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Abstract. During the design of the brake system for an off-road prototype, the temperature reached by the disc during 

braking must be taken into account, as a result of friction between the disc and the pad, generating the transformation 

of kinetic energy into thermal. This increase can cause catastrophic and silent failures, such as: loss of friction with a 

reduction in the coefficient of friction and formation of bubbles in the fluid. The aim of this study is to perform a thermal 

analysis of the front and rear axle brake discs of a Baja prototype, which will influence their material selection. 

Therefore, the analytical method was used, varying the ways to obtain the convective coefficient for parallel flow in flat 

plates. Considering the solid disk and adopting the method of concentrated systems through the analysis with transient 

condition, with the aid of Matlab software, the behavior of the surface temperature of the disk was analyzed as a function 

of 100 consecutive braking, every 30 seconds of cooling. Gray cast iron, stainless steel and SAE 1045 carbon steel were 

the materials analyzed. Comparing the results, it was found that stainless steel had less temperature variation, and in 

relation to the shafts, the front disc had greater variations. 
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1. INTRODUCTION  

 

The Baja SAE (Society of Automotive Engineers) program is a challenge to undergraduate students, focusing on 

engineering projects with the aim of designing and manufacturing a prototype off-road vehicle for competitions. The first 

one took place in 1976 at the University of South Carolina, and in Brazil it started to be held in 1994. The SamaBAJA 

team was founded in 2013 as a pioneer in Ifes (Federal Institute of Espírito Santo) representing the São Mateus campus 

in regional and national competitions, and has as its primary goal the development of a safe prototype, from conception, 

detailed design (sizing and design of components), manufacturing, to testing, with the lowest possible cost and/or mass 

and that can overcome obstacles (SamaBaja, 2021). One of the most important parts of the vehicle is the braking system 

that must slow the speed of prototype or reduce it to zero. This is possible after applying a torque contrary to the rotation 

movement of the wheels, capable of promoting deceleration regardless of the conditions of use: loaded or unloaded, dry 

or wet floor, low or high speed, uphill or downhill track, etc. (Leal et al., 2012). 

In passenger and competition vehicles it is common to use the drum or disc brake system. The SamaBAJA team uses 

the disc brake because it provides lower mechanical losses and deformations in the components, has better braking 

efficiency, higher resistance to high temperatures, and a simple maintenance, when compared to the drum brake (Ciolfi, 

2010). On this system, the main element is the disc, coupled to the wheels that are fixed to the axle of the car, and in each 

of them there is a caliper connected. The system is actuated when the brake pedal is pressed by the driver, and the force 

applied is multiplied by the lever principle. Then, the fluid is pressurized in the brake connections by the master cylinder, 

until it meets the caliper piston, which is responsible for promoting the meeting of the brake pads with the brake disc. 

Thus, in the period of deceleration occurs the heating of the brake components, especially the disc due to friction (Limpert, 

1999). For this reason, a detailed analysis of the maximum temperature reached in the discs is of crucial importance in 

order to avoid friction loss, since this temperature increase causes a reduction in the friction coefficient of the pad and 

disc; it can cause the formation of bubbles in the fluid, which reduces line pressure; irregular wear, geometric deformation, 

and thermal cracks in the friction elements, according to Ciolfi (2010) and Iombriller (2002). 
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This paper aims to verify the temperature variation in the solid disc of the front and rear axle of the SB07 prototype 

of SamaBAJA team by varying its material (stainless steel, gray cast iron and SAE 1045 steel) and the method of obtaining 

the convective coefficient, through the correlations proposed by Çengel (2009) and Mitschke (1972). 

  

2. METHODOLOGY 

 

In order to determine the temperature variation in the front and rear axle disc of the prototype after 100 braking cycles, 

an analytical modeling was performed using the Matlab software, since a code was developed through the relationship 

between the vehicle dynamics and heat transfer mechanisms, thus using the method of concentrated systems to obtain the 

surface temperature of the brake discs. 

