decoupling Requirements . . 58

https://d-nb.info/1288410379


3.3 Control Design Method ...................................................................64
3.3.1 Control System Architecture............................................. 64
3.3.2 Controller Design................................................................... 69
3.3.3 Sensitivity Function Shaping..............................................74

3.4 Systematic Ride Qualities Design Procedure.................................77
3.4.1 Ride Qualities Control Objective....................................... 77
3.4.2 Ride Qualities Improvement.................................................84
3.4.3 Reference Tracking Adjustment.......................................... 86

3.5 Summary............................................................................................88

4 Case Study 89
4.1 Initial Disturbance Rejection Design............................................. 90

4.1.1 Specification of the Sensitivity Function..........................90
4.1.2 Design of the Remaining Weighting Functions............ 96

4.2 Design Optimization.........................................................................98
4.2.1 Selection of Variables .........................................................98
4.2.2 Ride Qualities Improvement..............................................102

4.3 Prefilter Design.................................................................................107
4.4 Handling Qualities Evaluation........................................................Ill

4.4.1 Stability and Disturbance Rejection.............................. 112
4.4.2 Additional Requirements .................................................115

4.5 Discussion..........................................................................................119

5 Conclusions 121
5.1 Summary..........................................................................................121
5.2 Concluding Remarks....................................................................... 123
5.3 Future Work ....................................................................................123

Bibliography 125

Appendix 133

Curriculum Vitae 137


