;e3e7a7\\]t_Xd_a6<aTa[i EWD 0l / 37417 DESCRI PTI ON Pi ezoel ectric GEnerat;ag
Appar at us BACKGROUND OF THE | NVENTI ON Field of the Invention - 4 NMAY 42004004
PCT/ JP00/ B¥@8H37417The present invention relates to a pi ezoel ECHIR00/07938
generating apparatus constructed by A0 j.ezoel ectric ceramcs el enent.
Description of the Related Art A piggggﬂg%ﬁ??gsnaterial has a variety of
applications as a transducer between a nechanical energy and an el ectri cal
energy . A large nunber of materials of both inorganic matter a e
matter are known as a material, which represents a piezoelectri Mmmmﬂm@";ﬂmﬂm
and a piezoelectric ceramcs such as PZT (lead zirco titanate) 1s a
materi al of cBieeoelectwic| @sherahipganpparatwse, The pi ezoel ectri c'166166*
cerami cs elenent is ,a device having a piezoelectric property ca ]
applying a DC (direct current) high voltage to a polycrystal so Hﬁmﬂmﬂﬂwwwmm
produce a residual polarization. Since the piezoelectric ceramcs el enmen
can vary a basic pi ezoel eBACKGROUNBt 8Ft THEPENUENYION conposi tion, th&™”
pi ezoel ectric ceranm cs elenment has a wide utilization. The piezoelectric
cer am csFeekdeaf vhel radertion-titanate ceram cs, especially, has a w de
choi ce range of a conposition ratio and a additive and has a variety of
application. Fhg.presentainvehtiibhatélated to & pikettebact r Pi ayared et Ing
generating apparatus. This piezoel ectric generating apparatus - 4 MAY
2004 wo appanatid Ichirdd/rucdst by wohsd aupiefod)eat sibsterarice efemeniacrylic

~material or the like joined wth a piezoelectric ceram cs elenent plate 31,

and fi xibgsdoipt bonl cEctherRBebdtédeastbstrate 32 with a holder 33 nmade from
a hard'material such as a netal. Then, a ball 35 nade of steel is dropped
on the pi ezoeh geieiaelbartanic mateantl hEsakevarietya®fi apgiploataions as
mechani'cal , i npact energy by collision onto the piezoelectric ceramcs
el ement. ptanasdvcearkktwderaumethan vl enargyiandaergl eetirboal lenergy . :
pi ezoel'ectric ceranm cs elenment plate 31 including the substrate 32, thereby
pi cki'ng Aij angeehvmbercaf makexials ofspoth ixoxdmnpéonaktecrtand casyamics
el ement of the PZT above described is expected for a practical use, an
anount .dfatfere aatecinpwneas ias maiterlial , TWeieh orepresents a pdczaehadatic he
pi ezoel'ectric ceram cs element |acks a practical use. Since the substrate
32 and teffgntez At @ Miezaekedsic camaniql asvel8lamrR2Wi (leadnezimaperi al s,
it isdifficult to locate a center of vibration (a position where it does
not expdridanate)dsramaterial jafmcnrventlyfaceibdblacin hacticaBhisand t he
pi ezoel ectric ceramcs elenment plate 31. If the center is appeared in the
pi ezoel ect ri Cheepimzaoeldanmin gemeidi elamesftf iicd enodewvicgehavahgoa is
degraded by producing a cancellation on dielectric polarization.

- piezoelectric property caused by applying a DC (direct current)

high vovltage to a polycrystal so as to produce a residual

- polarization. Since the piezoelectric ceramics element can vary
a basic piezoelectric constant depending on composition, the
piezoelectric ceramics element has a wide uﬁilization. The
piezoelectric ceramics element of lead zirco-titanate ceramics,
especially, has a wide choice range of a composition ratio and
a additive and has a variety of application.

Fig. 7 is an illustration of a conventional piezoelectric

generating apparatus. This piezoelectric generating apparatus



“joined to B58%

SUMMVARY COF THE I NVENTION I n view of the above, the present invention h%ﬁg?WK
been attained 2 WO 01! 37417 PCT/ JP0O0/ 07938 and an obj ect thereof |§

provi de a woegeRiectric generating apparatus having an exce (ﬂf&ﬁratlng
efficiency with sinplified structure. Another object of the prese ‘
I nvention is to provide a piezoel ectric generating apparatus having an-
excel l ent generating efficiency, which is capable of inproving remarkably
generating efficiency of the piezoelectric generating apparatus having such
a single layered structure, thereby sinplifying the structure of such the

pi ezoel ectric generating apparatus, making conpact so as to be able to

?ELthEai”bE“%§%%¥f§§€§?dﬁﬂSat%ﬁégﬁﬁ ?ragpe taﬁf$€ﬁ%f9§é%%n?f%§3én¥”ghéhe
L?EiﬁelZcfif%é§§?5§¢@‘?%ﬂ§%§%b% i, S aRa Y gt %§P§§§$F%é?f and

ceram cs elenent
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: f f_.th I b
Such a st rGESRE '559 Aroyetel 1aieh Belocubtal ) £Eé35ﬁ¥e§a§fe$% P88 Fhec

e P hEeRl e G Ot 2R %%&?&%23§%§@3?%§?}%kgskaéiﬁﬁstfﬂf

obtaining a e oelec ener at.in t ha cel | ent
genelralt |% %Pﬁl‘q &! g‘FFg‘ I q’fgﬁ' gnéfs‘ﬁrﬂgg:/\gg §°1 )‘{smnl onantlzle
01/ 37417 generatton i's achi eved. CT/JPO 0793 Acc gg 3t t
aspect jof Ph%z?ﬁ' e GRLAMIGE edrEent Rlake dlgean apF Fufra Y+ gration

gener a0, a0 at“S%§e$82%$éQSeszﬁﬁiéS%%ﬁéhééig%ih%ceiaﬂ?ﬁ%ae beke
Jolned to fx?é:{‘ué’iﬁ‘éru%té‘uéé‘ﬁééé g, 2Lhaleby "piaking S 2h ”%te%rér‘i'cg ol ned
; energy.

In spite of the piezoelectric ceramics element of the PZT-
above described is eipected for a practical use, an amount of
generated power is little. Therefore, it is a problem that the
piezoelectric ceramics element lacks a prectical use. Since the
substrate 32 and the piezoelectric ceramics element plate 31 are
different materials, it is difficult to,locate a center of
vibration (a positiod where it does not expand and contract) at

v a junction surface of the substrate 32 and the piezoelectrie
ceramics element plate 31.. If the center is appeared in the
piezoelectric ceramics element plate: 31, an efficiency of
generation is degraded by producing a cancellation on dlelectrlc
polarlzatlon.

