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Fig.1 Structure diagram of permanent-magnet direct-drive
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wind power generation system with energy storage
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Table 1 Fluctuation limits of output power for wind farm
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Fig.2 Energy flow of wind power generation system
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Fig.3 Predictive power of generator side converter
(battery charging after discharging)
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Fig.4 Predictive power of generator side converter
when W, = W ,(battery charging after discharging)
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Fig.5 Predictive power of generator side converter when
W, <W,(battery charging after discharging)
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Fig.6 Predictive power of generator side converter
(battery discharging after charging)
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Fig.7 Predictive power of generator side converter when
W) = W,(battery discharging after charging)
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Fig.8 Predictive power of generator side converter when
W' <Wp,( battery discharging after charging)
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Fig.9 Wind speed of wind farm in a typical day
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Fig.10 Absorbed power of wind turbine

MG TREZR 50, Ky K v 28 8 LA 742 2
VSC, RIUE Dy 28 5 19 0] 7428 3 i 14 50 ) 24 BfR A
5, H VSC, BYBE D3 KU e RUBILI W1 2 2 26
1.2 4%, HRMBUE AR 1 h AL AR 7 &
VSC, ARIUE D3 A BE A, Br LA, B E ML A2
s VSC, AN AR i &7 VSC, ARE DR 0 5.224
MW, &5 BB B E 2 5 5.224 MW -h,
3.1 fEEERMEGHEST

SR JOAE G R 7 v 42 SR, 2 BILON) 2 5 iy
I F M T s S, R R . D R A
1L fse B 11 (a) RIF MR PIE I, B ke
PR G AT RA A A BR T B I

WDy R, 33T 5, MU A R GE— KN
BRI 1.8 hs [ 11 (b) o & HL b 5 I il BE S JE
W 2t emr g, & H s B Kk 2.1 b, HAl 2L
Ik 4.9 h; B 11 (e) 9 KGR IRBIL R, th &
AR R R R GATAE DR AR A ALK 3k 22.7 h,
RIVR I ZEEE 25 MW, 20 F R S H Bk
JAETL 17.557 MW -h, 5 R 48 H s AXAERY 23% .

6
3 [
55 |
Y
0 i ML‘,\“ ARUAIAD AR RN Y AR
00:00 06:00 12:00 18:00 24:00

%]
(a) FFMIIIFRPETE

—~ 6
= r N 1 W a0
S 1 MWU”W
>3
<, . . .
00:00 06:00 12:00 18:00 24:00

i 2y
(b) F ALt LI RER T

00:00  06:00  12:00  18:00  24:00
i)
(¢) REWRINZFPI

11 G ERBIER R THEREE
Fig.11 Simulative waveforms of traditional
battery control strategy
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Fig.12 Simulative waveforms of proposed
battery control strategy
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Research on correlation of multiple wind farms power based on
fluctuation classification and time shifting

HUANG Yuehui' ,ZHANG Peng”, LI Chi',LI Xiaofei' , WEI Wenting®
(1. State Key Laboratory of Operation and Control of Renewable Energy & Storage Systems,
China Electric Power Research Institute, Beijing 100192, China;2. School of Electrical
and Information Engineering, Tianjin University, Tianjin 300072, China)
Abstract ; Correlation analysis on multi-wind farms power is significant for grasping the characteristic of wind power,
and predicting of wind farm output and its modeling in time series. Thus the correlation analysis method based on
fluctuation classification and time shifting technology is proposed. The overall trend of multi-wind farms power is ob-
tained by visualizing the time series in scatter diagrams and regressing analysis. Then,the partial characteristics of
wind power output classified by fluctuation process are extracted and the power fluctuations of multiple wind farms
are paired up by fluctuation classification and fluctuation pair algorithm. The optimal shifting offset and direction are
respectively obtained through time shifting technique based on Pearson correlation coefficients and Granger causality
test. Case study results verify that the proposed method can extract the partial characteristics of wind power fluctua-
tions and describe the correlation of wind power more precisely, it can also obtain the optimal shifting offset of large-
and middle-scale fluctuation pairs can also be obtained,which can be taken as the restraints for modeling of multi-
wind farms power series to improve the modeling accuracy.
Key words : wind power ; multiple wind farms ; correlation ; fluctuation classification ;time shifting
ettt e
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A new charging/discharging control strategy for battery in wind power

generation system based on wind speed prediction

RONG Fei, LI Wang, HUANG Shoudao
(College of Electrical and Information Engineering, Hunan University , Changsha 410082, China)

Abstract ; In order to maintain the active power fluctuations of the wind power generation system within the specified
range and ensure the energy storage balance of battery system basically to cope with the sudden increase in the input
power or the sudden drop in the output power effectively,a new charging/discharging control strategy for battery in
wind power generation system based on wind speed prediction is proposed. When the predictive input power fluctua-
tions of wind power generation system exceed the specified range of power change,the charging and discharging po-
wer of battery is controlled to decrease the power fluctuations in the grid side and to make the charging and dischar-
ging energy of battery balance basically within a cycle. Then,a certain capacity of energy storage device is reserved
to receive the high power input or compensate for the serious shortage of grid power,the wind energy loss is reduced
and the system efficiency is improved effectively. Simulative results verify the effectiveness and reliability of the pro-
posed control strategy.

Key words: wind power generation system ; battery energy storage system;control strategy ; charging and discharging

control ;energy balance ; generator side converter;grid side converter



