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Introduction

20 October 2021

Background:

• Vibration energy harvesting (VEH) have emerged as one of the most promising

sources of sustainable energy to power low-powered electronics.

• Mechanical vibrations into electricity, the two most common applied methods

are piezoelectric transducers and electromagnetic induction.



• Based on Faraday’s law of electromagnetism, voltage is induced in the coil

when the coil vibrates in the magnetic field.

• Figure 1 illustrates an example of a typical cantilevered electromagnetic VEH

device.
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Figure 1. Design of a typical cantilevered electromagnetic 

vibration energy harvester.
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• The maximum average power output induced by the harvester at the first

vibration mode resonance can be written as [1].

where P is the output power, m is the effective mass of the harvester, G is the

acceleration of the input vibration, 𝜔1 is the harvester’s fundamental natural

frequency and 𝜁𝑠 is the first mode structural damping.

5

Power and damping of a cantilevered electromagnetic 
VEH

20 October 2021

𝑃 =
𝑚𝐺4

16𝜁𝑠𝜔1

(1)



• For a stainless-steel material, the material damping ratio can be related to the

critically damped stress, 𝜎𝑐, by the following expression [2].

where 𝜎𝑐 is maximum von-Mises stress from the beam

• Therefore, the mechanical/material damping can be estimated
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𝜁𝑚 = 2.109 × 10−8(𝜎𝑐)
0.8447 + 1.662 × 10−3 (2)



• Model in ANSYS workbench with the element size of 0.5 mm as shown in

Figure 2.

• Both beams have same natural frequency of 32.34 Hz with the same proof

mass of 19 g.

• Acceleration is 1.96 ms-2
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Figure 2. Finite element model of a rectangular (left) and 

a triangular (right) cantilever beam with added proof mass



• Figure 3 shows the variation in material damping against the beam volume and

the beam length for the triangular and the rectangular cantilever beam.
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Figure 3. Variation material damping ratio with cantilever beam volume (left) and 

length (right) for a triangular and a rectangular cantilever beam.
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• Figure 4 where a coil component which was modelled based on the real item

was attached to the beam instead of the proof mass.
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Figure 4. A triangular and a rectangular cantilever beam with an attached coil component



• Figure 5 shows that the amplitude responses of the two beams under the two

scenarios
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Figure 5. Comparison between the amplitude response of the triangular and the 

rectangular beam for the first scenario (left) and the second scenario (right). 
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• The maximum average power output at resonance for each beam in both

scenarios was then estimated using the equation (3)

• The power harvested of two different scenarios are:
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𝑃 =
𝑚𝐺𝜔1𝑧𝑚𝑎𝑥

2

Scenario 1 2

Rectangular 11.3 mW 12.4 mW

Triangular 13.8 mW (+22.1%) 13.8 mW (+11.3%)

(3)
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Conclusion:

• Triangular beam is better in term of power output as the damping is smaller by an

average of 7.1%.

• At constrained beam volume, the power output of triangular beam was higher than

rectangular beam by 21.7 %.

• At fixed beam length, the power output of triangular beam was higher than

rectangular beam by 11.3 %.

Future work:

Experiment work will be conducted to verify the argument.
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