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Abstract

With the increasing penetration of wind sources, using common probability density function to fit
the probability distribution to compute the probabilistic load flow (PLF) will lead to considerable
error. We propose PLF calculation method considering discrete distribution of input variables to
calculate more realistic results. This method only needs wind power discrete sampling data com-
bined with point estimate method of discrete variable function statistical moments and Gram-
Charlier expand series, to estimate the statistical characteristics of the output of the random vari-
able, such as the information of expectation, variance, cumulative distribution and so on. The ef-
fectiveness and practicality of the proposed method is verified using IEEE 39-bus system, and the
results show that: the calculation method is not only faster, but also has high accuracy, and it has
better engineering application prospects.
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1. 518

T R HL 517 28 0 AN W ZE R0 T 75 T BU X R 2t AR IR B 33 H 2 8 35 0 B 8 475 >k 1 A
e R R 1], ARG REIAL A 712 CICVE A T & A HL L ) RAFRS BT I H S Ol . MEZE R RE
8 78 73 7% L8 R G AFAE 1) S PO E AR 28, 2 200 & UL R ) R Ge VR 0 AT I S i o SR A HE 10 )
TH, & PRI AT 70 APEAl e BE ik [2] .

H M B. Borkowska & 1974 fE4 tH T MEZR B PLF FIMES DIKR3], ENAN T~ KEE#H X PLF 8L T
RERIFFELAE. BE KN B EE R AR, 0 KR ) RS R RN
AR AR S, B RS SRR P VK[4] [5] [6] [7]- MRHTIE[8] [9] LA M Ak i432:[10] [11] [12] [13].

SRF RO VE TR E R N BEHLZ B Rb oA iR, i RERUE . 07 R RSO RS T
AR, (ATFEFENH, MRS [N, BT R B RGREENU AR ST, A DLZS e ) R
T R AEERIE I, SR WA RIAXAFE R IR ZE . Wi, ARG R P EAE G B 5
KA HLHE ] REGEH) PLF,

STV T R A 10 R R A IR O T FR AR S AT BRI B, AR TR R RIRE,
Hil B E2EEI AR NEEE Mg R, AEE KRR S T

BT BT HO BEATL 2R G840 A i (A Ak M w52 2132 0908, IF HA oo iyig R 7E PLF tH ML E
AN E P I R AL R [14] [15], &5 VEAN 75 B TE S N AL B B AT JUMT R B Al AT PLF 1HE, AT
A~ B AR R Rk S, TR R B i [16] [17].
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I S T2 R B SR TE S N BEAL AR & A DA O BN 8oy S ST B SR T
SETI o T AU S ) R S PR R AR K A B &, HSI B R, e R D SR A A R A
5, A DLFH TSR R R B R R IR . BT RL, X KU L ) RGBT S T OV E AT
oo, L BE AR R SRS P s GRS U] DA R L % KR S B R LA R ) A X DL A
& BUFRIB AR BN TAR PR a1, 6f S P A Pl KU L ) R G s AT R v A
M o

AR SRR AL S B Bl , 4R H — P T B U B R B R A R T, AR AR =
WO AR E S . SR)E, R Gream-Charlier JETFZsisaik, UG BENLAS & (1) 20 A
bR %4 (Cumulative Distribution Function, CDF), 33— AN 54 A2 58 H 1 PME R WA R & Ja BOH SEbr
R HL I S B 7 45 & |IEEE39 7 s Al H ARG SR AIE 1 BT $ 07 1A Rt A s I ik

2. BB EIRER
21 BHZEERYSIHER/GITE

AR SCR P B S B Se B A L PLF 15, RIBENLA NS o B WU A &, AN — R, Bk
X A—HNFEHLE R, Y = h(X)ZLL X ABRIELEME R s THE MO AR @ TTRC B 2L h(X)
FORT LR R, AR m MR G RAE h(X)o UBENLZ S X 2 n 4EBEHLR R, S5 THEUERH mxn
AR AR IR S MR B, MR — 3R T mx n AT

MR PG FEAE T AT AN 18], FEAZSE(Xy, Xay ---, Xo) FAE—FEA S (Xg, X, -+, Xo) IBEE A S RN By
SRR ER Sl AP

o =i =12, 1)
(Xil_luix)k+(Xi2_luix)k+“'(X|N /ulx)k

Mik = N

k=12m @)
Herprm 4 At T4
FESME S5 o 0% hOX) BT R0 8, 4

01 g®

Y =)+ 33 () (- ) ©

Y f K R AT R O

i=12--nk=12---2m-1 (4)

