E37EE 124 € 0 8 % kB Vol.37 No.12
2017 & 12 A Electric Power Automation Equipment Dec. 2017
JE T2 RREMR— Sy LI B G R T TR

-

REXL L F
(EBERd@k® FE850 A T8£5K%, EE 200240)

WE. ARFaARg A Xide R T —FEATEHRA KB GES T EEHER A THREIER
TEERFREFE ERHE RAARITRARSBRAFECRE, EEATEENARLE 3T A E
S AN RAEF R -0 R B SR S REAS R e Rk b A A AR F 69 — Bk s A X
W R R T B i RAE T AR 69 B K A R A R AR T 0 — OSBRI R e R AR
% ;i8¢ Lyapunov BB ERIET RAMH AR LK H MR T HRIER TR DT EEZ2HT E2 AL TG

oy B AL A T SBAE I S4B 4 R AR T M) Yok A4 IR E T PTAR R 0R A A ALNE
L, MW, AR TEEN, SEMKAL, BN, HARE

FESES. TM 761;TM 727

0 518§

534 2% L DG (Distributed Generation ) Al H: H.
AT REFBAR 503 | 220 1 0 PR 05 A 2 A5 0 A2 3]
KM WO, SR, 52— AETR R, XU A r Dl
RA& A DG B 1) BRAE A AR P 25 1 ) R Ge ik vy ]
FEPE S E PEFI A RE BT R A OR TR Z PR, DG B A
FH A2 BRI, AR AR R B B R (MG )
1 it A AN [ 28 0 73 A 2XH YR A A RE R
AR HENE DG AT AN (] I ) B AR e
PEATET W 4R s i T R

— M R I AT AR AR RS 1) 2 b
T, IEWBATI, R RS R R DG TAEE R
R GRECRE . T DG FRB/N, REEsh 4
e S E N N S e o - Y 4 AT U RS P GENEDIN
ERWT R, TARER A, BB, DG % U is 1y
P 1) 2 G T 4R IR 2 1 HLBE s DG M RE T
P18 A7 52 BLCH 19 v A T R0 JC D) Bl AR e &R
GEARAS AL AR E S R, DG A IR 42 i 76 ol
NP i e S S [ f -3 D=

R A5 45 4 19 AN TR] Gl e, 0 ) 42 o) 7T 3 S 4 rh X
oA 2 B, FEAR R | o R0 B4 B A
P e AR e A, IO R S R 2 S
AW ST E S X R0 E A R
SiR A MRS 38 15 PP AT A 2R DR B AT R BB S LR
BAT YRR AR R A 3 ) R BIF 5 B B
HER O SRR 2B RE R RS (MAS) ), 1 MAS
R BE M R X R 8 T Ak DR e 1 A Y B AT
W iE B HA.2016-10-27; 18 @ H#3.2017-09 -25
HEETH. BRXARXHAFAELFTHAAB (51577115); BRZ &
A& 3T %3 B (2016YFB091300)
Project supported by the National Natural Science Foundation

of China (51577115) and the National Key Research and
Development Program of China(2016YFB091300)

XEFRIRAD . A

DOI: 10.16081/j.issn.1006-6047.2017.12.021

BRI A AR B e E i A 2 R 1 B aE | Tl
PMESEM R G R EBTIRe, oMk Rg T,
T BB AR (B] A9 15 U8 28 B A Jmy 3B DX 3R AT | A 4
il 22 48 038 A5 1 ZER AN & A DR IE R BB A W) {5 B B
I (R 25 F T Jm 38 1 38 £ ) AN 2 52 ) 3R 496 1) P o
P, RGP R

