U ER TR

113 2024 4F3 A

Electric Power Engineering Technology

Fa3E H2H

DOI:10.12158/7.2096-3203.2024.02.012

R T S5 S0 ) D5 0 i R RO R PR 4 T i

BRT, RIS, ERAR
[ FYT354 Hh A B R D RIS e, 1195 A3 211103)

W EHARRLSIOLAEABATE N THEERRABRCH A XL EHARL ik, ATHETRBRGM
R A XA 0 TR Y R AR AR R AR A R G X A P L A T B T, A R R
1535, AP AT R E R EAME R M R E— R TFAIER G RMEME R ERRY Tk, FEABELL
HE X G 6 B A3 BB AR AR IAR B K R, st B it R A RAF E A R, B F A
YN EREEE, BLERINEFAEE, RIET A4 R CREMHEAT, LHE LV RDBF RS
HARAE SR R IR, B AR S TR SR R HULAE S b TR B BT 3k A9 R A I, JEARE ML R A2 94 L o 1E

T 55 R e B [ B A 6 FE 5

KRB A AL ARG RERY REM B REFHES; EMBR

HESES  TM771 MRS A

0 3§

UTAESR , PRAL AT R0k 3k 8 68 T 311 242 1) B 83
RER I3 b ™ o, ) AT P2 R U5 A0 AL 10 AR,
IR R A5 I K R 22 4 T 96V B A Ao T 2
AL S A S R BE MR 5 Ui I
AP HE I B IR 2 MRS T B,

R R A T PR T 284 H P S o B e
I, i 3 5 A R L 4 9 Of U T A g
PR e I Sk phy 22 b U AN B B LR /N R
T3 G, R 430 AT R AR R IR R A (A
JAR ) FBERE A T2 A fEL PR 39672 25 v R 1 B
GREGESHE , A T g 0 10 22 4, T8 23 78 R L i i
J55 1 20 AT B R G e, S i 1 i e 4 R 4%
R HL R S B I H O, I X S AR Y 3
P SR TS A E B R AL T I
BT, s e R 20 I o e 190 ha 23 i 51 T R R
IBAT , T 725 19 190 45 L IR fy T S . AT L,
Sy T AR B R IO B 22 A B AT, X H A B 445 4
BT A R 07 A B

LT, Gl Eb 19 f 20 Hl LR 4P B T R G B 2 A
TEPI DT TR R : (1) 53725 2 Pl 5 AL 35 5 P i )
WL TR R AR A2 450/ R o e O, 7 I o R
RN SR FRAE 7 2 S e B O, 472 4 A Bk R
007 L YR 1, 52 BRI 0 e B E %) T
58 24K PR AR S T ) S, 20K b R 4P 0 o L A
T B R B 5 (2) S GA RAT EL, 1%
L O ) 7 26 VU B /1N, o A TIE 2K 0 e 70 5 i s 3
K AS B A7 .2023-09-03 ;45 =1 B #7:2023-11-14

L E B :2096-3203(2024)02-0113-11

G, VAR R BIR JBE b il /] 30 s P 52 W) 90 L, 2000 25 g
AT 3R TE5 2k L AR B R

SCHRL 7 15 B i A8 45 v DT Bl I s Bk e I
Fy i E R SRR L R R A 9 o R
P J5 ke SCHRL 8 TR Hla 2k it R 47 vl Sk R BECME Y
FORTEBUA R B S Al b e vi I R s 1 B b
PR I T T4k o SCRRTO 170 #rilike s 6 2 1
A i R A B R, R — D AR R R R i
Ja A5 A S AR R 8 PR SR . H R 22 A T
XoF A AR A R 3T 8 3 A 45 F R, AT T S AT
FE T T T R A T A T HOBR S , Bl o s
AR A IR BGE I, HATAR KA S BR Y. HLAERIOR
P A A B, DA T PR P ) F S L
ANBAGTIR , 39078 g oL A i R 52 R T AL S 4k
HLORAP R B IR TEAS PR

SCHR M — o 3 T 30070 A A5 A B Y Bl R Y
LRI PRI 15, FE TR A Y R AR E R o s AT
ARZS W0 1 A7 AR 8] 14 e 4 4 3l 5 48 o — Fof e o
AR A5 5 A Y s 00 05 28 g L YR o (1)
PHES PRI TT %, Al e A BIR BE b A T B 4k R fR 3
PEL; T T A A S I R R B R I A
DRI 15 , 388 5 M 10 00 o rit 38 B8 1 SR R U B 5
i, SRR A0S 8 L OIS % G A A
G FE AL A 05 A g L DL B i A 30 A R A
B BUE TS0 B RO E R AT