| SUMMARY OF THE INVENTION

In view of the above, the present invention has been attained



to a center of one surface of the piezoelectric ceramcs plate, in V‘@@P@l'
electricity. is %enerat ed by beating the other surface of the pi ezoe41 Ct pc
ceram cs‘wﬁ{%@“ According to a third aspect of the presentPCTIROOVBA, there
is provided a piezoelectric .generating apparatus conprising a

prezoel ectric ceramics plate fornmed by two pl at e-shaped pi ezoel ectric
ceram cs elenents which are |ayered and joined to each other with inverse
pol ari zation, and cushion material for supporting both ends of the

pi ezoel ectric ceramcs plate, respectively, in which electricity is
generated by beating at |east one surface of the piezoelectric ceramcs

pl ate. Acgfadandobfeét OnétEofSPEClo FpréPfd’ £5 bz0VER Y P8, géREF 8t ifg
provi ded a piezoelectric generating apparatus conprising two of the

pi ez0el eChphgr4h8ThAYIRLRAS exeRTeh®! Befletatlink@ rislietey REN ol
accordi ng t he secon spect, arrange aci ng each other and further

conpri si ng; egt i ded between the piezoelectric ceramcs plates
and novedg%,gggfgg af %rt‘e'gcg{el?é/een t he pi ezoel ectric ceramics plates so as to

beat each of t T4%7,Rl.€ ri 1.CS <phat :
PCT/ JPOO/ 07938 %gg(raﬁ?/%%%éf |6%t ﬁngséggtbgg?: P&ggg?gggntisi k\?}e ti c‘)’rid(at r?ere IS

provi ded 4845206t eeLe | goAERat ShindpRRPAEALUAACIFR! i BRcLg cpiezoel eot i ¢

ceram cs ate supporte arrang e cushron material according to

the thi rd:é?ﬁ?ﬁﬂin "éle £ 1 L dVedy CQUIPIIP 1§10 QPQBEQ B b r oV PG deh PP A1 § east

one side e plezoelectric ceramcs plate and noved back™and forth 1n

t he inter%{éﬂxei“&ﬁi‘n&@fﬁ@f&?&fgf itﬁeecgié%gi?gi-.?i@ énéfat Pn§opd Pftus

pi ezoellectric ceramcs plate.” I'n t econ Ifth aspects; since the

struct ur epdding | AN o sAngAeCh agkired SeFaRtapel! Bhéfeby SURPPIEPIngYcRde
cushion material is enployed, vibration of the piezoelectric ceramcs

pl ates | ss¥Bidi@tdE BaEhach&my éﬂd&eﬂ&ﬂ&%ﬁaeaemgﬂ&ﬁﬁékaaustfxi.a:ftﬁnfy i's
i nproved. Additionally, according to a sixth aspect of the present

inventi,orboﬁ;fk@@ 46 dsPtezBE! 6161 €09RDEL RbbNinMARRt ApUEpaseQ’ dndg to any
one .of the first to fifth aspects, wherein the two piezoelectric ceramcs

el enents mdrufadtEeing dbeaspow 6ape. I n this aspect, since the |ayered
pi ezoel'ectric ceramcs plates is forned by using piezoelectric ceramcs

pl at es havi ng mex nedeiig fOhe téBRn 88BNsrEP1aRf d86oeARhGatbi an fafrst
pi ezoel ectric ceramcs elenments are perforned suitably, therefore

gener at i ngsddt oiferisy presentei hvenoied, thede is pyovd dedse (e dbelsarent i of
the present invention, there is a piezoel ectric generating apparatus WO

01/37417 gendrating dppd rHiE Qdinsy BeDeg di il dzdalBctanke Perdigids slatd
si xth aspects, wherein the piezoelectric ceramcs plate has a protector

El a: e at :ﬁsﬁ&sﬂ by two phasd-givdped hicrodllcaiiic eetimiesoehenanes vlyich
- I‘ng aree layeréd and joined to each other with inverse polarization,
in which electricity is generated by beating at least one surface
of the piezoelectric ceramics plate.

" In the above aspect, since such a étructure is employed that

a piezoelectric ceramics plate is formed by two plate-shaped
piezoelectric ceramics elements whiéh are layered and joined to
each other and it is beat to generate électricity, an effect of

obtaining a piezoelectric generating apparatus having an

excellent 'generating efficiency and effective for a small power



protector plate. In this aspect, since the protector plate is attach@ﬁ,@,&
the beat portion of the piezoelectric ceramcs plates, the pi ezoel dcth]
ceram cs pwat@m74y ef fectively protected agai nst beating. Apcavghiongrss® an
ei ghth aspect of the present invention, there is provided a piezoelectric
generati ng apparatus according to any one of the first to seventh aspects,
wherein each of the two piezoelectric ceramcs elenents is fornmed by
joining a plurality of piezoelectric ceramcs elenents 'and in | ayered
manner. In this aspect, since each of ‘the piezoelectric ceram cs el enents
is used in a layered junction form the strength of the piezoelectric

ceram cs elg%!ﬁ%[}t todaitaineshed fectively. According to a ninth aspect of
the present’ | nveant]i%on, there Is provided a piezoelectric generating

appar at us_accor i gt A8 Rlord ahbtElof engl fHédede Mafiant 1] thiere

material of |ea tanate ceramCs IS use t he piezoelectric

: L N . ° . . . ¢
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ctructur o fikasCanteroan oop ShEFas i SARPiERoddeRiR Y edopat it
Mth that qof th ' t [ ' | U S itk e of
the metal grapdiich SAEHE i, OF YonRTe R EY, pakedn NG chan ST ©
th i | ectri A ' I t_and th | plat j oi ned, at
joncti on_ b&unddls, ERRASeT: i Soribicd AT cerami cs el ehont and the

i stortion of t ACSRAGING R B8 TS BHent 6 bht it T AT Al e
contor poi e errRad 4 pfb g it othdat il Flinfid offLiEthg 8

the. pi ezooPdetAel et At B iae Firfed Y i ST RHapul 700 ©
e
achi eved, I?@é’gh’?é:%t%m VS5 &9 &Itjszair{sml"édeggd.gu%:‘clgp d?\\r%{é: 0 aalﬁ%lb
el eventh ass%%%orqjil}gh%&t?séaﬁ] s 'JY ¥ %ieloelécéri@'ﬂéf%x@f&g plate,

respectively, in which electricity is generated by beating at

least one surface of the piezoelectric ceramics plate.

| According to a fourth aspect of the present invention, there
is provided a piezoelectric generating apparatus comprising two
of the piezoelectric ceramics plates, each joined with the cushion
material according to the second aspect, arranged facing each
other and further comprising a hard beater provided between the
piezoelectric ceramics plates and moved back and ‘forth between

the piezoelectric ceramics plates so as to beat each of the



WO 01/37417 PCT/ JP00107938 there is provided a piezoel ectric generaty mgy 200
appar at us g to the tenth aspect, wherein the ceramcg¢s
supportedv@g&gﬁgh hi on menber. In the eleventh aspect, sin &Wﬁ’é’%?%gcture
that the ceram cs body is supported by cushion material, is enployed, the
vi-rbration of the piezoelectric ceramcs body is maintained for a long tine,
and thereby generating efficiency is inproved. According to a twelfth
aspect of the present invention, there is a piezoelectric generating
apparatus according to the tenth or eleventh aspect, further conprising a
protector plate stuck on a . beat surface of the piezoelectric ceramcs body
and t her ebpidpoehebcitrjccaerbmicsppdates.in the twel fth aspect, since a
protector plate is adhered to a beat surface of the ceram cs body, the

pi ezoel ectri c creeordidgvtoefifthf Aspectedf phetmoesent rinvemeicen) | théve

| oad of the piezoelectric ceramcs body. . According to thirteenth aspect
of the pregsnirovi@edi»piddoeledtyic gensraltdng appgeatnat comprppangt tBe

according to any one of the tenth to 'twelfth aspects, wherein the )

pi ezoel ectpiezoel sokeiceiarmmics plate suppefrirat and alryamigeldelayl the cushion
zirco-titanate ceramcs. In the thirteenth aspect, the material formed of
| ead zi,rcmatéﬁmaneaceoading te tlhéltuxerldaaspbetpimcbeﬁmmn: aonpnieing
el ement, the application field as the generating apparatus is 8 - 4 MAY
2004 WD OLa 3vatd HRG elP@rodvidzsl wndabekeasid drte sgdecofit they migzoalestiic
effecti've for the practical use. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
i s a schena¢iramilcagphatelzowd mpved baezkehrdt fortlydne thel mgtappailawmthothan
- enmbodi ment according to the present i nvention;

piezoelectric ceram:.cs plate so as to beat the piezoelectric
ceramics plate.

