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TugalnSUNNSITYDIAUIRGIWAVWAUNATLNSDANIUWAVNUNAINNSTKAvovuouTkaBUTU
AdisuauteNsikavovtniaziuavduwawuiwi~TIngongusIngnsadlndTsdIidNn3n luunsy
(drect  effect) INATAIBABIUTASUNSTONAENOAOUAUUOVTKADNVIUU turbulence 11A: lamellar
(Batchelor, G. K., 2000) TneA Laminar Flow: IGuMsikaninaduibolciaz-ountnuovuoviKADNS
Indouduuidus:0eu  wavovnsiKatuud:riANuISuovikaDAAVEAIRNNYInUoUNSTHA
TuucusA Tubulent  Flow: 18umMsikalnuuiUUNGRTANUCU=OUULUNaIdninaduiuusneunsika
AUISHuovTkaDATUALUNIALoRnnInuovuouiKa  wuin lamellar  flow  DvaA"AUNGNTA
ARSUTANNTSI0unSVIsNTUInSYMSIOUTwAILOSTWOTBIENNSNBVIKUN:-AUNSTEVIUITowAWAUNAD
AINWAC (<10HZ) K3oDIOUWAINUOYNSAUTAUNNIdOVIINWOAILOSANSIENNIT  tioudy
TS15s70n ez1-S (shindo, Y., ef al, 2014) IWOIWUAIUNUNMUIA=WAWNURIAUIREIT  TuRdld
anucuzuovAUAUTwdlsdIdnNN3N Tumuuﬁtjﬁc‘]ouﬁmﬁm’nwauﬁa_m_nmlmﬁuﬁ’nluﬁuwﬁu\nu
Usudaycunauisvaulwinn ac - TRISAUIYISSIBNNSadnAUs:nounngiKanfioonuuLNKRWAUR
Acucuncu DC KINWAWNURTBTUNYISDAN@aUINNANS:UM:TuAusariviultkSonolkinn
ANMUIASKEBUAUIIS  IA=USUSaULOVISUAUTRIKUN:ALAUTHKANRTS Tunudvedisivan 1 mohm
sulnaiAgvAuAMUOUNUIBUIOSISANeMmIU - output voltage 1V lIAzUS=ANSNIWRWAUSO8A:
4.4 Tosumsnousutiwuwiu Adv.Mater. Lett. 201S, 6(6), 538-543 INUUWOLUNCIDLONRTSAU
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MSYMSAIGYMIKUINAIBUISEIAUIWANOSIUVAIULUWNAWA  US:nouthegbunuGianosivaetnu
rdvgoaowduidulanednanurduidudas: T5aams0nwdsaidnnsn  pz1 US:NUIBSIONAY
cnuuuA=oNUAWOL  TAMUARwuogus:HIW 16-18 Hz  NNISNS=nuovUANeAU 3 cm [0
nsvaulWWAvAOUS:UNU 29 v UndcucunaulWinns:iiaaauilanuivasisovns:liaiwondavidu
nS:=ATWRNOSY  ISvaulWiNASoutHeuMUIVASUANTIUS Y 10k-10MQ  MAVTWRNRTTAN
400-500 pw K30 05 mw  UNUAoUANSUNSIAURATYe 1408000772 150V S:UUNMISIN
MSWAWIUMINMSIUAVWAWIUNAITUWAWNUTWRNGHEISNWIWaTsaIENNSN AKSUdnUSAIK
HUOIND3 5UOUSRBNIA=SNEWAWUTWEN MNUUUNAUUNURITUTS vUInsAwrdodoldulu
2-3 U IKUNAUARSUBvuenuanidu  taswouuns:uuiRiBauindounelSanaivuo 130
star topology MKUNRIOU power bank  AISUSTooUIKAVAIGOWAWIUYAUUOVUNSOUT power
pank  UNIUAvIdulWiNUoululnsnouinaiaossudAudoya  WuinanuisnsSuAVAUaUNCUANOONGIIU
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S=AUAMUANYOVS=aULN 1Juciu odwisAcudnIdeduavwouunogciodovikaiuluub
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Abstract

This work proposes an energy harvester that capfures the mechanical energy caused by
water flow and converts info an elecirical energy through the piezoelectric effect. A flexible
piezo-film has been used as a fransducer in the energy harvesting system and the Kinetic
energy of the water flow Is produced by using the vortex induced vibration fechnigue. When
placing in water way the transducer is fluctuating in the vortex of the fluid flow, producing
the Kinetic energy of 44 microwatt at a low fluid velocity of 8.8 m/s and low frequency of
0.4 Hz. This configuration generates a corresponding open-circuif voltage of 6.6 mV at a
matching load of 1 MOhm, leading fo the maximum output power of 0.18 microwatt. An
efficiency power conversion of the harvesting system was evaluated to be about 4.4 7%. It is
possible to use the proposed unit under gravitational force where there is a difference In the
levels of the fluid no matter in water way or fransporting parts such as pipes. Converting the
output voltage generated by the present profotype to feed small scale electronics and
communicate, i.e., water dept. However, the researchers are still developing the profotype to

possess higher efficiency in energy conversion.
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IKAVWAWIUAIURUNUNUATSUSTgsUdnidulisdvwawiugunalikad 15U whe douiduan
G AvKuauuUNOTHoU maomuwa‘u\nu|lﬂuummﬁ'uo\hums|IUa\Jwa“\mumsJUSm[]msm’TmeTﬁa
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Dnmisooniiuufuwnausnnonus=noulaiuasugunsaditl iWoRiKuN=ALNSISuuiumsIAuing?
ns:=llAUNHSoNS:IIAAUTGIANIGATUNSAU

nMsunwawuvoviKado th 1a:Aauulsiduwavuiudy ududuAuANUKUNIUUNA0SN
mMsikaAvovuoiKa IunNSIVaguIduwawIuNADRVNSIKGeNUwouiKATRIAnNMSAuNATSaunsad
TuNSIAUIREIWAVNIUNISOONIIUUAUNSCUIAUIREIWAWIURTS UY:(i0vTNSHWURIKUN:AUAU
wavuvouTHaRBIWelKtUs:AnsnwlunsiidaviiazwAanwunSuavAn Msivaguwdvwiunaldu
wAWUTWRNGHEUSINOMSTwdTsa1ENNSNTN0UGoVENNSINNISWANWNUGIYIWISAIKUNAUNA:
AonndovAuaUunsadikannBaINNsnUNIUICUNSSUINgIdoVRRIULAWUINAVRUluWaIAUIRE)
wawIUDAIUATUISOIuNsHiviulusvansNsTHalaw:AKaY TngwavulWWRwanTtog)
TuswibThstvdaaIncdunuIuuRUguovIAQIUAVWAWIUTWSTsOIANN3NIATR AW RNAVAD
IWoYAqIUAVWAVWURAINUERANoU TunnuAIedoInQUs:AvAoaNIuUBOIRUIRENAUNSORNUIGE
06 WOUS:ANSN WAV T WAWILINAVINOADLTNTISIVASUIUAY KO ANUNSOSUAVANIWANS
rivaugovfuWalAzNMSwEWAULoVIAQIdoVINNMISAUIBYNANA UG ANoUR U DTN SIUagUlUAY

vovdnsINMsikANIIKAYAITOBV=AVWATRINSINSKUUDoVvRUluWOIUASUTU. ondenisriviu
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AUAUTRUSUS=AUBVANUOVIUWOADOAAOVIUWAWIUMINIKAVAITORIWANKUUAS-0UAIIUTAN
nouvowIAQIUAVWAWIU SHUTUGYIRALNSIAUIREIWAWAUIR I waWNURTESUR:Duunadosn

