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Abstract: In this study, in order to develop coupled vibration

mode piezoelectric devices for Acoustic Emission

(abbreviated as AE) sensor application with outstanding displacement and piezoelectric properties have been simulated
by ATILA FEM program. And, From the results of ATILA simulation, the AE sensor specimen, obtained superior
electromechanical coupling factor and displacement, when the size of specimen is 3.45 mm®x3.45 mm with ratio of

diameter/thickness(®/T)=
system piezoelectric ceramics using coupled vibration mode. The

1.0. Therefore, AE sensor was fabricated by (NaKLi)(Nb,Ta) Os(abbreviated as NKL-NT)

piezoelectric properties of NKL-NT ceramics was

exhibited that piezoelectric constant(dss), piezoelectric voltage constant(gss) and electro mechanical coupling factor(k,)

have the excellent values of 261[pC/N], 40.10[10°Vm/N], and 0.4,

respectively. The manufactured piezoelectric device

with ratio of ®/T= 1.0 indicated the optimum values of resonant frequency(fr)= 556.5[kHz], antiresonant frequency(fa)=
631.1[kHz], and effective electromechanical coupling factor(keff)= 0.473. The maximum sensitivity of the coupled
vibration mode AE sensor was 55[dB] at the resonant frequency of 75[kHz]. The results show that the coupled

vibration mode piezoelectric device is a promising candidate for

the application AE sensor piezoelectric device.
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Table 1. Physical properties of NKN-LS.

Material constants NKN-LS

Density (kg/cm) 4,300
SEL(10 P m/N) 12.06
SF1(10 " m*/N) -3.86
SE15(10 Pmt/N) -5.45
SP(10 P m'/N) 15.00
SEu(10 Pmt/N) 33.30

di5(10 "°C/N) 340

ds (10 C/N) -114

d3(10 C/N) 265

Forced

FnlurizntiﬂnT 1

i e
X ¢| L

Fig. 1. Thickness coupled vibration mode specimen with
polarization direction (®/T= 3.45 mm® x 3.45 mm).
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Fig. 2. Structure of AE sensor.
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Fig. 4. Simulation of coupled vibration mode piezo
electric device.

Table 2. Resonant frequency, displacement and k, of
coupled vibration mode piezoelectric device as a function
of ®/T (thickness= 3.45 mm).

Resonant Ant Maximum
) ) ) Volume
Diameter  THickness O Frequecy Resonant Displacement ko k ker ]
d 1] Frequency
(KHz) KL _ll' [m]

1725 345 05 58 m 989x10° 0621 0312 03 g

15875 345 075 560 098 I7x10* 0636 0388 0597 18
345 345 1 553 667 154x10% 0598 06 059 R
5175 345 15 463 539 it 0%t 026 052
69 345 1 390 45 9Mx10’ 0520 0265 0482 19

8.625 345 15 336 388 2x10® 0539 0285 0500 201
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Fig. 5. Displacement trajectory of the coupled vibration
mode piezoelectric device (thickness= 3.45 mm).
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Fig. 6. Impedance characteristic curve of simulated

specimen (thickness= 3.45 mm, rate= 1.0).
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Fig. 7. Impedance characteristic curve of fabricated

specimen (thickness= 3.45 mm, rate= 1.0).
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Table 3. Physical properties of coupled vibration mode
specimen (thickness= 3.45 mm, ¢/T= 1.0).

f[kHz] flkHz] C[nF] Kefr

Piezoelectric

556.5 631.1 20.2 0.473

element

Table 4. Physical properties of fabricated specimen.
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Fig. 8. Theoretical velocity of elastic source and voltage
response of AE sensor.
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Fig. 9. Sensitivity waveforms of AE sensor.
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