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Characteristics of the Running behavior for Tilting train due to
Alignment based on Numerical analysis
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ABSTRACT

Vehicle dynamic behavior should be investigated to establish the track irregularity criteria because they
have an impact on vehicle dynamic behavior. The tilting train which have been developed in Korea will be
operated on the conventional line. Therefore, it should be checked that the track irregularity criteria of
conventional line is still available for the new vehicle. In this paper, the influence of alignment on running
behavior and safety for tilting train was instigated by numerical analysis. The wavelength and amplitude of
alignment were considered in scenario of this numerical analysis. This research is based on just numerical

analysis and the final result which include measurement will be published in the future.

1. A &

AEde A% FYFA4 L SR IFL MAE Fo JFAln, ALEY H§7FA
= ARRARS WE S AAN WS AT BAC Atk AT gE 9gAge duAE =i
o Aedd FUe FvFoln, AnALY AREY 8r1Fo] YRAA FaALALTH SA7ol
A oE AR/ Bedth B wrdAE nAEY, BYEY, EY, 59, A 5 AREY
FolAd wgEGel dddste FAFAH] VAL dFE FANS Botel AT FAN4
AL WHEYS Y U AEL s WA 1 9IS AESFAL B ATE 151957
54g ed A% A543 BHAP] FAR] WHE %2 se] FPHo, B A7 A
S FARY ARwe vgown gt A4AS ANE WY AF APYIHE FF BEY o
ol et

TEed 9T s A FAMN S AT ¢54 & dEZEaM VAMPIRE 22395
ol gstglon, e 1% WA 180km/h FH tiste] FA34 S ATk A AT
500m#z st o™, 5S0mAHFE WeEEdd Ho] zerool i EFHAZF 0.02¢ WSS F713HS
o}

T UMK IR, SREEI|EAHRRY, ANSEHPA SUARR
E-mail : iychoi@krri.re.kr

TEL : (031)460-5347  FAX : (031)460-5032
*  BEESII=HIR, AuSQUetHA, AR

3187



100mARFE FFEYS] mdge wrbge] AEEYS 2= Ao dgon, $FEYY AF o
hyA

4ol 278 bg E1FH ®2ol dERE, 1917 o] RAYaich w3, RE
A= 2k

1 REEY AAAGRe WEs] 9
Ax=E9 27 (mm)

74 (m) - f . .
7 8 9 10 12 14 16

1.2 7.00 8.00 9.00 10.00 12.00 14.00 16.00
2.4 7.00 8.00 9.00 10.00 12.00 14.00 16.00
3.6 7.00 8.00 9.00 10.00 12.00 14.00 16.00
4.8 7.00 8.00 9.00 10.00 12.00 14.00 16.00
6 7.00 8.00 9.00 10.00 12.00 14.00 16.00

8 7.00 8.00 9.00 10.00 12.00 14.00 16.00
10 7.00 8.00 9.00 10.00 12.00 14.00 16.00
12 7.00 8.00 9.00 10.00 12.00 14.00 16.00
15 7.00 8.00 9.00 10.00 12.00 14.00 16.00
20 7.00 8.00 9.00 10.00 12.00 14.00 16.00
25 7.74 8.85 9.96 11.06 13.27 15.49 17.70
30 9.33 10.67 12.00 13.33 16.00 18.67 21.33
40 14.00 16.00 18.00 20.00 24.00 28.00 32.00
50 20.29 23.19 26.09 28.99 34.78 40.58 46.38
70 37.23 42.55 47.87 53.19 63.83 74.47 85.11
100 73.68 84.21 94.74 105.26 126.32 147.37 168.42

