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Robust Optimization for Powertrain Mounting System Based on

Vehicle Model
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Abstract: Aiming to handle the complex situation that the parameters of the powertrain mounting system (PMS)
of battery electric vehicles are both uncertain and correlated, the robust design optimization of PMS based on the
vehicle model with 13 degree of freedom (DOF) is investigated. Firstly, based on Monte Carlo sampling and the

correlation transformation method, the UTI-Monte Carlo (UMC) method for the uncertainty and correlation analysis
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of PMS inherent characteristic responses was proposed, where the probabilistic parameters were correlated. Then,
an efficient method named the UTI-arbitrary polynomial chaos expansion (UAPCE) method was derived for the
uncertainty and correlation analysis of PMS responses by combining the correlation transformation method and
arbitrary polynomial chaos expansion. Next, based on the UAPCE method and correlation coefficient weighting
method, a robust design optimization method of PMS was developed by considering the uncertainty and correlation of
responses. Finally, a numerical example was used to verify the effectiveness of the proposed method. The analysis
and optimization results based on the PMS model with 6 DOF and those based on the vehicle model with 13 DOF
were compared. The results show that the calculated results using the vehicle model with 13 DOF can better reflect
the vibration performance of PMS under the vehicle environment. Using the UMC as a reference method, the UAPCE
method has good computational accuracy and efficiency in conducting the uncertainty and correlation analysis of

PMS responses. The proposed robust design optimization method can configure the PMS parameters reasonably and

improve the robustness of the system.

Key words: eleciric vehicles; powertrain mounting system ; vehicle model with 13 degrees of freedom ; paramet-

ric uncertainty and correlation ;inherent characteristics ; robust optimization
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Tab.1 Moment of inertia and inertia product of electric

drive assembly and body of powertrain
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Tab.6 The results calculated by UMC based on
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Tab.5 The correlation coefficients of stiffness parameters
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based on 6 DOF model
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Tab.10 The inherent characteristics after optimization
based on 13 DOF model
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Tab.11 The inherent characteristics after optimization

based on 6 DOF model
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