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ARTICLE INFO ABSTRACT
Keywords: Brakes are used to slow down or stop a moving object. The temperature of the disc brake will rise as a result of
Disc brake the conversion of kinetic energy from vehicle speed into thermal energy during the braking operation. To prevent

Finite element analysis
Heat dissipation
Ventilation angle

harm to the disc brake or other components, the heat generated by this disc brake must then be released into the
environment. Therefore, it is crucial to provide effective heat dissipation to the environment. Increasing the
surface area where heat is dissipated into the environment is one potential solution. In this study, the variation of
the drill hole angles and groove hole angles is proposed as a geometry modification to encourage greater heat
dissipation in disc brakes. In addition, the thermal performance of disc brakes made from various types of
materials is assessed using finite element analysis. The materials employed are carbon ceramic, stainless steel,
and gray cast iron. The numerical findings show that the groove-type disc brake with a ventilation hole angle of
0° angle has the lowest maximum temperature. In addition, it is revealed that the disc brake made of gray cast
iron material results in the lowest peak temperature. The numerical results also indicate that due to the thinning
of the geometry, the addition of the ventilation hole angle contributes to the phenomena of temperature con-
centration in specific areas of the disc brake. This study demonstrates that disc brake material and ventilation
hole play a significant effect in altering the thermal characteristics.

distribution, leading to a concentration of thermal stress and crack
propagation that harms the disc. Numerous experts have spent years
studying the complicated phenomena of heat dissipation on the disc
brake, which has a direct impact on braking performance [11-15].
Belhocine and Bouchetara [16] examined both a full and a ventilated
disc when analyzing the thermal behavior of a disc in a transient state.
Based on numerical simulation, it was shown that radial ventilation is
essential in keeping the disc cool during braking operations. Sarkar and
Rathod [17] presented an interesting review of the thermal analysis of
ventilated disc brakes by varying design parameters. They highlighted
that angled vanes and vanes of varying lengths appear to have better
heat dissipation in car brakes. Dhir et al. [18] performed a steady-state
thermal study and a structural analysis on three disc brakes with varying
weights and geometric designs. Through this investigation, it has been
determined that the ventilation provided by the airfoils and the perfo-
rations play a crucial part in the cooling of the disc. Studying the
aerodynamic losses of several disc brake designs, Gerlici et al. [19]
found that solid rotors had the lowest aerodynamic losses while disc

1. Introduction

Brakes are necessary and critical mechanical parts that help a car
stop in any circumstance [1]. The brake’s function is to absorb the ki-
netic energy of the moving element. Due to the friction between the disc
and pad, the kinetic energy (accumulated in the vehicle as a result of its
speed) is converted into thermal energy, which is then gradually dissi-
pated to the environment by natural convection [2]. The four essential
parts of a disc brake are the housing for the pistons, calipers, the brake
disc, and the brake pads [3-8]. Because temperature affects the
thermo-mechanical behavior of the structure, thermal analysis is a
fundamental step in the study of brake systems [9].

The ability to ensure quick heat dissipation into the atmosphere is
the primary feature of brake discs. The brake system becomes over-
heated, which reduces braking effectiveness [10]. The uneven distri-
bution of heat to the disc brake material might result in cracks. The disc
brake will uniformly expand in response to a non-uniform temperature
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Nomenclature

A Area, m?

Cp Specific heat, J/kg.°C

do Shaft diameter of disc brake, mm

d; Wheel nut diameter, mm

dy Drill hole diameter, mm

E Elastic modulus, GPa

E Heat rate due to friction, W

E4 Heat rate due to friction on disc, W

Ep Heat rate due to friction on pad, W

Fr Friction force, N

& Diameter of groove hole, deg

g2 Arc length of groove hole, mm

h Convection heat transfer coefficient, W/m?2.°C
k Thermal conductivity, W/m.°C

L; Distance of drill hole 1 from shaft, mm
L, Distance of drill hole 2 from shaft, mm
L3 Distance of drill hole 3 from shaft, mm
Ly Distance of drill hole 4 from shaft, mm
Ls Initial distance of groove hole to shaft, mm
Lg Final distance of groove hole to shaft, mm
p Pressure, N/m?

