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AMPLI FI ER Field of the Invention [0001] The present inventi o]
flui . In particular, this invention rel ates tﬂﬂ@‘ﬂ@ﬂm‘\ﬁmm\
pi ezjmmﬂm "g@@%ﬂar atus in fluid conpressors and punps. Ba he
| nvent on Reci procating conpresslors are positive di spl ac&#ift

corrpressé? Y2Posi tive di spl acenent conpressors take in successive vol unes
of a fluid which are confined within a substantially closed chanber and are

forced to a PHIZOEEECTRIC CONPRESSOR'WEFH DISPLACEMENT i ng
conpressor achieves this by using a piston within a cylinder (piston

cylinder assenbly) as the conpressAMPEIFIER . A fluid may be a gas or a
liquid and nay be both when referring to a refrigerant depending on the
fluid pressure. [0003] A reciprocating conpressor uses at |east two one-way
val ves in each cylinder that open only when a predetermned differenti al
pressure is applied across suchKiedfwéthe knyentiolh one-way val ves (hereafter

referred to a t0n e | di [ [ r
decreases all ;%an g&f P P&?J—é?{tt (ﬁ)l)vglgt?er réilvﬁﬁ(g) tE) h%ﬁlgyﬁrﬁ%g’ﬁgO?B @chgﬁég%%’n{e]gﬁay
val ves ( her eafihesntioaf retatedtd asesf di gehmigeriv appaajus dpefiuidhemm@tssoleamhd of
the conpression, fluid pressure in the cylinder increases to force the
fluid out of tM&WRylinder. This succession of suction and di scharge of the
fluid results in the fluid discharging at a higher pressure. [0004] To
achi eve this succession of suction and discharge of fluid fromthe
cylinder, the piston has to undergo a |linear reciprocating novenent in the
cylinder. Referring to FIG | t hat sh a_cqnventional reciprocating
conpressor, a piston cyli nder BAKEINR OQ%%’JW?&EO% suction plenum 11, a

di scharge pl enogozj Recdprostink @Bmpredsotd hiegosidive AisplageMarnitaBmpadsi@rs 1 Posifive

cylinder 15, a _cylinder bore 21 and a piston 16. Such a piston cylinder

assenbly is krisadementeompressors take in successive volumes of a fluid which are confined
within a substantially closed chamber and are forced to a higher pressure or
undergoes compression. A reciprocating compressor achieves this by using a piston
within a cylinder (piston cylinder assembly) as the compressing element. A fluid
may be a gas or a liquid and may be both when referring to a refrigerant depending

on the fluid pressure.

[0003] A reciprocating compressor uses at least two one-way valves in each
cylinder that open only when a predetermined differential pressure is applied across
such valves. Suction one-way valves (hereafter referred to as suction valves) open
when fluid pressure in the cylinder decreases allowing a fluid to enter into the
cylinder. Discharge one-way valves (hereafter referred to as discharge valves)
open when at the end of the compression, fluid pressure in the cylinder increases to
force the fluid out of the cylinder. This succession of suction and discharge of the

fluid results in the fluid discharging at a higher pressure.

[0004] To achieve this succession of suction and discharge of fluid from the
cylinder, the piston has to undergo a linear reciprocating movement in the cylinder.
Referring to FIG.I, that shows a conventional reciprocating compressor, a piston

cylinder assembly comprises a suction plenum 11, a discharge plenum 12, a suction



[ 0005] Linear reciprocating novenent of the piston 16 for the operation of
the reciprocating conpressor in suction and discharge of fluid is provided
by a mechani cal assenbly such as, for exanple a rotary notor assenbly. The
rotary notor assenbly conprises a rotary notor 19, a crank 18 and a
connecting rod 17. Rotation of the rotd&y notor 19 is translated by the
crank I 8 and the connecting rod 17 into a |inear up/down or

f or war d/ backwasatenBy @R §thatdeatal @ DY iadsgintée] 9, anSdihdér€sore 20 Gal iangstorvenent
required in the operation of the reciprocating conpressor. A downward
noverment of t Hechiaditen adindetassemlly iy krovt dhep® i n the cylinder bore 21 to
open the suction valve 13. Consequently, the fluid is drawn into the
cylinder bore 21 through the suction plenum 11. This downward novenent of
the pist gn 16 [oo05] d_fifﬁédrﬁdcibﬁ)oaﬁn@ n&u@hieﬁﬂoﬁt}reqbﬁﬁr?n[@%gh@opéﬂaﬁ'omblﬁehe hand,
an upward novenent of the piston 16 conpressgs . the i d causin n
increase in t HECIPFQFAHNG COBYNFSSOT igupdar pod r@@sqhﬁr&eh%} 3y D prapaferd by
closing and t L I j j, d i ed
fromthe cylin eeér% %Elgésg%nyﬁt %ﬁ? %g’ %?gghlgglgeﬁgoltégﬁ@no% Qgs%mmsw'ugi&grrgﬁw
movenent of t heotpi s¢sembly6ednsprise$ erotery motond 9aa diapkHéragpd astanokaing[r0007] The

