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Abstract

In this study, simulations were conducted for brake pad and
shoe, and analyses were performed for structure, heat transfer
and thermal stresses. The shapes of models designed by using
CATIA are analyzed with ANSYS program. To compare de-
formation and stress values due to thermal loads, structural
analysis is carried out while each heat transfer analysis is con-
ducted to find stresses due to heat. In terms of strength for
structural analysis, i.e., whether large stresses can be withstood
or not, the model of shoe type showed higher safety than two
models of pad type. In the durability for vibration, two models
of pad type can be seen to be higher than shoe type. In heat
transfer and stress values due to heat, two models of pad type
can be seen to be higher than shoe type.
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Introduction

The pad in a disk brake system is a key safety part which safely
decelerates or stops automobiles in driving or maintaining a
parking condition by converting kinetic energy to thermal en-
ergy as braking hydraulic pressures, transmitted through a
caliper, generate frictional resistance due to contacts between
counterpart faces of the disk pad's frictional materials. Brake
shoe also plays the same role as the pad. Brake shoe, is an arc-
shaped part made of cast iron arranged in a brake drum and has
a brake lining attached as a frictional material, which generates
braking power through being pushed against the brake drum by
hydraulic pressures imposed on the wheel cylinder; it returns
automatically to its original position by a force of the return
spring when hydraulic pressures are released[1-3]. While most
of the previous vehicles had brake pads mounted on the front
wheels and brake shoes on the rear wheels, all recent vehicles
have a trend of the pad type being mounted of all wheels. Al-
though passenger cars are primarily of the pad type, large-scale
vehicles such as trucks are equipped with the shoe type due to
structural problems, etc. Recently, as sizes, weights, driving
speeds are increased due to speeding and high performance of
vehicles, development aimed at improvement of reliability and
durability is in progress for brake systems involving frictional
materials[4-6].

This study will be able to find advantages and disadvantages of
each through comparing two models by using the data values
produced from analyses using the pad and the shoe models. If
the results are combined for application to brake designs, mod-
elling is considered possible by reviewing and predicting dura-

bilities[7-12]. Pad and shoe models were modelled by using
CATIA program. Each model was analyzed with ANSYS pro-
gram. These models were analyzed by three types of analyses
including structural analysis, heat transfer analysis and thermal
stress analysis for extraction of data. Deformations and equiva-
lent stresses are investigated by applying pad and shoe model-
ing with pressures and moments through structural analysis.
Heat transfer analysis enables the application data for transfer
of heat produced in frictional materials by using differences
between the temperature of the brake in operation and the am-
bient temperature.

Study Model and Constraints

This study employs brake pad and shoe among automotive
braking apparatuses as a model and analyzes by inputting data
such as force, moment, temperature, etc. Each analysis per
shape is conducted for the model prepared by employing
CATIA program with the use of ANSYS program. To compare
deformation and stress values due to thermal loads, a structural
analysis is implemented, while heat transfer and thermal stress
analyses are also conducted to find stresses due to heat. The
material for the back plate of the pad and shoe was determined
to be a structural steel, and material properties of the frictional
material were used for the frictional face of pad and the brake
lining. Actual models of model 1, model 2 and model 3 are
shown in Figure 1. Also, mesh models of model 1, model 2
and model 3 are shown in Figure 2. The numbers of nodes and
elements for the mesh of model 1 are 6508 and 3405, respec-
tively, while those for the mesh of model 2 are 6755 and 2983,
respectively, and those for the mesh of model 3 are 7867 and
3650, respectively. Material properties of the structural steel
and the frictional material are shown in Table 1 and Table 2,
respectively.

