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Structural Stiffness Analysis on Doors having Pyramidal Truss Cores
in an Urban Transit Vehicle
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Abstract A preliminary study was carried out to investigate the feasibility of replacing honeycomb cores with
pyramidal truss cores in the doors of urban transit railway vehicles. The doors in current operation are sandwich
structures comprising a honeycomb core and reinforcements between two facesheets. The structural requirements of
doors for urban transit vehicle are specified in the KRS and KRT and standards, according to which the deflections
from three-point bending tests must be limited. To this end, two types of pyramidal truss cores with equivalent mass
to a honeycomb core were designed.The structural stiffness of doors with pyramidal truss cores and honeycomb cores
were numerically calculated via finite element analysis. The three-point bending models were constructed and
simulated, and thenthe calculated deflections were compared with the requirements specified in the regulations. The
results show that doors with pyramidal truss cores satisfied the stiffness requirements,although their deflections were
2.5% larger than that of the honeycomb cores. Therefore, the pyramidal truss cores could replace the aluminum
honeycomb cores,and their multi-functional capability could be exploited.

Keywords : Finite Element Analysis, Honeycomb, Korean Railway Standard, KRT EV Standard, Pyramidal Truss
Core, Three Point Bending, Urban Transit Vehicle Door
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(a) Hexagonal Honeycomb  (b) Square Honeycomb

(d) Tetrahedral truss core

(c) Pyramidal Truss core

Fig. 1. Sandwich concepts having closed-cell cores and
open-cell cores.
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Table 1. Effective Orthotropic material properties (3/8¢
-5052-0.0025"%) [6]

Properties Value

Density (kg/m’) 59.26

Young’s modulus (GPa, parent material) 7.0

Poisson’s ratio (parent material) 0.33
Elastic modulus, Exx (GPa) 0.33x10°
Elastic modulus, Eyy (GPa) 0.33x10°

Elastic modulus, Ezz (GPa) 1.37
Shear modulus, Gxy (GPa) 0.18x10"

Shear modulus, Gyz (GPa) 0.18

Shear modulus, Gxz (GPa) 0.18
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Fig. 2. Urban transit door with (a) honeycomb core, (b)
pyramidal truss core, and (c) Reinforcements.
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Fig. 4. Design parameters for pyramidal truss core



A& 8] =2 A Al8d Aex, 2017

FHA vad 24
waje] st 44
dl, o= el A ol A e
At} mebd, s Eed s 2
o} o] EAZP5

_)2

2 ( l
cos’a sina \

A sag

L

i

2

9] Aol A t, 1, a= Fig. 40 VFebd nlel o)
)29 A, o] ek @,
EETERT NP EER
Ex, Es, Gio, Gis, G ©Feli[1019] 2 (2)-(5)%F 2ol
FAEH, Al En, Ext FAE Wit

=
, =g

L, =Ey=0

E,; = p Esin’a (3)

6;13:6;’32%8

p Esin*2a 4

1
Gy, = 1—0013 (%)

0x

2.4 ZEYItsiMnE 7
Aol At EYee
ABAQUS standard[11]& ©]-&
A4S FE37] 8t Bz
ol ek B4& 483t Ao
dejus B

Mol Az

W

= k)

£ oo

)y o

Og)l:‘r‘

o
ot
fo
B>
:OuL_‘,

L

o 2
=
:OL_‘4

A

-

)

k%

B
o M g
to

r
r

e

-

=
oo b

3l
1
o,
ol
ol
3R
o

N
-

oo
[
fo
Prood
i ox
l"n FUIO

o
ot oko
e

ol
-

b
g,
i)

-1E
=
r

v}

o, ok ol =
Ht x@ g

ol
F& kl
=

au

B

B J
o 5
2 5

H
<2
=)

¥o
o

(d

>
o,

1o
lo
4
>
i)

=

o

700

5 o
e ARES

Fig. 50 uet
g = Enfs A4
?:;l,

]
Ras

Tgske] A ES Wl
31tk Model #02 7]&9] SUZAAS 2835
gk A

sl 3

= (s}
Model #1, #20= sUFAHA 5 =
egh= EgaFiojoln BAZ 59U

A g |, ¢, o9 oS Tk

Fig. 5. FE model for the three point bending analysis of
a door.

Table 2. FE models considered in this study

Design Parameters
FE models Relative ¢ | a
Density
Baseline
(Hexagonal | Model #0| 0.022 - - -
Honeycomb)
Pyramidal | Model #1 | 0.022 2.0 32,0 45
Truss
Core Model #2| 0.022 1.3 26.1 60
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(a) Deflections at W=980N (Model #1)
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Fig. 6. Deflections and von Mises stress of Model #1 and Model #2
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(b) Deflections at W=980N (Model #2)
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Table 3. Deflections at the center of the door
Load Deflections
FE models
N) (mm)
Baseline (Hexagonal 588 0.808
Honeycomb) Model 0 980 1347
588 0.828
i Model #1
Pyramidal odel # 980 1379
Truss 588 0.831
Core Model #2 -
980 1.385
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