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Fig.1 Sub-regional structure model of DC microgrid
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Fig.2 Decision process
of sub-regional in DC microgrid

M 2 E AL 45 DX 7 R GE Tk SR R T LA

Al E SR B R Uy, 3 Uy KT
WUE(E 800 VI, FAE DX I8 P fol L Y5 L g DR T 0 A

JIE Mt MC i g 9/ 5 HE g DS o) LI B
AR E , I IR ) € B & ok R T
B, O HL 25 DI i B 2 S B e v S5 PR i A
S5 R L LA IR BIR 1, TGV 420 B I T 44 DX N 1Y
AR T, MC O] H Wy RE 26 e Y B T2 X A2
RIS I AR DX A 70 7 /N g, % T
O U [ 35 9 9F 6 3 J s i 1 J M., %
TG & W) 2 16) 2 48 5038 I ( directory facilitator, DF)
BRIBCREAS 1 94 2243 T 28 1) HoA DI P A9 MC £ 3l
Hik, AFASZ 4 5 20 TR AR AN A B X B 2 2 AR 0
A IR o B A B AR B, P45 W X k]
HIFC .

TN HA X S TC L B0 N E R A 2, Ul B
2 DI P ) Bl P T S ) 2 e A A el
THEANBE ), O 1 PR UE B2 vl TR A AR ] I AN i
AR DX SR 2 79 At DX 35 67 A7 74 43 5 2, MC i
U A O A 30 2 B P DA BRI R P T 1S T
B T UINARAE

U /NTRUENE 800 VI, FAE X I A U I
t0 ) TG R AT BT, R MC sk 1 O B R
0 T DA O B L T AR, A R S O 23k
FIHA 3 2R ERR, I HIX S8 4 i g e B AN B4R i
H, 2% A i PR e R T H, P, 3 %) B, TC ik B ) Bk kb
DI P T AR BRI, MC DU W B 26 v 1) e 2
H X6 AP T30 S A | 3 A DX I 7 iy 49 DR A
XoF T ) 3 2l Wiy o DXl ] 79 9 5% 9 A i 3 0%k
J5 MC, %15 2 W A5 i) DF SRERE SR A 2 3 347 Y
oAl XI5k P g MC 38 5 ik, DS o 1 X )
e, FEE R AR A S AR G, F G X3
[ ) 5K o

TS LU A H Y R 2 TG RT A Y A0 X
HL I, 150 B OGP 32 X3l P ) 9 77 o SR 2 ek B
TR RS RELRE T, O T IR AIE R L TR A FR E [F]
ISEAS S M 5 % DXl 3 194 G At DXl 67 7 ) ik P o
,MC 5 X7 ikl #% (load controller, L.C) iH
{EHRIAT U AT A

T AR % DX U8 T A Rl
A4 HW s TR S 4 B, & MC T
M g E ARG SR, 7 HAD MC SR P fe b 1
SIS N o B 55— J7 D M T AR X AT R AR
PERIE T, & MC AL S4B 46 H A DX I MC i P 3
TR HAEC E s T, S TR X
AT 9 D0 S A H 2 T T S Sl W T At X I
HEHORFR U, MC 75 i 2 i) DF 4808 19 54
KA, BUHEER YN 7 A o RS T B o



IR 4 T AU RGO LU S 19 20 X R e P il O i e 17

3 ERTERMEMSXEBNXTBEEH
ERERS

31 ZRERZHEERMEMPHIERME

ZARHARGRE 2 MR A EAE R A
EARBE (Agent ) 21 i) A BORS & 70 A1 XM 28 R 4
Agent/Z HAT AR RE 1A H AR 544 BT, 7E A 42
AR B URRE , LA 5 19 75 258 HAR L 42 1Y
JEbE R, LRSI R R BT R R A B
e P 3 PR AR B AR L i

(1) BREAMNGE—IE. ERBH MR d—E
DX 35k AL 73 3D ol L 905 R 67 i A o ) 5L B )R UK
Frnif/ N R G0, BAZ N A6 2 E EER
AR, 52 RELAR G P 2 E 0 A U Agent 4R
wRA R B

