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Fig. 1 Wheel-rail model for numerical simulation
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Table 1  Six equally divided traction force intervals and

corresponding torque intervals

L5yIX (8] #25| J1/kN Z5| J3%/(10"N-mm)
1 120.0 0.97
2 210.0 1.20
3 300.0 1.50
4 390.0 1.50
5 480.0 1.90
6 570.0 2.20

R2 TSP T X [8) K HC X I3 ) A2 S e ey e

Table 2 Five equally divided train speed zones and
corresponding angular velocities of wheel rotation

S5y X ] FTBEEREE V /(kmeh™)  ZEERTER R w/(rad-s™)
1 16.0 3.0
2 32.0 9.3
3 48.0 15.7
4 64.0 22.0
5 80.0 283
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Fig. 2 Variation curve of strain at the wheel periphery with
node radius and schematic diagram of collection radius and node
distribution
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Fig. 8 Training results of model 4 on lateral force and vertical force at contact points on both sides
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Fig. 10 Test curve of contact force results at contact points on both sides for the four training models
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A decoupling method for wheel-rail contact forces of heavy-duty trains
based on big data and neural networks

ZHANG Zhenhui', WEI Kai', PENG Shenyou', YIN Shengwen’, WANG Zhonggang’

(1. College of Mechanical and Vehicle Engineering, Hunan University, Changsha, Hunan 410082, China;
2. School of Traffic & Transportation Engineering, Central South University, Changsha, Hunan 410075, China)

Abstract: To accurately identify and predict wheel-rail contact forces during the operation of heavy-duty trains, this paper proposes
a novel method of decoupling and predicting these forces based on big data related to non-contact strain at the wheel periphery and a neu-
ral network. Initially, a refined finite element numerical simulation model was developed to replicate the wheelset-rail contact of heavy-
duty trains. The subsequent analysis of strain sensitivity at the wheel periphery determined the optimal strain collection radius and the
layout of collection points on the train wheels. The dynamic response of the wheel-rail contact area under various operating conditions of
trains was investigated by analyzing extensive strain data generated at the strain collection points across multiple numerical simulation
models, along with the vertical and lateral forces at the contact spots. The results revealed the variation patterns of response in key as-
pects such as strain and contact forces in the contact spot area when trains operating at a constant speed are accelerated. Following the es-
tablishment of a comprehensive data set of strain and contact forces, a neural network model correlating wheel-rail contact forces with
non-contact strain at the wheel periphery was established, through a training process to address the relationship between contact forces
and non-contact position strain. This model enables the real-time decoupling and accurate prediction of contact forces at the contact spot
for trains. This neural network model exhibits superiority in both computational efficiency and prediction accuracy, proving effective in
guiding the decoupling identification of wheel-rail contact forces for heavy-duty trains and supporting further engineering applications,
such as solving the train derailment coefficient.

Keywords: heavy-duty train; wheel-rail system; big data; neural network; decoupling of contact forces; heavy-haul railway;

numerical simulation
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