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F1E Fifg

-1 KAEDEREBR

R L AEIREA L A VOFRBEFIZIE U T, =3 VX —FIHO AR ER 2 ISR LS
BC&E. £ I TIHBERERITAET 2 KPR ) % O AR RET /L £ —OEH]
SOWFIEBRFE DN AT DI TV B [1-3].

T3, ToT (Internet of Things) WA /N—7 ¢ 21 /L2 A7 2 (CPS :Cyber Physical
System) 72 EOQEHLEEIZLY, BERTRAF—EImW, yW THHRIHTE5 L9
2720, BRRREOHIZEEN AN e XX —2 N T, Bt Hh—DA
NEREEE E EHRT 52 00F—FT 7 /uP—L LT, TRLF—N—RRT 4T
SAT DADIENRTZ N E S5 TWD[46]. ZDTF LR —N—RZT ¢ 7 L%, H
RRADOEZIZTHH DN, B, REERI R EOREPIZOBL TV D =R LF—
NOEENEST L2 BIROBICH 5.

HRRRHET 2= F =0T, EBRTRAF ke LTRHHASh TS {0
i, Ot CRBEEM) |, IREZRE (B—Xy 27 H#KT) , RKE) (EWHE, EERE) L
ThHY, WTNb ANEIZE > THREINTWD. WAkl oEF#EFIC LT, A%
WIEH SN T ARWEBI o r VX —END BN EERT DR F— =T ¢
VI B ENERNTE D, B, B Ry M EORER O/ NUE RS
DEFIPRE L TOERALE =R NF— a2 T T 500 LTHERATHY, B
A ORI E B A 4 5[7-10].

ZLTC, BREABNT 2720, RRMERL, BEAREKRZE > Tr —2 2IET
52 END L. RFHERATOR O, REEG Y - —OBRMKS I 2 MEN N
oo Bl o —iX, REE, BT, WEE, O, B, IREREOMHEECREEE R A MR
ML, ZUOAEREFICEHRL THETL2EETHS. Lol Bl )—0&E
PR T, R ORI REMEN LRGSR R R E S ot o — 0 E
DV, FRZEWE EICRESN =7 ER AT o A LEES C, EiRbt
Ko TR 2 ik L 72 WER 0 IR C & 72 [11-12].

Z 2T, BAFRZRLF—DOH T, IREIT RV —N—_2T ¢ 7LD H

717



LWEATIE, BRI O 7 & LMREEREEIC T 28L& o — OBk L T,
BRA 2 BTG BIR 2R T 2 H & U QIR ICIER &N, 5% < OFFFER RN
HIF STV DH[13-22].

L OFFAEFRE T R L ¥ —JRICx LT, Y T 2 &R TE D =R T —HERE
V) BPMEBIEEORREO—2THDH. BHEOMHGT — X2k b &, EHANK
e LT, IREVEEIL, BRSSPI AR R & DT L F—FIZ AT  fli TR
IR RIVX = LERINCA L T DA RN H - 72[23].

IRENR OFESE & IREBFHEIC A DE TR = RNV X — =T 4 VTV AT b %
PR L, TELRTZL DIRBEERELHGD I LITRESRIIZEARL 2> TV D,

RSO LT M 7 ORI Z 5% & & 415 Wireless Sensor Networks  (WSNs) (2722 E
(722 BIRALAG 2 TR T D 72018, IREIT RN X —n—_AT ¢ > 73 b kIR EIR
RO TB & LC, mIBHEIL O 8RB DR = 1L X — 2 H L CBlE
— D HER A B THIERIR R R ST 5 [24-26].

AR—=Y REFRITHEDOE TIE, AHO#EOEEH T LF—2HH L TEIHTE
D IZFNE = N—RAT 4 V7L, JERON T U —DfRib ) RN L E e L1
B S S D RBEFBA B L7238 EHEANBZE S TV 5[27-29].

AZEHL 70 & OMFSES B TUE, HEREFE O BRI LR, B DRk % 72 AL BIFRRC
B AT DI ENDENEHIETE D L) AN EREI N TND., 2B DH
W AT W E BT 5 IS 72 BB CHEDG RIS W 2, ETH O HEE OHRE)
THRNR—EEINEZ T, BB EEEEIHIS AT L0 B LERIC T T L EAR 23
FFE STV 5 [30-32].

