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A novel reactive power support and grounding fault control composite device

based on station resources
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(1. Electric Power Research Institute, Yunnan Power Grid Co., Ltd., Kunming 650217, China; 2. National Electric Power Conversion

and Control Engineering Technology Research Center, Hunan University, Changsha 410082, China)

Abstract: Owing to the ability of both reactive power support (RPS) and grounding fault control (GFC) , composite
devices have attracted extensive attention. However, most existing composite devices have some disadvantages, such as
high capacity and the need for additional power supply devices. To address these problems, a novel RPS and GFC
composite device (RGCD) is proposed in this paper from the idea of making full use of existing station resources.
Firstly, the topology and the operation principle of RGCD are introduced. The RGCD is composed of the capacitor and
the arc suppression coil in the station and the multi-functional converter (MC). When the distribution network is in
normal operation, most of the reactive power required by the load is compensated by the capacitor in the station, and the
remaining reactive power is compensated by the MC. When the single-phase grounding fault occurs, the reactive power
can still be compensated by the capacitor in the station, and the grounding fault is controlled by the arc suppression coil
in the station and the MC. In brief, the capacity of the MC is decreased under different operating modes. In addition, the
energy flow mechanism during GFC is analyzed in detail, and a P-Q two-phase arc suppression method based on DC-

side voltage stability is proposed, which realizes the stable operation of RGCD without additional power supply devices.
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The simulation results demonstrate the effectiveness and feasibility of the proposed topology and regulation strategy.

Key words: active arc suppression; single-phase grounding fault; arc-suppression coil; capacitor in station; multi-

function converter

e Fi, IO i g A A F, g AR G ) o A R
LG5 My 57 A% HL 4 Ml sk AR L HG v B AR B
di 2y 8026 Bl A T R H 4 Ak el 5 4 A AU
U595 325 A4 Th, H2 b R v, O b 1Y TS Th A B AL
W oy i A Ak s SURRPE LR 0 & S B, A&
4t JC U5 T IR A BB AMEE T o i, T ECEE b L
MELL AR W 5 51 R ARAR KR N B ik v A2 4
e DR A R R PR R R R T b S B
FAERETT .

BTy i HOR A IR I B (active are
suppression device, AASD) n] 528 Xt LI A I K&
U B AR L DT 4 Tl A A T L
Ty ee R 73, PR k< E AL IS R — ) BB UK K
(single-functional arc suppression device, SASD) 5
Z Y BE & A % B (multi-functional composite device,
MFCD) . M, SASD i i 345 b o i i s v 52 B0
98 %4 1y H SR A ) 10t A L ASUAE Wi s B R 42
AR .

Ry T A R T e 2 TC 2 ) #8 5 ## (reac-
tive power support, RPS) 5 $2 Ml # [ 9 # (ground-
ing fault control, GFC) & JJ By MFCD i iy #F 5% #4
JUESE L = A 90 Bk H #F (Three-Phase Cascaded
H-Bridge) i £4 b8 Z I 848 il 4% (multi-functional
converter, MC) 24 5l , MFCD W] 7£ HL, [’ i piz i 9 45
P B B AT TR, R
BRI, CHERL13-14 J88 T 38 T Fo B 7 X 42
Mo MECD J5 5, {H H il e 19 1] MC 75 Tiif 3% 2k
JE (MBI 10 kV) , B de AR50 5 AR R . 3
AR [ 15-16 142 tH MC 28 98 9 £k V8l 42 1 i) i ik 7 2,
I TH IR Z6 B8 o e fH MC i 32 L R B 28 AH L
(5.77 kV) ,{H MC T Bk 2 J0 ) D 3 F2 i 0 A%
TSR A S . SCER17-18 i — R il B T i
FIGER H AR (0 BB B MFCD 7 %, B T 2 R %
FE B B gt e LA A B &, H e TR
RS T ORAS . 25 L BA MFCD & 1E
Ze i AL 5 A 4 1 Dy T AT A A R 2

Ry TR bR R BE TS A R R A N E
P50 AR A SCER Y T — O AL T B B R S A
HiL R R 4% 2 A %6 B (RPS and GFC composite de-
vice, RGCD) . RGCD i i 7873 4 45 3 N B U 119

PIVEA S o NINL (ol) N ( U R Y o I & B A O T g
MC BV i) 44 g = P LU BT 2 5 A e . AR SO B
B ik RGCD 1 $M 45 ¥ B3z 17 R B, A 48 0 Dy w2 A
5 BB P AT RGCD 4R M & 15 0 5 ia
A7 IR B . YR, 38 3 o BT 2 b 0 I 9 4 B 1) 1 i
WA ML B T AR R R R RS E 1) P-Q W AH
HIT W, S T it 8 T RGCD MR EZET.
P E X TR R AR E S A B AR E N MC
o B AR R E AR AR R il N SRR
Ry AT AL UEW AT 5 R H A MC A=K
PFE/NER S . BJ5,#58 T MATLAB/Simulink
15 LA RVIGGIE T BT 42 07 2 A At S T AT

