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Review on Insulation Reliability Improvement of EHV/UHV GIS

CHEN Gang', GUO Chong®, LIPing®, FENG Ying®, GE Dong’, ZHANG Pengfei’, HUANG He?, XU Yuan®
(1. State Grid Shandong Electric Power Company, Jinan 250001, China; 2. China Electric Power Research Institute, Beijing 100192,
China; 3. State Grid Corporation of China, Beijing 100032, China)

Abstract: The insulation failure rate of EHV/UHV GIS increases, seriously threatening the safe and stable operation of the power system.
The improvement of its insulation reliability has become a significant problem of widespread concern and urgent solution. In this paper,
the causes and prevention measures of GIS discharge, true type test and design improvement, defect identification, monitoring and
warning are reviewed, and the relevant measures and research progress of improving the insulation reliability of EHV/UHV GIS are
summarized: the design and technique of EHV/UHV GIS do not match well in product design. Factors such as technique
implementation, transportation and operation are not fully considered, which can cause problems such as accumulation of foreign bodies
on the surface of basin insulators and breakage of closing resistors. The quality control of GIS key components is not strict and the
bottleneck problem exists in components manufacturing process and inspection. Conventional static insulation withstand voltage test,
such as power-frequency withstand voltage, partial discharge, impulse withstand voltage, can detect insulation defects to a certain extent.
However, there are blind spots in detecting latent defects, and the pertinence and sensitivity of insulation assessment need to be improved.
The current GIS partial discharge on-line monitoring strategy has a low detection rate of insulation surface defects in live detection. The
detection of episodic partial discharge is often neglected, which results in the timeliness and accuracy of fault warning in operation. The
success rate of fault warning can be improved effectively by using the detection technology combining episodic partial discharge, X-ray
and highly sensitive components.Further, it is necessary to promote the research on the mechanism of foreign body generation and
discharge in life cycle, deepen the GIS insulation design and particle suppression technology, improve the effectiveness of insulation test
on defect detection, accelerate the quality improvement and localization of key GIS components, improve the GIS fault warning
capability, and build the GIS health assessment capability in life cycle on this basis. Improve the reliability of EHV/UHV GIS insulation.
Key words: EHV/UHV GIS; insulation reliability; foreign body prevention; test effectiveness; live detection
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Fig.4 Simulation analysis of different types of particle traps
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Fig. 5 Verification of coating inhibition test results

4 GIS % RBEAR

4.1 GIS EMALLGRBMNIL

WL 550 kV A1 1 100 KV GIS FHLIZ 1 R 1R 56 T i
FEULE 6, H/4FEIE GIS BUEE “Fassig k. ks
R BIRHIE, LS R I A E ST R, XK
PESRBEAATE R X HET, #HM GIS 44 5 2H
%71 D SO = 195 AN s A S I EB=W G U G
IO SR A R, AT AT BEAEE TR AT AR A R 1 XL
B, BPAE GIS @i 7 AR sy i ko, (5%
FERSEBRHF R ERAE I 14T TN B A, SREGTTH



AL REMOR B B R Y LR, EERIT
KRR PR E R 2R I G R S e, B dm LA
PRz, PR . BRI SR BN, XL
PRI AIZAT L B NI, Sy O kB A R T80, (HH
PR A e o b ok i e 1k 6 e i AN 2B 1T
AN TR I 4a S AU OV, SOt 5 Jm BB 11
SLAih 1, AT CLBA A SRl da B i s B BRI, R
SE AR LR T B 2-3 R B DL S DU e S AL
i, BUE FE R I8 2 SEOIN S I TR AR R 2R AR

A

1 min

=3
d
=

n
on
=

HullE (kW)

381 b o) %

=

—_—

=0
'

W4 A (min)

(a) 550 kV GIS

i3
(kV)

1100

762

035 -

300 -
20mi
200 -

6] (min) g
(b) 1 100 kV GIS
Bl 6 550kV #1100 kVGIS Bt X% 0 E A2
Fig. 6 Voltage application process of on site withstand
voltage test of 550 kV and 1 100 kV GIS

4.2 EEHRME. SR TEALZAK

GIS JF I FLERAE N 2 A Rl g G i il Ak 52 S
PR B SR 2R Sl T REXT GIS Hb & Je ok ™ A=
RSB A BN, AT SARORE 75 A T B 5
SHHERFR RS 1100 KV GIS Wik 2 & . 43 7R 1E
I, KON AE R R IRBIE E BEAT I &, WA 1,
I T KRB I AT 81.4g(FAA: m/s?). ]
I, SR FH R 82 PR e 2 A TR A AE A I | R i s
GIS Wrias B A et kSR (e T TIE, K
Bl o PR st (B 2 P B Bk 2, W 7,
Fon & R ok (12 shish /E HY 2%, Al ok pir

SR IR EH .
£ 11100 kV GIS KBS ERINEEM AL R
Table 1 Vibration acceleration test results of 1 100 kV GIS

circuit breakers under operation

KN e KIRBI NI L /g

W&
o A ¥k B ik
%5 - - - -
gLl L Ll & i
1 72.8 30.2 78.1 30.1
2 67.9 29.3 75.0 29.5
3 76.0 30.4 76.8 30.3
4 81.4 29.4 78.1 29.2
50
254
-1}
=
3

0 -T
25 ]

-50 T T T T
-0.005 0.000 0.005 0.010 0.015 0.020

Tis

B 7 R RIE GIS WiBk a8 7o iR m h dr IR BN BI%

Fig. 7 The impact vibration waveform appearing on the

surface of UHV GIS circuit breaker shell during live
operation

2 GIS 7 i AR FerR A i R 5 s i e
L e EI, fokia] U e iR bl 7 ve ik B 5
Wy, BERENE GIS ek Rt Wirissh, R
JUH 3 35 1) Jmy TR AT 5, T T 3 e S e S5
ARTFBORIGE B TORL, ok L 2 AT LB K GIS
i JINNAT G GG

&R GIS th R R a8 BEAA o (H B A5
ST R ok B A AR TE R BENLIE, GIS TFRHRAE ™
A B e e 3R 30 AT DA Rl v R < R kL i B
B3, R R EBCRLE T, XN GIS SR 1R
R 3o A ESE TR A 1R R

SR BUAT WIE FEAE Bk B (0 A SUUAASE H B AR 77 T 3R
F VIR AR SR, B FRL ., SIERTITY
SRR W ORPE < kL X R B 5 3B B R B 5 S
AR SRR T Sy T A AP 7T . AR
Ui, AT IT R AICRLIE B BRIRIE 7T, [ I H E B ARORE
BRVEAAAE R TR, BEM BB Ry e . GIS iz
A7 TR AR A < Je TR Y 2 M) JHG 8 A AT FL
fit, DA SELr O 0 Fe 4 AR S SLbr TAERH, S8l



