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Analysis of zero-sequence voltage of a single-phase disconnection fault of inverter interfaced
distributed generation connected to a distribution network
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University), Baoding 071003, China; 2. State Grid Hebei Electric Power Co., Ltd. Research Institute, Shijiazhuang 050021, China)

Abstract: With the large-scale application of insulated wires, the probability of disconnection faults in the distribution
network has increased. Given the problem of the influence of inverter interfaced distributed generation (1IDG) on the
characteristics of traditional disconnection faults, this paper analyzes and simulates to verify the fault characteristics of the
disconnection fault when the I1IDG is connected to the distribution network. First, a fault model of the distribution network
containing IIDG is established, and the zero sequence voltage expressions are derived for both sides of the fracture under
three fault forms: single-phase disconnection without grounding, single-phase disconnection power-side grounding, and
single-phase disconnection load-side grounding. Secondly, by drawing a phasor diagram, the influence of fault location,
transition resistance and output characteristics of 1IDG on the zero sequence voltage distribution on the system side is
analyzed. Finally, the changes of zero-sequence voltage under different rated capacities of 1IDG are analyzed. Theoretical
analysis results show that only the IIDG downstream of the fault point can affect the zero-sequence voltage distribution
trajectory. The simulation results verify the rationality of the analysis described in this paper and the correctness of the
analysis results.
This work is supported by the Science & Technology Program of Hebei Province (No. 20314301D).
Key words: distribution network; 11DG; disconnection; zero-sequence voltage; phasor diagram

0 B|= <038, FHEER R AL FLNHZ G, BIEE
= R FHER D), AN ToERA, TS

TERC R A, B WTZR S e o W SRR e, R I i PR = R e SN
HhE 2 T IR Bl e 7 5, MR AW RS,
HESTE: #4440 %57 B %8 (20314301D) ; HE % WA AN Y ROR HLE » (R () 3 2R P v 72 R |,
R S AT B 8 (k j2020-064) 2N N A fr 2 Al O IR, B AR W 28 Wi s




-42- ® A EAREY DA

SR HEILE AR 21T RIVHE RS, BTl H
WK AE BT i e, R AR &, e
FFFHE, AT Ho X T 2 e b o 5t 22 K e
B AR R R, DR A 06 Tt T L R BT 2K i
FFF R AR BT A

B 1% GE Ak A RSV 1A SR AT A 855 1) F3L ) I 250
JBil, RIS IR I A 2R R I N BR 2
B Z RIS, AR M A A AR, 5D
RIGAEES FEFI R T A BRI SRR A, AR
R TT R, SR oA 2 HRIR B N L i
T B R e T B 44 A5 Sy 22 R IR 22 i R FRL ) B
FeP2%, TE IR A e e R e AR AR,
J2 LA AR 28 A4 11 A1 2 R 5 e A ) 1
2 G5 B Y e e L, K] A A 6 TEL AP T Dk 2
T NDG #fss o o

HAT, EFx3 1IDG i A 99 o s e 1 43 B 2
HREWIE, CHR[11-141%55E T 1IDG £ H MM
SE, T T A sEYE AR 1E IS AT SOk TR B
S H A, AT T T 7 AR TR A B B 1 R
POSEERRY, Hk, 3T IDG a7 &
1IDG Fict AL 4 e 25 SO ) e 5 e P 2 B A 28, B H T
& DG [t W e A5 AR 1a) S e e (1) 0 B 5 3. SCRik
[15-19]53 BT 1 4347 28 L 5] T, b, ) 66 B2 R 97 KT 52
HHAT T KERE A SCHR[201 8T T % &
1IDG $ il s [y dhes e B 22 A, b imige il 17—
T SO FH 4 R 2 % P i FEL A TH 1IDG s el
WHIT7i%.  H AT FE 2 B A X o A X LR
Fic, L ) 66 B A 23 B, T B0 T L R4 2 D 2 i
FEVEROBE FOE LLEE D o SCRR 213 18 1 BE AR IE 5
AT RGMALAS Ho R R38R AR H R I 7% 3
Wik[22-23] 73 VAT X A2 R GE R IR Bt 2R 45 A
Wk i S T AR Y, R AR
B LA (5 R G HE A LA L TR
R BEPTR /NI B B NS R &, o T
iy ELASE 5 e g RS HE AR AR, IR — 2D
ST WA AR 4R F S (0 R AR 2%
SEFHE, (AIERFIE NDG [R5, SCHR[24)3E H T
— P T R RS B IR S e v, R
T T oA 2 PR A T 2R R AT s, {H
K H 1IDG FEM R AR A 3R 4T s SCRR[25]
AT T T L A T2 B R DG i R, I
LT DG EEBR, #3TE DG HIMD H R
AW LR MO R K, HES T MUERT S DG H it
WHRIERIEN T HEERTE DG i H i As
-, (HRZHT 1IDG X} 22 %5 & 820

gi LRk, HAr KEMEF R EZEE TS 1IDG
Fict FEL V)R ] R A e, B ) DT 288 e B R AL (R F A,
JRRTAE IDG Fl e W Hig /A, 1 H gt
IIDG et FL X B 2 e g it 9 A3 20, JE32 11IDG
X} R G R ISR o HT . DRI AS SCHE i ABIF 70 1) 32
it B, DL 10 KV ANEHL RGN, 582 e
B ALK 1IIDG AN E R, AT
BRI WL AN . B W 2 FELR N B DA R S A T
2 A A 2 5 — b B TS T 1 g i Dy 11 ) =
R 2R IE 2, R B 1 b &t B IR e i
AL Tk BT A L R DT 2 B G ) R S A8 T vk
TSRS A4

