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Abstract 

The development and adjustment process of a race car consists of countless steps that require a lot of decisions to 

be made. These decisions can only be effective if we have the right amount and quality of information. A significant 

part of this information is provided by computer simulations, which, unfortunately, often do not cover reality due to 

the inaccuracy and error of the model setup. A simulation can be considered credible if certain elements of it can 

be replicated in reality or give almost the same results. In order to map the characteristics of the tire on the FRC08 

car of the BME Motorsport Formula Student racing team, we carried out tire temperature measurements. The tests 

were carried out at the ZalaZONE automotive test track, which provides a unique opportunity and working 

environment internationally for testing and validation of simulation models. Getting to know the behaviour of the 

race car in as much detail as possible also revealed the strengths and weaknesses of the vehicle. This provides the 

team with the opportunity to adjust the optimal operating parameters of the vehicle and provides appropriate 

information for the development of a new racing car. 
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1 Introduction  

Formula Student [7] is an international constructors' competition for university students established in 1981 by 

the Society of Automotive Engineers (SAE). Teams must design, build and operate a single-seat formula race car. 

The tournament begins with a strict machine takeover, where the regularity of the vehicle is examined. Next are 

the static competitions (Engineering design, Cost & Manufacturing, Business plan presentation) If the car has 

passed the machine takeover, it can participate in dynamic competitions (Skid-pad, Acceleration, Autocross, 

Endurance). 

The first Formula Student team at the Budapest University of Technology and Economics, the BME Formula 

Racing Team [8] has been building electric and driverless vehicles for years. Thus, in the autumn of 2018, it was 

possible for the students and teachers of the University to create the second Formula Student team competing in 

the internal combustion engine category, BME Motorsport [9]. In addition to the successful racing, the secondary 

goal of the FRC-08 car was to be able to perform as many measurements and tests as possible on it. This decision 

proved to be worthwhile, as the FRC-08 became the second most successful internal combustion engine car in the 

history of the Hungarian Formula Student. Overall, the team scored 238% more points than in the first season. 

The development and adjustment process of a race car consists of countless steps that require a lot of decisions 

to be made. These decisions can only be effective if we have the right amount and quality of information. A 

significant part of this information is provided by computer simulations, which, unfortunately, often do not cover 

reality due to the inaccuracy and error of the model setup. A simulation can be considered credible if certain 

elements of it can be replicated in reality or give almost the same results. 

One of the most important components of the race car is the tire, as the power emitted by the engine is converted 

into traction through the contact patch of the rubber and asphalt. Maximizing the grip of the rubber is one of the 

most important factors in terms of vehicle performance. This is supported by the lap time simulation used very 
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often in motorsport [2]. In such a simulation, by examining the model of the vehicle, it is determined what lap time 

it can perform on a given racetrack. 

For the simulation study, we used the Optimum Lap [6] software. The model shall be constructed on the basis 

of known vehicle parameters (engine characteristics, downforce, weight, etc.). During the test, the value of each 

parameter was increased and reduced by 10% in three steps, the percentage of changes to the lap time by changing 

the given parameter was determined by increasing and decreasing. Based on the results of parameter sensitivity 

studies related to simulations [4], the most important thing is to increase grip. One of the main reasons for this is 

that the engine of the race car has high power and the tires cannot transfer such power to the asphalt. On average, 

a 10% increase in grip improved lap time by 3.9%. Therefore, in order to increase wheel grip, it is worth further 

analyzing the characteristics that determine it in detail and validating the results of the simulation tests. Therefore, 

in order to map the characteristics of the tire on the race car, we carried out rubber heat measurements, as well as 

validations of the simulation model. 

2 Materials and methods 

The adhesion shall be greatest if the contact surface of the rubber and asphalt is maximum and the pressure 

distribution is uniform on it. The side force causes the rubber to be deformed and this contact surface deformed, it 

becomes smaller than the static state. This effect can be offset for the given lateral force and normal force by 

camber provided by chassis characteristics [1]. The causes of heat in the tire are deformation (hysteresis energy 

loss) and tangential interaction of rubber-road (heat generation of surface friction). Heat formation is greatest at 

the exiting edge of the contact surface. Thanks to this property, by measuring the surface temperature of the rubber, 

we can infer the current pressure distribution of the contact surface [3]. This allows us to determine and analyze 

the relationship between the vehicle's current camber and grip in different driving and load conditions. 

The current temperature distribution on the surface of the tire shows which part of the wheel is in contact with 

the road with what pressure distribution. The higher the normal force, the higher the temperature will be. And 

where the normal force is lower, the temperature will be lower. If one part of the tire works better than the other, 

it creates less grip than if all parts of it received the same load. 

The change in temperature is not only caused by the current camber. Another important factor is tire pressure. 

During the tests, this parameter can be excluded, because measurements were always started at the same 

temperature, cold state and at the same tire pressure. For the tests, the FRC08 race car was fitted with three infrared 

sensors for contactless temperature measurements per wheel. One measured the temperature of the outer part of 

the rubber, one on the inside and one in the middle. Figure 1 shows a race car equipped with rubber temperature 

sensors. 