1 HEMEET

1.1 WEMESITEE
FEFEPIRECT , Sl R 25 T R H A — 4~ H



& AH) ALK 114

PR s 72 IS BT, Gl e ) LA 4 o) P S 3
U5 i P IR ) i L S DAY ST 2200 2 PR S 70 1) 22
LA R S — AN gl Sr B R Ge s AT . e )
REA AT 2 DX IR P P P o SR [] B 4 45 DX s i)
H T ARE , 348 AT LA IR B2 3t 1) 1 224 3t 1) 7T 2 %
U5, T AR 1 e v 0 2R B, AR 0 3R 1) B U
R M B G I i RE R A

FERIREATT , Sy di R BR B A ] AR A BB IR, —
PRV E WAL g L TR PQ 43 (BRI DT o4z il )
sl R . ISR, AR R R
ATl IO 2R 0 T A0 258 0, T A 400 L B O A1
A B A e 2l 39072 88 H 5 — PR T V-£ 5 ( BE
JEPEATAE ) ARy 4, R R P A5 A, TR
AR R IR ATS IR A PQ Fsifilsiofs) B Rl

TEABSE IC W ) oy, — iR B 38 5 i 22 A B ]
i, e v ML S N B 0 2 28 AR R TR RS | B Y
I3, MRS g v, 204 390 7 28 v, P A 8 TGV il 2 17
BT, 23 U)BR— 2 H B 17 3 DA AR IR 2 AR
I AEAL e S s TR A BRI R R A
(1) e MrsfTRi=l; (2) #2848 i I 1R
A5 (3) #5HM R (4) fors ) PR G ffar AR R
1.2 fRFE o) 2k BE E PR 2 A

PRI 305 2% 45 F R ) R R 45 A S5 1) R, (AL e i)
Yk 3 PR JC AR S ) e AR R 22 0 AR RO S 1Y
HBEAE B, SR O M i VB . B A — 4k
ST O A 1 T 5 S B T4 G Ak v AR AP
U TR RS PR 25 o i ek X RS R
PO B — 14 X 73 S Al v IO SR ] T 3 A2 g L TR S
TSP RE A s, #5200 00 A 30 g F U A S5 A F
T X Gk L I B e R A T RS

PREBEATT 0B R S — A S T R 4
FEAE, LN TR DA o 22 56 4y HC P 0 06 7 65 v
TR o FERIBECT s M1 — A f i e
HL IR TR AT, G ) 28 40 2 R 4l L 2 AR
DL R IR B i 2 L BB o ol e R i A A v
AR Ry o8, RS Sy Z il Sl e iy
UGS R ERTNIOEL Bt DA I & A0 ISR LR A
PP R AL G E H B 22 00 E T H Y
PP 0 O 22 R v 3 gl )R L, B 0 e B J A
waniR (AL RTAS

IRE R ST 43 Ay it R I AR RS 2
R AR PR HE AR A R, R g K
R T b % I A 5 78 3 1) A 82 2 4 ] RE B AT T o
JR AR He 4 45, (point of common coupling, PCC) &
ShESIMTIE . XA EE TR P IR A B B SR8

REL, LA BE o RS BT 3 e, B
PR A R 1 A T R B IE H IR T
AR S e F P9 I I, DR A8 25 L, A T
3] 3t R AT K A HL T A0 S K R R ] ) PCC T T
PR IR A T e AR, R g ml LA
PRAESUR AT A BE L 22 4, DO B A I A X R A
WK RE S

SCH R H — o T 0 A e A5 A B R ) £k
FEL R A S DR 73, A Rl e TR Ay S Pk B R AT
Pl e O T T oA, TR A (e g A R
SRR, B A9 3 M B AT A AT RE
fEi A R 2R R

2 FERHFENEERE

S UGS O Bk G R e 48 STApRPSY
TRl PR ) A A I I 39048 35 FL O X RS LR
i 2 S L TR AR i B £ L A 3R ) ) R
HREA T A B Y A o A R AT S R AR AR
T e T L RIS 2580 114 e D8 B L O, 722 00 o K
FEGEOR AP v B el 5 5 119 FEL 30 96 9 ) 81 41
Hh 2 DT PR 39 728 8 v D5 A ) A e PR 1 [] et o
AR R, A P B B A A R A 4D B
LR, TR (H5 e A AU [R) 4R B BT A5 7 R
LA AT o JRUAS PR A gt WL YRAT A7 1 AN 58 1
TR B R A A A% B e e L LA A P —
PR AL GE R 2k L OR3P ] AR b s TR B A
2.1 S E PGB R

