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Abstract

Based on the theory of vehicle-track coupled dynamics, this study innovatively establishes a cou-
pled dynamic model of a B-type metro vehicle-floating slab track-subgrade system, with a focus on
investigating the impact of subgrade differential settlement on operational safety. Parametric anal-
ysis reveals that: (1) the dynamic response of the vehicle first increases and then decreases with
settlement wavelength; (2) the dynamic response is positively correlated with settlement amplitude,
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indicating that controlling the amplitude is critical to ensuring safe operation; and (3) under typical
settlement conditions (wavelength of 15 m and amplitude of 15 mm), an increase in train speed
significantly intensifies wheel-rail dynamic interaction, car body vibration, and wheel load reduc-
tion rate. The findings provide important theoretical support for subgrade settlement control and
train speed optimization in urban rail transit systems.

Keywords

Uneven Subgrade Settlement, Vehicle-Track Coupled Dynamics, Metro Vibration Response,
Dynamics Analyze

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

YT PUESSE IR AR AIASE T, AR AR BB ER, RE DA
EH BRI A, OREE T THAT BRIV S e Atk SR, SR HE S8 AR i BRI i A v A T
Fib L e, Hrp A SR RSO SR o ST PUE S0 £ O o R A O B R A, 2 IR
BIAYE] . HIRAS S R KR MEEE SR, BRIEE 5 R AU X AAN Y S PTRE T fe S 20
AT, SENHOER PR E v, AR w4 Is AT ZeMEFENE . MmO, A5
VIREFTRES R PUEWRTR . JI BN E R, e MoRF A m2e. B, BTuiekes i A S0
SHE R PUEZE AR AR BR R4 - BUE - BRI G R G R, RTINS AR AT R e SR 2 4T
EPER I EAT O

EELAER, R E AT R AN ST A0 - PUE RS & R LI Eh JRe E IR R i B 2 W T
FEBEGAREIE . SRR PUE Ak B RIE .

ARG R 4200 - I8 2 ARl Jy A, WA 1 IR X 2 ek S Al T A R e R L S R
FYL2]4R ] DEM-MFBD & 75 AT 2.5 AEAREHUER, AWM EER R T i 5 42T
BUs  HIRAS[3155 4 T 2 ka3 /1% - AIRTR SR, 38 s AURE B AL TR 30 77 Wi L F) ELRE SN
SREC[4]45 Sun [5]55 73 T IRAE AR 0T B K AT BRIk, BIEFU 1 IR X JEHEPUE S5 1 05 A3l 7745k
(RIS s E AR [6] 55— a2 IR IR RE 451005 S5 AN 20 A ) CRTS 1T BURS AT, i X i 4k 47
FMPRSCRF . TR P75 S SR 00, T ITRER ZE 05 71 A M RERIREM ;. Zhang [8]55 U iE L 4259
- HHZRBUIE - BRIERS SRR, R T UIREDIR S80S 2 A 5B ah 7 I 3L R m, s e DR
W (R BOR R 2 AR BN, B AIR ) 5 AN IR W &

SEEDAATFUR AL H AT OC TR RO (W7 IS 18 RCR, B ST R T4 - B
MG ARG AL TR BONA IR o SO SO I 8 725 8 Bt AL T R R 3 R 420 - P EARUE - B
S [ 2 AN A A, SRV EAE AR AT 1 R ZE s AT I, BR S AN K S TR X R 4 A - B
ERE RGN IR R .

2. FERBRETMFOMKER - FERNE - BERGINHFRE

AT 4 - PUER GBI, FAL 7 BB BRI Rk A5 - I EARPIE S ) A 0 B
9], WE 1 PR, BMEAEMBENT ARG, FERPUE TR, R EIER . BIAELNE

DOI: 10.12677/met.2025.144039 400 IR N ST N


https://doi.org/10.12677/met.2025.144039
http://creativecommons.org/licenses/by/4.0/

S, FF

AH B A B A0S A5

v, -
L ByBe R BB I DX

Z*%%%%%%%%%%
Toooo

GiLE!
%%%%%%%ﬁ%%jﬁﬁﬁ
KRNI

Z,

ARSI YLK B

Figure 1. Metro vehicle-floating slab track-roadbed coupled dynamic model considering roadbed settlement
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Table 1. Basic parameters of metro vehicle, floating slab track, and subgrade system
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Figure 2.. Effect of roadbed settlement wavelength on vehicle dynamics
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Figure 3. Impact of roadbed settlement amplitude on vehicle dynamics
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Figure 4. Maximum value of vehicle dynamics under the change of roadbed settlement amplitude

E 4. BETIERETL TN ERNNFHRAE

3.3. FEWEITIEE RSN

SEA TR E Mk RS PRig AT s, ARHTIEEN 60 km/h. 80 km/h. 100 km/h =R fE 44, 4B Hek
NI AT I B0 A7 AE B8 B AN I S0 e i Mk 22400 - U R R G B R e, YR T A 15 mm/15 m.

5 N AN R FE AR G0N Bk R A 2 i AN S UTRE X I SRR 13 A B NIRRT AR B2
B AT R 0 5 B e B TEORAE R, HAEZERIRS N . B S(a) i, fEZEE H 60 km/h
PRE R 100 ke/h (R RE A, s B AR AL IR e 0.14 m/s2 39 2 0.25 m/s?, .3 7 I8 X i ikt 2 ) e 83k
)i T8 P ) v BT e S D (R G, Rk R, BRI SRR I T AR TS FE s ok, B
WA FRF PR B A . 8] S(b) R, R IE P R AT 25 B AR g B s, B ) D V(B B 59.72 kN
1% 60.5 kN.

DOI: 10.12677/met.2025.144039 405 IR N ST N


https://doi.org/10.12677/met.2025.144039

e, FF

—— 60km/h —— 60km/h
—— 80km/h 62 F —— 80km/h
0.2F —— 100km/h —— 100km/h

0.0 F

o1
[0e]

AR R IR/ (n/s”2)
LT J/kN

-0.2 F
56 I

0 1 2 3 4 0 1 2 3 4
I E] /s I [a] /s
(a) Car body vertical acceleration (b) Wheel-rail vertical force

(2) ZEAR T [ sk (b) BB )

0.05

—— 60km/h
0.04 | —— 80km/h
—— 100km/h

0.03 |

0.02
0.01

0.00 &

3 —0. 01
-0. 02

-0.03

-0.04

-0. 05 L L

B |/ s

(c) Wheel load reduction rate

(c) FeH AR H

Figure S. Effect of driving speed on vehicle dynamic response
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