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DC-link voltage control method of a fault phase bridge arm transfer grounding arc suppression device

GUO Moufa'*2, LIU Xinbin', ZHANG Binlong"?, ZHAO Guojun', ZHENG Zeyin" >
(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China; 2. Engineering Research
Center of Smart Distribution Grid Equipment, Fujian Province University, Fuzhou 350108, China)

Abstract: There is a problem in that the non-fault phase bridge arm of traditional three-phase direct-hanging flexible arc
suppression device bears the line voltage. Thus a fault phase bridge arm transfer grounding arc suppression method is
proposed. This method controls the fault phase bridge arm transfer grounding through the switch. The bus voltage is
shared by the fault phase bridge arm and the non-fault phase bridge arm, and the three-phase bridge arm outputs the
current to achieve arc suppression. The cascaded H-bridge DC-link needs an independent power supply, so a distributed
voltage balance commutation modulation method is proposed. The modulation method selectively changes the H-bridge
output state according to the influence of H-bridge output state and current direction on the charge and discharge of the
DC-link capacitor, and then realizes the stability of DC-link voltage. The arc suppression device using this modulation
method does not need to be equipped with an independent power supply on the DC side, and can maintain H-bridge
DC-link voltage stability during the arc suppression process. Finally, the proposed method is verified by Matlab/Simulink
simulation software, and the results prove the effectiveness of the proposed method.
This work is supported by the National Natural Science Foundation of China (No. 51677030).
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Fig. 1 Structure diagram of fault phase bridge arm transfer

grounding arc suppression device
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Fig. 2 DC-link total voltage compensation signal generation
method of cascaded H-bridge
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Table 3 Line parameters

RERRAL MEF ERHAQ/Km)  HA/(uF/km) L/ (mH/km)
—— EF 0.1700 0.0097 1.2100
Edia 0.2300 0.0080 5.4780
5 EF 0.2700 0.3390 0.2550
o £ 2.7000 0.2800 1.0190

ALE I VE NS SR B X S5, s
BRI AR RGN S L8 15.72 uF, Xiih
MR S HBHZTAN 6945 Q. ZREK IR SEUNER 4 FiR.

x4 nHBEH
Table 4 Load parameters

Uik:4 L1 L2 L3
& /MVA 1.05+j0.34 1.21 +0.30 1.00 +0.20
Uik:4 L4 L5 L6
I & /MVA 1.04 +j0.30 1.10 +j0.22 1.08 +j0.20
Gk L7 L8 L9
& /MVA 0.98 +j0.20 1.06 +j0.18 1.15+0.17

6 PR R L R 2R i b, 3R b i e e A
LRER R A e, AE f1. 2. £3 3L 3 ANl
AT AN [R) 3 O A et A (1 0 LB o e b i e
TP ) [A] 4 B A 0.05 s %, 0.1 s B Z1 7 9k
BRON, VN BT A ) e e L A
3.2 PEMbETREERAMER H I ER M ERR E R

H HrBERMIEHS I E, (U BN EE
(UESR S B =Rk = - P =N S 3 § =i ]
FL2S HL R I AAE 8 N 1 KV, 4218 7 T R %



SRR, S AR B R b v IR B L ) P A e T i -7 -

PIFEEE, A it A oA 2 P4t A )
%5, LIRMEZ % 1.1kV, FRIESAE 0.9kV. FH
MLZEEE f1 AbRAE A HEREHEENE. 2 hkE
A FHZ: 100 Q 13 s PR kR AN £3 Ab kAR A A
28 10 kQ LU F P B A B i, B AR e RS
Hi Y I BV IR 7 ] 9— K 11 oo

FHIE 9 A, 0.05 s BFZIBCHL 2R £1 bk AE A
FHE RV R, SRR AR RELR FE R BRRE, 0.1 s B %)
THIREE BN, Beth i rE N, S AR
H HrERM B2 BRI RERR B TE 0.9~1.1 kV JuRIN .

100 . . , :
0 (\/\/\imvv..w,«»w.
< :
= T100F HTREIN 1
i %1 e
0 0.05 0.10 0.15 0.20 0.25 0.30
t/s
a) ¥ i LI I8 T
(a) L Bt FRL AL T
x10%
1 L
> i :
\§ 0 VV\/:"\MN\/\/-\/\/\/\;
Do | RIREA
-1 il/ it %1 El/ H’f%l ) )
0 0.05 0.10 0.15 0.20 0.25 0.30
t/s
(b) HFREAH BEE R R
2000
> I .
E 1000 === — — AR ARARE
Mﬂé : t@‘:t‘“ 900
o VLR
. i i
0 0.05 0.10 0.15 0.20 0.25 0.30
t/s
(c) AFEHYE HY IR0 Fh s 5 T
2000
" 1100
2 1000=
=
o I %
0 Il 1 I L
0 0.05 0.10 0.15 0.20 0.25 0.30
t/s
(d) BARFE LA 30 b T 3 T
2000
. 1100
T 1000 E === == SRS
= e | YN
Wl b
5 !

