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Propagation characteristics of longitudinal L.(0,2) mode
guided waves in bend pipeline

Wang Xiaojuan,Ma Xuze,Zhao Kai,Zheng Yi,Gao Heming

(School of Mechanical and Precision Instrument Engineering, Xi'an University of Technology, Xi'an 710048, China)

Abstract: The bend pipeline is a common form of piping in the pipeline industry, and the elbow section is the weakest part of the entire
bend. Due to bending stress and material erosion, various defects can easily occur. Ultrasonic guided waves can effectively detect defects
in pipeline structures, and numerous studies have validated and advanced the application of this technology in straight pipe inspections.
When ultrasonic-guided waves pass through the elbow of a bend, they undergo complex changes, which can affect the defect detection
performance of the guided waves in the pipeline. To address this issue, the finite element method is used to quantitatively study the
propagation characteristics of the longitudinal 1.(0,2) mode-guided waves in the elbow region and the straight pipe section after the elbow
through full-wavefield simulation data. The study analyzes and discusses the influence of the elbow structure on the guided wave
propagation, wavefield distribution, and interaction with defects, as well as the detection of defects at different positions in the bend.
The findings are evaluated through experiments. The results show that the elbow structure in a bend causes significant attenuation of
ultrasonic-guided wave energy, and the distribution of the guided wave field changes in both the axial and circumferential directions,
showing different energy focusing and diffusion characteristics before and after the bending point of the elbow. The propagation
characteristics of ultrasonic-guided waves in the elbow of a bend are closely related to the axial position of wave arrival, the bending
radius of the elbow, and the excitation frequency. The guided waves after the elbow introduce asymmetric modes, presenting additional
complexities. This research contributes to a deep understanding of the propagation characteristics of ultrasonic-guided waves in bends and
provides a theoretical foundation for further utilizing ultrasonic-guided waves to achieve comprehensive defect detection in bends.
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Table 1 Pipe model geometry and material properties

BEEL/mm  AMPAR/mm BE/(kgem™)  BRPEMLEL/GPa TN

4 17 7 850 200 0.3

WA EE 3 F0 5 . T EA B S R S A
B HPRT A BKE N 5 m, 5 HEBKE RN 2 m, N4
AR 13 F1 17 mm, AT EEECK 90°, il R
BOh 4, WSl A2 R O 2x17x4 =136 mm, T
Jih 5 T A B I 3 m A,

PEAIF 2 T P 25 4 ARSI T 4530 AR X0 B DG &R
B 1R, ARYESCHR [ 197 () s 0 A A A AR S 40, LT
FE N B BB AN A 2 B

BB
mﬁgil P NGl
30m 20m ﬁ'\.
' ' \

BWEAER

20m
HEEY

K1 BESEU
Fig. 1 Description of bend pipe parameters

K2 B EAR
Fig.2  Simulation model of bend pipe

HANES A SR 1) 1) AR 4y 96 AN AR BT, B
o Bt 1) RS 1) P9 BT B L R 25 Sk 3 43 B 7 1)
AR BT R K BE Y B R 1 mm , URSIE 5% 80 A
AU S g A fE B R T AR R . B B
dhgkn & 3 Frs, 28 B O 35 R 150 kHz, A JH 3 19
toneburst 155 Al , 76 B B A7 B JH 1) 5 1) A4~
P 5 5N A 1 B A5 5 A= AR Gl L(0,2) B
S

FE LA BE RS S XI5 T 22 WL s, HAAR N
90° 25 3 7 25 Sk A A 107 B (il 1) 71 3 0°) B 25 3k 4
A7 Chbil F 3 90°) |, 3FG 100188 96 A& ) Wil &, B
0 AEKES; S RKEEEN T ERO0. 1 m &HE
96 A~ & 1 I i, RIS BLAE B o Ak 20 A LI a



376 & L R ¥ W a6t
ssp . N ﬂﬁ%&mxgﬁﬂ%& !
50F \ : 0 B AT 1 T -1
45t . 0.5 1.0 1.5 20 25 3.0

L ! a) 410 us
94,0 ; : 360, ( . I |
2 3.5 [T(0,1) / B 1801 | :0
E30r A=y 0 05 10 15 20 25 30
{ﬂ 25 '5:/(1’1) // ! ' (b) 440 us
20| : 360 |
5 : E—
1ol ! 0 0.5 1.0 15 20 25 3.0
05F : 3605 . . ©) 460 lVISV " - - 1
A o 4 i
0 50 100 150 200 250 300 350 400 o i o =
% AT 05 1.0 1.5 20 . 3.
* g (d) 480 us

K3 B2

Fig.3 Dispersion curves of straight pipe section
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Fig. 4 Axial and circumferential angles of 90° elbow
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guided wave at different axial positions of the elbow
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Fig. 18 Diagram of defects in the back straight
pipe after the bend
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Fig. 19  Reflections of extrados defect at different axial positions
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Fig. 20 Reflections of intrados defect at different axial positions
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Fig.21 Reflections of side defect at different axial positions
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Fig.22 Comparison of detection sensitivity for the
intrados and extrados defects at different positions

in the back straight pipe section
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based on guided waves
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Fig. 24 Typical reflection signal of the defect in bend

pipe and excitation
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