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Finite Element Analysis of the Effect of Ply Arrangements
on Shearing Stresses for Ci/ Epoxy Composite Tubes

PENG Chae-yi, ZENG Jing- cheng, XIAO Jia-yu, DU Gang
(College of Aerospace and Materia] Engineering, National Univ. of Defense Techmology, Changsha 410073, China)

Abstract: Finie element software ANSYS7.0 is employed to analyze the interlaminar shearing stresses of Cy/ epoxy composite tubes
under axial loading. The tubes are fabricated by the flexible expandable mould process. Analysis results show that asymmetry plies in-
crease the hoop irtedaminar shearing siresses by 0. 43~ 1. 14 times, but no effects on axial interlaminar gresses. The ratio of axial plies
to hoop plies plays an important role on the hoop and axial interlaminar shearing stresses, which the stresses reach to a minimum when
i’ swithn the range of 7 3~ 4 1.
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Tab.1 Propetties of the unidirectional laminate fabricated by expandable mould
v E.(GPa) £, (GPa) G GPa) v,
T300/E- 51 53% 110. 5 10. 3 4.5 0.32
2 2 2
* :2004- 10- 10
. 8& (2002AAT24052)

(1977 —), ,
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1.1
(1)
E- 51 : CYD- 128, ; "
:T- 700, 12K,
: WDW- 100,
(2)
16l :90C  40min, 120C 9Omin, 160°C
3h 100mm,
42mm, 50mm, 100mm
1.2
s Smm/ min, (7
2 /
2.1
2 " 42mm, 50mm, 4mm, 100mm
, , 2 2 90 ,0
R n , 0,1, -, 10, 0,10%, --., 100%
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Tab.2 Properties and layer sequences of the tape plies
(g/m?) (mm)
965*(/% 1)/2/(?'1/90()&(/& 1)/2(” B )
300( 10 ) 0.4 10
90)5— n/0°,,/9(j’5_ n(n ’ )
150( 20 ) 0.2 20 96 10w/ O 20/90 10- n( )
2.2
/ R 1 R /
2 2 2 2
116kN, 200MPa 50mm, 100mm
/ ANSYS7.0 Shell99
, ( quadrilaterals) ( mapped) ,
25 , 100 R 2500 , 7700 R 2
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Fig. 1 Compression test for carbon/ epoxy tube Fig.2 FEA meshing and boundary conditions
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Tab. 3 Hoop and axial interlaminar shearing stresses for different ply sequences
Sxy (MPa) Sz (MPa)
(%)
10 20 10 20
0 8.53 8.53 10. 80 10. 80
10 5.07 4.36 5.63 5.67
20 3.61 3.61 4.00 4.00
30 7.91 3.84 3.19 3.23
40 3.77 3.76 2.83 2.83
50 7. 66 3.58 2.60 2.63
60 3.42 3.42 2.54 2.54
70 6.88 3.39 2.50 2.54
80 3.63 3.63 2.63 2.63
90 6.42 4. 50 2.80 2.87
100 0.81 0. 81 3.49 3.49
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Fg.3 Hoop interlam inar shearing stresses vs.
axial plies content
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HFg. 4 Axial intedaminar shearing stresses vs.

axial plies content

Tab. 4 Compression strength of the tubes with several typical stacking styles

90 % 80% 70%
(MPa) 581 520 607 596 492
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