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Damage tolerance analysis and fatigue life prediction of hydraulic shell

ZENG Yuyang, ZHAO Xiaochen, TONG Dihua, HE Yuhuai’

(Beijing Key Laboratory of Aeronautical Materials Testing and Evaluation, AECC Beijing Institute of Aeronautical Materials,
Beijing 100095, China)

Abstract: Under prolonged operational conditions, the servo motor housing is prone to developing numerous fatigue cracks, which
compromise its structural integrity and service lifespan. To address this issue, we apply a fatigue life prediction method rooted in
small crack theory to the servo motor housing, while also exploring innovative approaches for damage tolerance design and life
prediction. This study conducts extensive tests on the propagation of both long and small cracks in the L-T and T-L directions at
room temperature, utilizing 7050 aluminum alloy single-sided notch tensile specimens. Based on the propagation data of small and
long cracks, the da/dN-AK data of crack propagation are obtained by fitting. Scanning electron microscopy(SEM) is used to conduct
microscopic analysis of the specimen’s fracture surface and to quantitatively assess the material’s initial defects. Based on the initial
crack size and crack propagation data, the three-dimensional crack propagation theory analysis method based on fracture mechanics
and the finite element simulation method of ABAQUS-Franc3D software are used to predict the fatigue life of the servo housing. The

predicted results are evaluated using the actual fatigue life, and the predicted and experimental results are in good agreement.

Key words: 7050 aluminum alloy; small fatigue cracks; fatigue life prediction; finite elements; damage tolerance analysis
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Direction Sample Kic/(MPa+-m )

L-T direction CO06AK-L1 27.45
CO6AK-L2 24.73
CO06AK-L3 25.81
CO06AK-L4 28.62
CO6AK-L5 24.71
Average 26.26

T-L direction CO06AK-T6 34.97
CO6AK-T7 29.92
CO6AK-T8 35.77
CO06AK-T9 33.20
CO06AK-T10 29.12
Average 32.60
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