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Experimental study of the method and device for wheel-sets 
acoustic monitoring of railway cars in motion

Purpose. Improving the technology of maintenance of wheel-sets of passenger cars using the on-board monitoring system and 
the acoustic monitoring method.

Methodology. Field studies of the acoustic monitoring method were conducted in accordance with the requirements of the 
current standards using a professional sound recorder. The initial data were analyzed using the licensed software, acoustic signal 
envelopes were computed using the Hilbert transform, and the values of the peak factor of the acoustic signal from the interaction 
of the wheel and the rail in the frequency bands were calculated.

Findings. The methods for detection of damages of wheel-sets in the railways of different countries were analyzed and an alter­
native approach to monitoring the technical condition of wheel-sets in motion of cars was proposed. Field investigations of the 
acoustic monitoring method were conducted, the obtained data were processed and analyzed, informative diagnostic signs were 
defined. The results of the study were used for programming and configuring the acoustic monitoring device for wheel-sets.

Originality. For the first time, the noise emission sources of cars were investigated experimentally during operational move­
ment, the noise sources of the rolling stock were classified, and informative diagnostic signs of a signal for the detection of wheel 
damage were discovered and calculated using the acoustic monitoring method.

Practical value. A model of the acoustic monitoring device was developed and configured based on experimental studies and 
subsequent calculations, which allowed reducing the number of sensors per car and improving their operational conditions. Labo­
ratory tests of the developed device were conducted.

Keywords: railway transport, cars, wheel-sets, monitoring of technical condition, acoustic control method, field studies, spectrogram, 
peak factor
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Introduction. Natural wear and accidental damage of 
wheel-sets substantially limits the fault-free operation of pas­
senger cars, which reduces the economic efficiency of the rail­
way, operational reliability and traffic safety.

In the Ukrainian railways, the most failures of units and 
equipment of passenger cars on the route are recorded on 
wheel-sets (54 %), most common of which are shelled treads 
(44 %), weld-on deposits (14 %) and wheel flats (14 %) on the 
rolling surface of the wheels.

Such failures of wheels cannot be completely prevented by 
structural, technological and operational measures, as they 
may be caused by accidental unpredictable factors, such as 
short-term dynamic unloading of wheel-sets passing rough­
ness of rails, reduction of the coefficient of adhesion between 
wheels and rails during atmospheric precipitation, mutual in­
fluence of wheel damages, etc. In this case, the task of opera­
tive detection of damages to the wheel pair and timely warning 
of the train crew and ground services of the incident to prevent 
the threat to traffic safety, minimizing possible losses and 
shortening the train maintenance time is relevant.

We believe that wheel flats and weld-on deposits on wheel-
sets of passenger train cars on the route should be promptly 
detected, since when they are rolled up they form uneven roll­
ing which is especially dangerous at high speeds (120‒ 
160  km/h) and difficult to detect in operation. In places of 
rolled up wheel flats and weld-on deposits, the steel in the rims 
of the wheels also flakes, which, in further operation, leads to 
the occurrence of cracks and the destruction of the wheel.

Literature review. Approaches to data acquisition in the 
railway transport can be divided into four groups: infrastruc­

ture monitoring using ground-based systems, monitoring of 
rolling stock using ground-based systems, infrastructure mon­
itoring using on-board systems and monitoring of rolling stock 
using on-board systems [1]. Modern systems of monitoring 
and diagnostics of industrial and railway objects are reviewed 
in [2, 3].

The following methods are used to detect damages to 
wheel-sets in the railways of the world:

- ultrasound method;
- magnetic method;
- vibration-based method;
- acoustic emission method;
- strain-gauge method;
- fiber optic method.
Infrared camera, laser and high-speed camera-based 

methods are also used.
These methods are used both in ground-based and on-

board rolling stock monitoring systems. The analysis of data 
acquisition technologies, examples of applications, advantages 
and disadvantages of such methods are given in [1].

