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Abstract: This paper investigates the soundness of porcelain insulators associated with the acoustic emission (AE)

technique. The AE technique is a popular non-destructive method that measures and analyzes the burst energy that occurs

mainly when a crack occurs in a high-frequency region. Typical AE methods require continuous monitoring with frequent

sensor calibration. However, in this study, the AE technique excites a porcelain insulator using only an impact hammer,

and it applies a high-pass filter to the signal frequency range measured only in the AE sensor by comparing the AE

and the acceleration sensors. Next, the extracted time-domain signal is analyzed for the damage assessment. In normal

signals, the duration is about 2ms, the area of the envelope is about 1,000, and the number of counts is about 20. In

the damage signal, the duration exceeds 5ms, the area of the envelope is about 2,000, and the number of counts exceeds

40. In addition, various characteristics in the time and frequency domain for normal and damage cases are analyzed using

the short-time Fourier transform (STFT). Based on the results of the STFT analysis, the maximum energy of a normal

specimen is less than 0.02, while in the case of the damage specimen, it exceeds 0.02. The extracted high-frequency

components can present dynamic behavior of crack regions and eigenmodes of the isolated insulator parts, but the

presence, size, and distribution of cracks can be predicted indirectly. In this regard, the characteristics of the surface

crack region were derived in this study.

Keywords: Porcelain insulator, Acoustic emission, Damage detection, Highpass filter, Short time fourier transform

&4 Tae-Keun Oh; tkoh@inu.ac.kr
Young-Geun Yoon; y_young_geun@naver.com

Copyright ©2020 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

1. M B

A 2t Ao AU, JAAcE A5},

AP det A7) AFEAY B7h 502 ddM 35
st olck ol2lat we o] AL gHoR 2R
sb7] 95 ke A4 Mol Wastol, o A §4
HRE Be 429 Fdo| R79c AANE S4F



232 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 33, No. 3, pp. 231-238, May 2020: 1.-H. Choi et al.

of $HML JAMCR DAY, HYIH HAS e Zukr goo] vge FHst] UshA AE /e
¢ MY SAYY] HANAL Huske § & AEsIPon], QU AE BYEY o] ofd o
A2 A2y 2 RS §Alsk] U AAMA R FAT ouxld] s ASHE APGeolre] 2
gate gastn oot (1] WUEE Fo) F2AoE Ay 24 BUsc

=9 154 kV S =0 dX|d =Ap] 2N
°F 1208 7 of’dolt, AR&4(30d) ol A 2
AAl= oF 80%F 7H= AA|9] 65%0f shgHtt [2]. 2, M3 4y

A= AHEES GOl s FA] ZIAA
oE Be AAGE Asht TS = AR A& 2.1

d

mjo

Sy=H

&

2
i)

A AEHA FAHOIA o] wA B Fsto] 9t

Aol wal7} A= o] whal 7AFA S mpo] ut ABE= 2204 tAALE ®isto] et EHE &4
& 2 ojt}. o]& ols) A AMo| Lojx|AY Zaks} oUA|E <jujstct [10]. ol& =° &4 oYX+ 71
APLE FEE 4

oM Y 4 At $A ouxst wagst

0;
0,

o
A . A& olad ul SlshA sl e A1Ls o Xl 9o 2
oJony, wxl7] AMAAHQ TRz 7jl—| 28 4 A et S Abgste] 240 3
o =
|
—

wWr Mol e oox A
e
o
ox,
it
rlo
o
oY
~

° A WupE o) coret eele] dRg won, AEs
Yol Q=5
el S e [34] g T RACIE T SE ZH. 9. 33, ¥4y
7 _ _
- VS

oX.

g

) -IN 0

=)
&
-
8
iC)
)
ru

T Y N o T >
_|>‘.. Q.
o
S~

0l
L. ’
He en, 5 U HF B2 o5 53 A2 A Seasr
2 e Wtk 2AM 9o, gue 2
A AN &4 W et £HS Wi oo
AR FAR S Al ol

=

5
9] Ado| 7153t SaFFE(acoustic emission, AE) 7] %
Hol AEEQUT AE 7|82 ARANA o, o 5 Progress of the defect
o] &40 g WAL yAmf A9 oUA] WSS O Fig. 1. Basic principles of acoustic emission measurement.
N AR MUY WY X AW AAZ E6 2
=51, YA 02 piezoelectric wafer active sensor
(PWAS)Z ol gslo] Z4sle whylolch of2it AE 7] B
He AE/ES FoplM 1x2o RUHY [10], Ax Ny
@l Z1AEE wopollAl otw, &= 5o 4F H & peak Threshold crossings
A@e [11], Az e w1 AF [12] S Aol amofce _—
Sk} %

Time [s]




R7| R 2 8t8] =0 K], A33Y A35 pp. 231-238, 20201 59: Q18 = 233

B AL 13 13} Zo| Yutdos AR
AR goo] a0 Aol AFL o WA
L AES S7sks 7o) ohd sl 9Rede £
s Ab7lohAte] A W Aol wet ASEE Alad)
isiA 13 26 2ol AN g Also] ojgt Clopet
24 9 Fop go) BAL FRstan

2.2 AlEH

Ald 2 NGKAFS] cristobalite
W7F AFEEIATE A 270, A7l
of tst] A& st A L

ojpre el 33 2Tt

ESURITRAE T
A 27, e 1l

24 ofxtel

‘ Cap damage A‘l

(a) normal, (b)
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Fig. 5. Frequency response characterization of AE sensors. (a)
Frequency response of resonance sensor (SN BP40) and (b)
frequency response of wide bandwidth sensor (SN AI93).
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Fig. 6. FFT results by five experimental values using AE sensor.
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Table 1. Values for five variables using AE signals.

Porcelain Porcelain ~ Cap
Normal-1 Normal-2
damage-1 damage-2 damage-1
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time (s)
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. 2.54¢-3  1.96e-3  5.30e-3 6.6le-3  5.26e-3
time (s)

Peak

. 6.17¢-1  6.74e-1  8.74e-1  8.56e-1  8.27e-1
amplitude
Envelope 1,137 1,022 2,264 2,161 1,998
Counts 19 20 43 48 56
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