(2) Agent [ A ifith. Agent HA MR A iz
AP A F R, o 72 AR L SR s S ALK B S AT
98 P SR T B R B, 45 Agent
WS R GEIB A TR B, I i SR OT i 5 2
B, LUARBEAS B RIS A T4 s A F AR

(3) B PIETE. Agent Bl 0L iE 15,
FH LT A fifp R A2 2% TR ) DR, W] T B R
R FRA ZHEG 28 22 5500 R L5 B
PRI G

(4) ZRHPATFEYE. Agent B B A PEGEICAT
LIRS @ SICia 1T A G Y I AT 46 245 5, At
IR R AT, Agent (14 B4 8 foi LA 5 252 1 /b
R B RIAr SE BT A VR SE R o BT B AL Bk
Ly, ZACH R G ERE T HZEE, A K
2% St a2 1 s i ST b Tl e AS (U RE T
AR HIL AT EOR, M HA SR & T R G AT
ET

(5) ZACHERY B IENLPE . Agent HAT RSN
ZEAFARAGTA Y [ B AT O B PR IE B, DL R i A
Mo ) el 5 PR S T BB i RE s, 1
TR R, REA RO R o0 A SRR R A S
AR H I A PO B RS E 1R A i

I 30 H BT i U R R 0 DX R R A
i SR S B Y 22 B R G, 4% DX P9 1) ol R O ik
AE B P2 4 B — 1 Agent, 45 Agent 38 i R
DI LR T AR B R I A Bras TR A,
ETAAR S A0 5 2T A5 0 P J7 X 4E R
ARGt iatT, LB JE b E R FEm H s, 5%
GAR IR L, S0 A A4S Agent 1Y HYATE, 3591k
Hh g A A P BE 5 5 A AR A EE PR B4 B

JUHMERIBE ST, LA B PR A 410 i 07 R e
B R M s AT AR e b
32 ZRERFHE

ARG 177 B Sl T 45 R A TR, g i )
T B 2 73 XA e 45 i SR AR ) 2 AU R 4
FCrp QA8 X A% S T F BT IV 1Y) Agent, LK AR
G H) DF Agent 1 5¢ & 1Y mi X 5 i 5 9 4%, DF
Agent FIFEHIFE T 4545 MC Agent $AIL A7 HH Al
TR XIS s T RS BE & EA
HAg A Gt 4 il 1) 22 3l b BE 7 5 mO0 i 5 M
4570 Agent i) FYIE {5 S AR T 2% 30H

Agent [A] [ S8 H.SC R WNE 3 Jir i, 4% X 3 MC
AgenttfRifli LC Agent 3% 14 7 4f £5 5L , 5 Bkt 00
LU BRI AR A, — HUR IR s i sl i Sl A
(BB, ROEAT 5 N TR A RE SC Agent (138 15, B i B
DF Agent JFJi& 5 4M B X 3 MC Agent (915 B5CH..
4 3 1 Request , Query 45 [A] ¥ 3 I3 J& T+ FIPA
PrRalZUE SCE T T 22 A1 28 8 O b e 15 Dp L,
A inform , agree SEHRIELLTR FIWIRG T 45 B AY 52
BLid A, 30 Agent (A1) I £ BAT I

&
= © &o““
"% ‘j:eem{“se
] 2
g inform/failure
é) aCCept/rej b
. 0O

B3 EXFREEZEXR
Fig.3 Interaction among agents in different regions

4 (HESH

B R B pon B R g, X3 2,3 A
R B A i DR AR, XKL PV A ]
PEPERN SC Y R I 291, GEA5 P A R 2 &
R RGEHA LA a e Ik, IXIE 1
WFTEXTR R 1 RS 8. Hok 1 k4 SC
PSR S, BOE SC HYBIAE(E N 20 V., 3 2 SCHR 6]
JIr ik B S Bl /N T+ 5% i€ (H A9 AR 2 20K, T HTRY
Dy EAAEN] T 30 prd 2 T 2 AU R 52 00 B
Tl e 10 o DX S A ol 5 0 A



18 ) xBEEALR

x1 HRHENEZATSHER

Table 1 Parameters of DC microgrid components
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Fig.4 Regional stability control for
supply exceeding load
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Fig.5 Regional stability control
for load exceeding supply
5 #ig

