F44% 56l
201643 H 16 H

YRR R R

Power System Protection and Control

Vol.44 No.6
Mar. 16, 2016

DOI: 10.7667/PSPC150901

AR EMUEENZ BIirSARAKI TG E

B o, mEE, BuRak’, &ML

(1. B W L& d A8 wabgb b a), B 200072; 2. bikw hFmaf T425%, E#& 200090)

E: OO KPHEES . S I BEHLIEARTARCHE, SRer B R A . WAL I i, W S R Ui A
PLE LT AIRITEIE N T W AL AR T B i R 2 A 20 n] 2R REIER A DUATIC LM 19 22 H A DL BC B AR
FESHRFRIHAISERE b, 3R T 2 X% BRI T5E, A D . ek R,
SR 2 bR St AT 2 R, 1984 pareto cfUAREE, K5 R HIAE TR OB 22 Jm Pt T 10k
WA 2t il . TEEE-33 5 ni e H AR ST LRI S R SR AIE 1R Fr) & BT v A Rk
KRR WAL JeROTEr IRACICE: SR RIsiEs MLa2oR: 2 Hisfife

Multiobjective chance-constrained programming method for wind generations and
photovoltaic allocating
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Abstract: A multi-objective planning scheme based on chance-constrained programming and Monte-Carlo method for
wind generations and photovoltaic allocating is proposed to deal with the randomness and relevance of wind speed, solar
radiation, and load. In the mathematic model, three indexes are introduced to evluate distributed generation profits,
namely cost index, power loss index and voltage deviation index. Monte-Carlo method costs large computation time,
therefore a method of established probability distribution based on multi-interval division is introduced to reduce the
number of sampling. In the process of solving the model, the first multiobjective differential evolution is employed to get
a set of pareto optimal solutions, then fuzzy multi-attribute decision making method based on information entropy is
adopted to select the best compromise solution from the pareto optimal solutions. The case studies are carried out on the
IEEE-33 nodes distribution network, and the results show that the prosed optimal model is rational, and the algorithm is
effective.

Key words: wind generations; photovoltaic; optimal allocating; Monte-Carlo method; chance-constrained programming;

multi-objective optimization

fabs, PEH T BBECL AR AR A . SCRR[5] 25
B EMB R AR, s IAGE
AR AESEIE DG MRCE T 5o R ERXS

515

oA 2 I (Distributed Generation, DG)# A

HLI, S0TCHL B AT A R, BRI S
DG [N A N B U, A DG ik
PC L 1) @A B T T O . SCHR[3TAM B e A
Hir, FIHHE RS2 DG I SRR
o CHR[41FETE S DG & FE A ) 7] s e Jt i HE

HEEWE: L&TH5AHE T B %) (15YF1404600)

SEMMALAL . TR R LA S5 ) RS v #5E1 DG,

& A 7% & 2R J & L4 (Wind  Generations,
WG). YR J7 B (Photovoltaic, PV)&5 H A ANl s P IT)
3 A A ] B A BEYE(Distributed Renewable Resources,
DRR). SCHR[6]EFXT RS P REHLEE, LAE2RG 2 H

BN HBR, B THLSAACRIRY, KA
AR A I B AT TR, AN



236- CE R R R EEL

S PR ] PR BRI () P T R AR ST . X
TA RN A I A 55 A ISF D) R0 Hb ot 1 B AR 5 A H R
PEUL, PRI WG 1 PV 7 BEIBE A AL I B T Be 4l
KFIEFIIMES. SR WTG F PV J7 BEES S AR 8
PEEEYR, I BLXGECRIR BH 8 5 2 (8] 2 A — 2 AR ¢
Y, LEAHRE WG R PV AR AL B B ) FR e ok
S RIAE,  H ETIRAR > DRI 5 T AT

ASCER B ATE K PHERSS s fdar IR BAL I AN
A, SRHE TR WG F1 PV Kk Y,
P SR RIS SE PR IB T 0L, IS B % e T
JAS S BT T, ST T oA T A AR U
DAL E 10 2 H AR L AR . SRR R8T
THEER, A SO a3 T 2 X 1Al 4
TR AT TR, WD T MR IR A SR AR
DRR fUALHC BRI, B 5E R H 2 H btk o di b 5
RIRE— IS 0 AT I Pareto Al fiRsE, Nk
FPRAE T Rk 7 58, BRI 22106 AR
Z R PSR TR AN Hbs, 31T = U .
I Ja X} IBEE-33 15 pi i H R AT BT 5, 4531
BGAUF T AL A B A R A R

