
Contents 

1 Introduction 1 

1.1 Current state of research 2 

1.2 Objective and structure 4 

2 Friction whirls as root cause of audible vibrations in ball joints: An 
experimental study. 6 
2.1 Methods and materials 7 

2.1.1 Basic characteristics of squeaking ball joints 7 

2.1.2 Kinematics that influence the occurrence of vibrations in ball joints 8 

2.1.3 Experimental investigation with an idealized test setup 9 

2.2 Results 11 

2.2.1 First results: Basic characteristics of squeaking ball joints 11 

2.2.2 Kinematics that influence the vibrations in ball joints - gait cycle 
analysis 13 

2.2.3 Experimental observations during squeaking 15 

2.3 Discussion 17 

3 Influence of increased levels of the friction coefficient on ball joint 
squeak: A finite element study. 22 
3.1 Methods and materials 24 

3.1.1 General numerical setup 24 

3.1.2 Complex eigenvalue analysis of two hip replacement systems .... 26 

3.1.3 Influence of material parameters 27 

3.1.4 Towards realistic system properties: Including bone-like structures . 27 

3.2 Results 29 

3.2.1 Influence of the friction coefficient on system A 29 

3.2.2 Comparison of systems A and B 31 

3.2.3 Results for changed Young's modulus and density 32 

3.2.4 Critical friction coefficients with more realistic system characteristics 33 

3.3 Discussion 39 

V 

http://d-nb.info/1046123343

http://d-nb.info/1046123343


CONTENTS 

4 Influence of other parameters on the dynamics and the post-bifurcation 
behavior of ball joints: A path continuation analysis. 43 
4.1 Methods and materials 45 

4.1.1 Ball joint model 45 

4.1.2 Modifications for the use with continuation methods 47 

4.1.3 Velocity dependent friction 48 

4.1.4 A two degree of freedom pin-on-disk model 49 

4.1.5 Applicability of continuation methods and expected results 49 

4.2 Results 51 

4.2.1 Planar system with Coulomb-type friction 51 

4.2.2 Ball joint system with Coulomb-type friction 51 

4.2.3 Planar system with Stribeck-type friction 54 

4.2.4 Ball joint system with Stribeck-type friction 57 

4.3 Discussion 60 

5 Conclusion 68 

Appendix A 71 
A.l The complex eigenvalue extraction 72 

A.2 Boundary of stick area for the two degree of freedom pin-on-disk model . . 72 

References 74 