FERH R /N DG 32 28 o e AR 3 48 T
MR G 0, B S8 & FL AL )
R R PR R EEHH T M A DG Bk
1T, 5530 DG A T A1 TG T Dy 8 1 Bl o 42 ol 4130 SCgk
(41753 0T DG N B4 F 5 46 S 42 il 2 A5 AU 1y It
fili b BFSE TR R R A RO R G MG S
RS 45 L 3R = 3 25 1 A T R I R BORT RE A A R
SRR, BT UL R SCER[9 )BT T H R E
W EE ARG, SR [10-13 10 5l4E it T — R 51
ek S R mda e, SCHR [ 10 ] 5t
fERIEAL T | R B R G AR AL s LT
AR EGEAT BT E AL, B 5 TR AT T
J G 2 RN D) AR O e M R BE | SC
BRI 4 TH R R BT BTk, 5%
g 1 R ) RGERE A BT ik | SCik
(12 745 0 7 3 o B 4% o 3 19 R 2 R R GRS e
IR SCER T G R R M AR R
XA G0 T 45 1 P AR YRR R 2 25 1A T IR
ANGHT . SCHR[13 | 7EMLE Ge etk F Tl 25 i 254 |
HOMA o B IE RS e 2 (A T R g fa e
WA AT T, SCEk[14-15 13 TR TH -
Ty F G PR E 1) SR 5 vk AR AL G T
J2 o) v A AR Al 2 ) (LR 6 B H R Al 22 B IE

TEAES T s hil | BAR DG AT 2R S 1 H
FERICR AT B T BE A (B AfE S HAl DG
MISE RGN B, £ RS B TRemE



% 128

ARG R T 2 RE A — BOPE Y B I 1 3 Y R A S @

PRGN AR 2K N IRAATE R, BT — 4
S ARSCLL DG TH] 1Y Ja) F 38 A5 by BE At £ ] — 2
PEVERI A DG PR G 15, 58 AR GE 4 H b, iR
T o DAL T ae i oA ) o3 BE A R s /003 ) 9
TR g SRR B TP A 0 2% A I I 3 1
OUT B9 TS R A P SR A DG TR
T R P R [ IR DR AR 2R 8 AR R L T R
FETE HARMA, [FW @k W Lyapunov B 42243 #r
R GRSE T 45 SRR WA SO R 45 1 S ms 1 | &
GRS E R

1 RN ERERER
TE 2 W5 2 B LB A A5 00 R A2 48T 4% 34 8

;= wo—m; P;
Uyi=Upi—1,; Q; (1)
U(N‘:O

Hrh o HRGWE U, F1 U, 5518 DG it ik
T E AN ZS 5l L4 P A Q 430 DG it A
DIMTCT Y w0 F1 U, 53908 DG itk Ry 0 1550~
FAT RN R s m A n, 53900 B DI RITCY) T R4,

B 1 g T )X R R AE R, B LPEF
AR R PR o, AR

Pl w. |P - 1 5
s+, T+ s
Ug,1y > P = Uqlat Uyl

5 5 LPF e
—>{ ¢ =gl — Uyl
Uy Uy q=taly /l—u) o, Q_ U
s+, T
+
LPF w U

B 1 4% TEEHIER
Fig.1 Block diagram of traditional droop control
wo F Uy 3530 T 2 1 A 3 0 o, T O 00 €L, 7 A%
G¢ R A O A ME S ARRE TR R
Mg T ISP T S SR 3 e ) Al A Y
Tl Bl 4 o B R A RGEPERE , AT B A
O A 1] SRS R R G 2 A o] ol g AR RS EOR
X ()R,
Q)i:d)oz'—mi]ji:xwi (2)
Uﬁ:UOi—naiOi:xl,fi (3>
FEr c,; T g 70500 38 A T ) — B B0
X2 (2) A1 (3) FRUCGR & 1T 4
X = U 4)
0= Ui (5)
H uge T w23 0 R R TR ) B s gy, 5
(2)—(5) AL [RIAE e 1 e 0 B — [ 3 25 I T A Y
PP Fros R A DG A AT Do)
3 BE T 6 2 2 (6) I i 70 BL R P
mPi=m,P,=+--=m,P, (6)
Horb on MR REARR B, ST IR AL R AR

X (6) B Sk 2 YOR A4 DI AR B il ARy
miPi:xPi (7)
Xpi=Ucpi
H E BRI ATA A PRI we e P ey P15
) i s 20 0B IE o F1 U, AR ZR GER AR
R T TERUE (H

