o % e vt Nos

2024 4F 11 J

Electric Drive for Locomotives

Nov. 2024

DOI: 10.13890/j.issn.1000-128X.2024.06.007

RTESEMRSRE

ESEFETEA

AL

5 M, Askd, R, £ZM, %

B, & %

(PERAPEZEFRMA RN BRIEERFE RRE R I T

HHAH TR,

FH K&K 130062 )

i O mAGEAMHEBEENABIKARGE— L7, RRBETLAFHR-FFERRANE
W2, BREBLFTAEBRRE N, XFRNLESH Ay A L STk, A FRRA TR, AR BE
SR AR iR 23 °C. 3 i 60 CCRAKIR-40 °CHY R B #UBIK & BT s 4 S B o MAt B e o2 ik ad Fa,
GREW, ERARBAIANMEAT, KBREANLASHHOENE T, EERERELSEWE A ARK
1, FRRENLAMBNEMN LT %N ERAESEG R AH AT, ESHKBRET, Proregiafy
hFeF A E RIREYAIIER, AP SRBRE T4 T I AERRL, mEKRBKRET, 94128

i AVERA R,

KBA: SHFU; UKL ESMH,; Bee; MBIKARK; BAEST

FE LS. U2704 HAFRSRRD: A

]l

0 35

Wit I S B A AN BT A JE A A8 A
RELMZEORWBORER, FRBEeM Ak
AL H R 4R R ALK, IR SRR AT
USRI MR R | TR ST SRR AL, AT BOR )2
Mo S A T Sl A 1, SR MR AT 4k 55 R
TE I 5230 A0 7R AR AL P R DO Ak T BIESE B BE
TE TR B EE K6 T 2R A e 27 24 525 W RIS R s o
FIEF T MAA RSB R, RAEA R R
e, HHTE ARG o — i [R] ) f F B 2T 4k 52 5 bk
SWE e, FERTHEL GBS ShE a4
ZIE e, (3 Z IR K R B 22 5 2e 5 |k
IVPAE S SRS 20 N WD LE SNTTE A Ik Y i 3ib ]
FEVES T AN . FETFE SN2 BT X BT 4E 5 Bk
B PR K A P HEA T T AHBLF S . SCHR[2-3 )58 s WF 5T K

EEWMB: BEEEHLT X0 A (2022YFB4301202)

YEHS: 1000-128X (2024) 06-0050-06

PUAE RAE MR B R e M T, K R B EON
BSE, TEEIEARE . B A dE R 55 Oy A
AT SEELAE A MERME R E Jr o] BB AK . SCHk[4]2R
FH 292 ORI 5 B B AT 4 | R 4T 4k S5 4T 4k 22 R 3R
Rk %0 SCERISTA AT 5 BRI T 300~2 500 KT
WRAF AE PRI R B0, SCHR[6]%) TSOO BRETF 4k & A b K2
AR PR R UEAT TR IR, FF 48 i N B
MK R B PSR A SCHR (7R R A5 5 1 S
MO K TG ol 588 R S (PAINY) 2 A1 — T 901 757 R s 21 4 7
20~1 100 °C B Vu N I BB ik 2 B0HAT T3 . SC
HR [ 81X 4 A = ZE B T 4/ P A IR & A AR P K
PR PRI 9T, AT T gn 255 MR K HLEE
SR &, SCHER[914E T RVE BRI TR 1 B4 ] A K 2
B T S E RIS I R B SCRR[ 10T T IR ETF 4 %
HAZ A M RHEARREE T A Ik R BRebE . 7E LI
WFoEH, [ AR BT KRR £ 4 K H A A bR AR
S Ik RBGIET TG, b T AS A B3R 0 $A ik

BIEEE: A%E, B, BRI, T2AFRF%T AL @ B A 7 @69 #F5; E-mail: zhouxiaochen.ck@crrege.ce
IR &, Askd, A, 5. e g 5 oA 5 48 64k B W IR ¥ e BF 0 [T]. ALE d A% 3), 2024(6): 50-55.DOI:10.13890/j.issn.1000-

128X.2024.06.007.

Citation: GAO Yang, ZHOU Xiaochen, ZHOU Weixu, et al. Study on the impact of thermal expansion on carbon fiber composite-aluminum alloy con-
nections[J]. Electric drive for locomotives,2024(6): 50-55.DOI:10.13890/j.issn.1000-128X.2024.06.007.



556 wroBRL ENRAr, R, EEM, XOBE, F U SRR AR SIS SRR Y 51

F B2 0 U LA B AR I 28 R 0 i, e X
WRETHE S S MRS G G e A i 32— PRI R AL
ZE 5 P i U W S ARG B

H T I A R T A Bk A 0 A AR e R e Y A
ERKAT J % G RIS BT R E R O RSE
AR IR R BOS AP Y SRS R & S T
FIRZ IR AL, 7E-40~60 *CHLEEN , W& AT A XS 52 5 44
BHEERG SN EREREAT T B, MR R
BRI G G Z M S O TR AR S

1 BRAHE SRS RE SRBET

REF A S A AR R s B b . RS
PO Pk RE RN SR AE T, FEMUASATR . BUIE A .
RE . R ETUS S T 2R A, BRer 4 ik
Z # (Coefficient of Thermal Expansion, CTE) # 1k,
A B I K LT 0l L2, TS pAb Rl CneR 4 m
J8) R Ik R B AR AR, LR 4E 52 65 4 Rt
T A A B AT AR R ) RO R i, 76 ook B AN
RSP R P s h R I £

HIAL, 648 m THSEM., mAES. L
PERE AT . M P AD SR RR UL 5%, AEBILIE 28 A0
REemBAN . AEePk 2 E00s, XERSE
R, HAEesghBEIRSTEL, B4
BEETHRR SN, ERRRBSUIE, XFE
P Ik R BTN A e R IR B IR B T 25 5 7 A
R BN S FASTE .