 

2.1 Modeling for a single brake 

 

During braking, the potential and kinetic energy generated due to the motion of the prototype are converted into 

thermal energy as a result of the friction of the pad on the disc, which can be seen in Eq. (1). 

 

𝐸𝑏 =
𝑚𝑉1²

2
+

𝐼𝜔1²

2
,             (1) 

 

A ride without elevation was considered, which indicates that only kinetic energy is predominant during the 

movement. However, Eq. (1) can be written by adapting it with respect to the rotating parts of the prototype as a function 

of wheel rotation, resulting in Eq. (2) (Limpert, 1999). 

 

𝐸𝑏 =
𝐾𝑚𝑉1²

2
,            (2) 

 

where K is the correction factor, obtained by the equation: 𝐾 = 1 +
𝐼

𝑅²𝑚
, R the radius of the wheel, m the mass of the 

prototype and 𝑉1 the maximum speed of the prototype. 

 

Deriving Eq. (2) as a function of time has the average power, in W, which can be seen in Eq. (3) to (5). 

 

𝑃𝑏𝑎𝑣 =
𝑑(𝐸𝑏)

𝑑𝑡
,            (3) 

 

𝑃𝑏 = 𝐾𝑚(𝑉1 − 𝑎𝑡),           (4) 

 

𝑃𝑏𝑎𝑣 = 𝐾𝑚
𝑉1

2
,           (5) 

 

Thus, the power generated during the movement is converted into thermal power. Considering the vehicle as a control 

volume, each caliper-disc assembly (Figure 1) stores 1/3 of the thermal energy developed during braking, which can be 

seen in Figure. 2. 

 

 

Figure 1. Caliper-Disc Set. Adapted from Brezolin (2007). 
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Figure 2. Control volume of the system. 

 

It is worth mentioning that each caliper stores a portion of energy, which can be obtained through Eq. (6) proposed 

by Limpert (1999). 

 

𝛾 =
1

1+ √
𝜌𝑅𝐶𝑅𝑘𝑅
𝜌𝑃𝐶𝑃𝑘𝑃

 ,           (6) 

 

where 𝜌𝑅 is the disk density, 𝑐𝑅 the disc specific heat, 𝑘𝑅  the disc thermal conductivity, 𝜌P the pad density, 𝑐P the pad 

specific heat, and 𝐾P the pad thermal conductivity. 

 

Regarding the material properties of the disc and pad, these are listed in Tables 1 and 2, respectively. 

 

Table 1. Disc material properties. Callister (2002). 

 

 
Disc material properties 

 
Gray Cast 

Iron 

 
Stainless 

Steel 

SAE 1045 Carbon 

Steel 

Density, kg/m³ 7250 7900 7870 

Emissivity 0.21 0.14 0.66 

Specific heat, J/kgK 460.24 500 473 

Thermal conductivity, W/mK 48 18.75 51.9 

Thermal dilatation, m/m°C 10.95 x 10−6 11.90 x 10−6 17.60 x 10−6 

 

Table 2. Pad Properties. Majcherczak et al. (2005). 

 
Pad Properties Value 

Density, kg/m³ 2500 

Specific heat, J/kgK 900 

Thermal conductivity, W/mK 12 

 

The prototype has two discs on the front axle and only one disc on the rear axle. Therefore, at the moment of braking, 

the dynamic load transfer does not occur uniformly due to the dynamic mass distribution of the prototype. This transfer 

is estimated by knowing the total weight of the vehicle, center of gravity position, wheelbase, and maximum deceleration 

(Limpert, 1999). Currently, the SB7 prototype has a dynamic load transfer on the front axle equal to 76.2% and on the 

rear axle equal to 23.8%, with a deceleration equivalent to 1g (9.81 m/s²). A caliper with two pistons is mounted on all 

discs, and a connection (which may be rigid or flexible) is attached to each one. All these connections have the same 

matrix: the master cylinder, responsible for pressurizing the fluid in the brake lines, as can be seen in Figure 3. 
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Figure 3. The prototype brake system. 

