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Monitoring Method on Bolt Looseness Degree of GIS Insulating Spacer Based on
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Abstract: The insulating spacer, an important part of GIS, is mainly fixed by flange bolts, but the looseness of
bolts will cause such problems as uneven force and even gas leakage of the insulating spacer, which will seriously af-
fect reliability and safety of GIS operation. In this paper, a kind of ultrasonic wave monitoring method for the loose-
ness of flange bolts of GIS insulating spacer is proposed, the excitation and reception of ultrasonic signal is per-
formed by using the piezoelectric sensor, and the piezoelectric sensor is installed on both sides of the flange connect-
ed by the bolt to be tested, and the degree of bolt looseness is judged in accordance with the energy attenuation rate
of the ultrasonic response signal. The variation of ultrasonic response signal energy and its attenuation rate under
different working conditions are studied through experiments. The results show that with increase of bolt looseness,
the amplitude of the response signal decreases gradually and the signal energy attenuation rate gradually increases,
the annentuation rate of the signal energy, in case of single bolt looseness and the looseness grade is 3, can be up
to 40.8% and, at the same time, it is found that the annenuation rate of the receiving signal energy of the piezoelec-
tric sensor which is closest to the bolt looseness is maximum. The method proposed in this paper can monitor the
looseness of flange bolts of GIS insulating spacer, and has certain engineering application.
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Wr#s B #:2023-10-22;  fE[EIHHF:2023-12-17
EEWB : FM PG LA w R H Gk TR A B GIS 848 2% 11 R SCBER AR ST K ) o
Project Supported by State Grid Shanxi Electric Power Company Science and Technology Project(GIS Basin Insulator Stress

Detection Based on Ultrasonic Key Technology Research and Application).



<112 2024 4E3 J

Eudz

Ho0ts i3

0 5l

Wi 5 v I v R R R R D R R
GIS A sil M RE )32 b T4 AR s sl o
TEGISHE &, A4 4 Pl 8 THLMS I RE
B 5 DL S i S 1 SEAE T, 2 GISIR A Y B2 4
[

GISTE TAE R , R p % T 228 L/
I R AN AT Sk St = A AR Bl . 5 R PR B A R
A RZ, Qi B AT AR G fih S 422 ik S5 L 7
BRSO A AR A . X SR SR AR A R i 31 25X
o 2% 1 [ 2 MR AR O AR M B 5 aIB AR A B, B
N2 T2 IR AR g g, ™
T b ] B S 2L GIS T i SF 2 | it 1 T K He, il
BT PEGET, b  5E 220 kV 4 GIS 28 H 35 3/T 5 4F
Mo Al 21 #2 , Horpr, GIS &5 I S kb 1578 , U
A R T 7% AR, g
Y 2 B0 T2 8, I2 s sh s < 3,
A3 500 o5 B A R Y 80% 1T 20% , 3 L R R
R T 5 ) AN E Al D R MR Bh I S B R
T I 2 e 2% 1 55 T AR A S 1 W 5 4 i LA
e EENPLE L,

FESSFR A SIPIRAS W 1, B N A E R T
B2k, 3 B T — R R, L
FRAE Z2 10 W 7 v A P e e ik FRLBELN 8 A H
W R LB BTTE P RN AR . T I
PRI B PHE 5 10 BE (2 B IR AL TAE
AR AR AT AR X — b il B S5 5 e Y
AU A AR ) W I HE AR T AR S A4 G (E S A %
I {14 e EL 5 42 o 1 A o A o B 2%, R 0 7 5
FE BRI (%) 385 S5 i 12 5 A T [R] 1% 48 fh T L MR A T
B AR LA 10 56 R AT TR 25 g, N
AR RN F BEL AR G s A R R T
P BEL R 5 - 21 5 T 26 T 4 1 A, R S AR R MR AT
101 O 738 R T B I WAL U i T R R A
10, AR ) 52 MR SR BR I, R HR BT T R H
R 5 IR TR AR I ARG — R A B A AR fh
o SN SR AR SRS AR A s H B
A R ARG I R, RS T A — e BRI S
SFLPA 2050 % A 3 Aok I P O A AR A Bl IR A
TEH TARIRAS T AERE T B] A AR F I 0, SR R 18 e
(T80 T , AL 7S e A5 435 B ] 19 2 A 7 2 21 2l iy

