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A residual current compensation control method based on a PWM-controlled converter
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(1. Electric Power Research Institute of State Grid Hehan Electric Power Company, Zhengzhou 450052, China;
2. Shanghai Jiao Tong University Wind Power Research Center, Shanghai 200240, China)

Abstract: There is a problem of poor real-time compensation ability of a grounding residual current of traditional full
compensation arc suppression device in a distribution network. There is also a long-time resonance state after fault
recovery. Thus a full compensation control method of grounding residual current based on a PWM-controllable converter
is proposed. The principle of full compensation fault arc suppression is discussed in detail, and the capacitance to ground
is measured by the frequency sweep method. The relationship between zero sequence voltage and residual current
component is theoretically deduced, and a real-time control method of residual current full compensation is proposed. The
active damping current injection method is used to detect the ground fault recovery in real time, and the calculation basis
of active damping current is analyzed theoretically. Finally, a digital simulation study on the compensating effect of the
fault current based on a 10 kV single-phase grounding distribution network is carried out. The results show that the
grounding fault current can be compensated for quickly and effectively, and the full compensation device can quickly exit
the operation after the fault recovery. This shows the correctness and feasibility of the proposed control strategy.
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Fig. 3 Schematic diagram of arc suppression coil compensation

4 X =0l X =UGNaC,), X pHEF

FLE 55 AT SRR fe FRL IR ) SR Ay, 0 = R DL AT

A7

1) X, <X, 05n<p<n, RG4 Ttz
RES, WA SIER P ZR ALy A7 FeL BELAY H 25 R R B
P, Wl 3(@)Fs;

2) X, =X MW, B=n, RGELT MRS,
MIH IR B R ALy B F AR, B f&T 3(b) s s

3) X, > X M, —n<B<-051, RGATRA
BEIRAS, T IINE Pl ZAE Ay S BELAN F JE e BB BE 7T
Fetk, B 3.
1.2 ﬁi‘zmdﬁvl'fil@

AME R BRI e RO b A AL
FRIA T AR B 0t i FRL BEL LR B Al o

(1) LRI b 25 F LA T

K FE BG5S e 2%, il
HAHE PWM AR e A P mE A TR R ) H
W, IR R R O, RS LC IR

PRHOELED, A EEH R A, B 2
HARN
L ©)

St LN

A, fres WIFENHEIRE SR
(2) 2%t Ha BH FE A T

TESEBr TAEMN FH Y, 2 1 4t B BH Ee A 1T

M HE e Zmifh 15 2. et H AN
3Ng, iy *i
- g;g[;:a,cfo - s i: s =dy +dy (10)
BHJE % —fHL 10%, dgo FTEX 5%, mULA754%
Hhy F B Al THE A
1 1
Ro=§;=dwwco (1)

2 i ont M R B R RS A K
=3N-=2=g,3NU, =d,,&C,3NU,  (12)

BT AR ATE PR 909 SRFIHAE
JEAESERR TSN 75 N 2 P S BT AR AL B i
NN K, WA PWM AT #2833 1Y)
S IR TR A 4 P

B 4 Fros RS A F R T AR 73 43 (SOGI ) 3K
B, Hfrd w S5 x FIL s oy

HW(S):W(S) _ A,

— 5 n 5 (13)
X(s) s°+ Aw, S+ @,

X on NG S IIAIE; 1 e REL.