 

Thus, the thermal power stored in each disc adapted to the prototype conditions becomes that shown in Eq. (7). 

 

𝑃𝑏𝑎𝑣 =
1

6
 𝛾. 𝐾. 𝑚. 𝑉1. 𝜓,          (7) 

 

where 𝜓 is the dynamic load transfer. 

 

It is necessary to determine the temperature of the disc after the first brake, that is, at the moment when the kinetic 

power is transformed into thermal power. This can be obtained from Eq. (8) and (9). 

 

𝑃𝑏𝑎𝑣 =  𝑄̇,            (8) 

 

𝑄̇ =  
𝜌𝑅.𝜈.𝐶𝑅.ΔT

Δt
,           (9) 

 

where 𝜈 is the volume of the disc, Δt the total stopping time and ΔT the variation of surface temperature of the disc 

in the first stop. 

 

2.2 Modeling for successive braking 

 

When it comes to thermal design, brake disc temperature analysis requires knowledge of the total energy absorbed 

during braking and how it is distributed in the disc. For this it is necessary to determine the heat transfer rates, in W, 

which can arise through conduction, convection and radiation. However, the most relevant portion is convection, which, 

according to Ciolfi (2010), increases linearly as the speed increases, and only at higher temperatures radiation becomes 

considerable. 

In convection, two mechanisms are involved: conduction and movement of a fluid, as it is a mode of heat transfer 

between a solid surface and an adjacent gas or a moving liquid, and can be forced (when an external agent forces the fluid 

to move) and/or natural (when heat exchanges occur due to gravitational thrust) (Çengel, 2009). In order to verify the 

relationship between the convection modes, the Grashof number (Gr) given by Eq. (10) is considered. 

 

𝐺𝑟𝐿 =  
𝑔𝛽(𝑇𝑆 − 𝑇∞)𝐷³

𝑣²
,           (10) 

 

where 𝑔 is the gravity acceleration, 𝛽 is the air volumetric expansion coefficient, 𝑇𝑆 the surface temperature of the disc, 

𝑇∞ is the ambient temperature, 𝐷 is the diameter of the disc and 𝑣 the cinematic viscosity. 

 

If, according to Çengel (2009), the ratio of Gr by Reynolds (Re) squared is much smaller than 1, the effects of natural 

convection are negligible; if greater than 1, natural convection dominates; and if equal to 1, the effects of both convection 

modes are relevant. 

The convection transfer rate is expressed by Law of Cooling of Newton, given by the product of the heat transfer 

coefficient, area, and the temperature difference between of the surface and ambient. 

Knowledge of convective heat transfer rate is intertwined with fluid mechanics, which studies the behavior of fluids 

in motion or at rest and the interaction of solids with fluids. The flow of a fluid can be classified as laminar or turbulent, 

and to characterize it, there is an admittance parameter known as the Reynolds number (Re), given by Eq. (11), the result 
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of the ratio of the inertial forces to the viscous forces of the fluid. If it is less than 2.4 x 10^5, it is considered laminar 

flow; if it is greater, it is turbulent (Çengel, 2009). 

 

𝑅𝑒 =  
ρAirVAir𝐿𝑐

μAir
,           (11) 

 

where ρAir is the air density in kg/m³, VAir the air velocity around the disc in m/s, 𝐿𝑐 the characteristic length of the 

geometry in m, and μAir the dynamic viscosity in Pa.s. 

 

To determine the type of airflow around the discs, it was necessary to perform an aerodynamic simulation of the 

prototype, with the aid of SolidWorks, with the input data described in Table 3, resulting in 25.551 km/h and 40.376 km/h 

for the front and rear axles, respectively. Through the Figure 4, it is possible to note the variations in air speed around the 

prototype at the front and rear axle disc positions. Given this and considering the air properties at 28.8°C (Table 4) and 

the disc thickness (4 mm), it was determined that the air flow around the discs is laminar, resulting in a Reynolds number 

of 60857.449 and 78136.239 for the front and rear axle discs, respectively. 

