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Study on Vehicle Suspension Parameters Optimization of Tram
Running on S-shaped Curve Lines with Small Radius
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Abstract: In order to improve the driving safety and stability of trams passing through the S-shaped curve lines
with small radius, the rational optimization of vehicle suspension parameters is proposed. Taking a tram line in
Guangzhou as the engineering background, the dynamic model of vehicle-track coupling system was established
by using the multi-body dynamics and finite element methods and the influence laws of vehicle suspension pa-
rameters on the operational evaluation indicators such as vehicle stability index, wheel-rail force, derailment co-
efficient, and wheel load reduction rate, were explored. By combining the optimal Latin hypercube sampling
technique, BP neural network, and multi-objective genetic algorithm, the optimized suggestions for the tram sus-
pension parameters were obtained. The results show that the operational evaluation indicators of the vehicle are
significantly improved after the optimization. Compared with before optimization, the derailment coefficient of
the vehicle has decreased by more than 10%. The research results provide theoretical support for the optimiza-
tion design of suspension parameters for trams.

Key words: trams; vehicle suspension parameters; multi- objective optimization; dynamic response of vehicle-

rds B HA:2024-12-04
BT P E A PR A T RHE IS & TR (2022-FE A-14) 5 7 M MBI 5E B e A3 PR w B B (KY-
2022-071)



62

1w
St
b
S
bas

s
S
=

2025 4

track; neural networks; genetic algorithm

Citation format: DANG H L, ZHANG S, ZHAO C, et al. Study on vehicle suspension parameters optimization
of tram running on S-shaped curve lines with small radius[J]. Journal of East China Jiaotong University, 2025, 42

(4): 61-69.

B R AW S R N Sy L A WE A = S o A T i <A
BN TR TRV v B R R AR AR A7 T3 3
A UL RS T3 RE 5 A e 7E E g A R T
LR H T R S A R SRR R R
Wi, 7 L R 2R B A A K /N AR 4 (AR /N
F 250 m) , G L /N 2R AR SR B A S AR
HAEHT , s i i e e bt B

E NAMEEIR T ERESE T R % 2
FOFRRMEMIREI , —J7 T, A 2 E DESE T e SOK
P NI Y G A HEE SRR RS P B
BRI Z R R P F R SN 45
HUESBI ;7 — T, A 2 T AR
SR B RNE A SR . SRR
b5 vk Al N B — 7 i A A R R B 2 H AR AKX
Tt. SHARMA S5 R BEAIK A4k 4R 8 , AP 5 17 3
T H B DAl 23 B R G0 T ol B A I OR
W, SR TAT AT IE M . /M SRR et
INEEE S 58— B bR R BOT 8 — 8 LA, R A
S ST R B T R A R S BT e . 1R
TR T ARG h S 2E R B AR T — B T -
MBS RESERAN BT SREA BT
o Wz S PR H TEAS B 8 A AR 1 A
ARG BUIBUIE B iS¢ [ RETIN 2 U b vhii )
A GRS B AL VC T . WS A
$I T A REE T i AR I B PR 2 M 45 F £ H

PRIt AE R P RS R R LR S
Hirfifbixit,

T 245 I, IR B0 H A 4 AN ATl A
32 B 398 T T (R KA i ) R BELAS 5 PR, AR AE
2 A5 M LB FEAE O, 424008 0 il 2R 26 i i i as A7
VEU T8 b1 ) 52 42 b U T A 2ok FRAAE, 7™ o 52 i L
it S BN M T R et PR, B
A WG F LR X R — I 2 i, i AR TR A
PRI B i 2l o 2 AR i i i 22 i i i B HE S
LA R) T, FLAH L ey 3K i 45 JH At % 8 22 e
R, AR RGN RS H AR AR K
ANTRL, X AT R HES B R A — R
BB L,

WICUAT N FEAT B 25 S B/ NP AR I 24 il
TSR ETEMEG S 5 8e, T AP
E-BIER G R G T F R R RS
XA TPEM AR S R, R4S B i hr T
T T SRR 22 H b st A5 S A U 4 4R
HZHE T, A ARSI T
FPEALIIS P
1 SEIEZE R - R
1.1 SEIEZ&EIR

