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Fig. 1 Typical structure of wind farm integration
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Fig. 2 Reactive power absorbed by B2 from grid with
wind farm output power change
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Fig.3 General framework of graded voltage
control for clustering wind farms
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Fig. 4 Topology of clustering wind farms
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control of a 1.5 MW wind turbine in wind farm D1
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Table 1 Control sensitivity of reactive power devices of
each substation to voltage of each wind farm

K HL 3 4 Kt an Kr g Kt pi Kr g
Al 1. 40 0.12 0.12 0.12
Bl 0.12 0. 34 1. 55 0. 34
B3 0.12 0. 34 0. 34 1.75
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Fig. 8 Change sequence in time scale of
wind farms’ voltage
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Table 2 Effect of primary voltage control when
single wind farm trips off grid

J T IR, 37 4 5 Uai Upi Uci Uni
Al 0.981 1 1.024 6 1.017 9 1.029 6
Bl 1.019 6 0.987 7 1.021 1 1.033 8
C1l 1. 022 4 1.035 3 1. 000 8 1.038 9
D1 1.019 1 1.029 6 1.023 2 0.981 0
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Table 3 Effect of primary voltage control when
several wind farms trip off grid

J T IR H, 37 4 5 Uai Uri Uci Uni
Al,A2,E1 0.982 7 1.026 4 1.019 8 1.034 2
B1.,B2,B3 1.028 5 0.997 4 1.031 2 1.045 7

Cl.C2 1.027 7 1.042 0 1.005 6 1.046 3
D1,D2,D3,D4 1.031 2 1. 046 1 1.040 5 0.998 2
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Fig. 10 Control effect when wind farms in
zone D trip off grid
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Fig. 13 Compensation reactive power of wind farm C1
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Graded Voltage Control Strategy for Clustering Wind Farms Based on Doubly-fed Induction Generators

CHEN Huifen, ZHANG Yiwei, MIN Yong, QIAO Ying, LU Zongxiang
(State Key Laboratory of Control and Simulation of Power Systems and Generation Equipments,
Tsinghua University, Beijing 100084, China)

Abstract: The characteristics of clustering wind farms are strongly coupled between reactive power and voltage of wind farms
and poor communication reliability. Based on these characteristics, this paper proposes a graded voltage control strategy. In the
control strategy, doubly-fed induction generators (DFIGs) are main reactive power resources because of their high reliable
reactive power generation ability and capacitors/static var compensators (SVCs) are auxiliary reactive power resources. This
makes the strategy independent of high speed and high reliability communication between DFIGs and wind farm automatic
voltage control (AVC) system. According to the grid operation condition, the PQ curve of DFIG is calculated previously.
Based on the pre-setting PQ curve, the reactive power output of DFIG is adjusted automatically to eliminate voltage fluctuation
caused by change of active power output. Only when the grid operation condition changes significantly, the PQ curve need to be
updated, that means the PQ curve need not be calculated in real time. When the voltage control aim is not achieved or the
updating of PQ curve does not finish, capacitors/SVCs are then used to control voltage, which is called the secondary voltage
control. Simulations on a real clustering wind farms in northern China is carried out. The results show that the probability of
wind generators’ cascading disconnection from power grid is reduced effectively with the proposed graded voltage control
strategy. Communication failures between DFIGs and wind farm AVC system have no influences on control effect.
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