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Abstract: To investigate the issue of snow accumulation and icing in the region of the permanent magnet direct—
drive (PMD) bogie of an intercity EMU (electric multiple unit) , this study employs a full-scale three—car model of
a specific intercity EMU. Using the Realizable k—& turbulence model with the unsteady Reynolds—averaged Navier—
Stokes (URANS) method and the discrete phase model (DPM), the snow and wind movement characteristics in the
PMD bogie region and the conventional bogie region were simulated under conditions of =30 ‘C ambient temperature
and an operating speed of 160 km/h. The research results show that, compared to the conventional bogie, the PMD
bogie exhibits a less complex flow field structure with smoother airflow. Although the total snow accumulation in the
PMD bogie region is higher, after accounting for the snow adhered to the motor, the overall snow accumulation is
reduced by 23.83%, and the snow accumulation on the brake calipers is reduced by 78.368%. Thus, it can be
concluded that a significant portion of the snow in the PMD bogie area adheres to the surface of the permanent
magnet direct—drive motor, with relatively little snow accumulation on other components, especially the brake
calipers. Considering that the heat generated by the motor during operation can melt the snow on its surface, the
snow accumulations on the motor surface. Based on these properties, the direct—drive configuration of the intercity
EMU bogie offers a notable advantage in mitigating snow accumulation and icing issues.
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Tab.1 Mass of accumulated snow on different components of ordinary bogie model kg

e LA LbE ) e 28 3 Fem A4 B ALs Hen 4L 6 N
HLHL 6.151x107™ 9.202x10™"! 4.304x107" 5.953x107™"! 1.165x107"! 9.506x107"2 2.164x107°
il 3 e H 1.181x107" 3.402x107" 9.022x10™" 1.641x107" 3.672x107" 1.221x107™"! 8.714x107"
lap Y 9.201x107" 1.045x107"° 4.623x107" 4.173x107" 2.009x107"! 2.697x107" 2.487x107"°
et 1.763x107" 9.327x107" 1.101x10™" 9.309x10"? 1.022x107" 1.291x107" 5.295x107"
R 7.338x107" 2.385%107" 1.658x107" 2.140x107" 6.694x107"? 2.527x107" 9.453x107"!
g 9.528x107™" 1.165x107"° 4.025%107" 7.841x107" 6.795x107"! 7.299x107™" 4.714x107"°
RN 3.237x107" 4.286x107" 5.235x107"! 3.402x107" 8.795x107"2 2.192x107" 1.603x107'°
g ivet) 1.403x107"2 6.937x107" 5.007x107"! 4.402x107™" 1.537x107"! 3.726x107" 2.175%107"°
Bt 1.195x107'¢ 4.924x1071° 2.686x107'° 3.048x107° 1.444x107'° 2.190x107"° 1.549x10™
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Tab.2 Mass of accumulated snow on different components of PMD bogie model kg

s e 4R 2 e 3 Hemiea 4R s A6 S’
L 8.633x107"* 4.835%107"° 1.566x107"° 1.324x107"° 3.788x107"! 8.249x107" 8.930x107'°
il gh Je it 8.273x107"* 6.145%107"2 1.751x107"2 5.641x107"2 2.604x107"2 2.626x107"2 1.885%107"!
AR 1.187x107" 5.432x107" 4.988x107"! 3.170x10™" 2.463%107" 1.564x107" 1.763%1071°
5 1.079%107"* 2.162x107" 1.161x10™" 1.464x107" 1.222x107" 9.953%107"2 7.005%107"!
Tz 3.597x107"° 7.481x107" 3.895%107!" 3.181x107" 8.924x107"? 1.734x107" 1.718%1071°
i) 4.914x107"2 1.087x1071° 4.539x107"! 8.327x107"! 6.266x107" 5.040x107" 3.553%107°
NN 3.597x107"° 9.862x107"" 4.806x107"! 3.710x10™" 1.212x107" 2.672x107" 2.226%107"°

WHCAH — — — — — — —
558y 5.220x107" 8.477x107"° 3.522x107"° 3.366x107" 1.610x107"° 2.052%107"° 1.908x10™
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Tab.3 The ratio of mass of accumulated snow on motor surface to the total mass of accumulated snow on bogie surface %

i CAGES] AE ) e 3 R4 4R s Hmite
L3 2 ) 4R 0.515 18.688 16.024 19.531 8.068 4341
TR B L BIR 2 o) A IR 1.654 57.037 44.463 39.335 23.528 40.200
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Fig.9 Snow accumulation in the bogie area
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Fig.10 Mass of accumulated snow on different bogies
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Fig.11 Total mass of accumulated snow on bogie surface
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Fig.12 Mass of accumulated snow on different brake calipers
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