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The principle of bounded area-protection for an active distribution network based on
negative sequence quantity sorting and SG communication

GU Benshuo, LIN Xiangning, LI Zhengtian, HE Weijie, BAI Chunhan, YANG Wenhao
(School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430000, China)

Abstract: There are emerging challenges posed by the integration of a large number of distributed generations (DGs) into
power distribution networks. Thus this paper proposes a novel bounded area-protection that combines negative-sequence
quantity sorting with 5G communication. To achieve a bounded protection range with flexible configuration and address the
issue of main criterion failure in extreme conditions, it introduces a measurement-compensated voltage magnitude
comparison criterion that eliminates the need for re-adjustment. For information exchange, a 5G communication method with
timestamps is proposed, further reducing the synchronous communication requirements of the proposed protection scheme by
leveraging the communication characteristics of distribution networks. Simulation results demonstrate the successful
application of the proposed criteria to lines with unpredictable branches without relying on data synchronization
communication. Compared to traditional three-section current protection, the new protection scheme significantly enhances
fault clearance speed, ensuring that the fault’s maximum response time remains within 90 ms. Even under conditions
involving tens of ohms of inter-phase arc transition resistance and ground resistance, the proposed scheme maintains
excellent fault identification capability. In comparison to amplitude differential protection, the proposed protection exhibits
stronger adaptability and operational stability against unpredictable branches.
This work is supported by the National Natural Science Foundation of China (No. U22B20106).
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Fig. 4 Negative sequence network diagram during asymmetrical

fault in distribution network after DG integration
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Wil 0 0.054 1285 2294  0.054  0.055
et 30 0.010 0239 0422 0010 0013
Wit 0 0.053 1284 2293 0052  0.052
AH 8] 30 0.018 0446 0789  0.019  0.021

HIZR 1R, R AR A R R FR) AN X R R i i e
I, G L IR B K (R BEER Y i 2 5 i P £
AR BUSs. HHEATIL, A 507 B R 1%
TR R I P TS K T SR AT o

HIE 2 AN, 2R A AR BR B S,
2% Ly M9 R IR A Ko DRLBERF 65 Ui
HE 1 T 2 B 1) 7 SRR AT
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Table 2 Line negative sequence current amplitude in case of asymmetric fault

L SUT IR IE/KA
A LTS AR BiARARIR
AN 0 Q T BN 30 Q@ Y 0 Q TUE BN 30 Q@
L, 0.296 0.057 0.296 0.106
L, 0.000 0.000 0.001 0.000
Ls 0.330 0.064 0.330 0.119
Ly 0.045 0.008 0.045 0.016
Ls 0.000 0.000 0.001 0.000
F, Le 0.065 0.012 0.065 0.023
L, 0.044 0.008 0.044 0.015
Lg 0.000 0.000 0.000 0.000
Lo 0.002 0.000 0.002 0.001
Lo 0.408 0.079 0.408 0.146
Ly 0.000 0.000 0.000 0.000
2) DRAPILEFEIER AL FHE IRAIE PR, 2% 00 ORGP X3 S A 1) S - M3 F s dn
NIGUE PP P AL IR R IR, 2T 3. HA, Uiy~ Unows Uceu s Unow 77 51R

TRIPIX A F AL, TRFIXANE, o F A VCE 5@ A %

RIIX 4y B+ C. D PYALITA S I 2R A2 L I R AE -

®3 BWABEESEQLMERE

Table 3 Compensation voltage at the boundary bus and reference point

o RS NER LIEVIRY
M B - .
B L RREL BUS, L5+ BHEL BUSS
Ul U o Usin Ucou Upou
Fs P AH#2Hh 0.135 0.131 0.129 2.703 2.658 2.656
Fs P AHAH E] 0.135 0.131 0.128 2.703 2.658 2.657
F, Ptz 0.129 0.125 1.879 0.123 0.114 0.113
F, Pt AR 0.129 0.125 1.878 0.123 0.114 0.112
Fs P AH 42 Hh 0.043 0.041 0.040 2.377 2.799 2.341
Fs Pt AR 0.043 0.041 0.040 2.377 2.798 2.341

PR 3 M Al A, ORI XN Fs Ab K B i fis
B HUIE 5255 mi A L TR 22 18] B RE T A2 8 A3
Uy = max{Uy, .. Up o ~ Usy, = max{Ue,,, Uy,

1-in 5-in C-out? Dout}

ﬁﬁ é E&[\ F4 E&gﬁ HT iﬁ 5 -in = max {Ué-out s Ug-out} N
BU,, <max{U, .U} FFE, XAk Fs#FEn,
U, = max {U;.out Upou y~ Uy, <max UeouwsUout 2

A= Bk, ZE PR RAZ A REW A RO Bl
X A AR he, 5 A2 DRI IEIX I 7 oK

3) PR LT i bR 2 475 S ik

DN B8 I T S % P TS L LA R Tk T
DL R A A A R, T R AR E S R R
Wb TR, BUS, N5 HUE R EROR &)
LN, T BUS, (XA PRI R, Al R ARy ik

