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Structural Characteristics of a Hybrid Composite Carbody of Korean Tilting
Train by Weight Load

YA FEY L UHST L O YA MY
Jung-Seok Kim - Jong Cheol Jeong - Jeong-Woo Han - Sang-jin Lee - Seung-Cheol Kim - Sung-ll Seo

Abstract

This paper explains manufacturing process, analysis and experimental studies on a hybrid composite carbody of
Korean tilting train. The composite carbody with length of 23m was manufactured as a sandwich structure composed
of a aluminium honeycomb core and woven fabric carbon/epoxy faces. In order to evaluate deformational behavior
of the composite carbody, the static load test under vertical load has been conducted. From the test, the vertical
deflection and cross sectional deformation of the carbody were analysed and measured. The maximum deflection along
the side sill was 9.25mm in the experiment and 8.28mm in the analysis. The maximum cross sectional deformation
was measured 5.42mm at carbody center in lateral direction and 4.06mm at roof center in vertical direction.
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Fig. 1. Dimensions of the composite carbody
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Fig. 2. Sandwich structure with aluminum honeycomb core and
woven fabric carbon/epoxy face
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Table 1. Material properties of the CF1263 Carbon/Epoxy.

Mechanical properties Values

Tensile elastic modulus in direction of warp, E.: (GPa) 55.5

Tensile elastic modulus in direction of fill, Eft (GPa) 483

Compressive elastic modulus in direction of warp,

E.. (GPa) 526

Compressive elastic modulus in direction of fill, 521
E. (GPa)

Shear modulus, G2 (GPa) 3.81

Tensile strength in direction of warp, W, (MPa) 936

Tensile strength in direction of fill, F. (MPa) 885

Compressive strength in direction of warp, W, (MPa) 542

Compressive strength in direction of fill, F. (MPa) 513

Possion’s ratio of warp, v 0.099

Possion’s ratio of fill, v 0.07

Fig. 3. FRP mould and assembly
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Fig. 4. Composite carbody and FE model
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Fig. 5. Installation of composite carbody
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Fig. 6. Locations of displacement gauges under the underframe
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Fig. 7. Locations of displacement gauges on the side wall and roof
(A-A section)

Fig. 8. Displacement sensors installed on the carbody
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Fig. 9. Steel blocks laid on the keystone plate
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A-A section

Fig. 10. Displacement sensors installed on the carbody
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Fig. 11. Vertical deflection of the carbody
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Fig. 12. Vertical deflection at the side sill center according to load
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Fig. 13. Sectional deflection of the carbody (A-A section)

o A BTL QHoR WY T AFT v HppYY
o2 WIS U 4 Aok Ay AL AFY
] T AIE A= 4.06mmé

o

FEATRA B9 A ok
5.42mm, BFEkELO] 7

445mmo] 3L A% 2 a9l 4
9 oF 4.57mmo| 2 AJ@ A= 4.38mmYch.
£ dtolld dojd Aol gt AHA AL 8]

5 o 432
S YR E653A S|t Aa12]94 HlﬂéP 1= R
A2 HAE 3 olfe A o, A 72, - °
FE20] th27] wf&Eolct. E653A412 3% AH Lol7t
20molal ERulE $F YEAZE ARE vE 2 Ao
A8 2He 23mE B} FEAS] EFFER0IL Fig
13(b)= E653A19] 24 FYolli Y] dHHgoz Hyge
Telo] & Aol dojdl g fAREE ¥ 5 ok 1
2t PG AFFdRlA oF 6.7mmo] T A S0
A of 7.7mm=z & ArofA] A Ao vl 2 HEL
Hojut o] 42 AgstFo| 27| Yyo2 et

‘



Before foad  ==----

< FEM :

1.21mm FEM : 1.41mm

Fig. 14. Sectional deflection of the carbody (B-B section)

AA|S] FPolA Bl chdk Tkl olof A
9| 22925 (Fig. 62} B-BH
149} o] S| AT] A DAY ZZAEO
3% 2 W0 THY B9 71UAAA ofeigel oo
Fasich sz 2

