S Yk 95 23 FE X CFRP - AL YR &[5 45 18 1) 2 28 1 BE 52 i)

FMEE! L gperge? 3R’
(1 1l TREHEAR KB 5755 TREBE, 1 201620)
(2 CFEbPRIS R T S0 % (R R, LI 201620)

X i A TEHIHEET WRBATELS LY T #4600 CFRP/AL AR & 34740 5 M fk fe R AL 45 1 AF
R, oW T RAREOEFER, AT RRAALELEAENBR T EL O -BELRGAET 2T HiXES
ROGBEHRAGEHEZHRT REF B R FESLIEORT SRR, Jﬂi‘%%%&ﬂﬂ CFRP-Al
RAREEHOBT THORZIEX FGEXE 48T AR R - 22 Rm5 R A% m kW hwh £
Fo ey ss ff A CFRP-AL A B 4 69 30 5 WAk fo B AL M AR ST | B B JE % 2 & (CFE) ] 2 4k, A T
IER A TRAAER  BF R AR A B B e N EXT TR B B0y m Atk Hvn A RSN EXT T2 6)
Sy F A TG A3 T A EARE BT SRR, KA RSN B TR e R e 3238 m T %
R AR AT T A A 3% 3+ CFRP-AL 348 32 A 2R 38

FEiE  CFRP-ALRAR S, = 55w, 4 Em 8 Bk 4F bk, A TR T AL A

d B 5% 5 . TB332 DOI ; 10. 12044/j. issn. 1007-2330. 2019. 06. 015

Effect of Filament Winding Angle on Bending Performance of
CFRP-AI Circular Tube

SUN Jiarui' MA Qihua'” GAN Xuehui® SUN Zeyu®
(1 School of Mechanical and Automotive Engineering,Shanghai University of Engineering Science, Shanghai 201620)
(2 State Key Laboratory for Modification of Chemical Fibers and Polymer, Donghua University, Shanghai 201620)

Abstract Based on the quasi-static transverse bending test, the bending resistance and energy absorption char-
acteristics of CFRP/Al hybrid tube manufactured by winding process were studied, and the failure modes of the hybrid
tube were analyzed. Based on the three —point bending test results of CFRP —Al hybrid tube with different filament
winding angles, the influence of filament winding angle on its transverse bending resistance and energy absorption was
studied by finite element simulation method. The experimental results showed that the failure modes and damage modes
of CFRP—AI hybrid tube under transverse load are basically the same as those of pure aluminum tube, but the failure
morphologies are slightly different under the influence of filament winding angle. The smaller the filament winding an-
gle, the better the bending resistance and energy absorption of CFRP—AI hybrid tube, and the lower the crushing effi-
ciency (CFE). Based on the validated finite element model, the effect of different angle filament winding inner layer
on the stress transfer of surface filament layer is studied. The restraint of small angle filament winding inner layer on
the axial tension deformation of the tube increases the peak load and energy absorption of the whole tube, and the im-
provement of ring stiffness of the tube by large angle filament winding inner layer increases the overall crushing effi-
ciency. The analysis can provide an effective basis for the reasonable design of CFRP—AIl hybrid tube.

Key words CFRP/AI hybrid circular tubes, Three—point bending, Filament winding angle, Energy absorption

characteristics, Finite element model
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Tab.1 Material properties of the T700/BAC172 and Al6063T6

VA i DAGEETES kS
B hﬁi’fig EDA LG )
/GPa /MPa /kg m™
Al6063T6 67 215 2700
123.34 1632
(L4 J510) (L4 J71m)
T700/BAC172 1518
7.78 34
(PRI I)) (AT
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Fig.1 Manufacture of CFRP/ Al hybrid tube
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Tab.2 Geometric parameters of specimens

HeA Uy it/ g Hp%/mm

AlS - 144.8 38
A15C6827 [27°/-27°/90°], 220.7 41
A15C6845  [45°/-45°/90°], 219.7 41
A15C6S75  [75°/-75°/90°], 218.8 41
A15C6590 [90°/90°/90° ], 219.0 41
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Fig.3 Load displacement curves of Al tube and hybrid tube
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Fig.5 Schematic diagram of the CFRP-AL tube
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Fig.6 Failure mode of hybrid tubes with different winding angle
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Tab.3 Evaluation index of specimens

Reft Poa/N Puew/’N  CFE/%  EA/]  SEA/J-g”!
Al5 4101.6  3257.4  79.4 162.9 1.13
A15C6827 9383.1 72562  71.3 362.8 1.55
AI5C6545 81755  6467.4  79.1 323.4 1.47
A15C6575 6556.4  5521.0  84.2 276.1 1.30
AI5C6590 6408.8 55146  86.1 275.7 1.31
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Tab.4 Material properties of the CFRP

W SPERE/ GPa AL ST YIR R/ MPa Fiffi5iR B2/ MPa 458 BE/ MPa D) B
p/kg-m™> E, E, v G, G Gy Xy Yy X Ye S./MPa
1518 123.34 778 0.27 5000 5000 3080 1632 34 704 68 80
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