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Fig.1 Section plane of high-speed electro-magnetic
repulsion isolator
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Fig.2 Schematic diagram of repulsion agency
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Fig.3 Comparison of repulsion current waveform
between simulation and experiment
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Table 1 Comparison of repulsion current between
simulation and experiment for
different drive capacitors

; UKZHAE W 227 L T
by
R T | VA LN VT
i 300 6369 1573
, 2.0 33
b 300 6240 1520
D0 600 8045 2802 06
b 600 8160 ' 2560 :
38 kN
_F
e Iy
25T 6200A 7
= I X
S <
Z:ig 216 m/s
vy o
w2 S
L N
£:20 ps/div

B 4 RFHEEA 300 wF B, W HHBSSH
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Fig.8 Experimental waveforms at 21.6 m/s
breaking speed

i 181 8 I UL .2 =0 ms W 20 55 ] s 2 | AL 4,
TFUG BTt 1=0.41 ms 20 J1 9K 8h ] % 0 | 285

100 ws B [E A HUMEE I 5 75 1=0.51 ms B 2] FL % e
1 T W AR R bR 4 W TR EEST 28 VOIS R
wy; 5 E AL 50 0 A R0 0 ol ) A S50 O 48 L R
J¥ 7 v T W 09 LU i, TR R AE 110 s 9
[B] PRF I B A 8400 A 1Y HL #5978 58 52 7F 1=0.62 ms
B 220 FRRE T T o O B 2% E A R B B, A
IR EAFLEE T 170 ws; 78 £=0.79 ms B Z1 | 5 H e (1]
1% o S R E R 2 A H R R ) e T I
T T W WA S | V] I N =i & S T % T )
1300 V & A 58 4 A8 AE 15 W o 3 5 76 T o Ak
FrBeA 32 1T 100 V B9 L Bifi 5 B[R] A 48 | 7K 32
) o AR 1 R R R (B A R 400 V3 U B T FLRE TR )
e 3 T W e 0 A D IS 98 AT TR A2 T 2 Ak T A BT
PRI I TR

K H Photron !5 FASTCAM SA4 1 #3142 ML
AT T B AG, H H R T v e T W R 1 92 B
Bk, BRABHLSEC E Y AR EE 100 000 fps
(L 100000 M) | BRITTHEEE 1,177 000 s, 43 BF
192 x 128, i = A AR AT B I W 2% 12 sh
I A5 R ANE 9 Fs

A —Mi,=0.51 ms Ja—Mmi,1=0.52 ms
(a) BN Z] 0.51 ms A5 2 Wil H

B —M,1=0.62 ms J5 M1 ,1=0.63 ms
(b) i 45 AT 2 0.62 ms FiiJE 2 Wifd

S

i —1Mi,:=0.79 ms Ji—i,1=0.80 ms
(¢) INE FEEFZ] 0.79 ms 15 2 Wi # R

B9 21.6 m/s FFHTEE T/ Rk S 3 22
RERGER
Fig.9 High-speed photography of dielectric recovery
process at 21.6 m/s breaking speed

K 9 (a)Hr, HiT— i B A TF W7 2% 30 4 =2 1 0
FRRE R H AR 2 % W A 8O R 5.6 mm,
56 LA T FEAERT 280 s, XTI 43 W #E B4 20.0 m/s,
5P 3 BT AR B 89 53 W 21.6 m/s XL R 22
N T4 % FETRAVFRZEBEZ N, XS5 R
TEB 12 BRI A AL U] T R R O T
W 8 e 0 7 ELARE Y 1A AR



