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MOBILE	ACOUSTIC	CONTROL	SYSTEM	OF	WHEEL	SETS

Bondarenko, Vyacheslav V., Ukrainian State Academy of Railway Transport (UkrGAZhT), Kharkov, 
Ukraine.

Skurihin, Dmitry I., Ukrainian State Academy of Railway Transport (UkrGAZhT), Kharkov, Ukraine.

Background. In recent years, among failures of 
joints and equipment of passenger cars en route most 
of them fall on the wheel sets (54%), the most of the 
defects are chips (44%), wheel flats (14%) and built 
up metals (5%) on the wheel tread [1, 2]. Many stud-
ies have shown similar pattern of facts and it is as-
sociated with the negative influence of the roughness 
of the wheels on the strength and durability of the 
wheel set axles, roller bearings, gears of undercar 
generators, switches, rails, welded and insulating 
joints, bolted connections [3–7].

It is difficult to completely eliminate the occurrence 
of failures in the form of local irregularities on the wheel 
tread taking structural, technological and operational 
measures because their causes can be unpredictable 
random factors: short-term dynamic unloading of 
wheel sets when passing over irregularities of rail 
tracks, the volatility of the coefficient of friction of the 

wheels and rails, etc. In this case, the actual task is a 
rapid identification of a wheel defect arose in transit 
and timely notification of the train crew and rail ser-
vices to prevent threats to safety, minimize the likeli-
hood of damage and reduce maintenance time trains.

We believe it necessary first of all, to proceed with 
detection of wheel flats and built up metals to the wheel 
sets of passenger cars, which, when rolling up form 
uneven rolling, particularly dangerous at high speeds 
(120–160 km / h) and are difficult to identify in operation. 
In places of rolled up wheel flats and built up metal, 
among other things  chipping of steel of the rim occurs, 
which further leads to the destruction of the wheel.

Objective.	The objective of the authors is to pres-
ent a new wireless onboard diagnostic system of 
passenger coaches designed to detect defects of 
wheel sets, which is based on the method of acoustic 
control.
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ABSTRACT
Defective wheels and axle boxes of cars still re-

main among main reasons that lead to disasters, 
accidents and significant material costs for rail 
transport. In this regard, an extremely important 
problem is reliable and accurate detection of defaults 
at the early stage of emergence.

It is difficult to completely eliminate the occur-
rence of failures in the form of local irregularities on 
the wheel tread taking structural, technological and 
operational measures, because their causes can be 
within a range of unpredictable random factors: 
short-term dynamic unloading of wheel sets when 
passing over irregularities of rail tracks, the volatility 
of the coefficient of friction of the wheels and rails, 
etc. In this case, the actual task is a rapid identifica-
tion of a wheel defect arose in transit and timely 
notification of the train crew and rail services to 

prevent threats to safety, minimize the likelihood of 
damage and reduce maintenance time trains.

A new wireless onboard diagnostic system of 
passenger cars is proposed, which is designed to 
detect defects of wheel sets. This system is based 
on the method of acoustic control. Under the body 
of the passenger car microphones are mounted 
through which in the automatic mode recording and 
the analysis of frequency range of an acoustic signal 
from wheels and axle bearings, allowing detecting 
timely deviations from the set standards.

This onboard diagnostic acoustic system has 
obvious advantages over its ground acoustic ana-
logs, since the latter, as known, have problems with 
the reliability of the diagnosis because of the negative 
impact on the accuracy of the Doppler effect, espe-
cially when trains run past the stationary located 
microphones at high speeds.
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Methods. The authors use analysis, scientific 
description, mathematical methods, engineering 
methods.

Results. The technical state of wheel sets is most 
fully manifested in the movement in the process of 
interaction with the rails. Short irregularities on the 
wheel tread cause shock loads, triggering sound vi-
brations of unsprung parts of the car, and therefore 
can be detected by means of an acoustic (noise-di-
agnosing) control.

