F44% FoH
2024 £ 6 B

Vol.44 No.6
Jun. 2024

% 0 & % & L%

Electric Power Automation Equipment

JET T-S BERLZ T IR A RARE DL, B
ES R ax

AR, MEM GKAE  HREALE B ERA!
(1. xR FEIEFR, T 4 310023;
2. AT X KREF HAEBRAAL FAELHM A EEERE, M A 230009;
3. B &l A A RS A F R, S A RE 230601)

P SRk it AR M P A T &4 Lk ik i X% 8 [fe 3 ) Rk 3h S50 A5
RyBAHTIAM, ok, 32 B —FF & T Takagi-Sugeno(T-S) B2 51 69 B 1€ 5 LA T S35 4) 7 5 EILRA
AR IR B, MIEE BB RN SR S NG b IR b R E b ] a2
EZAATAR T EAKZ AN T-SEMNETR LR AR ENARE LS LR B A ERL TE BR G RN
NELZR M T LB AGT-SEMEHEX R ST MER T T-SEMTHGMEE T ELHE. ET
AT A ik AR 09 ELIR A R P &3R4 00 T 4 FRLARABE AL | S R A FELAT L A ik TRl W) g /T 5 A R Mt AT AT
%o MATLAB / Simulink 47 A 25 R & P, & T T-S AL H13% 2 04 FL 8 F 35 0] TR GE £ L3 & FL A R 47 2 0k

FHE T &%) F o538 5.,

KR : A Al W Ak Al T-S A LT 47 5 2 & 4 B A8 5 AT

FESZES: TM76

0 35l

TE LI R R ] A BRI A T B BERILPE A
(] i 2 5 SR GE RSN, 500 B A I A AR
TEIBAT o AT B v LU SO I ) R BE T AR
FIATSENE, AERER SR 8 2 N g% A
A DR R Bl O PR R AL (R AR
PRI 5 100 5 FhL b ELAT Ly 35 AR, L 2l 28 e g i
A RE R O RE R B S B AN Y
2 Bl REZH T8 AR TR 45 1 B 2o e L e BE L 2 L A
o DR RE R L, ELT U AR RE A ] F i, 322
RGBT

TR G HERE P, AN )il E 2 18] ) D) - 23 it —
AN R, v BE B A AR R B AR A TR
KA, AR AR RE T 2 AMEBE SR B
ISR e R SRR T S Rl N T W
il 280 e U Ry b e ) AR S A ST
F180 368 5 ML 2L I, SR FH ) J Y AL 8 DB IR A 0 i /I
W A o MR 7 v ARG g R {ELId JBE RO
A B, X 2N R G R AT RE R . B IR] A,
A DA 3 o0 A 2 e B o SCHRL 8-
9 J7E LA K #UL R BH 2 ) S5 o 5 AR UL L
T T AR BIGERERT RGEIR A 7 Be . (H

i #e B #:2023-07-05; £ [ B #3:2023-10-10

FELk AR B 85 :2023-12-18

HE&TH: B %A KFF 44587 A (U22B20116,52007074)
Project supported by the National Natural Science Foundation

of China(U22B20116,52007074)

XERFRERD: A

DOI:10.16081/j.epae.202312002

IR P AW b T 1 RACHTEE A X TR B
FEL B A K £ iy 28 2% 1455 0 XE LA [ 38 N R K 25 5 1
LRGN Z I FL AT o SCHRL 10 PR AR Y F3 000 42 1) 2%
S g / N EERIAHLS G e TR TR
A R T I 4 i AR RE D) R AT LSRG, SR R
7 & A IOR A BAMY UL R BUR
W o 75 JE 22 A RE NG O , I 1 1R B[R] b 2 L i
[ D2 BekG B2 o SCRR[ 11 I AR AR X HE 42
T A TG R AR N R T
AT )R A Z A RE ] B T 2 T, i v TR RE D Y
SYECAE R (HJR R 05 ) S A SRR R 3R 52
FEAR T RGBT TIRE ST o F1%F R ERE A 2
AR S — B L F Takagi-Sugeno (T-S) B0 1% 55 1)
305 0 BH 25 T 4 i SR, DL S R S D) 0 o i
S1TC il DR H 2k i H BELRT A7 £ D R 3l R BU R G
Ty 5y B 2 Al ) R, 9175 18 22 4 1R Al g (B] i o =3
AN