0y

Water Turbine Energy management

wind / Water flow J\ nan
_[// Characteristics ‘[/ﬁ circuit

Turbulence, Lamellar O, T, efl, Vo,

Micro-Controller

Warless Sensor
Network (WSN])
Efficiency Monitoring

Turbine angle oK)
gle (6) 36N Energy output W[afs ¢
Hun

Flow rates

sUR 1IlwuNwNMsIeMSIAUIRgNWAVUIMNUoVHAIWOISAuInSoUaIBuosiSang

2. Jnqus=avAranuoviAsSYNSIVe
1. ﬁ§7\JllUU’\ﬁﬁO\JUO\JTHﬂTHU’)O‘§IDOGH§OH’WSTH81IUU['JUU’)UIUTJ'OUUCUUWﬁUIIUUIﬁUIﬁEJ’)lAJﬁh\J\JWUU:’I
ABKANNSTWATBIANNSN

2. asAuluUIAUIRgNIWaWNUYAUUoVUoVTRAaRTwaWUWOIRETEVIUADANSISANe

3. NMSNSIIONANS
KANNSNWIWATEBIENNSNIIURKANNNSWUINURUNUNTEKUNEGUNSNS:iNvNAcio A

usdonoiAaus:RWiTuIAUU 10o3adaaducioAuTkanneuana:rnIVISTWNIASUIVIS

oA NUEvAnganasouTkanDwalInafavWiNANKGuIUs@uAUTKAnUu. ThanneuonoIdu

ouNsaUTWiwUNIBNADAYUGEOVNISWAWIUTWRNGN [Amirtharajah, 1999, Renaud ef al, 2008)
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18U wuisosisanelulns roulnsalrosRDAEVAMUAURMUS:o:ina TugadiSysuAulws=aulu
Thsnciaviusudvuiiudne 10udiu Nwuw eriya (2007)ila: shen ef al, 2009 [GS1EVILUIINS
IUAVWAWIUAEIENWIWSTsEIANNSNITNAUGEAUINAILIASG MEMS (Micro electro-mechanical
system, S:uUTWWNNAvUNaIAN) Tudauusaidu 1 Tu 10 gnsAANSATIKUNUoVUS:INA NISIiUAY
WAWIU 1A= NISnaAoUAUUANIAUS=ANS N WIANTWwaTsdIdNNSnlus:uunsikavovuovikaduons
F3etoguNIVSWBVNISINAOUNUOVIKANAUWUSAUNTSINAOUNAUGIALAA AUWUSAUAUUGAU
KUNdula:AUKdouovuouia SHUGY dnsISHIAuUNN characteristic length yovsouMSika

TnwonAamiAvisdiua (sobey, 1982) LNWOUUNANIAUIREUOVKAIUIASYNSIT

4. HANNTSIIAz-Y8NSNOAOY

MNKANMSNWARANSYoVUoVKAGY AUNTS (1)

Re = puDy _ uDy _ QDpy [1]
u v VA

o  Dyfio characteristic length vovsovmsia: nscimsikaluriodindey Dy = 4A /P (m)
e P =2, l;fio wetted permeter Genuifuidusou@duaavovsounsina (m)

Qo dnssia (m’/s)

Afo WuRruNaavovsovmMsika (m)

Ufo ANuISIaaguovina (m/s’)

VAD kinematic viscosity [me/s] . waler = 1.004 x 10 m/s @20°C

UAo dynamic viscosity uoviKa (Pa-s) : water = 1.002x 10 Pa's @20°C

pAo AUKUNIUUYOVUOVIKA (kg/m’) : water = 9957 kg/m” @20°C

o re < S =AansTHalLUUDNMSIond) KSoidumsikalluuiATios (steady state)

~

0o rRe = s Ans:AUNMUIHIANIUTUIAUNWNISIBUYOVUOVIKAUSINCUKAVNUNSYNAL 100 Re =

40 Ns:iAUNMUR=EncoonnangiflunNulUiatgsIAnduliazIAaISYWaANTUNUUWSS00aN lla:dn1s

Wagunlavidndoido re = 90 Tnunsikadnuldanunus:g:mMsKuutnuliazsouaMutnaS

KuU 100 Re > 150 IAUNWMSTKAUMUITUIILU laminarliA:lavengooniUravniu 1A:IRianTS

16



4

WAsguATuNsadikalduliuu tubulence TnaifnduvovduligndoonuNAu IGUaARNS: 1A

LJr’ﬁUS’)UL:]’)ﬁUIL:JUﬂUWU turbulent 1lAJo  Re = 300 J’]’)UIlUUW§§OOﬂﬁﬂ’\]=ﬂﬂ’18ﬁT\]UHUOﬁ

S:g:HWUSIUICU 48 IMUOVIAUGNUAUENAWNU (Sobey,  1982)  AlSVAUTWNACIOIINAULN

CNUNURIKUN:AL. [Matching load) fio R = 665 kQY  AwAsaKIAAVTWRNNGINALNS (2)

AHSUINATAIBATSIUIASYNSToNAENnAOUAUUOVKADAVIILLU  turbulence 1A= lamellar
(Batchelor, 6. K., 2000) &R Laminar Flow: 10unsikaRinnduidoliciazoun nuovuovikadns
iInAoucIUUIIUS:IT8UTUDoUNSNSUNUSHIAIKUNUOVIICIAzOUNIANIAAOUL  NANADWATOY
MsiKauUTY:=MRANUISwWoTKADANAVORNNIOUoVNSTiKa  AdU Tubulent Flow:  10UNS
fraluuluUNORDANUaU=0UMuuLNaidninaduiuusnaunsika muSuovikabA AU ADORNN
wovuoulKA
VUASWSUUMSTRATRIOUS=UUTAIAVUAS WANAUIRIWAWNU US=noutngantvAIuUS:-Nou

a. doumumsika (fow channel] 1WoldfuAnuA:GnavaUnsadUaVWAAU

b. WAnsounwdIg/oon TANUaU=I0USUNSHIgINUAIKAgUUUNQIMAUGoUNSTHA

c. ANggWWANALN

d. gunsadindnsinsika (Rota-meter)  AwNsSOINdnsINSHAlus 02 - 24
linAaou/ui TnadAMua:IBon 0.02 1INAADU/UN (Fischer & Porter Co., model 10A3S6S, USA)

e. MdoudanlwdlsaidnnN3niuuNSANIARINSaUTU

f. piezoelectric film (LTD1-028K/L, Measurement Specialties Inc., US)

g. Digital oscilloscope (Tektronix, TPS 2014, CHINAJ

h. CMOS Laser Analog Sensor (IA-030, Keyence, Japan] lla: amplifier (IA-1000,
Reyence, Japan)

