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Configuration strategy and application of distribution network protection based on standalone 5G
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Abstract: The 5G network, with its characteristics of wide coverage, high reliability and low delay communication, has a
high application value in solving the ‘last kilometer’ problem in interconnection between the terminal equipment of a
distribution network. To improve the practical level of distribution network protection based on standalone 5G the
communication resource requirements of distribution network protection are analyzed first. Then, given the overall structure
of 5G distribution network protection, a more reliable time synchronization scheme is proposed through the same source
transmission of clock signal and data signal. At the same time, differential protection and regional protection are applied in an
urban distribution network. The differences between the two protection methods in overhead lines and cables are analyzed.
The results show that overhead lines are recommended for regional protection, and cables can be compatible with differential
protection and regional protection.
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Fig. 1 Schematic diagram of override action of urban distribution
network over current protection
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of 5G distribution network protection
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Fig. 2 Overall structure of 5G distribution network protection device
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Fig. 3 Differential protection and regional protection strategy of 10 kV distribution overhead line
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Fig. 4 Differential protection and regional protection strategy of 10 kV distribution cable
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Fig. 5 Regional protection logic diagram of
distribution overhead line
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Fig. 6 Regional protection logic diagram of distribution cable

A AR B AR, AT SR B R
TREE S )5, e s S AR 2 X X A T
o IR, AT SCEAS 7 5 5 (LA RIAE REZR i
7 N IETT 1A, AR PAE B N 57 ), Xl
TR MU PN A I S AR ST 1] o BRI R
A, AT R, BT R S AR
AET7 TR B 2R 25 FL g T 1), X3 ORA 48 To I PR B
VEBEIF PG, A AME S & m b, 7%
DI A LR i, A BV IET 1, X3
TRAEE To SEIS SRR AT 5% o 2 kb A AE
F, PRt S SRR E

WME 7 s, HAAE R, I [F]—BE
(IR Rt 2 L2 B Ordy 2 BAR ELSOR LU Bl
T W WO R AR R X N BRIX Ao A IR
I, AT RE L T 1], WA &8 A R I 4 7 B
REHRRT FES, XERE ToEN 3 1E, Bt
HOBE R ERA TR LEAR (8] B A 24 i i i
ARk B A5 ), XIS ERA L To SER B1E, B
JFRHER BT IR AL T —Zdt 8Tk, Xk
I T IER VR RTR T IR R JE & PR Y7 [ 78 I
JasfE, BT R R ERTE TR, LR 2
T

7 A TN AT
ST AN

<A T BT

(B &R E AL G | |

A [0 i oL B LK 16 & B b P T B 41

22T R AT

A R L T e P L ||
7 IRMFE R XIE R AP IZ IEIEE
Fig. 7 Regional protection logic diagram
of bus line in ring main unit

TE MR = E . B PIBTBE 2 R 2 B R A i
BERA . BHRFEEME, MAZIE 10 KV BRESHL
WA R MR X S A

AHXECN EZLRH T “ PR st
7720, CAm it o e, XA N R ROR R AT
Z o A AT I R B T E AR Z R, A
SAFH A VR Z SRS, TERTH FLR v A 2
NSRS 5, AT 0 H S S PR EAE N R A S
FEREAY, FEAE BRI ) YRR %, ARSI
WARY ThEE .

HAERIZ, TEXIERTEE RSk T AT
B BIELE W B ILAL, RS T AN XA B S
HIBTE B L. WIS, A TR E S R R T
i HENE A A IR, £ Ts 2ERTBh1E.

H5ZEFRIHE, X RY Tl CT Mg
Wi, H IG5 HEAT SR FE I, P X 4 2% Ak B8 i
2.2.2 B 2R % X I AR i B 7 R S v FH

1Bk S #Er, 10 kY BEZAS 2R B AT M 4R 2%
PRBE S RE L, TELR I 4 BT 5% b 2225 X Sk AR P
W% LA/ M5 B S L, ] AT 7 36 2 DX A AR 4 SR
I 26 b2 e DR ORY R 2%, DA KA
TRy ERME, MR T T .

