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Synchronization Condition of Lossy Power Networks
by Using Non-Uniform Kuramoto Model

«Y. Fujita and T. Namerikawa (Keio University)

Abstract— This paper discusses a synchronization problem for networked electrical power systems with a
connection topology. We analyze dynamical properties of power networks and derive the synchronization
condition of electrical generators. First, a termed Kron reduction method to derive swing equation is em-
ployed, which describes states of generators. Second, the equation is reduced to Non-uniform Kuramoto
model, and then we derive a synchronization condition by using the reduced model. Finally, we have succeed
in relaxing the synchronization condition by controlling power units. Effectiveness of the proposed condition

is shown via simulation results.
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(a)Connection Topology
Fig. 1: Power Grid

(b)SL-Diagram
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Fig. 2: Phase Shift
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Fig. 3: Frequency Entrainment
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