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This study presents a numerical transient heat transfer analysis of Titanium Diboride (TiB2) brake discs, focusing on their 
thermal behavior under extreme conditions typical of high-performance motorsports applications. Using Finite Element 
Analysis (FEA), the temperature distribution across the brake disc was simulated at various time steps, from initial heating 
to steady-state conditions. The results showed signi�cant thermal gradients, with temperatures rising sharply as the disc 
absorbed heat due to high surface ῿�ux. At the 100s time step, the disc exhibited a considerable temperature increase, with 
the maximum temperature reaching up to 3286 K in certain regions. The integral heat absorption values indicated uneven 
thermal load distribution, with certain regions experiencing more heat accumulation. This analysis provided critical insights 
into thermal stress distribution of TiB2, essential for understanding its wear resistance, thermal shock resistance, and suitability 
for brake disc applications. These �ndings contribute to optimizing the design of TiB2 brake discs for enhanced performance 
and durability in motorsports, particularly in environments where high temperatures and mechanical stresses are prevalent.
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Introduction

In the high-performance world of motorsports, the 
demands on materials are extreme, requiring components 
to endure significant mechanical and thermal stresses [1]. 
One such critical component is the brake disc, where 
efficiency, durability, and heat resistance are paramount 
for ensuring safety and performance. Traditional brake 
disc materials, such as cast iron, have been commonly 
used in motorsports; however, they have limitations in 
withstanding the extreme conditions generated by high-
speed racing and frequent thermal cycling [2]. As a 
result, there is a growing interest in advanced materials 
like TiB2, which offers exceptional properties, including 
high hardness, high melting point, outstanding wear 
resistance, and excellent thermal shock resistance.

TiB2 a ceramic material, has demonstrated promise 
for use in high-temperature applications due to its 
superior thermal conductivity and mechanical strength 
[3-6]. These properties make TiB2 an ideal candidate 
for the development of brake discs in motorsports, 
particularly in Formula 1, where brake performance is 
critical. However, to fully understand the potential of 
TiB2 in such applications, it is necessary to investigate 
its thermal behavior under extreme operating conditions, 
including its response to high thermal loads, transient 

heat distribution, and thermal stress development [7-10]. 
This research aims to conduct a numerical transient heat 
transfer analysis of TiB2 brake discs using FEA to predict 
thermal stress distribution, temperature gradients, and 
overall thermal performance over time. By simulating 
the temperature behavior at various time steps, this study 
will provide valuable insights into how TiB2 performs 
under dynamic heating conditions, contributing to the 
design and optimization of high-performance brake 
systems in motorsports.

Numerical Analysis
A transient heat transfer analysis was conducted to 

evaluate the thermal behavior of TiB2 brake discs under 
high-temperature conditions (Fig. 1). The numerical 
simulations were performed using SimScale, applying 
specific thermal boundary conditions to replicate real-
world operational scenarios. The global temperature of 
the system was set at 250°C to simulate high-performance 
motorsport environments. A surface heat flux of 500,000 
W/m² was applied to model the extreme thermal loads 
experienced during braking events. To account for 
heat dissipation, convective heat flux conditions were 
implemented on the outer surface of the brake disc. A 
heat transfer coefficient of 50 W/m²·K was assigned, 
with the surrounding ambient temperature maintained at 
35°C, representing the cooling effect of airflow during 
high-speed motion. The thermal properties of TiB2 
were incorporated into the simulation, with a density 
of approximately 4.52 g/cm³ (4520 kg/m³), thermal 
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conductivity ranging between 60-120 W/m·K, and a 
specific heat capacity of around 500 J/kg·K. These 
properties were crucial in predicting the temperature 
distribution, thermal gradients, and possible failure 
points in the material due to thermal stress [11].

The transient nature of the analysis enabled the 
assessment of temperature evolution over time, providing 
insights into heat dissipation rates and material response 
under continuous thermal cycling

Results and Discussion

The transient heat transfer analysis (Fig. 2 and Table 
1) at a time step of 20 seconds revealed significant 
temperature variations across different regions of the 
TiB2 brake disc. The minimum recorded temperature 
was 1091 K (Region 3), while the maximum temperature 
reached 1126 K (Region 8). The average temperature 
across all regions ranged between 1105 K and 1107 
K, indicating a relatively uniform heat distribution 
despite localized variations. The highest integral value 
of 0.0958 K·m² was observed in Region 3, which 
also exhibited the largest surface area (8.67  ×  10-5 m²), 

suggesting a correlation between surface exposure and 
heat accumulation. Region 8, which recorded the highest 
maximum temperature (1126 K), had an integral value 
of 0.0925 K·m², highlighting the effects of localized 
heat concentration. These results indicate that while 
the overall heat distribution remains stable, certain 
regions experience slightly higher thermal accumulation, 
potentially influencing thermal stress and material 
performance. Further analysis at subsequent time steps 
will provide insight into the thermal evolution and its 
impact on the brake disc under transient conditions.

