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Fig.1 The flow chat for amplitude constant control of accel-

erator response
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Fig.2 Harmonic acceleration spectra and harmonic force

spectra for different measurement conditions
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Fig.3 Construction of the harmonic force surface
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Fig.4 Extraction of the constant-force frequency response

curve
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Fig.5 The flow chart of the acceleration response-controlled

constant-force dynamics test method
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Tab.1 Test condition for the experimental study of

dynamic characteristics of the bolted structure

T4 SN T3 IR AE/N PR PR ) /N

1 1 800, 1200, 1600
2 5 800, 1200, 1600
3 10 800, 1200, 1600
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Fig.9 The first four-order vibration modes of the bolted-joint

oscillator structure
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Fig.15 Test frequency response of 5 times reassembly of
bolted structure
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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
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obtained through experiments under various acceleration amplitude conditions, and a smooth simple harmonic
force surface is constructed using linear interpolation. Then, by extracting the contour lines corresponding to
constant force amplitude from this surface, the frequency response curve of the nonlinear structure under
constant-force conditions is derived. Finally, the dynamic characteristics of a typical bolted nonlinear structure
are investigated. The results show that the proposed approach can accurately capture the frequency response
characteristics of bolted nonlinear structures, revealing the pronounced nonlinear dependence on force ampli-
tude. Furthermore, bolt preload and structural reassembly are found to significantly influence the dynamic char-

acteristics of the connection structure.

Keywords nonlinear structure ; response-controlled; dynamics characteristic; harmonic force surface; experi-

mental technology

Mechanical Fault Diagnosis of In-wheel Motor Based on Weibull Kernel
Function and MCSVDD

LIU Bingchen, XUE Hongtao, DING Dianyong
(School of Automotive and Traffic Engineering, Jiangsu University ~Zhenjiang, 212013, China)

Abstract In order to monitor the operation state of each wheel motor in distributed drive electric vehicle and
ensure the safety of the vehicle, a fault diagnosis method of in-wheel motor based on improved multi-class sup-
port vector data description (MCSVDD) is proposed. The method incorporates two major improvements.
First, a classification judgment rule based on the minimum distance to the cluster center within the class is pro-
posed using the affinity propagation (AP) clustering algorithm to enhance MCSVDD. Second, a Weibull kernel
function is constructed from the Weibull distribution to optimize data description model. Meanwhile, a dimen-
sionality reduction method based on minimum-distance propagation discriminant projection (MPDP) is pro-
posed for the multi-dimensional feature set of in-wheel motor operating state, which improves the separability of
in-wheel motor fault states under different working conditions. Finally, in-wheel motors with typical bearing
faults are customized respectively to collect vibration signals under 7 rotating speeds for verifying the effective-
ness of the proposed method. The results show that the reduced dimension data's separability of observed
samples of in-wheel motor operating state based on MPDP is better than that of linear discriminant analysis
(LDA) , minimum-distance discriminant projection (MDP) and locality preserving projection (LPP), and the
recognition accuracy of MCSVDD's state recognition system based on Weibull kernel function is higher than that

of polynomial and Gaussian kernel function.

Keywords in-wheel motor; vibration signal; fault diagnosis; minimum-distance propagation discrimination pro-

jection; multi—class support vector data description; Weibull kernel function

Design and Parameter Optimization of LLCC Resonant Network for

Linear Ultrasonic Motors

GUO Pengtao', LI Xiang', ZHOU Lifeng’, YAO Zhiyuan’
(1. School of Electrical Engineering and Automation, Hefei University of Technology Hefei, 230009, China)
(2. Industrial Center/School of Innovation and Entrepreneurship, Nanjing Institute of Technology Nanjing, 211167, China)
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Abstract Aiming to address the operation stability affected by the parameter time-variation of the ultrasonic