In the second to fifth aspects, since the structure that
layered piezoelectric ceramics plates is supported by the cushion
material is employed, vibration of the piezoelectric ceramics
plates is maintained for a long time and therefore generating
efficiency is improved.

Additionally, according to a sixth aspect of the present
invention, there is a piezoelectric generating apparatus
according to any one of the first to fifth aspects, wherein the
two piezoelectric ceramics elements are formed in the same shape.
In this aspect, since the layered piezoelectric ceramics plates
is formed by usitig piezoelectric ceramics plates having‘coincvident
form, the expansion and the contraction of piezoelectric ceramics
elements are performed suitably, therefore generating efficiency
is more improved. According to a seventh aspect of the present

invention, there is a piezoelectric generating apparatus



Fig. 2 is a circuit diagramof the same charger apparatus; Fig. 3 is a
schemati c di agram showi ng a pi ezoel ectric generating apparatus using M0k
pi ezoel ectyd m cs plate of another enbodi ment accordi )
pr esent |h€\;/%§llt%%ﬁ Fig. 4 is a schematic di agram show ng a g&@@&?"gg’tﬂri C
generating apparatus in a wind-bell formof still another enbodi nment
according to the present invention; Fig. 5is a schematic diagram show ng a
pi ezoel ectric generating apparatus using a spring nenber of further
enbodi ment according to the present invention; Fig. 6 is a schematic
di agram show ng a pi ezoel ectric generating apparatus of another enbodi nent
according to the present invention, and Fig. 7 is a schematic diagram
showi ng a aCERISHNDIA anYe28€ eft Ehe ﬁbﬁ#gﬂ wg-*Etp ASPEGEs PRy the
DESCRI PTI ON OF TAE PREFERRED EMBODI MENTS Thi s invention will be described
her ei naf t @igzeed@ctinic prramics ictiadass aaprokemtorm PAatE: mwﬁm M. 9
WO 01/ 37417 PCT/ JP00107938 Referring to Fig. 1, piezoelectric ceramcs
plates 1 @ne adibepds@@rhiiant anshelgckadcdtyt i gpneratiegabyc heating the
bl ockaded both ends, and when a steel ball 4 beats these piezoelectric,
ceram cs pratestpr @lated cilmy thisgaspestedsinceushroRrpracdor indakig ks t o
one sidewal |l of the container 8 by using an adhesive naterial 6, and a
pi ezoel ecatitachedatip dhebgat poxtian Q@I&%Pbﬂ#?eéﬁctﬁécc%?ﬂlﬁ plates,
cushion plate 3 by using the adhesive material 6. To another sidewall of
t he cont aither pdezomiectr khoverariqs @latlexctis eftkechively pratectedst uck,
and thereby both of the piezoelectric ceramics plates 1 are faced each
ot her. |On adad nsdntbeatoing he faced surface of each piezoelectric ceramcs
plate 1, a protector plate 2 is fixed.A pipe 7 is arranged between both of
t he pi ezoel ect dicccoatiang to an eighth aspech o€ thepresant nvgntioradhare _
rolled freely is provided in the pipe 7. The piezoelectric ceramcs plate 1
i s formed isyprovided a pd egostlectinic gérenat bng appayatas ascerdddst &0 |anand
| b havi'ng coi ncident form ( sanme material, sane shape -and sane thickness )
, W th.inomet ef phierfiinstfta eevintlecispectsy athereimreacht@é theakiwes
el ements la and | b each other. Since .thus coincidentally formed ceramcs
el-ement s  Ipd emoe e tariec jceinasd csael ementalis formedohyi (o traingd plowad iy
junction surface as the central point (position where it does not expand
and cont r aft pietoel bctriasmeranidhelerents andeind@yered vanngs .onkndildies i s
expanded, the ceranmics elenment 1lb on the other side is contracted, and the
pol ari ti e;aspect ,WOifAtk3dddR of thiliezoel &3l ic) Pedanigssebementpuis wadges
are the sanme direction, and the both

in a layered junction form, the strength of the piezoelectric

ceramics element is maintained effectively. According to a ninvth
aspect of the present invention, there is provided a piezoelectric
generating apparatus éccotding to any one of the first to eighth
aspects, wherein material of lead zirco-titanate ceramics is used
- as the piezoelectric cergmics element. In this aspect, since the
material of lead zirco-titanate ceramics is used as the
piezoelectric ceramics element, application field as a generating
apparatus becomes wide and effective in practical use;
According to a tenth aspect of the present invention, there

is provided a piezoelectric generating apparatus comprising a



i npact en

pi ezoel ectric ceramcs elements |la and | b are connected in series, in tiﬂﬁ
electric generatjon structure. Wien the flexural vibration is occurri&y
centeri ngg%fﬂot”ﬁ'é"?uncti on surface, both operations of expanBCOAP@VII9I38
contraction are perforned on one piezoelectric ceramcs elenment la (or |Db)
and the generation of electricity is effectively performed w thout

cancel l ation of the polarization. A generated current as an el ectrical
energy is picked out through lead wires 9. In this case, the two

pi ezoel ectric ceramcs elements la and | b are | ayered or stacked, but each
pi ezoel ectric ceramcs elenent la (or I'b) can be forned in a layered or

st acked nmpdggpelestrics cexppies bodycformedabyl godning & piezvelectric

pi ezoel ectric ceramcs plates ( in this case, polarities of the

pol ari zat ceramiest ed ememt Wwiiheaj metad phdtkayeapdblandft kpnadnatongy

pi ezoel ectric ceramcs elenent la (or 1b) is formed. Thus, because of the

| ayered sedectuieityf byhappilyiagl actoliistoaniloadpltat eheapd gzvalasttntid t he
adhesi ve having elastic property, for exanple, piezoelectric ceramcs

pl at es of cenawital elementf ost thegmethicplateasyhtiehbdsada hasdhiealan
elastic effect of the adhesive, and maintain a bending strength. The

cerami cs pracengitdnns whereimat stoudveucke makids akrassubeiocfatdistorsien
outline shape of piezoelectric ceramcs plate 1 is not limted, a circular

~shape, anoélthemerahpjateabeingrbalanceshafith ahgitadfi the qsidzedbpetr fic

pol ygonal 11 ", _ W 01/37d17 - . . PCT/JP00107938 shape or the like may
be sel ect eeramhes isnent pyaad]jGstiyg Betmidknetssof tthemetiadl pixteheand
resins, rubbers or sponges: The reason why such the cushion plate 3 is used
and pi ezoeeeetaicenternnpeinpl afevibrationpdintcohditénnethat the cushion
plate 3 by using the adhesive 5, is for preventing from decrease of the
vi.br at i onPb¢zeebeptriocteranics celeménds gridittthel medeh pletoiaroc)®ined e
ceram cs plate 1 vibrates, a nenber supporting the piezoelectric ceramcs

pl ate |. btEckesunctien drovndaryrsusface tof thérpieroedécthdécpreraaliest ric
ceramics plate 1. To renove the factor of decreasing, the piezoelectric
ceram cs plefent andjtheognetal aplakenuch as free by using the cushion plate
3. By using the cushion plate 3, since a natural vibration of the

pi ezoel ect ri c Hertdis Eenihgaspects sinee dhecdtiuctareomgkesnan ameunt of
generating efficiency is inproved. The cushion nmenber al so absorbs the

i npact wit disteran of She metpilepbatedheing dabancedpritk thathef the
protector plate 2 is' made of nmetal, synthetic resin or the like, and it
prot ect s RIRZRSHI W (9o ranigs glengntaby adfinshime dddtiackndass td@ theel
ball 4 If the piezoel ectric generating apparatus is arranged under

ci rcunst MRS latgy pnddsetsnaneenter ipaint efhsitizatian, iz epndittiomave.
or the human action, the steel ball 4 rolls down and up, and beats the both
of right et the pdegeelgictrde eeramice cebemest pind cthe metal il applaren
ergy by the collision. 12 '

3

Joined, at a junction boundary surface of the piezoelectric
ceramics el‘ement and the metal plate, the generating efficiency
is improved remarkably, lthe generating appafatus having
oﬁtstanding generating efficiency effecfive for a small power
generation can be'obtained » and making compact and manufacturing |
at a low cost can be achieved, because the number of the parts

is reduced.

