STICK - SLIP PI EZCELECTRI C MOTOR FI ELD OF THE | NVENTI ON The present
invention relates generally to plezoqjectrlc notors, such as a tube

pi ezoel ectric rotary-stage-less notor with a coned connection rotor.
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tube stator including aBﬁx @ﬁtﬁﬁ$ﬁk§?fﬁﬁfﬁN\%ﬁ¢fﬁ%ﬁng axi al pol ari zati on,
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the el ectrodes to nove Iin one direction espect ase end face
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than t hbcisoheind flahsrafByeq fo thertptanat hoces gtesB the glsstrodes whpreypgthe
| ncr easi NG 1@ pf QAR EE shBl W% '}Jré NEaSbARS waBdinl Wed 9§9§1tlve charge is

Throughout the specification and clains, the term"tube fers to a hol | ow
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causing the spacings between the electrodes to bend and the slabs to tilt, thus applying a
frictional pushing side force against the rotor to cause the rotor to rotate, and wherein a
voltage is greater at one of the electrodes than the other, thereby lifting and rotating the
slabs as well as increasing a contact force between the slabs and the rotor.
Throughout the specification and claims, the term “tube” refers to a hollow round
shaped object, such as but not limited to, a hollow disc (may be long or short in height).
In accordance with an embodiment of the present invention the rotor includes a
cone shaped surface and the slabs are chamfered, wherein the pre-load force that presses
the rotor towards the slabs is centered along a mutual central axial axis of the stator and
the cone shaped surface of the rotor.

Further in accordance with an embodiment of the present invention the electrodes

are formed by conductive coatings on the piezoelectric material.



Still further in accordance with an enbodi nrent of the present invention a
90 shift between periodic charges apgl ied to the el ectrodes causes rotation
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Further in accordance with an embodiment of the present invention a matching
contact shape between the tip members and the cone shape of the rotor includes at least
one of a straight line, concave shape, and a rounded curve (other shapes are also within

the scope of the invention).



Yet another preferred enbodi nrent of the present invéention relates to a
conbi ned of piezoelectric effects (e.g., D33 and D15, defined bel ow).
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posi tion after vapglotich grefergideatRtingne 6t fhk Grdsk@liflvention relates 10 2 combined
of piezoelectric effects (e.g., D33 and D13, defined below).

In accordance with an embodiment of the present invention the pre-load force
enhances friction between the rotor and the slabs and causes a locking state of the rotor
when no charge is applied to the stator. _

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed technique will be understood and appreciated more fully from the
following detailed description taken in conjunction with the drawings in which:

Figure 1 is a schematic general view illustration of the piezoelectric motor (or
piezomotor for short} inciuding the stator, electrodes, slab and rotor, in accordance with
an embodiment of the present invention,

Figure 2 is a schematic general view illustration of the piezomotor of Figure 1
without the rotor.

Figure 3.1 is a side view of the piezomotor 6f Figure 1.

Figure 3.2 is a sectional view taken through the front view of the piezomotor of
Figure 1.

Figure 3.3 is a top view of the piezomotor of Figure 1 without the rotor.

Figure 4.1 is a schematic side view illustration of the strain effect of the
piezomotor and the slab position before applying an electric field.

Figure 4.2 is a schematic side view illustration of the strain effect of the
piezoinoior and the slab position after applying an electric field.

Figure 4.3 is a schematic side view illustration of the strain effect of the

piezomotor and the slab position after applying a greater electric field.



WO 2009/ 037693PCT/ 112008/ 001217 4 Figure 5.1 is a graphical exanple
of an electrical sequence applied to the el ectrode that produces

rectangul ar tip notion. Figure 5.2 is an illustrative exanple of the
rect angul arc torposneati on due to the electrical sequence @pphb®fodoit he
el ectrode as in Figure 5. 1. Figuse 5.3 is an operation node of a

positive phase |ag between sine electrical signal pulses applied to the top
face el ectrode§igure 5.1 is agrgpfrieal sxampleolan elgsericat seavensp deplisf! tathnelgatrodee phase

| ag bet we ' I (o S | pul ses applied to the top face
el gct rode?{ihtﬁbiagceglgl g%ﬁlgié&g{.l%ﬁiog&g schematic general view illustration of

t he conbi ned pFaxmrdiors dmiliusisativo rexahple tafi thalrboarguiar tipdmpisi tuom the