. NOAOUMISAUCIEAINUBCI woVIANWaTS3IANNSN Ausun 4
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Flow disfurbance
Inlet

: PVDF film
% /

=

Flow channel /

——— Quflet

SUR 2 duluuifuIfgwanwnuIAURLAINvoviKaduldnn ns=iAdn

sUR 4 gonnAouNMsAUAMUGEYUoVIANTWETEGIENNSN

18



S. wanshoaaovila=1Isad

0 02 04 08 038 1 12 14 186 18 2 22 24 25
Flow Rate: Q (Gallons/min)

sUR s rMaviWinuoval pvor AIGSUNS:IAUNIURSOSIMSTHACIYN

WUTNIUUR 1 lameliar flow DdaAAURGNT  SaanRididunsviisniulnsumsiduwoaiuoSTwdTsd
IANNSNBVIKUNAUMSTBVIUIDoOWAWIUNATAINUACN (<10HZ) KSoDIIoUWAYNUOUMSAUDAILN
iWovaniwaluosSanuisadaddn 1I0unuNIFgn g1dovINNISIAUINGIWAWIUINNWOAIUOSV:TH
wawuch TunanciounIvidission ez1-s  IWoRv:ldvus:uuiAuiReNTUNWURTA dovainaved
NJAVAQUQUCUITNAUGIIUAVWAVWIU . UNUINUOVEI IUAVWAWIUADIWUUS UNcuWawURAUSY
ounsadikandidnnsodniRunniaawolious:-andnwlunsritiu. chidavwawnusiducdiovivav
AcucuncuniasulRiKuN=AunUTKangUNsaddIidnnso dnifd Tunscdnsiiyavdcuauicuuovaludu
TwdTsd1dNN3N dcucuncunsuauiwwn Ac AldtovTNSIUASUACUCUNCUINOISAUIVISAIENNSOdNA
Us:noucngikanfiooniiuuuniiinviufdcuouicd De ANENSVAU vV IQWEKINWAWURTBIUIVIST
AN@NTUINNANRSUMY:TUAUASTIRUTKSoAolRINDANUIASKgTUAUIVIS Auduciiuay
wawuTAduovIAfudcuUNCUUOVIISUAU AC AIGRINIAQIUAVWAVNULIA:USUS:GUToVISVAUTR
IKUN=AUAUTKAORTS Tunuddediskan 1 monm BvindiAeviunucuNUIBUBoSiSAe Judn
Janiss10nIUWouUNcioganASWENIAUIRENUOVTHARIJUuWAWIUALIROKANESVNMSSHBUUauUNIN

UlumiduIReIwavwU (I0UTAsuNscioson 1 ThsumsiSou uRuALBanwdTsdIENN3NANIU

wawWUAUAUISIONGUCLANIWO IUAaVIdUWAWIUTWERN NUATEIN0ASWUINNSSUUS:9T 2559

19



6. AsUwan1snnAoy

T AUIRYIWAVIURALUISDANIUWAVINUNAYINNTSTRATOVUNA: IUAVIOU
wavwNuWiNngoFgusIngmsadiwdlsdidannsn TSwAulwdTsdiansnnaavolluaitirixtnmiduin
SUAMIBOSANHSUNUAVWAWNUCYNAT) AUNSTASWWAWIUYAUSOU 44 TUThsInctivinnsika
ns:1Wounuovda AvdinemsrininonosINNEKSons:IATKAUSOUAIINSUAGDIBOSUU AINUIS)
vouMmsiKalgy 6.8 1WUOSCIOIUNT AMUTNNNS:NUNALCNS:AU 0.4 13S15 10oDkann guon
wnnJoruv:rRIAANgTWiAluvs 018 TUTAsInC Us:AnSNIwNMsiUavwAwIUSogA: 4.4
msisusTosudiuiuurnicineviunvdRoaMulinncvuovs:aunsikaneltinsuiumiusdony
TunoAAevBv:=UnwawuAngiorwniUTSTunudoansisaend vanons:auaINuanuovs:audn

WJuciu

7. Ussaunynsu

Amirtharajah, R., 1999. Design of Low Power VLSI Systems Powered by Ambient Mechanical
Vibration, in Department of Electrical Engineering. Massachusetts Instifute of
Technology.

Batchelor, G. R.,2000.An infroduction to Fluid Dynamics. 1" ed. Cambpridge: Cambridge University

Press, cambriage Books Online. Web. 02 July 2016.

http://dx.doi.org/ 10.1017/CB09780S 11800955

Burton, T., Sharpe, D., Jenkins, N., Bossanyi, €. 2000. ‘Wind energy handbook ,John Wiy and

sons.

Erturk, A., Inman, D.J. 2011. Appendix A:. Piezoelectric constitutive equations, Piezoelectric
energy harvesting, John wiley & Sons Ltd., p. 343-348.

Federspiel, C.C, Chen, J. 2003.Air-Powered Sensor. In Proceedings of the |EEE
Sensorsconference, Toronto, Canada. 22—=24 0ctober 2003.

Ferrari, M. Ferar,V., Marioli, D. and Taroni, A, 200S. “Modeling, rabrication and performance
measuremenls of a piezoelecltric energy converter for power harvesting in
autonomous m/cmsysfems,” 2005 |Eee Instrumentation and  Measurement
Technology Conference Proceedings, no. May, pp. 1862—1866.

Ilkeda, T. 1990. Fundamentals of Piezoelectricity. New York: Oxford University.

8

20


http://dx.doi.org/10.1017/CBO9780511800955

Guyomar, D., Badel, A.lLefeuvre, E., and Richard, C. , 200S. “ roward energy harvesting using
active materials and conversion improvement by nonlinear processing,” |EEE
Transactions on Ultrasonics, Ferroelectrics and Frequency Control, vol. S2, no. 4, pp. S84—59S.
LUF., LeeH.p., Lim, S.p., 2004. “/Vlode//‘ng and analysis ol micro piezoeleclric power generarors
or micro-electromechanical-sysiems app//ca/‘/'ons,” Smart Materials and
Structures,vol. 13, no. 1, pp. S7—63.

Mason, W.P., Jafee, H. 1954, Methods for measuring Piezoelectric, Elastic, and Dielectric
Constants of Crystals and Ceramics. Proceeding of the IRE. 42 921-930.

