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different measurement locations in nonlinear state
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Analysis of the effective thermal conductivity of periodic
axisymmetric porous microstructures under large deformations

YAN Jun'?, LIU Zhi-hui', SUI Qian-qian’, NIE Ying-hao', FAN Zhi-rui*!

(1. State Key Laboratory of Structural Analysis.Optimization and CAE Software for Industrial Equipment.Department
of Engineering Mechanics,Dalian University of Technology.Dalian 116024 ,China;2. Ningbo Institute of Dalian University
of Technology,Ningbo 315016, China; 3. School of Mechanical Engineering and Automation, Dalian
Polytechnic University,Dalian 116034 ,China)

Abstract: Periodic porous microstructures are widely utilized in the design of novel flexible morphing
aircraft structures. During high-speed operation, these aircraft generate substantial heat and undergo
severe deformation, which directly impacts the thermal dissipation efficiency of their microstructures.
The relationship between the deformation of periodic porous microstructures and effective thermal
conductivity remains inadequately studied. This paper analyzes the effective thermal conductivity of three
types of periodic axisymmetric porous microstructures under going large deformations. An inverse-
motion nonlinear analysis method is employed to establish a large-deformation nonlinear analysis model
for the three microstructures under uniform compression displacement loads, achieving the solution for
the structural shape before deformation. The effective thermal conductivity of the structures before and
after deformation is determined using the steady-state heat conduction method, and the variation in
effective thermal conductivity with deformation is explored through comparison. Results show that under
large deformations.the shape of the periodic axisymmetric porous microstructures changes significantly
with increasing compression displacement,and the variation in effective thermal conductivity can reach
up to 90%. Therefore,the variation of the equivalent thermal conductivity of the microstructures under
large deformation needs to be considered. This study provides a theoretical basis for the thermal design of

porous microstructures under large deformations.

Key words:large deformations;periodic; porous microstructure;inverse motion;effective thermal conduc-
tivity
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Identification of nonlinear characteristics and structural damage from
vibration response based on Volterra series and recursive least squares method

LI Xue-yan®, LAI Yu-shan, LIU En, LIU Rong-lin, ZHAO Wei

(MOE Key Laboratory of Disaster Forecast and Control in Engineering.School of Mechanics
and Building Engineering, Jinan University, Guangzhou 510632, China)

Abstract: : When a structure is damaged, nonlinear vibration will be induced. So nonlinear identification
can identify structural damage. A Volterra series can provide a concise analytical model for a nonlinear
vibration analysis. Linear and nonlinear components of a vibration response can be separated by a
Volterra series. Thus more sensitive nonlinear characteristic indicators can be established. When Volterra
kernels are identified,it is an inverse problem that requires the input excitation response and the output
vibration responses. To avoid the measurement of the excitation response, vibration response from
different measurement points are proposed to be used as input responses. To avoid matrix inversion and
ill-posedness,a recursive least-squares method is proposed. The characteristics of linear and nonlinear
vibration response components separated by a Volterra series are studied. Nonlinear characteristic
indicators are constructed for identifying nonlinear damage location. In order to eliminate the influence of
the excitation location and the input vibration response location on nonlinear feature indicators,Bayesian
fusion is used to fuse the final feature vectors,and the damage location can be accurately identified. The
effectiveness of the proposed method is verified through several scenario analyses of a seven-story
framework structure.

Key words: Volterra series; recursive least squares method; nonlinear characteristic identification;
structural damage identification;bayesian fusion



