IPPT Report on Fundamental Technological Research
7/2013

Krzysztof Dariusz Sekuta

Real-Time Dynamic Load |dentification

PhD Dissertation

Supervisor: Prof. Jan Holnicki-Szulc

Institute of Fundamental Technological Research
Polish Academy of Sciences

Warsaw 2013



Contents

1. Introduction

2.

3.

1.1 Motivation . .. ... .. ...
1.2 Review of the dynamic load identification methods . .. ...........
1.3 Real-time systems . . . . . ... ... L
1.4 Advantages of the proposed piezo-techniques . .................
1.5 Thesis objectives. . . . . . . .. e
1.6 Composition of the thesis . . . ... ... ... ... ... ... .. .. ......

Road Weigh-in-Motion

2.1 Introduction . ... .. ... ... ...

2.2 Review of WIM systems . .. ... ... ...
2.2.1 Types of sensors used in WIM systems . . . . . .............
2.2.2 Calibration of WIM sensors . . ... ....................
2.2.3 Factors influencing the measurements by the WIM sensors . . . . .

2.3 New concept of traffic load identification . . . ... ... ... ... ......
2.3.1 General idea of the beam-shape device . . .. ... ... ........
2.3.2 Laboratory tests of the beam-shape device . ... ...........
2.3.3 Numerical analysis of the beam-shape device . . . ... ... ... ..
2.3.4 Modified load identification algorithm . ... ..............
2.3.5 Road installation of the beam-shape device . . . . ... ... .....

2.4 Development of the new plate-shape device . .. ................
2.4.1 General idea of the plate-shape device . ... ..............
2.4.2 Numerical analysis of the plate-shape device .. ... .........
2.4.3 Road installation of the plate-shape device . ... ...... ... ...

2.5 Finalremarks. . ... ... ..

Weigh-in-Motion system for the railway transport

3.1 Imtroduction . ... ... ... ... ...
3.2 A review of the existing railways WIM systems . . . .. ... .........
3.3 The proposed WIM system . . . ... ... ... ... ...
3.3.1 General idea of the WIM system for railways . . . ... ........
3.3.2 Proposed methods of dynamic load identification . ... ... . ...
3.4 Pioneer installation of the proposed WIM system in situ . . ... ... ..

11

12
13
18
20
23
25

27

27
27
29
32
33
37
37
38
38
47
20
56
57
o7
61
67



4 Contents
3.4.1 Experimental tests of the piezo-based WIM system . . . . ... ... 77
3.4.2 Performance comparison of piezo-sensors and strain gauges. . . . . 80
3.5 Numerical model vs. experiments . . . . ... ... .. ... .. ......... 84
3.5.1 A review of railway track models . . . ... ... ... ... ... ... 84
3.5.2 Description of the proposed model . . . .. ... ... ... ... ... 85
3.6 Finalremarks. ... ... .. . ... . 92
4. Impact load identification 93
4.1 Introduction . ... ... ... .. 93
4.2 Impact load parameters characteristics . ... ... ... ... ... ... 95
4.3 Experimental test stand . . . .. ... . o 97
4.4 Numerical model of the system . ... ..... ... ... .......... 98
4.5 Impact scenarios . . . . . . . ... L 102
4.5.1 Experimental tests of impact scenarios . ................ 102
4.5.2 Numerical simulation of impact scenarios . . .............. 108
4.6 Impact identification based on “Peak-to-peak” approach . ... ....... 112
4.6.1 Theidea. .. .. ... . . . . 112

4.6.2 Determination of time instants when colliding objects relative
velocity vanishes . .. ... ... ... L 116
4.6.3 Verification of the method . . ... ... ... ... ... .. ... .. ... 119
4.7 Response map approach . . ... ... ... L 123
4.7.1 Theidea. .. .. . . . . . e 123
4.7.2 Selection of parameters for the response maps . . ........... 125
4.7.3 Verification of response map approach . .. ... ... ....... .. 128
4.8 “Impactometer” device concept . ... ... ... ... . ... ... 129
4.9 Finalremarks. . ... ... .. 131
5. Concluding remarks 133
5.1 Thesis summary . . . . . . .. oo 133
5.2 Keyachievements . . . ... ... .. 135
A. Finite element modelling of piezoelectric sensors 137
B. Small testing stand of the beam-shape device 141
C. Simplified load identification algorithm 143
D. Full size testing stand of the beam-shape device 147
E. Modal analysis of FE models 153
F. Real-time impact mass identification methods 157
F.1 Mass identification based on force and acceleration . ............. 157

F.2 Mass identification based on impulse and momentum change .. ... .. 160



Contents

G. The restitution coefficient discussion
H. Sensitivity analysis of ‘“Peak-to-peak” approach
Podsumowanie

Bibliography

163

165

168

171





