55 6 40 }“#‘éﬂ% No.6

2024 4F 11 1 Electric Drive for Locomotives Nov. 2024

DOI: 10.13890/j.issn.1000-128X.2024.06.004

SEHT BT A PP
G R MRS

IHH, AR O, XESE, e, = OR, TER
(P ERAYERE R ATRNE BLEFRIT, T4 K& 130062 )

B OB B GER—HZHik, £A, Vi, MR, THSEAREAEFX, BMALERN ., LEEET)
F 2473k E AL 600 km/hBY, F A A BT FRIBEZRKLE T, REFRESFRZBEGHITR,
LFESMT LM B R ed o £ A kGEM, IAT OB ELSBAESLBM MR FIREH, &
T ANSYS 15 B4R M F RSB LA, ARV E ., 528 BAF ZRMA, BIiET #% 2 600 km/h i & VA
LR ERGARBER, HALREAY, EOEMIAT, EATEEEERKMA Il mm; EEKRATE
h—WrEm % wkA BRMFE A T8 Hz, HRLFDRENAREFE LR, K T% E Brown-Miller & &
F g A2, KA Fe-safe 848 Tsai-Wu X EN oM EREME A0, THEN, LM EHE DR KA

15T T3 RREAMGHAL, R RERIT TR, XFRFRGFRENR LiEREERE LB T T
S ERERA6.7%, AT FRERBINRE T RLA S T RZ2H,
KEBIR): B ALF; EARGEM,; BN B, UL E SR, BT E

hESES: U237; U270.4

]l

0 35

LS 7R ol S 45 L e e AR B G 7 iz
11, REGITFIRA . R, RPN TRHLAES SRS
MWz TR . ms e P8 7 iaf 1 n] A 5 600 km/h
BLEEE, JFRENS LU A RE VR IF FE RN BRHE i S B EF
PR RS RA T, A [ AR A AR
Z | REMAE SR RS R S m e s
BANRAALZS RGLH A TS, RERE T AN ) e 2 1 1
FrimioR o A e UG 7 S AT B T e T M 45 5
B R B ESCRABE ST, R ] 22 A RE VR M PR 55
ST I

LR v R TR A G ) RS, T L
B st TOURRIEE . S8, B57 . B S5 b
BOR. BEHEEEFRIRS, PR RE LS SR
FEMFJE H 4328 Hh o B X PR Bt S5 A4 Dol B 2 22 AR R

YHERFRERD: A

YEHS: 1000-128X (2024) 06-0029-06

AT AL A TT AT o AR 5w, 3
PrECEECR MBS G AT s A R L e e R
Me . EEMRHEER R A M R FEA e
Jiihr, SCHER[6]LA AR @ 72 2 A DU MR SEXT &, 20 #r
T B TRASH R i S AL T W R SCHR[7)2% T
SR FRBEBRBT S T RSB S EON Z 5
FORME T RS PERE AR I L . BT 3, 24
BB AR ARG R ME LA R R AL 0K, IR
FORH ARG A A 5™ e bR b, H AT BT
2R N700 25 5 81 42 1 [ Bl Bk e At ) 4428 X087 2
EHRER SN T RREFHESL SRR A L 2 A4
WO SRR RO TSR A, PR RFPER
ey A PR mI TR OB 2T 46 52 5 b RHR 3L O it
T57 B SR AR TN 35% ! H b
Xt A2 ORI T — e b TR 1 47 2 AR 7
5K, BEXTEEPUE | WO R MOREREEMI Z E
PRI A 1 it — B

EEWH: SHABALLEIRIAA (20240301009GX); FEF £ E EHLAE (2024CCB192)
BiEEH: THR, ¥, ¥+, EHRAIEIT, TBAFHFEAEAML; E-mail: 13943038869@163.com
SRR A, aReE, AN, 5§ . SREET a4 4 S AAMA IR M AR AT A [T]. ALE W AE S, 2024(6): 29-34.DOI:10.13890/j.issn.1000-

128X.2024.06.004.

Citation: WANG Jianbo, SHAO Qing, LIU Haiping, et al. Research on the structure and performance of carbon fiber composite carbody for high-speed
maglev transportation[J]. Electric drive for locomotives,2024(6): 29-34.DOI:10.13890/j.issn.1000-128X.2024.06.004.



30 it et

2024 411 A

Shy ik JE v R TR A1 ZE 600 km/h Y U BESR AR S
& — i T e TR A A B ARG A, RS
il B 2R B, R O L 4 < =
B AR, RIS S0 AR RN 2 ) 8% PR
BRI RN B W BE T I T ARG
FAIRIRE | SR . BIZSSEERE.

