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Research on basin insulator defect detection based on
laser ultrasonic peak reconstruction algorithm
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Abstract: On the basis of laser ultrasonic technology, a peak reconstruction algorithm of surface wave was studied, and an
experimental platform of two-dimensional laser excitation scanning laser ultrasonic detection for basin insulators was built.
Then the artificial bubble, impurity, and crack defects were detected and studied, and the basin insulator with crack fault in
practical field application was carried out off-line detection. The results show that the reconstructed peak image based on
laser ultrasonic peak reconstruction algorithm can better reflect the defect information of basin insulator in scanning interval,
which proves that this method can realize the off-line detection of surface crack defect on the basin insulator.

Key words: basin insulator; laser ultrasonic; peak reconstruction algorithm; nondestructive testing

0 3= SR, R st T 7 3 A T 1 B (R o
SR % 4 g I‘ﬂﬂ:ﬁ‘é(gas insulated metal-en- RS E{‘Ji‘iéiéﬁ‘ﬂ:{% W R A A
closed switchgear, GIS) 14 #% T H 82 sl b 25 44 . mf EXBX-
S A4 O BB 002, T A TR A OB R
R B Gt R s g R BRI R A, 2 K
b T A A W B SR 5 iﬁﬁgﬁiﬁiﬁf%?fgﬁiiﬁﬂgii
e p g e e o B P R I, EH TR W43 B SO AR R A
gif;;i?ilﬁg;;;;ﬂiﬁiggi RO, i B3 T KT R B A R R
K2 AT 4 B A 2w AR RER, AR B
R fo S S s ey e T RE RSB ROk R
I T i S g PO KRR RN 0.5 pC i HLAE 15
BT A1 S e B A SR EL A A B ) 2
EATE:BR G M4BT S5 RAHT 8 (52053019  FEEMBUIEAR 58, AU Fe K& AN 1) 77, 482 1K
0008) i B A8 7 T A 7 E AR A S5 % , T FLJE U B




@GR 2023,56(1) TS ST WO 1 BRI A T R R T 5

97

B Jay 0 7 G DNV R S A R P A SRR S A
LG T RHATRI & T — M A 7 3%, B
75 A B 5 0 32 A I H B 2R THEREDRE B2 AT AR 10
UM, DAL 0 3037 7 A48 5 1 AT R AE AE — € 1)
JRIBRAE o PO P e — b AR fk T B e i 7 2
HA 8T v 2 BB N 3 ] 23 B 2 A5 AN R, 4
V2 INE P TG 0 % T AT P FR R BT 2 R RO
FE PR B s R v SRR AL, BEAS b A] DURE I 2 oK g B 2
WO A G, 5 T R AR 45 5, 7T DASE 30
B ATARAL , R R B A5 2002

WO P AR 1 Jhikh 0T IR 2084 8L K T
H 32 A I = A R i, AR R R R T 7 AR SR T
WA AR S ) F 15 1%, RTOR A R 2R T AR STk AT A T
B AR A 2 OGP A T AR X B EETZKT%"
B SR AR P A AE B SR B HEAT AT AA A I,
ﬂﬂAﬂi&%ﬂﬂ?ﬁ*%ﬂl%/ﬁimﬁﬁﬁﬁ:%TXTKIEI
B AN [R] VR B ST R B A E BRI, SRR T
Wigner-Ville 43 AT 5532 A1 JE T PR 5 25 8k 1 1E 5% 48
SRS M RHR G 8 RS) o AT BEAT RN o 2 T e 25
R PO B 7 A2 3R T GRS Ak B3 S/ S o A I R
F& H 7 T i S A N 3 D R e R T T 9, 5
LT B SR B SR T O 5 R, IR I
BRI ST T i 2 T R B IR AL o B ) A
X <a A 2% T ok B IR JEE 1 5 B SR 7 ¥ A0 R 4 1) o2
Br S AT A T VE AT B G, 3R Y T 3 T S 4 [l g o
Oy AR | IS B] 3B /NI AL ST B 8 R 25 SRS e A ey
AR R AIE PR ik B R 52 0 B AR AE 3 b A U7 SR T
%o 4 J 2 THI R B R B2 FA) A5 J2 0 B PP AR

