E37EEIH
2017 £ 3 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.37 No.3
Mar. 2017 0

e TS RO BIER TR IBE BN V5

E AW RFR , ERA
(HRBRF CAIRFR ®EH B% 710049)

HE

EFHEREM A S A X CIR S A RS R G AT A0 T AR &R B AR AR M T 2 AT R

L I E R R M PR A E AR R A B EH T (QMC) MK IR Sobol # AR £ 5
F) ARAHA T A T A st E Al MW SRR L AT, B R AR AR T MR

HFFEOHHERAZHFY R R BEAM,

S, MAUNA, EHEEM; MERF T, KB £ L)

FESES: TM 73 XERARIBAD . A

0 5l

TRDRT 36 05 B 55 R 15 e el HE A U 77, H ) Tk
MR Y, S L A HLRE S Se i R
HL T L RO BRI SRR | A S R A A1 X RT A g
TR FALTE N5 = RO AR A T — o 85 i ok 7y
2N R A T R R B A B L e
| T R R H D 5T ) R ) B BRI 2
el gs Miat 2 akas . SCHR[ 2 F B9 T E 3B )
Y SCRCHIREAE | 4387 1 = Sl H I ) A 5 3R B
KRR SCHER[3-4180R T 3 3 e HL I 7E A KM
A [] AT AR BRI DA AR T FE S L X T
Pt —RBeIR 454 Fe Tt ek e I M R AT B HE
=l

F= gl I L R 1 S B R A H R GOIRAS AR 2
275 RS AL AR AR S R, BT O = SE R
G4 o3 W 1) RSV ) 7 [ e SE IR ER G 75 TR A
B 2 R VAL R GRS s Rt A &0 A T
HLIo BEALEIR B Borkowska B 27 HBF5Y
YRR A ) R 7E R GLIs AT 5 AR AE TR | SR &
G WU MRS A M AR OGS S8, SCHR[8-11] 1
R T BEBLE I B £ ST AR H o DA AR A A A
B R T

BE AL IAL 9 53k RBORT 43 SRy i AL 12 fid b
RIFBIE I 3 28 SRR [ 14 ] OB 5% 2R I AU
T AE A FRA R B AL R 3 R0 5 RS i BT —
e, 4R %Y MC(Monte Carlo )81 2 v FH
Rz B AR T 07 AR L AR KR — A
SRR AT AR AR 2 T A S P IR S5 28 o 18
AL 7] 500 85O0 A B LSRR R P QMC (Quasi-
Monte Carlo) BILIE B EIER T RGN TRE =T
RE T, QMC e 5] DAk i 152 22 B (%) #f 2
i BEH.2016-06-01;f&E BHI.2016-10-16
EEWB.BRaRXAFLLF83 A (51277140)

Project supported by the National Natural Science Foundation
of China(51277140)

i

DOI: 10.16081/].issn.1006-6047.2017.03.002

PEE T MC B RYTHERASCR R SCHR[20 17EHL T R
AEEPEEAS R QMG 2 BUS T BRAR P RICR

ARSCHE T A S C A I e s 2R P R R Y
BEAY SR H QMC 3 Sobol #f 2 P 1K A 22 5341 | 8
1 BEAL A T ST 3 Sl R Y e R
BRI L, AS SO HE ST i) REAILASE AL A A AL TR Ak
ShCH S 2 AR — e 18 AR IR
(14 7 35 SRR SR A T RS SR AR T ) S

1 EFERMPHAHEERE

3= 2 E HL R ) A 2N B TR R R i s
175852 2% 22708 R0 43 A PEAG PRI ME i) 2 2 ) gk sk
AN T DR 3R T2 AL A SR IR S 7 8 Bl R AT 9
Uik
1.1 #7feEiREE HiRE
L1l ERAE ZGd hEg

1EEZNBCH M NRDGAR A L 2R G 02 EE
HRRUE, ARYE 3B H M P ORR R o R G AL ) 2
5 B A A Homer BT L5 8 A5 )12 4k 4 45 )
RSN R R AT AS 3 J0 4R S 386 55 1 25 (8L A A S A
W25 WAk IR R B R Gk 52 R AHNREE (752 1
S5 EMFE R A VPO R R A E A
AL EE, AT REOGIR A RS S Ty sk
(DR,

[0 ToHE )

e n, P, fR[1+a(T+o-randn-T,)] A 45
ot R R % v R BT A R BT P, Ok
R WL B ITAUE T 5 R, R AR R o IR R AR
FRAFE R BT T, 43 531 A e Bsf 220 S5 s iR B2 R 1 A
SR R T T AR IR N E T 7 AR SR
W B YA —I0 o - randn, o A BE U B0 A0 bR E 2%
randn 7 — IR BRI TE 252045 O BEALEL
.12 Re iyt @

