Contents

1 Introduction 1
2 State of the Art in Research and Industry 5
2.1 Normal ContactMechanics . . . . . ... ... ... ........ 5
211 HertzianContact . . . . . . ... ... ... ... ...... 5

212 RoughContact . . . . ... ... ... ... ........ 8

2.2 Finite ElementAnalysis . . . .. ... .. .. ... . ........ 10
2.2.1 NonlinearApproach . .. ... ... ... .......... 10

222 DynamicEvents . ... ... ... .. ... .. ... ..., 11

2.2.3 Implicit Integration . . . . ... ... .. Lo o L. 13

2.2.4 Normal Contact Formulation . . . ... ........... 14

225 Plasticity .. .... .. ... .. ... . 18

2.3 Verification and Validation Procedures (V&V) . . . . .. ... ... 22
2.3.1 ModetDevelopment . . . .. ... ... ... .. L. 22

232 ErrorSources . . ... L 23

24 Wheel-RailContact . . .. ... ... ... .. .. ........ 24
241 WheelandRail Profiles . . . ... .. ............ 24

2.4.2 Analytical Calculation . . .. ... .............. 27

2.4.3 Numerical Simulation . . .. ... ... ... ........ 28

2.4.4 Experimental Validation . . . ... .............. 30

3 Objective and Course of Action 33
4 Measurement Error in Smooth Contact 37
4.1 Experimental Measurements . . . .. ... ... ... ... .... 37
4.1.1 Test Specimens, Experimental Setup and Procedure . .. 37

4.1.2 Experimental Results Versus Analytical Predictions . . .. 38

4.2 Error Characterization . . ... ..... .. ... ... ..... 43
421 BasicFimModel. . .. ... ... ... ... ... . ..., 44

422 EnhancedFilmModel . . ... ... ... ... ... .... 48

5 Measurement Error in Rough Contact 55
5.1 Experimental Measurements . . . . . ... ... .. .. ...... 55
5.1.1 Test Specimens, Experimental Setup and Procedure . .. 55

51.2 ExperimentalResults . . .. ... .............. 57

5.2 Error Characterization . . ... ................... 60
5.2.1 MicroscopicContact . . . . .. .. .. ... ... ... 61

5.2.2 MacroscopicContact . ... ................. 66

Bibliografische Informationen HE
http://d-nb.info/1260760995 digitalisiert durch IONAL
‘B IOTHE


http://d-nb.info/1260760995

Contents

8

Film Model Calibration

6.1 Linear-Elastic Gasket Film Model . . .. ... ..
6.2 Sensitivity Study of Elastic Constants . . . . . . .
6.3 Determination of Young’'s Modulus . . . . . .. ..

Measurement Error in Wheel-Rail Contact

7.1 Steel-Steel Interaction . . . ... ... ... ...
7.2 Wheel-Rail ContactModel . . ... ... ... ..
7.3 ErrorEvaluation . . .. .. ... ... ... ...
7.4 Adapted Validation Procedure . . . . . ... ...

Summary and Outlook

Bibliography

A

Appendix

A.1 ORE S1002 Wheel Profile . . ... ... .....
A2 FimCrossSections . . .. .. ... ........

Publications
Supervised Student Projects

Curriculum Vitae

71

......... 71
......... 72
......... 75

77

......... 77
......... 79
......... 82
......... 88

91
95
107

......... 107
......... 109

113
115

117