A (13) P MEAE AR AL 2 3N




B

FT PWM 1] P48 e R 4 B i A A2 ) 7 VAT 9T - 113 -

A}
\/(wg - ") + (Aoy0)’

ZH,(s) :tanl( Awyw j

[H, ()] =
(14)

2 2
wy — @

Q4T HI, M o=, FHRRAH K
WAL, MG RI2, AISHIERN @, WIEZES
SEHUERT 90° 5 AR KT B IRMUR AT DL 20 dB i#
REEN, R nT BT E s F A T RS A FL

____________________________________

b Bl

wl i

»* ,,., .|

s H

|

1

77777777777777777777777777777777777 N

il 0

4 PWM FIiZ TR S E BRI HIEE
Fig. 4 Reference current calculation block diagram of
PWM-controlled converter

2 fEHISH

2.1 AR ASHAMET
K EZE SENTN BRI,
X L AR 5 P AGL I LR U1 1B S TS

5 #RS7HINEAGM BB B
Fig. 5 Oscillation frequency detecting circuit

W& 5 Frs, SRR A BB RIE N I E S
R, HAE AU S IR AP KON 0.1 Has,
FFEEIIR] 0.2 55 I % 5 H s foe AR BAAT FiL G ] 77
Z U S RIS X R RIS LC (S PRI M

R P B L A AR AR B B, IR 5
RS NS W B R F P R S 5
AR E IR 5

FIRT XRS5 25 (SOGI) i] SEBA R 8 S5 5

FIFRE4, {H L — SOGI {EX 5 Z RS 5 I i 5
R ARG SR BURAME . ASCRAET 24
SOGI ik A5igs SLEURF & AZAT 5 A, a4
HEE N 6 frr. tHE 6 7l%n, R £ SOGI 4H
RS SURRRB S5, 25 FE 3] He R0 37 DA K FeL R A B e
B 5. 7+ 11 B, SRA T 5> SOGI f Rk A
L AT, FOREREUE NSRS 5 .

1t —T X)) x
—>|I|—> A e 7
s U7 up -
S sl
Q@ o
» /5 w4 V> u
i U7 1y
—» 5 —»
DR e
T T » /7 > A v > ur
i ls iy
T > wy
‘ﬂ?%&#? —> x
T » w/op y Yy > ur
i us 7
[OTON [N

4 g

B 6 £F M-SOGI Bk 37ia8 5 HHEE]
Fig. 6 Structure of frequency selector based on M-ISOGI

2.2 R EEH
B ETH I RN 5 R Gl TidaMREs, T
T AR R A M I R GRS B N 7 B

'y .
oz

¥ oo
¥ ioa

g B2
g L I

7 EMEPEHREREFHUBBEREE
Fig. 7 Equivalent circuit diagram after the earth fault disappears

Kl R A Cs i A2 -

1
R =—5—
39,
) (15)
C,=——-3C,
o

A, o NAEMBIAME.



-114 - ® A EREPEEH

PR MRS R G R AE LC FREGE
PR, RN A HL ) A AR
4 L=L1, C=3Co+Cs, R=R¢//1/(3g0), ¥
RLC FFERHL R S R G TN
2
Lcdif)+%dﬁf)+%a)=o (16)
RGFHEAR A

1 / 1, 1 T 2
S,=———1*, /(=)' ——==—at\a’ -0
Y2 2RC (ZRC) LC 0

A7)

Hrp:
1 1
aAa=——, & =,[— =@, o
2rRC’ 7 \LCc ¢

K, o SONHEEIIBEE R4 0o N H K TIEIR

—BAF T RIBK, RAEFHER NILTEER,
FLE AL TR B TGRS, AT 753 R G 1) e 97 Ay

U, (t) = Ae ™ cos(aw,t + @) (18)

K AAFFHIE u IRE; ¢ NEFHE uo 1
FEAL; Hod ARl o 75 EEAR PR 2 VKSR B 21 F2 7 LR
HUBRA L2 O BUE T 0, = Jof —a® NEF
L uo [ A AT

ERAMERE T, R=00, =0, wd=wy, HI(18)
ATEL, RGET R DA AR SRR T
SEPRIEOLR, R ARTRERT R, T R AREZ
FRHCMAE N IE5215 5, PRGN T A

R EIFHE R i ENE, 7E CtNHE, &
7 R TRAE T FE2 R A%, A5

t =4 _ srCIna (19)
o
A5
- t, _ oLt
2(3C, +CpIn4 2In4
20
R :_; ( )
s 2In4
— - +30,
L,

M)A %1, K E S, FHEMAR
GUATANENIEBL M R BN TR, A RefEfF
HL R R EL A T35 08 B FRIRES

A L R GENE D, ARIEE
FEL S (A2 AT s T SR A W e b e 59 %,
PRV IR P A A 2% Je iR H B AT .

