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Fig. 1 Skin structure with hole edge crack
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Fig. 2 Basic framework of intelligent strategy for the inspection and maintenance of skin cracks
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Fig. 4 Dynamic Bayesian network for the crack growth analysis
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Fig.5 Intelligent inspection and maintenance strategy

for aircraft structures
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Fig. 6 Relationship between the reference stress

intensity factor K, and the crack length a
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Fig. 7 Crack growth histories of three hypothetical

specimens
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Fig. 8 Crack length evolution and intelligent inspection/

maintenance scheme based on the first specimen
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Fig. 9 Crack length evolution and intelligent inspection/

maintenance scheme based on the second specimen
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Fig. 10 Crack length evolution and intelligent inspection/

maintenance scheme based on the third specimen
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An Intelligent Digital-twin-based Strategy for the

Inspection and Repair of Aircraft Skin Cracks

Fubin Zhao Xuan Zhou Leiting Dong

(School of Aeronautic Science and Engineering s Beihang University ., Beijing, 100191)

Abstract In order to ensure the safety of aircraft structures, inspections and repairs must be rational-
ly planned based on the analysis of fatigue crack growth, which is affected by various aleatory and episte-
mic uncertainties. In order to effectively consider the influences of various uncertainties and track the crack
growth process, an intelligent digital-twin-based strategy for planning the inspections and repairs of air-
craft skin cracks is proposed in this paper, by fusing the predictions by physical models with ground in-
spections. In this strategy, the reduced-order fracture mechanics simulation, the fatigue crack growth
model, and the crack length inspections are integrated into the framework of dynamic Bayesian network.
The strategy comprehensively considers the influences of uncertainties from the initial crack size, crack
growth model parameters, and pressure loads during flight on crack growth, so as to dynamically adjust
the inspection and maintenance intervals according to the probabilistic damage diagnosis and prognosis re-
sults. In an example of an aircraft skin with a single-edge crack near a rivet hole, the intelligent inspection
scheme is demonstrated for three hypothetical specimens with various initial crack sizes and crack growth
model parameters. The simulation results show that the proposed method can effectively control the uncer-
tainties from various sources and track the crack growth process, which may therefore provide a dynamic
inspection and repair plan for the cracked aircraft skin.

Key words aircraft skin, crack propagation, uncertainty, dynamic Bayesian network, digital twin