b t t nbl f | ical |ink d
Fesult i n manyiiAngy Bary TRa LR Bk L5 s o 1B an tecobhte faf "
unnecessari |y 1GoRR] 4 Giabadipadiivi 6AEIrvaRl/Backfard MBvamemtBAG6 GidbY theaiheaf

| ubrication and changi ng of |inkages. Non-in-line mechanical forces acting
on the piston ré@prosatirgmexeraersirequitediin she epesationcbiibd seipreeatingspmprassort he

above rotary t,or _assenbly | Qne.to chanical failure.due,.t ar and
tear. [0008] ANSVPERREPPYEelobiEmiar 1oHr sy s prasuE iy Plindes B 2

| i near act uat @1.tolopBe e saclidtal VS 13 €okdtquehtiyh tHeMRuidid dratd innke eflimlee h
actuators use piezoelectric elenents. Generally, the piezoelectric elenents

in such act uatt9rs2kBroughthe pustiopipleaumehler Biis ApFawaSdRaYsmeat obthe pisjon 16,
pi ezoel ectri c ;acteyat OO, a%hgﬁaﬁgdaﬁ energy is 3 applied to one or nore
pi ezoel ectric elenents Fo eformthe piezoelectric elenments and thereby
physically actuate at | east one other elenment. Alimtation with existing

i ezoelectric actuators is that physic def ormatj on of pjezoelectric
ol ronts i s r PO O ipesorlen h%@pﬁgéawa%{ mpVerersatche pites L& Foygpresses the
pi ezoel ectric fgh Eﬁisg{gsalﬂhérehéé‘ihttﬁ@'ﬂﬁﬁ edikdsghéE b&{c?reﬁi@ﬁhg ﬁfthe‘éﬁ&icﬁ%dlb’e 13

di spl acenent requiredin such mniatur vices ranges frommcrons to
mllinmeters. [dd&xg] ankbthedéschange viahve Medpghingel As surh] thedlw e isafoecednfrornfthe

pi ezoel ectric agtyators,. US Patent .5 063, 542 Petermann et al. describpes a
di spl acenent aﬁ%"ﬁfla 1j Rgre (24 4intq ﬁlee IEWF\%CCPLSmémpf z&é}se‘bﬂ‘ﬁrg mAYEREH OIS h a
di spl acement rpabe16 isleferied 83 88 8istHarge dfokeat or has bel | ow menbers that

define liquid-filled expansible chanbers and respond to |inear displacenent
of piezoelectric disks to provide an anplified |inear displacenment to the

U Pat ent 5, 0000k orhsalBaFY Eliary Jp OGP RGpipdie) 16 S SRALRERRATMLE . 1o
fixed and precinderes@lnin dhangf mbbhiagasmisi f Hothevémeash dirspirparemnhsdemblyes ef or e

difficult. This concept of use of piezoelectric actuators in conbination
wi th hydraul i cngeegssaidkyrepmphipged f ansk sequitest extemdre duaiatangaee by vaypaf ent

5,074,654 A d al. . 55 d : en et
al., a plural iqp?lﬁéoarnglélarelg{a Ir?%ng{h sétD gﬁl%gésé?tg %%1 oﬁrsléAléhoupHé%Ii ?% %5345’?8# %&ﬁ“g

di spl acenent guigtbn flibgrawse exuessivef ibratibas andihoBe iFugthefmaelef trenadolve rotary or s.
In Auwaerter et al., a neterin valve.f? Jretering fluid for fuel injection
uses a pi ezoelBRPF pysemPlYHE RTOnE &0 pieehpnics éﬁl%{ﬁ‘ﬁ%ﬁ%@aﬂ ®&cenent anplifier
for the actuation of a valve needle to control the anount of fuel injected.
[ 0010] Therefore, a need clearly exists for a |inear notor that applies

pi ezoel ect ri c [e008hehn slt¢rastivegtoarsing atdtaryimotdr syskmblymisto userpllinkaregctuatar.
overcone or at . .east, allevigte the proble of conpl exi mai_nt enance and
mechant cal  f alinFs AewRlars dier g wids i GEaRT et of Sbubliatdrs S bR of
the Invention di&fdntd. GBerllye SRNpicZdRVRMd S18mERS kbsucl apfuaivréleorveRticfr@fdabCt i C
apparatus for use in fluid conpressors and punps. [0012] Accordingly, in
one aspect, t raciyeldpmechorise] energy.ol pisgoddeditieie B, plactrisal engsgBtvn
cylinder assenbly for successive suction and di scharge of a conpressible
fluid, thereby increasing fluid pressure of the conpressible fluid in a
substantially cl osed chanber, wherein the piston cylinder assenbly
conprises a piston, a cylinder, a cylinder bore, a suction plenum having a
suction val ve, and a di scharge pl enum having a di scharge val ve, the
conpressor conprising: at |east one piezoelectric elenment; a primary

di spl acenent nenber coupled to the at | east one piezoelectric elenent; a

I b -, o L T



5 di spl acenent of the secondary displacenment nenber is anplified relative
to displacenent of the primary displacenent nenber, the displacenents being
based upon the fixed predeterm ned vol unme and surface areas of the primary
di spl acenent nenber and the secondary displacenent nmenber in contact with
the non-conpressible fluid. [0014] In & further aspect, the present

