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Theoretical Study on Synchronization Phenomena of Wind Turbines in a Wind Farm

Norihide Katayama®, Student Member, Go Takata*, Student Member,

s kok

Masatoshi Miyake*, Member, Toshiya Nanahara***, Member

This paper discusses the synchronization phenomena of wind turbines in a wind farm. The phenomena denote the
situation that a blade revolution of a wind turbine is pulled into phase with that of the other turbines in a wind farm.
If blades of many turbines simultaneously pass in front of their towers, output power fluctuations of the turbines due
to tower shadow effects also become synchronized. This causes voltage fluctuation to increase and may give rise to

voltage flicker problems.

The purpose of this paper is to examine the phenomena theoretically. Obtaining a differential equation that describes

the phenomena with output power, voltage and slip fluctuations of a wind turbine, we examine dependence of the

phenomena on the related parameters. We also prove the validity of the equation through simulation analyses.
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Fig.5. Phasor diagram for power, voltage and slip.
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Table 1. Machine constants of generators.
ry 0.007 (pu) P-rated 1000 (kW)
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r 0.010 (pu) moment of inertia 5.0 (sec)
Xo 0.097 (pu) gear ratio 1500 : 21
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Fig.7. Block diagram for simulations.
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Table 2. Parameters for theoretical studies.

K -0.014

@, 50%2x (rad/sec)
N 1500/21

v o 0.96 (pu)

Ipl 0.35 (pu)

sl 0.0034

g n/6
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