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Abstract 

 

In order to solve the problem of excessive temperature rise of brake discs under high-

speed emergency braking conditions, carbon ceramic is being used as a new type of 

composite material in the development of new brake discs. By conducting fluid-solid-

thermal coupling simulation, this article uses a front head train model containing brake 

discs to simulate the temperature changes of carbon ceramic brake discs during the 

braking process, meanwhile obtaining the temperature changes of the surrounding 

environment and comparing with the simulation results of steel brake discs. At an 

initial braking speed of 400km/h, surfaces of carbon ceramic brake disc can reach a 

maximum temperature of 1098.56K in about 86.3s, and the surrounding ambient 

temperature can reach a maximum of 750K. 
 

Keywords: carbon ceramic brake disc, steel brake disc, fluid-solid-thermal coupling, 

heat convection, environmental temperature, high-speed train. 
 

1  Introduction 

 

When the train operates with a speed of 400km/h, the temperature of brake discs will 

reach a high-level during emergency braking [1,2], and existing brake disc materials 

are prone to failure under high temperature conditions [3]. Carbon ceramic, as a new 

type of composite material, has been used in military and aerospace fields due to its 

excellent application characteristics, such as good thermal stability, low wear, ultra 

long service life, and no heat exhaustion [4,5]. The use of carbon ceramic composite 
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material in the manufacturing of brake discs can not only effectively reduce the 

unsprang mass, but also meet the needs of high-energy, high-speed, and lightweight 

development of trains [6,7]. 
 

Currently, researches on carbon ceramic brake discs mainly focus on improving 

preparation methods and material properties [8]. During the braking process, the 

highest temperature of carbon ceramic brake discs can reach nearly 1100K, which can 

have a significant impact on the surrounding environment [9]. Fluid-solid-thermal 

coupling simulation method is used in this article to analyse the temperature changes 

of brake discs and surrounding environment [10]. Under emergency braking 

conditions of brake discs, fluid-solid-thermal coupling can obtain real-time changes 

in convective heat transfer coefficient, as well as temperature changes of brake discs 

and surrounding environment. Results obtained through this method are more closely 

related to real applications. Researches of temperature changes in carbon ceramic 

brake discs during train braking are of great significance for the safety of trains. 
 

2  Simulation Models 

 

2.1 Brake Disc Models 
 

The carbon ceramic disc brake disc used in simulation has a large difference in 

structure with the steel brake disc. Using SolidWorks for modelling, and in order to 

save computational costs and facilitate meshes, brake discs are reasonably simplified, 

ignoring subtle features that have a small impact on simulation results. This article 

analyses shaft-mounted steel brake disc used under high-speed trains. Three-

dimensional models of carbon ceramic and steel brake disc are shown in Figure 1. 

Material parameters of the carbon ceramic brake disk are shown in Table 1, and 

material parameters of the steel brake disc are shown in Table 2. 

 
 

Properties Temperature Value Unit 

Density —— 2300 kg/m3 

Specific heat 

capacity 

373.15K 800 

J/(kg*K) 

573.15K 1300 

773.15K 1550 

973.15K 1700 

1173.15K 1600 

Thermal 

conductivity 

373.15K 66.0 

W/(m·k) 

573.15K 55.6 

773.15K 51.8 

973.15K 50.6 

1173.15K 47.0 

Table 1: Material parameters of carbon ceramic brake disk. 
 

Specific heat capacity[J/(kg·k)] Density[kg/m3] Thermal conductivity [W/(m· k)] 

489.9 7980 30.9 

Table 2: Material parameters of steel brake disk. 
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       (a)                                                    (b) 

Figure 1: Three-dimensional model of solid domain. (a) Carbon ceramic brake disc 

model. (b) Steel brake disc model. 
 

 

 
 

2.2 The Front Part of Train Model 
 

SolidWorks is used for three-dimensional modelling, on the basis of the classical 

model of high-speed trains to make a reasonable simplification, as far as possible to 

restore the real working conditions of high-speed trains during braking. The obtained 

model is shown in Figure 2. Set the steel brake disc and carbon ceramic brake disc 

models on the bogie respectively, and combine the bogie containing two types of 

brake discs with the front head train model to obtain train simulation models 

containing carbon ceramic brake discs and steel brake discs 

 
 

 

Figure 2: Simulation model of the front part of the train. 
 
 

 An air domain model is established around the front head of the train. The air flow 

field calculation domain model only retains the brake disc and a part of the axle 

connected to it. As shown in Figure 3, it is the fluid-solid-thermal coupling model of 

the steel brake disc under the front head of the high-speed train, and the carbon 

ceramic brake disc simulation model is the same. 
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Figure 3: Air flow calculation domain model. 
 