Figure 6.2,i58: | ' Vil LLlustration of the conbined piezonotor
i ngi ts no%{eg@g%&s?ﬁ%ﬁ%%ﬂpﬁé%%oﬁ g%clﬁ%\gldf} Fsolﬁl.sftlgure 51 Figure 7.1 is a schematic

general view i Flaust §.atis an opératifremodabi Bedsifivepoapler béthedd snekrstkichical |y

excited straine osi.tion igure 7.2 is a schematic side view
i |l ustrat isgﬁalﬁlgfeg%”p%‘#ﬁﬂth‘éﬁ’pﬁ?ct?fgﬁg? inits electrically excited
strai ned positFRare 5.4 is an bb&kich Bode bBa ﬁeg%@ib@ﬁfﬁés'e%%_@&%@ﬂ si¥é EMctrical

il lustration of the contact area of the piezonotor tip with the rotor cone
in whi ch BEPH Rules phedindhe oe fasisiechades. strai ght contours.

Figure 6.1 is a schematic general view illustration of the combined piezomotor in
its non-electrically excited postition.

Figure 6.2 is a schematic side view illustration of the combined piezomotor in its
non-electrically excited position.

Figure 7.1 is a schematic general view illustration of the combined piezomotor in
its electrically excited strained position.

Figure 7.2 is a schematic side view ilustration of the combined piezomotor in ifs
electrically excited strained position.

Figure 8.1 is a schematic general view illustration of the contact area of the
plezomotor tip with the rotor cone in which both the tip and the cone have straight
contours. _

Figure 8.2 is a schematic general view illustration of the contact area of the
piezomotor tip with the rotor cone. in which the tip is curved and the cone has a straight
contour. _

Figure 8.3 is a schematic general view illustration of the contact area of the
piezomotor tip with the rotor cone in which the cone has a straight contour and the cone is
curved.

Figure 8.4 is a schematic general view illustration of the contact area of the
piezomotor tip with the rotor cone in which both the tip and the cone have curved
contours.

DETAILED DESCRIPTION OF EMBODIMENTS

The following is accepted nomenciature used in piezoelectricity, Reference axes
in piezoelectric transducers are termed 1, 2 and 3, analogous to x, v and z axes of objects,
while axes 4, 5 and 6 identify rotations. Piezoelectric transducer directions of polarization
{3) are established during manufacture. Modes Dyy and Ds; are referred to as breathing

modes and mode D5 is referred to as the shearing mode. In this nomenclature, Dsy; would
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Figure 8.2 is~a schematic general view illustration of the contact area of
the piezonotor tip with the rotor cone in which the tip is curved and the
cone has a straight contour. Figure 8.3 is a schematic general view
i |1 ustrat wergeafostdee contact area of the piezonotor tiprowibesezrot or cone
in which the cone has a straight contour and the cone is curved.

Figure 8.4 is a schematic general viewillustration of the contact area of
the pi ezofBtoyoliegsanpishinthe” T GHEFIKLHE resltompilentipdhangesieond pe matsutade cone
have curvedygont gHlgon, Wﬂ;}ﬁ%&%,sﬁgﬂagér 15 %&nﬁg GIVENTS ectio t%uﬂ}l%
followi ng Is accepted nonencl ature uséd in piezoelectricity. Ref'ereénce axes
i n pi ezoellengtirdhengeriamsaiuredris ther@” theeatied 1, 2 and 3, anal ogous to x, y and z
axes of object | o B identify rotations., Piezoelectric
transducer dir ggﬁe%@é#sﬁg g%ﬁdgrt? g??{%n@‘%?‘ 1@1‘?% T f RETPERAY deihgiott