WEE BT RE IR H (4 A , Hlb B il — 7 X SN
i N D DR AN P = WS S S N E

T FRET R 2R 45, 4% DXl ) B AH B AR SOAH B 58 4,
SCHRER XS IX AREE DL, LA B IR R A B SR 42
ST 2B R A 70 DGR 12 ) O ik, il
WA T R G B R E A B, A 2 AQ
R GARBER IR 55 KA 51 R TN RE , W) S B
TAE A AR Z o Y B (5 L AR A
M, B T RGBT ] S A R TG, () B4
SREGUE T Pr s 19 A Rt , AMURERFr REERY 1B
TrRasE , M H AR IUAS 7] i I Y B A TR AL

SE Lk

(1] Bk, o5 &, BaGms, 5. M MEREGR[T]. PER
PLT 4R ,2014,34(1) :57-70.

YANG Xinfa, SU Jian, LYU Zhipeng, et al. Overview on
microgrid technology [ J ]. Proceedings of the CSEE, 2014, 34
(1):57-70.

D7 W, EAR S ML RS BRRAE RO R
[J]. 1 &5 A 8h1k,2015,39(8) :168-175.

MA Yiwei, YANG Ping, WANG Yuewu, et al.Typical character-

[2

[}

istics and key technologies of microgrid [ J]. Automation of E-
lectric Power System,2015,39(8) :168—-175.

[3] JUSTO J J,MWASILU F,LEE J,et al.AC-microgrids versus DC-
microgrid with distributed energy resources: a review[J]. Re-
newable and Sustainable Energy Reviews,2013(24) .387-405.

[4] KAKIGANO H,MIURA Y, ISE T.Low-voltage bipolar-type DC

[}

microgrid for super high quality distribution[ J]. IEEE Transac-
tions on Power Electronics,2012,25(12) :3066—-3075.

[ 5] SALOMONSSON D,SODER L,SANNINO A.An adaptive control

[}

system for a DC microgrid for data centers[ J]. IEEE Transac-
tions on Industry Applications,2008,44(6) :1910-1917.
B, A A, S0 A o R PR S R E A
[J]. # 1 B 8hfbiks,2010,30(2) :86-90.

SHI Jie,ZHENG Zhanghua, Al Qian.Modeling of DC microgrid

[6

[}

and stability analysis [ J ]. Electric Power Automation
Equipment,2010,30(2) :86-90.

LIS, W BRI MBS RET]. W RS
H #h1k,2012,36(8) :98-104.

JIANG Daozhuo,ZHENG Huan.Research status and developing

[7

[

prospect of DC distribution network[ J]. Automation of Electric
Power System,2012,36(8) :98-104.

W A R C A T NN G CEN PS5 NP4
(J]. P EBYL TR 4R, 2016,36(1) :2-17.

LI Xialin,GUO Li, WANG Chengshan, et al.Key technologies of

—
(o)
—

DC microgrid: an overview [ J]. Proceedings of the CSEE,
2016,36(1) .2-17.

[9] 5k =&, 3 =X 1,5 ZU/Z 00 H B0 I RE
EIAPR R O E(T]. T E LR 4R, 2014, 34
(31) :5553-5562.
ZHANG Xue, PEI Wei, DENG Wei, et al. Energy management
and coordinated control method for multi-source/multi-load DC
microgrid[ J]. Proceedings of the CSEE, 2014, 34 (31) 5553
-5562.



20 ) xBEEALR

[10] Emy=, £ T, FREW, 55 Bk M ey M5 MiEfT

SRR T]. P EB LTS 4R,2015,35(17) :4388
-4396.
WANG Panbao, WANG Wei, MENG Nina, et al. Unified
control strategy of islanding and grid-connected operations for
DC microgrid [ J]. Proceedings of the CSEE,2015,35(17) :
4388-4396.

[11] SHE X, LUKIC S, HUANG A Q. DC zonal microgrid
architecture and control [ C] // 36th Annual Conference on
IEEE Industrial Electronics Society.Glendale , USA:2010.2988
-2993.

[12] 3¢ i, 2830, 56 0, 45 5 TR R 3k i) B ol

PR AT i RE R GEPE I SR [ ] HIRIHR ,2015,39(4) : 892
-898.
WEN Bo, QIN Wenping, HAN Xiaoqing, et al. Control strategy
of hybrid energy storage systems in DC microgrid based on
voltage droop method[ J]. Power System Technology,2015,39
(4) :892-898.

