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Risk assessment of distribution system with photovoltaic based on
Cornish-Fisher series and cumulant method
CHEN Chaokuan,ZHANG Jing,HE Yu,FANG Yu,ZENG Xixi, LIANG Longji
(School of Electrical Engineering,Guizhou University ,Guiyang 550025, China)
Abstract:In order to carry out risk assessment of distribution system with photovoltaic accurately and effec-
tively,a cumulant method based on Cornish-Fisher series is proposed to solve the stochastic power flow of
distribution system with photovoltaic. The risk indicator of voltage exceeding limit and power flow excee-
ding limit at system level are established,and the weak points of distribution system with photovoltaic are
analyzed to reveal its risk accurately. The cumulant method ensures the high efficiency of stochastic power
flow calculation, and the Cornish-Fisher series expansion improves the accuracy of curve fitting under non-
normal distribution. The effectiveness and accuracy of the proposed algorithm for risk assessment of distri-
bution system with photovoltaic are verified by MATLAB case simulation.
Key words: distributed photovoltaic;cumulant method; Cornish-Fisher series;stochastic power flow;risk assess-

ment
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Method for time-varying optimal power flow tracking of doubly-fed wind turbine
grid-connected system

LI Lulu,HAN Xueshan,ZHU Xingxu, Ll Keqiang
(Key Laboratory of Power System Intelligent Dispatch and Control ,Ministry of Education,
Shandong University, Jinan 250061, China)

Abstract: Aiming at the problem that the voltage coordinated control optimization speed of PCC (Point of
Common Coupling) and internal nodes of wind power system is hard to catch up with the uncertainty of
wind power,a model for time-varying optimal power flow tracking of doubly-fed wind turbine grid-connected
system is established,and the online fast solving method of the model is proposed. Based on the real-time
measurement and communication technology to make the wind power system observable,the model and sol-
ving method focus on the characteristics of minute state variables of wind power system in extremely short
optimization period, linearize the model by retaining the first order term of Taylor expansion to obtain the
time-varying linearized optimal model, which realize the millisecond level solution of the model, moreover
pursuit the optimal power flow state of wind power system in real time. The time-varying regulation range
between active and reactive power of doubly-fed induction generator is used to coordinate the output of
active and reactive power of each unit,so as to dig the potential of rapid regulation and control of doubly-
fed induction generator under the power electronic technology. A practical calculation example of doubly-fed
wind turbine grid-connected system is analyzed, the results show that the proposed method can effectively
alleviate the voltage problem of PCC and internal nodes of wind power system,and realize the time-varying
optimal power flow tracking of wind power system.

Key words: doubly-fed induction generation; wind power system; P-() regulation range;time-varying optimal

power flow tracking;voltage regulation



MR A

KU AR BN P-Q ETTEE, A i HAa A
19 . DFIG MRS E I AL Bk,
R X Xro R/s

Al DFIG 2S5
Fig.Al1 DFIG equivalent circuit

AR AL Fron RS SE 0L, DFIG HLUE IR OG &
(AL Y.

lJs =En _(Rs +jX30) Is
Ur/S:Em-i-(Rr/S+ij)|r (A1)
Em :ijIm :jxm(lr_ Is)
Fort, Uy U, A1 E, A3 T 5 T MR OB
BIMUAREE: 1o | A1 B T BT A
W TR, X, X,, B X, SBRET. BTR
M Bst: R R ZMAINE T B ibE; s WEER,
TEA 2% DFIG ¥ FHFHMEN T, B (AD mHE
REFMAE DI, ToDh DR 2 «

2 2\2 2
3, U 3X
P+=R.I + +— | =| =yl (A2)
(s 2 ss) [Qs ?_XS] [ZXS sr]

2
P? +Q2 =(§Uslsj (A3)

Hr, Pov Qe TMA DI TIZ; Ug. |y 208
TR . RREE s | AT A R A
X = X + X, NETHIT

H T % 000 P Dy 26 55 T 8 0 L R T R e 2 T
#, AP, =—sPg, ZWE. HTHHA PWM R 21
AUPHE LG, WAFE 70 DD 558 T 58 T-IA D e
EUHE, WR=-sR. I THHAHBKWEDIER
RPyv=R + P, BRI P B4 Ry, /(1—8) - fEAR L E T
H o, =1-s, WPR=Ry /e . HT DFIG 2% F| T H |k
B 1l F1 o 7 B R BR AL, M DFIG & Shh 4 By 5 5E
TTD T Q MR K R (A, (A5 JiizR.

R 2 3u? 2 3X 2

W S m

— | +| Q.+ < —=Ug ! max (A4)
[a)rJ [5 ZXSJ [ZXS srm J

2 2
(P—Wj +Q2 S(guslsmaxj (A5)

@

Ftty Ao~ Nemax 22 0E T 87 SO R o ir #vl
XU A 3 8 HUATLAEL X 00 A2 7 25t B AT — 52 I B 2
YRR Sy, TR RS, WA R TCTh % Q, M
A ITZE P M AHX R, WX (A6) M (AT Fix.
P? +Q? < S2 (A6)

BT PR =R =(1-w/)Ry/o,, NH:

{(1_wr)Pw T +ch <52

cmax
a)l'

(AT

Horb, Sgmax AN AZ AL &% B K SRV &
Ziaal (A4, X (A5, 3 (A7) A5 5E T An
Ay KJC D Dh R A PR > 590 9 K (A8) Al (A9).