 

Table 3. Project Considerations. 

 
Parameters Value 

Max design speed, km/h 60 

Deceleration, g 1 

Prototype mass, kg 304 

 

 

Figure 4. Aerodynamic simulation results for the SB07 prototype. 

 

Table 4. Air properties used in the methodology. Lemmon et al. (2000). 

 
Air Properties Value 

Density, kg/m³ 1.154 

Conductivity, W/m.K 0.02579 

Dynamic Viscosity, μPa.s 18.66 

Prandtl's Number 0.7271 

(1) measured at 28.8°C 

 

It is worth mentioning that there are proposals by different authors to determine the convective coefficient, such as 

Watel (1997) and Wiesche (2007). In this paper, we will consider the proposal by Çengel (2009), Eq. (12), and Mitschke 

(1972), Eq. (13). 

 

ℎ1 = 0.664 
𝑘𝐴𝑖𝑟

𝐷
𝑅𝑒0.5𝑃𝑟1/3,       0.6 < Pr < 60        (12) 

 

ℎ2 = 0.7
𝑘𝐴𝑖𝑟

𝐷
𝑅𝑒0.55,           (13) 

 

where 𝑘𝐴𝑖𝑟  is the air conductivity in W/m.K and 𝑃𝑟 the number of Prandtl. 

 

And finally, radiation, the result of changes in the electron configurations of atoms, is defined as the energy emitted 

in the form of electromagnetic waves by matter (Çengel, 2009). Its maximum rate is determined by the Stefan-Boltzmann 
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Law, which is defined, based on the black body, the heat flux emitted by it is proportional to the fourth power of the 

temperature. The radioactive coefficient is shown in Eq. (14). 

 

ℎ𝑟𝑎𝑑 =
𝜎𝜀(𝑇𝑠

4− 𝑇∞
4)

𝑇𝑠− 𝑇∞
,           (14) 

 

where 𝜎 is the Stefan-Boltzmann constant, equal to 5.6697 x 108 W/m²𝐾4. 

 

To arrive at the correlation that estimates the temperature gradient in the disc, it is considered as a flat plate, where 

for low rotations and airflow, the rotation of the disc slightly affects the flow field and the local temperature distribution, 

while the heat transfer remains constant, the rotation increases heat convection on the moving side (where the rotation 

speed and airflow are in the same direction) and decreases on the counter-moving side (where the rotation speed and 

airflow are in opposite directions) making it virtually unchanged (Latour, 2011). In addition, it was taken into account 

that the temperature varies with time (analysis with transient condition) according to the concentrated systems method. 

However, to validate the use of the method, it is necessary to know the Biot number, Eq. (15), in which represents the 

ratio of convection at the body surface and conduction inside the body. It must be less than or equal to 0.1, representing 

uniform temperature fields inside the body (Çengel, 2009). 

 

𝐵𝑖 =
ℎ𝑖.𝑒𝑝

𝑘𝑅
,             (15) 

 

where ℎ𝑖  is the convective coefficient and 𝑒𝑝 the disc thickness. 

 

As a result of derivations and integrations, it can be observed the Eq. (16) which results in the temperature after 

several braking cycles: 

 

𝑇𝑛 −  𝑇∞ =  ΔT 
1− 𝑒

−𝑛.(ℎ𝑖+ℎ𝑟𝑎𝑑).𝐴𝑠.𝑡𝑐
𝜌𝑅.𝜈.𝐶𝑅

1− 𝑒

−(ℎ𝑖+ℎ𝑟𝑎𝑑).𝐴𝑠.𝑡𝑐
𝜌𝑅.𝜈.𝐶𝑅

 ,         (16) 

 

where 𝑇𝑛 is the temperature in successive braking, 𝑛  is the number of brakes, 𝐴𝑠 the surface area of the disc and 𝑡𝑐 the 

time of cooling (30 seconds). 