1 RGCD#H#IMNEM

AP RGCD b a5 M an &l 1 Frs . MC 2Ry
BV 8 B 1 — AH I HATR , L vp o o 22 T 4 el
B, B 1 E, E,E 80 A B .C = A K
HLUE U, U, U558 A LB L C =4 IF M S HLE
Four Ton~ o S8 B0 A VB L C = AH 2R % %) #b | BH 5 C,
Con s Coo 5 A VB C = A4 3% X b fL %58 5 Ly Ly,
L35 MC B A B LC = A8 I R Lo T2k
FELHLJER  Cy  Cy  Cy ol 3 2H 3l PN L 25 2 5 R W 2 b i
HL B

A% E H MC R P9 R AL, P B R
AL 45 3 P R BT ORI S YT IR BB BT . MC SR
= AE 45, A0 i 2 A R HOA 906 5 o Y
HL 28 25 500 1 = A 40 20 H A R A, B 40 2 L R
S oR ORI QIR SV E 7] DI S

E. U,
Ey U,
E, |L U,

KVkNKy 12 LoE LoE LoEi 7|
) —| —A| —= Toc| Tob] Toa
SE e SEL R% %

C Oc |~

g : ; EEE i
clej¢ REMBEMIEME : -

4
[‘ 0

I A2

»
»
»
»
»
»

1 RGCDi#i%#
Figure 1 Topology of RGCD



188 I <

15

Eid =S 3 2025 4F 3 A

Li(1,2,3) N A S ,i(1,2,3) HHELTE
YA S5 il PN T BIR 2k BB PR OG0 9 T B £ B L)
K IF R ko

2 RGCDI{ERIE

RDCD TAEJF B4 K 2 iF 78 , RGCD H 4 2 Ff
AR, To T AR X 78 W R 1B 7 I K B
FE ok e I A A 2 A H I K A R ) K, A
H o RGCDRHE R 4 TC ) Uy 2 K /NE Ky ks Ky,

= o

TFRARE

E U, -
E, U, 4
E U, -
kif k/ kl./' Ir | é
cleTe Me
PRI | Py HECT T s
Ij] R idq fNa/b
; W‘v P HEEL, (41 Y s
BL ikl %:ﬁ

B2 RGCD T 4kR#E
Figure 2 Operation principle diagram of RGCD

T MEER
&% MFCD iz 17 F JTC P AME AL A i, MC B 2
M AT TR AR D R 3G T MC A R
K, 3(a) B s 5 BT $2 RGCD i 17 T JC U1 b B2 5
2R, LAA KR i, 3k P R S B FL U L, MC i R
i I, 5 00 38 PR WAL T 00 R A 45 00 R 9 I, oL TR
AT T ALY R FBCRAS i 3(h) Bk, WL,
Sl LR AR S MC P REE AT HLET R |, 36 9 25 28 4
FERFRAT T Y R MC #MEFI 4 TC I Ty %, 8 35 %
i 7 MC & 7R
RGLDzjﬂ’EmﬁIﬁnT:SEWUWJEEIWEEE ERERL
WG LB RN . RE, R & B
Th P B AR T A, RGCD R 4 1 #h B2 e Th o

AL,

2.1

A

100%
(a) f£5: MFCD

20% 80%
(b) Fr# RGCD #H 4t

B3 Rz AT

Figure 3 Phasor diagram of reactive power compensation

PNl N o3 A A L Ry B A AR TIE T Ty AR
Sl P FL 2 g R G P IR A 2 3 X el b P A
W), DL = A0 kb 7 3o 20 A N FL A SR R AT E T
A B YN SR eI A BT )AL
REYTC TPy MC F2 4k,
22 #HERAEER
H, 19 A BRLAH 2 1l R ), RGCD AR T il
PR B, 3 PN T IR B R MLC A7 42 b 3 e 18 42
fBeise AR & A= BORH 22 BB, MC 1Y A A 52 i
iR B AT, 3B R A S RN P T Ok T B R A
e N AN @ 5 s B e A 1 2 £ 5 D0 -

LU oo Loy Lo T 43 B0 R N
j()n:O
Iov*<El e.>(70b+]60(/o|) (1)
. . . 1 L
Ioc—(EcEa>(roc+]ow)
gEa (D) TS R R T, A
IE(erZJwC) (2)
LR 3 P T Ik BB R HH L R Uy K
UL(J:ij‘OI.z (3)
MCﬂFE&Fﬁ*ﬁﬁi%E@%&EﬁrU U35 H
{U =(E,—E,)— Uy o
Uzc:(Ec - E“)* UI.O
i N IRk B AR R T BeME H e, DA R IR MC
4 I A R A S B A R R e TR BRI MC 45 Y

ROR ANE 4 BT
E,

Er ic Eh

U,

4 HERERX A E

Figure 4 Phasor diagram of fault control mode

3 RGCD =&l KR

AT 3 2 43 BT b R IR 4 0 TR) 9 BB 1= O B
PLBL I T —F T ERMEB ERENP-QM
AT S8 T it 2 B R RGCD B9 A e v

l_’TT:J



5540 55 2 1)