2 BENMTEES

2.1 BEERMRZ

EHIIRS T DG 5 DG Z[E DG 5 sz il
2 (8] B 38 {5 — fieam R AT R Y SRS B IR T
FL P ) 43 1k e A 45 4 o] G ) Rk R, FE TG )
K DG AT B AEE A 55,1 DG Z 4] (14 38 15 2 K
i, A EMNE N E T H 6=(V ,E,A)FN,
Ho v A ES EC(VxV) NI ES A £
IREI R RBHEAE M LA HICER ap 819 50 j AL 8L
WIALE | q;=0 %o 2 DR BRIA TR M B2 H a
FoRERAASGS A GNEERLH, B2,
B aq,=0, FERHE R HHRE T £R N L=-A, 7EH
A ST S R AR T i B A A R AR A5 B )
FonE G MR, ARSCTE IR S0 M b £ 2 i
Bl 2 FiR 45 B R G AT Ul

R, Ly Ly R

11111

B2 FERS

Fig.2 Simulation system

22 BINTHFEG
i T DG WA Ty oy % ® o)
W B A 14 722 A T Bl E
T AN A7 A5 [ 52 59 H befE
Wit i E g 0O
B ASCIEHCRA IS4 B3 TOSNERRS
0 — sz B DG A Th I Fig.3 CoTnmunication system
ESOEar ,ﬁ.ﬁi ﬁniﬁ(S)ﬁﬁ without leader
N AR HAMOE 3 R

Uepi = Uepoi T Ueppi (8)
uch:—kPl_ Z _(%Ampij')
j=1,j#i

u(‘PBi:i:lz’i:#j La;sign (xp;:) ‘xlﬁ'i |#]
AmP;=mP,(t)-mP;(t—1q)
wpi=xp(E—ta) —xp(t)

x=0

. 1
sient=[_1 <o



(15)) ® 0 8 & iR B

¥£37%

oA wpos I wopp; TR wop Y 2 A A EL ST (4 EB
I sueps EEVEREESRITA DC WA FERS
AN R B TR (mP) FHEF 1w, pg; T ZEAE HZF5 ] H
T A A ke ko A — BRI P I S50, B
kp>0,
453 (7) i A Dyl AL R AT 3RA5 A T 1)
R T YA
m; P(t) =m; P(t—14) 9)

mP(t) =m P (t-1,) (10)

HRGRE BT AT T — B A B 8y
0, B0 DG i DAy W R, SCHR[7-8 14 i i —
By — B0k K 2% i (9) , PRI AR 19 228 1 X 3R 48 i 4%
il 25 R AR E HE R B 2w [W] i FE 45 &R
girp i BB i R R ENE

ARSI Lyapunov B4 125 53 B 2 42 (1) 7 i 52
EME, RIS Lyapunov Bz 16 I B AT LLURIE | 454716
RE T PR V (x) W JE LA 4 /> J T 285K ) 3% 496 i gk
TSE

a. V(0)=0,

b. X x#0 I AF7E V (x)>0,

e Y| x| = B FEV(x)—>x,

d. X THA R x#0,V(x)<0,

Xt 3 (7) A () F i AR G, A SCiE A (11)
JIT 7R 4 RE i PRER

V(x)— pr+721 IZ# [kplaij(AmPi')zj (11)

SR, %ﬁ?u%’?ﬂﬂéT’ﬁ] LN (L)W A 1 3R B i
S EER BTN SR

X (11) RS 1%,

V(x) Explupﬁz z (k“a AmP mP) (12)

i=1j=1,j#

1 it(gmﬁ%“’ﬁ%ﬂﬂﬂv\t(lzﬂ.
V(x)= pr Z [ kpa; AmPy+agsign (xp) [oop: | 1+

; '—1Z#~ (kpay AmPyzp;) (13)
S (1355 547 D 0 55— VS = B4

n

ixﬂ > (kmayAmP;) = Z Z (kpmayAmPyxpy;) (14)

=l j=1,j#i i=1j=1,7#i

B, V (o) AT TRT AR R
V(x) z z [aiijijSign(xl-"ji)‘xfii‘km] (15)

