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Computer servers, communication equipment, and motor drives all require front-end
rectifiers to convert AC power to DC power. For high power applications from several
kW to MW, 3-phase rectifiers are more advantageous over their single-phase
counterparts, due to their reduced component count, reduced capacitance, and improved
efficiency. Further, military field vehicles, aircraft, and ships use alternators to generate
wide frequency and voltage three-phase AC power. Thus, high performance 3-phase
rectifiers are required to convert the AC to DC to power various subsystems.

When rectifiers draw sinusoidal current from AC power sources that is in phase with the
voltage, the power sources operate at their highest efficiency with the maximum power
capacity. Traditional passive diode rectifiers draw non-sinusoidal currents from power
sources, which introduces harmonic and reactive current into the transformers and
alternators, reducing their capacity, efficiency, and lifetime. Passive 12 pulse and 18-
Pulse Transformer Rectifier Units (TRUs) employ transformers and multiple 3-phase
diode-rectifier bridges to increase the number of current pulses and decrease the
harmonic content; however, this is achieved with the penalty of increased weight and raw
material use. Furthermore, the introduction of transformers results in a narrow frequency
range for effective and efficient power conversion, which is not suitable for modern
mobile power systems where the alternator is connected directly to the engine to generate
“wild” voltage and frequency output power.

Three-phase active PFC rectifiers are needed to serve these markets. However,
development of 3-phase rectifier products requires substantial research and development
capital and time. Most companies can’t justify the investment. This tutorial presents
breakthrough One-Cycle Control (OCC) technology and design methods that enable rapid
development of high-performance three-phase active rectifiers, featuring great simplicity,
wide frequency range (45-800Hz), high power quality (PF>0.99, THD<3%), and robust
stability (from zero-100% load), without the requirement of DSP and software. Step by
step design instruction will be provided based on commercially available OCC controller
modules, OCC protection modules, and OCC driver modules.
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