REFEE L AT LORIFIIREWVTE, IRE)T R L F——_ZT 1 T DR
FIZHEFNC22 D 728, AIZ 22287 R D RIE O K & W IRENE E & BR 3 2 3R
=R —N—RRT ¢ T OEBEIMFERE L 7o T B,

PR OIRE = RV F—N—_RT ¢ VT OB FIEL LTL, BB AT L5 FIH
THOR—WHITH L. BT AT LOE R, (TRREORERER & 2 w7
T5ZEICE T, MIFREI S AT A OREAIRENE Z SRR E) 0 22 72 JE B /3 12
—HSETC, WERE A BRI RT DR T RNV F—N—_2AT ¢ T VAT A

DBA%E Z BT HIE M T 72[33-36].
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BB AT L EFIAT 2856 O R AL, FrEO R EE % & OIRBIBREEIC LaEH L
2, REN S AT A DPAEIC KR E  JSEIRBVRFE 2 75O B EREI D )22 U Fan o T,
BHET ER SR B D BRI D 7 4 AR REIEREE T Clx, KRERIRWEZA
THREMNBRIBI T R —N—RAT ¢ T il 5 2 EIXTE AR,

DRREWET D720, TE DIETEEO BRI & FF O IRENEREE I XS T &
5 £ 91, EAREED R D EROBIVIREET V& —d>OBEITHAGDESD
CEREISNTND. BT, EWmICBEaERZST-ARbREERICHEL, £h
FNIHADOR—RZEE LTARBI O AT A&k 5 2 & C, HHOBEARIEA FF
OIEEVFEE Y AT LADBRE STV DH[37-39]. MHEIERCHFLR AR EICI VA
MR REN VAT D EFHET D 2 LIk o T, HEOM AR L b OREETT L
ZAERL U ToAFFERE SR DS R S 40T 5 [40-42].

ToT2 U, BRIBIREN & 2 7 LT, BV SRR A i SR e & R > B A IREVRE IR AR & 0
FNEN=ZZ L THESNIRBI = R L X — =T V7V AT MTEMAEL
NUUZET DRI RZ T 2. 22T, IREI= XL F— =T 1 TR
T LDIENRELGET D720, IREIS AT LTI ERZID AT, fx 7236
FEARE = RV — =T ¢ TV AT MIET 2 W RMRE DT, 2 < OWFERS
EMRFE STV H[43-46].

R AR B RO e K AREA 2 B0 510 T, [FRRIC A R B RO el & 5 B
KAREA 2B AT 5 2 & C, KARA DRICAFTET HIER I L 0 IEREIRE > 27 A
DHER SIS . 2D KD 7RIEMIE I AT L& FIH L7z SiEMEREIZ BT D M s s &
EN TV 5[47-50].

HWHEORFOLROBREEZTZY, RFLROREIZREHITZVTHZLITL-T,
RO E B E O BEAEHRZFIH LI IERRE > X7 A2 L T, £ DOHiER)
RATBIT DMEHRE RS TR STV AH[51-53].

HEEVEET 2y 70k U CEERS) & [FREE o 2 A BEOHNIREIN TE 5 L H 1
RE> 27 LasEt LT, £OEERE) & RIRE 2 1A 8hbE5 2 LIk~ T, 2AH
FENREY OF EARH DR 2RI U 72 IR EN > A 7 K 2 B2 L C, £ ORI RIZET 5
R R DN FEFR STV 5 [54-56].

N RASEANDE VIR St ' AANE ) WAL v o hecay g War gV I D A=V AWk VN AR A e
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NEMITIREISE L Z LIk o IRV AT AT —2DIREFINZ —nbh 5 —DDHR
X7 = RO LR DIRE 2T 2 2 ENFMREL 72 5. OO T HGUI D 2
& EFIH L2 ERIBHRE) > 2 7 A% S, ORI RICE T 2 R RA R SN
TV 5[57-60].

KV S ERIERIGARE) O R T D AREEA D720, FEEOENEMEGR, KA &
PEZREMHA G TR LT 7 ) v MUIERIEIREN S 27 AR SN T, £
B DOIFFICIREN > 2 7 L& IO TR RIC B 4 DRI O RN R ST
W 5H[61-63].

KoMDY TIRETET NV EMARDEDL Z LICE->T, —2DOLHMEE b ORI
RE S AT HIIBARE S, BROBHIRBEOSMEZ 2 hr—L LgRs, Ko &m0l
BRI R A BR LI MEHE R 2 R STV 5 [64-67].