2 2 2
Qsmax :_&"‘\/[Sx_muslrmaxJ _[P_WJ
2X, 2X, o

(A8

(A9

| [a-e)ry T
Qcmin_ \/Scmax |: o, :|

TR A R AL TG T B A et B R BR =t (AL0)
B
{QWmax =Qsmax +Qcmax (A10)
QWmin = Qsmin +Qcmin
DFIG ML & (I ThTh 2 7 va B =X CALD) s .
QWmin SQW SQWmax (A1D
0<PRy < PRymax (A12)
X (ALD. (A12) BPRXUER T R HEALAER P-Q A
FHEE . R (A8 MK (A9 FWLLEH, ZiEAMUYL
AR EI R 2], 22BN NEE. Hl
i FEL PR PR B I o ZE 2% 3 B L HRLE — 2 S 0L (RI3E—i2
FLOT), SR A& LR P-Q AT YEH & AL i
7. [ A2 (a) Jy DFIG HLALY P-Q IS, -3Ul/2X,
R DFIG H S HFEr LI h . HE A2 (@ A1, %4
BLAL A R B, TEThThE AT I A6 B, AL R i
FTIhThER AT LR AR N o RGO, R R LR B 44
A IHIhZ T, WU EI SR L A T A5 R T R e,
S S PRI L LZEL (7 Thah 36, SRS TE Thif 5 fiE
71, AGARKFEE b 22t 1R 1)



2
A R . %Sk
~ : QVi T 12
i,0
o] 0 t
= = 2%: P
-3U2X, ‘ Kéijypu_ = —"—t”’o (B3)
Vio
t
KL =1 2%;Qjj o
ij t
! Vio
(a) Z&MLaEr (b)) ZMiE
A2 #M1LET. f5 DFIG HlLAR P-Q iBTER Mig C
Fig.A2 DFIG P-Q regulation range before and after lineariza- -
tion #Cl WERNLEMNASH
Table C1 Parameters of DFIG
PR B 3 Bl ZH Kl
2at 2 BEAHE  15MW  HrgeEil 1446 mQ
L= ZjSio__ WEETHRIE 690V TR 0.053Q
m Vifoz R THAE 6797V BT 0,042
2t lsmax 1565.8 A FiliRik F AT 1720
75P: 0
Ky p = 2[rij —%J (BL) - 16495A [ #E @, 1500 rpm
1
" Vi,O ETEAMEME  1.552mQ i 0.8~1.2 p.u.
¢ o 7 %02 TEZSH
Vi.Qjj Xij = Vi Table C2 Parameters of transformers
i,0
' B 3BV L 600V i
gt 2 BEMRE/AKY 121 365
t fi SIJ,O
Rvi ™ 2 REALET 53 L 00125 0.025
10 RYRRR IR 0 0
t
Kt -1 2r;Bj o (B2) RO /K 365 0.69
Rij L 01/ (MV A) 75 2.2
or. Q-t- FLEADFE/ KW 182.9 16.97
tp. Qi = J t“’o JELBS FE KV 10.27 6.25
1) 1,
v Vio T HARHE/ KW 3121 2.637
TR/ % 0.12 0.7




he % s ") he 1| 2 | |10
I | |17 |18 |19 |20
Line2 ) Tt
b P8R By 9 15, M4y, 16
H 12.98km Line3 %22 é I 2 |za§é
< > :Q: Zz 25 20 17 18 19 21 22 23 24

Uo PCC S
Line4 lss las %|37
32 33 30 31
|

Cl REBRZFAERAID
Fig.C1 Lines of wind power system

*®C3 NERGABLESH

Table C3 Parameters of lines in wind power system

Ri% LRERAYS RERKOE/km | LRiBE ZRERAYS RERIOE/km | ZRBE RERALS RS /km | ZREE RERALS ZREEK)E/km
11 LGJ-185 14715 l17 LGJ-185 0.4690 I3 LGJ-95 0.27 lag LGJ-95 0.20
I, LGJ-185 05230 l1g LGJ-185 1.004 0 I3a LGJ-95 0.40 Iso LGJ-95 0.80
I3 LGJ-185 0.5890 l1g LGJ-185 0.167 4 I3 LGJ-185 0.60 Is LGJ-95 0.47
Iy LGJ-95 0.5230 I20 LGJ-185 1.004 0 I36 LGJ-185 0.10 Is LGJ-95 0.50
Is LGJ-185 1.8310 121 LGJ-185 7.600 0 I37 LGJ-95 0.47 Is LGJ-185 2.25
ls LGJ-185 0.164 0 I2 LGJ-95 0.2610 I3 LGJ-95 0.31 Iss LGJ-95 0.32
I7 LGJ-95 0.6210 I3 LGJ-185 0.3910 I3 LGJ-95 0.40 Iss LGJ-185 0.80
lg LGJ-95 0.164 0 I24 LGJ-185 0.1790 lao LGJ-95 0.60 Isg LGJ-95 0.43
lg LGJ-95 0.098 0 I2s LGJ-95 05220 la1 LGJ-185 3.76 Is7 LGJ-185 0.30
lio LGJ-95 1.1450 I26 LGJ-95 0.8150 la LGJ-95 0.12 Isg LGJ-185 0.24
I LGJ-95 0.2290 I27 LGJ-185 0.2930 lss LGJ-185 0.30 Isg LGJ-95 0.40
I LGJ-185 35150 I2g LGJ-95 0.326 0 laa LGJ-185 0.57 lso LGJ-95 0.43
l13 LGJ-185 0.4350 I2g LGJ-185 0.9780 ls LGJ-185 0.27 le1 LGJ-95 0.56
l14 LGJ-95 1.004 0 I3 LGJ-95 0.554 0 lag LGJ-185 1.00 le2 LGJ-95 0.18
l1s LGJ-95 0.368 0 I3 LGJ-95 0.652 0 laz LGJ-185 0.16 les LGJ-95 0.64
l16 LGJ-185 0.6030 I3 LGJ-185 1.0800 lag LGJ-95 0.54 los LGJ-95 0.40
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