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Fig.2 Simulation model of the high-speed vehicle dynamics
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Fig. 5 Sensitivity analysis of the suspension parameters
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Tab.5 Design parameters for 3 sets of optimized solution sets
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Tab. 9 Derailment coefficient and wheel load reduction rate
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Fig. 10 Comparison of the nonlinear critical speed



94 IR S S 3 2026 4F
3167.
5 it
LIU Yumei, HU Ting, ZHUANG lJiaojiao, et al. Optimization of
ﬁ‘ X‘—J‘ —"%—‘ :‘@ i%%ﬁ /% é}ﬁ 'ﬁE 1J6 E]/‘J %%ﬁ g R ‘H‘%i *% H;J— suspension parameter variable-gauge trains based on assignment
%I‘E‘lﬂmﬁ ) :J:/:Eé ILH T %?%%ﬁ(ﬁi@ﬁ ﬁi}'}% E@%ﬁi%%& [J] Journal of Jilin University (Engm‘eerlng and Technology
G RALIE LT . 3617 I NSGA- T E4T Ho e 4007 45 Edition),2024,54(11):3158-3167. (In Chinese)
N> s ) - L P e e N N e By -
RGBT, I el & (5] Mk, B, SR, 5 SR 4 SIS L
N e
WF EEAE SR FARILALLD). Bl R 5 TR 2016,13(10) :2056-
DBE T 16 B HS OB, i d 4 2063.
fjjjj %;Iﬂzﬁg ;j:Elb T/—,T'\‘ﬂ‘:] [][E‘l m/}j‘:% , %Fﬁ TA EJ % ﬂ{t}i*ﬁ XIE Huan, YANG Yue, TONG Linjun, et al. Multi-objective
¥ ﬁﬁﬁ: j:u /E\ . LR y%/_\,—!é /% ﬁ ’ﬂf %7 j:u % *ﬁt E E,:J @T %Tg‘ optimization of the suspension parameters for high speed rail
= . . . . vehicle based on a hybrid surrogate model [J]. Journal of Railway
éﬂ: N A 22 e S fl Y e =2 =5
T/T\‘ »H %E/T\‘ »RSM j:/{ H j] jj i l’i HE TR *ZI'\‘%EEi = Science and Engineering,2016,13(10):2056-2063. (In Chinese)
V% isino & 2o o
RBF K2 . Kriging it flf - [6] M. ST HAM (05 H A1 BHE RSB HE HARIEILLD)
2) il 1 Sobol ¥4 B JEE 4 Hr A B, AR LAk i B 2 2RI R, 2023168,
J& E IS A IR R A W B R B s i . &F DU Xiangjun. Multi-objective optimization of high-speed train
ﬁ g 4,5 )F/]_‘% gg /_:(4 §$ %ﬁ I-EJ BE‘):I:', /% 73%( F— /% 1;% ['EJ {Jﬁ }jlljz suspension system parameters based on HAM [D]. Lanzhou:
o ¥ a N Lanzhou Jiaotong University,2023:6-8. (In Chinese)
A SRR RE JE AR B R A B i s R it A e 6] i
e L ’ (7] TE R, BT . A 1 - R A R
H S N0 J i i 2 2R
B 2% Kt 3 i - R PEAT AR e T LI EE SO A LAY, BLOR T B, 2018, 54(8)
2 A7 s S o T 1) W BE A S T R AN — &R 57-67.
SR S [rg W RE D RO S A T R A W ) R YU Yuewei, ZHOU Changcheng, ZHAO Leilei. Vertical coupled
ﬁ—% . vibration mechanism of bogie-body-seat system and joint
3 )*@@T—/I\uij]jj%‘f/i"ﬁg Eﬁﬂﬂﬂlﬁﬂj RSM *ﬁ optimization of suspension parameters for high-speed train [J].
Journal of Mechanical Engineering, 2018, 54 (8) : 57-67. (In
0y 1R 5 e 4 B (A, 4 )
E:‘ﬁﬁ'ﬂﬁ1i/ﬁ\:g%/ﬁ\ﬁﬁ’ﬂﬁ$¢ 7.274%, %?ﬁiﬁﬁ NSGA- [8] WEI Z,YANG Y, XIE H, et al. CF-Kriging surrogate model
34 5.392%, HFEAL T 468, wk /b 7 %3348 based on the combination forecasting method [J]. Proceedings of
‘Ykﬁo the Institution of Mechanical Engineers, Part C: Journal of
VST R P IR g el Toeerig Sdnee 2o B0 e
KA BRI, . L By, CEEER ZE Y AT FE 1210
97 A RPN T T
%E@ﬁ$ N %i‘fﬁh$ﬁ [’EJ jj \Hﬂ,ifﬂ%ﬁ&ﬁﬁgfﬁ' 4{/_"‘ Eﬁ LI Yonghua, WEI Wusong, ZHANG Xu. Optimization of gear
EYEZ/J\ , 5”32)% ‘Iﬂf 'IE ﬁ*lﬁ’;{‘ Eﬁ Ei j( , ?Eﬁ%i’@ﬂjt% T —‘[Ej modification amount based on polynomial response surface proxy
g i%fﬂﬁﬁ %‘lﬁfﬁg , 5 Eﬁﬁ’ﬁﬂ’fkﬁ{f*ﬁ I, z,gjcji‘% model[J]. Journal of Mechanical Transmission, 2020, 44 (11) :27-
B AR B3 SAE T AT 33 (In Chinese)
[10] SAFDARI-VAIGHANI A, MAHZARNIA A. The evaluation of
£ % T ik (References) compound options based on RBF approximation methods [J].
Engineering Analysis with Boundary Elements,2015,58:112-118.
[1] GUN,YANGZ C,WANG L,ectal. Dynamic model updating based [11] SOBOL’ 1 M. Sensitivity analysis for nonlinear mathematical
on strain mode shape and natural frequency using hybrid pattern models [J]. Mathematical Modeling and Computational Experi-
search technique [J]. Journal of Sound and Vibration, 2018, 422. ment, 1993(1):407-414.
112-130. [12] GUOJH,LIN G P,BU X Q,et al. Sensitivity analysis of flowfield

[2] SHAO Q, GAO E, MARA T, et al. Global sensitivity analysis of
solid oxide fuel cells with Bayesian sparse polynomial chaos
expansions[ J|. Applied Energy,2020,260:114318.

