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Design Optimization of Double-deck Train Carbody Under Multi-loading
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Abstract

Double-deck train has been attracted growing attention as next generation transportation around
metropolis because of high passenger carrying capacity. To develop high-speed double-deck train with low
operational costs, the carbody must be designed as light as possible. In addition, the carbody must be strong
enough to ensure the safety of passengers. To meet these design requirements, we perform systematically
weight minimization that determines thickness of aluminum extruded panels of the carbody. First, to reduce
the design variables, we carry out the screening process that select sensitive or/and important design variables
through design exploration. Then, weight minimization is accomplished under multi-loading condition such
as vertical, compressive and torsional loads, while satisfying strength constraints of the design regulations.
Finally, the result of design optimization is discussed by comparison with its initial design.
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Fig. 1 Finite analysis model of double-deck train car-
body and configuration of aluminum extruded
panels
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Table 1 Material properties of AG005A
Material AG6005SA
Tensile strength (kgf/mm®) 26.5
Yield strength (kgf/mm?) 219
Young’s modulus (kgf/mm?) 7300
Poisson’s ratio 0.33
Density (kg/mm”) 2.802E-6
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Fig. 3 Configuration of aluminum extruded panels and
design variables
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Table 2 Comparison of von Mises stresses and
allowable stresses under each load

Vertical Compressive Torsional
Max | Allow | Max | Allow | Max Allow
114 | 124 | 556 | 124 1.32 8.7

Unit: (kgf/mm”)
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H
I L + 1 ! 1
TarT s "% a7 877 £°7 a7 "7 3"
st = " » o » P » o
i =l Y P
— e
v "7 e "% &T% 9% avF g% »c7 ot g
am - »e o " o o v o
H H i i i ¥ gl
i t =t t } i
T e "% e LR TR S A T S 3 T e ” [
e o w e s e s v w
Py PUNEENEY PO WY } Frdenis Y PR IS
g g Py g 1 11 i1t
T 8% 9% 6°7 5°7 2°F £°F 4°F 577 a-
s e o0 o0 o o as o o

Fig. 8 Global sensitivity of stress under compressive
loading with respect to design variables

J— i Pl §
! H 4 i
B T e T ¢ 7T 7T a7 w7 T T
" o oy ™ = u 7 3 »
+ 4 +
3 37T 97T e tT e 7% "7 o "% 2 T e
a1 ot sie w13 e s e [ e

L : i

—+ ]

Toe " 2 7 £ 4 13 I R T
I s o v w - n ner [l
s e FUREIOU SN PSS Y ' s

e } B St RS M o Com el (o e 4
5 7% 8 "% & "% s "% T e -7 N ] -
v »ee % on a on i o -

Fig. 9 Global sensitivity of stress under torsional
loading with respect to design variables

T g 7 w57 9 % 7°F «77 67 a°% 477 4"
» " by b4 s . L} 23 .

= Py T T g T i ay T 7

Toow ° % ¥ » a 1] ¢ e
3. Laid 1 L e e L Lald e

T s =T T g ~f s ~T pomT g mV I 5 -t -
o - - o o - et [ w

i i

T ST T Wt 37T e "% ¢ "7 7V $°% o -

B s o - S - = e e

Fig. 10 Global sensitivity of weight with respect to
design variables



gEstEzddA 2394 A HHAA

(d) Weight
Fig. 11 Pareto plots for stresses and weight

(c) Torsmnal stress

Fig. 11¢] JEE 2R8oA @) 3, b) &5, (0)
v EY 8tFo g 38 (@) FF A A
A AA WF F /b AU AAGE vl
& Ztz} 49%, 61%, 81%9t 44%Z FEth. mEtA
2389 FAL FaM AEd s/l Fao AA
HSEL 4709 o U F2 AANTEHE
Z83 —:—71a 7}211:} aFug ¢ A
2 Aag 59 Fo 4A
o -Qlﬂ 2 z} A9 HAHEE 4 @
Zol QA2 = ot

Fmd bl’b17’b317b32’b33
Minimize W

vemcal

Subject to o " ~12.4<0
o compressive 12 4 < @
forsional _87<0
2.5<b,,by, <4
3<by,, bay, bys <10
HA3 LugFL & o] A4A E(sequential
quadratic programming; SQP)% Algsic) s M
" 5 ke Fo AANFES AT e HAW
FEL 27] AA o AR

35 A HHMAAH9 21t
Az ARAMAY AFE e 38 A=
BF gEEEA x7]dA Hls] o 700kg91
o] Zraste 85 %9 AAAN ARE BY
2714 A 04 FAsF i A —E—Ul*ﬂ-":
ol 5458 g% Ao 23T A3 AP
(active constraint) °]E AL nFrtH 85%2
% ot adFolzt & + ok
H#3 BAL Fig 1294 Zol F 49 W
(iteration) @ 28 9] $H 5 F(function call)S F
stz 9tk Fig 12 2#H T 122 E WIESFE
ki
&

—Q‘ ofN mlo

lo ri olo

B, A2Ee S48 e vdepdrh
2324 7I¥e AEaA P FFE
= Jsgsd e FIHE9E Aojth

MJ,,.\Z::%J};:

1477

Run Number

——e— abjective (Modet DoubleDeckTrain Yolume)

Fig. 12 von Mises stress history of ANSYS model under
torsional loading

Maximum ven Mises Stress

12.4 (kgf / mm?)

Fig. 14 Von Mises stress contour under compressive
loading

Fig. 13~15% 722 A AMA € 2543 A
Zgate £4, 4F, NEY &5 g Fd &
uH2 $HE veEhda ok

Table 32 232d F3F& T8 A€¥a Fo A
AWl 3 A3 AT 2I|AASG W
Aol Table 4= AAUTES @& 27 47
WS ke wlagk Aol



1478 olef g - o] R - A

Maximum von Mises Stress

2431 (kgf / mm?)

Solebar-fa

=

. =

Fig. 15 von Mises stress contour of ANSYS model under
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Table 3 Results of the design optimization

Mass Vertical | Compress | Torsional
(ton) stress stress_ stress

| (kgffmmd) | (ketfmm?) | (kgffmm®)
Initial Design | 8.052 11.399 5.565 1.323
Op‘?ﬁ’gﬁm 7415 | 12400 | 5784 2.431

Table 4 Optimum values of design variables

bt . bl7 b31 b 32 b33

Initial Design | 3.0 3.0 7.0 7.0 7.0

Design 2.50 300 | 3.00

Optimization 2.50 343
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