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Fig.2 Electrostatic induction distribution
map using phase A as an example
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Fig.3 Electromagnetic induction distribution map
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Fig.5 Closing control strategy logic diagram
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P 8 ALl T Ik A AR , S /5 80 ms /¢
ALEE P EBEIT, /N 22 BRI W B 1 e ok [l 26
BEPIOEE /N T 0.1 A GIL PR 3 0.02 A FY )%
HLI, /T 0.2 A GE AR, il /2 T i A& A, 400 [ 30
RAFLE 0.3 s Wi I H A5 07 LI, L 3 R A
HEEAL T o0 ) GIL A5 TR 0 2 45 ) 2% 1 I AT
2 s JEWJEAE 2.4 s 2o R A W Sh (S5, 3
VEAT il JR AR P2 5 ) SR 255K, 45 2 5 GIL
AR, HL A RAORE I

P9 sl 1 Iml2k GIL A JiE ABCN AH#k B 5 #E
CRE A AR R, BB A W)k R A L™ £ il
TS PABL BN IR R R BRA LR A
“O7 R RAEERR R EE T 12 s, iFR Pk

O WN—

) 0 12 14 16
9 AREAREEMHERE

Fig.9 Closing failure alarm and action simulation
S R 22 DR — AR BTk ) S 10 5 J8 1 S e e A
WS 80 ms Zr A7 2k s PN T G Bk T, GIL 457 Jig 1
MTE 2.3 s e e i WS fEAE 5 o D7 FL PR ik
B A MBS 5L, B9 h GIL 45 BRI AL
A IE4 12 s ITE 14.3 s 24 1E# K 1
RRGEEE T, WINPT R 3Rk R, 556 Wk R
e s gy g. I IR A AL RN S sh 2k RG-S )5
S IERT 2 s JE AT R R D UIER T el £k
AT A, 7 FL AR LI VIR 177 A RN R i ) £k
A, A B0HRE G N H YL 45 SR 58 1t GIL 487 AR T ] g By
1k ZE MO FUR

TEFEER) RTDS REGEH, 23 B T 1 [0l £k 1
PR RO AL S D E LR S
S L0, EALE M e s AT A ¥ IE#h . 3 M5
FLTRZERAP S A 5, B0 AN [ A 45 I 2%
RLICR AR S5 55t WL Sh 147 9 S IE .
PR BRI ShAEAT N LR AL

SCHORETIC R L Bl i SR RE A8 A S8 R
RO LA e i A PR 5 T e AP R HL 3, 3 £
IEHIBITIE O T RGP B HE RO . AR5 5 ]
TF DL HEATHE L A8 45 T 2 2R A7 1, o X e e £ 8% 7™ A
SN LR BT 2 SE VTR, 4271 1 GIL A Y
B AR E AEAE BROKOF X 2 b AR A LA 4
="

(=]
[\
~E
(=2}
oo



& AH) ALK 132

S HHiE

XA GIL AE R 14 [ 55 0 [ml £ 1 =, GIL 457 i
BRI B B U B i i e 45 5 GIL 22 [] W] BEAY
TSRO P AL ARV, FEL T, A 222 2 SR 7 L 9L R
P, SCPR IR T ORECH B A I ] R B
N[ i 7 A SN L YA AL B AN G D )
P4 R 5 0 He T8 I R (AR (AR H o &1 X g
PR PR RIS 4 il 1] AL, 2t — PR 3l GIL 457
LB/ NFEIIBINEAT O (A B AN GIL PMiE 47 IR 25 52
B GIL AR PN IS e i JRR, L 7 DR RO )
S IR A MRS 5 IR DL 52 1 A I 2% RAH G
MR %

SCHP IR R VT L AT R R TR L I A T
R RS T s G N T HR A MR B 12 AT iR 5 B
PEE AT RETE S U] R i R I e AP N HL O B A

GIL A it
S 30k

[1] #5008 GIL LR LARE[J]. i ) TR, 2017, 36
(1):2.
UHP Sutong GIL integrated pipe gallery project[ J]. Electric
Power Engineering Technology,2017,36 (1) :2.

(2] sk R R 2 Il i el 2 807 L 3 B R B BT L D] T
I AR B TR, 2014,
ZHANG Haomin. The study on induced currents and induced
voltage of multi-circuit transmission lines on same tower[ D ].
Guangzhou ; South China University of Technology,2014.