LA S T U A IR AR A TG T B AR A e R R A R 189

3.1 MWHEEMEERNVIE
R 15 A A Az PR 2 b R MIC B A AH S
B RIS AT A R AR S S [ e E P A 4
HLWE L A R R 5 R . Hod 1, L 4 5
S MC 19 B AHFI C AH S 6 19t O 5 o Ohy 2k B X i
HL BEL AT 28 A8 K A1, T3R8 a=arctan(1/w Cory) o
HRAE P 5 AT 45, AR R AR 52 i s i R A )
13 P M) HE Qe 1
P,.=— —2FI, sina
Q.. = 2E1, cosa
SR T AR 9K 5 925 1 28 P 2 38 3t 1 8T 6 i s o
23R FH AR T I 7 vk B, MLC i 2 [R) B g R A 2 2D
RMT T A PR, H IO B n it e
WA, T AEFRE B0 AR E

(5)

B5 wmAERFEmME

Figure 5 Phasor diagram of two-phase arc-suppression method

S <« HHIE
: < LY PR

BEl6 @A kRS R
Figure 6 Zero-sequence power flow diagram of two-phase

arc-suppression method

3.2 P-QWHABEINEERIIE

BE XS IZ [R) A SCAR Y — B P-Q P AR I K7
25 P MC A % e Jo T 2 R AT 52 4%
bR B U Y o8 AR S T et B E R
RGCD &l §E 1217 .

P-Q WA IR U7 ¥ T, AR i A0 S F ¥ A )
NZR P TN Qe W1 73 Bl R

e =10
Q.. = 2EI, cos a

PR, A e A S B AN R TR D D R LK)

M A2 e A D T 2, e DR AR 181 7 BT o

(6)

<« YR
< LI

E7 P-Q®AHEINF xEAFHFRR

Figure 7 Zero-sequence power flow diagram of P-Q

two-phase arc-suppression method

3.3 RGCDiIZHIK B

ARSI 4 RGCD #4450 an 1 8 Jr 7, i 45 il
T BT oy 2 s R AR R 0 AR 4
/I\%Bﬁ

1) &R E R, HEZHE L MC = M72E
UL i Ry A G, A ) HE DA T e Wi A T B AR A
FE MC iz 17 T A FIALET B TC 2 Dy 8 4

2) A R . H A H bR DL MC 45 32
¥ Ry A ) 6 G, s ) L S AR P9 TS T TR A B R
UEAEAS H AR 09 L0 R AR E

3) HUWE IR o H T2 E bR b o M U AL
i, 7E N IR TP A PR 8%, BRI T 028 I 4
i, 4 T 28 U I H R o i

___________________________________

4 1l SR s H AR :
| RS Hi{SEEFIT mmm !
]
i
\ %‘:"mlﬁr *Ellﬂi’JF ,‘EEETEE{”L %
;o T AR
1 nUy smOh nU,, sin g, :
|
L nU > PI ] Tuo HUmr Lace 7
““““““““““““““““““ f“}"‘\
: Udat cos 0, U et cos @ [ R |
Ui %f«m Sy S
: |
i Uaan cos 0y Uldeen cos 0, :
|\ Udrrld(zvm de 3-)_—3—» Licoen /'
I’,___:___:_E_?‘_,:_E_:_:‘_E\:::::::::::::::::“::)\::\:‘\
{ P-Q P 97 5 0 Lo I ﬁifj‘f' 1% :
1
' I !
{7 13O0 :
E Co ~ 1, E SW, :
1 E,,_> /f\}:ﬁ : |
. . |
E E. 5 (2). ! |
1 |
: h> (6) H Toee i !
N0 > & > Luc :I :
R .
U i [ERj :
3 e |
LU L sw w2 |
i F .
AN o oo e i ’ ’

8 RGCD#4) K wk
Figure 8 RGCD control strategy



190 I <

15

Eid =S 3 2025 4F 3 A

4) P-QWIAHIE IR . HEZ HirERIER(2) .
(6) % i MC Sy 2 2 A UE MC 7 il Fis 3 45 B =X
AN WS TE T 2% e S gt AT TR

4 SERITRAEXLL

4.1 RGCDZ#i%it
4.1.1 WNHEESRS BT

A RGCD BT U) 25 & Q 19 80 %4 it 1 3l 1N
ZEan U A5, oy A S0 PN H 2 A 0 25 (E 4 IR 5%
Fe BB Be . R WA CLCo G S LR
T 2
_Q
 7wE?

2Q
* TwE?
Q:4Q?

Twk”
P E Sk E A A S s 0 R AR
4.1.2 NI IR B S 50k T

BEXF RGCD i b o8 45 #5520 ) — A 28 )3 A5 4L
P51 E KVL 215 5 .

C,

(7)

. . 1
> IM(wLQ%—L4wLm%-wLM—- ; )zzo
k=a,b,c w(/Oz\

. . 1
z Iz/c(w140)+1zl)(w14ﬂ)+wlllb - )O (8)
k=a,b,c CU(/()b

. . 1
EJM(MMHL<Mw+wLC )zo
k=a,b,c Q)Coc

AP Ly(k=a,b,c) WL KSR L (k=a.b,
C) k7B T A5 A T IR

A gy #r ik L.=L,=L.=L,, L,=L;,=
Li=L,Co,=Cp,=Co.=Cyo B3 (2).(8), 155
TH N2k P H Je (i A 0 B Ry