2.3 PWM A[{5 T #845H|
PWM ] 45745 46 3 % FH PH 3442 1] 1250, SR PI+PR

HITEE, BRI PWM AT e 28 75 ZLAME 1)
R S AR &, EES IR, 7008,
PR R A T P50 5 AT 7 G PR R 2, BT
IR PWM AT 2738 e (R LR P ) S A 1] 8 BT

8 PWM RI#Z T #2245 HIAE ]
Fig. 8 Control diagram of PWM-controlled converter

Kl 8 b P s IA 0y
GPI (s)= kp0+% (21)

A koo N PLRTT 2SI LEG 220 kio A PLIATT 28
IR 250

ZHHER[26], Pl #s S HaxE A (22) %1t

= 2La+LT12

3T
k. :ﬁ
o 20T?
K Loy PWM S8R B HLG Ly NTEANZR R
PETNBH BB Ty PWM A5 2 10T ¢ J& 3.
T PR AT E8 T T80/, X H X AR I sl
MR ZE, RITESEBR LFEN H 2 XU PR A
iaE, w@3) .
Gon(8)= 3 [kt —g—an®S 3 (3)

et s* +2w,5 + (nw,)’
A kpnj"j n X PROIFATEIIELE] 220G kin N n K
PR AT ER AR REG: o NEUESIZ .
HA#E PR 528 S3 kon H kin Z50(24) W1t

(22)

2L, +L
Ky =Ko = Tm
(24)
« _me _N@LALy)

in i0 20-[-52
BUEIER w UM PR 126 8811 %, — 5 &
H [ R4 1 H U 5 205 Hz, 235 3Cik[27], W15
@, =0.2 rad/s .
3 {HESHh

£ Matlab H 7 10 KV B L 2 % 7 SR 4 b
BB ARG HEEMY, RESHWE 1 PR,



B

BT PWM A $2 48 i 25 14 MU AR VAT 4 4 2428 ) D7 V20 9 - 115 -

®1 RGESHE

Table 1 Parameters of system

BH el = el
U/kV 10 K 10 kVv/450 V
Lo/mH 1 Cuc/nF 4000

d 10% dgo 5%
Co/uF 3.68 Li/mH 291.6
Ro/Q 17 320 N 3
3.1 IR E SN

ARG ARENT: YT

BEEENTE S AR

N 49 Hz, £EFE 0.2s, JENESHFEMEIN 0.1 Hz,

7 HP TN EL 9 s

54
E 53F .f;u q
% St ﬁ
= st 13 .
i f
‘-E 50 -
49
48 . . : . : . :
0 1 2 3 4 5 6 7 8
t/s
(a) TEAN I TE
3000
2500} oo
2 2000} ¥ -
2 s} A —
I Uy
¥ o0t
500
n i i i L i L i
0 1 2 3 4 5 6 7 8
t/s
(b) F IR TE
42
4.1t
=
=
S
%
=
=

tls

(c) A L 2 KL S 5 £
B9 xiithra A MTER

Fig. 9 Simulation waveform of capacitance to ground

HH 9 AT, 227 R d R AN B () 1S iR A e
9513 Hz, THAEHRITHAEE A 3.666 uF, i#ZEH
0.37%, IGIF 1 AT i e 28 A6 I 7 v B 250k
3.2 BRMMEIEHIAE

AGTEKRENT: t=012s, A MKk4EEH

ks, eI Ry=5Q; t=0.22s, WL &K
A; t=0.52s, MHINZREHA; t=08s, T3
JEHFEN, MEE 2A, FH0.2s, Frakmf(al 0.1s;
t=11s, MR L. FESRWE 10 frx.

