€ ) B #H & B

Electric Power Automation Equipment

$£39% £5H
20195 A

Vol.39 No.5
May 2019 @

oA SURiRRE RS S 5 PRI Tl Rd i)
W B X L B DA 2 SR s

soT AR EEAC R B Hay ik 20 At
(1. @ XF BEEEFR, W RA 610065;2. mAREE TR HH IRFR, Wl &R 610225;
3. BRI b A S H kil s ml mAER 610072
4. B R B A 8] AR 8] vl R AR 610041)

WE. A LB b Meg s ER M, RE—FEATHNREFTRUCABERARELE L 5 H XNEE2A
(DESS) W4l 77 ik, % — M- BER TR 4 k) | KON & Kot ) ) PR if 9 WM& 8 b | AR s R X &
A A A F AR A TAER DA B AR, B IRAAR SERIABRACT R SR B A A T8R4
JE 6 DESS #4248, fi wIE R ML ks kT S0 R QIR RIER R DA LIER R T TR
Hodi ) R HR b ) B R A R4 B A3 15 UG % TEEE 34 %5 5 AR o0 AR TR ok
Bl 45 A A AP ) AT R R RSN E R B, PR W & b R AR TR R B2 A e R R &R R Rl de

KPR I W ;oA XAk & 5 B I BARAL SRR AL ok o= 4

FESES . T™ 727 X ERFRIAAD: A

0 35l

J T ERREIR G ML AR 5 YL iy K ) B &R
GEIERE a7 iy R R R, T AR T
L H 4 A X R (DG ) (G H R AT B A AR TR
(RES) ) BB R AW S, R4 (EV) 4R
eGS0, SR T, 2 K DG IF AR H M 5,
Tt A5 S8 Y B ) 3L 3h A8 SR XU I B, $E A N R T
E LGRS AT AR KR BV B2 AR L TS
5 R SRR Ty, B A FE R A R B )
AN, RES & HLI BRI  BEHLYE L K EV FERAT R
B BEAIL A 2 i i R I B S P A0 S B8, ffL R )
B RN R RES F1 EV RHIARE ARG B, 1 Y 52
HEz—",

J T IHANE Z 1 RES FH8/> EV 78 i 6 L
Jo it (A ), L P I A ) 32 s i FL X ( ADN) 7]
KR, H—Jrm, MiE e AR I & R, i e &R
S (ESS) T Ha5 0 L& BE ) ATpe s | R0 19 oy
TR e A L AR R T ORI R D
Horp A A5 RE R 45 ( DESS) (5 H8 25 8] /s A
I BB RN, 7E AR D H R R T, O B
o ) R A AL T 1) S

HHT, ADN i H R O o R iz —
Fc EL I8 8 R 15 4% T2 B AL 46 A 3% AR R 4 4 4 3k
(OLTC) HHZ YT R4 41 (CB) , X 2 Pz 45 (1) ) Ly

W H #A:2018-09-08 ; fE B H #3:2019-03- 14

EETIE: B RSB A AR (863 3 x]) A A (2014-
AA051901) s B R A AA 5 A4 F 803 B (51377111)

Project supported by the National High Technology Research and
Development Program of China (863 Program) (2014AA051901)
and the National Natural Science Foundation of China(51377111)

DOI:10.16081/5.1ssn.1006-6047.2019.05.003

R R Y o R 0, R TR B AIG,  RB B ) BR B
ADN (1) L 38 8y, 8 75 2 RS Rk i 17 119 3h A5 TS T
MRS SRR hIL, A ER S E
DG {EC R 9 JC T £ Ak A e, i s o e, SCRR[S ]
K AR RGeS Rl B 25 1 RES Y 7 A oy Bl
HLIE sh B TC H ) TE T AR AR AR SCRik [ 6 ] 3 T 55 750
M H HEE AT IT OLTC 54045 X n] 8 & s HLAY H
FEDR RS D, SCHR [ 7] 38 12 15 R A] 4iE 38 of 52
B OLTC 5 R J) & AL TC DA ME R PR 45 il . SCiik
[ 8-9] 3T 4243 X4 il ;BAR SR A L T Y 72X
P OLTC F1 DG Ty i 77, SE B el 5, {H 43 IX
s ] LT ) S P s R RE S P4 )
Ak, AN, B B R/X R, A 25 0o B %
FRA , HL A5 6 1 [R) B 25 B8 T A T T 52, SC
B[ 10] LA DG A 1k JCIh AME 2% (SVC) Sy 42 il
% R AR AL AR ER R R R s, X
k[ 11 ] 0 28 Re AR PR 45 i B2 52 B DG I
o FEL VR B R o), B T TR D ) S PR AR
SCHR[ 12-13 1A R DG 1Y I 33, 38085 1)k
DG B T 4 A e e 9 14 38 T BE . B4R DG
AT Ry BAR A9 TS S IR (H E R BSR4 AR DG
AT T Y ZE R B, SCHR [ 14-15] 48 18 EV
25 8 e 0 e P R o SR e, R R
BE.

fiti#5 DESS 7£ ADN Hh A3, &4 SCHk%
& DESS B9 18 FEAEH, 5% DESS #F Bi # % A %) i
BRI KB £ g e SCEk[16] 8 DESS
BT —FpAS 7/ 700 L 8 1 4%, R A6 IR & L (PV)
SIE 2 36 3% B2 55 (PCC) Ab s o JE 1) J, Sk
(17145 %F 24> DESS $i& H 42 O A g il S ms , (E e