HERFFLREZI O MF 72 £ T, TR S R ZBRT -0 310 dhiF7-
D LT, bR LI BT IR 2 R ORI 2 IR o A 7 L3 ST,
ZDaFR—a NERABR CIEEIY AT AOBIEN R T D REHE R A R
X TV DH[68-72].

KEOREB = AN T — =T 4 VT VAT AEFA L RN IREI R ER
I TH D720, FRNRBLR N OEBERA O o —IIREFEE S AT L2 M
WENLERMGE 2 FB T 5700, mREAE Y —F T L OFAERE B ATRE T
& % MEMS (Micro Electro Mechanical Systems) & W 9 BFZET —~ 2D\ TIHFE 2268
BT TV A[73-75].

PERDIFRR B Z TR T D &, BEITRNLF —N— AT VT VAT KEHEWR
FRETHONIBERITANT—RHE VDRV OIFBRTH L. WICIREIEE
DA EREBTE D28 LWIERIEREE > 27 LA 2% LT, IRE)v 27 L DRIE
EAMNIERESE DB RERIFEHEL 2> TN D,

1-2 REIRIBIRERBRES X
AR, 7 o F LT ) A ZBREICE T 2 WL ERE) > AT MR LT, AN
RE T2 MAD I LIZX > T, IREMRIE ZHANTHERT 5 2 &3 TE DERILIRIS

DR EN, FNE2@EA LI LWEF T XL X — =T ¢ T AT AZET
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HHFFEBRRITIEF ITTER STV 5 [76-78].

Tl SRALIR IS, 1981 4RI HOER D ALHGRIE 35 1) 2 KT O JE I 2 Bt 9= 2 RIS )
DTRESNTZ[19]. T D%, %< OWFEE DB FWERO A D b R L IRBIRIC
xt U CHEERINICATZE L, MERIR OBIGIRH R AR T 2R ER SN
TWDI80-83]. FERILIR LT, T H Lln ) A XEHEZT DREEHMIE Y AT L
IZx LT, ISR R AR E S EINA D Z LI LT, HHMHERDO T TIRER SRR
IR IR T~ 2 BB Ch £ [84]. FERILIRBLIIZL < OB LW A IS s h
TWn5.

FHINE SR O 4y 8 Tl @H D' Y — THIITCE R WEI R AIE S & T
B0, RIA K ) A REFHABRICE 2T, MIBREZERTA b A XPHEE
LAV L DHRERBIL TR SN AMPBE S EFHHTE 20 AT A0S
FLTUN 5 [85-87].

TV VRIS BF UL, BEW IR D B Dl ST DT — 2 A a AT
5729 AT, RLES AT LA A=V ¥ — & UTREiE 255 5 Bl-om
B OEDOIEE FIE EABIF STV 5[88-90].

NAFTHOFE T, WEREMETZTORMTELLIIE, AUYA M/ A X%
M Ulotfesc iRy 27 2 &2 BR S h, BERTFECETT 5 =2 — Z /VEEIZIRD A
D BERIBHFE AT HAL TV 5 [91-94].

PR L7 0D 53 B CU, BRI O ARG O A1) D 1 oW — 7o | TR i D 1%
ICRRE L2~ A 70D U T F A LT LTAZ BITx LT, mkEE TR P Al
DBWrE TR A FH T 2 & 912, MERIRS 2T A28 M LEHIR R L4 B
FRESBAFE DM T I H[95-98].

IREVEE S AT DO TS, MERLRISG 2RI L REEE RN L4
KET L2012, 7V F LRIMEE %% T D RLERB Y A7 A2k LT, &
W ARG 52 M2 5 2 L1 X - C, IRE Y AT A OJRERIR T RIE I8 S
N5 MR IRBIL 2R3 27 ER STV 5[99-102].

BEMR DR RBIR A R4 T D 121E, (DL ERE > AT A, (2)H RS
57 B LBIMRATIGE 5, ()RR Z 5] S 23720 OG5 2 HEI R AE 5

DEIBR=ZDDRMERADMELZETHNTEY, ZOPTIE, NEZERIY AT
757



DORRFPIEIIHROELETH 5.

BEEOIRB =X —N—R_RT T AT MIBET D RRFRICEA S D
WLZERI S AT LTI, HRBERZOMITEREZFMAT 2000 bL< BZTH
5. EESED B AKFATERE LI AR H RO S & OUFIZZ L Z D 1T 727k
DA DN & D AR BN L - T, EEVERET 1y 713, FRT A O THR
B9 5 OO RFIINRIREIRENTFET 5 2 LIC L - T, BB AT AORLERE
FEEREOND. IESRMFICEY, BE7 o v 7 3HRT A 2RO 7208 5 KR
AICIREN LT, Wb 2 M EIRENA L D R LRGN FET L LN TES. &
D & iR IRBIG OWIEZN R AT LI IRE = RV F— =T 4 TV R

LIPS 2 MRETBHIE 23T 041 £[103-108].