 

The temperature variation can result in deformation distribution of thermal origin and, to estimate it, one can consider 

the Eq. (17). 

 

𝛿 =  𝛼. 𝑒𝑝. ΔT            (17) 

 

where 𝛼 is the thermal dilatation of material in m/m°C. 

 

3. RESULTS 

 

The Biot number was analyzed for the validation of the method of concentrated systems. Thus, Table 5 shows that 

both the correlation of Mitschke (1972) and that of Cengel (2009), all the materials studied presented values lower than 

0.1, as this result was expected. The brake disc has a very small thickness (4 mm), which means that its thermal resistance 

to conduction is insignificant compared to its resistance to convection. Therefore, the method can be used to study the 

temperature behavior around a brake disc. 

 

Table 5. Number of Biot through the methodology of Çengel (2009) and Mitschke (1972). 

 
 Axle Gray cast iron Stainless steel SAE 1045 Carbon 

steel 

Çengel 
(2009) 

Front disc 0.002 0.005 0.002 

Rear disc 0.003 0.008 0.003 

Mitschke 
(1972) 

Front disc 0.004 0.011 0.004 

Rear disc 0.006 0.016 0.006 

 

It is also necessary to analyze the behavior of thermal radiation, as it corresponds to a small portion of cooling. Thus, 

Table 6 shows the contribution of radiation to the cooling at the end of 100 brakes for the Çengel (2009) and Mitschke 

(1972) methods. 
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Table 6. Radiation portion in the disc cooling process by the Çengel (2009) and Mitschke (1972) methods. 

 
 Axle Gray cast iron Stainless steel SAE 1045 Carbon 

steel 

Çengel 
(2009) 

Front disc, % 8.341 5.408 21.116 

Rear disc, % 5.240 3.389 14.415 

Mitschke 
(1972) 

Front disc, % 4.297 2.721 12.005 

Rear disc, % 2.588 1.652 7.615 

 

It is observed that for the two methods presented, the carbon steel SAE 1045 presented greater influences of cooling 

by thermal radiation, which is justified due to its properties. Among the three materials presented, it has a higher emissivity 

(Table 1), where its surface has a higher heat transfer capacity by thermal radiation. Thus, it is essential to consider this 

portion through a combined heat transfer coefficient, considering that the portion of contribution in cooling exceeds the 

5% reported by Limpert (1975) in tests of solid and ventilated discs. Therefore, it is observed that the difference between 

the two correlations does not exceed 10% for the coefficient of thermal radiation for both axes analyzed. 

Therefore, it becomes necessary to analyze the influence of natural convection during the cooling process of the disc. 

Thus, the criterion factor, Eq. (10), was calculated to analyze the influence of natural convection during the 100 brakes. 

Table 7 shows very small values, as expected, since the air is forced to flow between the discs due to the high speed 

of the prototype. Therefore, natural convection can be disregarded in the analysis. 

 

Table 7. Summary of results for the natural convection criterion by the correlation proposed by Çengel (2009) and 

Mitschke (1972). 

 
 Axle Gray cast iron Stainless steel SAE 1045 Carbon 

steel 

Çengel 
(2009) 

Front disc 0.043 0.041 0.041 

Rear disc 0.012 0.012 0.012 

Mitschke 
(1972) 

Front disc 0.043 0.041 0.042 

Rear disc 0.012 0.012 0.012 

 

Therefore, using Eq. (16) the maximum brake disc temperature for the 3 materials was calculated and plotted in 

Figures 5 and 6 for the front and rear discs, respectively. 