HEFE L REEG DA R A FEAS I A i R T A
5 GIS BAEMHTEEME

5.1 YR

GIS B KA AL, WIRLERAT. A
R, % . BESE, £ -4MiFREEEA
KA AT RE S 2L GIS AU R, Hodr, Rt
7E GIS G ARG H I IgA T 2 —, Hlr AR H
WU AR A, IR 8, TREEET T GIS W )% azis
7RO R A G R A 1, MERE A
WA TERE, DA U T BOM 4 SR AT A & AT REAFAE
(AL 3 E SRR (A th 3 AR 2. B H A
TG IATHE) 7, HBGHAHRIRA A R=
iR mE e . DRI, A7 S0 U i R A8 A 7
WG RBEBOR, REBGIAT A ELE A, T
BB 032 SR, SE38 MR IR AR %
HFEbR, SEHURS R A A [ P 1

g 0 TE

B8 GIS %hiTHRgE

Fig. 8 Explosion fault of GIS insulating rod

HAT, FZMRRIEC T 7 2 Rl e T2, i
B 12 TR T T GIS % 38 I 4a i AT I J|
THET. BURLT 4R B R SRR 57 28/ TR B 2T 434
SEE A PR P Rl 3 I L SR A 7 R R 5 T 0
SN E M IE—T7 1R R BB 18] SR R SR 2
HOTRE 7RI, B 1R T 22 R MM E R I 77
TRRP . A N NIRER JREC 7 1 RO BE A R
Y5 25 s K EA MRS T TR TR s
SEANKMETRELZH% 175 4G R, AT
TERAEREIRR™ . TEB AT A A AR T
WG NKR I LRETE, Wi 7 3G - 2R e
LT YEA BRI LGB FE R P, B SR T2 R 7840 %
FEAL R K IIEAT R, B 1R, ik,
MRS 120 N GRAT 3 1R EN T, KA
Vi EAT ITTIER T T Witk 48 70+ & 9 A2 o B S
ITREHEL S 32 3t DL, ARSI 7T R W] A I i 4% 4 1
T SREERZ 5 M ER SRR S, kA, B
FARM IR YRR S MRS AR B R AL 5 ik

PRSI Tk B4R 1 A-HUMN A /E A R P —
U S APR N BT R B AU, BB A G B AT
“HLHIB S+ BN BRI & T A 95 ik
LRI S5 E DR ST PO R oL AT S 2 L R P EE
o IR A AR . B GIS 4G Fu AT i AR RE,
e A I ] A A1 T W 22 ), 2% v R R et T
B GIS 42k, $RTT GIS W Hs T il %elk, A
A S IMRHEBE A B h AT [ P A RS, 7Rt
—BIP RS R GIS [ BT 48 i AF AR
SRENESRTHWTIT, BRER [ P A G AP AE O] A
REEATRIL, EELGIATTEREAS I ZRANTFBL. [
I, PR R GIS 77 L LM e G fi kT IS5 /i
A T ERBEEARE T

R

enzy 228 DR easm
waw | —C ) ( ) C == |mm
D 1l — @NE - {]
Y] ( ) R
seanit T B e 1
fa i bl = SRS 1
ST RERR KL 1

B9 ZgniTHl R AKRILE

Fig. 9 Electro-mechanical test equipment of insulation rods
52 &lAHHE

FIAT, GIS & i L FH ™ S AR 1, fFAERIFET
R s LB T 4R A AL AN B, B ER S A BT R A
o BRI, T R iR A 5 R B B B 2 4 i
KR SEAVIL LSO R 2B 7T, 32 5 ] e BEL P REAS I K
MEEFERZBOR, JT e il s BE I 7= A ikl . H AT, E
WANEE DT FURE T & i F B SR JE L A sl
MEL KON GG RIS SRy, 92 T A
RIRERE | 3eqr AR 32 JJSEN LR IERE : $R Y T & ) B BH e
ARG, $RTT T R REAM TR T WL 10. s
PR Dl AUy . A ESIRE, JFC
FEH AR iR AR AR o DA bRt & el R BEL )
AL, FEBA T TUBCR AEER L, R — D Ry
T s BB i 8 5 TR LB RO ALBRGBE T i R S
H, BRAF TN REH LR IENR EER [ 45 i) i FHL
F %O BT AR B G T 224, BEmi b & e f
PEREM X INEN KB RTT %, FFIT K%
.



—t=

s .
TS \ / T

HItF +——

THIlRE T- PTFE
BER
o

L

HERmERL
(34.2 to 41.5mm)

o §
=

siili i
T, §ir

HRPIEINA(38 to 45.5mm) HEERERD

Bl 10 & B RE B SR T R
Fig. 10 Structure optimization scheme of closing resistors
strings

53 #ALLT

GG T GIS WIRBHIAFZ —, BT
HLL G TSR SR FPE T T 5 BN R,
BETTTE A S ke, P2 BN W] R BOR A REECR
Y8 25 [N 25 AN e T A i e o A2 51 RO 2 SR R o R
N E SRS ATERIE PSS, o, B S BRI
SRR [ A A B A R v B I R N T, 38 AT Bk
BN K BE T R A G R AL 384T N IR
INGRL Ny (AR e Ay AR AR INE 7/ N
FIET5 LA S BB A S 00 [ A b 2 e 2
Gy BRI I AU R LB AT TP TE, R
77 L ETARANTE ¥ DAL A IR 5 < e i A I R
FREOZE e R R TR U £ R A
JE HUBRER A B 555 7 R K S ) G A WL /R TR W
Bt 22 7 R a % 73R s GIS & /A Ak f v,
H T L ZWARA s S B A 83, =SB
TRRMES: W LM RENL T E., BTk
W A2 NG TR MTE R AL LIk Ak 225
AL G T R I A P ATHLGEAR R, BT
D GRS AT SR o WAk SR CEC 37
B BT R ) P 37 W 3 e HL B A A A 5 o B %, T K
Jee et A v 448 5y 2R T P RIS AL S AR TS AN TR

NIEFTRE AR LR ki i A R, AHIREETT
J& 7 i Sy ISR A I THERT T, TR 7T
AR SR - l3E ) T — ROl KRR % GIS &
G THUGRE, V9 RAE R V2 T e A i
Fele o E R HE B RS S R R ANFE
IR Fr o ATRLAECE IO B 45 75920 7 e
ST IR AT s, SRA X AR G
b CT 38T SEBL sk A0 A ok s s el
ERFEFE R SR R, SRR AE B T B

2% & 0l J=3 0 50 P P L A Xt 2 B S A
JORRTFEERFEAE B R BUE, AT TN B2 2 e AR
BT PR T mOAH R N TR TR
PR R S R R (R s e 92 ), SR, ol R
BSOS R B A B ) FE A 5 = TR A A, IX 2
SEZITERIIIS B AFAE— 2 W R IR 1%, A 2
— I IRER N A i B B R T R ) e R AR
54 KBE

HEAAR RSP IERE, HAbZ 58 E
Uf, #ETZ N T SFe SR SLEE . R kAR
W. UL SFe MBS ET N, EEMRINSEH
PR T GIS MIEWIEAT. A1, BEREIFHER
AR, BN RGMIERIBIT AT 2R T
JREEEP, HEIEELHERE TNV, B5%
BN RIRZ I, W ARIR SR E R R
SRR, B SR A IR A, SR
JE T Rk R RO B R AL O IR RS S, JE AR
BEIFHPT, e, BEREEAY, thag AT,
S SF MG EE R, BT, FEXRHZMRL
L AR, RSP LML . XS4k
MR . ARRot Bt S, MAMEL, 4
AR 5 £ P8 ot 22 PO T SR AT A ¥