FH P 10 Fros i B4 ST %0, e kb i & 2F Ja
P HRIE(EZ) 85 A; EVHINLKREIING, 40t 5~6
AR BRI R 1], % FL RIS R RE A 10 A B
FEAT I, FTid Syt F i e il i H v, 1R ZE 1 5%
DAY MTHIRZR R NIZATUAfE, % I (E
FM 0.7 A, B BT B a7 il SR ms 10 A 2k

HH H||'||||"1‘ll|ll|H “
Il il
"M'\ }m' "u" M“ "uh

0.1 0.2 0.3 0.4 0.5 U.(J 0.7 0.8
t/s

(a) Z LR TE

150 T T T T T
15

| | SAAAMN
i W '\ 3

‘||H||H| ]50.5 Iy 07|
1 A A

50 || H || H |f
-100f, SI _ sz s3 LS4

,ISU |" \" 1 1 |’;‘ | 1
0 01 02 03 04 05 06 07 08

10
|F H IF U
'u‘ ‘H' u\
UHH | H
Mh M U\| \H ‘H
il l“l il ||||

0.9 1.0

!V

idA
[=]

t/s
(b) e 5 FRLIE I T
150 T T T T T T

H|| 1
50( il || ||u
\‘Ilm MIHHH‘H H

ToalA

-100 |
— 1 50 1 | 1 1 1 | 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

t/s

() i Ak ) 12 L i T
15 T T T T T T

il)kifA

-15 1 1 1 I 1 | 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08

t/s
(dy M ITEL R+ R LA T
E 10 FRAMHESIFE R

Fig. 10 Simulation waveforms of residual-current control



- 116 - A ERBYDEH

3.3 IEMEERER AR

t=0.8s, MIHIRLRIE [ R GuE N A AT e f
W, JARA0.2ms, RFSERA] 0.1s, Z5RUBHJE HRHA
3242 Q; t=1.1s, fEMikBEIE L. 15 ESE R
11 FE 12 Fiiow

FH ] 11 Bz 0 B v R, A8 WA v 2 HiF )
RGENEHR, TR B by
KJa, RGP HERSLRIE &, 18R f i e H
T, FFBEEEREAMLE N, /£0.1sMKl, F

h 1 1
0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
/s
(a) FIF L BEIE

A7 e B R

A

Y
A
) 4

ig/A

|
L= N N O S
‘§'"

07 08 0.9 1.0 1.1 1.2 1.3 14 15
tls

(b) FLER HI Y

iga/A

07 08 09 10 11 12 13 14 15
s

(c) T IMEL [l #h 22 i Ll T

ion/A

07 08 0.9 1.0 1.1 1.2 1.3 14 15
tls

(d) AT SIRER e H 2 LA T
E 11 EzERERINESIAERR
Fig. 11 Simulation waveforms of active damping
current injection control

Ay

%
%
%

1y 5000 V/div, igg: 5 A/div

1.001.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20
t's

(a) uoMliosit I

uy: 2 000 V/div, igy: 2 A/div

1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.181.20
t's

(b) 1o i gy 8¢ JE-
E 12 TFBEE. MNHITEEAMEERMESE R RFRIKT
Fig. 12 Waveforms of zero-sequence voltage, compensating current
of slave arc suppression coil and active damping current

JPHLE RRE T 3489V, RFELLHI 42.4%, LR
MrEUEAH 2 7.3%:; B /7 R R R, BHE 11(c)
FTEE 12(d) T %0, =5 SRR B RN M IRk Bl (1) FE 35
ERREER, SER T