2L, ARETRE LT AR bR ORZERE S AT L%, HET vy 7 DHET)
RV ETIRENIFERFRE R D Z N H DT, IRE)IT AT L% 90 EICEERL T,
ESRICHEE ST A RFH RN D72 2 ML ERE > A7 L %R A LI iRE = 1L ¥ —
IN=RRAT T VAT ARSI TUV H[109-114].

F 7o, KABA DR PRI ZAEDTIZ, TiTh D EEMmICERE LB R HE
OIS AN T EBE R T 7y 7 OB LT, EAH MRS 5 E &7 1
v 70, PRT A L OEMEITEN TR T 5 2 LI Ko TREERBFFENS S
o, TORLERBFELTED LIRB = RV X — =T ¢ TV AT AT
BHRRBRRE BT HIL TV D [115-117).

WL TERREN K DR R OBEN R A2 10 L3 272012, AR ROMIREZ
T TR EOBHERTER E B O R R DR LT WL ERE S AT L
TIRE SN, TORBBELTEN LIRB = XL F— =T ¢ TV X7 LMZH
T HHEHITHOIL TV D[118-121].

—J, WROREZFAET, BARERZO PISBIcE &7 7y 7 20 (15 C, #
PR B B 0D T i 70> © Wil 5 ) A £ 22 N 2 C, B 2 R~ P AT S e £ £ TR
BHIEDHZLICL T, EE FHITO 2 DOREIRENTFET S, 2O X 5 ITHK
LIeREZERB S AT Lz LIZIRBI = R X —N—=_ZT ¢ T AT (T
2 BRIBHIE AT AL 5 [122-126].

IREIREONRNG LA BRT D720, EEOE NS LT L ERE Y AT A%
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—ODRERRES AT LHAEDE T, 5O NLEREIC K 2 MR
MERIRATEN LT, LV ESERIREI TR L X —N—_2T ¢ 7 ATITHT 2 T
FERNFER I N TV D[127-129].

fERIEIRMIEAE LT W oo, Jelloiin 2 B0 fH 7o R 20 DARRL T 5 W&
EIREN S AT b a_— A ZYE L, FRFH RO RE T 2 B DA HR
T CHI BT AT LB S5, ZOME, FRHRZOLS 5 BEh KX
T o R, BB O, Abhd T = o0 — b U EENRE N TET D
LI, Wb ZHERE VAT LEMERT D ENTE, TOZDODORENR
BRRAE & 2278 L7203 SRS T iR R O RN R 2 5 ) L2 IRB) = R L F — v — R
T VAT DA RS R STV H[130-135].

— 0, BT RN F—N—RRT (T AT NEERTHITIE, EEm R —
BRI AT BT HIROBEBLEENMETH S, 22 TlE, REFEEIE
THREGIEZ, MI-LIORT LY, bV EER, BEHHEN, HEFELK
XD 4 SDOREIFEEFEN BT HND.

W ORI ZALEFI A | B ORFRIZE LA F
(Ao —HF KW (A —H A0

BRGSE A

AH =T ek
% FI)
(BEhLBIR LA &
AREFOH R EN

1)) t

WIRETE R FEEZNR

B OFrEZ R A
(HE &7 B )

Fig.1-1 Vibration power generation method

Y EERIC L DREFEE L 1T, RICLY oV EBEBRTFE2ERIE, [EED

R OEHTIECTEENELLHG) 2FETHIETHEET LI THL. vy
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JEER I E =V EBAROW ) b B TERERE L7 & 720, SN B8R
B EICL VAR INDBRC, ©o Y EEEROWE CIEEENEL, BRI H
NT22ENTES. EoVEBICLDIEREBHEDO A Y v & LTE, HEFICEEM
BtOZER L0 EBENEL L Z LT, HEITREIT 2 AR HROREITAE Y (1 57217
TIRBVEENEHTE L. MORBIRE S RL Y, HEFARERBEICE WD, BE
FFOIREFEEICET HHETIE, BEFHSNTND[136-142]. 72721, ExY
JEBR T ONIEBIHEIUIRE <, FM 12 17T X5 ITREREEO 2 vy
K& EbD. Blz1E, IMEREE 40Hz TIHET 554, =Y EEHETOBXIK
PUL300QITET D Z &> T, REPEE THIERPBMY HLIZ W &b,
KRS D2 EIIREETH S,

