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A Study on the Crashworthiness Evaluation and Performance Improvement of
Tilting Train Carbody Structure made of Sandwich Composites

Hyung-Jin Jang*, Kwang-Bok Shin™", Sung-Ho Han™~

ABSTRACT

This paper describes the crashworthiness evaluation and performance improvement of tilting train made of
sandwich composites. The applied sandwich composite of carbody structure was composed of aluminum
honeycomb core and glass/epoxy & carbon/epoxy laminate composite facesheet. Crashworthiness analysis of
tilting train was carried out using explicit finite element analysis code LS-DYNA 3D. The 3D finite element
model and 1D equivalent model were applied to save the finite element modeling and calculation time for
crash analysis. The crash conditions of tilting train were conducted according to four crash scenarios of the
Korean railway safety law. It found that the crashworthiness analysis results were satisfied with the performance
requirements except the crash scenario-2. In order to meet the crashworthiness requirements for crash scenario-2,
the stiffness reinforcement for the laminate composite cover and metal frames of cabmask structure was
proposed. Consequentially, it has satisfied the requirement for crash scenario-2.
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Fig. 1 Tilting train made of sandwich composites.
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Table 1 Design weight of tilting train

Items Weight (kg)
Mcp-car 54,348
Standard curb weight M-car 47,245
T-car 43,595
Passenger weight Mep-car 2175
M-car, T-car 4,200
Mcp-car 9,400
Bogie weight M-car 9,000
T-car 7,100
. Mcp-car 11,383
Empty weight M-car. T-car 9,674
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Fig. 2 Dynamic characteristics and 1D equivalent model of coupler.
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Fig. 3 Finite element models of tilting train.
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Fig. 4 Composites layered pattems of tilting train.
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Fig. 5 Definition of cross section plane for tilting train.
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Fig. 6 Force-displacement curves of Mcp-car passenger section.
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Fig. 7 Full railway vehicle model of tilting train.
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Table 2 Material properties of laminate composites and aluminum
honeycomb
. Aluminum
Properties HG 1581 | CF 1263 CU 125 honeycomb
Density (kg/m’) 2000 1520 1600 59
3
Elastic E. | 2460 58.36 130.00 | 0.693x10
Modulus Ey 24.60 48.42 10.00 0.293x10”
(GPa) E, | 1066 10.66 10.00 0.105
3
Shear Gy | 584 5.84 485 | 0.618x10
modulus Gy, 3.65 3.65 4.85 0.032
(GPa) G, | 365 3.65 485 0.032
Vi 0.12 0.12 031 033
Poisson's ratio | vy, 0.45 0.45 0.34 0.0001
Vxz 0.45 0.45 0.31 0.0001
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Table 3 Material properties of Aluminum 6063 T6 and STS304
Properties Aluminum 6063 T6 STS304
Density (kg/m’) 2,700 7,850

Elastic modulus (GPa) 68.9 200
Poisson's ratio 0.33 0.30
Yield strength (MPa) 215 375
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Table 4 The four scenarios of crashworthiness

Crash Crash Velocity Requirements
Scenario | condition | & Load q
. Frontal
Scenario-1 |~ 36 km/h |q, Anti-climbing
2. Safety region
. Huge 3. Crash absorbed energy
Scenario-2 | obstacle | 110 km/h |4 (rash deceleration
crash
a-type :
. Small 305"
Scenario-3 | obstacle X . .
crash b-type : | Non-plastic deformation of
250 kN carbody and coupler
Scenario-4 Coupler 10 km/h
crash
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Fig. 9 The force-time curves for the scenario-1.
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Fig. 10 The deformed shapes of front section for the scenario-2.

HEFNE 520l s WA FEAUATEE A
o135} BR8], FATRA, Ao g AR
Y £0% FEo| WATS s



14 37 -

Rise:fea AR R

=

type W tpe B “ Horizontal center line

<«
750mm

Vertical center line

Fig. 11 Load condition for the scenario-3.
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Fig. 12 Von-Mises stress of coupler part for the scenario-4.
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12 xmu el
orocl 4% +qsteom, JE smm
AE7E AAsto] Akeloae] et olw
& s AAAT e AEIY YR
Sl AZAL WESHA ohe 7%k §AHS 0w,
A= oF 139kgo| Z7}3HaiT).

wetd, AER ASEIAY FAZTETEE Ta 79
V) QEekE HRR xdge] Byl 2554 W4
o Bg o ATl Flsialc.