6 GIS HfEwmE

6.1 GIS KB} HHBCR M E AR

GIS KT o3850 F s I A 32 B AR i AT
AP YR RS, PR ARG T I A,
T AT TR R P2, Rk, H TS
JE GIS J& LR 28 W 22 458Kk 22 5% P s 00 e v
LR TR W e T S SR 4 RS K e 7 4 R o P T Y
BOle i 2 B S REE R AN 5, S, BoRiE
N ERE T HHL, RT3, 13317
PR S5 147 6 L2 BT, AT P B g e Jo R R
JE o R AL AR N BRI E SR 2 F, 5
B A AR L, EARA B A Bas RAE HR X e
A, EE TR SR 2 A, A S REm N0 I H
AR BERT GIS w0 L AE LR I e %%, Rl
B T4 2 A5 28 L RS HIR I AN PEAL, HR W
SIS o 55— 7 TH, BUA R IR
RERNAR, ZRT LR, 55 R
200 MS/s, JoidREFE IR RAE S T, HEeR4E
KB T o BRI SRAY A0 15K o) 7 252 M 00 e LA A
SEAL AL R B -

T P R TORS: W GIS 5 FEAS WU P 0 T X
TR EEERLR B GIS B PY A G vh o



PRBNANTE &, SRS R R = e AL, B E
MEALEE S GIS W& HAER, Fix iz A
BRIt TR T, 18 5 52 BB PR B M S R %
BHURIRSI R o i (S S TR LA R A7 A
R, FEOAANRGEMEREAGR. Har,
B TR i SR FH AR v 0 P A B R A 45
(7735 REAT GIS KB R I, DU 2 A R
AT Re R R I USSR BRI T B A

SR RN, AEXE GIS 2 1 S F i e i RS
W, RO 2 R R RFE, 3~5 min BRAE
N ] (5] B 7T B R b 8 A ko, B BUIR T8 10 K
ANREM A RE M E S W T . X e # U B BAT 1)
GIS A Jr i 5 HEL7E 2k M SR X GIS 2 2534 THI iR
(R H Ze AR R, R R R S O R PR B SR B 1%
R, SRR RS,
6.2 GIS fERFH A BT A
6.2.1  GIS Jay &SRR s AR I 77 v

DA FEHRT GIS HRF s A ) it o 3 AR
TERF RATAE R R AR ISR 530, LRZ
VRAE 54y BT T BT XeF (1 24 AR 5 2 SRl B P UK
JRES . IBBITEKRRY], AR EHZ RN
WA ARV AR K 4 e SO 55 = FBU S 5 5 M G
fa, TMIXHRE RN GIS %S HshiG JLF a1
o DA GIS Ja sk B R i AR U A2 W7 75 2 K
AR IR UG 5 38, SCS R R 05 BOR S S
MEE AR S P BE . Bk BRI B — e I3 ik
BT B R AR LR RS, A AR IR A RS
Wro T T A SR IR AE /N GIS 84 TIR
R EBBORIN S, BT AR S, AR,
AR RATILE 11,

=F ”I.'.

.;?:F-' -.;-:'1’%;"- ml = |

AL 1] 9y pesfi

B BRESREES
Fig. 11 Accidental partial discharge signal
ARy ity r AU IS TRV, R = A 80 R TBGR
BIAT-HANH T B s A5 SAL I RE i f it —
AR
6.2.2  GIS Jaj # b s A il o W ik
BUABE FC rh 0T 75 e I 75 v R F 9T T B AR A

FERRERBETT . R . BRREEVR S T, @ s
FE AT o A TR AR SRR v A R R U, SN A
P B R R SRR R S S AR (H H AT (S S
Bee st Ay IR e 7R 75 A D S 5 B AT R T R (S
b, T JCEE TR B TR M 1 SR s R S
Xof SR A 55368 75 A 5 R 35 B PR . 7E S LA A
Jyihl, 3B R s AR S S RS, AT R
HLAE S REAE, HEAT T HLAmE . QIR LR JR
SENLEE, R AR (S 5 B A i, AN
PR T 58 Ar B ZE 0B, A AR b 32 v e 7R V0] =) T
TS S R IEE T, 58 75 {5 5 I T I 7 o T i
DU P BB AR A E AL, i, iR FRERXT GIS
B RES JRUE 5, PFEET 2 I8 IE 8 ok 1 =
AR KPR R = TBORS U 4 A 7325, iE 2 T S B
(1 e R B S5 R 7 SRS TBOR I o3 A T, $R s R R
R RE 715 32 %1 RTBOR % Aoy M KFs WAL GIS 1
RV TBURRE: 2 90 ) TSCUR v A RGeS 7 G 3 1 LA
Ao $EE GIS Dk ANk R UE 5 F RS Wi hE
77, RIS GIS Jai R e D e b 5 6 1 s B A
A
6.3 GIS JEEEMMBA
6.3.1  SFe 7 =4 s SRR M2 R

AWK 2 R T R PR TR IR I B s A
W77k, BRI EE N SO.F, fil SOF,, H
BAEMGEEAR . B 00 7R A B & 57 it
SO,F,. SOF,. SOF4. S;F ;00 il SO, #H4T &4, (H
XSRS RRAT AR E . WA, DA EE
TR EEKERZ )RR TRRE, TIEH RN
o T 6 Y61 R BE ) SFe 40 il =M 28 Wil H R
E A R B R EI 3% 5 2 IR B0 B 45 07 AT A A+
]’% }I' [46-49] .
6.3.2 X 4w HE USRI A

X SRR AWE I EERR ST, )
i, H TS [F A B X SR BRI RE I AN TR,
SEUX SFRIE I YA S B BRI % R T 5 AN
R ZEE, B X SRR A S S
559, FRWIRE A R BAG . R Z 07 92T ROk B
GIS W Rl TE, fil Sk AT s <2235 6h5 7, &
TSI AT . 7 AN ST S AR A RS
LG CHLGERIG” A R . ARYEI &7 A
6], X SRR LS v] o A B R AN (R e R B o )42
B XS LR PRI 25 2 R AR TE R X 2R )5
WOR B R REAS 1 R IR ORI R o 2377 A A 5.
A UL, I G R B F R I 2% T S B 5 F
HLE SR B A X SRR Tl X 2k )5,



P EL B P AR L — S O, B P AN AR R
SE MRS, BEI RS2 AR IR T S 5 . AT
Flage sy, EEAERINAR NG R R s>, it
)RR T R, AR TR S T 0 AR R .
FE R IR AT —MRABOR, 52 AR R ST FR 1,
M LUK B 25 R I o Bon fE R — sk B A b, Bl
B I 1A% R AT o B A A, PR R UG AT
PrE 7 3, AT P 2 BRI X 26 R - PR,
BUZ A HR AR M AT BB R T 2 —
6.3.3  fil Sk AR AR

GIS P EF I RELR AR E Al Sk o BR B G Ak 55
FEFEAEAS B O 2 3R B S p B3 K, 338 v 7=
AR ERIIE . IR AR & RIS SR, ST
GRARIR 1AL, A B4 R S 5 M ) R
B SCMIZREH, 8IS SFe 2 M40 RN 50 e Fi ) ok
FERT R B ik Sk i S BN A b TR E AR .
I, [ P b o Rl B AT R I GIS A 3 fi Skt #4 i)
R T KEMWER TAE. HAEr, GIS sk FH e
W75 F BT MR SR . 22 WA ot
MR E AR . S MR AR . A 6L
TEF AR e 22 M 07 B AR PO, WT BN 30
SEPL GIS fi Sk B2 &, (HAEL AR . KIHiEAT
CIESNE S S i) D S by a{ A
Al fil SR B 5 WD RS E B A B T AN A BRI
PeFtsal. A, #RER| GIS @4 mER,
52500 i S L P 1 TG 2R A TR K, L T 2R R A
FiARN GIS il S il BE I FEHR AL T B S o [ 1L
BB T —% GIS Wik E LB R SR, I
TR T — R 553 IR B ARG, 3IE T Z R %
(AT 5 PER,
6.3.4 S[EESENWFAR