300

- N [
9, Q (8]
(=] Q (=]

Impedance value (kQQ)

-
o
o

50¢
40 60 80 100 120 140 160 180 200 220 240
frequency (Hz)

Fig.1-2 Experimental impedance curves with vibration frequences in the PZT sheets [142]

B K DIRBENVIEE & 1T, KARA & A VOB ENT & 55RO
ETaANORTERNMELLDFEESTANTHL. a4 VOPTKAMAZE Y B L,
SHR N D DIRENC LV = A /1 LR ABEA DRI BEINEL S Z EICX->T, 24
N DT O RREEN 1T 5 Z LN TE L. BHFHFEIZLDHEIL, KHIFIEE
g ETIRKHEMESNTWLRESIETH D0, BEMFEICLDREFEEDOA Y v F
& LT, AV EoRARA DORIZES LRnew, FEEIE O EN & AT
W2 ENZET D, oIREFEE ALY HAEES RS, HAERPKE
WHIRD D 5 LR STV D, IREIDS K EWEGANCB W THREVEE VA 7 A2 RE
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THENTENE, IREEETIIHEICENZBLILNTEDLN, 12ZL, B
ROWHEREE BT 2IRBHEE Y AT L& HatT 256, WNCRBVEEICFHA T
HIGERB 2 KE < T DM EITH LRIRHS, —MA 7 F8E S AT DAL A BLMLZ /N
AL L 7o R ELEE OBRE L a2 1T 5 LEN B 5[143-150].

EEHEAUC K D IREVRTE &1, FANCEWZFTAA THE (Pre-charge) SH7-=
L7 by FOELIZEWT, @BROXMEMRZIREBISE, =7 Ly b Extim
BMOMICHET IHEFLEICLVEET L/ CTH D, ERICIRBIREICHHAT S
A, fib > TMLLTHEELZ= LY MLy MEEBICEE LT, $fhEms BT
FATWATOTT W IE > TIREIT 2 BRI, $FEfEIC Lo TRAELEEEIZT LS b
Ly M EtmEmN GG M LI F RV AT 52 &N TE 5. BEFEICL DI

BIL, EKEERORESH THLORISEBAVRY HELZ 22T, =7 FLy b
EoxtmEMm il Lgnicw, B Y EERENXE L TIHAMDREmWA Y v F2RH 5.
2L, AtmEo =Y EEANL Y BERITDRVA, =7 hby AR L
WRENIEFE~ DS FHHLTH DN R E STV 2 ORBUR TH 5[151-155].

R LD IRENFEE L 1%, IMNTIRENC L0 =4 VSN L7 RGBT R & 25T &
BT, ZRICE D BAE LR ENREMMA L 2BETANTHDH. WENR LT
SN B % 52 T D WM B OB E N LT 285 Th 5. EEICEEIREICH
AT 256, WHEMB CTELONIRBEDARE A L EBENTHD, ST
OB A 52T THREVA B S 3N E T D BRI, WRGEM B O E R LT 5 2
LRV, aA VO CERFEERDEETH I ENTE . MEXIRBBED A
A=ALL, BHHFBLEFAILCTHLN, BRERTEZARIEDL LV JTIIEYE
BRELUTHD. JRITREDOESNESME (FIZEE—T Y 7 LR) 2R FITHNTN

NS, BV EERID T AL ARGOBHERE WA Y v 2D

5. 122, ERVAVORBIFEE L) 2R T 2100%, AR E WINEE (10 m/s?

PLE) & RENE . (100~1000 Hz) & W2 L35 7g s IS T 7o iF RS )

TAES D728, IRENVETE X 0 WREEABIBAFE & W O RAFRRTEE 2t I ZE D &
NTWD DREBLRTH D[156-161].

EBITIREI T RV X —N—R_RRAT ¢ VTV RAT AERETHE, L0 EmuwiREs

BNREZBRT L0, BKEHREBICEH TELRESTRXORFEENL, EEOR
797



BORBRE SR EMAEDETNA Ty FORBIFEEHIEZ OV T B iRGS
ALTUNDH[162-166].