In [4], the use of vibration diagnostic and acoustic-emis­
sion technologies for detecting damage to wheels and bearings 
of railway rolling stock was experimentally studied. For this 
purpose, laboratory and field tests were conducted, which en­
abled comparing the indicated technologies and concluding 
on expedience of their use. The following data acquisition 
technologies were investigated: estimation of peak to peak val­
ues, mobile RMS value, power spectrum, mobile excess, peak 
factor, cepstrum, and wavelet transform.

The results of laboratory experiments indicate that acous­
tic emission sensors and data acquisition technologies are ad­
visable to use at low speeds to detect defects to axle bearings at 
an early stage of development. Accelerometers are mostly inef­



ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, № 4	 31

fective for detecting defects to axle bearing in on-board and 
ground-based rolling stock monitoring systems, while their 
use for detecting wheel flats and weld-on deposits on the 
wheels by calculating values of the peak factor proved to be 
effective.

In general, the author of [4] concludes that most technol­
ogies that detected damage to wheels and axle bearings during 
laboratory experiments proved to be ineffective during field 
tests.

In [5], vertical acceleration of the axle box for detecting 
wheel flats on wheel-sets during movement of the car is also 
considered. The authors propose to use the empirical mode 
decomposition as a data acquisition technology, which is a 
method of adaptive signal analysis that does not require any 
defined basic function. Laboratory tests were carried out to 
confirm the effectiveness of this technology.

Mechanical vibrations of wheel-sets can serve as a source 
of diagnostic information for assessing the technical condition 
of the rail track. In [6], the vertical acceleration data of the axle 
boxes was acquired to assess and monitor the technical state of 
the switchover. An analysis of the dynamic properties of ac­
celerometers and the use of fractional derivatives in the simu­
lation of the operation of these sensors is given in [7, 8].

Unsolved aspects of the problem. The variety of cars and 
types of wheels, difficult installation and maintenance prob­
lems, strict requirements for the strength of the sensors togeth­
er with the considerable costs of equipping the axle boxes 
limit the use of on-board monitoring systems. Multiple studies 
conducted in above-mentioned approaches were simulated 
and tested in laboratory conditions, while field studies were 
not given enough attention.

As a result, on-board monitoring of the technical condi­
tion of wheel-sets has had many complications that are still to 
be overcome.

Purpose. The purpose of this study is improving the main­
tenance technology for wheel-sets of passenger cars using the 
on-board monitoring system and acoustic monitoring method.

The following tasks were set to achieve the purpose:
-  proposing an alternative approach to monitoring the 

technical condition of the wheels in motion of the car, reduc­
ing the number of sensors per car and improving their operat­
ing conditions;

-  conducting a field study of the acoustic monitoring 
method;

-  analyzing the obtained data, comparing them with the 
results of theoretical studies;

- using the study results for programming and configuring 
the wheel-sets acoustic monitoring device.

We have proposed an alternative approach to monitoring 
the technical condition of wheel-sets in motion of the car, 
which is based on recording elastic vibration of the wheel 
through the air by sensors installed on the frame of the car. 
This approach can be used to monitor the technical condition 
of rolling stock and railway infrastructure, including acoustic 
track monitoring.

When sound vibrations are used as a source of diagnostic 
information, certain features in comparison with the analysis 
of vibration or acoustic emission signals occur [4]. Simulation 
and laboratory studies of noise emission are complex and in­
sufficiently effective, therefore, it was decided to study these 
processes in field conditions.

Description of the methodology of the study. The first stage 
of the experimental study of the acoustic monitoring method 
is recording sound implementations of acoustic signal sources 
in a wide range of frequencies. This requires:

- formulating requirements and choosing a measuring de­
vice;

- substantiating and choosing the arrangement scheme of 
the device relative to the train.

The document regulating the procedure for measuring 
railway noise emission is ISO 3095-2005 [9]. This internation­

al standard defines the conditions for obtaining reproducible 
and comparative results of measurements of levels and spectra 
of noise emitted by all types of railway transport. In accor­
dance with the standard for assessing the sound emission of 
the railway transport, the measuring equipment must meet the 
requirements for measuring instruments of accuracy class 1. 
Accordingly, the sound recorder should meet the following re­
quirements:

a) operating frequency range of 31.5 Hz to 20 kHz;
b) uniform frequency response;
c) adjustable microphone sensitivity;
d) bit rate of the processor not less than 16 bits;
e) sampling rate not less than 48 kHz;
f) wind protection;
g) recording in solid-state memory, connecting to a PC.
The two-channel professional H4n recorder Handy Re­

corder by ZOOM (Japan) meets all the above requirements.
To measure the railway noise emission, the measuring mi­

crophone should be located at standard positions at a distance 
of 3.5, 7.5, 25 m from the axis of the road 1.2, 1.6, 3.5 m above 
the surface of the top of the rail [9]. To record the noise of the 
running gear of passenger cars, in view of the above require­
ments, the measuring microphone is located 3.5 m from the 
axis of the road 1 m above the surface of the top of the rail 
(Fig. 1).

During the study, the following requirements regarding the 
measurement conditions were met:

- a circle with a radius of 50 m should be free of large sound 
reflecting objects (hills, bridges, houses);

- the area near the microphone should be free of objects 
that can disturb the free sound field;

- a windscreen deflector should be used; measurement is 
not carried out if a wind speed is more than 5 m/s.

The following external conditions are accepted:
- Р65 rails, crushed stone ballast, concrete sleepers;
- average wind speed 4 m/s, average air temperature 34 °С, 

average atmospheric pressure 744 mm Hg.
Field studies were conducted with the following types of 

rolling stock:
- passenger cars (total number 204; range of speeds 18 to 

80 km/h);
- freight cars (282; 5 to 74 km/h);
- electric train cars (38; 35 to 60 km/h).
To increase the reliability of measurements, the record was 

made on two channels of the device, which allows preventing 
errors of one of the microphones.

Results. The technical condition of the wheel-sets most 
fully manifests itself in motion during interaction with rails. 
Short roughness of the rolling surface of the wheels causes im­
pact loads that initiate oscillations of the unsprung parts of the 
car and can be detected by acoustic monitoring methods.

Fig. 1. Arrangement of the sound recorder relative to the train
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The rolling noise from wheels on the rails is caused by 
roughness of the rolling surfaces of the wheel and the rails. 
Most commonly, such roughness is regarded as stochastic. 
However, in the event of damage to the rolling surface of the 
wheels, the stochastic roughness becomes periodic. When 
such a wheel rolls, dynamic forces appear which lead to oscil­
lation of wheel-sets and track elements. Oscillating surfaces 
emit sound waves that form a total sound pressure. The wheel 
disc is a dominant surface during noise emission.

During field measurements, the following main sources of 
noise emissions in motion of cars were focused on:

- rolling noise of wheels;
- impact interaction of the wheel and the rail;
- screech in curves;
- interaction of the brake block and the wheel;
- air release from the air brake control valves.
Since the spectral representation is the most informative 

method of analyzing sound vibrations, spectrograms of acous­
tic signals for each train are constructed after the preliminary 
processing and grouping of the results of measurements.

The purpose of analysis of spectrograms is determining the 
informative diagnostic signs of acoustic signals using which 
the latter can be divided into classes of images and configure 
the acoustic monitoring device for wheel-sets. The following 
phenomena and their characteristics are specific of the whole 
sample.

The rolling noise of passenger trains on average is a non-
periodic continuous signal in the frequency band from 150 to 
1,000 Hz (Fig. 2). A segment of a high-frequency 17 to 20 kHz 
signal duration of 2 seconds was also recorded during this im­
plementation, corresponding to the short-term contact of the 
wheel flange with the inner edge of the rail. At low frequencies 
of 5 to 150 Hz, non-periodic non-stationary noise formed by 
the wind barrier is recorded, which is 20 to 30 dB higher than 
the rolling noise.

Spectrogram in Fig. 3 illustrates the braking of rolling 
stock. Noise emission from friction of brake blocks occurs in 
the band 1 to 4 kHz, squeak at braking has one pronounced 
tone and shows itself at higher frequencies. Before the full stop 
of the train, the noise from friction of the brake blocks on the 
rolling surface of the wheel is expressed by a number of high-
frequency 5 to 18 kHz tone components.

The maximum spectral density of the energy of sound vi­
brations during air release from the air brake control valve PR 
No. 292 of the passenger car is observed in the frequency band 
of 7 to 15 kHz (Fig. 4).