WO T A 1Y x#O,V(x)<o'rEﬁJ‘zj,EﬂEﬁ<8)
Fms i —BUESE T R0 R E 1

TEAL G0 10— By — BCPE B B | 3 A5 SE B ¢, X &R
GRS E HEAF AR R W sg | 0 H & 2 o, 2 %
PR B B 5 R E AR RO A5 XHEL T | R G AR
FE el

23 BY-HETERS

A EZ AT w, B9 E & B E RS
RN 2, TR RS, RGUUR T B bR
S VE W UE M, BN TERR Q ,
SEIBATIRE TS A DG IR \ /
FR#iE MR BT, AR SN
FH 2 AU T 1Y — Bt 52
PR A N,
FEST 3 B FE I @y aEnsSnERE RS
4 /s ’j’}ffﬁﬂﬁﬁiﬂﬂﬁ(l6) Fig.4 Communication network

Fr 7 with virtual leader
Ucwi = Uewaillcwpi T Uewyi (16)
wai= ko 2 Wy
Jj=l.j#i
n
Uopi= 2. [asign (%) ‘iji | Fer]
i=1,i#]

ucwyizkm[—kwl Wi +sign (%) ‘xwLi ‘ haz ]
wi=w,(t) —w;(t—1,)

Wi =w,—w;,

Xeji =X (L= 1q) =% (1)

XoLi = XoL = Xoi

Horp AR L R S B AR R4S T LU R
PR | oo Moy T Uy 26 78 — EOVE T2 0 0 14 3
A4 il 43| HG R s R 4 VR S R(8)
L, 5 = F L T DG A2 R i 0L 4
ST 3k oy oo I by R —BOE IR P A 4 1) S5
H ky>0,kp>0, ESRPEE P T R4S Py
R AR AR T 1 A R AT 220 R L 4 S
DG [H] (1) 38 {5 4T 1]
KU TA DR, —BESUE R T W
S N
w;(1)=w;(1—t4)=wy (17)
w;(1)=w,(t-19)=0 (18)
L (17) R R RET 4 DG B i E A9 45
RN RGEHVHUE IR wy, BRG0P H 1 H AR
[ B % 5 20 (19) Ui B9 g i BR AU BT R e
FaE M,
. |
O )
Z (kukop0i) (19)

m“c(m)k?p [F) #0 F =X (12)—(14) 19 53 B
pR AT

V(x):_;zl1

Z (kwl(lijwzz'j> +
J#*

Z [aij sign( %) ‘ Xoji| "] +
1j#

j
w2 [E &gn<-x@»\-—%;ihﬂ] (20)
Hr s Xoi = Xosi — Xolo

Zx I, A (19) Frs (9 i it pR A0 2 H Lyapunov



% 128

ARG R T 2 RE A — BOPE Y B I 1 3 Y R A S @

ELETE ST R GU AR e Ve P A 2R R AE =X
(16) Fr s i — B SUE I T, R W bR e 1y
g5 2 (2) M (4) 19 2 B0 5 B A AT 545 2
wo;:jﬂ:
Wo; = J (miPi+ J Ueidl )dt+w0io (21)
HP oo N wo IRIIRAE, g 32 e S S i | T
N RGN DL,
iy 2.2 WA YRS QD T mP
Al (7) A (8) BRAT BRI
m;,Pi: J ucPidt+miPiO (22)

Hep Py MBI F T8 P IR, BT

il B H AR RS p o E e 8, R P, T &R 0,
R Bk A 20 (21) M1 (22) AT AR A543 R 1Y F 3 N

TR A RIHEE A S TR

m
[T M . ,
o P =Ualat Uyl
Uy Uy™
8
w;,—>
) .
x 12 (16)
. s s
) . T +
m;P—> xip |1 |mP W
. X (®) -
m; B> 2

B 5 MEBAENTERFER
Fig.5 Block diagram of adaptive frequency droop control

24 EY-BETEZES

TEAR G T T 45 v ) dy T 24 R BEL R 2% 5 5 R
JERIATR, DG B TC I D3N R E KR, AT
FEGE I A &R G DGR AR R
TERUE(E, T A B 2 BEOL B f HL RE Bl o, TR0E
HLE E AN D0 T, L Y SE R T 2 5 1 2R 8L T
WA FT A (16) BT 7R 9 — BbE B iR A | X
(16) PR () H HL R (U) B BT

