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Finite Element Analysis of Thermal Behaviours of a Disk
Brake in High-Speed Trains

Chung Kyun Kim and Seoung Hyun Cho
Tribology Research Center, Hongik University

Abstract-This paper presents the thermal behaviours of a solid type disk brake for a
high-speed train. The thermal behaviours of a brake disk with 50mm thickness shows
good performance compared with 45mm thickness of a disk because of a high specific
heat capacity and thermal expansion ratio. The FEM results show that the thickness
of the disk with a same weight of the brake disk should be increased for a good
flexibility of the contact thermal problems. Therefore, the ratio between the pad and
disk in diameter may be reduced and the thickness of a disk increased.
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Table 1 Mechanical and material properties
of a disk brake[6].

Disk thickness
. 45mm 50mm
Specifications
Elastic modulus, N/mm? [2.15% 10" |2.15% 10"
Poisson’s ratio 0.3 0.3
Mass density, kg/m’ 7,850 7,850
Coef. of thermal " .
X 12x107°
expansion, mm/mm * K 1210 2
Thermal conductivity, 55 45
W/m - K
Specific heat, J/kg * K 460 460

-202-



Table 2 Simulation data of a disk used in

the finite element analysis.

Simulation Conditions Values
Vehicle axle load, kg 17,000
Wheel diameter, mm 920
Number of disk per a axle 4
Initial velocity of braking km/h 350
Convection coef., W/m*T 60.74
Atmospheric temperature, C 3H
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Fig. 1 Deceleration curve of a high-speed
train with a Maximum speed of 350km/h.
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Table 3 Maximum temperature of a disk l A
with a maximum speed of 350km/h. ) A 4 Tl
A A
Temperature, 'C | Flat Spot M‘{ p
Disk Thickness, mm Pad Pad L“/f"‘
45 500 | 580 _r L -
50 400 440
(a) Temperature distribution of a disk
Qe =" T
;:{ Py B
. L

(a) Temperature distribution of a disk (b) Temperatures at nodes 26 and 39

== Fig. 4 Temperature distributions between
| e flat pad and 50mm disk brake with a
'E"“" maximum speed of 350km/h.
: e Toapmenios (riopston Fund (vitg - Qe
v T 7
| |
_— \
s |
LT
. Toapormtrs fixtagadon Poory. ' ) \A /—_J,
(b) Temperatures at nodes 26 and 39 NOWTTS
Fig. 3 Temperature distributions between T
flat pad and 45mm disk brake with a L — Ny e -

maximum speed of 350km/h. (a) Temperature distribution of a disk
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(b) Temperatures at nodes 26 and 39
Fig. 5 Temperature distributions between
spot pad and 45mm disk brake with a
maximum speed of 350km/h.
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Fig. 6 Temperature distributions between
spot pad and 50mm disk brake with a
maximum speed of 350km/h.
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Fig.

contact surface.

7 Deformed geometry of a disk
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Fig. 8 Thermal deformations with a
maximum speed of 350km/h in flat pad -
disk rotor.
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Fig. 9 Thermal with a
maximum speed of 350km/h in spot pad -
disk rotor.
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Table 4 Comparison of a thermal displace-

ment between flat pad and spot pad

— Axial Displacement, mm | Flat|Spot

Disk Thickness, mm Pad | Pad
45 064{0.72
50 0421054
58 8
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