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Abstract. Faulty wheelset treads were identified as one of the major problems in the early
stages of car repairs. Defects of wheel sets that occur during the operation of the rolling stock
of the Moscow Railway are analyzed. When scanning the tread surface of wheel pairs with an
automatic complex of technical measurements, the principle of operation and control parameters
are taken into account. To reduce the stopping time of passing trains, it is proposed to introduce
laser profilers on the railway tracks. The control of the geometric parameters of wheel sets using
a laser profilometer is an important element of railway transport maintenance. Incorrect wheel
sets can lead to high wheel wear, track damage, and poor passenger comfort and safety. In the
course of the work, data obtained from measurements of various profiles of the surfaces of freight
cars, including wheelsets, were analyzed in comparison with reference profiles. An increase in
measurement accuracy has been established by minimizing the human factor, global digitalization
of technological processes and automation of rolling stock control along the route.
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Annoranuga. HeucripaBHbIE TOBEpXHOCTH KaTaHUS KOJIECHBIX Map OBLIM OMNpEAe/IeHBbl KakK
OodHA M3 OCHOBHBIX IPOOJIEeM Ha paHHUX 3Tallax PEeMOHTa BaroHoB. IlpoaHann3upoBaHBI
neheKThl KOJIECHBIX Iap, BO3HUKAWIIKME B Ipoliecce 3KCIUIyaTallud IOABMXHOIO COCTaBa
MockoBckoit xkene3Hoil poporu. IIpu ckaHMpPOBaHMM MOBEPXHOCTU KaTaHUsI KOJECHBIX Map
ABTOMAaTMYECKMM KOMILUIEKCOM TEXHWYECKMX WM3MEPEHMI YYUTHIBAIOTCS TIPUHIIMIT PabOTHI
W MmapaMmeTpbl KOHTpousis. [ cokpalleHWsI BpEeMEHM OCTAHOBKM TIPOXOJISIIMX IT0€3/I0B
TpemaraeTcsl BHEAPUTh Ha XKeJIe3HOMOPOXKHBIX IYTSIX Jla3epHbIe mpoduimoMmeTpsl. KoHTpoIb
TeOMETPUUECKUX MapaMeTPOB KOJIECHBIX Map C MOMOIIbIO JIA3ePHOTO MPOMOUIOMETpPa SIBIISIETCS
BaXXHBIM  3JIEMEHTOM TEXHUUYECKOIO OOCIY>XKMBAHMSI KEJIE3HOMAOPOXHOIO TpaHCIOpTa.
HenpaBuibHO mnomoOpaHHbIE KOJIECHbIE Mapbl MOTLYT MPUBECTUM K TMOBBILIEHHOMY W3HOCY
KOJIeC, TIOBPEXICHUIO TYCEHUIIbI U yXYIIIeHWI0 KoM(popTa 1 6e30TacHOCTH TaccaxXupoB. B
Xozie paboThl OBIIM TTPOAHATM3UPOBAHBI JaHHBIC, TTOJIYYEHHBIE TIPU M3MEPEHUSIX Pa3TUUHBIX
npoduaeii MOBEPXHOCTEM TPY30BHIX BaroHOB, B TOM YMCJIe KOJIECHBIX I1ap, B CpaBHEHUU
C 3TaJOHHBIMU TPODUISIMHU. YCTAaHOBJICHO IIOBBIIICHWE TOYHOCTHM W3MEPEHUI 3a Ccuer
MUHMMU3AIMU YeJI0BEUECKOTro (hakTopa, IJIOOaJbHOW UMOPOBU3AIUU TEXHOJOTMYECKUX
MPOLECCOB Y aBTOMAaTU3allMU YIIPaBJCHUST MOABUXHBIM COCTABOM B IYyTU CJEAOBaHUS.

Knouesbie cJoBa: JIa3epHBIA npoduIoMeTp, reOMETPUYECKUE ImapaMeTphl,
>KeJIe3HOMIOPOXHbBINM TPAHCIIOPT, KOJIECHAs Tlapa
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Introduction

Currently, much attention is paid to the problems of monitoring the state of various
transport [1—5]. One of the most difficult areas to control is the railway. The traffic safety of
railway transport largely depends on the quality of wheelset materials, design, manufacturing
technology, its inspection and repair [6, 7]. Due to large static and dynamic loads, as well as
violations of the rules for the technical operation of rolling stock, various defects occur in the
wheelset. Optical methods are often used to control the state of various moving parts of an object
and detect defects [8—13]. The requirements for the parameters of wheel sets in the automated
control system for the operation of rolling stock are met by laser profilometers.

