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A Study on the Fatigue Damage of a Railway Disc Brake Surface
Due to Thermal Stress During Braking Using FEM Analysis

FAR . Ygate - gey’
Se-Min joo - Yong-Sang Kwon - Ho-Kyung Kim

Abstract In order to investigate the thermal cracking of the rolling stock brake disc, finite element analysis was
conducted on the temperature distribution and thermal stress of the disc during braking. In case of initial vehicle speed
of 90, 106, 120 kmvh, the maximum temperature on the disk surface due to braking was 135.9°C, 1:‘57.9"(3, 178.7°C,
respectively. And, the maximiun von-Mises stress at ‘the disc surface was 42.4, 50.3, 57.1 MPa at a-speed of 90, 105,
120 km/h, respectively, indicating that the stress increases with an increment in the speed. Damage fraction due to
braking during one year running on the Seoul - Busan line was determined as 14.6%.

Keywords : Brake disc, Finite Element Analysis, Thermal stress, Fatigue damage
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Fig. 1. 3D geometry and F.E. model of the brake disc
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Fig. 2. Boundary conditions for thermal analysis
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Table 1. Material properties for F.E. analysis [7]

Thermal properties Numerical values
Initial temperature, T (°C) 30
Density, p (kg/nt) 7,150
Specific heat, ¢ (J/kg-°C) 460
Thermal conductivity, k (W/m - °C) 54
Coefficient of thermal expansion, o (1/°C) 10.5%10°

Table 2. Specification of the railway vehicle [7]

Item Spec. Item » Spec.
Vehicle weight, W(kg) | 43000 | Craking ;fﬁ"‘e“"y' 0.9
Brake cylinder diameter, 254 Friction coefficient, 035
d (mm) ]
Brake cylinder pressure, - Spring pressure,
. 0.
» (MPa) 0.379 k (MPa) 033
Disc diameter, Wheel diameter,
482 860
T4 (mm) r,, (mm)
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Table 3. Maximum temperature and its time for various velocities

Total Maximum Maximum
Velocity | braking time | temperature time temperature
(sec) (sec) (°C)
90 km/h 86.2 54.7 135.9
105 km/h 89.2 56.9 157.9
120 km/h 92.6 59.3 178.7
TIME=54 7sac
Contour Plat
NT11-Nodal temperature{Scalar value)
1 3BBEH02 Temp=1328
[1 247E402 Temp=1359
81 1276402
1.008E+02 Temp=1227
& BE3IE-H1
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41056401
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Fig. 3. Temperature distribution due to braking at 90 km/h
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Fig. 4. Temperature distribution due to braking at 105 km/h
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Fig. 5. Temperature distribution due to braking at 120 km/h
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Fig. 6. Variations of temperature as a function of time during
braking of three surface locations at v= 90km/h
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Fig. 7. Von-Mises stress distribution due to braking at 105
km/h

Table 4. Maximum von-Mises stress values on the disk surface
during braking for various velocities

Velocity Time at ma)'(imum stress | Max. von .Mises stress
on the disk surface on the disk surface

90 km/h 13.6 sec 424 MPa

105 km/h 13.2 sec 50.3 MPa

120 km/h 13.9 sec 57.1 MPa
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Table 5. Damage fraction per 1000 cycles braking

Velocity | Max von-Mises cygzntl:e;aﬁlflre r(;?irélas:r
(knvh) | stress (MPa) (x10%) 1000 cycles
120 57.1 169 0.0059
110 52.6 319 0.0031
105 50.3 451 0.0022
100 47.7 678 0.0014
90 42.4 1679 0.0006
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Table 6. Damage fraction due to braking as a function of velocity for Seoul-Busan line
Velocity
(km/h) 120 110 105 100 90 Note
1 year [7] 11,220 10,560 10,560 11,880 9,240 | return/day
330 days/year
damage fraction 0.0664 0.0331 0.0234 0.0175 0.0055 Total 0.1459
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