LTI AR, T (23) s B IS -
B & R T ] PR RIAE A 6 s

U= J ( J Uoidt )dt+UOi0 (23)

Herf Uno A Uy BIRIERTEL, PRS2 2 | W] 3
NHERE,

Uy—] i ‘ U, U,
x— o 11 USRI (16)| 750 °+ o
Upres=> ) s + u +T
Q . Q Uw
Ty

6 BIEBEN TEZHIER
Fig.6 Block diagram of adaptive voltage droop control
2.5 #MEhTRIEHEE
T8 SEBR R 0 e 2 25 b SR A A% i Kl RS
JE N0 A5 R R IR B T RE L MR DG R 5 A BT,
ERAENE  LUSA I 1 4 o3 b 25 &0 3l i 4

BEE,

UE 5, A 8., 4 B FR A ek 52 ) AR IR j 10
R SR A S T R (16) BT i — Bk
IR BRI B

w=w,(t) - [ w(t—t4) +6,,] (24)

X i = %0 (£ —1a) +0,0j = %0 (1) (25)
RGP O .

w;(t) =w;j(t—1t,) +6.,;=wy (26)

Wi (1) =2,;(t—14) +6,,,=0 (27)

2 (26) 1 (27) AT 1, B IR T, DG, LA #)
TR MBRIEFT , HVE e TR § 0l bR HA R 2
B2 L SR B | AT B R

R s @, f 5, 108
w; Pl e TAVRE TT 2858 (20) 7 2% RO 65 5 | B 7 38 135 #
ST, RGN R R 1

3 HESH

AR SCR T o M 7 B AR G an P 2 oo, Ho gy
A Al A5 P 25 &l 3 B, FETC I &b R GER
PR A

0 -1 0 -1
-1 0 -1 O
L= (28)
0 -1 0 -1
-1 0 -1 O

TR I TP R 4 AR B S R Bk R
Ro=Rs=R.=02Q,L,=Lo=Ls=Ly=1 mH,Ry.
Rin3=0.23 Q, Ly =Lins=0.318 mH, R};,0=0.35 Q, Lyj0=
1.847 mH; fi# ™ P,=P,=36 kW, (Q,=(,=36 kvar, P;=
45.9 kW ,(Q;=22.8 kvar, I T3 il S 500 & — ot
R SEAT B RECT mpy=mp=0.000094
1 =140:=0.001 3, mps=mp=0.000 125 ,ny3=14,=0.0015 ,
Uy=330 V,w,;=325.3 rad/s; — =R SEP £, =
50,k =0.8 ko3 =800,ky; =150,k = 0.8, kys =3, kp=
500,kp,=0.8, AT EEE T 3 A E A5 A SC
T4 v AT s
3.1 EERMELHNHE

22 W 38 {5 2B B P Bh ) 0 B A SR 7 s
kUt B AR SR SR W 1 A 30 | D 8 45 T A IR S5k
MR MGG T eI 0 AR, R
Ly Fl L, 76 =0 BHEA RS, L, 7 1=2 s WHEA RS,

& 7 (a) () AT 78 5 B AL I 0T AR
SCHRE HE I 9 o SR W T N L T S S8, A
153 RGN BUEAE T AEE] 8 (a) i, R4
T E WIEL T 22 G 0400 G A7 3 7 451 2 (L PR 3T, L7 72
AR TS OL T | RGEMMCR S R AR K2, R
P B 05 ELAE AN 7 () A (d) TR 7E 5 il



