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Fig.2 Schematic diagram of emergency dispatch
3 E2MLBERE

TR ) B SRS, 25 R B I BE AN TR 49 1A 1
o MR EEAS [R5 A EV SR RERT 22 i B SRS



%7

M, 45 5 B Bl R AR I 2 AR H AT R PR Y A8 B R

BT Hh IR 2 22 P AL R 09

ST A VE AR BEAS[R] , 0AR SC28 45 25 B i e — 15
SR A EV SRR L I ] gk 5 2 B MR
IR AR TR AL SR R TSR A AR B SRR S 4
LA R S 2 E &
3.1 BtrEE

AR SCAE Bl 23 AT R 4 B KA BV 428, Ak S
B RS 0 RS RAE LT, H EV R RS 3 28 G
e [ 4 I e TR0 5 L A R R . b R O
ST T AR T R R 6 fup R A T U A7 e AR B L, R
T T A Ay ) (R AT SR AR SO R T
e 7 75 671 i B P ) AR 7 A AR T AR

LA 2 LR AU ) SO AR 67 iy | 3R ) S0 AR 67

JEE A LA AR i 7 28 67 A ) 2R B 25T B AS , 1A
R/ MEERE AR FAE 9 58 B TR A IO R 9 A A e
Ja B 2AUAL TR EE Y A bR s B, i (10) s

min F:Z(FM,;+FFZ,1+FC.r+FG.r) (10)
t=1

FM,L:(Pal,lkal,L+P('L1kcl,l)At (11)
FF.,t:(kn,rPn,r+kdl,deI.r)At (12)

Ny,
F(},t:zknl,tpnl‘lamAt’y (13)

m=1
F(;,l:k(;.tp(;,tAt (14)
Ao N, R SR BT B s Ry, R B e B 1R AT

AMERLAS s B NI BE e B EV SR REJR A F o NI
Bk S T AR ST LA 5 F o, B o Y e ) i
HL AR 5k, R ESEEBE o BUARG M) 7 7R 72 iy 11 LA 5 A
A VE PR AR 5 ke, , SR B ¢ 3R ZE 0 7 R 47 fof B
2 TE B A B RS BUAS 5 Ao B 2R
B RS B RUBE 5 &, oKy 53 500 A B B o SICEH 1 L AR AE
5 P S ) BT R BE A 5 P, Py, a3 i R B
SRS AR HE A B L AR B A R DR sk, BT
Bt oY) B0 Ao 19 BRSO B AR 5 oo, R m A A7 A 114
PR sy AR AR R B ke, AT BE e 1Y R
PO I L REAS 5 P AR B o 1 G DA L T
32 AREH
32,1 (AR

1) 38 ZE ] )37 79 67 g7 ) T AR E S o

R T R UE R S i 7 76D 7 ey 4 TAR S SR W
JEF(15) FIr7R IR SE ) Jo; 7Y 6 o () T A LEPEL 0

e,
t:'e]cl (15)

S e 43 ) SRy AR A M 7 TR 73 A f USRS
SE LRI 21 5 T, oA 45 sk B g 28 11 7 25 T AR Y s
ZIEE

2)) 3R JE ) Jo; Y 471 gy 114 - RS IR B0 5

X R — T Aar 1M 55, A8 A 0 45 2 5 i G

il i1 5 i, 2% R B e 22 bk, i 2 X (16) frR
A5 A2 W 37 R A7 A P R R o
Na <N pim (16)
A VL, D 5 kA8 3 o 7 7R T 97 )P B2 U
BN P8 A 38 S W 72 T BT 4 5 R 7%
3) AT B DR LA

Poiin <SP iSSP (17)
PiwinSP 2 SP g e (18)
P 0 L,,,=0 (19)
b Py, Law.=1 ’

AP FNP P i 7390 D715 558 0 A0 T A P 7
ﬂﬁ?ﬁﬁ‘]@]ﬁ?ﬁ%%ﬁﬁ\i \—FKE;P;,L,, %H Pa|,i.max‘
Py i 53900 R 75 R0 AR B e A 67 1 2 5 K 2
PEIH BE R T A R T BE T | R R L, SRR I
B 55 kAR SE 0 BB G A S 5 2 5 R AR B
%%"—?)ﬂﬂ L(-,l,k,tzl ,%K%*"—?DI'J L(-l,k.t:Oo

