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Thermal Stress Analysis of Ventilated Disc Brake
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Abstract : In automotive disc brake system, friction heat is not uniformly distributed due to various reasons such as
thermal expansion and imperfecttons in geometry. It is well known that thermoelastic distortion due to frictional heating
affects the contact pressure distribution and can lead to thermoelastic instability, where the contact load is concen-
trated in one or more small regions on the brake disc surface. These regions then take very high temperatures and
passage of hot spots moving under the brake pads can cause low frequency vibration called brake judder. This paper
presents the FEM(finite element method) result for the temperature distribution of ventilated disc brake. A steady
state two-dimensional model of disc brake system predicts the surface temperatures during a multi-stop driving

schedule.
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Fig. 1. Shape of Ventilated disc brake,

26

A AR
&, Qr-H

¥ 2FEA7E 0.6g(g 5B S E)E 4572 FoF 7
&3tch o}F 252 59 7MGE Sto] 97kmhe] &
Zof o]2¥ SEHER 543% B¢t & gtk A
A L2 3527} lcycleo]™, o] 73] WHE =3)3}
of 9 2=9] M3} 9l Disc 40 AlZhe] i 2
= BEEZ st

2.2, 2%|H iAMDY
2.2.1. sl

mdge] AMEHe 849 B 23k
Quadratic elemento|t}. 33tQ 4 REofjA AREE
Z F3tQ A(element) 7W= 2,024700)3L FAFH
(node)$+= 6,4437h0]t}. Fig. 2= &3tg A nde
Hepdch =3 Fig. 32 A5 Al Padet Hahe
ol E5o] HE=e Egold, Fig 4= AlF Al
F&o| HEEe FiEe AL B0 d4dg A
57} HeEE mde yehic

| ELEMENTS
1

:'7% - | Eanaun e ge
§= FH *{‘

Fig. 2. Finite element mesh of Ventilated disc brake,

Fig. 3. Finite element mesh of Heat flux,
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Fig. 4. Finite element mesh of Heat convection,
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Fig. 5. Boundary and load condition,
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Table 1. Material properties

Material Disc
Properties

Thermal conductivity k{W/mK) 57
Density p(kg/m’) 7100
Specific heat c(J/kgK) 452
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Fig. 6. Boundary and load condition(Thermal stress).
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Table 2, Material properties of Ventilated disc brake

NI Disc Brake
Young's modulus E(GPa) 125
Poisson’s ratio v 0.25
Density p(kg/m’) 7100
Coef. of thermal exp. a(K-1) 1.2e-5
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Fig. 7. Temperature distribution of disc brake(final step),
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Fig. 8. Temperature distribution of disc brake(total cycle).
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Fig. 9. Thermal stress of ventilated disc brake(final step).
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Fig. 10, Thermal displacement of ventilated disc brake(final
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Table 3. The Maximum and minimum displacement in
ventilated disc brake

\

Displacement

minimum
0.1057E-05

Maximum
0.3110E-03
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Fig. 11. Thermal stress change of ventilated disc brake,
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Fig. 12, Thermal displacement change of ventilated disc
brake for time variation,
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