@ R %37 %
th U, Bl G 14 A2 A A8 AR R B R (f 1S DG ~ 3267
{3 L HE U 246 55 8 4915 (L 11 A B 8 (b)Y, 4% DG gmi
A v FEL e B 7 fer AR AR T S IR S IR SR AR SR N 3 —
H Y IS R R TR I A TE AR G R S o ° 310 ; 5 s a4
B AR I e 22 oA It H o o s
F P 7 (e) BT 200 76 16 TE 3505 R I 1 TRl B DG (a) J%
(945 S ZRAS BT R 2 (6) I ER . AT LT 8(c) 33
AT DI o T LR R R o A S Sashe |
T 349 4k 35 AR A A, T 05 B b R B 38k R BT T3k 205 , U
R DG b A D24 r BJb . fE HIE RN K I 0 1 3 3 4
el p | ol T o R G R A UE (=2 s I TR (b) DG s FE
~ 326 30 -
z S PO o o j
g 318 =15 e S
< N s 15 f
< 310 ' : : ; 0 .
0 1 2 3 4 1 2 3 4
/s t/s
(a) MR (c) HIYIR
= 335 30
< 330 . s
= 35 < 15 R
S 320 ' =
3 4 0 1 2 3 4
t/s
(d) TR
330 R DC] , - DCz’ _____ DC} , o 1)(;4
< 320 B8 R TELHFELER
= Fig.8 Simulative results with traditional droop control
210 | > 3 A T 1Ly B9 TE D 57006 3 Bl DG, AR, S20 T BT
t/s N - .
At M- A HLZE SR 7 (6 ) TR
(c) DG Fi%) S B ’
B N 30 EEERERFHHE
_ TE MAS H 5 BE AR — 38 o 53 47 1 =X S B A
N3 H ZEWME B H, F % )7 U4 §5 RS485 .CAN Fl
315 Ethernet 55 . 78 LR85 )7 :Urh  RS485 11438 15 i J&

t/s

— DGy, === DGy, === DG, == DG,
B7 BERTEEHFEER

Fig.7 Simulative results with adaptive
droop control

w2, fEH AR MR T , —MBiEH 9600
bit/s B RER . A SO AR AR (8] 75 28 8 1 $icdE
15 DG WA IR S5H I T &R T (mP) S H:
S TCTYR Q i AR K S R B
FHCT AR B R R AL R R R AL
YR 32 (VA TS AT L, fE % R E Tl
15 B PRI (— N 16 7)) BB 4% (8 % >R CRC
W, 16 ) RITEBL T 254 EiR o br |, B ek )
— VK3 {5 WA R N 256 7, 7 2% B R 1 I AR Y
HoAE s | B B A B 1) 4% a1 A5 HE AS R T 512 1
I R 28 e — U B KB 4, =512 %2 /9600 =
0.107(s), 7EE 3 14 Wl f5 Rgerh B HeiAT A 2 4
AH S8 BE A S B0 HCHE S 4 | DRI T B — 2 AR R AH 218
B RE AR S R BCE AT B i R R 0.214 s, TEFE JE
DG J15 3 S5 HAB PR Z 52 i 20 F |, vl s o Al
KlERGETIER R 0.5, FBTEE L, 7 t=10s
BHEA RS, RO F M5 B R 9 Fiw



ARG R T 2 RE A — BOPE Y B I 1 3 Y R A S @

%128

30 o~
S

15 e ~

0

30T S —
T S

ZI5 T |

> - f
0 1 1 1 1 ]
4 8 12 16 20

t/s

—DG,, - DG,, ~= DG, = DGy

B £EREMMBEESR
Fig.9 Simulative results considering time-delay

9 Al H1 7 ¢ 0 10~10.5 s BATE] Tl (s
HEBT 520, DG M AH S8 6 A 1] 205 21 ) {5 8 K fig
T, A (8) A (16) HT AT T 3R 44 i b A% 4 B 4 1
A R R A AR R AT IR A E B X (21) Al
(23) B wy; M Uy, PRFFPEE | B) DG #4550 10 F 1
AR LIS, 2 1>10.5 s BT, DG U E 4B
DG B3 SRR R ) 38 5 BUR X R RS 8
PEAT SN EE B 2.2 i 2.3 1 R tE B el
M AR SO F A T R R RGN R SR AR e
), BNE S B AE J5 | DG HR A AT AR 48 X (8) Fl (16)
AT = (9) . (10)  (17)F1(18) By Hr ml A1,
TE 2ok — B ) S, RGO R 2 21T THE
ORI, B R 2.5 s FIET 2R isfT
RIS, E 9 LRI ASCHRE Y B 38 B B 4% 1
T WA 38 15 A8 5] 1Y) 3R 48 AT AT B I s 8O R
3.3 EEERMKBEBELTHHE