MBS MR S 56 A, PRI
Bz Bk ZBES B E, SS8uERL7ER
Z I )RR AR B . BRI, FEIRE ARt
o, REFAEE A MBI RSN, A R
SARECR, XA — B AR B S e AAAL R A
N AR . N I SE AT RE G R SRR, . e, H R
FEGERRA, R AR TE R AR S AR PR
XN AR TE AN VG FCRE N B &, AT BB
PR

T B, TR 4EE GBS A &
B IERRGEFIRT, BT WA 38 50 25 R PR Fh R L B ik
R 2E TR RE R, AT DR B Fh o it ok 22
fRX ORI, GIaniAE R . RS IE AR
KR R e v R 2 BCR AR A E EEOR S A
BF, XSRS E T B ST, S A [ R A
ik RECIBIUBBHERE , I B A AR T i 2 X
A I ) AR KA o AR S R IE Y ORI K 2R
B2 SR RR S LR, T DA RO NER A
WERHES T i PRURE LA ik 23R 02 Sl ofe B AN L 5%
e, R DR 3% 22 5 A0 A RS Tk I AP, $2 i R IR
PR AT S P A P

2 HERRERHARTR

2.1 {HEEE

A SCER X IR ET 4 52 5 MORMIUES 5 808 A & IS 20 i
iR TIIESY, s A B AT 4R S G AR I 2 45
F [ 77 25K -T400 e £F 4 N A5 Bz Be NI B A 21
B, A SRR AR A 4 6005A-T6 hi 5t RIM K42
LRk, MG SR ALE AR A A mAGE R, Al A
6005A-T6 Hi M4 47 &5 1. & FH Hypermesh X {4 X} F ik A
)4 o e 25 A AT B T R A5E, RREFHE N ARSE . 4R
B A I AR S5 4 I B2 M A 58 B0 SHELL, St 4 61
ARIC SOLID, ##H15] 0 BEAM HUC S HEEXT
TRA MRS R IR A T B AL B . F R S5 F P s R
1R 20~30 mm, 3 DX RAS RSE R 10 mm. 5
LGSR A AT BROTAL AL N 1 i o

BT i S R AR B e A A AT BROCAR Y

Fig. 1 Finite element model of connection structure

between side wall and underframe side beam
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Table 1 Parameters of material properties of carbon fiber

composite and aluminum profile
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Table 2 Typical operating conditions
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Fig. 2 Temperature rise diagram of material surface under solar
radiation power of 800 W
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Fig. 3 Nephogram of tensile strain of carbon fiber composite
side walls at different temperatures
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Fig. 4 Nephogram of compressive strain of carbon fiber

composite side walls at different temperatures
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Fig. 5 Nephogram of stress of aluminum alloy side beams

at different temperatures
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Table 3  Stress and strain values of carbon fiber composite

and aluminum alloy structures at different temperatures
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Table 4 Forces on the rivet in structural connection between

carbon fiber composite and aluminum alloy
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Study on the impact of thermal expansion on carbon fiber
composite-aluminum alloy connections

GAO Yang, ZHOU Xiaochen, ZHOU Weixu, WANG Yanxiang, LIU Xiao, QIN Hao

( Emerging Technology Research Department, National Engineering Technology and Research Center for System Integration
of Railway Vehicle, CRRC Changchun Railway Vehicles Co., Ltd., Changchun, Jilin 130062, China )

Abstract: The coefficient of thermal expansion differs between carbon fiber composites and aluminum alloys to some extent, lead-
ing to varying degrees of deformation under changing service temperatures, which causes significant stress at their connections. Combin-
ing theoretical analysis and numerical simulation, this study examined the effect of varying thermal expansion coefficients on the connec-
tion performance between carbon fiber composites and aluminum alloys under typical vehicle operating conditions. The study considered
the following environmental temperatures: atmospheric temperature at 23 °C, high temperature at 60 °C, and low temperature at —40 °C.
The results show that under typical load conditions, both the tensile strain and compressive strain of the composites, as well as the stress
in the aluminum alloys, reach their maximum values at the low temperature, while at the atmospheric temperature, these parameters
reach their minimum values. At both high and low temperatures, the tensile and shear forces on the rivets increase compared to the states
at the atmospheric temperature. Specifically, the rivets are more affected by shear forces at the high temperature and more affected by ten-
sile forces at the low temperature.

Keywords: EMU; carbon fiber composite; aluminum alloy; thermal expansion coefficient; simulation analysis
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