&3] 2 (1998), A14W A%
Journal of KSTLE(1998) Vol. 14, No. 1, pp.28~36

=t

MEUAM Cla3 B0|32] AHS| &st

HYR - =5
Foluistz EvjolBuA A4l

Finite Element Analysis of Thermal Behaviours of
a Disk Brake in High-Speed Trains

Chung Kyun Kim and Seoung Hyun Cho

Tribology Research Center, Hongik University

Abstract—This paper presents the thermal behaviours of a solid type disk brake for a high-speed
train. The thermal behaviours of a brake disk with 50mm thickness shows good performance com-
pared with 45mm thickness of a disk because of a high specific heat capacity. The FEM results
show that the thickness of the disk with a same weight of the brake disk should be increased for a
good flexibility of the contact thermal problems. Therefore, the ratio between the pad and disk in di-
ameter may be reduced and the thickness of a disk increased.
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Table 1. Mechanical and material properties of a disk
brake [6]

Disk thickness

[ 45 mm 50 mm
Specifications
Elastic modulus, N/m’ 2.15%10" 2.15% 10"
Poisson's ratio 0.3 03

Mass density, kg/m’ 7.850 7,850
Coef. of thermal expansion, mm/mm-K 12x 107" 12x10™°
Thermal conductivity, W/m-K 45 45
Specific heat, Jkg-K 460 460

Table 2. Simulation data of a disk used in the finite
element analysis

Simulation Conditions Values
Vehicle axle load, kg 17,000
Wheel diameter, mm 920
Number of disk per a axle 4
Initial velocity of braking, km/h 350
Convection coef., W/m™C 60.74
Atmospheric temperature, "C 35
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Fig. 2. Solid type disk model for a high-speed train.
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Fig. 3. Temperature distributions between flat pad and
45 mm disk brake with a maximum speed of 350 km/h.
(a) Temperature distribution of a disk, (b) Temperatures at
nodes 26 and 39
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Fig. 4. Temperature distributions between flat pad and
50 mm disk brake with a maximum speed of 350 km/h.
(a) Temperature distribution of a disk, (b) Temperatures at
nodes 26 and 39
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Fig. 5. Temperature distributions between spot pad and
45 mm disk brake with a maximum speed of 350 km/h.
(a) Temperzture distribution of a disk, (b) Temperatures at
nodes 26 and 39
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(a) Temperature distribution of a disk, (b) Temperatures at
nodes 26 and 39

wek gz FA7F 50 mmal 3ol digh &%
B2 844 BelF Fig 69] A4bA#E Bl Beo]
A lAazme FA7F 45 mmel 7 S$-ol] niste] vlabyd
2T E ¥} 440°C o3l eby o], tiaz wlw

of Blad A BxE Q7] Wil FHAF &
Az vl wd felsiet o= v AR
%L 2% 410°C-E BojF AA 274 4= Fig. 5(b)ol]
ujgle] 257} AA Fov, sjrel A A E3HA| o
3= A 390f 4] = 360°CE 45 mm F742] 380°Col] H]
shod efzk A vebydoh

Vol. 14, No. 1, 1998



34 R

Table 3. Maximum temperature of a disk with a max-
imum speed of 350km/h

Temperature, "C Flat Spot
Disk Thickness, mm Pad Pad
45 500 550

Hufola] o} A= Fria| vl (FA: 45
mme} 50 mmy$- vlast 447)e] Ang eofsid, t
2~z nbabad o] EA7) 50 mmEs T A A A vl
A7} 45 mme| FAE zhe v) el wlsle] o gak
o] =7} wj¥oll vk 2wrt ZA Y, FUsHA

Bysls ASgde S uw no) okl dAe} 3
4 glrt.

ERie H 9P Hupo] 4] sj=r} ] 2zs) vpabg &
$F(F 755 350 km/h)E 3= 79 2nto] Al EHC
o} nhahe-E-g &= Az n}gude] HFer =

Table 3ol 4] | A)8h= A 28] <2k 10% A % =7 \er‘}
whevh 2 vg 571 350 km/o) i HFerais &
A= g B 2% ALl ol

4-1-3. ClA7 - =2 HENE Y

Clzz kst e abels] nlmy ohd & E
A% A BAeld 2 s me) el 3e
shaede) JFAYOR Fig T4 wel T AAY
Huto] o} A E5hs x|ojol ] E5abA AL
oF 4olet.