[16) & 0 8 % w it %

%39%

Yl 4% CC( Central Controller) B3 1 fHE & | JF:
HAHEE RS nal FETE R R R, SCER[ 18-19] 42
LT R ) OLTC FKTE 2 48 70 0 B 42 1l 3R
W& f#He T DG 432 A ZR G0 B 5| A 4 H R s ) B,
SCHK[ 20 ] H2 Y T — BB B 1 24> DESS 43 A X
hE R B A % 14 DESS FIFT HLIRZE (S0C) |
TR IR AR AR

ZE AT, AR SCHR H —FP DESS 5544 48 1R %
HAAL I ADN HL R 5 5 3 —— 9 BE U1k
el % ARG IR A A, L
AR s ] ] B 8 DR 4 457 s FL R ; DESSS Al Bl
FE A%, BT AT A Bl sl e L, TR
J& DESS fif RS DR R T4 T, 3 2 X% 4t
PRI A R B T 42 i) (MPC ) M2 DESS 9 53 HiU#%
Tl 5 DR 26515 o5 PR R R AE SRR T L P, 0 A2 g
T R AR R EOR R A D A 0 SR i
MPC ALY | EE40U5 9 TEEE 34 35 5 RS 64
BTG UE T Fr e ik A Rk

1 WERREMEESESR

RS 5 R BE& 5 15 58 8 % 4% (OLTC
A1 CB) & DESS, HR4EiX 2 28I 15 #% v 1K i AR A
M 07 8K )R A% G 0 i £ A Sl 3 A R i
2, MEAT A FL I EL R (Y TR DESS 18 b i B
VR 2%, 07 BT HL R 0 s 401 5 ) S B o5 P 1
T, 2 KA PR RIHERL A 1 TR,

RGN B

HA GE—BrB) RES FIfi fif
T MPC (% OLTC F1 | 4 1 F5i B
CB etz (T=An)

1 ¢ AL 24
| .- |
DESS fi kR A DESS HE#i{H
Sl i An BB DESS R
FLFE Wl DESS izl W e

a. PPk DESS (P il 2% )
b. DESS 74l

B 1 mEXEEREEGIESR

Fig.1 Two-stage voltage coordinated control framework

S B H oA R T A T B4k ) 9 45
il RAEM G R A, , P8 15 45 OLTC Al CB, fifi 35
S ETE ARG BN 5 28 Z B BOZ AR Ae, NI 5K
42, 75 OLTC 1 CB B )5 i Aey I8, 5 i 000 )
DRHETT L B RR A B BE B DESS ] R 48 4 it
eI AR A FE/ T A D Py Al OCHETY U
TEBREEIER N, Ak, RES $EAHSCHIE 2R 817
TR Dy R P R

2 ETF MPC HE—M L= S

MPC AEHHT 5 15 A5 25 09 i 22 16, 1T EL ik A1)
RTINS TR A AT R SR B i 22 1L, DLV SO AL 2

T 5 0 A G B R
I, T RES H g Ko B far 75 =R S0 158 22 19 52
M, X%F OLTC A1 CB )i MPC fit 4k 45
2.1 FEhikfbaEsl

FETIN 5§ o DESS HUH T4 S oh R4, A
PRI, FEREARAERTZ, LA RES | B faf 1) 45
WITRAE & DESS 4 iR & AE R w1 a8, LA B i
31, WIS IRE SR /N b bR R, 78 225K ik 1) fsf
RT3 0 Ak 4 3 Tl AL, S 80k 4% 48 8 1RO 4% 1Y)
.

Hbr ek %L .

min f = ZPIOS(I) (1)

PL()=3 3 6,(V:(1) +V2(1) -

2_Vi(t)Vj(t)cos Hl:f(t))

Horpr e, R RFERF 205 P (0) 2 o I 200 BE HR 90 )
HIIFE; G, S i) B V(1) V(1) (0,(1)
S3R ¢ B2 A a0 R R R R T Y R
FHAZE N LS s B8 e i Ron j AT A i
AH A 7 8

LI

a. WA R
P.(1)- V(t)z V(1) (Gycos 0,(1) +B,sin 6,(1) )=0
Q.(1)=V(1) Z V(1) (Bjcos 0,(1) =G,sin 6,(1))=0

(2)
Pi<t>=PDC,i(t)+PES,i(t)_PL,i(t>
Q.(1)= n(?B,i(’t)BC,iV?_QL,i(t)
,E\:q:',Bijj]S'Z%i_j E/‘JEEQV\];PDGJ(t) \PES,i(t> \PL,g(”
SRR ¢ B 2045 A 0 Ak DG ST A TR Gk
RESALTTHYFE /TR A DI YR (i o I, SR 1) |
AN Q, (¢) R ¢ B2 & A5 far TE T 2
B Ny, (z)éj\jﬂ]j\]w w0 b CB LA S5 R
LS HT%JTQJQ]E’JQE%I OLTC Fr 1t 3 i % Fl SCk
[ 22 YRR AR EE k= 1+r, a7, a, 535N
OLTC #4057 (FEHERY AL N 0, 5 TR M IE (KT
BRI 170 Bl AR
b. & AR
AR BE R TT LA FE L A 491 55 R L A i
AR FUAT IR HIA . B HUMTE ¢ I 200 09 i HL AR
A5 -1 B2 RS SO =1 3 ¢ B2 N Y 58
RS )RR,
FEHURER Pg<0, 4.
Pu(D) A,