10 KV RS ZRig RARR AE MR S, ik LA
A o B SR IX IR v 28 I b L g 7 ), i
it 5G HHATEHEILE . WK 3 R, Uk R AL
FLRX B EL AL, FEIT AR sk s I (1) SR £ ity
SRAE IR T AT N IE J5 1), T SZE 25 E Y5 (D35 40
PR3P 2w ) W R4 1) e FEL YA 7 ) R L3 A B 2
R T ), BT AR s i AR AR 2R, IR
B kR s EL ARIK) 2#. 3#. S#IT G, FERRHEK
FEES, 3 GBI, IR RE 2 H3E L 6#
FER, 4E/MTRTE .

10 kV ZEELREE PN B2 Ab kAR I S
2B LA 73 BT O IX S R4 16 46t 75 ) W e o
BT ), IR N IE T ), W s b T 32 2%



BV, 5§

5G Jh 7 2H AR 0T 1 BT X AR R SR K s - 29 -

X BAho FH P A I B Wb 5, B S 352
T R, BT BT 44 S0 5 ) s E2
1TUI8R; M 4eF 230 8h, XSRS DI BRAHAT
(1) 3o BT %, Mg d . 47 SHTTEmZ LK
A, KSR 3. MR KR IR T ], 5#
FF N 2 B — B[R] 388 o 5t 28 ok 3 BT PR 7 D) Bk i
B, R 3 PR G20 ZE i 5 38 S0 3#. 4T 5% 1R 80
2.2.3 HBL % X Sl AR ic B 58 S

10 KV HZSLR K2 AW s B, 7RI AR H 1)
BIRIBS TR AW A, RIEASCTE 10 kV HL4E
IR H R AN A R AN T O b 35 22 2 X I R 9 2
B, SHLT 10 KV R X 2R B 1) A s AR

WK 4 Fro, IR EL AR 10 KV HLZE
LB R AR ST, R L RT A AR I o0 X AR
P50 A Rl PR T T (OE 35 15 0 T P S 42 % 7Y
T < IR ] oA — IE—47),  FFiEid 5G M 24%33k
ITHHEILE . BRI, EL W w9 i 0 C ) LR A 28 ity
KA HLE T 0351 R IE T 1), D) 7 B A o e A=
AT EAEFRRIAEIA A 10 KV 2885 b, DRI IRRIRE 20 3
W 2 2R 10 DX TR T ZE 5 BT 2R RAR 2
o 2HFT AR AR 3 H ) 1#FF

Fr E1 MbZ BRI, PRMAE 2 [ 28FF LB
WA 3 [ LT AT AR Ll (5 SO I 5, T BA X A
2. 3 HH LM X IR Luns To 2R J5 BT IR
WIAE 2 FR 285 R AE 3 H 1) 1T K%

Fr IR 2 2451 A AR 3 HR I LHHT G HH
BARR, WP K—HE T il faB P IAMAE 2
VP REIA MG 3 H ) 28 5%

MR B2 AR, 2B BT
A IR DX S PR 28 St i R FRA T D, LG R
RIS TR A sh &, (HiE 2RI M Ml s T
A —IE—%, MR R AR X A SRR
2 1) LU R A Bt H 2 b I 5 2 3o sk D £
PIREIAMAE 2 () 11#HF i, B s, ARk
B [X AN SZ 5

AR 2 1) 1R IR R, WK —2%
BEFFIR AR 2 wf 1#FF IS FIFR AR 2 F ) 28FF 5%

MIRWAE 2 1 | B RRER E3 Ab R A S S, A
BEZE IR H 4 B BRIDEORAP 28 B A BUSCR FRIL A BhS
S, W SR AEAE R XN B X Ah . A IE
B, FRRRE 2 [ 1 B b %R B ot g 5L W A £
77 6], RIS B[R] —RE2R AR AR R B it s shiE 5
BER XS ARA 22 T1 SERT BOE, BEIFERMAE 2 [ 1 B
S EED

T2 5] 88 {5 2 Wiy, A ) B it i HLR O
], XIARAEE To 2R BhE, BEIFERMIAE 2 (1) 1 BF

RIS IRRIAE 3 1 187 K. XY Ts
ERFENRTIRFF 2Rk R(APIME 2 B | B LATEFF
Ky AR 3 1) W0 G A& OR3, BRI MIAE 2
1B ERTE TR, DLRRIIAE 1 (1) 287 . FRM
M3 1) 281,

