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[Abstract] The first flight of a civil aircraft represents one of the most critical milestones in the model
development process, characterized by high risk, complexity, and cost, posing significant challenges to flight
safety and project scheduling. Traditional flight test methods, which rely on empirical judgment and offline data
analysis, struggle to achieve early warning and dynamic intervention for potential risks. This paper proposes a
novel approach based on Digital Twin (DT) technology for risk prediction during the first flight of civil aircraft
and real—time verification of flight test data. First, a high—fidelity aircraft digital twin is constructed,
incorporating multi—physics field coupling such as aerodynamics, structures, avionics, and flight control. Second,
a dynamically updated risk prediction model is established by integrating historical flight test data, simulation
models, and real—time telemetry information. Third, a model—data dual—driven real—time flight test data
verification mechanism is designed to enable automatic identification of abnormal data and provide correction
suggestions. Finally, simulation validation based on the first flight mission of a domestic regional airliner
demonstrates that the proposed method ofters significant advantages in enhancing first flight safety, shortening
the flight test cycle, and reducing testing costs. This research provides theoretical support and a technical
pathway for the development of an intelligent flight test system for civil aircraft.
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