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Abstract: The article deals with the problem of wear of the train wheel crest and the conditions that affect the process of deformation of the 

material of the wheelset parts. Factors affecting wear are considered. It is shown that the resource of ridges depends on the nature and 

speed of chemical and physical processes. It was noted that in the center of destruction of the ridge, an increased content of carbon, oxygen 

and silicon was detected. It is established that the main way to reduce wear is to lubricate the comb in order to reduce the coefficient of 

friction. 
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On electric rolling stock of industrial railway transport, 

band wheels with disc centers are used, on the elongated hub of 

which a gear wheel is mounted. The wheelset of traction cars 

consists of an axle, cast wheel centers with bandages, fixed band 

rings, and solid-rolled gears. The elements of the wheelset work 

under different conditions and require a specific manufacturing 

process to ensure the necessary conditions for durability and high 

reliability [1]. Analysis of statistical data has shown that the main 

reasons for rejection of wheel sets of traction rolling stock are wear 

and undercutting of the ridge, as well as the occurrence of a sharp 

roll. As a solution to this problem, the Railways have developed a 

set of measures to eliminate harmful factors (coefficient of friction, 

hardness of the wheel and rail material, the size and shape of 

contact spots) and conditions (external environmental conditions – 

temperature, humidity, etc.) that affect the wear of the car's wheel 

crest and the side faces of the outer rails [2]. 

On curved sections of railway tracks, there are problems 

associated with rail wear. One of them is the wear between the 

wheel flange and the outer rail of the curve with no lubrication. 

When entering a turn arise microscopic side wheels on the rail 

surface (area of contact is determined by the deformation of the 

material at contact areas under load) which causes high impact load 

wheels and the end result is rapid wear of the material. These 

factors will affect the contact resistance and local temperatures that 

occur during frictional friction, and the amount of material transfer 

between the rubbing surfaces [3]. This effect occurs on the inner rail 

of a curved section. It is assumed that at the lightest loads, the 

micro-surfaces touch small areas and as the load increases, these 

areas increase in size. Some irregularities approach and touch, 

forming new areas of contact. This means that increasing the load 

increases the contact areas of the rubbing surfaces and the 

distribution of areas is carried out by the size of the interaction 

areas. Using this model, the authors derived dependencies between 

the applied load and the contact area [4]..  

𝐴 = 𝐵[𝑃/𝐶][2/(1+𝑝)]

𝐺 = 𝐷[𝑃/𝐶][(1+𝑚 )/(1+𝑝)]

where 𝐵 =
1

2 
𝑀𝑏, 𝐶 = [𝑀/(1 + 𝑝)]𝑐, и 𝐷 = [𝑀/(1 + 𝑚)]𝑑; A – 

area of irregularities; Р – load carried by the contact; С – 

conductivity of the contact; p – coefficient of deformation; m – 

coefficient of resistance to contraction. 

During the sliding process, the surfaces have friction 

forces, between which there is an intermolecular interaction (this 

will include smaller contact areas). The deformation of the contact 

areas may appear elastic based on contact resistance measurements, 

and the friction between the surfaces in question will be determined 

by the plastic deformation of the irregularities. 

The limited contact resistance measurement data is 

consistent with a model in which the number and average size of 

contact areas increase with load [5, 6]. 

Vorobyov A. A. and Kotova V. V. in the article [7] note 

that wear particles are scales or plates of different thickness. They 

are typical for normal wear conditions [8]. For the formation of 

wear particles, it is necessary that the steel reaches its ultimate 

deformation state, which is accelerated by the action of the surface-

active medium [9]. When wear particles are formed and detached 

from the metal, they adsorb the active elements of the environment 

inside the cracks at high speeds, and this process leads to a further 

process of plastic deformation of the steel. Thus, a wet environment 

containing various lubricants and dirt has a negative impact on the 

fatigue strength of the wheel surface due to adsorption and 

corrosion effects. 

In the article [10], the author notes that the wear and life 

of rail ridges mainly depends on the nature and speed of chemical 

and physical processes that occur in the surface layers of the metal. 

