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Multi-objective optimization of high-speed locomotive lateral
dynamics performance based on RBFNN surrogate model
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Abstract: Aiming at the optimization problem of suspension parameters in high-speed locomotive lateral
dynamics, firstly, based on a certain type of domestic 2B0 high-speed locomotive, the locomotive dynamics model
was established by SIMPACK. Secondly, key suspension parameters were designed by the method of Latin

hypercube sampling, which took the evaluating indexes of hunting stability and lateral ride comfort as

WS EHER: 2022-07-10; fEEBH: 2022-09-15

E £ TH (Foundation item): [ 5 B R B} 2 5 4 Bt Bh 0 H (U2268211); 10 )11 44 H 4R Bl 2% 5 4 ¥ Bh T H (2022NSFSC0034,
2022NSFSC1901); 5| 5 /) [H & 8 A 925 % [ 3 0F 7R 8 (2022TPL-T02) (Project(U2268211) supported by the National
Natural Science Foundation of China; Projects(2022NSFSC0034, 2022NSFSC1901) supported by the Natural Science
Foundation of Sichuan Province; Project(2022TPL-T02) supported by the Independent Research and Development Project of
State Key Laboratory of Traction Power)

BIEEE: fhic, Wt Oitn, WSEIEEMR Tt EIe MM A LS /)0 7T E-mail: yyuan8848@163.com



a4

REBUR, % ST RBFNN ACEREA i mode L R 1A 30 A s 2 H el

1645

optimization objectives, and two types of wheel-rail contact states of new wheel and worn wheel were considered.
Finally, according to the design of experiment results, a radial basis function neutral network surrogate model was
established, which mapped the bogie suspension parameters to the lateral dynamics performance of high-speed
locomotive. Besides, Sobol sensitivity analysis and Pearson correlation analysis methods were utilized to quantify
the effect degree between the suspension parameters and optimization objectives. The results show that in the
given optimization range of parameters, the lateral dynamics performance of high-speed locomotive is almost not
affected by the variation of the secondary lateral damper series stiffness. Hunting stability is more sensitive to
suspension parameters including the primary longitudinal stiffness, the yaw damper series stiffness, and the
damping of yaw damper. Moreover, lateral ride comfort is sensitive extremely to the secondary lateral stiffness,
which should be given more consideration in the bogie design of high-speed locomotive. In addition, a fast multi-
objective optimization platform was built for the surrogate model through the genetic algorithm NSGA-III, and the
accuracy was verified by the results of dynamic simulation, which can effectively replace the simulation
calculation and optimization of the vehicle system dynamics model.

Key words: high-speed locomotive; hunting stability; lateral ride comfort; surrogate model; multi-objective

optimization
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Fig.1 High-speed locomotive dynamics model
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Fig. 3 Schematic diagram of RBFNN
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parameters
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Table 4 Prediction values of surrogate model and

simulation values of SIMPACK of suspension parameters
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