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Abstract. It is known that ensuring the safe movement of locomotives in the 
locomotive fleet of JSC “Uzbekistan temir yo‘llari” plays an important role. 

Because the correctness and reliability of the brake system, which is an 
important part of the safe arrival of cargo and passenger trains to their 
destination, is of great importance. If we look at it from this point of view, 
the reliability of the brake system of locomotives depends on the strength, 
degree of wear and hardness of the brake pads. In this article, scientifically 
based solutions to the problem of ensuring the reliability of the braking 
system of the rolling stock are offered, while increasing the strength of these 
brake pads of locomotives. 

1 Introduction 
 

The coefficient of friction of the brake pad to the bandage. The size of 𝜑𝑘 depends on the 

material from which it is made, the speed of the train, its specific force on the bandage, the 

condition of the friction surfaces of the pads and bandage surfaces, its shape and the method 

of preparation. 

       One of the most important characteristics in railway operating conditions is the 

dependence of 𝜑𝑘 on the speed of movement and the force exerted by the pad on the band. 

Interdependence 𝜑𝑘, V and 𝑁𝑇  are determined by experiments in laboratory or operating 

conditions [1-2]. It is found that the magnitude 𝜑𝑘decreases as the speed V increases and the 

force of the pad on the bandage 𝑁𝑇  increases. 

       One of the most important tasks for railway rolling stock is to increase the reliability and 

service life of brake systems, and this issue is related to improving the strength of the brake 

unit of the pad type and providing increased resistance to wear. In the developed countries of 

the world, such as the USA, England, France, Spain, Germany, Japan, China, Russia, 

attention and interest in the problem of brakes is increasing, and in this regard, research is 

being conducted in research institutes and industrial enterprises aimed at improving the 
friction performance of rolling stock brake units [3-5]. New constructions of elements of 

brake systems and effective technological processes of production are being developed. 

     For many years, gray frictional cast iron has been used as a traditional material for rolling 

stock brake pads, and it has proven itself as a relatively reliable material in friction conditions 
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against steel without lubricating oil [6]. At the same time, recently more resistant materials - 

metal-ceramics and polymers [9-10], as well as from various combinations of cast iron [11] 

made pads also appeared. Despite the above, cast iron is still a promising material with a 

number of serious advantages: a much lower level of production, the material is cheap, it is 

relatively simple to manufacture, the effectiveness of braking does not depend on weather 

conditions, etc. 

 

2 Objects and methods of research 
 

      Today, railways of the CIS (Commonwealth of Independent States) countries mainly use 

cast iron brake pads specified in GOST 30249-97 for locomotives [7-8]. 

      Many experimental studies [12-14.] determined based on the results, the friction 

coefficient values of cast iron pads can be calculated according to the following formula. 

 

𝜑𝑘ч = 0,6
16𝑁𝑇+100

80𝑁𝑇+100
∙

𝑉+100

5𝑉+100
 .                                                                  (1) 

 

       The results of foreign research experiments also lead to the same or close relationships 
with formula (1). 

       Fig.1 shows the dependence of the friction coefficient 𝜑𝑘ч of cast-iron pads on the 

bandage on the change in speed V, where the speed varies from 0 to VK = 100 km/h (VK = 

27,778 m/s). It is known that the friction coefficient of cast iron pads decreases from 0,153 

to 0,082 as the movement speed V increases. 

 

 
Fig.1. – Dependence of friction coefficient 𝜑𝑘ч of cast-iron blocks on bandage on change of movement 
speed V. 

 

      The reduction of the coefficient of friction of cast iron pads with the increase in speed 

can be explained by the fact that during the braking of the rotating wheel, the protruding 

particles of the friction surface of the pad sticking to it are subjected to elastic and plastic 

deformations in the form of crushing, cutting, breaking, and then are crushed and come out 

in the form of metal dust. In this case, a large amount of heat is released. As the movement 



speed V and the increasing force of the pad to the bandage 𝑁𝑇  increases, the amount of heat 

released per unit of time increases, and therefore the thin layer (microlayer) of the metal of 

the rubbing surfaces heats up more and more. As a result of the increase in temperature, the 

metal microlayer softens, becomes plastic and melts, and turns into lubricating oil, which lies 

between the deeper, relatively cold hard metal layers of the pad and bandage. 

      Operating practice shows that standard cast-iron pads are more resistant especially at high 

braking speeds and high specific forces [15-17]. 

      Phosphorus content in order to increase resistance to melting while improving frictional 

aspects 1.0-1.4% cast iron pads are used. For such blocks, according to scientific works, it 

was determined that the values of the coefficient of friction of cast iron pads (with the 

addition of 1.0-1.4% phosphorus) can be calculated according to the following formula. 
 

