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Zero-sequence Voltage Estimation Based Regional Protection Method for Active Distribution

Networks Under Limited Measurement

LI Juan,JIANG Yunlong,ZHU Rui, YANG Xiong

(State Grid Jiangsu Electric Power Co.,Ltd. Electric Power Research Institute , Nanjing 211103, Jiangsu, China)

Abstract: Recent advancements in high-precision measurement devices, such as mirco-phase measurement
unit (WPMU) , offer technical support for regional protection schemes. However, deploying uPMU across all
network nodes remains impractical due to economic and practical constraints. Therefore, under low-resistance
grounded distribution network conditions, a node zero-sequence voltage estimation method was proposed under
limited uPMU deployment. Furthermore, this method was applied to estimate unknown zero-sequence voltages at
nodes within fault regions, enabling calculation of the relative position coefficient o between fault points and
regional lines. Based on o, a fault line identification criterion was established, forming a regional protection
scheme. Finally, simulation results validate the effectiveness of the proposed method.
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Fig.1  Distribution characteristics of zero sequence component of

fault line in low-resistance grounding system with IIDG
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Tab.l Line parameters
A L BH/(Q - km™) U/ (H-km™) HLZ5/(F-km™)
iEFP 0.274 4 5.734 5x10 9.539 4x10°8
£3id 0.706 7 1.854 6x1073 7.542 6x1078

R2 HERBEKERKE

Tab.2  Line length of the simulation model

LRI LA /m LS 2R A BE /m
1-2 15732 16-17 3590
2-3 5493 17-18 6494
3-4 12 034 17-19 4395
4-5 5339 19-20 5939
5-6 4043 15-21 4503
6-7 6949 21-22 2495
7-8 5839 22-23 6489
8-9 10 265 3-24 4303
9-10 4953 5-25 2402
2-11 11023 25-26 3932

11-12 4536 26-27 2459
12-13 7953 27-28 4942
13-14 4304 8-29 4259
14-15 8598 29-30 4392
15-16 6732 — —
x3 RAESH
Tab.3  Load parameters

IS W5 5 A P+jQ/(MW+Mvar)

10 0.4+j0.2

13 0.1+j0.05

18 0.2+j0.1

20 0.3+j0.1

23 0.6+j0.25

24 0.4+j0.3

28 0.5+j0.3

30 0.2+j0.1
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Tab.4  Sub-region division

T X5 DX ol 5 24
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5-6,6-7,7-8,8-9,

’ 9-10,8-29,29-30

. 13-14,14-15,15-16,16-17,17-18,17-19,

19-20,15-21,21-22,22-23
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Tab.5 Vector sum of zero sequence currents at boundary nodes
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total - 1 /A It((g,.:l - 4/A ﬁi K%Rb’]ﬁ
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Tab.6 Simulation and calculation results of

zero sequence voltage at nodes

W EEP IRV
Rt - e —
i ELi R A TR Rty i
5 3.259 — 3.259
6 3.465 3.459,3.641 3.459
7 3.651 3.863,3.646 3.646
8 3.657 4.195,3.655,3.654 3.655
9 3.663 3.661,3.659 3.660
10 3.664 — 3.664
29 3.660 3.659,3.660 3.659
30 3.661 — 3.661

Xf TR F A B ITHY T 5, R 6 AT LA
A T R R R R AR O I R A E
F L RS (5 L SEAS 2 A & Fr A IS (LA ZE AN R
WA SCRTHR H 02 P v A S T 2 A TR o

T I ML S 19 i 5 0 B0 2 L TR R B A
I P R EA B HARA R (1D R o,
FEAR P 20 (14) BEA T B B 1) 0, 4 2R 2k
B a TR AE R LA SR SRS LA 32 7 BT R
AR K7 B IR 25 2R B A, SR T SR
o BEE N 0.03 . HaRT Al L, HUA 2 6-7
AR o BRI T 1 AL T 0, 1 K
WL U0 , DS I f G 2k % 67 A 2
E 1 AR ST Fi 4 2 B VR ) O A A M
S HE I REAE R A Wl R 2R