BT A i S AR ) D I R DR B T 1
e Pl I DR (G AR, FL B A T (8 38
IR VO (R Tk CINE Y &2 S A
WA e 1 P JUAE DA 94 1 L i B0 A A
i o SR SRR AR B R A R S
LT BRI i 1 o AR RE A8 T I 9 ) S e £k
S BHITR RN IR 2 % o A DR 2 gl vl AR 3
SRAE ) T3 R M — 1 R 400 L rh 3L, A
A 50 Ha, 2F T W5 1 S W 26 B BELBTE 9 R/ 1258
A2k L DR A RE A AR I S B i IE R s A, TR 1
B AR L IR AR IS R R T

mly

1 BAPTRARBRANSEREZR TS
Fig.1 Circuit schematic diagram of single
inverter after power supply failure
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Fig.2 Structure of equivalent ranging
relay protection device
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Fig.6 Output voltage,current,frequency and virtual short-
circuit current waveforms of inverter power supply
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Fig.10 Output voltage,current,frequency of inverter
power supply,including current waveforms and virtual
short-circuit current at three locations on the circuit
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Fig.11 Comparison of short circuit currents and
virtual short circuit currents of rotating motor,and
equivalent distance (single power supply
dual-circuit power supply line)
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Fig.13 Output voltages of rotating motor terminal and
current waveforms at three locations on the circuit

HI & 13 (a) F1(b) I, AERCBRE RIS 2 A e
HL BL G B A R JE B K RE S O 220 V. i &
13(c)—(e) A1, X 2 Z% 101 % i BEAT T 0L AH 45, ik
PR 1.2.3 AbP R AT A S5 . #2284 = A B
ORI, — Ak B R R R IRAELR 310 A 2245, i pE D)
Bk Je , #5400 1) FEL 3 SR A 380 s i 114 £

B 14 Sy 2 A 300 A8 25 r VR A 3 AR 14 il T Rl

He IR LA B e b = b WL I AR X V7 ) R U0 B R
TAAEAL RO o

RG] 14 (a)—(d) AIH, RGEIEHR B, 2 A3
A L IEEAE TP ] A M T i A i T PR 5

400
200

0
M -200

_400 1 1 1 1 ]
0 0.1 0.2 0.3 0.4 0.5

t/s
(a) WAZ A1 LR HY L

'V

-400 L I L
0 0.1 0.2 0.3 0.4 0.5
t/s

(c) WiAR &2 H U4 Y i e

0 Il Il Il Il Il
0.1 0.2 0.3 0.4 0.5
t/s

(d) AR 252 B AR

< of
~ 501
-100 . , ) )

0 0.1 0.2 0.3 0.4 0.5
t/s

(e) Zei1Abriii

0 1 1 1 1 Il
0.1 0.2 0.3 0.4 0.5

t/s
() SR 14k K F0L 5 2% it

100
60
20
20 , \ , ,

0 0.1 0.2 0.3 0.4 0.5
t/s

(9) LBf24b IR
140 1

100 1
60
20 1 1 1 1 1

0 0.1 0.2 0.3 0.4 0.5
t/s
(h) ZR6240 REAOLR % L IR

50

< -50

2z ~150
-250 . . ] )

0 0.1 0.2 0.3 0.4 0.5
t/s

(i) ZRHE3AL IR

I,/A

L,/A




2 HEHEAR 120

0.1 0.2 0.3 0.4 0.5
t/s
() B3 b R A0 % L It

B 14 pEimiRmmeE aEmER -
= Ab R HE HAAE BE FR R I T
Fig.14 Output voltages, frequencies of inverter power

supplies,including current waveforms and virtual short-
circuit current at three locations on the circuit

220 VB0 TR (B 50 Haz) 5 £ 5 R ], 2 453
A e L PR AR TP ) P T DR e o v 7 114
{2 40 A iyt s 7 B 1A], AR R LR 1 AR
TRIFAE 44 Hez Fody , AR AR LR 2 PR ERFFAE 25
Hz ZeAvo HIE14() ((h) (5) AT, 285 gk R A e
o B ) R AL REL S L L A 5 o ) A2 08 2

