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Research and application of self-synchronized differential protection for distribution
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Abstract: With the high penetration of distributed generation and the gradual increase of ring network structure, distribution
networks urgently need current differential protection to overcome the challenges faced by over-current protection. Taking the
opportunity of 5G commercialization, this paper develops a distributed differential protection for distribution networks using
5G. In this protection system, a sliced network based on mobile edge computing is deployed as a data channel. This has the
feature of ultra-low latency and ultra-high reliability. The fault instant-based self-synchronization method is adopted to realize
the data synchronization required by differential protection. It has no need for additional timing devices. In a demonstration
of 5G application for the smart grid, the developed relays are comprehensively tested under both single and crossing base
station environments. The relays have been put into use in a 10 kV feeder for test run purposes. Both field test results and test
run data indicate that the performance of the proposed differential relays meet the requirements of a distribution network in
engineering application.

This work is supported by the Science and Technology Project of the Headquarters of State Grid Corporation of China
(No. 5100-202055018A-0-0-00) and the Science and Technology Project of Shandong Electric Power Company (No.
5206011900DG).

Key words: 5G communication; network slice; uRRLC scene; distribution network; differential protection; self-
synchronization; fault instant

0 =|= Tic HL 1O E i S P S 2R P 28 AR B T IR 4, R
- HH R F X PR Bl R R 2 AR SR R 8T

b & DAOGAR AT R N AR R 20 A IR 53— T0 1, BEE BRI R SRR AT A 3 o & 1Y)
(Distributed Generation, DG){E it B, /1 () 5 B V535 P, bR AT SEPERC A, G BRI BN Y
i, CEERER 2 X @RI RANIZET. X T
HEEWB: BEEm )& 8 7 8) (5100-20205501 DL E LA TR ER Z R AL B Y, ARG = BRI
8A-0-0-00) ; L% . 77 4 3] #H44 0 B 7 84 (5206011900DG) PrRAF AR s T3 v i B AT b v o7 R 152 2k B B Ak




-2 €& REP B A

PIMECLIE ], Wb R E IR T2 IRk
T H T A A 7 2R 0500 o AT A U T FEL DX P g e e
S AR R, B A I B 1 FE R 22 B
PRI TC5E A M ke DA b v 0 1) A £ T 22 000,

FHL AL\ 22 PR AP et S B A2 80 28 1% 799 ity HEL R 40
SRR X P AR, 7 T HE DX FH B R o 7 A R
JEIE [ . R P RGN 22 Bl R 1R FH S
et G A RN Y () S A aot, RHE Y 22 30 R
T [JREARERA: 55 AN T 2 Mbps, B IEA KT
15ms, AJFEMEAMET 99.999%, “LAEH AN | [X,
B ARFE T A DU I PR 0 538815 e 08 16 2 IC I 40 A1
AZE AR FEE R H OO N R fe e, H
PR s 22 T, KIS O CAF s HMERE R, #
T LIRS Z WM, B2 N 2 sh R 3
HES R B EEHE S

5G & AL EEHAR, 4G A7 EGHE
G, AEAR, WEFEL. E 56 @EHA
(R AT P R AT S A 2 D 55 I B
FIEH RN, B RERC FE M 10 A0 AR 30  d i
e b i B s B A Ak 2 — 8, 5G ImAE 1A
AJSEFMICAE I B FH 37 5 R IE I FE R 22 B AR 3 s TE
FoRIRAL T BAOCLF MR RTT R . SCER[14-17] %8
5G JEAE M2 U] e T rR Rl 55 e 11 22 4 1 DA
SR T o0 A RABR ORI (R T AT M SE AT T IR AR
e SCHR[L8]HE H 2T 5G A5 1) H 3& BT W 22 Bl
FHE, N 5G N HTEM AR 5wk g ddtfr 1
HaiRE

BT BRSO A TAERA, A SCExbEa
T & B — T 8 5G 1815 B [F D E M Z s R
AT AT R, YAy . B4 56
BEHAR S, AR AT @ E 7 U HEAR
PEREXTEL S 5G B 5 LN V)8R 238 5
44 5G G ZBNRTFIORBEEIR, GRS %)
HIE ik SERE . BRI R Badsmig i
CLR ARG BRI IE 43475 36 =5 N RIS
RABHE N, B 5 St A&
R, W TR ST s s SRV A
1 5G RZ&LBERAR
1.1 5G BIEMF R

2015 4 6 H, 1 FrH 45 Bk (International
Telecommunication Union, ITU)Z 22 k& b,
IMT-2020 #EIFZHBARA 1 5G 1815 R e Tt
B, SRR (R E . ST AR
ZEE AR ICHR, 5G AT LRI il 5 BRI BEXT LL
WIER 1 AR iea8-200 oot L 3R B, 5G 7R (5 =%

Uiy B AL | JEAE PEEPE DL 1] [R]D SR AR F R R
T3 T B, 5T ZE Bl R A0 A R
i oRAEE ) & o
# 1 5G 5 4G, GPRS @EMAERIELER
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Fig. 1 Schematic diagram of the importance of the key

features in different application scenarios
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Fig. 2 Schematic diagram of self-synchronized differential
protection for distribution networks using 5G
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Fig. 3 Operating time structure of 5G-based differential relays
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Fig. 9 Protection configuration diagram of demonstration line
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Fig. 10 Waveform record screenshots of differential relays
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Fig. 11 Fault report screenshots of differential relays
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