142 ® 4 & & it &

8355

t=0.51 ms B2 | FLRE T ) 10 LT DR 25 9 oL bk | 7=
AU S — Wit (TR BE 10 ) A4 2] 0 R AT
DI S W] 0 RIS 1=0.62 ms B 2146 i 45
H, 1=0.79 ms B 55 RN 28 2 Ha i 7 o S T I 4 1
17 ity | D PG rb mT AR 2 21 B 38 (%) F 9, S 15 BH T
1300 V il 78 HEL R B A BB W8 57 42 0 28 7F 1 5 A ity 114
JEC B R A B A2 A YD 56 B, N 28K s H R
ZIR R AT AE 2 1 5 B T i Tk R 32 R R (B
MWK L
32 372m/s IFFETEE TN Rk E e o4

FEES 1.2 1 B AR TR ) A0 0K 3 Ha AL
SHON N TR B | A SCHAEBR B L2825 1 600 wF |
WsR R 1500 V AT RIS 3 15 Tk il &
GEbAT T RLRE S 77 1 T BT A 4 5 G 4 AL A B
SRS, B 10 ST 37.2 m/s (T W X6 I 1 A
PR Z 4550

/im
e

uz\

Ui~

im,le: 1000 A /div
u;:10 V/div
1,:200 V / div

1:100 ps/ div

B 10 37.2 m/s FF Wi E T B 50 5 7
Fig.10 Experiment waveforms at 37.2 m/s
breaking speed

FHE 10 AT UL .0 =0 ms B 20 =5 (o] 3% 00 ) LI 4,
FUf LT, 1=0.41 ms B ZI 5 7 9K 5 [l #% S0l | 280
90 ws MY [ A HLAAE I /5, 7E £=0.50 ms B 20 HL 4
1R I WA T 4G 2 W T AR 57 31 VLI
wy; 5 BE AL 5 6 0 3 (R Bt A 00 | O 46 HR G
JF 77 HE W AR A LR 6, R AR T TE 110 ps OB
[] PR AR 8400 A 11 HELIE I I 56 52, 7F £=0.61 ms
Bk 2], FL R g o T B 1E A VK R B B, A T
PWREFFLET 170 ws; F 1=0.78 ms B} Z1 | =5 L & [|] %
i ) 467 538 | o FL R N 28 7 F R ) o T O 8
Uity o HHL R w, WL iR H R B9 1300 V
70 HL R 58 4 Jin 2k B T ik 7 | X U BH R RE R 0
I W g W SE B T A kA,

T AR (BRRALSER S 3.1 )ik
f % 1 T Wi iz sh ik an i 11 s, B 11(a)
FA R — ot 1] R JF W Bh A 2w R IR L s R
TNz B 2 B JF W7 2% A 2T B 10.4 mm, 56 %A T
FEIF 280 s, XN 43 Wiy 37.2 m/s, I8 3 T 54
KBl B T Ui 52 A 24 1 K P | 5 S 4 BT 18 43 B
FE 37.2 m/s [EIIRZER 0.5% , 78 T2 fe 1715 22 Vi [l
ZWN L, XAEERAEUE T2 1.2 RS a5 R 1

HI—Mi,£=0.50 ms J&—Mi,£=0.51 ms
(a) EINHS 2] 0.50 ms FIJ5 2 Wilg 5

Hf—Mi,:=0.61 ms Jii —Mi,=0.62 ms
(b) P45 BT Z1 0.61 ms BT 2 WIE A

Hii—Mi,1=0.78 ms Jii—MT,1=0.79 ms
(¢) M FERT 20 0.78 ms BT 5 2 WilR A

B 11 372m/s FEFEE T RRE 2N
RIERGER
Fig.11 High-speed photography of dielectric recovery
process at 37.2 m/s breaking speed

T H R e 0 e T T T 5 AR AR ) A ik

t=0.50 ms B2 | F 8 5 77 755 3 JF W7 25 4 T00 B |
FEA R IS — i (B 10 s ) F 3 2] ST
AT 2 B S AR 4 | 1=0.61 ms B 2|43 45
W 1=0.78 ms i N 28 2 HL R 7 = T KT 2 B
C1 W g, DA P 2O B L I X B BH T 1300 V
7S H R B 08 56 4 T 28 7 3k o 7 i A IR L T Y
Jo VR B2V JES S8 B, R N 28 s R R B 1 v T G S 1A
EL 458 R A, T LUK A2 B K BR A WK 2 L T

