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Fig.1 Diagram of multipath helical propagation of guided

waves in pipes
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Fig.2 Dispersion curve of Lamb wave’s group velocity

K 19 SR i I Sy J 0 HE B B9 A, sl S
WAL A 1O BB Y, ] LU Roml /N3 i O RE i ik
PSP 2 B ORI B TR U S

1.2 ETHBARESENHERE

TETH 5 Lamb ¢ i, 38 i 5 41 ot i J5 3 02 34
ST, YRR | JEEBE G 18 AR Al I, R R AR
T R R 8 Ak AR AL, BT AR R AR B AR L S,
A % A R R B R Y SR R — — X
MO FR o ST, T DA 2 1A ol 25 2 3o 8 A Y >
PRI AR Lamb 3 o #t sl 2l 7 #8 4

(V+R)U=0 (3)
Ho e VB8 R 8 1 A MR k= w/c, 0 J B
W3 ¢ SR 5 U R S0 A ] 1 o

H TSR B 3 R B B S ARl I A
W W 22 B I 2, TR 78 2 1] 3 1 320 53 38 n— A4~ Wz i
2 A 20 5 S 5 o T 21 52 ok 56 2 DL E 2
(perfect match layer, fij #x PML) , j& — Ff %} 3% 3 i
T EAR M ROZ o Kk 3h RS S PMLIE R R

a9 e dU_  a e dU 9

> ZE @ Z@)erl.ey/e“U:O (4)
Hrpie,=1—io,/wse,=1—io,/w;0,.0,5 5 I
.y BRI RR B

MR BRI o, o, BREE T 05 T L Z N
B ,0,.0,8

o, = 2na, fo (L./Low.)

o,= 2na, [, (L,/Lews)
For s £ A B DR B T O AR 5 L R i) S Y B
L, RN FIZNI S (2, y) 5 R )20 R0
ao 9 R B 1 a=1.79.

K 22 0008 AT 5 S I 38 R s R S S
BRI AE I 2, B — A A L B ph LR B Y T
FE o AHFIER I 9 M 22k B g (2, y,) AR 1Y
BL % H JE LAY 9 A s E , an & 3 7

A B — A 7 RS O R 4 B U B X, OF L
T I, B

(5)



902 Boom )R 5 B o545 3%

(15 Z01) (s Z0s) (s Zs1)
! 1
i i
1 1
i i
I(xm*l’ Z ) (xm9 zn) ! (xmﬂ’ zn)
‘ X
1 1
| |
| |
! 1
[CHE- A (%, 2,1) (Xpi1s Zt)

K3 9mESIERER
Fig.3 Schematic diagram of 9-point difference method
SU(x,w)=P(x,w) (6)
Horp  SOHBABUH s P(x, @) A AR 1) 50
(A=RLIE 4
TE B3 S P 3 3 A 9 3 R A DL T R
P48 SR S #9057 % 7 A1 306 o BEL o 28 8 2 A e, T
G P CRNUENR =277

1.3 HE#HNSHIZE

BRI T 2 R IR R R T
AR 25 43 I, ST TR PLAE RT3 B S U A A
AR AR S BN K A s . Ho 8B IME r =
44.5 mm, J& I 5 B A X S0 58 B R 2rr &~
280 mm, oAt Ui 4k 9 JEEBE T, = 4 mm , 1y B 462 fiE
Yy 5) G B Ar A A h e g = 8. 7EW i BE
i W 4 A A R ) A A5 IR Y R S e A L X 34
e e a8 S [A) 2 CH W BE 2% o U 4 RE AR 1Y B
Yy fe dn B A [R]  Bh H BE A% 5 RSO RE A 2
) %) Bl 1) PR B L o= 300 mim, #H 4B e GE %% J& 1) [a] 5
B = 35 mm, I FWIZ FERE Ly, = 10 mm. A4
DR 4 A /0N ke BB D) R R AR S R R BT AL
W TR R AR B A% K/ A = 1 mm.

Loy B
Lo
LX) e ®
n n FMEREERE
h] ) - &7 ',
2nr it 2nr 2nr
n B EERE
L -y m—— 0|
TS l

4 BfERE S oS BEF

Fig.4 Diagram of numerical model parameters
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Fig.6 Result of wave field visualization at different time
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Tab.l1 Comparison of running time before and after

algorithm optimization
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Tab.3 Loss and correlation coefficient of three models
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Fig.9 Damage imaging experimental system
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Fig.10  Picture of experimental object and damage model
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machine (VMD-SVM) model, reaching 99.5% accuracy. The proposed method can effectively monitor the
chatter problem in the screw milling process, provides a thought for the optimization of the screw milling pro-

cessing.

Keywords variational modal decomposition; least square support vector machine; machining chatter; feature

dimension reduction

Design and Application of a Dynamic Performance Monitoring System

for Maglev Train Shoegear and Conductor Rail System

ZHONG Yuquan', GUAN Jinfa*, XU Xiang’, WU Jigin®
(1. Hunan Rail Technology Application Research Center Co., Ltd. Changsha, 410208, China)
(2. School of Electrical Engineering, Southwest Jiaotong University Chengdu, 611756, China)
(3. State Grid Sichuan Power Supply Company, Ziyang Power Supply Company Chengdu, 641300, China)

Abstract In view of the current situation that the detection indices of maglev train boot rail system both domes-
tically and internationally are relatively limited, and there is a lack of detection data within the 100—140 km/h
speed range, a comprehensive detection framework for high-speed maglev train boot rail system is proposed.
Firstly, in accordance with relevant standards and specifications of pantograph and conductor rail system test-
ing, a detection method is developed, which includes conductor rail contact force, vibration acceleration, elec-
tric shoe current, arc combustion and transverse geometric parameters of the conductor rail. Secondly, a real-
time side conductor rail monitoring system that combines video surveillance and data statistical analysis 1s pro-
posed, and a supporting program for extraction, processing and analysis of original detection data is developed.
Finally, a medium- and low-speed maglev line is taken as the test object, and the data measured at different
speed levels of the maglev train are analyzed. The results show that the dynamic performance of the pantograph
differs during the upward and downward runs of the maglev train; The contact force and vibration degree at the
expansion joint are larger than those in the middle section, indicating poorer dynamic performance of the conduc-
tor rail. Toe vibration mainly comes from vertical vibration. Relevant studies reveal the characteristics and issues
of the maglev train boot rail system under different working conditions, providing theoretical support and practi-

cal basis for the further optimization of the maglev train boot rail system.

Keywords side boot track; monitoring system; magnetic levitation train; data analysis

A Thickness Imaging Method for Pipeline Corrosion Damage Using

Ultrasonic Guided Waves

DAI Xisheng"?, ZHOU Tao"*, XUE Chaolong"*, ZHANG Yunfei"*, LI Bing"*
(1. School of Mechanical Engineering, Xi'an Jiaotong University  Xi'an, 710049, China)
(2. The National Key Laboratory of Aerospace Power System and Plasma Technology, Xi'an Jiaotong University
Xi'an, 710049, China)

Abstract In response to the challenge of quantitatively diagnosing corrosion damage thickness within pipe-
lines, a quantitative imaging method for pipeline corrosion damage using ultrasonic guided waves is proposed.
Firstly, based on the frequency domain finite difference method, a numerical model for multi-path helical propa-
gation of guided waves in pipes is established, enabling rapid calculation of guided wave reception signals when

thickness map is known. Secondly, by calculating the received signals in the presence of randomly distributed



-
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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