N 1 : . .
0 0.05 0.10 0.15 0.20 0.25 0.30
tls

(¢) CHAMFE HAfr LRI P s 5T

9 f1 AEHIBER E(2 B M EE)
Fig. 9 Arc suppression effect diagram at f1 (metallic earth fault)

FH & 10 AT41, 0.05 s B ZIAC L 2R % £2 AR AR
A FAZE 100 O i I Ho PH de e e, ke A B 25 R

R B

0.1 s I ZIH IR BN, Bt i i

EAVH RN, R AE BRER L R R BB 2 B, % AH
MR H AT B H 25 H TR S RE AR 2 7E 0.9~1.1 kV 78

Bl Y
501
< 0 i
~ b RN
_sol Ml BE
W . . .
0 005 010 015 020 025 030
t/s
(a) HeHh M 5% LR I
x104
1_
Z \/\/\/\/\/\/\/\/\/\/
_ TR I
N ewmlewn
0 005 010 015 020 025 030
t/s
(b) W RFAE RELE H T
2000
1100
21000 == E == s =¥,
= 1l
et P 0%
I} %) [
0 N : 1 L 1
0 0.05 0.0 0.5 020 025 030
t/s
(c) AFRHFRS HATF LU 000 L 1 8 7F
2000 ;
1100
210005 ==F = = RRANSRES IIRRATR
s b Lo 900
%) i%vﬁw})\
0 i W M ‘ .
0 0.05 0.10 015 020 025 030
t/s
(d) BHIMFE HAFF EL U0 H TR 9% %
2000
> - — —
T 1000 === 2
el FIRTEN
W2 < '/H‘T%J

0 005 010 015 020 025 030
/s

(e) CHIME HAR ELIAL O] H s 38

E 10 £2 AHHITRE (R = 100 Q)
Fig. 10 Arc suppression effect diagram at f2 (Ry= 100 Q)

FHIE 11 AT %0, 0.05 s B ZI 0 HE X 28 2% £3 bk A

A MZ 10

INOR R/ LNy (e RS i e



-8- W) R GRS B s

B B AR AR )N, bk B2 i s R 1E 3 i 47 i
—FE, 0.1 s B ZITHINEE BN, WO AH B2 o
T PRE AR, SAIMEE H M B 25 f R S8 RE AR
SELE 0.9~1.1kV TGN

< e
= e bR
L L
N oo, . ‘
0 0.05 0.10 0.15 0.20 0.25 0.30
tls
(a) P b bt LA BT
x10*
1t ]
E 0 : 4
sl 1 PN
A 11
0 0.05 0.10 0.15 0.20 0.25 0.30
tls
(b) R ARRELR U
2000
> 1 ' 1100
T 1000 = =—F = — AR NRALINIAR R
S : : 900
. USRS
LRI e A . .
0 0.05 0.10 0.15 0.20 0.25 0.30
t/s
() AMIHRE I LI 00 Fh 39 T
2000
>
< 1000 \
= ! ! 90!
g TN
NN 7
0 0.05 0.10 0.15 0.20 0.25 0.30
tls
(d) BAHIRE HATR 900 000 PP U 7
2000
> L L ) 1100 |
T 100 E == = S RN RS
- RN
TN '[ I %)

0 ! . . .
0 0.05 0.10 0.15 0.20 0.25 0.30

(e) CAIAE HATR EL AL 0] Fi s I8

B 11 3 QAR E(R: = 10 kQ)
Fig. 11 Arc suppression effect diagram at £3 (Rg= 10 kQ)

AN T i e T L BEL P2 1t i o L7 4V 1) 3%
Rl 5 Ps.

D FLRAIE 1 S AR e A% Bt 95 2R 2y
A7 2 L ST L R ok 7 VR IR A

5 MRS IRANHINIR

Table 5 Ground fault current suppression effect

W A T FL /O B /A BRI/ A
&EtE 27.76 2.141
10 27.68 1.761
100 24.47 1.120
" 1000 5.545 0.2857
5000 1.147 0.1897
10 000 0.5809 0.1097
& JEt 28.12 2.061
10 27.93 2.024
o 100 2472 1.686
1000 5.624 0.3883
5000 1.154 0.1233
10 000 0.5854 0.1229
& JEtk 29.80 1.949
10 29.65 1.226
100 25.68 0.8731
3 1000 5.795 0.2405
5000 1.199 0.1087
10 000 0.6026 0.098 95