MHRREE S, RS HEAIR, RaHE
Bty LI 4 18 2801 5%, Wk 52 A e [X sk 1t FL

LA 2R 5 BE ] R FH 2230, I n R A X3 fR
o WEBMERIENRE, Z3h R E R,
AL R ER . ZE AR AR X S AR
Sof PR 2% 5 SR B i, A HAL 4 R B T A X3 DR B )
HEFFIFEN L K AEAER, 2 FEEE Za%
Ib B P 2 I AR, AN RS 2 2 B R
PN TER, BT S AR A XA .
2.3 5G M AMER TEMRIF T2 BRI

AT H AR AL X IR E AR F sl 10 kV
M ZRAT T TAENH, 7F 10 KV BEHEZR 170 Ha sl
TP IHE . PR RAAE DA R R 2R T 5% b HEAT T X [X 458
TR 25 B A A

RS XStz 3 7 56 MRk E 8 &, H
H 110 KV AR L 10 KV HHZRHE 1 &, Bk E
HZTFL5 &, HMEmET K2 6. HMAELE
T3, #1 AR RE B SRkl 0.8 km, #2 IRMAE
FEEBI#1 FAMME 4.5 km, #3 FRMMEERE#2 HPAE
1.8 kmo FEC LRI i TEARAEIL 5G M 4515,
HE PN 38 A LA

NIGAE 5G F7 ZH WS T A0 IR 25 i 4 A2 75 15F
S N EER, 7E 10 KV ARHELR HEAT T I037 Sl .
GERRIL, SLIEME VRSN IR R, RN 2% 2
ity I} 92E 2 FL} ) B A g

10 KV HEHELRAEIE 5G P fR 4 £ i i Fef SiE
WG RWE 8 Frow, Hor v 2 i (1) F 22 I 2E 5040
18.7ms, WIZEHIE) 4.2 ms. BT ASCRA T ks

R gy
_
40+ 2 %%
20+ % / //// //
e
LB

Iy ?'l‘vw“l.ns
[E 8 10 kV L in S| inat EINIH TN EE R
Fig. 8 Field measurement results of end-to-end time
delay for 10 kV Lougang line



-30- ® ) ERGEY DM

He W PR £ B N, T I PR 37 28 3 X R AR B AR 1D
PP, SOBR AR AR DX, SR
Al [EEAS LN T 10 pse

H AT, WURI247 10 5G B ORI E C AL 10 kV
B b 5E a1 A AL Sk, RS S
#Ef, 5G ZEsh X I R4 B mT LLIE B -

3 g

ARG T 5G AL PR B P PR
BN, JEATT LRENA, FEARE.

1) ML HMET, SERAES A LA
R AESE, FTLOHE 56 %A T Z3h R4
FIM 8 53R o JBRE R 5G 3kl ) ic I P4 48 it 4%
I, BC PRI om0 R AR B AR I P 87 %, SE
BT NE S SRR S RV, R T IR
PEAE 5G 2% HSUR IS SEAS— Sty SR I R R 30
15858

2) MO 2R LR R T ek B8 22 o W9 2% v )1 A
ZEF A BR BN Z 30 RS, TEIE AR F X3
TRIF . HZE 2R AT LIS Z S ORI AR, 7
b N i s AN U S B WA Rt N o 3 S e e O
W H R ZZN RS MAAEMNZIREAE. CT &
A PR L% A] R FH XIROR A

WA 5G M, AT H 5 skt — 5
QoS. UPF BRIETIAAC. HLJE VI AR J5 X
TR A T, R 7RI MEC 1%kt
SRR AR, 3 — D ol s = ML it
R IL I FETIRE, AL EE R BREM
LR RE A 2 L R A N SR R SCHF
S HEk
(1] e, BT, SRR, o E RS H B Bk 0k e R

TFEW[I]. B RFAHEBNML, 2012, 36(19): 6-10, 21.

LIU Jian, ZHAO Shuren, ZHANG Xiaoging. Development

of distribution automation in China and some suggestions[J].

Automation of Electric Power Systems, 2012, 36(19):

6-10, 21.

(2] HOWAL, BRPERE, B008, 45 JET IEC 61850 HIMACHLM
W 26 Ak AR A5 B Se T S M T 0] R &
Giftar 5454, 2019, 47(20): 97-103
DAI Guanquan, CAIl Zexiang, CAI Yu, et al. Modeling
and real-time reliability analysis of communication
network for networked protection of distribution network
based on IEC 61850[J]. Power System Protection and
Control, 2019, 47(20): 97-103.

[3] SINGH M. Protection coordination in distribution systems
with and without distributed energy resources - a review[J].
Protection and Control of Modern Power Systems, 2017,

2(3): 294-310. DOI: 10.1186/s41601-017-0061-1.

