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Key technologies for modeling and simulation of airframe digital twin

DONG Leiting""* * , ZHOU Xuan', ZHAO Fubin', HE Shuangxin', LU Zhiyuan', FENG Jianmin®

1. School of Aeronautic Science and Engineering, Beihang University , Beijing 100083, China

2. Beijing Advanced Discipline Center for Unmanned Aircraft System . Beijing 100083, China

3. Key Laboratory of static and fatigue test of full scale aircraft. AVIC Aircraft Strength Research Institute . Xi’ an
710065, China

Abstract: The design philosophy for airframe safety has experienced evolution from static strength. safety life, damage tol-
erance and durability, to individual aircraft tracking, with a trend towards the airframe digital twin in the future. The airframe
twin driven by the digital thread is a multidisciplinary. multi-physical, multi-scale, multi-fidelity, and multi-uncertainty virtual
simulation system. It uses multi-source data such as online sensor monitoring, offline ground inspection, and aircraft opera-
tion history to reflect and predict the behavior and performance of the corresponding airframe physical entity during the entire
lifespan. It is expected to reform the existing paradigm of airframe usage and maintenance. Focusing on fatigue life manage-
ment, this study proposes five key modeling and simulation technologies. which are (a) acquisition of load and damage da-
ta, (b) multi-scale mechanical modeling of airframes, (c) high-performance simulation of damage development, (d) effi-
cient digital twin construction based on Reduced Order Modeling (ROM) , (e) Remaining Useful Life (RUL) assessment con-
sidering multi-source uncertainty and heterogeneous data. This article discusses the state of the art of the proposed five key
technologies as well as future research directions, providing reference for the systematic study and engineering applications

of the airframe digital twin.

Keywords: digital twin; structural safety; fatigue and fracture; Reduced Order Model (ROM) ; uncertainty
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