B8 534 2G5 RGP B ZERT 0.5 s, TR FNA
D2 A3 53 3R 8,,=1.25 sin (2% 500¢) Fl 5=
50sin(27tx500¢) . [F] A 2% [ 3E 15 4E B R 3 09 17 5
2K 10 Uros

30 1 e
T T T
Rl e
0
301 e
8 /\Jv—L ,,,,,,,,,,,,,,,,,,,,,,,,,,
S El S —
S L
0 L L L L )
4 8 12 16 20
t/s

—DG,, - DG, == DG;, DG,
B 10 ZRERMLNHESR

Fig.10 Simulative results considering time-delay
and disturbance

P & 10 PN 7 2% e {8 B R[] 22 Bt 3 19 1
BT U RGE R AEER (0~ 10 ) FE 1T, Bl RS
) R RS AN 32 30 15 L AN PR B 2 L 7E 1= 10 s
BF 380 £ o, DG 38 15 2838 (1 I [R] B 9 UL 48 T
AT, SEIRT G AT (0 PR Ml 8 7 B2 B A DG

M SRR SR TS BOA SN R 15 R GRS
WUEM AR M 1247, B TSR | 5
VYT I AL TR I AEASSCRE U 5 BB RTS8 1 i
2974 3 s,

4 ik

e 190 ) A g o ol S r sl 4 o 45 64 £l
I AR 42 ) 22 G Xl A 19 2% f SR | Hoiz sl &
Ger) ] AETERL R, 7R EGE (i R S E LT,
ASCHE T BT MAS —BPE Y B N R S R
SR BT T ] A D SR 3 B B
T H I — VM IE DC WA T Zh | fl HAE TR
MR B4 (AR A B T AU T I — B A
T BT T 2 S N R AU A A L 4 3l 285 i
2 PRAEGE BT | [RIE 7E AR SO R S A T
R GRS E B TS 1 A5 58 4% il v e
A IF 2 R BN FETER R, 7 BLAE R R WIA
ST B 5 W 1 AE 15 2R S8 A2 RE 1k 1A [R] I 8 A 3 2k
ARG HBIR

SE .

(1] Teadter, 303 3 e 0 % = 2l e el Do R A AR TR B 7 0 [T ). B
71 H 8 4% ,2016,36(11) ; 18-26.
XU Yiting,Al Qian. Coordinated optimal dispatch of active
distribution network with microgrids [J]. Electric Power Auto-
mation Equipment,2016,36(11):18-26.
(2] skmei ik b2y R, XOGTI S e W i ki 47 (J]. B
F 3k ,2016,36(3):21-25.
ZHANG Xiaobo,ZHANG Baohui,WU Xiong. Optimal microgrid
operation based on wind/PV power prediction[J]. Electric Power
Automation Equipment,2016,36(3):21-25.
ZEMG SEMG ol 2R R, A A T R T 2 Sl I A 1 e i
[J). W A3k ,2015,35(4):8-16.
LI Peng,DOU Pengchong,LI Yuwei,et al.
microgrid technology in active distribution network [J]. Electric
Power Automation Equipment,2015,35(4):8-16.
POGAKU N,PRODANOVIC M,GREEN T C. Modeling,analysis
and testing of autonomous operation of an inverter-based
microgrid[J ]. IEEE Transactions on Power Electronics,2007,22
(2):613-625.
[5] GUERRERO J M,MATAS J,CASTILLA M,et al. Wireless-

control strategy for parallel operation of distributed-generation

—
(98]
[

Application  of

~
i

inverters[J ]. IEEE Transactions on Industrial Electronics, 2006,
53(5):1461-1470.

YU Z,Al Q,GONG J,et al. A novel secondary control for
microgrid based on synergetic control of multi-agent system[]].
Energies,2016,9(4) :243.

BRI, 2R 55 b D A 1 3R e i 43 A U A R SR (T .
e 5 0%, 2016,33(8) :999-1006.