Myers, R., Vickers, R., Rim, H., Priya, S. 2007. Small scale windmil. Applied Physics
Letters.90(S).

Ngo, K., Phipps, A.Lin, J., Nishida, T.Xu, S., 2008. “Power Converters for Piezoelectic €nergy
Extraction” N ASME Intemational Mechanical Engineering Congress and Exposition,
Chicago, 20086.

Shindo, Y., Narita, F. 2014.Dynamic bending/torsion and output power of s-shaped

piezoelectric energy harvesters.nt. J. Mech. Mater. Des., 10, 305—311.

8. doAnIRuvUYeciolU

AunuuRaidounUluUTuADuRYSUAoUoUNIaUN TsuwenunaavuauAsuns  thsHigniu
TuasAIReNdovFALKe  JuasTinAlulagdusHuanalunmsinKSuUlgsTtLn

9. TiAsymsTegcioson 1 150V URUALSTIOIWATEOIANNSNANTUWAWIUAUAIUISICINGUE LN
wonJaviduwawulWWN NUATYIROASWUINNSSUUS:0 2559

10.NAWUIN WAVIUGIWUW 1 130V

21



Ressarch Article Adv. Mater. Lett 2015, §[6), 535-543 Advanced Materials leffers

WL e com, wew vbripress.comdamil, DO 10,5180 mis 2015 SMEs Fublished online by Tie VBRI Press In 2015

Perspective microscale piezoelectric harvester

for converting flow energy in water wa
Krit Koyvanich', Pruittikorn Smithmaitrie®, Nantankan Muensit™

':.I'.':t',mrnh:'m of Plysies, Foouly of Science, Prince of Sorglda Ustversigr (PELY, Sorplile, Thanlesd
“ e partmenr of Meokhamioal Ewgrcering. Facslny aff ving, Primce of Sorghds Dneversmy (PELY, Songlils, Thathaed
Cemer of Excellence in Nanorechwology for Encrgy (CENE), Prince of Somphla Universiy (PAU), Songihls, Thailond

"Corresponding author. Tel: (+566) 742EE766; Fax: (+66) 74554489, E-mmil: nawtalon exFpsu ac th
Eeceived: 15 Ocrober 2014, Revized: 03 March 2015 and Accepted: 05 March 20015
ABSTRACT

This work proposes an soergy banvecisr that caphmres the mechanical wnsrgy caused by water flow and comessts o an
wlectrical eergy thromgh the pissoalectic affect. A fledble piazo-flm kas bean meed 2 a ansducer in e enerry barresting
systam and the kizgtic spergy of the wates Sow is prodeced by ming the wortex indeced vibmtion techeiqe. When placing in
water way the mamducer is ing in the vertex of the fud Sow, prodecing the kinetic soargy of 44 pW a1 2 low foid
velocity of 6.5 pv's and low frequancy of 0.4 He. This configeration peoerates & comesponding open-circuit veltzps of 5.6 ml"
at a maiching load of 1 M3, kadng o the macimum outpat powss of 016 pW. An «ffcency powar comvarsion of the:
hermsting system was svabmbed to e about 4.4 %, Itis powdble to we the proposed unit under savitatiozal forcs whers thare
is a difference in the lewls of the fiuid no matier In @bk way of temsporting parts mch 2 petrolene pipes. Howwver,
Tectifying the output woltage generated by the pressnt mcro geoerator is compulsory in order to feed small scale electozics and
commmnicxtion, for instncs, wineless seomor networic. Fortheomsom, omiltple amgys of thee piseoelectoic =it are also
promisizg for deliwring higher output power. Copyzight & 201 7VBEI Preas.

Keywords: Plazoslectric; PVDF, szargy harmesting, Inpdropowss.

Krit Keyramich & a mearch scholar in e
Depurimranit of Phymes of Primce of Songhls
Unreoaty, Songhbis, Thmbesd He mooooead
Kf fom Theces Unvemraly m 1008 exd
b 5. o Fipoecs from Kesdiat Clenvorsiy
. Has rescwrch tmieeed a0 1m degn end

al I AT
FEnomior e hdmp ey hereorbng nyvions

| Aongkis Unreoaty mna 1957 and booese =
Sumcals Profooor o 2004 Ho ook

Her publacstiors mrhmding books and padani

PFruittibrers Sosthrmioris roconed bes B Rng
dogree I mocharicsl enpnoenmg from Primee
of Sorgkis Urevaity, Tl m M. Al
ez prdmfion, e mooread 3 Rovel T
Clowommen! Scheisrery b pursoe bin Rl
arxd P11 dogroo 1= the Uniled Sisioe In 2000,
he obizred the MA dopoe in mexchemcal
cgpnarng  nm Vendobell  Tnneneiy,
Hasnalic, TH. k= 23004, be rocend, she PRI
dogrme 1@ mixbhwrosl engmamng  Inm
Leivermty of Ectocky, lLecngion, KY. He
hex bom ® [celly momba of the Wochesol
&mewm:d"imulhnnh.m: .

m 2K His ook iniorods oo dhe
mﬂwdnmm:mmmnwm

comprie more e 6 paper in versus rdoreod jeumab oand

confiermics procacdnga

Introduction

For many yuam thare hevo besn remaskabls svohdions of
salf-powwred dewvicss sech an arbome and stetomary
survallmes cameras, pedical semsors, and  weamabls
parsomal slectomics [1-3]. Thess denvices are concaived to
work in a standalone roanner, in particular, W remal placss
or in uneamned velicks. While thare is a decreass in
powwing varows electromic componemds, thare is an
morease m dewloping  micropenematons W provide
sufficient  alecirical for thowe low power
consumption devices. Ume of the most recant wchoologies
v te plezcelectric power gunsrator whare a mechamical

22



my::nptm'ndndcnmtﬂdnﬂunnlnmmalmy
throngh e piszoslecmic «fect. The most atmactw
sdvantage of the techniges i that thers & no combustion
invelved = the soergy comvardon procass.

Apcng sevaral ambisnt sowrcss of mechanical eergy
wuch 2 vibration, buran motion, wave’s potantal, or wind,
it cam be a wibrating strectore, a moving object, and
vibration indnced by Sowing fuid or gas (wwler or air).
‘Tha snergies: are related to ndoced vibmtom or movement
to the pismcelecmic £lm by fodgas dew with several
‘techniques applied [2].

Harvesting snscgy fom Swd fow by Sow mdeced
Iitl.'lﬁnnhuhmﬂu.ﬂindhymmlamhnnm.'ﬂ.’nﬂ-
known pissoelectic pobymear flms, e pohrimdidens-
Emh{F?Dthﬁuhmmda:“ﬂk"Ermﬂm!
vortices belind a bloff body to shaim the
slennts. The fapping mwckomical eotion rewenkles that
of a materal el mimmng, which can be conweried o
wlectrical power by harvosting.

