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A Study on the Temperature Distribution of Disc Brake System Considering
the Material Property of the Disc Brake Piston

Soo Tae Kim*, Jin Han Kim®, Joo Shin Kim"

L Abstract I

Braking performance of a vehicle can be significantly affected by the temperature increment in the brake system.
Therefore, the important problem in brake system is to reduce the thermal effect by friction heat. Recently, many studies
have been performed and good results have been reported on the prediction of the brake disk temperature. However,
the study on the pad, piston and brake fluid temperature is rarely found despite of its importance. In this study, the
temperature distribution of the disc brake system is studied according to the material properties of brake piston. Vehicle
deceleration, weight distribution by deceleration, disc-pad heat division and the cooling of brake components are
considered in the analysis of heat transfer. Unsteady state temperature distributions are analyzed by using the finite
element method and the numerical results are compared with the experimental data.

Key Words : Disk Brake(T)A=L B.#0]:2), Finite Element Method(-3-5F 24 147), Brake Fluid(2#|0] = ©.4J), Caliper(Z42] ),
Pad(3] =), Piston(3]AE), Brake Fluid Vaporization(2go]= 2 H|%)

1. M2 a4 3 QA A7 Esie QAR 453
A A% Wé*é, A5 23 Hold, We WY AT
B45) 7BH: AEA BT daot el mEARY B2 F9 o ol Haa Baolag FHA A4S
b ASAY AT LW, Z Helola A A 3 s Ak

* Z AN 7| AFE T (stkim@changwon, ac kr)
Fax 641-773 A FHUA A E 9vlx] 7| AFEat
+ ZAdea 7| AZsta sk

45



a2y A Hjola FA= 1402 A Ha

219} 9= Ajojo] vfko] WIte] mt 120] Qo] Wiyl
A Bek geby oA Bdola Nage Auge 9
W, ol B e £E0} 2o BE B EAA

& WAL,

T3, ARG 129, 243, A 242 A5
Ax B A4S op Ahold LHEn vl o
WA whe, o 29, BEjola 29 HE 5 oa A
QH FAE WINA A7 1802 AATY 57 Do)
U 249 BAE Qo)A Hick njeby Baola AlAYe
Hel & uhgst o]z QIFt £E A4 o) A2
B5o] 2% 242 Bg

22 Hao)a gAINe) Lk oo ot AFE B

o] 4RI, T AN BojED Y9, =y

AR ol ol A7 F& Heol29 fAad) T
# A4 BAE 22 421 Jo mdo|aolA o wie

a2 a

JNé

2 % RAle daolqtt =3 HA| et H=S 5
AL H2ES T HEflo]a 299 2EE AL

o2 Qlslel Bol2 24 B5 EAE dour.
ik 1 2 AT f3 BAHS o] §3te] ABA| 7
éalﬂ HAE, Hifo]3 09 o8 AYEHE
% 2E £¥ M & systa, 4Y Aot v
17 Sk B3 AFA AAHA 249 A%
SERS EEL R L
U é% 245 JMHOM HE AR 23}

*EH tﬁi} < mefsto] A4 iAo

e ix

Llalm;lllﬂ
o i
HEMQ

e o -‘lm_—_é

o
lo
=k 10 “" ox,
fu
o
|-
M
A
=)

Hoye o o
i o p

2 d g REL
=

AolA AgE Bola SRe A2 A Ay

53 (Single cylinder caliper floating type)o]n, o] Hg|
0|39 FAT AY Ay 4L Table 1, 29} 2T} Table

3 AN AHSE AT 270RA YviroR AFR
AZAROIH AXSHe 3 AMSAS] ALPINE FADE %7}
£SOt A 2AE £ 4nAZ F4slo] glou, 7+
A7 B 3 gAIE VKA R T AFATE B

& A£HOR WA FP
Fig. 12 A% A4 FA 9 AEARo|t), Ag HHe o
23 Bdjo]ag Ao FAste guiel 249 2 A5

of I £ 3 FFA7IIL, JAES T3 HEef &

46

Table 1 Specifications of the disc brake
Item Specification

Tire dynamic rolling radivs [mm] 361

Wheel cylinder diameter [mm] 42.90
Wheel cylinder number [EA] 1

Wheel cylinder area [cmz] 14.45

Brake effective radius [mm)] 134

Brake loss pressure [kgf/cm’] 0.50

Table 2 Specifications of the experimental equipment

Item Specification
Brake dynamometer SMT
Thermocouple K type
Data acquisition device AR-4800

