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Self-Healing Strategy of Smart Grid Based on Voltage Automatic Control
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ABSTRACT: Self-healing ability is an important characteristics
and sign of smart grid, and voltage and reactive power control is
one of main self-healing function of smart grid. When operating
condition of power grid changes, it is necessary to implement the
security and self-healing of grid voltage by new voltage control
strategy that is matching with current operation mode. Based on
existing reactive power optimization algorithm, according to
voltage sensitivity the voltage variations at nodes is obtained, and
taking the minimum variance between nodal voltages and
voltage expectation values as objective function the action
sequence of control devices is solved by dynamic programming.
Simulation results of IEEE 30-bus system show that the
proposed method is correct and effective, by which not only the
smooth transition of voltage during self-healing process can be
implemented, but also a wider voltage stability margin can be

ensured.

KEY WORDS: seclf-healing strategy; automatic voltage

control; voltage sensitivity; dynamic programming

WE: BN ERERMOESHMEMRE, MEESE
DiEHREREMEIEEANEL— HRENETTREE
TLr], RES HANE T 08 R A9 8 B E =5 SRRk
THENBEENREEE. EEENETRLFEZEML,
RELERYESISTAEETHE UETARESHE
EHRES E8&/MER BIRE 8, KA SRR E RS
HE B IEIAR, MMISE|RE B SEHI3RE. 1EEE-30
TRAGRBISTERRYR, FRAZEMEY, TEEH
SCER A R 7E L P B A AR P O AR A IR, T ELARGE ARG
BERE.

XA BAEKE; BEAEYN; BERYE; HEM
i

E&WE: EREANFEETE51107140):; FREBRERRHF
A% BE TS EEN(09QG06).

Project Supported by National Natural Science Foundation of China
(NSFC)(51107140); Project Supported by the Fundamental Research Funds
for the Central Universities (09QG06).

0 s51&

BN RE RN ETHENES, ah
BRI MEE S 1HR T a7 SrT N fn L
Hilk, EREER TEEBHAITHEERN . BEFnik
g, UREBVWALTFM, &ARERE L HMES
SEXNRFHEN, FREBELERERET" .
R ESERTRM%CREETBES . BaE
B RRIESSH). WEEE, UREIRE SR
HEREEY. BESEEHELSHEENAR
ez —, HAEmmERERTRhRR A

. ATRR R M AT ME R I h 2 R
JGF)SEHE, 78 B R5 L4251 5T 52 o o I B P I e
PRiERY, MEAHTROBRERD, RBERKH
ek,

BEE FTEEE R RETSIN, RMEETILRTE
A#EZ, FRNKBETERHERELSH AR
MAEEBZE SR, YEMETIRELET
1, BESYANETARIEER A B ESEIE
R ERNEENTLEA". TH6)IRESRN
RGRIEMIZ, BREES BSR4 R A EHRY)
AT EESELAS 2 ANFiomE, REERYIBE
. BETSELMER. XEHM7EREERRS
5B, BRARTESMELNEN, FEREBREIHMN
FPRUEEHBELHREE, BTSRRI NE
BB/ NOIREAE, ER YIS TEH mFR—
B, ZE4Z ) 5T 32 1R AT 4E B 3 BRI I B PR A 1
M. SCHR[S1IZIL T LUEHI 32 P AR SP R ER B
R Eh R A BRI B IR R (AR R, A
A SIS H B R e E T, AXNFHLEE
EHPRSAGIRS, BZERARANRERLERE
HERAREN, TEARIEMATHaE.



28 FARIRE. BT B[E 8 EH RS kR M E B

Vol. 36 No. 6

EAMNENRAEZKE “DESX. BT
& BETAMREN, B SEEEMEREE.
BEEEFRSMIELMATAEIIREE, KUATRE
iR BEAHRERS. EXSEFAXED
RPJOMBERRYIESEF I MHEMULE
iR, BROFEBEEINMAE R FHBEZHIR
EHIEIRRERT B ERFNEY, MASIREIEHIE
#FHFEMFEESFERAMRERS), EEH
EERER. AXECHHLIMICEZRT
£ REFEERYERISIVRREEZNLE, DX
TRBRESREMEEFZNE/NMEIEN BIRE
8, FRFEIREK R B EI=FREFHRMENIE
IGrF, MmiSEBEBFHEH R . ZREESRE
EERM B &I ERREB TR, FREMRIER
REBERERE, RS T4 B EBRMN
RGHRF -

1 HBEBDEGRE

11 BERWE

HERBELLPRAFEAER, AREREET
ES5BEEENXR. RYEMTCETERESR, 5T
X, REAEPRAENEM 4L E0FIMTE
BNAl, GRS REREA ISR TIozrEA .
HEEHPEEFATEEBIEEE. BRE.
TEETIDHWEERFEFEARANT, BiKHE
SR cEk[12].

