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Table 1 Analysis of partial modal eigenvalue

TH B FHIELE WOMFE /He B2
1 -0.24+50.77 0.1225 81.633
2 -4.6+j0.054 0.0086 1163.8
3 -16+j7 1.1141 8.976
4 -17+j17 2.7056 3.696
! 5 -19+j6.9 1.0982 9.106
6 -31+j22 3.5014 2.856
7 -38+j3000 47.746 0.209
8 -70£j11 1.7507 5.712
9 =177+j377 60.001 0.1667
10 —488+j900 143.240 0.0698
2 1 -0.74+j0.62 0.0987 101.317
3 1 -0.304+j1.45 0.2308 43.3276
2 -0.34+j0.42 0.0668 149.701
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Small-signal stability analysis of combined operation system of variable-speed
pumped storage unit and direct-drive wind turbine unit
WANG Fangzhou',TAN Tianyuan', LIU Kaipei',ZHU Shu', YANG Jie’,LI Yaxin®,
HU Chunguang’, QIN Liang'
(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;
2. Economics & Technology Research Institute of State Grid Hubei Electric Power Co.,Ltd., Wuhan 430077, China;
3. China Power International Development Limited, Beijing 100080, China)

Abstract: The combined operation system of variable-speed pumped storage unit and direct-drive wind turbine
unit contains a large number of power electronic devices,which will cause certain system stability problems.
In this regard, based on the rigid pipeline model of pump turbine and the average value model of two-
level converter, in the synchronous rotating dg0 coordinate system, a detailed mathematical model for the
two parts under AC-grid-connected combined operation system is established, and the eigenvalue method is
used for the small-signal stability analysis of system,and based on the participation factor analysis,the corres-
ponding parameters that affect different oscillation modes are obtained. According to the characteristic root
locus of the system, the influence law of the electrical parameters of the system,the phase locked loop
parameters of the controller and the PI parameters of the controller on the system stability under different
working conditions is further studied. The results show that the system stability of the fast speed control
mode of the pump working condition is more affected by the electrical side parameters,the decrease of the
phase locked loop damping ratio of the variable-speed pumped storage unit will increase the stability range
of the phase locked loop damping ratio of the direct-drive wind turbine unit, and there is a coupling
between the integral parameters in power controller of variable-speed pumped storage unit and the integral
parameters in DC voltage controller of direct-drive wind turbine unit.

Key words:variable-speed pumped storage unit;direct-drive wind turbine unit; AC-grid connection;eigenvalue;

small-signal stability
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Probability distribution of wind power fluctuation characteristics
based on heavy-tailed distribution
DU Gang',ZHAO Dongmei',LIU Xin®, WU Zhiqiang’, LI Chao’
(1. School of Electrical and Electronic Engineering, North China Electric Power University,Beijing 102206, China;
2. Changchun Power Supply Company of State Grid Jilin Electric Power Co.,Ltd.,Changchun 130000, China;
3. Training Center of State Grid Jilin Electric Power Co.,Ltd.,Changchun 130000, China)
Abstract: The research of wind power fluctuation characteristics is of great significance for improving the
accuracy of wind power prediction, promoting the consumption of wind power integration,and restraining the
adverse effects of wind power integration on safe operation of power system. Based on the measured data
of wind farms, four basic characteristics of wind power fluctuation characteristics of time-varying, heterosce-
dasticity, fluctuation agglomeration,and “leptokurtosis and fat-tail” are summarized. In order to quantitatively
describe the probability distribution of wind power, the normal distribution, mixed Gaussian distribution and
t Location-scale distribution, stable distribution and Laplacian distribution in the heavy-tailed distribution
are respectively adopted to fit the wind power fluctuation rate under different time and space scales. The
relative entropy is introduced as an evaluation index to measure the pros and cons of fitting distributions,
and the evaluation results of different fitting distributions are compared and analyzed. The simulative results
show that the probability distribution of wind power is more suitable to be described by the heavy-tailed
distribution function,in which the t Location-scale distribution function has the best fitting effect.
Key words:wind power;fluctuation characteristics;probability distribution;leptokurtosis and fat-tail; information

entropy ; relative entropy
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Table B1 State variables and their representative meanings
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Table B2 Basic parameters of system
3H Hif ZH Hd B K S Hlig ZH Hulig
Prom 20 MW RI wind 15Q L'm 2.9 Ky pliwind 4317 Kitde 0.004 9
Pinom 30 MW L1 wind 6.7<10"H H 1 Ki piiwind 932.08 Kote 0.4
Viom 10 kv Rui 10 Q L 0.005 6 H Kopo 0.05 Kite 18.036
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Fig.C4 Stability threshold of controller parameters
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Fig.C5 Root locus of servo controller parameter change
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Fig.C7 d- and g-axis components of grid-connected current

with controller parameters change
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