45 38 B4 2 ) ® z I B ¥ Vol. 38 No. 2
20252 H Journal of Vibration Engineering Feb. 2025

ZRSHBAHEEMBXIENEINRESNTEMK
BERZRRREEMRL

B OB REHA, ARES, EE R, HEAR

(1.7 T R2AM SR TR 22, )4 )M 510641 ;
2. P B T2 B vR 4 5388 TR BE, T4 T 510800)

TR : A0 BV B ) B R AR GE (PMIS) 2 8w i BAT AN Wi G A FAR Sk B9 S 2 5T AR SO IR T 5 I8 S B i g TEA
AR A B L B VR PMS R PR AL BT ST o JE T Nataf 28 e M 507 R BRI I T — MR SHOROC T T 19 PMS [BA
R ) S A 5 R AT OGP 23 BT B Nataf-5¢ 55 2 (NMC ) J5 i 5 45 & Nataf 28 e AT 52 220 550 1R MR I 4l 5 1 — 7ol s 200K it
PMS i Ji A= ff 5 P F1AH DG M 19 Natal-{F 25 2 5 20E MR FF (NAPCE) J7 ik 5 55 7 NAPCE J7 i FUAH OC R BORAL L 32 1 T —F
75 LY 1O AN Ay 5 R R OGP B9 PMS Bl R O Al v U5 ik 5 38 o 5 40 8 E 1 T 4 U 1k B A AT O X R GT AT T AR PRI AL
ZERFW, LINMC J5 :AF A 2%  NAPCE Jr VA TR R it PMS [ A7 45 1 0 137 84 AN 8 7 R FIAR G R U T B AT R B4 1 B0RS 82 Rk
F AR I AL I I RERE 5 BIC B RS R W RS T .

KW N S BB B RS s Natal 284 AT R 2R MR IT 5 R vh 0t 1k
HESHES: U469.72; U463.33 XEKARER: A XEHS: 10044523(2025)02-0375-08
DOI:10.16385/j.cnki.issn.1004-4523.2025.02.016

Robustness optimization for the powertrain mounting system of electric

vehicle considering parametric uncertainty and correlation
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(1.School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510641, China;
2.School of Automobile and Traffic Engineering, Guangzhou City University of Technology, Guangzhou 510800, China)

Abstract: This study addresses the complex scenario where the parameters of the powertrain mounting system (PMS) of an elec-
tric vehicle exhibit both uncertainty and correlation. A robust design optimization method for the PMS, considering parametric un-
certainty and correlation, is investigated. Firstly, based on Nataf transform and Monte Carlo sampling, the Nataf-Monte Carlo
(NMC) method is proposed for the uncertainty and correlation analysis of PMS inherent characteristics, where the probabilistic pa-
rameters are correlated. Then, an efficient method, the Nataf-arbitrary polynomial chaos expansion (NAPCE) method, is derived
for PMS response analysis by integrating Nataf transformation with arbitrary polynomial chaos expansion. Next, based on the
NAPCE method and correlation coefficient weighting method, a robust design optimization method for PMS is developed, ac-
counting for the uncertainty and correlation of responses. Finally, a numerical example is used to verify the effectiveness of the pro-
posed method, and the robust optimization of the system is carried out. The results show that, compared to the NMC method, the
NAPCE method offers good computational accuracy and efficiency for analyzing uncertainty and correlation in PMS responses. The

proposed optimization method can configure the PMS parameters reasonably and improve the robustness of system.
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Tab.4 The inherent characteristic of Bounce direction
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Tab.5 The inherent characteristic of Pitch direction
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Tab. 6 Relative errors calculated by NAPCE method
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Tab.7 The mounting stiffness after optimization

BEAZAK  K/Nemm ') K/Nmm ') K,/Nmm ')
BEE1 60.34 75.98 189.67
BE2 141.25 125.77 106.64
BES3 79.89 80.07 150.13

=8 MuUm/EHMHEMIREE
Tab.8 The mean values and standard deviations before

and after optimization

R A) Rl
M) Ji7 — —
¥IE T 1 2 YIE b i 22
f./Hz 9.63 0.13 10.80 0.16
f./Hz 16.42 0.25 16.75 0.26
dy/ % 84.55 3.07 96.59 1.02
dv/ % 85.38 1.23 91.61 1.01
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optimization
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