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Fabrication and test of a piezo-composite transducer for inspection of plate
structures in contact with fluid using Lamb waves
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, design, fabrication and test of piezoelectric fiber composite transducer for Lamb wave
Received 31 October 2016 inspection of fluid loaded plates has been investigated. First, dispersion and wave structure analysis has
Accepted 31 December 2016 been performed in order to select proper mode and frequency for fluid loaded plate inspection. The S;

Available Online 18 January 2017 mode with zero out of plane displacement in free boundaries of a plate with predefined thickness has

been extracted; afterwards a piezoelectric fiber composite comb transducer has been designed and

I,fgn“éovf,‘;f,’es fabricated. Having manufactured the transducer, necessary tests have been done in order to prove that

plate in contact with fluid the transducer generated Lamb mode at selected mode and frequency is not affected by the fluid

piezoelectric fiber composite transducer loading, in both pitch-catch and pulse-echo techniques. The tests have been done successfully and then
crack detection in fluid loaded plate by means of fabricated transducers has been examined again in
both pulse-echo and pitch-catch arrangements. It has been shown that in pitch-catch test, the presence of
a predefined crack leads to decrease in S1 mode related peak in receiver. Moreover, in pulse-echo test,
due to the interference of crack reflected wave signal with the transducer resonance response,
continuous wavelet transform, as one of time-frequency signal processing methods, has been employed
successfully for crack detection. Consequently, the fabricated signal has necessary efficiency for
damage detection in fluid loaded plates using lamb waves.
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Fig. 1 Phase velocity dispersion curves for 6.25 mm thick steel plate
with C_.=5893 and C;=3247 m/sec
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Fig. 2 Wave structures for 6.25 mm thick steel plate at F=620 kHz for
(a) Ao, (b) So, (c) A; and (d) S; modes
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plate, (a) dry plate, (b) fluid loaded plate, (c) peak to peak amplitude of
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Fig. 9 Signals got from PFC2 as receiver while PFC1 acts as actuator
for healthy plate, (a) dry plate, (b) fluid loaded plate, (c) peak to peak
amplitude of aand b

Slae olaie 4 PFCL G 26 b S ylgie 4 PFC2 5l 8L 0 JUKw 9 JSC
@ ald lade €©) Jlow b wled 50 (B) « St @) V> 0 e amio ool yo
bga oYl ald

1 opleis 17 0531396 (12355 8 ()0 Suile wdiao



QMM}))’.&.&K’J}WWM

ol Zlgol Ko &3 Yl b uled 13 5559 S e W)l i RI940l59 3 ST Sy lule)T 9 il

gl oo a3l Jlow b wled [0 asin o Sbicas

Jbw b (wled 3 dmdo 30 LS 5 -6

315 Lanags 620 KHZ LuilS 15 15 Sp oo 5,55 bl (638 a5l smo
50 5 o 535y p Sl 3579 5l ol il pos 5 ad asl
amiao ;3 b S olgiee Sl bl Jlojl g il s - Jlo )t il
awsia plad LS5 Gl cud s dwais cSboy IS5 )l e
ool lis sl b (36 ,Led G abboe "7 JSE" [0 ead eols lis
sl oih aals Glis e yo dmio (g5, s> ey lpl Lawg ead
b o (S wpdye Sype Al 9o g0 bS5 Glesl 00 e
Joe S olsic & PFC2 5 Slae slsicas PFCL o5 il o - L)
5 Shee glgie & o8 PFCL o 0 a5 Qb - ol 2l pgo 5 035 oo
Ao Cedd Cep G JESm l Ioazme 39,0 T4 K (lies o2
e o SbS 5 eyl e 00,5 o oolatul 620 kHZ LS 3 o
255 o0 plol Jlow b (oled )3 axio

€l yo-Jluyl syl -1-6
aoao Cdl> g ;0 PFC2 51 8l 0 JLKew ald 4y al3 polie Jboy aojes
el 0 o0ls jlis 12 S jo S5 g g 00 S

Frequency (kHz)

0.1

0 50 100 150 200
time (usec)

Fig. 11 Continues wavelet transform coefficients for healthy and dry

plate in pulse echo test
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Fig. 12 Peak to peak amplitude of PFC2 signal got from pitch-catch test
of cracked plate
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Fig. 14 (a) CWT coefficients for healthy and cracked plate signals got
from PFC1 in pulse-echo test, (b) Time distribution of coefficients at
excitation frequency equals to 620 kHz
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Fig. 13 Signals got from PFC1 in pulse echo test of cracked plate with
magnified view
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