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Abstract : This paper describes the thermoelastic instability arising from friction heat generation in braking and
proposes the finite element methods to predict the variation of temperature and thermal deformation. In a conventional
disc brake analysis, heat generation is only related with wheel speed and friction material and the interface pressure
between disc and pad is assumed constant. But, under dynamic braking conditions, the frictional heat causes the
thermoelastic distortion that leads to more concentrated contact pressure distribution and hence more and more
non-uniform temperature.

In this paper, to complete the solution of the thermomechanically coupled problem, the linear relation model between
pressure and temperature is proposed and demonstrated in examples of a simple two dimensional contact problem. And
the two dimensional model has been extended to an annular three dimensional disc model in order to consider more
realistic geometry and to provide a more accurate critical speed for automotive brake systems.

Key words : Thermoelastic instability(&d €A 89+ A3), Contact frictional heat(% < v} 9), Hot spot( & 4d), Hot
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Nomenclature P :Pressure distribution, N/m’
a :deceleration, m/s?
N 1. A 2
y  :heat distribution factor, %
v, :vehicle velocity at begin of braking, m/s AFa Yad HEolay B3 &3 A]
V, :relative sliding speed, m/s Byola ZFAlel ATl(udder) E= FHIEYX
R, :outside radius of pad, m (roughness) 2 ¢ A F3} 5 4o A7}
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R; :inside radius of pad, m

f . friction coefficient
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Table 1 Material properties of disk and pad

Material Properties
Modules of elastscity [Pa], £ | 125%10°
Poisson's ratio, v 0.25
Disk Thermal expansion coefficient « 12x10 ~®
Thermal conductivity [ J/k2C], K 54
Specific heat [J/kgC], C 586
Density [kg/m°], 0 7100
Modules of elastscity [ Pal, £ | 0.53x10°
Poisson's ratio, v 0.25
Pad Thermal expansion coefficient, o 30%x10 ~8
Thermal conductivity [ W mC], K 0.5
Specific heat [ J/kgC], C 1.034
Density [kg/m?’] . 0 3660
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Table 2 Convective heat transfer coefficient of solid disc
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Fig. 1 Node-to-segment contact in 2D
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Fig. 2 Temperature distribution of initial braking
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Fig. 3 Temperature distribution of braking ( £=4.578 sec)

180 v T T T e u
160 B
40 4
3
120 2wy
gaoo } s
2 & 1
60 B
40 L
)28 AT 5272
l*“ﬁ . ‘ , , )
10 15 20 25 30 3
time (sec)

Fig. 4 Temperature variation in the upper surface
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Fig. 6 Temperature distribution of initial braking

WODAL SOLUTION AN
PR 30 2002
STER=19 22:10:22
8uB =10
TIMe=4. 578
TEME tave)
RSYS=G
PMX =.010001

51.23% §5.49 115.735 153,98
34.123 63.368 102. 613 136.858 171.103

Fig. 7 Temperature distribution of braking ( /=4.578 sec)

Aoz s} MR o3 A7le A9 FFE
e, Hre HEshs Uaa Ao 99
Holl sl Ztztel e 29 g LS
2N A=t HEFSHE HAA L HRE U vk
& R 2xr} v wol S48t 9l Fatolth

Fig. 72 7}&0] 95 5= Al7H4.578 sec)d ull T
~39 HEe] LEEEE Yl ot Haa
o] AW} ol Y] LEE R Kol HUiA ¥
el HaAs Abgste] vebd Aae A 27] 2
£o] AlFEE Tl S ol e b e
Aol gl o), Aol fhuH e At 24
3t shE o] Abolol ok 2= FIETF AA Aol E
Bolq glrk o2 2o wkE AE ) 22 o2
Wo) ATk Fdol v A Aolrk g glE
€ 5T+ Aok

Fig. 82 @ AT 7 3tell Bt A4 =l
X EEE 5T A oo|th Fig 49} 8w eiA o

—

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 6, 2003 97



243 - 23

REPA s«ar«'%
I T
time (sec)

Fig. 8 Temperature variation in the upper surface

A2 FANA A 22X} 4259 Aolrt A
AL B Yo, o)A A0 AESY A
F$O0®8 Q3 SEZVIE B F uh whEhA, RHEA
S7A) 88 Aol e gt AA, FHEAI
& A)(Hot spot) ©. & A48 4= 31 &-& HAFET

322 M= o=HER ofX 23}

o A5 A9 Ck’:ﬂ EHe Y X E 3
3} Fig. 9, Fig. 10
N3} o} o} ?ﬁ%"—% A3+ ﬂ A)

=

a5 Aol Hleo s dHEY 3
W3} ofe el dfolrt FH A et ek of
Ae 2 F4 2o g3 si=e vl o
3 AEgHo) MR BEYE AL 4 5 Atk

A rdel AEqteR ¥ e AW EW Fig 99
Fig. 1004} 22 2}o] & &7} At A F =71
= =g XL WAsE HolX &, Azt
t=1.43 29 = AAHQA ASE HolHA ey
A 2 gaze) Wyl s HEste et 4F
< o} g o) B PE 7t 2 A el a ok
AF &8 AY we tEREE fHH of
g Ao o} 2 A HEE ghhlia 3lem, ol
AFE gaze) g g=of dEe HRHR
W3l A Y239 A EH S A3 5 Uk

98 SIXNSXSES=RE MilA Fes, 2003

- olcha] - Pz

I
T
420,001 {5) |

s tad 285 (5}
. 4578 }
o

oret p(N/n?)