1  DRR B+ ERA

1.1 WG
WG it ThEeim i 5 ) . RO LA A &
R HLAL R A 56, AR TSR =)™,
Pw(t)=wakwxpw(t) (1)
X P20 ¢ I ZIR D) R AL R LR s pu(t)
Nt WZIR PR IR, 5 XS, i
SR DL SR8 Nw A R IIHLAN KL kew S KUEAL
2 [A] I 5 R B (hew<1), AR XU HL 37 S e b BV
T E o
1.2 PV
PV 118 H T AN S 22 b f O B 2 S 1 R 3
AR it R 54T 60, B4 PV kiRl
(e o o e ORI B, 1R 2 %5 #R 0 A
WOh 4E e e KA U0, ERE AN & T
PV. XtFHRIEBEAMG PV, Wi FEIOE
KAHUR RS R R . Rk, b TR
NIRRT BERIR IR, ARV WU E A Pk
BRANIEZEH . PV EBRIIRITH AR WX(Q2).
By (1) = Ny xy[H(0)] (2)
L Pev(O)h ¢ % PV IR HLINR; Ney AGIR
AN 0 8 PV IS HOZR WA F KB
SR wORR AR R i, AR A
AUAT LS 2 SCHR[10]

1.3 BEM I EEIUTE

TH T %6 5% B ek £ T LR Weibull bR %k
Dw(v KRR, KBHARS EMR % LT LA Beta bR
B Dpy(h) KK, PRI SR TTTAR R i brids, FH
Dw(v) ® Ppy(h) AR 1a H 3R 7~ IR FN K BH AR S & 7E
B G TR R, R R V2R R R R K
BH 8 S A BUST I A, A 5 T8 B 2 8] [ A
Ktk o SFFRIBHPNE A — AN RS RS EdE TR
EAMPET R, BB S U R I Ay . XUTHCRI R BH 4
SHEZ [MREER, TdERHEI RGBT, (H
RS ER, FENRK. Fk, ACESR R
EHER AL IERE b, S T 2 XK1 A7
ROMKAM T, AR SRR T

1) KA AT 4% A&l o3 = A5 H 2R
K2 IR BRI A KNG A =0
s A ARAS, W3R 1 AERISR A 3x3 AN
BB, AN BE—NMES, I8 Ly n=1,2,++, N,
X N=9, BEANIAIBOR AR S 7,0

2) R4k AT ORRH SRS . KPR
B S B AOGARTT B AR, VAR H AR T M)
[T PN ERS YT b= P A= 2 E AT T o N B RS 1
SR IXE[0, Huwd XK M ANXTE, 5 m ANX[H
EICH by m=1,2, +++, M,

3) K RIH DX [B] [ei, veo Kl A A7 AN X [A],  [R] S
P RIH[0, v [ Fl [Veo, +oo] I K —/NX ], XKL A
W T K AKX, 5k AXEESEN v
k=12,.K.

4) MR X e, gEit AT RBH RS A

WG [8] FRIBER O% A 00
O(lel, heh,,vev)=n,,g=12,,G 3)
G
2.7, =1 4)

K e RO TTAE 1, XIS KPR RAE 2y,
DRI XGEEAE vy XTI N R AR G o RGeis
ITIRERANE, G=NxMxK . lid FkJrik, o
LR EEBATBL R Iz A RS SR 3N XTa], - AR
PN TN VARV

2 DRR L ECERE BIrf S LIRALAEEY

2.1 BREE

X RITHUAEAR T B ) F 00 A4 e 25 ) it
MEETER R T RE R e S LR R A 2 MR K
PEBURATER PR bR A A S F AR A TS5 5 VA
[7 I 2% 8 2 KGR B AT IR LY, DA
E=AMRR A SR LA R, DISASCRCEATT



