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Abstract — To stop a high speed train running at the speed of 300 km/h, the disc brake for the train should be
able to dissipate enormous kinetic energy of the train into frictional heat energy. Sintered pin-type metals are
mostly used for friction materials of high speed brake pads. A pad comprises several friction pins, and the topol-
ogy, length, flexibility, composition, etc. have a great influence on the tribological properties of the disc brake.
In this study, the topology of the friction pins in a pad was our main concern. We presented the optimization of
the topology of a railcar brake pad with nine-pin-type friction materials by thermo-mechanical contact analysis.
We modeled the brake pad with/without a back plate. To simulate a continuous braking, the pad or friction mate-
rials were rotated at constant velocity on the friction surface of the disc. We varied the positions of the nine fric-
tion materials to compare the temperature distributions on the disc surface. In a non-optimized brake pad, the
distance between two neighboring friction materials in the radial direction from the rotational center of the disc
was not equal. In an optimized pad, the distance between two neighboring friction materials in the radial direction
was equal. The temperature distribution on the disc surface fluctuated more for the former than the latter. Opti-
mizing the pad reduced the maximum temperature of the brake disc by more than 10%.

Keywords —brake pad (452 =), contact analysis (53/147), topology optimization ($1’3%|2]3}), finite element
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(a) Brake disc

(b) Brake pad
Fig. 1. Brake disc and pad of KTX.
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Fig. 2. Pins deployed at unequal interval.
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Fig. 3. Pin positions of the new and current pads.
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Table 1. Properties of the materials

Material
Properties Brake Friction

Disc pin
Density (g/cm’) 7.85 54
Elastic Modulus (GPa) 202 102
Poisson’s ratio 0.29 0.29
Specific Heat (J/kg/C) 418 418
Thermal Expansion (1/°C) 1.089X10° 1.67X10°
Thermal conductivity (W/m/°C) 33 24

Fig. 4. FE model with 9 friction pins.

Fig. 5. FE model with a pad assembly.
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Fig. 6. Temperature distribution of the disc at 2.5 s.
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Fig. 9. Temperature of the current design at 2.4 s.
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Fig. 10. Temperature distribution along the radial line
of the new design at 2.4 s.
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Fig. 11. Comparison of the maximum temperatures of
the current and new pads with respect to time.
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