322 EVRAEAH K

PDL‘i,Lgpdl,[,tSPDII,L[ (20)
PR],vi.rspn.i.tSPRH.i.t (21)
DD Pus At AW=W (22)

Py, B s AR A B FE R L SRR
T HL D) R B/ IME 5 P,y P, 5050 RIS B 2777 057 1 4k
T A S Bt A5t FE A R A R R ) R e /ML L R KA
P, B o 1 a5 A Y S i e SRR A 5 e T
R AW Ry SE A5 LB TS ol B8 A 7= A 1) L RE SR
FE 3 WA HE RT3 AR T A S5 H P

PE A, 3855 T A T I 2 SRR AS AR 20 R R
LY FALFE T 15 TRy 249 o AR YL D P 245
LR TR AN LR A PN ) 3R Al 24 o K HL R
AR AR AR AR AS A A AR AR AR R
R4 oR, HAR DL 5 B2R(B1)—(B12),

4 EBIoH

TE MATLAB - & % iR T B 00 AL 530 320K fi
ARSI, X BT EV £ lES 5 B At
WEFR D) SEEHYSNERMEES S B2tk
A EPALNEE
4.1 EAXHFEEE

TG IEEE 33 77 15,38 B IR A e L 44
HEN - 1B [ AR ¢ FE T 0 R T R 2 o B
Ykt 22 B IR A T L B4 4 1 25+ an B st C
Cl RN, IZ ARG Tl IX Rl X R IX A A
W YCAR PV, PV, 20 53 AT 15 33,22, KUHL WT,—
W, 43 B4 A 85 5.11.24 .29, 432 A8 #8114 5 B
hy8-22 . 11-12.20-21.25-33, CCS i fE 1Y I 9 35 15
S HCNRE % C 3 C1 TR . ffng 258 an bl s ¢ 56



o ® 0 & % L %

%43 %

C2 JUr 7~ o 3R J0E M iy 784 47 fif 79 378 82 1k T A I dn
SRCECIFI/R. N-1 s HARK EWRFE ST
EV A 1 R0t 0 415 f AR A9 15 F o) 30 i KA 49
SUNE 53 C 36 CA4 T CS i . AR SCR B 3
ST M 7T BR L B A FUI T 2 BRAE A A EE A
WHSEL, WSk C B C2 PR o

AR B EV RIS E M DL i 22 1
FarRAS , AT MR G UE B 37 S T e B b i A At
HL TSR S HES T8 BV AR 29, 0] MR AIE
R I R e A rp m] S R TR ST

25 b AR SCHE 2 P 5 5 A S TR TR Y
EV SE#E S 2080 B 2L 4T 00 : DEV 4
HEE 2R 50 1, SR B AR E S IR 5 % B 29 %,
SIE I L AR BE S I 10 % 1Y 1E 203, QEV EREE
R 2, SR L AR 1 10 % 1B 2% SR I3t
HLAERES JE 15 % ik 2%
42 N-1HEHETHERAELAE

2 R C L D 7R 18:00 & A N— 1 SRR, 5B i
RS C &1 C3 i, BBk 52 B 1] i 0.5 he N-1
WCBE 5 T 4670 s U (B (8D R 3 i . A
AL HY AR AR S A8 4T A A8 ELIR TR A e HL 7
e Ll W 4 B N B I [ R 1 S s
H B R, H B 3B w1 S (95 5.7.9)
F BRI 87 R I 1) 2 A e i A7 32 By

1.1

e 1.0

0.9

1357 9111315171921232527293133
R

@ R AR Y A, @ B RS R, - - - AU R BRE

B3 N-18EHS THNRBEE
Fig.3 Node voltage under N-1 fault scenario

AR, AR T i e 1 Y A7 e R EV AR A, B
M) 57 8 73 i ) T 9 R B X 9 B2 A A 728 A B A
S TR, 2 M 2 oA ] A AN e 1y 2R 67 £ B 5
ARV EEAMEE AR A B(A>B) IR XS N1 B
Yy i) B AR BEREAT 20 A , IR EE AR 45 53 Gt
FCHE CAFRR . J5 5817758 248 2 R mig 1 78 7
a7 B, X DI P B M2 AR T Y 25 5 UAS 12K 172
AR A IR 1 s, RS LA IR BE 45 2R AN 4 A
RNz