S, =Av/Av, =-B'B, (1)
S, =Av, /Ai, =B )
_1, B0y,
&=AmmN%=BH§;h ®3)
AN S, S, S, ARAT S BETKZEHRE

E. BEABENEANRR., EESRTHOREE
A ATIRBREEEE: Av, ARBHIKERETL
£ ANl HEBBIEALIIERELSE: (M), AE
[E28 p HERUER: B ASPEENn xn EF
¥EME. B, ASNEE n xn, EFHERE, n A PQ

was o ongennag O yumEs,

PELWER, ERRS A EATYBERTLE.
1.2 HBEBEH KR
BEZEHEEARNIEIRFE=ERRDY
BEEs. ATEHSBRERK/), BEMEHT
Bohm MMEBE(m ABREERFTENE), EXi

TR BB IR IR BNHERR ¢, -
¢ =[G -Depy + V() =9 + V() =7) ++--+
V(D=7 +-+(V,(m) - V) Vi
i=12,,m j=12,-n @)
Hrh

o =V,(D-9)" + V() -P) +--+ V,(n) -7)’
XP: n AREHEE: v ABEHEE: V() A
TR jEiMEBEEE.

BB ERFZENHBEENERTUES
HREEAEHSERESBEHREED, 53
TEHETFRIENYER, RETARAZHNBERE
WE.

A5 BB shigtR i/ MEAD BFRESE, RD

ming; (5)

YREHH
V(DY) <VMG) (6)
XPV(H . VM) ABIATE jBELE. TR

R EBFREBFYRES, shSMEEK
BRMIEHREEENE | iR BFZSRY
EXAEFMBEEAR, BATEEEITIME
SR HATRFAHITRNE, ARMRLERFEIRR
SHAEIERAEBEZEHTE, REMAPHRE
RMHEEHIFE. BTERXETEE HAOF
BEARAEITE 1k, MILBEZFEERMIDE
IFFREEIRLER—NSREMHATIAENT
2, HEEEEXENEEFOE, BEHFah
SRAERCTERE., HaEE=E.

FT1H: L ABEFEERS, k=12,--m: A
AC ! HWEE, RRE I HRCEHNOEHTE: 5
RRRUBERGERTS: VO hnmE, RTE
MrE iR BIRRE 2 “ A(9)—k 7 Fidt B & R R E:

T EHRFERBRMRR IR
Tab.1 Process of finding optimal control strategy for

dynamic programming
N
Ay {5} i v fi yltA 9 v
m SR
PRS2 £y
B) B v D e
(12) 4 v
A, {13} rgz__z] V«:‘ZZ}

1231 Y V3(3,1_1




30k L6

B MW F AR 29

B P RRE i PERIEFIRFER “ A (9)—k 7 Fi3dRL
RBERNE: A RTEEANE ¢ PMTE
g=125 5

RIIZIMEEFRERG 3N REEHETE,
Bim=3, HEXBRAKEIEDT:

D MACBEEUMMHER, RIBIRYESIE
REZHTEL EDR j FENBEEZEAV()
j=12,n, k=123, BEiditEATM, =H2E
FEEEESENIMERNTUMITELERY
MR, ATLAZEEATT, Bk, AR REEIT
1R, RS TTEERE.

2) MEKBERERSsHE, BA =[{s}],
EBEHIRF “ A(e9)—k 7, WHETR j BREHE
EAV, () FFENFEREEVSY (), RNHHEE
HBREARBOBPAREGE. HETABELSHER
B, MRAEGOHERESY.

3) EXE | MEFITEENTFE, HENE
A, BIA, =[{1}.{2),(3})]. £kE5ARTES
kBT EEE, HRIEFEIF “A(e)—*k 7, tE
VER (), RERTE2 MAETERE Y.

