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Output Power Enhancement and Widening Frequency Band Width by Mechanically
Switching Nonlinear Circuit in Vibration Energy Harvesters

Asanuma, Haruhiko
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In aiming at both increase in the output power and wider frequency band
width in vibration energy harvesters, we proposed a mechanically switching nonlinear circuit. We
designed a folded-Sﬁring structure for the mechanical switch, and revealed the optimal condition of
the structure. Furthermore, we have developed a two-way coupling simulation technique that allows us

to evaluate the practical performance of the harvester connected with the nonlinear circuit,
alternately solving the simultaneous equation concerning the mechanical vibration and the electrical
circuit. The numerical results show that the nonlinear circuit, which boots up the voltage, may
suppress the vibrational amplitude and thus decrease the resulting output power. We investigated the
performance for the electronic and mechanical switch nonlinear circuits, both numerically and
experimentally, and revealed that the output power for the mechanical switch can exceed that for the
electronic one in highly coupled harvesters.



loT Internet of Things,

0.1

Guyomar IEEE
Transactions on Ultrasonics, Ferroelectrics,
and Frequency Control, vol. 52, 584-594,
2005 Synchronized Switch Harvesting
on Inductor (SSHI)

(AC) (DC)
AC-DC

AC-DC

LC
DC

Smart Materials and Structures, vol.
17, 035030, 2008




0.15 mm
1G(9.8 m/s?)
200 Hz
0.1-0.5G 30Hz
2
3.5x2x3 cm®
C-6 2x1.7x0.02 cm®
32 nF
ABS
3:
L
G LC
v, Vs
DC W Pt aly

@)

Matlab/Simulink Simelectronics

i =az—CyV,

| =
Vp
| <

mZ’+cz‘+kz=F—an

(b)

4: -

FEM
5(a)




AF

@)

(0) Af= hng-fige

5(b)

d 3mm A

) [Hz]
> Df
g 5 s\
s 6
10
1 16
& 18
3 335 4 4.5 5 5.5 6
Ay [mm]
5: FEM
6
0.5G (4.9 m/s?) r
Pout S
1 2
1
1.5 2
2.2 1 2
0.58 0.31
0.6
204t
£
E
o 02 f
O L
25 40

Smart

Materials and Structures, vol. 17, 035030,

2008

7(a)

7(b)
/

0 0.8 16 2.4
[m/s?]
(b) _ Vs,
= 15
E
' \
. 05 X
0
0 0.8 1.6 24
[m/s?]
7:



Haruhiko Asanuma, Kazuhiro Sakamoto,
Toshihiko Komatsuzaki, and Yoshio lwata,
"Comparative Study of Electrical and
Switch-skipping Mechanical Switch for
Self-Powered SSHI in Medium Coupled
Piezoelectric Vibration Energy Harvesters",
Smart Materials and Structures, 2018,
accepted.

DOl:
https://doi.org/10.1088/1361-665X/aac4cc

Dynamics & Design
Conference 2016 2016 8 23 8
26

2016 2016 9

11 14

Haruhiko Asanuma, Hitoshi Okubo,
Toshihiko Komatsuzaki, and Yoshio lwata,
"Folded Spring and Mechanically
Switching SSHI for High Performance
Miniature Piezoelectric Vibration Energy
Harvester”, The 16th international
conference on micro and nanotechnology
for power generation and energy
conversion applications (PowerMEMS
2016), Paris, France.

Dynamics & Design
Conference 2017 2017 8 29 9 1

2017 2017 9

3 6
Kazuhiro Sakamoto, Haruhiko Asanuma,
Toshihiko Komatsuzaki, and Yoshio Iwata,
"Numerical Investigation of Mechanically

and Electrically Switching SSHI in Highly
Coupled Piezoelectric Vibration Energy
Harvester”, The 17th international
conference on micro and nanotechnology
for power generation and energy
conversion applications (PowerMEMS
2017), Kanazawa, Japan.

€Y
ASANUMA, Haruhiko
10757298

@

®

*



