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Environmental Reliability Assessment of Magnetic-electromechanical Coupling Energy
Harvesting Device Based on Cantilever Structure

WANG Zhen!, LIU Zhengyu', ZHU Xuegiong', XIA Dong?, HU Yanjie'
(1. State Grid Jiangsu Electric Power Science Research Institute, Nanjing 211103, China;
2. State Grid Jiangsu Electric Power Co., Ltd., Nanjing 210094, China)

Abstract: To study the influence of ambient temperature and humidity on the environmental reliability of magnet-
ic-electromechanical coupling energy harvesting device, we designed and fabricated a magnetic-electromechanical
coupling energy harvesting device based on cantilever structure. We conducted high- and low-temperature operational
tests and alternating damp-heat tests on the device using a multi-physical-field coupled controllable test platform. Three
prototypes of the same batch were used for each test. The selected prototypes were subjected to high temperatures, low
temperatures, high temperatures plus high humidity, and low temperatures plus high humidity working environments. Af-
ter being restored to room temperature, the resonant frequency shift was less than 2%, and the output voltage attenuation
at the resonant frequency of the device was less than 10%. The mechanical properties of the cantilever beams and the
magnetic properties of permanent magnets in the device remained unaffected. Test results show that the energy harvesting
device has excellent ability to resist extreme temperature interference and temperature-humidity coupling interference.
This research provides data supports and a theoretical basis for optimizing the reliability of energy harvesting devices.

Key words: energy harvesting device; cantilever structure; magnetic-electromechanical coupling; temperature and hu-

midity control; reliability
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Fig.1 Dynamic modeling diagram of magnet-

ic-electromechanical coupling energy harvesting device
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Fig.3 Physical drawing of magnetic-electromechanical

coupling energy harvesting device
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Table 1 Design and actual values of geometrical parameters of
the device
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Fig.4 Controllable test platform of multi-physical field joint
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measurement points
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Table 2 Comparison of temperature and humidity distribution

at the measurement point

Mk r JE oC HERTRREE/ %
A 25.07 95.60
B 25.66 94.54
C 26.80 96.11
D 25.99 95.77
o 25.00 95.00
K 24.23 95.60
L 24.67 94.60
N 25.8 95.01
M 25.93 95.13
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Fig.6 Schematic diagram of the change curve of magnetic

field strength with time at the test point
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Fig.7 Test platform for the resonant frequency of an energy

harvesting device
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Table 3 Experimental equipment and main performance

parameters
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Fig.8 Influence of excitation frequency on the initial output

performance of the device
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performance of the device
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