 
 

 

2.3 Simulation Mesh Division 
 

The division of grids is crucial for simulation calculations, and the quality of grids is 

directly related to the convergence speed and accuracy of numerical calculations. Use 

ICEM-CFD to divide the model into grids, and choose unstructured grids as the grid 

type. In order to ensure the accuracy and reliability of the calculation results, the 

model has been partially encrypted in the grid. The grid density of the environment 

around the brake disc is higher than that of the air domain around the train. 
 
 

 

2.4 Braking Condition and Air Parameters 
 

The emergency braking condition is with an initial braking speed of 400km/h. The 

deceleration during braking is shown as Table 3. The physical parameters of air are 

shown in Table 4. 
 

 

 

Velocity(km/h) Deceleration(m/s2) 

400-200 -0.98 

200-0 -1.25 

Table 3: Braking condition. 
 

 

Specific heat 

capacity[J/(kg·k)] 
Density[kg/m3] Viscosity[kg/m·s] 

Thermal 

conductivity[W/(m·k)] 

1006.43 
Change with 

temperature 
1.7894e-5 0.0242 

Table 4: Parameters of air. 
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3  Fluid-Solid-Thermal Coupling Simulation Results 

 

3.1 Temperature Rises of the Carbon Ceramic Brake Disk and Steel Brake Disk 
 

The emergency braking conditions with an initial speed of 400km/h are simulated. 

Surface temperature rise curves of the carbon ceramic brake disc and steel brake disc 

are shown in Figure 4. It can be seen from Figure 4 that temperature change curves 

all first increases and then decreases with time. This is because at the beginning, the 

heat input of the node is greater than the output, resulting the temperature of the node 

rises. At about 60s, there is a sudden change in the rate of temperature rise, which is 

due to the change in train deceleration, as well as the change in frictional force, 

resulting in a sudden change in input heat flow. When the heat input and output reach 

equilibrium, the temperature reaches its maximum. Then, the heat input at the node is 

smaller than the output, and the temperature begins to decrease. The highest 

temperature of carbon ceramic brake disk is 1098.56K at around 86.3s. The 

temperature of the steel brake disc reaches the highest at around 73s, which is 

1137.62K. The specific heat capacity, thermal conductivity, and heat dissipation 

ability of the carbon ceramic brake disc are better than those of the steel brake disc. 

During the braking process, the highest temperature of the carbon ceramic brake disc 

will be slightly lower than that of the steel brake disc. However, when the braking is 

approaching the end stage, due to the thermal conduction effect of the steel brake disc, 

the temperature of the friction surface will decrease faster, which is lower than that of 

the carbon ceramic brake disc. 

 
 

 

 

Figure 4: Temperature rise curves of carbon ceramic brake disk and steel brake disc 

friction surface. 
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3.2 Air Domain Heat Distribution Around the Carbon Ceramic Brake Disk 
 

In order to better explore the temperature changes in the carbon ceramic brake disc 

and air domain inside the bogie compartment under natural convection, a working 

condition with an initial braking speed of 400km/h is selected. Compared to the 

simplified environment of brake disc thermal simulation, the simulation time is set to 

include the entire process from the start of braking to the end with 101s, as well as the 

stationary state with 29s. 
 

During the braking process, the air inside the bogie compartment remains in a flowing 

state, and the flowing air continuously carries away the heat. Figure 5 shows 

temperature distribution cloud maps of the air domain around the carbon ceramic 

brake disc at different times, and the air cross-section captured in cloud maps coincide 

with the middle symmetry plane of the brake disc. As the braking time increases, the 

temperature in the air domain will also increase. However, only the air temperature 

around the brake disc changes significantly, and the air temperature in the area far 

away from the brake disc remains basically unchanged. The convection after the train 

braking is completed belongs to natural convection, which is different from forced 

convection. Air flow in natural convection is spontaneous. From the temperature 

distribution of the surrounding air domain at 120 seconds, it can be seen that the hot 

air shows an upward trend. 
 

 

Figure 5: Cloud map of temperature distribution in the air around the carbon ceramic 

brake disc at different times. 
 

3.3 Air Domain Heat Distribution Around the Steel Brake Disk 
 

The simulation of the air domain around steel brake discs also adopts the same 

simulation strategy as carbon ceramic brake discs. During the braking process, the 
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air inside the bogie compartment remains in a flowing state, and the flowing air 

continuously carries away the heat. Figure 6 shows temperature distribution cloud 

maps of the air around the steel brake disc at different times. From Figure 6, it can 

be seen that temperature changes around the steel brake disc are basically the same 

with the changes in the air domain around the carbon ceramic brake disc. 
 