JAUBE A2 R R G o A =URE TR, AR R XU 3



(8] ® 0 8 & iR B

%378

B D7 S0 RO | S KGR R AT Ge 2 R o A AL
W AR IRy A B A TG X LA i R
A3 A h 2R, SR PSS AEL 32k il B Bsf 220 XU AR R 2 | P AR
PR ST AL A KU 3 B % AN SRR T

% 18 R AN I 4 K S U A X e
KRG ) R & ) ML R, PTHRRURL 3
wxFA e T, = (2) F (3) B

0 V<4
“,.w Ve S v, <o,
P.= (v,=v4)’ (2)
P, 0, <0, = Vg
0 VSV
Poa=NycuPy (3)

Horp oy YA v, R KGE 0, R 8 e KGE
P, NG KB ALALE E 1 N, AR BN A
o MBI REL,

1.13 £ RA 8 E A EHE

A= BE VR B R RE R VR AN B B ¥ R VA
I 207 — e X LA AT A RO | B ) T L A Ak 4 v R
FH (AW 5 K F 0% Sh AR L XU RGBS AR £
P e ATk S sl R ) R A S R AR TR T
DA rp R A 1y 0 PR Ak R A & F A ) | 465 o U
J1 RACRCR R & B RCR 1 B L ) A5 (4)
Fis

P=fif. P 4)
Horp p, RRAC K R GEH T 4 R0 f oy
JEASH R R K L BECR AT SRR
12 ST EREsR

e 5 B L | B 7 AN B G0 — b fRT PR 048 {1
SEE R R | AT AR RE PR, AR SC
HR[22], 2R FHZEA 25 FE TN AN o P R0 6 iy o5 A8 AR 1
FH DG Y itk fe 349 3R 28 B30 1 of A o7 0 A ) A SRR A
R JH Sturges 2 2 TR E AF A B IR Bk =1 +
158760/1g2 =~ 14,

FHMCHE | H{E R KB LN IEEE RTS79 R4 1Y
AR SRR R UEA T 2 IS RN N 1 R 1 67 4oy Ak
SRR Fe AR G B A KT 2 PG 53 B0k

F 1 BTFXHF WEBRE RO ARERER

Table 1 Probabilistic load model based on
improved k-means clustering algorithm
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Fig.1 Flowchart of nodal overvoltage assessment

based on QMC method
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Table 2 Data of photovoltaic generation systems
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Table 3 Data of wind farms

28 A8 A1
KGE W/ (m-s™) 5 4
WGEFREZ / (m-s™) 8 9
PIARGE/ (m-s™) 3 4
Y1 RGE / (m-s™) 25 28
i M/ (m-s™) 13 15
e o /Mw 1.5 2
BEX 50 30

T BT LA,

a. THOL 1. 3N ECH W P S S AT T o0 A 2N RE T
(ER SN Bk

b. 8 2. BB R S OGAR A FR GE FTA] O
UIRCI

c. THOL 3, EFECHE M b ER AR RS KH
Sy Fal i i ey

d O 4. EAECRE M PSR ER RS K
Yy AR W ZR GE AT R A

KRR — et X LA 4 B oL R QMC
AEE 100 000 R (K EEEL A 0.01), LA 1.05 5 B &8
HLE A LR R 95 9% M0 FL R LR R, & 3
25 TR v AU T A (T A 10 T A 17 T A 27)
) 4 AT FL S PR AE R 55 0 T A A B B Ak B
T T T Y 5 A A H R PR ARE R A A L R
BRI, B R WK 4,

SAATIEL 3 SRR 4 TR BT LU B, S &
ShCHL R o3 A =X RE R EL B far il R S 1 R
JLF AR T AR & L R Se 5 | HL i FRARE %
FIE PR /NI B0 R T =, Al U ) e B TR A
AN SRR G 2R, HREE A R n 3y
VA e AR, A 0 I A R B AR R B | B BIR R A o T

o
e
>

A AT LR PR
e =
c 2 B

1 2 3 4
i i
TR0, = TR 17, = T 27
B3 RAEER TSR T 86045 B E R =R

Fig.3 Annual overvoltage probability of high-risk
nodes for different cases
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Table 4 Annual system indices for different cases

. AR LA
HBUEE % HERUNI
1 0.00163 0.96
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Stochastic load flow calculation based on quasi-Monte Carlo method

for active distribution network

WANG Xiuli,ZHANG Zece,HOU Yushen
(School of Electrical Engineering,Xi’an Jiaotong University,Xi’an 710049, China)

Abstract: Because of the large output fluctuation of distributed generators and the adjustable loads in the

active distribution network,the traditional deterministic model can be no longer used to accurately assess its

risk. Models are built for the uncertain factors of active distribution network,QMC(Quasi-Monte Carlo) simulation

method is adopted to select the Sobol deterministic low-discrepancy sequence,and probabilistic load flow

calculation is carried out to simulate the nodal overvoltage of active distribution network. Case study shows

that,with same sampling times,the calculative result by the proposed method is closer to the true solution

than that by Monte Carlo method.

Key words: stochastic load flow; active distribution network; quasi-Monte Carlo; low-discrepancy sequence



