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Abstract. The subject matter of the paper is an analysis of the results of acceleration signals
measurement obtained from the prototype of Rail Vehicle and Rail Track Monitoring System. The
prototype of the system measures acceleration signals on some elements of electric multiple unit,
such as bogie frames, wheels and railway vehicles body. The results of measurement were
converted to values of statistical parameters, e.g.: an amplitude, a root mean square, a kurtosis
coefficient, an interquartile range. The values of diagnostic parameters, when compared with the
permissible values, allow to monitor the typical dynamic behaviors of rail vehicle and track
condition and to determine a condition of a rail vehicle construction. The main purpose of the
analysis described hereby was to determine the usefulness of various diagnostic parameters and
to identify the direction of further research connected to condition monitoring and diagnosing of
rail vehicles and track.
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1. Introduction

Condition monitoring of railway tracks, vehicles are essential in ensuring the safety of
railways [1, 2]. Rail Vehicle and Rail Track Monitoring System is one of developed solutions.
Monitoring of dynamic behavior of rail vehicles (problem of rail vehicle suspension fault
detection) and state of track and diagnose of them are among the main aspects and aims of the
system. These actions are realized as result of vibroacoustic signal (values of momentary
acceleration signals) measured in determined places in means of transport (such as: railroad cars,
segments of electric multiple units and other kinds of rail vehicles), which are explicitly indicated
in the patent obtained by the design-research team [3]. The system monitors temperature of axel
boxes as well, however it is not subject of discussion in hereby paper. In view of the proper
functioning of the system at the stage of its supervised operation, the data obtained from
measurements during runs of a rail vehicle (with prototype system installed on a vehicle) were
analyzed. Previously, the system was examined on the test track in Zmigrod [4].

One of the basic sources of information for the diagnostics of mechanical systems of rail
vehicles are vibroacoustic signals, mainly velocity or acceleration. The subject of this paper is an
analysis of selected results of acceleration measurement in axle boxes, wheel-set frames and
bodies of rail vehicle: electric multiple unit (EMU) ED-74 0001. The prototype of the system was
installed on this type of vehicle. Analyses were made on the example of selected routes of Polish
railway network. The analysis of signals recorded by the system on selected routes, under
supervised operating conditions, concerned diagnostic indicators such as: amplitude, root mean
square, kurtosis coefficient and interquartile range.

There are variety of experimental studies, that use methods of analyzing vibroacoustic signals
for railway diagnostics. Author of [5] discusses the system for detecting flat spots on a railroad
car wheel using accelerometers located on rails. Authors of [6] present similar system (to the one
described in this paper) to ensure the safe operation of high-speed electric trains. However, authors
propose different sensors locations and their total number as 44:5 points on the current collecting
device in two positions which correspond to extreme heights of the catenary, 12 points on car
body, 5 points on each bogie frame, 3 points on each wheel set. Masinovic (2017) presents a
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system that consist of 4 accelerometers. Meanwhile, in the system described hereby, one sensor is
mounted on a body, above each bogie, and 2 sensors are on each bogie frame and they are used in
order to monitor secondary suspension condition (Fig. 1). As far as the track condition is
concerned, acceleration signals are registered by accelerometers located on wheel-set bearings —
4 per one bogie. And the temperature of axles bearing is considered on signals recorded by
temperature places located on wheelset bearings — 4 per one bogie.
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Fig. 1. Sensors location in the system source: figure is compatible to the one given in [3]

As part of research in the literature presented over the last twenty years and considered the
problem of rail vehicle suspension fault detection, few more systems and methods can be
mentioned. To mention only some of them, they are as it follows. First of all, methods based on
Kalman filter are described in the literature, as in [8-10]. Some specific multi-model approach to
the problem is presented in [11-15] and method that use dynamical interactions between bogie
movements is given in papers such as [16-18]. Nevertheless, no information about implementation
of these methods in the real monitoring systems could be found. The one used for this specific
research paper can be found.

2. EMU vehicle state monitoring under supervised operating conditions

The vehicle and track monitoring and diagnostics system enables vehicle state monitoring
through acquisition and data pre-analysis (understood here as processed vibroacoustic signals).
Measured data are subjected to digital processing and validation. If an error is detected, the
information is sent, via a GSM modem, to external server as a control packet. Also measured data
are sent to a server as data packets. Monitoring of state of rail vehicles is carried out on-line and
signals collected by sensors are continuously processed, analysed and stored in system server
databases.

The concept of rail vehicle state monitoring system assumes the use of acceleration signals
recorded at selected points of a vehicle. Acceleration signals recorded on bogies and bodies of
vehicles are used to evaluate the performance of rail vehicles. Two of tested basic parameters
characterizing the acceleration signals used in this evaluation are root mean square value and
maximum value also known as amplitude (according to the recommendations in [19], the
amplitude of the signal is determined through its 99.85 % percentile). The permissible values for
these parameters are contained in the documents for the approval tests of rail vehicles in terms of
the dynamics of the gear system such as [19, 20]. The permissible amplitude and root mean square
values are the same for driving bogies and rolling bogies.

As part of the supervised operation, the rail vehicle run on in particular routes (some of the
selected routes between the following marginal cities were different as it is given in bracket):
Warsaw — Poznan, Warsaw — Terespol, Warsaw — Krakow (via £.6dZ, Radom or Kielce), Krakow
— Wroclaw, Warsaw — 1.0dz.
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3. Analysis of individual diagnostic indicators

The analysis of signals recorded by the system on selected routes, under supervised operating
conditions, concerns four diagnostic indicators such as: amplitude, root mean square, kurtosis
coefficient and interquartile range. Amplitude and root mean square parameters were discussed in
more detailed way in [21]. It was found that amplitude indicator due to strong susceptibility to
changes in the rail-track vehicle set is not an effective determinant to monitor and diagnose
a vehicle state.