TR 2 FIE QAT SCRTIR, A RUONERES Ly
Ls F1 5, £REKFHPT Z = (0.17027 + j0.3364) Q/km .
Xof L FR) HL R R AEL A 4 FTasco
* 4 FAHIERSE Qi FRERE
Table 4 Negative sequence voltage amplitude at reference

point in case of fault at F3

e T HF HLE IR AE/KV
BE/Q  ENE%S ANEES BUS,
— 0 3.073 2.821 2.957
30 0345 0322 0334
. 0 3.011 2.809 2917
PRI 30 0.655 0.629 0.644

2 4 Al ki, BUS, 2 225 mikh B i
YRR T, RIS R O ) fa OKF ARlf
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Fig. 14 Delay profile

B E B AR ICAER 12 100 R AEE
FEIR . SLRIEBIEAL 100 Yk, VIR 100 K,
i RN 0%; Fe/NERTN 6.0 ms, O KIER N
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AR, IIET PSCAD/EMTIDC i E V&, #
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Table 5 Setting value of current protection for the target line

- =Bl Ry E (/KA
1B 11 B 1T B
Li(F) 1.680 1.138 0.579
Ly(Fs) 1.536 0.867 0.151
Ly(F)) 0.949 0.797 0.313

*® 6 A RSERRIFHEEMREXILL

Table 6 Comparison of action performance between the new scheme and current protection

WD) BRI [E]/ms

(A [ T HLBE/Q S HLI /KA
I R 5G fiF R

— 0 0.564 571(1I) 63

. 30 0.251 ENEILE 65

: ) 0 0.597 578(1II) 63
WA A ]

30 0.324 1070(111) 67

0 0.771 1576(111) 62
AR Bz

. 30 0.237 1568(I11) 63

’ ) 0 0.773 1569(111) 64
T ARAR ]

30 0.384 1575(111) 63

e AR Z B Ry R, I AGREE =B R sl .

HROEE LR AT AL, 2 F AR A AN PR
I, ORI RRIN (A1 45K T570 ms. JUH 7 23 )
PRI B OO 2a S SV (1 D e U )
BEAIAAAE DG RIFE , R 2 1) R FRLR AL
2ii Ly = BUfRyr adidish, L, b ity 4k
NZEBRI A & RS, FIREESD, Tk VIRR iR
PR R AR ERET, DGR B 8.2
WL L, (T TR A SN, AU i

PR IR O . FH T BEE I R H X ) 3 i R 8
TERTIERRK, R0 s B DIBR I A g n, i
1500 ms .. 7 SLFR TRERH A, i B A A B I & 2,
FENT K HL R ) R 47 B B 23— .

R PRI A S BT R ORGP B R B L T A
AN OR A BT R LR, DASCRR[14] BT
HIARAE AR, FEATEEREXT LU, RETAUR,
By 2 T A . AX N Fry X4k Fs 0, 13
B AR B SR AT 0, X B AN AT 43
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Aeo b, XARETIN A SONE SIS, e A
PR SCHR[ 1418 2 s UA TS DG BURA
SCHRIE, ZOCERFE AR B LEA TS, 1T DG

(P LA B YRR A R 5 R B b R A e,
AREEBESH SRR E JF . R, 75 ST
LA BT, X PRR LR, SR AT,
I ARSI E T . PRSI sl E M e Xt L
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Table 7 Comparison of operational performance between the new criterion and the comparison criterion

e e e - L
e 8 2 B (R 5G fUF R
0 FEM 17 ms ZN1E TN 64 ms ZN1E
F, 15 SEIN 547 ms ZH1E FER 65 ms BH{E
SRS AL 30 163 ZER} 64 ms FNME
¥, 0 N ] N
30 N Rigzh
F 0 — FER 63 ms BH{E
1
30 — FEMN 65 ms ZN1E
DGs
0 — RiRF)
Fs
30 — AR
. 0 — FEIF 64 ms FHE
1
DG;+ 30 — FEIF 65 ms F1E
SRS HLAL . 0 — Rigzh
5
30 — NiRF)

MR 7 IR AT SO IR LN, PR
AR RE TSRS HTER AR GEGR, HK
A R R AR I, o TR ) B 3 B T e 5% R
o AHR, BEEITRCBBHINE R, HbREon RS,
PO FLR R (AN B s, 3 S Bl AR A I T
Mo B FH WA L BN, Bk RahfE
RE1. MHEETMT S, SRS HEMEER A, A3
FIPEHIRERSELE 70 ms LA 301, BAT SR
&R

1 AN RT3 SEAL AR BN HL Y SEI, - sk
7 PR, RHRFGE R TASCHE e A A
R oy SEAER RIS, 0 X AR, ATEEA S,
XF T & AR IX A SRR, BIRELE 70 ms PAIOR] H D B04E,
HI L RE— 2B RAIE 1 ASSCHT R IR AT S P -

4 #ig

B3 KR DG 122 N FEL X X TE R TR £ SR
BrEkGR, A ST T A PRI R K AN SRR e A 1R] £
T ESARHE, $eth T —ME TR EHT S 5G
TGS A 10 Bh I H A F T PR A R S Bl
%, 3B PSCAD/EMTDC 1 E-F G IAIE 1 AT
HYE Je 5 RATAT MR, 3 N R 458 .
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AT DASEEL R IR 1) SR F 2
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