O S ROGIEA AL E % HERHLA Loy v 237 -
BreF WA JH i H bR R 5 P, =V) VG, cos3, + B, sind,) )
1) A F5 bR /e
AT Faade F PR R T 5 R R GERURAS ) 0, =V,> V(G sing, —B; cosd, ) (10)
befd, e Xan=l(s). e
G 2) DRR 5ok 225745 1 5 R,
Cy +Cpy + . (8760x1, xu, x Py,) Ny
I = - ) 2 U<D (1n
;@7@xnxmxﬂ) 3)DRR f ke s
fEEPPDc,gﬁ%ﬂtﬂ)ﬁﬁg#ﬁ?&?ﬁ@iﬁﬁ%@ﬁ%%i, & P P <p 12
P, A HRIRTEE n RS T (s o e i Th s, Fe Z (P Bt = P (2
1E g IR TR EAN: w, RRLE n IR TR M 4) i AR
s Cws Coy 234 KUK LR A AR T B 1 PAV i SV, <V, b2 By (13)
Bt P RIEAT I, RA R 4 A0 R A 5) 3 i LA
SEAEAE TR VR, BRI 22 CR[12] PAL, <L <L, }>B, (14)

2) MR R

oA AR AR REUR N L M RE S oKk — 4> I
0 IRRE 0 it T 7 P S T Pl B AR SO e
— TR AR, e Xnste).

G

D (8760x1n, x By,)

g=1
I, =

N
> (8760x7,xP,)

n=1

A PLDGg?%%%ijUEE g RETHIMBIE; P,
TR RIRIAE n RS P53 .
3) LR FA PR
A3 A 2T AR BV RE S 043 L A0 A S D
b rf R bR s L7y
G 1 Ny-1 |Vig_V0g|
Iv—;mgm;mV—> (7)

e Ny T REG View Vou ERIRTE g IRES
TR R A R IR wy T AR
K7, FoniZ b gy,

CEL A BRI R IX = S PE R bR,
43 A AT A BEYERNKI e 517 H b pR A

min F'(x) =[1(x), 15 (x), 1, (x)] (®)

X, x AT % AR, FEE=AHER,
TS H S Z MAFEMSE, CIERAIERT B ARE
A A B, PRI e 21— JE S R d(Pareto
fif4). Pareto fiREEIIRF ML, TEMREET, (T—MA
WA DAEAE A H bt T2 By 4
2.2 HREH

P53 A AT FEAE BRSO ) rp, 294
SRR R, AR LS LRI R, R A
F s 240 SRR S % L 240 AR LA 1) 7 AR

D) T R LR

(6)

e Pgv Qg 2079 55 A DHAE Tk N
JEI RN A H A i HAEAER A, A =i
Gy~ By 53 R R AV SR AH B () SRR s 0y
NS i PR AR 22 s U RN AR AL
‘%% DRR, 1 fUR%2ds, 0 REA%S: Dl DRR
RN B Pwiv Povi 23R 50 0 A9 2228
IR R LA A B FOCARTT FE S Porrmax N
DRR f K VLR P 3on {3 S sor
IMEE s Vimaxs Vimin 28004715 50§ IR RVFRL A
AN /N SO AR s Lin Limin A1 Limax 73 900 32146
i R HLRAE B> SR VF HLURAE A5 K SV FLUEL: By
Bu A E N B AR K

3 IREUKAR

3.1 Z BtrfH L E%

EE0F 2 HARLA IR B, ARG T2 A1 AL
T ARSERIE, 2 H bR ) U AR R H R )
AT KA, BAMRKMRRME. T4k, 2 H s
SRR AN TG SR B A HASIIAE, T2 A H
L HF 0 R B — A3 5 Aa 1HES pareto fif
R IRE R O BT R, SErp L R AN
SPEA2 FI NSGA-II. SCHR[1317EMM 7 kA0 S A
fili b, 5IANT NSGA-I I HESHE P, $et T
% H br 1 5> 34k 5 2 (Differential Evolution for
Multiobjective Optimization, DEMO), 1ZH.yEEZ A
DA ) BRI H 3 = P REAL T NSGA-IL. Ptk
ALk DEMO $i%.
3.2 ETEREMEIEMEZ BHRKAE

TESE B PUA L B R, RS T
HA A, B 752\ Pareto S8 ik
AT R . ASSOR ST S0 BRI



_38- CE R R R EEL

BEATHRSR, HAF AR LT
1) Pareto 4R AR B SRHLIG I 25AN JR P Y
(396 7 S U RSOR S J o Bk s, 2 Lt (15)1.