(4] 20, &5, SN, &5 AIRIC M ZES) R B 175
JRBLFARIESHTI]. H7T RS H B, 2016, 40(9): 78-85
LI Juan, GAO Houlei, WU Zhigang, et al. Data
self-synchronization method and error analysis of
differential protection in active distribution network[J].
Automation of Electric Power Systems, 2016, 40(9): 78-85.

(6] Buz#g, XIEIL, 35, 5. AT UMLK 10kV &

AElC H P Z2 SR 7 R [J]. B S RE B HBR,
2015, 56(13): 28-31, 49.
DUAN Yunxin, LIU Baojiang, WEI Yong, et al. Differential
relay protection scheme design for 10 kV smart
distribution network based on optical fiber network[J].
Electrical & Energy Management Technology, 2015,
56(13): 28-31, 49.

(6] AFEFE. H&T EPON FARMERC AL (S W HIHFFE[D].
Kt KRR, 2013,

HAO Guolong. Research on construct the distribution
communication network based on EPON technology[D].
Tianjin: Tianjin University, 2013.

(7] HK. BCHESMEFESE B A R [D]. BFid: h
AR, 2018.

TIAN Xin. Application of distribution automation in
Jinan Power Grid[D]. Jinan: Shandong University, 2018.

(8] xifi, 5K/NK, MRERS, 5. SrPRAES 700 B e A

TG PR TEC E P s e b BAR S[0]. FREER, 2013, 37(9):
2608-2614.
LIU Jian, ZHANG Xiaoging, CHEN Xingying, et al.
Fault location and service restoration for distribution
networks based on coordination of centralized intelligence
and distribution intelligence[J]. Power System Technology,
2013, 37(9): 2608-2614.

(9]  EFE, W, & hL, 555G HORGUG KRG
FEEORBEAL]. H15 B S5EEROR, 2020, 18(8): 8-19.
WANG Zhihui, WANG Yang, MENG Sachula, et al. 5G
technology architecture and key technologies of power
application[J]. Electric Power ICT, 2020, 18(8): 8-19.

[10] 3, BrE#E, KT, 5. 565 5z 7 1IN I

filEr: SR AT S T R B[] R, 2019, 43(5):
1575-1585.
WANG Yi, CHEN Qixin, ZHANG Ning, et al. Fusion of
the 5G communication and the ubiquitous electric internet of
things: application analysis and research prospects[J].
Power System Technology, 2019, 43(5): 1575-1585.

[11] TRAN T, HAJISAMI A, PANDEY P, et al. Collaborative
mobile edge computing in 5G networks: new paradigms,
scenarios, and challenges[J]. IEEE Communications
Magazine, 2017, 55(4): 54-61.

[12] SOLDANI D, MANZALINI A. Horizon 2020 and beyond:
on the 5G operating system for a true digital society[J].



BV, 5§

5G St 37 ZH [ 3T RO 1 37 G B S K 8

- 31 -

IEEE Vehicular Technology Magazine, 2015, 10(1): 32-42.

[13] EHH), 1RIE. X T 5G LHMEARRR LM 5 @[]

HL{E R, 2019, 35(7): 3-7.

WANG Zhiqin, XU Fei. Analysis and suggestion on 5G
networking technology route[J]. Telecommunications
Science, 2019, 35(7): 3-7.

[14] NAKAO A, DU P, KIRIHAY, et al. End-to-end network
slicing for 5G mobile networks[J]. Journal of Information
Processing, 2017, 25: 153-163.

[15] Bjm, JRFEH, MK Ty, % 56 V)17 1E i I PB M i
SRS [I]. #£3hiE15, 2019, 43(1): 63-69.

XIA Xu, ZHU Xuetian, MEI Chengli, et al. Research and
practice on 5G slicing in power internet of things[J]. Mobile
Communications, 2019, 43(1): 63-69.

[16] FiEE, RIL, VF, % HT 56 TLudEHRCaM B
&R SR AR ], LA, 2019, 36(9): 18-21.
WANG Tinghuang, YU Jiang, XU Jian, et al. Discussion
on adaptive differential protection technology of distribution
network based on 5G wireless communication[J].
Distribution & Utilization, 2019, 36(9): 18-21, 27.

