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Abstract: In this paper, we propose a collision simulation technique the evaluation of urban trains. We perform
simulation that include a dynamics bogie model which represents the dynamic behavior of bogies and a finite-element
model that can model crash behavior. We perform simulation in accordance with the 40-mm vertical offset head-on
scenario for overriding the evaluation of the EU and domestic crashworthiness regulations. We evaluate the overriding
by the vertical displacement of the wheelset using the overriding evaluation standard. Finally, if proposed simulation
technique is applied, we can evaluate the overriding for urban-train crashworthiness regulations.
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Table 1 Vehicle classification according to the operating
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Fig. 1 40 mm vertical offset Head on collision scenario
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Fig. 2 Evaluation standard of override
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Table 3 Application of suspension characteristic

Stiffness(MN/m) Damping (MN sec/m)

X Y Z X Y Z

Primary Suspension (0] (0] (0] (0] (0] (0]
2" Suspension (0] (6] (0] X X (0]
Lateral Damper X X X X O X
Center Rubber O (0} O o X
Lateral Buffer X (6] X X X X
Center Pivot (6] (6] X X X

Fig. 3 Assembly view of bogie system

2rd suspension Center pivot

Bogie frame

Center block

Y

Wheelset

Primary
suspension

Fig. 4 Bogie system of simulation model
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Fig. 5 Mechanical property of primary suspension
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Fig. 6 Mechanical property of second suspension
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Fig. 7 Mechanical property of center rubber
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Fig. 8 Full model for simulation
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Fig. 9 40 mm vertical offset head-on collision simulation
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Fig. 10 Damping control of full model dynamic relaxation

S =
AR mae AT 9

Aepel o

A 2 WA AR 3 WA
3 Ager mdy H9la
% ax

i

ANEHIA 5N £H R TR STt
&xo o A 2 AE-d Aol e
o2 2A&AQ FFo] WA o] AAS g3t
Al 7= #go] E st

AT E A 27l Aso] A&
HAS W Aadd 2 e o) xA 7 A
shggFo g2 o] HAste] 4 g3t B
St A EHolA mdo] Eglx izE
A BPFEE o FIIZA AIe Algte] A8
Huez 4317 7+2]9 LS-DYNA 2| *GLOBAL_

DAMPING & o]|&3l AlEgo|drde] 24
Aol A WrAleh= AslreE WES b st Al
750 ms oA A4 HFAEE o] FAT}. (Fig. 10)



o 1 o = R B B = ::?:
A 2pgo] Qbgst #Ag o] % 2pekoll 25 km/h
o] FEHLI} FoEo] FEAFHT HA A
ARF AA719 HFol HASUTE FA A Ze

A7k wAse] o

29)
gat ol F FEALN AL AAT FE

A o] WA 2FA| 7} sk ulbg) 2

A Bl A 2HE AARA Pt
7 g%e] FRE st FEAYF AT 4HY
]

FEdd U@ BArE F AT 44
BEE AFEAS BEAoF Gk AEA 2
o} A 2 WA Aol W] wAs S

SAE CFC 180(Butterworth, Low pass, Order 4, Cutoff
Frequency 300 Hz)o = HEY 33t} 1A <}
ol AFTA A FAEETF F 5g & AA &R
of #EE AT WHsh AR eyt

Fig. 13~Fig. 15 A% 2 WA 25 &5 T5
7454 FAMAE YEpA "ottt o]& FS
A 2 WA Ape]l FE § ARAe] Ml
Aﬂ A8t tixt Rl 54 Ass AT F

o]
2R

i

Fig. 15 & 2t §%9 A&y o Bt A3
2

Ao WS ehith FEA

—— Colliding_1"'

X-Accleration [m/s’]

Time [s]

—— Stationary_1"

00 ’!’, HJV'W‘“"“M'*’*"‘“”““’“‘“""“’"‘*

X-Accleration [m/s?]

