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Fig.1 Structure of interconnected microgrids system
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rolling fault recovery model

(A1)—(A5),

A R AR R/ SR AL AL DL SR
TR SR HITE A o FE PUARIZ B 1 v RGN IR
PRI T A BE R 2 10 W R Gt it iE o & IR
S5 THREME . BfEtesHZRmKE
TR Dy BRI, an=(2) s

BEI:xl(Pfxiax.i_Pg.Si.t)+x2(Pi:ax.i_Pisi.l) (2)

Bitle(PiSi,l_Piium)+x2(PESi,:_PEiM,i)

AP By, B 3 g o I 207 R Ak Tt 2 T it
555, SN A 1< 3 RN 71 5 I S 11 S
HCHDIRES , 2, =1 I R 78 3 F It A T HIR S, 2, =1
FORE AL T IR P, P, 5390 R o 1) )
TR E B T R IR PE P TR
PR LRI N GRS S PN [

fitiie & AT
| P =Pl PR P

st

<B!

it

o o (3)
‘pES _P(.,i,z_P(Ff:'.l+P(’vi”‘gB?‘t

Kr: P Py o3 0 R i I EE B B B AR ¢ 6 %)
o AR SR A B R B ST IR T
Tl L X ) IR 4% 4 2 o TR ) j 22 T BB 45 2K
LT R BR DL AR T 1) 29 R A i K (4) |
(5) s
0<P! < P i#j (4)
it <1 (5)
s Py, ok o IF 20 0 I G el fH T 7 A% T D) R
P kg ¢ B Z0ARR 0 G [l sl H D) e 1 A A Y e K )
Bl Nt R R Y R AL R R AR e, = 1R
71~ ¢ BEZ R L IO o R ) 7 A i )%

AR H PR BEES 20 19 B Ar R S 2 AR
55 H A EE 2, 9 BRI R T H R AR R[]
FER RS 5o H H PR BESS 2 A8 B H N IR A
BIREE 1 ASEE 20225 7 H AR B X R B Z AL
JitR, X (8) R .
Pl (1-8)<P}!, <P/ (1+5)
PY(1-8)<P)" <PY (1+8) (8)
PP (1-6)<PY, <P"(1+6)
APy PN P R H N R EE T S A ¢ B
ZI AR TFEMLAL LA SEIRPLALH J7 560
W sh 250, B E0.2, 2 8 B SEPRF B LA KL
L NCHE )25, AR UE B PN A 98 52 8 30T A0 26 14>
A 220 9 225 AT LAAE /NS I N 8 Bl o

3 HEERMEBENRSZRTSWEHIHIHEE

22 ol ) 2R 4T it 4 R R R E R —
min-max XUZ Z AR, H AT i PR R
A KRB 7 e Gl A Tk N TR
AR Rk . Hop gl A Tr i il LIS 51
R AU B A 2% HLR N, e BEAR B K3l
HEROR, ANGE T 5 2% KPR ) R G ) ) oK
it N TR RES  A BER d p  HEA T U R AN
b, — BB BB A 8 0 A A AR AR 1 B, SR Y
PERE T RE 2 SR T I o 8 e NS85 o B o3
AT, PR Y N [ P 4 8 ] LA 32 i M o T4k
BRI RN B O [l B DR T g e e )
GRS (R A3 Tz S R
NG RPN T RPN U (T R S

PSSR i 5 B R i DR B A 45 B 7 3
(R TR) AT, 2% I 80 i KL IR AT, B4 1R fie K]
FOILT G AT A DA 7 R R A T T — AT
(A7) s S B8 0 DR U s e 532 T DR b S 843 4 Sy
AU . RN SLPRIE O, SR SR ahIBC LLT