5(,{,(t)=5(,(,(t—1)(1—0’)—“Tnc (3)



%58

SRITAR, 55 23 Aa 2K R 2R 0 S5 18 1 94 2 ) I ok 190 19 B X ol P M ol SR g @

RS Pg>0, A
Pys(1) At
B MW,
Hrr S, (1) Py (1) 35128 ¢ I 220 g 1th £ E 2R 42
(BESS) E"J%%%?&ﬂﬁ/ﬁi%%%,ﬂ" NURRUM ﬁj\%ﬂ
S HLBAERE R S8 0Y B O RS AR W,
F, L it E 2R SU A i RE A
BATHH
ngﬁs,;(t) gPdmiz:,(i JCH
—P'Ji?isPEs,i(t) =0 %EE
Sromn S, (1) <SS, (6)
Foofr e p Sk i b s R B A
RIE TR S 0 s ~ S, win 73991 2 FEL i B BT
far FARZS B R BRAE,
RO, H LA BE 2R 8 70 I 8 ] 3 A s
Z0 T W 4 v e P T S W AR s 2 [

S.(1)=S,.(t-1)(1-0")

(4)

(5)

S,.(T)=S5,.(0) (7)

c. OLTC 11 CB £,
B i < B S Fo e (8)
0<ng <ngy . (9)

FEHP kKo AP OLTC A8 Ff b FBRA
R e 1 CB I RALLAL,
d. WEZATATE.
V.s<V.() <V (10)
I ()= (Vi) +Vi() -
2V(1) V(t)cos 0,(1)) (G§+B§) sli (11)
HER VL Vo A B R R R R
1,(0) LAY o WEZR0SE I i v i 0 R
ﬁ‘i’tl:ﬁo
2.2 RUKEIEKE
DA 2 S £ GV 5 4 TR S AR AL AR
RO AR M LIRS 38 2o 7 R4l P
R R ER MR AL AT 2, SR
I PSR 22 SR, %07 5 RE A A 280 S TR
SR Ao B (L L, 0 A ) 4o B I
L Vi= 2V, VVicos 0,=V., VVsin0,=V,,,
LoV PRI 5 A,V VI R4 o
S 0 R 24 R A g
Pz 23 62 V()42 V(0 -2V,,(0) (12)
W R
P(0) =26,V (1) = 2 (G (1) +B,V, ,(1))=0
Q1) =/2B,V, ()= X, (BV. (1) =G, V(1) )=0
J (13)

BEA, BT AR A R A T R
T/zsg +‘7§mj = 2‘7«11'175(1,' (14)
W25 A F (14) i R EX A HA (15),
TN T e e ) S R JR SR RO K

VI AVE,S2V, V., (15)
W45 EAT LA N
V22 <V (1) <SVE /2 (16)
(V2V (1) +/2V (1) =2V, (1)) (G3+B}) < I}
(17)

R AR N 2 SRRt S 15 B — N HE AR
A, 7] MATLAB ™ AL T B4R sedumi SR f# .

3 BETHERSER DESS 4HmiEH

XFF RES & HLBAICHE A s SRR BR i (1 EV)
B, o PR Sl | Ay bt G A% G R 15 4 A5
BEE, R GEAY DESS 835 3 865 25 H

P AR AE R fifh B8 BT H N B 1T, AN AN BE S
AT D)2 00 38 /AL A T EL AT DA ) A D)t —
FEMTCI B ThRE "

3.1 DESS HIi%$%

a. LR RBUE

FA, R SR P TR B ke 1 A A R AR Y
SRR A s AR B AT ER O AR v A RE T L
THAAER Y RV RN .

AP
AQJ (18)
Ho, REJE S, =0V/0P,S,=0V/0Q , BT W45 45
FFIBATARAS | R 50 0 Bl i AN 2 Tl I 4% 32 4 IR
ARG K A B KA v P Q 3 W)k L R 1]
W AR M UPR [ & AV AP AQ 4r
A LR G 1 ) AT D) Tl R G ) i TG ) 2 R
HaE i

b. DESS #EPEH T,

N T A EC DESS A EAT 55, 51 A $RAE
e M, JIT 5 B DD #e oD 2R o, i PR
% 755330 DESS 4 i oy B R A K Ty 584 PR 45 %) L
PEREST B, HERKAh .

M, 07 T[S, 0][4, 0
LS AR I R

A, 0 A 0
A,=

0 A Pm

av=is, S,

01

s Ay=

0 A om
o XA A, A, o RETT TR, S T 4
il LT T 75 0 26 9 41 303 o 00 52 55 -0
A RGUE R S, 1S, B9 nxm (n, om 53510



® & 0 8 % w it %

%39%

ST ST AGERE FRIT RN B 4E |, B T B AE
TR TR AR A XS5 a5 HL R A 52 J3E

Bl AR A, 1 mxm 4E %5 A5,
P ff FELR S A A DB 3R e % e 2 BUE R

:{1 e (5)F(6)

Tolo Hiot

T HIFE I A, W2 —A mxm 459X f1 R
W, (ELJG ) Ty 2% 2 1 it R AL TT I i AR 2R 3R AR 1, AN
Z Ay IR ZS AG BRI, SO OC ZEBUE AT .

j=1,2,-,m (20)