F) 471 FlA "= 10m WA S e ASAAA HS5H= A=EHES s, 7 columne] 3P A=

59 e 1om A AFRE 4t 29 5 A5G 24 9o,

3188



H

=

2

}- 3k

59 4

[<Iixe] - T (]
A=54¢ =71(mm)
E}-;(O]—(m) « « % s # * *
7 8 9 10° 12 14° 16
1.2 7.00 8.00 9.00 10.00 12.00 14.00 16.00
24 7.00 8.00 9.00 10.00 12.00 14.00 16.00
3.6 7.00 8.00 9.00 10.00 12.00 14.00 16.00
4.8 7.00 8.00 9.00 10.00 12.00 14.00 16.00
6 7.00 8.00 9.00 10.00 12.00 14.00 16.00
8 4.67 5.33 6.00 6.67 8.00 9.33 10.67
10 3.50 4.00 4.50 5.00 6.00 7.00 8.00
12 3.75 4.29 4.82 5.36 6.43 7.50 8.57
15 4.67 533 6.00 6.67 8.00 9.33 10.67
20 7.00 8.00 9.00 10.00 12.00 14.00 16.00
25 8.66 9.90 11.14 12.38 14.85 17.33 19.80
30 11.20 12.80 14.40 16.00 19.20 22.40 25.60
40 17.37 19.85 22.33 24.81 29.78 34.74 39.70
50 25.00 28.57 32.14 35.71 42.86 50.00 57.14
70 44.03 50.31 56.60 62.89 75.47 88.05 100.63
100 82.35 94.12 105.88 117.65 141.18 164.71 188.24
F) A7) EolA e 10om dARE e ASAIN AERE ATEARES VIS0, 7} columne] L A=
E9 e 10m U3 HEAR 245 4 AR A3¢S 24 |
ANl neld A 12m g Babg GGNARH 100m el A e Tgshgon
WFEH A7 10m AN AS5AA SAE= g 7Ieoz 4 UM dA wEFEH
A7)1E #4ste] Vampire 9834 243tk sl A U8 & YEbd % 19 32404 40m ¥
7] g dE adoew vEhlY 2y 29 2ok a9 2004 Wl ®AE g2 HAS5AelA
ASAE, 2dZe] YH] g2 AAl AxoA EAss sd A A=sd 27 @S g
=, 40m 3FS zte vk AEEES 10mulY @AY HASAE A5 =14, AAgke] 12=2
GES)
Track Irregularity_40m Track Irregularity_40m
E 30 / \ ’E‘ 20 / \ // \
;g - / \ ——7mm ;g "
3 20 —8mm g 0
% 15 \ ——9mm % 10 ——7mm
ol ——10mm b1 —8mm
s 10 / \ ——12mm 3 20 ——9mm
: — tom A\ i
——14mm
. -40 ——16mm
95 100 105 ugis‘an::(m) 120 125 130 135 100 110 120 :;:mnc:fn) 150 160 170 180
() 7] WFEY 40m7H (b) WFEF7] WFEY 40mH
a9 2 W¥EEd 2dE o (40mIt)

3189



Ak FatAAd Y A7 BHEste] UICS18[2] 7]+l Normal Method®} Simplified Method 2. =

g ol vol A UIC518[2] & at#e] Flxos AbgEE 7Fou,

A BEE bd B SISl (e Agelm® UICSI82] 7+&

W= UICS18[2] o AAJE 71Fel whet v 3% 33 o] @A, %, At
A

2 2
PNEE, AANFANEE D AANFHAEEA tatel 44 FRUE BN FAsH

T g2
i)

UIC 518 7% 3471 i iéicﬂ] H:fg ©

et A 0.8 2mo]’d ol & H 3t

3] o} 57kN 2mol - o] F3
2 drten 11m/s 10Hz A 9% 2H(LP) ZE
A GrEn 3.0m/s 10Hz A& 2(LP) H¥ ¥
A FAEE 2.5m/s” 10Hz A 9% 2H(LP) HE =

(1) &A=

GAAFE AHEH, UIC518[2] 7ol 20Hz ©]%+¢] Low Pass Filter$} 2m o] o] o]l s34 &

AbESE S P E o] vk B AT TN = B bS] AE AAEHY] flskel A A A Tl

e e de T F%om, 2m o] sH e s AA 3ol e ik I 24 AEHE

olFHAe HuUFs I F, o5 AEolA HAWWAES FEske] the el e 2E el A
o

X2 A=Sde 34, Y52 2dAFE dvey, a2 dez A3 089 @2 sl87|EAE
ehlich ®Eel YEbd fmm~16mme] #2 dAge Aol AT 1 Fo] ofye} 10mAAZAIY HS5
Aol olstel 248 A YFEY g AviFel FoF Bast Ak
Derailment Maximum Derailment Maximum
16 16
14 14
- 12 B 12
§ 0.8 ““\ § 0.8
é 061 —=—7mm é 06 —=—7mm
T —e—8mm s —e—8mm
Fod ey | E m
0.24 12mm| 0.24 12mm|
—4— 14mm| —4— 14mm|
0.0 16mm| 0.0 16mm
!l 1‘0 1(‘)0 1 10 100
Wavelength (m) Wavelength (m)
(a) Wkt (b) B AEEH

3190



A4A el A ool 10mE R

pu
L

2391 19 3(a)ol A

2 B oF 10~20m o) el A

714 12mm7FA]

ﬁo
3

—~
i)

z
Nj

Al 2% 3(b)elAM = WEFEHo] dRoR

34

o

el
o0
7o

or
Ho

o)
o
N
)
o
T
)

.
o

Gl

N

o
)

ﬂ
A

o))

3

(']):},

10

(2) A=

20Hz ©]*+2] Low Pass Filteret 2m

ol =

7k 2 UIC518[2] 7]

2
pul

A%t v

tol 29 4ol YER

S

AA el oja] T

e

el

3

o]%ﬁ

, 2m

AL

Lateral wheel load Maximum & Minimum

Lateral wheel load Maximum & Minimum

I ICI I eI
(N) peo| |geym |eisie]

12mm

—4— 14mm|

—v— 10mm|
—o— 16mm|

—&—7mm
—o—8mm
—4—9mm

*— o

N E—

RN
(NY) Peo| [@aym [eisie]

Wavelength (m)

Wavelength (m)

(b) ¥HE A==49

Lol =LA webwtom, 40~50m

7Fsk S

=
<)

=2A

12mm R lolA = A=

43t o8

2

o g glA A%

ol
=2

AH B 5~10m 93

9 e 4

o)

Holal 9itt.

