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Modeling and Simulation of the Defects on Rail Wheels for Analyzing
Vibration Signals

Abstract

Structural health monitoring systems have been widely used in terms of safety, mai-
ntenance, cost, and performance of railway operations. This study aims to identify a
single defect on wheel surfaces within the bogie by analyzing vibration signals obtai-
ned through stochastic simulation of train dynamics models and composes of two
major parts: the modeling and simulation of defects on train wheels and the feature
extraction and defect classification.

The first part reviews the existing train dynamics model that was created using
SIMPACK Rail. Model improvements are realized in the following three aspects: FE
discretization, model reduction and integration, and initial equilibrium problem, whi-
ch help to reduce numerical errors and to reinforce theoretical basis for the reliability
of train dynamics models.

The second part consists of the feature extraction technique and defect classificati-
on. The amplitude modulation in the envelope of vibration signals is assumed to
have a close relationship with the dynamic behavior of wheels. Among various
techniques, the combination of wavelet packet transform and Hilbert transform is
chosen because it shows orthogonal changes of amplitude modulation on the binary
tree structure while keeping the computational costs at the low level. The artificial
neural network is used to model the nonlinear input-output relation between extract-
ed features and defect information. It is shown in the application example that the
flat height and location of a single defect on wheel surfaces within the bogie can be
identified even though the operating condition is limited to a fixed speed condition.

Euiyoul Kim

Python-based Automation

______________________

Numerical Feature Defect

Defect

Train Dynamics Model

Feature

Scenario

in MBS software

SIMPACK, Abaqus, Python
- Wheel Defect Model

- Flexible Wheelset Model
- FE Discretization

- Model Reduction

- Data Interface Format

Vibration
Signals

Defect

Extraction

Classification

MALTAB
- Signal Processing

- Wavelet Packet Transform

- Hilbert Transform

- Moving Average Filter
- Artificial Neural Network

- Stochastic Approach

Simulation

Train Dynamics Model

with Flexible Wheelsets

Extraction

Wavelet Packet-based
Envelope Analysis

Vibration Signals
(Acceleration [m/s?])

————————————————————————

Classification

Multilayer Feedforward
Neural Network

Hilbert
Wavele Transform
Packet +
Transform (V3| Moving

t W2

(Level 3)

Average

Input
Vectors

Amplitude

Time

1
1
1
W4l Filter |
:
1

/\

> Validation <

Estimated Defect Information ~

Defect Height, Location

Defect Scenario (Defect Location, Size)

—O©— Input A: Original
- =x - |nput B: Gaussian Moving Average Filter
0
e Front-Left Front-Right Rear-Left Rear-Right s 10
—
3 f

g Featu_re % L 102 P BT AR roA
5 Extraction g 9 A % Figy P

E ‘Q E \\ ! ¥ ! A
< |— e < © 4 Vi & ; v

5 £ 3 10 W 4 i i
I Time = 7)) A ' A
..................... C _6 A == 'ﬁ h ~
Signal Block _ T 10 TA
(1 cycle) :_ (0h] s
1 Input Vector (N x 32) for Front Bogie, Z-axis = gl
- i 1 0- I 1 1 I I I I 1 1 I
Label Information | Input p Layer 1 .\, Layer 2 .\, Layer 3 N 2 4 4-2 8 8-2 84 16 16-2 16-4 16-8
Size Location ! 1 5 3 .
! N 2" o & e a Structure type of a hidden layer

Flat Height | Wheelset | Wheel | Rx1 nt Six1 n2 sx1 n3 S$3x1

0: Min 0: Front | O: Left - SR e f1 S2st f2 S332 3

1: Max 1: Rear 1: Right 1| b 1| 2 1 b2 y - - -

. I N Master’s Thesis of Euiyoul Kim

0,2 =f2(LW2'1a1 +b2) f3(Lw3.2a2 +b3)

Examiner: Prof. Dr.-Ing. Ulirich Martin
Prof. Dr. ir. habil. Remco I. Leine
Supervisor: PD Dr.-Ing. habil. Yong Cui
Dr.-ing. André Schmidt

1
1
1
1 al = FLawiip + bY)
1
1
1

_________ >y =ad=f3LW32f2(LW2LfL(IWiip + b1) + b2) + b?)

E-2019/09

Institut fur Eisenbahn-
und Verkehrswesen

e

Universitat Stuttgart

Vorgelegt an der