1 SRR

1o TR AN Y R S A OB s 1T, e
AT 1) R ) AT R BRI AR TS . (HBE A
FESFHALT, WA R SRR S R LK L
RSN R m . RS SRR SR T A
W, HORASA SRS =R 24
M ) B AR TR AR S F LA T AR R AR 77, TR A A P 2 Ao
1B BEARANZ M, AE AR 36 By ] GRE AL R —
ks NS TR TR, RAOEIE N %
ANFEFRE, BROIE T sh kAR gk e, ST AT 2
BB TEEOR

e — o idE FH - o S R V7 5) 4 1 R R L TR Al 2T 4
CEENRT EAM, BAREL. . BRI
LS I B UN: (S kS i -y W AR L e A e
RIS A Rl SIS . BRbE AR I
RN RS . T SRR, WER TR <
WING” K4 MRk BERE A% i 2 4 %2 L) 600 km/h 3 42K
2 A TR R

FKFRRANXE AR R, Sere A HESE N
AT A H DX IS 1A 5 SR RGP R T AL
HEZRA FH T2 e FL [ AR A MR ET A A i F2 Xk, B2 [
oI5, AR IRHEE TR . NIMIRET AR . SR T HESE
Sy BIRRRE ] PRI GRS B B Ry A A 7
FRTIMHESL P, Z 5 AT N BREF i B, e fS
AR, RAE RS T E SRRk
S, BRI BN T RN TR A . R TR
A A R R AR, REASEE S IRLT 4 ¢ — A
R ZAMUT A RSt .

RGN T AR AL TR B IR . i
(L 1 4 o= 1 97 M 1A e ) = RSB YN
SRS, RBESAT AR R A R . LR R
BEWE1TR,

K1 RGNS

Fig. 1 Diagram of carbody composition
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Table 1 Main technical parameters of carbody

, KRINIS KN LRV .
BRI o . Saaniiy s
S0 H (AR /mm S/mm . P aaie:

SR 27770 3700 2550 5.8

DR e B S GRS IR IR, i R |
Bl T2 A A REZR A Dy TR s b . FERESE 2 [R]
A AR T B AT 2 e T 2 = hR” 4
MR 4R

JEARBEE 2N | 2HIRAGRE | TRER,
R EA AR E R BRET AR IR AR,
DA AL B PRI 20258 . R oR . AR Kt Ak £F
gk “=WhR" DAt DISSBURAE R
wits

sk BN BRETGE WA AR A R
ToB AR TGSk, SR R HEL L, o
FERME FHAE B RS R, ST ih e 260 LIS )57
LT YEAi A g R AR R SR, T s M),
LB B RR AER

00355 DR T DX SZ AL L 7[RI RUAE | gy oo S A Al
MBS, HARYIM IR “=0ha" ZE kT
B Skl DCOEER SO AL (R A A, ARl B
Y C=BRAT AP TR R 4 KR P %
BB TRGVR il e LR Ah, ORI 2 4k
BREFHE “ =R atutf i,

FARRRL A 2 s, b a8 3 Sy 40 A
b, KRG IR YER SRR

B2 BRI iR =

Fig. 2 Distribution of carbody materials
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Table 2 Material properties of aluminum alloy profiles
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Table 3 Performance parameter of carbon fiber material
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Table 4 Performance parameter of foam material
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Fig. 3 Finite element model of carbody structure
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Fig. 4 Calculation results for carbody static strength under different conditions
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Research on the structure and performance of carbon fiber composite
carbody for high-speed maglev transportation

WANG Jianbo, SHAO Qing, LIU Haiping, REN Zhonghua, LI Gang, YU Qingsong
(Maglev Research Institute, CRRC Changchun Railway Vehicles Co., Ltd., Changchun, Jilin 130062, China)

Abstract: Maglev transportation represents a high-speed, safe, energy-efficient, environmentally-friendly, and sustainable mode of
travel, with great development potential. However, the aerodynamic loads generated by maglev trains operating at speeds exceeding 600
km/h impose stringent requirements on carbody strength, creating an urgent need for relevant studies. This paper analyzed the composite
carbody structure of high-speed maglev trains, and researched a novel carbody structure composed of carbon fiber composite plates and
aluminum alloy profiles. Based on ANSYS, a numerical calculation model was constructed to analyze the main performance characteris-
tics of carbodies, such as stiffness, strength and modals. These analyses confirmed compliance with the load requirements for train opera-
tion faster than 600 km/h. The simulation results indicate a maximum deflection of 1 mm at the lower chord beam under vertical load
conditions and a natural vibration frequency of 7.88 Hz in the first-order vertical bending mode for carbodies under the servicing state, in
alignment with the stiffness and modal requirements throughout the whole lifecycle of carbodies. Furthermore, based on the modified
Brown-Miller equation for strain life, the fatigue life of the carbody structure was analyzed by applying the Fe-safe software and Tsai-Wu
failure criterion. The calculations reveal that the maximum stress in the composite sandwich plates occurs at the underframe composite
sandwich board under condition 3, which meets the design requirements for fatigue strength. Compared with the maglev trains put into
commercial operation on the Shanghai demonstration line, the proposed carbody structure achieves a mass reduction by 6.7%. The study
findings provide a theoretical basis and engineering experience for future speed increase and lightweight design of maglev trains.

Keywords: high-speed maglev; carbody structure; carbody performance characteristics; lightweight; carbon fiber composite plate;

maglev train
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