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Abstract The braking system is one of the most important components in vehicles and machines. It must exert a
reliable braking force when they are brought to a halt. Generally, frictional heat is generated by converting kinetic
energy into heat energy through friction. As the kinetic energy is converted into heat energy, high temperature heat
is generated which affects the mechanical behavior of the braking system. Frictional heat affects the thermal expansion
and friction coefficient of the brake system. If the temperature is not controlled, the brake performance will be
decreased. Therefore, it is important to predict and control the heat generation of the brake. Various numerical analysis
studies have been carried out to predict the frictional heat, but they assumed the existence of boundary conditions
in the numerical analysis to simulate the frictional heat, because the simulation of frictional heat is difficult and time
consuming. The results were based on the assumption that the frictional heat is different from the actual temperature
distribution in a rotating brake system. Therefore, the reliability of the cooling effect or thermal stress using the results
of these studies is insufficient. In order to overcome these limitations and establish a simulation procedure to predict
the frictional heat, this study directly simulates the frictional heat generation by using a thermal-structure coupling
element. In this study, we analyzed the thermo-mechanical behavior of a brake model, in order to investigate the
thermal characteristics of brake systems by using the Finite Element method (FEM). This study suggests the necessity
to directly simulatethe frictional heating and it is hoped that it can provide the necessary information for simulations.
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Table 1. Material properties and dimension of brake disc

and pad.
Spec. disk Pad
Inner radius (mm) 81.5 85
Outer radius (mm) 128 125
Thickness (mm) 10 10
Density (kg/m?) 7031 2595
Specific heat(J/ kg ) 495 1465
Thermal conductivity( 7/ km) 56.72 1.212
Young's Modulus(GPa) 125 1.5
Poisson's ratio 0.29 0.25
Thermal expansion coefficient 1x107° | 6x10°°
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Fig. 1. 3D thermal-structure coupling numerical model.
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Table 2. The information of boundary conditions.

Case Boundary condition Heat source
1 Pad Heat Flux
2 Disk Heat Flux
3 Rotation Frictional Heat
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Fig. 2. Distribution of temperature on Disc each case.
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Fig. 3. Distribution of temperature on Pad each case.
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B: Transient Structural
TEMP

Expression: TEMP

Unit: *C
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Fig. 5. Contour of temperature on surface of disc every 0.5 cycles.

o
I

F-?L' r_{E
e e Horr oo

o ro

o,
TN
(e

FAAN 28

821

(1]

(2]

B3]

(4]

(5]

(6]

References

Z. Olesiak, Y. Pyryev, A. Yevtushenko,
“Determination of temperature and wear during
braking”, Wear, vol. 210, no. 1, pp. 120-126, 1997.
DOLI: https://doi.org/10.1016/S0043-1648(97)00086-0

A. J. Day, T. P. Newcomb, "The dissipation of frictional
energy from the interface of an annular disc brake",
Proc. of the Institution of Mechanical Engineers, part D:
transport engineering, vol. 198, no. 3, pp. 201-209,
1984.

P. Dufrenoy, "Two-/three-dimensional hybrid model of
the thermomechanical behaviour of disc brakes", Proc of
the Institution of Mechanical Engineers, Part F: Journal
of Rail and Rapid Transit, vol. 218, no. 1, pp. 17-30,
2004.

DOI: https://doi.org/10.1243/095440904322804402

C. H. Gao and X. Z. Lin, "Transient temperature field
analysis of a brake in a non-axisymmetric three-
dimensional model", Journal of Materials Processing
Technology, vol. 129, pp. 513-517, 2002.

DOI: https://doi.org/10.1016/S0924-0136(02)00622-2

C. H. Gao, J. M. Huang, X. Z. Lin, X. S. Tang, "Stress
analysis of thermal fatigue fracture of brake disks based
on thermomechanical coupling”, Journal of tribology,
vol. 129, no. 3, pp. 536-543, 2007.

DOI: https://doi.org/10.1115/1.2736437

A. A. Yevtushenko, P. Grzes, "The FEM-modeling of
the frictional heating phenomenon in the pad/disc




FFAS & =B A18A A103, 2017

tribosystem (a review)", Numerical Heat Transfer, Part
A: Applications, vol. 58, no. 3, pp. 207-226, 2010.
DOL: https://doi.org/10.1080/10407782.2010.497312

J. H. Choi and L. Lee, "Transient thermoelastic analysis
of disk brake in frictional contact", Journal of Thermal
Stresses, vol. 26, pp. 223-244, 2003.

DOI: https://doi.org/10.1080/713855891

J. H. Choi and I. Lee, "Finite element analysis of
transient thermoelastic behaviors in disk brake", Wear,
vol. 257, no. 1, pp. 47-58, 2004.

DOL: https://doi.org/10.1016/j.wear.2003.07.008

P. Hwang, X. Wu, "Investigation of temperature and
thermal stress in ventilated disc brake based on 3D
thermo-mechanical  coupling model", Journal of
mechanical science and technology, vol. 24, no. 1, pp.
81-84, 2010.

J. U. Cho, M. S. Han, "Structural and Thermal Analysis
of Disk Brake", Journal of the Korean Society of
Manufacturing Technology Engineers, vol. 19, no. 2, pp.
211-215, 2010.

C. Kang, G. Choi, "Thermal Fluid Flow and
Deformation Analysis of Medium Commercial Vehicle
Ventilated Brake Disc in Braking", Transactions of the
Korean Society of Automotive Engineers, vol. 22, no. 7,
pp. 63-69, 2014.

DOI: https://doi.org/10.7467/KSAE.2014.22.7.063

J. B. Ma, B. G. Lee, "Thermal Behavior of Ventilated
Disc Brakes Considering Contact Between Disc and
Pad", Journal of The Korean Society of Manufacturing
Technology Engineers, vol. 23, no. 3, pp. 259-265, 2014.
DOI: https://doi.org/10.7735/ksmte.2014.23.3.259

C. K. Kim, J. T. Hwang, "Tribological Analysis on The
Contact Behaviors of Disc Brake Due to Frictional
Heating", Journal of KSTLE, vol. 15, no. 2, pp. 199-205,
1999.

T. H. Lee, K. K. Lee, S. J. Jeong, "Optimal Design for
the Thermal Deformation of Disk Brake by using Design
of Experiments and Finite Element Analysis", Trans. of
the KSME(A), vol. 25, no. 12, pp. 1960-1965, 2001.

Lt X| 2@Jiwoo Nam) (M3
e2013d 2¢ : TSt MNAF
S A
e2013\d 3¢ . TSt JAF

&3} Mg

o
T

= M(Hong Sun Ryou) [&5)9]

1

El
ol
o

*1977d 2€ : Ag
a3t ShALES]

© 19799 2¢ : A&dig}
St MY

1988 7¢: Imperial College ¥

39 A 24

ot

f:J
ot
of
o

(Seong Wook Cho) [H3]3)

19791 29 : Agdigtu =TT
sta} SRS

e1981d 2€ : FHsEY V)
AEeE AL E4

©1991d 29 : MILT 7]A&3 1
AF &9

19931 d 3¢9 ~ &
N AE - g

=

£l

ZH;

ol
o2

et



