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REFERENCE-FREE LAMB WAVE CRACK DETECTION BASED ON
TRANSFER IMPEDANCE ENERGY
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Abstract: To detect cracks in plate-like structures without any baseline data, a method to obtain Lamb wave
transfer impedance from piezoelectric transducers (PZT) was proposed. First, the damage feature signals which
contained converted Lamb wave modes were extracted and classified from two sets of parallel PZT components.
Subsequently, transfer impedances of the feature signals were obtained in the frequency domain, and the existence
of cracks was determined by comparing the energy associated with the transfer impedances. To analyze the
applicability of the proposed method, crack-induced Lamb wave mode conversion and effects of PZT polarization
characteristics on the relative phase among each mode were studied using the finite element method (FEM).
Further, experiments on aluminum plates verified the effectiveness of this method. This research shows that the
proposed crack detection method has strong robustness and applicability, as it is not sensitive to the optimal
excitation frequency and the sampling time of signals.
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Tablel Verification results of ‘undamaged condition’
correspond to different sampling times

KEER T /ms By E, E; E, D, D, DI

1.000 292 424 254 258 034 132 -096
0.875 224 325 194 198 026 101 -075
0.750 164 239 145 162 002 075 -073
0.625 114 166 099 101 013 052 -0.39
0.500 073 106 066 064 007 033 -0.26
0.375 041 060 036 032 005 019 -014
0.250 027 018 009 016 002 0.09 -0.06
0.125 0.04 0.02 0.02 0.03 0 0.02 -0.02
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Table2 Verification results of ‘damage location I’ correspond
to different sampling times

KL ] /ms E; E, E; E4 D, D, DI

1.000 36,5 3980 261 2650 10.00 3.40 +6.60
0.875 279 3050 200 2010 780 260 +5.20
0.750 205 2240 149 1570 480 190 +2.90
0.625 155 1430 102 1040 390 120 +2.70
0.500 9.10 1000 660 650 250 110 +1.40
0.375 510 560 370 29 140 0.80 +0.60
0.250 230 250 210 08 020 130 -110
0.125 0.02 004 003 001 0.01 0.02 -0.01
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