1’ F;‘(x)gF;‘min
F_  —F
Gi(x): lmaX—I(X)’F;'min SF;‘()C)SF;'max (15)
F;‘max _F;'min
0, Fi(x) 2 Fipax

e oi(x) Fix) 73 lZR7s PSR o0 x 55§ etk
St I [t R BE R, #=1,2,0+, Nowjs Nowj 2578 H bz
NG Finax M1 Finin 70 3027350 § A H AR 8 K
{E R IR ME

2) MRS B A E 2 AR I BUE R,
i=1,2, Nopjs - FFUHSE A PRI TC A UM (.
2(x), WHEAXWT:

Noy

z(x) = Zw,o,- (x) (16)

3R z(o)(E, MK EINXT Pareto AT HE
FPREAR, 2B K R e T 2 .

4 BHISH

ASCLL TEEE-33 5 flC L R G8 Wl AT 5,
RSN SCHRI15], A s 1B 0, AR
I 2 R 58 AR T A 4086.5kW AT 2530kvar, #7107
MR 1.05pau., 19 REBUEYERY 0.95~1.05
pows A5 RUBCEARSE, Zi AL LR 0.3KA,
FEL I [ 52 FEL A 0.55 70/KWho JXUTH B0 TR B % St
TR LSO R A LRDGAR Fits i 2 800 WSk
[12], DRR ik fdgns h 1~32, 3L 324,
% K DRR 23 S8 D AN, BN R &
3 2000kW. DRR PRALACE AT, &4 RG M EA N

1222.07 Jiot, FEMEHEY 83.07kW, 24F
HA s O 22 91584 0.031 pouo

FH - IR R A BH 8 St 8 50 328 FH 16 0 o —
M, W SRR RIS RO R, S
FHIREAZLH N 8760 A, A ER K. MAIHA
SCHEH X TR A2 5, 22 RO RS BH S f i
DX [R50 K R M #E Sy 4 0, 5 BV S IREASH A
144 A, PHEE RIS 0 H 24 BERSRER 1) X
UK BH %R S s s A Sy, il 3 4F, R SE
FERVSVE TV IR ARSI H y 26280 4N, T
(1) DR (1R 9275 B B IR A B A SRk 144 4,
B BB HH A ST T ik R DL

Z HFr o B LSO E W R PRI
100, HRIERIRECH 600, ZFFTFH 0.5, A
X0 0.4, BEKF By F LR 0.99, THHAT
ZI1¥ patero fREE AT IHHLWIE 1 Frox. MK 1 hmT
LA H 3 AN HARAAAE BRI KRR . 1L patero fif4E
HIEICL R DU A TR bR AL . IR b AR
W R SRR S AT R AR, 3R 1 o

LR TEAT /p.u.

. - To2s 1.055
0.995

0.965
0.698 0.935 AT /..

1 =/ BHREEAY Pareto FRE N E
Fig. 1 Pareto solutions for 3 multi-objectives

0.748
MR AT /p.u.

x1 TEBHRMEBRLTR
Table 1 Allocating results of different objectives

PRALHC B 5 %

ER 7 - - Ic/p.u. fp.u. Iv/p.u.
GHA ST WG A EAW PV /KW PV fiffi/(°)
\ . 5 750 0
JRA TR AR A 0.9397 0.7813 0.0259
28 1200 0
o 14 450 478 22.53
I 453 F i B S A 1.0517 0.699 3 0.023 4
30 750 322 23.02
o 13 600 272 2731
CENIEisp TS P 1.0306 0.705 5 0.0232
32 750 378 27.56
Hr B AR 14 420 396 24 0.998 4 0.708 8 0.023 3
LI 28 1050 104 25.51 ’ ' ’

MR HTBUE Y, HlAabr i, itk
BeE 7 AT WG, BAT PV, X0t 32410t
R AR LA o, A TEVETT AL T3 1l

R LEA AT S LB E T 5 ISR bR AL &
TIEATLVE W, BRATEAR S SRR U FEARAT
RTINS )5 % =7 75 =4 7/ I U KA = 2L



O,

HOEIERT AL E 192 H AL 20 A0 ik -39 -

FEfabrize . FIHAE BTS20 1) 5 A B PR R4
N ©c=0.402, wp=0316, wy=0.282, FRAR18)A
PAAS BT R B A o 1 R B A A AL & AR L,
SAERAMETET 0.16%, SEMBUISEME TEFT
29.12%, AW ZEEMETET 0.007 7p.u.,
Wi T B TR BOR 22 8 1tk R 5 7 v B A% T e M
WA H AR

BEXFEE 1 AR AR R AR OB BT 5,
J7 % 14 75 5PV B AR, 13RI 5 M BiRbR
R R I 20 MWEIT AT U H, T e 206k
JiBE, PV U R AR A — R B, PR,
TESEBRAUAGEC B I R, R A R R sk AR
FIAZN H bR Eh 24 Re 13 B RS I 45 A .