At the 40s time step, the transient heat transfer analysis 
of the TiB2 brake disc revealed a significant increase 
in temperature across all analyzed regions (Fig. 3 and 
Table 2). The minimum recorded temperature was 1678 
K (Region 4), while the maximum temperature reached 
1726 K (Region 8). The average temperature across 
the regions ranged from 1697 K to 1700 K, indicating 
a uniform heat distribution with slight variations due 
to localized heat accumulation. Compared to the 20s 
results, there was a noticeable increase in thermal energy 
across the disc, with the average temperature rising by 
approximately 590 K. The highest heat accumulation 

Table 1. Transient temperature distribution across different regions of the TiB2 brake disc at 20s.

Region Surface area (m2)  
× 10-5

Minimum 
 (K)

Average  
(K)

Maximum  
(K)

Integral  
(K. m2)

1 6.35 1093 1106 1123 0.0702
2 6.61 1095 1107 1124 0.0732
3 8.67 1091 1106 1123 0.0958
4 8.02 1092 1105 1123 0.0886
5 8.61 1093 1105 1123 0.0951
6 7.25 1094 1106 1124 0.0802
7 6.91 1094 1106 1124 0.0765
8 8.35 1093 1107 1126 0.0925

Fig. 1. TiB2 Disc brake model and mesh.
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occurred in Region 8, where the maximum temperature 
was observed. The integral temperature values ranged 
from 0.1108 K·m² (Region 1) to 0.147 K·m² (Region 
3), showing an increase in thermal energy absorption 
across the surface. Regions with larger surface areas, 
such as Region 3 and Region 5, exhibited higher 
integral values, suggesting a greater heat capacity 
and distribution in those zones. The temperature rise 
indicates that TiB2 effectively retains and distributes 
heat under transient conditions, a critical factor in brake 
disc performance. This analysis provides insights into the 
thermal behavior of TiB2 brake discs under continuous 
heat flux, demonstrating their ability to withstand high 

temperatures while maintaining structural integrity.
At the 60s time step, the transient heat transfer 

analysis of the TiB2 brake disc exhibited a further rise 
in temperature across all analyzed regions, indicating 
continuous heat accumulation (Fig. 4 and Table 3). The 
minimum temperature recorded was 2231 K (Region 4), 
while the maximum temperature reached 2283 K (Region 
8). The average temperature across the regions ranged 
between 2251 K and 2254 K, demonstrating a relatively 
uniform heat distribution with localized temperature 
variations due to heat flux concentration. Compared to 
the previous 40s time step, there was an approximate 554 
K increase in temperature across all regions, confirming 

Table 2. Transient temperature distribution across different regions of the TiB2 brake disc at 40s.

Region Surface area (m2)  
× 10-5

Minimum  
(K)

Average  
(K)

Maximum  
(K)

Integral 
(K. m2)

1 6.35 1681 1699 1723 0.1108
2 6.61 1683 1699 1724 0.112
3 8.67 1679 1698 1723 0.147
4 8.02 1678 1697 1721 0.136
5 8.61 1680 1697 1722 0.146
6 7.25 1681 1698 1723 0.123
7 6.91 1682 1698 1723 0.117
8 8.35 1681 1700 1726 0.142

Fig. 2. Temperature distribution in the TiB2 brake disc after 20s, 
showing variations in heat accumulation across different regions.

Fig. 3. Temperature distribution in the TiB2 brake disc after 40s, 
showing variations in heat accumulation across different regions.
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the progressive heat buildup within the material. The 
highest temperature was observed in Region 8 (2283 
K), reinforcing the trend of increased heat retention in 
this area. The integral temperature values ranged from 
0.143 K·m² (Region 1) to 0.195 K·m² (Region 3), with 
Regions 3 and 5 displaying the highest integral values, 
suggesting greater heat capacity and energy absorption 
in those zones due to their larger surface areas. This 
continued rise in temperature further highlights the 
high thermal conductivity of TiB2, allowing heat to be 
distributed efficiently across the brake disc. However, the 
presence of thermal gradients may contribute to localized 

stress buildup, which requires further analysis in terms 
of thermal stress distribution and potential deformation.

At the 80s time step, the transient heat transfer 
analysis of the TiB2 brake disc revealed a further 
temperature increase, continuing the trend observed in 
previous time steps (Fig. 5 and Table 4). The minimum 
recorded temperature was 2749 K (Region 4), while 
the maximum reached 2801 K (Region 8). The average 
temperature values across the regions ranged between 
2769 K and 2773 K, indicating a relatively uniform 
temperature distribution with minor fluctuations due 
to localized heat accumulation. Compared to the 60s 

Table 3. Transient temperature distribution across different regions of the TiB2 brake disc at 60s.

Region Surface area (m2) 
 × 10-5

Minimum  
(K)

Average  
(K)

Maximum 
 (K)

Integral 
(K. m2)

1 6.35 2234 2253 2279 0.143
2 6.61 2236 2253 2280 0.149
3 8.67 2232 2253 2280 0.195
4 8.02 2231 2251 2277 0.180
5 8.61 2233 2251 2278 0.194
6 7.25 2234 2252 2279 0.163
7 6.91 2235 2252 2279 0.156
8 8.35 2233 2254 2283 0.188

Fig. 4. Temperature distribution in the TiB2 brake disc after 60s, 
showing variations in heat accumulation across different regions.