B R R B RS E PR A e DRl H e 4 mT S
FTR R, [ RT A3 I S 80T HE S
a8 Vo3 B 7 i A RAF SR e Mo i IME
FhEE T . SCER[13 ]38 F T-S BT B B
BGACES 3 RN EReE Vet e 0 G N g
e RS e X, SR 14 R TR & R8s
XF B A R AT T RS T A AT, 7E T IR E ) A7
AT RE SN AR R SR NS 3] T KRGS0 A
P o SCHRL 15 R SCIRAS 25 ]38 FAR AR 23 [a] - 44
PN 1 AR MR R A BHAP TR | I 5L TR AT L HE F



® ® 0 & % L %

Fa4%

W B R /M SRR e . SR 16 TR BE/IME
SRABT AR E T B T e DR R R R
SRR B PR CE M R . 7E BRI
o KAR TR R T VA S F T B R W &
AERTIAREN, IME SRe o drorkEm i T
L AR PR RS T AR B AT B A2 BN TP R 1
o AR SCITIFST 0 2k o H BELR 67 ey 30 30 3% )& /T
Pers oL, R ik F /M 5 A e M o b i Heitb A7
i
R TP A () A SR Y — 3 T-S A
K2 AR 38 N BHL 2T e i SR, F P IR A it e
() Ty 09 0 B 3 B, A 3 e 1 A v S il o A
FIESR B g AR 114 [P, Dl T 2 B R BEL G T 23R 43 i
G B T RS ASTERE AR ETE . R)E
T8 R BT AR AR 3 5 A OGRS B R S B
PUEL , MR 4k 2 25 TR 0 i 6 R Ge i /M S dae v
PEAT 237, 3 3 MATLAB / Simulink %R 5 fif RE7E
AN T8N Bz AR A AT B, B0 By P2 45 1
W AR R 5 A B

1 BAEERMEMNERELSN

R, LU L IR B 7 2 i3z,
LR 19 B DR AUz AR RE R ST IR
IS TP, P R S A AT A SR, PR IR AR SO B 237 9K
By s AT TR A i RE LU 0l M A RS 2 1B 47 1 1
PR A A AR G R A SRR U ES R W
o U 0 FE 2 IR S A RE (R L
FEGHLAT) VELU AL AL FELPE 7 2 A A iy B LA
il L B AL A YRS B P 0 R R T I R A i
X DC / DCA e IF A B RELR . B H LA RE
P DA R B R PR B RE RE T, LR B A AL

IR TRG g2
Ly, iLBL 2 ibol, il:i‘ S_%q irm Leo

*1 Ry IE + OgJ /M\:L

_‘, UBI SlJ uoblTCBl CE2 P LSS UBZ e
S, 5 Teop SSA Irsc2 Lsco

Lsc lL_scl = Leol -~ l

Jeol —
+ Ry
Ry c
24
_‘, User S3J MOCI—"CSCI bus sc2

Ln i it

Lo
1 iom
mTqﬂﬁm =

Bl REHEERMEMNEHETEER
Fig.1 Structure diagram of DC microgrid

RS

with hybrid energy storage

3T Buck A8 $ag 5 B TE L 4, B £ 30 e
AHIRE

B .U, Uy (i=1,2) 35 IR SR i Th &
F It R A FLR 5 Ly, Ry N NTR S
B RE i T H I S I A B D R B R A R R
BH ; Loci . Cooi R 50 HIMIR G A R § Th 9 R 25 S % 1Y)
D LR VR LAY B FLBH L, C A i o LR
H LS A HL RS L2 5w, o LU BE R FLUFS 5 1
iy 7 R TRE A A RE @ v R T S I R B R
SRR R U s Do i ST IR A AERE (T
G 2 S B A R R R R 5
g 2300 A EL FELAIL S i R R R I B o
L 5 R o A ELIAL 00 2 L FHL

