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Fig.1 Structure of multi-agent system
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Fig.2 Schematic diagram of feeder impedance
under voltage limit
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Fig.3 Flowchart of power supply restoration
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Table 2 Result comparison among different restoration strategies

E 20 KNS VES! LEY
A/ kW 148.34 147.58 170.12
T I H R 0.931 6 0.936 7 0.902 1
FBE & s12.s10 fil - M4 s12.s10 F1 - H& s12 Al
FHE s4, Wi s11 il s6  s4, Wi IT s11 F1s7 4, WiIT s11
%E&@ 5997 10 560 5271
{7 &/ Byte
/&Ry
BFERT/s 3.2 12.4 48

Fh b RS A 3 BT TR, AR SRS B A 3 A T
AN DI R A 32 BT A ] AL ] o DR MR ) 7
i SR A R L LA R 7, L5 T B
S E RVl B pRE i AT AL AR I B A



8] & 0 8 % w it %

%39%

— R [ Berb O B IX SR RE RS SR B L 20T
B LR A A, AT R DR AT 1) 4 ik B T AR A
AR A5 OR (LR OR i ) F 0 S5 A4 R 4 3t
HFHBTAT 2% 38 3 1 e BE L RE T, B &2 2% M AL 4%
A N 22 B A5 P 2 o EAT ik 19 385 1 g

5 #ig

ARICGE R AR AR L3, R I T2
RERGE LR A I IR e, 2% 2 U R 4
R BB e K O e S P R b 5 4 1
TR KB RE 0% AR 8 XU R 5 B & 59
OISR RIS R . IR T L O I
AT AN R 9 2R PE R R T e Mk &2 2k
CNVAR IS B SR g Wit Qb e M L s i D
A O PRI A AR AE BE R KA R AT 7 4G
W 38 i S BUAR SCHR H A0 SR ] A5 2 T A9 1
R D5 58, O T e X IR T 58, 1%
Hems o R AL LA R R, A 2
PG 52 LA R AT S BPRGE T AT B SRR T
P45 A2 2% 1) T SR A5 4 ) I O U A 20 ) 4 52 05
SRR

SE Lk

(1] XRIR, XU, A2, 45, 25 JE R AL 24 o A2 A C v R 5
S RGAEEPEAG ()], ) A Sk #,2017,37(12)
22-29.

DENG Liangchen,LIU Yanli, YU Yixin,et al. Reliability assessment
of distribution network CPS considering whole fault processing[ J].
Electric Power Automation Equipment,2017,37(12) :22-29.

[ 2] 24, o, B, 55, T XU 5 Ay AH DG M 1) 1C v, 190 i Ay
T[], Ak ,2016,36(2) :148-153.

LI Chunyan, YANG Qiang, WEI Wei, et al. Distribution nework recon-
figuration considering correlation between wind-speed and load[ J].
Electric Power Automation Equipment,2016,36(2) ;148-153.

[3]LIJ,MAXY,LIU C C,et al. Distribution system restoration with
microgrids using spanning tree search [ J]. IEEE Transactions on
Power Systems,2014,29(6) :3021-3029.

[ 4] JAR, My MR, A5, TR A Bk 1 IE vl 4 e o T 4 15

IMEBATHCALT]. BIER ,2015,39(1) :136-142.
ZHOU Quan, XIE Huili,ZHENG Bolin, et al. Hybrid algorithm based
coordination between distribution network fault reconfiguration and
islanding operation[ J]. Power System Technology,2015,39(1) :
136-142.

[ 5] EMAR, ARFFER. FET40 3058 S & A 3 i C ) 8 & 43
(1], EHRAL TR AR, 2011,31(7) : 16-20.

WANG Xudong, LIN Jikeng. Island partition of the distribution sys-
tem with distributed generation based on branch and bound
algorithm[ J]. Proceedings of the CSEE,2011,31(7) :16-20.

[ 6 ] LIN Jikeng, WANG Xudong, WANG Peng, et al. Two-stage method
for optimal island partition of distribution system with distributed
generations| J ]. IET Generation Transmission & Distribution,2012,
6(3).:218-225.

[ 7] BT, 280k, R, 55, 5 BI040 2 A3 R I 4 B T
RS IEAS [ T]. LT H 3k 345 ,2017,37(10) :79-85.