When a passenger train passes a short radius curve, the 
wheels rolling on the outer rail slip with noise emission 
(Fig. 5). The screech in the curve is single broadband pulses 
with a maximum spectral density in the range of 100 to 
1000 Hz. The recording is made at a speed of 10 km/h, at high­
er speed pulses merge into continuous noise.

In Fig. 6, a spectrogram of impact interaction of the wheel 
and the rail when six passenger cars pass a rail junction is con­

Fig. 2. Spectrogram of recorded sound of a moving passenger 
train

Fig. 3. Spectrogram of recorded braking sound of a passenger car

Fig. 4. Spectrogram of recorded air release sound from air brake 
control valve No. 292

Fig. 5. Spectrogram of recorded screech in a short radius curve

Fig. 6. Spectrogram of recorded sound of impact interaction of a 
wheel and a rail:
B1 – bogie center distance; B2 – wheel base; M – distance between 
the extreme wheel-sets of connected cars
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structed. The sound implementation of the impact of the 
wheel on the rail is a broadband pulse lasting for 1 to 3 ms, 
which is consistent with the theoretical studies [10].

In order to form an informative sample of sound imple­
mentations of the impact of the wheel on the rail, the experi­
ment was conducted in the area where a train passes rail joints 
of different configurations. This approach is substantiated be­
low.

To generalize the impact of the wheel on the rail when it 
passes the junction and when the wheel with a short roughness 
rolls, let us compare their forms in the time domain.

To compare the forms of acoustic signals, their envelopes 
were computed using the method based on the Hilbert trans­
form. With such a transformation in the time domain, a con­
nection is established between the actual and imaginary parts of 
a one-way signal, determined at t ≥ 0 and equal to zero at t < 0.

Let us represent an amplitude modulated signal as

	 R(t) = g(t) ⋅ h(t),	 (1)

where g(t) and h(t) are modulated and stationary random vi­
bration components.

Modulated function is written as g(t) = 1 + m cos Wt, where 
m is depth of modulation, W is circuit modulating frequency. 
Then signal R(t) will be written

	 R(t) = (1 + m cos Wt)h(t),	 (2)

where h(t) is a high frequency stationary random vibration 
component with the effective bandwidth Dw  W.

In this case, for the spectral analysis of the envelope, vibra­
tion components in the appropriate frequency band should be 
successively isolated from the signal to form their envelope and 
to perform a spectral analysis of the generated signal. Since the 
vibration signal envelope reflects its strength fluctuations over 
time, the selected part of the signal should not include compo­
nents which have equal strength, but different nature of origin. 
Meeting this requirement is a complex practical task. When 
the frequency band of a signal is selected, which is isolated to 
form the envelope, the spectral density of the signal within this 
band should not change too dramatically (more than tenfold).

The envelope of the selected part of the signal can be 
formed by such an electronic device as a linear envelope detec­
tor and a low pass filter, and in case of the digital signal analy­
sis – by an appropriate modification of the Hilbert transform.

It is established that the instantaneous strength of the out­
put signal from the bandpass filter with effective width Dw, is 
G0Dw/2p, where G0 is the spectral density of the input signal of 
the filter. The average value of the output signal from the filter 
is zero. In the output signal from the linear detector at time t, 
the mean value is different from zero and is related to the value 
of the instantaneous strength of the input signal by expression

	 0( ) ( ) 2 .y t t G= g ⋅ Dw p 	 (3)

If slowly changing modulating function g(t) is determinate, 
i. e. contains a number of harmonic components

	
1

( ) 1 cos( ),
k
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i

t m t
=

g = + W + j∑  	 (4)

then in the input signal of the detector both a constant compo­
nent 0 2 ,G Dw p  and harmonic components

	 0( ) ( 2 ) cos( )i i i iy t m G t= p Dw W + j 	 (5)

appear.
Besides the above harmonic components of the modulat­

ing function, intense random components of a modulated ran­
dom output signal are present in the linear detector. Their 
spectral density at low frequencies is

	 Gy(w) = G0/4p.	 (6)

During the spectral analysis of the low frequency part of 
the random vibration envelope with resolution DwA, every 
band of the analyzer frequencies will contain a component 
with RMS value
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If a random output signal is modulated by a harmonic 
function with depth of modulation m and modulation fre­
quency W, then in the envelope spectrum at inverted frequency 
W, RMS value of the signal will increase to the value

	 2 21 1 ,
A

Y Y q Y mW w W w
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 	 (8)

where 2 Aq Y Y mW W w= = Dw Dw  is signal/noise ratio in the 
frequency band DwA of the analyzer with a central frequency W.

