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Three—dimensional Simulation of Hot spots in Disk Brakes

Il Kwon Lee - Seung Hyun Cho * Chung Kyun Kim

Tribology Research Center, Hongik University

ABSTRACT - Hot spot behaviors on the disk-pad contact surface during a braking operation

have been analyzed for a ventilated disk brake using the finite element method. Hot spots which

were studied using a coupled thermal-mechanical analysis technique are influenced by all of the

mechanical, thermal, elastic and plastic processes that are involved in braking cycles, but their

temperature gradients are most affected by rubbing speeds, braking forces, and design

parameters between the disk and the pad. Undesirable hot spots that are generated by local

thermoelastic instabilities are intended to be removed by optimized design parameters and

material properties. In this study, a three-dimensional numerical method for the demonstration of

hot spot behaviors has been applied to the rubbing surfaces between the disk and the pad.
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Fig. 1 Simulation model of a ventilated disk -
pad brake
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Fig. 2 Boundary conditions for a disk-pad
model with a finite element mesh

Table 1. Physical and thermal properties of
the disk and pads

Material Properties Disk | Pad
Young'’s modulus, MPa 125 | 820
Poisson’s ratio 025 | 0.25
Mass density, kg/m® 7100 | 3660
Therm.al expansion 12 20
coefficient, um/m - K
Thermal conductivity, Wm K | 54 1.01
Specific heat, J/kg - K 586 | 1034
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Fig. 3 Repeated braking mode

Fig. 4 Braking energy
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Fig. 5 Temperature distributions of the disk
and pads after braking
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(b) Curve of temperature along @@ in Fig. 6(a)
Fig. 6 Temperature distribution on surface of
disk after braking
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Fig. 7 Distortions of the disk-pads model after
braking

Fig. 8 Displacement distribution on the
rubbing surface of the disk after braking
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Fig. 9 von Mises stress distribution of
disk after braking
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disk after braking
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