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A short-term output model of wind farm considering rain-snow-ice weather

WANG Hao', WANG Hongtao', WANG Chunyi’
(1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education, Shandong University,
Jinan 250061, China; 2. State Grid Shandong Electric Power Company, Jinan 250001, China)

Abstract: Considering the impacts of rain-snow-ice weather on wind farm practical operation, this paper proposes a new
short-term output model of wind farm. This model considers the ice accretion on wind turbines and transmission lines.
The power output models of wind turbines with ice on blades are modified based on existing studies. The outage of
facilities in wind farm is also considered in this model. The outage probability of wind turbines and transmission lines
under bad conditions is estimated and a time varying model is established. Considering the wake effect, the states of wind
turbines are sampled sequentially. Combined with the output level of wind turbines and the states of transmission lines,
the power output of wind farm is calculated. Simulation result shows that the proposed model can reflect the short-term
characteristics of wind farm output and can be used for short-term reliability assessment of power system.
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Fig. 1 Power curve of a WTG
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Fig. 2 Effect of icing on power curves of wind turbine with

different control ways
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Fig. 3 Connection diagram of wind turbines
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Fig. 6 Layout and connection of wind turbines in wind farm

5.2 IkEXRS[TREZANERNAL WIT=0H
W B FERES LA AT — I Be itz A Ik
AT ZI R IABLAA P RsE s s A G AE
ANV TR B I f) 2 1R) 03 Af 2 2T LA FRIR AR
H R AR TSR 2, 25 B WL X (R R 18] 73
A 2 a6 X PR A R L SRR . X
HLALE ) iSRG S BROKS DUAEER S =
U S P S IRA K S E O A e N PR e A
RBUS LA N 0, HLALH TIh 0.
FLFE T, XL 60 S HLAL 48 h A 1l
FEIRAS W 7 P, “*7 AQ3aetr, “ O 7 ks,
PEAhRE S 14 S HLAEA RN 2R A4 T
fEfss, HRAFMBCE SN IXAE e r il e 2o
A RESEBRAE T 5. It TR 60 S L4l
48 h AR A8 JSE AL SR IXGH I = Af i B 8 s
FCrbBLA G5 i B 1 IR I ) W ey R
EE 1 Enl LTy AN | 12 R i e o 1Y T o e
PGB BRI LALRASIC R R R TR .
8 WILAFE M, FEAFMRIAN, ML NG A
SIREPEANIA, AR LA X S L St Y
BoIR, IR HEN L SR 2 ) R LI A ™ L, AR
SEP I ML KGR S, X LA A BT
KA K. FT 8 ik, 2 MOLHLAL “X-1K-
W& AR, w543 20 76 LA T 257
ARFE, WE 9 Fron. i 9 WG, ATEAEAN
(7 3t A B R XUBL A 52 201 B AR BE 2 A AN
F AN WAz, Kb R DRIz L
A, S T RS R LBLAL RS2 B T DL




-112- U R R BRI

60

50

40

30

HlAHS

20

5 10 15 20 25 30 35 40 45
i

7 RERIA R B IR TS

Fig. 7 State sampling result of wind turbines in wind farm

JRE/(m/s)

USRS

8 XA A RER =5

Fig. 8 Space and time distribution of wind speed in wind farm

ML H /AW

50
PG AT 6 10

9 AL NN=SH

Fig. 9 Space and time distribution of wind speed in wind farm

5.3 KkEXSTXEFE IR

N T ARBLUK S R R R R SR
4 Bl S5t A T LT o

st 12 ANBIERUKIENT, A% X HL4
A HLEL I 1) i 490

Yyst 2. ANBIERUKISENT, 25 & KL A
T iR 1 i A5

Yyst 3. IERUKIKIE M, AN & KO LA A
T iR 1 i A5

Wit 4. HIERIUKIREN, 25 18 A HL LA AEE
HLZk i 1) i P d

b, st 2 gt 4 L AN I B
Ty BHEART ZAERARIREGEE] 1000 K747 B CH
S, 4 Pz N KGRI I D0 B 10 B

80

70
60
50
40
30

K /MW

20

10

0510 15 20 25 30 35 40 45 30
th
10 4 #iA R TRUERIAEIH H3Ttt

Fig. 10 Comparison of wind farm short-term output in 4 cases

M 10 iU H, 76 4 Rz B X K
B ) KA, AR dA AR —3, BRI
7 B Bl 7 ) 32 p KGR R ) R . A
(0~12 h)4 55 tH 222 i), TR PR 4030 XU A
FRUKEN, KL T BB AR A 52 25% ) HAL
YIRS IS MR R AAIG,  & ER 20 U837 H T 1)
AN . 6P EE gk 1 2 BE 3 A4 W LUE
7 1 AU FL B2 R 4 P e i i 5 3 I R PR 7 1) R
H AL [GINZAR, HJGHZE R8I
T2 B AR SR LRI 4 FL 2 % E R0 3 AR T &
5, TEJa WIAEAE R oA BAREOR O RE IR
R, XFELMZE 1R 3 Bk 2 A4 wTRUE L, EREVK
IR N URIER HL 2 % AR K IS XL 37 (9 3 L
K LA [EI A%, HJSIAZERIRN, JREIEK
B RARFE IR FRUKC — AN 8 RIS RE, KL
7K Bt AR DK R PR 0 a2k v 52 BB . 4 KL
OKPEEEIN, RIS A A s KO X L H A TH R
BAR K o

7R3 33 h iy, KL ROERR s, AR 2 KL
S 0 a8 i FEE AR IR AL T 1) KRB I, 8 T XL
R BRI B, DRI RS HA ) A N TR Y
DI BRI B R es)), TR IE I e Fit 7
T3 A5 A7 T B 3R I SE I AT S Aok, W E A
SRR Mg 1 Ik 4 v LLGEH,



E %

PRI KA

M [ AL R 9T AR

PR SR AT UK RASE I, TR AR e
BB 2 DS rE 3 7 R D P BRI T B, RS R
AT BN . ZE A, T UK KA
(1 AR 7R YT AR 0 S X HL S AE R RO R
TNV N OYETR Y ISR RS o O 6 I a2 <0 S5 T T
RREPSUIEGE P

6 it

R SCHEH T B Bk R A 5
O PRERY, 2R g S BLAL R L B
P RSB SO FbL BT o ) LU A
PLALRI S LR B M5 MR B B R
RSN, TR PO UL BLAL IR ASHEAT 43 43
HEUCHIRE, 45 20 BLALH 3K T RV s 2 (R
BEG O SEULEG t J. ST 5745 B W A
ST AT MR A0 SRR (kT KR
SN P E IO A, T U B S
TP, ST FAR R ORI R A\ RG]
AR BB RIS A I,
BRI H 28 O B B A B Ao B SRR
BHEBH T I BI04, A
SR A B
JE

Zim
(=
[=3

6000

4000

4000 3000

2000 1000 2000
ym 00 x/m

MIE 1 R iA#4H =4S bR

Fig. 1 3D coordinates of wind turbines in wind farm

120
{19
{18
117
116
=
4 <=
112 %
_11 =]
© 10 £
b {3 @
r B =
le %
{15 &
1a
13
12
11
730 i L L 1 1 L L L 0
0 5 10 15 20 25 30 35 40 45 50

th
(a) SRR B

30
28
26
24
22

JRGE/(m/s)
S
R /()

0 5 10 15 20 25 30 35 40 45 50
i
(b) RFEF R

MiE 2 MRS TnEE
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