Fig. 1 Photograph of experimental setup
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Table 3 Alpine braking conditions Outer Pad 2 Disct Inner Pad2 e P
e Flui
Initial velocity | Final velocity | Braking deceleration | |dle time /
[mis] [mis] [ %9.8mis’) [s]
sub 1 43 12 038 4
sub 2 43 17 034 4
R 1405
sub 3 M 14 0.39 3 -
sub 4 46 31 0.51 3
sub 5 68 20 0.53 4
sub 6 50 13 0.52 4
sub 7 58 48 041 2
sub 8 60 2 033 3 o .
sub 9 54 3 0.48 3 Pistons
sub 10 49 31 0.49 3
-+ . .
sub 11 64 3 043 5 1o o~ 1o BiSC Centerline
sub 12 57 14 030 T . . .
b 13 7 2 048 3 Fig. 2 Temperature measuring points
sub 14 56 0 031 4
sub 15 64 23 044 4
sub 16 55 25 045 5
sub 17 67 30 0.45 5 Az =lUAd
K| ©
sub 18 60 40 0.29 20 3 B I H_'
sub 19 2 70 0.68 4
sub 20 87 45 0.50 4 3.1 EEﬂOlE_ HEPOEﬂ Eé‘,‘
sub 21 82 63 035 2 _ - -
w2n| & % 049 B Hazeh e up Aol A WA shs s dE &5 eld
wn| W 2 0 ] Ao]H H3hel dolt}. o ZRE Hefo| A4 WL ot
sub 24 69 58 024 2 o Trol maEE 2 oKD
sub 25 o4 50 0.5 3 S 2ol e 4 U
sub 26 60 33 0.48 6
sub 27 85 62 0.55 2 GG Cykma Vit) Wim’) (1)
sub 28 79 5 055 3 q= A [W/m
sub 29 85 54 0.62 2
sub 30 70 52 0.61 2 o7)4, C, : AZF WY
sub 31 61 25 0.16 3
- BEE Hglo]3 0o o
sub 32 78 32 0.65 4 Gy 1 3% upg Beo]ad] wlg
sub 33 71 28 0.62 4 C, : Y= F= Ho] i3t ulg
sub 34 74 57 0.66 B sl Ao N
sub 35 101 65 0.43 4 koo 3AA Hepol By A
sub 36 9 64 0.53 3 A gdd HAm’], o ZEE[m/S]
sub 37 90 25 0.56 5 . .

b . zZko] A - leko] AlaH
wub 38 7s s 059 2% V(t): 2k &2 m/s], m : 2 A ke]
sub 39 110 75 0.52 2 q 1
sub 40 87 64 052 3 7= . = 1- ok
sub 41 77 40 032 14 9 qp 1+( pf’ P p)
sub 42 75 45 033 3 p,c.k.
sub 43 67 42 051 3 S HjEoAe] A —EHHH]
sub 44 57 34 0.36 3
sub 45 64 44 038 4 _
sub 46 6 60 043 2 opzk wol A o] WAL slMsy] ASYA ot 22 7HE
sub 47 65 30 0.56 7 < gk
T B e : (1) AR &5 AUAE ASA 2F dofuA A
sub 50 94 28 048 10 gt
whsi [ s 5 0o : @ =Ake] o8 B AE 9 fjFo] vsA Il
sub 52 69 28 0.42 24

o) 1o jwi =
sub 53 63 40 0.37 21 A PgoR Hi AR
sub 54 91 0 048 0 (3) OAAe} = Aojol|A] WA Ej= npEld e HEHo|
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Table 4 Material properties of the disc brake

‘ Density Specific Thern.1a1.
Material Ik g/m3] heaE conductlowty
kg C1| (Wm-TC]
Disc FC 170HD | 7272 420 52
Pad KBP 4018 | 2595 1465 L5
Caliper FCD45 7228 419 48.5
Piston(steel) SM10C 7870 519 49.8
Piston(phenol) | PHENOL | 1380 960 1.5
Air - 1.143 1006 0.0268
Brake fluid {DOT 3 Oil| 1117 2386 0.257
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Fig. 4 Max temperature distibution of the disc brake
with steel piston
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Fig. 5 Max temperature distribution of the disc brake
with phenol piston
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Fig. 6 Numerical temperature history of the disc brake
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Table 7 Experimental maximum temperature of the

disc brake
Disc Inoer | Outer Piston Brake
Steel Temp 652 514 478 149 123
piston | [°C}
Pl:lenol Temp 655 535 483 238 97
piston | [°C]

Table 8 Numerical maximum temperature of the disc

brake

) Inner | Outer | _. Brake

Disc pad pad Piston fluid

S_teel Temp 664 519 480 134 117
piston | [°C]

Pl?enol Temp 662 538 | 482 | 235 94
piston | [°C]
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