According to an eleventh aspect of the present invention,



- 4 MAY 200 WO 01/37417 PCT/JP0O0/ 07938 Then the vibration is energized on
pi ezoel ectric ceramcs plate 1, the piezoelectric ceram.cs plate 14 MAY 2004
repeat edl y, e nded and contracted, and therefore the piezoelectric

ceram cs éY%{’(‘Zﬁi"gener ates an alternating current electrici ?9?"'#%’0???3 above
eAbodi nent, since the steel ball 4 as a beater is positioned in the pipe 7
and beats the piezoelectric ceranmics ;plate 1, material and shape are not
limted to the steel ball, other colum shaped, egg-shaped or the |ike
massive material may be utilized. Not limted to the pipe 7, if the nmenber
wi th which the beater can noved freely, such a situation nmay be enbodi ed
that the beater noves along a rail. The spring nenber (arranged upwardly or
downwar dithereays prawikded aspiggoeiechEip) grnerating RARPIAHE AGFCIHE %nd

of the spring nenber being fixed, the steel ball 4 being fitted on(}he

ot her end&oothensesphi agpestad whersis &hensexamirsphodyhds supperted by

pi ezoel ectric ceramcs plate 1 on both sides by the swing toward right and

| eft of ®\heuspipngmeddsdr-. Fig: 2 shows a circuit of a charger apparatus
used with the above described piezoel ectric generating apparatus and for
chargi ng the dncthe iediemenidhaspeeti, fingrtheftrngorathatathe cemmias ger
apparatus conprises a PZT1 and a PZT2 as the two piezoel ectric ceram cs

pl at es .| bodyr t& suppartet byesushionmaterisbadptemployed, skhg vipration
electricity, swtch SW and light emtting diodes LI - L3 . The electricity
gener at,edfhihe hpd ezzwil ety ic icaramiasebodyi tal mpintdnad des plenpEimgrd t he
el ectricity generated 13 WO O /37417 - 4 MAY 2004 PCTLI POO/ 07938 by the
PZT2 i s fnd thevebyegenerating teff i imay O -impprovedse el ectricity
rectifi‘ed in full-wave formis charged into the capacitor C . Then the
capaci tor C didschadjey by aatwepEthtaspeats of theprespnbinyentions thetee
light emtting diode L1 - L3. Fig. 3 shows an enbodi nent of a piezoelectric
gener ati ig appaeaoedectirig gepierasding apparosnsnassosiding £o Hiyes tenth

pi ezoel'ectric generating apparatus uses a cylindrical container 12 with
bot h endsrbedekeartd, aspekiton funtihers compais iagr anpsotecteipdlatesisgack
surfacé and |l ower inside surface at a center portion of the container, and
t he pi ezoal acdheatc snartave o fpithecpietopdeahtiteramicppeedy @nsl, thexehyshi on
menbers 11 with engaging in recesses of the cushion nenbers 11.. ~

Pr ot ectoduplabtiddty @an bexdesporovEmih side of the piezoelectric ceramcs
plate 1. The pipes 7 are arranged on both sides of the piezoelectric
cerami cs pl at gnltheespedffithelagpeaty isinicee aoprotectiopeplatst dsl adhiereds
novabl e freely are provided. Materials of the cushion nenbers 11 are the
sane as tleea Gt sarifagiecoB, the dedamiatshbodye nttes P imzodwctsnie ceramic

device is effectively protected from the collision load of the
piezoelectric ceramics body.

According to thirteenth aspect of the present invention,
there.is a piezoelectric generating apparatus according to any
one of the tenth to twelfth aspects, wherein the piezoelectric
ceramics element is formed of materials of lead zirco-_titana_te

ceramics.

In the thirteenth aspect, the material formed of lead
zirco-titanate ceramics is utilized as the piezoelectric ceramics

' element, the application field as the generating apparatus is



as above described. If the piezoelectric generating apparatus is arranggd 204
under circunstances of the predeterm ned notional condition, the steeﬁ :
bal | s roMOUBIH7and up inside the pipes 7, and beats the RCT&Be0/QIOI% i c
ceramcs plate 1 alternatively so as to energi ze vibration on piezoelectric
ceram cs plate 1, the piezoelectric ceramcs plate 1 is repeatedly expanded
and contracted, and 14 wo omram ' PCT/ JP00/ 07938 ~ MAY 200 therefore the
pi ezoel ectric ceranmcs plate 1 generates an alternating current

electricity. Fig. 4 shows an enbodi ment of a piezoelectric generating
appar at us shaped such as a wind-bell. In this piezoelectric generating
appar at Ugi qBhE4°ghACtheC geRbREt dhoP iphAtatusXds! BXedcR ve'ToR0Ld ONs
(three positions or nore“may be avai fFable) of i1 nternal circunference
surface G S ed container 14 with facing each other. Wen fixing,

t he cushp%ﬁagﬁggé §§?§ stuck on i' an internal circunference surface of the

contai ner 14 and pi ezogikgf?tg ?%bsfa{ﬁ:fﬁ @Fagﬁmlmvﬁw on only at the

center of the cushion p y using an adhesive 5. Then the

pi ezoel ectri Cpﬁzgta&n‘ ¢8 B BbReha®igCdifgkan! 8hbGdngnal P8 ezdRilRGLIUd ace of
the container 14. The protector plates™ are stuck on at the center of the

facing s Fﬁé{?&éiﬁéngﬁﬁa%iﬁsprZQS'éﬁﬁéafméﬁiai@&ér&i e€o lthd hereséme

steel ball 4'1Is nside of the container 14 by a string 15 and a fl at
nmenber 16,{8nb¥8H;fromthe steel ball 4. Materials of each nenber are as
above descrlged. [f the pi ezoel ectric generating apparatus is arranged

under ci rcurmﬁfg?eé.f& 4 Ra v difag, t&nes& BRb| Samd EXa PGEr Nsatd€us ;

pi ezoel’ectric céramics plates 1, an erefore the piezoel ectric ceramcs

plate 1 generﬁi§§ 8l 18" Bakbhematibe Rl agkram! Eheliliig B PieZowhent rar
enbodi nrent of pfezoelectric generating apparatus Used with a spring nenber.

In this ﬂi’aﬁé?&éfﬁ lhGpdPatus 6%34"??/ 8h8bp Y% 51 e i c RédL i85 OPaBe of

gener at'i hg appar afus, a st eel 14 i's hung by using a spring nmenber 18,

a cushi ognpl REE embadmEARYGECBRHYGt B8Mhd Presesteshventiongnics plate 1
i's fixed only at the center of the Cushion plate 3 by using an adhesive 5,

and a protectp{qpl &t €s2ai Schematiat dilgrafnsRbwihgt Ae pRieesedleetiriic
ceram cs plate %.
. generating apparatus in a wind-bell form of still another
embodiment according to the present invention;

"Fig. 5 is a schematic diagram showing a piezoelectric
generating apparatus using a spring member of further embodiment
according to the present inventioh;

Fig. 6 is a schematic diagram showing a piezoelectric
generating apparatus of another embodiment according to the
present invention; and

Fig. 7 is a schematic diagram showing a conventional
piezoelectric generatihg apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention will be described hereinafter in detail based

on embodiments as shown in attached drawings.



