37 Alet 3 =57 B, #3478 A6Z, pp. 623~628, 2010 623

N\
jo

=2 DOI:10.3795/KSME-B.2010.34.6.623

HO

A
=
T HEE AAVENIE T HdEas 7ike] 775 Fod
9 44 2
A Ak . ZI| =" gbxjod*t
s+ A7 oietal 7)1 A58t

Use of Piezoelectric Effect in Portable Loadless Wind-Power Source for
Ubiquitous Sensor Networks

Hyung-kwan Chang*, Daejoong Kim" and Jungyul Park ™’

* Dept. of Mechanical Engineering, Sogang Univ.

(Received December 30, 2009 ; Revised April 26, 2010 ; Accepted April 26, 2010)

Key Words : Wind Power(-$ =), Energy Harvesting(l| Ul A] =%}), Piezoelectric($}%1), Micropower
Source(2F A FA)

28 B wRe ¥ o) THHE GAEN e $IE Fog A9 FAE Adw 7144
AUAE BEH oD WPsE WAUZY WA AAF UAZ A7 H Az wieks GAENE
olgst Wel itk PREE FHoE WaE $US WAE AW, A wEe A AP
£5F wolA, MAHHE i Lea BFHAA Fueg 2] g, AR A/H XS
ol7] PETE B ATNAE nige Taadd FabA, £ FH0R WMeke 38 WL,
o2 grslgmel Agstel EFHOR oUAE WIS ¥ ArAne fuAEs ANEYD
A28l BIg olUA] el RS S Ae] Bt s

Abstract: This paper presents a wind-power-driven portable power source based on piezoelectric effect. Positive piezoelectric
effect is one of efficient and widely used mechanisms for converting mechanical energy to electrical energy. However, for this
mechanism, a periodic mechanical stress with a high frequency, as in the case of AC, has to be exerted; such stress cannot be
exerted by the natural wind in the environment. The natural wind has a constant velocity with slow and irregular variations, as in
the case of DC. In this paper, we propose a novel and simple mechanism to convert mechanical energy into electrical energy. The
DC-like wind flow is passed through a propeller to convert it to an AC-like wind flow; the resultant AC-like periodic flow
induces vibrations in a piezoelectric cantilever, thereby, generating electrical power. This system is expected to be one of practical
solutions for wireless energy supply to ubiquitous sensor networks (USNs).
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Table 1 Material properties of cantilever

Prope Young’s Poisson's Densi

perty modulus ratio v
PVDF 2.0GPa 0.29 1780kg/m’
Mylar 3.79GPa 0.3 1400 kg/m’

Table 2 Natural frequency of PVDF cantilever from
modal analysis by change of cantilever size

- 2

Cantilever
Width[mm] > 6 ’ ° ’ o
Natural sg 77 140.82 29.99 [22.96 |18.15 | 14.70
frequency[Hz]

Table 3 Peak to peak voltage from PVDF cantilever by
change of wind speed

Wind

Speed[ms] 1 1.5 2 2.5 3 3.5

Vi V] 2.04 | 1.94 |2.00 | 256 |3.68 | 2.28
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o

6
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Time
Fig. 6 Output voltage from AC electrical generator at 3.5
m/s wind speed
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Fig. 10 Simulation result of generated energy from
PVDF cantilever at 38Hz

6 mmx30 mm 7|9 3 TR FEHS &
glebiA ks S48tk Fig 9« 3.5m/s 9
FEo e b Rt AN TE A S
s Aro|ty. Hete] HFHol AC e

sinusoidal ¢] FEE =1 ¢+A IR A Ao]x
ko] F3}42(43.80 Hz)i= generator oAl o]
= Agte] F34(1531 Hz)el ¢F 3 w7 ==
_ ?_ 3 5 Q). Zhzbe] E L&A HlEre)
7@?}% Table. 3 o A7 3ttt A
74l metA v, 7 71
o] 3 mis & W 7
b oo A wHAg
= 5t Ay}i= 38.76 Hz =

71 A FEEY mHHFS9

.

iaa
N
EN

offt o r

P ogo
9
2
of
b
o)

g e

BuAT
AN =

i

45‘0H_°,Lrlﬂ_°,£m%rﬁ>}iﬁrlr
¢ rr
ﬂlmﬁ

= 38 Hz 9lA] 499 v ¢ Hete Oé—% T UA

T Fel 49l 4R 627

4t
A
O{L

Folg

23 Azbo M= 38.76 Hz ol A 3.68 V = &l A Wt}
W ol uskth 1 olfr2E iAol F 79
74 (damping)®] & IE arelskA Sk wiiEol
gkl Al

F71Ho2 dgd nhghe] Fuk4er) 38.76Hz
W, PVDF oA @Alsle oux &g dobn] 9|
g 3.2 Ao sty sl 38Hz ¢ AIE Fig.
10 o Yetfdet. oA AlEweld A3 PVDF
o] F YA L 0.2628 W o]t} PVDF Z5-E A
A AEHe F odyAZel 7E =