From ratio YW/Yw depth of modulation m of random vibra­
tion at W(%) is determined
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m
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In many practical cases, high-frequency random vibration 
is recorded by a piezoelectric vibration acceleration sensor not 
in linear, but in logarithmic units. Accordingly, the vibration 
envelope spectra are often determined in decibels, and the 
depth of random vibration modulation is determined by the 
difference between the levels of the harmonic component of 
the envelope spectrum and the average level of the random 
component in accordance with the expression

	 /10(10 1) .L Am D Dw
= -

Dw
 	 (10)

Expression (4) ceases to apply when intense harmonic 
components get into the frequency band of filter Dw of the en­
velope detector.

To prevent errors in the analysis of random vibration enve­
lope, before the measurement make sure that there is no in­
tense harmonic or narrow-band random components in the 
frequency band of the envelope detector filter and there is no 
steep fall (rise) of the spectral density of the investigated ran­
dom vibration.

The signal aligned by the Hilbert is determined by the ex­
pression

	
1 1( ) ( ) , x t x d

t

∞

-∞

= t t
p - t∫ 	 (11)

where τ is an independent variable; x(t) is an actual signal.
In practice, instead of the integral (11), a direct and inverse 

Fourier transform (FFT-transform) is used, which allows cal­
culating the result of the Hilbert transform in the time domain 
through the frequency domain

	 ( ) ( ) ( ) ( ) , X f TF x t X f Hb f = = ⋅ 
  	 (12)

then

( ) ( ) ( ) ( ) ( ) ( )exp 2 exp 2 ;x t X f j ft df X f Hb f j ft df
∞ ∞

-∞ -∞

p = p∫ ∫ 	 (13)
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Formula (13) defines transformation of signal by a system, 
the frequency transmitting characteristic of which is represent­
ed by function . Fourier image of function is
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	 ( ) ( ) ( )sgn . X f j f X f= - ⋅ ⋅ 	 (15)

If we have the following Hilbert transforms through the 
frequency domain
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	 (17)

With the inverse Fourier transform

	 ( ) ( ) ( )1
0cos 2 . x t TF X f f t-  = = p 

  	 (18)

Expression (18) shows that the Hilbert transform shifts a 
phase for a quarter of a period for a single harmonic compo­
nent of an acoustic signal.

Formation of a signal envelope in time is the most effective 
way of isolating a modulated component in cases where the 
spectral composition of the modulating and carrier compo­
nents is different and is not superimposed in the frequency 
domain, i.e., the frequency domain of the carrier is much 
higher than the frequency domain of the modulating compo­
nent. In vibration diagnosis, as a rule, two major cases are 
considered, where both components are periodic and when 
one of them is a stationary random process.

Signal envelope using the Hilbert transform is

	 ( ) ( ) ( )2 2 .y t x t x t= +   	 (19)

After acoustic signal envelopes were computed, smoothing 
functions were selected for them (Table 1).

According to Table 1, the acoustic signal envelopes of the 
impact of the wheel on the rail are approximated by logarith­
mic functions, and the order of the differences of functions 
within the group is proportional to the intergroup one. Since 
the differences between the noise emission during impact on 
the wheel rail with a wheel flat and passing rail joints are insig­
nificant, as well as for the purpose of processing a more infor­
mative sample of experimental data, impacts of wheels passing 
rail joints were considered.

The most informative range of sound frequencies were cal­
culated for reliable detection of such impulses in presence of 
interferences. The value of the peak factor in the frequency 
bands of the acoustic signal is selected as a criterion of infor­
mative importance (diagnostic sign).

