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Fig.1 Topology of multiple PV-ESS microgrids
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Fig.3 Flowchart of tie-line power regulation for
regional microgrid system

23 BEEHSJBZEMNES

AR ST B B = A 22 1 ) 3 B 3 I A S T B 4
EEHI IR A AT D R s i PR AR e o g
BT ELAE RMGCC 58 i, D) 4 1 72 4 ol D)
RMGCC A4 MGCC Wil 5E i

RMGCC # W 3) 3 8h I 9 5% 25 [ 45 4 I, AR 6 A
A~ MGCC AR 21 B 5l P90 15 7o i 52 B A5 8L DA S e
BAE B AT B BTy ek AR R B
FLEF RMGCC 48 % 854 X U6 9 v ) o1 )2 B
W) MGCC & 45 AH R DXk A R | 42 D45 [r] 454~ X
WM ) B b2 I M MGCC &% 2 M 48 4, 4
A Ay DX S 3 ) e A I 4% 2 T SR Y U)X i Y
MGCC £ 8 RMGCC &% E M4 5, LA RMGCC
PR v gkl WSCHE XA Ry o B0 9 g 30 i i S B

F R E S B IR A A S R
i KB S5 B 2 RMGCC T4 —4r & | X 38
™ B H A MGCC #2408 RMGCC 1 i 4 48 &
Jei |, TR 2 B 2 & 26384 . 24 RMGCC
G100 2] [X a3 Do M 10 BB 4% 2R Th R A 23 T 0 B )
I8 26 I e K3k A Tl 4 IR S 26T W T IS | IX
BN B R E VPR X B i
AR B A

3 AEWIE

3.1 IR¥E

PAFEGBE /N X TS Z2 A5 I DA 491) %o 2 Ao il B T 50
Xof L= A 22 AR A DX DA b D) 48 4 o) R AT 560 23
B AN AnE 1 s,

B 1 AEADL o G RE /) X R B =R 22 Gl 9 ]
PETT AR BRI H ) TE R O TR A1 O a0 R
1z, 00 2 BEABLAY 2 (8] BCrE ml AR REIR T 0 0
7T P PR 00 Ao 5 R B AW i 15 00 1% T 00 B DGR SE I 1
TR0, B A BLANR 2 fros . SEbr TARErh =
FAB7ARF T BEAFTE AN 7487 (0475 B0, = 7 far 2 5 -
187 5 4% BAAH 1 0 IR TR 2% 2 T AN - A X 28 8 1) 2
BE , 2E PRI BRI =R B
XA T W) e /N AN BE R AR BT T %, X R O
553 A R A 3 R A P R A T AR Y
S AN 2 g = AH 1 B0 v ) =R 0 e AN P A R DL
T30, o T B I R R R S Sl R s R 2 LT
KWTIFRTHR 2 e AR C IR H Ry 0, 7ETF G T 14 [ )
FHBEYR R VAR AR T sl B M S
T8l B R B D) 8 B A TR A 2L TR AR AR TE
We sl D A] O b 25 I 2R G N B 22 T 07T Y A (] R
PEXT R GE 8 SR E 2,

R1IRIEFHNERER
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Table 2 Parameters of microgrids for Case 2
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Table 3 Calculative results of partition schemes
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Fig.4 Simulative results of Case 1

TR B [ Rk A R AR R 2 3 4 BRA R

I
o
=
o]

