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Exploring the Application of Non-Destructive Testing Technologies in Special Equipment Inspection
Ma Tengfei Jiang Shiwei
Zhejiang Taining Testing Technology Co., Ltd., Hangzhou, Zhejiang 310000

[ Abstract ] With the acceleration of China's industrialization and urbanization, special equipment such as boilers, pressure vessels,
pressure pipelines, elevators, and lifting machinery have permeated every aspect of production and daily life. Operating
under extreme conditions—including high temperatures, high pressures, extreme cold, and severe corrosion—the safety
of these devices directly impacts public safety. As the core of special equipment quality assurance systems, the scientific
rigor and precision of non-destructive testing (NDT) technologies are paramount. Drawing from frontline inspection
practices, this paper systematically examines the application mechanisms of conventional testing methods—including
radiography, ultrasonography, magnetic particle testing, penetrant testing, and eddy current testing—and focuses on
breakthroughs achieved by advanced technologies such as phased-array ultrasonic testing (PAUT), time-of-flight
diffraction (TOFD), and acoustic emission (AE) under complex operating conditions. By comparing the strengths,
limitations, and applicable scenarios of various technologies and analyzing specific engineering cases, the study
proposes an integrated multi-technology inspection strategy. Finally, it outlines future trends in digital transformation
and Al-assisted image interpretation within the testing field, aiming to provide theoretical support and practical guidance
for enhancing the quality and intrinsic safety of special equipment inspections in China.
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