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Ride comfort of High Speed Train due to Aerodynamic Force inside
Tunnel

AR AA4 t
Bum-Sik Shin  Yeon-Sun Choi

ABSTRACT

Ride comfort is an important factor for the development of a high-speed train. The aerodynamic force to a high
speed train inside tunnels increases the car-body vibration and makes its ride comfort worse. In this study, the
aerodynamic force is estimated through a CFD analysis using ADINA, and its car-body vibration and ride comfort
are calculated for the aerodynamic force which acts on the side of the train. The numerical results show that the
vibration is a lateral mode of the car-body and decreases the ride comfort. On the basis of this numerical
simulation, more accurate simulation is necessary for the shape of tunnel and the lateral suspension system of a
high speed train.

A1 Al 2F /LR ¢
= 2 BFuo] o3 kg W
3Fgith KIKKO[3]: A17HAl 3004 2] = €]
g 3tal, o] E o] &ty FAH JFS A=At SUZUKI4]:= A 7kA

= o)A 49tk SAKUMAGIE Bd U a3t
o =3ttt 586l =3 dextze

Alabstar, AxbE b
¢l SAMCEF[8]& o]l&3te] ZAAA=FS Rdd stgon, AMe A 7tExE ol &sto]l a3t 9
& o33t
L
T 439, Addoista, ZAE A, ag

E-mail @ yschoi@yurim.skku.ac.kr

TEL : (031)290-7440 FAX : (031)290-5889

£ A9, AR wst, AT, wabag

1000



|

= 45T A Y54

21 3¢

&
/51
B
2t
<
l
of
A

o

z

9]
KeN
=1
=
=
vl
=

3

|

bl
2

7
o B

~
_ZO 1_.E

o [e]
—_ ,_J.El #MO 1.|L l

7K T X

=

— 5 Wy o ol
~
<

o}
=
r
Z
<]

A4k Ba[9]¢]

el

N

g

bs

A

(b)
=)}

87.5
0.75

14.4

9.9

4.4

7.2

9
L]

9]

L

FH[1]ell
&
].
d
__,Z_
B

= 3
=} 2k
_S___
Eﬂ
[e)]
x_-}

2 1 ADINA

Eal
1

]

e
o upa

jul ﬂmo

o)

H

2
A
3

zl

=
vl
=

Width, Z, (m)
Width, Z, (m)
Width, Z, (m)
Radius, ® (m)

I
E]

ol
==
T

:T_L_

K

g
Tunnel Length, L, (km)

—_
;OL
ﬂwo oo

<l oF
i

]_

=z
- 2
Cross—sectional area, A (m®)

(a)

2 H

o o
mv X

3

o] K
— WL

T 6
X mm M

Fa, 8 1)k ol Az A
o}
o
!

5
3
2

ol
—

A7} qdek ey

< AA
7]
Sh=
Sis

) =22l

sk
o g
=)

kil
7] %
At
Feo] FHPgmsl Lol WA A

W

K

*

1001

Lw



-5

1

Time(s)
1002

0.5

o

T
=0 i
~ o
wox Lok w
&E mE mv WE ° Hd Oﬁ
Gl = ZT \ﬂl ‘Dro —
B 5 =
T 4o _°
w S T Al
om X - P
M,d_H —_ Mﬂl.! ! oW 3 G:U)
0 ok [y < 9 )
0 ol
w1w§i%ma@ ST
) < =0 O B = o Nr =
Rl o~ Hos < o
on o 4 Gl _ N W=
Mo o r T T
MR Y (:u = T T o
:o'u lary © S Ao 1# ﬂﬂ_ ‘mwo zﬁ ‘mu_l
- g = o X
Lz = 580 7 okt = wop B
X — = N w i N _ aa N
9 < gl = 3% _ : A el
ie] ~to Uﬂ ~ =) WW mm MH L
m do X~ N =K oW T Y o
o ﬂAl k3 17r _Jlopﬂ ,ﬂw‘_ ~, #,v = B ‘ol
- TR | =22
o],mffgéovao ﬁrwmwA =
= ™ B 2 . O g BS T o 3 ] T
fron! ™ o NS Y = s T e 0 =
- N Q) = s N = o N X 8,3
S [N L= 4 X -
o . o 3N HT OME o . ,_llyl msm
‘U| K ~ L = ‘wgl q =0
X —_— < X - i nm_l _— HE |
Mmmlammwi o TxI T |
o o %u Il N N T T — my |
mﬂ%é.%ﬂH ’ A
o - ol Nr Mo N o
! M#, 0 T (g ~ = ~ 0
ol oo X ar S g mw LN i
T ok = — g —~ _6L —_ -~
% %W#w% ¢ BT ol
H (il J Ul
m,# e R | = Aﬁ = iy B R m.w
Mo H oW = B & W & o]
0 - o ; 5
awwoﬁawg% ! m Byt
0 A
Eoﬂbmﬂzo@ < ﬂﬂ%me
Wﬂ ‘_lry| or ‘Ur Z_l ﬂma Ho o <
T il -t = TH et LmVo Muma
| | . & oy W @. M X £ 21 _nmm
uﬁ e RW =0 Mﬁ Mw ot C; = o hy
OT ‘ﬂl ~ me oX \_I . ° L ) ‘_.%E ) e fit
oo W m ) § 8 3§ ° ¢ 4 e TR
L e I "
X < e o H - 2O o T by
o o S - ganssalg ' 3 i B
= o ol = BT )
T T ~ B o] = < [
— ] X ;OE 7 o ! )
o ~ She lo
fINg OT AT — o o ,AL —_— ° L |
Lf OW 9 e o) a fani 3 3 n_u !
o ﬂﬁ o, T — . - ] % ° 1 )
o n o o) m 8
P o p <R R 2§ 8
o R o
ju ] -
FEEOY e
% T 5
ER ] N D
No ' o ol
e o o
21 T woRe
(s ~ ~
OH mE