Pmax Maximum pressure, N/m?

Q Heat transfer rate, W

qo1 Initial heat flux on pad, W/m?

qoz Initial heat flux on disc, W/m?

q; Heat flux on pad, W/m?

qz Heat flux on disc, W/m?

qz,cc Heat flux on carbon ceramic disc, W/m?
qa,6c1 Heat flux on gray cast iron discs, W/m?>
Q2,420  Heat flux on stainless steel disc, W/m?
r Inner radius in disc, mm

ra Outer radius in disc, mm

r3 Inner radius in pad, mm

rq Outer radius in pad, mm

Sa Disc friction contact surface, m?

S, Pad friction contact surface, m*

T Disc brake thickness, mm

t Time, s

Te Environmental temperature, °C

tp Braking time, s

Ty Surface temperature, °C

Vv Relative shear speed, m/s

Greek Symbol

a; Drill hole distance 2 to 1, mm

az Drill hole distance 3 to 1, mm

az Drill hole distance 4 to 1, mm

[ Drill hole and groove hole tilt angle, deg
Friction coefficient

v Poisson ratio

V4 Poisson ratio of disc

v Poisson ratio of pad

I3 Thermal effusivity, J/m2.°C.s%°

Eq Thermal effusivity of disc, J/m2.°C.s%°

& Thermal effusivity of pad, J/m2.°C.s*>

Ea,cer Thermal effusivity of gray cast iron disc J/m2.°C.s%°

Eassa20  Thermal effusivity of stainless steel disc, J/m2.°C.s%°

Edce Thermal effusivity of carbon ceramic disc, J/m?2.°C.s%°

p Density, kg/m>

Pd Density of disc, kg/m>

Pp Density of pad, kg/m>

oy Tensile strength, MPa

@0 Arc angle pad, deg

® Wheel speed, rad/s

wo Wheel initial speed, rad/s

w Heat partition coefficient

lofelelt Heat partition coefficient of gray cast iron

Wess420 Heat partition coefficient of stainless steel

Wee Heat partition coefficient of carbon ceramic

Abbreviations

ASTM  American Standard Testing and Material

GCI Gray Cast Iron

CcC Carbon Ceramic

SS Stainless Steel

Fig. 1. Three-dimensional solid-type disc brake.

brakes with vents and vanes have the largest losses. Radial vane designs
have the highest losses. Similarly, Choudhary et al. [20] performed a
study by varying the ventilation hole angle on the disc brake of a
motorbike. They concluded that as the ventilation hole angle on the disc
brake increases, the maximum temperature and deformation linearly
reduce. When compared to conventional disc brake rotors, discs with a
7° angle variation offer approximately 30% reductions in maximum
temperature, approximately 47% reductions in maximum deformation,
and approximately 13% reductions in maximum stress. All of these re-
searches have made significant contributions to the state of disc brake
performance. However, research on car disc brakes with drill hole angles
and groove hole angles is still lacking.

The performance of disc brakes is greatly influenced by material as
well. The performance of disc brakes can be enhanced by choosing
materials based on the appropriate material qualities. Shanker [21]
asserted that the disc is a mechanical brake’s most crucial component.
The disc material needs to possess a high and repeatable coefficient of
friction, environmental resilience, thermal stability, high wear resis-
tance, flexibility, and compatibility with any surface. Vishvajeet et al.
[22] have investigated the various disc brake materials and found that,
when compared to carbon-carbon, aluminum, and titanium alloy,
stainless steel provides the highest value of comparable stress. Addi-
tionally, it was shown that, compared to the other three materials,
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Table 1

Disc brake geometry parameters.
Geometry Parameters Symbol Value Units
Inner radius r 60 mm
Outer radius ra 120 mm
Shaft diameter dy 40 mm
Wheel nut diameter d; 10 mm
Disc thickness T 18 mm
Disc angular velocity @ 300 rad/s