NE— 2 o3 v R AR T e A% 3 9T 9 AL
o X SCHR[19-211 B A SCHTR I T 1324 T HRAE
Xf EEEE RANZE 6 Fio o

& 6 T RIHINFI AR L

Table 6 Comparison of different arc suppression methods

o LE T3 SCHR[19] SCHR[20] XiHR[21] v/ 5'a
AR T AN AR AU A SR

4

AR JEREUN BHER BN JEEES:N
A A o N N N
LR 1 3 4 3

EHE R R
E;ﬁtm WBE  AWE MAE R

JERTRIITFSEE] e AAHRE  AARE  WARE
Rl 5 i it

L FEL DX BEL R 2 e A B 22 Dl ) P B, Y I
B 2R AT INERAS, BIEHmMEE, Nk
M E R, B EERIRH IO A 1 28
FENFCHL . SCHR[20] 0 %% B 40 #h BAR T SCRik[21]
Frigd b — e, (AEME TR IE TR
B2 T R X 28 B R HEAT it LB H PR 2 1 kV
F, ECHLMZR A UEN 10.5kV, HBEITTR,
T SCRR[20] 285 B 40 PN BB R BN 48, T SCRR[21]
1025 B I AN SRR 40, BT RAERECE — bR
Ko ASTHTHE BB AR S A B i I G AN R =
M, ELS AR A BT RS2 R TC H A R g
FTVBETE, U B R AN S AR BN 30, KR T

7l

ou
wu




AR, 5

A FROARATR S T % P T R B RO L LS ) D7 0 -9 -

H AR, 28 AR HArRE E AL
W IE B AT IR PR AN R A B, T HR T T DA
A BB S L RE SRR BRI RE,  Jh IR,
GZanitte.

B 7 Laxr LA, BN ) 5 T HEAT BLAL,
e s R IE AT I, P R ARG, SCER[19T1
FENINCENE G, AU ) B
Lo SCHR[20]52 ) —Fh B0 i s P48 2 1 55005
L5 B M MERPA ], P R H AR B A e v
P AE PR FEARE o SCHR[2 1138 1 B in B 00 e T
MR, TEEME RS A R e, BET R
T [ Sh R SONURE TR, M TTT 245 205 HL AR EL AT 00 A
R AR, (HICH Rt ig 1 408 H A Bl s i s
R EF ], RN H ML B O AR e 4%
HIREAT PRI o SCHR[27738 1 A #iEAE A O D Re b
BRSSO AT SR A AN BRI AR
P, REm4ER RO S AR E . H AR E
M HL 7 T BRI I LR T R K
RSB VIO, ASCE G A G Rhss
SE % H PSRBT 5, SCBL BRI s 2 L )
P, REMA R0 H AR BRI P 0 H
P B AL IO AR ORFF H PR BRI F R AR E
AT B ) 7 iRAE R SRR A I Fe AR 4 HL
P2 B HANAE — A HORSER EEAT Hem), FER A
J—E MR OL T, REFEROT IR BRIk
E YIS IR T o

4 SCISIIE

4.1 LBFE

R 58 VI FIT i A 5 A M R e B e b T R Y
AT AN R, BRI A H TG H Y A 34
T 58 G050 WA R 7 B A kb Y SR B AT S
B5AIF .

Fic H, X 40 A L 2R 4t 3 A 45 T PR R 4 2 2%
ARG AR R A . Horr, T R A R
LR ARG T A JR BT HE 2, o 10kV
i BRI S22 B25 23 380 'V ELI, AU 380 V sk
MARGHERL 10 kV FLHEN RSE, Z%F G0N %%
PRARTE AN, 5 TR A 5256 5 i At _b A7 1 e
B PR P S G IR AIE o R A AR AR 2R R T
Ak AR RS e . FC A H R
GG 6 KL, LRI RASESY o MERA, &
PO L LS 2008 19.36 pF o

e e AR R A B e M Y DI B T L — A

R H MR 2% RN I Rk 2% . Y i LR A
HoAh R R R, =R H M AR as ) 2 24
BTN H MRS, S A H AR ds i 6 I~ H
WAL B A . RO AN IE RN A 28K ABB A
A A RY| AT g, B EAIHLA S S ik
& S5WTF. BB AUE S & 3.14 kVA,
SEHIT 10A, #E B 100 mH 2 HskEPise. H
MR e H MF BTG BN 2 Bt rE 0 2 2H Rl
H B JC I Th 2T S 248 4448 FH 9 K %2 (Infineon) A ]
1200 V/150 A {1745 5y BSM150GB120DLC [ IGBT
M, I A SECN 1200 V/2 nF. B
FAAEN 4700 pF, fif 2 450 V, FEEERK,
AW RSN/, AT VE I B R IR Bt
S == 7 A B N 0 Y B e ey LE O N B
MMFLLA, 380V AT BFER 4 3Rt B 0 % ELIR
MR HEAT 70 F . FEC HE A3 B R 48 B
Wi A7 2 A UL S 7 92 P it i o b, 98 10 1) 28
B, JEUEHURAE A 40 mH, H MR BRI R A
60V, FAESZEA 5kHz. B HLYE] E R G A
W B AR A e IS B K] 12 B

