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Abstract: Increasing vehicle operating speeds place greater thermal and mechanical demands on 
automotive tires, making the assessment of tire behavior under varying speed conditions essential for 
safety and durability. This study investigates the effects of speed, load, and inflation pressure on the 
temperature distribution and durability of the Bridgestone ECOPIA EP150 tire using numerical 
simulation in Ansys Workbench. The results indicate that the shoulder region exhibits the highest 
temperature, which rises with increasing vehicle speed. Inflation pressure and vertical load significantly 
influence the contact area and stress distribution. An inflation pressure of 34 psi is identified as optimal, 
limiting localized heat generation and maintaining tire durability under realistic operating conditions. 
The findings provide practical guidance for tire selection and usage, particularly in tropical climates, 
and support improved safety and operational efficiency. Furthermore, the simulation-based approach 
demonstrates the effectiveness of numerical analysis as a predictive tool for evaluating tire performance 
under complex operating conditions, reducing reliance on extensive experimental testing. 
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1. Introduction 
 
In recent years, the number of automobiles in circulation worldwide has continuously increased, with 
more than 93.5 million vehicles produced in 2023 alone, primarily in North America, Japan, and the 
European Union [1]. This rapid growth has been accompanied by increasingly stringent requirements 
for vehicle safety, stability, and fuel efficiency. Among vehicle subsystems, tires are the only 
components in direct contact with the road surface and therefore play a decisive role in load transfer, 
steering control, and braking performance. During operation, frictional interaction between the tire 
and the road generates heat, and the surface temperature may exceed 80 °C, which accelerates material 
degradation and increases the risk of pressure loss or tire failure [2].  
 
Previous studies have demonstrated that elevated road surface temperatures, particularly under high-
speed driving or hot weather conditions, strongly influence tire thermal behavior and service life. Non-
uniform temperature distribution within the tire structure leads to rubber deformation and reduced 
traction, especially during cornering and emergency braking [3]. These effects are further intensified 
in tropical regions, where road surface temperatures can exceed 60 °C for extended periods, creating 
severe thermal operating conditions for passenger car tires. 
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Although tire thermal and mechanical behaviors have been widely investigated, most existing studies 
have addressed these aspects independently or under simplified operating scenarios [4], [5], [6], [7], 
[8] . Many investigations focus on average temperature evolution or isolate the influence of a single 
parameter, such as vehicle speed, load, or inflation pressure [9], [10], [11]. As a result, the combined 
effects of these parameters on localized temperature distribution and durability-related responses, 
particularly the formation of thermal hotspots in critical regions such as the tire shoulder, remain 
insufficiently understood under realistic driving conditions. 
 
Against this background, a comprehensive evaluation of the Bridgestone ECOPIA EP150 tire under 
coupled thermal and mechanical loading is required. As a fuel-efficient tire designed for everyday 
passenger vehicles, its performance must be assessed under operating conditions representative of real-
world use. Accordingly, this study investigates the joint influence of vehicle speed, load, and inflation 
pressure on localized temperature distribution, contact area, and stress characteristics using a three-
dimensional numerical model. By emphasizing localized heat accumulation rather than global averages, 
the present work provides deeper insight into tire thermo-mechanical behavior and offers practical 
guidance for tire pressure selection, operation, and maintenance, particularly in high-temperature or 
tropical climate environments. 
 
2. Material and methods 
2.1 Theoretical basis 
 
To evaluate the impact of temperature on the tire's thermal performance, it is necessary to simulate 
the heat transfer process at the tire surface as the vehicle operates over different speed ranges. The 
calculation of the heat transfer coefficient begins with determining the Reynolds number (Re) [12], 
which reflects the airflow regime around the tire. This coefficient is defined by Equation (1).  
 

𝑅𝑒 =
𝑝𝑣𝐿

𝜇
=

𝑣𝐿

𝜈
 (1) 

 
The Nusselt number (Nu) is calculated using the Dittus-Boelter equation, which is specifically 
applicable to turbulent flow conditions (Re > 4000). 
 

Nu = 0.023𝑅𝑒
0.8𝑃𝑟

𝑛  (2) 
 
This equation is effectively applied within Equations (3) and (4). 
 

0.6 ≤ 𝑃𝑟 ≤ 160  (3) 
 

Re ≥ 10000 (4) 

 
From the Nusselt number, the convective heat transfer coefficient can be determined in Equation (5). 
 