B 12 A TP EE R TE IR R DL 325
FEJE IR B . i 12(@)rT %0, 7Et=1.0s
BF A ) - AT INZR Bl M FRLAL os B HIT 257 FELE A
FES N pr A0 oy HLIITE mi2~m YEFE N, 2R HH AV
SRR B AN LI fo ARG AR s b AhE
P>fo AT, N E B R H B A I BB
12(b) 5 3k — 25 R B VN 1R =5 Bl BHL 2 H i o 1F L FH
B D5 ELAERIGAE T FS AT A IR AR

4 L

AR SR i P O PR e A e A B
EAMEERTE. T TR A R, R
X it LA HLRUAS I PR SEBIL kT SEEIL R B
PR R BRI SR At v R BELJE FLIALE AR SEBIL A
R e b il e AR 2D S A 00 A ST 2k el ) S I R
s KA “Pl+2 PROFTIAS 7 X AR IR bt
friztl, SEEL T IR A R . X iR R I8
AFEHITHEIAT T 0TI, T H8RRY, it
SR A A MER TR 5 VA RS SE LG FL WY R S ) S
A, RS IE.



B

FT PWM 1] P48 e R 4 B i A A2 ) 7 VAT 9T

- 117 -

SR

(1]

(2]

(3]

(4]

(5]

(6]

(7]

T, AFFME, BRI T PR R R R AR
THERA BIEAE LRI T[], B RGRI S 1,
2020, 48(11): 69-75.

Ql Zheng, DIAO Chunyan, CHEN Yanbo. Online
identification of the effectiveness of fast fault point
transfer arc extinguishing method for distribution
networks[J]. Power System Protection and Control, 2020,
48(11): 69-75.

Jeaiti, A, Wik, S AEIRIE R S B A
P B2 b W R 208 T D). T R AR H AR,
2019, 47(21): 21-29.

LONG Ruyue, HUANG Chun, TANG Tao, et al. Line
selection method for grounding fault in resonant grounding
distribution systems[J]. Power System Protection and
Control, 2019, 47(21): 21-29.

RO, Bk, MR, & AR T NG R 4%

WS RBE T[], W RG Ry 542, 2020,
48(3): 130-137.

YUAN Chao, XUE Yongduan, MEI Rui, et al. Sensitivity
analysis of insulation monitoring of distribution network
under different grounding modes[J]. Power System
Protection and Control, 2020, 48(3): 130-137.

RKIYED), Bk, RN, & WE MR A Eh A
HIAIRHEIEEL]. BMER, 2014, 38(7): 2008-2013.
LIU Weigong, XUE Yongduan, XU Bingyin, et al. An
active arc suppression algorithm adaptable to dynamic
structure variation of transmission line[J]. Power System
Technology, 2014, 38(7): 2008-2013.

PR, BRSO, R, S O A ) O P s A U
THIRE AR ZER[I]. 7 TAEEA, 2020, 39(6): 58-65.
WEI Xiaohui, SHAO Wenquan, CHENG Yuan, et al.
single-phase  grounding fault
arc-suppression technologies in distribution network[J].

Review of active
Electric Power Engineering Technology, 2020, 39(6):
58-65.

L7, FHER, B, 55 BT PWM ARSI E
T I P AT T[], U R GRS, 2010,
38(23): 132-136, 140.

KONG Ning, YIN Zhongdong, YANG Po, et al. Study on
automatic tuning arc suppression coil
PWM-controlled reactor[J]. Power System Protection and
Control, 2010, 38(23): 132-136, 140.

T, BT, B, & A MPRETT AN BRIIOE
PR AR T[], =R A, 2017, 53(3): 178-184.

Al Shaogui, LI Xiuguang, LI Wei, et al. Arc suppression
technology based on fast switch for distribution network[J].

based on

(8]

[9]

(10]

[11]

(12]

[13] &

[14]

[15]

High Voltage Apparatus, 2017, 53(3): 178-184.