4 TR OREVEEFEOT T, MOREFESXNL LT, oy EENTRD
ZFMSND D, BHIRBFEELEIHALTHND Z ENHBIZRD L Ebi
5. Lonl, BV EBRONTHRIUIRE W0, BETH LN LIERIT/NI V. F
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Fig.2-1 Mono-stable vibration model
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Fig.2-3 Duffing type bi-stable vibration model
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Fig.2-4 Potential energy distribution of bi-stable vibration model
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Fig.2-5 Example of response displacement using random excitation signal
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Fig.2-8 Spring-mass type large-scale bi-stable motion model
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Fig.2-9 Monostable and bi-stable motion states
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Table 2-1. Distributions of elastic potential energy for each displacement range

Displacement range Value Elastic potential energy
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Fig.2-10 Bi-stable vibration model of inverted cantilever with lumped mass block
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Fig.2-11 Limited motion positions of the proposed large scale bi-stable motion model
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Fig.2-12 Example of oscillating amplitude evaluation of a bi-stable motion model
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Fig.2-13 Electromagnetic induction vibration energy harvesting by magnet and coil
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Fig.2-14 Positional relationship between magnets and coils and weight function
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Fig.2-15 Vibration energy harvesting using piezoelectric patch
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Fig.2-18 Measurement example of bi-stable vibration system
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Fig.2-19 Example of tracking analysis of video data using tracking software.
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Fig.2-20 Example of vibration displacement graph obtained by tracking analysis
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Fig.3-1 Sample of Single stable vibration model

Potential energy

o Displacement

Fig.3-2 Potential energy distribution of mono-stable vibration

Fig.3-3 Sample of duffing type bi-stable vibration model
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Fig.3-4 Potential energy distribution of bi-stable vibration model
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Fig.3-5 Constructing a duffing type bi-stable function
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Fig.3-6 Bi-stable vibration power generation experimental device
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Fig.3-7 Force conditions for bi-stable vibration model
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Fig.3-8 Bi-stable vibration energy harvesting experimental system
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Fig.3-10 Result excited by random signal
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Fig.3-11. Result excited by period signal 1.0 Hz
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Fig.3-13 Result excited by period signal 1.6 Hz
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Fig.3-14. Result excited by random and period 1.0 Hz
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Fig.3-15 Result excited by random and period 1.3 Hz
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Fig.3-16. Result excited by random and period 1.6 Hz
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Table.3-1 Increasing rates of the response displacements under different vibration states

Vibration signals Mass Base Increasing State
Only random 15.45 15.34 0.67 %

1.0 Hz 19.26 18.54 3.86 %

P eglil‘l’;ﬁc 13 Hz 28.01 21.03 3321% | Mono-stable
1.6 Hz 15.22 24.97 -39.01 %
1.0 Hz 33.43 24.71 3527 %

Randomand | 3y, 109.87 27.00 306.89% | Bi-stable

periodic

1.6 Hz 30.38 21.53 41.10 % Mono-stable
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Table.3-2 Comparison of the vibration power generation under different vibration states

Electrical power [mW]
Vibration signals State
Max. Average
Only random 105.14 15.51
1.0 Hz 2.51 0.47
Periodic only 1.3 Hz 41.70 14.53 Mono-stable
1.6 Hz 36.00 12.78
1.0 Hz 154.80 15.88
R?lgr(i)é?nind 13 Hz 311.55 54.97 Bi-stable
1.6 Hz 280.97 31.57 Mono-stable

T =RILARIZ ié%%ﬁ%@#m®%@%%&ét@ [F LA =R F—DFMET
T, ZOOIMRT =R T TRLNIIRBIEERZ KT 5. —DI1f, T 740k
JABIRE 5 CThl 2 IR TR IREIEEREZ R LADELEEETH L. b O —IF,
TOoOOEETERFEINR THRIIRBRERTHD. TOMRER I ITTT.

Table.3-3 Comparison of individual and joint excitation power generation

Vibration method Average Electrical power [mW] State
1.0 Hz 15.51 +0.47=15.98
Individual excitation 1.3 Hz 15.51 +14.53 =30.04
Mono-stable
1.6 Hz 15.51 +12.78 =28.29
1.0 Hz 15.88
Joint excitation 1.3 Hz 54.97 Bi-stable
1.6 Hz 31.57 Mono-stable
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Fig.4-1 Bi-stable vibration model composed by cantilever with mass block at the tip
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Fig.4-2 Three local vibration states of the bi-stable vibration model
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Fig.4-3 Potential energy distribution of bi-stable vibration model
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Fig.4-4 Diagram of experimental settings of bi-stable vibration power generation system
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Fig.4-5 Photo of experimental settings of bi-stable vibration power generation system
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Table.4-1 Specifications of experimental setting of of bi-stable vibration system