4 £k

AR SCAE ST 0 FLRE T 7 e SR W 2 TR 0 0 LR
AU LRl L 0B 1 R 6] 3K 3h H 25 2% 1 2 80 T B
R W 2 IR OC R 2k B0 E T A B L T I B
TP 3 (] 6 LA B v e [ S ) 5 30 48 9 Y A Jo Ak A 3K
6 P % S8 T 2 RO [ BT R AR A B
SPEREXT S RS T

a. W7 UK 2l FL 2R 2 R I B | e ) 4 B U
WREE LR R, TR A 50 100 wF B XF
N 1 T W7 B W 6.9 m/s; FE LA AR IR &
600 WwF | F W7 3 B2 I (38 K 2 37.2 m/s, iX A 3R
TRB] T 5 A B T R A 2 KT

b. SR FH LR e 77 e 3 DT 4 5 0 4 R A B K
SRS R G0, 7E ¥ U R U I 8400 A A1 UK & F
] 170 ws SN R 1300 V IS ESAMT
XF AN [ I W 3 B 09 A B 4k A 106 45 51 | 45 2R s
FEWTE L 37.2 m/s A PR 2 P B & 00 T Wy



%78

ST A T T R X L e TR A TR SRR 4 5 @

BER 21.6 m/s FIA IR PERE

T 50 7R I P R R AR GO AU B T LR R
e T T 2 I 405 BB A TE AR R A E T
P& T T W 0 Ak H R R T T T R A T
52 REYE B A R

A o e R A B B T T 2 a8 sl s T
D % 38 56 25 A T DRI o A SR A A R
KU T 48 S g s T W g ekt

SE k.

[1] 3ET SR, ER A, 5 KNSRI AL R T J1 o ST 07 &
UL TR A S B 5 KB [) ). P R UL TR 2 4R, 2013,33(33)
139-144.

YUAN Zhifang,ZHUANG Jinwu,WANG Chen,et al. Analysis and
experimentation of increasing arc voltage in high-speed electro-
magnetic repulsion isolators based on arc extinguishing with a
narrow slit[J]. Proceedings of the CSEE,2013,33(33):139-144.
R R, BIR &, A X T R RET ) I RS A TR
PR REPERIE R [J]. SRR | 2014,40(1) :294-299.

YUAN Zhifang,ZHUANG Jinwu, WANG Chen,et al. Influence of

silica sand on dielectric recovery characteristic of high speed

—
\S}
[}

electro-magnetic repulsion isolators[J]. High Voltage Engineering,
2014,40(1):294-299.
YUAN Zhifang,ZHUANG Jinwu, WANG Chen. Media recovering

ability analysis of torus grid high-speed repulsive force switch

[3

[

[C]//Third TEEE International Conference on Information Science
and Technology (ICIST). [S.1.]:IEEE,2013:117-119.

WO, BT R G L B RO R R ST I LA BT (D], BRI
W TR ,2012.

WU Jin. The electromagnetic repulsion mechanism research

—
A~
s

based on double electromagnetic coupling coil model[D]. Wuhan:
Naval Engineering University,2012.
(5] k77, BT BRI 7 8 5 i s A AT ST (D). RO 1 ZE TR
Ke,2011.
YUAN Zhifang. Research on synthetic circuit of direct current-
limiting fuse[ D ]. Wuhan:Naval Engineering University,2011.
SO O L VAL R Ik e R A B R B R B S (D ).
B A TR R, 2010.
DAI Chao. Research on shipboard low-voltage high-current arc-

—
=)}
—

triggering hybrid current-limiting fuse[D]. Wuhan:Naval Enginee-
ring University,2010.

