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Analysis of overvoltage and control measures at the insulation partition of GIS enclosures

ZHANG Shugin, ZHANG Kexuan, LUO Changlu, GAO Yanfeng, MAI Xiaofei, CHEN Huailiang, ZHANG Lei, LIU Feng
(Henan Pingzhi High-Voltage Switchgear Co., Ltd., Pingdingshan 467013, China)

Abstract: In-service gas-insulated switchgears (GIS) often experience arc discharge phenomena. Existing studies
generally attribute this to the rise in enclosure ground potential caused by the very fast transient overvoltage (VFTO)
generated during switching operations, without conducting in-depth theoretical analysis. This paper theoretically derives
the mathematical expressions for the transient current and its rate of change during the switching of unloaded busbars in
GIS, as well as formulas for calculating the transient voltage induced at the insulation partition of the GIS enclosure by
the transient current. For GIS rated from 126 kV to 1100 kV, the rate of change of charging and discharging currents
during switchgear switching can reach as high as 10® and 10° A/s, respectively. Such high rate of change in transient
current can induce significant transient voltage at the insulation partition of the GIS enclosure. Multiple re-breakdowns
between switch contacts during operation can induce secondary VFTO at the insulation partition, leading to air-gap
breakdown and arc discharge. Finally, this paper briefly describes observed various arc discharge phenomena in the field
and proposes an effective mitigation measure: reducing the loop area that includes the insulation partition of the enclosure
can effectively lower secondary VFTO on both sides of the insulation partition, fundamentally eliminating arc discharge.
This work is supported by the Science and Technology Project of State Grid Corporation of China (No. 5500-
201947427A-0-0-00).
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Fig. 1 CT and its insulation partition structure diagram
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Fig. 5 Diagrams of induced voltage in non-closed loop

B K A THCHE RE B Rl i BEER FE R C AR i AT
JE Uy AT B R IR e, W] (1) HES -

Wq::%cmﬁ,:%xzoox4502=2025J (25)

AR I IR L RER AR, AN GIS
A2 G N W R AL ) 28 G REATT R AT

4 BN R A RA R HIBRRIETE

DN T & 5 (SN U DI S N
kAl — k(T 2 GO, SR BT GIS BEZRNIFE
IR B-DS W Gl EE, fE—IRaGEIETE
PR ER . E i, H Ak, GIS H B-DS
FIFE I BFRARST, 3~5 m, Wl HIR(I)EEnt, 17
BB AR PAT BE B RER (AR S, HRAER IR R AT, )
GEEBL P AV £ GIS (SRR 5E 44 18] T/ B
e AE S AR # AR = ) VFTO.

ST HIK, RS AT VETO K2 ik
&3] GIS FEAMYAEH & HIEE N, TR IR AE VFTO.
1 GIS P52 25 b Wil (o7 1 1 J3% B2 ¥ A VFTO 1H
KT H S AR BRI 52 14 FE BT, 23 A TR) Bk
S, BB R IILR .

XTI B AR A 2 R W AL AE I GIS TR
FRE IO R R A I TG ) R, 25T SRR I
R BELE L R U U, KA R AR AL A o
S BENLIEARAE, S RE R A A 40 25 B i 3 5 B
(P4 VETO (B A RENLYE, FEARRRRIT CERAE
H AN

XT3 (Rl — o B = A0 I 5% 150 4% 1) 44 2 B
AL, TETF RERAE RO e IR AR . AR TR ]
JB, 3K 2 R O = A FLYR R AR A A A 2ZE 1200
FIRE, AHAL FAH 25 120°AMEAE 45 ] 5 —AH BE2E L 5%
FBEREEE U, AR, BT 5 ) =4
AL o FAEZE T

XTI A AT ORI E B (I B, HIFE482%
e W HE B e A R ) 1), I R B R GIS
A A ML AR RS R AR AE Y VETO #R 2 HL R
TN g5, TE GIS HIRIRG L B /N, AR (] BE
(1) T S5 A 7 A ] 5 1 71 57 i W Ao J N T 304
B AE VETO Fisi.

XTS5 M AL A e B BRI AL, B IR
HR S5 GIS B R4 E e S, MR T
JREEGL GIS B 21 OGO I 1) @ X 22N
P A5 2 e ) FE JBCHRL R FL RN AR R K, HLH R 2 )
e P S P B ] % ) T AR B LR R, AT AE He 2%
e T 0 Ao JR A e B B s 1 VFTO FTEl.

