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Thermal Stress Analysis for a Brake Disk considering Pressure Distribution at a
Frictional Surface

Y. M. Lee(Dept. of Mechanical Design, Sungkyunkwan Univ.),
J. S. Park, C. S. Seok(School of Mechanical Engineering, Sungkyunkwan Univ.),
C. W. Lee, J. H. Kim(KRRI)

ABSTRACT

A brake disk and a pad are important parts that affect the braking stability of a railway vehicle. Especially,
because a brake disk stops the vehicle using conversion of the kinetic energy to frictional energy, thermal fatigue
cracks are generated by the cyclic thermal load, as frictional heat, on a frictional surface and these cracks cause the

fracture of a

efficiency of brake disk and ensure the braking stability.

In this study, we performed the thermal stress analysis for a ventilated brake disk with 3-D analysis model. For
that, we simplified the shape of a ventilated hole to minimize problems that could be occurred in analysis process .
Thermal stress analysis was performed in case that pressure distributions on a frictional surface is constant and is not.
To determine pressure distributions of irregular case, pressure distribution analysis for a frictional surface was carried
out. Finally using the results that were obtained through pressure distribution analysis, we carried out thermal stress
analysis of each case and investigated the results of thermal stress analysis.
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brake disk. Therefore, many researches for the thermal stress must be performed to improve the
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Table 1. Thermal conductivity of a brake disk material

Test
temperature[ C] 100 200 300
Thermal conductivity
[W/mK] 64.1 68.8 69.8

Table 2. Mechanical and thermal properties of a brake

disk material, pad and analysis conditions

Properties Disk Pad
Elastic modulus[ N/m” ] 108x10° | 1.029%10’
Poisson's ratio 0.35 0.25
Mass density[ kg/m’ ] 7150 2150
Coefficient of thermal 5
. 10.5x10 -
expansion] m/mK ]
Specific heat[ J/kgK ] 460.0 -
Friction energy[ J ] 2.623x10° -
Convection coefficient 50 -
[ W/m*K ] 100 -
Initial braking velocity[ km/h ]| 150 -
Friction coefficient 0.35 0.35
Initial temperature[ C ] 100 -
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Fig. 1 Brake disk model for thermal stress analysis

Fig. 2 Brake disk and pad model for contact pressure
analysis
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Fig. 3 Temperature variation of Seoul - Cheonan
section for a brake disk
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Fig. 4(a) Pressure distribution at a frictional surface
(t=0s, rotation is start)
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Fig. 4(b) Pressure distribution at a frictional surface
(t=40s, rotation velocity = 97.712rad/s)

Fig .5 Contact pressure at a frictional surface as a
radial direction

Fig. 6 Maximum mises stress in the model
(Structure analysis - Constant pressure)
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Fig. 9 Maximum mises stress in the model
(Thermal stress analysis - Constant pressure)

Fig. 8 Maximum temperature in the model
(Thermal stress analysis - Constant pressure)

Fig. 9 Maximum mises stress at a frictional surface
(Thermal stress analysis - Constant pressure)
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Fig. 10 Maximum deformation in the model
(Thermal stress analysis - Constant pressure)
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Fig. 11 Maximum mises stress in the model
(Structure analysis - Distribution pressure)

Fig. 12 Maximum temperature in the model
(Thermal stress analysis - Distribution pressure)
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Fig. 13 Maximum mises stress in the model
(Thermal stress analysis - Distribution pressure)

Fig. 14 Maximum deformaton in the model
(Thermal stress analysis - Distribution pressure)
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