GIS % N 1 AN e % 17 5 1 2% 55 B M e I
IR, I S54Z BRI FEE M. K EERN
RFERE R i, nl LA HERR IR <= N 7
Ak, o I XITHATRIT T35 A 1100 kV GIS Bf &5 2% ik
BN PR 1 2 A el R0, R s o O 2 04 2% 1 (M1
A D] 28 25 SR B T2 Jld FEL IR S 3, o TR L X 7
G IR R, A AR I F O 2 R % 1 )
HH O R A 328 T A 32 28 B B R AR, X R B O
A EE SR E TR BeA, 2 BN R R s
AIRE SRR AL T ISR, dhmiE RS E s
MIREAG . HE—20, e B B o S 0 i 2 R A s 43
e REERELSIBNA R g R, K
3 BA R ) — Eotk, #UEE GIS =S 1K)
WA B3R TE GIS 3 rE e 4 T 1) B s vk A v A

P, XX GIS (b U 45 Bh 1R K
6.4 GIS LR ETERIE RSl R
6.4.1 FET SFe =R & VPN B

2 GIS A% N HATE S 0155 F B0 =) 30 et A S
Ry, KIAVEH T & 580 GIS W& 44 1R 31k,
BEERAE™E SR, Fik, HULET SFe SR 4 2%
GIS ¥ 2% Ja il s HEL R i 8 ok FAVEEE e B 1 S g v, 42
HW A 0% FAE 15 4% BB ()RR AE B, 3 3 Yo Ik SRR B 1)
IR DA R B 8 T HE R 152 8% P4 30 L0 S e+, BHL
IR S — 0 R B AL, BfR GIS B& K% 4
FEIBAT

WFFE R B, R S Ha B8 it AR S B T A
SF¢ U T Ab 2 2 A e 49 A AR Ak B,
. GIS W W FEi M SFe 2l A, 1X SR
AR R SFee SRR A P il i A2 L i 4 1) i e
W, GIS AEMERESBAN—H A HERIKS 25,
‘EATAT S SFe 245 MK YD R AR 22 SO, AR %
BRI, Rk, ARERNSETLEEE S
RPN, BT AR AR SRR R A o A
J&TARRMER —F, AZHEET, TRl s
IR B
6.4.2  GIS ' mAlFE 2k W K EE A AR

HAT, GIS Frmiife L s g X F B afgi
E DMS. LigZvd, gk, s, 7o
ZHE, Hrh DMS JEBURINEEE 5 46.31%, 2
R I B S EE 39.30%, HAT R EHEK. &
GUIE RS R, —BOREEE R RS, DA
TRAUE R A7 G I8 A I o IR PR A& I R T H ]
PIIN RGETTF R MERE, INRTIF R . thabh, #KAE
LRI IR B A S SR W BRI RE 2, g
PDMG-RH. EC-3000. NCT-M %% 10 & fh#5, DLK
“dat” v “tdms” . “sig” v “.dan” . “eed”
“eei” HZREIEME A, (HPREIRET K IITEL
DA B, B AL T RN AR R PR SO
SRR RS S R E . BURIRES BoR B
HAFE RN K I e BRI S R B R e
0, HARR 0 SO R is it i) R TR
LR DR AEFT R AR, B — 73 Ll (1) P X i 3 =l
F| 0.6 TB/AF, MELAELHEUAA, X R s e 1
7] E X6 5 3 52 3 B3 e T 3K TR o

BTt GIS L5 G TR S S iU 2 Wi B AR K
AR T AIF 7 T 2 6 e VR R s v Ak 45 R BOHE 1 R T A
TE 28 Wn A3 R R s e s AR AL B R AT
ppb(1 ppb=1x10"")2} SFe S5 F= MR A4 53 1)
= GIS SREE S E P, B 72 T84T GIS %



H1 ppb 2% SFe LR 7 K/ M B 1) GIS # R sk
W72, SEiRrs Ik GIS ¥eak Wl SFe U417y
R/ A DA TT SR kB TE 7 ik BE R <
R XL kit A IR AR G A
AR W TERE TR 2R M I 5 5 LA DN 2 8 EL AN T GIS i
R o 2 SRS

7 GIS &F A E Y

71 E2THARTFE

BT GIS 475 B g FEVEAY, [ P i fRHIE
WU E T H TR P&, FRT RETE. TR,
X DR T 126 kV FiBHERE 6, BE T
AR —BLE AL, DL 126 kV 3421 i,
PLO.5. 2+ 5. 8. 10 mm K& JBICKIME F B pE R 7Y,
I T POk P8 Xt JB5 RO F i ), ks 4 v T
220 kV SF¢ S k4% GIS BRI - &, £ 1E i
BEWEE, KA FT GIS BN H W] WK1
JRHAB DL, FEAE 1AL 2R m A 2%, TR
PO BRI, g, PSS T 363 kV
HRY GIS WAk o] ¥, BC B TR IR A 1 AHE R 363 kV
Wik, WEFCIRTT T A IR BT I ROK AORE A
Fy AR AR A, JEE S T R I T AR AR
KGR FPRES T GIS W& AL EPY, 7. B
ANIAEATET 1100 KV GIS EALRE-F & WA 12,
FCE T TAHIR, ooy — B L YRR sk, AL T
SRR BIFHAL. HHSEMRL. AN EA
i3 K% 2 T V5 A B R T A AE R B AR GIS Bl
JC R ARFAIE AN O 52 M0 46 H (0 1 45 2 At~ £, L]
PEATE . AN IR BN —, SBOvEEE
H M A S5 1 &, oA se brrs fh 78
SEhRas B VE T R IR, I ET TS
Iy BRI B o 8 S G UL B 48 2%

‘Iﬁﬁ%ﬁj ?Lo
F E

A
AR B BN, — ilil
i

=

FrinR L IR,

L syt musp, R

Frin e P,

l. A7 L 57 1 6 25

B 12 1100kV GIS ERRRF&
Fig.12 1100 kV GIS true type test platform
g3 ik, w IR AT 7Tk 2 R H 46 LA R B

10

R SRR ML R AR RLRGS, H I ATE . W4
F . HRSE RO B, TOIERTU SRR i R S B
5 L ERAE TOU R P HIPIRAS, okt AT TS ot
iy BRI 55 G W i A2 PR
WIS, HMEDU B GIS BISEPRIg T 4k B4 45
R BERSE, A4S 78 45 SRR LA th i A B it T
TSLE e FAE AR, Sbr B R aeAESE LA |
SIS AT W, TEVEIRAE SR T= B 5877
AN S . ST, N R ARG/ RE R R GIS
R AT M, FRTFAR LTSRN, A B
e GIS 4 TOlE AR T &, BB a6 2
REBFER L BR BT ORI & 0 RELR S R 2 T3 FE R R
P, DL I SR A T2/ B LIS AT H R 2
iy R BB RE 7. B HURFBE IE AR T R R
JE GIS & THURES 1 & &85, LU GIS B8R 1) A
PRI ULILRI I, S5 8 e 1) R TR AR AT B
72 KHHHEEKFEE