JUINFEA B G S TR/ NEAR T Z % 1h P 2/
AR ML fbi A LS EANE 1 TR

RN 2% £ 1440 m
K Ji£60 m //_-j%ﬂag//'%%ﬁ%%mm
il

WILH HER
KJF40 m

K60 m

KA HLR
KE?%KE“Z—/ K JE40 mm
20 m
SRk
K60 m j
5] 1 26 1< £ 40 m S e Rk
242120 m K60 m

E1 ZKBHELSH

Fig. 1 Line curve parameters



55 430 ELTEY A SHEUN PR IR AT B R SR AL IE 63
1.2 F-#HEH TR

12,1 AR

U 4 i PR 100% (% H AR 25 3 20 1, M
BRI Ml +T+M+Mce2” , Hir Me E7n & w1 L
EWEE, S ERT 1 2 EBRERRS , TR R
B MBRATENEN SN, ER e ik
B AN R R RN ] 2 s . A
TEARFIG ) BB, R A FR BERE S 64, P Bl R
g A i BRGSO 34, IR TR e a1
MR A B S BE HE ; Bl 1 1 2R h A AR A
RO N 64, BRI SRR Bk MR 3N A
VA0 A RGN 64, e xR R R
TCH A3 ST 5 5 AR AR 1 S A A AR
FOXTAT FROTAR Y R A RUST 2 THIAE 10 mm, S48 6]
A% R 73 J5 3 60 409 477 55, 56 164 DR HIT,
SR J5 K H Lanczos WL R HURE X H BIAS . R
Craig-Bampton j# 5.0k B BLA 25 6 1L S BR i M 1R
WA S IS A AR U, e J o M AR X AR R e A
) J W A B Bl 0 2 A i 4 Tmy B P AR B O
FERL R B 5 ) 1 i BE AR R) A4 R A ST A X
ZRETAH R, A A R T A i AR G B, —
R CREHERS N N BHLJC SR, A
HL AT 1107 A . 3l ) i i 2R B R AL
K3, ET AR 1,

ZEFHMc2

E2 MR 100% (KR A3 B FE T

Fig.2 Four-module 100% low-floor tram model

122 HiEmsiR

BB LA AR EE - KA HEA K TR,
A F LS AR B 7 N, BB 25 T T —
FE R B TR AL, P AR AR S R A4,
S RELJE AL (1424 2 1] 22 30 kN/mm £ 1] 1
35 kN/mm) , Ul FH MIMARRLA0L, BI38E 25 R 15 780 I,
&4, 60R2FEAYENEN, HARTH IRk 53838 60 A
TSR], AR BB SCHR (23] 73R U7 125, 3 i AN-

“REH

HPEAE RS

E3 #hkEErEE
Fig.3 Diagram of power bogie

R1 AHREEFRITESH

Tab.1 Simulation parameters of tram vehicle
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Fig. 4 Track structure model
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Tab.3 Derailment coefficient calculated by the two models

IAH ARSCHERY SCHR[2418E AL AR 22/%
Pt 0.585 0.569 2.8
fife 0.439 0.433 1.4

2 SEUNERHARHBERIERES T

SAEGE 2 45 i 2 A 4 2 I 0 A U H AR A
REASZIN , 25 FERTR S BU/INPAR e 4B T, 53 40
WE 5 S AU 2R 2R i LR AN S i h— /N A i 2ok
B T 0L R T, o s — /N AR i 2 T
TG M AR 130 m, 55— B g Mih g K
FEXE R 60 m, B Hh £ 2148 S K B 43500 120,40 m.
A R HOE BV 12,5 ¢, FnPEER ) R 1 K S
M8 YGI-2 AR5 5 B 30 KN/mm 135 kKN/mm,
B s T R RO T HE TR 30 km/h,

21 ARZL&BIATAENBERTMELE

BEX S B NP AR 2R B — /NP 2 K B 2
LR 3N B0, DA S0 444 M1 R [ fin i B A 491
AN TR 5 2% A 2 A 1) o sk B ol HEL R 1 22 Ak
WS fis . HAREE e fe A 52
Fpl,