i nvention provides a fluid conveying apparatus having a piston cylinder

assenbly for sWsE&B®RI MR of Wdre Pltzosldctit Shhameetofef@nd theipibzovldenki@ielenidits
pi ston and cylinder assenbly conprises a piston, a cylinder, a suction

pl enum havi ng aad shesetyophyvigplle actuatel ableast ook athgeelementu by limitatinn witly pxistieg ge

val ve, the fluid conveyin parat.us. _conprising: at.lea i el.ectric
el enent; a pr iPYEP fll%afrlsp cé‘%detﬁlegnlg tﬁ%t er wgggé)f?}elﬁ%f%n %Bleg?élf’ée{ggte@%rﬁénqs 18
pi ezoel ectri c relagiv®Rt small. S€emsedaentlyd limnﬁsiﬁ%!ﬁﬁoe&@ﬂw actubtord g

pi ston; and a non-conpressible fluid disposed to fill a fixed predeterm ned
vol une bet weenintitdl {or mirdatpreafesinesc Eriat hehandacement raquirgd & Aurdy piniature

di spl acenent R gg‘iaflé\%e%(ﬁ{én%éc{(ﬂs Eﬂe@gﬁ&gg’rs{o el ectrical actuation of the at

| east one piezoelec n acenment of the secondary displ acenment
menber is anplified relative to displacenent of the primary displacenent

menber, the displacenents being based upon the fixed predeterm ned vol une
and surface ar[%‘ﬁg 0 QYFECORS thﬁ??ﬁ%i@@ﬁ%@@%ﬂ%%%@ p‘ﬁ?ﬂf?‘?cttféc AL dar y

di spl acenent nedipgtent 3, FREBCPetBihdhd E&ealn‘a@s&%@raeéﬁbﬂal:&néﬁt%ﬂ lifr @bt
Description of the Draw ngs [0015] A preferred enbodi nent and ?wo alternate

enbodi ment s ofintehenmeetseat picroadattrionacteatoor withuh| ¢isplesemehte dperbhervalheof
exanple, with reference to the draw ngs of which; [00L6]..F illustrates
oM or art  r USFseRT Ay ebhireeelibY HeBhet hicerng gk ehapmeble
conpressor i n chemBEdANE Gestohd t@ lihbdrsdisladeiend b pREGDEUtHE QiskO o pRFidy gpent

i nventi on; 6 [0018] FIG 3 illustrates a conpressor in accordance with a

second al t er namplidieddinieaedisplacement tpthe displacernenitembera ftpwever, a problem
with the displacement amplifier of US Patent 5,063,542 Petermann et al is that the

expansible chambers are not fixed and precise control of the amplified linear
displacement is therefore difficult. This concept of use of piezoelectric actuators in
combination with hydraulic displacement amplifiers are further described in US
Patent 5,074,654 Alden et al. and US Patent 5,697,554 Auwaerter et al. In Alden et
al., a plurality of electrodistortive actuators coupled to a hydraulic displacement
amplifier are used for the controlling of deformable mirrors. In Auwaerter et al., a
metering valve for metering fluid for fuel injection uses a piezoelectric element
coupled to a hydraulic displacement amplifier for the actuation of a valve needle to

control the amount of fuel injected.

[0010] Therefore, a need clearly exists for a linear motor that applies piezoelectric
elements having controllable displacement amplifiers to overcome or at least
alleviate the problems of complexity, maintenance and mechanical failure in

existing reciprocating compressors.



[0019] FIG 4 illustrates a conpressor in accordance with a preferred
enbodi nent of the present invention. Detail ed description of the Draw ngs
[0020] Referring to FIG 2, a piezo-conpressor 100 according to a first
enbodi nent of the present invention is shown. The piezo-conpressor 100
conprises a piston cylinder assenbly sidmlar to that of conventi onal

reci procating conpressors as shown in FIG 1. However, instead of the
conventional |inear reciprocatSugmapyefhelIinseytin ed by a rotary notor 19,
crank 18 and connecting rod 17, the present piezo-conpressor 100 utilizes
at | east one piezoelectric elenment 22 coupled directly to the piston_ 16.
[0021] Wien ad@Q1al iThg nsesent invertionssegkstospravide qupipraetegiricoanpaeatys 7 98¢ Betri c
el enent 22, the.pi j1C ment 22 is defornmed to displace the piston
16 linearly bgﬁ%P%§é§§%§%%¥ﬁéﬁS%§Stance upward (di scharge stroke). This
increases the fluid pressure in the cylinder bore 21 and opens the

di scharge valve 14 to di.scharge the conpressible fluid fromthe cylinder
bore 21 into tPRI2HiACREHBEY pinepRfRspect, it PESE dRVRINIONRIPVISES AFOBITERSPY cal
signals electn I e. LI cti ol een; i Q; in a
manner t hat dnggﬁch%ﬁ ﬁlg%gﬁgg%na%%ﬁﬁﬁﬁgﬁr %‘ch"’gfég‘lﬁm%%% éi glrsg%{er éeigﬁﬁwned
di st ance ( suctcompressibtekii)id, thhteby limoreasing e d fpressule f elsesecongpressitilé @uilyini ander

