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Study on Improvement of the Piezoelectric Properties of Acoustic
Emission Sensor to be Used for Superconducting Application Systems
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Abstract: Acoustic emission (AE) signal from an
HTS tape has a low signal to noise ratio, due to th
e large amount of noise caused by the boiling of the
liquid cryogen or mechanical vibration from the cryo
-cooler. In an attempt to improve the sensitivity of
the AE sensor, Pb(Zros(Tio46)Os + 0.2 wt% Cr:03 +
1.0 wt.% Nb20s ceramics sintered at 1200°C was sy
nthesized. In addition, the resonance (£) and anti-res
onance frequencies (£) were measured using the spe
cimens with various thicknesses (1.0, 1.5, 2.0, 2.5 an
d 3.0 mm). According to the test results, large AE s
ignals with high frequencies were obtained from the
AE sensor fabricated using a piezoelectric disc with
a thinner thickness.
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Fig. 1. Schematic diagram of the AE sensor
assembly and experimental setup.
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Fig. 2. Schematic diagram of SN2 cooling system
and the experimental setup for the repetitive quench
tests.
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Fig. 3. Impedance curves of Pb(Zros4Tio46)0s + 0.2
wt.% Cr203 + 0.2 wt.% NbeOs discs sintered at 120
0T for 2 h with different thicknesses: (a) 1.0, (b)
1.5, (¢) 2.0, (d) 2.5 and (e) 3.0 mm.
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Table 2. The minimum resonance and its harmonic
frequencies of the PZT ceramics.

Harmonic frequencies

ol e | B
(mm) KHz) {(kHz) f 5 f

(kHz) | (kHz) | (kHz)

1.0 | 1806 | 452 | 1355 | 2258 | 3161

1.5 | 1822 | 304 911 | 1518 | 2126

2.0 | 2062 | 258 793 | 1289 | 1804

2.5 1953 | 195 586 977 | 1367

3.0 | 2031 169 508 846 | 1185

18 4% Arbitrary waveform generator (Agilent,
33220A)% B3 JdEE O3 Fag J9ue AF
& Vibration exciter (B&K, type 4809)9] Z24zte} A%
H AEAAME R ST Ty &9 B4 J4
ojt}. AE AME FAse ¢4d &A9 FAMN #FA
2 o o4 d9di EHrd g2 Axd A3
2 dE FU95E ¢ + A

3.3, erEAx MY A

O 58 Ip = 54 A, Iwer = 450 Aol HA1E ¥
Bz 489 Aot 1Y 5(a) & 9/t AF ¥
234 a2 a8 vede A4y 29445E B
dZth. 294%(g)e Adge 2319 X AEAA
= 144.9 W/em® 22 59847 339 430 M = 7
7} 171.6 W/em? & 215.7 W/em? 22 4384 7}
stk 28 5(b)~(e) & A7 AX AY Fo &
Ade AE 439 S38& JeEd Aolth AE A=
1.0 mm $749 ¢A2AE A AZeian. Hx 2
319 A% A¥eMe AE Az 7F JeEhiA] oy, 3
A Ax 4Y Fo 2709 AE olHES) HASH
k. 28|74A 9] AA] AN FAAFE Avkste B
of REdlE ALH EdXLol BYsm, AE A&}
dAelA] e AL 1e AT A4S FAFAA o
3 ARE H"o)E YEhA T, a2 U8 ojuwd 714
AQ gdd] 23 &40l BYIA FPSL BAE
o} 33|A9] AX AP Fo] ST 77 AR oHE
o HWAEL 0933V 9 0.276 V 2 Fxo] AEANZ
g 0Ty L ZAE AAV dAF 71AHQA
282 w3 g9lon old wk Eido] AFyH I g
£ ¢ 4 U,

Y 68 58 K 9 nAlds s wEHX
AE A Fo) et 1L AR AAe odA AF
el WiE HoFEoh AAe dAAF ;e 39A
A HAE T 267 A B ¢rEAX HA L AAF
71 A9 AAAF N 296 A o W 10 % F23)
g, 2y wEAx] 49 (2% 5 JAAF &3
(18 6)8 AFEHE 1L A= AAQde 339 ¥
B2 glrERRE RRFoZ £4% JIYAT o
A3 2AEAS JeEdE ¢ F ok =3 2™ 5(h)
of YehlEo], 4349 Ax HiEJME olv] 3W
A DX HgArEAM &4 4 AAdME AE AE
7b A EA] gkt

Sensitivity [dB]

e eS o4 os 0B 10 12 14
Frequency [MHz]

Fig. 4. Frequency response characteristics of the AE
sensors with PZT discs of different thicknesses.
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Fig. 5. Voltage and AE signals recorded during the
repetitive quench tests at Iy = 54 A and e = 450
A in SN2 cooling system at 58 K.
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Fig. 7. V-1 curves of the sample after the 4™
quench test.
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