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Abstract

Taking the main pipeline weld of China’s improved three-loop pressurized water reactor (CPR1000) unit as the inspection object,
this study investigates the beam and energy distribution in coarse-grained materials through acoustic field simulation. A self-designed
and fabricated test block for main pipeline welds was used to analyze and optimize the ultrasonic probe incidence angle, focal law
design, frequency bandwidth selection, focusing method, and depth settings. The results demonstrate that low-frequency phased array
ultrasonic testing (LF-PAUT) with a large-aperture dual-crystal longitudinal wave array probe can detect non-volumetric defects with
a height of 8 mm at the weld root. This research provides guidance for the broader application and further optimization of ultrasonic
testing for cast austenitic stainless steel (CASS) main pipeline welds.
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