bore 21 and opens the sycti.on val ve 13 thereby drawi nhg the conpressible
£l ui d f rom t houBsRraly clpsedRbamber. fhereindhe pryorssHNsSE assonbly sompnsen
actuating el egfidibSal cyding&iah Ty BRRIboRd alsticlidieplRh@R MRV RE Y duetiGh ?ﬂlg@,tan%% are

typically in accordance with”specifications governing use of t
pi ezoel ect ri c didchangatplamm Baving acdisehargegvalve dhe icomipresserneamprising rat deast

i f | t . . t R f t i ned | .t f
Sotuating of (e PiRsserB SR PRHERY Saoit GRS iR R e Fe®”
el ectrical si @aalpfezaslectsit R alsecdrdaryPdisplacinfmt fiefbet €5pIY t82he piston;

continuously, the piezoelectric elenment 22 is electrically actuated to
reci procal |y dafor sepeompresside tfluid disnosed it fill ¢ Exed predegsraviesd vplimact i on

stroke or the.di ange : I | eci I t he
pi ezoel ectric bgt‘zér:r%npgt Hﬁé{agrgéspyzyﬁglgé 't {?ﬁ%ﬁgﬁﬁ%dﬁ&@%@%dﬁ%ﬁﬁ}ﬁ%@? E{&hlg%t
requi red |ineaferieg| phoid elegtrival sstedaiionf @ff the e leveomd pePocléctiib @lement is

pi ezo-conpressor 100. The_ operation of the piston cylinder assenbly ip the
pi ezo- conpr es<$8Atraligble do isplacg the privary Bsplecsmenh mGRRET BYed ipsedsiermiing
conpr essors. r 4G 0

rovi ng parts AREKE! fhe pREIRAERCATEA Gz S MR M ARTR Thitelibte HRRP

pi ezo- conpr essordisptapal tte Isecomdeyndiapjecansdry ndmbdr Agdarmamplified distance rbased

conpressors for use in .a i cati ans. requiring continuous and const ant

dynani ¢ operat@Bﬂ?‘%ﬁﬁ@ﬁ%&%@é‘lﬁ%ﬁé’l‘f‘Wlari ant |oadings. Invariably, such

pi ezo- conpressors could al so be advantageously utilized as fluid conveying
appar atuses such as punps. Wen used in applications as punps, the fluid
conveyed nmay He018btlh anothsr esprichlthe presanhinyemiicspiavides 4 coppresRefhevingriy t o
FIG 3, an inproved pj.ezo-conmpressor 200. accordi ng, .o .a second enbodi nment of
the present | RUURE CEIeC 28MATY T sk b SHOVER e figiond® 8f dicomupressipls

pi ezoel ectri c fRli@Rérveby Pncréasiig TRl pEITRUE oR Y ¢dnyprB&iBIR BN UL ubdanBalkPr i Ng
32 is added. Typical |inear displacement achieved by piezoelectric elenments
are in the raﬁé@e@fchﬁmb?f@h‘élef%n g pistpatandscylindercasserably coppirisedgipditen, such
smal | displ ac t 1 clent . i |4

roverent -+ onenia &eSh s S GUeE anl S RRARE AR 1
spring 32 act sliwhagediabyel deesonmiressop bothprsing:hatledst ans przededtlie eldntenira

reci procating npvenent of the piezoelectric element 22 into an anplified

li near recipr dli'é’?qrﬁghsrﬂﬁ?%ﬂttme@gﬁs%‘ﬂ ttpfhe atlgast i0ﬁeareZP@e?tHP@ffa@q%ga
movenent of theHgahPBishRcked dupl&Cy bACARAS nBf-coRprigipwTe Of
conpressi bl e Eﬁﬂﬁgﬁhggg#eﬁ a?ﬁéggﬂﬁgﬁégﬁ%n é%&%ﬂgg arge s{%oééﬁﬁﬁere y

i ncreasi ng t hdlwdpdispasgdofo ik apfized-predeiensined RJ0meHbetereen , thehprimapt i fi ed

| near T eci progat g, JOVRIENL, RLOYAISE a8 et R Shember; wherein, in

response to electrical actuation of the at least one piezoelectric element,



8 32 may not be well controlled and may devel op harnoni cs which may
eventual |y act against the linear reciprocating novenent of the

