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ABSTRACT: Energy harvesting enables the supply of low-power Internet of Things (IoT) 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 IoT 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.

VARIABLE RELUCTANCE ENERGY HARVESTER (VREH)

Low power sensors for condition monitoring 
of bearings in vehicles:
▪ Predictive maintenance
▪ Fault detection
Challenges in power supply:
▪ Long term supply required
▪ Impractical to replace batteries
▪ Wired supply not possible (rotating parts)

Speed (RPM) Vp (V) Vdc (V) Pharvester (mW) Pbattery (mW) Efficiency (%)

400 18.5 7.4 1120 854 78

300 13.8 5.52 660 493 75

200 9.3 3.72 300 205 68

ORGANISER COMMERCIAL SPONSORS

Frequency and peak voltage 
increase linearly with speed

Source: Y. Xu, S. Bader, M. Magno, P. Mayer, and B. Oelmann, “System
Implementation Trade-Offs for Low-Speed Rotational Variable Reluctance
Energy Harvesters,” Sensors, vol. 21, no. 18, Art. no. 18, Jan. 2021.

Energy harvesting

POWER CONDITIONING SUBSYTEM (PCS)

PCS tasks:
▪ Rectification of AC input
▪ Maximum power point tracking 

(MPPT)
▪ Battery management
▪ Provide regulated 1.8 V voltage 

for  condition monitoring circuits
▪ Input frequency measurement

Optimal ratio between 
rectified DC voltage 

and peak input voltage 

MAXIMUM POWER POINT TRACKING

Commercial chips for energy harvesting cannot extract power levels of VREH. A custom prototype has 
been designed 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 
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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