Fig 7¢ 378l uto] ohablsl 4l ali 25 o

& AEAE o Ama) YRahs FAelA

w8
Tt ; 4 mtascd
NED : a00ee20
|} sas00cs

Ll saroncs

¥

L.

| S—

Fig. 7. Deformed geometry of a disk contact surface.

Journal of the KSTLE

wfo] shrke] g3}
| e o] A4 o}
71402 whie) ofelgh vk ]3] Z7hs

ol dge] maah Aol me ek vhde] 413
wof Tl 2zs) shets kel 4bE o) Kk

4-2. GHY NS N

claz Reb2 dgdy nhade] o3k A% A
& vhEgo] vl Az oA BddstA it
Tl Zebe FAYR S| 9 Bt A sl
3" s)7] wiol] AAIH AEw npdo] = ubAE}
A "}, et shakede) Tl Az R E FAsH 4

(®)
Fig. 8. Thermal deformations with a maximum speed
of 350 km/k in flat pad-disk rotor. (a) 45 mm disk, (b)
50 mm disk



w4 QA A taz neolze] A7 Fol He fTsiaHA 35

kg o sz opge e 20)8 W 1l &
2)&F 4= gl o m 2 )7} ¢ o} t] A3 Fig 2004
wolE A AEHelA Fsh oz ndA 3
AFS- kg gleome Zulsko v wido] whAlE)la, o
2] u|HUAel mE F4E oAz HEY A}
(Thermal distortions}& -2 27| WAl b, o]l upE
A3} 48, ohedo] MaysiA ek,

4-2-1. CIATV} BRA HEQ HESHE 29

Fig. 8& 2] szo} &3l v]z0] 3
o 71££ g Axg o)z FA7E 45 mmel 7

i Fig. 8(a)ell A MoiF= ZAAME 0.64 mm A 2]

O

2
r fnl

[ =
.
e 1ty
TRAEQ - 4.508400
{sarence
A

asTeon

ERrY

i Displacamant ¢ J

(b)
Fig. 9. Thermal deformations with a maximum speed
of 350 km/h in spot pad-disk rotor. (a) 45 mm disk, (b)
50 mm disk

$leko| Fig. 8(byeoll 4] Al A8l 72
0.42 mme] 33k wigjafo]| Aabuhiof A FASHA

= ZH= v 237} 45 mm
o FAE 2t ] 22710]| wlsled 35% Yo AWy
g0l A A gk A 07 50 mm v] el 49
spwefo|n} Zupak Al 71 el
tjaze) FA7F $4% 50 mmrh 33 g &
o 4 efetdl freldhs o 5 sl

4-2-2. C|A37} Hetola M=t F&sis HF

Fig. 9= Aol whaba) sf =9} A 5she vl
o] Zulsf AWy A5g Mg Ay o)Az T
7} 45 mmgl - Fig 9a)ell A Bo-F= AMH 0.
72 mm A X2 &H}aE v ojeko] vl Az o] Akl
& wkayslar, ol ~=3e] FA7F 50 mme) 73-9-+ Fig.
9(byoll 4] HodF= 7 0.54 mme| Hubsk Wk
o] FpAFuhtoll A Ay sk AL glet. o] A it 2
t]~ 37} 45 mm v]AFel] Hlste] 25% Hx dwlE
HEo] AHA Agcls Zlen wpH kot Hubak

Aol FolE7] wiiel 3A A FrdellA 2l
g o ot

HriA] s =e} Afutol ] Hurt vy} v S
258 3l Ao Hulo|Al Hrol vpALES =
U~z vhabH el Enb3E W 9jekg Table 4oll4 24
glch, o] ZAuloll ol sl 45 mme| Tl stel A= 12%,
50 mme) A% 28% =A vehgdo) Al &9
ol A Bl cre] & EHuheF Welsk Sk ok 2
v} T4 50 mm v]A A 45 mm ]| 88}
of whaygl Awiel ek H7|7F hebs] A vebydct

Fol aE EolE

5.2 B

Tlazish vhaAl = Afole) vlm3) ubdel 2)ah
obared Mg o] 2o Adbale] r]az vh A
2 eywolde] £x yEe} iy AEEAE o)

Table 4. Comparison of a thermal displacement be-
tween flat pad and spot pad

T _Axial Displacement,  Flat  Spot

Disk Thickness, mm mm Pad Pad
45 0.64 0.72
50 0.42 0.54
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