For this purpose, each of the noise-emission records from 
the trains is divided into frequency bands of 0‒70, 70‒100, 
100‒200, 200‒400, 400‒1000 Hz, 1‒2, 2‒4.4‒7.7, 10, 10‒ 
20 kHz and in each band the peak factor is calculated. Figs. 7, 
8 present the results of calculations in the form of graphs.

Dependence in Fig. 7 shows that the value of the peak fac­
tor of the noise recording noise practically does not depend on 
the selected frequency band and varies from 6 to 10.

Dependences in Fig. 8, plotted for impact interaction of 
the wheel and the rail, demonstrate the growth of the peak fac­
tor in the range of medium and high frequencies.

For a more precise identification of the frequency range 
and values of the peak factor from the impact interaction of 
the wheel and the rail, the data for all passenger cars of the 
sample were averaged, as shown in Fig. 9.

The dependence (Fig. 9) shows that the value of the peak 
factor remains constant at frequencies up to 1 kHz, because 
the wheel rolling noise on the rail and the wind noise that are 
not impulse processes dominate in this range. In the range of 1 
to 20 kHz, the value of the peak factor increases continuously 
to 25 due to a decrease in the RMS value of the sound in this 
range and a more obvious manifestation of impulses from the 
impact of the wheel on the rail.

Since at frequencies of 7‒15 kHz, air is released from the air 
brake control valve PR No. 292, and at 17 to 20 kHz, there is a 
squeak caused by the contact of the wheel flange and rail in the 
curve, the most informative to identify the impact of the wheel 
on the rail is the frequency range 2 to 5 kHz. Since this band has 
a high signal/noise ratio, a simpler defect detecting technique 
without complicated signal transformations can be used.

On the basis of the analysis of field acoustic measure­
ments, a technical specification for the on-board unit for 

Table 1
Functions smoothing acoustic signal envelopes

Impact of the wheel flat Impact on the rail joint

y1(t) = 45.8 - 10.1 ⋅ log10(t) I
1 10( ) 32.8 7.5 log ( )y t t= - ⋅

y2(t) = 57.7 - 13.5 ⋅ log10(t) I
2 10( ) 35.4 8.2 log ( )y t t= - ⋅  

Fig. 7. Peak factor in the frequency bands of the acoustic signal 
of the rolling noise

Fig. 8. Peak factor in the frequency bands of the acoustic signal 
from the wheel impact on the rail

Fig. 9. Average values of the peak factor in the frequency bands 
of the acoustic signal from the impact of the wheel on the 
rail
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monitoring the wheel-sets of passenger cars during the move­
ment is formulated, on the basis of which a microcontroller-
based prototype sample of such a device was developed, con­
figured and tested. The results of theoretical and experimental 
studies were used in programming during testing of the acous­
tic monitoring device. The final studies were conducted in the 
laboratory, using a smart phone with recorded movement 
sound of a car with a wheel flat on the wheel pair as a simulator 
of sound vibrations (Fig.  10). More information about the 
laboratory research process is available at the QR-code link.

This implementation of the acoustic monitoring method 
and device for wheel-sets of cars has considerable flexibility 
and allows refining the operation algorithm of the sound pro­
cessing unit, quick modifying and easy configuring of the 
components of the circuit, which in general increases the reli­
ability of the diagnosis.

Conclusions. In the article, an alternative approach to 
monitoring the technical condition of wheel-sets during the 
movement of the car was proposed, which allowed reducing 
the number of sensors per car and improving their operational 
conditions. Field studies of the acoustic monitoring method 
were conducted. Analysis of the obtained data showed consis­
tency with the results of theoretical studies. Isolation of diag­
nostic signs from the broadband acoustic signal and calcula­
tion of the peak factor in the frequency bands allowed config­
uring the acoustic monitoring device for wheel-sets. The labo­
ratory tests were conducted, the results of which showed the 
effectiveness of using the acoustic method for detecting dam­
ages of wheel-sets during movement of the car.