[13] MENDIS N, MUTTAQI K M, PERERA S. Management of
battery-supercapacitor hybrid energy storage and synchronous
condenser for isolated operation of PMSG based variable-speed
wind turbine generating systems [ J ]. IEEE Transaction on
Smart Grid,2014,5(2) :944-953.

[14] Bhwes, o0 Bl 830 8, 5. HRMOL MAERER P A

FRLR L R BRI M D RE 19 ST D R B A BETT LT ]
[ B AL LR 224R ,2013,33(116) :37-46.
LU Xiaonan, SUN Kai, HUANG Lipei, et al. Dynamic load
power sharing method with elimination of bus voltage deviation
for energy storage systems in DC microgrids[ J]. Proceedings
of the CSEE,2013,33(16) :37-46.

[1S] Z83C MU Hs o6 1 3, 5. ARG M RE A3
R A A SR [T ). R R B OK, 2014, 38 (7) - 1827
-1834.

QIN Wenping, LIU Xuesong, HAN Xiaoqing. An improved
control strategy of automatic charging/discharging of energy

storage system in DC microgrid[ J]. Power System Technology,

2014,38(7) :1827-1834.

[16] 32 46,5k . EIRMOL RS il R oe [T ].
E L ERE A ,2016,42 (4) :1316-1325.

ZHI Na, ZHANG Hui. Improved hierarchical control strategy
for DC microgrid[ J]. High Voltage Engineering,2016,42(4) .
1316-1325.

[17] R, RAEFE, SE e, 55 ZACH R GEAE B M R g
PR g R ATLT ], v B A AL TR 2 4k, 2012, 32(25) : 27
-35.

HAO Yuchen, WU Zaijun, DOU Xiaobo, et al. Application of
multi-agent systems to the DC microgrid stability control [ J].
Proceedings of the CSEE,2012,32(25) .27-35.

[18] DIMEAS A L, HATZIARGYRIOU N D. A MAS architecture
for microgrids control [ C] // 13th International Conference on
Intelligent Systems Application to Power Systems. Washington
DC, USA ;2005 :402-406.

[19] DIMEAS A L,HATZIARGYRIOU N D. Agent based Control
for Microgrids[ C] // Power Engineering Society General Meet-
ing.Tampa, USA ;2007 ;1-5.

TEH RIS

TR (1985—) , 55 ILohm s AL T,
WFFETT 1] Oy R 98 R 4 o 5 T RE U kL (-
mail ; hao_yuchen@ 126.com) ;

YL (1976—) , 3 AR MHR T
FRIN, WESET7 ) g gy B B AT A B

PURE(1977—) , 55 VLI, WK T
RN, W57 ) g gy B IS AT A B

R (1979—) B IR E Rt SR L
TR, BESETT w1 Dy B RE VR BB A 748 B

B (1982—) 3 g A m LA, B ST 5 1R R
WM IS G R

5K W (1985—) 55 VLIRS, LRI, AIF5E 07 [l S v
PR 5

Bl WE(1968—) , 55 VLARIRM N, i G LRI, 5% 05 1) Ry
o P R T B L

) {

R

Research on Sub-regional Stability Control of DC Microgrid Based on Multi-agent System
HAO Yuchen, JIANG Yefeng, QIU Chenguang, LEI Zhen, GENG Zhi, ZHANG Hao, LU Xiao
(State Grid Jiangsu Electric Power Dispatching and Control Center, Nanjing 210024, China)

Abstract : Based on the structural attributes of DC microgrid and diverse micro-sources’ features, the constant DC bus voltage is

considered as the control target. For the situation that each unit belongs to different users, the multi-agent system is used to

construct the information network, and a DC microgrid regional stability control method based on distributed power self-

coordination, self-management and self-organizing network is proposed. The independent sub-region in the DC microgrid system

is chosen as the research object, and the system stability control method under different supply and demand is designed to

realize the redistribution and optimization of the power supply based on the interactive information. The simulation results

demonstrate that the proposed method can be used to maintain the stability of the system, and it can fully reflect the running

characteristics of different distributed power supply.

Key words: DC microgrid; multi-agent system; stability control
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