AT FRL TR T HEL SR A () e B R AR,
554 R I T 52 F ARG B AR R 0 S 1 B A%
AR ZE S, B M I R B & K T PR g
FRESRKEMTR. /£ GIS R Zm, EN
XIHARI 765 T T 1 100 kV/10 kA 28K
FAR I [F1 %, AT 2 1100 kV/10 kKA 2 DL H R 25 4%
ST GIS A& 14 T B H e, [ B e 0 43
20 A58 AR 7T ke o [ 2 =) 7B i DORUEL L 1 T
R A RS S, R R A R AR S KA
HL . K LA LB R B S i 9« 7 GIS B K
2 J7H, HE BRI EE SRR R T B GIS
KA B AZAI0 T ZWH9E, $EH 7646 4 000 A B
TN I B RCR IS, FRRUE T %7 R AAT I
81, 94 22 74 FL T 5 HL S PR A R IR 1 22 38 38 K 2T
J& 7 +£550 kV Eii GIS KHa iikia it 7t, BT 249
A EHAGR, IR—HBKA R TR, HEm
THRENLBGE LI 1350, e, R s TR R
B X AR 0 = Al JE 47 BR800 kV. 223 1 100 kV
S UL H R 5 2 H ST & K I R IR i T A
MR P M SARIG B T, 9o mni R X R 1 R %
SIEAT R T HAR S,



kg2 T

RIESS

Bl 13 +550 kV EHit GIS KHiH BRI AL

Fig. 13 £550 kV DC GIS long live test prototype

M VSRR TSR AR SN 4 IPNPA R T
BB R BRI, RS T T
BFFUSR, BRI & YR T TS ST 5 T 3
BREG . B8 B TT R TT & R BR 2 5T e B ARG 0L, HOWIT
KV K B E O RIR S A I 77 A 2 - 45
b, AEEGEA SR GIS K AL
&, TRAITRAT KBS AT 56 T Mg a3 0T 5 24
BREE L B BT R TT & R BHEGSE B % 00 B ad v Rk
HIRETT, BLRTELF 7™ fly SREE M BO3E ™ i A &
FI T i AR, RGBS . R e 2 2R
WREKITFBe. Sy, B R R 172 A 2B /R
J& GIS K BRI 6 LB TR BEE
IRESHEIN, 56 UE b 73 M a8 SRR S5 4 It A Rk $ it
I3
7.3 EFwRAREE

XFT GIS 43 A WE T, H il £ MWHES) GIS
BRSO SR 5 A 1) S R TR A A, PRER Kk GIS
B A DA AT SE R O rh ol BRRAS R AB 55 77 TH T g
T AR, JFRAS T — R A HIZHEK GIS Hbsix
B prbest, i R iR RS PR L A2
RS A BT T A AE R : OB ZR R4l
PR AN L B IC T AR e AT A 27 55 7] R
R, GIS WL FT 475 i ot B 42 45 s 55 e«
QU AIRAREHE AR A 5, GIS i il
PEI PTG S E R E A e, WA
Rtk WERRTER I — 5T @ i R B2
KA TG, DA REPPA R sh = il A, B
WEHEUER AL, “fIHE. B A BaB sk
B Z ATEARYE , 18] 7R ERAHEDE AAT S PO i
WERE

T ) 72 PR 1) MR AR, IR AL B B8 B AR %
BN GIS AxAFamfd B PR T VORI, — T
T, AR PR ik R b Se s BRI A O

11

JE RS PSR PR VP0G | R B SRS 2 45 05 T HEAT 1 4R
RWTTL, (B AL A TR R B, TIPS A
PRI 2 e e iR B B B AR S 25 32, 1R
HAETFEE AU RLRRI R BT AR . 5
—J7M, HT AR E R BRI, A A RO
SEAEARBUOR E R, GIS 4275 fi i o B 4R A i /e
I S A 28 65 5 e T TR IR A A R i A Bk A
AN A e R R SR B AP T B H e < 7
27 555 BHRIL L Z R P &« B RS PP AN 4
THT 5 R HE IS AL S STt 2 TR PR JE % S 28T
1l 5 e R AR Z RV P J XS, B SLBETE il
BEMCAFEIAT AR SO O B, aR LR AT
BEARNS A 7 TR Y AORF IR SR, PRI 8 il BEK T
AR

NIRTT A5 i A SV E A i AT A A
EHARRE, EME AT AR IR T RCM ik £
RiH], FRAES R B LAY, W@ TR T4
73 S GIS e R R . fELEERE |, Oy
DISEIETT GIS 473 i i Y ek RE VP At RE /7, it — D4
WEHPTT D T, BRSBTS, R GIS K
HAAE, EFL) . A8 PP AT,
HERE GIS A hilig i mmfl . B ReEtL. sxtufl, Itk
GIS e R BRI TR 2 M DB BOR Bl A B HT Al B
W M PUE AN DAL E s HES R 2 sk,
ARG R KiRZE. WESEARRE, shEHE
W1 GIS A1 X VISR SRS, S i 45 O W7 A 5 PR UL 55
AR IO Fs kb, R LIaT S Dy oL i A
&, 583 GIS @RV, JF e rT SEPE PP Al AN R
FF o iE Al o

8 HUWS5RE

H 20 thad 60 SEARLIK, GIS FEfH H & %l
M, DA RGE AT EE—H 5. HRAIT
SRR/ R GIS WA RS, GIS “Z4ia
T ATEIR o NSV B HLER S 3 i e . 282000
FEORMAL 5B 7 A 5 P B 4 B A I i R 46
e T 5 RV 25 7 TN T, fif R FL I GIS 132451
B AROIX — MR, AT /A R R GIS nlEEE,
HA AR B SABSE XL

D)HEE 475 A B S 0 7= AR S TEORNLER I 7T . HF
Jee 4 75 i JE AN ER A e M BRES , BH f  RAE
Jer= R, B ) s i B R R T S v R
0, ESTARAELVENL RS & 238 R B s 2k, sk
SYNEIE RS FR, WBAEE GIS S2hré
GebR, BTN BRI AR, 4GS



IR R T F 5 A A WA SRR AR, A g B ) JEO AL B
WFFERAY, PRI 2 IR 3R S 2R W B A48 BB fRloker
I B R R BRI, R /AR R GIS B A4
HL 5 R LR

2R GIS 48 it TRiAmflE AR . £ %) GIS
ANF T Re B GRE A, 58 ORE R B 0 22 AT
X, BRI B RO s VPR GIS
250 PR PR T RO R AR M P A Rk, B
T MM ) (K I IR A% 77 i R 1 SR A DA R 2 i 7R 2K
A SRR S B 2R G T &, BRE
BB IR 2 G2 P AT U FA AL, SR A R .

PRI ELLGRIEH A . BT GIS Ky
TEIRIE %, GAABiT IR, BT HEE. YUk
SR ZR R, B0 R SR R ORI R R, A
RS MR KBS B
ERERZ DR 2 AR I A 250 BT vk, S TS
il BERENhd. BERhd . i ARE N
JEIRIG S, BARRILAE RIS AL a0 o
P2 iR 9 S HORRAR -

ANl GIS JERZH A T =R L E = 4k . W5
PRI R R GIS EF= B et e b bt £ 7= T 21
Fae e, WEEEPag A ERH TP RZETER
B, SEHELGRANTTERER I ELRANTF-BL T RR =R
GIS 75 4 AF Y A b AT () 25 B v 5 A 7 T 2 0k,
ARWEFE, HeBhSLIE =k

S)¥ErR GIS MU TR GE ). ) 18 R R UK I
HAS I 2% B, FETH AR RS R X SR A A Rk, R
MR 28 AL AN REVS T BOR, T0 o /5 o T
W7 26 25 P R Y F A I AR s R TR & HE
RO, 75 2R 05 DU AR BRER A B AR AR T, S o8
PR AT RAS AT I, PRZ 5 i 1 15 2 K Bl FELAS
MFEA .

