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Fig.1 Power-speed characteristic curve of

variable-speed wind turbine
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Fig.2 Curves of active power control under

middle and low wind speed
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Fig.3 Improved rotor speed control system
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Fig.4 Novel additional pitch angle control system
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Fig.5 Schematic diagram of grid-connected wind farm
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Table 1 Emergency power support capacity of wind farms
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Fig.6 Flowchart of wind farm’s frequency
control based on active power
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Fig.7 Simulative results of three control strategies
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Fig.8 3-machine 9-bus system with wind farms
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Table 2 Parameters of wind farms when disturbance occurs
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Table 3 Emergency increasing capacity of wind farms
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Fig.9 Simulative results with sudden load increase
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Table 4 Frequency modulation results with power shortage
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Table 5 Emergency decreasing capacity of wind farms
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Fig.10 Simulative results with load reduction
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Table 6 Frequency modulation results with superfluous power
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Auxiliary frequency modulation method of DFIG-based wind turbine
based on principle of power balance control
HUANG Wei' ,CHEN Wei*, WU Jun®,LIU Dichen’, WU Chen',CHENG Min',CHEN Zhen®
(1. Yunnan Power Grid Co.,Ltd., Kunming 650000, China;2. School of Electrical Engineering and Automation

Wuhan University, Wuhan 430072, China;3. Huaneng Fuzhou Power Plant, Fuzhou 350000, China)
Abstract; The high proportion of grid-connected wind power brings severe challenges of power balance and
frequency stability to the power grid. How to make full use of the active reserve of variable-speed wind turbines and
study the fast-flexible frequency modulation control method of wind farm become the key issues to improve the wind
power consumption capacity. An improved active power control strategy for variable-speed variable-pitch wind tur-
bines under full-wind speed condition is proposed,which can make the wind farm realize load shedding to response
to the power dispatching order and provide active power reserve effectively. Considering the decentralized accessing
scenario of wind farms and aiming at the monitorable , large-capacity single disturbance or fault event such as genera-
tor trip,load off-network ,and so on,a new coordinated auxiliary frequency modulation method is proposed based on
the principle of power balance control. When the power of the grid changes suddenly,the emergency power support
capacity of different wind farms are started and allocated reasonably according to the shortest electrical distance be-
tween the wind farms and the disturbance node. Simulative results show that the designed power-frequency control
strategy can effectively improve the frequency stability of the power grid after the disturbance from two aspects of re-
ducing the amplitude of transient frequency deviation and the frequency recovery time.
Key words: variable-speed variable-pitch wind turbine ; power balance control ; emergency power control ; electrical

distance ;active power-frequency control ; frequency regulation
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Table Al Parameters of generators

'

REH  HEREIMVA)  HE  GIES WS X4 Xg
G 245 1.040 — Slack 0.1460 0.0608
G2 163 1.025 1.09 PV 0.8958  0.1198
Gs 108 1.025 0.85 PV 1.3125 0.1813

K R X, X X Tgo /s Tols  His
G 0.0969 0.0969  0.0336 8.96 0 23.64
G2 0.8645 0.1969  0.0521 6.00 0.535 6.40
Gs 1.2578 0.2500  0.0702 5.89 0.600  3.01

T RPHE B xe Xgo Xy o Xq o xR XA FEMEE
HY Sg=100MVA, Ug=230kV; ZRZi#iZ N 50Hz.

x®A2 MEBELEESEERSY

Table A2 Parameters of transmission lines and transformers

Juft G A K 52

T, 0 0.0576 0

T, 0 0.0625 0

Ts 0 0.0585 0
M E Lk 4-5 0.010 0.085 0.088
M E L 4-6 0.017 0.092 0.0079
M2k 5-7 0.032 0.161 0.153
i 2R % 6-9 0.039 0.170 0.179
i 2k % 7-8 0.0085 0.072 0.0745
Ay L 2 % 8-9 0.0119 0.1008 0.1045

i RPESENIR X ME, FEAEDIEIY 100MV A,

R"RA3 QATTEH
Table A3 Parameters of loads

il HININRIMW  EIhTE Mvar
A 100 30
B 125 50
C 100 35
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