FH I S RTAT, A HE LR AR RN B — /NP AR i 2
FHUR A S BY/INPAR 26 1% ZE (A 1) ook i L
AT I AR TR, EEE A B 4 it S 7Y
INPAR R LR R R bR R AR, EERF RS B
FLEL— /N AR IR ZR 2R A L, S /NP 428 il 2 2 %
A 2, 2R sl e i SR EL . AT
it SEU/INPAR G ZE AR 1) P AR P EFE ARl 2,657,
Bt GB/T 5599—2019 HIVERRME 2.5, FHLw] L, 1R
H LB R EWEES BRI R Dt & A Ha
S AUNFAR M 2R 138 i PERE

Bl5  AN[E) 2k B8 2 oA 1m0 fon i E 2 AR MR AT
Fig. 5 Lateral acceleration and stability index of carbody
running on different lines

22 SEUNERHEREEWMSITIENIEIRS T

BR T W, A7) H A 4 EE AR B A T
AR HIEL, 1AL 6 s, HEHS FR X IR e ith 2 for
o BB TTIE S B/NEAR AL Ly A dphis
PN bR (ESITE R 4, IALTHR T Ao g i
SRR S R IR IE . R4 1T, & R sty
PR HEARAE S B /NP AR 2k b AR AR B0 , i S
B R B 1 By A e L i R B T -9
PRI P it 4R FH I SE A X, i Sr 58 00 A i A
(B R B e DA LGN AL S o A N2 e e (K
B M1 1) 28 TPIEA i3 s AR LU AL 2 50 e 172 A B
3, RUIEL BT S B/ AR i 4 2R i B A
o MR EEHES BB e, i ielck
R Mel s AT P R R S B /42 il 46
AP SR B K S

1.0
09 |
0.8 |
0.7
0.6
0.5
0.4
0.3
0.2
0.1

o b

ZEAHiMcl

= ZEHEMc2
- T

Elo FEWMMclBRERBEMSITHERMEN L
Fig. 6 Curve of wheel load reduction rate of vehicle
Mcl1 with mileage



4l

SELLFY AF . STU/NEAR I AA Bl 4 B HE S B AL 7 65

x4 BEWHSITEMNIERRE
Tab.4 The maximum value of each vehicle
operation evaluation index

PN FEBR HMel  FT M i Mce2
R 250 0.851 0.990 0.934 0.851
LANER 0.660 0.663 0.727 0.581

PR tETEb . 2.657 2.397 2421 2.373
e FRaESElSs 1,960 1.824 1.824 1.956
RELRE IKN 44127 0 39311 36.778  39.571

3 fLLREE

BT LR R 2 Bin it ULtk & Je T
20 20 80 AR, Bifi J5 Z R SR ik gl 1 . O
rhepR IR S FCHE T i85 3R NSGA-TT 5L A T
WS, PRAE A B b R PE B AR RE 5 1 B e R RE
o B TR . 1B SCR PG AR SR HE
A NSGA-TT A AR 5
3.1 FWIBITIENIERR

LR IBAT R M SO AR I T R
ST AR X G574, — RS
Wl MIBEE x, — R SR ] M BE x, = R L ] M
BE x, AR BER N x, . — REAR AR BEE
xs . RMLE R BHE x, . R HLE a1 BHE
x, o DA ER s bR P LR e
IR AEE N Ei RS B PR FE bR,
{82 % GB/T 5599—2019 Fil GB/T 42334.1—2023,
= (D~ (5) s

U(X) =D, n(X) (1)
U,(X)=D,,.(X) (2)
K(X)Jﬁ : <25 (3)
_ X ! Az/K:./(fj) 10
v,(X)= > 7.08 7 <25 (4)
Y(X)=F, ..(X)<10+P,/3 (5)

o U, L U, WAL BEREREC D, WSS B
(8 D, M TR Y, ST TR
FAPEISHR s n MRS s J WSS J B A, WA )
BRI SRS RE 5 K (f) M5 J R T
IRAWRIEIEREG N BRI, v, b
GAE TR TR bR s A, WS B A TR
RIS ; , ARALATR A K (f) B4

