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Statistical analysis of distribution of train’s maximum acceleration
response based on Gaussian mixture model
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Abstract: In order to reliably evaluate the safety and stability of running train during operation, the
distribution of maximum acceleration response of the running train under random track irregularity

excitation is analyzed, based on the theory of multi-body dynamics and the theory of probability statistics.
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To this end, the train-track coupling model is established using the multi-body dynamics software Simpack.
As the internal source excitation of the train-track coupling model, the track irregularity is simulated
through trigonometric series method. In addition, the Monte-Carlo method is used to obtain the sample
sequence of the train’s acceleration response under random track irregularity. Subsequently, the maximum
value of each sample (time history of train’s acceleration responses) is obtained and treated as a random
variable for statistical analysis. By constructing the probability density distribution function of the
maximum train vibration acceleration response based on the Gaussian mixture model, and combining with
the expectation maximization algorithm, the maximum likelihood estimation of the probability model
parameters is carried out. The statistical law of the maximum distribution of train acceleration response and
the selection of the number of response samples are studied. The results show that the Gaussian mixture
model can accurately model the distribution of the train’s maximum acceleration response. Additionally, it
is found that the variation of the train’s maximum acceleration response increases with higher vehicle speed.

Keywords: train-track coupling system; random vibration; acceleration response; Gaussian mixture model;

expectation maximization algorithm
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Table 7 Fitting index of probability density distribution of

train’s maximum lateral acceleration response

FEAA R A Wi
400 0.983 5 0.285 7
500 0. 976 3 0. 340 4
600 0.982 3 0.298 8
700 0. 960 5 0. 447 2
800 0. 980 9 0.299 9
900 0.974 4 0.353 4

1 000 0. 982 2 0.286 1
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