1 1IDG BYI=HIHr M R FEEE

1.1 1IDG IEEEITITHF M SFERE

AR AT R IR AR 2 RN, S
I B T I AR BS AARH], AR BRI 4 N H
JE A A B R A g, T R s ) 7 2RRE XS
DG #irH AT B, DR T A3 20 3k S
He, PQ i A B Rt A bk 2,
RAEMFEARGEMWE 1R,

Vie
N I ey

e
Ve ret

Qout
e,

Orer

1 PQi=HIRIE
Fig. 1 Principle of PQ control

ML LR, i e 4 ) O R B N A
L Ve BRI 275 HL I Ve et AR GRS AT T T %
BRI INSHYAR,; WARSHEHIR A E R R
i, A ARRAZRM B R R EE R T d i, IEHIE
17 DG i el Rom

Pt =Uqlg
Qout :Ud Iq

A Pouts Qout 70 AINAT DIE 3R ANTE Th T 3 ) S Fe
B Uao IDG JF M B s las 1q 7359009 1IDG
A Ty FLIAUAN TS Dy IR R S B R

A Q) AT, 456 1oy g 2 ERER IR S5 E
|d_ref\ |q_ref Epﬂiﬁtﬂﬁﬂjg%ﬂjg Pref\ %yjéj%yj
R Quero IEHIBATHS, O T A3 2L AL A
A, BRI A IS E IR, KA H R
HN 0. B, AR Ry

Z=9w

(1)



T A, 5F

3 R 3 A R R N IR L IO A B 2 e = e L s ) BT - 43 -

P
— _ _ref o
Id - Id_ref - Z0

Uy (2
Iy =g =0
s TCAN TR e, oA =R R A T )
RIEEAE, IEFISITH NIDG mZE80N— K% H
TR
1.2 1IDG HEEHF M SHERE
fic H WX R 2B IR 2R s s, 11IDG 3 s IE e HL R
Al e IR PR P, AR (oA =R+
WIEARELRY M, BN 10 kV AL 15
A YN A — 5 IR R RS ), AR i
e 25 s ) SR, T T A 5 (3) s | AR,

*

K
I rers = (Kp + _I)(Preff —Poutr)
sT, 3
« AU
qg_ref.f = Iq(O) + Kq U

n

A Ve o o err 20 HINIKRE S IDG A DL
He A TINHEIRIRAME: loo HUREAT 1IDG 4t
I TET A s Pretrs Pout 53 5 NS5 11DG 4 3
2% TR RIS BRAR HUE s AU Un 43 50 08 S 11DG
FER SR R . RAAE R Koy Ki P
PR L R B To NI RG Ko AT HE
RH, LS,

142 DG I 2 L FE (9 /N AT 45 e b v
1IDG %5 {570 g

P

—mi ef 2 2

I, =min 0. Imax ™ — g
d.f

lys =min{1.500.9 )1y, 1}

_ 2 2
It —\lld.f + 1y

|
a = arctan(-2-
d.f

X lass los 73RS 1IDG A3 D HLRAN LD
FLJAE FR) S B R L s U RS IDG I s LI 5
InJy 1IDG HUE it it las ikFE/E 11IDG Hith
HIEIEME ;s y 9 DG I mi BT Bk 24 il b
ST I AR GEUE LIS LA Imax
DG #5 At b FEL AL, HDCIE 5 38 AT IR A0 R UL Y
P s o JYgiAg ds b Y HLIAL S O X s F R PR A

FEWT R EE LT, REha I Fr &,
F R H LR PQ FEH 5lg , DG it Yt h =8
U BEAKRERIER B, T i DG
HIREPE, AR A IR > S s, K17
FEHRASES, 4r R PR ST 7 . R IR

(4)

SEEHEIERT, RFEE IDG &S A
F X 4 F P E R e B T

1IDG H-M fUIE 7 R RN, A D A
Thifgn H R, SR A2 AR s A IR, Hod
RN RETCRRIE K, B K n] B e R R IS
2 1IDG #ir H IR ARIE B BOR SR VP e e, A
Ihy 23250 i R — 2 B Th T, 24 1IDG
iy ) FELIAUIA B e K AR VR g R, B RIETE T
H s, HUORATBE A ThE .
2 & 1IDG B W B fHIT e T B E 4
2.1 & 1IDG B BB [ B2 AR £k P& 43 # A BY

Bict B, R A A IR 2 e Js - I 1 T A0 = A X s e
B SR EFHREAANE, DA
2 BT B HIESNT, RSB BT RSB L.

B 2 ATc H X A R 2R b b LR 1,
Eas Egv Ec MBI =AHHIEHE S Uas Uy U 2
BN RGM B AR Zas Zgs Zo 2 Zys
Zon Zo(i=1~n, REBLEEL &EN n %85
LR N B S IR, W Za =2 =2,
Zn=Zg=Zg; Uy NERGMA HE T %
Uons U AT R, Cav Cov Co K
Ca~ Con Co AR HIHZY, Wil Co =Cy =C,
CAi:CBiZCci: DG N AR /3 A7 X I 5 fl\ f2
43 ) a3 A 2 R BT A B .