Acoustic signal from the interacting wheel and rail 
is formed as the sum of disturbances which do not 
differ much in size and represent a complex quasi-
stochastic sequence. During the passage of the rail 
joints and points on the background of quasistochas-
tic sequence of weak pulses several of them appear 
with a larger amplitude. In the presence on the wheel 
tread of a short irregularity the pulse period is propor-
tional to the speed of the car V, and the amplitude – to 
the collision intensity that depends on the depth of 
irregularities δ

0
 (Pic. 1).

The analytic curve of change of force in contact 
of wheel and rail in the form of a Fourier series [8]:
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 is an impact force of the wheel on the rail;
Q

st
 is static load from the wheel on the rail.

In the foregoing embodiment, the problem of 
detecting damage to the wheel is reduced to identi-
fication of periodic pulses in the audio signal in noise 
and determining the correspondence between the 
amplitude of the sound pressure and depth of short 
irregularities.

At the department of railway cars of UkrGAZhT 
were developed a method and system of acoustic 
control of wheel sets while driving the car [9, 10], as 
well as model sample analyzer. The system consists 

of a microphone, a sound signal analyzer and GPS / 
GSM / GPRS-tracker. The microphones are located 
under the body of the passenger car (Pic. 2), the 
analyzer and the tracker – in the main cabinet of the 
car.

Using the analyzer of the audio signal during the 
movement of the car periodic pulses are indentified 
corresponding to impacts of the faulty wheel on the 
rail with reference to the wheel speed. Data on iden-
tifying the damaged wheel are transmitted via tracker 
to both onboard and ground control stations of cars.

This active acoustic control method also allows 
the identification of defects, not only on the wheel 
tread, but also in the bearings of axle equipment on 
the basis of an analysis of the frequency range of the 
acoustic signal from the axle box bearings with known 
frequencies of their defects based on the design, 
dimensions and speed of the train:
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where N is a number of rollers in the bearing;
RPM is a rotation speed of the bearing, rpm/min;
B

d
 is a diameter of a roller;

P
d
 is a diameter of the separator (outer diameter 

of the bearing plus the inner diameter of the bearing, 
divided by 2);

α is an angle of contact of the rolling elements and 
raceways.

The acoustic control system has the following 
advantages:

– The possibility of continuous monitoring of 
wheel sets on the route of the car, as well as early 
warning of repair crews increases the readiness of 
passenger cars for operation;

– Registration of short irregularities immediately 
after the occurrence enables to quickly take action to 

tcolТ0

Pic. 1. The curve of change of force in the form of a sequence of rectangular pulses.

Pic. 2. Onboard system of acoustic control of car wheel sets.

microphone microphone
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change the speed limit of the train, as well as to pre-
vent the development of non-uniform rolling (which 
occurs when rolling up short irregularities), mileage 
calculation of wheel set with short irregularities;

– This onboard acoustic diagnostic system is 
more accurate and efficient, in contrast to existing 
ground acoustic diagnostic means, since the latter 
are known to have problems with the reliability of the 
diagnosis because of the negative impact on the ac-
curacy of the Doppler effect, especially when trains 
run past the motionless located microphones at high 
speeds;

– High system reliability due to less loaded oper-
ating conditions, since sensors (microphones) are 
placed under the unsprung body of the passenger car 
and do not require wiring to a control object, unlike 
known systems with the acceleration sensors;

– The ability to conduct parallel acoustic control 
of the technical condition of damaged sections of the 
track automatically, attaching it to the coordinates by 
GPS;

– Additional convenience and economy are 
provided by the possibility of mounting on the de-
sign of any year of construction, because the sys-
tem is autonomous and independent of the electri-
cal circuit of the car.

Conclusions.
1. On the railways of CIS and Europe there are 

no effective systems of continuous monitoring of 
the technical condition of wheel sets, which has a 
negative effect on traffic safety and reduces the 
operational availability of passenger cars.

2. Sound vibrations are a reliable source of in-
formation about the technical condition of the wheel 
sets and axle bearings while driving a passenger 
car.

3. The use of acoustic control system on the 
basis of the developed method can effectively de-
tect the most dangerous damage to the wheel sets 
and axle bearings, which has a pVositive effect on 
the provision of high operational availability of pas-
senger cars in operation.
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