HOU Yuxiang, PENG Minfang, ZHU Liang, et al. Risk assessment
for distribution network considering tie line transfer and island parti-
tion[ J]. Electric Power Automation Equipment,2017,37 (10):
79-85.

[ 8] XakSC, B 3Cue, X . Se IR Ak B Ak &2 10 43 A =X e U 1 41
PSR [J]. L) R S8 H Bk ,2015,39(9) :192-199.

LIU Zhiwen, XIA Wenbo, LIU Mingbo. Distributed generator self-
organized network strategy applied to microgrid service restoration
[J]. Automation of Electric Power Systems,2015,39(9) :192-199.

[ 9] A== BIWILL, 750, —Fh bt i & =X e v 0 e e 1k 52 5 125
[J]. .y Akt s, 2004,24(2) : 16-19.

ZHENG Lan,BIE Zhaohong, WANG Xiuli. A fast heuristic service
restoration method for distribution network[ J . Electric Power Au-
tomation Equipment,2004,24(2) :16-19.

[10] a2 WRAG B8 I, & T W [R) A S0k ft e v o0 2% By 5
Z[1]. I AL ,2012,32(7) : 108-113.

OU Dihong, CHEN Haoyong, JING Zhaoxia. Distribution network
reconfiguration based on co-evolution algorithm[ J]. Electric Power
Automation Equipment,2012,32(7) ;108-113.

[11] SR 20 ST R AL BC A [ T]. BT A3
L% ,2013,33(2) :47-51.

WU Dengguo, LI Xiaoming. Distribution grid reconfiguration based
on extreme learning machine[ J ]. Electric Power Automation Equip-
ment,2013,33(2) .47-51.

[12] ZIDAN A,EL-SAADANY E F. A cooperative multiagent framework
for self-healing mechanisms in distribution systems[ J]. IEEE Tran-
sactions on Smart Grid,2012,3(3) :1525-1539.

[13] ERIKSSON M, ARMENDARIZ M, VASILENKO O O,et al. Multi-
agentbased distribution automation solution for self-healing grids
[J]. IEEE Transactions on Industrial Electronics,2015,62(4) .
2620-2628.

[14] ZEzifh Lok 2. BT B/ i e ) AR BT 1 R 8 iR
L] My BB fkiBess,2014,34(4) :155-161.

LI Hongwei,KONG Bin, LI Chao. Design of multi-agent distribution
network restoration system based on minimum grid loss[ J]. Electric
Power Automation Equipment,2014,34(4) .155-161.

[15] i, oK), B, 45, 25 P8 AT 4 U 19 & A =X PR

LR SR R AR AL [ )], ) A i ki A, 2016,36 (11)
11-17.
YANG Lijun,ZHANG Guangchao, LU Xuejiao, et al. Power restora-
tion considering controllable load for short-time fault of distribution
network with DGs [ J]. Electric Power Automation Equipment,
2016,36(11) :11-17.

[16] GHORBANI M J, CHOUDHRY M A, FELIACHI A. A multiagent
design for power distribution systems automation[ J]. IEEE Transac-
tions on Smart Grid,2015,7(1) :329-339.

[17] CHEN C,WANG J,QIU F,et al. Resilient distribution system by
microgrids formation after natural disasters[ J]. IEEE Transactions
on Smart Grid,2016,7(2) :958-966.

[18] HAFEZ A A,OMRAN W A ,HEGAZY Y G. A decentralized tech-
nique for autonomous service restoration in active radial distribution
networks[ J |. IEEE Transactions on Smart Grid,2018,9(3) :1911-
1919.

[19] Z=gdh ) JARAS 20, 4. EE BT A7 e v ) Ak e 4R
e[ )], MR ,2014,38(9) :2575-2581.

LI Zhenkun,ZHOU Weijie,JI Hui,et al. Service restoration of dis-
tribution system containing DG under master-slave control mode

[J]. Power System Technology,2014,38(9) :2575-2581.