U, Uy U,

iH

iH

1H

OO Or

H

wH

| —
DG

2 FCes [ AR LR e Lk [E
Fig. 2 Diagram of single-phase disconnection
faults in distribution system



_44 - SRR R

2.2 IIDG Tiffk S Wik ipEitEFBE S
2, kbR A A KRBT 2R ANz s, 15 3
SEACEEE AP 3 TR

e U

oL
I
E, {‘W%
_/ =
E, c 1
I J oI
i/ -
E.
O (l—ﬂf‘é

B3 f, %% AT EERES B E
Fig. 3 Equivalent circuit diagram of a phase A disconnection
and non-grounding fault at f,

o, Ups Uge UL M A s b 6 00 1)
SR AU, AR LR s X i S
TR HBTRI B B, Fon e i AR B .

IR B P S TR R O
U,=E, +U,,

Uy =E; +U,,,
UC:EC+UOM
U,=U,-AU,
UI;:UB
Ué:Uc
A 3 W] %
Uoni@C; +joxCa (U, —U,) =0
U‘A_U.ON_,’_U'I,B_UON +Ué_UON =0 (6)
Z, Zg Zc
b, GNP EX AR, ARRANC =
3C, +3C,,+3C,, +---+3C,,

AT et b L2 HLIAE, #5 U, = 0 LR R(B)FRA

(6) BT 1520(7)
x 3C

Uy, =X.Cag
oM 2 C A

®)

)

@)%, 2 1IDG Rk AR AR T A A
MRS, AR I e s A 52 A R IR R 5
P TN R S 2 o e R WA Y SEL N
A2, ABAERN . BBRAH — %5k, RIC.=38C,,
x HUEVEE[0,1], £l R G % e v s 1] 1 4
Kl 4 P

LA

0's

x=1

& 4 11DG Tiff & % B AEEZ& MR FER R R A2
Fig. 4 Zero sequence potential distribution when single-phase
disconnection and non-earth fault occurs downstream of [IDG

WE4%%,§%W¢@ﬁﬁ?%Qi,%%

X AN Ot s s oz - e s S i A i) 1) L(fR e A AT e s
S — SR 2t Bl R AR AE SRR T ), RGN bk

ﬁ@ﬂ%?@ﬂ@ﬁMoﬁﬁﬁ%a,MQSA

M S AL R R 2 E,

2 F A A K 2 L L 0 Pt i P

U0, +axC, W ~U) + 2 -0

. . o (8
UA_UON UB_UON UC_UON
+ + =0
ZA ZB ZC
1, Re AL AR .
KU, =0 BLE A GBI (8) e 7] 13
. 3/2-1/(jwxC,R,)
U,, =
M (3Ix)-(Cy /3C,) +1/(jwxC,R)) .
0 - 3/2-1/(jwxC,R,) —E)E ©)
O (3X) - (C, 13C,) +1/(joxC,R) 20"
4 C, =3C,, x BUEEHA[0,1], £ HR G
Z U ) E A 5 R
2T R0 & A SR T 2 L RO R s B i, B

xM0ﬁ1,§%W$ﬁﬁﬁ$E%ﬁa~gaz




3 R 3 A R R N IR L IO A B 2 e = e L s ) BT - 45 -

W, &
E, 0
- e, T TT7 r=
R _nf e 03
‘ ‘\\ - == x=06
i . N NG =1
Vi
1 ()iI -: Vo
| o
| / I
| S
i // 7
‘1- ,/ /
1. (== /
:'i \L /
I

TFEMSH
Fig. 5 Zero sequence potential distribution when single-phase
disconnection and ground fault on the power supply
side occurs downstream of 1IDG

PR b, B SEEAE x FER, FRE
IR MEEN 0~ By, HMIGLERT A AT

m~wm,%D%M§$%E%%%ao
£ Bk A AT EL G DU B e A7

UOMjWCz+j‘<’XCA(UL—UA)+lJR—A:o
1’ 1 T i - . K (10)
UA _UoN +UB_UON +UC_UON 0
Zy Z, Z.
45U, =0 AR E)/RAR0) B FI (1)
3/2+1/(j2wxC,R,)
UOM = X .
(3/X)-(C, /3C,) +1/(jwxC,R,) ”
3/2+1/(j2wXC,R,) .. @

Yon = (3/%)-(C, /3C,) +1/(joxC,R,) —E

4 C, =3C,, x HUETERIA[0,1], 2l ZEtM
FE LA =RTE 6 Fis.

PC X A A PR W 2 L A7 gy I B i N, B

%xMoﬁL§%w¢ﬁﬁm%E@ﬁ%a~oz
A 2 b, b R (R LR ) IR A
o~%a,$wm%EA$$ME%%05%%I%D%

W%ﬁ%&%%%ao

2.3 1IDG sk BrekiffErt E F R E S
2 f Rb AR A FHITZR ST, LI Y 1 P
EHN

. 1. 1. .
UPCC.f =§EA +EZAIDG.f (12)

fi-.\‘\ ————— x=0
x=03
- == =-x=06
e v=1]

