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Abstract: To address the challenge of efficiently testing the pressure tube spacing of heavy water
reactors (HWRSs) in nuclear power plants, a pulsed eddy current testing method for casing spacing based
on parameter inversion is proposed. The method is used to test the spacing between pressure
tubes and calandria tubes, as well as between calandria tubes and liquid injection shutdown system
(LISS) tubes of HWRs. First, a pulsed eddy current testing model was established based on a
double-layer casing to perform parameter inversion using the least squares. Next, the double-
layer casing spacing was solved via a numerical iterative algorithm, and the resulting values were
directly applicable to testing variations in spacing between pressure tubes and calandria tubes.
Subsequently, through experimental calibration, an exponential function relationship was fitted

between the wall thickness of the outer calandria tube and the spacing between the calandria tube

Wk B . 2025-08-19, YEH R Q981 —) W B A, IE S & TR, HEWH: BRALRP
SR BT H (52477015) ; B & S 0F & 7R By H (2022YFB3707205)
P 26 iR B ] . 2025-10-16 2% R Hb Ak . https: //link. enki. net/urlid/61. 1069. T. 20251015. 1537. 005



46

B A5 < SR TS ORI Y S M S P A B B A I i 111

and LISS tube from the inversion results. Finally, the spacing between the calandria tube and

LLISS tube was determined using this function relationship. Experimental results show that the

error for testing the spacing between the pressure tube and the calandria tube based on parameter

inversion can be controlled within 0.5 mm, and that between the calandria tube and the LISS

tube within 1. 1 mm, meeting the accuracy requirements for on-site testing results of pressure

tubes of HWRs (#+1 mm for the spacing between the pressure tube and the calandria tube and

42 mm for the spacing between the calandria tube and LISS tube). This study provides a reliable

basis for safety assessment and risk management of pressure tubes.

Keywords: pressure tube; casing; pulsed eddy current testing; spacing detection; parameter inversion
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Fig. 1 Schematic diagram of pressure tube structure
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Fig. 3 Schematic diagram of pulse eddy current detection

model for the spacing between pressure tube-calandria

tube-LISS tube
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Fig. 4 Schematic diagram of structure of pulse eddy current

detection system
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pulse eddy current detection signals under different
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