[20] DAS D. Reconfiguration of distribution system using fuzzy multi-ob-

&5 FEE 45 T 2 AR AR A0 TG 0 P 1 B S D
R E (1979—) , 4, 7~ Rk A, ﬁf
i TfH: I RHRFT G AE N RGBS

@ %] (E-mail ; linlx@scut.edu.cn) ;

S & R(1970—), %k, i#]it#ﬁi/\ %

“ ML EBFR AR RGBS

424 ( E-mail ; lguan@scut.edu.cn) ;

network’s ability of accepting DG[ J]. Power System Technology, FEM Mg (1995 —), B, )~ & " M AL #
2016,40(5) :1431-1436. . . N . : .
THRAE,ZEHTFT @AY S ZRIEATF AR (E-mail;

jective approach [ J ]. International Journal of Electrical Power &
Energy Systems,2006,28(5) :331-338.

(217 Gyl skl £, 45, 3 DG HEZA e 77 (¥ e L W 3 25
HHTTE ()], B ,2016,40(5) : 1431-1436.
YI Haichuan,ZHANG Bide, WANG Haiying, et al. Distribution net-

work dynamic reconfiguration method for improving distribution

EEG 2110524578@qq.com) ;
FEHE(1994—) , B A B M A LR A, £ B 5 FHEM(1994—) %, )" R MARE LA, TRHT
%5 6 A 8 ) & %iB 47 Ao 4L %) (E-mail .867245716@qq.com) ; G 61K ) & G547 F2HL%) (E-mail :515111198@qq.com) .

Service restoration strategy of active distribution network based on multi-agent technology
DONG Zhihui,LIN Lingxue , GUAN Lin, CHEN Heng’an, LIANG Qianyi
(School of Electric Power,South China University of Technology , Guangzhou 510641, China)

Abstract: Aiming at the fast service restoration requirement of active distribution network after fault,a self-healing
service restoration system based on multi-agent technology is proposed. A hierarchical coordinated restoration mode
is adopted in the system,and the regional service restoration process is initiated by the region agent of lower layer,
while the conflict between the region agents is coordinated by the feeder agent of upper layer. The power balance and
transfer capacity margin indexes are proposed,on this basis,the non-fault outage feeder is decomposed into several
independent zones after the fault of distribution network is isolated ,the self-healing system can restore service of outa-
ge zone through microgrid aggregation,and utilize tie switch to transfer load of island zone,by which the service res-
toration can be comprehensively obtained. The voltage and current constraints of feeder are considered in the service
restoration process to ensure the secure and stable system operation after fault restoration. A four-feeder distribution
system with distributed generators is built in software of DIgSILENT ,and the simulative results verify the feasibility
and effectiveness of the proposed strategy.

Key words : service restoration ;multi-agent system ;active distribution network ;power balance ;transfer capacity margin
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Two-stage coordinated voltage control scheme of active distribution network

with voltage support of distributed energy storage system
ZHANG Jianglin'?* ,ZHUANG Huimin®,LIU Junyong', GAO Hongjun',ZHANG Li* ,XIA Yuhang*
(1. College of Electrical Engineering and Information Technology , Sichuan University , Chengdu 610065, China;
2. School of Control Engineering, Chengdu University of Information Technology , Chengdu 610225, China;
3. Skill Training Center of State Grid Sichuan Electric Power Company , Chengdu 610072, China;

4. Chengdu Power Supply Company of State Grid Sichuan Electric Power Company , Chengdu 610041, China)
Abstract ;: Aiming at the voltage problem of ADN( Active Distribution Network ) ,a coordinated control method of tra-
ditional voltage regulation devices and DESS( Distributed Energy Storage System) based on two-stage operation opti-
mization is proposed. The first stage is model predictive control,which uses a long time interval to regulate the net-
work node voltage , takes traditional voltage regulation devices as the control objects, and an optimization model is
built with the minimum power loss as its objective and solved by cone optimization algorithm with high efficiency.
The second stage is voltage sensitivity based decentralized DESS control responsible for controlling critical node vol-
tage with frequent fluctuation, which includes reactive power control and active power charging/discharging control,
and coordinates with the central controller to control other critical nodes besides local control. The case analysis of
modified TEEE 34-bus system shows that the proposed method can effectively restrain frequent voltage fluctuation of
critical nodes , prohibit network voltage violate the limit,and relieve the voltage regulation stress of traditional voltage
regulation devices.

Key words: ADN ; DESS ; two-phase optimization ;cone optimization algorithm ;decentralized control