ℎ =
𝑁𝑢⋅𝑘

𝐿
  (5) 

 
2.2 Model building  
 
In this study, the simulation model is based on the geometric specifications of the Bridgestone 
ECOPIA EP150 tire, as illustrated in Figure 1(a). Key technical parameters of the tire are 
summarized in Table 1. 
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Table 1. Bridgestone ECOPIA EP150 tire specifications [13] 
 

Tire size 205/55R16 

Rim size 16 inches 
Tire construction Radial 
Load index 91 – 615 Kg 
Speed rating V – 240 km/h 

 
The geometric model was carefully constructed and systematically checked [14], [15], [16], [17] to 
eliminate geometric inconsistencies prior to numerical analysis. Meshing was then performed using the 
Coupled Field Transient solver in Ansys Workbench 2025. A predominantly hexahedral mesh was 
selected, as this mesh type is well-suited for capturing coupled thermal and mechanical responses in 
rubber-based tire structures with improved numerical stability [18]. The global element size was set 
to 10 mm, yielding approximately 18,484 elements and 63,880 nodes. To accurately represent regions 
with high stress and heat concentration, local mesh refinement was applied in the tire–road contact 
zone and shoulder areas (Figure 1b). 
 

 
 

 
(a) 

 
(b) 

 
Figure 1. (a)  Bridgestone ECOPIA EP150 tire [13], (b) Local mesh refined tire 
 
The adequacy of the selected mesh was evaluated through a mesh independence assessment by 
comparing temperature and stress results obtained from both coarser and finer mesh 
configurations. The observed variations in key response parameters were within acceptable limits, 
confirming that the adopted mesh provides a reliable compromise between computational 
efficiency and numerical accuracy. Moreover, the chosen meshing approach is consistent with 
previously published tire thermo-mechanical simulation studies that successfully employed 
hexahedral meshes with similar element sizes. 
 
2.3 Simulation process 
 
The simulation procedure and methodological framework were established using well-documented 
approaches from previous tire-related studies. In particular, existing research on tire–road heat 
transfer provided the basis for defining thermal boundary conditions and convective heat transfer 
modeling, while earlier numerical and experimental investigations on automotive wheel and tire 
components informed the treatment of material behavior, stress distribution, and durability-related 
responses. Additional studies were consulted to support the selection of simulation parameters and 
ensure methodological consistency under realistic operating conditions [19], [20], [21], [22].  
Following the geometric design and meshing stages, the numerical model was completed by applying 
boundary conditions including material properties, contact interaction between the tire and the road 
surface, applied load, inflation pressure, and rotational motion [23], [24]. Vehicle speed was explicitly 
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defined as a key research variable and implemented by prescribing different tire rotational speeds 
corresponding to vehicle velocities of 60, 80, and 90 km/h. This formulation enabled a systematic 
evaluation of the influence of vehicle speed on transient temperature distribution and the coupled 
thermo-mechanical response of the Bridgestone Ecopia EP150 tire under representative real-world 
operating conditions (Figure 2). 
 

 
 
Figure 2. Boundary condition setup in the simulation model 
 
3. Results and discussion  
3.1 Effect of speed on tire temperature 
 
The analysis results indicate that the shoulder region of the tire, which includes node 7162, experiences 
the highest temperature during the simulation. In contrast, the temperature at the center of the tread 
is significantly lower than that of the shoulder, as indicated by the green color on the thermal map. As 
the vehicle speed increases, the shoulder area gradually transitions from yellow to dark red, indicating 
a substantial rise in temperature. Conversely, the central region of the road maintains a relatively stable 
temperature. 
 

   

 
a) 60 km/h 

 
b) 80 km/h 

 
c) 90 km/h  

 
Figure 3. Temperature distribution of the tire across varying speeds 
 
The results from three test scenarios show variations in temperature at different nodes of the model, 
as illustrated in Figure 4. 
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Figure 4. Tire temperature under different speed conditions 
 
At 60 km/h, the tire experiences low thermal loading, resulting in a relatively uniform temperature 
distribution across the tread and limited heat concentration in the shoulder region. This behavior is 
reflected by a lower temperature at Node 7162 and a stable average tire temperature, indicating 
effective heat dissipation and favorable operating conditions. At 80 km/h, localized heating becomes 
more pronounced in the shoulder area, leading to a noticeable rise in temperature at Node 7162. This 
trend is associated with increased cyclic deformation and hysteresis losses in the rubber material. In 
contrast, the average tire temperature remains nearly unchanged, suggesting that the influence of speed 
is mainly confined to high-load and high-friction regions rather than the entire tire structure. At 90 
km/h, significant heat accumulation is observed at the shoulder and edge regions, with the temperature 
at Node 7162 increasing markedly from 53.053°C to 59.179°C, while the average tire temperature 
remains within 46.3–46.7°C. This indicates that localized hotspots are strongly affected by increasing 
speed, whereas the tire's global thermal state remains relatively stable. Furthermore, the reduced rate 
of temperature increase at higher speeds in these regions reflects the material’s heat-dissipation 
capability under elevated thermal loading. 
 