(7] BRI w5 b vt A 90 Ak e =R £ 28 BRI I BT 4R B 5Y (D). i
B T RR A, 2012.
CHEN Bo. Research on high voltage current arc triggering hybrid
current limiting fuse[D]. Wuhan:Naval Engineering University,
2012.

(8] HESNR sk IGEFE A A5 AR 0 H P00 B BR U 3 1 i Lt 5
ST 0] R HLPL TR S 41, 2005,25(20) :26-30.
ZHUANG Jinwu,ZHANG Xiaofeng, YANG Feng,et al. Design
and analysis of shipboard dc network short circuit limited
device[J]. Proceedings of the CSEE,2005,25(20):26-30.

(9] BRI ESR B3 4. 10 kV/2 kA 1R G BB I 42 17 &% 1 v 9k
il A2 i 9 3 AT ST, m L EER 12012,38(8) :1948-1955.
CHEN Bo,ZHUANG Jinwu,XIAO Yiyang,et al. Analysis and

design of arc trigger of 10 kV/2 kA hybrid current limiting fuse
[J]. High Voltage Engineering,2012,38(8):1948-1955.

[10] FEj=. i T B as e i D R P g L BFSE (D], 1K
AR R IR 2006.

WANG Chen. Application research on high-temperature supercon-
duction current limiter in shipboard system[D]. Wuhan:Huazhong
Science University ,2006.

[11] ol 2, f e 5. BRSBTS i 58t (1]

L5 4 24,2011, 15(1) : 68-73.
DAI Chao,ZHUANG Jinwu,YANG Feng,et al. Analysis and
design of current-limiting process for DC hybrid current-
limiting switch[J]. Electric Machines and Control ,2011,15(1):
68-73.

[12] fpl sk R | 45, 1K % 28 3R v Uit e 2 T 097 5% i 1Y %

5[] B0 A Sk, 2010,30(4) :109-114.
YANG Feng,ZHANG Xiaofeng,DAI Chao,et al. Design and
analysis of large-current high-speed interrupter based on ex-
plosive piston[]J]. Electric Power Automation Equipment,2010,
30(4):109-114.

[13] MORI T. An advanced interruption method for low-voltage medium-
capacity air-break contactors[J]. IEEE Trans on Industy Appli-
cations, 1990,26(5) :818-823.

[14] BOMPA L,SCHUELLER P,SABONNADIERE J C. Analysis and
synthesis of an electromagnet used for circuit breaker operation
[J]. IEEE Trans on Magnetics,1985,21(6):2464-2467.

[15] LI R,LI X,JTA S,et al. Study of different models of the wall
ablation process in capillary discharge[J]. IEEE Trans on Plasma
Science,2010,38(4):1033-1041.

[16] WU Y,RONG M,YANG F,et al. Numerical modeling of arc root

transfer during contact opening in a low-voltage air circuit

breaker[J]. IEEE Transactions on Plasma Science,2008,36(4):

1074-1075.

YANG F,RONG M,SUN Z,et al. A numerical study of arc-

splitting processes with eddy-current effects [C] //17th Inter-

[17

[

national Conference on Gas Discharges and Their Applica-

tions,2008. GD 2008. [S..]:IEEE,2008:197-200.

BETZ T,KOENIG D. Influence of grading capacitors on the

breaking capacity of two vacuum interrupters in series [J].

IEEE Trans on Dielectrics and Electrical Insulation,1999,6

(4) :405-409.

[19] GIERE S,KARNER H C. Dielectric strength of double and
single-break vacuum interrupters[J]. IEEE Trans on Dielectres
and Electrical Insulation,2001,8(1):43-47.

[20] FE&  BER  Boife ot | 25 SR M AL 00 g s Ak 26 67 48 e Ui A1 B 1Y
Je A TP B PAR S LA B IR BT ()], i R EOR 2011,
37(8):2073-2080.