Materi al s of each nmenber are as above described. If the piezoel gAY i2ifk
generating apparatus is arranged under circunstances of the predeterm ned
notional copgh iy the steel ball 4 beats repeatedly the pi egopRGhidsS
cerami cs plate 1 by expansion and contraction novenent of the spring nenber
18, and therefore the piezoelectric. ceramcs plate 1 is energized with
vibration so as to generate electricity. Further the piezoelectric
generating apparatus in a pi nwheel shaped can be enbodied. In this pinwheel
shaped pi ezoel ectric generating apparatus, piezoelectric ceramcs plates 1
are fixed on radially fornmed surfaces by using cushion plates 3 and

adhesives 5 as d ctiﬁlbggﬂgb?ﬁgF.The , %Egégg&%@f ciéefgfnﬁ:gd )étlét_,'i i ZjyRp

such as force of Ht at &d CITIc Ceramcs plates 1 are

27T ne AR 660 B o TR R plogtes
Cbar atus. adtOthi ST o TRG WREBAANSHEELIBELE, Bofieabh, ERERE°plEadilRRtE 0

ti ffici f i i | ect.ri YR
Poyerad o seeranies phiuad o, B RRGFUG0 A, iepehaTeas or e fefitth Plate 3
I t d, ffecti h t . :
ot eni 11 +6 Stk S one Singualfcos EiSctntRitlers ShBYChsTHADAX Mndsive
i npl t t d, apd i ical, the, pi l.ectri i
s expect ed MEFEBHAL(E 1 3P0, ISENTIS Corpnifs BlaTEd o RGOS
¢ ) i ded ) I dt ; Lo
A bde it | cabiehe oapkeE of thid Sughdonabets Hanging il Aabeiveiatét
th i e | ectri ting, t i i.ded h t ajl
ol ephone pober 3P BCEER (dRvaTE b e oot At ¢ SRS aB L pRevEL 8
utilized substituted for a battery aor can be utilized i‘% T surb%%hogfdgﬁéh
of a batteryPlEERelRFLrIF FEr Y tft]tf‘ftehgt 18 Yk, A0 e generat g

apparatus Can, be used for turning on.a ,buoy by utilizin itchi a '
rol ling by vRb@zoglectylg hﬁ%a'a’*gﬁhB?rﬁFFE !oﬂg?rgﬁ?ﬁénegf’gao&heeg%el Qgt the
gener ati ng apparatus_accordi ng to the presenﬁl i nvent:llon TheﬁFi ezoel ecﬂl{g
generating =peRter &f thefaced surtage af gachaplez08leGrris GFEAMACS P
pi ezoel ectric ceramcs device plate, 22, . in_this enbodj nent, each 8f bot h
ends of the bi c2erekester celakecd i8vEized; ade piPe ke 19 AXF HNIGd PLEHYBAD
menber 21 by soft nmenbers 23 such as a doubl e stick tipezl ﬁ)‘ ﬁour?e lt he
soft nmember BStRRE the RiarasH RIS cerawies,platss deq2Bf thE SF8EY Falhe
metal substrate 20 and the side of the piezoelectric ceramcs device plate
22 may be behtwhich h‘éaBtbelF‘Bbl?dziFePE!!YAPoEI\BE?Y%ﬂE%Tm the pige %, . s
~'"!1 xXFe~L~ "~~(~4a3~1~1-P~ 3 ~r; ~. W ~ S~~?~~ 0144180423
The piezoelectric ceramics plate 1 is formed by joining two

plate-like piezoelectric ceramics elements la and 1lb having
coincident form (samé material, same shape and same thicknes’s) P
with inverted polarity of the dielectric polarization of the
ceramics elements la and.ib eachother. Since ﬂthus coincidentally
formed ceramics elements la and 1b are joined, a flexural vibration
is caused around a junction surface as the central point (position
where it does not expand and contract). 1In this case; if the
cefamics element la on the one side is expa.nded., the ceramics

element 1b on the other side is contracted, and the polarities
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- 4 MAY 2004 The netal substrate 20 is set in the anount of di stort%)cmymm
bei ng ba&&g&?ﬂ wth that of the piezoelectric ceramcs elenent 2 2 by

adj ustin ftkness of the netal substrate 20, and a cemMCI/JPBYITR8 L of
vibration, in condition that the piezoelectric ceramcs elenent 22 and the
metal substrate 20 are joined, is set at a junction boundary surface of the
pi ezoel ectric ceramcs elenment 22 and the netal substrate 20. Thus, in this
enbodi ment, since the vibration occurred in the piezoelectric ceramcs
device 22 is not cancelled by colliding a steel ball 24 to one of the netal
substrate 20, applying an inpact energy by a collision to the piezoelectric
ceram cs aewoep @R, velichdqéeraay tdrergime i redtiony and/ithatbovht o t he

pi ezoel ectric ceram cs body A including the substrate 20, the nost of the
fl exural piducdlentrircecamdcereldmerustaiand bbardacynnactedeivserd eishe
central point L of the vibration exists, can be extracted as an el ectrical
ener gy. Argelss ad beciotic epénexsataivelstatudadle.energy is picked out through

| ead wires 29. In this enbodinent, a protector plate (not shown), fornmed by
such as netal wWhensythdeflexumsl vimat v fiiskedanrread cantearingronethe
durability if the steel ball 24 is beat on the piezoelectric ceram cs body
22. As anmumdtiore sdrfarcef hoitdr opleationscefaskpanpliaheahdi sonttrakcitiioned, a
circular shape, an elliptic shape, a triangul ar shape, a quadril ateral
shape, aa1@d ysyfirmdihon one pdelzokd eoty ibecégahi/EBDEDefidRET 1Iam{omddim t m
“ftumivma wo omam PCT/JP00/ 07938 - 4 MAY Q04 selected as a frontal

vi ew. Thamelthe gensyardion’df edgche ivddy iof efbéttinvedyipdr fombedwithouitet i ¢
resins, rubbers or sponges. Using such the cushion nenber 21, decreasing of
t he vi br afameldfativn pfaAded geilard zatriam .cSAbgdeAatedp caraemd.asNan t he

pi ezoel‘ectric ceram cs body A vibrates, a menber supporting the

pi ezoel ecdleot rhieralmererdydys Aiveeata thaotwh dfeadkeorioass n@. t he vi brati on
of the 'pi ezoel ectric ceram cs body A: To renpve the factor of decreasing, '
, the piezoel ednr thisaraae chiectyo piiezdel ectndict cenamicsuehementseka apdusi ng
the cushion nmenber 21, preferably. By using the cushion nenber 21, since a
nat ur al. \libbareilayearfed br gliacked cout ieachep teiesl éotlyi® deramics gleae¢ntf or a
long tinme, the generating efficiency is inproved. The cushi on nenber 21

al so absdabgorhkb) ngarcbesMiprhedsim@playered ohetaakedimuinex. cdmkhds body
A. If such the piezoelectric generating apparatus is arranged under

ci rcunst dayered stmqgingungt @ pilwesh iy ofathdongiiteizoeladir it neeranics wave
or the human action, an inpact energy by the collision acting on the

pi ezoel epllaitesc ¢inrilds bade, pdlamippliesedf thepolheicalbian aneithesang)zed
‘on piezoelectric ceranics body A the piezoelectric ceranmics body Ais

r epeat edlayeejpdmeed andd layeredet add thdrehyronerpieseepeckvdcecerapics
ceram cs body A generates alternating current electricity. If the