Fig. 5. Temperature distribution in the TiB2 brake disc after 80s, 
showing variations in heat accumulation across different regions.
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time step, there was an approximate 519 K rise in 
temperature across all regions, signifying continued heat 
absorption and limited dissipation due to the imposed 
boundary conditions. Region 8 displayed the highest 
maximum temperature (2801 K), reinforcing the trend 
of localized heat accumulation, which could be attributed 
to variations in thermal conductivity and convective 
heat transfer efficiency at different disc sections. The 
integral temperature values varied from 0.176 K·m² 
(Region 1) to 0.240 K·m² (Region 3), with Regions 3 
and 5 once again exhibiting the highest integral values, 
suggesting higher thermal storage capacity in these 
zones due to their larger surface areas. The continuous 
rise in temperature at this stage indicates that TiB2 
effectively conducts and redistributes heat, preventing 
extreme thermal gradients that could lead to localized 
hot spots. However, as the brake disc approaches peak 
operating temperatures, thermal expansion and stress 
buildup become critical concerns, necessitating further 
evaluation of the material’s structural stability under 
prolonged high-temperature exposure.

At the 100s time step, the transient heat transfer 
analysis of the TiB2 brake disc revealed a notable 
temperature rise compared to earlier time steps. The 
minimum temperature across all regions was observed 
to be around 3235 K (Region 4), while the maximum 
temperature reached up to 3286 K (Region 8). The average 

Table 4. Transient temperature distribution across different regions of the TiB2 brake disc at 80s.

Region Surface area (m2) 
 × 10-5 Minimum (K) Average (K) Maximum (K) Integral 

(K. m2)
1 6.35 2752 2771 2798 0.176
2 6.61 2755 2772 2799 0.183
3 8.67 2751 2772 2799 0.240
4 8.02 2749 2769 2796 0.222
5 8.61 2751 2770 2797 0.238
6 7.25 2752 2770 2798 0.201
7 6.91 2754 2771 2798 0.192
8 8.35 2752 2773 2801 0.232

Table 5. Transient temperature distribution across different regions of the TiB2 brake disc at 100s.

Region Surface area (m2)  
× 10-5 Minimum (K) Average (K) Maximum (K) Integral 

(K. m2)
1 6.35 3238 3257 3282 0.207
2 6.61 3241 3257 3283 0.215
3 8.67 3237 3257 3284 0.282
4 8.02 3235 3254 3280 0.261
5 8.61 3237 3255 3281 0.280
6 7.25 3238 3255 3282 0.236
7 6.91 3239 3256 3282 0.225
8 8.35 3238 3258 3286 0.272

Fig. 6. Temperature distribution in the TiB2 brake disc after 100s, 
showing variations in heat accumulation across different regions.
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temperature for the disc ranged from 3254 K to 3258 
K, showing relatively consistent heating throughout the 
brake disc. The temperature integral values, representing 
the total heat absorbed in each region, also increased 
compared to earlier times, with Region 3 exhibiting 
the highest integral value of 0.282 (K·m²), indicating 
that this region absorbed the most thermal energy. This 
could be due to its larger surface area and its location 
in the disc, which may have been exposed to higher 
thermal flux. Other regions such as Region 1 and Region 
6 displayed moderate integral values of 0.207 and 
0.236 (K·m²), respectively, suggesting slightly less heat 
absorption in these regions. The 100s time step showed 
a substantial increase in temperature distribution across 
the disc, with Region 8 reaching the highest maximum 
temperature, which is indicative of the heat concentration 
in the external areas of the brake disc under the applied 
thermal load. The results highlight how TiB2 brake discs 
experience significant thermal gradients as they undergo 
dynamic heating, which is essential in understanding 
their thermal behavior and ensuring material performance 
under real-world operating conditions.

Conclusion

The numerical transient heat transfer analysis of 
Titanium Diboride (TiB2) brake discs revealed a detailed 
understanding of the material’s thermal performance 
under extreme conditions, such as those encountered 
in high-performance motorsports. The results indicated 
that the temperature distribution across the disc varied 
significantly with time, demonstrating the material’s 
ability to withstand high thermal loads. At the 100s 
time step, the temperature increased substantially, with 
regions closer to the surface experiencing higher thermal 
stresses. This thermal gradient is critical in assessing 

TiB2’s suitability for brake disc applications, as it plays 
a pivotal role in the disc’s wear resistance, thermal 
shock resistance, and overall performance in real-world 
scenarios. The analysis provided insights into heat 
absorption and dissipation in different regions, which is 
crucial for optimizing brake disc design and ensuring 
durability under repetitive thermal and mechanical 
stresses. TiB2 demonstrated promising characteristics 
for high-temperature applications, showing effective 
thermal management that can improve the performance 
and safety of brake systems in motorsports.
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