Tic HEL PO 2 2 15 2 R B

“EEm

Fig. 12 Experimental platforms

4.2 SR B BERMIEING A

FE T FE W PR AT AR 48 00 e A R
MBI A A AR ROR, 911 £k
e 25 IR R A RO Pt o IR KA R B A e M Y
I B A IR I 13 P



-10 -

W) R GRP bk

TN A% 1 WY53125807: Wed Jan 17 20146:54 2024
| 500v/ 2 500A/ 3 500/ 4 5.00A/ -8.0002 50.00s/ FIk

CHiZ, 500 Vidiv gﬂﬁﬁ;u S N;\ ARAARARAAAA

1 [ INYYVVVVYVVNYY

i 5.0 A/div HLFEN
4 HA NI A AAAAANAAAA A
1 BEALLAA AA\AA A

rsﬁmsmmw§ﬁ§‘ AA\AAAA\AAAA/
* B EAIAAREARARE

LEV REDN

iy 5.0 Adiv i
i A AMAANANAANAA
i ‘ ‘ VVFVYVVY VYNV
T&%%Z lL?(;‘EI DSO-X 3024T, MY56180914, 04.07.2016040803: wed Jat
500v/ 2 5.00A/ g 500V/ 4 5,004/ 50.00ms/ -3.463s (01

AffIZa, 500 V/div %rgﬁﬁu ~ | ﬁ\ .s # “ A A k A\ e"\
t’ ‘a h’l ] '{ Q; " ?

HI
uy

HIREN

=S AMAMAMMA

N\/\/\/\N\/\r ! m—
3_? P A

RN %) % i; 5.0 A/div

e

(a) HEH IS IE AN 10 Q

iy 5.0 A/div

TR A1 YE9125907: Wed Jan 17 20:53:13 2024
| B00V/ 2 500A/ 3 500V/ 4 5.004/ -8.0002 50.002/ Fik

) CHfiSu, 500 Vidiv Pt “ NA ARARARRARAR
1 YWY VYV VYV
N

e e MA_w AN AN AN ANA AN R
2 TNV YV VY VYV YWV

|
o, soov v st oSl A A AAAAA AN

JRPEAS1 AY59125807: Wed Jan 17 2057:32 2024
| 500v/ 2 5008/ 3 500V/ 4 5.00A/ 0.0s 50,002/ Fik

1 | VVVVV!VVVVVVV

ro
e

1 T RVVRVEVYRVYYY

Hefuh &%

Wﬁﬁm%wmmm\\ﬂ ARAAAARAAMAA

ie 5.0 Addiv FRIEA
I %) \gprln)\m LY. 0.0 W
‘ WV YUYV YWY

»B#ﬁZuH 500 V/div j‘gﬁiuﬁ“ Af‘f”\ ’\\’)\ﬂ A!'\ Aﬁ

HLRLTEA

u, 500 V/div
3 e 4

iy 5.0 A/
s N 21 ANAAAAAANAAA

+ ‘ ‘ VYV VVVIVVVVNYY
&2%2 II.?GHETS- DSO-X 30247, MY56180914, 04.07.2016040803: wed Jar

500v/ 5.00A/ 8 500v/ 4 5.00A/ 50.00ms/ -3.420s (4

AMZu, _500 V/div %@Bﬁu \ k '\. i&‘ f

}. xj J { L IR
HLREEN

i 5.0 A/div

- \x&ﬂﬂﬂﬂﬂw@wVVVN

A %) \ i 5.0 A/div

7 VVYVVYVVVYYVY

HLALEEA

iy 5.0 Adiv =
o R ANAARANANRAA
i ‘ ’ VYN VWVY VYV VYV
T&%Z I(o;ysl- DSO-X 3024T, MY56180914, 04.07.2016040803: wed Jar
500v/ p 5.004/ 3 500v/ 4 5004 50.00ms/ -3616s &Lk

Hefid
Az, 500 V/div @Bﬁu \Aﬂ ,;\ ;‘V, ﬁ”\ A A 5\ ;‘ A :‘ ,1 A

af 'z/»f\‘;;g';.\! \vgt
A
2 SANAMAMAAM

ﬁwwwwwvwmwwwf e
3

BRI %] i; 5.0 A/div

i 5.0 A/div

T———-éﬁwvvvvw

(b) R I FL B 50 Q

(c) HEeh B I I B RE R 100 Q

TR A1 YE3125907: Wed Jan 17 21:06:58 2024
500v/ 2 5.00A/ 3 500v/ 4 5004/ -1.0002 50.008/ Fik

| e s v NIARAAAIN AR AAAS
WYVVY VYWV VY

| i 5.0 Andiv
A APAA N ANA A A
# VVN YUY VTV

er%mwm“ ﬂﬂh AA\AAAA\A
' VVVEYVVVYVYVY

iy 5.0 Adiv

. MAAAANANANANAN

¥ VYV VN VVVVVNVVY

T&%%Z IL?GHE"S- DSO-X 3024T, MY56180914, 04.07.2016040803: Wed Ja
500v/ 2 5.008/ 9 500/ 4 1.00A/ 50.00ms/ -3.494s