pi ezoel eeflemengerier ftomdbdpdsr fioymeds uThus andechuse¢gof the layered

structure, if the piezoelectric ceramics plates are joined with
the adhesive having elastic property, for example, piezoelectric
ceramics plates of material lack of strength become easy to bend,
.based on an elastic effect of the adhesive, and maintain a bending
strength. The éeramics plate becomes resistant to bend by
thickness being thin. As an outline shape of piezoelectric‘
ceramics plate 1 is not limited, a circular shape, an elliptic

shape, a triangular shape, a quadrilateral shape, a polygonal

11



- 4 MAY 2004 WO 01/ 37417 PCTIJPO0O/ 07938 one intends to charge the
electricity generated by the generating apparatus, the charger a_ppm\alws
(not shom,\‘;;?s(ﬁg 'gl ly) conprises a PZT as the piezoelectric ceramcs
el enent 22, z i'red nunber of rectifying diodes, a capati IW’{P@P/O?PBH ng
electricity, switch, and a required nunber of light emtting diodes. The
electricity generated by the PZT is full-wave rectified by the diodes. The
electricity rectified in full-wave formis charged into the capacitor. Then
t he capacitor discharges by an operation of the switch and turns on the
light. emtting diodes. The piezoelectric generating apparatus according to
t he enbodi nents, as described above, since the piezoelectric ceramcs
el enent's 22 $BaRen@rethgydike maycbe &186tLHar of the cancellation of the
vi bration generated in the piezoelectric ceramcs elepents 22, and npst of
the flexural vibrBRecpuslien iRt olimay ke made P@nsgﬁFf%ﬁeE#aih%YEEh?Fé‘F
point L of the vibration can be extracted efficiently as the el ectrical
energy, the Eesies uimbbenmerfiprnges ng Hspreasan why suahithe cyshdom RIS,
the whol e of the apparatus can_be conpact, and the manufacturing cost can
be decreased? ishesed\andpipeaelecirigseeramiies @leg@il imofizedndpt &£he cenkes
pi ezoel ectric generating apparatus is provided on a bicycle or shoes and
turns on a |¢§Hthepushios nﬁaﬁe,lﬂihy us ing theecadhes hve é%l isofpE pERVERt84g
of existing at night. If the piezoelectric generating apparatus is provided
on watch or fromdecraasedfdhecvibrakdopaktbe W@%‘eﬂqfeﬁ% csrépdsisceliate
generating apparatus can be utilized substituted for a battery or can be
utilized forlnedtherethd pherdeldctrinteeranicarphate 1 tvikrakpect adnenber
the piezoel ectric generating apparatus can be used for turning on a buoy by
utilizing pisepporting the piezogleavricFoeramicsi plate bdbeeanes udt Bactasnt
charging is continued until reached at the predeterm ned voltage, when the
vol tage i s refdeareasinddhe adbratiaoeofvbheagéezohtechuigegetanicsiphate
energy i s discharged at a stroke. 21 . ~~ t~sa~~,s3e~;i ~It' ~~" t~ 1 W

i 014418042B. b TuAiref00e tiNerfactoClof HERressing) thepieroelectrjerceramnngs
appar at'us conprising a piezoelectric 5 ceramcs plate (1 ) forned by two
pl at e- shapedpatz deliscin iconshirtbin asehechras freeaby msingvtihehcusbipaypl atie
and joined to each other with inverse polarization, and a cushi on nenber
(3) joined td.a center of one surface of said piezoelectric ceramcs plate)
In which electricity is generated by beating the other surface of said
pi ezoel ectri c cermyrwsing atlee cifsliiom pliatzoadl,estince genatarahgvibpariaonsof
conprising a piezoelectric ceramcs plate (1) forned by two pl ate-shaped
pi ezoel ect rithe pisvoa edtanenterahnics phatetl ds madéntayreddfanc longetdime,
each other with inverse pol arization, and cushion. material (11 ) for
supporting bicid gtk aof imepiet ficciaasdyedig iimprevad .cs Theateshdopenemberyalén
which electricity is generated

absorbs the impact which is applied on the piezoelectric ceramics

plate 1. The Aprotector plate 2 is made of metal, synthetic resin
or fhe like, and it protects the piezoelectric ceramics plate 1
from the beating by the steel ball 4. .
If the piezoelectric generating apparatus is arranged under
circumstances of the predetel;m.ined' motional condition utilizing
wind, wave or the human action, the steel ball 4 rolls down and
up, and beats the both of right and left sides piezoelectric

ceramics plate 1 so as to apply an impact energy by the collision.

- 12



15 by beati ng alternatively surfaces of said piezoelectric ceram cs. pqgt @4
3: A pi ezv?(s @gtrl C generating apparatus conprising two of said

pi ezoel e MLt amics plates (1}, each joined with said cPSHRAOB8eri al
(3)., according to claim (i), arranged facing each other, and further
conprising a hard beater (4) provided between said pi ezoel ectric ceramcs
20 pl ates and reci procated between said piezoelectric ceramcs plates so as
to beat each of said piezoelectric ceramcs plates. 4. A piezoelectric
generating apparatus conprising said piezoelectric ceramcs plate supported
and arranged by said cushion material (11 }, according to claim2) and

f urt her Thempthei wijbrahiod besrerdiBed oy ipdetoed e2X tict begiandesopladied

pi ezoel ectric ceramcs plate and reciprocated relative to said

pi ezoel dgt the piezoelecht it cearamicd place 1sbs ¢ epesrues ke texipa ndeda ands
plate. 5. A piezoelectric generating apparatus according to claiml,

wher ei n contdatcwedpi ancde thetrdforee the qﬁ&dzﬂa’lmmﬂu(d a‘era‘mh}s aphatf@rmed in

t he sane 30 shape) 22 AMENDED SHEET ,. . ~

Q ri ~t egeneraties. an. alternating tcur:ne,n%k e,let;‘tlﬂ.dl't,y 4 MAY 2004 6. A

pi ezoel ectric generating apparatus according to claim1, wherein said

pi ezoel ect ri dncthenalovelallndimenthas imge dhecsteejl laa]al(Q)asaat behtdrto a
beat portion, in which electricity. is generated by beating said protector
pl ate. .is pbsYtidnedeivdilerpipe Jcned ddats dheapibasedectrdicngeramakai m 1,
wherein each of said two piezoelectric ceramcs elenents (1a) 1 b) is

fornmed plajtei 0i,npateptiadlabntlyshhppi azeehett Linitedattocthel steelsbhhll, ayered

manner.i 8. A piezoelectric generating apparatus according to claim1 (

wher ei notrheer calumh dhepped; rege-shiapedd ercehari e massiak asteziidl may

pi ezoeliectric ceramics elenment (1 a) 1 b)) 9. ‘A piezoelectric generating
appar at,be woihpized ng Notpildmitledctoi the grigpe 05 bbdyhé aremdrbibyijthi whigha

pi ezoel'ectric ceramcs elements (22) with a netal plate (20j) capable of
gener at.thg aer cant moved dpEelyngsachb edltuatiiom hagde embod iefd that

pi ezoel'ectric ceram cs el ement (22y and said netal plate (20),

char act,¢hezbdatert maves sfpugt ar addkesThe apoing mémbedi {arrangedof said
netal plate being balanced with that of said piezoelectric ceramcs el enent
by adj uspwaydayt brcdawswauvfllyli nayebel upkdt énstpddsetfs thecpiper 7poi in of
vibration) in condition that said piezoelectric ceramcs 20 el enent (22)
and sai thietfarmaton ( 00 endof dihedpringanémbvex beringofihsiedy the s heelof
said piezoelectric ceramics elenment and said netal plate. . 10. A

pi ezoel balli4 hycimey filtbgdappdrtet ot heacendi of the spaiingd, andetkénefaid

pi ezoel ectric ceran cs ‘body i's supported by a cushion menmber (21). 25 11. A
pi ezoel therstegbrimhl ihgpt fheaniezoedectini ceramdion plafte then botbri si ng
a protector plate attached to a beat surface of said piezoelectric ceranmcs
body. 18ideéspbyzokecgwing tewardt i bhghtpued ateft aef ot ngpt bng| mémber .
wherein said piezoelectric ceramcs elenent is formed of material of |ead
30 zirco-titBhgt 2 @dvawd ascircwilrof avharger apparatud usgg WVERDEDe SHEET

LA A2.AaE. A | . Ay3.AS.A . A A || .A@E. A(Y. Af. Al .ASN. A. . A(. A_. A

9 Al U Aabove(destribedvpibzhetectric generating apparatus and for
HQ } xsni d*YT] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal ca] cal] ca] cal
ca] cal] chak¢hipe Ridje edldata]iczilliy aldnexjacsidc by the"@generat jod apparatus.