A 90 T30 B 7 B AR S 26 T Bt B s 00 14 B
T E B PAE B B AR, X B A AR SR A T T
FRD 0 GIS G 34 21 0T A5 A U AT 7t 58
Mo ASCEE S AL G T HE AR, BE S — R
Ot 8 7 2R T I e i o B9, DS A e 5 1 ok
B B 58 B R ALE

1 HBAEIEIR Al

WOl R f ) B R A 1 1 BT R SR
I AR B T AT I, et 558 L K b 0 LSS 1 )
PR 2T 5 T O ke 5 A A A 3 T R e A
A P 5 38 2o A 590 258 7 A ) A 3 i 7 A N AR TR
Yy BEMTAE RN AR P30 7 A P . LA BRI AR
A UL AR B0 B O () BEAT S5 200 WOR I 2 AT A%
AT RE (IR D R 18 R RN ) A7 72 3 77 2 (5
(237K,

| ik o

[ 2IS3

1 HBAE &S

Fig.1 Laser ultrasonic excitation mechanism
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Fig.2 Experimental system of laser ultrasonic

detection principle
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Fig.3 Schematic diagram of laser ultrasonic excitation

detection
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Fig.4 Scanning mode by column
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Fig.6  Physical photographs of different types of defects on
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Fig.7 Peak reconstruction image of bubble defect on the
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surface of basin insulator
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Fig.8 Peak reconstruction image of impurity defect on the

surface of basin insulator
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Fig.9 Peak reconstruction image of crack defect on the

surface of basin insulator
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a crack defect on a basin insulator

K 21 TR A Ak i LB O se i R
2 mJ, iy DUBE P 3RSk 3 B (A 2005 5 2R R I
PeAF T 5 3 BRI 1 £ A Ay 3148 DX 0 2 T ik a1
Bo 0T 98B HA 0.8 mm 2S5 18 B 3 1 K
HRLI 1 750 m/s , 45 K A% G 108 75 [ i ik 2248
SE UL 0.8 mm [ 7 HE A, PR A > EA F
1 MHz, 1M A 87F 52 2R FAAROR 431 418 20 1 b 06 An
100 kHz {18 9 3R S A0 25 5 07 sCRD AT SEBL 1 %f
0.8 mm 2575 G e FRIAS I o

5 2518

COR 5256 5 N 8RB BEAT S8, 3800 1 3%
't P U R B SR I AT SRR T A
LG T R 00 RS R, A
BIRZEAKT 30%.

(2D 5 B B 7 I P w s A 28 S0t o 11 7 5 4
L7 AT B SR M SR AIE , 25 SRR W T 0L R
Jih 55 Vs i 2R P AR Sk [ s A T AR 5 B Bl A
A 3, ) P U R B0 E M 5 e 1t e 2 A4 %
T DX AR R

SE R

[1] XUHRE . 45 i s HL X (M. A6 5T o [ 28 5% H AR A, 2005.

[2] SNSRI U e, by A 25 . 7 3 25 1 JF S0 1 JE B AR T 4
AR FCI]. 5 15 L 28,2019,55(3):139-143.

[3] FEXCREW RS TSN EAAMNE S 4% KR
S8 H 0] BT EARFH1R:,2017,32(7):190-196.

[4] kA, T AR MRS . T RS 1 ) 2 AR o 22 I 2% 4 25 1R
AR TT ], B TR 244%,2019,34(16):3311-3321.

[5] B Ehh B e b, 5 SR R R 5T S U T RS Rk
BB FET]. H T AR 4 41%,2018,33(1):209-216.

[6] B, Bk S0, A RS R IR BT OGSO R A 5 T UURR
PERFFE[T]. 452541 £1,2013,46(5):37-42.