According to [19, 20] permissible value of root mean square in case of acceleration signals is
RMS,, = 0.5 [m/s]. Due to the lower number of exceeds of the permissible value, in comparison
to amplitude indicator [21], the root mean square could be subjected and quoted in more detailed
analysis.

In Fig. 2, a graph of acceleration in transverse direction in A-body of vehicle (first segment of
EMU vehicle while route passing) is given. It is featured in the form of a root mean square values
on June 11th, 2012 and June 15th, 2012. It is sample route to express the potential of system
analysis and the milage of route is as it follows: Krakow — Lewin Brzeski near Opole (for data
packages number 1-99), Wroclaw — Krakow (for data packages number 100-290).
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Fig. 2. Comparison of acceleration in transverse direction on A-body,
in the form of root mean square values (RMS) on June 11th and 15th, 2012

Based on the similarity of the route that the rail vehicle was passing by, it was decided to select
of runs on June 11th and 15th, 2012 to be taken into account in the analyses. For this reason, there
were comparisons of the excited values of the root mean square value on these routes. Pearson
correlation coefficient in case of the pair of measurements is equal to 0.51. In Fig. 2, between
Opole and Krakow, the state of the track on this route was not the best quality, which is the reason
of numerous exceeds of RMS,,. Consequently, the results of computing the track quality indicator
confirmed the presumption.

Kurtosis coefficient does not always accurately describe the analyzed data. Interpretation of
a kurtosis coefficient is not trivial and it is not possible to compare its value with other values
without taking into account data distributions, sharpening of data distributions, thickness of falling
shoulders. Therefore, it is postulated to remove a kurtosis coefficient from the cluster of diagnostic
indicators or to develop significant changes in the diagnostic algorithm for the comparison of the
coefficient value. Sample results are discussed in [21].

Before analyzing of interquartile range indicator diagnostic indicator, it had to be attempted to
determine its limit values (the previous indicators permissible values were predefined beyond this
part of research).
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A method based on the distribution of the diagnostic parameter was chosen to the reason. It is
because the determination of the limit value based on the distribution of the diagnostic parameter
is used when there is no pre-failure mean value of a diagnostic parameter, i.e. when a test was not
carried out to damage the object (here: a rail vehicle), which is to be dealt with under supervised
operation considered hereby.

In order to determine the permissible values for interquartile range, for each data packet the
values of elementary interquartile range were calculated. In this way, the sample of data (consisted
of interquartile range values) were determined and a mean value and a standard deviation of each
sample were computed. Then the limit (permissible) values were computed. Two kinds of these
values were identified: a fixed permissible value and a floating permissible value. A fixed
permissible value is understood herein as a limit value in the form of a real, single number, to
which the values of the elementary interquartile range should be compared. Work on its
determining is still continued. A floating permissible value, in turn, is such a limit that has been
defined within one day of passing a rail vehicle. Examples of limit values are shown below, with
additional assumption that these values are determined for three different velocity ranges of a rail
vehicle: 40-80 [km/h], 80-120 [km/h], 120-160 [km/h].

On the basis of the received floating limit values, it can be stated which of the values of
interquartile range calculated for specific data packages and specific days of travel of a rail vehicle
are considered to be exceeded.

The graph in Fig. 3 shows the values of the interquartile range for individual data packets
registered on July 2nd, 2012. The horizontal lines are the determinants of permissible levels
divided into velocity ranges (see table 1.): Radom — Kielce route: 120-160 [km/h]: velocity values
not reached in case of this route, 80-120 [km/h]: 0.48 [m/s?], 40-80 [km/h]: 0.45 [m/s?].
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Fig. 3. Interquartile range values (IQR) on July 2nd 2012

As aresult of the analysis of this diagnostic indicator, it was found that the exceed was mainly
due to quality of the track. Exceptions include situations where there is an unfortunate failure of
the sensors.

4. Conclusions

The analysis convinced to the impossibility of treating each of the diagnostic indicators
separately. Diagnostic indicators should be treated collectively. In order to determine algorithm
in this case, additional analyses are needed (covering a wider spectrum of results than just the
selected routes of the rail vehicle). However, before an algorithm that leads to a composite view
of all diagnostic indicators is prepared, the importance of each diagnostic indicator must be
evaluated. At the same time, it is necessary to specify explicitly acceptable levels of other
diagnostic indicators, i.e. a kurtosis coefficient (if applicable), an interquartile range. These works
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(in the course of implementation) will allow for permanent and unambiguous determination of
usefulness of diagnostic indicators.

As indicated in section 3, the simultaneous analysis of a root mean square value and a kurtosis
coefficient does not produce satisfactory results. Exceed of permissible root mean square values
occur sporadically, and most often they are suspected to be related to the crossing of a rail vehicle
by rail crossing, turnouts or switches. Thus, this diagnostic indicator as such cannot be evaluated
independently of other diagnostic indicators.

There were no significant similarities between the diagnostic indicators in case of a root mean
square value and a kurtosis coefficient. For other pairs of diagnostic indicators, it was noted that
when a root mean squared value exceeds its limit, a value of an interquartile range is exceeded.
And this part of research will be continued.
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