Wi B A [ IR shATCRAE IE R B F L LR 9]
Bl ; P, M
32 EEWNE

PRI E S CHE T 5t % 550 NSGA-TT 5 2 8t jst
FRREIEIA A B 58 AR S S Ak AR T
o (ANSGA-T L FEHAT iR FEa, >R AHAE L
BCHE P X RS T A B A 0 AR S R — AN 1)
T H BAREAE T 05—, H2/08 —A Hbsfl
F oA 38 3 FEROR TR i 3R S B AS
RN I EG . e — 2R P s A
BT AL, MR AP BT RO, RS B /)N
AE A7 DRAF R 3 AT PE A Z P . NSGA-IL 5
0% ARG TR Mt IR 2 0 ELI B R A AR
RAEALBBHARE

FE RS AT VAN 8 b v 8 R 3 B 3R 5O
SRR A H AR R, RS TR AR
LN ey B DR Y it & s A DA EL|
WEAE . FEPRALIE AR AR i e LU R A T R T
T & LIS Tl 2SR AR A I A B RN, L2
WA ICS B, SR ) LA AR i H AR sR BRI, 4% H
B BREIE R/ N FE AR ST S L A 703 2 B/ N
RIS KR Z A FEAS 8 o 4 55 8 61T L
B WG AR A B AR sR B /INIUT HES 085
27 H bp REE TR AS SR B PN A 25 7 AH
Xof R, LA R 3R PR A 1 ] R A i, ] DA
S R R A M R 2 R | AL S A% 22 2R
TG i e A R T Bt R = - S R AN W ]
&, HyHE A =t (6)~X(7)

U(X)=min[U, U, (6)

Kb UX) B ERRE; D, i MRTE H A% bR
BUR R RBIRBTRE ; i M i MK R EUE ;s m
N m T ARRREG U, (X)) 5 i MARLES m 1 H
PR BB TR s UM (X) WA MELESE m T
F bR R BT B KA s UM™(X) M AMAETLESS m
T HARRECT i/ IME

4 EWBESHMN

4.1 iz
4.1.1 AR R HUE
AR 2.2 Frads | e B4 A B S BUE M A




66 LN N il NI = 2025 4F
Tkt DS RO R (0 36, b T 3 10 5%
30% T S EAAL T . i AL e N HBUE Y 7%&
WS IR, Bl

Hx
R5 WANTERBEEER 0000000 | e
Tab.5 Input variables and value ranges ;’ig 107 ¢
e RNIES SRR —RE R/ 2 100t
Ej;jg (KN'm)  (kKN/m)  fpijg/  [kN-(s/m)]
el fEE TR OREE [KN-Cs/m)] T 6 107 F
THE 420 7000 315 105 4.2 56 42 10
WR{E 600 10000 450 150 6.0 80 60
TR 780 13000 585 195 7.8 104 78 10’70 2' ;‘ 6' é 1'0 1'2 1'4 1'6 1'8

4.1.2  FEAR SIS TR T

FH LSRR B R A B P T 8 S R TT
B 3 AR DR UEAE AR AR A SRS A h g 1
S100 A A AP A R AR ARE AR 2R . 7EA
FREA S T, e TS Rl ad ¥ 50 o A
WSS T FEAS ] AR G, flREA S A 0

AR UEREAAC I [RIATsl A 1E ARk,  EAE
AR 15041, WSedn S ity (S50 , i
W AT AT B SEBUR AR AR S S8 Shit
G5 A SR S X A A T S A3, 15
G| LB e i B 1 = 77 1 £ S 5110 = 7 NP )
BREWESESHAS . (BAERGBES S
) N LB S A A, W TR BRI R AR
FRAE, T L4050 38 R G0 8l ) 2 0 BT B R W B
[ AR, AR TR REA S S84, AT DL
P 25 DR 28 A5 TR A Sy AR A R S (LU AR ZE - 3 B
TR S8, BP HIEE W 48/ g — b 28 B 28 I 2% 46
R FE AR LR EIE 3 20 [l 05 T 1A AR A
AF BB A REAS s 508, BP il 28 [ 25 S f QB
BEAYIT RV A0 - 3 ) R G R Gis 1 T
WriEr.

