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Abstract
This study investigates the CRH2 high-speed freight Electric Multiple Unit (EMU) as the research object.
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Based on multibody dynamics theory, a dynamics model of the high-speed freight EMU was established
using the UM software platform, with further development of a train-track coupled system model con-
sidering crosswind conditions and eccentric loading scenarios. Through numerical simulation and an-
alytical methods, the research systematically examines the influence of key parameters—including
wind speed, cargo displacement offset, and operating speed—on train operational safety. The results
demonstrate that safety indices (derailment coefficient, wheel load reduction rate, and lateral wheel-
rail force) deteriorate significantly with increasing speed, wind velocity, and cargo offset. Particularly
when the speed exceeds 250 km/h, wind speed reaches 17 m/s, or the offset surpasses 0.6 m, multiple
indicators exceed safety thresholds, revealing that the combined effects of crosswind and eccentric
loading critically compromise train stability. Furthermore, the wheel load reduction rate and lateral
wheel-rail force exhibit heightened sensitivity to wind speed variations, while increased cargo offset
under high wind speeds exacerbates derailment risks. This study provides theoretical foundations for
the safe operation of high-speed freight EMUs under complex environmental conditions. Practical rec-
ommendations include implementing real-time wind speed monitoring and enhanced cargo loading
protocols to mitigate operational hazards.
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Table 1. Main parameters of vehicle dynamics model
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ZHAATR il LA
LR SRE i 33,785 kg

LAy 2700 kg

R i B 1869 kg
TR E B 113,450 kg'm?
Tk mUCR A B 1,571,360 kg m?
TR KB 1,467,580 kg m?
FHN F A% BN I i 2190 kg'm?
M4 K B I 1480 kg'm?
FIHERE L B i 2700 kg'm?
BRI e 910 kg m?
LD O PN 2 7By 150 kg'm?
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Figure 1. High-speed freight electric multiple unit dynamics model
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Figure 2. Schematic diagram of cargo center-of-mass offset relative to the vehicle body center-of-mass
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Figure 3. Steady-state wind seed model
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Figure 4. Aerodynamic load distribution diagram of high-speed freight EMU
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Figure 5. Influence of operating speed on freight EMU lateral load distribution under crosswind conditions
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Figure 6. Impact of wind speed on eccentrically loaded freight EMUs under crosswind conditions

6. HRNER T MEXH R SIZEEH AR

HHE 6 mI%n, Bl ARG 138, &

N,

TIBBN AN K TSN Fabn ) BB ETHES

(§737:554

ARAEFRFEY [1710EERGE KT 25 m/s B, S4B NMART 200 km/h, 7T WG 3 0232 3 4241
7E 250 kmvh BF, 56 B URGERSRIEC Rl ) 1 S5 HEBRAE, T A2 IR IS s AR B R BB IR, 1847
RTINS o 5 IR AN 7] )0 RUE AR 9 BUER, A B2 17 /s B, fdk Tol T

DOI: 10.12677/mos.2025.146486

173

MRS R


https://doi.org/10.12677/mos.2025.146486

EM, T

(R A 1] ) 23R S0 M e A A, B 0 B IR R B R BT AR 4k PR e Y T . 7 XU 20 m/s (2%
PER, il 0 B 4 ) S TR AR A 3 2 AR AR . PR mT DL, R S i A v T s B 2R AL 1 R
F, UHARGEEXR] 17 m/s. G308 250 km/h (TR, Hzz 4k ) 5 N 5| s o .
43. REE

IR T AT B A% SR IR EE T Bl 002 ) R I AT LA, A1 SR U AR sk
RIBE A HARHUE LRI RIFE b3 R . SeEIRACR . SRR DR TR . BE SR
B BB EEEAT T R E . RS LRSI AL, ERERIAEE T, A AREN Tis 3 AR 1 SR
JonEE. Fik, RIS, AT RE R RS R T EE RN -0.8 m A2 0, WFALERGEN 10 m/s. 15
m/s F1 20 m/s IRERCIRZS T, ZE1808 250 ki/h 264 o I THE S5 047, AR5 R45 TERE RIS T,
VU 52 4 D18 A 1) B R AR i 7% B AR A R, sl 7 P

12 12

—u— 10m/s —u— 10m/s
—e— 15m/s I —eo— 15m/s
1or —A—20m/s 10T °\\\\*\\\\ —A—20m/s
L y L .
0.8 EL % 0.8 ~.
e | = | u. °
& '\\ E \ \\A
206 ° A\A 5 06 n o
\. 2 | \ \
I\.\ \. o . @
04 l\.\. 4 \.
02 1 " 1 " 1 L 1 1 1 02 1 " 1 " 1 " L " 1
0.8 0.6 0.4 0.2 0.0 -0.8 0.6 -0.4 0.2 0.0
R E/m wm#EEMm
(@) Bi#L R _ (b) 4 ERARE
80 _- —u— 10m/s 160 F ::: ignml//s
20 b —eo— 15m/s I s
| —A—20m/s —A—20m/s
140
60 -
e\
SN
. - ®
L . °
0 — " — ] n 80 I \.
20 -OI.8 I -0I.6 I -0|.4 I -0|.2 ' 070 0.8 I 0.6 I -0.4 I 0.2 I 0.0
RBE/m RBE/Mm
(QFit:LACP; (d) BN )

Figure 7. Effect of displacement offset on eccentrically loaded freight EMUs under crosswind conditions
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