Table 2

The geometry parameters of isc brake drill type and groove type.
Parameter Symbol  Value Unit
Shaft diameter do 40 mm
Wheel nut diameter d; 10 mm
Drill hole diameter d, 8 mm
Diameter of groove hole &1 5 mm
Arc length of groove hole i) 18.64 degree
Distance of drill hole 1 from shaft L; 74 mm
Distance of drill hole 2 from shaft Ly 86 mm
Distance of drill hole 3 from shaft Ls 98 mm
Distance of drill hole 4 from shaft Ly 110 mm
Initial distance of groove hole to shaft  Ls 69 mm
Final distance of groove hole to shaft Lg 115 mm
Inner radius r 60 mm
Outer radius ra 120 mm
Disc thickness T 18 mm
Distance of drill hole 2 to 1 ag 3.04 degree
Distance drill hole 3 to 1 ay 3.10 degree
Distance drill hole 4 to 1 as 3.18 degree
Ventilation hole angle 0 0,11, 22, 33, 44,55  degree
Angular speed of the disc 300 rad/s

/7

Y%

'I
l/(/ﬂ
.

Fig. 3. Schematic of ventilation hole angle.

Fig. 5. Dimension of groove-type disc brake.

aluminum is the least effective at dissipating heat. Balaji et al. [23]
investigated the tribological behavior of disk brake materials versus
polymer composites. According to Maleque et al. [24], cast iron is the
most frequently used material for disc rotors. However, after repeating
the simulation with several materials, it was determined that lead and
aluminum metal matrix composite may be employed as disc brake ma-
terial. Mathad et al. [25] performed research to find a replacement of
brake pad material with improved qualities that will prolong the life of
the component. Materials considered include carbon ceramic and gray
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Fig. 6. Mesh of the disc brake.

Table 3
Meshing parameters.

Mesh Parameters

Method Tetrehedrons
Element size 4.5 mm
Number of elements 54,175
Number of nodes 350,014
Maximum skewness 0.66544
Minimum skewness 0.15212
Table 4
Boundary conditions.
Boundary condition Condition Description
Convective heat transfer coefficient 230 W/m*°C All body
Initial temperature 22°C All body

Table 5
Geometrical and mathematical properties.

Parameter Material

Gray cast iron Carbo ceramic Stainless steel

420
Area of pad (m?) 0.006136 0.006136 0.006136
Area disc 0.033921 0.033921 0.033921
Thermal effusivity 13787.49 7589.47 9452.05
(Wsl/ZmzK)
Partitioning coefficient 0.96 0.94 0.95
Heat flux 2.55x10°(1-t/ 271 x10°(1-t/  2.52x 10°(1-t/
4) 4) 4)

cast iron. Following validation, it was found that carbon ceramic disc
brakes outperform the competition in terms of structural and thermal
performance for the same boundary and loading conditions. Sau et al.
[26] examined the various thermal properties of a material and how
they change when applied to a car disc brake. The material was chosen
to ensure long-term performance under the specified heat and friction
conditions. By doing this, the reliance on driving characteristics to get
the most out of brake rotors will be reduced. They have shown that
stainless steel 420 demonstrated the best mechanical strength and heat
dissipation rate under the chosen test conditions.

Based on the literature review above, it seems that there is no su-
perior material of disc brake in improving heat dissipation. In order to
complement previous findings on the disc brake material, it is necessary
to conduct a distinct analysis, based on the finite element method, of the
thermal property investigation of different types of disc brake (i.e. solid
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Fig. 8. Comparison of the maximum temperature vs time with results in
reference (Dubale et al. [1]).

disc brake, drill-type disc brake, and groove-type disc brake) under
different disc brake material types. Ventilation in disc brakes was proven
to increase heat dissipation to the environment, according to the avail-
able studies that have been previously published. Creating ventilation
holes at specific angles is also regarded as a novel and inventive tech-
nique, but no one has yet applied it to solid-type car disc brakes.
Therefore, with this main framework, the novelty of the present work is
a comprehensive comparative analysis, which has been imposed for the
investigation of the effect of providing ventilation angles and varying
material types on the thermal behavior of various types of car disc
brakes.