HELATLIEH AEN- TR T GEd A
DEACTARE , 2 b7 S 2% Gt SR T) AR K O 0, BIF 2 o
18] JBE 7 AR RE ORAIETIC FRL 19 A AR vl R e s HLOT 6 1
M TAVEREE BV S RET 295 AR R, (HAREL
THE2,2MEVERBARY S PR IAAE

HERY 22 BePE . XFLEI 4 FIE S BT EESE R n] LIA
TR 2AEVERN BB IPRILITR 2 24
fEBEAYE T T/ s 758 1 2SR EER BE N 24
EV SRR 15t i D) AR 2, i 05 56 2 7 2 ik g
(4 8 T3 LA, 302 PO EAS SCH I N - 18
BEd st T, COS #E A ki 1] L T A DR AR T
CCS, 5 AT H TE AR A0 hisi i i M A 2 iz 17
AURCR BN 2, it L EV SEREE 18 32 i B S i ] 3
8K CCS, BB HLIIR /s CCS, B 5t D%
TETT 58 1 AR EEIS BE 1, DR A0 SE st rg 2
TERY DS, CCS, B 5t i Zh Rk 31 B FR, 47575 22
CCS, In] HL M5, , 58 G2 B i) S5 2 I A T2 s 7E 4
JE B 2 AL, S A 5 L 4 A ) S5 e e Oy S I £ L 4R
FEZNR P 1 CCS, 1] HL R A T AT AR, ey JE 5
CCS, [m] HL P AT 2R B AT 58 i B 2 AR BE . ik
RETJCVL 5L B2 0] L B D 36 R8s, o1k 5 s 1] 10
I B DRI T, 51 #6522 14 By D) 4 L 58 Bl
KSR, O R 2 i WA T R 1 H 2
Rl 2WHARTN-1HENR2MLEERK
Table 1 Emergency optimal dispatch costs of

N-1 fault under two schemes

sy B2 PN Eibp il
WEAMERA T AEEE/S Ty
. 467.79(F5 1), 0
A 47228375 2)
2 47731 0
) 442285 1), 0
B 44319375 2)
2 463.31 0
081 Jrsi(BVAERD | R 2(fhE)
206 Mo
=
N 0.4

*;i 0.2

b

e B
(a) EVEERHEZR51
OB I Jrg 1 (B R | g2 (i)
Z 06 g
= :
> 0.4
ff%r 0.2

JHEERS B

(b) EVSERHEZ Y 2
® CCS, LRI T, m CCS, LERTH HL D)%
= CCS, LR %, afiffe il )y, o fififg2h )
3R 0] L 6 PR D3, R i i 2R 7 A e
- - ORI 5 7 g ) v R R

B4 MAATN-1HENZSMLBAESR
Fig.4 Emergency optimal dispatch results of

N-1 fault under cost A



$F7H S IEME 55 % e SR AR AR TR 25 g i T R R 9 58 B TR A 0 H ) K A p A DA R @

OB o ot | Spiiais Fr A S B 10 o B 2 AN I 1A A
g 06 | 8—22 4L 15 AN AL IR 2 A A 5 26— 33 k8
P | AR R 17 7 B 37 5 2 D PR MR 1
=02 Mg ARATHATEBIT. TR TR 200 R A

i AR BT 575 D 22 D1 L 5 22 fR A 13 225 SR

e B DK D2 MK D3 s,
(2) EVARBHEL R 2 D1 Al I 7% | 923 VERG 2 EV 42
; z'i FEVEVIERD | JrR20E) ﬁ'ﬂié{]%ﬁ’ﬂiitﬁﬁ[‘%ﬁ;ﬁ%{ﬂ‘]%iﬁﬁiﬁiﬂiﬁﬁ
g0 | S A SE R TR L, MRS E 1 BAE
g B P BE 225 . % HC P D2 R D3 T LA Hy < 7
ﬁO-f) - FER2T IR VAL 2 4 [ 5 4% B R AT TR 5L