[7] HREG,E0A % HhH K, 126kV GIS B R4 % T & 815 2 TP 4L
[ 37 7 B4 AT (D). F N 50 R B, 2015,31(15):27-31.

[8] GAO W, ZHAO D, DING D, et al. Investigation of frequency



@GR 2023,56(1) T

P JE IO P e A B0k 1A A8 2 1 B A DU

101

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

characteristics of typical PD and the propagation properties in GIS
[J]. IEEE Transactions on Dielectrics and Electrical Insulation,
2015,22(3):1654-1662.
Mg R SRR RE26 S T U R I BER IR BE S IR [T]. 28 544
#1,2015,48(2):6-11.
R R ) S22 I TN S I 2 o s Ve R S
Yy AW ] i HE 5K, 2018,44(3):982-992.
M e AR M . GIS R OB TE 2R W AL BOIR 5 R ER (D).
LR R ,2005,31(1):47-49.
SRR, A B BR R A TR B WA L 4 BT 1) 2 U 2 T4
AR 22 G 0] A% 1R R 241,2016,29(10):1606-1612.
TEP B ZE 3R ST W RIS R S A% 7RI
SR IAT]. A LR 2 4,2016,31(10):77-84.
TR R X0 2 A T A e R A R R TS R ORI B A
Y21 R PRI (7], HE T4 AR 2£41:,2017,32(1):206-213.
VR , T T S, F i, 45 LGS T A SR I 7D X IR 2R 4807 1
GG AT, B A,2017,41(5):1967-1972.
TEHLAR D, RIECHERT U, BEHRMANN G. Pulsed X ray in-
duced partial discharge diagnostics for routine testing of solid
GIS insulators[J]. IEEE Transactions on Dielectrics and Electri-
cal Insulation,2013,20(6):2173-2178.
YOSHIDA M, KOJIMA H, HAYAKAWA N. Evaluation of UHF
method for partial discharge measurement by simultaneous ob-
servation of UHF signal and current pulse waveforms[J]. IEEE
Transactions on Dielectrics and Electrical Insulation,2011,18(2):
425-431.
TIAN F, HAO Y, ZOU Z, et al. An ultrasonic pulse-echo method

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

to detect internal defects in epoxy composite insulation[J]. Ener-
gies,2019,12(24):1-17.

LI C H, LI SN, WEI C. et al. A comparison of laser ultrasound
measurements and finite element simulations for evaluating the
elastic properties of tissue mimicking phantoms[J]. Optics &
Laser Technology,2012,44(4):866-871.

TR 4, ) IR T 2 TR S W 5 ) A e i O A I B R
Bt B B S A (0], A " #41%,2014,35(7):1787-1803.

T A SRR SR 2R S5 L TR R P0G A M B N R
HL AR A, 2015.

W A O 7B BOR B A 2 T B o A 00 e ) R P
FEID] AL 5 AT R K £,2016.

TR BT L A A R T O A I S A A R TR
B 0 5 PP AR [J]. D657 24 1K,2018,436(7): 134-142.

B T O A <R R T G S B K T AL T T T
FL[D]. K J&: b K %,2020.

S . B A A (M. AR R RO A, 2012

VEIE AT 3 X AT, 5 . — 2 500 kV HGIS 5 & 43 1 S Ak 2
[J]. 7 L 2%,2014,50(1):129-132.

FE 7 el S 4 8 A 15 B, A8 IR S B A 2 R TR SO
FAER 75 I ST S A BVE I]. T AR 1 79,2019,32(12):106-112.

ks HEA:2022-01-06

&= HEA:2022-03-07

EZ BN 245 (1989-), F (k) L@\ KBRA, TAIF, £EZMK
F 5L RAR&RIES W A LARA 5 B AR TAE 4R
Y& B E(1981-), % (GE) , b AR & 3AL 8RR AL, 1+, #F
7 ) A AT MO AR B 6 R AR .