(a) Model 1

(b) Model 2
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(c) Model 3

Figure 1: Actual configuration of models 1,2 and 3
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(a) Model 1 (b) Model 2

(c) Model 3

Figure 2: Meshes of models 1, 2 and 3

Table 1: Material properties of structural steel

Contents (Unit) Value
Young’s Modulus (MPa) 200000
Poisson’s Ratio 0.3
Density (kg/m”) 7850
Isotopic Thermal Conductivity(W/m°C)|60.5

Table 2: Material properties of frictional material

Contents (Unit) Value
Young’s Modulus (MPa) 9500
Poisson’s Ratio 0.14
Density (kg/m”) 2065
Isotropic Thermal Conductivity(W/m°C) | 1.5

For boundary conditions required for analysis in this study,
fixed conditions, forces and moments are needed. Boundary
conditions for model 1, model 2 and model 3 are shown in
Figure 3. While model 1 and model 2 had side faces of back
plate fixed, shoe of model 3 had front, rear faces of the plate
fixed. Also, pressures applied to the pad and the shoe may be
seen. 0.25 MPa of force was applied to the rear face subjected
to a force due to the hydraulic pressure inside a caliper. As in
Figure 3, the moment due to rotation was given as 2500
N = mm. On braking, when the brake pedal is stepped on the
actual brake pad applies a counterforce on the rotating disc,
with the friction that is produced by the contact of the horizon-
tal length of the pad and the disc, the breaking moment is initi-
ated, the braking force applied was found to be 25N.

B Fixed Suppot
Bl Fressure 025 NP
Bl Moment: 2500 Kemm

[ Fixed Support
[ Pressure: 025 MPa
[&] Moment: 2500 K

(a) Model 1

B Fixed Support
Bl Pressure 025 MPa
[ Moment: 2500. N+

(c) Model 3

Figure 3: Boundary conditions for models 1, 2 and 3

Structural Analysis Result

Figure 4 shows contour lines of total deformation for each
model. Maximum deformation of model 1 is shown to be
0.00040136mm, while that of model 2 is 0.00037405mm, and
that of model 3 is 0.00021813mm. When the results are com-
pared each other, model 1 could be seen to exhibit the largest
deformation.

A: Static Structural
Total Deformation

Type: Total Deforrnation
Unit: mm
Time: 1

0.00040136 Max
0.00035676
0.00031217
0.00026757
0.00022298
—| 0.00017838
| 0.00013379
8.919¢-5
4.4595¢-5
0 Min

A: Static Structural
Total Deforrnation
Type: Total Deforrnation
Unit: mm
Time: 1

0.00037405 Max
0.00033249
0.00029092
0.00024936
0.0002078
0.0001 6624
0.00012468
83121e-5
4.1561e-5

0 Min

(b) Model 2
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A: Static Structural
Total Deformation
Type: Total Deforrmation
Unit: mm
Time: 1

0.00021813 Max
0.00019389
0.00016965
0.00014542
0.00012118

1 9.6946¢-5
7.2709e-5

{ 4.8473e-5

| 2.4236e-5

0 Min

(c) Model 3

Figure 4: Contours of total deformations for various
models

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Tirne: 1

41606 Max
3.6983

{ 0.92458
046229
1.3511e-13 Min

(a) Model 1

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

4.4914 Max
3.9923

1.149%-14 Min

(b) Model 2

A: Static Structural
Equivalent Stress
Type: Equivalent {von-Mises) Stress
Unit: MPa
Time: 1

0.5238 Max
04656
040741
0.34921
0.29102
0.23282
017463
011643
0.058237
4.1793e-5 Min

&

Figure 5: Contours of equivalent stresses for various
models

(c) Model 3

According to Figure 5, the maximum equivalent stress of
model 1 is shown to be 4.1606MPa, while that of model 2 is
4.4914MPa, and model 3 is 0.5238MPa. Comparison of the
result values shows that the maximum equivalent stresses were
largest in the order of models 2, 1, 3. Namely, model 3 shows
the best strength for structural analysis.

Heat Transfer Analysis Result

Heat transfer involves a thermal energy which is moved by a
temperature difference. Heat transfer always occurs whenever a
temperature difference exists within a medium. In this study,
the process where heat generated upon braking by pad and shoe
was transferred through outside temperatures. Thermal con-
ductivity of the frictional material was set to be 1.5 Him~ ¢,
The pad should be able to withstand thermal loads of about
750 ", up to about 950 ~ € instantaneously. For temperature
conditions in the analysis, temperature of the frictional mate-
rial upon braking was set to be 300 ~ € rather than an extreme
condition, while outside temperature was set to be 22 " C.
Figure 6 shows boundary conditions for each model. The tem-
perature of the face subjected to friction and the outside tem-
perature were applied.