manuf act uddor pbzhest®I3r doe) BRludingen statbe kieetodes, @b drdaatdl] agsthimtesandnd node
D5 is referred.to as.the ear | .Jmode.. In this nonenclature, woul d
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and resul pagseldoaitgidnre hanges isvaulid fbg MprRsMQEd ryviBemakrialibeCdda@n. 1N a
D33 act uat qr, yo%gage is again applied in the "3" direction, but the length
change i s "WEZ8l FdWP erapde topdugfive cpptingegmented elqgspdeschand § an e wnrfade to
Figure 1, fanhi Qibbsi 4 {rkbaik LAk SErPmBb8AOGI R GL bdrfm{ch oM led BURY stdiok Ol iz €Z0MDL OF
for short) including a stator, electrodes, slab and rotor, constructed and
oper at i veSPasinge detvgan e milmstelagiecvied? mah 6. dhe rbfer prieslented witent ¢amn. The
stator 2 ofakigapheanel@a! § iCokQlanyudbl Ak el s JRAS,Lrom 8.0 grgehectric
crystal natgrlal tube, coated wth pairs of two sepaﬁate cOnducts 8 coating
segnent edalehg tter vaters2 & amdxi6l directibe 8t Ohe ptbdaatk. cr@tabaadridimasteodfhea hard

material, such.as ceramc) are. aff.ix to the stator .2 at. the spacings

bet ween tﬁtg%bgiiﬁ'%ol%fze‘gF}(gB% P’&fééa?%méﬂgt%%?tat?ﬁ "Pg‘F re%“‘?”sm?tihﬁ?iﬁgay N a cone
shaped sigde 7. The rotor 3 is pressed towards the slabs 4 via a pre |oad
force directed ?1' ong the stator 2 in an axial_ direction 8. The

pi ezoel ectric Sr§seAPSTHEtERIZSIS tpbied B clegradest anra pegpivepdiaeciiy erbliag ong t he
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When a positive charge is applied to el ectrg es and a negative cﬁarge is
appl i ed t®lerodet% é‘@e&ﬂiew}?ﬁriamh@h@@mm@ coatrhrwipolr tased g apphnded to t he
base end r QL i el [i nonenon i s
created, \%\1}(}@?&%&8?%@ ggﬂtng)gg éi?g%mgrw g{}gsqugli? g{gf};é?%e%%gﬁ%{flg%{}ge ge "% Fecti on
wi t h r espéettrade tthmobasehentefdiceti®. and the area under el ectrode 6 to nove
in the other directio re i.S.,.now o Figure 2, which

i|lustrates tHe TOBE lnfl%‘ﬁ@@dﬁé‘??{gg‘rer%g’&ﬁiﬁb IHB%t@Feg?}?eg?‘E?Pﬁ?g#e%ict WHEY t he
rotor 3. inbtor$ oSBigN! WtBbut tierofdr 3bB idkeBaie: tAe SRR ©fve 13nLAr M8t ehmhid® cont our
of the rotor cone 7.
the contour of the rotor cone 7.
Reference is now made to Figure 3.1, which is a side view of the piezomotor ! in
its non-electrically excited position showing the matching contact 10 between slab
chamfer 13 and the rotor cone 7
Reference is now made to Figure 3.2, which is a sectional view of the piezomotor
I in its non-electrically excited position showing the matching contact 10 between slab
chamfer 6 and the rotor cone 7.
Reference is now made to Figure 3.3, which is a top view of the piezomotor 1
showing the arrangement of the segmented coated electrodes 5 and 6, and the slabs 4 in
the spacings between the electrodes 5 and 6 and the rotor 7.
Reference is now made to Figure 4.1, which is a schematic illustration of the
strain mesh on the piezomotor stator 2 in its non-excited position. Arrow 8 indicates the

polarization direction.



Reference is now made to Figure 3.1, which is a side view of the piezonotor
l1inits non-electrically excited position showi ng the matchi ng contact 10
bet ween sl ab chanfer 13 and the rotor cone 7 Ref erence is now nmade to
Figure 3.@0 mmmohsess a sectional view of the piezonot arerhbdashdis:?
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under el ectroqf 5 noves to the opposite direction of the polarization
(arrow 8) a2 'the area under el ectrode 6 noves to the direction of
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bet ween the el ectrodes 5 and 6 ?Si%%gﬁcegg V&S%{ {astell%ﬁe%%%%tm? 4 by an
angl e i ndpted aepshyonathe diipzemotor stator Ezelfleltseﬁe@rwaéiyn@wtﬂhqjesm@m Fh gueaeerd. 3,
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as in Fig™ f Igﬁ}ﬁ’ agrg%%rfﬁr‘?pﬁ dCTRENER) SISCERCT S KEniieh UAIE HFEEE §. The
area undemoeéseﬁéreﬂﬁﬁ HDFIFONE® thDsokifedtrdcRod bpofarZatih (kREwWRPRASHHE §redi recti on
of polariz BF(arr w 8) and the area under el ectrode 6 noves less to the