— B RRWTE A e N e, AR [l B R
(LA A T A [l B, 2 A A B ] 5% 3t J A UK
AR (R AR 1 Ko induced), [BARHLIE N 2774
AL B, B 17 A5 78/ B AR P R
B 7 mAHR, BI B HIS5 1 78/ FR AL AR R T
B, A [ % U A () B B E BEIR1EN, GIS
AN % R W R AT AR B2 1 H S RIS, SIS 2 4k



- 186 -

W) R Gy B

M EZ R AL 1IN R, BAtBeh 1
Lo B, WA ] i rh AR R BB B4 K, SRR
KT AR AL IR o GRS, BT ZR
WrE Ay “MERERE” GIAGE, (ERERRINN A2
AEE, mAMEIULHT .

A 5E L 2R W A AL R IO TR HE BB AR FT I RN K
28 25 R W AT A7 10 2 T R v B ) P I TR B2 A1 R
THER, ABAEP i E RS 128 AR AT 1 St . T
BATH B0, A R 2 e D
GIS Ahre 22 [R Wil RLAE P A el B T AR, DA/ [2]
R 1) EL U B R SR, 3 T A U O T 2 A5 79 S 2
WA L A AR AT IR A 1Y) VETO fH

xF T R SR GIS W, IR ARG
BK, DS/ES MIlC B AL BB, ARMIE [l 1 R
AEAZE RIS AT 25 R IF HR ml B R it . 4l 6
I, ES [t b 78— 55 BRI I 2
GIS 7efk b, HER T 2 Frosiy ES &l e
IEIS ) G

6 ES 4455 | AR BT HBR A It
Fig. 6 Elimination measures of discharge at ES

insulation leading out part
5 £51R

WA BT, A3 LR SR

1) 24 GIS JF BT & B HEHN, th A
AR BN RIE, BUEALE GIS Ah5e4a 2R
BT A7 1 PP R A A AR o P B A3 FEL S AT A )
VFTO,.

2) GIS Ah 72 25 Wi s (o7 o3 000 1) A2 FEL s A A
A VFTO B, SEF 7R T8 I R LIRS AR ZR A
(e i T ) L SR g PSR A S, 17 [ 10 LU L U
M [t ) o B B AR AL L

3) VR IF IR % B A o 266 25 B T 3 o7 9IS T
FEL PR RS Tt A 20 i 0 5 A1 e 246 G R B B S E A FRD
(e S AR, B T A (R 4 25 OB W 8 5 9 000 o 7 2 ) %

AR H AR AR AR ) VETO 1A .

4) 1 GIS #1520 H It T B A% 1) 40 % e 7 Ak o 2
Pez FUHE, TEEHIT OCIAEZ5] H A N2 55
RN, TG R E U R T AR . T BRI A

5) HLAR GIS 7% B BF 28 70 HCH o /88 . 1) 5332 R
FIRAER) VETO fEAR &, (HFPEERf Rl . BE Ak
AN, NN GIS W RAS KA
SEHk

(1] k%, S8R i o I s LN [T]. ik
HL %%, 2012, 48(9): 117-122.

ZHANG Shugin. Sleeve-type electromagnetic current
transformer and its application[J]. High Voltage Apparatus,
2012, 48(9): 117-122.

(2] £, B, BE, % B5 750 kV GIS W BT R %(E
I AR R DR B A T L S AL 0], = S L, 2012,
48(1): 35-40.

WANG Sen, NIU Bo, XUE Jun, et al. Study on 750 kV
GIS VFTO measurement technology[J]. High Voltage
Apparatus, 2012, 48(1): 35-40.

(3] #Ed, BXGk, £, 55 Rrmlk GIS A TEHE

RE£k VFTO i 4 IR A 72 (0], i B L 4%, 2024,
60(8): 77-84.
YANG Xilong, MU Shuanglu, WANG Hao, et al.
Experimental study on VFTO suppression performance
of magnetic ring damping bus for UHV GIS[J]. High
Voltage Apparatus, 2024, 60(8): 77-84.

