Trans. Korean Soc. Mech. Eng. A, Vol. 37, No. 9, pp. 1099~1107, 2013 1099

<SB=E> DOI http://dx.doi.org/10.3795/KSME-A.2013.37.9.1099 ISSN 1226-4873

EXHEAG A S 99
Al A7 R FEA HA3 47

* sof - *%
=M PHMT MEs
* Mgl E st HEARA AR E I, o A erad T AuEdT Ry

Study on Weight Reduction of Urban Transit Carbody
Based on Material Changes and Structural Optimization

Jeong Gil Cho’, Jeong Seo Koo " and Hyun Seung Jung**

* Dept. of Rolling Stock System, Seoul Nat’l Univ. of Science and Technology,
** New Transportation Systems Research Center, Korea Railroad Research Institute

(Received January 22, 2013 ; Revised April 11, 2013 ; Accepted May 30 2013)

Key Words: Weight Reduction(’d &3}), Urban Transit Carbody(*=A] =4} 2}HA]), Size Optimization(*] 53]
2 A)), Frame type(2Z @ Y 3 Ell), Composite Materials(& & A )

£8P QAL GFVE R THE B9 EEAEARAKEMU)] AAE ggos A
FAAAAS) FEA £A WHS 5@ Aspgetl v8) AFeketh $4 KEMU AHAe] ST,
Suz, gppze] BAE FAS Aol dEbs FAS Aeete] A5 A5 PEOR oF 148%
Awsh sheith. 293 A5AH 87 8 KEMU AAo] fARFe] £ 1A REMASTOA A =
AEY P PEE 4§t 27] KEMU AU oF 3.8% 2Fs B stolngs e was
oh Ao R AT BEAE SPTE} ARTFrl AEFe] 27] KEMU A o 30% 3
3 B 249 SolnIds e mEIAT REE A RUES wE AFa PEA SEAU
2 WSl

Abstract: This study proposes a weight reduction design for urban transit, specifically, a Korean EMU
carbody made of aluminum extrusion profiles, according to size optimization and useful material changes.
First, the thickness of the under-frame, side-panels, and end-panels were optimized by the size optimization
process, and then, the weight of the Korean EMU carbody could be reduced to approximately 14.8%. Second,
the under-frame of the optimized carbody was substituted with a frame-type structure made of SMA 570, and
then, the weight of the hybrid-type carbody was 3.8% lighter than that of the initial K-EMU. Finally, the
under-frame and the roof-panel were substituted with a composite material sandwich to obtain an ultralight
hybrid-type carbody. The weight of the ultralight hybrid-type carbody was 30% lighter than that of the initial
K-EMU. All the resulting carbody models satisfied the design regulations of the domestic Performance Test
Standard for Electrical Multiple Unit.
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Table 1 FE models and dimension of K-EMU

Number of nodes[EA] 577064
Number of elements[EA] 671962
Mean element length[mm] 30

Width[mm)] 3120
Length[mm] 19500
Height[mm)] 2564
Weight[kg] 5934

Table 2 Mechanical properties of AL6005A
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Youne’s Allowable stress
o duigus Density}) Poisson's (kg/mm”)
% | (ke/mm’) | ratio
(kgs/mm’) ke Base zone |Weld zone
ALG005A| 7000 |2.7x10°| 0.33 21.9 10.7

Table 3 Performance test standards for EMU

Loaql.ng Load calculation method
condition
(Vehicle weight of maintenance status +
Vertical Weight .of the max. Passenger - Weight of
load the bogie) X1.2 - (Weight of the bare frame
o + Weight of the test equipment) =
52640 (kgr)
Compressi
490,000 N =50000(k
ve load ’ (kgy)
hicle weight of
Vertical . Vehicle weight o .
maintenance status - Weight
& .
. Vertical of the bogie
ressi rti
comf) e:ls f ga - (Weight of the bare frame
ve o ot + Weight of the test
equipment)
= 20260 (kgs)
Twist load 39,200 N + m = 4000000 (kg; mm)
Vehicle weight of maintenance status -
3-point Weight of the bogie - (Weight of the bare
load frame + Weight of the test equipment) =
20260 (kgs)
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Fig. 2 FE models of K-EMU (shaded view)
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Table 4 FE analysis results of initial K-EMU

Initial K-EMU Allowable limit
Vertical load 14.1
Mi Vertical &
von Ases compressive 8.0 21.9
stress
(& /mmz) load
& 3-point load 15.8
Twist load 0.7 9.8
Deflection(mm)| Vertical load 7.1 13.8
st
I natural Vertical load 13.2 over 10
frequency(Hz)