SN AR =0

6 1IDG Tifif4& & S 1HMT L B fa g7 s th AEpE A
TFBADH
Fig. 6 Zero sequence potential distribution when single-phase
disconnection and ground fault on load side occurs
downstream of 1IDG

e Upees % IDG M S IEFHE; oo 08
A7 2RV 0 1E P HL

M 3(12) AT, A3 S E IR S IE R S
Buar LA B A B i AR AT %, AN H R B BT
M52, 1IDG FF M s 1E 7 B K 52 11DG il e A= 1
oM. 24 1IDG %l A i/, FEM IR L
/NF 0.9Ea, BEES 1IDG fiiH— & LI Th R LIRS
TR, oA 2 L R HE RS 5 L X S IE PR LR
—EME; M NDG Fie mEB RN, FHM G IEF
& KT 0.9Ea, 1IDG R F I, Al
T Y EE I S T R T R TR AR AV

M f bR A A IR AN R R, 45 3
S E R B 7 BT

U, U, 0,

L
(.\I:_E
) Zy .
{0
E, C J—
N Bi T
JER) = Z,
i T o
i, Cat
Uy O Al ] z.
= > \
. 1+
Ee La-no L)
J) I I 7
U‘; Zy .
'—L{
C, J‘ I
"I o 7.
ol
DG

7 %S A TRETE AN S e S A A B [
Fig. 7 Equivalent circuit diagram of a phase A disconnection
and non-grounding fault at f;



- 46 - ® A EAREY DA

U, =g aZa +U oy FRANZ(G)BEHE A #H20(13).

x3C
2C

X 3C
A 2 CAZAIDGA

Uow =
(13)

A, T o NP AIHTE A i H HIR
An IRt IE PP B, RIARAE
IDGA = IDGf (14)
4 C, =3C,, x HUATEFEIA[0,1], 2| Rgum
FFr U R B B 8 s .

oA
L.\

T4

(SR

[El 8 1IDG Lk & BRI T Bt B R T F B AL 52
Fig. 8 Zero sequence potential distribution when single-phase
disconnection and non-earth fault occurs upstream of 11IDG

5 Ui = Tog aZa +Uoy £ N\ 5K (8) % 1 7] 5 5
[IDG |3 i A= FRAH T 2 R Y55 g o 155 250 e
1A =5y L

3/2-1/(joxC,R,)

(3/X)-(C; /3C,) +1/(joxCoR)
3/22AIIDG.f
(3/x)-(C5 /3C,) +1/(joxC4R,)
3/2-1/(joXC,R,) _E)E' B
(3/x)-(C; /3C,) +1/(joxCAR;) 2" °
312 N
(3/x)-(C5 /3CA) +1/(joxCAR)) 27 AP

oM —

UON =

(

(15)
4 C, =3C,, x BUHTEHEIN[0,1], 2l RS0
TR R EE 9 fR.
i Up =lpg aZa +Uqy 1R (10) %8 28 1 45 5]
DG _E3jff S Az S BT 2 7 A 0 B 1t i e 175 00 T
10 22 5 HL

9 1IDG _Lifif & 4 B iHM L% B B IR e b R At
TFBADH
Fig. 9 Zero sequence potential distribution when single-phase
disconnection and ground fault on the power supply
side occurs upstream of 1IDG

B 3/2+1/(j2oxC,R))
™M (3/x)-(C, /3C,) +1/(joxC,R) "
312Z \l s (1+1/(jwXC,R,))

(3/X)-(C, /3C,) +L/(jwxC,R))

~ 32 +1/(j2wxCLR,) 1)E
ON = (3/%)-(C, /3C,) +1/(joxC,R)) 2 A
3/21+1/(jwxC,R,))

-7 10
(3/x)-(C, /3C,) +1/(jwxC,R)) 2) Aper

(16)
4 C, =3C,, x BUEVEHA[0,1], £ ZR G
F U A B E e 10 P

E.,

10 1IDG Liff& 4 S iaMZk B St st dgpant
TR
Fig. 10 Zero sequence potential distribution when single-phase
disconnection and ground fault on load side
occurs upstream of 1IDG



T A, 5F

3 R 3 A R R N IR L IO A B 2 e = e L s ) BT - 47 -

4 IDG L R E AR M My, R ae %
F U (P ) AR AR AL R
1) A AW AN ARy, R Gl bk

)ﬁﬁi%%EA _%ZAI‘DG.f J:y Bjﬁ% X }‘)\ 0 EIJ 17 EF]‘I‘%

1. 1. .
){J: %Eﬂ@ﬁ%}\ 0 ij(@] ‘E EA _EZAIDG.f ’ *Eﬁiﬁﬁﬁ
B 107 FEE T FE ) Ty RIS PR AT 4
ST e m%%% E, —%zA i

2) MR L AT r YR Rt P, BEE X
Mo F 1, REMbtEafTFEEN

3. 1_ . L e
EEA_EZA’DG.f Z a2z b, S

IR A 0~ By, MIAIHEERT Eqey ~180°, o 5
W D2 RN AR EE R EA IS, W PP
Eﬁj‘j % EA _%ZAI.DG.f °

3) KL AT A AT Rt i, BEE x

Bl -

Mo & 1, ReEMb AT ERLRA
‘EEA _EZAIDG.f - ZArDG.f| 2 AR b, $

1. 3_ .
P 55 H R M AR N 0~‘EEA _EZAIDGAf , M A

Eaa~a,, o o, 58I EEREREE 2
R — N 1 .
%ﬁ%,%DWW§?%E£EEE—§ABmo

2.4 |1IDG SiE REXNFEFHBEMENID T

2 1IDG #iE wEBOKK, FER 5 IE e s ]
e KT 0.9Ea, IIDG HimhEIhINZR, R fimiki
PAE, x=1, 2GMFFHEERREEDE 11 B
Ne FH, PoA IIDG HM S IEF KN T 0.9Ea
i 1IDG ¥t A IhIZ, P2 oA IDG F: M 1E 7 L &
KT 0.9EA M} 1IDG #i i H T,