 

Figure 6: Cloud diagrams of temperature distribution in the air domain around steel 

brake discs at different times. 
 

3.4 Comparison of Simulation Results of Heat Distribution in the Air Domain 

Around Carbon Ceramic Brake Discs and Steel Brake Discs 
 

Comparing Figure 5 and Figure 6, it can be found that during the braking process, 

both the environment around carbon ceramic disc and steel brake disc, the thermal 

changes mainly occur in lower left and upper right corners of brake discs. However, 

due to the material characteristics and structural differences between two types of 

brake discs, the temperature change rate around carbon ceramic brake discs is higher 

than that of steel brake discs. The temperature of the air inside carbon ceramic brake 

discs is much higher than that of steel brake discs, and the impact on the ambient 

temperature directly above brake discs is more concentrated and significant after 

braking. When the heat flow rises to the top of the bogie area, due to higher 

temperature effects of carbon ceramic brake discs, the impact of carbon ceramic brake 

discs on the area far from the brake discs in the train's lower space is higher than that 

of steel brake discs, which can be clearly seen from the 120s cloud diagram. 
 

In order to compare and analyse the impact of different brake discs on the surrounding 

air domain under emergency braking conditions with an initial speed of 400km/h, four 

nodes in the air domain located 0.1m above carbon ceramic brake discs and steel brake 
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discs are selected, as shown in Figure 7, and output the temperature changes of these 

points over time. 

 
 

 

Figure 7: Schematic diagram of node location. 

 
 

Temperature variation diagrams of selected air domain nodes are shown in Figure 8 

and Figure 9. It can be seen that during the braking process, the node temperature 

gradually increases with the braking time, but the temperature change is small. After 

the braking is completed, the node temperature fluctuates greatly, but after a certain 

period of time, the temperature gradually stabilizes, reaching a stable state about 20 

seconds after the train stops. 
 
 

 

 

Figure 8: Temperature variation curves of nodes around carbon ceramic brake discs. 
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Figure 9: Temperature variation curves of nodes around steel brake discs. 
 

Temperature at nodes p1 and p2 will be significantly higher than nodes p3 and p4, 

which is consistent with the simulation cloud map results of temperature distribution 

in the air domain. The temperature in the air domain around the carbon ceramic brake 

disc at P1 can reach a maximum of 800K, and maintain a stable state at 750K, which 

is higher than the temperature of same point around the steel brake disc. Due to small 

differences in temperature changes around two brake discs at nodes P3 and P4, Figure 

9 shows a comparison of temperature changes between steel brake discs and carbon 

ceramic brake discs at nodes P1 and P2. 
 

 

Figure 10: Temperature variation curves of P1 around carbon ceramic and steel 

brake discs. 
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Figure 11: Temperature variation curves of P2 around carbon ceramic and steel 

brake discs. 
 

It can also be found that during braking of the train, the temperature of air domain 

around the steel brake disc will be slightly higher than that around the carbon ceramic 

brake disc. It is mainly caused by the combined influence of the air flow and different 

brake disc structures. But when the train stops, the heat of brake discs is naturally 

convected outwards, temperature of the air around the carbon ceramic brake disc will 

be significantly higher than that of the steel brake disc. The temperature change in the 

surrounding environment of the carbon ceramic brake disc will be more concentrated 

in the middle, but the overall temperature will still be higher than that of the steel 

brake disc. 
 

 

4  Conclusions and Contributions 

 

By using fluid-solid-thermal coupling method, this article simulates and analyzes 

temperature rises of carbon ceramic brake discs and steel brake discs, and obtains the 

difference of temperature changes between two materials: 
 

(1) The highest temperature of carbon ceramic brake disk is 1098.56K at around 86.3s. 

The temperature of the steel brake disc reaches the highest at around 73s, which is 

1137.62K. 
 

(2) During the braking process, thermal changes mainly occur in lower left and upper 

right corners of the environment around carbon ceramic disc and steel brake disc. The 

temperature of air domain around the steel brake disc will be slightly higher than that 

around the carbon ceramic brake disc. When the train stops, temperature of the air 

around the carbon ceramic brake disc will be significantly higher than that of the steel 

brake disc. The temperature in the air domain around the carbon ceramic brake disc 

can reach a maximum of 800K and maintain a stable state at 750K. 
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