22 79 234 3HAY
Arad He T 208 dEsAe ek 29 62 d4 ZdS dEit. 2" olA Model 1
& HYEYT, Model 2= B2WF, Model 32 BlE&7& WehlH, of uf ztzhe] shEx A= 1
d 73 2o el 2ol Bld ol fEATE A BATEs & ¢ doen, HYE AT, =
TA R FE Aol 7 AREE S1E & vk o= A Al Bd EST - AAXRC wel b ol
ol HE R HE WY Ao mE FA Sl wel AFEwe] ¢fgo] =4 vEd ¢
T At
Tunnel
4
Airflow |3
b5
Model 1 Madel 2 Model 3 S
.~
S — e —
—
a4 6 HE F3x1
e —e— Bl
) Time(s)
¥ 7 HE F3 =4
3. A8 7t
31 AFed
Hd A A st o] mE A" SAd S @dsty] da 1 89 AFRdS Ast
Atk mde A&z madel SAMCEFB]E ol&3dte] Ao, A&7t 22 d7PgA = dg
9 WAe] A RS olgstalon, ofF & 34 AfE SMEA[10]S o188t AEeT
T3 TS A SHel Zxstgor Fojsilal, sakt JUHE fstol A% nvkd 107 9 AClA A
A T A FYPEE 992l 300 T 400 km/hE 25 km/h 7H




1(UIC, International Union of Railways)e] UIC

32 =27 7}

Deluxe

«

%44 -& UIC 513R 7|+

et

K
it

s

X
dr
1

0

!

—

O

W

1

10
ao

X

al

513R[11]=

Fol 0.4

©

6071l

<

]

100 Hz 35 oA

rolling stock” (527 A<=
513R 7}

M

s

N
=
Ko
e

o

—

el

3}
=

B3]

2

st

S

[€)

7 el wet 37 R T,

- Q

=

of We A%

21 ¥ (simplified method)2

L
Ju

ol A

1
.

7hetd. 1" 9

oz

[l =1
T

g

=
=]

FHo

UIC 513R< 71

fovl, B F4 A 2% A7A A A FHARE wE 09

Az FA4He FAAZE

H

0
o

ol

o

54o]

FAA A

1
R

wel vhEe, ol

Ay shsi e,

1A qrevsle] 2] Aolz

= X

jo, o

o

=
m

o}
=

o

400

390

——

—s— B2 = ]
—E—EEEF

—=— HEX

380

320 330 340 350 360 370
Speed(km/ih)

310

1.95
191
1.65
1.8
300

4.

%
el
el
oy
o]

R

ojn

i)

o
%

ﬂwﬂo

N
X

|

]_

<

o

UIC 513R

o]
N

o

(¥

7178 AAH,

Ach

)
pal

7F

=

o

A4 715 A 0.12

4

N

i

]

E

)

497

]

HE Wield 7 o, B

fu
i

1004

17} vepse)

o]

N 57 A



—_

10. Ak, HAA,

3. 89 A9 A AEUE A A4 S A A5 2= wEsht, dHvse] me 4P 4
$AFL ARG + A A Bast olF As Ao A9AEF AAE AW 23 @Y A
A Mashel, A FEL WANIE T 0 HA] 99 Ae] Gl W A AE 5

B d7es FEAEE vAZEreAEAde ATALEHAE S 07TAAR RS EEA0D Y 2§
K

A2
MRS, A, oo, BxE, #71%, @9 nxdd B FAAe oY WE 2L wze ¥
A7 S EHEs s FAStEU 3] =i, pp. 181-186, 2003.

WE, Asd, 4718
Aged s =, pp. 12-17, 2004.
Katsuya TANIFU]JI, Satoshi KIKKO, Kei SAKANOUE, Kouichirou NAMBA, "Modelling of
aerodynamic force acting in tunnel for analysis on riding comfort as a train,” transactions of the
JSME, Vol. 72-720, pp. 2426 - 2432, 2006.

Masahiro SUZUKI, Atsushi IDO, Yutaka SAKUMA, Hiroshi KAJIYAMA, "Full-scale
measurement and numerical simulation of flow around high-speed train in tunnel,” transactions
of the JSME, Vol. 1, No. 3, pp. 281-292, 2008.
Yutaka SAKUMA, Michael P. PAIDOUSSIS, Stuart J. PRICE, Masahiro SUZUKI, "Aerodynamic
forces acting on and lateral translational and rotational motions of intermediate cars travelling
in a tunnel,” Journal of System Design and Dynamics, Vol. 2, No. 1, pp. 240-250, 2008.
H78, ANs o, AYN, 3 gy dRAFe] HE FHA Au/9 hEwiste g
A AF” A=, 127, 2%, pp. 309-314, 2009.

. ADINA Ver. 85. 2009.
. Samcef field. SAMTECH. 2002.
CAEE, ANE vreEd “IE5EE Ogidd HddA FEEY 31984 A didrA st F=A4

=3 =wF, pp. 15300-1537, 2002.
P, eldm, olus, AR, ‘A WAE neld Py n&A8) 34 AFE

AN, dxEEes] EASGE ] =w4, pp. 465-470, 2009.

O

11. International Union of Railways, 1994, UIC code 513R.

12. A1H 2 HAA, o], “FA AAE nH nHHAEAF SR A g A FAstE

’

3] =24, pp. 776-781, 2009.

1005