O L Ol © MO W OO W own N W
E | L_ | L | L | L‘|\ |



EoH VRS S L X 4 B H 7 0 P A 22 R 2H 5 o BT B D A7 0

DR 5 1.1 kW 1.2 kW 2.0 kW, = A F 6% 1 19
EREK LR TNy 8.9 kW, i 41L& 4 Wi 2 2 1 M &
GEMEFHM 1234 HERKING RGBT,
PRI I A R 32 30 1 D) A 8 ) T 5 A %) T 5 Tk A
1 /B W56
1€[0.7,0.9] s B, 2% BAH 5l 090 38 2 PR o 4 fi
FTVAB N = AT B R W 2 3 4 e
IR % 5.05 kW 3.2 kW 4.0 kW, fif 25 504 T 1l 9 Bk
KR TRI R 0 e A, VAT BRLAH T e 45 2R ) R
Jei, TR 1 BE L 1l TC L O fIE L D) R Ol 4.4 kW2
M R G S N Z AR R R BB TR
1€[0.9,1.25] s B FHLM 1 —AHGEGE R ST Ih
W IRE 14.4 kW, 70N 1 BREE L DR
2T 0,
1=1.25 s WHERAE X R I /25 W ) 45 71 56 W7 I | )
B = AH 32 i R 40 R B O DR S B A PQ 4 il A2 =X
Yl 2 v/ B H A 32 8 9 1 5 W 1 45
T 2. M2 M MGCC 25 3 3 8h & W 45 4
Jei AT AR X7 SR PR IR L TE d H E 4% IX S A I 1 R
BATE AR UEAT 4> X7 TR ok | T F AR TR 4
AR R 53 DX B R G D) R B R H8 bR —0.3625, B
A IX 7 28T B VR G 5 A 9 A (1 R 5 SR R T o
e AL R HEBR S X % 4 .6.7.8, Tk X RN
1.2.3.5,
TIRHRE 4 Fh 4> X 7 245 TLECHE A | A A0 X
P e BE AR R =R (14) B s
0.4370 0.5081 0.4769 0.5630
0.7542 0.6312 0.2458 0.2458
=1 1.0000 0.9000 0.9000 0.9000
0.8660 0.7071 0.7071 0.5000
Z TOLF B AR AH X R T8 B AL R 0.65:0.05:
0.15:0.15, B B R AHXH L I B 46 B v 45 43 IX O 22 9
R TR LT RISHTES>TEI ML,
PG T R P 2, FM 1.3 4 TE Fil
W 2 Al ST B AT AE R B ) oy KA A
T 2 T A X A Ao A 1 O B
& 5 i,
1€[0,0.7] s B} B =AHZ N R G I MiztT, R
Ge N GAR AN H1 | 45 F 0 X6 1 52 B Sk 32 i 67 for
v 4% PR T 3l D BB 2% £R TR A0l 6 kW5 kW
6 kW, 38 1 BT B 5 10 LI 58 mT M o S T T A
B TF M T 1 M 1 AT 3 R 2 14 3%/ 828 I DD 4 1 3¢
1€[0.7,0.95] s BF , FL M 2 BLAHfif RE 2 G2 T LR 1
HR B IR ERA -1 kW 2 5 kW, i 75 2 %
BRI E TR T 0, 1=0.95 s BEAEXT R HY
It /8 W I 56 2 W IR 2 | TR s B0 A = 6 fiE &R
gith PQ B D 2 VAR

(14)

(9%
(=]
1

—

W
T

0.8 1.0 1.2 1.4 1.6
t/s
OEZ CES T IES

=
—
S

skw PV pa kW, W
|

S W O OW = =N NN OO

Pans

o
=N

— W
o S

o/ kW P/ kW
et \

SO B~ XN A N W 0O
T T

—_
S W
% I

TPU/% Pav/ kW ps o/ kW
(98]

o
N

0.8 1.0 1.2 14 1.6
t/s

(b) 213000 45 % 245 2 D) 3 % = MAS - Al 2
Es5 TR2HELHR
Fig.5 Simulative results of Case 2
1€[0.95,1.17 s iif , T 3 Al 4 3 1o 3455 6 i
H 3 LN = AN - B2 5 3 4 Bl RE T R
SR A 0.5 kW, FRARGEREIA TR T 3 4 /Y
PREE LR AR B0 3 kW 27, M 15 A 99 1) 22 1 1Y
ARG IR N 16 kW, 2 5l 0 2 58 -5 e L 22 6] 47
FAAE SRR
te[1.3,1.5] s B Tk 1 = AHAHAE R GL I
KHLYIAR A 26 kW, =AM 1 1 RS L TPR T
MR T 0,
t=1.5 s IR I /75 0 U] 45 1 56 22 W T4k
A TR IF = A S A B AR 48 h JEOT ROIRZS I 9 PQ 271
AV E VA 1R 3 e B DR EE R

