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Abstract. The object of the study is the interaction of the electric locomotive wheel pair and the 
rail. The subject of the research is the wheel resource. The paper proposes a model for calculating 
the resource mileage of the electric locomotive wheel pair. The basis of the model is the 
determination of contact stresses in the wheel pair. The proposed calculation model, when 
changing the input data, can be used to determine the resource of various wheel pairs and traffic 
safety, and resource savings. 
Keywords: wheel pair resource, wear, calculation model, rail, electric locomotive, rolled surface, 
contact area, contact stress, mileage. 

1. Introduction 

Improving the material and technical base of the railway of Uzbekistan is one of the main tasks 
of the economic reforms carried out in the Republic [1]. Correct calculation of the resource of 
locomotive wheel pairs will increase the safety of transportation, enhance the authority of the 
company “Uzbekistan Temir Yollari” and save foreign currency. The interaction of the rail with 
the wheel pair of the locomotive is the basis of the movement of the train. It is impossible to avoid 
wear of the “wheel-rail” system, since when the wheel rolls along the rail, there is not only rolling 
friction, but also sliding friction. Wear of the wheel pair of an electric locomotive occurs both on 
straight and curved sections of the track. The resulting contact stresses on the working surfaces of 
the wheel pair are the cause of many defects: sliders, chips, cavities and many others. More than 
30 % of the fuel and energy resource is spent on wear, the energy efficiency of railways suffers. 

For the amount of wear in all countries of the world, standard measures are taken into account: 
changing the profile of the wheel and track, lubrication, changing the metal, changing the radius 
of curvature of the track. None of the methods solves the problem. The solution to the problem 
can be found only using mathematical methods for studying the wear process and generally 
accepted estimates of contact stresses in the contact of the wheel and rail. 

A large number of works have been conducted and published on this topic, both by scientists 
from the CIS countries and in scientific research [2-6], which have both disadvantages and 
advantages. The main disadvantage is that the calculation is carried out based on the initially 
adopted contact area, but it changes during wear. 

The purpose of the study is to create a calculation model for predicting resources taking into 
account changes in the contact area of the wheel pair with the rail. Wear forecast that prevents the 
ceiling from shifting from the track. 

The scientific novelty of this study is that for the first time a comprehensive method has been 
developed to determine the life of wheel sets of locomotives operated in the climatic and 
operational conditions of the railways of Uzbekistan and Central Asian countries. As a result of 
the analysis of the technical condition of the wheelsets during the operation of locomotives, new 
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diagnostic parameters and criteria for assessing the remaining service life are proposed. This 
makes it possible to increase forecasting accuracy and improve locomotive maintenance 
schedules. 

2. Results 

The calculation model for contact stresses and the resource of the wheel pair is based on the 
formulas of the theory of contact stresses for the model of cylinders with mutually perpendicular 
axes. The destruction of the surface layers of the tire material in the contact patch area of the tire 
and the rail is determined by the formula: 𝑆 = 𝜋𝑎𝑏, where a and b are the dimensions of the semi-
axles of the contact areas (Fig. 1). 

We divide the contact area into three zones: within the first area 𝑆ଵ, contact stresses 𝜎௞ occur 
that are less than the yield strength of wheel steel 𝜎௧, so there is no wear. Within the second area 
S2, contact stresses do not exceed the tensile strength 𝜎௧ < 𝜎௞ < 𝜎௕, and destruction by peeling 
and shearing occurs. For each revolution of the wheel along the rail, a thin film of steel material 
comes off, with a thickness of: 

ℎ = ሺ𝜎௧ − 𝜎௞ሻ 𝑑௔𝜎௞ , (1)

where 𝑑௔ = 2.52∙10-6 mm is the diameter of one iron atom. Within the third area S3, the peeling 
of the contact surface of the thin film occurs for each revolution of the wheel relative to the rails 
with a thickness of: 

ℎ = 𝑑௔𝜎௞ 𝜎௕. (2)

The total contact area consists of three parts: 

𝑆 = ෍𝑆௜ଷ
௜ୀଵ . (3)

 
Fig. 1. Contact patch of the locomotive wheelset and the rail 

With a linearly increasing function along the width and length of the contact area 𝑆 to its center 
of gravity, we obtain formulas for calculating the areas: 𝑆ଵ = 𝑆௜ 𝜎௧𝜎௞௜ , (4)
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𝑆ଷ = 𝑆௜ ൬1 − 𝜎௞௜𝜎௕ ൰ ൬1 − 𝜎௧𝜎௞௜൰, (5)𝑆ଷ = 𝑆௜ ൬𝜎௞௜𝜎௕ − 1൰ ൬1 − 𝜎௧𝜎௞௜൰, (6)

where 𝑆௜ is the value of the interaction area, the radius of the wheel 𝑅௞ and the rail 𝑅௣; 𝜎௞௜ is the 
value of the contact stress, the radius of the wheel 𝑅௞ and the rail 𝑅௣. The maximum contact stress 
at a point passing through the center of the contact ellipse is determined by the formula: 

𝜎௠௔௫ = 0.385𝑛௣ඩ𝐹 ൬𝑅௣ + 𝑅௞𝑅௣𝑅௞ ൰𝐸ଶ4ሺ1 − 𝜇ଶሻଶయ , (7)

where: 𝜇 is the Poisson ratio (selected from reference materials), 𝐸 is the modulus of elasticity 
(selected from reference materials), 𝑛௣ is the coefficient depending on the ratio of the radii of 
curvature of the wheel and rail 𝑅௣/𝑅௞, which is selected from ready-made tables, according to 
reference materials, and is a dimensionless value (Table 1); 𝐹 is the load in the contact zone, which 
takes into account static and dynamic loads. 