10 <Q ;<Qis), .
Aoj:{o i ' jEL2,em (21)
HoH, Qs OV 23 0 58 j A BE R Ge e ik i I o)
Ty e HA R AH

& B TCIh A8 A Th D 345 i i i 8 K O3
IO M, T M, RITEE m o m
32 ETHERSER DESS H8IES
DESS J3 HitH il i FL A I 2 A b H s 1S58 it A
Moz 2 PRI DIRE . A A BERE A b L TR A5 I 7E A
VEYEIEP TUDREAS b H R S (R & 26 25 rh e 5 i 6 5
FEWSC SR T 5 i a6 1 A T R B R v A, 52
Jit Xof A7 R H R A
B R Y O HCHES 1) 88 ) A b A T SR A T
a. WEEASHD T SO R VA TH B R 0 36
T R AURE P AR AR b e 7 AR Y T
DIRHLE AQ,
AQES,J‘: ( Vcrj_Vlm )/ ( aVcrj/aolﬂS,j> (22)
Var vV >van
Viw= ) . (23)
VIV
Hor v, v v sy i B s R I FRAE L fo
VIR SR K AE A/ M
b. i & Jo 2 U R R GE M Q,,,, IF ST
P ;
if QES,/‘ = QES,/‘O+AQES,/' = Q'rn;x, , then Qsel,j = ern;“/
else Qsel,j:QES,j
Horbr, Qus o WS j AAEBE FR G0 S 4L 19 TC 2y Ty A4 )
LR,
e M QL = QU T A M H FE AT 4 B 5
S e min S0 (1) S, WHE AT IF L E A DI PR
S P, L SCHEE O
APES,j: ( Vc;j_Vlm)/( avu;j/aPES,j) (24)
if PES,,':PES,_f0+APEs,_f2P;;Ii:X,j7then Psm,_,'zpzli:fj
else if Pr:s,; :PICS,j()+APICS,j < —Pr"‘i ,
then Pse‘_j =—P:fi.

else P, =Py ;

Hr Py o A5 j MBRER ST /UL DR AR

d. #5F A TR D) R OO B R KR, AR
i EEL AT SR A PR UK ZAS i = o5 FEL (A 25 FL b A
MRPARAS K3k 45 vh Je g il 4%, H b g o s e O
i BB PR ITHEA T HEL R AR
3.3 SEESS RIS A ThiE

2 v gl 22U 3] DESS B i 2% 8 125 11
A b A B 0 8] JE il DB o5 e R o R R
BOAE B, W32 B S A 1 A1 TR B AR 5 DESS 20K
RIS AT PRSI T

a. A RGP R o5 BB s s T
A T A BRI A A T A &, A, Wit
SEHE I M, JF R HAR R TT R N N A RE BT 45
HXTGR T A B304 i #5% & 3% U3 o) i A R e B A e
JEAE

b. #E T B ECE d AR a2 e L TR C )
ROEME Q,,,, TS 7 Hl A BE B0 T 5 it T 2 4 i, [+
B, ST A MG B FR T RS A, SO 45 h g
il 4 5

c. AHEREAICI A Al FH G 25 i, o Je 45 ) 2%
TR T A G RE PR IC e BA rT I el 2,
AT RA DR R LR T m, |, TEFEXT
IF B BB BAG SR s i) X 42 ) HL 0 08 il 2% 26
Bl A R PR H A

d. gk s AR e AR TR A D)
HOEMH P, FFR A i 6B 5T S it Sk i 42 4 (W)
B, BB A b it B S T IR A A, BB 4 T 45
il 2%

DESS W44 VIR su i B AT B2 e H 5 4,
T JCT T k0 = B e T H 0 AR 2%, R e Sl o
DESS JoTda il 8755 F R, 245 H 19 JC Th Ty ik 31 L
FEAEL 1T L R ATS 2R R R B, P 31 DESS B9 A7 D) ) 3
FECR S

4 EHO5Hr

4.1 EHIER

ASCLMEBUE I IEEE 34 35 5 H X 451 32 17
G328 45 #4 an B it B A2 TR, Heh s s
0 MARTI S, RGILUER TN 24.9 kV B EZR A H N
2.5 MV-A B 9, 825K 0.012 5 pou.; 15 43
25 FN 27 % 0 I BRAME: CB 43 5°h CB1 (2 41) |
CB2(3 #4) , B 24N 50 kvar; SRR S VR Al
VR2 #8A 17 DL, I 0.006 25 puu.,

TR 11,25 .30 .34 4b 4 i iEHE A B 200 kW,
300 kW ,200 kW 400 kW FROGIR & B BT 35 45, 11,
25.28 .33 #5451 NMEHIBAERE R G, 7T L Y
7 0.9, HALSEULI e 38 AL A5 34 R 1A
EV FEH N, S RFEHIIE R 140 kW, FEFEH I EL



%58

SRITAR, 55 23 Aa 2K R 2R 0 S5 18 1 94 2 ) I ok 190 19 B X ol P M ol SR g ®

A 12:00—14:00 ,19:00—22:00 ; HoAth 171 i 2 A Lh )
R 1775 kW, B TCYITFH 1 045 kvar, IR A H
BT TR DR, WOEHED)R S, =2.0 MV - A,
FEMERERE Ey = 1.0 MW -h, LR RVFIEH Y 0.95 ~
1.05 p.u., RN AUCABIR A LSRR PCC 5 £,
42 HESH