1,0_1( L —1,1—1,[) (9)
3\ w'C,
413 UEVHLE Ly SRR
NMIC I H 3745 R T, 7T 37
R (10)
NEROA

X, SHEBEHE
U=10kV,

UE U LB 408 X, DL 0.15 BEAT R B, Dk Uk
FLJB A5 A HL A L, T 3R
_Xiz,_ X\ U _ XU

w  w 31, wS

AU, N LR H A S

Lﬂ)

(11)

4.1.4 HEHRMEBZE Co 38T
B IR RN ), A (NI wC, )= U A K
T T 0 B R D) G0 L S R R
3NS

=2 (12)
26()U1

de

4.2 FHRIEE

TR A SO RS LR R T AT L O
MC 2 B& B JF e H f MECD' ™' ; @ MC 4 5 A 9%
% H M 422 i i) MEFCD! 5 @) v 55 28 B A 9 10K HL AR
B2 () SASD™; @A CHT 4 RGCD., B %8 xt b ik
TERMEERE S TR EGERIITE— K E
BiE 7 S=2 M Var, Bl f & U,=800 V, I 3%
WA =10 kHz. % J7 %5 RGCD J g M i 14 % H
XFHCAN R 1 TR .

1 FRAFEDEAEHKE 3T
Table 1 Comparison of functions and device numbers

among different schemes

9% NGTB25N1
XFHZE ThfgRh HARH s

% 20FL3WG
HHED o 18 216 54 )
VESO) % 11 176 44 B
TRO o 11 44 11 H
RGCD % 11 132 33 x

M2 1Al f5  7E A [A) 7 B B i IR S5 Rk B T,
RGCD # Fe 777 % O 14 %5 Jo oy #b 2 D1 RE , vl ek 2>
39% R EH 39% MABE ML T HEO
REARR 1 By 58 2 A0 T 25K, AT 2D 2506 Dy 3R a1 4
H . 252 mAHH s HAH i 7 R OE T L Ur#b
BEOIRE AT SR A R R A S . R
RGCD A T I 2@ O US 1 I N Bl Fi
ek AR B T B Al N R JCRE BN R

T RAL ST AT TR O A R AR
EAARE B A Ak A B R AR A 5 D T N
R A RR T ST XS L A b L A5 SR WA 9 BT R .

FED
e HED

N E )
----RGCD

(2]

R L
2 B E AR
53 F A R
L4 LT
5 38 4 VLA T 2

Lo TN

VN 3

B9 FRFEEHTK

Figure 9 Quantitative comparison of different schemes



5540 55 2 1)

LA S T U A IR AR A TG T B AR A e R R A R 191

FEAT VG o0 25 7 I AR R 1 TS AR R,
% O~ @ M RGCD A 8 & 53 45 1t 43 4 4 75.38.
139.04.30.71.46.1 kW (NGTB25N120FL3 WG %4
HHRTEIE, M349W), MHEBATED. O
M5 ,RGCD 1] 43 5 /> 39 % .67 % A P A=

TEHEE A R E R LA AR, R
O ~© RGCD JIr 75 Ty Z 45 14 A 43 51 24 11 379,
9271,2317.6 954 5t (NGTB25N120FL3WG i A
VT E 8, 8 52.6870) . ML TEEA FED.Q,
RGCD A9 /N 39 % . 25% Y B iA . AHLL T
RO, BARA T 4 %6 B TR A A L H R
AR STy 6 ) B B TR U AME R IR fg , HLO £
3 R 3l N B 0, 2R RO R 25 T

1r B E I RE 7 T, %6 RE S T R A R R
2 E A 56, IGBT WY JF 5 451 #6 Al E 3 M H T B IE
P, IGBT Ry 1% % 40 #E Bl A2 30 25 % 5 F U 52 1F AH
KL M TFHEO . Q, AT BRI
/N TG T AR X AR I R R N A
WA SCO7 R B FE T /N o J7 S O R I b o 4 A
PR HAR 7T %8, W BRAR T R A R B L
FEf /o

TE B # F 25 1, RGCD Fll 7 & @ H 45 W ik
T AME D RE L L W IE H 328 47 R0 & A= 4 M e s e
Bl ANzt HiR&FHRE T HEO QM.

L AR DN T SONONOY &
e, RGCD 38 43 AL T 3 P9 14 IR 26 18] 15 3 o HL 2%
i, i A B R R R R

5 {FEIIE

50 HERBERSH

T % UE RGCD W A7 2 M Al 47 ¥, 1
MATLAB/Simulink {/j B & #8710 kV it i
DR {7 ELABE AL AN 10 fras o e ik L o AR as £ %
PRk L, MBS 4R I, B2k Loy Ly Ly Ly A HLZE 2R

- L, -25km 10kV/04KV
o A QD> G 1

L, =15km 10kV/04kV
D> 2

33 EV/I0kV L, =6km L, =6km 10 kV/0.4 kV
f)zl i3

L,,=7km L, =8 km 10 kV/0.4 kV
a———— N (S

I

(RGCDJ

10 10kV A ® & %ty ABER
Figure 10 Simulation model of 10 kV distribution system

FIREGEEE  RE P RARL N N 0.75MV - A,
YR AN 0.94,
A ES LA LR S BN 3R 2 BTN L £k B I

P RSB0 AE o R T TR A 10 KV BC AL R4
B ARSI E R B SR E 3R .

