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Tank-type Fast Switching of 500 kV Fast-switching Fault Current Limiter

WANG Wenjie!, ZHAO Yingfeng!, XU Yuanzhen', LU Wei!, YANG Bing!, FANG Taixun'?
(1. NR Electric Co., Ltd., Nanjing 211100, China;
2. NARI Group Corporation (State Grid Electric Power Research Institute), Nanjing 211006, China)

Abstract: Fast switching fault current limiter is one of the effective schemes to limit short-circuit currents. In this study, a
multi-fracture series tank-type fast switch suitable for 500 kV fault current limiter is proposed, in which gas insulated
metal enclosed structure and vacuum insulated fracture are adopted. The operating mechanism adopts electromagnetic
repulsion mechanism, three-dimensional finite element simulation and optimization are performed to effectively improve
the output efficiency of repulsion mechanism, and the average opening speed is greater than 5 m/s. In terms of ground in-
sulation, the insulation tests for electric field simulation optimization machine of fracture insulation shielding structure are
carried out, and the maximum field strength after structural optimization is 18 kV/mm. In terms of inter terminal insula-
tion, the stray capacitance simulation, equal-voltage effect simulation and test verification of the whole machine are
carried out. By configuring the voltage equalizing capacitor, the non-equal-voltage coefficient is limited to less than 1.24.
Finally, the prototype of the whole machine is built and the short-circuit breaking test is carried out. The test results show
that the tank-type fast switch has the ability to quickly break 50 kA current, and the total breaking time is less than 15 ms.

Key words: fast-switching; vacuum arcing chamber; electromagnetic repulsion; electric field simulation; insulation test;

stray capacitance; voltage equalizing

0 35

500 kV S5 HLM O R &48 IXCEL I 3 B,
SNT T R AN WS I P R A g R SRR F AT S PR
K, MIREERHIAWE R, BAh s KERH, S
500 KV X ZHA% Bk (R SR P T AN W B A, i rL AL
bR -4y o, TEE I RIS T %A, RN
YT R PO DA 2B AR R P ] R

EEEBWE: M IRRER BRI H (JS2000546).
Project supported by Science and Technology of State Grid Electric Power
Research Institute(JS2000546).

iR R KL B L U R A T ) i A R B
PG R RGBT I I PR 224
TR RS T R E R, SR RGIE T
REARHE O F AT EEVED), el FR LS & — Rt
AR T B HPEIRy S L2yl e, B )
L RO ER IR IR A ST BRI R A, PRI 5%
TR i R st R T T L e SRR PR A4 A 1A
15 (SN =R AR NI (b AN S
HO, EETTRENAME. HHT 220 kV tREIFK
RSB ER LS A TREMHT,  RENS PRIEA ROt PR )
FELEK FL IR AU, A L ERE] 500 KV HRIETF ISR



804 i LR AR

2023, 49(2)

e i BRI 2 FH T A e T S o ] R

RS T G T g e PR A A% 32 R L & PR A A
REJIIIHLIR NI R BR L FE P88 JE e A, Lk
TR 9 A2 W PR R I A 1 SR 15 % o 220 KV PRGHETT SR
AT LR R S LR R, LA S5 0 D S5 LA
MITTECH AR, fR AT b 48 23 00T, 500 kV
PUE T AT FHZBOR B2k, 500 KV FE B AR [ 44
TR AN B TR AR KBRS . 500 KV PRE T
KR ALLGRIANT, IR SFe Ak 44 &84
HHZEN . B KNS R PO 5 1 3 & 1%
OB, T A K iy 5 R 2SR R
b, NIRERE T KINERGdr, S ENA%S RS
JEELHE L 500 KV SE2 Jk HALIBTE% A% (generator cir-
cuit breaker, GCB)Z/NI2-141, b4 2k it 2 — K
L. ZH TR B KINEMTERE, 500 kV PJUE
HRFEERZANAEZKNE, FPEMMEE2E
BRI ) RIS 05181, OGBS L KR S HY
FEEE . A B P ST R B AR
ARIR B FT, (REEREIBAT %4,

ARCHEH—FF 500 KV %2 A% 05 BE B
PO TR, REALGRAT, TS k4as%, AFRE
R B AL RE o 8 I = 4k B 37 15 ECORDE (R B A AL B T
BRIRFF N 13803, RIEKIZSRE T
(5 R o XX R S I 46 2%, TFJE T A5
H RAFRIGIGUE TAE, i BAZR8. &
JEHEEE TENURENL, R T 5 =AM 4
FEFF RS .