YIGAREASE 150 20, 42 8: 1: 1 K43 I ZREE 56
TEAEFNIGRAE . QI 3 )2 BP 2 28 4540 , 40 55 4
NN g Ry & i ) e R el S S A R R A -
B 5 J2 7 R T PR SR TS TE V) R, i )2
T SO PRBICR R R, B B AR BT 000
W TS 45 50 0K 7, I e RSO Y i 2%
/NF0.01, FHOCRELRIKF]0.95 ) b F34h, R
TR MRS RS T AW is TR 5 bR %) BP
P28 D 24 AR BASARY (74) 000 45 SR A 76 L AT, &5
W22 6. AHUBIR S IR TR () 48 1T

ALl & AL

BE7 BP#HEMETNERE
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S T I T BT R el
R 0.763 0.733 4.00 R AL 0.767 0.740 3.64
L i E 0.634 0.568 11.53 WE R 0.627 0.586 7.12
R ) PR 2.499 2.589 3.48 ARSI 2.492 2.505 0.52
T[] Rt 2.088 2.042 2.25 e ] PRt 1.873 1.860 0.69
YR IKN 49.289 50.372 2.15 YRR /KN 45.906 48.154 4.66

Nl 8 FIr 7 1Y) Pareto fif 45 45 H bR pREUH 22 41
K, UL & S 4 2l i 21— /N
il o J8 O OB A FEAR R R s AT PPN F bR R B 45
R AE B REA TR 8 HhuR Y iR A T B
BRON — Za 3 1] W JE 420.14 kKN/m , — 2 H6 [ W1 )3
12 982.65 kN/m, — R HEMINIEE 336.46 kKN/m, — F1[1]
NIEE 105.47 kKN/m, — R HE[]PHJE 6.49 kKN - s/m, — R IE
] BHJE 89.72 kN s/m, — Zf#[1] BHJE 53.28 kN - s/m.,
PHZFEA S A LIRS, e B H S A
G T EWZTTITN TR I ST s B S
BAET WEWz T e s UL AR AL SE L DLk
ST IR, IR 8 IR

FH 2% 8 AT, 0 A4 T 4= Mo A R 50 M e o 2%
FRET RS S s TP Fe s i A A
[ BE /), ELIPAN A 2400 2 R 1 BRAE
BUR M AL AT S 1T PR FR A, AR AR S L

®8 MUBIREWSITIEM ISR L
Tab.8 Comparison of vehicle operation evaluation index
before and after optimization

AL R Lai] hAbE hfbsh

A R AL 0.851 00 0.725 48 0.764 80
SR 0.660 00 0.627 23 0.630 34
HE ) ARk 2.657 00 2.487 00 2.499 77
TR 1.960 00 1.944 22 1.974 84
RS KN 4412700  43.82721  47.13845

FREURE IR 14.75% , 50 T Ik 2 R P 1 4.96% , -4 Ak
1] R PR 8 A B U 6.40% , 430 3 1) - Fa Pk 8 b
1 0.80% , BB 1] 11 [0 0.68% . LAk, Btk e
BT TP HE A SO A5 B A LAk 25 2R
HEATRT LG, AR AR A E AR | A 1)~ R
FRbr E IR AR PR RR AR R BURE 10 7 AR X 52
2538 5.13%.0.49% .0.51%.1.55% .7.02% , %515
T VP 48 04 T A 2 4 PR 5 FE 10% A . LA L



N

68 R &l ok

R 20254F

gEHLRE, AR A N RS A
Z HARLAL T DIA SR S A U 42 S /N AR ph £k
iHIPERE
5 #ig

BT HRA S 2 PSS A B 4 -GE
WG RG8) J2# R R B SO s
TV R AR I sE M R, 45 A e b T Rk
FERIZ B AR it A8 53050 A B 4 R B HE S Rt
itfe , A R H S ML HAr el , 45
Wr .

1) AR ZE S BUNEAR i Zas TR P8 bn 5
AARR, S A BT TR R AR 4 T b ) A,
H ity 5 2 A ) S B M i B A EL b ] A2 G R
10.8%.

2) ARG BbRti T R AR 5k
FEITHEFIEL T BP M2 28 AR BRI )7 &2 H bRist (%
FIENSGA-T £ HbRE AL T kBB Z5 & 5 JE AN
BHSHA AN ST RN AR AR, 75 5]
ERSHEs BN G

3) sl M A U 4 S RN AR 2R 4
HSH L Bt b4 5% LG E s T e He br
33 B s, SR ATAH H , G 2R EOR 4=
R ) R EFR AR UL AL RO B I I, H b A
FEFEIEIL 10%L |

SE k.

