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Theses 

The aim of this work is to develop further the brake discs of railway vehicles, taking into 

account the characteristics of the new cast iron varieties. I present and evaluate the state of 

the art of road and rail vehicle brake discs [18], [12]. For many years, similar technologies and 

materials have been used in rail vehicle brake discs. New developments and achievements in 

other applications have emerged among the automotive brake discs, but they have never, 

exceptionally, ever been used in railway vehicles [1], [9], [10], [20]. 

I have examined the existing rail brake disc materials, the thermomechanical properties of the 

steel materials and the new cast iron, in particular the temperature conductivity factor (t), the 

specific heat capacity (cp), the thermal conductivity factor (), the thermal expansion factor 

(i), yield strength (Rp0.2) and tensile strength (Rm).   

Thesis 1: 

By analyzing measurement results of industrial research [15], [16], [20], I have stated that the 

new high carbon cast materials in case of brake discs application are more favorable in terms 

of the temperature conductivity coefficient t and in case of the thermal conductivity coefficient 

 than conventional cast iron or forged steel used in brake disks. 

Within an accuracy of ± 5% 

a) the thermal conductivity coefficient  increases by an average of 8% and the 

temperature conductivity coefficient t by an average of 10% compared to hitherto used 

cast iron 

b) the thermal conductivity coefficient  increases by an average of 45% and the 

temperature conductivity coefficient t increases by a mean value of 50% compared to 

hitherto used forged steel 

(detailed in Chapter 6.1 of the dissertation) 

 

 

Thesis 2: 

By analyzing measurement results of industrial research [15], [16], [20], I have stated that then 

yield strength Rp0,2 and the tensile strength Rm of new high-carbon cast iron are lower than the 

values of conventional cast iron or forged steel used in brake disks. 



3 

 

 

Within an accuracy of ± 5% 

a) compared to cast iron used hitherto in brake disc applications the yield strength Rp0,2 and 

the tensile strength Rm are reduced by an average of 30%. 

(b) compared to forged steel used hitherto in brake disc applications the yield strength Rp0,2 

and the tensile strength Rm are reduced by an average of 80%. 

(detailed in Chapter 6.1) 

Thesis 3: 

By analyzing the results of finite element calculations [55], [s5], [s7] I proved, that due to the 

favorable design of the connection from friction ring to the wheel or axle, what is possible by 

using of the cast iron material, the thermomechanical stresses can be reduced by more than 

30% during the braking process. (detailed in chapter 7.5 of the dissertation) 

Thesis 4: 

I have proved by finite element calculations [8], [s6], [s1] that the average temperature of the 

brake disc friction surface can be reduced by more than 65°C using materials with high thermal 

conductivity according to my calculations, when braking at a top speed of 320km/h. This 

temperature reduction allows a wide range of UIC standard brake pads to be used. (detailed 

in chapter 7.4 of the dissertation) 

Background, justification and purpose of the 

research 

One of the main systems of a railway vehicle is the braking system. According to current 

practice, the basis material of brake discs is cast iron [12]. In special circumstances, such as 

the need for high speed or low axle load, brake discs are made of steel or aluminum [1], [18], 

[6]. However, essentially no material is optimized for this application. Aluminum is not suitable 

because of its behavior in case of failure. And steel is not perfect because its thermal 

conductivity and heat capacity are very low, so special brake pads are needed. 

In the last twenty years, automotive engine and brake disc innovations have resulted in new 

cast iron varieties. For example, one such cast iron contains vermicular graphite instead of 

lamellar graphite [10] and another has an elevated carbon content ratio [9], [11]. 
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After extensive literature research in the field of brake disc shapes and material properties, 

general analytical calculations are performed. As a result of the calculations, the dependence 

of the thickness and weight of the brake disc friction ring on the friction and wear properties of 

each alternative material is determined. This is followed by a FEM computational calculation, 

which covers brake disc deformation and low disc fatigue test. 

A other purpose of this dissertation is to investigate the appropriate technologies for 

connecting selected brake disc systems to rotating parts. 

Methodology 

 

 

 

 

 

 

 

 

 

 

 

In order to find usable solutions, the original infinite solution space is regarded. In this study, 

the solution space can be reduced to available solutions due to limited unit costs. The 

characteristics of the rail vehicle brake, which are defined by the used control system, are 

functionally analyzed. 

The solution space can be divided into separate scopes. On the one hand, friction discs are a 

set of solutions that include brake discs and internal combustion engine materials, that have 

been introduced over the past eight years. The second set of solutions involves connecting 

the friction disk to the rotating parts. Here again, we focus on solutions that have been 

introduced or patented over the past eight years. 
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figure 1 1: Brake disc lower part: Properties of the friction ring 
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The potentials of the selected technologies can be estimated based on the reference mass of 

the brake disc. A minor factor is the cost of production. For the purposes of this investigation, 

it is sufficient to determine the costs simply by estimating the necessary production steps. The 

comparison was made with the GJL 250 a friction material and conventional axially split brake 

disk as reference value. 

Theses 1 

The new high-carbon cast iron materials have more favorable properties in terms of thermal 

conductivity and temperature conductivity, than conventional gray cast iron or forged steel disc 

material. 

 

 

figure 2: the temperature conductivity coefficient t [15],[20] 
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figure 3: the thermal conductivity coefficient -  [15],[20] 

 

Temperature conductivity decreases with increasing temperature, in the temperature range of 

all test materials. The three groups of materials exhibit distinct differences in behavior between 

flat-cast iron, ductile iron and steel. At low temperatures, the temperature conductivity of cast 

iron grades is greater than 1.5 than the temperature conductivity of steels. At higher 

temperatures the differences are reduced but still significant. 