15 D2 ik b = A Je i v ML i FEL 3L A A 9
et 300 14 A0 R B P Y NS B L R AR 3 K A0 I P U
TN P 305748 g L, Il o 1] ) A S5 2

150
< 100 | ; h
= 50+ 1 H
0 d 1 1 1 1 i
0.1 0.2 0.3 0.4 0.5
1/s
-- - R R — e B ML R L
(a) LRI 1AL Tie s AL J 1% L AL
R 0L 0 I R T EL
12 000
g 8000
~ 4000 F
0 o.'1 0.2 o.'3 o.'4 0.'5
t/s
(b) ZRHE 1AL B
140
100 f : \
< 0 : H
20 I E

0 o.'1 o.lz 0.'3 0.'4 ojs
t/s
-- = SR R R — e B ML e R
(c) LRI 24bTye s B Jo % L AL AN
i 0L J 5 LA X L

12 000
= 8000
<4000 -

0 . : | .

01 02 03 04 05

t/s
(d) 2R A0SR0 B

700
500
< 300 . i
100 : , !
0 0.1 0.2 0.3 0.4 0.5
t/s

--- R R — ek B R
(e) LRI 3ALTFEsE Fp L J % L AL A
R 0L 0 5 R X L

10 000
£ 6000
~

2000

0 0.1 0.2 0.3 0.4 0.5
t/s
(f) LREE3AbE R B

B 15 HEREBIERBIRNEIERER
bk R SR BE S ( P um it R 2R 2% )
Fig.15 Comparison of short circuit currents and
virtual short circuit currents of rotating motor,

and equivalent distance ( power supply
lines at both ends)

S O 5o M nl AL AERE AN I AR P A5 B 1
OV 6% P AL AR P AL R B P G e 2 W) 5, ELAR Bl
R AUUREL I Pt 00 T 0 S g L YRR o T A
RS ek B DR Al DU B3 (B s A T Bk ) e
DIBRE R
3.4 HBimNERME

£ PSCAD/EMTDC - 65 | 45 5 14 5 g XUHE, 5
PR R A A AN 16 B

| L L,

) AN 2%

<M) | K X
(a) LA LA

DG1
L, L,

% YV

= % R

(b) DAAR S HLE N FL R

E 16 HimWBEREEBHEERITE
Fig.16 Schematic diagram of single terminal dual
power supply simulation model

HEL B 18 0B < R A PR ML A 1 A i
FHHL AR L AR A5 0 220 V5 39007288 g v YA i B A 2
IR H R i, 308 a PR P 5 P 42 o R 45 il t AR R
FEIREE g 220V, FE G R 18] 36 5 HRL O i B 42 o) £
R LT IR (AR 20 40 A5 SO A AR 7E 0.2 s, i)
BRI Sy — R BB, SRR O DI BR A A 1E 0.4 s,

P17 i B P LA A e R 18 v 11 #L e L B
2 BRI AR Ol

HIF 17 (a) AT, FEBBRAIT IS, e v ALY i
FHREIRZ DY 220 Vo d [ 17 (b) al g, 1E i 4
A, R PRI 31 A ZE A iR AR S, SRR
R IRE] 15T A ZiAy i IBR G , L b i e
USRS B BT A9 {EL

P18 Sy 2 A0 i L AU B A o o ) i 11 R
JESNGERTI B D &2 S =0 SR R DO VA DD o VS
HEHLTR A AT O

MR 18 (a) —(f) ATHI, RGEIEH I, 2 A3
AR IR IR PR AR AR, S A LR PR S5



121 JETH 45 < BT 25 A0 B 1A R 10 A L Tl B £ 0y vk

400
200
Z
=200
-400 : : : : :
0 0.1 0.2 0.3 0.4 0.5
t/s
(a) WEFE AL LI HE
<
=

200
100
0
-100
200 : : : : '
0

0.1 0.2 0.3 0.4 0.5
t/s

(b) Zei LI

B 17 mEdE R ALY IR FR R AN 2k % b B RE IR T
Fig.17 Output voltage of rotating motor terminal and
current waveforms on the line