(31 ZR[Et. 5T KIZEHEG 895 0 2280 1 22 05 BB HES B ik
[D]. i RIS AR ,2023:5-6.

WU Tongchang. Dynamics simulation and suspension parameter
optimization of the bogie based on the rigid-flexible coupling[ D ].
Dalian: Dalian Jiaotong University, 2023 :5-6. (In Chinese)

(4] XUHg, W0, FEWFIE, % . 26T JE 0 0 A AR ) A8 LI 91

BSHARAL[T]. MRS (T, 2024, 54 (11) £ 3158-

[13]

[14]

modeling parameters upon the flow structure and aerodynamics of
an opposing jet over a hypersonic blunt body [J]. Chinese Journal
of Aeronautics,2020,33(1):161-175.

A B I B I SRS R BT S T D ] R vy
B 3SR ,2013: 18-26.

LI Yan. Study on effects of high-speed trains dynamics parameters
applications [D]. Chengdu:
University, 2013 :18-26. (In Chinese)
JAZR L, WCh, sk A, 4. SIMPACKO Sl (M. JExat.
AT A 7, 2013:235-251.

and their Southwest  Jiaotong



%5 48 5 3 ]

ARG SR T SRURE 2 i B R Gt 95

[15]

[16]

[17]

ZHOU Suxia, TAO Yongzhong, ZHANG Zhihua, et al. SIMPACK9
example tutorial| M |. Beijing: Beijing Union Publishing Company,
2013:235-251. (In Chinese)

SKRPRIK , BTG, . S RE RS BEATR U AR & 45 M B AR Ak
[T]. HUAER I 2024, 46(2) : 371-380.

ZHANG Qingyong, WANG Yuchao, WANG Hui. Structural design
and optimization of functionally graded material energy absorbing
box[J]. Journal of Mechanical Strength,2024,46(2) :371-380. (In
Chinese)

VR, RBER SRR A5 L TR AL RIS 247 1 LT
ML BRI [T ], iz 3 72741, 2024,39(1) : 1-8.

XU Huachao, ZHU Haojie, HAN Zhenhua, et al. Vibration
reduction optmization for helicopter’ s main gearbox based on
surrogate model and sensitirity analysis[J]. Journal of Aerospace
Power,2024,39(1):1-8. (In Chinese)

SRJEYN SRR, ], A5 BT R R A R 3 W Kriging F
18 v 2 N A iR aE LT . P BB AR , 2024, 35(5) «

[18]

762-769.

SONG Zhouzhou, ZHANG Hanyu, LIU Zhao, et al. A high-
dimensional uncertainty propagation method based on supervised
dimension reduction and adaptive Kriging modeling [J]. China
Mechanical Engineering,2024,35(5) :762-769. (In Chinese)
AR L A5 A R HUBE T T IR EFE D] AU W OR
2023:5-8.

QI Shangjin. Research on global sensitivity analysis method of
structure [D]. Hangzhou: Zhejiang University, 2023: 5-8. (In
Chinese)

R, T 2RI, 45 N 82X Halbach 70 7] 20 U BLIY 2
BOURE S 2 A B (D] P 22 588 R 2244, 2022, 56 (5) -
180-190.

GAO Fengyang, GAO Jianning, LI Mingming, et al. Optimization
design of Halbach interior permanent magnet synchronous motor
based on parameter sensitivity stratification [J]. Journal of Xi’ an

Jiaotong University,2022,56(5) : 180-190. (In Chinese)

Optimal design of high-speed vehicle suspension system based on parameter
sensitivity stratification

WU Fu'
(1. College of Mechanical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

DU Zeyang' LI Zhongxue' YANG Xijuan’ JIANG Pengmin'

(2. College of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: [Objective] To address the issues of numerous parameters and time-consuming calculations in the optimization
of high-speed vehicle suspension systems, a layered optimization design based on the parameter sensitivity stratification was
proposed. [Methods] Firstly, a dynamic simulation model of a single high-speed vehicle was constructed and validated for
pragmatic. The optimal Latin hypercube sampling method was utilized to evenly extract sample points for calculating dynamic
responses in the model, and a surrogate model was employed to replace the time-consuming dynamic model in order to
enhance optimization efficiency. Secondly, after determining the optimization variable through sensitivity analysis, the variable
was stratified. For the two stratified variables, the nearest neighbor cultivation transplantation algorithm and the downbhill
simplex method were used to advance the optimization process. Finally, the optimization results were compared with the
original solution and those obtained from the non-dominated sorting genetic algorithm II (NSGA- II'). [Results] The results
demonstrate that the optimization respectively reduces the nonlinear critical speed and derailment coefficient by 14.584% and
9.615%, surpassing the NSGA- I in comprehensive optimization rate and reducing the design iterations, thereby improving
the dynamic performance of high-speed vehicles and validating the feasibility of the optimization method.
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