JHEERS B

(b) EV SRR3R 502
B CCS, S5t Y, B CCS, ZEMR {5 L D)4
B CCS, XA, o fiffE1th )1, o ffifg 20 )
m RN Y G TR L3S, m AU R L 7 ] g
== - FPUBM R 7 2R 7 AT ) T A JEE Ak

Bs5 MABTN-18EHNZSMLAEER

Fig.5 Emergency optimal dispatch results of
N-1 fault under cost B

i & 4 F1E 5 T oRTE EV £ R AR5 T RO
FEGE R AT LUE T EV AR REE 2R 3 K5 | 25
At 5 F S TR A 5 R DR /D TR L BV S BRI 245K 3
2R U R e S SR I
A, CCS, RS FE Rt 157 FiL ) 256 PR 5 240 55 g 48 A T ik
N AT R R GRS T BB T ER , CCS, /)
T EL T R B S 1A, DT ol 5 2 B e B P BV
B A B E TR, B, EV 82 BET 20 A k25
FE BV SET | LE T AR G B T RN, A
T 70 Ao A ) B B 38 i, e PR AR 22

AR T AR B, AR A T B i oy 764 473 g £ 80 P
TRt /N H AT s e A, bl ZE gy 2R A7 g
TAEESME LR B EER  FE A A T R EERTE: 2 IR
SIE 0] S TR 670 ff G e AT A%, 38 E 0] 17 764 £ fir ) 37
FED R A PR, BV 0 7 28 £ g ) R 3 AR 2>
XA r 2 5 8 B R B P AR R R . 7E 2 R AR
AT N-1 SR ) B 2 B v EV SR R
FEN SIS, ST A A A B A 5 L 2
RAMAC

25 FRTR  AREST HOAT AR ) AR Ak e 5 Y
eSS S A b BV AR B B0 KRR
Frs T AT R N R R IR , KB 5% 4
AL B AT AR A 2 16, T LS B X 38 A i
TS, 7R 8] RS ST BRI B A
43 BRAREMEHSTHEAKEEAE

% T L RO AE 08:00 I %98 % [ SRR &
SR 2k R I SRR T AN B S D R DR AR
PRAZ IR E R 2 he R DL AT LUE Y, 2 528 1

PRZs 18] L RE B Ll BARTE NS 2 N PR T E 2L
g AN L, ELAF R 22 1) 31 102 4 A 9 38 43 DT £
i o, (X 40 HL BB JC R T RS BN 1 N L) 2% i
P 1 v S B R i T A7 fr AR R O (P 1
P 2 P B 7 A 19 2K A7 1 DO AS A

MR 1M E S AL R A, T EV 4
HEEA IR TR R e, s DR i 4%
PSS GG RE I L TR . 76 J 2 1 8 B s B 9, 9
55 1R 2 19 2R A far 475 DL R BOH [R) 15 2 S 19
FER A3 R T 3 S B 5 N R A 3 IO R R EV 4R
HEATAS LA 2 bk, vl LS B IX 3 G, S A 45 A
S 1R G A7 far 1 D, 308 o 4% E 45 e B A T R S st
Tt AR RE T 3 2 (R () 48, ST X EV AR R 1 A5 B
B, BEMEAEAR KORE BE 1 ok /N 45 IR 5% v o 2 4 fr 119 2K
AT REME . BRI M TR 2, R L EA AT
e PR B A Tt F T e o S 7 g 1 R R T

Xt L6 D2 A1 D3 s A EV SERE T 2K g 5
TR LS R LA R R EV B AR
R BT i A Al R e A e e T
7280 A TR R ey i, SL BN 1 ™
AT RRIEZE AR U i E EV AR 23R
502N, EV AR 15t F T e R 5 24 R g 4 R o
AN ECD) G e D) RN R . A S L TR
BT REAS PR s 22 40 7E B SRS T 1 67 A (3 el ] S
HHARAIE 2 fr i PTSEME D RE 1 32 B EV 2 BEE 24
B, 1 24 R 8 RS A 1 ey ) IR F T SR
A

2 Al AR T AR ] B R R
Rgihtae , EV AERE AL A S At a) | 23 8] a] o B
RAGVE , BESC I A ) 2 T MR B, T 5 R PR b <2
PR G a] FEPE  SCERAS XS I At e

