Journal of the KSTLE Vol. 21, No. 2, April 2005, pp. 63~70

The Korean Society of Tribologists & Lubrication Engineers

El
=

Gl

of
=

FEME O0|&¢&t
|

O
==

I - M -

0|?§9_!** .

2|0|E|E Ey|o|a C|A3TQ]
S{AM| &sh o4

?:Ii?:d**f

BUATEE), HEHEE, SASAINET AEAT YA o

A Study on Thermal Cracking of Ventilated Brake Disk of a
Car Using FEM Analysis
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Abstract — This study presents the thermal cracking on a commercial vehicle ventilated brake disk. Distributions
of temperature and thermal stress of the disk were analysed, using FEM analysis, under the several driving con-
ditions with actual vehicle specifications. The results from the fatigue tests on the disk material were compared
with those from FEM analysis. In case of deceleration of 0.6 g with initial vehicle speed of 97, 140, and 160 km/
h, the maximum compressive stress at the disk surface of disk due to braking was 224, 318, and 362 MPa, respec-
tively. It was estimated that each damage fraction of 0.00005, 0.00050, 0.00136 per full stop was imposed on the
brake disk in case of deceleration of 0.6 g with initial vehicle speed of 97, 140, and 160 km/h, respectively.

Key words — ventilated disc brake, thermal cracking, damage fraction, thermal stress, strain controlled fatigue test.
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Table 1. Material properties for FEM analysis
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Material Properties Disk (Gray Cast Iron) Pad (Non-Asbestos)
Young’s Modulus (GPa) E 115 15.7
Poisson Ratio v 0.28 0.25
Density (kg/m’) p 7250 2500
Conductivity (W/m'K) & 54 2
Specific Heat (J/kg'K) ¢ 583 1000
Thermal Expansion Coefficient (1/°C) « 11 x 107 57%x10°
Table 2. Braking conditions
Initial velocity Braking distance Braking time Revolution number of disk Deceleration
97 km/h 61.7 m 46 s 29.75 rev
140 knvh 1285 m 66 s 61.87 rev 068
160 km/h 167.8 m 7.6 s 80.78 rev 045 ¢
100 km/h 87.4 m 63 s 42.0 rev
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Disk outer diameter (D,.) 290 mm
Disk internal diameter (D,,) 190 mm
Pad outer radius (r;) 143 mm
Pad internal radius (r) 97 mm

Thickness (f) 8 mm
Tire radius (4.) 331 mm

Fig. 1. Schematic of the disk brake with dimensions used
in the present analysis.
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Fig. 3. Heat flux as a function of time for various
braking conditions.
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Fig. 4. Schematic of a disc brake vent hole with dimensions
used in the present analysis.

Table 3. Properties of air

Temperature 300 K
Density (kg/m®) pu. 1.1614
Thermal conductmty(W/m K) kar 263 x 107
Vlscos1ty (N-s/m’) Lt 1846 x 107
Kinematic viscosity (m?s) 15.89 x 10°°
Specific heat (kJ/kgK) ca» 1.007

-
%, Passenger car velocity
%

Velocity (ms)
8

Vent hole outboard velocity

Vent hole inboard velocity

4 5 ] 7 A ) 8
Time (sec)
Fig. 5. Air velocities into vent hole inboard and outboard
as a function of time at a vehicle speed of 97 km/h.
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Fig. 6. Convection coefficient as a function of time at a
vehicle speed of 140 km/h.
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Fig. 7. Temperature distribution of the disk at 97 km.
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Fig. 8. Variations of temperature as a function of time
during braking for various velocities.

Vol. 21, No. 2, 2005



68

600 [T T

s00 |-

400 [

Temperature (°C)

200 [

100

PRRYN ST S SO T T N T O Y 0 O W

T T

Time (sec)

Fig. 9. Variation of temperature as a function of time
during repeated braking at 100 km/h.
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Fig. 10. Maximum compressive stress distribution on
the disk at 160 km/h.
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Table 4. Maximum compressive stress values on the
disk surface during braking for various velocities

Velocity (km/h) Time (s) Max. comp. ¢ (MPa)
97 2.6 -224
140 4.1 -318
160 4.9 -362

100 (repeated) 3187 -168
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Table 5. Material properties of brake disc cast iron
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Material o, (MPa) o, (MPa) E (GPa) Elongation (%) ov. (MPa)
Gray cast iron 238 185 115 0.65 786
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Fig. 11. Hysteresis loop of disc cast iron (1 cycle from
1000 cycle).
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predict lifetime to failure of the disc cast iron.

Table 6. Number of cycles to failure due to braking as
a function of vehicle velocity

Velocity Strain No. of .cycles
Amp. to failure

97 km/h 0.0011595 21704

140 km/h 0.0017332 1969

160 km/h 0.0020448 734

100 km/h (repeated) 0.0008178 174473
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