1 REEHNSH

1.1 &&ELEH

500 kV fEAPE I AL A 1(a)Fr,
6 AN F 25 KON B BRAE A, BN W D1 3477 & T SFe
TEAR N AT AN SR RS, PIONIE S H 2R B B A
HL 2R s BEHLLPREE B 1) s, AR
TRINE TN EERN, BYSME LR 6
MERFERBR; FERSKIMNE 0, B KIE
5B niad g e, ERGERIT TS
J& B B AT A AN SRR, B
KNE BT A S B BERC R IA], B2 KINE SR
ZRABGEER T EEWNASBNE, L%
222 T F &8 Brii B 5 IR R 8], 4540
o e 28 T 1 e e b il R 5 )R

A

1.2 FFRBAENAG

TE 75 B 536 I B DR AI,  an i Rae BRI 2%
ARG N I R A 25 7, SR R 4
N, I SEILRIE & RS BB
AFESEEIR . WG P ORI TAE R E A 2
FIT 7, TS 7 L IR i R R 1) 7 W) B T 208 P T
JF 13 BT 2R 18 E I i B e AR SRR IR, TR
AR [P35 55 4 el Bk o v P 2B I RESH AR ELAE
MIHES 7 IR AEFIZ ), ST R A K
15 & TSI o
1.3 BZEH

500 kV G I W F R B s 4%, X
K SFe S5 k%%, FHHALE 6 MEA KiNE LG
(T8 11 28 25 FHRE R PN 45 L 5 PN BE [ 0T b 48 25 1 R
ST N s VAL N e i N Rl = v N
Z A BB IAAAE, SO 2 KN E HR A A
%, HLENBE RO TNE, BRRNIETSK
N A S E I RSt o

FRAE ™ i L BRig AT TOUFIARAE 2R 10200, iy
500 kV SR 4 PR o4 i B0 I H L 1.

B £
£ g
e i e i i e
KilzEl  KM=E2  KM=E3  KkZE4  KRES  Kil#E6

(a) G5

(b) SEMEEH
Bl 1 500 kV PRI R4 1
Fig.1 Structure of 500 kV tank type fast switching

a
X) | #nte (o)
e

+-

[
B2 b
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Table 2 Parameters of prototype
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Fig.3 Simulation comparision of electromagnetic

repulsion mechanism
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Table 4 The material properties of fast switching
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Fig.5 The electric field simulation model of single tank
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Fig.6 The electric field cloud diagram inside a single tank
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Table 5 The material properties of fast switching
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Fig.7 Optimization of shield structure
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Fig.9 Simulation model of stray capacitance of 500 kV fast
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Table 6 Simulation value of stray capacitance of

500 kV fast switching
RN 7 {H/pF SR {8 /pF
Ui-GND 194.9 U-Us 8.58
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Us—GND 190.7 Us-Us 8.75
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Us-GND 153.8 Us-Un 8.61
U-GND 196.2 U-Ur 10.50
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Fig.10 Simulation model of uniform voltage characteristic of

500 kV fast switching
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um interrupter when the equal-voltage capacitor is configured

or not configured under lightning impulse voltage
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Table 7 Non-uniform voltage coefficient of 500 kV fast

switching under different types of voltages
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Table 9 Parameters of 500 kV tank type fast switching

T H 241 HfH
WE LRk 500
HE HLIAVA 4000
AU J T 1T P IR A 50
[mE~e 6
W1 43-B [ /ms <1
£ 1 B[] /ms <20
BIEIHUE Y +10
P RV 1550

. JTWER 51.1 kA, HIRERDE 50%, LT

PR & 396 kV, TRV IE{E-718 kV, BASKAT[A] 13.6

ms, NI4riHE] 1.0 ms, 2JFWifE 14.6 ms.
7’ 4

Kl 14 500 kV G PO RFENLIE
Fig.14 Prototype picture of 500 kV tank type fast switching
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Table 10 Parameters of 500 kV tank type fast switching
T100a switch-off test
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Table 11 Parameters of 500 kV tank type fast switching

T100s(a) switch-on test
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Fig.15 T100a test waveform
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