01 02 03 04 05
t/s
(a) WiAEES FLUR Vi HUR

0 0.1 0.2 0.3 0.4 0.5
t/s

(b) AR AR FEYR 1 4 LR

0.1 0.2 0.3 0.4 0.5
t/s

(c) AR R H YR 1A

0.1 0.2 0.3 0.4 0.5
t/s
(d) ARG YR H R

0 0.1 0.2 0.3 0.4 0.5
t/s

(o) 1AZ 7 AL YE 2%t HLIAL

0.1 0.2 0.3 0.4 0.5
t/s

(f) WiAE 2% s PR

0 0.1 0.2 0.3 0.4 0.5
t/s

(g) 4tk LRy

200}
150 |

< 100}

~ 50 L

0 1 1
0 0.1 0.2 0.3 0.4 0.5
t/s

(h) Zeitk b (1% R 40U B LA
18 AE-eRrE iR R E R SRR
2B bR | B2 $0AE BR BT IR
Fig.18 Output voltages,currents ,frequencies of inverter

power supplys,waveforms of current and
virtual short-circuit current onthe line

220 VSR T (BP 50 Haz) 5 £E 5 B ], 2 />3

A i L PR AR AP A P T, DR e ot L 7 114

{0 40 A fai i 5 7R BEUITR], 2 3074 48 HL IR 4 40

FREBLRAFAE 46 Hz oy fil& 18 (h) I, 225 i

PR AT 2 Y HE 100 J6 0% PR AL A i e 30 ) L AL

.

P 19 D2k b 14 e & v AL B L 30 AL A 81 7

FI) 4 RE-APUJEE 3% FL U X B DA B AR A e 400 8 b O D
P 18 0 A L IR 5 T ) S5

200

150 1 /

=100

50 |
0

0.‘1 0.2 0.‘3 O.‘4 0.‘5
t/s

=== KA R — T FOL S R

(a) JREH: F AL 6 FELURR R 408 26 FRLURE NS EE

6000
24000
~2000
203 04 o0

0 0.1 0. .5

t/s
(b) RS

B 19 HERBVIERBERNELIEKER
Xt bb e S BE 55 ( B um W R IR At R R B )
Fig.19 Comparison of short circuit current and
virtual short circuit current of rotating motor,

and equivalent distance ( single-ended
dual power supply line)

i 05 BT M Al L AR RS AR R, A B Y
FOLREL S P I AR P AL B P UL e BE W, DR e T
AR B2 M FUL 6 8% HL UL, 2 B e Y e vl O = Be st
PRIPPEATAR L ORI, [ AR 2 (B m] RUTHARE Y R 41
B, AT A L AR R T PR A ELAR B HE 00
S P AL 90 g e DR A I Y R 1
Gedk e PP A ARSI AE S T Bk IR 5E B VI BR it e

4 55iE

SCHP i R T 300 A A S A R Y AR R £k i
DRI i, BRI A i v YR B J o i e £ 6 4 3
AR, T A ] A i e £ A, O



& AH) ALK 122

T 37052 L B A OB,y T R
Iy ik 0 3E B 4 FT AT, 3 — 5 e 0 0¥ B
PSCAD/EMTDC FH47E T i EBURME TR, 4 b
i 245 (VL5 S 421, SO AR 10 J7 o B 4 7
(I TES
%
R SCA ) B RS 35 b A7 R 2 AR B
RS R TR R AR A SRR
(J2022042) % 85 , 3 Mo Bt

SE 3k

(1] a5, 303 At O AR [ M) Jeat: o E 7 s
#t,2012.
ZHENG Zhiyu, Al Qian. Introduction to distributed generation
[ M]. Beijing:China Electric Power Press,2012.

(2] A5, T IO e A 0k v AR P SR AT 52 [T ] v
AHARG L ,2023(2) :31-35.
ZHAO Qianwen. Research on relay protection strategy based on
micro-grid grounding fault[ J]. Electrical Equipment and Econo-
my,2023(2) :31-35.

[3] ARE, A, M MisfrIr A5 [1]. ik 5, 2019
(23).25,28.
ZHAN Junnan, BAI Di. Research on operation mode of micro-
erid[ J]. Electronics World,2019(23) :25,28.

(4] ENIAR , RUbK , 5 H6F , 45, 32 EIRIR G Bl s A7 i HOR
[J]. BlptiR 5 TAE,2022,22(28) :12242-12252.
YUE Yingjuan, FENG Lin, CAl Yanping, et al. AC-DC hybrid
microgrid operation control technology[ J]. Science Technology
and Engineering,2022,22(28) :12242-12252.