Tayler o gl [4] stedied the inmmaction betwsen the
Irydrodyzarsics of waer flow and the opticsized resonamcs
circuit. A year later, Techst o al. [5] presanted the fapping
freoquency 23 a fonction of increasing flow spesd and
exposed 2 mlaton of stmin snergy demdty with differemt
lengths of the wls. Fowwver, e coput powss of &=
[6] presszied tae designs of a Hattering flag and 2 piesc-
himwerph geperater, which is the place of the vom Eimman™s
rydrodyraric matabdlity. The maxirme power demdty of
the piezo bimorph confignration kas besn evabnied of
around 63 Wine', Akaydin et 2l. [7] placed Secdhle pissc-
wlectric antlever beams mode a tobulencs bowmdary
ppvelation mesuih of woltage cwpubk that bave beemn
validated for a wals of a circalar cylinder at high Bsynolds
mmmbars. All of them wem parformed @ largs swle
emvelopment, in 3 wawe mokinver'omsan An alismatiee
myshem for harvesting water flomr spergy has bosn provided
by the istallation of a szl scals pipe pysham. Wang ot 2l
[E] pressnted the fbricatom and dememstration of a
proposed devics, wham a piszoelectic fim cucllaks on 2
flexible dingram due to wortices shed from the binff body in
2 water fiow channe]l Indimect eergy scavemging from
fhid flow mmisady vorticss has besn presanted by
Molino-Minsroe-Fo ot al [¥]; they med motiom fom a
cyindrical bluff body thet peen®d vorticss and a
rantlevar holds e e

Hot carlier than 2011, with the mwstigations described
above, piessslmends wure sosbedded in & media How.
However, we have oot found amy diect soppearinsmta]
wvidemcs of a small scals ambisnt harvesting sysem. Thos
work aims fo barvest weter flowr enargy by ming 2 fexible
piezs flny and 2 vortex induced wibration (VIV) techniges
[19]. The proposed piarogemsraior can be dimectiy placed in
wakr wry and an advantags is that the absemce of rotting
wlaments and S @ maiwiczance fres devics tu possible

Perzpective system
The fhiid flow emergy baresting by workex imdace
vibration & a highly nonlingar phenomena. The Ewquency

of vorex shedding (&) meeds o approach e resomance
frequency () of the piszoalectic genssaior for ohizinmg
tha highost wnergy output. Many factors have an effect oo
that syuiem mch 25 2 mean valoe of Bwid Sow welodty (L7,
the blnff body's beight (0), and othem. This artcle
axplores in the details of the concept 2 presamed = Fig. 1.
Whaen the fwid fow is passing over a biaff bedy, the VIV
has besn gemerated by Se vortex's shedding ocscllation
The piemcslectic alamtic lm (like a flag) & oscillatng
Thiz belovior can be described by 2 mechesnical spemg
e vibration. The harvested clectrical owipet fom the
pazoslectric comvestor can be predicted by miing an
equivalent crouit modal.

| Fliad Flow H Flra v Hal  jmie] Vories ladeas
bealy [niusdion Yinuliom
- Ty [eapleormicd
Fmnorkbi o
ﬁ clomvens [¥] [

Fig. 1. Peerpective moded of Med Merw eneegy barvereng wia VY.
Foraex imdinoed wiranom

With fied dymanvics, the VIV method v a fondemantal
concept of a clean and mnewable sowce of enengy.
Pamodic oscllating flow ower a statomary circnlar cylinder
(b body) in a fluid at rest & chamackozed by the
Foynolds momber (Fe). It can bo exprossed as the mbo of
imartial forces amd givea by

-,
"

Eam 1
whers v is the kingmasic visooaity and [ is the Ik
dEamsgtor. The paremeber [ for 2 oylinder s related to the
Stromhal menbar (5t), which is a dimeosionless mmhar as
a fmcdon of Ba, descobing oucllt=g Sow mechanioms
by following equation [11];
Sr-d
F=-——

o 2
whare A4 is the flow ciannel asea The wortex shedding
frequency is svahated from the above squatiom on the
rough assunsption that 5t hes a constant valee of .21,

Considar the alastcally mpported mgd  circelar
cylimder, the Huth-JToukewnhd thecrem can be wsed to
determing the Lift fores () acting en the bnff body dus to
fhuid fowr. The fioid struchrs syvem can be meaied as a
mwchanical sprig mass syviem with a fluid forcing fimction
as given by sq. (3) [12:

P+ 26700+ Fl) = e, ) )

23



Ressarch Article

Adv. Mater. Lefi. 2013, 6(E), 535-542

Advanced Materals Leffers

Thmllbd[urmtmmsmtm::ahhﬂ'hndnm
' is the cylinder to Swid s mat, F[Jj'ﬂ:ndl.qllt:mm
of cylindar ewdlation, { the nes-dimonsional
welocity, £,= 2,/ ,u’JEr:'H:nll.'&:mEl.'.rnm;n_}-cinmf.
the cylindar length, o, the nammal fequency of system,
pthe fluid density, & the darping cosfficent, and k iz the
spring constant. Assuming the qmntity of bt acting ca the
bear sractzre and cylinder sractame together, althoagh the
cylinder vas fxed. The o, also penemated I periodicity and
it & given by

€, (1) =C, sinot + &) )

Mechamical vibranan

The energy bamestr model cam be equbalent a2z a
derping peass-spring meckamical ryvtem by te degrea of
freedom (DOF) diagam as showm i Fig. 1. The seimmic
ms commected o mowable body by 2 spring wath a
stiffneas of k and tho danpar with cosfSdant of b. For the

cozisted with seimc mass of m fxed on the moving body
and the wystem i sxcited by an extermal forcs of () acting
oo with simesoddal vibmton, £ ) = Z o (ax). At te
mesczance fequency, thare is a ot displacement of F (1)
betumen mass and frame, then the equation of moftiom of
the seimmic mass sveten can be desaribed by eq. () [1L3];

() + By () + ke p{f) = mE = f1) (8)

wiare the sxcibbon Sequescy of o af the zatoml
froquency of syem o, and the damping factor of £ are
givem by e (Th:

Fig. L Cienere musded of @ prexrsiosine cnogy hereedor

Eguivalent circwi

The mechanical rystem can bs desoied with 2n equivalemt
I repressnts the seismic mass and et of the barseter,
(; 1s Inarsedy proporticnal to 2 stiffess of &, O, represants
the wiic cpacdemce of the hermaks, and & i the
tmalation bealiaige resistamce of the harmster skaosent, or its
reprusamts the dsmeping coafficient of b For the elucmic
squivalent of a piezcslectic gemarator modsl can b
descibed by applying Eichhoff s coment and voltags L,

rafaring 1o eq. (Ba amd b) and (Sc), respectivaly [15].