[l

A RS B AR AT 5, B 2 AN AR T AR
R FHE L 1 e

IR EEA A SRS W Ty vk 208 T AR
REEF B IR BN RE BN T 2 4 2+ [
R AR ARSI, H Y T E AR T GIS A4 2%
Rt Y Eot i) BRI ET A ¥ S 1 R aa BT B U
S A A 2k 2 MR AR A B W IR AT T
WEGE, $EH T 3T I 1Y 252 kV GIS A4 2+
e Y S NI R s AR D R LB UN (Da=K =R=tIh v
P23 AT X R I AR B A TR

1 E=Eie I EE

1.1 EFE R AR
A TP RR I, A AB A 032 3 Y
PR, ] p 2R, 002 Pa P — AR 5L AF
P, A% AT (1) #oR
P=p,, cos(wt + @) =pcAw cos(wt + @) (1)
)2 po P AR ORAE ; i AR 5 o A1 i
SR ENAHAL A 5 p A B 5 o P AL A
AFPRIE
eI ] N, 5575 A6 D 1o 28 LAY 18 i B
LT RR 8 P i BB B ELPR hy 7 i, H 3R , Bk WY
em’ AR5
1= Lpel’e’ = %% =1L 2)
Q) Z R ER T
= (2) Al A5 A i 5 A P J7 BOE F , B 2(1)
AR PR P T R T A R T R
oI A e AR ol A HAZ 8 B e DR T 3 P
FT R P AR 2 pAa
1.2 BEKNESSEK
L P B 1) i S5 W A R H AR B T AR
WO A SO VEAR SRR X — e USE B . B AL
SRS AR A, 25—~ s HAR I i
IS 5 L 55—~ He A% 8t BT S5 21
P A o T o 7 R bR U A B
KRG B 5, AE 2 P A 2 00 Rl i1, A
BEHETMHEARZ , B TR 5, X —
TR TR RN SIR S BN B
Jis R R ] LA A S 7P e RT3 SO
WeAs ts T F ARG s HEL RN X — 4R iR JE 1, T F
A8, 5 U s L 80 A R B0 P e L AR



B 5507

TR, AT, AT, . BT I GIS R S RN R E M ik <113

ISR PR LA RE 5 L BE =2 8] B AR L AL A, L
UL 1, P2 SIS VR FINERE K A I AZ
AH R s P A AR A R S A 57 A SRV R £ O
ALY, B B IR T R B A LT 2 Ah )
R SEFFAUBRBE R 15 it BE A AR P O 1E e AL AL
IO 5 7 s L RA R 191 R AR 3 T R I, 23 ol
FHLBDRE N TR B0 IE T LAy R AR RS Bl T R BERE N T2
FEAR AR, EL AR RN E AR 2 i R s ) R
ANIE FE 33X L BEFE AL A HILAR RE Y AR PRy 10
LN

s ANt

(b) 195 [ HLRON
E1 EREIETEE
Fig. 1 Schematic diagram of piezoelectric effect
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Fig. 3 The position of the piezoelectric sheet on the flange
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Fig.5 Response signal diagram of piezoelectric sheet 2 under different working conditions
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Table 1 Piezoelectric signal energy and attenuation rate data under working conditions 1-3
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FEHL R 1 0.169 14.0 0.136 31.0 0.126 36.1
FFEHLH 2 0.829 15.9 0.649 342 0.584 40.8

JEHLR3 0.126 8.0 0.125 8.7 0.107 21.7
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Table 2 Piezoelectric signal energy and attenuation rate data under working conditions 4-6
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JEHL 2 0.725 26.6 0.573 42.0 0.338 65.7
JEHL 3 0.130 6.1 0.119 13.2 0.078 43.6
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Table 3 Piezoelectric signal energy and attenuation rate data under working conditions 7-9
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