H P91 0 42 3] i VR s A AR Ta] B Ae, HUR 30
min, FMEHEA 1 b, EHIHESEF e, IR
KB F— KA, 24 h N GAR %K H A4 e 19 JE 30
O 2R 2 an B S R A3 TR,

421 ARG TG AL

TERE 2 AN IR SR B AR SO T A R

a. Yt 1. B 11:00 —14:00, 64K 77 4%
K AL T BRIRAS . XHZ 20 6K g T
) iy £ it o — > BE ML 3l , Pt 3 e s B A o 0 AL
1 10 % , H LABSE AR S b 0% 50

b. 5 2. BB 19:00—22:00, 64K F10 0, 111
ffar b FUERPIRA . A TAEL BV 78 HL A K 1) £ oy
W Bl Xz st B iy £ iy U i £ 0t o — A~ BEDLAE 20
sl KR R FE R 7%

e Lk 2 g X R Gk AAS TR B 45 ) O
ST E L AN I AT ART 4 5 U 0 55 — B Be iy
MPC; i sl , 5 H2HKA 5 min, B H
K 1R N 25 B HL R O L BR A A
%2 3% 2 A 34 TR AR LS
I, RIS 2 AN o R 5 e R [l O /Y
FEHIROR 13X 2 N s AEAS R i 5 56T 1A e il
LRI 2 B, iR Vg Vo, 43 5 19 ik 25 .34
HLE, J5 SR (R s 248, J5 ) o

1.15
LIoE A
T MPARAA
1.00
0.95

11:00 11:30 12:00 12:30 13:00 13:30 14:00
s} 1]
(a) Y5t 1 s 25 fLIE

1.05
1.00
N A,
095 N WA N AR
0.90 A VA T L y
19:00 19:30 20:00 20:30 21:00 21:30 22:00
At ZI

(b) i 2 i s 34 IR
------ Fofel, --- 1 MPC
— Pl BedE
B2 AHREAEEH TR TRRERZE
Fig.2 Voltage curves of two nodes under different
control schemes

Hi & 2 AT U AN AT Ae] 2 6 B, 59 550 25

134 [ L AR A I B P R 0 s 38 #40 Ak T e R
ARZS, HLPE S8 i MPC 5, H s B PR 3
K AEAETB A BT AT SR BB, D I A TH 88050 25 1 it
TNPME S SIS, 55 A T % A s 3010 4 5 7E ST
JEFEIN, B shie/N,

Y 1w, REATE 11:30, &40 1 24k RE BT iy
WA TCIh I RN E] 0, 2R 5 FF 4R H IR AT 3
Ui e 3 fras, Hor ifEE R 4 BS25 TR R
Bk, XEFHTE 11:00—14:00 $E], Y6k 1
MR, M2 S R T, G SR R R B R
B, Hrp, W25 Rl L, 78 12:30 £4,
BS25 B FCHLUIRIAE Fe K, 12:40 24 RN 0, H:
fap HEUCIRAS TR B 5 SAEL, 15 45, 25 HL AT SRR B
IR HE e PR I 16 £ BS28 FFHA T, B 2 19 45 25
F R R 3 I T

11:30  12:00  12:30  13:00  13:30
A1
— BSI11, ---- BS25, --- BS28, - BS33
B3 =1 AEBEREHEINE

Fig.3 Active power of each energy storage system in Scenario 1

Yis 2 0, 19:30 2o a4 3 A AR RE S T
8 TC Zh B 283 B e KA, SR I 4 1] | 199 1 A7 2
i A 4 R, Horr BS33 i R R R, X
JEHTAE 19:00—22:00 A[E], YAk H T30 0, FIZ& Y
FEUHL T AT, SC B 5 ol AR T BRAE, Horp, 39 AR
34 U R AR, 7 20:45 7247, BS33 ML TR [
0, faf HURAS IS B AR, 1579 50 34 AUIRAIRT T
PR, AR 1 5 DX 1~ 6 4 BS28 (] HL I L, T %2 19 L
34 B ETHEIERERIN

200

—
W
(=]

—————

IR KW
g

0 3 LN L\
19:30  20:00  20:30  21:00
A%
—BSI1, ---- BS25,--- BS28, --BS33
B4 22 hEBRERENEINER

Fig.4 Active power of each energy storage system in Scenario 2
422 B AEHZERIH

R AR SCHR H B P B il O vk X R GE kAT H
WHLEAE ], H NS FEN 1217 kW -h, B 5
PG A OCEE T SRR, 18] 6 S &t e RS far
RUIRASINZR 18] 5 ], P B A2 il 5K i RE A 1l O 5

21:30



[20) & 0 8 % w it %

%39%

T RUHLRAE 24 h N AR T 2R AR IE RN

1.05

-EJ !
2 1.00
"
0.95 1 1 1 J
00:00 06:00 12:00 18:00 24:00
A2
— Vs — Vasy == Vgy === Vs
BS5 XETomEHE
Fig.5 Voltage curves of critical nodes
1.0
0.8
8 0.6
2 /.
0.4 A
0_2 1 L I J
00:00 06:00 12:00 18:00 24:00
It %1

—BSI1,---- BS25, --- BS28, - BS33
6 HfEERFEMTRIRSHE
Fig.6 SOC curves of each energy storage system
TeGE R R 7 2 TR H N8 HAE R 1 319
kW -h, i TR B, X2 T OCHE T R
PR B, 5 FR 4B I A9 DESS #E47 JC T AME FA )
A T 2 b A I Bl , TR T A D
FEo PR BCAE il AL G R 125 A5 21 1) OLTC Al
CB WIMRALREE (AN 7 Pz o HLAE 7 (a) ((b) AT