 

 

(a) (b) 

Figure 5. Disc temperature variation by Mitschke method (1972) for gray cast iron, SAE 1045 carbon steel and stainless 

steel, (a) in the front disc (b) and rear disc. 
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(a) (b) 

Figure 6. Disc temperature variation by the method of Çengel (2009) for gray cast iron, SAE 1045 carbon steel and 

stainless steel, (a) in the front disc (b) and rear disc. 

 

The temperature has an exponential behavior, considering that it varies according to the number of breakings. 

However, after a specific number of breakings the surface temperature of the disc of the three materials analyzed tends to 

a maximum value. Thus, from a stabilization point until the 100th brake, the surface temperature approaches a constant 

value, which is independent of the correlations for the convective coefficient. Thus, given a fixed time for cooling, when 

𝑛 → ∞, the temperature T tends to be constant. 

It is observed that for the correlation proposed by Mitschke (1972) in Fig. 5 (a), stainless steel and cast iron presented 

the lowest and highest temperature gradient, respectively, both in the front and rear axle disc. However, for the front axle 

disc by the correlation presented by Çengel (2009), the temperature curve of SAE 1045 carbon steel showed a small 

reduction (9.387 °C), demonstrating that it has a lower temperature gradient than stainless steel, unlike the rear axle, 

which obtained similar results to Fig.6 (b). Regarding the gray cast iron, it presents a higher temperature in the front and 

rear axle, corresponding to 141.189°C and 113.143 °C, respectively, by the correlation of Çengel (2009) and 150.576 °C 

and 116.313 °C, respectively, by the correlation of Mitschke (1972), in which it is justified due to its low density and 

specific heat when compared to SAE 1045 carbon steel and stainless steel. 

According to Eq. (17), one can obtain the values of deformation in the materials analyzed for the different 

correlations, in which it can observed in Figure 7 through the variation of deformation due to the surface temperature of 

the disc at the end of 100 breaking cycles. 

 

 

(a) (b) 

Figure 7. Variation of disc deformation for gray cast iron, SAE 1045 carbon steel, and stainless steel, (a) by the 

correlation of Mitschke (1972) (b) and by the correlation of Çengel (2009). 

 

It can be seen that even though stainless steel has a lower temperature gradient by the correlation of Mitschke (1972) 

in the front and rear axle (143.124 °C and 107.889 °C, respectively) and by the correlation of Çengel (2009) in the rear 

axle (109.266 °C), it has a higher thermal deformation for the front axle, equivalent to 0.008 mm. This is justified because 

stainless steel has a high coefficient of thermal expansion, as can be seen in Table 1. Regarding the two remaining 

materials, it is noted that both presented values close to the axial strain, but the 1045 carbon steel deformed more than the 

cast iron by the correlation of Mitschke (1972), Figure 7 (a), and by that of Çengel (2009), the opposite occurred, Figure 

7 (b). 
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Furthermore, the percentage of thermal energy stored by the disc in relation to the brake pad was analyzed. It can be 

observed in Figure 8 that in relation to the pad, the SAE 1045 carbon steel has a greater capacity to store heat (73%), 

while stainless steel has a lower capacity to store heat (62%). 

 

 
 

Figure 8. Capacity of the heat storage disc materials. 

 

This is justified because, according to Eq. (6), the product between the density (𝜌𝑅), specific heat (𝐶𝑅) and thermal 

conductivity (𝑘𝑅) in the stainless steel disc is lower when compared to gray cast iron and SAE 1045 carbon steel, thus 

promoting less heat storage. 

 

4. CONCLUSION 

 

Through the thermal analysis of the disc of the front and rear axles of the SamaBAJA 07 prototype, it is possible to 

conclude that among the three materials analyzed: stainless steel, gray cast iron, and SAE 1045 steel, the one that presented 

the best thermal performance with lower temperatures after several braking cycles and 30 seconds of cooling was the 

1045 carbon steel. As for the power transmission shafts, the front discs because receive higher dynamic transfer rates, 

heat up more during deceleration. 