Table 2 Parameters of overhead and cable lines

HLBH/ HL g/ A/

R i (Q+km ") (mH-km ') (pF-km ")

EJF 0.170 1.020 0.120
E7 0.280 4.520 0.007
EJF 0.270 0.255 0.250
Z¥ 2.540 1.019 0.215

R3 ETELHAARHK

Table 3 Simulation parameters

BCHLPZk  RpXT i RO R s P b T Tk

LR /kV 7 Co/pF BH ro/kQ  PEHLFH R/Q BB Lo/mH
10 10 30 500 330
R Jimfﬁﬁ EEE G R
#Co/mF 0 Ly/mH /MW 5E%4

#i /kVar
3 120.60.30 8 3 0.94

52 RGCDARIE#HAXBEREIE

J T HRAE RGCD AS[a] T AR ol N B 25 88
Sl N TH IR B R MC s AR A e T 40 F 1 B
T 0.3 s B, HL A AE A A B AH 42 b R, 0.2~
0.3 st} ,RGCD TAE T I AL 50.3~0.5 s B,
RGCD TAE T i 8. AW TAEB AT
RGCD fjf FLIE B & 11 s o

L E R E, CHL R LA 11 (a) fIf R . RGCD
B AT T I AR 2 Sl P R 2 2 A 22 o BT
KAR 53 T o) oy 2, F A2 4y B MC i3 AT #b B
RGCD Yl 2 B g8 #2024 a2
IR R N N N TR S S e i pl R Vo) R 3SR

2 b W R AL T O A R UGB an & 11(b)
iR, RGCD Y1) 4 28 5 b i 45 455 =X e e o0 3% i
1~0.25 A, BB 5 5% K UA130.40 V, $ Hb i B 7
100 ms 2Z P75 21 P A R0 %

il N R A AR R L L L DR TE W 11 (e)
JIT7R |, SR 42 SRR R S, 3 PN L AR AR R HH 82.2 0%
TCU M & A SRR T LB HiFE . MC % th



192 B B % 5 R % 2025 4F 3 A
e KT E&K%‘iﬁlﬁ‘ . LR W B A C AR A ), T 94 B H s U, \MC
. 7 A AT ff iy TR U R USSR 0 11 Bk . 4
-~
VAN S e s et mmin iz .
14 x 4 o5 FE R A U ) R R ER . K
’/S& B ) g A X T 2R B B R U 2 0 v 1
(a) E. LG N
14 YR 5 JE —E,, T MC %t 8 U 3238 F E.L 902k 18 5
E (7)7\/\/\/\/\/ —U; I; 1 2(5)j MC;%IE]&THT'%EE}T ch;H\:rhU:Efﬁ%:EﬂlmszEﬁ
=) [ =
7L 1~025A 4-25 E.o I, 23k 978 IR 2k Bl 32 b ] A8 LRI MC
14 ‘ ;50 %@E
0.2 0.3 0.4 0.5 °
R MC 189 B A C 4 H 5 Hh R P 11D ~ () B
L 120 —— TR A ST M B U 5 B e 7 o B R
\3 607/\ ANAN AN AN A N /\MA /\Cb/\ /\CCN ~ e
e SRRSO FEAE 2 KV BT B R T MC R 217 SRS eI 4%
e A 53 RE SR A TR 45 BB iE
0.2 03 s 0.4 0.5 itk — 20 B R AR SRR T 00 R XS T RGCD
(©) Lo Top Lo WO 526 2 W) B BB R S BE 0, T T 43 il AN ] £
120 , g
< oo A RN TR CN i L 2 B A ) 5 3 o BEL T80 2 TR A
Z 0 EUELREEEE » 3T IO A5 BB
= —60 YRUTRLY bu' Vo b\/ \/’ Vv s \ N 8
=~ 0 c 5.3.1  AS[A) £k b 37 A B IR
0.2 0.3 0.4 0. . . . v .
s : LT IAT T S 2 s BT 0 AT B T R AE
N (O il 1T N T £k B 37 8 T L T 4 S AT 0
< I 15 TLBE L 1 124 7 [ 2 B O i 0 20
& o G 12(a) Bron , S BB 7 Tt 6 Lo B v i
3 ‘ B 5% R Ul 48.81 VWU B i 5% I 0.18 A
0.2 0.3 0.4 0.5 . . . .
s Qi 12(h) Fros , 2 e w67 Tt 2k Lo R i e i3
Z2a (<) G e G SRR IR U 2456V, #HE 458 3 1% 0.08 A A
o0 U o U - Yo e, A R TR 2 K B % R RGCID il A7 26 98 28 i
&2 T s I A AR 5.00 A IF .
-“S 1'%.2 03 , 0:4 0.5 14‘ jDIJJ%M% » rﬁﬂ(ﬁ'ﬂl}%% s
t/s
—Us I
() BAR L 25 ML R % T =7 U881 Vo 12
g 21k +U31U+CC§]§3UCC5 a3 | 9t I~0.18A | 75
& 20 * 192 03 0.4 05"
.‘E Lo t/s
BRE: :
02 03 s 0 (a) B 5 £ 0 Lo o 0
(g) CHIH AR IE
T [ SEEE
e s 1 i —U 1 30
B 11 RGCD R R T A4 X A7 Aok % 7 /\ngiziéé‘&‘ii*; 25
Figure 11 Simulation waveforms in different 8] 3 ToosA | 2(5) §—
modes of RGCD _14 ‘ . _50
0.2 0.3 0.4 0.5

