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Thermal Stress Characteristics of a Disk Pad in High-Speed

Trains
Chung Kyun Kim and Seoung Hyun Cho

Tribology Research Center, Hongik University

Abstract-The thermal characteristics of a disk such as temperature distribution, thermal
behaviours and thermal stress during a braking operation has been analyzed for a
high-speed train using the finite element method. The maximum stress for a pad
loaded against a disk was occurred at the trailing and leading edges of the disk pad at

the wunderlayer-backplate interface.

The FEM results indictate that the thermal

characterisics of the spot type pad shows good performance compared with those of _
the flat type pad. Thus, the spot type pad in brake system may be recommended for

the high-speed train system.
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Table 1 Mechanical and material properties
of a pad[4].

Pad Type Flat | Spot
Specifications pad pad
Elastic modulus, N/mm’ 1.059X 1‘059><
10 10°
Poisson’s ratio 0.3 03 —i
Mass density, kg/m’ 2,500 | 2,500
Coef. of thermal expansion 75%x | 75% ¢
mm/mm - K 10° | 107
Thermal conductivity, W/m - K| 46 46 i
Specific heat, J/kg - K 800 800

Table 2 Simulation data of a pad used in

the finite element analysis.

Simulation Conditions Values
Area of a pad, m* 002"
Thickness of a pad, mm 24*
Initial velocity of braking, km/h 30
Convection coef., W/m‘T 60.74
Atmospheric temperature, C 35

* UIC code 541-3
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Fig. 4 Thermal characteristics of a flat

type pad as a function of heat fluxes

transferred to a pad.

WYY 2A4E HEe ydPoes AWy
AL AEE 2+ Ad @A H=
T g3 A4 Hd dHEH] 58
A€ AHEELY] B 7FEF wtEdo] A
gHolx d¥iyFo] HdHoz FHA T4
go d=e d23d vgte dAxgo] U
Wyl qEo] wtAREAANN HFHo| 3A T
Adstez 53 yEd, dAEA, W9dA
ol 48 £AF AHEHoE Eyolz A%
Al AR EERE B2 F Ao

obda) H=rt g239 ojny oA EF
£ WA LA E A EANAY Hun
2o Ao E¥¥FE =g ALHE dd
Fo o3 FASY Fig. 49 Zo] AN
F Y. A=z dgdEHeE AEdFo] 10%9
A 0% F7HE wetA mpEEq A ¢A
HE Ju2Es g34el ZA Frste 73
FE EAFn gl

Fig. 5 U9 HdY A= mdoA
G 43 2¥ISTE HAFE 492 J=
9 $AdE H¥(Bonding)® H $AdA
1% € 23MPay & d§Hol da,

oJAL HEs WY} P HAYE A
oA HFE S sof e g%
SEo) WA %€ Aelze Aol
Y dw¥ygol A eA® A=Y 4y, F
qxas 4o vt EF e e A B394
7t e 4o gARA

(2) Hetol4 = =(Spot pad)

4719 HHY H=g 34y Huolg 2
T aEA H=E BNt 43 AFEANL
Faddez #HAHt. Hurejdh Hut
o] Atolel= AW NAG KFAINEE A
A, Huto] Alelg FAAM dlF EA
o] A3 LR F UEE Hupo] 37
§ HAsA NEsd dZassg Id3A
4 % it nng s Qs ohEde
8 golx Yzt npddate o3 dani
& 34 294 + Ydes FHE Zu dey
Hutold] HzoMe FRA opF d4Y
THE Ao Bt

Fig. 65 H1%%7} 350km/holx, g3
o Hutol4 =9 nlAWNA GAE v
EFNM H=2 Add vlAde] ¥ 2=
¥ d¥Y AFFE 2 BdFa gl
o H=9 daae AvdA d4E v P
g9 80%= t2az ALHn, UAA 20%
% oelAdy =2 Agfdn s

Fig. 6(a)iA] BoE FHutold sz npit
HelM e HALEE 910CE AHutolg] o}y
g WA dAyFoz ¢AHD, ol
AFEA e ¢IdAANE 430C2 €5
HEH Aol ¢AEY. o] A3g duy
A%%o2 EAY Fig. 6(b) 93 Ho
YUY FL d2adg Ay = oiAx
oA 0.2lmmst x4 ez ¢S, H=

—25n—



Maximum siress regon

1400 , r . , .
T o
i & 12004 / |
) Position | Stress (MPa) g )
] A 80-85 g 1000 / J
- G BEIEEE L. / ]
1/ { 96
1] 600 i
P 91 3 -/
/| t 97-499 400 . - , . v
]I 5 10 15 20 25 0 35
B 3 10 Input Flux, %
EImAVAY, G B e
[ ! )
51 H 2073 (a) Maximum temperature
Va4 4L
i
n , , ; y .

Fig. 5 Contact stress distribution of a flat
type pad at end of heating period.
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(b) Thermal deformation in axial direction
Fig. 6 Thermal characteristics of a spot

pad with a maximum speed of 350km/h. Fig. 8 Contact stress distribution of a flat
type pad at end of heating period.
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(a) Initial contact geometry

(b) Distorted contact geometry
Fig. 9 Contact geometry of the flat type
pad.

(a) Initial contact geometry

(b) Distorted contact geometry

Fig. 10 Contact geometry of the spot type
pad.
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