 

5. ACKNOWLEDGEMENTS 

 

The authors are grateful to God for all the support in the production of this work. 

 

6. REFERENCES 

 

aus der Wiesche, S., 2007. “Heat Transfer From a Rotating Disk in a Parallel Air Crossflow,” Int. J. Therm. Sci., 46, pp. 

745–754. 

 

Benjamin Latour, Pascale Bouvier, and Souad Harmand. “Convective Heat Transfer on a Rotating Disk With Transverse 

Air Crossflow”, Journal of Heat Transfer, February 2011, 

www.researchgate.net/publication/275016072_Convective_Heat_Transfer_on_a_Rotating_Disk_With_Transverse_ 

Air_Crossflow. 

 

Brezolin, A. . Study of Thermal Cracking Generation in Brake Discs of Commercial Vehicles (in Portuguese). Caxias do 

Sul: University of Caxias do Sul. 2007. 

 

Callister, W.D., Materials Science and Engineering: An Introduction (in Portuguese), 5th ed., LTC Publisher, 2002. 

 

Çengel, Yunus A., and Ghajar, Afshin J.. “Heat and Mass Transfer: Fundamentals and Applications”. AMGH Publisher, 

2009. 

 

Ciolfi, Márcio José.Computer simulation of the thermal behavior of a ventilated brake disc (in Portuguese). 2010. 97f. 

Dissertation (Masters) – Mechanical Engineering Course, FEI University Center, São Bernardo do Campo, 2010 aus 

der Wiesche, S., 2007. “Heat Transfer From a Rotating Disk in a Parallel Air Crossflow,” Int. J. Therm. Sci., 46, pp. 

745–754. 



C. F. L. Martins, J. S. Oliveira, I. C. Belisario, J. M. Caliman, A. A. Dal’Col and G. J. A. Santana  
Thermal analysis of brake disc of a Baja SAE prototype 

 

E.W. Lemmon, R.T. Jacobsen, S.G. Penoncello, and Daniel Friend."Thermodynamic Properties of AIr and Mixtures of 

Nitrogen, Argon, and Oxygen from 60 to 2000 K at Pressures to 2000 MPa", J.Phys.Chem. Ref. Data, Vol. 29, No. 3, 

2000. 

 

Iombriller, Silvia Faria. Thermal and dynamic analysis of the heavy commercial vehicle disc brake system (in 

Portuguese). 2003. 196 f. Thesis (Doctorate) - Mechanical Engineering Course, School of Engineering of São Carlos, 

São Carlos, 2003. 

 

Leal, Longuinho da Costa Machado; Nicolazzi, Lauro Cesar; and Rosa, Edilson da. An Introduction to Quasi-Static Car 

Modeling (in Portuguese). GRANTE's internal publication: Department of Mechanical Engineering of Federal 

University of Santa Catarina. 2012. 355 p. 

 

Limpert, Rudolf. “Cooling analysis of disc brake rotors”. SAE Technical Paper, 1975. Limpert, Rudolf.. “Brake Design 

and Safety”, SAE International, ed. 1999. 

Majcherczak, Didier; Dufrenoy, Philippe; Nait-abdelaziz, Moussa. Third Body Influence on Thermal Friction Contact 

Problems: application to braking. Journal Of Tribology, [S.L.], v. 127, n. 1, p. 89-95, 1 jan. 2005. ASME International. 

 

Mitschke, M, Motor Vehicle Dynamics, Springer Publisher, 1972. 

 

SamaBaja. (in Portuguese). Available at: http://www.samabaja.com.br. Accessed on: 10 mar. 2021. 

 

Watel, B., Study of convective exchanges in a rotating winged cylinder subjected to an air current parallel to the vanes 

(In French). PhD thesis, University of Valenciennes and Hainaut Cambrésis, Valenciennes, France. 1997.  

 

7. RESPONSIBILITY NOTICE 

 

The authors are solely responsible for the printed material included in this article. 