4 H5iE

W 5 45 2 Bl IO RIS A B2 P B 3B T T i B = A
ZWIM ARG, iz 777 R | B HN X R I R
P15 B0 1) L3 7 56t SR BCR S D 4 | AR SO i T A
KPR AR, AR T 0 =M 2N R G A5
EEZ20 BN WS Rop N N CN R Wi e
BB SR iE ORI STV R EIE IR G e



(8] ® 0 8 & iR B

TR 2 B be e SR AT 2 2 30N BT % s e
25 72 F b 114 22 Bl I 170 80 42 il 54 s LA 52 B A8 SR 25 )
e, T SR 2 B ) I T AT Sy 22 TR I U0 0 4
PRSP BNETT 2,

SEH .

[1] HARTONO B S,BUDIYANTO Y,SETIABUDY R. Review of
microgrid technology[C]//Tnternational Conference on QiR (Quality
in Research). Yogyakarta,Indonesia:IEEE,2013:127-132.

B ELST A BREERE AR O U IIRST v R R R A R R
by el il s [, 0 A Bl B4, 2015,35(10) < 1-9.

ZHAO Zhuoli,YANG Ping,CAl Zexiang,et al. Cooperative control

of transient voltage stability for islanded medium-voltage micro-

—
[\
—

grid with wind power[J]. Electric Power Automation Equipment ,
2015,35(10):1-9.
(3] U6, 1B, HRGAR 45, LI e R AR B oy SR S B[] ],
J1 H @i % ,2016,36(4) : 107-115.
ZHI Na,XIAO Xi,TIAN Peigen,et al. Research and prospect of
multi-microgrid control strategies[J]. Electric Power Automation
Equipment,2016,36(4):107-115.
(4] B, KR, =M. B MO ARPFIE ()], B LR ARSIk,
2014,29(2):1-12.
WANG  Chengshan, WU Zhen,LI Peng. Research on key
technologies of microgrid[J]. Transactions of China Electrotech-
nical Society,2014,29(2):1-12.
DEE M R S 2430 2 YR ST B T R TR A 4 SR
&)1 ARG A 31K ,2015,39(11) :103-109.
MA  Yiwei, YANG Ping,WU Jie. Hybrid control strategy of
islanded microgrid with numerous distributed generators[J]. Auto-
mation of Electric Power Systems,2015,39(11):103-109.
[6] HE M,GIESSELMANN M. Reliability-constrained self-organization

and energy mangement towards a resilient microgrid cluster[C]//

—
W
[}

Innovative Smart Grid Technologies Conference(ISGT). Washington
DC,USA:IEEE,2015:1-5.

B2 5, £ RS, ol R R AE R G R [,
Y H 316 ,2015,39(8) : 168-175.

MA Yiwei, YANG Ping, WANG Yuewu,et al. Typical characteristics
and key technologies of microgrid [J]. Automation of Electric
Power Systems,2015,39(8):168-175.

[8] UK  RUs ZEMRT 4. HT MCS-PSO F Ik M4BT & 2 %
W3 A5 B2 ()], L0 &R G F 84k ,2014,38(9) :204-210.

ZHOU Yongzhi, WU Hao,LlI Yining,et al. Dynamic dispatch of
multi-microgrid  for neighboring islands based on MCS-PSO
algorithm[J]. Automation of Electric Power Systems,2014,38(9):
204-210.

TR AR 1% A R T A T 45 1 22 R T R e g
B[], RGETEH,2014,26(4):910-914.