AMZu, 500 V/div

.{ u;;pi
A
AWV

u, 500 V/div
3P — . ottt
AAAAAR i 1.0 A/div

(d) HeHh Rt HL B A 500 Q

i, 5.0 Aldiv




Wik,

FOBRORTIATR S T A 1 1t Vi e BB L O Pl S 2 1) 7 0% - 11 -

TRPEAR 1 AYEI125307: Wed Jan 17 21:11:52 2024

500v/ L SDDA/ 3 500V/ 4 5.004/ i -9.0002 50.002/ #F1k
Chizu, 500 Vidiv Lﬁgﬁfzu \ﬂ A A A ARAAA
=R VIV

J e S ﬁﬁQ\\AA\ﬂAAARAAAA
32 | vavvwivv;ww

| iz v gl ~ A AAA AR AAAAAA

RIS, B A BRER A IR R 5 1R WS AT IR L L
A, THICRE EIEADH RS, SR A R
FEAB B R A [R5 I A B B ) e b g
RN R R AR 7 B

R 7 WFERME BRI EHERRINFIZER
Table 7 Fault current suppression effect of fault phase bridge

arm transfer grounding arc suppression device

TYVVVVVVVVYYY
HEA

WZL Sl A AN A A A N AR A
‘ ‘ YVVNVYVVVV VY

iy 5.0 A/div

a2 (CHT
500v/ 5004 3
Hefhas &

LEEINN ¥

DSO-X 3024T, MY56180914, 04.07.2016040803: wed Jar
500v/ 4 1.00A/  50.00ms/ -3749s #1E

AMHZu, 500 V/div

EE/?E{T)\

i Z1

e ANAAANAN

o - : P R
i %1 i 1.0 A/div

H\/vww

(o) M HPR L PPN 1 KQ
13 HPEA B B tiE I X B nHIN AR E
Fig. 13 Arc suppression effect diagram of fault phase bridge

i, 5.0 A/div

arm transfer grounding arc suppression device

Kl 13(a)— K 13(e) 7 5l F 7 75 2 b g b ast I
FHA 10 Q. 50 Q. 100 Q. 500 Q 1 1 kQ [FIEH T,
BRI H MR A A e . e R W
AHBEL H s A s R . Hodr, TRUERR 1
MIGETE 1. 2 A1 3. 4 53R C AHAT B AHMYE 200K
H MrAB i asdar H AN B HIR e s s 2 1Y
nJﬁlzﬁfAm%@ﬁﬁHﬁEm%ﬁm%F
% BRI R, EIE 3 RN TR R L, 8
T8 4 F N HL

HE 13() A/, R4 A FHZ 10 Q HEHEE
Ry, EeHb iR B E A2 1,195 A, &K
21 AN, WA g s E, k2%
TEAEME RIS, 2 15 ms Jo iU AR S A 2
G R SN O 23 0y A I 4 N R 1 252
BRERy, WP AH RELR HE R, 0 FE NS AT
b FARAL

HE 13(e)T A1, RGKAE A M 1 kQ HHEE
MR RE R, B RE B 210.1 mA, IR
BB IE NG I, e A RN . PR

/O B /A AR A
10 1.195 0.347
50 1.129 0.196
100 1.019 0.131
500 0.3977 0.0336
1000 0.2101 0.0208

SEIRLE LM, AR HEAE T, #HEA
R B R 42 S S I 8 40 A ok P A it g e b 9 32
178 83 .

N T LR AR ER H AR S s IR, R
N A RS R B HAR A I 5 10 A H E S R R A
PSR esv CHE, 38T Matlab B4R BUR £ 25,
THEAE AL ThR . AR B LR,
MR B HMRAR A FE S FRLIR A A 2
A DRI DR 14 Fis.

i e A A B 42 T v 9IS B R T LR T
T34 1) S SO B A e b R R AT I, b
P LY 2 BN A A, T T e A R T
NI . EH I 14 RT T, R R e E R A e
o, S IR H ORI A R S FL R AR AL
RAEH, SWERHNAEDIRIRN. i HHFE
()38 I B 25 B S PR A8 b 5 4 T T S i S 1) K/ AR
Ky NLRFF H MR E M B B e e, W B
il H M DA TS S DR A A] . SEERUER] T H
Mr BN H R 3 ) i e A7