CHEN Gang,LlI Zhiyong,ZHAO Zhongyuan. Distributed optimal
droop control in micro-grid systems[J]. Control Theory & App-
lications,2016,33(8) :999-1006.

—
=)}
—

—
~
[



® ® 0 8 & iR B

¥£37%

(8] TR, Ax . HIKH N AGC TR 2l 45 43 e 1) fiE 48 & w55 7%
[ —BEF 1], P E B TR ,2015,35(15) :3750-3759.
ZHANG Xiaoshun, YU Tao. Virtual generation tribe based robust

collaborative consensus algorithm for dynamic generation com-

XIE Lingling,SHI Bin,HUA Guoyu,et al. Parallel operation

technology of distributed generations based on improved droop

control[J ]. Power System Technology,2013,37(4):992-998.
[14] HU J,ZHU J,DORRELL D G,et al. Virtual flux droop method—

mand dispatch optimization of smart grid[J]. Proceedings of the
CSEE,2015,35(15) :3750-3759.
[9] BARKLUND E,POGAKU N,PRODANOVIC M, et al. Energy mana- (15

gement in autonomous microgrid using stability constrained

a new control strategy of inverters in microgrids[J]. IEEE Tran-
sactions on Power Electronics,2014,29(9):4704-4711.
MAJUMDER R,LEDWICH G,GHOSH A,et al. Droop control
of converter-interfaced microsources in rural distributed genera-
tion[J]. IEEE Transactions on Power Delivery,2010,25(4):
2768-2778.

—

droop control of inverters[J]. IEEE Transactions on Power Elec-
tronics, 2008 ,23(5) :2346-2352.
[10] AZADANI E N,HOSSEINIAN S H,DIVSHALI P H,et al. Sta-

[16] LOPEZ-MARTINEZ M,DELVENNE J C,BLONDE V D. Optimal
bility constrained optimal power flow in deregulated power . . L
sampling time for consensus in time-delayed networked systems
sytems[J]. Electric Power Components and Systems,2011,39(8): . o
[J]. IET Control Theory & Applications,2012,6(15):2467-2476.
713-732. P

[11] ROWE C N,SUMMERS T J,BETZ R E,et al. Arctan power-
frequency droop for improved microgrid stability [J]. IEEE fEEE .

Transactions on Power Electronics,2013,28(8):3747-3759.

[12] MAJUMDER R,CHAUDHURI B,GHOSH A, et al. Improvement A E L (1987 —), % , & KT A ,
of stability and load sharing in an autonomous microgrid using o . NFE A X KR A H b B A
supplementary droop control loop[J]. IEEE Transactions on Power T A Ao 2 ) @ 89 FF % T AF (E-mail
Systems,2010,25(2) :796-808. hi 20061304@163

[13] IR B, S 4. AT SO TR A 4 S yuzhiwen20061304@163.com).

BISTTHOR]]. AR 2013,37(4):992-998.

Adaptive droop control strategy for microgrid based on consensus of
multi-agent system
YU Zhiwen, Al Qian
(School of Electronic Information and Electrical Engineering,Shanghai Jiao Tong University ,Shanghai 200240, China)
Abstract ;

microgrid based on the consensus of multi-agent system is proposed. The proposed strategy is designed to

With the distributed communication between agencies,an adaptive droop control strategy for

solve the problems of frequency and voltage deviation,system stability and power allocation accuracy in
traditional droop control. The secondary-order dynamic models of active power allocation,active power-
frequency and reactive power-voltage droop control are proposed based on the traditional droop control.
Considering the time-delay of communication,the leaderless synergetic control is proposed to control the
active power of distributed generations to meet the traditional droop control requirements. Meanwhile,the
synergetic control with a virtual leader is proposed to correct the system frequency and voltage deviations.
Moreover,the direct Lyapunov method is employed to verify the asymptotical stability of the system,and the
influence of communication disturbances on the control result and stability is analyzed. The simulative results
verify the effectiveness of the proposed strategy.

Key words: microgrid; adaptive droop control; multi-agent system; time-delay; asymptotical stability