Items Specifications
Mass block Mass 150g
Length 380 mm, Width 30 mm, Thickness 0.5 mm
Cantilever
Young's modulus 210 GPa, Density 7850 kg/m3
Piezoelectric element K7520BS3 (Thrive Co., Ltd)
Mini-shaker NA-M201 (Nissin Co. Ltd)
General shaker SSV-125 (SAN ESU Co., Ltd)
Amplifier SVA-ST-30 (SAN ESU Co., Ltd)
Function generator NF-WF1973 (NF Corporation)
Video camera GZ-E765 (JVC Co., Ltd), FPS=300
Marker tracking software MOVIS Neo V3.0 (NAC Image Technology Inc.)
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Fig.4-6 Measurement results when vibrating by a random signal
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Fig.4-7 Measurement results when vibrating by a period signal 0.3 Hz
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Fig.4-8 Measurement results when vibrating by a period signal 0.4 Hz
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Fig.4-10 Measurement results when vibrating by a period signal 0.6 Hz
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Fig.4-11 Measurement results when vibrating by a random and period signal 0.3 Hz
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Fig.4-13 Measurement results when vibrating by a random and period signal 0.5 Hz
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Fig.4-14 Measurement results when vibrating by a random and period signal 0.6 Hz
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Fig.5-1 Bi-stable motion energy harvesting analysis model using magnet and coil
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Fig.5-4 Permanent magnet and wire coil for vibration power generation
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Fig.5-5 Arrangement of permanent magnets and coils and weighting function
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Table.5-1 Induced voltage when a permanent magnet passes in front of the coil

Coil number @® @ ©) @ ®

®

Induced voltage

vV -V 174 -V

N |

N |

£ 5-1 OFER L K AFEA DK EI a4 L OF I A mR T ABICHEEE NP I
WAHI L EEZT, Bl

I 5-5 O FIRT & O BB w(x) ZIRXD K5 IR
SN5.

sin - x -2L <x<2L,
wi)=] F

1.« (5_8)
—sin—ux other
27 I,

BB () & VT, o A OPICELAHEEEV ITRATHETX 5.

V = BnbW (x)x (5-9)

BEH BT DER A VORI H HFEEMIC LT, HET o v 712 LTED

Ll r—Y IR TERINS.

F = %Bnb (5-10)
2L, RITERIAANOBRIEIRLTH L. KG9 2HG-10)ITRA LT, KANR
Bohsd.
F Bn’b’

(5-11)

HG5-1D)ZRG-OITRA LT, BET v v 7 oE#h HRAIIRO L )12k 5.

[ B . I, )
mx-{c+ I W(x)}x+K(l—\/xz+_h2]x=—mx, (5-12)



RG- 12T LV, B3 A VORI U D558 EN & kAW A O & OFEHAEH
IZ&oT, BRT vy 7 OWRENIKT LT, @HOBEIC X5 OMIc, HifzlcE
WHBICEDWENINELIND T EERL TIN5,

2T, RV AT LOBMERT Y v L XL R A R S -0, EE
RAG-12)DEMENHE L BEEZER LT, T2bb5, =0 & i=0&2RG-12)I20A
LT, REIVAT LD OMIERT v v L R AF— IR TEENS.

U:%thKzO e (5-13)
T, HERT Uy VR F— D GAARHEEZ AN D T2, A (5-13)I2xF LT

W LT, BoNIEN BT 2 TRADPKRAD L 1GNNS,

K(l—ﬁ]x: 0 (5-14)

FREXG-14)ZE, REKRO LS IZHOND.
O N N [y (5-15)

KG-15TRT x,, x, & x, OfEIX, BHERT Y L= LXF—DMETHY, £

NENK 5-1 IR TIREET VOB ET 0 v 7 OFIRIREE COMEBICHIET 5. 7,
RT vy L2 x X —H{(5-13)% 7 T 71T, K56 DL mAMmicias 2L

yAAY SYIRY
A §5
-
Q
=
(0]
=
=
8
o
Ay
b
a c
X, X, X3 Displacement

Fig.5-6 Potential energy distribution of a bi-stable vibration system
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Fig.5-7 Diagram of experimental settings of bi-stable vibration energy harvesting system
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Fig.5-8 Photos of experimental settings of bi-stable vibration power generation system



