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Experimental study on composite laminate with a large elliptical cutout under shear load

GAO Weicheng™', LI Xiaole', LIU Wei', LIU Ting’
(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China;
2. Shanghai Aircraft Design and Research Institute, Shanghai 200232, China)

Abstract; Experiments and finite- element-method(FEM) analysis have been conducted to investigate the effect of
a large size elliptical cutout on the stress/strain concentration and buckling, post- buckling behaviour of a square
composite laminate under in- plane shear load. It is observed that the stress/strain concentration near the vicinity of
cutout is considerable and the stability of the laminate declines remarkably due to the large cutout. The post -
buckling loading capacity of laminate structure with a cutout is specific high. The failure modes of the test panel
evaluated by experiments show that the high inter-laminar stress induced by the bending of laminate leads to the

local damage of delamination companied by the fibre matrix shear - out. And with the structure’s horizontal
g P y

deflection increasing, the fibre in the stress/strain concentration area is stretched to fracture resulting in the whole

laminate collapsed instantaneously. The FEM analysis results agree well with the experimental results.
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Fig. 1 Geometry and boundary conditions of the test panel
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Table 1 Experimentally measured strain values of keypoints at the cutout edge 10—
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Fig. 3

Strain — load curves of keypoints on the test panel



+ 246 -

ZiHL Y DU 1) 25 AR T . AR 3(b) | 3(e) . 3(d)
R S A AR i E) 54. 03 N/mm i .
R Ay R A W R A, U B R 1 G i kR
i, FIWE N, =54. 03 N/mm Jy 1056 £ (9 i 5% )i h
AT Noyoors (3 IR PFAE A AR S il s B A Sz RIVAE
W AT A fR B B, K. SR
AR 68,56 N/mm i . 15 1% AR s )2 (8] 23
BT AT IR R R IR AR 5 Y B I =
86 N/mm i B {8 W %€ 2 10 56 1F A9 Jit il 28 T2 5 45 A
SEA R F R AE Sk, X FAT O 370. 2 N/mm.,
Je 45 K W 5 1 B A A 6. 85 A, ml LI JE A AR A
A AR5 14 i i R ECRE T

P 3 Ch) xsk s 36 Fp A 0° 7 ) i A% £ H DX 3
S B EIN A 1 4 DUKGI AT 20 3 B EAA R AR
L3 A0 A8 I i BAT SO B . DATET HR T LR B
HE VRS H Jed it 22 BT A% 00 SO R RO B R
RLGrs T2 454 i i s . T s R R e L RS A 7
Az R R B RO B e A R AR A2
Fis B8 00 507 R W e AR RS2 . 1B 3Ce) . 3(d) il
Xt 7 45 907 Ty fia) B 3 /o 7 H X 3
4. 5 3 07J7 1 S A ARSI AR T
HiZ AT A0S BRSO AR R

XFEHCE 3 AN B BOW AR (R, AT DA 2 454
V2SN W I LR = AL P VAP A D A
oy A BEAE B B SE R OF A B R AT
W2 2% 3 0 5 B0 A i % 00 A I A 4
TN S A 2%
2.2 AWS5HELERTLL

FIH Msc. Patran& Nastran & & #F 2 F A
He Composite Modeler 43 5|57 7 R T 0 FNTTF 1 #
A BROTAEE AL SR Al 25 iy 760 b 5 P 2 S 5 A 2 0 114
VUL TE %5 2 o0 QUADA BT, 4T T8 VI #kfar T
WA BRIC O B AT, BB B RNk 2 B, &
e BRI 1 B S AR bR R IR S IR 1,

®2 HEEHRAREH
Table 2 Boundary conditions of FE model

Boundary A B AB,BC,CD,DA
Ux=0 — —

Displacement Uy=0 Uy=0 —
Uz=0 — Uz=0
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Fig. 6 Experimentally measured and numerically calculated strain

against applied load on the test points
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Fig. 8 Failure situation of the test panel
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