UY RX=Free

— 7.148(mm), Suio] Fot i The others— tix

Fig. 3 FE analysis result of initial K-EMU under vertical loading condition (max. deflection)
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Fig. 4 FE analysis result of initial K-EMU under vertical loading condition (max. von Mises stress)
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Fig. 5 FE analysis result of initial K-EMU under vertical & compressive loading condition (max. von

Mises stress)
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- objective: minimize mass

- design variable: thickness of components

- design constraints:
max. deflection < 13.8(mm)
max. von Mises stress < allowable stress
1™ natural frequency > 10(Hz)

x4 38l AIE Table 7, 8ol Ayt o

]
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Aol FAE AAWMSTE ekl vl ¥ (gradient s BT wkSstojof stEE F 3hs AEsl
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Table 5 Extrusion thickness Table 7 Design variables
g
REC Under 15" Optimized Optimized
Skin Rib Skin Rib Initial thicknesses | thicknesses for Optimized
Thickness(mm) 2.4 1.8 2.0 14 thickness for ve'rncal vertical . thicknesses
” : : . o loading & compressive .
eSS S Sy M=k (mm) condition  |loading condition (mm)
Shape and 3 - (mm) (mm)
size(mm) + width : 550 - width : 356 T 24 o1 71
“ height : 50~70 height : 30 Under-frame R'tl: > e e e
1 . . . B
. Skin | 3.0 2.0 2.0 2.0
. . . Side panel 74750 14 14 14
Table 6 Design variables of initial K-EMU Sk | 5.0 50 34 0
n B B . B
1
] Range Solebar i 50 42 18 42
. h,“l‘:‘a of 5.0 2.0 2.0 2.0
ape ! E;;‘;SS thickness Erdomnal | S0 [ 30 2.0 2.0 2.0
(mm) ne pane 28 20 20 20
Rib | 2.8 14 14 1.4

Skin |[Skin| 2.8 | 2.4~2.8
Under-frame V\/\/\/\I 2
. T Rib | Rib | 25 | 1.8~25

. Skin |[Skin| 3.0 | 2.0~3.0
Side panel @ ; -
Rib | Rib | 3.0 | 1.4~3.0

’ Skin| 5.0 | 2.4~5.0

Solebar Skin
Rib

: Rib | 5.0 | 1.8~5.0

50 | 2.0~5.0

———————— Skin | Skin | 3.0 | 2.0~3.0

End panel I—l Rib 28 [ 20-23

Rib | 2.8 | 1.4~2.8

Table 8 FE analysis results of optimized K-EMU

Optimized K-EMU Allowable limits
Vertical load 19.1
Vertical &
von Mises stress emcg 8.6 219
(kg/mn?) compressive load
8 3-point load 206
Twist load 9.0 9.8
Deflection(mm) | Vertical load 9.0 13.8
st
1 natuzal Vertical load 13.0 over 10
frequency(Hz)
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Fig. 6 FE analysis result of the optimized K-EMU under the vertical loading condition (max. deflection)
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Fig. 7 FE analysis result of the optimized K-EMU under the vertical loading condition (max. von Mises

stress)

8.564(kgs/mm?), Ej& HZT| 2

Fig. 8 FE analysis result of the optimized K-EMU under the vertical & compressive loading condition

(max. von Mises stress)
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Fig. 9 Weight reduction history of K-EMU
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Extrusion type

Fig. 10 Comparison of under-frame type
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Table 9 Mechanical properties of SMAS570

rzzgﬁ%uss Densm Poisson's Allowable stress
(kgi/mm?) (kg/mm") | ratio (kge/mm’)
AL6005A 20979 7.6x10° 0.33 46.9

Table 10 FE analysis results of the frame-type
hybrid carbody

Vertical load Allowable limits

ALG6005A : 21.9

von Mises stress

18.8
(kgr/mm?) SMA570 : 46.9
Deflection(mm) 12.1 13.8
1 1
natura 12.9 over 10

frequency(Hz)

Table 11 Design variables of the frame-type hybrid

carbody
Initial Range of Optimized
thickness(mm) | thickness(mm) | thickness(mm)
Floor 5.67 2.4~5.67 2.4
stiffner 4 2.4~4 2.4

Table 103} #©] solebard]
o] o 12.lmm, YT AHF EA
A A5 7reEo] oF 18.8kg/mm’, S HEQl