In [11] refers to the occurrence of friction forces between 

wheel and rail when the train moves, due to which work is being 

performed, the bulk of which goes into internal energy, leading to 

temperature rise of the friction surfaces, and reaches its maximum 

at the site of primary contact. There is also a process of adhesive 

wear (it depends on the roughness of the surfaces, the hardness of 

the material, the loading of the contact zone). 

The article [12] States that wheel pair wear can occur due 

to mechanical interaction and the development of fatigue failure of 

the rubbing surfaces during abrasion, and the destruction of the 

material due to the engagement of surface irregularities during 

friction. The origin of a fatigue crack is local and occurs in places 

where the maximum stress is applied to the selected area. Maximum 

stress occurs due to non-metallic inclusions, surface irregularities, 

and sharp transitions between sections. In works [13.] the most 

dangerous areas of fatigue failure origin were identified (Fig. 1), 

which includes the bandage comb. 

Fig. 1. Places of fatigue destruction of bandages that can serve as 

the beginning of fatigue wear are highlighted. 

This process can be described as follows: first, under the 

influence of periodic shock loads that occur when the train enters 

the turn of the railway track, a section of a fan of microcracks is 

formed near the surface. Then, they grow along the planes of 

maximum chipping stress, both towards the surface and in the depth 

of the ridge. At the moment when the crack reaches its maximum 

size, the metal is crushed on the surface and inside the material and 

the material is split off from the ridge. The authors found non-

metallic inclusions in the destruction center. Analysis of their 

chemical composition revealed an increased content of carbon, 

oxygen and silicon. From the results obtained, it is concluded that 

the destruction is due to the presence of silicates or slag formations 

in the structure. [14]. 
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Previously, uncoupling of wagons was associated with 

contact-fatigue defects and defects in rail joints [15]. Currently, the 

cause of uncoupling is the side wear of the wheel crest. On average, 

as shown in the work, from 10,000 rails to 50,000 rails were 

withdrawn per year. If a train wheel fails, it will result in the failure 

of the entire car, while increasing the time for their repair in the 

railway depot. Intensive wear of the ridge is facilitated by the 

resulting rolls. When the train moves there is a strong interaction 

between the wheel material and rail material, resulting in both 

material displaced and contribute to the rupture of metal and the 

formation of mesh of cracks on the surface. In this case, the turning 

of the comb is required [16]. Wheel pairs are subject to turning 

when the rolling surface is insignificant [17]. The average intensity 

of wheel wear on a thin ridge is 0.5 mm per 10 thousand km of 

mileage (which is twice the established norm - 4 mm per 160 

thousand km). The receipt of cars in the current repair is associated 

with 35% - 40% due to a malfunction of the wheel pairs [18]. 

Failures in the way are accompanied by a deterioration in the 

working conditions of the rolling stock – a high level of 

intensification of lateral wear of the wheel ridges, undercutting and 

rolling of the ridges. Due to the wear of the ridges, 50% of the 

wheels were rejected. And the wear of the ridge itself increases the 

power consumption for traction by 30% by 50% [19]. 

Kik W. and Moelle D. [20] found that a good 

correspondence between the experimental data and the results of 

wear modeling can only be achieved if a high hardness of the wheel 

flange is used (since the hardness affects the volume of the material 

during deformation). The hardness of different areas of the wheel 

and the coefficient of friction are specified in the simulation - the 

greater the hardness of the materials, the less wear on the surfaces. 

From the standard [21], it is known that for new wheels, the 

perimeter hardness is no more than 20 NV (8%). 

Comparison of the available data on the wear of wheels 

with a hardened surface under certain conditions of the 

experimental circular track allowed us to estimate the coefficients 

of light and heavy wear, the coefficient of friction. The friction 

torque depends on the dimensions of center plate, center plate, the 

presence/absence of handling of the body, position of bearings, the 

friction coefficient, which depends on the tribological 

characteristics of the material of the contact surfaces; the value can 

vary from 0.25 to 0.4. The appearance of additional friction forces 

significantly increases the moment of resistance forces when the 

train enters the turn of the railway track [22]. The following values 

of the abrasive wear parameters were set for the wheels: 

- the coefficient of friction of the wheel tread is 0.25;

- the coefficient of friction for the wheel flange is 0.28.

