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Abstract: The purpose of this paper is to suggest a weight-reduction design method for the hybrid carbody of
a high-speed maglev train that uses aluminum extrusion profiles and sandwich composites. A sandwich
composite was used on the roof as a secondary member to minimize the weight. In order to assemble the
sandwich composite roof and aluminum extrusion side frame of the carbody using welding, a guide aluminum
frame located at the four sides of the sandwich composite roof was introduced in this study. The clamping
force of this guide aluminum frame was verified by three-point bending test. The structural integrity and
crashworthiness of the hybrid carbody of a high-speed maglev train were evaluated and verified according to
the Korean Railway Safety Law using a commercial finite element analysis program. The results showed that
the hybrid carbody composed of aluminum extrusion frames and a sandwich composite roof was lighter in
weight than a carbody made only of aluminum extrusion profiles and had better structural performance.

. M2 sto] st A2 gl wEsdo|th 9
gudls He AN EAY S S E)
A7 A= Ao o gk A7) g o= 550km/hF e 21 27| HAAz) s 236
7rol= glol el A AAE A AR KA I gl
A7) g dakE A ogk A7) o

* Corresponding Author, shin955@hanbat.ac.kr
© 2014 The Korean Society of Mechanical Engineers HAL5)




S
R

[e}

& St gRIF FasH, o]¢f tEo] xHA| ¢
AEst GAl Fash AA AxrE Hlrk x4A
WSt olyA a&iEnt ofye} v B2 49
G5S 7HsshA sto] ETHe] lojA Fagh
9 Hx Fol SR AAA I Jrh® mEkA,
Za14: 27| R EAte] A& A A= AR "
T2 HAEE FRY ¢ de Wwete g AAVL
Zl g =] of o} g}

2o 255 A& slelEYg=E A%
of gt A Al#ElE Jean Paul 509 E-gA) ¢}
TE5AE AL stolBYE EEst AA T x2E
AA E FRPAA HrE A9 FEW 599
M= B3RS 283 HEAF slolHg

) FxREY §ata s BY AA AF So

52
¥ N

Aapgke] 535 483 =9 Atdl=zs &
9] Transrapid, &#=2] Tramino S105, 52|
Rheinbahn NFU °| Slom™, el 200km/h
o IR AANTTX)7F Aeh® A =A% Ao
o2 ul g olzxﬂ Ao 2000 o]F s =
Auol FFASA, AL, 67 L&D 2
ﬂ@+ﬂé§ o] 9.

=]

]

2 AelM e 2agk ArRE dake] A
BEsE fe AW A7 AAEs EWE, A
ZeQl, Apel= ZeQlat o] F ShaE W |
A FAed = dEvE dEAE A8t vl
A A2 dgd e 2ak FAl]l FEdE A=
AA HI}AE A&k stelH= AA A7
eks Akl H Ak ofd, AbAle] g kA
e e Al ) 2"E Solsl al
A= A=A HgA FrRe FuE A
ol= =z dute] A Aol T AAIAR
HFE AL, o] F S8 FLoll FEA Thol= =
S A8l Afol= Zegle] FHoR AR
dh= Wk a1gtete] EAlHS sld skt &bkl
o AA ghsE 2aE AR dAke] A=
kel ojAste Tk S= A
=E Hbepgleh EE, AltE B34 FIoh &
FuE gEAeke] AAe: TE AdE EE
TE A Aseilt

[\
e
K
p

A7\ FeE At A = MA

2.1 20 K7 |BAFE RIS A
201244 7€) ﬂﬁﬂ%»%ﬂ ATLES 23

e A )

4% 550km/hs EE
1GHAIZE AR 2peFe] AAI9E Al
UTH FaE AT HAGEAS] A
1]24_01 13,000mm, x}%ﬂ 3,500mm

o

%%Eﬁfﬂ
Fig. 2= 2 A4 Aotd xa1
dite] soluel= AA ©wEg wel
3 9 X etAA FRE

AYZ Yy} f\} 1= 28
A 83kal

i
o B0 T3

m
a1
[0
2o
oy

E
Y
ax
ol ﬂo
o
tlo "
1)
rlr
i
=
ML G o 2 mé R ooX T

f

-z
=

o —ﬂ'E
2 I3
2
Ll
X

::;‘ro In
2 0
R
Jig oo
LY

RS

o=}

it
41 2
N
o =

R
o
k
Nl

2 5

w2 O oo f
P
e s

e BN
N

N
-/
o

2t
o,

32 4 oox

Tk
2

i
Il:l
N
»
y 2

~
>
oo
i,
(g 0 o

(o}

A

[o s
T

to

frt

m

& g

N
==
r)v

2,
S

T700 7}E /o Z A 2% =3
FUn =olz AU
& F ol s xﬂﬂﬂr/} o] & A

ok
[
g
X
o
ok
-0
_H
flo
i
i
L
e
,d
el
H o~
A

o,
Kooz 22K Ll ol oy

I

R TS R O« o AR AR > ]
2
>
i,
foir ¢ Ok O U X

COMPOSITE ROOF

CAB MASK SIDE I;RAME

jammm

as

GUIDEWAY UNDER FRAME
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Fig. 5 Heat transfer analysis for welding operation
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Table 1 The results of bending test for Ref. [6] and

A0 GEASE A=A B £EE A

present
Flexural
Max Load (N) Stiffness
(N/mm)
Ref. [6] 5,873 588
Present 5,934 659
MAX LOAD - 5934 N (Ref[8]
5000 MAXK LOAD - 5,873 M [Present)

5000 o

4000

3000 o

Load (M)

2000 o

1000 o
—l— REF[&)

—{i— Present

Displacemsant {mm)

