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Fig.1 Curve of output power vs. wind speed for
different types of wind turbine
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Table 1 Hourly Weibull distribution parameters
of wind speed in winter

i B k ¢ i Bt k ¢
00:00—01:00 1.8 8.56 12:00—13:00 2.0 6.07
01:00—02:00 1.9 6.21 13:00—14:00 2.3 4.64
02:00—03:00 1.6 7.25 14:00—15:00 2.4 5.34
03:00—04:00 1.9 8.28 15:00—16:00 1.9 4.37
04:00—05:00 1.8 8.74 16:00—17:00 2.6 4.68
05:00—06:00 2.0 7.37 17:00—18:00 2.2 4.14
06:00—07:00 1.6 6.25 18:00—19:00 2.1 5.14
07:00—08:00 1.7 6.85 19:00—20:00 1.7 4.60
08:00—09:00 1.6 6.13 || 20:00—21:00 2.4 4.72
09:00—10:00 2.2 6.90 || 21:00—22:00 1.8 6.60
10:00—11:00 1.8 6.39 || 22:.00—23:00 2.2 7.34
11:00—12:00 2.1 6.33 || 23:00—24:00 1.9 8.06
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Table 2 Unit parameters of
[EEE 30-bus system

1 1.200 0.600
2 0.607 0.607
5 1.000 0.480
8 0.400 0.220
11 0.300 0.100
13 0.400 0.150
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Table 3 Credit level of constraints

2R AT BAG K
RGN & RN o 0.98

PRAHR 0.99
LKA R IR AN o 0.99
e B F1 A 0.99
FELR L IR 2001 o5 0.90
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Table 4 Wind power penetration limit of
IEEE 30-bus system

S A ?iﬁiﬂ%’:*&ﬁﬁ ‘
AN AL R U 2 1 XU T U

4 0.4208 0.3643

14 0.2218 0.1797

24 0.2361 0.1850

4.14 24 0.7345 0.6093
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different parameters of wind turbine
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Reactive power control of sub-synchronous oscillation damping system for
DFIG-based wind farms
LI Hui',CHEN Yaojun',ZHAO Bin',LIU Shengquan',YANG Dong', YANG Chao',
HU Yaogang',LIANG Yuanyuan®

(1. State Key Laboratory of Power Transmission Equipment & System Security and
New Technology,Chongging University , Chongqing 400044, China;
2. Chongging KK-QIANWEI Wind Power Equipment Co.,Ltd.,Chongging 401121, China)

Abstract: The damping coefficient contributed to power system by the reactive power of DFIG-based wind
farms is researched and the expression of its magnitude and property is derived based on the transfer
functions between turbo-generator speed and reactive power outputs. Based on the obtained positive damping
conditions,the strategy of the additional damping control in the reactive power loop is optimally designed
for the suppression of SSO (Sub-Synchronous Oscillation). As an example,the operating performance of a
DFIG-based wind farms is simulated on DigSILENT/PowerFactory platform,which is connecting to TEEE first
benchmark model and has additional damping control in its reactive power loop. Theoretical analysis and
time-domain simulation results show that,the derived damping coefficient expression and the obtained
positive damping conditions can be used to effectively analyze the influence of wind farms reactive power
on system SSO;the proposed control strategy can provide optimal positive damping covering whole sub-
synchronous frequency band;and the effect of additional reactive power damping control is better than that
of additional active power damping control based on PSS(Power System Stabilizer).
Key words: wind farms; reactive power; sub-synchronous oscillation; transfer functions; damping;
additional damping control; optimization; DFIG
S O A A R
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Wind power penetration capacity considering peak regulation characteristics
JIANG Xin,CHEN Hongkun,XIANG Tieyuan,CUI Ruohan,JIA Tikang
(School of Electrical Engineering, Wuhan University, Wuhan 430072, China)
Abstract: A method for analyzing the wind power penetration capacity in power grid is proposed,which
takes the peak regulation characteristics of wind power into consideration. Based on the chance-constrained
programming theory,the peak regulation characteristics of wind power is introduced into the wind power
penetration limit model,which,with hour as the timescale,considers the randomness of wind speed and the
distributions of wind power and load throughout seasons. The particle swarm optimization algorithm based on
Monte Carlo simulation method is applied to solve the model for TEEE 30-bus test system as an example
and the influence of peak regulation characteristics on the wind power penetration limit is analyzed,based
on which,other influencing factors,such as the wind turbine type and parameters,the average wind speed of
wind farm,the credit level of constraints,etc. are discussed. Test results prove the effectiveness and
practicality of the proposed model and method.
Key words: wind power; peak regulation characteristics; Monte Carlo methods; particle swarm optimization

algorithm; wind power penetration limit
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