[S] ERAe, efal, SR, DB 89 287 i Mz 17 e
Lo 1], T AERHR ,2022,41(3) :33-42.
XING Yuhua,HOU Jingru,ZHI Na. Operation optimization and
analysis of independent double microgrid group with power
mutual assistance[ J]. Advanced Technology of Electrical Engi-
neering and Energy,2022,41(3) :33-42.

(6] Flweak ARk, WRIBLR , 5. B E) 32 DA il e 199 i A7 4 1)
SeusFIE[ )] TR AR, 2021,39(8) :1100-1106.
ZHOU Lingzhi, REN Yongfeng, CHEN Qitong, et al. Operation
control strategy of new master-slave control for microgrid [ J].
Renewable Energy Resources,2021,39(8) :1100-1106.

(7] APk, 2562, Bl 55, UL MS AT HE S P R [T
TR ,2021,37(4) :57-58.
FU Lin,MENG Xianzhen, LIAO Mengke, et al. Microgrid opera-
tion control and protection technology[ J]. Light Industry Scien-
ce and Technology,2021,37(4) :57-58.

(8] XUjEug. EBMge b Gl R R T]. s 14, 2020
(9) :181-182.
LIU Xufeng. Application of microgrid technology in active distri-
bution network[ J ]. Electronics World,2020(9) ;181-182.

(9] w1 Bk 3 vy BESE M 14 45 1l B s AR 4P 7 R R R [T ]
BN ,2023,42(3) .47-51.

GAO Hailong. Research on distance protection method consider-
ing the influence of grounding transition resistance[ J]. Electro-
technical Application,2023,42(3) .47-51.

[10] G fbik, U4y, SRMER 45 2 1B oA Ui 28 L P45 PR A

By I B &R R B Ty L. e RGP S ],
2022,50(23) :41-50.
JIN Shenda, FAN Chunju, GUO Yarong, et al. Adaptive dis-
tance section [l protection setting scheme considering the cha-
racteristics of an inverter-interfaced distributed generator|[ J .
Power System Protection and Control,2022,50(23) :41-50.

[11] 257K e 98 v BEL R0 i PR Al R e DR s ma [T ] HLi
f514,2022(19) :23-25,29.

LI Dong. Influence of transition resistance on protection of bi-
lateral power supply system[ J]. Mechanical and Electrical In-
formation,2022( 19) :23-25,29.

[12] PRISCILA C N,MICHEL G O, VIEIRA J C M. Investigation
on using low voltage automatic regulation to minimize the im-
pacts of charging plug-in electric vehicles in distribution
systems[ J]. Renewable Energy and Power Quality Journal,
2021,19:85-90.

[13] #&, 10 ZE , 2 f. i RIS B i b 4 i B s R

PoRr ], REIRS PR, 2022,44(10) :222-228.
CUI Yan, XU Xiangkui, LI Yangchun. A new distance pro-
tection scheme for transmission lines with series compensation
equipment[ J ]. China Energy and Environmental Protection,
2022,44(10) :222-228.

[14] skate w0t oL MIBFTEH5 R ER [ M]. JEnt. b
Il v, g 1 R, 2010.

ZHANG Jianhua, HUANG Wei. Operation control and protec-
tion technology of microgrid[ M ]. Beijing: China Electric Pow-
er Press,2010.

(1S] X7, EATE, 4. A R AR SR M DR P2 [T ]
HLTHOR SRR TR, 2022(16) < 71-74.

LIU Xiangning, WANG Zhongho, NIU Wei. Power control of
distributed power inverters[ J]. Power & Electronical Techno-
logy,2022(16) .71-74.

[16] 5. 7 Ai U BORTER I R G IR ZEIR [T]. I {E
TF%,2019,38(27) :227-228.

SU Meng. Summary of application of distributed power genera-
tion technology in power system[ J]. Value Engineering,2019,
38(27) :227-228.

[17] LENKA R K,PANDA A K. Grid power quality improvement
using a vehicle-to-grid enabled bidirectional off-board electric
vehicle battery charger [ J]. International Journal of Circuit
Theory and Applications,2021,49(8) :2612-2629.

(18] ML 53 bk oo, 2 i LU0 o0 A1 2R YR A T R 19 7
RE LR BRI ITIELT]. R HLEIR ,2023(4) 77-82.
HONG Zhiyong, LIN Qingyu. A comprehensive evaluation me-
thod for carrying capacity of distribution networks with high
proportion access of distributed power[ J]. Large Electric Ma-
chine and Hydraulic Turbine,2023(4) .77-82.