3.2 Effect of pressure on tire temperature 
 
Across all four scenarios examined, the vehicle speed was consistently held at 90 km/h. Figure 5 
presents the temperature response at the tire shoulder under different combinations of load and 
inflation pressure at a constant vehicle speed. The results show that temperature variation is governed 
by the coupled effects of tire deformation and contact conditions, with inflation pressure acting as the 
primary controlling factor and load influencing its effectiveness. At 100% load, increasing the inflation 
pressure from 30 psi to the standard value of 34 psi results in only a minor temperature reduction, 
from 59.69 °C to 59.179 °C. This limited change indicates that, under high load conditions, the 
increased structural deformation dominates heat generation, reducing the effectiveness of pressure 
adjustment alone. 
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a) 80% load, 34psi 
 

 
b) 80% load, 30psi 

  
 

c) 100% load, 34psi 
 

d) 100% load, 30psi 
 
Figure 5. Temperature accumulation at node 7162 
 
In contrast, at 80% load, raising the inflation pressure from 30 psi to 34 psi produces a substantially 
larger temperature decrease, from 59.576 °C to 56.166 °C. Under lower load conditions, the tire 
experiences reduced deformation, allowing higher inflation pressure to more effectively limit the 
contact area and frictional energy dissipation. 
 

 
 
Figure 6. Temperature concentration chart at node 7162 on the tire 
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The influence of load is further clarified when pressure is held constant. At 30 psi, reducing the load 
from 100% to 80% leads to only a marginal decrease in temperature, whereas at 34 psi, the same load 
reduction results in a pronounced temperature drop. These observations indicate that load reduction 
alone has a limited thermal benefit unless accompanied by adequate inflation pressure. Overall, Figure 
5 demonstrates that minimizing localized heat accumulation is most effectively achieved through the 
combined application of standard inflation pressure and moderate loading, underscoring the 
importance of their interaction in tire thermal management. 
 
3.3 Effect of pressure and load on tire durability 
 
Figure 7 illustrates the distribution of equivalent stress in the tire under different combinations of load 
and inflation pressure. The results indicate that stress levels increase with both applied load and internal 
pressure, reflecting the combined effect of vertical loading and structural stiffening of the tire carcass. 
Among these factors, inflation pressure exerts a more pronounced influence, as higher pressure 
increases the internal tensile stress within the rubber layers, leading to elevated stress values even at 
lower loads. 
 
Despite this increasing trend, the simulated stress remains within the elastic operating range of rubber-
based tire materials. As a hyperelastic material, rubber can withstand relatively high stress levels 
without permanent deformation or structural damage. Consequently, even at the maximum stress 
value of 8.6769 MPa observed in Figure 7, no critical degradation in tire strength or durability is 
predicted under the operating conditions investigated. These results suggest that, within the considered 
pressure and load ranges, stress variations are not the limiting factor for tire durability, whereas 
thermal effects and contact-related phenomena play a more critical role. 
 

  
 

a) 80% load, 30psi 
 

 
b) 100% load, 30psi 

  
 

c) 80% load, 34psi 
 

d) 100% load, 34psi 
 
Figure 7. Effect of load and pressure on tire durability 
 
However, a critical factor influencing tire performance during operation is the contact area between 
the tire and the road surface. According to Table 2, when the initial internal pressure is 30 psi and the 
load increases from 80% to 100%, the contact area increases from 13,539.96 mm² to 19,112 mm², an 
increase of 5,572.04 mm² or approximately 41.15%. At a pressure of 34 psi, increasing the load from 
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80% to 100% results in a contact area change from 12,754.92 mm² to 18,852.02 mm², representing 
an increase of 6,103.1 mm² or about 47.8% compared to the initial value. 
 
Table 2. Stress values and contact areas in each case 
 

Pressure (psi) Load (N) Contact area (mm2) Maximum stress (Mpa) 

30 
2700 (80%) 13539.96 7.661 

3375 (100%) 19112 8.17 

34 
2700 (80%) 12754.92 8.39 

3375 (100%) 18858.02 8.6769 

 
4. Conclusion 
 
Automobile tires are critical to vehicle safety and performance, as they are the only components in 
direct contact with the road surface. Through a coupled thermo-mechanical numerical analysis, this 
study shows that vehicle speed, load, and inflation pressure collectively govern localized temperature 
distribution and structural response. Consistent with previous research, the results confirm the 
importance of proper inflation pressure in limiting excessive deformation and heat generation. Beyond 
this, the present work demonstrates that temperature reduction is most effective when standard 
inflation pressure is combined with moderate loading and identifies an optimal operating condition of 
approximately 53 °C at 60 km/h, 80% load, and 34 psi, which supports improved durability, safety, 
and energy efficiency. The primary contribution of this study lies in its focus on localized thermal 
behavior rather than global average temperature, providing clearer insight into the interaction between 
operating parameters and tire thermo-mechanical response. From a practical standpoint, the findings 
offer guidance on tire pressure management and load control, particularly in high-temperature or 
tropical climates. The study is limited by its reliance on numerical simulations and simplified operating 
scenarios, without considering material aging, tread wear, or transient driving maneuvers. Future 
work should therefore incorporate experimental validation and extended modeling to better capture 
dynamic loading conditions and long-term tire behavior. 
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