E A e P=P

—————p—p

~

~
»
»

e )
= %44444444
¥
1

()

1 .
EZ-\"nm

(a) IIDGAS A8 75 5T PR AT 2R A o s 1l e 007 43 A

o —

(b) TIDG A /) 8 2 75 HE 1 SR 7 2% HL e s
e Ml e b HL A 43 A

(c) IIDGA AR 7 kT ST BT 28 A7 D0 b
HuFL AT 43 A
[ 11 1IDG T REIFE R E T 2EMEM B L 57
Fig. 11 Ground potential distribution of single-phase disconnection
under different rated capacity of I1IDG

R A Hox =1, 24 P &T Py,
TR A 2.3 TR 24 P 2T P,
i, NDG R A ThIhE, i Bt AL, %
FFHEEPES 1IDG R A A iR (128 7 L R 5
TEARAL, TG BERRES . BEAE LR o 2 R I
K, Ty HEERESCRENEERE—EER).

KA T DG b R4 R A AR B 2k i
Baf sy, . W&k B B UL K 1IDG 4
E 2% BT W 2R B R G 2 FELR A A R RE A . 43
Mres FEnT 5N, 1IDG X H i s 2 e B o sz,
W 2 AN R I,y — LR, Bk HosthiE oy
—E |, FEEHEELAENME AR, FRF R
AL E R AR 1IDG X He ik b % e R )
HAFAER I, 445 227 B R U020 7 A B R A A%
HAIAKIH 9 R B e 8 [



48 - A &P D EH

3 {hEWIE

N T BAEA S 4 R IMIERA M, 25T Matlab/
Simulink 257 7 W11 12 Frzr ¥ 10 KV B HL W77 AR
A, 110 KV SRR, 4 110 KV/10 KV 28 [ 284 A
10 kV BLeE Y, 2k AE. AB. AC+CD KJE 435l
N 5km. 6km. 10km, Fi#FHPT Z4=150Q.
Z1,=100Q . Z5=50Q, £ =% NIE 7 H T
Z1=(0.17+j0.38) Q/km, IEFF# 4N B1=3.045 uS/km,
EFHPT Z0=(0.23+j1.72) Q/km, FJFHH Bo=
1.884 pSikm. i 7 oy R, DG RH
FEARIERL, R BRI AR 7 X, WA g R
M mA s, BTig C &b, HEEA
1 MW,

G B
|

©

12 10 kV ECra R {f iR R
Fig. 12 10 kV distribution network simulation model

IEHIBATIN, 1IDG #2 T 2kit% AD 1) — 73 2 —4b,
DG % #E 7 iy A Dh D, LI D5ty 0,
e HL X 81 I P IS A A SR ek 1 o

R 1IRSHERME T RIEFEER IIDG HithBiR
Table 1 Positive sequence voltage of each node of the distribution
network and output current of I1IDG in steady state

Uy/V Ug, /V Uy !V Up, /V loe /A
8163/ 8078~ 8084/ 7944/ 79.10£
-0.160° ~1.453° -1.191° -3.332° -1.769°

Hr, Uy Ugs Ugs U, 20AF1 5 AL B
C. D IEFHE; Iy N NIDG % B K 13 Ak
B Rl 5 11DG fr IR d.q o2 KAH RN ZE i

MBI 13 T LU H, IE#IZ1T PQ #4 F 1 1IDG
B ST IR I R BE 25 2 (1l EThThERN
%F; % 1IDG FlE AEE/NF(P=1MW), 1IDG A
AR, et — 2N e, X
IIDG FEH AN (P=3MW), IIDG i HTh)
K, 523 oHr—8.

-~ — L e
= | \_, — Ly e
g Iy
- —
3 ()J\'\'
0 01 02 0 04 05
t's
(a) IEH =TT
=0 U.L'—"L______ Sofd™

0 0.1 02 03 04 05 0 0.1 0.2 0.3 0.4
tls 1/s

(b) IDG - HP=1 MW (c) IDG Fiififlf F.P=3 MW
13 1IDG ¥t B4 1%
Fig. 13 Output current characteristics of 11DG

3.1 & IIDG BCEE MRk EFEERE S

26 Ak AN LR, B AC=10 km,
CD=0 km; 24 f, &b AE Wi 2R i, 1% & AC=0 km,
CD=10 km, 737l BL A AR ZE AR AN Bt .
2 HO YR Ee s W2k 67 far B B ik o], 4
BN A=A B (x=0. 0.5, 1) 5 A FEEHL L0 Q.
1 kQ. 5kQ. 10 kQ. 25 kQ. 50 kQ. 100 kQ. 500 kQ
H5E5HK), 2aETFHEGESRWE 14, K
15 Fiir

14 4 1IDG T fo Ab I A8 B AR I 28 W B T
RGN E P iR A BAE R o, B 14(a)
B 14(0) NI — 462k AD IS )i ELA5 51 1K
14(c). K 14(d)NA =& RN ESS R, Kb =
PO EEAS 557 AR T IS E x =0+ 0.5 Al
10, RAEMMRHEFTEE, DFETESE AR
SR 2R R AR ST o S 1) 22y H R B U2E

