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Optimal Design for the Thermal Deformation of Disk Brake
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Abstract

In the practical design, it is important to extract the design space information of a complex system in order
to optimize the design because the design contains huge amount of design conflicts in general. In this research
FEA (finite element analysis) has been successfully implemented and integrated with a statistical approach
such as DOE (design of experiments) based RSM (response surface model) to optimize the thermal
deformation of an automotive disk brake. The DOE is used for exploring the engineer's design space and for
building the RSM in order to facilitate the effective solution of multi-objective optimization problems. The
RSM is utilized as an efficient means 10 rapidly model the trade-off among many conflicting goals existed in
the FEA applications. To reduce the computational burden associated with the FEA, the second-order
regression models are generated to derive the objective functions and constraints. In this approach, the
multiple objective functions and constraints represented by RSM are solved using the sequential quadratic
programming to archive the optimal design of disk brake.
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 (a) Ventilated disk model
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{b) Axisymmetric finite element model

Fig. 1 Finite element model of a disk brake
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Fig. 3 Thermal deformation of the disk brake
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Fig. 4 FMVSS105-75 braking condition
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Fig. 5 Automation of FEA under ModelCenter
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Fig. 6 Main effect of disk brake model
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Fig. 8 Sensitivity of total weight
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Fig. 9 Optimization history of disk brake using
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Fig. 10 Optimal results from RSM

Table 1 Optimal result of confidence level

Objectives Initial | Optimal | Difference
value value
Max. thermal 0.45263 | 0.95969 ; 0.50706
deformation [mm]
Total weight [kg] | 0.60352 | 0.86242 0.2589
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Table 2 Comparison of the results of ANSYS and RSM

Objectives ANSYS RSM Error

Max. thermal 0.621 0.622 0.16 %
deformation [mm]

Total weight [kg] 3.178 3.18 0.06 %
optimal

Fig. 11 Optimal thermal deformation
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