—A*E*ﬁ Bo— B#EWE* CHIME

- A
? o . ]
5e [” il
g A ﬂ
2 & —200 \ . 1
EtRS 400 o RIEARZ]
& -
- 100

s 50+

5 sof -

T 100 o BT ZI

400

-

£ 200t

#

g 0 \ 1

] 00l ]

D 7200 HIEART] \\mwf«m

—400 L L L L
0 0.1 02 03 0.4 0.5

t/s

(a) FEM BRI PE R 910 ©



t/s
(d) Bz Hh i p il I L BHL A 500 Q

-12- W) R GRP bk
- 400 — AN _— B*E*ﬁ’?}é C*Hf/?r’?:‘? - 200 — AMINE i B*HHF':%‘ C#H&?’f’%‘
4y T A W (T 2c wofibll Al ]
' g T T —
zé = :igg Lk * ‘ r \ m AN § = :igg I . HM‘ ;Krmm)\u\rzu .
. 400 . 400 ;
%\4' 203 - o f;‘* 202 . o ]
§ 200l A ﬁ -200f ety ot
400 4 RN 2] 400 - BIEAINZ]
400 400
S 200f £ 200t
5 o N L o
B 20 N \W B -200p NP
) 0.1 02 03 04 05 % 01 02 03 04 05
t/s t/s
(b) FEHh i RR I I HL R 950 ©Q (e) Feb b o B BH T kQ
E 14 REX H T RBFME RS
- 400 —AMHBRE  — BAHHHE . CHIERT Fig. 14 Output power analysis of cascaded H-bridge converter
. 5 £hip
&
5= g A B MAPENICE B, LIS
400 R HH RIS, HXPE IR B H M B
2 amp | TERE I AT O, 25 AT,
;:3 720(()’: “”M“W“‘“‘“”" 1) 0L 8 = A0 B R VR I B &
R L TR DU VLU SR T R IR L, % Y BT s 7
| 400 R O B AR N GE M o %40 F gk b i e 4 1
| BRI B S P B, Al AR 24 I e
RN N L S RIS SRR RS LR, I T S bR
- 4005 0.1 — (;2\ 03 04 0.5 IR BT 2Rk
s 2) BFOME SRV IR B H M B 20 4
(c) B LA 100 © AT AL YR HERR, 52 o3 A =X H P A R R o T
5o PRSI ZARYE H M4 HRAS A e R 7
o appAER — nifE g ‘ ) %f H AR BN F 2 78TO BB, A i b s
e mi WN(%W(~Nmfwi BRI, AT B A A
28 0 W ﬁﬁ i 1 R TAE AR, Uhae 04 H My ELRON L s AR 2
g2 ol N %Mm |t e
400 A SCA# ] Matlab/Simulink /5 B3 X BT
2 20 I B A N AR R T AT B0, 0 EUAISE
gfgf‘ - - By 5 JAIE 52 T BT G M AT 7 1 (R T AT M A A
B 0 | A 528
E :gg I [1] LI Zhenxing, WAN Jialing, WANG Pengfei, et al. A novel
g 0 fault section locating method based on distance matching
g -200} T “ degree in distribution network[J]. Protection and Control
-400 h o 03 03 03 0 Modern Power Systems, 2021, 6(2): 253-263.

(2] XU, 3¢, B0, 55 TH R TS fufr s 1)
ANP A R Y EE RV IO IR ). HE ) R GRS S5 s



IR, 55

BRI T A P L T e B RO P B 1 D7 05

- 13 -

(5]

(8]

2023, 51(7): 24-31.

LIU Qiong, WANG Wen, FAN Bishuang, et al. Voltage-
type arc suppression method for an unbalanced distribution
network considering the influence of line impedance and
load[J]. Power System Protection and Control, 2023, 51(7):
24-31.

MRydisPl, 7o g0, AR, 5. TC O Y A e kb R Ak
e HIZATHE BT T[], BT, 2022, 50(2): 75-81.
CHEN lJieyu, ZUO Baofeng, TAN Zhen, et al. Operation
analysis of rapid disposal device for single-phase grounding

fault in distribution network[J]. Smart Power, 2022, 50(2):

75-81.

TEVE, AESRTE, ARMBAR, 5. LCC-FHMMC #ii %t 11
ST AR R SR T AT S AR TT R HT]. R
HHL#%, 2022, 58(7): 18-27.

WANG Yang, REN Zhenyu, ZHU Xudong, et al.
Characteristic analysis and protection scheme design of
AC single phase grounding fault for LCC-FHMMC
converter valve exit[J]. High Voltage Apparatus, 2022,
58(7): 18-27.

Bk, T, B, . TR SRR
25 4 M R AR S BRI [D]. D R G E L,
2023, 47(7): 174-189.