0.75 T

0.73

FRFEHT /p.u.

0.71

0.69

0 3.0 6.0 90
fsh /()
& 2 PV {fa 5 WIRAY K F Hk
Fig. 2 Relationship between PV angle and power loss

PR TR R TR, R E AT 5
AN 5] B Do 437 S 2R B 3R P Hs 9 B3R AR B 2 70 i) A
K3 MK 4. MEFRTLAEH, DRR #BARM G,
A5 ) 38 0 0 B (R L S 22 ST BB AR
AR o SR T B 7 6, 1 R R s BB A 2%
HEILAETT 28, g R b PRHR

N T WU RN E A AT AL S SR i 5, A
SCFE py A gL BRI, il &N 1. 0.96 Al
0.98, IFHEERIE 2. NRPTLIEH, MEER
KTH R, =AML TR PR e A3 BUA R FE 1
Pemr, Bk, ESChRMRIE AR, R XU A
WS 2 TR R o

300
250k e L || B R

200 || ARG S

150
100
50

g RS

P4 H TR kW

0
FUAE PR ARAS Eg P ARAY s b ARG
I ) B

& 3 RALECERTE & Rt iE B MR EA B A LR
Fig. 3 Comparison of power loss expectations each time

before and after allocating

I
PLLd, 9]
LRRE

P s i 22 31 8 /p .

0
L T 1 S S T 1 1 12
I il B

B 4 RAECERTR & E R B EREREEILR
Fig. 4 Comparison of voltage deviation expectations each time

before and after allocating
F2 FRIEEKEMHBRLER
Table 2 Results of different confidence levels

BRI BB Ic/p.u. Ip/p.u. Ly/p.u.
JRA TR AR A

0.940 7 0.8113 0.026 7

pv=1 B

I 453 F i B S A 1.0702 0.705 8 0.024 1
pr=1

CENIsEisp TS PN 1.064 0 0.7122 0.023 9

JRA TR AR A 0.938 6 0.748 2 0.024 2
Av=0.98 B

I 453 F i B S A 1.050 6 0.698 7 0.0232
£1=0.98 B

CEYIEisp TS TN 1.029 4 0.704 1 0.0229

JRA TR AR A 0.9378 0.730 8 0.0232
Pv=0.96 B

I 453 F i B S A 1.029 8 0.698 2 0.023 0
£1=0.96 B

CEYIEisp TS TN 1.007 7 0.703 4 0.0225

5 g

ASCERR WG APV 5 BEIB 5 0 A e 2 7]
O IEROR. RIS RE, 25 T % H AR
SYORRIEA, W TEEE-33 7 e i Y 44 57451
T, AFRILUT 4R

(1) KH TR WG F1 PV RHIBERL, I
PV i /E b A BAANIZ S, 451 KW], PV fil
FR 7 A R RS

(2) S RIBIRRE N B HURAAU, SE BRIz AT 1 I
ARG | K BH AR SR AN Sy 2 [ AR SR, 22 X 1)
RT3« TSR L T v DL R IR

(3) Ml L AR RLRE H A o 2O 29 S 51
I3 TR AR B AR, R AR BE X
TN B R B0 ANt 2 15

(4) 2 HART BEAC VLTI IE T8 1M 2 )
PER T 28 T3k 22 HARLAL 1)

& %3k
[1] GEORGILAKIS P S, HATZIARGYRIOU N D. Optimal
distributed generation placement in power distribution

networks: models, methods, and future research[J]. IEEE
Transactions on Power Systems, 2013, 28(3): 3420-3428.



-S40 - CE R R R EEL

[2] EVANGELOPOULOS V A, GEORGILAKIS P S. Optimal [10] Fe, AR, RpvRol, 25 3L T [958 MRR TR
distributed generation placement under uncertainties ERDGR BB S HOFR ], B LHEORZER, 2014,
based on point estimate method embedded genetic 29(9): 245-252.
algorithm[J]. IET  Generation, Transmission & CHENG Ze, DONG Mengnan, YANG Tiankai, et al.
Distribution, 2014, 8(3): 389-400. Extraction of solar cell model parameters based on self-

[3] B&H, T=%, 2, & —FETHINMT DG 1 adaptive chaos particle swarm optimization algorithm[J].

