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Flexible differential pick-up Koch fractal eddy current
sensor for internal crack detection

Chen Guolong,Zhang Shuaishuai,Fan Le,Chen Yilin,Jin Wuyin

(School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract : Due to deformability, flexible eddy current sensors are used in nondestructive testing for complex structures. The flexible Koch
fractal eddy current sensor consistently detects short cracks in all directions due to the eddy current conditioning effect of its local
microstructure. However, the detection of near-surface and internal cracks has not been studied. This article formulates the equivalent
circuit model of the difference pick-up sensor. The evolution of eddy current distribution with depth is studied by simulation method.
Through the experimental method, the detection effect of the sensor on the prefabricated crack specimen covered with different
thicknesses of aluminum plate is studied. The finite element results show that, with the increase of depth, the eddy current density
decreases, the concentration decreases, and the distribution pattern is more and more different from that on the surface. The eddy
current shape changes from snowflake to circular. The experimental results show that the output signal of the sensor decreases with the
increase of the thickness of the covering layer. When the excitation frequency is 10 kHz, the sensor can detect the maximum thickness of
the covered aluminum plate when the crack is 2. 0 mm.

Keywords : nondestructive testing; eddy current sensor; two-terminal network ; skin effect; crack detection
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Fig. 1 Flexible differential measurement Koch fractal eddy

current sensor
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Fig.2 The equivalent circuit of internal crack

detection by sensor
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Fig.3 Two-terminal network model
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Fig.5 The induced eddy current distribution on the surface
of the specimen and the horizontal plane at
different depths below the surface
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with the depth of the profile
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crack specimen covering different thickness aluminum plates
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Fig.9 Experimental system schematic diagram
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Fig. 11 The sensor detects the crack signal of the prefabricated

crack test block covering different thickness aluminum plates
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Fig. 12 The peak-to-peak value of the crack signal detected by

the sensor varies with the thickness of the aluminum plate
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