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Fabrication of Vibration-Driven Electromagnetic Energy Harvester
with Spring-Less and Its Characteristics

Kyeong-il Ryu and Gwiy-sang Chung ™

Abstract

This paper describes the fabrication and characteristics of vibration-driven electromagnetic energy harvester without spring to use at
low frequency like a human body motion. The implemented energy harvester consists of NdFeB magnets, copper coil. The optimization
of induced voltage was done by the various widths of coil, number of the turns, size of fixed and moving magnets and thicknesses of the
cylinder. The fabricated energy harvester is capable of producing up to 15.0 Vpp for basic model and 28.80 Vpp for improved model at 5.0
Hz resonance frequency and 0.75 g acceleration level. The basic model and improved model are provided a maximum power of 6.375
mWand 25.831 mW at 1 KHz of load resistance in rectifier circuit.

Keywords : Energy Harvester, Electromagnetic, Vibration, NdFeB

1LME UEE A4 oA st~ o] Al 12 S/4dof et A
otk

b

2 b W MEMS 7149 343 wee Anke E 7}
o 849 5 GBSt en el 28 SR )
utElo] AlZE 9 B4 Aok glo] Abge et 245 F, of
. 284 49 G710 240l B1ok gk, 1o ol

2. M =

Fig, 12 & oA Alzket A7) gl= H5d A

P71 Tl W ASE R S KA g g spseel Ades e Aoz 259 o]

A2, Be) 994, BA0E ST BREEARON L e sl o] A4S A ASE 210l
4 ek, o2t BAEE e Al AT FAR gl

El oUAE de oldA sh|l2gof| gt A7t 2s] 7

|3 9leHl, 20, ouiA) shlage AAEE 2 dA = 1]

oA EAskE oA YR o] g o= glen, 11 FolA A

T2 ol 8% oA shH| 28 Hol= oFA, AA, A7) WA

oM Qo] Ago] ofefe B, HA|AE AFake |-§

SN = A HEE B50] 7hssta, @] F27F bt =

5o xﬁﬂl Algro] 7hsRtor T AF7F Bis| o] fojAal |

EE]—E]—H, w AtolAE A OA st AFaka(10 Fig. 1. Schematic diagram of energy harvester.

Hz o]s}) 9]ollA F2to] 7Hset 253 HA7]14 o v #] sh|

o] Qlt} 1 FoA o W AH7] WAL =2 Zulds fjdo)
AEE kel 9Jste] Amale Al AA7Ee] Mg o] gat QR ZHE 0] AE ofuiz]of oJzle] Ui zpAo] 22 A
o MR 0w | -Ee ol o] 4] (1)3} Zo| EFLTH

O::

Mo o Hm 03':, oo FO"

2RV

A 8k A 7)-5- 85 (School of Electrical Eng., University of Ulsan)
*Corresponding author : gschung@ulsan.ac.kr V

.= NBLx(t) )
(Received : Mar.15, 2011, Accepted : Jun. 22, 2011)

-249- JSST. Vol. 20, No. 4, 2011



1301 Kyeong-il Ryu and Gwiy-sang Chung

A Voos T R 71, N 399 WA, BE

23} HmIE ALUE, LE 729] 18] o], /)2 Al
1€ oS RS 4l S Lo

Fig, 2% 371 A809] 21718 8128 BAH0 Uiepl el

rl

Reoil
NBLz
i(z
Rioad ‘N NBL
I-Ct:'il
Fig. 2. Schematic of electrical circuit.
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Fig. 3. (a) Photography of fabricated vibration-driven electromag-
netic energy harvester with spring-less and (b)evaluation
parameters,
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Table 1. Parameters for induced electromagnetic force

Parameter Values
Turn No. of the coil(Cn) 700~1500
Widths of coil(Cw) 5~30 [mm]
Thickness of cylinder(Ly) 1~3 [mm]
Heights of moving magnet(Hy) 10~20 [mm]
Heights of fixed magnet(Hr) 2~6 [mm]
Diameters of fixed magnet(Dy) 4~12 [mm]
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Fig. 4. Composition of measurement system.
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Fig. 5. Vpp variations of harvester with the coil turns and the input

frequency.
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Fig. 6. Vpp variations of harvester with the widths of the coil and the
resonant frequency.
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Fig. 7. Vpp variations of harvester with the thicknesses of cylinder
and the resonant  frequency.
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Fig. 8. Vpp variations of harvester with the heights of moving magnet
and the resonant frequency.
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Fig. 9. Vpp variations of harvester with the heights of fixed magnet
and the resonant frequency.
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Fig. 10. Vpp variations of harvester with diameters of fixed magnet
and the resonant frequency.