14
| 1° %
El T g
@) r——— 2 <
= I =
— [ m
S} ; ! 118

1 N N 0

00:00 06:00 12:00 18:00 24:00

At ZI
(a) Wil Bzl

= i =
% i g
13) I 2
& 1D =
= (R m
O 4t Lo ! @)

L H i il o

00:00 06:00 12:00 18:00 24:00

%1
(b) fEgeE R
— - OLIC,--- VRI, - VR2
--- CBl, — CB2

B 7 ApEBIEREMERREEN

OLTC 1 CB #7Ef&

Fig.7 Setting values of OLTCs and CBs for two-stage control

and traditional voltage control methods

PIfSHL, OLTC A1 CB 7EAL L 45 il i v () 98 35 I BOR
TR B H, L& VR2,2 Fh¥E il 5 g rh OLTC
M CB WBIPEUCE AT N 1 s, Ml , W
B il vE AT LUARIET p5 B He SE B SRR 78 1E 3
FElIN , B A] /b OLTC 1 CB ShAEURER, 1K H A1

F 1 2 PR OLTC #1 CB MIBh1ER B LL &

Table 1 Action times comparison of OLTCs and
CBs between two control strategies

< SEREL
Fe e OLTC  VR1 VR2 CB1 CB2
PR B B s il 11 14 17 7 9
fEGER Rk 15 20 28 9 13
5 it

BTN ADN H i A a) M K RES | 485k G (4
EV) 7 8 (1 FL A0 B30 2 4 [, AR SCH T DESS
2 598 s 4 0 [y B R, s B 42 S SR 5 — B B
AN [E] Y SN = WA B R IRY WA e il I N A S N g
A OLTC #1 CB,DESS {UH T4 U P, A2 I
SHR BB A L R 24 R B/ R B AR R,
SR FH Z B A0 2 i RIOCR il 5 — Be s i A A — By
Bt ] RUBE 9 () SEER 43 A X4 4, LA DESS Ry 4 il
WA RGP T RE e A PRI RE R 45, il ad T
Ty il FAT T e 5 r 4 il el DG BT o P PR S 4
FEIEF BB,

WX B B R IGAR & H  DESS | FREE B fiur
EV & IEEE 34 75 55 85 6905 B, 5000F 17 BT ok
WS P L P A R AR 5 SR R B 3 AN [ B
[ FLJEE 11 4 B B W] B A G R i £ 5 R T )
DESS [P, 768 £ 2 G L R A 1E 5 1 LN 9 )
BF, 8 R T SR A R B B, T EL e A
DESS )%y H 8 1% 52 BT o, s (g b e | 3 e 45 1l
B RME FEE b il /D T GV R 5 A A VT IR

AT Hh 0 4 1l SR % A 25 1 DESS 2 5
W H 5 A B 52 | 5 22 A WF ST % BB DESS F A
B 45 ) S DESS 5 HAL AT %2 DG Y Bl I8 2
il AW

P s JL AR B 25 3% (http : // www.epae.cn) .
S LHK .

[ 1] AYMAN B,SALAMA M M A. Management scheme for increasing
the connectivity of small-scale renewable DG [ J]. IEEE Transac-
tions on Sustainable Energy,2014,27(1) ;1-8.

[ 2] MR, SKREBZE e mfg. F-hc iy R H 57 T JC D IR Aa i ik
W, BT RG A EE,2016,40(1) :143-151.
CHEN Xu,ZHANG Yongjun, HUANG Xiangmin. Review of reac-
tive power and voltage control method in the background of active
distribution network [ J ]. Automation of Electric Power Systems,
2016,40( 1) :143-151.

[ 3] W25 Bk, T, 55, MR BORTE f 07 R G0 P i B BDIR



%58

SRITAR, 55 23 Aa 2K R 2R 0 S5 18 1 94 2 ) I ok 190 19 B X ol P M ol SR g 9

ST [1]. T EA I ,2014,47(3) 1 1-5.
YE Jilei, XUE Jinhua, WANG Wei,et al. Application of energy sto-
rage technology and its prospect in power system[ J]. Electric Po-
wer,2014,47(3) :1-5.
[ 4] FJEH, 3PSk, INEA, 55 % R S AT A i —
JEgEMIL)]. BT RGEA 311K, 2015,39(2) :53-59.
WANG Xuran, GUO Qinglai, SUN Hongbin, et al. Secondary voltage
control considering rapid dynamic reactive power compensation[ ] ].
Automation of Electric Power Systems,2015,39(2) :53-59.
[ 5] F¥, mooiE. BT RERG T & ) 8otk 23 A 20 i S v 1
TCHALI]. B4R ,2014,38(4) :1032-1037.
WANG chun,GAO Yuanhai. Probability statistics based reactive po-
wer optimization of distribution network containing intermittent dis-
tributed generations[ J]. Power System Technology,2014,38(4) :
1032-1037.
FERRAE, R VAR, 5 TR R BN B 3= Sl 1C e R H s B 9 4 o
[1]. " H7,2016,49(12) :58-64.
ZHUANG Huimin,ZHANG Jianglin. Coordinated voltage control
based on model prediction in active distribution networks[ J]. Elec-
tric Power,2016,49(12) .58-64.
SHEMSEDIN N S,PEIYUAN C W. On coordinated control of OLTC

and reactive power compensation for voltage regulation in distribu-

[6

[—

—
~
[

tion systems with wind power[ J]. IEEE Transactions on Power Sys-
tems,2016,31(5) :4026-4035.