Thus, using different materials in the manufacture of

structural parts of the wheelset system, it is possible to provide 

rational values of friction forces [23]. 

One of the ways to protect against wear is the use of alloy 

steel in the production of a wheelset. In the article [24], work was 

done to determine the degree of influence of various alloying 

elements on the strength characteristics of wheel steel. Steel with a 

carbon content (0.29% - 0.72%) was studied. The following 

properties of steel were determined: impact strength, contact fatigue 

life, wear resistance, and ductility in their normalized and hardened 

state. As a result of the research, it was concluded that it is 

impractical to use alloy steel with a carbon content of more than 0.5 

%, since the positive properties of wheel steel during alloying 

significantly weaken with increasing carbon content. Traditional 

technology of steel hardening with high-frequency currents is 

widely used in many industries, including in the railway sector to 

improve the wear resistance of rolling stock wheels [25]. 

To reduce the wear of the car wheel crest, a lubricant is 

applied to the surface of the outer rail head on curved sections, 

which consists of a solid lubricant (consisting of graphite powder 

and molybdenum disulfide) and a surfactant surfactant (serpentite 5-

60%, surfactant 1-20%, the remaining part is an organic binder). 

The organic component is the main liquid component of the 

lubricant, which contributes to its uniform distribution on the rails. 

Serpentinite during the interaction of the wheel and rail acquires 

anti-friction properties and forms a servovit film on the surface, 

which provides a continuous supply of solid-lubricating material to 

the friction pair. In addition, this film reduces wear on straight 

sections of the road. The grease supply occurs when the train turns, 

and when it exits the turn, the grease supply automatically stops. 

The disadvantage of this method is that the retention of the solid 

lubricant is not provided, and this leads to overspending of the 

lubricant [26]. 

One way to reduce wear is to use SKF and Lincoln 

lubricants. These manufacturers offer stationary track and mobile 

lubrication systems. 

On stationary lubrication systems, a certain amount of 

lubricant is applied to the rail and maintains this lubricant in place. 

Thanks to this system, the wheels of trains completely capture the 

lubricant and carry it along the rails. The systems installed on the 

rolling stock for greasing the wheel crest are installed on the first 

wheel pair of the front bogie of the head car. Materials with high 

viscosity and friction additives are applied automatically and help to 

reduce wear [27, 28]. 

Another way to reduce the wear of the car's wheel crest is 

to introduce a system of lubrication of the working face of the rails 

using magnetically controlled contacts. When the reverse current 

begins to flow, the reed switch immediately turns on the pump 

motor, which pumps oil into the tank. Oil flows through the pipeline 

under pressure and lubricates the working face of the rail. The 

magnetically controlled contacts are sealed in a glass flask filled 

with nitrogen or an inert gas; they are sealed. Hence their name of 

reed switches – i.e. sealed contacts. In the lubrication system of the 

ridge is used by switching the reed switch. When a train passes 

through a section of track, the current flowing through the rail chain 

is fed to the left winding of the switching reed switch, the middle 

plate, closing the left contact, will give a signal to the 

electropneumatic contact of the oil tank. The contactor for releasing 

oil into the oil pipeline is activated. Under vertical load on sleepers 

from wheel pairs, oil with pressure will spray the rail from the side 

of the working face along the perimeter of the curve until the last 

wheel pair of the technological turntable passes. Reed switches 

must have a protective housing, since the contacts of the reed switch 

are sealed [29]. The disadvantage of this method is the instability of 

current flow, possible contact breaks and contact depressurization, 

which does not result in the treatment of the car's wheel crest with a 

greasable material. 

Thus, the main reason for rejection of wheel pairs of 

traction rolling stock is wear of the ridge. To reduce the wear of the 

car wheel crest, a lubricant consisting of a solid lubricant and a 

surfactant must be applied to the rail head. The use of high-viscosity 

lubricants with friction additives reduces the wear of riding 

surfaces. To increase the wear resistance of the material, it is 

necessary to use steel hardened at high frequency. To reduce 

deformations, use a high-hard material of the wheel flange, since 

the greater the hardness of the material, the less deformation (wear).  
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