XUE Yongduan, QI Zhibin, CAI Zhuoyuan, et al. Cross-line
different-phase two-point successive grounding fault
detection based on change of zero-sequence admittance[J].
Automation of Electric Power Systems, 2023, 47(7):
174-189.

RN, WAER, W, 4. R TR AR
LRV IS A2 A% S VA (T]. ISR, 2022,
59(1): 51-60.

LIANG Hongxiang, ZENG Xiangjun, YU Kun, et al.
Voltage arc suppression and displacement voltage
suppression method based on active inverter separate phase
injection[J]. Electrical Measurement & Instrumentation,
2022, 59(1): 51-60.

XM, TREE, TRANER, S5, TR HAIA R KR/ LR
Febth 2 Gu AR R AL BE D] ) R GRS,
2023, 51(6): 21-29.

LIU Jian, ZHANG Xuehong, ZHANG Xiaoqing, et al.
Treatment of a single-phase grounding fault in a small
current grounding system to prevent fire in a cable
trench[J]. Power System Protection and Control, 2023,
51(6): 21-29.

BREARH, 4R, fT4kHE, 55 S0t ik ieid f
Ji A 38 R M 5 M B[], = R L ES, 2023, 59(9):
323-333.

CHEN Chaoyang, ZHU Hui, HE Yicong, et al. Arc over-
voltage transmission characteristics and suppression

[9]

[10]

[11]

[12]

[13]

(14]

[15]

measures of multi-feeder cable[J]. High Voltage Apparatus,
2023, 59(9): 323-333.

BRE A, BRBER, S, & T REE R IR I
WAR B R T 5 W] B RGRP S5,
2023, 51(1): 148-157.

ZHAO Guojun, CHEN Kunyi, ZENG Wei, et al.
Performance analysis and design of an arc suppression
inverter considering equivalent load change[J]. Power
System Protection and Control, 2023, 51(1): 148-157.
X, dkEe, FRANK. T SRR R R G A
P AL BT HOR (D). BRI HE, 2022, 39(5): 48-53.
LIU Jian, ZHANG Zhihua, ZHANG Xiaoqing. New
technology of single-phase grounding fault processing in
neutral non-effectively grounded systems[J]. Distribution &
Utilization, 2022, 39(5): 48-53.

THH, AR, R, 55 5B S EUR R RRAEC B
IV B e L o S PV STV (T). I R GRS 54
#il, 2023, 51(12): 58-67.

DING Jingming, ZOU Guibin, ZHOU Chenghan, et al. A
flexible arc suppression method for a single-phase grounding
fault in a distribution network considering parameter
asymmetry[J]. Power System Protection and Control,
2023, 51(12): 58-67.

JORAE, BRI, B, SF A S R O
ARSI TR Bl 5 R, 2019, 56(11):
20-25.

FAN Songhai, CHEN Kunyi, XIAO Xianyong, et al. Arc-
suppression method based on transferring the residual
current of single phase grounding fault in distribution
network[J]. Electrical Measurement & Instrumentation,
2019, 56(11): 20-25.

PREZE, BRibgE, HGH, 5. S s R I R
BRIIFWI]. IS 1GE, 2019, 56(23): 24-30.
CHEN Ying, CHEN Kunyi, XIAO Xianyong, et al.
Effects of load on arc-suppression technology based on
grounded-fault transfer device[J]. Electrical Measurement &
Instrumentation, 2019, 56(23): 24-30.

TR, BREph, SRR, 5. BT UK H AR
i 1 TC R DXl e IS a8 20T T R (D). R ER,
2015, 39(9): 2677-2684.

GUO Moufa, CHEN Jingjie, ZHANG Weijun, et al. A novel
approach for fault arc extinguishing and feeder selection
in distribution networks based on single-phase cascade
H-bridge converter[J]. Power System Technology, 2015,
39(9): 2677-2684.

UORIC, THRTH, WIVENE, A5 C L DO B A i 11
FHEMINREET]. I RG R S50, 2021, 49(19):
124-134.

YUN Baoji, MA Kexiang, SI Weibin, et al. Flexible arc



_14- o ZGRP HiE4
extinguishing device for a single-phase ground fault in a LU Daorong, WEI Miaoyu, YU Yu, et al. Zero-sequence-
distribution network[J]. Power System Protection and voltage injection based on square-wave to balance cluster
Control, 2021, 49(19): 124-134. voltages for star-connected cascaded STATCOM[J].

(16] M8, o, FrE, 55 ET PWM A48 #e 2% 1B Transactions of China Electrotechnical Society, 2022, 37(6):
Bt A AME S B I EBEALT]. B R GRS S ), 1482-1494.