KASHEM M,MICHAEL N,GERARD L. A coordinated voltage con-
trol approach for coordination of OLTC, voltage regulator,and DG to

—
oo
[

regulate voltage in a distribution feeder[ J]. IEEE Transactions on
Industry Applications,2015,51(2) :1239-1248.

[ 9 ] JOHANNA B,RITWIK M. Integration of distributed generation in the
volt/var management system for active distribution networks [ J].
IEEE Transactions on Smart Grid,2015,6(2) :576-586.

[10] #75, WISE, R0, 2. LSl 10 =R i 00 Al B A aE 478
JrE[1]. W Ak #,2017,37(1) :35-40.

DONG Lei,MING Jie,PU Tianjiao, et al. Three-phase voltage opti-
mization and correction of active distribution network [ J]. Electric
Power Automation Equipment,2017,37(1) :35-40.

[11] Bakis  ARMd, XT3 45, JE T 2R ae i) & e sl i T T

PO F) R s A PE TR IR AR ()], WO A 3 kB 4%, 2013, 33
(11):32-37.
YANG Zhichun,LE Jian,LIU Kaipei,et al. Coordinative voltage sta-
bility control based on multi-agent theory for distribution network
with VPP [ J]. Electric Power Automation Equipment, 2013, 33
(11):32-37.

(12] FEERM, Wil E3hmCr R PR B (b i BERCRL [ 7] PRS2
KA, 2015,50(5) :928-934.

ZHUANG Huimin, XIAO Jian. A two-stage optimal schedule model
for the active distribution network [ J]. Journal of Southwest Jiao-
tong University,2015,50(5) :928-934.

[13] SAM W,CARLOS G,JOHAN D. Combined central and local active
and reactive power control of PV inverters[ J]. IEEE Transactions
on Sustainable Energy,2016,5(3) :776-784.

[14] MOEIN M,HASSAN F,ALI P,et al. A novel volt-var optimization
engine for smart distribution networks utilizing vehicle to grid dis-
patch[ J ]. Electrical Power and Energy Systems, 2016, 74 238-
251.

(15] JR8E 005, 3, 55, 56T L 8l 1R 42 Jo D42 1) IC Ha, 169 e s 3]
g [)]. ARG A BN, 2017,41(10) :72-81.

SU Li,HU Yong, WANG Wei, et al. Voltage regulation strategy for

distribution network based on reactive power compensation of

electric vehicles[ J]. Automation of Electric Power Systems,2017,
41(10) .72-81.

ALAM M J E,MUTTAQI K M,SUTANTO D. Distributed energy sto-
rage for mitigation of voltage-rise impact caused by rooftop solar PV
[ C]//2012 IEEE Power Energy Society General Meeting. San Die-
g0,CA,USA:[s.n.],2012:1-8.

[17] MOKHTARI G,NOURBAKHSH G,GHOSH A. Centralized optimal

control of energy storage units for voltage and loading management

(16

—

in distribution networks[ J]. IEEE Transactions on Power Systems,,
2013,28(4) :4812-4820.

[18] LIU Xiaohu, AICHHORN A,LIU Liming,et al. Coordinated control
of distributed energy storage system with tap changer transformers
for voltage rise mitigation under high photovoltaic penetration[ J].
TIEEE Transactions on Smart Grid,2012,3(2) :897-906.

[19] WANG P,LIANG D H, YI J, et al. Integrating electrical energy
storage into coordinated voltage control schemes for distribution net-
works[ J]. IEEE Transactions on Smart Grid,2014,5(2):1018-
1032.

[20] GHASSEM M,GHAVAMEDDIN N, ARINDAM G. Smart coordination
of Energy Storage Units(ESUs) for voltage and loading management in
distribution networks [ J . IEEE Transactions on Power Systems,
2013,28(4) :4812-4820.

[21] Z=M8, skPRes TERUR, 55, TR F0M (4 434 2 i R Bl 42

HLI]. AT RGEA SN, 2010,34(11) :8-12.

LI Peng,ZHANG Baohui, WANG Chenggen, et al. The model pre-

diction based distributed coordinated voltage control [ J]. Automa-

tion of Electric Power Systems,2010,34(11) .8-12.

PAID T IE I i o I S R X AR S R L DAY A R

LBl R L L) ], B RS A Bk, 2015,39(19)

40-47.

LIU Bin, LIU Feng, MEI Shengwei, et al. Optimal power flow in ac-

[22

[

tive distribution networks with on-load tap changer based on second-
order cone programming[ J]. Automation of Electric Power Systems,
2015,39(19) :40-47.

(23] AP X, BRSO, 55, 2 Sle v I v o, Tl ik i R e AL

FERCHRIENE[T]. RS A B11E,2016,40(20) :47-54.
ZHU Zefeng,ZHAO Jinquan, WEI Wenhui, et al. Optimal charging
and discharging scheme of battery energy storage system in active
distribution network [ J]. Automation of Electric Power Systems,
2016,40(20) :47-54.

[24] ZKARIM H Y. A new method for online sensitivity-based distribu-
ted voltage control and short circuit analysis of unbalanced distribu-
tion feeders| J |. IEEE Transactions on Smart Grid,2015,6(3) :
1253-1260.