ol AUEL o AR oA shilLee e
Aol B4 #4 L B, Fig, 11 A mnt
F% 712 v 202 ANE v

=

73 o] uy
oA oF 1.9149] £ S4o] 271 Aow Lpeyitt,

il

e i Ar

—=— Basic model
—e— Improved model

. /

\
\
™~
INZINS
| N

T T
3 4 5 6 7 8 9 10
Frequency [Hz]

Voltage [Vpp]
.
—~__|

Fig. 11. Vpp variations of a harvester with the resonant frequency at
improved model.
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Fig. 12. Generated rectified voltage variations of a harvester with the
resonant frequency.
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Fig. 13. Generated power variations of a harvester with load
resistances.

4.2 =
& AFafro A FAo] 7hssin] A
A B AAP714] o | 7] sl AE o A2
ol thefeh AES Foto] 5.0 Hze] 371+

oUA] SHIAHE A& 4= 919l om 1 Ko+
| AAE HFE|RA 7|12 9 /RAE B2 ZH7) e
194 (W/cm3, 923 iW/cm32] A3 ¥R o2 A Tdlo)

—
22

e e

oX
=
r
3

[l

<
oL iz

a
W)
iy
A
I‘Il‘

of
-
)
odt

[

)
)
ofl

JSST. Vol. 20, No. 4, 2011

71 melat ) wsto] oF 4,750 HEo] F71ehe & 4 9lek

opebA 2 Aol A Gk AEE Al sl A= A
S5 22 A% B0 oF, T, 283 7k A7)
o) AAPA 2 o] 75T AL 7IejEe, o A &
& ol BAske ookt FukeddE o8t QP Aol Kot
2298 e el @ FAg Al i A7t

HAlel 2

AT WA W ekl tA A PO ek
A A ESFAFHAE AR 20119 AR (S8t

7)) PO R S AT Y] 2| ol 8 7] 2t
AR (No. 2011-0013831)2] Lgko 2 4= =] 5Tt

REFERENCES

[11R. Torah, P. Glynne-Jones, J. Tudor, T. O’ Donnell, S.
Roy, and S. Beeby,
wireless sensor node using vibration energy
harvesting”, Sens. & Actu. A, vol. 145, pp. 336-342,
2008.

[2] S.A. Wilson and R.P. Jourdain,
micro-scale sensors and actuators an engineering
review”, Mat. Sci. Eng. R, vol. 56, pp. 1-129, 2007.

[3] S.P. Beeby, M.J. Tudor, and N.M. White,
harvesting vibration sources for microsystems

Meas. Sci. Technol., vol. 17, pp. 175-

“Self-powered autonomous

“New materials for

“Energy

applications”,
195, 2006.

[4]1. Sari, T. Balkan and H. Kulah, “An electromagnetic
micro power generator for wideband environmental
vibrations”, Sens. & Actu. A, vol. 145, pp. 405-413,
2008.

[5]P. Wang, K. Tanaka, S. Sugiyama, X. Dai, X. Zhao,
and J. Liu,
vibration energy harvester based on MEMS
technology”, Microsyst. Technol., vol. 15, pp. 941-951,
2009.

[6] N.Awaja, D. Sood, and T. Vinay, “Design and analyses

Sens & Trans. J.,

“A micro electromagnetic low level

of electromagnetic microgenerator”,
vol. 103, pp. 109-121, 2009.

[71 T. von Buren and G. Troste, “Design and optimization
of a linear vibration driven electromagnetic micro
power generator’, Sens & Actu. A, vol. 135, pp. 756-

775,2007.

—-252—



Fabrication of Vibration-Driven Electromagnetic Energy Harvester with Spring-Less and Its Characteristics 1331

2 4 U(Kyeong-il Ryu) A 7 AGwiy-Sang Chung)

* 20009 28 St 7 1S HHE 3D
o A LA A7 BBHLAAES)

« 2Ry Hok oA sl g

+ 199241 39 TUT (Z3JakAp

* 2004 29 UC Berkeley S

+ 20099 8% Stanford University a4
A SAFRE AL 7SS

« FHA Hol 1 Wireless Sensor nodes,

Energy harvesting, Graphene

~953- JSST. Vol. 20, No. 4, 2011