di recti on tede, tﬂil%’ﬁs (etf rpvhB firectiga %p%ﬁé@fh@ti%ﬁaﬁé@h 8). heheetnaeing odes 5
and 6 is Bé&&&ﬂh@&@a%dd&é?%d @B@ﬂ@h%@d ﬁﬁécﬁaﬁéﬁ?z)% lags%dul % %&a&f@%et he
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first I rati Ref erence is
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sequence and CTERegAs DY BPT 10478 Sl MRICH!S RE SR B gle FhereARISHERICE o t he

el ect r odes, thagleettdapss m @twhatem hsSnditRatedubie § AR PLRIQAMRLRR oA, ﬂglep I,
el ectrode_5 receives - and el ectrode 6 receives +lv. At step

el ectrode* SS?%ﬁhﬁé’gkﬁgé aBB'hf’é’rfG tgy %lé‘ftfoééféat@?‘?}ééﬁum ang ltgﬁlgﬂAStaétnepﬁ L,
el ectr Odep&n’fr@cr’?d ¥&8ge Y aﬁMte@ntg t‘?;!eee‘féc'irggt% 911(? @GR! YeSirdn %’cfe%ted in éabove

three steps are just one exanple many full "sequences that can be used to
oper at e tmezopiogzofrbster L, ﬁiec‘irode W@W@n@éﬁ\ﬂ@d eotrodderctavdsi -gur at SeR I, which is

a schemat enegn t .the c ntact point
it ho gt SEKERL! By aha BB R Tl o s TP IR Bl ottt Sdrseb oot °F o
5 1, wherEinam@aildttro¢O) re!b&vt§0 trdsia T‘Ehﬁﬁﬁdvl@n@@it@s arsSuSonk exarﬂ}?ie bsmagAached via

t he path&JEdlcated b arrowdll step - 19 i's reached via the path
i ndi cat ed"by*RFPEHIE CanésFéIﬁe tIE’IOP‘”‘Wl"h‘? B‘a?%‘é‘&?fed via the path indi cat ed by

arrow 20, and Hef@ere¥d fov 5:a80Fi06:@ S DRIGKH 10 aROUMatib itustAiohl & tBe ﬁ
i ndi cated, by arrow 22. Energi zing wt h opposite signs reverses e cycle
di r ect i orfip Movements at the contact point with the rotor cone 7, while operated in the elcctrlcal

sequence of Fig 5.1, wherein point (0) 15 is the starting point. Step I — 17 is reached via

the path indicaﬁed by arrow 16, step II - 19 is reached via the path indicated by arrow 18,

step III - 21 is reached via the path indicat'ed-by arrow 20, and the cycle is completed back

to point I — 17 via a path indicated by arrow 22.

Energizing with opposite signs reverses the cycle direction.



WO 2009/ 037693PCT/ 1L2008/ 001217 7 The general shape achieved in this-
cycle is triangular. The leg fromstep IIl 21 to step 1-17 via path 22 is
generally parallel to the working stroke of the piezonotor and hence

achi eves wapwevestkeef fi ci ency. Ref erence i s now rred@ib@mshiigur e 5. 3,
which is a graphical illustration of an operation node of phase |ag 64
between two el ectrical sine signals 62 and 63, ich are pul ses applied to
each of the t ogg‘f gwraélsg@ﬁraﬁ@@éﬁﬁ it kfs 6¥cg‘? iatiangly THheilee E'Gmi den We? 1vgl t age

and the abggiisiFavif phthaXi § RheraBy bhgIdI FREe ORIRNARR: | RO i sisiSSarddhe rotor
to rotate in one direction. Figure 5.4 is an operation node of a