[19] 22, BB v J1 AR eIk %) B 25 DR 47 52 W 14 17 2220 A7



123 JEVHI B8 S50 8 1 5 I A i, o I £ Ay i
[J]. BFHilfE,2022,30(17) :98-100,97. B TR ,2019(22) :153-155.

JI Jing ,LIANG Yi. Simulation analysis of the influence of po- SUN Pan, WEN Fuguang, LI Peiyi, et al. Research on protec-
wer system oscillation on distance protection[ J]. Practical E- tion technology for low voltage microgrid[ J]. Electric Engi-
lectronics ,2022,30(17) :98-100,97. neering ,2019(22) . 153-155.

[20] BAHERA , K EMH, T HT RS, 45, fRlce 9 4 ma AR 37 RO F 5 45 0 (25] By, Bomeds k7, 55 R b 0GRl 58 R Gl
AT ZR DA ,2019(9) 210. ST S )] i TR ,2021,40(2) 1 1-10.
ZHAO Shiyang,ZHANG Zhongao,YU Xinmin,et al. Research YI Yang,LUO Yazi,ZHANG Ziyu,et al. Failure analysis and
and application of micro-grid relay protection[ J]. Journal of protection scheme of centralized photovoltaic power station
Shandong Industrial Technology,2019(9) :210. convergence system[ J]. Electric Power Engineering Technolo-

[21] LIM K,KIM J J,LEE J. Forecasting the future scale of vehicle gy,2021,40(2) :1-10.
to grid technology for electric vehicles and its economic value [26] Kk, B0, X85, £ A G IR 0 & L RSCR 3R T O s 43 AT
as future electric energy source:the case of South Korea[ J]. [J]. B R4 TR ,2022,38(1) . 71-72.

Energy & Environment,2020,31(8) :1350-1366. ZHANG Lin,LV Xiang, LIU Yang. Analysis on enhancing ge-

[22] x5, 3k, 23 =0 U5 190 4 1 1A TC B, 1) 4 v DR 4P 3R neration efficiency for centralized photovoltaic power plant[ J].
mg[J]. SR 58I ,2022(10) :228-230. Power System Engineering,2022,38(1) ;71-72.

[24

LIU Yu,ZHANG Ming. Relay protection strategy of distribution
network under the condition of distributed power grid connec- VEH A -
tion[ J]. Lamps & Lighting,2022(10) ;228-230.

1 2% EOK BRI, S5 RT3 AT B0 R 0 R R BT A
SR [T ], ) TR ,2020,39(6) : 117-123.
LI Biao,JIAN Yong,CAO Xueyuan,et al. Strategy for improv-

com) ;

ing voltage quality of microgrid based on master-slave control . TRG ¥ TAE;
[J]. Electric Power Engineering Technology, 2020,39 (6) . x
117-123. JH i

] PhEE RO, 2R, AR RIRROE MR ORI [T ]

FH N RGN AR

=

Fault protection method of source-grid-storage microgrid

based on equivalent distance criteria
ZHOU Qian, ZHU Dandan, WANG Chenggen
(State Grid Jiangsu Electric Power Co.,Ltd. Research Institute, Nanjing 211103, China)

Abstract: With the continuously challenges of energy and environmental, the development of distributed power generation
technologies focused on renewable energy is rapidly advancing. Microgrid based on inverter power source is the important form
of distributed generation,but it is difficult to isolate faults selectively and accurately when short circuit fault occurs in grid,, and
will result in overall shutdown. Aimed at the characteristics of inverter power sources and microgrid structures, a protection
method based on equivalent distance for lines of source-grid-storage microgrid is proposed. Realtime information of the fault line
is modulated into the terminal frequency by modulation techniques. Subsequently, virtual short-circuit currents are obtained via
demodulation techniques, and fault distances are measured through equivalent internal potential. It is verified by theoretical
analysis and simulation experiments in four tipical cases,such as single power source circuits, and this method can effectively
calculate virtual short-circuit currents. These currents are equevlant to the virtual currents output when traditional rotating
motors act as power sources. The proposed method can use the aforementioned virtual short-circuit current to determine the
distance between the inverter power source and the fault point.

Keywords : new power system ;relay protection ;microgrid ;inverter;equivalent distance ;virtual current
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