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Power grids modelled via Josephson junction like equations
This visit was planned to complete the work begun during the previous short visit grant of the ESF network in October 2006, where we have been able to show that there is a link between the Kuramoto paradigm as applied to Josephson junctions [1] and another system of synchronized oscillators, namely an electrical power distribution grid of  generators and consumers [2]. The purpose of this visit was to finalize the research towards an actual application of this formal analogy to solve power distribution problems. 
During this visit we have been able to sow that the mapping can be made quantitative and the necessary approximations for the derivation of the model equation have been clarified. Moreover, we have been able to show that a class of Kuramoto-like models, those with bimodal distribution of the frequencies [3], is most appropriate for the power-grid. In fact in the power-grid there are two kinds of oscillators: the “sources” delivering power to the “consumers”. However, introducing a rotating frame the systems maps into a collection of oscillators with two peaks in the distribution of the natural frequencies. Finally, we have shown that the instability occurring in a simple machine-generator system [2] is mathematically equivalent to the loss of stability of the Josephson supercurrent and the switch to the McCumber solution [4]. We can therefore straightforwardly predict the condition to favour stability.
A paper based on these results is under preparation.
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