The specific heat capacity increases strictly in a monotonous fashion as the temperature 

increases, almost doubling between 20 ° C and 700 ° C. Flat graphite cast iron has a specific 

heat capacity of approximately 5%. The difference between the three groups of materials, 

namely graphite cast iron, spheroidal iron and steel, is not very meaningful. 
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table1: the thermical properties at 100°C 

The cast iron materials GJL150HC, GJL250 és Varifer got the best results. 

Thesis 2 

The new high carbon cast iron has properties that are less favorable in terms of yield strength 

and tensile strength than conventional cast iron or forged steel. 

 

Figure 4: the yield strengh- Rp0,2 [15],[20] 
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figure 4: the tensile strength - Rm [15],[20] 

 

The yield strength, as a primary strength value, is as follows. The strength of steels is many 

times (3-6 times) higher than that of cast iron. It is worth noting that the yield strengths of 

15CDV6 and ER7 increase slightly over the temperature range up to about 300 ° C. The 

difference decreases slightly with temperature, but essentially remains. However, Varifer 

achieves strength values similar to the values of the GJL250 material that are is significantly 

higher than GJL150HC. This can be especially important, when casted fins are used to 

connect the friction ring to the hub to transfer accelerated weight and braking torques. 

The tensile strength as a secondary strength value behaves as follows. The strength of steels 

is often (3-6 times) higher than that of cast iron. It is worth noting that the tensile strength of 
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achieves strength values similar to the values of the GJL250 material, that are significantly 

higher than the GJL150HC. 
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table 2: the mechanical properties at 100°C 

 

The steels 15CDV6, GS22 és ER7 got the best results 

Thesis 3 

As a result of the favorable design of the brake disc connection to the wheel or axle, the 

thermomechanical stresses can be reduced by more than 30% during the braking process 
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figure 5: the investigated geometric variants 
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figure 7: the v. Mises stresses at the friction surface [17] 

Stresses on the friction surface remain low in the brake disc without the ribs being directly 

attached to the surface. Hotpots appear on the friction surfaces at the joints, although the 

joints are on the cooling surface. In addition, the stress level is globally higher for all three 

connection types than for friction less surfaces with the not possible example with no 

connection. Inner radius is particularly critical. The outer attachment point prevents the entire 

friction ring from moving freely, and the hotspots reappear in the area inward from the outer 

attachment point. 

The attachment points also have a global effect, even if the brake disc is located away from 

the attachment point, the stresses increases significantly (see, in particular, the image with 

the attachment at the outer edge of the friction ring). 

Theses 4 

By using materials with high thermal conductivity, the friction surface temperature 

can be reduced by more than 65 ° C during braking at a maximum speed of 320km / h.
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figure 8: the temperature / speed time diagram at braking from high speeds - [8] 

 

figure 6: the temperature/ speed time diagram at braking from high speeds - [8] 
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Using cast iron, the geometry of the finds and connections can be easily matched to enlarged 

surfaces with better cooling. This again leads to a reduction in the friction surface. 

Combining material change and rib geometry modification, the maximum brake disc 

temperature can be reduced from 831° C to 767°C, or by 65°C. 

During the first braking, the maximum temperature of the brake disc can be reduced from 625 

°C to 575°C, ie a cooling of 50°C is achieved. Below the 600° C limit, it is maybe possible to 

use conventional brake pads. 

 

Summary, directions for further development, 

practical application possibilities 

  

Summary 

The new high-carbon cast iron offers better performance in terms of both, heat conductivity 

and heat capacity than sheet graphite, chromium molybdenum vanadium alloy forged steel 

and conventional cast iron. Temperature conductivity is critical for brake discs. Compared to 

conventional cast iron he thermal conductivity factor  increases by about 8%, and thet 

temperature conductivity factor increases by approximately 11%. Compared to conventional 

forged steel, the thermal conductivity increases by about 45% and the temperature 

conductivity increases by about 50%.Thanks to the favorable design of the connection 

between the brake disc and the shaft, the thermal stresses during braking can be reduced by 

31%. Using materials with a high thermal conductivity factor , the temperature of the friction 

surface heated at high speed v can be reduced by more than 65 ° C. 

This allows a wide range of UIC-shaped brake pads to be used in some applications 

Practical application possibilities 

Cast iron materials have a clear potential for the use as brake discs for rail vehicles. The first 

tests show that they effectively reduce the temperature of frictional contact during the braking 

process and the stresses and strains on the brake disc. However, for practical application, it 
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is important to develop new types of brake discs that take advantage of the beneficial 

properties of these materials. In addition to the friction surface properties, the material 

properties can also be used for cooling system and connection optimization. To use the 

advantage of the material with higher thermal conductivity coefficient, a cooling system has to 

be designed, what uses in addition the better formability, what allows the radiator fins to be 

freely selected for better heat dissipation. 

  

Directions for Improvement 

As a follow-up, three areas of research are: 

• Brake Pads - Brake Disc interaction, using new cast iron materials from a 
thermomechanical and mechanical point of view. (deformation, heat distribution) 

• Optimal connection and stiffness for new cast iron materials 

• Optimal cooling system for high speed trains, using new cast iron materials. (heat sink 
shape) 
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