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Fig.1 Interconnected system based on energy switcher
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Fig.2  Structure of two agents in autonomy area
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WA, BT E R E T2 RG R RREC M R W SR (1], B TR RERTEOR ,2018,37(2) :19-29. 25

6 EHOEISH

6.1 EBHISHE
PLIEEE33 5 s RGN Bl AT 05 5, &l 7 pir
N EECHL RS 33 AR, 3T A5 ARIRERTT
K HAL T W FRARAS , 43 MAEBEL 11 17 24 Abd A0
it R4t PV1 PV2 PV3 BT H i 8 s, &
e 9 3715kW + j2300k Var, 4 & HiL B A 12. 66KV,
% X BRI S B2 SHOL TR 25 ], 45719 sl 1
MR 1 R, —9, 9 = B AR
FEONIC100,10 1, BUGFBCRFRIE A S S
SCHR[26] —2L,
19 20 21 22
o ‘ﬁi@ )%E\::af%if%{E \S\E\Jﬁ;PVI

/ T~

| o
' \
1 2 3 4 5 6 7 89

ES‘?PVZ

e
L1011 12 1314 Jisie 7718

R IFR2 PR
-—.—.7.—.—.—.—./ %%
26 2728 2930 31 32 33

L

23 2 25&%3"%

PV3 ESD
K7 1EEE33 35 G0 M R 50
Fig.7 TEEE33 distribution system
6.2 HEIERESH
(1)5p0 1
WS 2-3 b ke ARk AR, HLB R & AR
9:00, SE L B 18 B AE 16: 00, B BR[| &y 7h, B
T=7,00 1h B—NEK, GRS PVl PV2 PV3
AT RE 25 14301 A 400kW 400k W 1600k W , fif fE Y
H K I HIZ N 50kW

1600

o

53
(=3
(=}

Jefitdi H Th 2 /kW

0 \ . L . L . s
9 10 11 12 13 14 15 16
I %1

K8 Sbfifk RGeSy L (B 1)
Fig. 8 Output of PVs (example 1)

x1 SR

Tab.1 Priorities of loads
B far S5 4% WS
— 4 i faf 3.11.16.18 .25 27
Gt fat 5.6.8.9.10.12.17 24 30
e 2471314 15,19 ~23 |
=2 oy

26,28 .29 31 ~33

% DG ARHLAAS FOGHE RGTAETT /111,17 24
AR SHEATHIAG IR X 4y, SRS R LRSS e AR AR
PRIy 7 AT AR AL . 5346, ORI B
JCAR LIRS DR AEAE 22 5, W DG AR T ZEAR I
SCADA R4 F i ifs B, E it ke %, H
o 7RSS 3 AMIFBE(11: 00 ~ 12:00) N4 DG LB E
BRI E LT %, B R 48 PVL 1Y DG AREEAI
B RS PV2 B DG AU HE 1l 59K &2 07 S AE T 15
14 .15 .16 HBUAH2E, BT AN T 2 B0 HL D) 56 S 1 24
W L REAC I A C B T B A7 AE b 2% () I8 J Rl
T DR LS RN 2 B,

®2 BB HENRLTRER

Tab.2 Integration of intersecting islands and selecting optimal scheme
[USEWIES ISR/ IR IR JE RIS R F b PR R b PR 2 1
F%E—.PVl KE PV1 16.15.14 13 .12 .11 S G EEIG 11340
e 20940
AR A, PV2 14,1516 18 .17 18.17 9600
FE.PV2IKE PV1 16.15.14 13 12 .11 8.9.10.11 7700 23480
AR K PV2 1415 .16 18 17 55 DM IR AR TR 15780

SN E XA DO IR B D X anr))
A, N2 DG ACERIE 1l 10 B8 8 A 3k th AN 5% 49
14 15 16, H B ¥R sREE B K80 5307 58, i i 28
— 13 B0 5 H AR R EUE Ry 20940, /N TR WY
23480, [K I Fp i 7 48 R s 2R Rl 43 O B8, K
REERE 9 iR,

BT A e it BEAS DG ARERIE s IR B 7 Rk
3, BT RS T S8 S A5 A Ok L A7 e A7
FE , FLRE RS Ha A A QL 5 20 BT T 2k 9 2% A i i

19 20 21 22
—e—o—o ____________ o _

i ESDOpPVII | ESD@QPV2
| Fed |
[ e ! e oo !
| |

*—o |
45 6'7L8 9 10 11112 1314 15 16 17 18

B9 DG I By I Ll 1) 535 %
Fig.9 Optimal island partition scheme formed by DGs
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Tab.3 Restoration scheme formed by DG agents in
different fault periods
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Tab.4 Reconfiguration schemes and results of residual network
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Fig. 10 Output of PVs (example 2)
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Fig. 11  Optimal island partition with DGs
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Multi-agent system based decentralized coordinated
recovery strategy for smart distribution grid

YANG Li-jun, CHANG Xue-ting, CAO Yu-jie, AN Li-ming, WANG Ming
(Key Lab of Power Electronics for Energy Conservation and Motor Drive of Hebei Province,

Yanshan University, Qinhuangdao 066004, China)

Abstract; For the demand of self-healing restoration after developing an electrical fault in smart distribution grid,
on the basis of complex energy control resources and technical means, a smart distribution system structure based
on the energy switcher is given and a decentralized coordinated recovery strategy for smart distribution grid after
fault based on the multi-agent system (MAS) is proposed in this paper. The MAS is composed of an energy switc-
her agent and other components agents on a power supply line. When the distribution network has a small area pow-
er outage, considering the volatility of the distributed generator ( DG) output power, each DG agent in non-fault
zones determines initial island scheme by the equal possible path combination, than the energy switcher agent coor-
dinates islands in conflict, which will ensure rapid recovery of important load power supply. When a large area
power outage occurs, after the island power supply scheme is determined, the energy switcher agent finds the opti-
mal power supply path to further restore the loss of electric loads by the improved ant colony algorithm to minimize
the network loss as the goal. Simultaneously, the designed MAS can effectively alleviate the traffic congestion
caused by the gradual vertical transmission and reception of the information. The feasibility and effectiveness of the
proposed strategy is verified by numerical results of 33-bus test systems.

Key words: smart distribution grid; fault service restoration; multi agent system; equal possible path combination ;

improved ant colony algorithm