°F 129HzZ 3§ 7|FXE w3
Atk BHARE &R xo] AFRE SMA5709]
AL6005° H&l] Aoz dErt How 3]
& A9A] B7] o] 7] K-EMU =pA|o] B3|
°F 15% A% FAZE 7t

X
]

0k
o

slolEE|=

i

32 =gl EtR stRF=x
A ZE o] x| 4=Z| XM

%7] K-EMU zpAJel]l vl FA 9% 2 dek]
stoluE|= AAE AZFst sh7] 98] sy x
oA FTweko g ujdd stiffnere} vIEIA|L] F+
AgE ddoz AFHAAAE 3433t

A H A AA % Rde] FAGFAEER 3
oW E =gl o v
I i ) "‘SH’%* A% Table 129} #Zo] K57
slexds wESY E 27 K-EMU 249 o

==

THAN - A%

Table 12 FE analysis results of the optimized
frame-type hybrid carbody

Optimized frame type hybrid carbody| Allowable limits
Vertical load 19.0
Vertical & 155 o
von Mises stress Compressive load = 21.9
2
(kge/mm) | 3 ointload 19.6
Twist load 7.4 9.8
Deflection(mm) | Vertical load 12.8 13.8
1 1
natura Vettical load 12.1 over 10
frequency(Hz)

—a— Mass of the frame type hybrid carbody

2800 . . .

Iteration number

Fig. 11 Weight reduction history of the frame-type
hybrid carbody
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CFRP M=% 53A= Fig. 12, 13, Table 133}
Zol AFHA47 ¥ K-EMU #A| 9] sp§--39}
A5z A gskoh?

Table 13 Mechanical properties of CFRP-sandwich
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4.2 Eél-AxHo| X—I_.?_ D_I _I?rél_}_gi__/lk_gH/g'I

W A (skin)2] CF1263carbon/epoxy= 2% @_S.ﬁ:
o] &35t om Al A(core)e] EFHE FUE
A A7 FHEH] stHFEFS 5’—/‘}0}710117:
AP A AIRte] Bo] AQHRR TVt &
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SH-229] CF1263carbon/epoxy ™ Al(skin)¥] -+
A= S(mm)x5, AaTF9 CF1263carbon/epoxy H

e rulru

Al(skin)®] FZl= 5(mm)x3 ©]H,

g huE

composite
CF12063 Aluminum honeycomb
Density 1.52E " (kg/mm’) 5.9E "(kg/mm")
Elastic |Ex 5955.1 (kgr/mm’) 0.071(kgf/mmz)
o odulus Ex 4940.8(kge/mm”) 0.030(kge/mm°)
E, 1087.8(kgs/mm’) 10.714(kgi/mm’)
Ghear |G 595.9(kgf/mmj) 0.063(kgf/mmz)
o dulus G 372.4(kgf/mm2) 3.265(kgf/mm2)
G, 372.4(kg;/mm’) 3.265(kg;/mm")
Poisson’s V2 0.12 0.33
I 0.45 0.0001
Vi 0.45 0.0001
=
=
Aluminum
honeycomby sandwich
carbon/fepoxy face

CFi263
ﬂrbonfmv‘\\ 2 I’—J
CF1263

carbon/epoxy

Fig. 12 CFRP-sandwich composite
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Fig. 13 Section Shapes of K-EMU CFRP-sandwich
composite
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gttt

Table 14 FE analysis results of CFRP-sandwich
composite hybrid carbody

CFRP-sandwich composite hybrid Allowable limits
carbody
Vertical load 19.6
von Mises stress Vertlc.al & 19.0 21.9
o 2 |compressive load
(kgs/mm’) :
3-point load 17.2
Twist load 7.9 9.8
Deflection(mm)| Vertical load 12.9 13.8
1 1
natura Vettical load 138 over 10
frequency(Hz)
Vertical load 0.049
Vertical &
Tsai-wu eroen 0.152
failure index. [COMPrESsive load 1
3-point load 0.030
Twist load 0.006

Fig. 14 FE models of CFRP-sandwich composite
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Table 15 Comparison of weight reduction rate

Mass(kg) Weight reduction rate(%)
Initial _
K-EMU 2934 0
Optimized
K.EMU 5055 -14.8
Initial
frame-type 6850 +15.4
hybrid carbody
Optimized
frame-type 5706 -3.8
hybrid carbody
CFRP-sandwich
composite 4134 -30.3
hybrid carbody

Fig. 15 Tsai-wu failure index (vertical loading
condition)
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