AR MESIA B A PR
AR Ao, e

FEAHE H7h D FAPYS ot ge

Az Adc

D MESA B 488 Agdne FEHE H7t
2 ) AARY] e FEANN mES Ausigo
o, HEQHIMS 483 FEUAE Pr1E Sasiact

2)

3)

4)

D

2)

3)

4)

o, 34 BET FEY FEEAS tehit 149
57 mee Aol AAREY ek W ARAQ 3
459 skt

35 Aele-1e o

A3t PR SneSYA,
A9 A HEFVRA, YA B FH F
g wEstgon, 35 Aueles, 49 A9

WS ol BIIES w

2 N
Y
oS
m
I
8
JF
of

_O|L
2
o

Aelee) SMAT ey
 BPIEE wESkgAT, 24
LAEI‘: Jq7]_7]zo U]'--—o]—]

Aok o] B
A AET
gtk olel,
B ogAeoR AR Anmage] £ WAL
FEAA71ES BESE wAS AXshech. o,
2 A7 FAsA, e
Sastel B Wete e

ox Mt g
oy —1>
o

o

iha m?L' 4 4t oft mt ofw = ofw N 2 at o

_L]

ATE Bl G A58 Ak 4P 3
2 sysigon], 25 S9AVt 28

Arsted glol 7%

o
x
N

1

dolelz 28 5 9

Shin, K.B., Koo, D.H., hahn, S.H., and Park, K.J., “A
Study on Material Selection of the Carbody Structure of
Korean Tilting Train express(TTX) through the Verification
of Design Requirements,” The Korean Society for Railway,
Vol. 7, No. 2, 2004 pp. 77-84.

Seo, S.I., Mun, H.S., and Eum, K.Y., “A Study on the
Construction of Reliability Centered Maintenance System
for Korean Tilting Train,” The Korean Society for Railway,
Vol. 10, No. 5, 2007, pp. 520-526.

David, T., “Passenger Rail Train-to-Train Impact Test
Volume | : Overview and Selected Results,” Final Report,
DOT/FRA/ORD, 2003.

Shin, K.B., Ko, H.Y., and Cho, S.H., “A Study on
Crashworhiness and Rollover Characteristics of Low-Floor
Bus made of Honeycomb Sandwich Composites,” Journal
of The Korean Society for Composite Materials, Vol.
21, No. 1, 2008, pp. 22-29.



16 AF7 - ARE - S R A R A R
5) Lee, J.Y., Shin, K.B., and Jeong, J.C., “Simulation of pp. 1-139.

0)

7

Low Velocity Impact of Honeycomb Sandwich Composite
Panels for The Bimodal Tram Application,” Journal of
The Korean Society for Composite Materials, Vol. 20,
No. 4, 2007, pp. 42-50.

Jang, H.J., Shin, K.B.,, Ko, H.Y., and Ko, T.H., “A
Study on the Standardized Finite Element Models for
Carbody Structures of Railway Vehicle Made of Sandwich
Composites,” The Korean Society for Railway, Vol. 13,
No. 4, 2010 pp. 357-469.

Lee, H.C., and Koo, J.S., “Crashworthiness Analysis of
the Urban Maglev Vehicle according to Korean Railway
Safety Law and Urban Transit Safety Law,” The Korean
Society of Automotive Engineers, Vol. 17, No. 5, 2009,

8) Ujita, Y., Funatsu, K., and Suzudi, Y., “Crashworthiness
Investigation of Railway Carriage,” Q. R. of RTRI, Vol.
44, No. 1, 2003, pp. 28-33.

9) Park, MY., Park, Y.I, and Jeong, J.S., “Equivalent Modeling
Technique for 1-D Collision Dynamics Using 3-D Finite
Element Analysis of Rollingstock,” The Korean Society
for Railway, Vol. 13, No. 2, 2010, pp. 131-250.

10) MOCT Ordiance 455 (2007) : Regulations on the Railway
Safety Criterion of Rolling Stock.

11) Kim, G.Y., Cho, HJ., and Koo, J.S., “A Study on Conceptual
Design for Crashworthiness of the Next Generation
High-speed EMU,” The Korean Society for Railway,
Vol. 11, No. 3, 2008 pp. 211-353.