pi ezoel ectric el enment 22. There is al so dependency on the inherent

mechani cal spring constant of the spring 32, which nay deteriorate with
constant use. [0025] Referring to FIG 4, a super piezo-conpressor 300
according to a third enbodi nent of the present invention is shown. In
addition to ad@?ﬁd&ﬁﬁh{ ioff {thé @écdiﬁlﬁign@iﬁpm&ﬁlénﬂ nft@der i€ Ginfliftedt ighgiventoenent
of the piston 16, there is also a desirability for better control over the
li near reci pr displacamentfcheprimery displaggragrs menzher,the displasements being dasades sor
300, 2chi eves WBb e k! Selbicfmfhed” dulrfe dnSPLATRIP RleadBE tht Girimdhe
hydraul i ¢ di spfacenent a itTrer conprises a primary displacene nenber 46
coupl ed to thdigpieeemententmber akdahe sdcor@ary disptacomeat vebanhacatenwithitheber 44
coupled to th%ﬁﬁi ston l}gl?ef?,non-corrpr essible fluid 45 disposed to fill a
fixed predet e®P1reAPYGP Ydt ween the primary displacenent nmenber 46 and
t he secondary di spl acenment nenber 44. The non-conpressible fluid 45 thus
couples the primary di splacenment nmenber 46 to the secondary di spl acenent
menber 44. An[eMdahphe Girtlsarcaspactndie possenegwichtien firavidesta foid dodxeying
hydraulic oil or a cpmpr essor I u?.ri cating .oi.l . The .secor,[].dar ai S}?' acetmant
member 44 15 POPYRAY MRB0BAR VLIS for WockReye Syetan i fiseharetotss.
The surface areh;i@f whéteinRthé pRton SHdSEiAEEBREMBIR EBRIpridss 4 piseanh aglindet,th t he
nonconpressible fluid 45 is typically larger than that of the surface area
of the secondanstion plenwe baeng asaetingy valve, end 8 discharge nienim; haying a discharge

- ible fluigd. W ' | i.cal Si
Suppl 1 ed ot navs: g e dRg Ropt a0 s8bH b I 1SRl bl Bl e
def ornms and diasiinadi¢ dispheementBénibeticonplad eanthiatat feasiade piczobl¢ctiicelemhdnt; a

predeterm ned di stance. However, the secondary displacenent nmenber 44 is

di spl aced by &pcondary displaceme dnanbsiepladsioahe Pigtemangna BeusPMPEESSilr t he
non- conpr essi fl.ui 5 a h I 0511t LS

di spl aced by giﬁﬁ %n&ﬁ%c?sleédtop?@ldtgt g??n@régdeg?ﬁsl’% g%e\tr?‘g‘rlllplev?%a,teég t%?s@%ﬁafyod 42.
Anpl i fi cati on didplatiennaasembdr arid tlive sseondayadisptiicepkeaic areritieryyevilosrin, ;1 based
upon the fixed predeterni ned vol une and,. di mensi ons/ surface 9 area of said
orimary di spl AERRBRE PenBEFicah doREion <ok Hii2t yIoghl s PFORIC AL T00 7]
The relati onsiyig RmWReRE e Beqidaly AtkpHlcShleAr SiERTer A kil LI ARG, & eas
of the primary displacenent nenber "46, "the predeterm ned di stance displ aced
by the pri mar digplapmantofethe priemabedisglaceaneht mvansectha displacdnsnts demganasedrenber
44 may be shown bel.ow, [0028], L =, A x | . a [0029 ere L is.the anplified
di spl acenent PSPl H@eé"%g PW@C?@@HW&‘;WIW‘%@“@C@'@ c ﬁé‘f?ﬁeszfEe g&)‘iryl s the
predet er m ned gHprdcamest ﬂeﬁaéﬁ@ﬁ%@yedohearprdig(?dcﬁnﬂhﬁﬁhﬁﬁmmonfﬁemﬁh tHe.
Where A is the surface area of the primary displacenent nenber 46 in
contact with tnes-copwpressibprdwidi ble fluid 45 and a is the surface area of the
secondary di splacement nenber in contact with the nonconpressible fluid 45.
(0030] A stopper 47 can further be coupled to a piston spring 43 which is
further coupled to the secondary displacenent nmenber 44. The stopper 47,

together with the piston spring 43 serves to_assist in the |inear
reci procating novement of tBeieEDessription ofithe DIawiRgst nmenber 44.

Consequent |y, i I i ! | L ne i I f the
pi ston 16, | odPtpT RSt eRd chiltDalgRerk Vo b Rerh R, HAGARERT JTMKE Fien)
provi de for aripvéntionaisi moreofullyndedcribedy bylivegyl af exanplepwithheefpricacoed ¢lod ri c

el enent 22. The hydr a%JI E,c di spl acenent anplifier also provides for better
control of the&@WViHgPt WBERDr ocati ng movenent of the piston 16. [0032] The
pi ezo- conpressors 100, 200, 300 described in FIG 2, FIG 3 and FI G 4 have
been depicted and described in a vertical |ayout. They have al so been
descri bed si ndo@18} IEIG. Hilwetvases a prionasidediptusating capressor;a per son skilled in
the art to

[0017] FIG. 2 illustrates a compressor in accordance with a first alternate

embodiment of the present invention;