WM n FEFEHLAZ B X ={X, Xy, X, } 5 m AN SHeIRESE, B Sx(=1,2, -, nj=1,2,

m)#SE1@’é%B’\Ji@{E~E$@ﬁET;#iﬁffréﬂ?‘a(MX,yZX,--~,xij,--~,u(n_1)x'unx) s A A T AR R AL
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A Xij I AL
220 ) =M, ©
MER xi M Py vT LA SE 4= UL EC S tH B LA & 0 B0 S 2
E ()= 55 P 8y ) 1) ™
2, W) (k=2m,2m+1,---,00) NI R ENHBURIF I, 2B B, BRI W] 1345 0% H AR I B
EWFE%Puh(ﬁﬁxw“xuv'wﬂ(nm,#nx) 8)
TRYE FEAE R T VE T DA Y ) m Birge, B
E(Y"‘):iznl:ji piih(”ix""xii""'ﬂ(n—l)x'“nx)m ©

233 (3)-(9) 4 2 F2 1 WL SCRR[19] [20]
2.2. EF Gram-Charlier BAFEBIEIRRINS%H
FRE _ESCHE I A T AT AR B & R I BER L AR B IR . FEME RN F S EESIER, N
TR AR R A R AR, DA R SeBR TR R R, AR A Gram-Charlier BT %[21], FH
Gram-Charlier BIFET LS REIL N 21 CDF, BfAEr 2.
SHER—ABENA R E, RS LG bR 220 5 s, brilEfe)s, BENLAR R A .
c=(x-m)/d (10)

@5t Gram-Charlier T BURTT HIMERZ LR W (1) PR TH AR W (1) 72090 9

nCo C, (6 C, (2) C, ()
‘/’(l)=2%¢(')(1)=¢(1)+ ¢1'(1): ¢2|(1)+ ¢3|(1)+_” )
nC c. oW C, ®? C, o®
\P(Z):Z%‘D(I)(Z):‘D(Z)"‘ 1 1!(75): 2! (7()+ - ()()+ (12)
R, () () 4 51J9p=0, 5= 1 MIFFAE TEAS M B B SR SO B R GO ARM, B
C=(-1) [ H(2)y (n)dri=12.:- (13)
ﬁ\:qj’ %i& H,i‘\j Hermite %Iﬁﬁ
¢(i)(7()-
H. = =12, 14
(=750 (14)

CHR[22]F8 0, RSP AL B, R 3~9 By Gram-Charlier JE T ZE0GELT, RS BIH I IOIE LT 2L
B, R E S M & H R E A — 2 R E T i . Ak, ASCRA 6 By Gram-Charlier fE PR ¥0E L, H
AR ZER I J5 ST 3 AT o

3. EfISHh
31 iRA%
N T WA IR A 2, SR IEEE 39 % SURGUHI/E MATLAB 7 & F LT 2R
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IEEE 39 T il RGE4E 10 G K HIHLA 39 A5 A, AR 7SR EHT 4% 22N — A 345 kV HIM[23], Hih
EER N 1 TR

TEECY AU 31 PP AL, KT A 34 AR R A ML ER 6y R DU KR 20 R 7 K HELWTL (doubly-fed
induction generator, DFIG)ZH il X\ LI o 342717 5 34 AbIERE X LY, FEE & T 5 RN KB IZI f
WD ITHRC, AREN KIS 5 34 AL T3 /52 508 MW H. 1A PV 15 me 17 A STk S I £ 4
K HLIZ (45 330 & 1.5 MW ) DFIG) iz i J1o8 495 MW, 5 Rz N\ X HL I I BE2E 34 (1) H i, (A
25 (&% DFIG ML A & BATLIHIFEATRE S, ASCHK I3 PV 7 5. THHIS R RGUEMETh %% 100
MVA.
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Figure 1. Diagram of IEEE 39-bus test system
[E 1. IEEE 39 TT il R 1Lk E

0.8

0.6 :