3BT N— 1SRRI [ SR ¢ R b 5 1R 45 3 T
H, MR T AL Guhthe , B A I 2 e ] R g Rk Y
EVERS 5 Z M E, Ba B2 mH A
RO AR HE, FLI ST A R R L BV AR R
L3 e 2



% 0 & % ¢ & %

%43 %

liog
5 Z5ig

AR EV BRI 25 g T R R 5 A
IR A B ) R nl 4 s A TR S AL IR T
EVERS 55 B A B MRS TS S
A IR BE Ty i, i 551 o B 4 SR v LA 8 an R
4518

DHEST I EV B4 RS 2B BRI GE (AIE EV
S5 R NS 2L R 0 A R

2) M52 IR A BCH R A N - 1 s, 5 258
MY L GAERER L, EV EREEME A B9 R
A PAAEZS 6] | S 04 BAY S 3800 L, T RE o i %
SR A TR AR G Ak A T SR

3) M58 ELL IR A TC R 0 & A R TR e s, L
i A5 BE R AT PR AR A EV SRR RE A% i K PR M
A7 5 X84 2 67 AR 0, VIS DX e S 7 A 1)
I B AT REAE  TE AR IE S PR SR04k H bR i [T, e B
B b <7 P 2R G i AR e T S

4) AR EV SR T 29 X A 45 RAFFE—

s (H AR SO SR B 7 A R 1R BV AR RERY BT 25 fig

AR 7R B S Rl S D AR AR TR S
eSS 5 R 2L R Tk

P e LA B 25 5 (http: / www.epae.cn)
Sk

[ 1] skE, AT, BIR 5. 3 M vSCE AT X S ek 2 fk s

A EL IR A B AT PEIEA ()], AR AR, 2022, 46 (1)
292-303.
ZHANG Lu,YU Shunjiang, WANG Chen,et al. Reliability eva-
luation of AC/DC hybrid distribution network considering
VSC operation mode and fault recovery optimization[J]. Po-
wer System Technology,2022,46(1):292-303.

[ 2] SHEKHAR A, RAMIREZ-ELIZONDO L,SOEIRO T B,et al.
Boundaries of operation for refurbished parallel AC-DC recon-
figurable links in distribution grids[]]. IEEE Transactions on
Power Delivery,2020,35(2) :549-559.

[3] AHMED H M A,SALAMA M M A. Energy management of
AC-DC hybrid distribution systems considering network recon-
figuration [J]. IEEE Transactions on Power Systems, 2019, 34
(6):4583-4594.

[ 4] 5K, 2F0, BRfe, 25 . 22 B IR & HCH 0 ) 25 Al 5 e Dt Ak

DMA P B PO AR [T ] HRRIHEAR 2022, 46(3) : 1149-
1162.
ZHANG Xu, YAO Li, CHEN Chen, et al. A novel two-stage
robust model for co-optimization of reconfiguration and reac-
tive power in AC / DC hybrid distribution network [J]. Power
System Technology,2022,46(3):1149-1162.

[ 5] DRAE, BAY TR, A5 . LT bR T RFEE TR 158 B
IRA R MR IZ 5k ()], o Rty 51,2019, 47
(9):112-119.
MA Tianxiang, WANG Chunying, JIA Jingran, et al. Fault re-
covery method for AC/ DC hybrid distribution network based
on binary particle swarm optimization algorithm [J]. Power
System Protection and Control,2019,47(9):112-119.

[ 6] XBEEy, 1) 7, 6hE, 45 . SCl-He i MAS G~ d gl 4 4R T

—
N
[—

—
oo
[—

[10]

[11]

[12]

[13]

[14]

[15]

PP R AR IB AT [T ). AR, 2021,45(11) - 4328-
4337.

DENG Rungi, XIANG Yue, HUANG Yuan,et al. Dispatchable
margin and optimal operation strategy of electric vehicle clus-
ters in coupled transportation-distribution network[J]. Power
System Technology,2021,45(11):4328-4337.