To
Time [s]

X-Accleration [m/s]

X-Accleration [m/s’]

3 Aol A T

1067

o -‘,M,MMJM»,mwwwl\/w

—— Colliding_2"

1
Time [s]

w ‘.J’,'ﬁiuw,hﬂ*wﬂw_"ww 5S W I A

—— Stationary_2"

|

o i
Time [s]

Fig. 12 Longitudinal acceleration of simulation model
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collision



= =] >~
1068 e e
500
400 -
T
£
=’ 300
c
@
£
8
2 200 4
3
0
Q
Ny 100
18.76 mm
0 T T T =

T T T
1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Wheelset

Fig. 16 Overriding evaluation by maximum vertical
displacement of wheelset

Hip 6 ¥, 7 Mo §FolA Bl EY
2l 18.75 mm & Z¥sle] ASHLTE 2
w7 &% Ho JeHE 62.03 mm,
465.28 mm, 26.44 mm = UEFGTH ZEx1ke] 29

A 2 AYGiRtelA HAE ste] Ko
18.75.mm 9] AW e)rt SR grolol F=

HieE BH/ES wEaA 2agin.

>
_>;1_14
ol
©
ofj
il
>

(o)
N
-
ol
-
N
2o
e

o o fo 1
Fo

=
g &
-
Ll
¥
ol
_0|L
2
O
re
2

N
S = Potlo b

8
3

iz Ho K
e N f o H
2 2

O 2 o
N o
> fo ru

=

£ ol

offt & [H rlo
(e}
X8

ol
il
>
Ef

N
e
2

ot 1L
>
it
2}
o
i

©
re
[l FHJ N[
s -
BN
X
N

A
s
2 o

12
<
=
-
2 M
B g, U
1o
2
[-'O
i)
3l
)
o
>
s
o
o
o

ro O, AR
T,
ofy
1t
Y
off
=

Lo

o
Stk
3) AlEHIAS Sy
WM ko A W o] AT Ao
kol Al EH ol o r 7 A
ol S W Hr & F Jes & T

o 2016 W A& oAl
o -

—_

2 b1 ol ot

2Lt rf
ol

/b s
= 7|

P ATE AR EATY Fae] AT
M Ao FYHAFUT

HOEH
(References)

(1) Park, M. Y., Park, Y. I. and Koo. J. S.. 2010.
“Equivalent Modeling Technique for 1-D Collision
Dynamics Using 3-D Finite Element Analysis of
Rolling Stock,” The Korean Society for railway, Vol.
13, No. 2, pp. 139~146.

(2) Kim. G Y., Koo. J. S., Kwon, T. S., 2011, “Study on a
2-Dimensional Dynamic Modeling Technique to
Analyze the Overriding Phenomena of Rolling Stock,”
The Korean Society for railway, Vol. 14, No. 1, pp.
11~18.

(3) Kim, G Y., Koo, J. S., 2012. “Collision Analysis of
Next Generation High-speed EMU Using 3D/1D
Hybrid FE Model,” Transactions of KSAE, Vol. 20, No.
3, pp.67~76.

(4) Cho H. J., 2009, “Study on Wheel-Rail Models for
Prediction of Derailment Behavior After Collision
Using Virtual Testing Model,” A Doctoral Thesis,
Seoul National University of Technology, Korea.

(5) Kash Kasturi.,, 2011, “Full-Scale Locomotive
Dynamic Crash Testing and Correlations: C-39
Locomotive Colliding with a Loaded Hopper Car (Test
7),” U.S Department of Transportation, Report No.
DFRA.040048.

(6) Hechao Zhou, Wenbin Wang, and Markus Hecht,
2012, “Three-Dimensional Override Analysis of
Crashed Railway Multiple Units,” Vehicle System
Dynamics, Vol. 50, No. 4, pp. 663~674.

(7) 2014, Ministry of land infrastructure and transport,
“Technical Specifications for Railway Vehicles”,
Notification of Ministry of Land Infrastructure and
Transport, 2014-434.

(8) LSTC, LS-DYNA Keyword User’s Manual Version
971.

(9) EN 15227. 2007. “Railway Applications -—
Crashworthiness Requirements for Railway Vehicle
Bodies.”

(10) Korea Railroad Research Institute, 2011, “R&D
Report of A Study for Urban Transit Standardization
2001.”