10 operate the described piezo-conpressors 100, 200, 300 in other
orientations wthout departing fromthe scope of the invention. Further,
that the piezoconpressors could also be used in plurality, in a variety of
arrangenents, and in applications other than conpressors and punps, w thout
departing fromthe scope of the inventifon. It will be appreciated that
various nodifications and i nprovenents can be nmade by a person skilled in
the art without departing fromthe scope of the present invention. 11
Claims 1. A cq&gressor having a piston cyljinder assenbly for successive
suction and dil HbrFé@ o ilhistraieprae samplessaT| g %FCOf(}?@P@Wth Actesard giermaty d
pressure of sajg GO §t°h' glr@seifn!lﬂlr thH aﬂldsubstantl ally closed chanber,
wherein said plston cy asse nprises a piston, a cylinder, a
cylinder bore, a suctlon plenunlhaV|ng a suctlon val ve, and a dlscharge

pl enum having a valve sai d conpres or co risi ast one
pi ezoel ectri c [ ahi”ﬁa ‘bﬁ“@??ﬁrafoa}l’éﬁs%lé‘rﬁﬁﬁ?r eat&fFIg%fi bedih

| east one p'e%ﬁgkﬁﬁ&thm@Eﬂﬁﬁpt a secondary dlsplacenent nenber coupled to
sai d piston; non- conpressi ble fluid disposed to fill a fixed
predet erm ned vol une between said prinmary displacenent nmenber and said
secondary di spl acenent nenber; wherein electrical actuation of said at

| east one piezoelectric element is controllable to displace said primary
di spl acenent nenber by a pneﬁﬂwamdmmoﬂlmwmawﬁgbd pri mary displ acenent
menber being coupled via said non-conpressible fluid to displace said
secondary dlsplacenent menber by an anplified di stance based upon said
fixed predetert dance i

whorei b sai d ALt P 2% BRAPLGRRREed PO RERLARDIE Al EnBodht

el ectrical si gﬂﬁalhépre@asntenhmtmn ¢ashonat. UBlhd pnezo-Bomﬁre@wmroe&mfprises apixomdance

to claim2, wherein said electrical, signals conprises a series of voltage
pul ses. cylinder assembly similar to that of conventional reciprocating compressors as

U

shown in FIG.1. However, instead of the conventional linear reciprocating
movement supplied by a rotary motor 19, crank 18 and connecting rod 17, the
present piezo-compressor 100 utilizes at least one piezoelectric element 22 coupled

directly to the piston 16.

[0021] When actuating electrical signals are supplied to the piezoelectric element
22, the piezoelectric element 22 is deformed to displace the piston 16 linearly by a
predetermined distance upward (discharge stroke). This increases the fluid
pressure in the cylinder bore 21 and opens the discharge valve 14 to discharge the
compressible fluid from the cylinder bore 21 into the discharge plenum 12. The
subsequent actuating electrical signals electrically actuate the piezoelectric element
22 to deform in a manner that displaces the piston 16 linearly downward by a
predetermined distance (suction stroke). This lowers the fluid pressure in the
cylinder bore 21 and opens the suction valve 13 thereby drawing the compressible

fluid from the suction plenum 11 into the cylinder bore 21.

[0022] The actuating electrical signals supplied to the piezoelectric element 22 are
typically in accordance with specifications governing use of the piezoelectric

element 22. Such actuating electrical signals comprise a series of voltage or



4. A conpressor in accordance to claim2, wherein said electrical signals
conprises a series of current pulses. 5. A conpressor in accordance to
claim1l1, further conprising a stopper and a piston spring, said piston
spring di sposed between said stopper and sai d secondary di spl acenent
menber . 12 6. A conpressor in accorddnce to claim1l, wherein said

non- conpressi ble fluid conprises hydraulic oil or conpressor |ubricating

oil. 7. A conpufiesOpulsés 8F & Qre@dNeihed alnplifdde, forhRtRitiAg O thaGRedeRRtAf said
primary displacenent nmenber in contact with said non-conpressible fluid is

| arger than seldmené23rea of sai d secondary displacenent nmember in contact
with said non-conpressible fluid. 8 A conpressor having a piston cylinder
assenbly for successive suction and di scharge of a conpressible fluid,
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menber in contact wth said non-conpressible fluid. . )

piezo-compressors could be advantageously utilized as mini or micro compressors

for use in applications requiring continuous and constant dynamic operations while

undergoing invariant loadings. Invariably, such piezo-compressors could also be

advantageously utilized as fluid conveying apparatuses such as pumps. When used

in applications as pumps, the fluid conveyed may be both compressible or non-

compressible.

[0024] Referring to FIG.3, an improved piezo-compressor 200 according to a
second embodiment of the present invention is shown. In addition to utilizing at
least one piezoelectric element 22, a displacement amplifying means such as a
spring 32 is added. Typical linear displacement achieved by piezoelectric elements
are in the range of microns to millimeters. In certain applications, such small
displacements do not constitute sufficient reciprocating linear movement to operate
a piezo-compressor 100 at a high enough capacity. The spring 32 acts as a
displacement amplifier that translates the linear reciprocating movement of the
piezoelectric element 22 into an amplified linear reciprocating movement.
Consequently, the linear reciprocating movement of the piston 16 is also amplified,
thus increasing the volume of compressible fluid handled at each suction or
discharge stroke thereby increasing the capacity of the piezo-compressor 200.