𝜑𝑘фч = 0,5
16𝑁𝑇+100

52𝑁𝑇+100
∙

𝑉+100

5𝑉+100
                                                                   (2) 

 

      Fig.2 shows the dependence of the coefficient of friction on 𝜑𝑘ч of cast-iron pads (with 

1,0-1,4% phosphorus addition) at a change in speed V, where the speed is from 0 to VK =100 

km/h (VK =27,778 m/s) varies in the interval. From the analysis of Figures 1 and 2, it is known 

that the coefficient of friction of cast iron pads (with the addition of 1,0-1,4% phosphorus) 

𝜑𝑘ч with the addition of phosphorus, respectively, the indicator 𝜑𝑘ч now decreases from 
0,153 to 0,082 compared to 0,19 to 0,101 for standard cast iron pads changes up to and 

increases, that is, their resistance to damage increases. 

 

 
Fig.2. Dependence of the friction coefficient 𝜑𝑘ч of cast-iron bearings (with the addition of 1,0-1,4% 
phosphorus) at a change in speed V. 

 

     Fig.3 shows a graph of the comparative analysis of changes in the friction coefficient 𝜑𝑘ч 

of standard cast-iron pads and the friction coefficient 𝜑𝑘ч of cast-iron pads (with the addition 

of 1,0-1,4% phosphorus) when the speed V changes. 

 



3 Results and their Discussion 

 

      In order to improve the resistance to melting, composite pads are widely used. Composite 

bearings have approximately three times the wear resistance of standard cast iron bearings. 

In particular, made of 6KV-10 material experiments conducted for composite pads with a 

friction coefficient almost independent of speed showed that the friction coefficient of the 

pads 𝜑𝑘𝑘п can be determined according to the following formula:  

 

 
Fig.3. A graph of the comparative analysis of changes in the friction coefficient 𝝋𝒌ч of standard cast-

iron bearings and the friction coefficient 𝝋𝒌ч of cast-iron bearings (with the addition of 1,0-1,4% 
phosphorus) as the speed V changes. 

1 − 𝜑𝑘ч - coefficient of friction of standard cast iron pads; 

2 −  𝜑𝑘ч -1-1,4% phosphorus added cast iron pads friction coefficient. 

 

𝜑𝑘𝑘п = 0,44
𝑁𝑇+20

4𝑁𝑇+100
∙

𝑉+150

2𝑉+150
                                                              (3) 

 

Fig.4 shows the friction coefficient of composite pads made of 6KV-10 material with changes 

in speed [21; 12-15 b,] the dependence graph of 𝜑𝑘𝑘п is shown. 



 
     Fig.4. Friction coefficient of composite pads made of 6KV-10 material with change of movement 

speed V, m/s [18-19]  The dependence graph of 𝜑𝑘𝑘п. 

 

    The most important indicators that determine the level of normal performance of the 

tribological pair "Bandage-brake pad" are the stiffness of the brake the stability of this 

indicator on the section of the pad and the small spread of the hardness level indicators on 

individual pads. It determines the size (value) of the hardness of the pad, the change of the 

hardness on the cross-section leads to a qualitative change of the friction processes, and the 

wide dispersion of the hardness on the pads leads to the poor use of the material of a part of 
the pads. 

    The hardness of cast iron brake pads depends on their internal structure. The main 

constituents of this structure are ferrite, pearlite, graphite, cementite, and other impurities 

present in cast iron form carbides, and phosphorus forms phosphide eutectics. 

GOST 30249-97 in M-type locomotive pads, deviations (deviations) of carbon content from 

2,7 to 3,4% are allowed, in which pearlite has a stable hardness, and changes in material 

hardness are mainly due to free cementite and phosphide eutectics. is determined. An increase 

in the amount of carbon also affects the amount of free cementite. The hardness of the 

locomotive brake pad must correspond to 229 – 302 NV according to the same standard for 

"M" cast iron. 

     On the basis of a gross inspection of the hardness of new and used pads on the Krasnoyarsk 

railway, it was determined that their degree of hardness in terms of hardness reached 25%, 
of which about 4%. 

 

 

 

 

 

 

 



4 Conclusions 

 

It has a hardness of up to 600 NV at a depth of 2 mm. In the process of using such pads, the 

sliding surface of the tire is accelerated, and during braking, it experiences a strong spark. In 

the process of operation, the metal is highly cracked and corroded. Their structure consists 

of white or pale cast iron, which indicates a violation of the technological process of casting. 

      In order to reduce the production of bandages, new materials made of expensive chrome-

plated steel are being introduced. The fact that bandages with a curved surface are made in 

more than one level causes the need for alignment [20], which further shortens the service 

life of bandages. 

      Based on the preliminary theoretical developments, it was determined that stable 
hardness can be achieved only by changing the bearing structure to a ferrite-graphite type, 

without changing the chemical composition of the initial cast iron and the production 

technology. In this case, ferrite has a stable hardness, and changes in the amount of carbon 

lead to changes in the quantity of the graphitic component due to the transformation of free 

cementite and cementite into free graphite in pearlite. 

      Due to the alloying of this matrix, the content of existing silicon, ferrite metal matrix can 

reach NV230, and the amount of manganese and phosphorus can reach NV230, which is in 

line with the lower limit of the standard hardness. 
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