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28 dolh Ao SAURAY A ABE N9 o)F WAPER o)Feld AuAYE o4
U el AAaAE S GRAA e clgsel ek AN 1Y 2 E
B2 e o mele Mol EAelnel ARt e s, o Aon FEA ¥
A A5 AASE SRS, Y T vgoR 2 FHL A Sw xdy gEAlel o
WAL A4 HARE Boho ABUAL FAAUY. AALANH A AA] HALALE T Hop
WERe waste] AHAAANR] BYHS AEHAt. o $4S Belol Arze|el3} Aol =iy
o] FFe WA BF 126 2Y 5 ANL, AA AAZE 8560 AR DS AUk,

Abstract: In this study, we discussed the weight reducing of a urban railway-car body, in particular, of the Korean EMU,
by optimizing topology and size of aluminum extrusion profiles. The heaviest parts of aluminum railway-car bodies, i.e.,
the base plate of underframe and side panels of side frame composed of double skin structures are considered for
optimization. Topology optimization process is applied to obtain get an optimized rib structure for the base plate. The
thickness of ribs and plates of the topologically optimized base plate and the existing side panel are also optimized by
employing the size optimization process. The results are verified by comparing the maximum von Mises stresses and
maximum deformation in the case of the existing design with those in the case of the optimized design. It is shown that
the weight of a base plate and side panel can be reduced by 12% and that the weight of the whole car body can be
reduced by 8.5%.
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Table 1 Weight ratio of the
carbody

frames of K-EMU

Weight ratio
(%)
45.6

27.9
6.6

7.5

Part

Under frame

Side frame

Roof frame

Roof panel

End frame

214
Inside frame

Cantrail

Total

o] -1
o|E (base plate)

Side frame

Sole bar

Underframe

AN

Fig. 1 Cross sectional diagram of K-EMU carbody
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Fig. 4 The existing base plate of K-EMU (a) Cross sectional drawing (1/2 model) and (b) 2-D model
for topology optimization
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Table 2 Material properties of A6005A

Young's . .
Poisson Density
Modulus . 3
Ratio (kg/m”)
(GPa)
69 0.33 2700
i [~ AN V..

Iteration no. = 10

AN AVAV_ VAN
PAAN/AN VAN

Iteration no. = 30
(a)

2 SNANNNANTINATN

(b)
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&

Fig. 6 The topology optimization result of base
plate (a) change of topology according to
iteration process and (b) the final result

Fig. 7 Post processed optimized model (a) case A,

(b) case B
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Table 3 Comparison of maximum deformation(d,,,,),
maximum vonMises stress(o,,,,) and weight

reducing ratio(R) between the existing based
plate and topology optimized results

. 5maX Jmax
Analysis model R
(mm) (MPa)
Existing model 4.4 82 |
Case A 4.2 83.8 0.976
Case B 4.3 83.4 0.966

A HAAsE FPsA
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\A s AASNEH, ol dEAA 22
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48 + Adrh
Minimize 4., T4
Subject to 0,,x = 85Mpa
1= tu_plate ,tl_plate = 4’

0.5 <t < 3.5
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Table 4 Comparison of ¢,,. and f.;, between the
existing base plate and an optimized one

tu _plate tl_pla,te tri,b R
Existing
2.8 2.8 2.5 1
model
Optimized
2.6 3.1 1.6 0.87
model

Table 5 Comparison of §,,, and o,,, between
the existing base plate and an optimized

one
5max (mm) Jmax (MPa)
Existing model 4.4 82.0
Optimized model 4.5 83.3
tujlafel

ANIZ4NI
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V4 \\// %t \\ -

Fig. 8 Design variables for the size optimization of
a underframe base plate
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Fig. 10 Load and boundary conditions for the optimization

of side panel
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Fig. 11 Topology optimization result for a side panel
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Table 6 Comparison of thickness between the existing
side panel and an optimized one

Existing Model | Optimized model
t 3.0 2.9
ty 3.0 2.8
ts 3.0 2.1
ty 3.0 33
ts 6.0 5.2
R 1 0.879

Table 7 Comparison of 9, and o, between
the existing side panel and an optimized

one
Omax (mm) | oy, (MPa)
Existing model 1.84 85.3
Optimized model 1.91 85.4
Optimized model
. 1.91 81.7
+ increased ¢,
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Table 8 Weight reduction percentage after optimization

Underframe | Side frame Total
base plate panel carbody
% 13 12.1 8.5
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