T Loy LU A 11(d) B R, JE I A2 R
MC 7 HH 17.8% Jo Uy #2255 B e i s B LT
MC Y ik B A i 1 H 300 0 A, AR Bk B AR 38 P-Q PR
AT IR 5 36 5 A5 2 B L C WA AR T IR 343
WM 73.71/ — 30.82°A . 75.14 — 149.57°A,

t/s

(b) B A T2k Lo A i

12 FRRELKBHEAE G LT
Figure 12 Simulation waveforms for different

fault locations



440 B4 2 ) THESEE 4 T A R 7 8 9 D S A e B A e 193
5.3.2 ANl padd 5 v BHL 05 BBk Jin A3 HRL 2 R ] L, A 78 53 M Bl D9 R Y S i

TKH&&BaLF%mIﬁTXTEﬁ REE 5 R ﬁx%ﬁ?—ﬁ%?ﬁﬁm*ﬁ?ﬁﬂ@%ﬁﬂﬂﬁmm
AT B PE O ELSAE B 13 S ANl B S RO R OSCEE S B MR I G i O B e

Eﬁhomg1ﬂw%m,ﬁm—mamﬁ& R
JE UK 13.66 V, Bl s 3% 3 o0 1.26 A an & 13(b)
JiR 24 R=100 QI , ik SR R U 41.67 VU
BRI L 0.42 A T E 13(c) B, 24 R=1 000 Q
mF W R S AR R Ul 144.70 V., R SRR TR
0.15 A; WA 13(d) iR, 24 R=10 000 Q i, Kt B o5,
5% Uk 160.05 V., R i 5% 3 I 0.01 A, I,
Xof 65 BEL 1 v BEL ik B, RGC D AT A 450 30 42 i I % 37
EREAEHER5.00 ALITR,

L IR AL R 4 ;
147 ; U / 1 100
- Ufr f
> 7 U13.66 V 1 % .
S or 0 =
7t I=~126A | _50
~14 : ~100
0.2 03 0.4 0.5
t/s
(a) R=10 Q
LN i R
14 : 71
M T 00
< Urs41.67 V. 50
5 0 [~ 0 &
7l I~042A 1 -50
~14 : ~100
0.2 0.3 0.4 0.5
t/s
(b) R=100 Q
L RIAME e R 95 ;
147 T . U [ 1100
7 ~ v T s0
2 . U 144.70 V. 0 <
<) =
_7t I~0.15A 1 -50
~14 : ~100
0.2 03 0.4 0.5

t/s

(¢) R=1000Q

 RIEME By R
14 ‘ 1
M U —1 | 00
< UPe160.05 Vg 30
S0 0 =
7t I~001A 4 -50
~14 . -100
0.2 0.3 0.4 0.5
t/s
(d) R=10 000 Q

B 13 R HRE g b g Ak
Figure 13 Simulation waveforms under different

fault transition resistances
Qﬂ: o
6 Z515

BEXFBEA R AR B AT A A R W A T

T AR SR T R A AT
nr

1) JT #2825 B 3 4 A BE A b PN T O £k Rl R
HL 25 L AT 78 ol 9 T 1S /25 5 19 MC R AT 52
B JC Ty #b 2 T e R R 4 D) RE L A RLBE AR T
BEA ) MC 25 5 1) R A 8 2 s 1 s T
A

2) AR SCH BT T RO 2 b e B 9 4 20T 18] R G oD
RPSHHLEL, IR T P-Q W AR T I 32, 5 1 MC
A W A S B AN AMEE R Ty T Ty A ARy TR I
01 B MC 1 300 M fL PR A

P50 15

C SR

B E k-

(1] ZEE 2 iR R AN, 55 BT B 7 R0 T ML OB
WK Bk R 0], L5 X 5,2024,61(2): 1-9.
QIN Yiwei, ZHANG Penghe, SONG Runan, et al. Arc
fault diagnosis technology and trend of development in
novel power system[J]. Electrical Measurement &
Instrumentation,2024,61(2): 1-9.

(2] BRihsd, gtk Bos o8 56 B TR O ILE -6 UM 4

o0 24 1) TC H, o0 B0 A 2 M i e 3 2k 7 s (0], v T i
2023,44(4): 82-93.
CHEN Chiyao,MIAO Shihong,YIN Haoran,et al.Single-
phase grounding-fault line selection method based on
attention mechanism-convolution neural network for
distribution network[J]. Electric Power Construction,
2023,44(4): 82-93.

[3] VGRS ARG L TEC R TOAH B IR A o A 4

by 5 B AR S B R 0 SIORR e 3 0], o e AL AR A A
2023,43(8): 2953-2966.
ZENG Xiangjun,LI Li,YU Kun,et al.Novel principle of
arc suppression for grounding phase voltage actively
reduced based on phase power supply feedback in
distribution network[J].Proceedings of the CSEE,2023,43
(8):2953-2966.