OV GIS A=F i JE AL REVEAlRe /1. e/
Rk GIS HALRLG P & 0B R . T3 s,
SERCPERE IR, IITRATIE /R R GIS 450k
Wige 7y, A3 HEE/RrE s GIS Bzl o i Ak
PRI s AT B 2RI R BT O% B B R R RE
P& H I8/ W 2% 25 A A ) T 38 REZR A B T AT VR 7 65
EEXF GIS & Fdn A A 1%, fift — DA & R
PR R 5008 PREEHLE], 4B BRI 5T 1T, seiut
$i e RAURAE 2 I DN E A (1) GIS RSB H=RE T, HHE
BN &2 A IR, VISEHRF GIS 475 i Jo) BA fi e P
fhife 7.

EEPEN

12

[1] WHEDR, WM, R . il 500 kV GIS BB 2% i
BEYMT[I]. TPEEE T, 2019, 42(1): 65-67.

XIE Jianan, WANG Zengbin, WU Ji. Analysis of a discharge
fault of 500 kV GIS circuit breaker[J]. Guangxi Electric
Power, 2019, 42(1): 65-67.

[2] B i, 22 I, BLIRL S, il 252 kV GIS #aldi%
TR HTI]. PSR, 2019, 42(3): 75-79.
QIU Wei, CAI Chuan, YANG Hongquan, et al. Analysis on
discharge fault of basin-type insulator in 252 kV GIS[J].
Sichuan Electric Power Technology, 2019, 42(3): 75-79.

3] K &, WEl, sEE. RERwxr 252 kv k4%
HEREHEN A5 TAEIERIER]. B ILERYR,
2019, 34(20): 4208-4216.

ZHUANG Cheng, ZENG Jianbin, YUAN Chuanzhen. Effect
of surface foreign matters on the insulation property of 252
kV gas insulated switchgear basin insulators[J]. Transactions
of China Electrotechnical Society, 2019, 34(20): 4208-4216.

[4] MORCOS M M, WARD S A, ANIS H, et al. Insulation
integrity of GIS/GITL systems and management of particle
contamination[J]. IEEE Electrical Insulation Magazine ,
2000, 16(5): 25-37.

[5] XIHIR . SFe ARLA L a5 & & I b)) m s,
1989, 25(1): 35-43.

LIU Shaojun. Control of metal shavings in SF¢ gas insulated
apparatus[J]. High Voltage Apparatus, 1989, 25(1): 35-43.

[6] ZMIF, WRIBIE, JUHAE, 55. SFe UYL i #
RFEPRER[T]. MR R, 2013, 49(9): 150-154.

LI Xiangyu, DAN Shuheng, YOU Weiren, et al. Review of
particle trap in SFs gas insulated apparatus[J]. High Voltage
Apparatus, 2013, 49(9): 150-154.

(71 £ A&, WA, EufHm, 5. TR ER
GIL fkifaBrBcits S 8e]. & E B TSR,
2020, 40(15): 5050-5060.

WANG Jian, CHANG Yanan, WANG Jingrui, et al. Design
and optimization of particle traps in DC GIL based on the
capture effect analysis[J]. Proceedings of the CSEE, 2020,
40(15): 5050-5060.

[8] BKRKEE, #A%%E, R, 2. M EAI GIS/GIL $R7L
IR AL it 5 0 R A B TR )] LR 24K, 2023,
38(23): 6539-6552.

GENG Qiuyu, HU Zhiying, LI Qingmin, et al. Optimal
methodology  of

Convex-Shaped traps for ultra high voltage AC GIS/GIL

design and synergism arrangement

applications[J]. Transactions of China Electrotechnical

Society, 2023, 38(23): 6539-6552.



POLSE, B, KR, S SRR T T R 4
G ML RLIZ Z R (], b E L R AR
2008, 28(10): 136-141.

JIA Jiangbo, ZHA Wei, ZHANG Qiaogen, et al. Influence of

(9]

metal inserted polytetrafluorethylene spacer on the motion of
conducting particle under AC voltage[J]. Proceedings of the
CSEE, 2008, 28(10): 136-141.
[I0JHOPKINS M D, BOLIN P C. Gas insulated transmission line
with adhesive particle carrier : US 4327243
A[P].1982-04-27.

[IT]JSLETTEN A M, COOKSON A H. Adherent coating for

trap

small particles in gas-insulated electrical
equipment: US 3911937 A[P].1975-10-14.
[12]DALE S J, COOKSON A H. Hybrid particle traps and

captivating

conditioning procedure for gas insulated transmission line:
US 4330682 A[P].1982-05-18.
(1)K, 550 kV GIS L5 1 N2 S 73 Hr [J].
H2%, 2003, 39(3): 79-80.
HE Shanqing. Analysis on the flashover of basin-insulator in
550 kV GIS[J]. High Voltage Apparatus, 2003, 39(3): 79-80.
(1412 A&, e, BEY, &, EXIRSBE T GIS WE
H & B RIS ZRFET]. B TROREEH, 2021, 36(21):
4580-4589.

i

i

pu

LI Jie, LI Xiao’ang, LV Yufang, et al. Motion characteristics
of free metal particles in GIS under sinusoidal vibration[J].
Transactions of China Electrotechnical Society, 2021,
36(21): 4580-4589.

(1515 TR, ZEWeEs, X Bk, 45. GIS ' SFe 4%k RGURIA I
HA“0-1"I R [J]. mHEEHAR, 2019, 45(9): 2689-2698.
ZHANG Qiaogen , LI Xiao’ang , LIU Lin , et

al.“One-Zero”’phenomenon of discharge induced by defects

in SFg in  GIS[J].

Engineering, 2019, 45(9): 2689-2698.

[16]PHELPS A V, PITCHFORD L C. Anisotropic scattering of

insulation systems High Voltage

electrons by N, and its effect on electron transport[J].
Physical Review a: General Physics, 1985, 31(5): 2932-2949.
(171880, ZEmetn, EE&FUR, 5. mdidRahifuin ~ GIS WHE
HI<E SR oREiz 2 IR R MR e 2 R[] w RO,
2024, 50(1): 339-347.
HU Xinwen, LI Xiao’ang, WANG Shuxiao, et al. Free metal
particles movement and its induced gap breakdown
characteristics in GIS under impact vibration[J]. High Voltage
Engineering, 2024, 50(1): 339-347.
(181%F B, XIT&R, ¥ M, 5. ififksh T GIS A& RN

RLI2 Bl I HoFs R VBT N 4R P[] P I AL TR 244,

13

2023, 43(7): 2838-2847.

LI Xing, LIU Weidong, XU Yuan, et al. Movement behavior
of metal particles and its induced insulator flashover
characteristics under impact vibration in GIS[J]. Proceedings
of the CSEE, 2023, 43(7): 2838-2847.

(191285, 2= A&, 1F &, 2. rhiiRshiEih ™ GIS WE
&R mn sk aE ], SHEERA, 2022, 48(5):
2005-2012.

LI Xiao’ang, LI Jie, REN Jing, et al. Lift-off characteristics
of free metal particles in GIS under shock vibration[J]. High
Voltage Engineering, 2022, 48(5): 2005-2012.