[ B repenen 20 ¥

b e ¥ Conator

\’—/' ‘b\———-"“

(a) Model 1 (b) Model 2
! Temparstion 300 %
(§] Conmcen 22 ¥ b

(c) Model 3

Figure 6: Boundary conditions for various models
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Figure 7: Thermal analyses for various models at steady
state

According to the heat transfer analysis results, data of
262.16 ° ¢ for model 1, 268.40 ° c for model 2, 260.02 ° c for
model 3 were obtained. When conditions were given for the
temperature of the frictional material and outside temperature,
appearance can be observed where heat in each model is trans-
ferred. model 2 with heat transfer up to 268.40 “¢~300 "¢
can be seen to show the best heat transfer, indicating more heat
transfer than other models by about 7~9 ° c. Shapes of heat
transfer about each model are seen in Figure 7.

In the process of heat transfer, stresses and deformations due to
heat can occur. Thermal deformation is a special case of elastic
deformation, the results of which appear when temperatures
are raised for expansion or lowered for shrinkage. Such phe-
nomenon shows a similar tendency in most isotropic materials.
The fact that thermal deformation rate(e) at a given tempera-
ture(T) is proportional to temperature changes (AT ) within a
limited range of temperatures may be expressed as follows.

e=alT— Tyl =alAT)

where 77 is the initial temperature, and a is the thermal expan-
sion coefficient. Since elastic deformation satisfies Hook's law
where E is the elastic modulus, thermal stress @ is given as
follows, with application of a convection transfer coefficient.

g=FEalA T =Ee

e
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Figure 8: Thermal deformations in various models at
steady state

C: Static Structural
Equivalent Stress
Type: Equivalent (wvon-Mises) Stress
Unit: MPa
Tirne: 1

1815.7 Max
1613.9
14122
12104
< 10087
806.96
605.22

40348 \L'
201.74

0 Min

(a) Model 1

C: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Timne: 1

1908.8 Max
1696.7

(b) Model 2

C: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

1178.3 Max
1047.5
916.74
785.95
655.17
524.38
393.59
262.81
132.02
1.2347 Min

(c) Model 3

Figure 9: Thermal equivalent stresses in various models at
steady state

In Figures 8 and 9, deformations and stresses due to heat can
be seen. Considering the values of each model, deformation
and thermal stress values due to heat for model 1 are shown to
be 0.044197mm, 1815.7MPa, respectively, while those for
model 2 are 0.04085mm, 1909.8MPa, respectively, and those
for model 3 are 0.16687mm, 1178.3MPa, respectively. Maxi-
mum thermal stress values of each model are only an extremely
small part, and there may be the possibility of failure. When the
results are compared each other, the deformation due to heat is
0.1687mm for model 3, which represents the largest deforma-
tion while the largest stress value is 1909.8MPa for model 2.

Conclusions

In this study, simulations were conducted for brake pad and
shoe, and analyses were performed for structure, heat transfer
and thermal stresses.

According to the structural analysis, maximum equivalent
stress for model 3 was 0.5238MPa which was smaller than
those for models 1 and 2 by 8 times and 9 times, respectively.
Model 3 has the best strength for structural analysis so that it is
considered to be capable of withstanding larger loads than
models 1 and 2. For the results of deformation due to forces
and moments, all three types of models showed a value less
than 0.0005mm with slight differences among them. The
model showing the largest deformation was that of the pad at
model 1 with a value of 0.0004mm.

As aresult of heat transfer, model 2 showed transfer of heat up
to 268.4 * € ~300 " ¢, indicating more heat transfer than other
models by about 7~9 ~ €. In terms of the maximum thermal
deformation, model 3 showed the largest deformation of
0.16687mm. Also, in thermal stresses, model 2 showed the
highest stress value of 1909.8MPa.

In terms of strength for structural analysis, i.e., whether large
stresses can be withstood or not, the model of shoe type
showed higher safety than two models of pad type. In durability
for vibration, two models of pad types can be seen to be higher
than the model of shoe type. In heat transfer and stress values
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due to heat, two models of pad types can be seen to be higher
than the model of shoe type. Heat transfer analysis in this study
enables the application data for transfer of heat produced in
frictional materials by using differences between the tempera-
ture of the brake in operation and the ambient temperature.
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