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Defect detection in heat fusion welds of buried polyethylene pipes based
on non-axisymmetric guided wave

Fang Zhou ,Chen Qianxi,Huang Yanwei

(College of Electrical Engineering and Automation, Fuzhou University , Fuzhou 350108, China)

Abstract: When axisymmetric guided wave modes propagate to the defect location in a circular pipe, the uneven reflection of energy
caused by the defect generates non-axisymmetric guided waves. The propagation characteristics of these waves have a quantitative
relationship with the position and size of the defect, which can be used to detect pipeline defects. However, the propagation
characteristics of non-axisymmetric guided waves generated by defects in polyethylene (PE) pipes are currently unclear. To address the
issue of cracking at heat-fused joints in buried PE pipes, this study investigates the energy distribution patterns of non-axisymmetric
longitudinal guided wave L(M,2) in PE pipes and utilizes these patterns to detect and evaluate defects at heat-fused joints. First, the
feasibility of exciting non-axisymmetric guided waves in metal pipes using a discretely distributed piezoelectric array was first theoretically
investigated, and the number of piezoelectric elements in the array was optimized. Next, a method for defect-induced non-axisymmetric
guided waves was proposed, and simulations confirmed that the generated non-axisymmetric guided waves could be used to detect and
evaluate defects. The optimized piezoelectric array was then applied to excite non-axisymmetric guided waves in PE pipes, and their axial
propagation characteristics were quantitatively analyzed. Experiments verified that the propagation characteristics of defect-induced non-
axisymmetric guided waves in PE pipes aligned with predictions. Subsequently, experiments on PE pipes with heat-fused joints
demonstrated that intact joints do not generate non-axisymmetric guided waves. Finally, experiments on buried PE pipes showed that by

analyzing the non-axisymmetric guided waves generated by defects at heat-fused joints, it is possible to determine the presence of defects
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and assess their circumferential locations.

Keywords : polyethylene tube; heat fusion weld; nondestructive testing; non-axisymmetric guided wave
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Fig. 12 Direct wave signals of symmetrical guided waves

L(0,2) of different frequencies in polyethylene pipes
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Table 2 The amplitude and group velocity of the direct

wave signal from the symmetric guided wave L(0,2) at

different frequencies in polyethylene pipes.

H#/kHz ELIR RV BEEE/ (mes™")
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Fig. 21 30 kHz axisymmetric guided wave detection diagram
of the welded joint of polyethylene pipe

AR R

Lo
e oo e
o o B o

|
=)
—

1.0F

0.9

0.8F
0.7F

0.6f
2 o5t

(s w N

H—

= 04}
03F
02

0.1

Lo
B o o
— T

B AR AN

50 mm : 250 mm
(a) SR

(a) Physical schematic diagram

—o— HBHER
o ISR

0 l(‘)O Z(I)O 360 460 560 660 7(‘)() 800
1 B B z/mm
(b) BEE RS

(b) Energy focusing coefficient diagram

30 kHzAERFRSBL(M.2)

Fe 3850 mmIT B LR '\
Lo SLRZER II N 9
/ .
‘ e
/o1 \
/! \
o/ ! \
I, [~ \
’ ‘\
]

A \ °
A l \ //
Ny .

\\ / \./
.
-180 -135 90 -45 0 45 90 135 180
WS IRABE/ ()
(c) REBAH T

(c) Energy focusing coefficient diagram

Pl 22 AREEEBRBE TS S AR X RR S B I
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wave detection diagram
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of a buried polyethylene pipe
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Fig.24 Detection diagram of hot-melt welded joints

of buried polyethylene pipes
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