® ® 0 & % L %

Fa4%

Ao OVAE R R N B 28 F I 21 4 A R
QEN I 2 T2 F LRI R A i . AR SCR T
TR S T TR A ik R AT n 0 R R B S Y il
W, 3% S — PP RS> 2 H0RE ) 73 | RERS PRIE RARE
S5 SR DX ) A AR B o LR DL 34
AR OB A 6L E R A RS 44 5 0 A
TERE[0, 11, B X IE] [0, 114553 K n AT X J8], 75
Sm A F XA (m=1)/n, m/n N5 AL A 14
B X n ABEALEGEATEL T AL B, PRIIE SR BEHLAR
SR A AR DGR R A /NS AR HE A 2 40 A1 1)
PRBOR T B R . HIBEGrR 9 2R 48 v A I e 15
DU R A, FUMELLGS 24 o i B 10k 3 A 4 i
FIFH RT3 67 2R 490k T Bl Skt B 400 1 4 7k SI2 30
AR TR A AR, SRR A B 2 Ak [n) B 3
RS PO MR AP AR S S . BRI B
FRANFR 5% B B B1 R, HARS AL SR a0 .

D WAL HOIR S A HLA & s b gl S 8
RGN G KN X/ 6 ELHE T RN RIS
4D R 1 DA B e R AR TR B

2) FE ML) Ui A A B 140 67 ', i L g S 6
BN — PR LA R S . R Fh R Y
Yy e A% 358 2 8 ST PR A R AR A5 2 BT AT W
WETE I S AT A A A TR e A e A AT

3) B H B A B A AR B R e P 3 7

4) AT IRy BRI 2R, W A A AR A7 R
SR PE A B, TR AL 3 245 BT 57 A I e 8 AR 3
BASRNE N E

S) T MR AE 4 SR DA i i £
I AR IS

6) T2 AR 3)—5) 11 BBk RIS AR 1
BUEAE AT 2 IR B 2 R e Al 2 22 /N T 45 52 1
(B Bk ik B e KOG UREL

7) R 2 SR 22 N R G e 4
Yoy S RN I 37 55 T W30 e ] 6 s 1 65 e B A i

4 ZEEREHREREEEHKRETE

Xt AR R G, 4R Hh U R R RE RS A
B A BRI E D7 58 o (HSO R ST TR R 1]
T2 RO R A A A7 A BEL: () P81 12 e i 4
HUXE LR R At R R 25 R I o B 2 B
F1% 22 I [Fa) JLJE i 3] FEE AR, AR SR P A 5 U500k
BN SRS N AL
4.1 ADMM-GBS

LT ADMM K — 58 5 1 [R) BEL70fi Ry 2 A
XA 37 A 1 )RR AT S A SR A, 9 HLE e n
MTHZW SR AR A H Bk
Yi 2 N-block ADMM, RIRE [8] 873 i S N A4k
) REHEATSR A o AR, 0 R B AR 4 W 33 4

WE ADMM B354 13 2 A9 =3B F B R g [m) i,
ASRENE PR UE TR R SOk o R L, A e pE R
ADMM-GBS X1 7 34~ v I %) R Gk In) Rk A 7
SR AR, M3 W AE 3-block ADMM A FEfilt | 54 i — A4~
75 RS TE AR I e e it FH e 0 Inl Ak 45 SR i A 718
1E PRIESE SRR S, BARJEF T .

3-block ADMM [ B 4 T 2L an =X (9) fi 7w o
B E g EERAF R oyt T k1R
BRI v S A A SRS
Wy 22 JE ARy AR L e A
HIH T+ Ao

= argminL3(x, y', 2, )\")

k+

1 : 3 k+1 k k
y**' = argmin L (x ,y,z,)\)
(9)

k+1 . 3 k+1 k+1 k
2" =argmin L (x+ Y ,z,/\)

pYas =/\lz_n(Axk+l +Byk” + C! —b)
Kt o R EVE T A B L. C BT AMAS
B b BRI AR M AL S H B IR AE ST S8
L2, y, 2, A) & Ak 1 H 37 A R 3 AT ROHE
¥ B H PR