The charger appar&tus comprises a PZT1 and a PZT2 as the two

‘'piezoelectric ceramics plates 1, a rectifying diodes D1 - D6, a
capacitor C fm.:' storing electricity, switch SW, and light emitting
diodes L1 -13. The electricity generated by the PZT1 is full-wave

rectified by the diodes D1 - D3, and the electricity generated

13
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(jcat) g EAFECT e i e R e s DI
dzddd" a{vhE ey %"sﬁ&%ﬁ]@fﬁ'&ﬁ%’;ﬁc‘ﬁgﬁ%%u Jushion mempers 11, %rSLJ]‘rraﬁ’%ed at
oo bR «r.%qfﬁ‘mi M%]n%%‘le%‘?fa%ﬁ%%?%aﬁ%% AR
g]:gf‘]aa:gstct L oauttaito %ﬁ%&é@&%@ﬁk@%ﬁe@%@ﬁ%ﬁﬂ&?
?L;?L;?L;%z?ﬁa?‘igl?ff’?%ﬁ?z?%ﬁ?fséf?fmmﬁl th b e
e o fcgr-ea?ea?&ﬁ &A]ecﬁreﬁweﬂwcﬁl&&%ﬁfﬁfegﬁhﬁﬁq&Hzc aPbCr fxkd

WAf D! " O%L l&«l:(:a] 8l go/gk ?*1 6 ge}icctg}swgrwmﬁo%g‘t?) The pipes

18;2&&( %) | é%gg%-%%qg @Llo (yg.gleﬁ g ﬁn@/g&e%g)efectrlc ceramics plate
%H10% & ()- MEGLO% & () 1" 10 9
"10% & (9#1@8%??51‘@23}50/3&“% )1'lf%ﬂ%9%/i%?(gﬁé?8‘5$370/ sl balid afedibie

freely are provided. Materials of the cushion members 11 are the

same as the cushion platé 3, and the other members are the same
as above described.

~ If the piezoelectric generating apparatus is arranged under
circumstances of the predetermined motional condition, the steel
balls roll down and up.inside the pipes 7, and beats the
piezoelectric ceramics plate l‘alternatively so as to eﬁergize
vibration on éiezoelectric ceramics plate 1, the piezoelectric

ceramics plate 1 is repeatedly expanded and contracted, and
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10t 10t 7"10% & () - T 3N?bCY "10% & ()-17110% & () -
10 2 <10MQuAHT" (8&'18%/ & (te Shob e (105 oo e ()- 1 s10RERIONIEG g ()
J° nﬁVflO%&'() 10%& ()-Y "10%& ()-Y'910%& ()-s10%& ()- &M O%& () - gé <
10° <" ' }[ <V f F10%& ()- ! 109%%b5b& ()-F!' 10% b
b& ()-,"10%& ()-!<L$10%WbVb& ()- YGLOYD&' ()- _c=?@B7/
10b<10%& ()-0"10%& ()-0ss- 10%& ()-, S10%& ()-!) (10%b& () -
1"10%& ()- @\BP\tj K/
therefore the piezoelectric céramics plate 1 generates an
alternating current electricity.

Fig. 4 shows an embodiment of a piezoelectric generating
apparatus shaped such as a wind-bell. In this piezoelectric
generating apparatus, piezoelectric ceramics plates 1 are fixed
at two positions (three positions or more may be available) of

. internal circuinference surface of a cup-shaped container 14 with
facing each other. When fixing, the cushion plate 3 is stuck on
an internal circumference surface of the container 14 and
. piezoelectric ceramics plate 1 is stuck on only at the center of

the cushion platé 3 by usihg an adhesive 5. Then the piezoelectric
ceramics plate 1 also is installed on the facing surféce of the
container 14. The protector plates 2 are stuck on at the center
of the. facing surfaces of the both piezoelectric ceramics plates
1. N |

Then, the steel ball 4 is hung inside of the container 14

by a string 15 and a flat member 16 is hung from the steel ball
4. Materials of each member are as above described. If the
plezoelectrlc generating apparatus is arranged under
circumstances of the wind, the steel balls swing and beat the
piezoelectric ceramics plates 1, and therefore the piezoelectric
ceramics plate 1 generates alternating current electricity.

Fig. 5 shows an embodiment of piezoelectric generating

apparatus used with a spring member. In this piezoelectric
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member 18, a cushion plate 3 is arranged below them, a
piezoelectric ceramics plate 1 is fixed only at the center of the
cushion plate 3 by using an adhesive 5, and a protector plate 2
is fixed at the center of the piezoelectric ceramics plate 1.
Materials of each member are as above described. If the

| piezoelectric generating apparatus is arranged under
circumstances of the prédetermined motional condition, the steel
ball 4 beats repeatedly the piezoelectric ceramics plate 1 by
expansion and contraction movement of the spring member 18, and
therefore the piezoelectric ceramics plate 1 is energized with
vibration so as to generate electricity.
Furtherthepiezoelectricgeneratingapparatﬁs:Ulapinwheei
shaped can be embodied. In this pinwheel shaped piezoelectric
generating apparatus, piezoelectric ceramics plates 1 are fixed
on radially formed surfaces by using cushion plates 3 and adhesives
5 as described above. Then , the pinwheel is rotated by utilizihg
‘such as force of wind, and the rotated piezoelectric ceramics
plates 1 are beat one by one by a steel ball 4 which is fixed movably
one end of such as a spring member. A variety of piezoelectric
generating apparatuses are cons;dered other than described above.
Therefore, piezoelectric generating apparatus according to

theembodimentsdescribedabovebanimprovegeneratingefficiency

by forming piezoelectric ceramics plate 1 with layered plate
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shaped piezoelectric ceramics elements and are effective as
charger apparétus or a power supply of a light emitting apparatus.
Since the piezoelectric generating apparatus is simply structured
and is economical, the piezoelectric generating apparatus is |
expected for practical use. For example, if the piezoelectric
generating apparatus is provided on a bicycle or shoes and turns
o;n a light emitting diode, it is utilized as a tool to be recognizé,d
o:f existing at night. If the piezoelectric generating apparatus
is provided on a watch Or.‘a portable telephone powered by a battery,
,'p;_iezoelectric generating apparatus can be utilized substituted
f;:r a battery or can be utilized for measures of death of a battery.
Further, it is expected that the piezoelectric generating
apparatus can be used for turning on a buoy by utilizing pitching
and rolling by wave. '