®71 HEITHEHER

Tab.7  Simulation results

LM @ PAPSENRG L
5-6 1.007 K
6-7 0.497 ik
7-8 0.009 K
8-9 0.007 K
9-10 0.003 KEWE
8-29 0.006 KEHE

29-30 0.002 KEHE
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Tab.8 Fault case settings

ESUE TR L B4 i1 [ A [
ESITN 6-7 H i 5% A-G
202 6-7 H i 20% A-G
2013 6-7 H i 50% A-G
204 6-7 %t 80% A-G
ESUN 6-7 H U 95% A-G
=9 15-16 H % 50% AB-G

XF TR RS, i 2 A AR A K
OB o BTHE A BRI 25 R NS 9 R
H1 2 9 W32 1 1~5 W LUK B, 25k e 5 A A
L AN R L LI, PR AP RE AT SEIE R ST, X
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Tab.9  Simulation calculation results under different fault positions

e I E P LRV

A< SN

L a  RIPEShEL

P T AR A
5-6 2.925 3.094  1.009

ESDI 6-7
6-7 3.094 3.112 0.054
5-6 2.845 3.028  1.007

Z12 6-7
6-7 3.028 3.096  0.194
5-6 2.743 2925  1.008

X3 6-7
6-7 2.925 3.083  0.506

) 5-6 2.648 2816  1.007

ESp 6-7
6-7 2816 3.053  0.803
5-6 2593 2755 1007

245 6-7
6-7 2.755 3.038 0948
13-14 2.147 2293 1.004

Zfil6  14-15 2.293 2586 1011 15-16

15-16 2.586 2702 0.496

R AR R S M B, T R T DR T LA A 2k B
1R ER I
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s L BEL S 5 T 403 I AR 40, 7R 2R % 6-7 143l
YBT3 I LB M 100 Q, 200 Q, 500 Q, 1 000
0,3 000 QM9 A ML R, 159 B A B S
TSR 10 iR .
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Tab.10  Simulation results with different transition resistors

o E R d==NivINY 1P e
S ke —— — a ‘
Hi RO B A R &R
5-6 1.846 1.964 1.008

100 6-7
6-7 1.964 2.068 0.504
5-6 1.278 1.359 1.005

200 6-7
6-7 1.359 1432 0.502
5-6 0.665 0.708 1.006

500 6-7
6-7 0.708 0.746 0.508
5-6 0.369 0.393 1.001

1 000 6-7
6-7 0.393 0.414 0.493
5-6 0.133 0.141 0.997

3000 6-7
6-7 0.141 0.149 0.501
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Fig.8 Calculation results of o under different transition resistances

3R . SEFR wWPMU f I (1 2 7 H T DA K
F 7 B AR 5 T REAZ 2 I B M ) TR
WP R R 22 o O T PPAR R X6 BT 2 DX sl {47
T EVERERY SR TELR I 67 Hh 5 b B AN Rl il
W Fh, BEL 18 B AR b i B A7 L2, AR A
o 3 i A [R5 W L (43514 30 dB, 40 dB Al
50 dB) {1 db L M RS, R DARSEADL AT B S LAY 34
T, EAA B S5 DA KRR I ) XS PR A S VA
BLENE 11 s .

F11 AERETHHETEER
Tab.11 Simulation results under different noises
R fEmE &R TAETHIEAY . SIS
HBH/Q /B S5 BT R A e

5-6 1.833 1.958  1.006
6-7 1.958 2.072  0.502
5-6 1.843 1.966  0.998
100 40 6-7
6-7 1.966 2.063  0.504
5-6 1.844 1.966  1.009

6-7 1.966 2.067  0.502

30

50

5-6 0.659 0.707  1.005
6-7 0.707 0.743  0.498
5-6 0.662 0.711 1.001
500 40 6-7
6-7 0.711 0.757  0.503

5-6 0.663 0.709  1.002

30

50
6-7 0.709 0.751  0.499

5-6  0.375 0.396  0.999
30
6-7 0.396 0.418  0.496

5-6 0.368 0.392  1.002
1 000 40 6-7
6-7 0.392 0.415  0.497

5-6 0.369 0.390  1.001
50
6-7 0.390 0412 0.502
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Tab.12  Comparison of regional protection methods
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