AP oF L4lmmz= %"J—‘?—PJ o] uja) oF 26%45 o]
s VAR
M

2 pern
5. & E

£ ATl ML 2Y4 g spolHs waY YU

& A9 HHASHLS TS ool AT F o}
&3 2L 2BE 9L 4 AW

(1) B 48 2432} o) SAHHE Aoj=Ale] FofolA
WSt T 34 0] A9 oF 8.28mmo) T AJE oA A%
a2 o 9.25mmE °oF 10.5%|uHje] HER UA[BIct

(2) A4 TEAge) Ae AH FoRo)A oF 4~ Smm
= Bl s 9 o) Fels) 653 &
Axpok GASHAT B SEARE ol A= Mw
2 oF L4lmm=E 'é‘o]"ur’ % 01] ujg)) oF 26%=% ©]

FANE FFL MAA E’%%

53} HEAE 493 sfolnel= A

11.

1= Egj_,_\

kol

o

A A 9] 24 BYE uEd 4

aF 2
Fom Ags g 2AS A

Tz

5\:0

ol
OII

128

114

. H. Y. Jeon and R. W. Sung, 1998, “A Study on the Structural

Analysis and Test of an Electric Carbody”, Journal of the
Korean Society of Precision Engineering, Vol.15, No.12, pp.28-36.

. Y. S. Kim, S. H. Park, N. U. Beak and D. S. Kim, 2003,

“Development on the Aluminum Carbody for Rubber-Tired
AGT Vehicle”, Proceedings of the 2003 Spring Conference &
Annual Meeting of Korean Society of Mechanical Engineering,
pp.1118-1123.

. S. C. Yoon, K .S Baik, S. T. Kwon and M Y. Kim, 2004,

“Structure Analysis of Body Structure for Electric Multiple Unit”,
Proceedings of the 2004 Autumn Conference & Annual Meeting
of Korean Society of Precision Engineering, pp.1335-1338.

. J. D. Chung, J. K. Kim, S. C. Yoon and J. S. Pyun, 2004, “A

Safety Evaluation on the Loading Test of EMU’s Carbody
Having Stainless and Aluminum”, Proceedings of the 2004
Autumn Conference & Annual Meeting of Korean Society of
Precision Engineering, pp.1525-1528.

. J. D. Chung, J. K. Kim, J. S. Pyun, W. K. Kim and Y. K.

Hong, 2004, “On Study the Safety Assessment of Accident
Electric Multiple Unit”, Proceedings of the 2004 Autumn
Conference & Annual Meeting of Korean Society of Precision

Engineering, pp.1105-1108.

. Y. S. Lee, J. H. Kim, H. C. Lee, K. N. Kil and B. J. Park,

2000, “A Study the Application of 3D Sandwich Composite
Structures to the Double-deck Light Train Carbody”, Journal of
the Korean Society for Railway, Vol.3, No.2, pp.92-99.

. G. Belingardi, M. P. Cavtorta and R. Duella, 2003, “Material

Characterization of a Composite-Foam Sandwich for the Front
Structure of a High Speed Train”, Composite Structures, Vol .61,
pp.13-25.

. A. M. Harte, J. F. Mcnamara and 1. D. Roddy, 2004, “A

Multilevel Approach to the Optimization of a Composite Light
rail Vehicle Bodyshell”, Composite Structures, Vol.63, pp.447-453.

. Kim J. S. and Lee S. J., 2005, “Structural Safety Evaluation

of An Autoclave Cured Train Carbody with Length of 23m”,
KSME, Vol.29, No.11, pp.1551-1559.

. Kim J. S,, Lee S. J. and Shin K. B.; 2006, “Manufacturing and

Structural Safety Evaluation of a Composite Train Carbody”
Composite Structures, Accepted for Publication.

Kim J. S. and Cheong J. C., 2006, “Natural Frequency Eva-
luation of a composite Train Carbody with Length of 23m”,
Composite Science and Technology, Accepted for Publication.

. Takeshi K., Sumio O., Kentarou M., Kazufumi Y., Tomomichi

O., Ryouji 1. and Shinichi H., 1999, “Structural Analysis of
Railway Car Body Made of Aluminium Hollow Extrusions”,
JSME, Vol.65, No.636, pp.1770-1838.