2. Theory

In the braking process, friction between the brake disc and the pads
converts the majority of the mechanical energy of a moving vehicle into
heat. The heat energy is then released through the disc and the brake
pads [27]. The friction during the braking process is incredibly intricate.
All process variables (speed, load, temperature, and contact conditions)
change over time while braking.

In the present work, the governing heat equations for discs are
derived from the temporal-dependent heat equations [1]. In detail, due
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Fig. 9. Maximum temperature over time of solid-type disc brake for several
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Fig. 10. Maximum temperature over time against drill hole angle.

to the thermodynamics of energy conservation through a solid being of
particular interest, the governing equation for heat conduction through
a solid is solved using the finite element method (FEM). In this study, the
factors taken into account include contact pressure, vehicle speed,
contact geometry parameters, and braking time. Therefore, analytical
solutions to problems are proposed using the green function technique
to complement the input for loading and boundary conditions of the
computational domain of the disc brake during the simulation.

The purpose of this investigation is to identify the distribution of
surface heat flow, frictional heat generation, pressure, temperature
distribution with respect to braking time, radial temperature distribu-
tion on the surface, and stress thermal impacts. The following pre-
sumptions have been made:

1. All the kinetic energy on the surface of the disc brake is converted
into frictional heat or heat flux.

2. Only conduction and convection are used in this analysis to transport
heat.

Results in Engineering 17 (2023) 100844

3. Radiative heat transfer only accounts for 5%-10% of total heat
transmission, making it insignificant.

3. Isotropic and temperature-independent material
characteristics

The rate of heat generated by friction is equal to the frictional force;
some of the heat is absorbed by the disc, and the remaining portion is
absorbed by the bearing. It is assumed that all frictional energy is con-
verted to heat energy and the parameters determine the heat partition
coefficient. The brakes and bearings may receive heat energy generated
at the brake friction interface. According to Dubale et al. [1], the heat
partition coefficient can also be seen as a kind of relative braking energy.
The partition coefficient is specified for the current analysis as [1]:
e &S W

EiSa+E,5,

The frictional heat is divided across the contact surfaces in a shear
contact with a high Peclet number, and it is greatly influenced by the
geometry, thermo-physical characteristics of the contact material, and
the contact conditions [28]. The thermal effusivity of the disc and pad
are represented here by &4 and &,. Material density, heat capacity, and
thermal conductivity all influence thermal effusivity. The definition of
thermal effusivity is [1]:

5 =V kpCp (2)

A measure of a material’s capacity to store and exchange thermal
energy with its surroundings is provided by thermal effusion. It can be
calculated as the square root of the thermal conductivity, density, and
specific heat product [29]. Calculated as follows, S, and Sy are the
friction contact surfaces of the pad and disc, respectively [1]:

r

S, :<p0/rdr 3

s

r

Sqe= 27[/ rdr @

r

The microplastic deformation caused by the frictional force during
braking is what causes the heat between the pad and the disc’s contact
region. Heating refers to the manifestation of the conversion of me-
chanical energy into heat energy. To calculate the heat flow in the brake
system component, divide the rate of heat energy by the surface contact
area of the component [30]. Disc and pad surfaces come into touch. The
following formula is used to calculate how much heat is produced by
friction between various surfaces [1]:

dE =dp = VdF; = rouppyrdr (5a)
dE=dE, + dE, (5b)
dE, = (1 — w)dp = (1 — w)aupg,r’dr (59
dE, = wdp = woup,r*dr (5d)

where V is the relative shear velocity, dFyis the frictional force which is a
function of the friction coefficient, and dE is the rate at which heat is
produced as a result of friction between two components that are in
shear contact. The coefficient of friction is calculated by multiplying the
applied normal load by the observed tangential force [31]. The quantity
of heat absorbed by the pad and disc, respectively, is indicated by the
symbols dE, and dE,.

