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Integrated Permanent-Magnet-Synchronous-Generator-
Rectifier Architecture for Offshore Wind

Abstract

High efficiency, power density, and reliability are critical in megawatt-class wind energy conversion
systems. Operating over a limited speed range, the generator ac output is usually rectified first to dc,
enabling subsequent connection to an electric grid. Conventional high-power ac-to-dc conversion
architectures rely on fully controlled power-electronic switches, making the system bulky, lossy, and less
reliable. Our objective is to create the world's most efficient, reliable, and compact wind energy conversion
system through an alternative approach: integrating a multi-port permanent-magnet synchronous generator
(PMSG) with series-stacked power converters made of active and passive rectifiers. The active rectifier,
made of fully controlled power-electronic switches such as IGBTs or SiC MOSFETS, regulates the dc bus
voltage while passive rectifiers, made of diodes, process the bulk of the power. The passive rectifiers
operate with a high input power factor by eliminating the filter capacitors at the dc output. Theoretical
analysis shows that the active rectifier processes only a maximum of 25% of the rated power while the
PMSG operates in a speed range similar to the conventional doubly-fed induction generator—the workhorse
of the modern wind power industry.
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