Fig. 6 shows a schematic construction of a piezoelectric
generating apparatus according to the present invention. The
piezoelectric generating apparatus comprises a metal substrate
20 jomed with a piezoelectric ceramics device plate 22, in this
embodiment, each of both ends of the piezoelectric ceramics device
‘plate 22 are fixed on a cushion member 21 by soft members 23 such
as a double stick tape. Of course, the soft member 23 and the
cushion member2 1 may be provided on the side of the metal substrate
20 and the side of the piezoelectr:i:c ceramics device plate 22 may

be beat by the steel ball 24.
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being balanced with that of the piezoelectric ceramics element

~

22 by adjusting a thickness of thé metal substrate 20, and a center
point L of vibration, in condition that the piezoelectric ceramics
element 22 and the metal substrate 20 are joined, is set at a
junction bohndary surface of the piezoelectric ceramics element
22 and the metal substrate 20.

i Thus, in this embodiment, since the vibration occurred in
t{he piezoelectric ceramics device 22 is not cancelled by colliding
a steel ball 24 to one of the metal substrate 20, applying an impact
eﬁergy by a collision to the piezoelectric ceramics device 22,
and thereby energizing a flexural vibration to the piezoelectric

‘ceramics body A including the substrate 20, the most of the
flexural vibration, centered on the junction boundary éurface

- where the central point L of the vibration exists, can be extracted
as an electrical energy. A generated current as an electrical
energy is picked out through lead wires 29. ' '

In this embodiment, a protector plate (not shown), formed
by suc_:h as metal or synthetic resin, can be fixed on, so as to
improve durability if the steel ball 24 is beat on the
pievzoelectric ceramics body 22.

As an outline shape of piezoelectric ceramics plate 1 is not
limited, a circular shape, an elliptic shape, a triangular shape,

a quadrilateral shape, a polygonal shape or the like may be
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selected as a frontal view.

The cushion member 21 may be made of soft material such as
synthetic resins, rubbers or sponges. Using such the cushion
member 21, decreasing of the vibration of the piezoelectric
ceramics body A is prevented. When the piezoelectric ceramics
,body A vibrates, a member supporting the piezoelectric ceramics
 body A becomes a factor of decreasing the vibration of the
piezoelectric ceramics body A. To remove the factor of decreasing,
the piezoelectric ceramics body A is in condition as much as free

by using the cushion member 21, preferably.

By using the cushion member 21, since a natural vibration
of the piezoelectric ceramics body A is maintained for a long time,
the generating efficiency is improved. The cushion member 21 also
absorbs the impact which is applied on the piezoelectric ceramics
body A. "

If such the piezoelectric generating apparatus is arranged -
under circumstances of the predetermined motional condition
utilizing wind, wave or the human action, an impact energy by the
collision acting on the piezoelectric ceramics body A is applied.

| Then the vibration is energized on piezoelectric ceramics body
A, the piezoelectric ceramics body A is repeatedly expanded and
contracted, and therefore the piezoelectric ceramics body A

generates alternating current electricity.

If the piezoelectric generating apparatus is used and the
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apparatus, the charger apparatus (not shown, especially)
comprises a PZT as the piezoelectric ceramics element 22, a
required number of rectifying diodes, a capacitor for storing
electricity, switch, and a required number of light emitting
diodes. The electricity generated by the P2ZT is full-wave

f rectified by the diodes. The electricity rectified in full-wave

’ form is chérged into the capacitor. Then the capacitor discharges
by an operation of the switch and turns on the light emitting
diodes.

The piezoelectric generating apparatus according to the
embodiments, as described above, since the piezoelectric ceramics
elements 22 is single layered, there is no fear of the cancellation
of the vibration generated in the piezoelectric ceramics elements
22, and most of the flexural vibration occurred around the junction

- surface of the central point L of the vibration can be extracted
efficiently as‘ihe electrical energy, the structure as the |
generéting apparatus is simplified remarkably, the whole of the
‘apparatus can be compact, and the manufacturing cost can be
decreased, thereby the practical use is developed. For example,
if this piezoelectric generating apparatus is provided on a
bicycle or shoes and turns on a liéht emitting diode, it is utilized
as a tool to be recognized of existing at night. If the

piezoelectric generating apparatus is provided on watch or a
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10% (& @rili@ed for measures of death of a battery. Further, it is

expected that the piezoelectric generating apparatus can be used
for turning on a buoy by utilizing pitching and rolling by wave.
;Further, it can be constructed that charging is continued until
;reached at the predetermined voltage, when the voltage is' reached
;a‘t the predetermined voltage, the 'charged electrical energy is

Eﬁischarged at'a stroke.
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Yﬁ%?;ﬁ‘fg‘%(_l %%%gﬁ‘%lé%g% (G &M”Eozﬁf ttngg@ é)tlpxl_g-{sm;d( plezoelectric ceramics |
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said plezoelectric ceramics plate, In which electricity Is generated by
. beating the other surface of sald plezoelectric ceramics plate.
. 10 2 A piezoelectric generating apparatus comprising a plezoelectric |
| ceramics plate (1) formed by two plate-shaped piezoelectric ceramics
elements (1a, 2b) which are layered and joined to each other with inverse
polarization, and cushion material (11) for supportlng both ends of said
plezoelectric ceramics plate respectively, in whlch electricity is generated
15 by beating alternatively surfaces of said plezoelectric ceramics plate.
3. A piezoelectric generating apparatus comprising two of said
plezoelectric ceramics plates (1), each joined with sald cushion material
(3) . -according to claim (1), arranged facing each other, and further
comprising a hard beater (4) provided between sald plezoelectric ceramics
20 . plates and reciprocated between said piezoelectric ceramics plates so as
to beat each of said piezoelectric ceramics plates. '
4, A piezoelectric Qeneratlng apparatus comprising said piezoelectric
_ caramlcé plate supported and arranged by sald cushion material (11),
according to claim 2, and further comprising a hard beater (4) provided on
25  bath sides of said plezoelectric ceramics plate and reclprocated relative to
sald plezoelectric ceramics piate so as to beat sald plezoelectric ceramics
plate.
5. A piezoelectric generating apparatus according to claim 1, wherein
sald two piezoelectnc ceramics elements (1a, 1b) are formed In the same
30 shape. ‘
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paidiCe Gll;eal po Qﬁ ‘W’é {ec{ricﬂy is generated by bga ing said protector
plate.
5 7. A piezoelectric generating apparatus according to claim 1,

wherein each of sald two plezoelectric ceramics elements (1a, 1b) is
, formed by Jolning a plurality of plezoelectric ceramics elements in layered
b manner.
i} 8. A plezoelectric generating apparatus according to claim 1, wherein
10 material of lead zirco-titanate ceramics Is used as sald plezoelectnc
ceramics element (1a, 1hb).
9. A plezoelectric generating apparatus comprising a piezoelectric
ceramics body formed by joining a plezoelectric ceramics elements (22)
with a metal plate (20), capable of generating electricity by applying a
15 collision load to one of sald plezoelectric ceramics element (22) and said
metal plate (20), characterized in that a structure makes an _amouni of a
- dlstortlon of said metal plate being balanced with that of said plezoelectric
ceramics element by adjusting a thickness of sald metal plate, and sets a
“center point of vibration, in condition that sald piezoelectric ceramics
20 element (22) and said metal plate (20) are joined, at a junction boundary
surface of sald piezoelectric ceramics element and said metal plate. ‘
10. A plezoelectric generating apparatus according to claim 9,
wherein said plezoelectric ceramics body is supported by a cushion
member (21). |
25 11, A plezoelectric generating apparatus according to claim 9,
further comprising a protector plate attached to a beat surface of said
piezoelectric ceramics body.
12, A plezoelectric generating apparatus according to claim 9,
~ wherein sald plezoelectric ceramics element is formed of material of lead
30  zirco-titanate ceramics.
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