ME 14 LR, 5 5T 0GR AR 2 A
SRR, MBCHEMNAE 2 AN, R HEE
BAEANA, TRAERCDN, FIER 2 — 2

ox=0 xx=0.5 °x=10

%10° “10°
0
0.5

1.0

i
IS

1.5
2.0

2.5

oy v T
e VIR

3.0
35

o 4.0 £
10123456 3|n“ -25  -15 0.5 05
T HL S LI g <10

(a) FLARTHER HL b Jt Bz (b) ARk HL G i DU 4




TR, S5 AR A X R UER N IRC R DO SR Dl A W e L 90 A - 49 -

%107 <10°

-7 0.5

TR
o A

o
=

10123456 4'0—2.5 -5 05 05
LIk <10’ Tiea kg <10
(c) = ATtk A 0 3 1 (d) = AR L6 fir 0 et
14 1IDG Tilfk % BRI PERT RGN EFBED
Fig. 14 Zero-sequence voltage distribution on the system
side when a single-phase disconnection fault occurs

downstream of IIDG

Kl 15 4 1IDG _Liffe f, Ak AL B AR T 2 Wb v
RYME e 5 A7 B IR A .

ox=0 =x=0.5 ax=1.0

%107 <10°
8
7 2.5
6 2.0
¥ E-LS
] =
2 & -10
= i
nj 3 ot 0.5
% 2 w0
o 0.5
0 1.0
1 1.5
101 23 435 6 0 051.01.5202.53.035
e g <10 EIFHRIE N <107
(a) WA LR H b (b) 4% 18tk H G dilEE b
%10° %107
8 =
7
= 6
o 4
o3
@
-1
0

01 23 4 5 l‘“u 0.5 1.0 1.5 2.0 2.5 3.0
e 10 CaR TN T e
(c) =4 AmtEk HLp s i (d) =41tk HL o e
15 1IDG Liff& 4 BARMIZAPERT RGN EFBIED
Fig. 15 Zero-sequence voltage distribution on the system side
when a single-phase disconnection fault occurs
upstream of the IIDG

ME 15 ATCUEH, 47 BT IEE AELS S A
SREA A

IIDG #: T ALk AB —/r 2 —4b HZ: % AD
ERFEIN B R A W by, 15 37 B R AR
g nE 16 Fir.

10° ox=0 =x=0.5 U"-:x]'(}

X - 3
0 *x10

0.5

1.0

1.5

2.0

o Bt N -1 30

25

F LR S
TS

3.0
35

4.0
101 23 456 -2.5 -1.5 -0.5 0.?
e 10 e
(a) — AW [ AL I Fiz (b) 4R mtek L6 4
16 11DG 1R4RIRE & £ AR LA it
RGMEFEREDT
Fig. 16 Zero-sequence voltage distribution on the system side
when a single-phase disconnection fault occurs
on the adjacent feeder of IIDG

M TR LUE H, ZFr EEPUERT IDG T
R BRRH TR 2 W I AR AL, 3 AN 32 03 A R )
SN o

D7 ELIEAF B 1A [F) g bR A 50T 0 A 2
FPH 22 ) 1IDG i thRetth . PR as REIR, #is
PRI 7 f 22 AT 1IDG it FRIARAN 5 i Reor B
DG AR EA KR, HMIEESTR. K2
A BRI AD I, R R L 2 A
DG fi i HAL -

R 2 BRIREARGHIERMFFBEER 1IDG 4T
Table 2 Zero sequence voltage difference on both sides of
the fault and the IIDG output characteristics of
a single feeder system

[ : . . .
- YAY Upeer IV IDG.f(l) 1A IDG.f(Z) 1A
f2 4082.,0° 8163/-0.063° 78.44,/-0.466° 0.195/75.33°

fi 1863£19.25° 6437/-6.857° 98.52/-15.36° 2.489./145.7°

Hop, Uy ABMEEFMETHEEZE: T
Ioese 774 1IDG #irth IE/F HUt . 6T Fi it

F B s Bon R H IETUT B S N1DG A
AR IR, ST HIREEE 05 4 1IDG RMUER A
AW LR SRR, 1IDG $240E i, ok Ry
PEXT T R ZE o, RS TS A 0 e
JE 225 4082.520° ; 24 1IDG i/ A BARH Mk e s
i, NIDG FM i IEfF R, 1IDG fiil—x o
IhD)ZesC 5 R, Hof H ARr I 2 08/ s 79 )
TR 2, ARG AT R, g
TR A ) 25 FEL T 22 1827.9.220.91° , MR A 1%
ZAN N 1.88%, 5 EIGE 7 HS 4T IERE



-50 -

Y EE X T EE S

3.2 IIDG flE RENEFBEEMIAES

B 3.1 155 EAE AT %0, 24 IDG Rk AWk
By, 1IDG X HIHTom . Kk, DA 12 Fios
SRR RGN, WE f A (x=1) K AE AT AN
FEHh . W2 EL A IR M R L7 A 004 g
WE A E PE(0 Q. 1 kQ. 5 kQ. 10 kQ. 25 kQ.
50 kQ. 100 kQ. 500 kQ 555°K), 1IDG HE % &
508 LMW, 3 MW, 15245 B85 R W& 17 Fw.