.....

g v &FRX
Fig. 9 Pad contact pressure of upper surface

»
- $40.001 (5) |

— 10,422 (5)

— 0891 (5)

s (21,43 (5)

4 =1652(3)

o f=1848(s)

4 m2083(s) .
> ta2636 () .

o} 4 =3432(s)
— 24285 (5)

t4.578(s}

T

etef p(N/m?)

PR
P

5 8 smmn 8

Fig. 10 Pad contact pressure in lower surface

GAe Yl 48 LT e 450 %
FHQ AR BAsE, gl grd AH
3 DAAE Fo) Bk $HTN NES 47
wzaﬁq
]g}g_ﬁ A]x—)o
im-ﬂ-%@&ﬂalﬂﬂ
7L AR S 5 olvh Bl

I
S
DA )

= e ]
023 g3 QY S wdd o) 197
Holl A g8 ol 7k A LAskaL 9laL, 23 3
WAtol 9] Az TYREE IF A= FEY
4 g oo oJg ZRA o2 AZHol WAy
83 Ut} Fig. 128 452w glA o] Bute §



Sej=ada) 2D YRS AKSE BEol3 T30 Ay

AN

APR 30 2003
sTRER=19 . 22114531

RODAL SCLUTION

i L -
129E407 . TS1s£407
543639 1832467 32228407 L 4532407 - §79K407

——
27.138 Z57E+07 38EER0T

Fig. 11 Von mises stress after deceleration( /=4.578 sec)

AN

AFR 30 2003
STER=AL 22:98:49
sus =10
TIME=)E
SRV (4¥G)
DMI =, 406804
My =, 14764
SME =.958E+07

NODAG, SOLOTION

1475 Ta36E+07 TESERAGT

759 BEE 255
1058407

. - ssizaar
st SR 285E807 9568407

Fig. 12 Von mises stress after single stop braking
( £=35.0 sec)

ST A GLYRT

2 @)tk Fig. 119 A 7+
&o] AdEH T HREA

Ad )@ A&7
%7} o} H 7] o

=
NeR
=
T

Ll
o

2

| ddsEa fFEA =4
A2 =2 ol s
o =

= ALY o) 3 AL Hel o8 L
H,
[e}

AAANFA st pRoE BE A7) Lav)

"asgAw, A A4RNNE S R 2-

TEHGS FOEN BRTANNNE 2L 7
7k AT

AA & BaolAE e AT e
2 AT AEH 2 glot, AR s A4S vt
o e BARNE DA Fone JHe}
T & 7E T A FAe) IRl A=)
Hat ddEe) AR T HAss TEE
AHE-3ted AN HeAFx) g A=) qhe st
¢ diH e WSk v, B F, 2D &
A9 HREN AT JEF BT PR A ¢}
HH g F7 AR gL Aolg B
e 2T AL, U= R L
B} Aol & dobd £7F Y-
L 7)ES) BN uskA 2
W3 Hazg ZAzAE F7H L
B3, =3 29 DAske R &
AL AN5E 57 AR

FAAE T AR AE

, BAsH: @77 APHARAL,
ASFE B aae) Eo) 2R

)
1 K
zO

Hd
o
2 g

ST
Yo
.
i

e
@l o o
EAR =
o &
2 oz o=
£

&

2

A

tlo

1%

¥

N

;9‘

£

A ko] o) 707 AYL el =Pk,

References

1) C. K. Kim, B. Y. Sung, “Thermal Behavior
Analyis of Disc Brake System during Quick
Braking,” KAME A, Vol.22, No.6, pp.1106-
1113, 1998.

2) C.K.Kim, K. I. Lee, “Tribological Analysis on
the Contact Behaviors of Disk Brakes Due to
Frictional Heatings,” KSME A, Vol.23, No.10,
pp.1845-1852, 1999.

3) D. C. Shig, T. J. Kim, T. S. Chi, K. Y. Kim,
“Optimal Brake Disc Design Method for High
Speed Judder Reduction,” KASE Autumn
Conference Proceeding, pp.905-912, 2000.

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 6, 2003 99



Sang-wook Kang - Chang-jin Kim - Dae-hee Lee - Heung-seob Kim

4) T. H. Lee, K. K. Lee, S. J. Jeong, “Optimal

5)

6)

Design for the Thermal Deformation of Disk
Brake by Using Design of Experiments and
Finite Element Analysis,” KSME A, Vol.25,
No.12, pp.1960-1965, 2001.

R, Limpert, “Brake Design and Safety, Second
Edition,” Society of Automotive Engineers
Inc., 1999.

Kao & Richmond, “Brake Disc Hot Spotting

100 sizxIsAZstsl=27F A11A 6s, 2003

7)
8)

9)

and Thermal Judder : An Experimental and
Finite Element Study,” International Journal of
Vehicle Design, Vol.23, No.3/4, 2000.

S. J. Jung, ANSYS- Heat Transfer Analysis,
TSNE, pp.225-241, 2001.

Taesung Software Engineering Inc., Selected
Problems for ANSYS User, 2002.

D&D Engineering Inc., “Non-Linear Analysis,
pp-1-42, 2003.