R B L TR V26 A% S Y R Sl A I I I 1] 9
BEsems L], w1 A Bk g, 2022,42(4) :27-33,85

WANG Min, LU Lin,XIANG Yue. Coordinated scheduling stra-
tegy of electric vehicles for peak shaving considering V2G
price incentive| J . Electric Power
2022,42(4):27-33,85.
SN, SO RN, A FE TSR AT I N a2
RGANRA ] A B S R PG ], s A s ki,
2022,42(4):18-26.

WU Zhouyang, Al Xin, HU Junjie, et al. EVs’ participation

Automation Equipment,

in system frequency regulation reserve based on charging be-
havior prediction:capacity mining and risk evaluation[]]. Elec-
tric Power Automation Equipment,2022,42(4):18-26.

LU X,CHAN K W,XIA S W,et al. An operation model for
distribution companies using the flexibility of electric vehicle
aggregators| J|. IEEE Transactions on Smart Grid,2021,12(2):
1507-1518.

ZARIR ORIk, M S5 5E , &. V2G BT S TR PR A SR Y
WL SRR ST L R SR [T ], Ty A S Ak e s, 2021,41(3)
129-135,143.

LI Yiran, ZHANG Shu, XIAO Xianyong, et al. Charging and
discharging scheduling strategy of EVs considering demands
of supply side and demand side under V2G mode[J]. Elec-
tric Power Automation Equipment,2021,41(3):129-135,143.
ST, ER ERF. S HRA RS S REIR RS
AR AR (T ). [ L TR A4, 2021, 41(14) -
4829-4844.

DOU Xun, WANG Jun, YANG Zhihong, et al. Cluster-based
control strategies of electric vehicles for integrated energy sys-
tem with AC-DC hybrid distribution network[J].
of the CSEE,2021,41(14):4829-4844.

X R R E) L AF . TR EV S - XU 5 BT SR A B
TIRA A M Z AAr o A X R L AL [) ], s A skt
2022,42(10):218-226,272.

LIU Yan,ZHANG Yachao,ZHU Shu,et al. Multi-objective dis-
tributed cooperative optimization of hybrid AC / DC distribu-

Proceedings

tion network considering EV load-wind power heterogeneous
scenario sets[J]. Electric Power Automation Equipment,2022,
42(10):218-226,272.

AXRRET L GRS, B, A . T R DL S 2 T 4 1 Ak
R L) ). B RER ,2019,43(12) :4377-4386.

ZHAO Kangning, PU Tianjiao, WANG Xinying, et al. Probabi-
listic  forecasting for photovoltaic power based on improved
Bayesian neural network [J]. Power System Technology, 2019,
43(12):4377-4386.

WRIGEAL, /N, DR, 25 25 I Sl s B i) SR shie
R SEms L) ], @B EHR 2017, 43(3) 1 1049-1056.
CHEN Xiaoqi, JIN Xiaolong, JIA Hongjie, et al. Reconfigura-
tion strategy for active distribution network considering spa-
tial-temporal electrical vehicle load model [ J]. High Voltage
Engineering,2017,43(3) : 1049-1056.

RV, 1 3 XM 5T, 45 T BIIE G v 19 22 A B LA
EAMEZNT ). 1 AZ kA, 2021,41(11):66-73.
ZHAO Huangjiang, XIANG Yue, LIU Junyong, et al. Analysis

on impact of large-scale electric vehicles integration based



ETH < FEME , 45 25 B E Bl R AR 2 AR AT I PR A 38 AR A O AL I B A A TR e

on improved security region of distribution network [J]. Elec- {EET=N

tric Power Automation Equipment,2021,41(11):66-73. 2EMW1977—), B, & &%, W, £
[16] A2, UMM BB, 55 . 5 b B Ve I 2 He ARALIE Y 52 BRI AR A AL AR il

B SAT IR HOB SIREALL) . o 90,2021 41 BE A R E 5% 2 (ol jgh20050

(6):28-35,44.

