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A Stress Analysis of Double-deck Train with Composite Material
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ABSTRACT

B AT B2HE FAH 23 g0 2, EEAB(3-X Board, Al extrusion panel, etc) A
B dig JteAdE BEEY] A N1xA8E FHeed AT H4 g3 257139 AARE
o, FAld HLse BFAEE 3-X BoardE g8y A F= AA4E Hrer 4
3 48 Fetad Z2aYPE o)Lt At }FselA LHHNE FY}YATh FH A AE
He EEAEEG-X board)d] $HLA A%E sodss Aol EHonE NG RdrdEe @
¢33 Zdg ol g3t SY¥AFL ME d(center sill), 12 vl Z2@Ane F4R 18,
TH AFE FE BAAAM LAY 4F 4 FRHFEHANA FHFES A5 ¥ET
Ede] Aoy, RFVEre AdGRD B & gt A AR i HAL
FgZo A B AFE BFAEGE-X board)7t HAEE FA did 27 dFEH E5Y ¢
& 2A3E A,

1. &

A Tz A=XF BFHE AT A7V 893 £Y59n Aok FFgE Ve F
7 AAY ZAAN B BFEaFA7 ok AAAY A 1A AFRAE S 2o 14
473 (mild steel) £ 2H QU 27 (stainless steel)AA 24 ¢4F ¢Fug FF22 &4
2 Qled, ol T 3MY BE¥AARZ 2NE Holoh wEty, EfLA A HErsdd g
ZES AFMge] Basitds AL ZAT Apdelr
71€3Q FHE AHEY, AT BFARE ALESE olfE BEFAE A 2 v
Fo wtg FAZZe AU ade AW 2402 HEo] oze H4H Ed(cab ends), $EH
(nose section)9} & B BEE LolstA HEF & Jon, fEAY4 & WEA P age
Holth, a8y, 239 £ F4 2 HHIE Y4 FREY FFe A4 H 23R 8
FAE, AH(A, AALE FAG AN FES AEE st 3, $AL Y AT E2 2
Z= 2 HY FYA, IPA] T g5 GHWEF FFgo) HaHY £ UAERE VD72 FEE
of k. Mg F& Axu LI FHFo So]4, AP WYY §F FALE nHd Az
g MdAstodof gt

AAH, ddH FHEAMY BH BEAA AAY AEe n&HIFEY ofe A& A5 H
2 A 4E zAAA e nAEs AFEA vl 2 agn, AFse 3 FYPEEE FUHAE
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£ Qo] 28uLS WAY 5 AZ, A= AT 2 Ro| FEsE Y& FAAA FALS 2o
olJal Fgo] B Yz &L F7HAA vl g AR Z BES WIEFHUES AFAY
+ Atk

FUdAMNY ATEYS AYEE YB 39 HNEE 300km/he) 3007 43+ (Nozomi)e
549a 2 Axtel A4, vy, LW 5SS 0¥ Al FEAE AL WSS AFY 1A, vl
ot fAbE Tz FEEW B U AH, Ay Al ¢EAE 22819 A A,
70mm FAL 4ZuE HUH ALE IS $HE 437 ANE Ao 53R AYL F
& FA ZZo oy Jleg AN YT A=EE 3 Qo TF2E= A AWK TGV
2N(double deck)®) 7H& & LFul¥F 6005, 6061, 6085 ¥I& AHgstn 2%uRe Uy
FFuE FAE ALdd AFsn Yok FUAME #3, d$SAHE J1EL 2HAdA2F L
2 @ FAGA 2o e dFoES o83 A Al g J1goln Uk FRUPR(F)
o A% vhdE AAIL AF U GEHD QJon, Y$FTAF)R ¢FuF FA Q@ A7
& A9 ¢ Aeo|r)

2 AFE FAA 2¥4a AL JtedRE BEEY) Hato 44 F882 TIPS o
£3t T3 #3 ¥ BE $YYZE FEE B, FHY TFAEFE ANHA, 2F
Aoz BHYRE o4 IENT FRAAN U@ 72AEE2 B9l Figle HHstn
A e 2271349 AR FAolth. 4714, BHAR HE e FAY B3 2|2, o
48 E¢48E 3-X boardelth. 283, 1% wgdR 23 Higwe ¢FoE ¢& HYE 9
£39 4L 48 882 T2aPA ANSYS ZEF o)&3gth B 9478 B g
ARG EL BFARG-X board)E ©14Y A$, FM FEIL 71ES FAs vimsled FEW
X AR HAX Feoe AL BAZY,
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Fig. 1 Double deck train car-body (type : E455,0 - Ml)
2. &%
2.1 ¥¥4A=s