L+ Rty gty L (1) =F ) {Ba)
"I
e {8k)
-
T S S
.1 di_dV
= -:.“.rr"ﬂ N e

The measursmant of [ vales and the fuid fowr mame ()

ts doms by the mlation given by [16]:

Q-T-4 ®

The fizid fow powes (Fg..) 2nd the pemerted alectmical
pomRr cratput (P ) I expreased

1
Popp==p AL
Jiaw :P [1[[:]
W=

P-..-_L-.

11

whars o i the finid density, E the load ressance and

Fras Toprecent the root-mean-square tahm of a voltags

drop acroas the Joad . The tofal efSciancy comsarsion {n) of

the harvester can ke obtxined by taidng the cutpat pomss

from eq{11) drided by the ingret power from eg{10) as
Esnky

P _ Ve

o= T
Fpo  pRAL (1%}

Materials and methods
Marenads

The piszcslocimic karvestar unit and e schematics of the
fluid flow wnargy kansesting sysem are shown @ Fig 3
and 4. The bansster consists of a How channel, biaffbedy,
piazoslectric Slm, and mlet'outlet covers. The size of the
flowr channal by length = width = depth is 28 mps = 38 p
= 146 mmn amd was made Som ic shest series of
Hhac-M01 provided by Xinghma Masefacterar (RP.China),
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with it thickness of § mm A & mm-high and 20} mm-wids
rectamgalar bnff body with rounded edges wes placed in
the fow channal af the center hedght and 30 mom from the
inlot bomndary. A waike lapzmared  duxiblo
piszoalucmic FUDF &lm i irm'ﬂn]'.TD]-l}!m'Lm:
7. Thnm:nfhmlm]nu&mimTihk
1. Tix piszvalecmic £lm am cleaved bohind to the b
body. [zlet and cuflet boundamins were sack covered by
mectamgaler cone with 30 mm in leogth and 10 om of
ravity diameter 2 shown in Fig. 3. All the ASE plastic
tes o bief body and both mlstioutlet coversd had
replicator 2x expesimsanial 30 primtar {540

AdS pli ol
| Blis¥ body PR puis i

-

g o il

Ty X Harveso wml

el scperaes e
Ak ez

B it

@—'—'r_ﬂa“l

| N Dt

Tag. 4 Schorsis dugrar of fhe fud Bow mengy barvosing solep
Tabls L forzmary of the FVDF fibn propery

Gopeed Piecs Pz
Dennty TN g, A bewad  Cowley
e Fles® pETIEsly -
wilFuee SRR O WG Encioe
—llaty d, & b LY
ias 24 138 hFEE] Ec ] i2 kS

Fig. 4 is a schomefic diagram of the
aprarams for testing the fabricaton device by ordinary =p
wamr wes meed as & source supplying the fiwdd Oow
PVC almtic mbe. A Eom-mobtar (Fither & Pormar Co.,
modal 10A3E3, USA) was wwd for dow mm (00
measuresments and it wes placed berawen the water sepply
and the arveskr mmit, joined togsther by PVC alastc
tubgs. Afer that the wame passed the harvester unit, and
fnalby it was misased back fo the wnk. A diginl
oscllcscope (Tekmonde, TP 2014, PR China) was nsed
at 2 2500 sarple e for 100 5 measurements Tip
disphoement flm itmtioms wae =ken for emge
anglitads of PVDF oscllation (A.;) by =ing a CMOS
Lasar Amalog Sensor (TA-030, Kovence, Fzpan) with an

ampifiar (1A-1000, Emence, Japan) comnected to an
cscilloscope. All the mwacered data wore collected by
LABVIEW softwnme 1ia a UEB o ES5-231 cable. Spactmal
anxhyiis and low pased Shur fimction vere camied ot by
using MATLAB-based FFT routns.

o

{o

bt Elecinical maded

i - o
| T B |
Fig 5. MATLAR of b of (ni

wihratson and | b equnalont oreeen misdals

Tabls ¥ Ronds of M fow chemscierstos sd mayy ocipd on the
WY effied

Eleciical
a & — A
pallata sitlpul
(54 ] Ay u '3 .
fHE I 1] il ) i}
1] - L8 SEeid® AT (.40 LI

Mieahods

Watar sopply § has besn comfrolled by 2 hall valie and
fized Lt 3 TE«10* m''s. The cormespending frequency of
i from 2 b body had been calculated by using eq. (2}

Electro-mechanical sysems cen be modeled in &e
pralti-purpose simvebton  emvironmest MATLAR-
Emﬁ:t.h'ﬂn:mﬂﬂﬂ'mﬂ.fnwhmntng
experiment sweup & presents m Fip. 5. The How
chamacteristic information can be caloulated by wing eqs
(#4112} 1o obixin mechamical vorkx shedding owcdlation
data. Asseming the amplinde of vortex shedding
cacillation & 33 of [, and 2 Sow condition with Reynold
oo of 37.7, the (@ = 0.6 mllopns/mein was obtained from eq
{1). The proper Simmlink modsl of the combination
meckanical vibraton (red color) for the film oedllations
and the squivalent circuit (blee color) for the voltags
ouipet were presented in Fig. Ha) and 5(b).

Eezults and discmssion

The flow chamctaristcs reals of & VIV efect and
alecizical energy output have been semmarized in Table 2.
The obtzined flow wvelocity veles of this sxpesiment
ocomred in Reald7.7, which indicates a aminar flow saady
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state. The mechanical escillations established by 2 pair of
fieed vortices was guneratd in the wake of a hhef body
coareaponded o L=3.E= 107 pa's. Oucillating frequency was
not damcted becamg of S vortex pair cscilliSions at uppar
and Jowar of Glm wore canceled out, althomgh the A,
ooeld be obserred with 185 mm.

Usizmg fow characteristic mfoemation, tha ff and Ay in
Table I applied to & VIV signal i showa in.
Fig. 5, tha mesmlts of the tp displacement at the fee aud of
shown in Fir. 6. The resulis bave been afer
applying a low pawsed Slber &e 'V, signals by the Fowmer

igoe with MATLAS o tzke aumy the high Sequency
which might associate to electromagmetc radixtion noise
from ofwr electronic devices. The flered under 10 Hr
signal W o good apeament with the simulxton msult as
san in Fip. 7; 2 companson of the displacement
micllatioms of the flm, which i cooeaponding to the
fltered experimental sigmal fom the siembatiom with 160
demres phace difersnce. Memovar, tha of Vi

mslts in Table 2 & agresable to the
alculaed flow information of the VIV,

Kg. T. Low posal flierad of Yo egual with the roclt of MATLAR-
Sermudenk

Taking the comemom load E=1 MO for the FVDF [15],
the toral comvenicn ffickocy of the micTogenerator was
2ble to caloalte by muizng eg. (12). The regular Sow
mepresanted the masmmmes Vi, at Be = 37.7 which lead to
the mawiprem Fe.=44 pW and Pa.=10.16 piW. Thess
power values Zve the 7394 Y. This is the perfmmance of
2 wingle piexe-generaimr. An incmeass in 17 can be demloped