FEZAE T, — UGB P Y ot 2 B e — U

A A ] AR R, 2 A DU A X A A A
AR o MR IR o R
By 5 z [n] A5 BT 45, B0 AR AR SO 1 7]
M PR, 282K (9) B A P o 2 i o o e 30 w14 ©
FEIER RS, =X (10) FrR o

bl ] oo

Cz! CZ 017 C(z"—zk+1)
A w AL IE R AL, BUEEE 8 [0.9,0.95 ], AT AR
TESEWCSPE s 1oR BRAL R R
42 ETF ADMM-GBS HItERIK

= MBS R7 S DO P NS R U EER N S )

DR 2R G AR IR g SR fi ) L3 ool 3 1 R N 4% B 2R
A st A8 [) A i AOR A o R 25 Tk I ) 28 4
D2V R & A8 & FERN G A8 S A o3 ik 31 [n)
WU R R ) bR PR L S G T A% B H ek i3 an
A(11) .2 (12)—(14) s,

min P, =P+ P34 P (1)
’
=P+ A (1) (P (0= Py () ]+
=1
C 2
zg(ngvlvk(t)_PM(;s(l)) (12)
T



5 6 A

FARTE, 45 3T ADMM-GBS 5 B R R i) A T fol i 19 22 1 i) ] BZ A AL IR 2 ®

Lz P31+§|: 3k(t)( meg, 3, k ) PMGS(t))}'_

1=

ig(P o (=P (1)) (14)

ZP (15)

ﬁ$mwﬁyﬁwﬁﬂﬁnhﬂmmﬁwkﬁﬁ
AL () — Ay, (1) BN EE ARG N 1 — 3 AR
mﬁiﬁﬁMh%%H%%f>um P ()5
AR I 1 —3 B 5 kSRR G AR 6 5 Py, (1) WA G
A SR s L — Lo I8 TR R K

AR, S A AR i SR W i TR,
AR BT .

53}‘%1%3&34{3%%AW§}70 Py, ( )zoa/\l.k(t):

Azi(t)=Ag¢(t)=Aﬂ(A0j?%UﬁA{Lﬂ§EHEifiiﬁ)o
ﬂ;gmx 2 < Py, (t):ng,lk(t)a 4_%)\¥‘l‘[ﬂﬁﬂﬁl‘1 Sk
fit AFEIP,, 1 (2)o
HIR3: 4 Py (1)
it ARENP,, 0 (2)o
LIRS Py (1)=
fft AR Py (1)
A5 MR (16) BUFTHA% B H 3fe ¥

A (=X, ()47 (P (10=P (1)
Mo (D=2, (D41 (P (D=Poy 1 (1)) (16)
A (=X ()1 ( Py (=P (1)
0% 6 AR 4 A (17) , A 7 T AR B OE
P (1) P ()0

ng,2,k+](t):ng.l.k(t)_M(ng,ZAk(t)_ng,Z.k+](t))
(17)
Py (=P (=P (=P s (1))
AT AR =X (18) I W A VR kAR 45 Sl 22 2
T/NF R SR 22, G/ N F N S5 R, 75 R
WL BR 2 1047 T —ARkAR

12 ’
" T, "z:” Py (1) "z: szmg,i,l\(t) <
i=1 )

o er, WA R USRS 5 e MURBIORZZ . B ISR
20— /I R, T SRR, m] AR
HRAML FEL I 2R 8 1 2 Dl RSP 2% F , A B e oA X

=P (), ARA TR L, 3R

ng,z,k+1 (t)’/fﬁ/\%lﬁ]@lq;]?

e (18)

BUSVRL I
5 HEEH]
51 HpjER

A S35 RSl v = 0 L R 2L ol 1 IR
%H%%Wﬁ%ﬁ%ﬁhﬂﬁ%%%mﬁ3‘ﬁ%
guilad 7 AR MR AR LS R R 0 T 3 TR M

