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Abstract This study aimed to improve the performance of the KTX (Korea Train Express) brake system.
To develop a braking disc-hub for the high-speed rail, the model performance was analyzed by finite
element analysis, and the analysis results were verified using the braking test results. In addition, heat
transfer analysis, thermal stress analysis, natural frequency analysis, and static analysis were conducted
to examine the mechanical performance of the braking system. By deriving the design factors and
conducting parametric analyses according to the shape of the hub, this study derived the optimal
specifications that could improve heat dissipation and reduce weight. The cooling efficiency and
structural performance of the optimization model were improved during braking compared to the
existing model. It is expected that the design verification will be carried out through analyses of the
optimal specifications so that it can be used in the development of brakes in railway vehicles and motor

vehicles.
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Fig. 1. 3D model of the disc-hub assembly
(a) Old type model (b) New concept model
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Fig. 2. FE Model of the disc-hub assembly
() Old type model (b) New concept model

Table 1. Material Properties

Item Disc Hub Bolt & Nut
Material name CI];IEISZ—%S SCM 430 SCM 435
Elastic modulus 213 GPa 215 GPa 205 GPa
Poisson's ratio 0.29 0.30 0.29
Yield Strength 1,014 MPa 841 MPa 900 MPa
expz?i?;?aéoef 122 gm/mK | 121 gm/mK | 11.1 zm/mK

Density 7.85 g/em’ 7.83 g/em’ 7.85 g/em’
Conductivity 46.0 W/m'K | 46.0 W/mK | 42.7 W/m'K
Specific heat 452 J/ke'’K | 448 J/kg'K | 477 J/kg'K
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Where, ¢ denotes correction factor,
z=a/g denotes braking effectivieness,
a denotes deceleation [m/s],
A, denotes disc-pad contact surface [m’],
v denotes velocity [m?],
¢, denote pressure distribution factor,
m denote mass [kgl,
g denote acceleation of gravity [m/s*],
¢ denote correction factor,
p denote density [kg/m®],
k denote thermal conductivity [W/mA],
T denote temperature [#],
C, denote specific heat [J/kg K]
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Where, h denotes film coefficient [ W/m’K],
! denotes disc diameter [m],

u denotes viscosity of air [m?/s]
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Fig. 3. Boundary condmons of thermo-mechanical
coupled analysis
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Fig. 4. Temperature contour of old model for
thermo- mechanical coupled analysis
(a) At 54.5 scc (b) At 173.2 sec
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Fig. 5. Thermal test and analysis result
(a) Thermography of disc and hub,
(b) Temperature graph
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Fig. 7. Displacement contour of old model for modal
analysis
() 1st mode shape, (b) 2nd mode shape
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(b
Fig. 8. Stress contour of old model for strength analysis
(a) Disc-hub assembly, (b) Disc, (c) Hub
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Table 2. Parametric analysis result

Temp. (°C) | Stress (MPa) | 1st
Case No. Dis. Bolt natural
(mm) | sp1 | Sp2 hole | Hub freq.
ole (HZ)
A-1 | 16.0 | 163.4 | 80.90 | 48.11 | 35.51 | 337.38
Hub-Disc | A-2 | 16,5 | 164.4 | 81.31 [ 48.10 | 35.50 | 337.77
&) A-3 | 17.0 | 164.7 | 81.50 | 48.09 | 35.49 | 338.70
A-4 | 17.5 | 165.6 | 81.95 | 48.01 | 35.41 | 339.20
B-1 | 436 | 167.1 | 80.69 | 47.95 | 35.67 | 334.36
Hub-Otr | B-2 | 4.86 | 164.4 | 81.31 | 48.10 | 35.50 | 337.77
() B-3 | 5.36 | 162.2 | 82.37 | 48.19 | 32.76 | 344.08
B-4 | 5.86 | 160.7 | 83.37 | 48.27 | 30.33 | 349.37
C-1 | 1255 | 164.4 | 81.45 | 48.00 | 35.44 | 337.57
Inr-Otr | C-2 | 13.0 | 164.4 | 81.3148.10 | 35.50 | 337.77
© C-3 | 135 | 164.3 | 81.10 | 48.07 | 35.45 | 339.00
C-4 | 14.0 | 164.2 | 80.90 | 48.11 | 35.46 | 339.66
D-1 | 26.0 | 164.5 | 81.51 | 48.02 | 35.44 | 337.66
Inr-Otr | D-2 | 25.0 | 164.5 | 81.31 | 48.10 | 35.50 | 337.77
D) D-3 | 24.0 | 164.6 | 81.03 | 48.26 | 35.54 | 338.24
D-4 | 23.0 | 164.8 | 81.35 | 48.64 | 35.57 | 338.39
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Fig. 10. Temperature graph comparison with old and
new models Fig. 12. Stress cotour of new model for thermo-

mechanical coupled analysis at 172.6 sec
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Fig. 14. Stress contour of new model for strength
analysis
(a) Disc-hub assembly, (b) Disc, (c) Hub
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