 
Fig. 2. Diagram of the change in the contact patch of the rolling surface  

of the locomotive wheelset and the rail 

Table 1. The value of the coefficient, depending on the ratio of the radii of curvature of the wheel 𝑅௣, mm 300 600 1200 1800 3000 6000 𝑅௣/𝑅௞ 0.479 0.958 0.519 0.3472 0.21 0.1042 𝑛௣ 0.972 1.0 0.9696 0.9409 0.89 0.7879 

For calculations of a specific section of the track, the profile is determined by curvature. The 
calculation of contact stresses is made for each curvature value separately. In accordance with the 
rules for the technical operation of railways of the Republic of Uzbekistan, at speeds of up to  
120 km/h, the maximum possible wear is Δ = 7 mm by the thickness of the tire. The full 
calculation of the resource of the wheel pair is divided into seven parts - each part corresponds to 
the wear of the tire by a thickness of Δଵ = 1 mm. Each part is determined by the formula: 

𝐿௜ = 𝜋 ⋅ 𝐵 ⋅ 𝐷௞ ⋅ 10ିଷ𝑑௔ ቂඥ𝑆ଶ + 𝜎௞௜𝜎௕ ඥ𝑆ଷቃ ൤kmmm൨. (8)
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Fig. 3. Diagrams of the dependence of contact stresses in the interaction zone  

of the wheel and rail under different loads 

The total mileage is determined as the sum of the parts: 

𝐿 = ෍𝐿௜଻
௜ୀଵ . (9)

The intensity of wear of the wheel surface is determined by the formula: 𝑖 = Δ𝐿 ቂ mm10ସkmቃ, (10)

where Δ is the wear in millimeters at each stage of operation. 
The initial data for the calculations are taken from regulatory documents [7-9]. The article 

presents numerical calculations for the Tashkent-Khavast test site. The radius of the new wheel 
tread of the Uzbekistan electric locomotive in operation, manufactured at the Chardzhou Electric 
Locomotive Plant in China, according to the standard, 𝑅௞ = 625 mm, the wheel tread diameter 𝐷௞ = 1250 mm. The diameter of the iron molecule is 𝑑௔ = 2.52∙10-6 mm. The radii of curvature 
of the rails on the Uzbekistan test sites are in the range of 𝑅௣ = (300-6000) mm. Fig. 2 shows the 
diagrams of the change in the contact patch of the locomotive wheelset and the rail for vertical 
loads of 𝐹௣ = 100 kN, 𝐹௣ = 150 kN, 𝐹௣ = 200 kN. 

 
Fig. 4. Wheelset resource diagrams of a locomotive, depending on the radius  

of curvature of the rail track, under various external loads 

Fig. 3 shows the diagrams of the dependence of contact stresses in the interaction zone of the 
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wheel and rail under various loads, depending on the curvature of the track. It is evident from the 
diagram that the maximum values of contact stresses are achieved at a minimum radius of 
curvature of the rails 𝑅௣ = 300 m, and the greater the total load, the greater the contact stresses. 
Fig. 4 shows the diagrams of the resource of the locomotive wheelset, depending on the radius of 
curvature of the track, under various external loads. This diagram is compiled for a specific 
Tashkent-Khavast polygon. Similarly, it is possible to calculate the resource of the locomotive 
wheelset for any section of the track. Fig. 5 shows the diagrams of the dependence of the intensity 
of wheel wear, depending on the radius of curvature of the track for various loads for the above 
section. The calculation model proposed in the article makes it possible to calculate the resource 
of the locomotive wheelset, taking into account its gradual change in profile. 

 
Fig. 5. Diagrams of the dependence of the intensity of wheel wear, depending  

on the radius of curvature of the rail track for different loads 

3. Discussions 

The results of the study confirm a significant degree of influence of operating conditions on 
the life of locomotive wheelsets. As a result of the analysis, it was found that the standard methods 
for estimating the residual resource used in a number of countries do not take into account the 
specific factors characteristic of railways with high temperature deviations, variable track 
condition and operational load, which is typical for railways in Uzbekistan. 

Sudden temperature fluctuations, the presence of dust and sand, as well as the characteristics 
of the track profile, significantly affect the wear rate of wheelsets. The use of new diagnostic 
criteria makes it possible to identify critical points and stages of defect development. 

The implementation of the proposed approach requires updating the system for monitoring the 
technical condition of rolling stock, including the introduction of automated diagnostic systems 
and data collection on the dynamic characteristics of wheelsets in real-world operating conditions. 

The use of these monitoring technologies in real conditions will make it possible to identify 
defects in a timely manner and take measures to eliminate them, which will ultimately increase 
the safety and reliability of railway rolling stock. 

4. Conclusions 

1) A calculation model is proposed for determining the resource of a locomotive wheel pair 
through contact stresses, taking into account the gradual change in the contact area of the wheel 
and rail. 

2) The calculation results are already being used at the Uzbekistan repair depot to change the 
existing repair and maintenance regime for locomotive wheel pairs. 

3) The main factors affecting the wear and service life of wheelsets have been identified, 
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among which the intensity of vertical and horizontal loads, temperature fluctuations and the profile 
of the railway track are of the greatest importance. 

4) The results obtained can be used in the development of regulatory and technical 
documentation and maintenance programs for the locomotive fleet in countries with similar 
operational characteristics. 
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