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Numerical Investigation of the Progressive Failure Behavior of
the Composite Dovetail Specimens under a Tensile Load

Shin-Mu Park*, Hong-Kyun Noh**, Jae Hyuk Lim**', Yun-Hyuk Choi***

ABSTRACT: In this study, the progressive failure behavior of the composite fan blade dovetail element under tensile
loading is numerically investigated through finite element(FE) simulation. The accuracy of prediction by FE
simulation is verified through tensile testing. The dovetail element is one of the joints for coupling the fan blade with
the disk in a turbofan engine. The dovetail element is usually made of a metal material such as titanium, but the
application of composite material is being studied for weight reduction reasons. However, manufacturing defects such
as drop-off ply and resin pocket inevitably occur in realizing complex shapes of the fan blade made by composite
materials. To investigate the effect of these manufacturing defects on the composite fan blade dovetail element, we
performed numerical simulation with FE model to compare the prediction of the FE model and the tensile test
results. At this time, the cohesive zone model is used to simulate the delamination behavior. Finally, we found that FE
simulation results agree with test results when considering thermal residual stress and through-thickness compression
enhancement effect.
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Fig. 1. Configuration of composite fan blade having dovetail
joint element
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Fig. 3. Stacking sequence of the dovetail element specimen

Fig. 4. Manufacturing defects of composite laminate structure:
drop-off plies and triangular resin pockets
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Fig. 6. Failure behavior of dovetail element: (a) before, (b, c)
after tensile test
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Table 1. Material properties of IM7/8552 CFRP lamina [10,13]

Properties  [IM7/8552 CFRP| Properties [IM7/8552 CFRP
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G,=G, 5.17 GPa S;,=S5; 120 MPa
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Table 2. Material properties of 8552 resin pocket [10]

Properties 8552 resin pocket
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Table 3. Interface properties of IM7/8552 laminate [10]

Properties IM7/8552 Properties IM7/8552
p CFRP P CFRP
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Fig. 14. Comparison of the failure behavior: (a) Case 2(TRS), (b)
Case 3(TRS+TTQ), (c) Test-1
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