XU Jun,ZOU Yuanyuan,NIU Yugang. Hierarchical model predictive

—
~
[

—
O
[t

control for energy management optimization of multi-microgrids
system[J ]. Journal of System Simulation,2014,26(4):910-914.
(107 VLA, et 2=k, e 2N Y 2 G000 5 AR e v I 2 25 1ol
ZERITI ()], MR [ 2014,38(12) :3321-3327.
JIANG Runzhou,QIU Xiaoyan,LI Dan. Multi-agent system based
dynamic game model of smart distribution network containing

multi-microgrid [J ]. Power System Technology,2014,38 (12):

$£37%

3321-3327.

[11] MR a2l | 1, 45, A0 22 IR Y T P 2R 400 A e ) 5 v
[J]. B AZEE4,2010,30(7):50-53.
CONG Wei,XUN Tangsheng,XIAO Jing,et al. Faulty section
detection algorithm for distribution system with multi micro-
erids[J]. Electric Power Automation Equipment,2010,30(7):
50-53.

[12] fl#E2%, & 2300 A e B AR AL IR BE B S (D). &b TR KA
2014.

HE Xiangxing. Study on the optimal dispatching for distribution
network with multi-microgrids[D]. Changsha:Hunan University,
2014.
[13] T, YL, Sel. T 20 H R 500 £ 6 ™ BE & P il [1].
RS ST, 2013,41(24) :1-8.
DING Ming,MA Kai,BlI Rui. Energy coordination control of
multi-microgrid based on multi-agent system[]J]. Power System
Protection and Control ,2013,41(24).1-8.
[14] B VU0, X8 45, BT IR 1Y £ flod W 3R 5222 5 i
8[)]. T EBALT AR ,2015,35(4) . 848-857.
ZHAO Min,SHEN Chen,LIU Feng,et al. A game-theoretic
approach to analyzing power trading possibilities in multi-
microgrids[J ]. Proceedings of the CSEE,2015,35(4):848-857.
WRAS BB, S AR BH A5 B0 AR 48 5T /AR B 2 A7 4 5 T 4% ) 46
FEHIRE ()], P EBILT RS ,2014,34(19) :3089-3097.
CHEN Jie,CHEN Xin,FENG Zhiyang,et al. A control strategy
of seamless transfer between grid-connected and islanding
operation for microgrid[J]. Proceedings of the CSEE,2014,34
(19):3089-3097.
XN AR SC, B SO XN W, B G it AR Y o I i A A T
VIl ()], R 2013,37(4):906-913.
LIU Zhiwen,XIA Wenbo,LIU Mingbo. Control method and

strategy for smooth switching of microgrid operation modes

—
—
w

[}

[16

—

based on complex energy storage[J]. Power System Technology,
2013,37(4):906-913.

SRS R ARG A BT 2 R R s A R e gk
YIRS (1], 0 RS A 314k,2015,39(9) :179-199.

ZHANG Xuesong,ZHAO Bo,Ll Peng,et al. Seamless switching
strategies for microgrid based on multi-layer control architecture
[J]. Automation of Electric Power Systems,2015,39(9):179-199.
FE L, FHRAE AR 6N A5, (s 0P 3 D)4 o ik KSR
[J1. ARG A SME,2011,35(18):17-24.

ZHENG Jinghong, WANG Yanting,LLI Xingwang,et al. Control
methods and strategies of microgrid smooth switchover[J].
Automation of Electric Power Systems,2011,35(18):17-24.
MG SRS BRI A I £ T T A5 A R IR B T AR S
Vel Sems (1], H 00 R A 3116 ,2015,39(9) :172-178.

LI Peng,ZHANG Xuesong,ZHAO Bo,et al. Structural design

and mode switching control strategies of multi-microgrid with

—
—_
-

[}

—
—_
o0

[}

el
[t

several PCCs[J]. Automation of Electric Power Systems,2015,
39(9):172-178.