KeN
=

B tix 2 3

B
)

tol =7 vrebsteh

3] ©
o H

1 50me} 100m 3Hgel A #Hl =

3|

s7tetslon, 5

ol

wjr
)

o]

¢F 10mm 27174 3]-8-7]

F o ool A

i, 6~8m dFHA o2 A9

S

=
=

E(l_

187155

&

Smm7}A|

3191



4

7}

1o

(3) =k

s

=
=

Fo] 10Hz lowpass®] 213 A&

3

o

o 84 Aol

sy
a

4
s
X

wmo

oy

shg

I

H
il

bl ek,

9

Wavelength (m)
(b) RtE A==+

Bogie Lateral Acceleration Maximum & Minimum

10
104

(,S/w) uopeld(E0Y [es)eT]

Z

WAAEES oA HaAE 2Eehe] 18 50 He)
= oo g Awnw 8~20m Yol A el

]

Aoz A JEREA

1A Al he] 2.0l A 3] 8-7]

9]

12mm|

—&—7mm
—o—8mm
—A—9mm
—v— 10mm|
—¢— 14mm|
—o— 16mm|
=1

T

Ea
=

o8 7}

10

Wavelength (m)

Bogie Lateral Acceleration Maximum & Minimum

154
104
-104

(,S/w) uonelB|EVY |eis)e]

/7]

)l

o
ﬁo

o)
R
Wi
0
mwo
~

s}

=)

=]

’

vl

o

\

%0
o
o

)
T3

i
—_

P e

o
éq]'é“T‘

3

&

o A th A}

ar

HEH, oF 20m o] v

AF
=

wjr

il

B
h

o}
B

A7 87}

Fith 10m &

o

=

R

st or, 6m v

S

7V A
of uh
o) o o A 9]

T

fi4

ol =
==
s
2

o, 100m

A=

Al
.

I3

st

S

sttt

kY

hvA
el

a9 690 A

o] 10Hz Lowpass®?
#d 8IS BT S

=

=

]

5

9

ol
E

871 ol &

S

23}
A g A
yra

2o 20m o4 w}
o

2 8mmel e EE 3

o 10mm7FA|
‘?_

2!

=

o

7t
o
9

]

=
==
RN

o

1
b

9
pul

A <]

=

=

2 oA /3 2

7H42 9] gho]

243
N A

o A%
%9

¢}

bl ot

file)

=
=

vl

o
Np

olo

71

oo 4 3

3192



M _Body Lateral Acceleration Maximum & Minimum

M _Body Lateral Acceleration Maximum & Minimum

3
2
1
0
1
24
-3

(,S/w) uopel(E0Y [es)eT]

EEEE
EEEEEEE
S5&S2I3¢e

10

T T T T T T T
) o~ - o - o @

(,S/w) uonelB(EdY |eis)e]

Wavelength (m)

Wavelength (m)

CE
=EdY

7l

B
L=

ki3

(b)

(5) AA FANEE

10Hz2] Lowpass2]

=
=

R I LR

]

AA 5
AA A&z ] 2 A

29 7ol YER AT

ot wea, HFEY e d dAdA 2

KN
=

&

| e

B Jas

=
RuS

5871

M _Body Vertical Acceleration Maximum & Minimum

M _Body Vertical Acceleration Maximum & Minimum

—&—7mm
—o—8mm

—A—9mm

—v— 10mm|

12mm|
—4— 14mm
—o— 16mm)|

(;S/w) uonels|eodY [BIIUBA

EEEE
EEEEEEE
Ss52983¢

(;S/w) uonels|eodY [BIIUBA

Wavelength (m)

Wavelength (m)

o

3193



4.

el
z]t

o

o

™
Ge

EEER

pol

[e)
AANH 7]Fo 2 12mm7}

24

=

o

a =

7oz S A Al

Zhe ek e, W

o

]

L

=

o

TR

10m& g A

SRS

b1 9

P BE ool HE7FES WES

1}

9

|

A F}ol
E9o] 8mmolu7} ook

S|
S|

o

—_—

X

¢

%

°F 10mmoll A =

7}

ZFA

=
T,

=]

“

kel

hol

gl 4.8~8me]

ol

ofp
100

Z]E

)

o))
W

el
Z]T_

X
\EO
my
;OT

ﬂﬂ

)

ol

<
o

N

+
B

ol g o] ot

=

feig

atol A A

S

NHHow AR

A =AE S, 2010

2. UIC CODE 518, Testing and approval of railway vehicles from the point of view of their

o

3194

dynamic behaviour - Safety - Track fatigue - Ride quality, 2005





