46% 110 &/ L F O M Vol. 46 No. 11
2025 4F 11 H Chinese Journal of Scientific Instrument Nov. 2025

DOLI: 10. 19650/]j. cnki. cjsi. J2514487

ETrRERMNEBABLZARRNITE"

X fea  HA] A&

ETTRAFABEARMRBORPA B2 HORBIFEBE BT 361005)

T E A KRG AN 22 A6 1R TR P PR 555 A M AR T LA AT R0 0 B B R B AR MR, 4 T — P SE TRk
FEUR BT IR TR ik, IR AR G A T BEEEFESIVE N B 1Y B FRAE i, IR RS T T T R 1 A 168 A
MRS, BT E 2RO Y e R R AT RUE DT L, RINAE 0. 1~ 1. 0 mm RABTE [, REEAEHE 5 AR
NGNS, HAE 0.2 mm LU R REFA MR, TG E . #—2, Wit T — B 20N & R4, 7] SLaRAEH R H
T BAHDE 2 TR TP R A RAEBE S R BEEFER . T X RGN 3h 5 R BT T 5250 . X F 0. 05 mm
ARV SN, e FEHNL A 4. 59% 55284k 3 R TAR G R BTI 19 0. 119% FRAR A3 1 0. 21% 5 XF B EE 43 3124 0. 05.,0. 08
0. 10 mm BYTEEL, HAZF S A8 ZARYCH 0. 8% 0. 9% 1 1. 1% ,5 Y 5 I 52 A FR E 2539 <0. 08 mW , Z 30 H 00 57 1 o 42 4
RPEESMEFRENE, &5, 7RE =R L X215 0. 40 mm B9 223047 T HELETE AR, BT R0 22 Ab A3 B 15 IR BE 45 5 A 7o
BB B T TR VAR B Tl o h R AT S R AR, TR R R AR A A R UE RetE RPi TiiRE S L
EARTAEGBABIE | Ry R 2K G 55 22 558 200 22 4 1) O bR U ME R T3 i A

KRR AR L IR TR I ; BE L FE A DT ; BREEAI

hE4S2S . THS78 TMI154 XEERIRIE, A BERREZRSERRE . 460. 40

Eddy current testing method for ultra-fine tungsten wires based on energy loss

Wu Dehui, Chen Jianjie

(Pen-Tung Sah Institute of Micro-Nano Science and Technology, Xiamen University, Xiamen 361005, China)

Abstract ;: Addressing the technical challenge of weak signals and low signal-to-noise ratio in eddy current testing of sub-millimeter ultra-
fine tungsten wires, which hinders effective micro-defect identification, a novel eddy current testing method based on the energy
dissipation principle is proposed. This method innovatively employs energy dissipation as a direct defect characterization parameter,
leading to the design of an eddy current detection system centered on micro-power measurement. Numerical simulations based on
established impedance and energy dissipation models of the core-type coil reveal that within the 0. 1~1.0 mm wire diameter range, the
energy dissipation signal decays more gradually with decreasing diameter and remains effective below 0. 2 mm, outperforming traditional
impedance method. A micro-power measurement system was consequently developed to acquire voltage, current, and phase difference in
real time, enabling the calculation of active power to characterize energy dissipation caused by defects. Experimental investigations on
diameter fluctuations and crack defects demonstrate that for a 0. 05 mm diameter variation, the energy dissipation method yields a signal
change of 4.59% , substantially exceeding the 0.11% and 0.21% achieved by traditional impedance and phase detection methods,
respectively. For micro-cracks with depths of 0.05, 0.08, and 0. 10 mm, the signal variation rates are 0.8% , 0.9%, and 1.1%,
respectively, with standard deviations across five repeated measurements all below 0.08 mW, indicating exceptional repeatability,
sensitivity, and measurement stability. Furthermore, continuous online testing of 0.40 mm tungsten wires on a production line
successfully identified multiple micro-defects with varying locations and magnitudes, confirming the method’s feasibility and effectiveness
in real industrial environments. Experimental results show that the proposed energy dissipation method significantly surpasses the

traditional impedance approach in sensitivity, stability, and anti-interference capability, offering a new pathway for non-destructive
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testing of sub-millimeter tungsten wires and other ultra-fine filaments.

Keywords : ultra-fine tungsten wire; eddy current testing; energy loss; active power; defect detection
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Fig. 1 Diagram of the structure of a n-turn through-core coil
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Table 1 Through-hole coil simulation parameters
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Table 3 Statistical results of the defect signal variation

rate under different wire diameters
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industrial scenarios
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