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Simultaneous measurement method for conductivity and wall thickness
of nuclear fuel cladding tubes based on stacked array eddy current testing

Huang Pu,Han Zheng,Peng Lisha,Li Shisong,Huang Songling

( Department of Electrical Engineering, Tsinghua University, Betjing 100084, China)

Abstract: Fuel assemblies, serving as the heat-releasing components within nuclear reactors, constitute the energy source for nuclear
power generation. Among these, the zirconium-based cladding of nuclear fuel acts as the primary safety barrier in nuclear power plants.
It effectively prevents the dispersion of fission products while conducting heat away, thereby avoiding fuel corrosion due to cooling.
Therefore, the structural characteristics of cladding tubes are closely related to the performance of fuel assemblies. Conducting effective
non-destructive testing on zirconium-based fuel cladding to achieve high-precision wall thickness and electrical conductivity
characterization remains a critical challenge in nuclear safety inspection. This article investigates a novel stacked eddy current sensor for
the conductivity and thickness measurement of a cladding tube. Firstly of all, a stacked array eddy current sensor consisting of three
absolute coils is designed. Based on the structural configuration of this sensor, the analytical solution is established for cladding tube
detection. Based on the analytical solution, the s cross-frequency of self-inductance can be extracted in sweep mode. Moreover, the
logarithm of the cross-frequency exhibits a linear relationship with the lift-off distance. The slope of this linear relationship depends solely
on the wall thickness and is independent of the conductivity of the material. Consequently, the wall thickness can be estimated by the
slope of the fitting line. Subsequently, the eddy current testing problem can be transformed into a least-squares problem for the cladding
tube. Taking the wall thickness measurement results as prior information, the conductivity of the cladding tube is inverted through the

improved Newton iteration algorithm. Finally, the eddy current testing experiment platform is established to validate the effectiveness of
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the proposed method, and the results show that the maximum measurement error of the proposed method is only 1.3%.

Keywords : stacked array eddy current testing; nuclear cladding tube; conductivity; wall thickness; sweep frequency measurement
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Fig. 1 Diagram of eddy current testing for cladding tube
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Table 3 Preliminary wall thickness measurement results

in experiment

WEHLFEE ALEE/mm WP EERE/mm X ERZE/%

-166. 22 1.0 1.02 2.0
-171.33 1.5 1.53 2.0

-176. 74 2.0 1.97 1.5
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-1.024
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-1.028
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Fig. 13 Measurement sensitivity of wall thickness

of cladding tube
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Table 4 Parameters measurement results of the cladding tube

2 2 S
SRR AR AR ST e
EEER g
/mm E/mm /% . . /%
/(MS*m™") /(MS'm ")

FL SR

1.01 1.0 1.0 1.2 1.22 1.7
1.51 1.5 0.7 1.2 1.21 0.9
1.99 2.0 0.5 1.2 1.19 0.9

Sebr b WG A AR O AR i B T 2, 1k
BB IR E VAT 2R AR , A R0 (B T BE &
1 mm MEFEESHESE RN 5 PR,

x5 VRENEFESHNENZM
Table 5 The effect of initial values on the measurement

of cladding tube parameters

oy GlE) " RSRR JEER HBSER EER
% ff% BER BER W% W
/(MS-m™") /(MS-m™')  /mm /% /%
1 2 1. 15 1. 06 4.2 6
1 3 1.13 1. 10 5.8 10
1 4 1. 10 1. 16 8.3 16
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