Rate of heat energy divided by each component’s surface contact
area reads:
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Fig. 11. Temperature distribution of disc brake with gray cast iron material for the case of (a) solid type, (b) drill type with 6 = 0°, (c) drill type with 6 = 11°, (d) drill
type with 6 = 22°, (e) drill type with 6 = 33°, (f) drill type with 8 = 44°, and (g) drill type with § = 55°.
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X: drill type 55 degrees
Temperature

Type: Temperalure
Unit: °C

Time: 4

. 184.45 Max
1664
14835
1303

O: drill type 55 degrees carbon ceramic
Temperature

Type: Temperature
Unit: *C

Time: 4

. 316.8 Max

28405
25129
21853
185.78
153.02
12027
ersn
54.756
22 Min

H: drill type 55 degrees S§ 420
Temperature
Type: Temperature
Uni:°C
Time: 4

[ 284.57 Max
2654

2622
197.05
16787
1387
10952
20349
51174
22 Min

Fig. 14. Temperature distribution of drill-type disc brake with § = 55° for the material of (a) gray cast iron, (b) carbon ceramic, (c) stainless steel ASTM 420.
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3.1. Heat flux for pad

dE

qi(r,1) === (1 - @)up(t)ro(r) (6a)
ds,
9o, (1) =41 (r,0) = (1 —@)u pr wo (6b)
when entered p = Pmax’% into Equation (6a), the result is,
dE t
ql(nt):dsl‘::(l—w)uP,naxr3w0(l—E) (6C)
3.2. Heat flux for disc
_ dEd _ Py
@ (r,t) = &5, 2ﬂ_/4wp(t) ra(t) (7a)
_ _ %o
4o, (r)quZ (rs O) **ﬂ_ﬂ’lﬂpr @y (7b)
When entered p = Pmax% into Equation (6a), the result is,
_ L\ _ %
‘h(ral)—%z(r) *(1—— 77,"{wpmaxr3w0 (7(:)
173 2r

4. Materials and methods
4.1. Geometry

The geometry of the disc brake model employed here is inspired by
disc brake geometry from Dubale et al. [1]. Based on this geometry, the
drill-type and the groove-type disc brakes are proposed. Figs. 1 and 2
below show the nomenclature and basic geometry of the disc brake
model. In detail, the dimensional parameters of the disc brake are pre-
sented in Table 1. For drill-type and groove-type disc brakes, the ge-
ometry parameters are shown in Table 2.

The basic geometry is the solid type geometry from Dubale et al. [1],
and the drill hole and groove hole angle are provided as a variant. The
distribution of drill and groove hole angle variations is based on research
published by Choudhary et al. [20]. Here, ventilation hole angles of 0°,
11°, 22°, 33°, 44°, and 55° are of particular interest. Giving angles
greater than 55° is impossible due to the presence of tangents. However,
a drill hole slope and a groove hole inserted into the disc brake surface
contribute geometry to the angle. Figs. 3-5 below show the specifics of

10
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the schematic drawings for the disc brake of drill type and groove type.
4.2. Meshing

In this study, for the simulation, the tetrahedrons method is
employed throughout the meshing process to create a reasonably
effective mesh. As discussed by Oberst and his/her group [32,33], the
tetrahedral element has the advantage of being compatible with the
majority of meshing techniques when it comes to complex constructions
with more realistic geometry such as disc brakes. To gauge how good the
final mesh is, mesh quality control is introduced. This quality check uses
the skewness method to evaluate how well the mesh performs. How
closely a face or cell resembles the ideal shape (i.e., equilateral or
equiangular) is determined by its skewness. Fig. 6 and Table 3 below
provide a detailed look at the mesh configuration and the mesh forma-
tion criteria. In Table 3, it can be seen that the maximum skewness is
0.66 which is still in the good category. All simulations also use ele-
mentsize of 4.5 mm because it offers a respectable amount of indepen-
dent mesh and a tolerable computation time.

4.3. Boundary conditions

The boundary condition employed here adopts the simulation by
Dubale et al. [1]. Table 4 details the boundary condition used in all
subsequent simulations. It should be noted that the analytical results of
mathematical modeling in the form of a function become the compu-
tational domain loading for numerical simulation.

Table 5 provides a summary of the loading inputs based on the
analytical calculation of the mathematical modeling. The value of g2(t),
which is the amount of heat absorbed by the disc brake, is determined
from the mathematical modeling. This value depends on (1) the material
utilized as an input for transient analysis, which in ANSYS is modeled as
heat flux, and (2) time. Because the value is so low, the area difference
resulting from geometric variance is ignored.