negati ve pREESacgysamryepeffiegntyo t he positive phase lag of Fig 5.3. This
causes the rot I N.a site di t 0t r.orotation
o Frg. B REckALLALE oD PRAASHSWAIESE o Bhghal s pbRlorl 8
schemat i ¢ ogenerainodd elphiabd lag Of detivean ofo degondisivedigohie Z8rmt 68, BBich are

construct n at i i accordance, w.th an. e iment .of th resent
i nventi on.%glﬁ‘l eagagﬁgcf([)or éaﬁ%%lf E}{%nt%%eacgfeﬂg%%ﬁieé‘z%}éﬁ "e‘gi”*ﬁ‘{%@g?’%ggﬁs tvgﬁ"i’%l t ube
31 with aendthembichysi pgtaxarelparteltined. The phase Gy AQzausws the @t d@terde domaduct i ng

el ectrode ,32 Lon its down face and a coated conducting el ectrode on the top
face 33. AF®§%st three pi ezoel ectric side actuator menbers 34, evenly

arranged, are Bfgfix€d i Qnt fRrdtiOR Ifl&iéeofsé;,ne@iﬂg@%@sepﬁga@ gstopal & bl to the
axial axis of tube 31 along the direction indicated by arrow 40. Each of

si de act uBPBrveRhetrelg oBHigak Tiscantee dhedaivn irciofaiyinainappediddirestiositeéy 35 and -

36. A par‘i‘ot@ﬁro(&ﬂ%ﬁa?ﬁi@%.x made of a hard material) is affixed on top of the
si de actuator nenbers 34, and has an interface shape 38 that matches the

rotor 39 cone. REsreore 39 oy pradsdedFiggai fidt whid isnteschematics lpapeal38iety a
pre-| oad rce. i irection indigcated b rrow 40. . Ref er.ence i s now
e to. Fi gaPgicss T ERbERY bl g, SR LSO B etiir inser e Grete he
conbi ned pibadimehtost BO pefserfi igvehtidn. SHaminagprt Reis aane A4 pikzdeherrfcod-odta;39 and

t he cont act ?ﬁi)mbﬁég b‘e%vveen he i nt emege shape 38 and the rotor cone 44.
Ref er ence ™ PE Aol fraid eV {fo R igRff @177t PHRFEHO iago‘g_@el‘ﬁé t PRAGPOFARING] ew

i T ustrat befredk héh BOBRIN L RhE@Z QBREP Loty dk@rofe bnithe {hSadi 51 Qit ed
position under electrical stinulation to the el ectrodes. Efectrodes 32 and

33 are enEPYiDIEHPIRERREEPBAT dctualirgrenysiy Hgeusniamsieed arhalfispherthd mpe under
el ectrode fa%g’ 3 9,fanE lé&%o%&'iz@:@ g#%Yé? 1d fhe @xi% z[x?sctgf{t% ﬁ%ﬁ&ﬁ;‘ Otfdg ?%&Ctigﬁ {r{t)i#a‘?:? '

thereby l1fting the three e actuat or nenbers er w
Qpposi t e bf grmoel e tharic af sidt ianukat nenbear ¥ basppboad! tenduhiecediactriodes 35 and

2o o ney % BB ke Te BRI ROGL AT A, g Tonoer
i ndi cat edsiby aatdi@WnéAbet 64 1 adBhE apitZaet €fdpe 3¢ thaMhatches the rotor 39 cone.
2009/ 0376335%@%%%9%%&%&%&52 tk?e interface shape 38 by a pre-load force in a direction

indicated by arrow 40.

Reference is now made to Figure 6.2, which is 2 schematic side view illustration
of the combined piezomotor 30 of Fig 6.1 showing the cone 44 of the rotor 39 and the
contact point 45 between the interface shape 38 and the rotor cone 44.

