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damage, a database comprising 3 500 samples of damage signals is generated through iteratively running the nu-
merical model. Subsequently, a one-dimensional convolutional neural network imaging model is constructed.
The model is trained using the generated database to establish a mapping relationship between thickness maps
and reception signals, and inputting the reception signals into the imaging model yields corresponding thickness
maps. Finally, the feasibility of the proposed method is experimentally validated. The mean square error be-
tween experimental imaging results and actual values is 8.6048 X 10™*, the correlation coefficient is 0.711 6, and
the imaging model runtime is 0.538 5 seconds. The results indicate that the proposed method can achieve quanti-

tative imaging of corrosion damage thickness within pipelines with high imaging efficiency.

Keywords ultrasonic guided wave; pipeline structure; damage imaging; finite difference method; convolu-

tional neural network

Reliability Analysis of Hypersonic Vehicle Based on Kriging Model

OU Mengqun, WANG Yuhui

(School of Automation, Nanjing University of Aeronautics and Astronautics Nanjing, 211106, China)

Abstract In order to analyze the reliablility of hypersonic flight vehicles, the longitudinal model of the vehicle
is simplified as a cantilever beam structure, and a limit state function is formulated. To address the uncertainty
of variable parameters within the limit state function, a hybrid reliability analysis method based on a two-stage
Kriging model is proposed. For the first stage, initial sample points are selected to construct an initial Kriging
model centered on potential failure points meeting specified accuracy requirements, ensuring the model satisfies
this accuracy criterion. For the second stage, a hybrid reliability analysis of the flight vehicle i1s performed using
the initial Kriging model and the first-order reliability method. The Kriging model is adaptively updated by incor-
porating learning functions, thereby enhancing the efficiency and accuracy of reliability calculations. Comparing
the results with existing methods under different parameters of ultimate strength, cantilever beam height, and
width, it is demonstrated that the proposed method can meet the requirements for real-time and accurate reliabil-

ity analysis of the hypersonic vehicle.

Keywords hypersonic vehicle; equivalent cantilever beam; hybrid reliability analysis; Kriging model

Experimental Study on Nonlinear Structure Dynamics Based on

Response-Controlled

GUO Ning', ZHANG Xin*, DUAN Mianchao'*, WAN Xiaozhong', XU Chao'
(1. School of Astronautics, Northwestern Polytechnical University Xi'an, 710072, China)
(2. Beijing Institute of Electronic System Engineering Beijing, 1 00854, China)
(3. Hubei Aerospace Flight Vehicle Institute  Wuhan, 430040, China)

Abstract Nonlinear structures exhibit multiple responses under steady-state excitation, making it challenging
to directly obtain their dynamic characteristics using traditional vibration test methods. To address this issue, a
constant-force dynamic characteristics testing method based on acceleration-response-controlled step-sine fre-
quency sweep test technology is proposed. First, the acceleration response at the excitation point is selected as
the control signal, and a step-sine frequency sweep experiment is performed by maintaining a constant response

amplitude. Secondly, the resulting simple harmonic excitation spectrum and acceleration response spectrum are