oP=]1 MW eP=3 MW

<10° <10°
8
; 10
-6 -8
£
= s
2 3 4
w2 H
i -
1
0 0
10123 e s 2101234567,
s Sy AW S - L 3 :
ESE N wpdigg <10

(a) =4tk H s et (b =Btk L 7 Ay Ol 4 1

17 1IDG A EFERETREMEFBESHE
Fig. 17 Distribution diagram of zero sequence voltage on
system side under different rated capacity of 1IDG

HE 17 ATBUE H, 15 HAS BIR 45 R AR )
Pras ks, HAESME 11—

4 Z5ip

IDG 42 A\ B HL 2 06 i R W9 22 e HEL T S I
PN 7 B R 22 P AR . > 1IDG il A AE LAl
WrZHiebsy, i RGNS, 1IDG R s Ik
JFHRESET RERIFERE, IDG RitAThTh# H
X0 TC L DX =5 L BB 1 R A0 25 e ZE 3 G

2 DG L AR A B AR A by, 0 BE
T R LS K T T R R R AR R
Wi, DG fE 1L/ 70 %) N R B Hit, 24
11DG e A BN, FLA H AR 1k 2 o AR b 1 oy )
TR Z IR, PRSI 2 IR
HIEIE REUE . A a8 R A 9% 1IDG g B M) 5
FRWT 2R K e or SR R AR AR
S
(1] RN ECrE Mgkt 5 A3 M]. dbst: PERE

JIHHRAE, 2017.

(2] FKESE, RAE. AL A M R R A 0],

R HL /7, 2013, 46(2): 65-71.

ZHANG Huifen, SANG Zaizhong. Analysis of single-

phase grounding fault with line-broken on overhead

transmission lines[J]. Electric Power, 2013, 46(2): 65-71.

[3]

[4]

(5]

(6]

[7]

(8]

[9]

(10]

(11]

(12]

RAHMAN F A, VARUTTAMASENI A, KINTNER-
MEYER M, et al. Application of fault tree analysis for
customer reliability assessment of a distribution power
system[J]. Reliability Engineering and System Safety,
2013, 111: 76-85.

KANWAR N, GUPTA N, NIAZI K R, et al. Optimal
distributed generation allocation in radial distribution
systems considering customer-wise dedicated feeders and
load patterns[J]. Journal of Modern Power Systems and
Clean Energy, 2015, 3(4): 475-484.

JIRGE, AR5, AEHTh, 55 BT IR IR B
AT IR F R AR DR [3]. + FE FE L RE 244, 2020
40(7): 2102-2112, 2390.

ZHOU Chenghan, ZOU Guibin, DU Xiaogong, et al. A
pilot protection method based on positive sequence fault
component current for active distribution networks[J].
Proceedings of the CSEE, 2020, 40(7): 2102-2112, 2390.
FEITRE BEAMR, Hp, & BT AT RRM S
P B AR T £ B DR AP T VA 0], L R GRS 5 4
2021, 49(6): 10-18

WANG Kaike, XIONG Xiaofu, XIAO Yang, et al.
Single-phase break fault protection method for an active
distribution network based on negative sequence current[J].
Power System Protection and Control, 2021, 49(6): 10-18.
WAL, BRZE, sk, A SGPRERAS B2 T
F[. I RGRY H 1], 2021, 49(5): 157-164.
PENG Shengjiang, LU Jun, ZHANG Zhongdan, et al.
Research on the influence of photovoltaic access on a
power grid[J]. Power System Protection and Control,
2021, 49(5): 157-164.

HAN B, LI H, WANG G, et al. A virtual multi-terminal
current differential protection scheme for distribution
networks with inverter-interfaced distributed generators[J].
IEEE Transactions on Smart Grid, 2018, 9(5): 5418-5431.
CASAGRANDE E, WOON W L, ZEINELDIN H H, et al.
A differential sequence component protection scheme for
microgrids with inverter-based distributed generators[J].
IEEE Transactions on Smart Grid, 2014, 5(1): 29-37.
CHEN G, Y LIU, YANG Q. Impedance differential
protection for active distribution network[J]. IEEE
Transactions on Power Delivery, 2020, 35(1): 25-36.
SR, 5K, PR, & SR R oA R YR
oA i s L 2 5 B 0 A AT FE [ o B LT
FE2F3HR, 2013, 33(34): 65-74, 13

KONG Xiangping, ZHANG Zhe, YIN Xianggen, et al.
Study on fault current characteristics and fault analysis
method of power grid with inverter interfaced distributed
generation[J]. Proceedings of the CSEE, 2013, 33(34):
65-74, 13.

WEETE, SRR, EW, 55 E PQ IEMmIEAR Y A 2K
P YR PTG FL DY B 23 A 53 [3]. R I AL A 24
2014, 34(4): 555-561.

PAN Guoging, ZENG Dehui, WANG Gang, et al. Fault
analysis on distribution network with inverter interfaced



T A, 5F

3 R 3 A R R N IR L IO A B 2 e = e L s ) BT

- 51 -

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

distributed generations based on PQ control strategy[J].
Proceedings of the CSEE, 2014, 34(4): 555-561.

R4eek, T, ZREEE, S5 B A sCRIR L FIM AR
V)4 8 R 23 AT (3], P E R AL A2 223, 2013, 33(1):
130-136.

