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I. INTRODUCTION 
 
The growing global demand for sustainable technologies increased the 
focus on developing SMART, Industrial 4.0, and environmental 
applications with embedded autonomous monitoring and diagnostic 
units. The operation of modern sustainable systems requires complex 
monitoring tasks that employ IoT sensing and monitoring units [1]. 
Developed embedded IoT systems based on modern sensing materials 
and electronics could be used for long-term sensing to indicate wear, 
anomalies, or system degradation [2]. Monitoring applications of 
modern aircraft systems leads to an increase in the opportunity for the 
development of energy harvesting applications [3]. 
This contribution is focused on mechanical systems that operate under 
vibrations and provides a summary of potential physical principles of 
energy harvesting. The contribution addresses the critical challenges in 
mechanical energy harvesting technologies and provides an overview 
of the successful transfer of energy harvesting technology from 
laboratory specimens to industrial applications. 
 
II. KINETIC ENERGY HARVESTING SYSTEMS  
 
Energy harvesting technologies are characterized by converting waste 
and ambient mechanical vibration into useful electricity. This physical 
principle is shown in Fig. 1 in the form of a hybrid kinetic energy 
harvester [4]. Kinetic energy of vibration (green) is transferred into 
resonance operation, and consequently, this relative movement (red) is 
converted by electromagnetic (blue) or piezoelectric principle (orange) 
into electricity.  

 
Fig. 1. Hybrid kinetic energy harvesting system; system of 

mechanical resonator (red), electro-magnetic (blue) and piezoelectric 
conversion system (orange) 

 
The one degree of freedom mathematical model of mechanical 
resonator (1) could be used for both piezoelectric and electromagnetic 
converters, and the consumption of harvested energy is analysed. Both 
converters could be in different forms and designs, and provide a 
coupled electro-mechanical system. The model of the piezoelectric 
composite beam (2) is well understood and described in many papers, 
such as [5]. The example of a common electromagnetic system (3) is 
described in publication [6]. 
 
III. APPLICATIONS OF ENERGY HARVESTING DEVICES  
 
Several thousand journal papers about kinetic energy harvesting 
systems provide analysis and solutions for energy harvesting devices 

in a lab environment. However, only a few technical applications with 
energy harvesting sources provide a fruitful solution for wireless 
sensor nodes. 
Developing energy harvesting technologies provides a novel and 
autonomous energy source for IoT applications [7] in reporting, 
monitoring, and diagnostic purposes. Primarily vibration energy 
harvesting technology is developed for safe aircraft applications [3]. 
Significant demands are placed on energy sources for biomedical 
applications [8]. However the promising energy harvesting outputs are 
reported in operation on a railway infrastructure [9] and environmental 
sea monitoring [10]. 
 
IV ACKNOWLEDGEMENT 
 
This contribution was supported by the project GAČR no. 25-14505L 
Advanced techniques for effective kinetic nonlinear energy harvesting 
technologies. 
 
V REFERENCES 
 
[1] H. Elahi, K. Munir, M. Eugeni, S. Atek, and P. Gaudenzi, "Energy 
harvesting towards self-powered IoT devices," Energies, vol. 13, no. 
21, pp. 1–31, 2020. 
[2] P. Cawley, "Structural health monitoring: Closing the gap between 
research and industrial deployment," Structural Health Monitoring, 
vol. 17, no. 5, pp. 1225–1244, 2018. 
[3] P. Sundriyal and S. Bhattacharya, "Energy harvesting techniques 
for powering wireless sensor networks in aircraft applications: A 
review," in Proc., pp. 55–76, 2019. 
[4] H. Ryu, H. J. Yoon, and S. W. Kim, "Hybrid energy harvesters: 
Toward sustainable energy harvesting," Advanced Materials, vol. 31, 
p. 1802898, 2019. 
[5] Q. M. Wang and L. E. Gross, "Constitutive equations of 
symmetrical triple layer piezoelectric benders," IEEE Transactions on 
Ultrasonics, Ferroelectrics, and Frequency Control, vol. 46, pp. 1343–
1351, 1999. 
[6] Z. Hadas, L. Janak, and J. Smilek, "Virtual prototypes of energy 
harvesting systems for industrial applications," Mechanical Systems 
and Signal Processing, vol. 110, pp. 152–164, 2018. 
[7] O. Rubes, J. Chalupa, F. Ksica, and Z. Hadas, "Development and 
experimental validation of self-powered wireless vibration sensor node 
using vibration energy harvester," Mechanical Systems and Signal 
Processing, vol. 160, 2021. 
[8] S. Panda et al., "Piezoelectric energy harvesting systems for 
biomedical applications," Nano Energy, vol. 100, no. April, p. 107514, 
2022. 
[9] Z. Hadas, O. Rubes, F. Ksica, and J. Chalupa, "Kinetic 
electromagnetic energy harvester for railway applications—
Development and test with wireless sensor," Sensors, vol. 22, no. 3, p. 
905, 2022. 
[10] M. Carandell et al., "Electromagnetic rolling mass wave energy 
harvester for oceanic drifter applications," The European Physical 
Journal Special Topics, vol. 231, no. 8, pp. 1475–1484, 2022. 

 


