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Abstract — The temperature-dependent tribological properties of brake discs for a train were examined in this
study. The discs were produced using heat-resistant alloy steel, which showed different thermal conductivity
after the heat treatments. A commercial brake friction material was used to evaluate the friction effectiveness,
and the friction tests were carried out using a 1/5 scale dynamometer under various initial braking temperature
conditions. The results showed that the tribological property of the disc was strongly affected by the heat treat-
ment schedule. At low temperatures (below 250°C), the friction coefficient increased as a function of disc tem-
perature, indicating that frictional heat increased the adhesion between the disc and pad. In addition, fade was
observed at high temperatures (above 250°C); it was pronounced in the case of the disc with low thermal con-
ductivity. The different fade resistances observed in the discs with different heat treatment schedules appear to
be influenced by microstructural changes such as carbide redistribution occurring during the heat treatments,

which affected the thermal conductivity.

Keywords —thermal conductivity (83 %=%), fade (F°]=), friction coefficient (FF&A|S), brake (*1%-), adhesion
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Table 1. Composition of brake discs (wt.%)

Element Fe C Si Mn Cr Ni Mo V

A 9 0.27 038 0.99 0.81 0.99 0.52 0.05

B 9 023 0.77 0.41 0.80 0.90 0.78 0.11

C 9% 025 047 062 1.1 099 0.57 0.12
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Table 2. Surface roughness of brake discs

Disc R. o
A 1.36(+0.14) 35.74(+0.23)
B 1.16(+0.09) 37.09(+0.94)
C 1.22(+0.04) 36.59(+0.33)

Table 3. Composition of brake pad (wt.%)
Element Cu Fe Cr S Mo Mg Al P
Brake pad 45 40 97 19 18 12 032 0.16
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Fig. 1. Scale dynamometer used in this study (A: caliper,
B: disc, C: load cell, D: inertia).
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Table 4. Friction test procedure

Speed : 130 km/h (610 rpm), Pressure : 20 kgf/em’,
Inertia : 120 kg
Burnishing IBT : 70, 50times
IBT test IBT : 70, 170, 270, 370, 470, 30 times
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Fig. 2. Tensile strength of discs measured at 25 to 600.
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Fig. 3. The thermal conductivity of discs as a function
of temperature.
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Fig. 4. SEM micrographs from discs before braking
tests (a: disc A, b: disc C).
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Fig. 5. The friction coefficient and disc temperature as
a function of time during braking.
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Fig. 9. SEM micrographs of transfer film on surface of the brake pads (left: (a), right: (b)).
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