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Physics-informed neural networks algorithm for sloving
multi-point friction-induced stick-slip vibration problems

ZHANG Feifan', LI Zilin*?, BAI Jinshuai®*, WANG Wei*, WEI Hongtao’, WEI Ronghan'*
(1. School of Cyber Science and Engineering,Zhengzhou University, Zhengzhou 450002, China;
2. School of Mechanics and Safety Engineering,Zhengzhou University, Zhengzhou 450001, China;
3. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Addressing the challenge of accurately solving unstable stick-slip vibration problems in non-
smooth dynamics,this paper proposes a solution algorithm based on Physics-informed Neural Networks
(PINN). Firstly, the classical stick-slip vibration problem is dynamically modeled using the linear
complementarity theory under unilateral constraints. Then, the linear complementarity relationship is
designed as a loss function to guide the training of the neural network, constructing a PINN algorithm for
solving multi-point friction-induced stick-slip vibration problems. The accurate simulation of complex
responses of multiple sliders’ stick-slip vibrations in frictional systems is conducted. By comparing the
numerical results with the Switching Model method that includes event detection and the traditional
Time-Stepping method without event detection, the accuracy of the PINN algorithm is verified. The
proposed PINN algorithm transforms the traditional optimization problem calculation into network
training of the machine learning algorithm, making it suitable for stick-slip vibration analysis with
multiple contact points. This method achieves accurate nonsmooth state transitions and provides a
convenient and easy-to-use new approach for the accurate simulation of complex nonlinear vibration

responses in multi-degree-of-freedom frictional systems.

Key words: physical-informed neural networks;{riction-induced vibration;nonsmooth dynamics; stick-slip

vibration;linear complementarity problem
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Development status of CAE software for structural damage and fracture analysis

REN Tianyu', HAN Fei', ZHANG Ling"?, SUN Yunhou®, MEI Yong®’, ZHANG Aoc’
(1. State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,
Department of Engineering Mechanics,Dalian University of Technology,Dalian 116024 ,Chinaj;

2. School of Engineering, Hangzhou Normal University, Hangzhou 311121, China;

3. Defense Engineering Institute, AMS, Beijing 100850, China)

Abstract: Damage and fracture are the main causes of structural failure, which have a significant impact
on engineering safety. Crack propagation problem is also a fundamental scientific challenge that needs to
be solved urgently. In this paper, the relevant theoretical basis for simulating damage and fracture, such
as a fracture mechanics model, damage evolution model and numerical calculation methods, such as the
finite element method, boundary element method and peridynamics theory,are introduced in the form of
literature review. This paper also reviews the commonly used CAE software for structural damage and
fracture analysis, including general-purpose finite element programs such as the damage and fracture
analysis module that comes with ABAQUS, as well as specialized fracture analysis software, damage
tolerance tools, fatigue life analysis tools, etc. The development status of some autonomous CAE
software is also discussed. Finally, this paper analyzes some challenges faced by CAE software for
damage and fracture simulation,and looks forward to the future development direction of domestic CAE

software.

Key words: structure damage; fracture analysis; CAE software; crack propagation; finite element

method; peridynamics
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