Fig. 10 Load-displacement curves for bending test
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Fig. 12 Load and boundary conditions under
vertical loading
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Table 2 Mechanical properties of aluminum

Elastic
Name | Modulus
(GPa)

Poisson’s | Density | Yield Stress
ratio |(kg/ m3) (MPa)

A6NO1- Base | 215

71.5 0.32 2780
T5 Weld | 111

Table 3 Mechanical properties of composite materials

Properties CU350NS CF 3327
F, (GPa) 113.08 58.76
F,=F; (GPa) 7.17 56.44
Viy 0.31 0.14
V13=Va3 0.0244 -
7, (MPa) 456.32 311.24
T, (MPa) 26.95 343.84
G, (GPa) 3.32 3.80
G13=Gy3 (GPa) 291 3.19
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Table 4 Results of structural analysis

Load

Von-Mises Stress

Conditions (MPa) Remarks
Vertical 165 Solet:aa | 7Iit:rfllrc;ction

Compressive 198 )
Operating 149 Solel?a(r) | 6D7€I>l£lr‘;ction
Twisting 146 i

T e -

5617° 598" 557956 843339
—2.8108 . -1.3089 " 197990

(a) Von-mises stress

(b) Deflection

Fig. 13 Analysis results under vertical load
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Table 5 Results of natural frequency analysis

Modes Natural Frequency(Hz)
1* Bening mode 12.52
1*" Twist mode 20.30
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Fig. 14 Energy hysteresis curves
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Fig. 15 Results of deformation of cab-frame for
crash scenario-I

Fig. 16 The manufactured hybrid carbody of high
speed maglev train

FRuly HEAle AEGR Wi FrE 488 2nd AVRa dabe) AA A A AT 1099

it
L)
X

~ ol
ol
=9
:aoiﬁ
N

z
sﬂ-&& Ao MR Anz, AEerdy
=z

HA Aole] 80%eld A

N
AN
ro
Mo
)
1

s A T B S WA O

Nolm 22 (o
rEl
I
QL
38
o

(M o
i e

;L
32 2
g

R

T} AL 5934N,
659N/mm= %@%E—t— H]TO}HI UrE}kkgu:],
A 12% =A YEPES 813818

N
A
“‘ W
T 5o
3
Z
49
W
©
0
z
E
#
T

120mm °]AAIA &5 Dol HFaAe] HIS
g = Ak
4) stolBE= A Az I

et $5a FEA 45w Sua o) @
& AwAY A 7% Pel we seE @



1100 e RIE
AoE wAHY, A=A B FILE ®
E5stel AN A FARFE SUANE 3
e M 98 Aoln

Anes
(References)

(1) Shin, K. H., Shin, D. K., Lee, J. H. and Lee, K.
M., 2011, "The Design and Analysis of Recognition
Structure for Absolute Train Positioning System of
High-speed Maglev Train System," Journal of the
Korean Society for Railway, Vol. 14, No. 2, pp.
116~120.

(2) Han, S. W. and Jung, H. S., 2011, "Weight
Reducing of Aluminum Extrusion Profiles of a
Railway-Car Body Based on Topology and Size
Optimization," Trans. Korean Soc. Mech. Eng. A,
Vol. 35, No. 2, pp. 213~221.

(3) Kabche, J. P., 2006,
Analysis of Hybrid Composite/Metal
High-Speed Marine Structures," Electronic Theses

pp. 274.

(4) Jang, H. J., Shin, K. B. and Han, S. H., 2012,
"A Study on the Lightweight Design of Hybrid
Modular Carbody Structures Made of Sandwich

Using

"Structural Testing and
Joints  for

and Dissertations,

Composites and  Aluminum  Extrusions
Optimum Analysis Method," Trans. Korean Soc.
Mech. Eng. A, Vol. 36, No. 11, pp. 1335~1343.

(5) Kim, J. S., Jeong, J. C.,, Han, J. W, Lee, S. J,
Kim, S. C. and Seo, S. I, 2006, "Structural
Characteristics of a Hybrid Composite Carbody of
Korean Tilting Train by Weight Load," Jouwrnal of

the Korean Society for Railway, Vol. 9, No. 3, pp.

R S
251~256.

(6) Jang, H. J., 2013, "A Study on Modular Design
and Dissimilar Joint for Carbody Structures of
Hybrid Railway Vehicle," Graduate School of
Industry, Hanbat National University.

(7) Shin, K. B., Koo, D. H. and Park, K. J., 2003,
"A Study on Structural Analysis of Korean Tilting
Train eXpress(TTX) made of Composite Carbody
Structures," Autumn Conference of the
Society for Railway, pp. 98~102.

(8) Koo, J. S., Cho, H. J. and Han, H. S., 2003, "A
Study on Structural Analysis of An Aluminum
Bodyshell with A Modular Front End Made of
Composite Materials," Journal of the Korean Society
for Railway, Vol. 6, No. 4, pp. 132~137.

(9) Jang, H. J., Shin, K. B., Ko, H. Y. and Ko, T.
H., 2010, "A Study on the Standardized Finite
Element Models for Carbody Structures of Railway
Vehicle Made of Sandwich Composites," Journal of
the Korean Society for Railway, Vol. 13, No. 4,
pp. 382~388.

(10) Seo, S. I. and Son, K. H., 1998, "A Study on
the Optimum Design and Structural Behaviors of
Aluminium Extrusions," Journal of the Society of
Naval Architects of Korea, Vol. 35, No. 1, pp.
88~97.

(11) Lee, H. C. and Koo, J. S., 2009, "Crashworthiness
Analysis of the Urban Maglev Vehicle according to
Korean Railway Safety Law and Urban Transit Safety

" of the KSAE, Vol. 17, No. 5,

Korean

Law," Trans.

pp.1115~126.