WU Zhengrong, WANG Gang, LI Haifeng, et al. Analysis
on the distribution network with distributed generators
under phase-to-phase short-circuit faults[J]. Proceedings
of the CSEE, 2013, 33(1): 130-136.

RGIR, FAN, B, E TE Rl AR S A A
) R A O T R O R 2 A VA D). R R G A Bk,
2012, 36(18): 92-96, 108.

WU Zhengrong, WANG Gang, LI Haifeng, et al. Fault
analysis method of distribution network taking into
account the control characteristics of inverter-type
distributed power sources[J]. Automation of Electric Power
Systems, 2012, 36(18): 92-96, 108.

wOh, EmeH, 2, S 4 2RI T H R AH A
ORI B0 RS E B4k, 2008, 32(1): 93-97.
HUANG Wei, LEI Jinyong, XIA Xiang, et al. Influence
of distributed power sources on interphase short circuit
protection[J]. Automation of Electric Power Systems,
2008, 32(1): 93-97.

Shipetd, BOE. A FO6OR R PO T R R R LA
AN A R SO (0 H A [3]. R ZE TR K I,
2016, 28(1): 20-24, 80.

MA Xiaobo, QI Liansuo. Simulation analysis on influences
of distributed photovoltaic power short-circuit current
and state voltage[J]. Journal of Naval University of
Engineering, 2016, 28(1): 20-24, 80.

Xfg, MRvE, IR, 4. 20 A 206K AR T R P 5
% HL R IR 05 B AT 0] eER, 2013, 37(8):
2080-2085.

LIU Jian, LIN Tao, TONG Xianggian, et al. Simulation
analysis on influences of distributed photovoltaic generation
on short-circuit current in distribution network[J]. Power
System Technology, 2013, 37(8): 2080-2085.

E, KN, BRbE, 2. TP % i gReRr v
A R A 3 YOS T FEL DX R B R R RE M 3], FEL
k%4, 2015, 35(8): 31-37, 52.

TAN Huizheng, LI Yongli, CHEN Xiaolong, et al. Impact
of inverter interfaced distributed generation with low
voltage ride through characteristics on short circuit current
of distribution network[J]. Electric Power Automation
Equipment, 2015, 35(8): 31-37, 52.

WANG L, GAO H, ZOU G. Modeling methodology and
fault simulation of distribution networks integrated with
inverter-based DG[J]. Protection and Control of Modern
Power Systems, 2017, 2(4): 370-378.

LI H, DENG C, ZHANG Z, et al. An adaptive
fault-component-based current differential protection
scheme for distribution networks with inverter-based
distributed generators[J]. International Journal of Electrical

[21]

[22]

[23]

[24]

[25]

[26]

Power & Energy Systems, 2021, 128.

MRR, BRAEYE. BCR Mt AR R[] i
AR, 2001, 27(6): 26-27, 30.

CHEN He, CHEN Weixian. Neutral displacement in
distribution networks[J]. High Voltage Engineering, 2001,
27(6): 26-27, 30.

Bk, MRS, EENNN, 5. A RG0S AR A L
B b R 43 BT [90]. P ML DRR A2 R, 2021, 41(4):
1322-1333.

XUE Yongduan, CHEN Mengqgi, CAO Lili, et al.
Analysis of voltage characteristics of single-phase
disconnection fault in ungrounded distribution system[J].
Proceedings of the CSEE, 2021, 41(4): 1322-1333.
skulti, RN, S0, 55 WERE R AN AL
BT [3]. R G JH E B Ak, 2019, 31(2):
58-65.

ZHANG Hongtao, CAO Lili, FENG Guang, et al. Analysis
of single-phase open fault for resonant grounded system[J].
Proceedings of the CSU-EPSA, 2019, 31(2): 58-65.
Xifg, kB, FRE. TS S AT A 2
WEEEAL[I). H RS E 3L, 2020, 44(21): 123-131.
LIU Jian, ZHANG Zhihua, WANG Yizhao. Fault location
of disconnection in distribution network based on voltage
information[J]. Automation of Electric Power Systems,
2020, 44(21): 123-131.

I, BB, ek, 55 E T i I i A
A2 1) = B C L P B AR T 2R AR 9P iR 0], L RG R
P 54541, 2020, 48(22): 41-48.

DU Xue, OUYANG Jinxin, LONG Xiaoxuan, et al. A
protection method of a single-phase break fault for an
active distribution network based on current change rates
of distributed generation[J]. Power System Protection and
Control, 2020, 48(22): 41-48.

TROESTE E. New German grid codes for connecting PV
systems to the medium voltage power grid[C] // 2nd
International Workshop on Concentrating Photovoltaic
Power Plants: Optical Design, Production, Grid Connection,
2009: 1-4.

WS HER: 2021-04-15;

EEIHHA: 2021-10-29

{E&E T

& (1976—), B, W, s, MELFH, R

TEAHET) FARY R R AR AL SRR,
E-mail: xuyanhd@ncepu.edu.cn

A

& m(1996—), %, BEEH, MEFRL, HRLTR
7 F MR S EFf A R A L 544 M E-malil:

zn@ncepu.edu.cn

BRA(1986—), B, M+, &L, ARLHTOARELFL

ZAT B H) . B P& X K . E-mail: matianxiang1986@ 126.

com

(4m#F 22/ m)


mailto:zn@ncepu.edu.cn