A=A HEHE ABEL YutHog AL oA, Jhuflop #o 2gx, WTFAEE
Hojuoksty FR B ASokEd. ol A2 e 21 S AR FALSF d: HEZ A
2HEE Aol AR AAo|r}, agY, o aFZAN HUZ RYY £ de AERE A&
3 gAldl Q& ¢E eSS 33V B FAFTEE 2ol HFARI} ik £ AT
He F+A Z23E A4, A eyl J43td 1 540 dAE 3-X boardE TA F
A7 2o Hgsidrt Fig. 2& FAl HL£F 3-X boardell e d3E 282z YEA R
olth, (a)x 22 7I1xel FA ANl 3-X boardd HEH B4 E JYeEld Aoz, (e FEFH A
Bo]| o7} 3-X board?] YA ot} mlxFe 2 () 3-X boards] WF A tigh FAx
2M 2489 B2 A (reinforcement member)e] B4 $X5 & deldn Ao Z #idy @
dg A¥Ed, REHE HE f3 AF2 Hoglen, Uyie IojAae Esdd Fo=
sl 2o B ZA4E F7198 fe AF 42 R EAH Y 39§ d5o2 v=ds
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Aok 283, 4F FW F& 29 daH2y dFA £A9 2L e FAE 90

(h) 3-X Board
to Bodyshell

(u) Proto-Type
Double Deck
Reinforcement Member

"~ with C Shape

(C) 3-X Board Structure with
Reinforcement Member with Prepreg

Fig. 2 Application of 3-X Board to Car Body Shell

Z 9o WM E 3-X boardd © &L 24L& #As7] Ha YR FHoY EAleld F
ALgElEd, B FEAE AEEA] gak %Ja}-:— AA4ze Zedd, o g8 RFAs %‘34_ T
Ae Aolth, ¢Fvly TFAL HnY o, ZHASE o)8Y B F 2EARY FFE Y F
glth. Table 1€ A7FA & F8(3-X board, &4 FulF 2z SUS ¥ s#d oglzm, Ed
B7}A474 gl 3-X board)el Wisl zZtZel B HAg vz Aok R FHol FHAR
He A=9x A8t 48 71A A5 HAA v2zPE o 3-X boarde B FHE 7T A
o}, walr, 3-X boardt HEAF) HLr7Msstdn #asEs, o8l 3-X board7t 7HF 4%
ZRe A B 5 AN AssE B¢ A BL o)W E £AF #Hadd

Table 1. Comparison of Composite & Metal Sandwich Structure

Metal(Al/SUS) Board 3-X Board
SUS : 7.9¢g/cu FRP:2.2¢/cnt
Density 0.22g/cm Al : 2.7g/cn 0.16g/crt
Foam:0.04g/cri Foam:0.04g/cn'
Specific Strength 11.1 175
Al : 27kgf/mit
Tensile St th 3Skgf/mnt
enstie Streng SUS304:53kgt/mi v
Corrosion Resistance Good Excellent
Durability Good Excellent
. . L Hot Press
Processing Method Foam Injection
or Autoclave
Thermal Conductivity Good(100) Excellent(150)
Repair - Good
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2% 713 A SHEHAS 98 AL FEes T2 Yl ANSYSSS REE ol 454 F
Aol Y Y FagozA FANFTH AAAFAFIHAMY Hog LHHFR YL A HA
@&, 283, 2RV EFFE TG

Fig. 3¢9} (a)e & 9479 4 ddd 23 713 749 /¢ 24 Bdolth, & A7E B¥4
B AFSe gig ks BUE] AF 20 AFE2A e FAE e AeE =Y
ook AHEE 848 HuEY e g EA4E 2YPsvigE P (Beamd)s B A
28 2Y¥E7 9% g 1683747 e 482(5helld)), 283, BRE Y3 BAAE
gcisid Rdystr] A Sheligde] sick g 4Mad, Fig 398 (b)o] vehuide 442
& 233 64F2(UX, UY, UZ, RotX, RotY, RotZ)¢l &4 Hek(Beamd)E T yvixyo} %
& B 2dyo o] &HIAY £ OE BAAE REY] A8 24 33 6Av = 4
£.2(Shell93)oltt. HEH-5e Fig. 34 (b)e] BAELE vy d@dHo] AN S 842
X7} Y& B H(side bottom rail, side middle rail, roof railEelc}, 28lxn, HdE 2dyEy]
A% 22 34Y 6ARES #AE HE 424 Shell)EM FAL J=HA F2EY B
o8t JRPHE Fig. 39 () veld A 97M, 14 vgs 23 gide 4F0F &
A2 =Hoiglan, 2usk N5 & 3-X Board2 HlUrh AHEE AP 4E 12587401, R4FE
476874, AANL2 FH9 FAE 696803, HArd: dARARAE nANUS Y 72888
ot}

