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Application of ACFM Detection Technology in the Surface and Internal
Defect Detection of Wear-resistant Surfacing Layers on Nuclear-grade Valves

LI Yuwei, ZHU Congbin, ZOU Guowei
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Abstract: In nuclear power plants, the hard alloy wear-resistant surfacing layer of the valve sealing surface that comes into
direct contact with the coolant needs to strictly control its Co content. Currently, using iron-based and nickel-based alloys as
cobalt-free hard alloys to replace cobalt-based alloys for valve sealing surface welding is a key research direction in nuclear
power valve equipment manufacturing. Due to the small thickness of the valve hard alloy surfacing layer and its austenitic
structure, detecting its surface and internal defects is a challenge. This paper designs test blocks with different base materials
and surfacing layer combinations, and processes artificial defects of different depths and sizes. Using ACFM technology can
effectively detect defects with a diameter of 0.5 mm, with a maximum detection depth of up to 5 mm. Moreover, its ability
to detect surface opening defects and internal crack-like defects is superior to that of hole-type defects. Additionally, when
using ACFM technology to detect nickel-based surfacing layers, its detection depth and sensitivity are not inferior to iron-
based surfacing layers. Therefore, ACFM technology is an effective non-destructive testing method, with broad application
prospects in the manufacturing and maintenance of nuclear-grade valves. Further exploration of its ultimate detection capa-
bilities is needed in the future.

Keywords: ACFM detection technology; Iron-based and nickel-based wear-resistant surfacing layers; Non-destructive test-

ing; Nuclear power plant valves
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Table 1 Ferrite content of iron-based and nickel-based hardfacing
layers(wt. %)
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Zl1 38 33 31 27 38 31 35 36 33 25

Z2 0.83 048 0.63 072 0.86 0.69 049 045 0.52 040

Z3 032 033 035 033 036 037 049 055 048 0.64
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Fig.2 Spatial magnetic field distortion signal
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Fig. 3 Principle of ACFM detection technology
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Fig. 4 ACFM detection system composition
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Fig. 6 Weld-deposited hardfacing verification test block with

artificial defects
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