4) LA 2 M ENTFE, FENER A,
R, BIA, =[{L2}.{1.3}.{2.3})], k5 A BhF-ES
kFEEE, BRIEHIRF “ A()—*" &Y
B 2) WAEKEE P ERDRIEFIRF, 3
BiZESIMFEFEN AR, BHHEEERFA
Ve d, LD iR eR .

MFT 1 RETIEH, " 3RS HE IRE A
“2,317, NF 2 £ZE L. Ly

L:s—32—1
L :s—2—3—1

BEL. LNEHRBEV,() - V()

3514

i=12,m;

Vo () =V () - AV () @)
Vi () =V22 () - AV () (8)
BV, . V., REESEEHTHER, NitEs
EREC, - o -
€y =[2:82 + (V)= 7)° + (V) =) 400+

(Ve (m)—v)*1/3 ()]
Crp =[2- ¢ + (Vi (D -7)? +(Vi,(2) -9)* +
ot (Vi () =9)?1/3 (10)
BT
¢ =min(c,,,c;,) (11)

BHep<cy WA
eV =cpr VO =V Ad=1{32)

5) tb¥ic, PERTEMNE, &IMEXNMAYIES
NG B Ay B 40 B T 4 ) SR G
1.3 BAERRPEEEEHE G R &t

A EiRERie, 4l EBEHER, BE
BAD BEEHREP, EHTFEANEIINLSES
R, SERMAEEEHIRE, FEANRZERENMR
EHligE, hATRENEE. REAEHAE
mAZILE 1.

R B ezl

PR TR S A4 R

HPFERE
EME{E=1,2,m

E1 BRRETBREENESARRE
Fig.1 Flow chart of voltage automatic control
scheme in self-healing strategy

2 HEBIFERSH

Rz i B8 [ B shi=Hl SR e R AL 3 IEEE-30 13
REGHITHE, RASHSRITH3], Kok
LSRR BIA14], EHIRERSRULEBES
TEMERR 2.

F2 UEHEHNTRNE
Tab. 2 Control variables’ value after optimization

e gl  PHAHEE e eI HL7 LAY
s (FF41E) el (FRA{E)
1 1 1.1 7 10 0.4
2 2 1.098 4 8 24 0.1
3 5 1.070 4 WS THEEXE TESTH
4 8 1.0824 9 6-9 1.025
5 1 1.027 6 10 6-10 1
" 5 - 1 4-12 0.975
12 2827 0.975

EITZEFATEBUEERs &N BRS
RIS HIREE, IEBERKNEIRR/IE 3 MEFH
KEEFFFR 3, BEHEEV=105.

S e G HI Mg (1-2-3-4-5-6-7-8-9-10-11-12),



30 FARIRE. BT B[E 8 EH RS kR M E B

Vol. 36 No. 6

F 3 OEHIREES BERAIER
Tab.3 Control strategy and voltage fluctuation index

2 R L hiEiE
4-3-8-10-9-7-11-12-5-1-2-6 0.007 1
3-4-8-10-9-7-11-12-5-1-2-6 0.008 7
7-4-9-3-10-12-8-11-5-1-2-6 0.008 8

e ERIRRIEE 2 MRERSHF.

BEBIEAE. BRABTESIEL, BHdiE
RIS R B EER, {84 T EiFithixeA ek,
75 32 5% P Pl LI I B 4 ) R B (1-2-3-4-6-7-8-5-9-
10-11-12) 5 St 5] S BE(4-3-8-10-9-7-11-2-5-
1-2-6)EAT X Eb 47 . B 2 &R 7 BEHLIRFF a9 H)
RETEMEEETHER, BTRERS, R
FIZTH 6-10 EEBRETHIFER. WNE 2 RAfkL
I, BHESEPRLEHSHIT BEIEEHR.
B 3 BRTRARMIEH R BETHER,
MEFRFALES, £HIZEPEEHATHRBE
IR, AMEXMEA, EREVESEZEPEEIR
FIERAE R REERN, HRMNKEIZH KR
HITHEERET, AU RXHIE R &L E.

= 1.1
=
ﬁ 1.06
1.02
HERS
B2 SR 5 RE (1-2-3-4-6-7-8-5-9-10-11-12)
B Y BB R AL 1B R

Fig.2 Voltage fluctuation for control
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