Fig. 3 Finite element model of the double deck car body

222 AAZA

B A7 siMgaREe 227 P ZoHRUX)IE FHLR ¥Fse FYe] 327
e WAl Here RdYe F GAAARAL WeAAh FEEAL W Hlcenter sl
Taee Zad(bolster)dl A FAY Fol PHUZILZ W97 oolekn HEsAc HEHE 3
2o Yt AVYE2AEN £AHF LT Wrojdn ARE BHFA4E neA gL g
H2g AN FxEFe] Y BXEFFLE [ vigdd FN FHEspo, EAl, FHAY Hol
wato g FEgA UHHF 12080 A& Holm, A dAIHFE AYH THREF



WAt o] %43 $ARF(AY ¢ 160%)0] 127 229 $AVSR FYatA Fe5E 3
o2 8344 1208 AU hARAZD] 8 FAY BRAAME HARAZA
Bl 27 #3 =3le] Awte] AgsE Ao mAsATh Table 200 A AL H3d 2
7ol chel YerAAT

Table 2 Dimension of the double deck train car-body

Item Dimension(mm) Remark
Length of car-body 24000
Width of car-body 2960
Height of car-body 4260
Length between bogie center 23233
Car body weight 39,000 kg not considering 1.2g
Bogie weight 6,500 kg 1 set
Total weight of passengers 12,000 not considering 1.2g
23 2% 42 1%

TAY A= BE7IEE IWHEE O gk Hd UL ¥ERE oldolojorstm, A
AP AT AGS 1/10008 T FHototgrt a2l AFIAFFE 10Hzodelojok ot ofg
g 87 Fdol REHUA AFE FFEEUIR e YE Holth mEA, T ZFIFHE
AME AdF719 AT E BEARFAME BEA8I AHEE O oF Ft

231 AG¢FEHFE Ve AL

A AAEZ A F L P TAd $HEIXE Fig. 49 YA Fig. 49 (a)~dE
Zt7y FAe PT FHEXEY ¢FuF EAY 3-X boardAM 9 R WA, T HA, AHA S
Ao $HEXE JeEIdY Hd $8 RFRAE 15 vy S N2 2L YR JEd
oA gAY Ho FEEHLS 161MPaclm, ¢FvF 4EAe 7 FdA Hd $Hge 49
B3, A AASL 1589MPa, ¥ HASL 114MPa, vt go 2 A ¥A&L 119MPaclth. 93
A Z3td AdgdS 13utge] 185 Zolj 2P o] ZEL EFvFE FEANA EE A
5(7003)9 #EEH(0,=480MPa)®t BT ¥ o FE3I] AAsGn B Ho $Ho o4
AAe FA7E EFHFU208)E %7] @E FEo| 2ET 2& NFFRGE Y3 34
A dats BEAAN 80 FFHE Aoz dudn aYdA Rele AR go] Ak &
HEXE Ad &Y TAXAS 1 99 FEFHo F=2 EXHAYCL

Fig. 55 Aa¢%83e #& o A yPo] TAstE 12 vign 23 vige hyFAZA
Fold Ao dHAgMY HA FAHE vEhd Aotk 1% vtdy F$ EAEZRANA H HA
o] AR, FTA FolWD)NAMY HAAHAzkE 122mm= B 7}(bogie)Zt A2Y 1/10009
23.23mme] o AW T o, Fnz TA FYFAAMY HAd HAFLFEL ¢ 9mmeldh. FH
tZo] 1&utdol THsHA E£Xse Aoz 714 {7 wie 2%vee M@ 4EHA
FasEE B 13vtge] Wy ofs) wasiy, olde Ao HARL 2Fuge] FEA
g At 2 gt 35mmeltt
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Fig. 5 Displacement of the center line of 1st and 2nd floor under compression loads

