



A CONTROL METHODOLOGY AND CHARACTERIZATION

OF DYNAMICS FOR A PHOTOVOLTAIC (PV) SYSTEM

INTERFACED WITH A DISTRIBUTION NETWORK

ABSTRACT

In recent years, the concept of distributed generation (DG), which permits installation of relatively small-scale power generators at the medium/low-voltage distribution levels of the power system, has gained widespread attention due to its technical, economical, and environmental benefits. Among distribution generation systems, photovoltaic (PV) solar systems have attracted considerable investment in several countries, such that significant penetration of the PV energy into distribution networks has already taken place in Europe, through single- and three-phase systems, and more penetration is anticipated worldwide. 

Many previous works have investigated different aspects of PV systems, including the energy production and economics. The most widely addressed technical issue regarding PV systems is the so-called maximum power-point tracking (MPPT).  The scope of the reported works encompasses both large-scale and distributed PV systems. A number of works have adopted the current-mode control strategy. This identifies the control loops and the transfer functions of the PV system, but does not report any analysis of the stability or interactions with the line/loads. Another approach has been developed which is adopted with an emphasis on the impact of grid impedance on the closed-loop stability and not on the interaction between the PV system and the distribution network. 

This paper proposes a control strategy for a single-stage, three-phase, photovoltaic (PV) system that is connected to a distribution network. The control is based on an inner current-control loop and an outer dc-link voltage regulator. The current-control mechanism decouples the PV system dynamics from those of the network and the loads. The dc-link voltage-control scheme enables control and maximization of the real power output. Proper feed-forward actions are proposed for the current-control loop to make its dynamics independent of those of the rest of the system. Further, feed-forward compensation mechanism is proposed for the dc-link voltage-control loop, to make the PV system dynamics immune to the PV array nonlinear characteristic. This, in turn, permits the design and optimization of the PV system controllers for a wide range of operating conditions. 

A modal/sensitivity analysis is also conducted on a linearized model of the overall system, to characterize dynamic properties of the system, to evaluate robustness of the controllers, and to identify the nature of interactions between the PV system and the network/loads. The results of the modal analysis confirm that under the proposed control strategy, dynamics of the PV system are decoupled from those of the distribution network and, therefore, the PV system does not destabilize the distribution network. It is also shown that the PV system dynamics are not influenced by those of the network (i.e., the PV system maintains its stability and dynamic properties despite major variations in the line length, line X/R ratio, load type, and load distance from the PV system).
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