TR A RE S LI Twl FL D) o B 2 (1) ) 28 S 4
1, AT RO OB 7. R A% RE 0 A B
P, TSGR X PSR L A A LA L AR REER
H R R G 4ia AT PSR S o) LA 4
WA A EERE AT T, EU R X G i R AR
U (R)RG B RN Ry, BB b i K VRS it B 1 4 T
BR N ICAR SCE A B R R TR IR A RE
07 P A AR 2 o) SR

2 BT T-SEMEEEE TEES

2.1 BEETEES

RH 2% T a4 il J2 S5 B0 I A il BE 2 280 3 43 T
(RP & b SRR S RE & B YU Rt 500 &)
HEETEZ—. DBRHRAMERECRAHEE )N
5], X 7 A3 A4 e SRR R B A 2 R . BV,
HERAFLREES GV, 0, 230 & i S
B R R B L 5 Vo, i, 20 ) R AR O A S
b R I R R, BT R CL N R
IS, VC, AT BEREGR, R, WEHKH
RH @, AR it B A0 ) FL T

________________

B2 REEEESTERHNSEREE
Fig.2 Equivalent circuit of resistance-capacitance

droop control for hybrid energy storage
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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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Table A1Fuzzy control ruleof battery

IZ IR AP,
HEU,
P1 P2 P3 P4 P5 P6 P7
u1 0.1 01 005 0 0 0 -0.05
u2 0.1 01 005 0 0 0.02 -0.05
u3 01 005 002 0 002 -005 01
u4 01 005 002 0 002 -005 01
us 01 005 0.02 0 002 -005 01
ue 0.05  0.02 0 0 005 01 01
u7 0.02 0 0 0 005 01 01
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Table A2 Fuzzy control ruleof supercapacitor

% |AR| R ThZARZE |dP, / di|
P1 P2 P3 P4 P5 P6 P7
P1 8 55 0.5 0.5 0.5 0.01
P2 5.5 55 0.5 0.5 0.5 0.01
P1 P3 55 35 2 0.5 0.01 0.01 0.01
P4 35 2 0.5 0.01 0.01 0.01 0.01
P5 2 1 0.01 0.01 0.01 0.01 0.01
P1 5.5 55 35 0.5 0.5 0.01 0.01
P2 35 35 35 0.5 0.01 0.01 0.01
P2 P3 35 2 2 0.5 0.01 0.01 0.01
P4 35 2 0.5 0.01 0.01 0.01 0.01
P5 1 0.5 0.01 0.01 0.01 0.01 0.01
P1 35 35 2 0.5 0.01 0.01 0.01
P2 2 2 1 0.5 0.01 0.01 0.01
P3 P3 2 1 0.5 0.01 0.01 0.01 0.01
P4 2 1 0.5 0.01 0.01 0.01 0.01
P5 1 0.01 0.01 0.01 0.01 0.01 0.01
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Fig.A8 Equivalent circuit of DC microgrid
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Fig.B1 Equivalent circuit of DC microgrid
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Table C1 Setting of system parameters

¥ B
HIREHESH HE Ul 400

& HIhAE B E Us/V 80
R H A ATUE FE Use/V 120
LI AL L Ug/V 220

B HILA R KW h 0.4
AR KW h 0.1

R T 2 RECR 0.3

BN TR R CY 41

BB EIR . B RAL 2(20) 3(3)

MR EEIR . RIS REL 2(20). 3(3)
BERENLBREIR, BRI R 10(2)~ 3(3)
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Fig.C1 Simulative results of Working Condition 1
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Fig.C2 Simulative results of Working Condition 3
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