= =l =
LA I S T THHE

A th® WA PVDF 91 9

sto=x AS F
goHAY dEe 555 mW/m? 7F 95 AL o
T AT

4. &2 =

B AT T2AeE BAE nEe o)§
SIORES E IR
2 Sge ;}—E /\agm

as =

=l
[y o
T
tlo
2
>
ol
ol
2
vl
(e}
o,

N

29
o
‘g
hi

(il
o
01@
ol
&
=

=
o_ru_>*,o[-ﬂ

)
0,
A
&

it
2
=

r
ok N, |
frt

[ =
fu
s,
H

[rt
o,

o
_O‘h

I

o
L)
i, il
rlr
2L 9
I
o
>
O

w8

i)

=)

o

o

s

-

oft ¥

22 sinusoidal }3
oA WAsk= DC
Ao w #ged ¢ e 7}%”‘3 =
AT AR 555mWm’ o A E
== AlEHeldE T B

A7) 2 WA o] AdEy £{7](Gakken Holdings
Co., Tokyo, Japan)i= H7 3.5m/s T4 1.1780
Win' o BARAT FeS AT, A G
Walel Hvla] g AxE ol &d FE AUdFA

6] S A
e obx e Holu}, ¢4

10 o M
flo rr e

At AS oS
2837t 7hseh, 71 AR R dae F
HHom HA AAIL JbEsty] Wi, do=
AR e 2 ddaztel] o)d stolH =
A2FAA7E AHEEH T Gl U SuE A
olg} 7] tjETh
Ho} o B2 oUAE F8317] &AM tha
2o B u¥E 4 Uth
oFne] MNFE By W AL TH

IE o] &3 o B
(2) PVDF ¢ F7& ¢ positive piezoelectric
effect & S7F A7IH B8t Ads S7HA4
T Ath

Aedor B ATE EdA wireless oA
T g 7t e & 7 AU dH EE

fol



628 7(\}@0_?1- d

o maalele) z;;% o183l s 7
£z glo] agdor A H} o g &
Shol AlF e %5}7} 7}00}3}
o MY Axwle] 8T @T, ool A el
AN UEYD Azwle] aFeuAgoz A
25 I 13::1 AA Ao} FHAorE Te

) T

12 AAT 5 glee e

|

o

—

Sl
2L
m{m i

BT ARGy
saet ke A9 w
0062056).

() Hill, J. L. and Culler, D. E., 2002, "MICA: A
Wireless Platform for Deeply Embedded Networks,"
IEEE Micro. Vol. 22, No. 6, pp. 12~24.

(2) Roundy, S., Steingart, D., Frechette, L., Wright, P.
and Rabaey, J., 2004, "Power Sources for Wireless
Sensor Networks," Wireless Sensor Networks,

EH% . HL;G%

10

Proceedings. 2920, pp. 1~17.

(3) Anton, S. R. and Sodano, H. A., 2007, "A Review of
Power Harvesting Using Piezoelectric Materials
(2003-20006)," Smart Materials & Structures. Vol. 16,
No. 3, pp. 1~21.

(4) Sodano, H. A., Park, G. and Inman, D. J., 2004,
"Estimation of Electric Charge Output for
Piezoelectric Energy Harvesting," Strain. Vol. 40, No.
2, pp. 49~58.

(5) Priya, S., Chen, C. T., Fye, D. and Zahnd, J., 2005,
"Piezoelectric Windmill: A Novel Solution to Remote
Sensing," Japanese Journal of Applied Physics Part 2-
Letters & Express Letters. Vol. 44, No. 1-7, pp.
104~107.

(6) Myers, R., Vickers, M., Kim, H. and Priya, S., 2007,
"Small Scale Windmill," Applied Physics Letters. Vol.
90, No. 5,

(7) Yu, K. H., Kwon, T. G, Yun, M. J. and Lee, S. C.,
2002, "Development of a Tactile Sensor Array with
Flexible Structure Using Piezoelectric Film," Ksme
International Journal. 16, 10, 1222~1228.

(8) Wang, S. H. and Chen, S. H., 2008, "Blade Number
Effect for a Ducted Wind Turbine," Journal of
Mechanical Science and Technology. 22, 10,

1984~1992.