 

Fig. 1 FRC08 race car equipped with sensors at ZalaZONE test track 

The measurements were made by turning right and left with three different 15°, 25° and 35° steering angles and 

the corresponding 35m, 20m and 12m turning radius. The measurement was carried out near the adhesion limit, at 

a working point where both the vehicle speed and the steering angle could be kept at a near constant value. During 

the tests, based on the results of the preliminary simulation tests, three different camber values were set for the 

front axle -2°, -1.3° and -0.6° and -1.3°, -0.6° and 0° for the rear axle. When adjusting the angle of the front axle, 

the rear remained at -1.3°. And when adjusting the angle of the rear axle, the front remained at -2°. 

The tests were carried out at the ZalaZONE automotive test track, which provides a unique opportunity and 

working environment internationally for testing and validation of simulation models. 
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3 Results 

The evaluation of the measured data was helped by the creation of a Matlab script. The diagrams (Fig. 2, Fig. 3) 

show the results of the values of the tire temperature sensors, the turning radius, the steering angle, the chassis roll, 

and temperature differences. On the left tire, the data of the central temperature measuring sensor are shown in red 

and on the right tire in green. The data of the inner tire sensor (towards the chassis) are indicated by the black, and 

the data of the outer tire sensor are indicated by the grey curves. In the diagram showing temperature differences, 

red with left and green can be seen as the difference between the external and internal temperatures of the right 

wheel. 

Figure 2 shows the results of the front axle for turn left (Fig. 2/a) and turn right (Fig. 2/b) with the steering angle 

of 15° and with -2° front axle and -1.3° rear axle camber. In the case of turn left (Fig. 2 / a), the temperature of the 

left tire is a few degrees higher than the right tire. The temperatures of the right tire move together in time. From 

this we can conclude that the distribution is roughly even, the camber may be close to ideal. In the case of the left 

tire, however, during the measurement, the inside and outside temperature values are greatly separated. The inner 

side heats up, and the outer side of the tire cools. From this, it can be concluded that the pressure distribution is 

drastically shifted towards the inner side of the wheel. Where appropriate, so much so that the outer surface of the 

wheel no longer, or only minimally, comes into contact with the road at certain points. This can be explained by 

the large negative camber due to steering, which is further helped by the negative static camber. 

In the case of the right turn (Fig. 2/b), the temperature of the outer part of the left wheel increased to such an 

extent that it exceeded the inner part by the last third of the measurement. This means that the pressure distribution 

is shifted towards the outer half of the tire, which indicates a positive camber. This result fully supports the critical 

situation that caused the positive camber based on the results of previous studies. Looking at the right tire, we can 

say the same thing as in the case of the turn left. The outer temperature decreases, while the inner one increases 

and the pressure distribution is drastically shifted towards the inner side of the tire. 

  
Fig. 2 Results of the front axle for turn left (a) and turn right (b) with the steering angle of 15° 

and with -2° front axle and -1.3° rear axle camber 

The middle sensor on the right rear wheel, unfortunately, received moisture and broke down, which affected 

the measurements on the wheel and the filtering of the results and thus the evaluation of the results. Figure 3 shows 

the results of the rear axle for turn left (Fig. 3/a) and turn right (Fig. 3/b) with the steering angle of 15° and with -

2° front axle and -1.3° rear axle camber. In the case of turn left (Fig. 3/a), the inner half of the right tire is warmer, 

followed by its outer surface at an almost constant value distance. The pressure distribution is even; no positive 

camber is formed. In the case of the left tire, the phenomenon seen in the front tires can also be observed. The 

inner half of the tire warms up, while the outer half begins to cool. It is smaller and slower than in the case of the 

front tire. This may be due to the fact that the rear wheels are not steered and there is no drastic negative change 

in camber. In the case of turn right (Fig. 3/b), the inner half of the left tire is warmer than the outer and the two 

curves follow each other. In the case of the right tire heating of the inner half of the wheel and cooling of the outer 

half can also be observed. 

The static camber changes resulted in the heating of the inner half of the tire and cooling of the outer half, which 

supported the results so far. In addition, the gradients of the various static camber settings were very similar, so 

the modification did not have a large effect on the temperature change. 

a) b) 
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Fig. 3 Results of the rear axle for turn left (a) and turn right (b) with the steering angle of 15° 

 and with -2° front axle and -1.3° rear axle camber 

However, the evaluation of the results resulted in further questions. How much temperature difference can lead 

to complete loss of grip? How much side acceleration can result in a decrease in temperature per unit? To answer 

these questions, the team plans to make new measurements in the future. 

4 Conclusion 

After evaluating the measurement results, we can say that they support the results of the simulation tests of the 

camber calculation. When turning right on the left front wheel, the wheel produces a positive camber. For the other 

tires, the negative camber remains, and in any case, the inner half of the tire is warmer. On the inner tires of the 

turn, we noticed a significant increase in temperature differences, both on the front and rear axles. The inner half 

of the inner tires of the turn warmed up, and the outer part began to cool. This was probably caused by a negative 

camber of higher value. Based on the comparison of temperature differences, the gradient of differences is not 

greatly affected by the change in static camber. 

Getting to know the behaviour of the race car in as much detail as possible also revealed the strengths and 

weaknesses of the vehicle. This provides the team with the opportunity to adjust the optimal operating parameters 

of the vehicle and provides appropriate information for the development of a new racing car. The results of the 

tests carried out on the ZalaZONE automotive test track provided an opportunity and relevant information for 

future tests and for the development of the suspension [4] and damping system [5] of the new racing car. 
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