(4] &, XURT, 5F, & FFmlk GIS A2k VFTO PIpH
WA L] B R R 5, 2019, 47(22):
45-51.

WANG Lei, LIU Yan, FENG Yu, et al. Simulation research
on VFTO waveform attenuation in UHV GIS Substation[J].
Power System Protection and Control, 2019, 47(22): 45-51.

(6] RAA%, 3, JEJE, 5. 550 kV GIS ¥ VFTO 15 &
FITERTE[]. i LA, 2018, 54(1): 90-96.

WU Shipu, LI Xuan, ZANG Ying, et al. Study on VFTO
calculation and inhibition method of 550 kV GIS
station[J]. High Voltage Apparatus, 2018, 54(1): 90-96.

(6] Futi, BRIEEE, (TR BER T 500 kV GISKREITREK
EASHEIRFVED]. FTTHIECR, 2017, 11(8): 49-54.
YANG Rui, HE Hengxin, HE Junjia. Transient electric
field characteristics for disconnector room of 500 kV GIS
under steep wave[J]. Southern Power System Technology,
2017, 11(8): 49-54.

(7] FZW, 8, B, 5. GIS Hi/K&EfedE; VFTO T

7o A FL AL 36 THRF M KRG i TR R BIE ST (0], s R
2023, 59(4): 125-131.
WANG Kuigang, HE Zheng, KANG Chao, et al. Study
on characteristics and influencing factors of potential rise
of enclosure under VFTO in GIS at pumped storage power
station[J]. High Voltage Apparatus, 2023, 59(4): 125-131.

(81 1HhikcWi, #ALns, B, 5. 500 kV /L GIS JF RS
SRR A R S B AT AR B AL T R IR AT
[7]. W E IR, 2022, 40(5): 46-53.

FENG Ruming, CHE Chuanqgiang, ZHAO Lei, et al.
Experimental study on very fast transient overvoltage and



KA, 5F

GIS Fh5e 48 25 i Ak (1338 Fit s 93 A -5 42 1 98 i 7

- 187 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

transient earth voltage rise of 500 kV EHV GIS switch
chamber[J]. Inner Mongolia Electric Power, 2022, 40(5):
46-53.

ER, KR, BRANA, & &I TEV SIERE
EWRRT]. R T RRURER X, 2022, 9(E T 1): 83-91.
YAN Qi, ZHANG Yanze, CHEN Xiaoyue, et al. A flange
failure caused by field TEV[J]. Southern Energy
Construction, 2022, 9(S1): 83-91.

MR, HIEE, B, &, GIS BEEITRERIETIEN

AVE R IG 2 [ REHE R 7T [I]. R 2 7, 2018, 46(8):

60-66.
CHEN Yu, ZHOU Lawu, YANG Binyou, et al. Correlation
between internal and external transient phenomena resulted
from disconnector operation in GIS[J]. Smart Power, 2018,
46(8): 60-66.
KK, Fonzd, XA, 5. GIS KB IF R4
fI5eR AT R A VFTO 3%3%[ ] FREROR, 2015,
41(12): 4097-4104.
GUAN Yonggang, CAIl Yuanji, LIU Weidong, et al.
Relationship between transient enclosure voltage and
very fast transient overvoltage generated during disconnector
operations in gas insulated switchgear[J]. High Voltage
Engineering, 2015, 41(12) 4097-4104.
PR, CURE, B, & BRI RAE Rk i
EM%%¥ﬁE%%ﬁ&E%M¢%ﬁH.mF%%,
2024, 60(2): 38-50, 61.
LI Zhenhua, JIA Siqi, TONG Yue, et al. Variation
characteristics and law analysis of very fast transient
electromagnetic interference during operation of
disconnector[J]. High Voltage Apparatus, 2024, 60(2):
38-50, 61.
PR, BEM, B, & AT ISERIER K
VFTO 5 VFTC i L AFHED I ARG RS
241, 2023, 51(3): 79-88.
LI Zhenhua, LIAO Xingrui, TONG Yue, et al. Simulation
and characteristic analysis of VFTO and VFTC based on
a dynamic reignition arc model[J]. Power System Protection
and Control, 2023, 51(3): 79-88.
B, Bk, 2% 0%, % GIS H1 VFTO. VFTC 4iif
RIS A B AT AC[T]. FECR, 2015, 39(12):
3634-3640.
DUAN Shaofeng, ZHAO Lin, LI Zhibing, et al.
Experimental and simulation study on statistical
characteristics of VFTO and VFTC in GIS[J]. Power
System Technology, 2015, 39(12): 3634-3640.
BMGTF, RUNT5, A6H, . 1100 kV GIS #1 VFTC [
BRI FL]. R EH 7T, 2016, 49(7): 1-8.
WEI Meifang, WU Xixiu, YU Guangzhao, et al. Study on
transient characteristics of VFTC in 1100 kV GIS
substation[J]. Electric Power, 2016, 49(7): 1-8.
&*&;$EA,ﬁTE & 252 kV GIS HRidkpE
ATl F e AR PR PR S R R P IR T L[], H L
7|Y, 2015, 39(7): 2046-2051.
DUAN Shaofeng, LI Zhibing, ZHAN Huamao, et al.
Experimental study on the characteristics of VFTO and
VFTC in 252 kV GIS[J]. Power System Technology, 2015,
39(7): 2046-2051.