2021, 49(18): 110-118. [24] XU, FIRAR, FMEOHE, 5. HT XU 5 [l # 1) 2
WANG Peng, FENG Guang, WANG Han, et al. A residual ZE% H Hr STATCOM AP #MeE 7L 1], Hh E B T
current compensation control method based on a PWM- TR, 2023, 43(9): 3527-3538.

controlled converter[J]. Power System Protection and LIU Wei, JI Zhendong, SUN Yichao, et al. Research on
Control, 2021, 49(18): 110-118. unbalance current compensation of star-connected cascaded

[17] ZHENG Zeyin, GUO Moufa, YANG N, et al. Single- H-bridge STATOM based on dual-frequency power loop[J].
phase flexible arc suppression device based on BSC-SOGI- Proceedings of the CSEE, 2023, 43(9): 3527-3538.

PLL method for distribution networks[J]. International [25] ZKRBE, GR%, SRR, KA ICAME THL T4 H
Journal of Electrical Power & Energy Systems, 2020, 121. M STATCOM H JE-~F#ir#[J]. HLU R4 H 3h1k, 2022,

[18] HOU Yuchao, GUO Qi, TU Chunming, et al. Adaptive 46(21): 97-105.
active voltage-type arc suppression strategy considering ZHU Ying, RAO Jun, GUO Xubin. Voltage balance control
the influence of line parameters in active distribution of cascaded H-bridge STATCOM for wind farm under
network[J]. IEEE Transactions on Industrial Electronics, reactive power compensation condition[J]. Automation of
2023, 70(5): 4799-4808. Electric Power Systems, 2022, 46(21): 97-105.

[19] ZHENG Zeyin, GUO Moufa, JIN Tao, et al. Hybrid [26] JIAN Yujie, GUO Moufa, ZHANG Binlong. Active arc-
flexible arc suppression device based on soft grid connection suppression principle based on two-phase T-type CHB
strategy for MV distribution systems[J]. IET Generation, topology  without DC po.wer supPly .m distribution
Transmission & Distribution, 2021, 15(17): 2499-2512. networks[J]. IEEE Transactions on Circuits and Systems,

201 JHYCIk, I, Mikmm, s SVG T 2022, 69(6): 2842-2846.
. an;‘mﬁ}fﬁgﬁﬁﬁgﬁ@;” P A P e T T T
T ’ M M TR T, R B B, 2022
2019, 43(10): 142-149. " i : AN ’ ’
. : : : 46(24): 152-161.
ZHOU Xingda, LU Shuai, CHEN Yangming, et al. Single-
network based on SVG two-phase current injection[J]. HUANG Zejun, GUO Qi, TU Chunming, et al. Flexible
Automation of Electric Power Systems, 2019, 43(10): regulation method of single-phase grounding fault in
142-149 distribution network based on rotating arc suppression[J].

[21] i)\j’?ﬁﬁ, ?K:L%ji %E}E%E%l‘%*ﬂﬂﬁ%i‘fﬂﬂ%ﬁﬁEI’*J* Automation of Electric Power Systems, 2022, 46(24)
ICBEIL S SRR, RISER, 2022, 46(6) [28] ;jff;iSEIOTTI L, ZANCHETTA P, WATSON A, et al
2241-2248. ’ ’ - et ak
YOU lJianzhang, GUO Moufa. Integrated converter with Active DC voltage balancing PWM technique for high-

. ’ . . power cascaded multilevel converters[J]. IEEE Transactions
reactive power compensation and fault suppression and i i
its control strategy[J]. Power System Technology, 2022, on Industrial Electronics, 2014, 61(11): 6157-6167.
46(6): 2241-2248, . . s AR 2023-12-25; fEE HEA: 2024-05-29

[22] FHRA, WO, IRE, 5. FEMOUPBIEEAN  jemma,

QIR I (90 90 A 4% LA O R TP i P (0], o [ R L& (1973—), B, Hid, #4%, WA S)m, ML
(= . - s S RS Sl
AR, 2013, 33(21): 9-17, 188. 77 1) A B R AR B A5 AL IE L AR 42 B AR K

JI Zhendong, Z.HAO Jianfeng, SUN chhaf), et al. DC % E-mail: gmf@fzu.cdu.cn

?/oltage ll))ala.n(.nng‘ control for cascaied grl.d-connected A AR (1998—), B, AHTA, R 56 hE L

T t - tive-

mvlf ersmy ';Jec m‘i zere Seguz’ceg;‘E;eg;O‘lV; qu;(eznlc)e %3 B #4; E-mail: xinbin liu@foxmail.com

voltages[J]. Proceedings of the , , : o ) . .

i £ HAEE (1998—), %, @ftd, MEmRh. A
e s e A s , SR LANCE ST S TN T L F SRR

(28] R, BT, T, B HETREAREY 00 SPRGRERIIE, SR 2R S

SRR L [R5 M 38 10 477 FERAME SR [J]. fB T4
AR2ER, 2022, 37(6): 1482-1494.

W, 77, F 42 B B . E-mail: 731154222@qq.com
(R4 &)