However, the amplified linear reciprocating movement provided by such a spring



9. A conpressor in accordance to claim8, wherein said at |east one

pi ezoel ectric elenent is adapted to receive electrical signals for

el ectrical actuation. 10. A conpressor in accordance to claim9, wherein
said electrical signals conprises a series of voltage pulses. 11. A
conpressor in accordance to claim9, w8erein said electrical signals
conprises a series of current pul ses. 13 12. A conpressor in accordance

to claim8, funthgf nGiBEwEs cotirdlledtapprdy devdlop lirmbaits it ghay saérdugllyst on
spring di sposed between said stopper and said secondary displacenent
nenber. 13. Aagbpgaipgdbe lingantesinraesig mevementrafgthe\fHedas]astriplgment 22.
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said prinmary d2swhivhemsnieternitewithrcoasatase. Wi t h sai d non-conpr essi bl e
fluid is larger than surface area of said secondary displacenment nenber in
contact with said non-conpressible fluid.

[0025] Referring to FIG.4, a super piezo-compressor 300 according to a third
embodiment of the present invention is shown. In addition to a desirability for
having larger linear reciprocating movement of the piston 16, there is also a
desirability for better control over the linear reciprocating movement of the piston
16. The super piezo-compressor 300 achieves this by utilizing a hydraulic
displacement amplifier. The hydraulic displacement amplifier comprises a primary
displacement member 46 coupled to the piezoelectric element 22, a secondary
displacement member 44 coupled to the piston 16, a non-compressible fluid 45
disposed to fill a fixed predetermined volume between the primary displacement
member 46 and the secondary displacement member 44. The non-compressible
fluid 45 thus couples the primary displacement member 46 to the secondary
displacement member 44. An example of such a non-compressible fluid 45 would
be a hydraulic oil or a compressor lubricating oil. The secondary displacement
member 44 is further coupled to the piston 16 by way of a piston rod 42. The
surface area of the primary displacement member 46 in contact with the non-
compressible fluid 45 is typically larger than that of the surface area of the

secondary displacement member 44 in contact with the non-compressible fluid 45.

[0026] When actuating electrical signals are supplied to the piezoelectric element
22, the piezoelectric element 22 deforms and displaces the primary displacement
member 46 by a small predetermined distance. However, the secondary
displacement member 44 is displaced by an amplified predetermined distance
through coupling with the non-compressible fluid 45 and thus also causes the
piston 16 to be displaced by an amplified predetermined displacement via the
piston rod 42. Amplification of displacement of the secondary displacement

member is based upon the fixed predetermined volume and dimensions/surface



15. A fluid conveying apparatus having a piston cylinder assenbly for
successi ve suction and discharge of a fluid, wherein said piston and
cylinder assenbly conprises a piston, a cylinder, a suction plenum having a
suction valve, and a di scharge plenum having a discharge valve, said fluid
conveyi ng apparatus conprising: at |ea®x one piezoelectric elenent; a
primary displacenent nmenber coupled to said at |east one piezoelectric

el ement; a sec@sdaf Yaidi pivnace dizplacomehe meathepladd dadd Satchdatys displacamena
non- conpressi ble fluid disposed to fill a fixed predeterm ned vol une

bet ween sai d pReMRE’y di spl acement menber and said secondary di spl acenent
menber; wherein, in response to electrical actuation of said at |east one
pi ezoel ectric el enment, displacenent of said secondary displacenent nenber
is anplified fed2a} ithe relatidnshiy hetewemthecfmidied displament arspthecsarfecd anvesber ,
sai d di spl ace ts bei ng,based upon said_fixed predeterm ned y.ol.u and
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fluid conveying apparatus in accordance to claim 15] erein said at |east
one pi ezoel ectmdycbesthewmrieldve adapted to receive electrical signals for

el ectrical actuation. 17. A fluid conveying apparatus in accordance to
claim 16, wherein said electrical signals conprises a series of voltage
pul ses. 14 18. A flujd conveying apparatus in accordance to claim 16,

wherein sai d d9®8t ri gat-Xéi gnal s conprises a series of current pulses. 19. A
fluid conveying apparatus in accordance to claim 15, further conprising a

[0029] Where L is the amplified displacement displaced by the secondary
displacement member 44 and / is the predetermined distance displaced by the
primary displacement member 46. Where A is the surface area of the primary
displacement member 46 in contact with the non-compressible fluid 45 and a is the
surface area of the secondary displacement member in contact with the non-

compressible fluid 45.

[0030] A stopper 47 can further be coupled to a piston spring 43 which is further
coupled to the secondary displacement member 44. The stopper 47, together with
the piston spring 43 serves to assist in the linear reciprocating movement of the
secondary displacement member 44. Consequently, this also assists in the linear

reciprocating movement of the piston 16.

[0031] The hydraulic displacement amplifier does not merely provide for
amplification of the linear displacement of the piezoelectric element 22, The
hydraulic displacement amplifier also provides for better control of the linear

reciprocating movement of the piston 16.