Further development of this topic may include operational 
tests of the acoustic monitoring method and device, refine­
ment of the signal processing and equipment configuration 
algorithm, more detailed scientific substantiation of processes 
of noise generation and noise emission of cars in motion.
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Експериментальне дослідження методу 
та пристрою акустичного контролю 

колісних пар під час руху вагона
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Мета. Удосконалення технології технічного обслуго­
вування колісних пар пасажирських вагонів на основі 
бортової системи моніторингу та методу акустичного 
контролю.

Методика. Польові дослідження методу акустичного 
контролю проводилися відповідно до вимог діючих стан­
дартів професійним звукозаписним приладом. Аналіз 
початкових даних проведено в ліцензійному програмно­
му забезпеченні, побудовані обвідні акустичних сигналів 
за допомогою перетворення Гілберта, розраховані зна­
чення пік-фактору акустичного сигналу від взаємодії ко­
леса та рейки в діапазонах частот.

Результати. Проведено аналіз методів виявлення по­
шкоджень колісних пар на залізницях світу й запропоно­
вано альтернативний підхід до моніторингу технічного 
стану колісних пар під час руху вагона. Проведені польо­
ві дослідження методу акустичного контролю, обробка та 
аналіз отриманих даних, виявлені інформативні діагнос­
тичні ознаки. Результати дослідження застосовані для 
програмування й налаштування пристрою акустичного 
контролю колісних пар.

Наукова новизна. Уперше експериментально дослі­
джені джерела шумовипромінення вагонів під час руху в 
експлуатації, проведена класифікація джерел шуму рухо­
мого складу, виявлені й розраховані інформативні діа­
гностичні ознаки сигналу для виявлення пошкоджень 
коліс на основі акустичного методу контролю.

Практична значимість. На основі експериментальних 
досліджень і подальших розрахунків розроблено та нала­
штовано макет пристрою акустичного контролю, що до­
зволило зменшити кількість датчиків на вагон і покра­

Fig. 10. Microcontroller-based acoustic monitoring device for 
wheel-sets of cars
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щити умови їх роботи. Проведені лабораторні випробу­
вання розробленого пристрою.

Ключові слова: залізничний транспорт, вагони, колісні 
пари, моніторинг технічного стану, метод акустичного 
контролю, польові дослідження, спектрограма, пік-фактор

Экспериментальное исследование метода 
и устройства акустического контроля 

колесных пар во время движения вагона
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Цель. Совершенствование технологии технического 
обслуживания колесных пар пассажирских вагонов на 
основе бортовой системы мониторинга и метода акусти­
ческого контроля.

Методика. Полевые исследования метода акустиче­
ского контроля проводились в соответствии с требовани­
ями действующих стандартов профессиональным звуко­
записывающим устройством. Анализ исходных данных 
проведен в лицензионном программном обеспечении, 
построены огибающие акустических сигналов с помо­
щью преобразования Гилберта, рассчитаны значения 

пик-фактора акустического сигнала от взаимодействия 
колеса и рельса в диапазонах частот.

Результаты. Проведен анализ методов выявления по­
вреждений колесных пар на железных дорогах мира и пред­
ложен альтернативный подход к мониторингу техническо­
го состояния колесных пар во время движения вагона. Про­
ведены полевые исследования метода акустического кон­
троля, обработка и анализ полученных данных, выявлены 
информативные диагностические признаки. Результаты 
исследования применены для программирования и на­
стройки устройства акустического контроля колесных пар.

Научная новизна. Впервые экспериментально иссле­
дованы источники шумоизлучения вагонов во время 
движения в эксплуатации, проведена классификация ис­
точников шума подвижного состава, выявлены и рассчи­
таны информативные диагностические признаки сигна­
ла для обнаружения повреждений колес на основе аку­
стического метода контроля.

Практическая значимость. На основе эксперимен­
тальных исследований и последующих расчетов разрабо­
тан и настроен макет устройства акустического контро­
ля, что позволило уменьшить количество датчиков на 
вагон и улучшить условия их работы. Проведены лабора­
торные испытания разработанного устройства.

Ключевые слова: железнодорожный транспорт, ваго-
ны, колесные пары, мониторинг технического состояния, 
метод акустического контроля, полевые исследования, 
спектрограмма, пик-фактор
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