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Stability Evaluation on Aerodynamics of High Speed Railway Train
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Key Words : Derailment(241 Z15%), Wheel Unloading(+r% 734>#), Running Safety(5-3J9+44d), Aerodynamics
(F3), Overturning Moment( 52 M E)

ABSTRACT

Recently, the speed of a train has been increased. So the trains are being exposed to wind more
severely than before. Because of the operation of high speed trains and lightweight of the train, risks
of train derailment have being increased. In this study, aerodynamic effects of a newly designed high
speed train, HEMU-400x, are evaluated. For aerodynamic effect evaluation, analysis method is se-
lected by examining the safety standards for high speed train. The condition of aerodynamic effects
is selected by adverse effect conditions. In order to calculate C; coefficients, numerical analysis is
conducted. Using C; coefficients, the side force is calculated. Through dynamics analysis, derailment

and wheel unloading are obtained. Using these results, derailment evaluation is performed.
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Fig. 1 Relationship of driving speed and wind speed
A A4 A S A A = ¥ (International

Union of Railways)olA] AAISE =8 QbAA] 149

1
E UIC 518< wtom Alghghe 0.8 #8a0H
E 0.8+
§ 0.6 )
b
o4
3 x
¢
R 60 70 80 90
Yaw Angle (deg) 0
Fig. 2 Relationship of yaw angle and overturning
moment 0.5 ‘ ‘ . ‘
0 30 60 90
)
L5 Fig. 4 Relationship of yaw angle and lift force

—— Cy : Aerodynamic coefficient
—A— C, : Yaw moment coefficient |

0% 30 60 90
Wind yaw angle (deg)

Fig. 3 Relationship of aerodymanics coefficient and
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Table 2 Analysis scenario

. Velocity | Wind speed |Relative velocity U
Radhesn) o) o) o)
15 57.54
55.55
(200 k) 30 63.14
45 71.49
15 103.78
102.7
7000 (370 km/h) 30 106.99
45 112.12
15 120.33
119.4
(430 km/h) 30 123.11
45 127.59
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Table 3 C; analysis conditions

Velocity | Wind speed [Relative velocity] Yaw angle (3
(km/h) (m/s) U(m/s) (deg)
0 119.44 0.0
15 120.38 7.2
430
30 123.15 14.1
45 127.64 20.6
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Fig. 9 C; coefficient about yaw angle

Table 4 Yaw angle about relative velocity

Relative velocity U (m/s) Yaw angle ((deg)
57.54 15.11
63.13 28.37
71.49 39.01
103.78 8.31
106.99 16.28
112.12 23.66
120.33 7.16
123.11 14.10
127.59 20.65

2ol el Teln 74 R

8319l th Table 62 A Az=z
o e &% &y g4

Atk et g 4= QI Table
FyEL 200 km/he EFE 45
m/solA &5 FAasd EXAS7E 244 0.75, 0.54

o2 gAs U] 9orz gxo] AR &
o) 28 o)AL VFoE EL 30m/s, 15 m/s

gis] ehdsitha & 4 ok TS
% 370 km/héF FE 30 m/soll A e] BHAISE 048
A &% agol 0852 Yehuy gAdA s
A 08K T} AR Bio] whAIst 4 Qltial ¥

o

of

7hE ¢ glvh TElal FREE 430 km/hek S5
30m/sol A 5 AaEo] 1.040] 22 Bido] b
g % 9l
Table 5 C; about yaw angle
Yaw
angle Mc 1 2 3 4 Te
(deg)
7.16 0.095 | 0.042 | 0.029 | 0.033 | 0.039 | 0.01
8.31 0.116 | 0.053 | 0.038 | 0.048 | 0.053 | 0.014
14.1 0.22 | 0.109 | 0.085 | 0.121 | 0.126 | 0.039
15.11 0.243 | 0.123 | 0.099 | 0.131 | 0.153 | 0.042
16.28 | 0.271 | 0.139 | 0.116 | 0.143 | 0.184 | 0.047
20.65 | 0.375 | 0.200 | 0.178 | 0.188 | 0.302 | 0.064
23.66 | 0.446 | 0.242 | 0.221 | 0.218 | 0.384 | 0.075
28.37 | 0.555 | 0.307 | 0.286 | 0.266 | 0.509 | 0.093
39.01 0.809 | 0.457 | 0.438 | 0.376 | 0.798 | 0.133

Yaw angle B

Fig. 10 C; about yaw angle
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T Table 7 Derailment limit
Vgl ;ggelg VfI:{lzlcaittl}YeU izl Derailment
(km/h) i) i) unload
200 45 71.5 0.75 0.54
47 72.7 0.81 0.52
Side force £ 0 27 106.1 0.73 0.62
28 106.4 0.82 0.61
,&, 430 15 120.3 0.77 0.71
16 120.5 0.81 0.77
Fig. 11 Dynamic modeling of a high speed train
50
Table 6 Result of analysis @:(5)
. R £
V(erllszl)ty an(rin /ssl;eed X?::(li Derailment é zg
(20%5 ]frfl ) 45 0.75 0.54 E ;5)
15 0.53 0.41 15
(37%)0%(.;/}1) 30 0.86 0.48 ?80 230 280\/elocity (1321(/)},) 380 430
4 121 0.40 Fig. 12 High speed train speed limit for wind speed
119.4 15 0.77 0.71
(o b 0 L ool olear & 4= Itk Fig. 125 Fel g n%A
FP&re A FE vehdch F4 ohFeA
o A3 FP&rol Fho] wE BAIAES v o FHS DA WA FA 4 HFo A9
okst7] ¢lste] Fig 103 73 Wi} vl g B 73S Edo] e 7hsAde] Ak a8 EE W
S oGl wHIAG WE FAsEst F&  Fdel nkdAE Far] AdE 349 of
& TEk o FRSES T4 I g AF BB FAL s} Fk,
&% yet 8748 FsRgleh 12]al Fig 109 1
ZE FEato] a7 g Cabs FEIT 4.4 E
A4 Ast, 47k FASEG Ehel wE @
F&3 FYPSEE Table 73 o] EEFEA o] A75 T AAl APorme Fsh] oY
Table 7914 & 5 Qo] SAAFE BHTA & T % B FsAS B 4L B
085t A YehA] AT &% Aage] Wl wrleklth. uSdEARke] fds o] &ato] aiA
banz gdRAE 298 5 It FPEE R9S pREgen KTX A%l FYsa s
200 km/h, F& 47m/solA &5 Hago] A ASARE A Rl Agagivh HeegA &
291 08Kt 2 0812 YeEhY FAEE 370 A AU SE A ST tigk siMS
km/h, 5 28 m/soll e &5 Aago] 0.822 U Sl tgy 22 AdE =&Y
Ehuic}, (1) A% 200 kmv/holl A= F45 45 msolA] 3l
agla Ha APEE 430km/hol s T 16 SIS W BAAIGE 054, 5 FAES 07502
msd o, &5 FAaEo] 0812 YERb gde] w EdgAQl 0.8 Bk AA YEERE o] WAYs)
A Aoleta et 4 k. welmE FAEw A A9k AT TS 45misEtt 24 B o)
200 km/hol A= F4 45mys, FAEE 370kmhellA] BAAITE 048 M &5 gl 0.81%

.

Z2 27mfs, TAEE 430 km/ho A= FE 15
m/s7F EAo] BhAEkR] k3 st 40

gA89l 0.8K T A Vel B 9jeAde] g
=Ly 18 EE 45m/s7F 200 kmvholl A9 EHA)
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