[1] Z=NI, 2575, #Ha 4. 100% IR P A i) & i 512
HI. MLZEEAL ), 2013(4): 51-55.

LI G, LI F, HUANG Y H. The development and opera-
tion of 100% low floor light rail vehicles[J]. Electric
Drive for Locomotives, 2013(4): 51-55.

(2] ERE. BUCA B 4 R Gk B T 5[], #R TR
13238, 2013, 26(3): 9-12.

MIAO C X. Characteristics of modern tram and its appli-
cation prospect[J]. Urban Rapid Rail Transit, 2013, 26(3):
9-12.

[3] JEONG N T, WANG M S, YOO 8§, et al. Conceptual de-
sign of high-speed semi-low-floor bogie for train-tram[J].
International Journal of Automotive Technology, 2017, 18
(3): 523-533.

[4] ZEHETBAUER F, EDELMANN J, PLOCHL M. A mini-
mal model to study self-excited vibrations of a tram wheel-

set in curves with small radius of curvature[J]. Vehicle

System Dynamics, 2023, 61(11): 2867-2887.

[5] LING L, HAN J, XIAO X B, et al. Dynamic behavior of
an embedded rail track coupled with a tram vehicle[J].
Journal of Vibration and Control, 2017, 23(14): 2355-
2372.

[6] VERFAE, W 5%, MOTHE, 55 A HUH /N il Zd i vk
RE S OS5 [7]. DLA 430, 2021(4): 14-19.
WANG Q S, ZENG J, CHENG Y H, et al. Research on
small radius curve negotiation and key parameters of
tram[J]. Electric Drive for Locomotives, 2021(4): 14-19.

[71 BETHEL LULU G, CHEN R, WANG P, et al. Random vi-
bration analysis of tram-track interaction on a curve due
to the polygonal wheel and track irregularity[J]. Vehicle
System Dynamics, 2022, 60(4): 1125-1147.

(8] ZEnubr, FRMY. Pt SR B TREHLE S5 S48 12
PEACBETHI]. B4, 2011, 33(1): 69-75.

CAI C B, XU P. Dynamic optimization design of the
structural parameters of low vibration track[J]. Journal of
the China Railway Society, 2011, 33(1): 69-75.

[9] Whid, FHbR, I, 55, Higka) G- AN IE R 588 )

SRR 1 - HUE SO 3 1 2 RE S R (1], HUAR TR
2, 2020, 56(24): 173-180.
HAN J, XIAO X B, YANG G, et al. Dynamic behaviour
of metro train and embedded track system II: effect of
track parameters on dynamic behaviour[J]. Journal of Me-
chanical Engineering, 2020, 56(24): 173-180.

[10] ALABBASI S, HUSSEIN M, ABDELJABER O, et al. A
numerical and experimental investigation of a special type
of floating- slab tracks[J]. Engineering Structures, 2020,
215: 110734.

[11] KRR, ZAFEA, 27, 45 TR ot 9 338 7 5 A

TR S PE TS (0], IR 8h T AR 243, 2021, 34(5): 951-
958.
ZHENG X, LUO X W, LI P, et al. Vibration performance
of a prefabricated steel-spring floating-slab track for ur-
ban express rail transit[J]. Journal of Vibration Engineer-
ing, 2021, 34(5): 951-958.

[12] ZENG Z P, HE X D, HUANG X D, et al. Numerical simu-
lation research on mechanical optimization of a novel fas-
tener type ballastless track (NFTBT) for tram[J]. Applied
Sciences, 2022, 12(17): 8807.

[13] XA AL, S /NP, RSO, T AR i ot 5 s =X
MEWBHR G Z AN, TR R4 (A
IRBLENR), 2021, 40(12): 136-142.

ZHAO S E, NIE X R, CHEN W B. Multi-parameter opti-
mization of suspension system of straddle monorail vehi-

cle based on taguchi robust design[J]. Journal of Chongg-



3 ] SELLEE A STU/NEARIN AT BUR 4 S S S AL LT 5 69

ing Jiaotong University (Natural Science), 2021, 40(12):
136-142.

[14] LI G, WU R D, DENG X X, et al. Suspension parameters

matching of high- speed locomotive based on stability/
comfort Pareto optimization[J]. Vehicle System Dynam-
ics, 2022, 60(11): 3848-3867.