232 T3 = 3¢

ad 62 FA%F, & dAHFE AYY FAHFTH $ARFT (P 1608)¢ g W &9
B2EE A5 FoMg 22 Tez el Hd FHEAEHE T EQd M 9F
¥ FE EAAA 24N o] g HdEHL 3LIMPaclth. ¢FaFAMGe: del &
°] £A(3-X board)o] F=2 EXHW, o] we] HHEHL 3-X board®] FEHEH 1089 12
e goltt. & 38 SHEXE HVEY, Fig. 69 (2% (4, F 3-X board®] R EHAA
SHEXE FEEHR A7t A Aot gled, FHANYg SHEXAA i Xolg Hojy
a BYE dEXolET of We HdigHFgH TAANE EF FFEYH ok 299 Qe
3-X board®] W# &9 ¥HPEXE Uetule AW, 2HAM BRI K] WR FAME £H9
Wzt A9 gde AL ¢ 5 Aded, 2 F B oS Ade A & F Ao azh, A
€3o] A 2304 s F¥o TUuE HAA FHIAL ANAA AgHAD Fo v@8AF
gttt 2 24.1MPag Z#en. @A, o] FE] AHE3E 3-X boarde WHl BAYE AHEE
AY oim @ o Wekg FFeo o YFHE RE Yolok ¥4
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Fig. 6 Stress distribution under self-weight and passengers weight

Fig. 7€ 38T &L & o, 7] oA ddoN g g)RH2) AFHS U 1
Lotk Hol AP L 154 FLAAN B A2H, HPFL 55mmeltt. 23 vhetelA g
AP FL 1365 RT F2 43mmeolt. o] @¢E 2RI A FHd UE5E ¢ £ Uk

Displacement(mm)

0 6283 17663 23946
Position(mm)

Fig. 7 Displacement of the center line of 1st and 2nd floor under car body weight
and passengers weight

233 AF5HH

EFA8(3-X board) & A& THol uid AFHHE Syt H4ATN BEAE 1/
L AAUYE d2A 9E IRV EFE B SolM JAFE FA nRAFFA A A
ALY 10HzS v st F3E Ee IF4£R 4Hze 8Hze #E 7M. ZR/IEFE 59]7]
AdMe FHAE AFsAY A4 E wole Wio] dud, A 74 ZFsst EHol7] Q&
o, it} 2 24L& Ze A2V HAYEE Mgl € Rojth. B FEY AFHE L 98
THE Bt FME Zdgstd Y Fe Ao
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Table 30l & AFE& T3 7¢ dFsZH sFHFFstMM HASHRH FREHANA AA
e ALY AES vLsgoh vE FH9 Yo dEZ, a'ﬂtﬂ SHEAH A Azt AA
g, Z stFdtl MY HUWSHUES v FIE MY AL ¢ F Aoy, 53] EFA=R
(3-X board)’t A& FAM PFo] Aoyts AL ¢ F 915} Ho &8 LAY B
F EgAdsEs F& AAE, g EFAEE AHEsE Ad diE IHHA AEE @
€ F oy, Bh A8E AR 7teY R Age 48 3 AFHoF & Aol

Table 3 Comparisons with the maximum stress of references under various load types

}E2A Present Reference[1] Reference[2]
43 8F 161MPa - 189MPa
&85 31MPa 190.7 180MPa
IRAFF 4Hz - -

3. 38

Ay ZFRE 48 Aoz, FFAEGB-X board)d] AHE 7Hs4dE ATE7) A 23
7148 dgor FEsadNe AT FH] RE FAE YA 2dIeq A4
Rejl v A&HLS DA N 7 I FFE AU1AH 4 RASE Do
AYg FPsAT H4ZAH, AL HsFH FAHFe FLAL W, FZd dHN EFA=
(3-X board)e Z Mg FEEHS AR, Hd HIFE AVUE 9A FUH °)E
28 EFAR7 7189 26U 2 Zoly &FvF wdd AXe %€ 24L& Az A, 2
Al M e FEAZFA H47tedivde A€ #9¥ + AN 23d, 2RFIASTE ATAY
I0HzETF #& &g ZAg%th £ 478 58 =xTF FA EFA8E A3t Ao g T
AHA FEL AN

7]
g d7E #3244 FlE 12339
g wten old FA=PUL,

AT 71 AT E L F(1998-018-E-0009)2 AQH A

sk

g8 A9 (199), “AEA A3 FZRE g FRAN L 4P B A7, ¥
A, A& 1578 123&, pp.28-35..
Ay, w4 vhdF (1998) "ZAAE A% e A A Bz HU, FFVER
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