[20]% #%, H FH, HEER, 2. 500 kV GIS Fg BT -4 4%
i MR HT[T]. R LAY, 2020, 56(8): 261-267.
GE Dong, TIAN Yang, TIAN Hongxun, et al. Analysis of
typical fault caused by insulation breakdown of 500 kV GIS
disconnector[J]. High Voltage Apparatus, 2020, 56(8):
261-267.

2115k o, SKMS, BEER, 5. ik GIS Wik a4
FIAF R IR, SRR, 2019, 45(9): 2699-2706.
ZHANG Yun, ZHANG Pengfei, CUI Boyuan,
App-lication status of insulation pull rod for 1 100 kV GIS
circuit breaker[J]. High Voltage Engineering, 2019, 45(9):
2699-2706.

[221% W, BIFEEL MESR, S X ST HIT GIS &
FERERIIET L[], TR A2, 2021, 29(1): 78-82.
LI Bo, HU Xiumin, HE Zhiqin, et al. Research on X?ray

et al.

ferey

non?destructive testing for defects of GIS equipment[J].
Electronic Design Engineering, 2021, 29(1): 78-82.

231w, 5k AL BRER, 5. SRR 2L GRAT I
AW ARE TR FT[I]. BEPEM AR, 2018, 33(6): 27-30.
HOU Yafeng, ZHANG Jing, HOU Guoliang, et al. Research
on the formula of epoxy resin for high-performance aramid
fiber insulated tension Pole[J]. Thermosetting Resin, 2018,
33(6): 27-30.

R41E &, B M, WE, F. SEISSERLGRATIT
[J]. B, 2015(3): 13-15.

WANG Rui, HOU Mei, XIE Ruiguang, et al. Research of
insulated tension rod with highier voltage levels[J]. Insulators
and Surge Arresters, 2015(3): 13-15.

251% @i, %k =, b 55, . 550 kV GIS FEE TR I
AT R % S IEREWTFE[T]. 48208, 2017, 50(3):
28-31.

YANG Wei, ZHANG Zhuo, YIN Li, etal. Preparation and
properties of aramid insulated tension Pole for 550 kV GIS
disconnector[J]. Insulating Materials, 2017, 50(3): 28-31.



271% B4, FHE, ZEK,

33|25, T&E, B A,

2617aZ4r, £ B, EHLG, %, 126 kV GIS FAZHATI

WHRI[T]. 4208, 2014, 47(3): 33-35.

FAN Xiaohong, SHI Ming, DONG Weizhi, et al. Preparation
of insulated tension Pole for 126 kV GIS[J]. Insulating
Materials, 2014, 47(3): 33-35.

%52 550 kV SF¢ Wik 28 A
HH AT E AL LR 24, 2016, 36(1): 246-250.
LILu, NIU Tianye, JIANG Guoqing, et al.Analysis of an
explosion accident of 500 kV circuit breaker caused by
insulation pull arm defect[J]. Proceedings of the C-SEE,
2016, 36(1): 246-250.

R8T, FAWEH, IHK, . GIS BT R Z Rt

HIRCR AT FE A K B Ya R )] = R EE2S, 2019, 55(10):
247-252.

DENG lJianging, BAI Xiaoping, QIU Jiqing, et al. Analysis
and prevention measures of discharge research of insulated
pull rod in GIS disconnector[J]. High Voltage Apparatus,
2019, 55(10): 247-252.

ROV fEm], ¥k, AFHER, 5. GIS A% 1N

PR ARSI 5 B T]. T AR HLJT, 2021, 34(1): 13-20.
HE Weiming, HAO Yanpeng, ZOU Zhou yiao, et al.
Application and prospect of ultrasonic testing technology for
stress in GIS basin insulators[J]. Guangdong Electric Power,

2021, 34(1): 13-20.

(3018 b, W &, B, . GIS #AAG TR IR

RFEWINER FERRT]. AR 2022, 55(2): 12-22.
HAN Shuai, GAO Fei, LIAO Sizhuo, et al. Review on
surface defects and diagnosis methods of basin-type insulator

in GIS[J]. Insulating Materials, 2022, 55(2): 12-22.

[B115% W%, =&, MW, & BErkdsEE T GIS 444

AR A BRI, E AL AR, 2017,

37(15): 4538-4547.

QI Bo, GAO Chunjia, XING Zhaoliang, et al. The
accumulation characteristic for surface charge on GIS
insulator under switching impulse voltage[J]. Proceedings of

the CSEE, 2017, 37(15): 4538-4547.

[320ti%e A, 5k K, ZEPEE, . TR B

MG THEGH AW AR AD]. RERTE, 2015Q2):
19-22.

SHI Yizhou, ZHANG Xin, LI Xiyu, et al. Judgment method
of basin insulator rupture process based on the analysis of
stress and strain[J]. Insulators and Surge Arresters, 2015(2):
19-22.

- ARG T IR RE IR
KArAT[)]. HEETELS, 2017(1): 132-137.

3712k %L # W, 3% i,

WU Yuyi, WANG Chengyu, CHEN Yun, et al. Test and
analysis on mechanical properties of 252 kV basin-type
insulator[J]. Insulators and Surge Arresters, 2017(1):
132-137.

B41387 5, ER, & K, % a4 % 1K

ey o B2 7 R AR 73 A B0 o S SRR D] md R
A, 2018, 44(3): 993-1002.

GUO Zihao, WANG Haoran, LI He, et al. Calculation and
experimental study on strain and stress distribution of UHV
GIS spacer during hydrostatic test[J]. High Voltage
Engineering, 2018, 44(3): 993-1002.

351 M, XA, W4T, . GIS S TR R

BT NERRAI]. T E LIRS, 2020, 40(5):
1703-1712.

XU Yuan, LIU Weidong , CHEN Weijiang , et al.
High-sensitivity measurement method and application of GIS
spacer partial discharge[J]. Proceedings of the CSEE, 2020,
40(5): 1703-1712.

36180, Bk . 550 kV SFeiRARA % GIS B4 N It 45

MIWFFE[0). wR S, 2011, 47(4): 33-36.

ZHONG Jianying, DI Qian. Research of 550 kV SFq
gas-insulated GIS bushing inner shielding layer[J]. High
Voltage Apparatus, 2011, 47(4): 33-36.

. K550 kv AR 2%
KR EEWBF RN, SEHEEE, 2019, 55(8):

249-252.

LI Yongyi, QU Yan, DANG Jian, et al. Analysis on rupture
of the porcelain bushing of arc extinguishing chamber for a
550 kV circuit breaker[J]. High Voltage Apparatus, 2019,

55(8): 249-252.

[B81FMKIE, ¥h 2=, AT %, . EZIKGKGIRNEE

FFRBFFE[T]. BEBEE A, 2023(1): 229-236.
SUN Qingfeng, SHEN Jing, FU Jun, et al. Porcelain insulator
cracking caused by flange icing[J]. Insulators and Surge

Arresters, 2023(1): 229-236.

[3912=3C 15, REEL, KKK, 2. 1EC 61850 Fr#EAE GIS 7

LRI R GE b B S RIS [0]. RS, 2005, 41(5):
347-350.

LI Wenshu, XU Guozheng, GUAN Yonggang, et al. Study
on the IEC 61850 standard applied to the on-line monitoring
of GIS[J]. High Voltage Apparatus, 2005, 41(5): 347-350.