4.4. Grid independency test

All of the computational models in this study are based on three-
dimensional physical models of discs. To ensure the accuracy of the
results, the sensitivity of grid density to temperature is checked for the
computational domain. The refinement criteria, that is, the element size
with linear proportion, is specified to achieve satisfactory convergence.
Each computation is performed using a different element number under
the same operating conditions. Fig. 7 depicts the results of the grid-
independent study in terms of maximum temperature over time for
various element number and element size combinations. According to
Fig. 7, the element size is determined after sensitivity analysis reveals
that several element size values change the maximum temperature of
the disc over time by less than 2% in the finite element model. To
summarize, the computational domain element size of 4.5 mm, as shown
in Fig. 7, is used for all simulations because it provides a reasonable
computational time with a feasible level of independent mesh.

5. Results and discussion
5.1. Validation

To demonstrate that the present computational method and solution
setup can be used for thermal analysis of the disc brake, it must be
revealed that the results are correct and with specified accuracy in the
numerical framework. The developed finite element model is validated
in this section. Computations were performed by comparing the results
of this study to those of Dubale et al. [1] under the same working con-
ditions. The correlation between the maximum temperature and time is
depicted in Fig. 8. Observe that the obtained values from the finite
element method (FEM) developed here are extremely close to the
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Fig. 16. Temperature distribution of disc brake with gray cast iron material for the case of (a) solid type, (b) groove type with 6 = 0°, (c) groove type with § = 11°,
(d) groove type with 0 = 22°, (e) groove type with 0 = 33°, (f) groove type with 6 = 44°, and (g) groove type with 6 = 55°.
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Fig. 17. Temperature distribution of disc brake with carbon ceramic material for the case of (a) solid type, (b) groove type with 6 = 0°, (c) groove type with 6 = 11°,
(d) groove type with 6 = 22°, (e) groove type with 8 = 33°, (f) groove type with 8 = 44°, and (g) groove type with § = 55°.
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numerical results previously published. Moreover, as shown in Fig. 8,
their differences are all less than 4%. In general, the FEM code, which
incorporates the analytical solution, has been shown to accurately
simulate the thermal behavior inside the disc brake.

5.2. Case of solid-type disc brake

In this section, the objective is to explore the thermal characteristic
of the case of solid-type disc brakes varying the material types. Using
ANSYS transient thermal, the data was produced in terms of the highest
temperature over time and temperature distribution contours. Fig. 9
depicts the maximum temperature over time for several solid-type disc
brake materials, including gray cast iron, carbon ceramic, and stainless
steel ASTM 420. Fig. 9 indicates that the carbon ceramic disc brake, with
a maximum temperature of 393.88 °C, has the highest maximum tem-
perature over time. A solid-type disc brake with gray cast iron material
has a maximum temperature value over time of 213.03 °C, while a solid-
type disc brake with stainless steel ASTM 420 material has a maximum
temperature value over time of 299.16 °C.

Furthermore, based on Fig. 9, it can be revealed that since gray cast
iron has the lowest maximum temperature (213.03 °C), and thus, it can
be regarded as the ideal material for disc brakes. Due to high thermal
conductivity, brake disc made of cast iron is more efficient at dissipating
heat, but its heavier weight is a disadvantage [34]. Thermal effusion, in
addition to thermal conductivity, has a significant impact on the
maximum temperature. Because of its low thermal effusion value, car-
bon ceramic has the highest maximum temperature value. According to
the research conducted by Cartigny et al. [35], the use of materials with
a high thermal effusion increases the flow produced at the interface that
is conveyed to the brake, thereby reducing the surface temperature.