CHENG Xian,LIAO Minfu,DUAN Xiongying,et al. Designment

of operation mechanism power supply with fiber-controlled

[18

[}

vacuum switch module applying energy supply provided by
high voltage bus current[J]. High Voltage Engineering,2011,
37(8):2073-2080.

BLUNDELL R E,FANG M T C. A simplified turbulent arc
model for the current-zero period of a SF, gasblast ecircuit
breakers[J]. Journal of Physics D:Applied Physics,1998,31:
561-568.

[22] LIU Xiaoming,CAO Yundong, WANG Erzhi. Numerical analyses

on the interaction of arc and flow field for SFy circuit breaker

[21

[



(146) N R Ei5%

[J]. IEEE Transactions on Magnetics,2006(42) :1047-1050. vacuum switch[D]. Wuhan:Naval Engineering University,2011.
[23] £ EHR, KTesE 55, 2T IGBT M A4 i )1 R G R I [26] & HEHR, £RE WHITER 00 10 kV/10 kA I BTk
ER TR S SR AT [ ]. R TR ,2006,21(9) S R GO HE BOR BT ST (1], W A Bk i ,2014,34
57-61. (6):168-173.
WANG Chen,ZHUANG Jinwu,ZHANG Xiaofeng,et al. Theory YUAN Zhifang,ZHUANG Jinwu,WANG Chen,et al. 10 kV/10 kA
and testing research based on new IGBT DC current-limit dielectric  recovery test system for high-speed isolators [J].
device[J]. Transactions of China Electrotechnical Society,2006, Electric Power Automation Equipment,2014,34(6):168-173.
21(9).57-61.
[24] W0 PEAIR BB, . RARAE R GHIF BN ez
PRACBE[T]. ARSI 2011,37(1):221-226. E AT (1987—), 8 KA L5

DAI Chao,ZHUANG Jinwu,YANG Feng,et al. Analysis and
optimum design of high-capacity high-speed interrupter [J].
High Voltage Engineering,2011,37(1):221-226.

T A ETONFIRA R R W B X AT £
W IR R e S22 #% A1 2 (E-mail . yuanzhifang@

[257 VIHEWE. i 78 o a0 45 3 7Y B2 B PR T R AR AT ST (D). BRI, sohu.com) ;
WEE T A2 2011, B2 X (1967 —), F 4 T EA K
JIANG Zhuangxian. Research on a new type DC current # WL AR y jiEs y ER IR A I
limiting circuit breaker based on artificail crrent zero of EF KB HEREBTFTEHOFR I,

Influence of breaking speed on dielectric recovery characteristic of
high-speed electro-magnetic repulsion isolator
YUAN Zhifang' ,ZHUANG Jinwu',CHEN Qian',JJANG Zhuangxian', CHEN Bo’
(1. College of Electrical Engineering,Naval University of Engineering, Wuhan 430033, China;
2. Naval Military Representative Office in Dalian No.426,Dalian 116005, China)

Abstract: In order to improve the dielectric recovery characteristic of high-speed electro-magnetic repulsion
isolator,the electrical parameters of external drive circuit are optimized based on its simulation model to
obtain the parameter scheme for increasing the breaking speed to 37.2 m/s,which is nearly equal to the
explosion assist breaking speed. A forced commutation dielectric recovery circuit composed of current loop,
forced commutation loop and high-voltage loop is designed,based on which,the analytical experiments of
dielectric recovery performance under the breaking speed of 21.6 m/s and 37.2 m/s are carried out and the
results are compared. In addition,the photos of dielectric recovery process are shot by high-speed camera
with these two speeds. Both experimental results and photos illustrate that,the simulation model is correct
and the higher breaking speed can effectively optimize the dielectric recovery characteristic of high-speed
electro-magnetic repulsion isolator.
Key words: high-speed electro-magnetic repulsion isolator; dielectric recovery characteristic; breaking

speed; high-speed photography; models