A laser profilometer is a device that is used to control the geometric parameters of wheel sets. It
operates on the principle of laser interferometry and measures wheel profile height, wheel spacing,
wheel diameter, and other parameters that can affect the safety and efficiency of rail transport.

© Apunymkuna K.I', AmamypoB A.C., CasenveB W.1O., [aseimoB B.B., 2023. Wzmarens: Canxkr-IletepOyprckuii
rnosiMtTexHuueckuit ynusepcuret [letpa Besnukoro.
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The control of the geometric parameters of wheel sets is an important element of the main-
tenance and safety of railway transport. For example, incorrect wheel spacing or worn wheels
can lead to track damage and even an accident. Therefore, regular monitoring of wheel pair
parameters using a laser profilometer allows you to identify and eliminate these problems in a
timely manner. This improves the safety and reliability of railway transport, as well as reduces
wear and tear and operating costs.

The aim of the work is to develop a new algorithm for describing and evaluating the wheel
profile, taking into account such additional requirements as the smoothness and continuity of
the resulting profile, including on data with partial gaps. This will allow more accurate deter-
mination of geometric parameters, and, consequently, also reduce the number of erroneous
rejection decisions.

The point cloud is a set of pairs {(x,y )}"_, that defines the profile boundary, more precisely,
the trajectory of the laser beam reflected from the profile boundary. Since the position of the pro-
file boundary is measured with an error, and in some place’s detection omissions are possible (for
example, the beam turned out to be blocked by something), the regression problem becomes a
natural continuation of the problem of finding the profile boundary. The solution of this problem
is carried out by means of classical regression analysis.

Materials and Methods

The laser profilometer for determining the geometrical parameters of the surface profile con-
tains a laser radiation source with a laser beam-to-line converter, an optical matrix receiver of
reflected radiation, and an information processing device. The source of laser radiation is made
in the form of a semiconductor laser operating in a pulsed mode. At least one narrow-band inter-
ference light filter is introduced along the reflected beam in front of the optical matrix receiver.
In addition, a semiconductor laser operating in the visible red wavelength range was used, the
temperature stabilization system was made on the basis of Peltier elements with a control control-
ler and a temperature sensor. These systems are very often used in various optical instruments for
accurate measurements [1, 6, 8, 9, 12, 14—16]. The information processing device is made in the
form of a programmable logic controller with real-time signal processing and calculation of the
surface profile. The block diagram of the laser profilometer is shown in Fig. 1.

The laser profilometer is designed to measure: flange height, rolling, flange thickness, flange
steepness, tire thickness, it also provides for the removal and analysis of a complete wheel rolling
profile, maintaining an electronic database of wheel pair wear, monitoring tolerances and sorting
during technical inspection, certification, repair and formation of railway wheel sets of rolling stock.

Fig. 1. Laser profilometer. laser module /; line generator 2; plane of laser radiation 3,
controller based on digital signal processor 4; controlled object 5; optical system 6 of the photodetector;
image 7 of the probing laser radiation line on the photodetector; matrix photodetector &
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In contrast to the previously used templates for controlling the parameters of the wheel tread,
which were applied by employees of the railway transport structure, the laser profilometer in the
automated rolling stock control system fully automates this process.

The profilometer consists of several laser sensors that are mounted on the track and aimed
at the wheels of passing trains. Lasers measure the distance to the wheel and fix its profile. The
received data are transferred to a computer, where they are processed and analyzed.

The laser signal leaves a wide line on the photomatrix covering several points at once. Based
on the point cloud obtained on the basis of the image from the photodetector, the wheel profile is
analyzed and control values are calculated. Since the wheel geometry changes during operation,
it becomes impossible to describe the new profile shape with sufficient accuracy by the classes of
initial functions.

To solve this problem, a polynomial model was developed. This model takes into account the
features in the distortion of the reflected laser radiation from the changed profiles of the wheel
during its movement. Accounting for these features makes it possible to realize the restoration
of the shape of the wheel pair profile more clearly in comparison with previously used methods.

The solution of the regression problem was sought in the class of piecewise polynomial func-
tions [17, 18]. In what follows, the boundaries of the domain of definition of each part of the
piecewise function will be called points of discord or matching points. So, the solution takes the
form given in Eq. (1).

