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Low Cycle Fatigue and Damage Modes of Dovetail Elements in Laminated

Composite Fan Blades
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Abstract: To validate the low cycle fatigue (LCF) life of laminated composite fan blade at 1.5 fold nominal
design speed, multiple fan blades were manufactured, and dovetail specimens were sampled at one of weak
locations of fan blade to conduct tension-tension fatigue test. The correspodning finite element model was
established to simulate the reaction forces in blade root regions, thus the maximum longitudinal forces applied
to dovetail elements were determined. By introducing cohesive elements between adjacent layers and
considering in-plane damage of laminas, the maximum load in the sinuisoidal spectrum was dynamiclly
enlarged so that the actual static reaction forces in simulations caused the propagation of cracks similar to
those in the test. The evolution of damage variables in terms of loading cycles were effectively represented,
and the multiple damage modes were obtained when fatigue failure occurred under the circumstance that no
design curves were currently available to formulate ther relationship. Test results showed that the average
loading cycle was 17 207 until the delamination cracks appeared within the dovetail body. There was small
dispersity regarding the locations of damage onset and propagation. Numerical results showed that the tensile

matrix and the interlaminar debonding were the dominating damage modes that led to the ultimate low cycle
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fatigue failure. This study will support the establishment of low cycle fatigue test process and fatigue failure

criterion.

Key words: low cycle fatigue life; fan blade; fiber reinforced composite material; finite element method;

progressive damage analysis
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Fig.1 Low cycle fatigue test scheme for dovetail elements
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Table 1 Low cycle fatigue samples at the same loading

condition
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Fig.4 Fatigue damage status of dovetail specimens when
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dovetail elements failed
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Table 2 Engineering elasticity and strength of composite materials without damage

Moduli / GPa = 176, E,=E,=8.56, G,,=—G;=5.84 G,,;—2.46
IM7-M91 Poisson’ratios Vi, =V, —0.27, v,,—0.46
Strengths / MPa X=3290, Y=2=88, X.=2000, Y =2=300,S,,=S,,=150, S,;=55
Moduli / GPa E= E,=91.82, E,=9, G,, =3.6, G,,=G,=3
AS4C-M21

Poisson’ratios

v,,—0.05, v,;—v,,—0.3

Modulus /MPa
Epoxy resin
Poisson’s ratio

E=3780
v=0.35
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Fig.6 Damage status of dovetail body at low cycle fatigue

failure by progressive damage analysis
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