0.4 |[] i

S

0.2 ||[H i

P/pu

Figure 2. Probability distribution of active output for wind farm
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MIEL 2 aT DU R D AR A B = — e AR, TR LR R B
DT R R E IR E

3.2. HEER

ARSCHE AR 1R ZE FR AR IS UE BT 32 7 V2 A 2501 S vt SRS, B A THY2eoR H A i AR R S T R AR

Nan, FH AR AL AT BB RN @, TAHXT IR ZE
=227 100% (15)
2

FH PR REAS B R AT W T4, 1A 0.23 s, THEEEER, B 7P SA . LIS
THRFE@ R 1 o AR, 36 1 ey MR H Sl THE R it 45 3

M L aTDLEH, @il SRS R ETTEXT, s ivEr gt o Rk 2 SR BN, THERSE
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MU A SREAR SIS bk, Wil 3 fE 4 por.
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Figure 3. Cumulative distributions of the active power at balance bus
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Figure 4. Cumulative distributions of the reactive power at balance bus
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Table 1. Statistical characteristics of active and reactive power at balance bus
#F 1. FETLRAI. EINIhESIHE

Wi 2 i 3 4 B 5 B 6 B PRt 2

T R 8.425 72.984 647.298 5855.797  53,860.126  502,304.374 1.415

EEpnIpIES AT 8.417 72.981 647.288 5855.764  53,783.839  501,354.267 1.412
HAR R 22 0.0950 0.0041 0.0015 0.0006 0.1416 0.1891 0.2120

Jr A R 1.084 1.443 2131 3.347 5.461 9.138 0.516

pRbIES R T 1.079 1.389 2.017 3.220 5.103 8.989 0.515
AHX R 72 0.4613 3.7422 5.3496 3.7944 6.5556 1.6306 0.1938

Table 2. Statistical characteristics of voltage and phase angle at load bus 8

F2 s 8 BIE. HAZRITHEHE

il 2 B 3 4 W 5 B 6 M bHE 2z

BT SRR 0.919 0.845 0.777 0.713 0.656 0.603 0.058

H R IR A 0.919 0.845 0.777 0.714 0.656 0.603 0.059
AR iR 2 0 0 0 -0.14 0 0 -1.695

BT SRS 17.557 314.483 5735.1 106,280 1,997,600 38,023,000 1.581

F AR A S 17.541 313.866 5717.3 105,820 1,986,300 37,757,000 1579
AR IR 2 0.0911 0.1962 0.3104 0.4328 0.5657 0.6996 0.1265

BExSE 2 (kS EER, FIAT Gram-Charlier JEITRIA3 2071 i 8 WIS AIAR A1 10 RAA 70 A1, BRI 5 A0
K 6.

i<l 5 AT 6 R, 1 8 IO HL IS AN A SR A it 2L 15 DL 5 P 1 R B0 2 ETh IR — 8, X
WIE > YL T ARSI A R A T AR AL B B A R AT I, BB R X H 4 K S I s 23 H
ot ) AR GEMAL AR R RRE o s OIS XL 3 L R e SR SR L BB S, D5 AR X
H i) R G SRR SCRE, O R R i I BRI R e 2 55 % .

4, g5ig

AR SRR S B IR L 37 (4 S0 8 BB 3R AT L 0 R 4 PLF 5, RERE VIS KIS Bnig AT i 0L, Xt
PRI Al 5 KU R ) R GU RIS AT R SR I R IR EAT e B3R SR, VRl S XU T &
gig e e A EEE S BARGRIT.

1) B3 AN AR B hDh A S EE , THE T ORECSRAE SR T AT DT AR i AR A
PE, THESE SRR T A BER AR U EANSR, TR ATH T PDF 815 20 1 158 5 e
B R E, BRI SAR IR 2R3

2) MRARSEREAL S, FIH B AR RS R TR RS & Gram-Charlier T4, #0721
PLF THERERY, 205 vEAN TG BERE XU I AT Dh D3 7 (=R s L e B, DORR R S A AR el (5 mT
PR A RN GG S, BORE BT AR LR . IEEE 39 75 RSB TS 45 RERH, %07
EAMGH SRR, HAPRREE W, At SLhr TR, RABFIN IR HNE.
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Figure 5. Cumulative distributions of the voltage at bus 8
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Figure 6. Cumulative distributions of the phase angle at bus 8
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