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Abstract

The shape optimization is performed to minimize the judder of ventilated disc brake rotor that is induced
by the thermal deformation of the disc. A three-dimensional finite element is developed to analyze the
coupled system of temperature and displacement field, and the thermal conductivity and mechanical stiffness
matrices are simultaneously taken into account. To reduce computing time, an equivalent heat transfer rate is
introduced approximating the heat transfer rate on the disc surface. A deformation factor is introduced to
describe the thermal deformation causing the judder. The deformation factor is chosen as an objective
function in the optimization process. Consequently an optimum design is then performed minimizing the
deformation factor with the design variables of the shape of the disc. The optimum design procedure
presented in this study is proven to be an effective method of minimizing the judder, and it reduces the

thermal deformation by 23% of the initial geometry.
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Table 1 Geometrical parameters and the applied heat
loading for the verification model

Material 0.6% Carbon Steel
Longitudinal length (}) im
Width (b) 02m
Thickness (k) 0.1m
Heat flux (g) 9x10° I/m*s
Initial temperature 35°C
Surrounding temperature 35°C
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Fig. 8 Verification of equivalent heat transfer
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Table 2 Simulation data used in the finite element:
analysis

Mass of vehicle 1325 kg

Initial velocity 26.94 m/s
Heating time 45s
cooling time 355s

Brake type ventilated disc brake
Material 0.6% Carbon Steel

Initial temperature 35°C
Surrounding temperature 35°C
Front brake efficiency 80%
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Fig. 11 The geometry of the ventilated brake disk and
the design variable b; (i=1~4)
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