by prodeocing rmitipls arays of the karectks, so tat e

Py s inoeased at a constant Fa

Conclosion
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from fluid flow into an electrical cutpat tased oo the
plazoelectmic sffect A faxible PYVDF has besn meed as 2
mansdncar in the wmergy hervestng sysiem. Expariosants
nesd Dot 3t 3 IesonaAnCG ot at a low
oscillatng frequency of 0.4 iz and 2 tailored flmid velecity
of -6.8 m'., prodecing the kinstic energy of of 44 pW.
This unit gemarates 3 cormusponding opea-cirmuit vwolxgs of
8 W 2t 2 maiching load of | MO, lwding o the
moripmme suipnt powar of 0.1 pW. An efficiency powsr
comemion of the harvesting systam was svalmed o be
abomt 4.4 % It is possible to use the proposed exdt tnder
gravittional force nobare thare i a difference in the lewals
of dw fimd o matter in waier way of tRIpoTINg part
such an petoleurs pipes. However, mctifying the output
wolizpe gemeried by the present microgenarxor is
compulsory = onder fo feed mmall scale slectomics and
commmnication, for instance, wimles: semsor netmorks.
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Abstract

This project has paid aftention fo an energy managemeni composing various components
from a fransducer or piezoelectric matferials , an energy sforage, rectifier, voltage regulator,
wireless sensor and ifs fopology networKk. This includes surrounding Kinetic energy, hence,
low-frequency vivratinal energy or high amplitude of displacement. Main focus Is a
rechargeable Interfacing circuit that is able to continuous operating. Commercial piezoceramic
of PZT is chosen. Physical sfructure for aftaching the PZT is a cantilever beam of 6 cm In
length for 3 beams. Operating or vibrational frequency is much lower than 100 Hz. An input
mechanical energy is from a laboratorial generator. Subseqguently, hand movement is applied
and then the so-called power banKk. Aflterwards, a kinetic energy is from a tfurbulence
surrounded water furbine. An oufpuf power of 0.5 mw Iis suUfficient tfo feed a wirless sensor
in a star topology. Transmitting and receiving data in the network in an IR range as long as

the Kinefic energy is still existed.
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unun

ANEINISENUNSIAUINGIWAWNU (energy harvesting) fio NS:UIUNISUNWAVWIURUSING
TuavinodouunvaviduwavnulwiRAausoAniAukSoUoulRiinounscdwnwnia=a1dnNsodnd
cvm  RauUdovwauwnuiwinius=aucGucihuindotiosnin 1 odavil  Aduds:nourdn fio
S:UUNMBIUAVWAWAU. lIAzINATARSHEUNWAWUTUTBUSTosU kAvwavuRDogluduinndou 1su
e AUSou AU tasmsAu 1I0udiu. Aunsaivaguiduwavwnudnsull ogwisAnus:auwaviu
vovlicia:suUluuIKAVANIdnY:-0UsgAuAN=uoVAVINOAOL llasAonUun Suluuddedaulmsiday
WAWIUNIGINNMSAUIBYNA (vibration  energy  harvesting) IUAgUITUWAWNUTWWA BuDdod fio
10ulKAVWAVURAIUASOWUTENNA TneRANAAVTWRNTUDgAUIIKAVIRANIGNNISAU (Hurlebaus
and Gaul 2006) JAONDUS=ANSNWIUNTSIAUINGIWAWIU Ao JAnTwdTsdIdnnSnidovannis
AYUKUNIIUUWAYUCIOUYANAVNTIINISIEAS BianTnsAInGn (electrostatic method) 11A<S0
lANINSIUNIUGIN (electromagnetic method) (Roundy et al. 200S)

nsyamswawuluinsuMsdus:noudng s ovAUS:NoUKAN AusUR 1 AJuus:noun

AAcUADNTSIBoutios:KIWIAQIUAVWAVWNUAUTHAOKSoQUNSAUNY8UON KINTUDNISIONTS
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2. Jnqus:=AvAranuoviAsYNNSIVe
1. oonnuulAzasWIAsvASWouAUOANoSARKUNRIOUIKAYAIdowEawuNQlinU

2. JnnMswawunalinuRiBiwolNevAKSUNsSitvuovaunsadliazinSounelSane

3. MSNSIONANS
KANMSNWIWATEBIENNSNIIUKANNNSWUINURUNUNTEKUNEGUNISNS:MiNvNAcio YA
UwsdanoRiAausaiWiAUIAqUU 10030 anducionuTHAnNaUoNArRVISTWRNASUIAS
vifnANUcivAndnnasouTkanDwalINafATWNAANKOUIUS@UAUTHAD  WasIBoucioDuINuIeg
KANUIUU  IUUWUZNUADIIUULNNSIU  [standard  circuit]  US=nouchedaqiwasianndnidoucio
TnensvAutilavacucunauliwaauidulivnsy (Ac-to-oc converter] Buds=noucnelnlonisniiinioos
(diode rectifier] 1AtMIAUUS:Y  Acucuncu be 9:Seutindoll dunustovovinfonisnilwioosia:
YUNNUOVENIAUUS=ANIKUNAUAUAUUNCUTNITN 0SNevUVISIBouciosdndunnuoNIINg:
00NIUULNIROYOUS=AVATS IUAVWAWNUIANANSTW ARG UIISGVTIoUUADD  (Rouwnuchiuay
ACUCUNCU) LINNTFIIUULANSTOU  lIA=AUIUADYWAWNUTUIWASEN  FRIAUIRgIWAWAUTBLNIDY
USene  oNUKANNMISUoVIsT DN1sidoucios:uuadnsiwiniiAzunantiuns:HIiwvIAawdTsaidnn
SnAauciidavAacyouncu Ac 10u oe NG00 (fuiwad)  ssriviudcioldoluvcu=au
ANgTWWNIINIANTWATEBIENNSNDANAVAOKS0ONAN TUBWAUNRAINGAVAU:IR0NSINNAU
(AA) vovANdWiWN (voltage inversion)  SVIUDTUINATANTGWAISUINSTWU  ANGTIWRNINNEURNTKD
MSIHUWUTULOVANSTWIN  BvasiBoucionuHANRIKUN=AU  (optimal load)  Av:Toiri@wulwin
AuNINDOIEWISLNNSIUKANUIM (Guyomar et al, 2009)
TAsvASWAIANINSSUAHSUNSIAUIRENWAWUTANUIUUTKOUMADIUUANUAANOS  IUUIAY
KSolno:wWsy [bender/ diaphragm) I1A=IUUIWUIIUU [patch / plate] IUUNGEULNNNANADIIUU
usniiasidunuuABsiuinsunisd SUR 2 1AQVAUAANOSADAINUEMUINNTINAMUKUNRCIOY

oonIUUIRIKUN=-AUNANIWOTKIAaWAWIUA=AUTUS:UULINAAN (Dewei, 2009)
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4. 38Msnnaov

nivicildu 2 #du Ao TU 1A: WIS

TuAnuLoVOU  MSIAUINGIWAWIUAUGNETUANUGANDS  Uanadnusdvdndiowdviidy  Uang
SnonurGuidudas:  JanuavwawIuAoIsS0NWaTsdIBNNSN PZT  NMUMSAN aswdunnu
llUUTIAOUCWSUR 3 AnucusAoUS:NUIBSIINAVENUUUINIACUAWOUENAnMENIUATWRN
I5oUCIoANSTWINSHIWIBSONICAAIIUUBUNUISEN N uoWouNu diuanaaovlurkovd guams