[17] #AE4, F2A, KEE, % T 56 WEMNZN
VB 00 K2 B2 [ TG o, D 2 8 Z2 B AR 47 [J/OL]. T PR K 2%
23 1-12[2020-09-03]. http://kns.cnki.net/kems/detail/
50.1044.N.20200828.1621.004.html.

HUANG Fuquan, WANG Tinghuang, ZHANG Haitai, et al.
Differential protection of the distribution line based on

5G communication and dynamic time wrapping algorithm[J].

Journal of Chongging University: 1-12 [2020-09-03]. http://
kns.cnki.net/kcms/detail/50.1044.N.20200828.1621.004.
html.
(18] FRM: 5, 65, Bk, & #T 56 WA )
ECPI[I]. L1 R G S 45, 2020, 48(3): 1-8.
CHEN Haoyong, LI Zhihao, CHEN Yongbo, et al.
Ubiquitous power internet of things based on 5G[J].
Power System Protection and Control, 2020, 48(3): 1-8.
[19] ZE, W, B, % BT LMD BRRZESRY
CT WK AR T[] B RGIRY S, 2015,
43(12): 49-54.
LUO Hui, ZHOU Qingsong, MIAO Honglei, et al. A
method for CT saturation detection based on LMD in
busbar differential protection[J]. Power System Protection
and Control, 2015, 43(12): 49-54.
[20] SHEss, WHKHE, 2R, & JET 0 THE R S 4
Hausdorff FEES PRI CRAOFTHIIE[]. B RS R 5%
#ll, 2019, 47(18): 128-135.
WU Ziliang, ZENG Genghui, LI Yiquan, et al. A novel
criterion for fast protection of transformer based on
Hausdorff distance and double threshold[J]. Power
System Protection and Control, 2019, 47(18): 128-135.
(211 ®PRY, WAL, VEW, 5. 1) H P ) 2 i

[A] &5 MR [I]. [ HHL A2 4R, 2020, 40(24):
7973-7979.

Sl Yufei, TAN Yanghong, WANG Feng, et al. Cloud-edge
collaborative structure model for power internet of things[J].
Proceedings of the CSEE, 2020, 40(24): 7973-7979.

[22] APPASANI B, MOHANTA D K. A review on
synchrophasor communication system: communication
technologies, standards and applications[J]. Protection
and Control of Modern Power Systems, 2018, 3(4):
383-399. DOI: 10.1186/s41601-018-0110-4.

[23] TKE, 430K, BARMK. FT 56 HIARME M ZS) R

M), 75 H77, 2020(3): 18-21.
ZHANG Xing, XU Wenbin, ZHAO Dongsen. Research
on application of differential protection for distribution
network based on 5G—technology[J]. Ningxia Electric
Power, 2020(3): 18-21.

[24] 7K, B, EWRIN. £T 5G B M ZS{RIF 24
PRI T[], DY) A3H2 R, 2020, 43(6): 60-65.
ZHANG Tai, YANG Xue, JIANG Xiaofan. Research of
security protection strategy for differential protection of
5G —based distribution network[J]. Sichuan Electric
Power Technology, 2020, 43(6): 60-65.

[25] &k, BR—oi, BRESE. BT 5G 11 RGN 8 [F 4
F R[] %3hilfE, 2020, 44(7): 7-12.

ZHAO Xia, CHEN Yigiang, CHEN Qiming. Power
system time synchronization solution based on 5G[J].
Mobile Communications, 2020, 44(7): 7-12.

[26] ML RGIIIEIFD &6 DL/T 1100[S]. dbit: EH%
AEUs =), 2018.

[27] BRWIAR, ¥, M, .56 MY ARSI RS

S5 RN E R VERE D). L UME B SIEEHOR, 2019,
17(8): 7-12.
WEI Xiangxin, HE Tao, LI Yihang, et al. Research on
time delay characteristics of 5G network slice in carrying
power communication service[J]. Electric Power
Information and Communication Technology, 2019, 17(8):
7-12.

WS EHA: 2020-09-20;
EEE

AE (1991—), B, WL, TALIF, T @AM
wHERYy, CHRAEZT L L %D
zhaoaixuanOoscar@126.com

% #(1986—), B, @ffEH, WML, HHRIAIF,
R T @A) RAESA B IS, KEZMAERK; E-mail:
y-huang05@163.com

R X1984—), B, ML, HLIAN, HLT@H
Bdx 7 il R, %4 5447, Email: 1324091@qg.com

(% F A

{&EIHEA: 2021-03-11

E-mail:



