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Resume
It has been determined that the greatest risk of an error in determining the 
technical condition of the axle box unit in the so-called "zone of uncertainty" 
is in the impossibility of unambiguously assessing its technical condition. 
To solve this problem, a model is proposed in the form of an n-dimensional 
radius vector, which has a direction towards an increase in the probability 
of failure and a  deterioration in its parameters' values. Such a  model for 
determining the axle box unit's pre-failure condition will reduce the risk of 
errors in decision-making.
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disruptions to stability and rhythm of transportation, 
irrational expenditures of labor and material resources.

A  qualitatively new development level of the axle 
box unit control system in operation has appeared by 
the built-in control means. Such control systems are 
used by leading manufacturers of bearing assemblies 
(SKF (Sweden), FAG (Germany), Timken (USA), etc.). 
The sensors’ placement on the axle boxes is carried 
out promptly and officially and the technical condition 
is monitored. The data are obtained using wireless 
networks for making operational management decisions 
[6-9]. Similar studies are being conducted in Ukraine [10].

2	 Analysis of recent research

The analysis of works devoted to studying, and axle 
box units’ technical conditions shows that the problem of 
monitoring and diagnostics of the running gears of cars 
is very acute [11]. At the same time, a significant part 
of the problem is devoted to increasing the reliability 
of assessing the technical condition of the axle boxes 
[12-13]. Article [14] is devoted to studying the operating 
temperature regimes of axle boxes. Changes in design 
of the axle box units led to several questions. So, in the 
study [15], the testability of axle boxes of a new type is 
considered. Methods for early detection of malfunctions 
of axle boxes of cars are analyzed in the article [16].

1	 Introduction

One of the main requirements for the railway 
rolling stock is to ensure transportation of goods and 
passengers [1-4]. One of the elements that directly affect 
the safety of cars’ movement are the axle boxes with 
rolling bearings [4]. Failure of the axle box during the 
train’s movement along the haul requires an immediate 
stop of the train and uncoupling of the faulty car. 
Untimely detection of the axle box unit’s malfunction 
can lead to a fracture of the wheelset axle neck and then 
to the derailment of the car and an accident.

Control of the technical condition of axle boxes of 
cars on the railways is carried out in two ways: by car 
inspectors visually and tactilely and using the remote 
thermal control devices.

The appearance on the railways of a new generation 
of rolling stock [5] with various types of bearing 
assemblies led to difficulties in monitoring axle boxes’ 
technical conditions.

Control of existing remote (non-contact) devices 
often leads to false alarms, which account for about 
13 % of all the train stops associated with the axle 
boxes’ heating. There is a  tendency towards increasing 
the number of such false alarms due to the increased 
number of cars equipped with various types of axle 
box housings, bearings and grease. As a  result, this 
can cause unreasonable delays in trains’ movement, 
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associated with the risk of a false alarm or a failure to 
detect a failure [19].

The diagnostic procedure for axle boxes consists of 
assessing their technical condition. The result of the 
work is to obtain a conclusion about the location of the 
object in one of the possible technical conditions. To 
do this, the following needs to be done:
1.	 Get the possible amount of information on directly 

measured values,
2.	 Estimate the errors of experimental information,
3.	 Perform the identification of the diagnostic features 

of the object using the diagnostic model,
4.	 Estimate the obtained identification errors for 

a given set of permissible parameters.
5.	 To assess the information content for a given set of 

directly measured values,
6.	 Make a  diagnosis about the controlled object’s 

technical condition at the time of this stage.
Figure 1 shows a schematic diagram of the diagnostic 

procedure.
In some cases, the diagnostic system is not able 

to unambiguously assess the technical condition of 
the axle boxes. In such cases, the diagnosis provides 
for such a  concept as “zone of uncertainty”. The “zone 

Obviously, the problem associated with the axle box 
unit failures’ timely detection while the train is moving 
remains extremely urgent. Out of the field of vision of 
scientists are definitions of such concepts as “pre-failure 
state of the axle box”, “the zone of the uncertainty 
of the technical state of the axle box”, as well as the 
construction of a diagnostic model of the axle box.

3	 Material and methods

According to the current regulatory documents [17-
18], the means of thermal control of the rolling stock give 
the operator three levels of alarm signals. The signal 
of the pre-emergency level “Alarm-0” does not require 
stopping the train. At the signal of the emergency level 
“Alarm-1,” the train must be stopped for inspection at 
the nearest station. At the critical level “Alarm-2,” an 
immediate stop and inspection of the specified car’s axle 
boxes are required. Moreover, these critical levels may 
be different, depending on the operating conditions on 
different routes.

However, the axle boxes’ technical condition 
(classification as serviceable or faulty) is always 

Figure 1 Diagram of the diagnostic procedure

Figure 2 Graphic illustration of the “zone of uncertainty” when assessing the technical condition of the axle box unit 
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A  condition for detecting the pre-failure state is 
a  change in the axle boxes’ parameters (for example, 
heating temperature). The absence of an increase in the 
axle box units’ heating temperature indicates that the 
pre-failure state has not occurred. If the probability of 
being in a faulty state Hc is greater than the probability 
of Ic being in a  good state, the tendency for the 
parameters to deteriorate remains.

To identify the pre-failure state of the axle box unit, 
the following conditions must be met:

X1 = [Y-YIc] = 1,
X0 = [Y-(YIc = Hc)] ≠ 1,	 (1)
X2 = [Y-(YIc = Hc)] > ZIc.

The choice of methods and means of diagnostics, 
development of algorithms for finding a  defect in the 
diagnostic object, presupposes a diagnostic model of the 
object. The diagnostic model is usually called a  formal 
description of a given object, which characterizes it both 
in good working order and in a faulty state. The object 
description form can be any (analytical, tabular, vector, 
etc.).

To determine the axle box’s pre-failure state, 
a  diagnostic model is proposed in the form of an 
n-dimensional radius vector of the technical state of 
the axle box, which has a direction towards an increase 
in the probability of failure and a  deterioration in the 
values of diagnostic parameters.

of uncertainty” is clearly shown in Figure 2 - the 
distribution function of the probability density of the 
parameter: 1 - serviceable axle boxes; 2 - faulty axle 
boxes; I - zone of good condition; II - zone of uncertainty; 
III - fault zone.

This condition of the axle box occurs under the 
following conditions:
X1 - Ic = 1    - good condition,
X0 - Ic = Hc  - zone of uncertainty,
X2 - Hc > Ic  - faulty state,
where Ic - good condition, Hc - faulty condition.

The axle box’s technical condition for control systems 
can be described by the following diagram (Figure 3).

Among the many operational states of the axle 
box, a pre-failure state can be distinguished, leading to 
a limit state and then to a transition to an inoperative 
state. The destruction of the bearing of the axle box is 
irreversible and, with the further operation, inevitably 
leads to a fracture of the journal of the wheelset axle.

It is necessary to determine at what technical 
condition of the axle box unit its further operation 
would lead to failure, i.e., when the failure has not yet 
occurred. Still, the likelihood of its occurrence is high.

Suppose that the axle assembly is operable at some 
arbitrary moment in time, but one of the diagnostic 
signs tends to approach the limiting (dangerous) value. 
That is, further operation of the axle box unit will lead 
to its failure. This state of the axle box unit is classified 
as the pre-failure.

Figure 3 Diagnostic control method

Figure 4 Radius vector of the technical condition of the axle box unit
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P(Ai) - the prior probability of the diagnosis;
/P k Aj iL^ h  is the probability of the Kj feature hitting the 

L interval for an object with the Ai state;
P kjL^ h  - the probability of this interval’s appearance 
for all the investigated control objects with different 
technical conditions.

The generally accepted indicator for monitoring 
the technical condition of axle boxes is their heating 
temperature. Moreover, the most informative sign for 
detecting the overheated axle boxes is the reduced 
temperature of the axle boxes on one side of the car to 
the average temperature of the axle boxes on the same 
side of the car /T T*i i avi = , determined without the 
maximum temperature of one of the axle boxes [21].