[4] VPSP R EBER AR5 B TR A B MDA B Y
TC Fi, O P 2 il A B £ 4 D 125 (). FL T 59 O R U
2023,39(9): 140-150.
XU Shoudong, PAN Xinyu, LI Shiwei, et al. A single
phase grounding fault protection method for distribution
networks based on photovoltaic adaptive injection
amount[J].Power System and Clean Energy,2023,39(9):
140-150.

[51 B0 2, BR SCR R 0, 45 . ik A AR 000 42 o 1 T R TR



194 L - T T - 2025 4 3 A
AR 22 4t W R A DRI SR [D]. ) R R ,2023,42(2): (23):9084-9098.
161-169. [12] 4 R 6 7 K s A 56 . T T OIR & L 80 o A 5 A G
CHANG Xinjian, SHAO Wenquan, CHENG Yuan, et al. K0 ) v B B AR i R R [0 B I R SR I 5,
Active arc suppression of a single-phase grounding fault 2023,51(1): 63-70.
in distribution network based on model predictive control LIU Jian, CHEN Xizi, ZHANG Zhihua, et al. High
[J]. Electric Power Engineering Technology, 2023,42(2): resistance single-phase grounding line selection in
161-169. resonant grounding systems based on correlation
[6]  ZEME,ZE0 B 0,55 . T R O B A 2 b I s e S AR M detection[J].Power System Protection and Control,2023,
M K B ALK F AR DI [I]. 4L H,2024,41(4): 45-52. 51(1): 63-70.
LI Hui, LI Hang, CHEN Shang, et al. Study on arc [13] Wik W ss sk R, 55 3 F = A Z0 Ik HAR A8 i A%
characteristics of single-phase grounding fault and true B T kL DO 2 b I 5 4 22 R TE R VR 0], L T R 2
type test technology in distribution network[J]. #2,2016,31(17): 11-22.
Distribution & Utilization,2024,41(4): 45-52. GUO Moufa, YOU lJianzhang, ZHANG Weijun, et al.
[71 WM 4 T SR S5 3 B e H I £k BH BT 52 i Y Separate-phase flexible arc-suppression method of earth-
3 N A A O A R R R (D). R R S A Bk, fault in distribution systems based on three-phase
2022,46(8): 163-171. cascaded H-bridge converter[J]. Transactions of China
TU Chunming,HOU Yuchao,GUO Qi,et al. Adaptive arc Electrotechnical Society,2016,31(17): 11-22.
suppression control strategy for grounding fault [14] BEEAE, 4 2% ME A%, 206 2 b I A ) B A B2 b i
considering influence of line impedance in distribution 4 i B AR AE 43 M 3], 5 EH $7,2024,52(5): 90-97.
network[J]. Automation of Electric Power Systems,2022, LIAO Dehui,JIN Xin, TIAN Junyang,et al. Analysis of
46(8): 163-171. the entire process characteristics of single phase-to-
[8] Z=AE ZENE X T ,5F .66 KV IH DIN L6 JBl 43 b 2R 45 P A ground faults in flexible grounded distribution networks
2 b r TR S AR P 36 AU 9 0], 75 1R FEL#%,2024,60(11): [J].Smart Power,2024,52(5): 90-97.
225-233. [15] FRI4 0K B O . — 7 36T 35 9K 2 LA 6 1k 170 2 b 2 25
LI Guanhua, LI Yan, LIU Zhiyu, et al. Study on arcing &) V5 ) A BT R 0 31 R 25 4 5 05 Bk (0], B T R 2 R,
characteristics test of single-phase grounding arc in 66 2019,34(6): 1251-1262.
kV petersen-coil grounding system[J]. High Voltage ZHOU Xingda, LU Shuai. An arc-suppression method
Apparatus,2024,60(11): 225-233. based on the coordinated operation of the petersen coil
[91  WRBL, L SC,EUEAS S5 e e 3 J A U8 30 Y A and the static synchronous compensator in distribution
R P O v 0] B ) R g K H: A sh Ak 2# 4%,2018,30 networks[J]. Transactions of China Electrotechnical
(5): 1-6. Society,2019,34(6): 1251-1262.
CHEN Rui, WANG Wen, WENG Hongjie, et al. Injecting [16] J& 2435 fli Uil Az 8,45 3L T SVG P AH H it 7 A I C
current control method for active overvoltage P, IO P 7t i 3 IR 5 VA D] MR R S A B 1,2019,
suppression in distribution network[J]. Proceedings of 43(10): 142-149.
the CSU-EPSA,2018,30(5): 1-6. ZHOU Xingda,LU Shuai,CHEN Yangming,et al.Single-
[10] 95 FEE 04 ey 50, 5 R F RS AL T b B T, O 42 phase-to-ground fault arc-extinguishing method for
b % A S Sl T R B H N (D). R R, distribution network based on SVG two-phase current
2022,48(9): 3356-3366. injection[J].Automation of Electric Power Systems,2019,
ZENG Xiangjun, WANG Zhan, YU Kun, et al. Arc 43(10): 142-149.
suppression device for actively reducing grounding fault [17] UFg s 30 A& . & DU H R 28 25 79 8 X FR e L )
phase voltage based on phase power supply feedback in LR A AN T L 9], H TR R 2 4,2022,37(11): 2849-
distribution network and its application[J]. High Voltage 2858.
Engineering,2022,48(9): 3356-3366. YOU  Jianzhang, GUO Moufa. Comprehensive
[11] ZRBEW], RSP, B F 00,55 3 T 3 A e b e B a0 compensation method for asymmetric distribution
) AN [ Pl e R 45 7 1 RS 5 40 A [J]. v [ A AL AR network  with  four-arm  H-bridge converter[J].
#4%,2023,43(23):9084-9098. Transactions of China Electrotechnical Society,2022,37
LUAN Xiaoming, WU Shouyuan, JIA Chunjuan, et al. (11): 2849-2858.
Modeling and analysis of different voltage feedback [18] M2 PR, sk 47 18,5 B 7 1R MR 5 X )2l 25 4%