WINTER K M. Swedish distribution networks-a new
method for earth fault protection in cable and overhead
systems[C] // 1993 Fifth International Conference on
Developments in Power System Protection, March 30-
April 2, 1993, York, UK: 268-270.

WANG Wen, ZENG Xiangjun, YAN Lingjie, et al. Principle
and control design of active ground-fault arc suppression
device for full compensation of ground current[J]. IEEE

Transactions on Industrial Electronics, 2017, 64(6):
4561-4570.
Mraid, £, Tofhfh, 55 Rl & QU I el 1 4

M i I R R LS M s ) B [J]. P L ROR 2
i, 2015, 30(10): 311-318.

CHEN Baichao, WANG Peng, SHEN Weiwei, et al. The
principle of full compensation arc suppression and
flexible control of electromagnetic hybrid petersen coil[J].
Transactions of China Electrotechnical Socitety, 2015,
30(10): 311-318.

ek, &k, B, . T R R EOR
BT LT IR e W 7). 4k rR RS, 2007, 35(3): 29-33.
QU Yilong, DONG Yimai, TAN Weipu, et al. Research
on new type arc-suppression coil based on single-phase
active power filter technology[J]. Relay, 2007, 35(3): 29-33.

R, WREE, BRIK, 55, SN MR 4 e AMEE T
FL[I]. HEE KR, 2003, 32(5): 558-562.

TANG Yi, CHEN Kui, CHEN Qing, et al. Research on
the full current compensation of one-phase-to-ground
fault[J]. Journal of China University of Mining &
Technology, 2003, 32(5): 558-562.

TR, MEH, HEAF. A T oL O
BARGRI]. B RGHRY S, 2015, 43(9):
145-154.

JIA Chenxi, YANG Longyue, DU Guifu. Review of key
technologies on full current compensation arc suppression
coil[J]. Power System Protection and Control, 2015,
43(9): 145-154.

gifi, PSR, BREE, S5 T SRR AT R R A
AR M TR IO VR 0]. T AR LAY, 2017, 30(2):
129-136.

ZHANG Jian, HE Leisisi, CHEN Rui, et al. Active arc
suppression method for single-phase grounding fault of
power distribution network based on self-optimized
control[J]. Guangdong Electric Power, 2017, 30(2): 129-136.
IR, HIES, B, . RSO A IRAMEBOR
HE SRR SRR T R[], BT RS 3L, 2016,
40(24): 111-117.

LI Xiaobo, JIANG Fengjing, LI Kang, et al. Flexible



-118 -

LY EE R TN E R

[16]

[17]

(18]

[19]

[20]

[21]

control method of neutral point voltage using improved
active compensation technology[J]. Automation of Electric
Power Systems, 2016, 40(24): 111-117.

BAEE, Tk, 2, 5 ETICR MR IE B ES]
BT o SIS B 2R PR T R B [D]. o [ L T AR 4R,
2012, 32(16): 137-143.

ZENG Xiangjun, WANG Yuanyuan, LI Jian, et al. Novel
principle of faults arc extinguishing & feeder protection
based on flexible grounding control for distribution
networks[J]. Proceedings of the CSEE, 2012, 32(16):
137-143.

VLR, W, MO, 55 ENRESH AL
A FTE FL M AR AL IOV 0], R T R G B Bhik,
2017, 41(8): 138-145.

GUO Moufa, YOU lJianzhang, LIN Xianhui, et al. Flexible
arc-suppression optimization method for distribution
network adaptable to variation of line parameters and
load[J]. Automation of Electric Power Systems, 2017,
41(8): 138-145.

JAXIL, B, BRI, & T SVG PIAHRREA
PR H X B et i Ry 9T R D). I R B 3K,
2019, 43(10): 142-149.

ZHOU Xingda, LU Shuai, CHEN Yangming, et al.
Single-phase-to-ground fault arc-extinguishing method
for distribution network based on SVG two-phase current
injection[J]. Automation of Electric Power Systems, 2019,
43(10): 142-149.