[3] 3K%is. 500 kV [a] 54 X (0] £ % v, i 1IN, Rt 3L 1) 475 293
Frld]. HHFEARS A 5ifk,2019,38(3) :48-54.
ZHANG Rui. Simulation analysis of induced voltageand current
for 500 kV double circuit line[ J]. Computing Technology and
Automation,2019,38(3) :48-54.

(4] B84 BLiT %, s B A (AT I 420 [al i v £ N Fit T 1Y
AT, 4k 8 ,2005,33(22) :37-40.
ZHAO Hua, RUAN Jiangjun, HUANG Daochun. Calculation of
the induction voltage on double circuit trans m ission lines [ J].
Relay,2005,33(22) :37-40.

[5] R 500 kV P74 2k g vp I, fit i B H IR ) A
W98 [D]. L. Bl JI2#k 2011
WU Shimin. Study on induced voltage and current of 500 kV
prallel transmission line and its resonance problem[ D ]. Shang-
hai ; Shanghai University of Electric Power,2011.

[6] Jaschl. S22 s 8Nl R TS 7 i (D] Jent:
b J ke, 2017
ZHOU Wencan. Calculation method research on the incuced
voltage of overhead transmission line[ D ]. Beijing: School of E-
lectrical and Electronic Engineering,2017.

(7] 2 HO, 22500, 2500, 45, [RIHE I 3R s A v 4 i JR 0 v IS
ST iRE S EAR AR, 2015,30(1) :52-59.
LUO Richeng, Ll Zhigian, LI Wen, et al. Induced voltage and

current analysis for four-circuit transmission line with different
voltage classes on the same tower[ J]. Journal of Electric Power
Science and Technology,2015,30( 1) :52-59.
(8] MR, 2 H AL, 27K, 500 kV [l 15 X 0] 4 i £ B T P15 HE
G L AR R A A AT AT [T ] R
22 2017,53(10) :209-214.
PAN Junwen, LUO Richeng, WU Dong. Simulation analysis for
induced voltage and induced current in the oil & gas pipeline
parallel under 500 kV AC double-circuit transmission lines on
same tower [ J ]. High Voltage Apparatus, 2017, 53 (10):
209-214.
(91 Boak, 5KFL, H ik, 55 VL BE T8 /9 i 4 JBE GIL () ] S 5
WHMEBCH[T]. RS ,2019,55(6) 1 1-14.
LI Bin,ZHANG Lie,ZHANG Wei, et al. Reliability and applica-
bility design of river tunnel/urban pipe gallery GIL[J]. High
Voltage Apparatus,2019,55(6) :1-14.
[10] HRAF. i e GIL T B 288807 v i DRt Rk e 3 T 7
REPEDFSEL D] W BH B Bk R 2, 2019.
LIU Zhenxiang. Research on breaking characteristics of ultra
class B induction current rapid release device[ D]. Shenyang:
Shenyang University of Technology,2019.
[11] EHEZS. 500 KV [RJEE R iy r 2 o sy i, s v it 4 S 30
FFELD]. PEBH : P BH Tl k2, 2008.
WANG Yanjie. Simulation test research on induced voltage and
current of 500 kV double-circuit transmission lines on the same
tower [ D ]. Shenyang: Shenyang University of Technology,
2008.
(127 Hbrir. 500 kV iy 22 T it s SIURF P K OGS T3 1] A9 52
WSS [D]. M AR B TR 2%, 2013.
XIE Jinquan. Study of characteristics of secondary arc on 500
kV transmission lines and its influence to the auto reclosing
[ D]. Guangzhou:South China University of Technology,2013.
(13 ZRBR, 0y B0, W 0T, 45 /s TR 2 2 i b 4R I It
HeHb AR T [ T]. P EHL T ,2019,52(9) 1 110-117.
QIN Weinan, FANG Yuqun,QIAN Liqun,et al. Research on e-
lectricity burn of shorting grounding wires in EHV and UHV
transmission lines[ J |. Electric Power,2019,52(9) ;110-117.
[14] TR, 5k 53k, 5 R P, 55 I47 22 015 it i v 2 B A 18
Pl i RS A WL TR AR 5 0B [ 0. LR, 2014, 38
(8):2310-2314.
ZHANG Wenjie ,ZHANG Gongda, YUE Lingping,et al. Calcu-
lation and analysis on steady-state induced voltage during ma-
intenance operation of multi parallel circuits of EHV/UHV AC
transmission lines [ J ]. Power System Technology, 2014, 38
(8):2310-2314.
(15T AR08 AN, AN, 45 (Rl 56 7 [T Ay et 4 B S . v T 5 G
ML TS L] H 2R ,2019(2) 1 123-129.
NIU Haoran,TAN Jie,ZHOU Jie,et al. Calculation and analy-
sis of induced voltage and current in six-circuit on one tower
[J]. Journal of Electric Power,2019(2) :123-129.
[16] BIRf%  BEENE, 32100 B, 2. 5 Zdiy vl 90 2% J% 07l ) 5 0%
ML B TR [T ] & E AR, 2016, 42 (10)