On all sites, a polynomial of degree p is used. The coefficients for each section are their own
and the section number is indicated by a subscript. The superscript means the ith component of
the vector of coefficients. To obtain the formula for the ith interval, it is sufficient to substitute
the corresponding values for x and f.

f(x;BO)’x<xl’
f(x=x;3B,),x, <x<x,,

f(x)=1... (1)

f(x_xk—l;Bk—l)9x > Xi_p»

where p is the degree of the polynomial, k is the number of segments, p = (B, ..., p») are the
polynomial coefficients,

F(xB) =P +p0x 4.4 px” = Z": By

is a polynomial function,

)= O L a0 () r _ N Q)
f(xiaBi) Bi +Bi xi+"'+Bi xi ZBI xi

is a polynomial function in the ith interval.

The laser signal leaves a wide line on the photo matrix covering several points at once. The
laser beam is located vertically relative to the matrix, that is, along its short side. In this case, the
image processing objects will be a string. The inverted image on the matrix is shown in Fig. 2,a.
The processed point cloud in Fig. 2,b is a set of {(x,y )}"_, pairs defining the trajectory of the
laser beam reflected from the profile boundary, found by solving the regression problem using the
mathematical formulas above.

Based on the point cloud obtained on the basis of the image from the charge-coupled device
matrix, the wheel profile is analyzed and control values are calculated.

The analysis of these profiles makes it possible to establish the presence of defects in a pair of
wheels during the movement of the car, which was previously more difficult to do.

59



4 St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2023. Vol. 16. No. 3.2 >
I

a) b)

a0

80

|

¥, mm

I )
I i I
L] ¥

Fig. 2. Wheel profile: inverted image on the matrix (a), processed point cloud (b)

Results and Discussion

The use of a new model made it possible, using a laser profilometer, to create an automated
system that can more accurately control the geometric parameters of the surface profile, the
contour dimensions of the object, the relative position of parts, and the deviation from flatness.

Based on a mathematical model built on a cloud of points, the key parameters of the wheel
were calculated. As part of the work, only one wheel was considered, since its data are indicative
and contained gaps.

The decision on the need to send the wheel set for repair (turning) can be made according
to the allowable ranges defined in the regulatory documents, which are unique for each type
of wheels.

According to the processed data of the wheel set, the output of the parameter T3 was found -
the steepness of the ridge from the allowable limits.

The ridge steepness parameter is the horizontal distance measured between two points on the
outer surface of the ridge, one of which is 2 mm from the top and the other is 13 mm from the
wheel circle.

The steepness parameter or the dangerous shape of the ridge characterizes almost all types of
tire wear. It is measured in millimeters and depends on the drawing height of the comb. From
this, it should further be concluded that the wheel with a dangerous ridge shape is rejected.

The ridge steepness parameter is complex and characterizes changes in the shape and dimensions
of the ridge and the entire profile of the wheel tread surface associated with wear during operation.

The defect is the steepness of the ridge and the unacceptable value of the parameter at which
the operation of the wheel set is prohibited is less than 6 mm. The resulting value was 3.8 mm.

This parameter is calculated by software. From which it was assumed that this wheel set is
subject to prolonged exposure when passing one-sided curved sections of the track.

From which follows the conclusion about the need to reject this wheel.

A restored profile with wheel parameters was also obtained. From which we can conclude that
the data processing system is working correctly and the laser profilometer is working correctly.

Conclusion

Just as a template is applied to a real wheel for measurements during the technical inspection
of a rolling stock car, so in the proposed method, measurements are made at points according
to the template. The technical result is an increase in measurement accuracy by minimizing the
human factor, global digitalization of technological processes and automation of rolling stock
control along the route.

The automated profilometer system allows not only taking pictures, analyzing the data obtained
based on their comparison with the basic standard, but also transmitting information. This helps
to estimate the number of errors in the received measurements and allows them to be converted
into digital data. This made it possible to integrate it into the universal digital hardware and soft-
ware platform of the automatic system for the operation of the rolling stock.
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Thus, the use of a laser profilometer in an automated rolling stock control system is an effective
way to control the geometric characteristics of freight cars and platforms. However, to achieve the
best result, it is necessary to take into account a number of features of the laser profilometer, such
as choosing the optimal installation height and scanning angle, as well as proper data processing.

In addition, it should be taken into account that the use of a laser profilometer is not the only
way to control the geometric characteristics of the rolling stock, and in order to achieve maximum
efficiency, it is recommended to combine its work with other control methods using an automated
rolling stock control system.

Thus, it can be concluded that the use of a laser profilometer in an automated rolling stock
control system is a promising and effective method for controlling the geometric characteristics
of a rolling stock, subject to certain features of operation and taking into account technical and
economic restrictions. In general, the use of this technology improves the quality of control and
increases the efficiency of the rolling stock control system.
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