PRIE, T, HB, £ 550 kV GIS WA

[18]

[19]

[20]

[21]

[22]

[23]

JEIFEEHr[J]. AR, 2009, 28(9): 58-61.
LIN Shen, MENG Tao, TIAN Chi, et al. Calculation and
analysis of fast transient overvoltage in 550 kV GIS[J].
Electrotechnical Application, 2009, 28(9): 58-61.
I 53T 37 B A BRI AT [ SR L R Bl 4. GB
20052—2020 1 7% s &% BE AU FR E 1 [ BERUAF [ S].
State Administration for Market Regulation and National
Standardization Administration. Minimum allowable
values of energy efficiency and the energy efficiency
grades for power transformers: GB 20052—2020[S].
XIBAR, EMRR, BRYEHL, %, FFa/E GIS Frild g s
i RS R T A M A, W ERERCR, 2011,
37(3): 644-650.
LIU Weidong, WANG Linsen, CHEN Weijiang, et al.
Investigation of the VFTO related repeated breakdown
processes in UHV GIS[J]. High Voltage Engineering,
2011, 37(3): 644-650.
AT, HEIEAE, FEAEK, SE. GIS MBS ORI BES
T e H A o o A AR 7 FORE AT T[], v R R
2%, 2020, 56(11): 130-138.
ZHAO Lin, YE Liya, ZHAN Huamao, et al. Investigation
of repeated breakdown process during very-fast transient
overvoltage test of overall switching process of disconnector
in GIS[J]. High Voltage Apparatus, 2020, 56(11): 130-138.
W, AT, XA, 2. GIS HHFEESIF L2 K HIR
SRR T3 5 73 M 0], e R HELEs, 2023, 59(1): 30-37.
ZHANG Pu, MO Fujiang, LIU Xintong, et al.
Calculation and analysis of multiple reignition arc model
of disconnector in GIS[J]. High Voltage Apparatus, 2023,
59(1): 30-37.
REME, 20, B, 55 BT AT m R
PR 4 JF 06 AT 25 0 B s e b iE A 7 ik (0], s
RGP 51, 2024, 52(6): 99-108.
LIU Guosheng, LI Zewen, XIA Yixiang, et al. Single-end
fault localization method for an all-parallel AT traction
network based on high-frequency energy ratio of current
traveling waves[J]. Power System Protection and Control,
2024, 52(6): 99-108.
EpE, SO0R, AUhE, 5. BT R EAT BB RHE
HOZ It B P A B T IR B TR ()] R RGP
¥, 2024, 52(8): 31-44.
WANG Yanting, MO Wenbin, BAI Mingyuan, et al.
Lightning interference identification method based on
voltage traveling wave waveform characteristics for
flexible DC transmission lines[J]. Power System Protection
and Control, 2024, 52(8): 31-44.

UgiS HER: 2024-06-06;

{&EIHER: 2024-08-20

EEEN:

R ®) A GIS HF £ B 3% it 4 % ;

KB (1966—), *, MEARE, EHAIAZT, FF
E-mail: 13781873969@

163.com

FAK1990—), F, @, MELE, T,

R F & A CLS HRE A& HiE. E-mail: 17737087862@

163.com

(%h#E W)



