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Abstract; In view of the low efficiency of the energy harvester at low frequencies due to the narrow ambient vibration
band, a piezoelectric energy harvester that performs well in low frequency environments was designed, and its harvesting
band was broadened. The collision method was adopted to design the energy harvester with frequency-up conversion to
adapt to the low frequency environments. A rack and gear drive was used to drive the paddles against a cantilever beam
to achieve kinetic energy harvesting. The Euler-Bernoulli beam theory was improved by combing the previous research,
and the precise position and vibration equation of the cantilever beam during the vibration process were presented. The
approximate equations of motion of the paddle shaft was obtained by simplifying the transmission model, and the
velocities of the components before and after the collision according to the momentum theorem were calculated. The
kinetic equations of the whole system were set up and the electrical equations of the system were established through the
electromechanical coupling equations. The experimental validation shows that the designed harvester broadens the
bandwidth by 11.23% and increases the output voltage by 38. 2% compared with the conventional cantilever beam
harvester. The output voltage of the designed harvester can be stepped frequently at low frequencies, which greatly
improves the harvesting performance of the piezoelectric vibration energy harvester in low frequency environments and
makes it more suitable for energy harvesting in low frequency environments.
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Figure 1 Harvester 3D structure
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Figure 2 Collision motion of paddle and

piezoelectric beam in one collision cycle
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Figure 3  Piezoelectric beam vibrations
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Table 1  Harvester construction parameters
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