methods for arc suppression control based on active
grounding device[J]. Proceedings of the CSEE,2023,43

TE 45 °CHI 3 VRS T WK E B 7058 [I]. Z R,
2023,44(2): 213-220.



5540 55 2 1)

LA S T U A IR AR A TG T B AR A e R R A R

195

YE Zhenzhen,CHEN Xinqi,ZHANG Shuting,et al. Long
period operation of ionic liquid based electrical double
layer capacitor at 45 °C and 3 V[J]. Power Generation
Technology,2023,44(2): 213-220.

T Pt 8] 2 o] SR (D], o ] Pl ML R A 4, 2021,41(23):
7950-7963.
CAO Shankang, MA Xiao, WANG Guangyuan, et al.

System-friendly DC microgrid coordination control

[19] =5 KE U, 48 52 i i 48,45 — Fh 2 X 00 98 45 i /9 78 IR strategy under AC grid fault[J].Proceedings of the CSEE,
Fc H, 09 8 H 3 [0 I E AL TR 2 4 ,2017,37(10): 2021,41(23): 7950-7963.

2852-2860. [22] Fk/E XA H R, 55— Bl BE T NPC A H B IR & 2 ik
MENG Tingru,ZOU Guibin,XU Chunhua,et al.A voltage 19 6kV i 1k JC D) & AR AR [J]. B R ,2022,46(12):
regulation method based on district-dividing coordinated 5012-5020.

control for active distribution network[J].Proceedings of DU Shaotong, LIU Jie,ZHOU Juan,et al. A 6kV hybrid
the CSEE,2017,37(10): 2852-2860. cascade static var generator using NPC and H-bridge[J].

[20] Bk 4k JF, F & 4 0t 5,5 0 B W AZ IR 48 LC- Power System Technology,2022,46(12): 5012-5020.
STATCOM H & 7 M 4% 77 ¥ [J]. H [ e AL T A 22 4l [23] 3B, JH B 5, 2 0 T4 3 T 20 Hough 28 #e 19 JH 90
2023,43(22):8874-8885. 2k P 22 b TC H IO I 30 2 B 5 1 (0], T R R 00,2024,57
CHEN lJikai, WANG Ruiquan,ZHU Shiqi,et al. Adaptive (7): 132-142.
measurement and control method of LC-STATCOM GUO Liang, QU Xinyu, WANG Xiaowei, et al. A novel
without DC sensor[J].Proceedings of the CSEE,2023,43 fault feeder selection method for resonant grounding
(22):8874-8885. distribution networks based on improved Hough

[21] W3R, Shul TR G, S L N B R 4 R R transform[J].Electric Power,2024,57(7): 132-142.

(k4% 178 W Continued from page 178) 1170.

[20) X118 5 FE i 25 0T 25 T SEM-MIPAR 45 3 Rt [23] ZHAO L,LIU Y B,ZHAO J B,et al. Robust PCA-deep
N O B [0]. B T R AR 5 B i ,2024,52(13): belief network surrogate model for distribution system
69-77. topology identification with DERs[J]. International
LIU Bo, CHEN Jiaxuan, LT Jiang. SEM-MIP based state Journal of Electrical Power & Energy Systems,2021,125:
estimation for topology identification in a distribution 1‘06j41' B .
network[J]. Power System Protection and Control, 2024, [241 X ﬂl] ﬁ}JK,I‘ﬁi,Jﬁéjﬁ,% ' %?W Zi A Y B L U
$2(13):69-77. FMRGIE L [J]. i T R A 22 40,2023,52(2):247-253.

LIU Lina, WANG Tao, ZHOU Yifei, et al. Distribution

(21] CAVRARO G, ARGHANDEH R. Power distribution network electrical topology identification algorithm
network topology detection with time-series signature based on neural network[J]. Journal of University of
verification method[J]. IEEE  Transactions on Power Electronic Science and Technology of China,2023,52(2):
Systems,2018,33(4):3500-3509.[LinkOut] 247-253.

[22] FARAJOLLAHI M, SHAHSAVARI A, MOHSENIAN- [25] XIAO M M, WANG S R, ULLAH Z, et al. Topology

RAD H. Topology identification in distribution
systems using line current sensors:an MILP approach

[J1.IEEE Transactions on Smart Grid,2020,11(2):1159-

detection in power distribution system using kernel-
node-map IET
Transmission & Distribution,2020,14(19):4033-4041.

deep  networks[J]. Generation,