TngofginSovrindnAcycuncusUisUUouwawWUAUNIATUIA:IsSIDNTUWSoU~) AU
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sUR 3 1luusaovAUAUNTSTuNsAoMIdowaw uNAluIUIYY
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TuAhubovsIBouciolidmsooniuuingofgdanosAuNUAHeino:INSU AusUn 4 1A S

WuHuhe AC to DC > A/D Max/Min SigInpPls

9 Detection Algorithm
WA U

SUR 4 AdUUS:NoURIAOUKUNANISIIVIUYOUIVIS

DC to DC
Impedance matching Battery

Devices

SUR S AdUUS:NoURIAOVKUNANISIAUAALWAWU
S. WANSNOAOVIIA=TIISCU

wunduRooniuuliazASWIUDAMUTRWIUOEIUSKIW 16-18 Hz NNsns:v0uoy
Uangmu 3 cm Tdisvaulwinavanus:=uicu 29 v 10uns:=alWNASU UnUanuiyasISovns: A

Wondaviduns:nalWwiNnsy AuncuraviwinaniisvaulwiiAsoua o unuRIUAgUANTO UG

1ok-10M€2  AMAVIWRNATODAY 400-500  Uw K50 05 mw  1JodAcycuncuniolulduulng
OWEAIUUS:NOUKANAOWISISOUNS:IIA 11A=IVISAIUALISYAU rKUNRUaviwaauiduiwasviia:
AuAuUSUanisvaulUTRIAuANavAnRgUNsadnult - Dnnsus=alkAuNUnIno3naentiwalsidu
nuoino3A1sov Tudnucu:doKaNNSAIAgITaVA0IISAIUALLISYAUIILUATINGY 1JUunATNUAAY
waWNUTIWININNIAQTWSTsBIENNSNTUgVIUOInOSNAeND TURTDUUNOUOVAMUANUIAU 1SO mAh
UNUNCioouNsuAU 2 AUaUNSUAU 37NIIUUTIAOVENKINTUKS0AUAUGNCIOAUUIUUS:LNCU. 40
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SINUVI=ALISTIUS=IUOIN0SIAD. TEI0ulrAvANIdawawuTWiNAHSUgUNSaUTWiNIA=B1ANNSo
dnuunaidnnciovnsisuauiuinu s v ns=AfWRATUIAU 300 mA 18U TNsAwRinAoun  9INN1S
noAaoViBuuinsAwniulu  2-3 Ui IKUN=ALARSUBvugnuanidu Tunscduovindouels

= =

A Toulugavoy Endcean (GUSUR 6) SuiuwAwWNUCIUNEioNUATUAU

SUR 6 enocean module AUlWE WAWAIUINAUAURASWIUWOIHVUoUIWASTUgATRAAUTG

1sU SuAvdoyAlUNAUIUUISANgAUADUWINOSITNOUA

WWolugari-wult JuidonnowoladuovindouigfSangiiuunTy K30 star fopology D 3 THUQ
(node) BuTAMUBUSoUtos wavURIUAVENAVINOADUI:IUQNQaNAUKLG icR:rdol’ THun
UG MSI0NMsSWAWILUSNATURRMVIIWUMADIIKAVUNRDNS: IATKADUYovUN FvDnmsun Do

sensor UNBuuAUBnuovAUAU Gusun 7 fhogdudcucuncunicicusun s

DO Sensor

~

sUR 7 S:uUMISTONISWAWIUIBUIBOSISANgIINMISIIUAVWAVIUYAU  Nigfuds:noudngnud
ANoSTU WISIBoucio GMIAUUSY
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suUR & AcucuuloriwniitidodonaiwNoSIUVAIIUIUH):

JunoUANUADNSHNRS:UUNRWAUGNUAIIOUKSD  seli-powered  device  8I8ANTIUNU
nninosndovidlumsrinu ghednongiuninodnisoglusnuiufitiosay SuviufiooniiuuAS Il
MHUNAIOU power bank  AIBUSTosUIIKAVAIToWAWIUYAUUoYUNSOUpower bank LNIIUAY
10ulwiNUoululnsnouinalrossudAvdoya  DnmisnoAouluADURIIKAVUNISUADUNAUAUSUR 9

WUTNANUNSDSUAVAUCUNcUANoonGRUlAIdnUaMvRUlUs A UTANGIE

suil @ msnaaoviu Uy Tudinoinwn GovDMVRUGIGHUNIRUUSUNcUooNSIIU. (oUInST=H
Wunlng AcUANY A3U-WUFAN)
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6. AsUwANSNnAOY

MSSUAVIOASHIW DO sensor I1A:HUNEUSUIAWATUNOUWIINOSUUGVWUINDUS:IGUR

unaufavciolud
- ANUNSOIWCUUNTRS:UUIAUIRgIWAWNUNIINURKSoAnMSTSIunInoSADoglulsusoskun

- anANTSINENSAnAvaUNsaUANeAcUCUNCU. NolduANedcucUuncd 10udiu

- anATEIIENISUNSYSNUNQUNSAUMSIIATCURNINEIAUNIURINOSHSOIUASUNIUOINDS

- 1IAUcURNINSovdoRtourinviuogvcialboviuAannuRIINGveNNIAzTaUNS e

IWUAILAUNSTIUNTSIAUToYANGoUSSu:nauNUNiAcioldo (long-term  solution) &V
1udsdgsdlunisiAuia:gunndoyaldonsasHvAoUNIAI@IGOU (monitoring) SHgAnKWANS:NU
cNuAVINOAOURIANTUIINIUNOUNISWANIIA:MNANEIUAIN0S BNNVEIgAnNISAUIUEOUNY

ANSTUENUWANWNUIUTUNOUNMSWARIA:RNANIUNINOSIEUAU

sUR 10 WIsIamMswanUuMNIASYNMSTRGoUNStiogonISYWCTsE
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(integrated circuit K30 I K30 chip) DuunnAnAY DANUANUNSTIUNTSHVAUAVTU. lASTSWwAWU
chavwulnfugunsaddidnnsodnARISONTN S:=uuAUoUNAGYE) (embedded system] MISANUUNN

YOUNISINNSWANWNUTE:BN8IRUUNOUOUS:UURYS:UUANAVIA=A:0INCIONNSCI0g00I BUWICd 5e)
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