[0032] The piezo-compressors 100, 200, 300 described in FIG.2, FIG.3 and FIG.4
have been depicted and described in a vertical layout. They have also been

described singularly. However, it would be obvious to a person skilled in the art to



stopper and a piston spring, said piston spring disposed between said

st opper and sai d secondary displacenent nmenber. 20. A fluid conveying
apparatus in accordance to claim 15, wherein said nonconpressible fluid
conprises hydraulic oil or conmpressor lubricating oil. 21. Afluid
conveyi ng apparatus in accordance to cl@i m 15, wherein surface area of said
primary displacenent nenber in contact with said non-conpressible fluid is
| arger than swpkase€ tid d8s@fbedphidzE-E6MPERENs i 0DP|1280£3B0tin"BMBE bricAtations act

w th said non-conpressible fluid. ' ) )
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Claims

1, A compressor having a piston cylinder assembly for successive suction and
discharge of a compressible fluid, thereby increasing fluid pressure of said compressible
fluid in a substantially closed chamber, wherein said piston cylinder assembly comprises a
piston, a cylinder, a cylinder bore, a suction plenum having a suction valve, and a
discharge plenum having a discharge valve, said compressor comprising:

at least one piezoelectric element;

a primary displacement member coupled to said at least one piezoelectric element;

a secondary displacement member coupled to said piston; and

a non-compressible fluid disposed to fill a fixed predetermined volume between
said primary displacement member and said secondary displacement member;

wherein electrical actuation of said at least one piezoelectric element is controllable
to displace said primary displacement member by a predetermined distance, said primary
displacement member being coupled via said non-compressible fluid to displace said
secondary displacement member by an amplified distance based upon said fixed

predetermined volume.

2. A compressor in accordance to claim 1, wherein said at least one piezoelectric

element is adapted to receive electrical signals for electrical actuation.

3. A compressor in accordance to claim 2, wherein said electrical signals comprises a

series of voltage pulses.

4. A compressor in accordance to claim 2, wherein said electrical signals comprises a

series of current pulses.

5. A compressor in accordance to claim 1, further comprising a stopper and a piston
spring, said piston spring disposed between said stopper and said secondary displacement

member.
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6. A compressor in accordance to claim 1, wherein said non-compressible fluid

comprises hydraulic oil or compressor lubricating oil.

7. A compressor in accordance to claim 1, wherein surface area of said primary
displacement member in contact with said non-compressible fluid is larger than surface

area of said secondary displacement member in contact with said non-compressible fluid.

8. A compressor having a piston cylinder assembly for successive suction and
discharge of a compressible fluid, thereby increasing fluid pressure of said compressible
fluid in a substantially closed chamber, wherein said piston and cylinder assembly
comprises a piston, a cylinder, a suction plenum having a suction valve, and a discharge
plenum having a discharge valve, said compressor comprising;

at least one piezoelectric element;

a primary displacement member coupled to said at least one piezoelectric element;

a secondary displacement member coupled to said piston; and

a non-compressible fluid disposed to fill a fixed predetermined volume between
said primary displacement member and said secondary displacement member;

wherein, in response to electrical actuation of said at least one piezoelectric
element, displacement of said secondary displacement member is amplified relative to
displacement of said primary displacement member, said displacements being based upon
said fixed predetermined volume and surface areas of said primary displacement member

and said secondary displacement member in contact with said non-compressible fluid.

9. A compressor in accordance to claim 8, wherein said at least one piezoelectric

element is adapted to receive electrical signals for electrical actuation.

10. A compressor in accordance to claim 9, wherein said electrical signals comprises a

series of voltage pulses.

11. A compressor in accordance to claim 9, wherein said electrical signals comprises a

series of current pulses.
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comprises hydraulic oil or compressor lubricating oil.

14, A compressor in accordance to claim 8, wherein surface area of said primary
displacement member in contact with said non-compressible fluid is larger than surface

area of said secondary displacement member in contact with said non-compressible fluid.

15. A fluid conveying apparatus having a piston cylinder assembly for successive
suction and discharge of a fluid, wherein said piston and cylinder assembly comprises a
piston, a cylinder, a suction plenum having a suction valve, and a discharge plenum having
a discharge valve, said fluid conveying apparatus comprising:

at least one piezoelectric element;

a primary displacement member coupled to said at least one piezoelectric element;

a secondary displacement member coupled to said piston; and

a non-compressible fluid disposed to fill a fixed predetermined volume between
said primary displacement member and said secondary displacement member;

wherein, in response to electrical actuation of said at least one piezoelectric
element, displacement of said secondary displacement member is amplified relative to
displacement of said primary displacement member, said displacements being based upon
said fixed predetermined volume and surface areas of said primary displacement member

and said secondary displacement member in contact with said non-compressible fluid.

16. A fluid conveying apparatus in accordance to claim 15, wherein said at least one

piezoelectric element is adapted to receive electrical signals for electrical actuation.

17. A fluid conveying apparatus in accordance to claim 16, wherein said electrical

signals comprises a series of voltage pulses.
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secondary displacement member.

20. A fluid conveying apparatus in accordance to claim 15, wherein said non-

compressible fluid comprises hydraulic oil or compressor lubricating oil.

21. A fluid conveying apparatus in accordance to claim 15, wherein surface area of said
primary displacement member in contact with said non-compressible fluid is larger than
surface area of said secondary displacement member in contact with said non-compressible
fluid.