[4opx  F FBANEL J7 R, A% GIS HFm R AL

FARMBIAHT]. mEAEZE, 2013, 49(5): 128-133.
LIU Ying, GUO Xiaokai, FANG Yizhi, et al. Applicati-on of
the GIS UHF method for partial discharge on-line



monitoring[J]. High Voltage Apparatus,2013,49(5): 128-133.
(4115 ¥, #te, E—%, % fFa A mYs GIS [E
2 B AR T i S = ) 73 (D). AR, 2017,
53(10): 227-232.
FENG Yang, HUANG Honghua, JIANG Yijun, et al. The
improvement measures and case analysis of partial discharge
on-line monitoring technologies for UHV substation GIS[J].
High Voltage Apparatus, 2017, 53(10): 227-232.

[42]5 SR, MRS R A R S R A A T AR DAL S
BEZIEOR[D]. HK: HPOKY:, 2014.

ZHUO Ran. Feature optimization and fault diagnosis of GIS
based on combined detection[D]. Chongqing: Chongqing
University, 2014.

[43]LI Junhao, HAN Xutao, LIU Zehui, et al. A novel GIS partial
discharge detection sensor with integrated optical and UHF
methods[J]. IEEE Transactions on Power Delivery, 2018,
33(4): 2047-2049.

445k Rz, # I&, & 36, & ETEDMGEET GIS R/
TP RS R T R[], R R AR, 2012, 48(11): 43-49.
ZHANG Tianchen, HU Yue, LI Qing, et al. Combined
ultrasonic and electrical detection system for GIS partial

High Voltage

discharge based on virtual instrument[J].

Apparatus, 2012, 48(11): 43-49.

[4515K G, B ENL, B 4, % BR&REEEA.
R — R AR IR R[], mEERAR, 2022, 48(12):
5090-5101.

ZHANG Guozhi, LU Changyue, ZHOU Hong, et al.
Integrated ultrasonic and UHF sensing technology for partial
discharge of power equipment[J]. High Voltage Engineering,
2022, 48(12): 5090-5101.

[46]5kie A, %k %, H JH, %5 SFe M RUAES 5

Fr IR E[T]. M RER, 2008, 34(4): 664-669,
747.
ZHANG Xiaoxing, YAO Yao, TANG Ju, et al. Actuality and
perspective of proximate analysis of SFg decomposed
products discharge[J]. High Voltage
Engineering, 2008, 34(4): 664-669, 747.

[47]5 28, B B, R, %. SFs AW & R ITE
LIWMIPERFLI]. mEE2E, 2014, 50(1): 56-60.
SHI Huixuan, QIAN Jin, XIONG Zhidong ,

under partial

gk
Re s /]

et al.
Investigation on on-line monitoring of SF¢ decomposition in
electrical device[J]. High Voltage Apparatus, 2014, 50(1):
56-60.

481 JH, ¥ WA, S5 SRR Y r BT SFe
B G E R TT 155 BORKIBEFLBLR )] B LR

Ny

15

%, 2016, 31(20): 41-54.

TANG Ju, YANG Dong, ZENG Fuping;, et al. Research status
of SF¢ insulation equipment fault diagnosis method and
technology based on decomposed components analysis[J].
Transactions of China Electrotechnical Society, 2016,

31(20): 41-54.

(4916752, # fi, LK, 5. TR Pkl

AR SFe HBE R BRI 2T [I]. ok Hids, 2019,
55(10): 87-92.
CHEN Xiuzhen, GUO Wei, GAO Fanfu, et al. Analysis of
partial discharge defects in SF4 electrical equipment by
detecting gas decomposition products[J].
Apparatus, 2019, 55(10): 87-92.

[SO)Aik2, ZPRES, % %, &, HET/MERK GIS [BE
T 9% ik Sk I BEAE 2R M BRI FE[0]. # 0 A B A%,
2014, 34(3): 144-148.

CONG Haoxi, LI Qingmin, QI Bo, et al. Online GIS Switch

High Voltage

contact temperature monitoring based on IR sensing[J].

Electric Power Automation Equipment, 2014, 34(3): 144-148.
[BUELST B 4 BiET, . GIS W& KAWL, &

JEHLES, 2020, 56(12): 24-33.

HUANG Mengdan, XIAO Chun, YANG Zhining, et al.

Research progress of GIS equipment heating[J]. High Voltage

Apparatus, 2020, 56(12): 24-33.

[521Fk i, FRRE, AGE, F. SR inkiR ik
ARG BRI, SRR, 2015, 51(9): 146-153.
CHEN Qiang , LI Qingmin , CONG Haoxi, et al
Advancement of temperature monitoring techniques for HV
switchgear contacts[J]. High Voltage Apparatus, 2015, 51(9):

146-153.

[53)%F &, BME, FH 4, GIS 1A figh Skieh #A4 ) 0 2 K
MAGHHIT]. SEEZE, 2024, 60(5): 31-38.
LI Shuang, LU Xuchen, TANG Hong, et al. Development of

ey
=F-

wireless sensing system on the contacts overheating in GIS[J].
High Voltage Apparatus, 2024, 60(5): 31-38.
[54]SCHUMB W C, RUMP J T, PRIEST G Effect of high
voltage electrical discharge on SFg¢[J]. Industrial and
Engineering Chemistry, 1949, 41(12): 1348-1351.
[55]5K 4220 kV SF¢ A4 2 GIS FL LRIV & Wit St
[NKHREJE AL, 2018, 36(5): 171-174.
ZHANG Shiling.Design and development of 220 kV SF¢

gas insulated GIS actual test platform[J]. Water Resources

and Power, 2018, 36(5): 171-174.
(5614 h, Fhvals, 2 %=, 5. RCKEFWNT GIS &4

GRS ML), =R, 2022, 58(3): 93-100.



NIU Bo, SUN Shangpeng, WEI Ying, et al. Study on
influence of micron-level metal dust on the insulation
condition of GIS[J]. High Voltage Apparatus, 2022, 58(3):
93-100.

[571% ¢, H@RI, SHEH, 5. 1100 kV GIS B4 P Eksk

e 0 FS T8 FL Y ARSI D V2 B 7 S LU T 0] R
%%, 2019, 55(8): 37-47.
YANG Ning, BI Jiangang, GONG Yanpeng, et al.
Experimental research and comparative analysis on live test
methods of partial discharge of internal defects in 1 100 kV
GIS[J]. High Voltage Apparatus, 2019, 55(8): 37-47.

[S8IARESIE, T+ NI, ZhaRa, 5. EU GIS KT
R[], WLy, 2021, 40(12): 89-93.

SHAO Minfeng, WANG Gang, WEI Jianwei, et al. Research
on long-term live line assessment test scheme of DC GIS[J].
Zhejiang Electric Power, 2021, 40(12): 89-93.

591k  BiE, FEIRS, ALICUE, . £550 kV HiSAE4i% 4
Ja IR A K F IR AT FE 0], FREOR, 2024,
25(3): 46-52.

YAO Xuan, NAN Zhenle, DU Wenjuan, et al. Study on
long-term live test for +550 kV DC gas insulated
switchgear[J]. Electrical Engineering, 2024, 25(3): 46-52.

[601E A, ZBiifg, FEER, 5. HF kB e Ky
F AW ATIRE[T]. BT IR, 2009, 3(6): 22-26.
WANG Guoli, LI Ruihai, LU Guogqing, et al. Design and
function of long term live examination field for UHVDC
equipments[J]. Southern Power System Technology, 2009,
3(6): 22-26.

B RW(972—), B, Ft, WP, BFRITENE
MR IE GIS 44w ST, .

5 w1992—), B, A, TR, BTN
F GIS 42 AT SEME RGBS /EE)(E-mail: ).