133 FEIp 55 a2k GIL N7 HL It BRs T e B 44 il 3R s Aiff 5%

3308-3314.
LIAO Minchuan, Ll Jinghui, PENG Xiangyang, et al. Calcula-
tion method of induced voltage and induced current for com-
plex transmission network [ J ]. High Voltage Engineering,
2016,42(10) :3308-3314.

[17] 45522, J8T. 1000 KV [R]85 X0 1] 2k 2% Ja% BT v, He 11 FL VAL 1Y
HEHTLT]. FRIEAR,2011,35(3) 1 14-19.
LI Baoju, ZHOU Hao. Calculation and analysis on induced

voltage and current of 1 000 kV transmission line adopting

tem Technology,2011,35(3) :14-19.

FEI(1988) , B, Wi+, TR, NF
T RGO ST & LA (E-mail ; wnagyul-
ong@ nrec.com) ;

RI(1969) , 5 BAEIER, %+, ML
PRl , A H ) R Gk i Ordr S& M A A

XA (1980) , 5, B4, M g LRI, I\

structure of double circuit on the same tower[ J ]. Power Sys-

S ) RGEAR R B R B T AR

Mf X A
RA BREIREHEENETH
Table A1 Abnormal behavior control device action behavior

I BN 1RSSR I [l ZEAliL-2k RBIELR

A WRIHRN RERRR o T o
ey KWL MER % g i s s
KSE3S L S % Kz wzh sl sl

T MWmE N % o o o o
DI v v s P Al ol A A
e K W L DR E) bE = = = g

K MR, L B E) % K3l w3l w3l w3

MW N WA R i e e i

RIS MR N WA R S i Kz w5
MW N B AR i i Kok w3

T MWRENMER kR e e e i
WREIBETN e vime kR Sk Sk e i

Control strategy of inductive current rapid release

device for GIL with double-circuit lines

WANG Yulong'?, XU Yuan®, ZHAO Qingchun'”, TAN Hao'**, XU Haiyang'”, ZHANG Yuchi'?
(1. NR Electric Co.,Ltd.,Nanjing 211102, China; 2. NR Engineering Technology Co.,Ltd.,Nanjing 211102, China;
3. Control Center of State Grid Jiangxi Electric Power Co.,Ltd.,Nanchang 330006, China )
Abstract: The continuous induced current at the fault point during the internal ground fault of the double circuit line GIL pipe
section may cause the pipe gallery to break down. The mechanism and hazards of induced current and voltage in the GIL section
of the double circuit line are analyzed. Combining the protection configuration features of check zone and differential zone in the
installation of the double-line GIL, the automatic control closing strategy of GIL induced current quick release device is
proposed. The method realizes the automatic closing of delayed high speed grounding switch after the circuit breaker cuts off the
internal fault of the GIL pipe gallery by discriminating the operation of the line differential protection at the GIL,the operating
state of the line and the GIL and the release device position, thereby avoiding manual operation. Aiming at the unsuccessful
closing of the release device, the phase selection action results of the check zone protection of the fault line are collected to
determine the faulty closing failure condition. The closing failure warning strategy and the closing failure inter-tripping strategy
of the healthy line are proposed to reduce risks of GIL breakdown caused by the induced current. And it means to improve the
efficiency of the on-site GIL operation and maintenance. The closing failure alarm strategy and the closing failure action strategy
of the normal operating line based on the closing failure fault are proposed. According to the proposed closing control strategy
and closing failure strategy,automatic control devices are developed and RTDS test is performed. The test results show that the
control system can reliably operate under different conditions,and minimize the risk of the induced current breaking through the
pipe gallery.

Keywords : gas-insulated line ( GIL) ;induced current ;release device ;closing control ;closing failure
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