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Fatigue life prediction of composite laminates incorporating 3D stress analysis

HUANG Zhiyuan, LI Yazhi® , GUO Xiaobo

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; The multidirectional (MD) composite laminates subjected to in-plane loading are in the three dimensional
stress state due to the presence of interlaminar stresses. A quasi- 3D finite element model consisting of plate
elements, spring elements and rigid elements was established which. together with the fatigue damage models of
unidirectional laminate, is used to construct a fatigue life estimation procedure for MD laminates with arbitrary

stacking sequences. This is an integration of stress analysis, static strength analysis, cumulative damage analysis

and the material property degradations. The application of the procedure for two T300/QY8911 composite laminates

demonstrates good agreement of fatigue life prediction with the experiments.
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Fig. 1 Diagram of the quasi-3D model
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Fig. 2 Flowchart for the fatigue life prediction of laminates
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Table 3 Results of fatigue life analysis

l Analysis Strength/ Fatigue life/Cycles
> \ e N Sample
H@%v ﬁiﬁjﬁﬁk@ 73]*5@?&%1&17?1@350 method MPa ¢=0.85 ¢=0.8 q=0.7
R 1 T300/QY8911 #F#} S M B 2D 540. 2 46800 152660 673879
Table 1 Material constants of T300/QY8911 composite I 3D 517.7 10581 75687 543613
En/GPa E»/GPa Es/GPa Gi2/GPa  Gi3/GPa Gy /GPa Experiment'®]  578. 8 14400 19800 95500
135 8.8 8.8 4.47 4. 47 3.2 . e /O .
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et g . i I 3D 537.8 3540 49476 251936
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Experiment3)  710.9 194 64900 697000

Table 2 Parameters in the fatigue damage models of

T300/QY9811 unidirectional laminate(R=0.1)

Tension

Load state In-plane shear

Longitudinal  Transverse

Scope of application 0.6 g<C1.0 0.6 g<<1.0 0.4<<qg<<1.0

a=14.076 a=15.813 a=17.295
Parameters b=17.81 b=14.05 b=1.75
k=1.0 k=1.0 k=1.0
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Fig. 4 Fatigue damage distributions of inner —45°ply of [45/90/
—45/0/0/—45/90/45]s laminate at different cycles,
when ¢ = 0.7, 0. 85 respectively
[, [45/90/—45/0/0/—45/90/45 s B 7E 3
b 2w K P B9 57 o b, AR R AR T a2 B . 4
JEEE LA TF 45/90, 90/ —45, —45/90 K 90/45
JUASZR, FRETTE A i B, BAAR 46 5 Z1 an
FAPIR, Lhg=0.85 MG HL R B T2 MR R R &L
F 1Y) 6 — B 220 43 J2 5403 1 3 A L 5 R
Fz4 [45/90/—45/0/0/—45/90/45]s 4y B {5
HIAEREZ
Table 4 Delamination location and onset of [45/90/—45
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Moments of delaminations/Cycles

Location
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Fig.5 Delamination damage distributions of the
interfaces of [45/90/—45/0/0/—45/90/45 ]s laminate
at 10581 cycles and ¢=0. 85
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Fig. 6 Fatigue damage distributions of exterior —60°plies of

[—60/0/60]3s laminate at different times, two load levels
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