[20] B B ek sk | 46, BT 43 2 3 0 2 60 0T [ /i 51 s A7
P A (1], B RS A F16,2016,40(5):96-101.
YANG Gang,YANG Qixun,ZHANG Tao,et al. A control
strategy for multi-microgrid connection /disconnection operation
based on hierarchical control[J]. Automation of Electric Power

Systems,2016,40(5) :96-101.



EoH VRS A OGS BE 2 TC F P00 155 100 A9 B = 22 TRl I £ 45 0 BT e D) 45 42 1 9

(217 B, R, DR, 45 ORI AE 20 7 Boom v TR B3t ). B W ARG LA SR, 2011,23(2) :24-30.
AR 2015,39(6) : 1469-1476. TONG Xianggian, WANG Haiyan,YIN Jun. Calculation method
ZHAO Min,CHEN Ying,SHEN Chen,et al. Characteristic of three-phase unbalance factor based on load power[]J]. Pro-
analysis of multi-microgrids and a pilot project design[J]. Power ceedings of the CSU-EPSA,2011,23(2):24-30.

System Technology,2015,39(6) : 1469-1476. [26] XU A% sk 52, IFEFF AE Nk T RER R R AL

[22] T WRardy  BeJrgh 4. o v sk e s Ol T 2 1890 TG S ], B AR 2012,36(1) :108-112.
SAT[)]. ML AR [2015,39(3) :682-689. LIU  Shicheng,ZHANG Jianhua,LIU Zongqi. Application of
YU Lei,CHEN Qifang, DUAN Liming,et al. Analysis on inter- parallel adaptive particle swarm optimization algorithm in
connectivity of multi-microgrids under fault condition of reactive power optimization of power system[]]. Power System
distribution network [J]. Power System Technology,2015,39(3): Technology,2012,36(1) :108-112.
682-689.

[23] R 0. T2 MM BESRIZETT()]. B

R 51, 2015,43(16) :50-56.
XU Yiting,Al Qian. Optimal operation of multi-microgrid aggre-

FER(1989—), F ) Rk A W+
AR BT @ A % ol M 32 ) (E-mail .
407849739@qq.com) ;

o F (1967 —), %, mAEMA K
B EHR AT WL BRI e AR
R B B M 3z H B K (E-mail ; eppyang@

gmail.com) .

gation based on landscape theory[J]. Power System Protection
and Control,2015,43(16) :50-56.

[24] 4-500K BRI, AR = AH L SR AN 0 26 35 5% ) S5 3R B C D
S5 -L A AR R A 2 SO AR P A R R AR ,
POHTRBRUEALF R ZE 5125 ,2014.409-414. S 5

(257 [F 1 BT, s, H 78, LT GO D) 10 A R P 5 19 159 7 &

el

Combination analysis and switching control of multiple single/three phase
microgrids for active separation from distribution network
XU Zhirong', YANG Ping?, PENG Jiajun',ZHANG Yujia',SONG Sibo',ZHAO Zhuoli’
(1. School of Electric Power,South China University of Technology,Guangzhou 510640, China;
2. Guangdong Key Laboratory of Clean Energy Technology,South China University of Technology,
Guangzhou 511458, China;3. National-Local Joint Engineering Laboratory for Wind Power Control
and Integration Technology,South China University of Technology,Guangzhou 511458, China)
Abstract: Because of being close to each other,multiple single-phase and three-phase microgrids are
interconnected to form a combination of single/three phase microgrids,and the flexible seamless switching of
its microgrids becomes more urgent due to its complicated operating modes. Its topology is introduced. The
preliminary partition schemes are selected for its active separation from the distribution network,and the fuzzy
multi-objective decision-making is applied to obtain the optimal partition scheme,according to which,the
seamless switching of system states is conducted. Case study indicates that,the proposed method is feasible,
which provides a suggestive scheme for the switching control of multiple single-phase and three-phase
microgrids.
Key words: multi-microgrids; single/three phase; grid connection/disconnection switching; combination

analysis