Wx—w%§%W£mE5 ORI EE LA 214>

WUAEER B RGeS LGB A R 5o

18

|

|

|

|

e ® |
El 23 45 6 819 10 12 13 14 15 1617:
e @ "6 |
|

MT

29
<:;:> 25 27 |28 30<:f%;

I
I
MG, 22 23 24 MG, MG;

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

OID RN, O R HHLAL
@YLRHLLL, @S Fibibdl
B3 HERGEH

Fig.3 Structure of simulation system
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Fig.4 Worst fault scenario in Case 1 and Case 2
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Fig.5 Worst fault scenario in Case 3
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Power distribution control of islanded DC microgrid with
hybrid energy storage based on T-S fuzzy logic
ZHANG Weijie',GU Jipeng',ZHANG Youbing', YANG Xiaodong’,LOU Wei’, WANG Binjie'
(1. College of Information Engineering,Zhejiang University of Technology,Hangzhou 310023, China;
2. Key Laboratory of New Energy Utilization and Energy Conservation of Anhui Province,
Hefei University of Technology,Hefei 230009, China;
3. Electric Power Research Institute of State Grid Anhui Electric Power Co.,Ltd.,Hefei 230601, China)

Abstract:In the direct current(DC) microgrid with hybrid energy storage,the traditional resistance-capacitance
droop control can not solve the power distribution imbalance problem caused by the line resistance and
load power fluctuation. Therefore, an adaptive resistance-capacitance droop control method based on Takagi-
Sugeno (T-S) fuzzy logic is proposed to realize the frequency division of hybrid energy storage. According
to the physical characteristics of batteries and super capacitors,the T-S fuzzy logic relationship among the
output voltage of a single battery branch, the output power difference between the battery groups and the
resistive drop coefficient, and the T-S fuzzy logic relationship among the output power of a single superca-
pacitor branch and its change rate,the output power difference between the supercapacitor groups and the
capacitive drop coefficient are established, based on which, a resistance-capacitance droop controller based
on T-S fuzzy logic is constructed. The average impedance model of each part of DC microgrid with hybrid
energy storage is derived, and the small signal stability of microgrid is studied by using impedance ratio
analysis method. The MATLAB / Simulink simulative results show that the resistance-capacitance drop control
based on T-S fuzzy logic can ensure the rational power distribution under the conditions of line resistance
and load power fluctuation.

Key words:DC microgrid;hybrid energy storage;T-S fuzzy logic;power distribution;stability analysis
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Multiple time scale optimal scheduling of interconnected microgrids
considering fault effects based on ADMM-GBS
WANG Yicong',KE Fangchao',ZHOU Hang™*,LIN Yujun®’,ZHANG Dongyin',
YANG Dongjun', MIAO Shihong**
(1. State Grid Hubei Electric Power Company Limited Economic Research Institute, Wuhan 430077, China;

2. State Key Laboratory of Advanced Electromagnetic Technology,Huazhong University of Science and Technology,
Wuhan 430074, China;3. Hubei Electric Power Security and High Efficiency Key Laboratory,Wuhan 430074 ,China)
Abstract: Extreme events attacking microgrids may result in insufficient load power supply and blackout. A
distributed multiple time scale optimal scheduling strategy considering extreme events for interconnected
microgrids system is proposed. Under fault conditions,with the goal of minimizing the load reduction on the
user side of the system,a day-ahead and intra-day two stage rolling scheduling model for interconnected
microgrids system is established. Based on the idea of robustness, taking into account the spatiotemporal
characteristics of extreme events and the uncertainty of fault lines, the fault set is formed by hierarchical
random sampling, which is used as initial data to determine the worst fault scenario for the system. After
line reinforcement for this scenario,the alternative direction multiplier method with Gaussian back substitution
is used to obtain the optimal fault scheduling strategy. The effectiveness of the proposed model and schedu-

ling strategy is verified by an example analysis.

Key words:interconnected microgrids system;extreme events;distributed scheduling;multiple time scales
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