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Abstract : Polyethylene (PE) pipes are widely used in gas transportation due to their corrosion resistance and construction
convenience, while the quality of hot-melt welded joints is crucial. The welding defects generated during the welding process of
polyethylene pipes will reduce the mechanical properties, sealing performance and other properties of the joints. At present, ultrason-
ic phased array technology is the main means to detect such defects. Using COMSOL Multiphysics, a finite element model of PE
pipes with hot-melt welds was developed to simulate the effects of element parameters such as frequency, width, spacing, quantity
on ultrasonic wave propagation and analyze the impact of welding defects, represented by tensile elastic modulus variations, on ultra-
sonic signals. The results show that ultrasonic attenuation in PE materials increases with the increase of array element frequency,
which achieves a good balance between energy attenuation and detection resolution with 4 MHz. Increasing array element width can
improve sound pressure, reaching 3.501 5 MPa of the focal point when the width is 0.5 mm. Excessively large array element spacing
will reduce sound pressure coherence, and the optimal focusing effect is obtained at 0.6 mm. Increasing the number of array
elements can enhance sound pressure superposition, balancing detection efficiency and effect with 16 elements. The difference in
tensile elastic modulus in the weld area significantly affects sound pressure reflectivity, as the tensile elastic modulus increases from
600 MPa to 1 000 MPa, the reflectivity decreases from —0.3 to 0, increasing signal amplitude with the increase of the modulus differ-

ence.
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Fig. 1 Ultrasonic phased array detection model
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Tab.1 Model 1 material attribute setting

. Density  Elastic modulus Poisson's Longitudinal wave
Material

/(kg+m™?) /GPa ratio velocity/(m-s™")
PE-HD 970 1.0 0.4 1486
F2 HETHHMBEMHLE
Tab.2 Model 2 material attribute setting
Materi-  Density  Elastic modulus Poisson's Longitudinal wave
als  /(kg'm™) /GPa ratio velocity/(m+s™")
Base
Material 970 1.0 0.4 1486
0.6 1152
0.7 1243
Weld 970 0.8 0.4 1330
0.9 1410
1.0 1486
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