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Abstract: Based on the neural network parameter indentification method and component mode
synthesis (CMS) , a modeling approach for the nonlinear powertrain system is proposed to
investigate the coupled vibrations of the engine and auxiliary components, and the multi-
objective optimization design using genetic algorithms is applied to optimize the connection
stiffness and damping. Firstly, a neural network-based model was employed to fit the dynamic
model of the powertrain system. According to the experimental modal parameters, the genetic
algorithms were applied to identify the connection stiffness and damping of the powertrain
system. The results showed that the maximum discrepancies between simulated and experimental
modal frequencies and damping ratios were —5. 98% and —15. 72%, respectively. Subsequently,
the CMS is employed to reduce the degrees of freedom of the powertrain system, and the engine-
equipment coupling vibration response is evaluated. Finally, a multi-objective optimization
design was performed to achieve the optimal vibration performance of the auxiliary components.
The maximum peak values displacement of the intercooler and air filter for the optimized model
decreased by 34. 6% and 4. 61%, respectively, compared to the original ones.

Key words: powertrain modeling; auxiliary components; neural network; parameter
identification; substructure; multi-objective optimization
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Fig. 4 Acceleration frequency response function curve
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Table 1 Inertial parameters of the powertrain
components
S HRUEHES TRy &Kl
Jite/kg m 0. 509 1.816  4.820
. X, 0.112 0.821 0. 193
EN
. y 0. 054 0.174  -0.195
ABFR/m
z -0. 065 -0.029  -0.079
. J., 0. 005 0. 047 1. 609
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Fig. 9 Supporting position of the air cleaner
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Table 2 Identification results of supporting stiffness and damping parameters for each component
A x y z
(A= FHJE/(N-sem™)  KIE/N-m") FHJE/N-s'm™)  KIE/N-m" BHE/N-sm”") WEFE/(N-m™)
A1 6.125 5.62x10° 6.125 5.62x10° 0.234 4.31x10*
2 5.412 4.51x10* 6.013 4. 62x10* 4.122 0. 12x10*
3 7.621 0.32x10* 7.943 0. 67x10* 8. 142 4.23x%10*
T 4 7.213 6. 48x10* 7.213 6. 48x10* 6. 145 4.01x10*
RS 4.706 8.20x10’ 0.079 0. 95x10® 0.079 0.95x10°
W6 0. 606 7.32x10’ 1.402 1.46x10° 1. 602 8. 12x10’
T 0. 588 8.36x10’ 1. 080 8.20x10’ 0. 685 0. 42x10°
*3 HESABRNESSHER
Table 3 Modal parameters of simulation and experiment
A 1‘%".}%}3 : *ﬁ%&!ﬁﬂ}i Lt ‘
5245 /Hz 1 H/Hz Y% JH ia W%
1 9.098 8. 554 -5.98 0. 083 0.074 -10. 37
2 15.205 14. 537 -4.39 0. 050 0. 044 —11.89
3 21.995 21. 000 -4.52 0.034 0. 030 -11.77
4 32.907 31.708 -3.64 0. 024 0. 020 -15.72
5 50. 108 48. 451 -3.31 0.015 0.013 -1. 81

®4 RINBENE BEESHIAER

Table 4 Identification of supporting stiffness and
damping parameters for the engine

XL x

A k/(N'm™)  k/(N'm™)  FHJE/(N-m™)
8 4.23x10° 6. 72x10° 1.3
9 8. 43%10° 9.15%10° 44. 1
FF 10 4. 63x10° 8. 43x10° 1.6
SHE y

VA= k/(N'm™)  k/N-m™")  FHE/N-m")
G 8 4.23x10° 6. 72x10° 1.3
P9 4. 68x10° 5.63%10° 15.6
HE10  8.12x10° 1. 53x10° 40. 1
A z

VA=Y k/(N'm™)  k/N-m™)  FHE/N-m™)
8 9. 12x10° 1.43x10° 31.3
9 4. 68x10° 5.63%10° 15.6
FEE 10 4. 63x10° 8. 43%10° 1.6
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Table 5 Optimized support stiffness and damping of the auxiliary components

o g X y z
s FHJE/(N+s*m™)  NIE/N-m™") FHE/N-s*m™")  WIE/N-m") FHE/Ns*m") NIE/N-m")
P 1 7.810 4.83x10°* 7.87 4.16x10* 4.120 0. 65x10*
W 4 9.160 6. 64x10° 9.37 7.98x10* 7.970 4.32x10*
A S 5. 960 1.03x10° 0.77 0. 43x10° 0. 300 0. 47x10°
3% 6 0.614 5.58x10 1.29 1.35%10° 1.920 7.35x10
g 7 0. 653 1. 08x10° 1.29 1.01x10° 0. 843 1. 79%107
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