4 	 Results

In 2015, operational tests of the built-in control 
system were carried out in Ukraine [8]. The purpose of 
the tests was to confirm the possibility of continuous 
monitoring of the axle boxes’ technical condition by 
built-in means, as well as the wireless transmission of 
diagnostic information from the axle box to the ground 
modules of the control point when the train is moving.

An open-top car with axle boxes was used for the 
tests, having end fastening with an M110 nut. An 
onboard module was mounted in each axle box of the 
car on the end of the PY1 axle. The thermal sensor was 
fixed on the axle end face, which ensured the axle neck 
temperature control’s maximum reliability.

The methodology program provided for the movement 
of an experimental gondola car at speeds of 20, 30, 40 
km/h with the receipt of diagnostic information from the 
axle box and real data comparison.

The results obtained made it possible to simulate 
the heating level of the axle box units. Table 1 shows the 
axle boxes’ temperatures on one side of the car, obtained 
from temperature measurements at the moments 
, , ,1 2 3 4x x x x .

The absolute temperature values of heating of all 
the axle boxes did not exceed the threshold values. 
Therefore, as mentioned earlier, to identify a faulty axle 
box unit, the sign “reduced temperature i ” was used.

If the axle boxes are in good working order, then 
when the car is moving, the ratio between the axle boxes’ 
heating temperatures will be constant. An increase in 

For a  more accurate determination of the pre-
failure condition as a vector value, it is advisable to use 
the “dynamic” recognition signs that reflect changes in 
parameters over time. In a  particular case, the model 
for determining a  pre-failure state has the form of 
a  three-dimensional radius vector, where the abscissa 
corresponds to the value of time τ, the ordinate is the 
diagnostic parameter - the temperature θ, the applicate 
is the probability that the axle unit is in a faulty state 
P(H) (Figure 4). The value of the parameter at which 
P(I)=P(H), is taken as the origin of coordinates, in 
Figure 4 that is the point x0.

To create an algorithm for detecting the axle 
box’s pre-failure state, it is required to determine the 
diagnostic signs (recognition signs) that characterize 
the technical condition of the axle box. When diagnosing 
an object, the area of possible values of the measured 
parameter (diagnostic sign) is in most cases divided 
into intervals and the presence of the parameter value 
in this interval is characteristic. In this regard, the 
quantitative determination of the measured parameter 
can be considered as a sign that takes several possible 
states [20].

During the movement, numerous external factors 
act on the axle unit, located in a  certain conditional 
space of external influences U, which can take on values 
(U1, U2,..., Ui ; i = 1 ... 3 ). As a result of Ui impact, the 
axle box unit of the car will be in the technical state 
Ai from the space of possible technical states A (A1, 
A2,..., Ai ; i = 1 ... 3 ). Moreover, each technical state Ai 
will correspond to a  set of some diagnostic parameters 
S, which, in turn, will be characterized by a  set of 
diagnostic features K. Feature Kj has m possible states: 
, , ,k k kj j jm1 2 f . If, as a result of diagnostics, it is revealed 

that for a given state of the axle box, the sign Kj has the 
value kj, this value is the implementation of the sign.

The diagnostic value of a  feature is determined by 
the information entered by the feature into the system 
of states of the object being diagnosed. As the diagnostic 
weight of the implementation of the Kj feature for the 
state Ai of the object, take

/ /
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where:
/P A ki jL^ h  is the probability of determining the state Ai, 

provided that the sign Kj received the value k jL ;

Table 1 Temperature values of axle boxes on one side of the car

Axle box No.
Axle box temperature T [oC] at the moment of time τ [min]

τ1 τ2 τ3 τ4

2 15 17.2 20.8 23.9

4 15 17.4 23.9 29.9

6 15 17.1 22.5 23.2

8 15 17.3 21.4 23.2

T*av 15 17.2 21.57 23.43
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These boundaries of the increment component equal 
to ± 3σ are calculated according to Equation (3). The 
results are listed in Table 2 and shown in Figures 5-7 
by solid lines.