5.3. Case of drill-type disc brake

As is well known, the theoretical foundation states that the area of
the disc brakes increases as the drill angle increases. According to
Newton’s equation of cooling, the amount of heat that can be transferred
to the environment grows as the area does as well. The disc brake’s
temperature is projected to drop as a result of this theory. To incorporate
this issue, the maximum temperature over time against drill hole angle is
shown in Fig. 10. However, an interesting finding is observed based on
Fig. 10. As the drill angle increases, the maximum temperature tends to
rise over time. The same trend was observed with many different kinds
of materials. This runs contrary to the premise that was presented
earlier. After a more thorough investigation, it can be seen that changing
the drill angle resulted in both an increase in the heat release area and a
decrease in the thickness of the disc at various locations. The decrease in
disc thickness is what causes the maximum temperature to rise over
time. Based on the work of Newcomb [36], it was shown that as disc
thickness decreases, the maximum surface temperature climbs
noticeably.

Figs. 11-13 show a concentration of heat at various locations. All
materials experience convergence. Solid-type discs and drill-type discs
with @ = 0° do not experience this heat concentration. On the drill type
disc with § = 11° , however, it begins to center and focus more as the
angle rises. The temperature at that point tends to rise with the addition
of the drill angle in addition to the increasingly concentrated tempera-
ture point. Fig. 14 illustrates the temperature contour of drill-type of disc
brake with § = 55° for all materials considered here. Due to the angle of
the drill type, there is a concentration of heat on the disc, whose
thickness decreases. This point has the highest temperature value in the
entire area.

5.4. Case of groove-type disc brake

The simulation results of brake modifications varying the groove
angle for several materials of the groove-type disc brake in terms of
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thermal performance are presented in this section. Here, the maximum
temperature over time and temperature distribution are of particular
interest. As can be seen in Fig. 15, the maximum temperature rises in
tandem with an increase in the groove hole angle. This trend exhibits the
same phenomenon as the drill hole angle trend. The most possible
explanation is that increasing the groove hole angle will cause a thinning
of the geometry of the disc brake. To strengthen this finding, the tem-
perature distributions for all materials with different hole (or groove)
angles are presented in Figs. 16-18, while heat concentration can be
seen in Fig. 19. It can be observed in Figs. 16-19, that for all materials
considered here, the maximum temperature increases with increasing
the ventilation hole angle. Heat concentration occurs in regions of
geometric depletion, specifically in the region closest to the ventilation
holes.

5.5. At varied types of material

To investigate the thermal characteristics of a variety of disc brake
types, as discussed in the previous section, it is necessary to summarize
the effect of ventilation hole angle for all of the materials considered
here. Here, on various materials, the simulation results for each geom-
etry are compared. As observed in Fig. 20, the correlation between
maximum temperature and time for each material is presented. Based on
Fig. 20, it can be highlighted that concerning maximum temperature,
groove-type disc brake with ventilation hole angle 6 of 0° has the lowest
value. This is slightly different from the maximum temperature value in
the case of the solid-type disc brake and the drill-type disc brake with the
same 6. The present results are in good agreement with the work of
Dubale et al. [1], who stated that the groove-type disc brake with 0 =
0° has the lowest maximum temperature value. The addition of angle
variations in the drill hole and groove hole results in a rise in the
maximum temperature value.

6. Conclusion

In this study, a finite element analysis is performed to evaluate the
thermal behavior of three types of disc brakes including solid type,
groove type, and drill type. Furthermore, the effect of ventilation hole
angle modification on the thermal performance of a particular disc brake
made from different materials (i.e. gray cast iron, carbon ceramic, and
stainless steel ASTM 420) was also discussed. From the numerical re-
sults, the following conclusions can be drawn:

1. Variations in the drill hole angle and groove hole angle for the three
types of disc brake studied here show that the groove-type disc brake
with a ventilation hole angle of 0° has the best thermal performance,
i.e. the lowest maximum temperature.

2. The maximum temperature value of the disc brake is increased by the
addition of the drill hole angle and groove hole angle. Certain regions
experience heat concentration as a result of geometry thinning.

3. The increase in the maximum temperature value along with the
addition of the drill hole angle and groove hole angle occurs in all
disc brake materials (i.e. cast gray iron, stainless steel 420, and
carbon ceramic). Nevertheless, gray cast iron has the smallest
maximum temperature value due to the value of thermal effusivity.
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