EEEIT:

KITAR (1976 —) , B, W@ R ARA, &)
AR AR A, LB 6 AR
REH A& £ 3B WP ey F (E-mail;
zhangjianglin@cuit.edu.cn) ;

EBA (1976 —), %, ¥ EraA,
+ @A, ERAT R ) A A A B R AR
32475 424) ( E-mail ; zhmeyj@163.com) ;

X8 B (1963—) , B, W RARA, #Hit LR A F
LR, R AT QA B MR BT AL AT
(E-mail : liujy@scu.edu.cn)

(F#% 29 T continued on page 29)

[ 278



[20] DAS D. Reconfiguration of distribution system using fuzzy multi-ob-

&5 FEE 45 T 2 AR AR A0 TG 0 P 1 B S D
R E (1979—) , 4, 7~ Rk A, ﬁf
i TfH: I RHRFT G AE N RGBS

@ %] (E-mail ; linlx@scut.edu.cn) ;

S & R(1970—), %k, i#]it#ﬁi/\ %

“ ML EBFR AR RGBS

424 ( E-mail ; lguan@scut.edu.cn) ;

network’s ability of accepting DG[ J]. Power System Technology, FEM Mg (1995 —), B, )~ & " M AL #
2016,40(5) :1431-1436. . . N . : .
THRAE,ZEHTFT @AY S ZRIEATF AR (E-mail;

jective approach [ J ]. International Journal of Electrical Power &
Energy Systems,2006,28(5) :331-338.

(217 Gyl skl £, 45, 3 DG HEZA e 77 (¥ e L W 3 25
HHTTE ()], B ,2016,40(5) : 1431-1436.
YI Haichuan,ZHANG Bide, WANG Haiying, et al. Distribution net-

work dynamic reconfiguration method for improving distribution

EEG 2110524578@qq.com) ;
FEHE(1994—) , B A B M A LR A, £ B 5 FHEM(1994—) %, )" R MARE LA, TRHT
%5 6 A 8 ) & %iB 47 Ao 4L %) (E-mail .867245716@qq.com) ; G 61K ) & G547 F2HL%) (E-mail :515111198@qq.com) .

Service restoration strategy of active distribution network based on multi-agent technology
DONG Zhihui,LIN Lingxue , GUAN Lin, CHEN Heng’an, LIANG Qianyi
(School of Electric Power,South China University of Technology , Guangzhou 510641, China)

Abstract: Aiming at the fast service restoration requirement of active distribution network after fault,a self-healing
service restoration system based on multi-agent technology is proposed. A hierarchical coordinated restoration mode
is adopted in the system,and the regional service restoration process is initiated by the region agent of lower layer,
while the conflict between the region agents is coordinated by the feeder agent of upper layer. The power balance and
transfer capacity margin indexes are proposed,on this basis,the non-fault outage feeder is decomposed into several
independent zones after the fault of distribution network is isolated ,the self-healing system can restore service of outa-
ge zone through microgrid aggregation,and utilize tie switch to transfer load of island zone,by which the service res-
toration can be comprehensively obtained. The voltage and current constraints of feeder are considered in the service
restoration process to ensure the secure and stable system operation after fault restoration. A four-feeder distribution
system with distributed generators is built in software of DIgSILENT ,and the simulative results verify the feasibility
and effectiveness of the proposed strategy.

Key words : service restoration ;multi-agent system ;active distribution network ;power balance ;transfer capacity margin
T
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Two-stage coordinated voltage control scheme of active distribution network

with voltage support of distributed energy storage system
ZHANG Jianglin'?* ,ZHUANG Huimin®,LIU Junyong', GAO Hongjun',ZHANG Li* ,XIA Yuhang*
(1. College of Electrical Engineering and Information Technology , Sichuan University , Chengdu 610065, China;
2. School of Control Engineering, Chengdu University of Information Technology , Chengdu 610225, China;
3. Skill Training Center of State Grid Sichuan Electric Power Company , Chengdu 610072, China;

4. Chengdu Power Supply Company of State Grid Sichuan Electric Power Company , Chengdu 610041, China)
Abstract ;: Aiming at the voltage problem of ADN( Active Distribution Network ) ,a coordinated control method of tra-
ditional voltage regulation devices and DESS( Distributed Energy Storage System) based on two-stage operation opti-
mization is proposed. The first stage is model predictive control,which uses a long time interval to regulate the net-
work node voltage , takes traditional voltage regulation devices as the control objects, and an optimization model is
built with the minimum power loss as its objective and solved by cone optimization algorithm with high efficiency.
The second stage is voltage sensitivity based decentralized DESS control responsible for controlling critical node vol-
tage with frequent fluctuation, which includes reactive power control and active power charging/discharging control,
and coordinates with the central controller to control other critical nodes besides local control. The case analysis of
modified TEEE 34-bus system shows that the proposed method can effectively restrain frequent voltage fluctuation of
critical nodes , prohibit network voltage violate the limit,and relieve the voltage regulation stress of traditional voltage
regulation devices.

Key words: ADN ; DESS ; two-phase optimization ;cone optimization algorithm ;decentralized control
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Table A1 Main parameters of ESS

ESS Boene/ KUIhERE BUEiEREE/ fikfEE
(kVeA) R /kvar (kw+h) YIME/%
BS11 150 45 800 40
BS25 200 60 1000 30
BS28 150 45 800 25

BS33 200 60 1000 30
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