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This work is devoted to the development of approaches to the determination of the actual irregularities of a
railway track. Such irregularities are traditionally used as input disturbance components in the simulation of the
dynamic behavior of a moving vehicle. The aim of this work is to develop a track irregularity determination
method that would be more accurate and easier in use than the processing of track measurement car records. For
vertical irregularities in the assumption that no wheel–rail detachment occurs, this problem is proposed to be
solved by double integration of recorded accelerations of freight car axleboxes. A method of numerical integration
of processes in the frequency domain using the Fourier transform is considered. To eliminate components that
depend on the initial conditions and cause the results of integration to deviate from the true ones, a filtering algo-
rithm is used. The proposed approach is verified by applying it to the integration of a harmonic function defined
analytically and an experimentally obtained random process. The calculated estimates of the displacements of a
given point of a mechanical system are compared with their values known a priory. The lower and the upper limits
of the filtering band of the resulting process are determined.  The high accuracy of the integration results on ap-
plication of bandpass filtering is shown. The approach to track irregularity determination considered in this paper
may extend the range of analyzable track irregularity lengths in comparison with those correctly extracted from
track measurement car records.

The proposed method of double integration in the frequency domain in combination with bandpass filtering
may be used not only in the determination of railway rack irregularities, but also in the solution of other engineer-
ing problems involving the integration of experimentally obtained signals.

Keywords: railway track irregularities, axlebox accelerations, integration,
Fourier transform.

1. Technical guidelines of railway track condition assessment from track measurement car records and on acci-
dent prevention in the case of departures from the railway track maintenance standards (in Ukrainian). TsP-
0267 : Approved by Ukrzaliznytsia Order No. 033-Ts of February 1, 2012  / Ministry of Infrastructure of
Ukraine, State Administration of Railway Transport of Ukraine, Ukrzaliznytsia, Chief Directorate of Track Fa-
cilities; Prepared by Rybkin V. V., Patlasov O. M. Kyiv : Poligrafservice, 2012. 46 pp.

2. Ushkalov V. F., Lapina L. G., Mashchenko I. A. Calculated disturbances to study railway car dynamics (in
Russian). Zaliznychnyi Tansport Ukrainy. 2012. No. 1. Pp. 38–41.

3. Rybkin V. V., Sysyn M. P. Determination of vertical track irregularities from track measurement car records (in
Ukrainian). Nauka i Progress Transporta. Vestnik Dnepropetrovskogo Natsionalnogo Universiteta
Zheleznodorozhnogo Nransporta im. Akad. V. Lazaryana. 2003. Iss. 2. Pp. 24–30.

4. Lapina L. G. Numerical restoration of a stationary function from the values of its derivative for studying the
motion of mechanical systems (in Russian).  Teh. Meh. 2013. No. 3. Pp. 57–62.

5. Otnes P., Enoxon L. Applied Analysis of Time Series. Basic Methods (in Russian). Moscow: Mir, 1982.
428 pp.

6. Kogan A. Ya., Levinzon M. A., Malinsky S. V., Pevzner V. O. Spectral analysis of track irregularities and the
stress and strain field of track components (in Russian). Vestnik VNIIZhT. 1991. No. 1. Pp. 39–43.

Received on March 27, 2019,
in final form on May 29, 2019