Table.5-2 Specifications of the experimental settings of bi-stable vibration power generation

Items Specifications
Mass block Weight: 510 g
Horizontal rail Length and width: 350x50 mm
Distance The support point to center of mass block: 165 mm
Elastic spring Spring constant: 157 N/m, Initial length: 200 mm
Permanent magnet Surface magnetic flux density 70 mT
Conductor coil Width and height: 50x85 mm, Copper wire diameter: 0.8 mm
Mini-shaker SSV-50 (SAN ESU Co. Ltd, Japan)
General shaker SSV-125 (SAN ESU Co. Ltd, Japan)
Amplifier SVA-ST-30 (SAN ESU Co. Ltd, Japan)
Video camera GZ-E765 (JVC Co. Ltd, Japan)
General function generator NF-WF1973 (NF Corporation, Japan)
Mini-function generator JDS2800 (Hangzhou Measurement Instrumentation Co., China)
Data logger GL2000 (Graphtec Corporation, Japan)
Marker tracking software MOVIS Neo V3.0 (NAC Image Technology Inc., Japan)
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Fig.5-9 Measurement results when vibrating by a random signal
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Fig.5-10 Measurement results when vibrating by a period signal 1.00 Hz
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Fig.5-11 Measurement results when vibrating by a period signal 1.25 Hz
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Fig.5-12 Measurement results when vibrating by a period signal 1.50 Hz
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Fig.5-13 Measurement results when vibrating by a period signal 1.75 Hz
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Fig.5-14 Measurement results when vibrating by a period signal 2.00 Hz
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Fig.5-15 Measurement results when vibrating by a random and period signal 1.00 Hz
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Fig.5-16 Measurement results when vibrating by a random and period signal 1.25 Hz
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Fig.5-17 Measurement results when vibrating by a random and period signal 1.50 Hz
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Fig.5-18 Measurement results when vibrating by a random and period signal 1.75 Hz
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Fig.5-20 Verification result of amplification effect by stochastic resonance
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Fig.5-21 Verification results of effects of stochastic resonance on power generation
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Fig.6-1 Diagram of mass spring type bi-stable vibration energy harvesting system
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Fig.6-2 Experiment settings of mass spring type bi-stable vibration energy harvesting
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Fig.6-3 Measurement process of mass spring type bi-stable vibration energy harvesting
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Table.6-1 Specifications of the experimental settings of power generation system using motor

Items Specifications
Mass block Mass 650 g
Horizontal rail Length 450 mm, Width 50 mm
Vertical distance From rail to the support point 170 mm
Spring Spring constant 175 N/m, Initial length 190 mm
Small generator RE-280RA (Mabuchi Motor Co., Ltd.)
Mini-shaker SSV-60 (SAN ESU Co., Ltd.)
General shaker SSV-125 (SAN ESU Co., Ltd.)
Amplifier SVA-ST-30 (SAN ESU Co., Ltd.)
Video camera GZ-E765 (JVC Co., Ltd), FPS =300
Function generator NF-WF1973 (NF Corporation)
Marker tracking software | MOVIS Neo V3.0 (NAC Image Technology Inc.)
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Fig.6-4 Analysis model of bi-stable vibration energy harvesting
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Fig.6-5 Potential energy distribution of bi-stable vibration model
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Fig.6-6 Measurement results when vibrating by a random signal
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Fig.6-7 Measurement results when vibrating by a period signal 1.4 Hz
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Fig.6-8 Measurement results when vibrating by a period signal 1.7 Hz
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Fig.6-9 Measurement results when vibrating by a period signal 2.0 Hz
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Fig.6-10 Measurement results when vibrating by a period signal 2.3 Hz
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Fig.6-11 Measurement results when vibrating by a period signal 2.6 Hz
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Fig.6-12 Measurement results when vibrating by a random and period signal 1.4 Hz
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Fig.6-13 Measurement results when vibrating by a random and period signal 1.7 Hz
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Fig.6-14 Measurement results when vibrating by a random and period signal 2.0 Hz
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Fig.6-15 Measurement results when vibrating by a random and period signal 2.3 Hz
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Fig.6-16 Measurement results when vibrating by a random and period signal 2.6 Hz
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Fig.6-17 Verification result of amplification effect by stochastic resonance
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Fig.6-18 Verification results of effects of stochastic resonance on power generation
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Fig.6-19 Effect of periodic excitation frequency on stochastic resonance
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