126.com);

| F R1997—), * MEHLE, £
%7 = BHRFAA R AARRA RS M A K
of electric vehicles[J]. Electric Power Automation Equipment, o /" (E-mail: 316804657@qq.com) »
2021,41(6):28-35,44. E=E (%% &)

CHENG Shan, WEI Zhaobin,ZHAO Zikai, et al. Decentralized
optimization of ordered charging and discharging for charging-

storage station considering spatial-temporal access randomness

Emergency optimal dispatch of AC / DC hybrid distribution network considering
spatio-temporal energy controllable characteristics of electric vehicle clusters
JIN Guobin', LI Shuang',LI Guogqing',XIN Yechun',LIU Yulong’,ZHOU Hailong',XIE Fei',MA Yukai'
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University, Jilin 132012, China;

2. Daqing Power Supply Company,State Grid Heilongjiang Electric Power Co.,Ltd.,Daqing 163712, China)
Abstract:In view of the characteristics of AC/ DC hybrid distribution network of the integration of strongly
random distributed power sources and limited overload capacity of power electronic converters,an emergency
optimal dispatch method of AC / DC hybrid distribution network considering the spatio-temporal energy con-
trollable characteristics of electric vehicle (EV) clusters is proposed. The emergency response load model
is established based on the difference of load response characteristics under emergency state,and the emer-
gency control model of EV aggregator is established based on the actual demand of emergency optimal
dispatch , together with the difference characteristics of each unit’s state of charge and the on-grid and off-
grid states of each unit in the EV clusters. Comprehensively considering the economy and system reliability
of dispatch unit, the emergency optimal dispatch model is established. Two fault scenarios are constructed
based on the improved IEEE 33-bus AC / DC hybrid distribution network, and the optimal solution is per-
formed based on the worst net load power curve. The emergency optimal dispatch results of EV clusters
and traditional energy storage with equivalent capacity are compared to verify the flexibility, effectiveness
and economic advantages of the proposed method.

Key words: AC / DC hybrid distribution network;emergency optimal dispatch;electric vehicle clusters;electric

vehicle aggregator;spatio-temporal energy control
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Table C1 Parameters of CCS and energy storage
g Tl FH AT R K128 g Tl FiNE D I ONLWIE 21
CCS; 9 1.2 MW ESS, 9 0.4 MW/(1.2 MW -h)
CCS» 26 1.8 MW ESS» 26 0.6 MW/(1.8 MW -h)
®xC2 AR
Table C2 Type of load
B R T A
TR e 82 2 4 A 4. 19, 23
3B S ) 7 7 £ fif 6
VH A e %7 7R 7 FoARAT R
FC3 A 6 REMRE AT TR &
Table C3  Continuous working hours of delayed-response load at Bus 6
S TAR R a0 %) B TAER K /h
00:00. 03:00 3
06:00. 07:00. 08:00. 09:00 1
10:00. 12:00. 14:00. 18:00. 20:00. 22:00 2
16:00. 16:30. 17:00. 17:30 0.5
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Table C4 Maximum feed power of emergency dispatch period under N-1 fault

WERB CCS) Seh i BEAERE /MW CCS SERF B IN/MW  CCS ZERT I ZARH N JI/MW  CCS JEI i BRI /MW
1 0.44 0.76 0.20 0.33
2 0.38 0.50 0.22 0.20

®C5 BAREHETESRERRNBRENREAE
Table C5 Maximum feed power of emergency dispatch period under natural disaster failure

R CCS) SR EEAEREH I/MW  CCSy e EEAEREH I/MW  CCS SERF AR AL I/MW  CCS, ST 1 B2 AR B HH /MW
1 0.76 0.88 0.20 0.26
2 0.76 0.76 0.40 0.40
3 0.69 0.63 0.33 0.47
4 0.63 0.57 0.60 0.67
5 0.57 0.63 0.73 0.67
6 0.51 0.69 0.80 0.67
7 0.38 0.82 0.99 0.47
8 0.32 1.01 1.12 0.40
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Fig.C2 Power curves
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Fig.C3 Topology diagram of N-1 fault
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Fig.D1 Topology diagram of natural disaster failure
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Table DI  Emergency optimal dispatch costs of natural disasters under two schemes

A& VES LiE AR /S R AT 18 5 R AN /S
1 664.54 (5t 1), 821.29 (35 2) 426.34 (5 1), 581.25 (R 2)
: 2 74889.79 74684.80
, 1 432.1 (5t 1), 532.98 (it 2) 277.54 (FHE 1), 386.71 (% 2)

2 2479.65 2326.05
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