[15] #Riz, WMz, T8 W ds | 4= 58 i 2 H R OL e st

T[], HUBE T AR2A4R, 2022, 58(24): 188-197.

QIYY, DAI HY, GAN F. Optimization of wheel profiles
for high-speed trains[J]. Journal of Mechanical Engineer-
ing, 2022, 58(24): 188-197.

[16] BRE ik, BE500K, Tk UK, 45, 2k T2 B AR Y 3 B 4

ARFS SR T M BE T[], BB T RR2A ), 2025, 61(8):
261-271.

CHEN Y H, LIJ X, ZHANG G E, et al. Metro wheel pro-
file design with low flange wear based on multi-objective
optimization[J]. Journal of Mechanical Engineering,
2025, 61(8): 261-271.

[17] DE PAULA PACHECO P A, ENDLICH C S, VIEIRA K

L S, et al. Optimization of heavy haul railway wheel pro-
file based on rolling contact fatigue and wear perfor-
mance[J]. Wear, 2023, 522: 204704.

(18] ZiX, 255 IH, ¥ Fe I, 5. 5 IEpPRHEE B 5 4 42 i AR

JBE Aok 5 45 ) W BE R Ak i3 T [J]. 48 AR 28l K 2R 2R iR,
2024, 41(3): 90-100.

QIN W, LI C G, PAN B B, et al. Optimal design of isotro-
pic stiffness for rubber bushing by considering material
hardness and diameter reduction for conveyance[J]. Jour-
nal of East China Jiaotong University, 2024, 41(3): 90-
100.

YAOY, LI G, LIANG S L, et al. Optimal matching meth-
od for suspension parameters of high-speed train bogie
based on robust hunting stability[J]. Journal of the China
Railway Society, 2021, 43(8): 35-44.

[22] ¥ 5z, BHESC, A, 5. %5 I R 1 s 44 %

] 28 S H S 4 B bR LB (0], b B E L,
2021, 42(2): 125-133.

XIAO Q, LUO J W, ZHOU S T, et al. Multiobjective opti-
mization design for suspension parameters of rail vehicle
bogie considering elastic carbody[J]. China Railway Sci-
ence, 2021, 42(2): 125-133.

[23] E&E. FT ANSYS B3 LA £k S 5018 5 0]

BHEASE, 2013(13): 149-150.

WANG Y. Calculation method of cross-section geometric
characteristic parameters based on ANSYS[J]. Science &
Technology Information, 2013(13): 149-150.

[24] TEIRIE, FHvese, B4R, PSR Huo B Bl 4

AN AR i 2 S BE 82 e (D], 3R T 2P S F Y,
2018, 21(1): 72-76.

WANG Z G, LEI X Y, LUO K. Influence of general rail
and grooved rail on small radius curve passing capacity
of modern tram[J]. Urban Mass Transit, 2018, 21(1): 72-
76.

[19] Z=/ME, s, skadtal. BT - Ui & i PUE R fh 4
s AR S SRR D] B Sl R, 2013, SR L0 (1980—) , %o, g TR, BF 58 5 1) ok
47(2): 236-241. T T 5 A K B, B-mail : danghongling@gzmtr.
LI X W, SHI J W, ZHANG J W. The lateral modeling and com,
parameter optimization based on vehicle-track coupled dy-
namics for a special railway vehicle[J]. Journal of Shang-
hai Jiao Tong University, 2013, 47(2): 236-241.

[20] T4, BRIEZ. 0T E0- B8 RSB 32 BT
SRR A TIED]. BhhF4R, 2019, 41(5): 177-183.
XU L, CHEN X M. Multi-layer design and weight meth-
od for parameter optimization of vehicle-track system[J].
Journal of the China Railway Society, 2019, 41(5): 177-
183. BIEMEE L1 (1968—), 55, Hdx, Wit 1A S0l F 5

[21] Whizg, 2™, ZERIAK, 45, T O RS E My s 81 2 75 6] g Bk IE TREBCH 5 BEIE T 5E . E-mail : pinglou@csu.
HZHURAICRC VA [T]. BRIE =4k, 2021, 43(8): 35-44. edu.cn,

(UL AR)