In addition, Figures 5-7 show the sequence of 
differences in the reduced values of the axle 
boxes’ temperatures at the moments of time  
τ2, τ3, τ4.

As shown in Figures 5-7, the temperature increment 
of the 4th axle box in the direction of travel tends to 
increase the difference in the reduced temperature 
compared to other axle boxes. It then goes beyond the 
confidence interval at time τ4, which indicates its pre-
failure state.

one of the axle boxes’ reduced temperatures indicates 
development of an axle box defect.

Table 2 shows the sequence of differences in the 
reduced values of the temperatures of the axle boxes 

, ,i i j i j1Ti i i= -+ at times τ1, τ2, τ3, τ4.
To detect a  pre-failure axle box, a  threshold of 

significance of the reduced temperature increment is set, 
the excess of which indicates a malfunction. Assuming 
the normal distribution of increments as the threshold of 
significance, the boundaries of the confidence interval of 
values corresponding to a probability of 0.997 (the “3σ” 
rule) were taken.

n3 3 1
, ,i j i ji

n
11

2

$v
i i

= -

-+=e ^ h o|
.	 (3)

Table 2 Sequence of differences in the reduced temperatures of the axle boxes

Axle box № 1i θ2 θ3 θ4 ∆θ2-1 ∆θ3-2 ∆θ4-3

2 1.00 1.000 0.964 1.020 0.00 -0.036 0.055

4 1.00 1.012 1.108 1.276 0.012 0.097 0.168

6 1.00 0.994 1.043 0.990 -0.006 0.049 -0.053

8 1.00 1.006 0.992 0.990 0.006 -0.014 0.002

3σ 0.014 0.108 0.133

 
Figure 5 Sequence of differences in the reduced values  

of the temperatures of the axle boxes ∆θ2-1

Figure 6 Sequence of differences in the reduced values of the temperatures  
of the axle boxes ∆θ3-2
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due to the impossibility of unambiguously assessing its 
technical condition.

The built-in condition monitoring the technical 
condition of the axle boxes at this stage makes it possible 
to record not only the temperature, but also other 
parameters characterizing the condition of the axle box 
unit and the wheelset. In addition, taking into account 
the centralization of rolling stock control systems, the 
presence of powerful data processing centers and high-
speed computer networks, it is possible to create an 
expert system to analyze the technical state of the unit 
and predict its resource.

However, the theoretical basis of such a  control 
method is still under development and requires further 
work on its creation and development.

A  procedure for detecting the pre-failure axle 
box unit, when its actual controlled parameters did 
not go beyond the permissible values, is proposed. 
The developed model for determining the pre-failure 
state and the procedure for identifying the pre-failure 
axle box unit would help to reduce the likelihood of 
making erroneous decisions about the train movement  
mode.

5	 Conclusions

The task of modern diagnostic systems is early 
detection of faults and prevention of operation of the 
rolling stock with developing defects of critical units. 
Moreover, only the identification of the emergency axle 
box during the movement of the train no longer meets 
modern requirements.

The technical policy pursued by various railway 
administrations is aimed at the development and 
operation of the modern rolling stock with increased 
reliability. In operation, it leads to appearance of 
a variety of undercarriage designs with different types of 
bearings and grease. Therefore, it is not possible to unify 
the control algorithms, threshold values and accident 
rate criteria with existing thermal control systems for 
all the rolling stock units. Thus, the problem of control 
of axle boxes is already becoming urgent, which leading 
manufacturers solve, in particular, with help of the 
built-in control facilities, modernization of methods and 
algorithms for detecting faults. The greatest risk of an 
error in determining the technical condition of the axle 
box unit arises in the so-called “zone of uncertainty” 

Figure 7 Sequence of differences in the reduced values of the temperatures  
of the axle boxes ∆θ4-3
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