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Power Management System Design for a Variable Reluctance Energy Harvester

in @ Smart Bearing Application

Fernando Pérez, Alejandro Redondo-Ayala, Airan Francés, Gabriel Muijica,
Universidad Politécnica de Madrid, fernando.ptorrero@upm.es

ABSTRACT: Energy harvesting enables the supply of low-power Internet of Things (loT) embedded systems that perform tasks such as asset tracking, condition
monitoring, or comfort optimization, among others. Variable reluctance energy harvesters (VREH) extract energy from rotating elements, enabling smart bearing
applications. VREH output is a sinusoidal voltage whose peak value and frequency varies with rotational speed. For that reason, a power conditioning subsystem
(PCS) is needed to extract maximum power, manage storage devices, and provide a regulated DC voltage for loT systems. In previous work, it was determined that
commercially available Power Management Units (PMU) targeted for energy harvesting are not suitable for due to their power extraction limitations. This work
proposes the design of an ad-hoc PCS based on a commercially available buck-boost converter. To extract the maximum power, the rectified DC voltage is regulated
to a ratio of the peak open circuit voltage of the VREH. Through an analysis of the system, the optimal ratio was determined to be 40%. To set this value, a
microcontroller measures the frequency of the input signal and drives a digital potentiometer that configures the converter that regulates the voltage. The prototype
includes impedance matching, rectification, MPPT, measurement circuits, MCU, and battery management.
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Commercial chips for energy harvesting cannot extract power levels of VREH. A custom prototype has
been desighed with:

= PCS subsystem (impedance matching capacitor, diode rectifier, buck-boost converter, output regulation)
" Measurement circuits (frequency, current and voltage)

" Fuel gauge (battery management)

= Digital potentiometer (to set MPPT ratio according to input voltage)

= MCU (power management, measurement, and communication with the sensor node)

POWER EXTRACTION EFFICIENCY CONCLUSIONS

In this work, an ad-hoc PCS system has been designed for a VREH. The VREH
Pharvester (MW)  Ppaiiery (MW)  Efficiency (%) produces a sinusoidal voltage with a variable frequency and voltage. To maximize
power extraction, a system has been developed, which tracks the frequency of
the input voltage and regulates the rectified DC side voltage to the optimal 40%
ratio of the open circuit voltage. The PCS includes rectification, impedance
matching and fuel gauge. This custom solution provides up to 850 mW out of 1.1
W, while commercial PMICs for energy harvesting can only extract below 300 mW.
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