B E DL VRT]. B IR AR, 2014, 29(12): Transactions of China Electrotechnical Society, 2014,
173-179. 29(9): 245-252.
ZHAO Jinli, YU Yingying, LI Peng, et al. A fast [11] ATWAY M, EL-Saadany E F, SALAMA M M A. Optimal
determination method of DG capacity in distribution renewable resources mix for distribution system energy
network based on conic programming[J]. Transactions of loss minimization[J]. IEEE Transactions on Power Systems,
China Electrotechnical Society, 2014, 29(12): 173-179. 2010, 25(1): 360-370.

(4] KR, tpwrtl, S, & LRl M A =R st (12] W, sk, XIAK, 55 KOCHAMNEG B RS Z

RN TT FWEFT. W R GRS 5 I, 2015, Eﬁ%%kﬁm.%ﬁﬁdaw%,mw3xm:
43(15): 67-72. 86-90.
ZHANG Yue, YANG Fenyan, ZENG lJie, et al. Research YANG Qi, ZHANG Jianhua, LIU Zifa, et al. Multi-
of distributed generation optimization planning for active objective optimization of hybrid PV/wind power supply
distributed network[J]. Power System Protection and system[J]. Automation of Electric Power Systems, 2009,
Control, 2015, 43(15): 67-72. 33(17): 86-90.

[5] SINGH D, VERMA K S. Multiobjective optimization for [13] YONG W, ZIXING C. Combining multiobjective
DG[J]. IEEE Transactions on Power Systems, 2012, optimization with differential evolution to solve
24(1): 427-436. constrained optimization problems[J]. IEEE Transactions

(6] skyk>d, BRAS, e, &5 HETRAHEBEER A on Evolutionary Computation 2012, 16(1): 117-134.
N%ﬁﬂﬂUL%ﬁﬁﬁﬁm%Jm1ﬂaﬂﬂwz (14] x5, Xikpte, MRBRT, 55 JE TR 2 HAR UL
ZHANG Shenxi, CHEN Kai, LONG Yu, et al. Distributed w%m%wﬁiﬁﬁﬁm.%ﬁ%d%%ﬁhm
wind generator planning based on shuffled frog leaping 2014, 42(4): 133-138.
algorithm[J]. Automation of Electric Power Systems, LIU Zhiyong, LIU Yanghua, LIN Shunjiang, et al. Fuzzy
2013, 37(13): 76-82. multi-objective coordination optimization for distribution

(7] skziWy, Phs4a. RE i RE 7 KOG AN R 4 il network reconfiguration[J]. Power System Protection and
HE[I]. W RS 5, 2015, 43(21): 93-98. Control, 2014, 42(4): 133-138
ZHANG Yunxin, SUN Yunquan. Control strategy of a [15] NARIMANI M R, VAHED A A, AZIZIPANAH-
hybrid energy storage in wind-solar hybrid generation ABARGHOOEE R, et al. Enhanced gravitational search
micro-grid[J]. Power System Protection and Control, algorithm for multi-objective  distribution feeder
2014, 43(21): 93-98. reconfiguration considering reliability, loss and operational

(8] #B8Jy, LR, XISCH, 55 REAEHEKRAIST I M cost[J]. IET Generation, Transmission & Distribution,
R R E M ITIED] B LA, 2014, 29(2): 2014, 8(1): 55-69.
113-121.
GUO Li, WANG Wei, LIU Wenjian, et al. The energy i B H: 2015-05-30; 2B A #: 2015-10-11
management method for stand-alone wind/diesel/battery/ &= . L
sea-water desalination microgrid[J]. Transactions of EOBA%T), B, #E, TRE, ARAOH )
China Electrotechnical Society, 2014, 29(2): 113-121. AHAXHEAT; E-mail: 870828@ncepu.edu.cn

[9] WkELY, 9Kk, XA, JET PSCAD/EMTDC My =Hi FEE 1981, B, g, #F, FATEHLHE

FEARFFEI A BRG], ) RGOy i,
2010, 38(17): 76-81.

YAO Zhiqing, ZHANG Qian, LIU Ximei. Research on
simulation of a three-phase grid-connected photovoltaic
generation system based on PSCAD/EMTDCJJ]. Power
System Protection and Control, 2010, 38(17): 76-81.

S

S

R GTEH
Busak (1987-), &, HE, #0F, A FTab e H%
% 5547,

(%% R0 T)