VR, JE=, Sk, &5, FE T O00PH A% ) AR C e o) 5
FHEE B BRI U R D). ARG H Bk, 2017,
41(5): 128-133.

CHEN Rui, ZHOU Feng, WENG Hongjie, et al. Active
arc-suppression method based on double closed-loop
control under single-phase grounding fault[J]. Automation of
Electric Power Systems, 2017, 41(5): 128-133.

KA, B, RHETE, 4. (PR EH A YE R T N
FEPERE M TAILGE]. FNEIAR, 2017, 41(1): 314-321.
ZHANG Yi, XUE Yongduan, SONG Huamao, et al.
Performance analysis and improvement of active voltage
arc-suppression algorithm about low resistance grounding
fault[J]. Power System Technology, 2017, 41(1): 314-321.
FEEB, MR, AL B ML AR I A
BEFE BN A AR AR AT 3], B RS E AL,
2017, 41(13): 125-132.

TANG Jinrui, YANG Chen, CHENG Lijun. Analysis on
zero-sequence current variation characteristic for feeders
of distribution network at different residual
compensation factors[J]. Automation of Electric Power

current

Systems, 2017, 41(13): 125-132.

SR, FIUR, K4EE), & SaHHIE 07 X i

W& o3 i e RPN SR [I). R HL g, 2018, 51(12): 72-79.

YU Bin, YIN Xianggen, ZHU Weijun, et al. Grounding

fault analysis and protection scheme study for composite

grounding arc-suppression mode[J]. Electric Power, 2018,

51(12): 72-79.

[23] XIAOQ Y, OUYANG J, XIONG X, et al. Fault protection
method of single-phase break for distribution network
considering the influence of neutral grounding modes[J].
Protection and Control Modern Power Systems, 2020, 5(2):
111-123. DOI: 10.1186/541601-020-00156-00.

[24] ZHANG Jianwen, WANG Haisong, WANG Han, et al.

Backup control of wind power generation system based

on voltage-sensorless and LCL active damping scheme[J].

Wind Engineering, 2015, 39(1): 65-82.

G, B, XK, 5. T BRI AR 88

HE L TR I []. = E 7, 2019, 52(12): 90-96.

SONG Shaojian, YANG Xi, LIU Bin, et al.

Quasi-proportional resonance control of grid-connected

inverter based on grid impedance[J]. Electric Power,

2019, 52(12): 90-96.

Filghs, FBE, SRE, 55 LCL BYFEMHAE a0 2

R TCIR e F I [J]. HMER, 2014, 38(4): 895-902.

WANG Haisong, WANG Han, ZHANG Jianwen, et al.

Split-capacitor passive damping control for LCL

grid-connected inverter[J]. Power System Technology,

2014, 38(4): 895-902.

ERE, SR, SR, SE KBTI R R A

e 38 1 sk PR I [J]. K PHAE 3, 2014, 35(11):

2257-2263.

WANG Han, DOU Zhenlan, ZHANG Jianwen, et al. An

improved proportional resonant control strategy for

[22]

[25]

[26]

[27]

full-scale wind power converter with induction generator[J].
Acta Energiae Solaris Sinica, 2014, 35(11): 2257-2263.

Wis HEA: 2020-11-05;
EEE T

I M (1984—), B, WL, HRIALN, HLT@HR
B Wiz 7K E-mail; w-fsfe@163.com

B k(1984—), F, @it, HRIETF, ARLTEA
Be# Wiz AT H K ; E-mail: gingzhul@163.com

x wp(1982—), B, @faMk, Hd, MEATR,
MEFTEMACHCTHE ) ZAEEERRETHAR
E-mail: wanghansjtu@sjtu.edu.cn

{&EIHER: 2020-12-16

(¥t 42/ M)


mailto:w-fsfe@163.com