Reference is mow made to Figure 7.1, which is a schematic general view
illustration of the combined piezomotor 30 of Fig 6.1 in its distorted position under
electrical stimulation fo the electrodes. Electrodes 32 and 33 are energized with opposite
sign voltages, causing the upper face under elecirode 33 of fube 31 to move in a direction
opposite to arrow 40, thereby lifting the three side actuator members 34 together with it.
Opposite sign electrical stimulations are supplied to the electrodes 35 and 36 of the side

actuator members 34, causing the upper face and the members 37 affixed to them to move

sideways tangent to the tube in a direction indicated by arrow 49 due to D15 piezoelectric



effect. The rotor 39 is pressed against chanfers 38 of the side actuator
menbers 34 by a pre load in the direction indicated by arrow 40. This
causes rotation in the direction of arrow 46 due to the increased nornal
f orce bet weenoddmscazot or cone 44 and the chanfer 38 andpdhgsisflemey s
novenent of the side actuator nenbers g4 driven by friction between them
Reversing the el ectrical sequence causes the side actuator nmenbers 34 to
nove downwédsTharofeiel9dr peester ggaingt chamisw XDofthd sidaaseaort membppéd Hhace t o

nove to t i i i f. evious. el.ect.rical
Cotmul ot o PRPGR ol 66 baRthel By BhiokPad, Ak Bl LRE sl ot
i nvent i onATpWeoclyndo Bentaciseemhimncioscetthovea aid mbl eoferd4cindake ¢HRRGHES

transm ssi . f e.l,S now e to. Figure 7.2, which is a
chomat | ¢ 00 s st FofRRISEr bR R EREE oo b b ms BRIt g 7. 1
showi ng t trenc Resedifigohe theiricat @fud@e Bansed theasidOtchi&NhaBbers 34 to mdef erence
is now made to Fi gglile 8.1, WPiCh i@ a, schematic general viewillustration
of the coR?%eY2dr BahpAireian oi waasnal apd §ausesips ¥PPehiEcs Grpevede s qRosilsi ch bot h

the tip adiedide reame B r&liiaicghi e oRMtAMH S, Reference is now nade
to Figure 8.2, which is a schematic general viewillustration of the

contact area oft ' H¥'sdi B3lolothe embpgimgnisnch e nresewr invenieni hewvineltotitae tip i s

cur ved angufhe:snRallaste ficthh Rl bORLaNL Reference is now made to
Figure 8.3, which is a schematic general view illustration of the contact

area of the piBelsmpeois novpmede fo Rigiwe 76t whichame sthematic slde tviesv dmeathas a

strai ght gepat I $C ed. . Reference | s w made to
Figure 8.4, ﬁvﬁ?{?ﬁﬁgg pé&%gﬁtgﬁgg PI(S:F} g{i}e/rShaqm%g{ﬁﬁofl? ﬁgf’f igir 85%?111‘% éont act
area of thenpslepenotor tip with the rotor cone in which both the tip and

t he cone have}g ved contours. . Ié is_appreciated that various
features of t heSFHUEhe] JAWAREH @ ridsure of- Lo Mhight p, 2 reBematisedencralt ewcont ext s

of separ afliestemdadif FRMHoSiaci Y & (BOpBROMEHeHL bR 68FRIRAL L ingle
enbodi ment.. Conversely, vari ousﬁf‘)%atur es olf@t he irnventni@on%hc%ﬁgtrhg, for

brevity, WR¥GHhpecigve fiegbaenssof a single enbodi ment, may al so be

ot 55963 SEET PR ST T B TS USRI 0 R v
illustration of the contact area of the piezomotor tip with the rotor cone in which the tp is
curved and the cone has a straight contour.

Reference is now made to Figure 8.3, which is a schematic general view
illustration of the contact area of the piezomotor tip with the rotor cone in which the cone
has a straight contour and the cone is curved.

Reference is now made to Figure 8.4, which is a schematic general view
illustration of the contact area of the piezomotor tip with the rotor cone in which both the
tip and the cone have curved contours.

It is appreciated that various features of the invention which are, for clarity,
described in the contexts of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention which are, for
brevity, described in the context of a single embodiment, may also be provided separately

or in any suitable subcombination.



What is clainmed is: |I.A piezoelectrie notor conprising: a rotor; a
tube stator conprising a piezoelectric material having axial polarization,
said stator conprising at |least three pairs of electrodes spaced from one
anot her owoeotp7@nd face thereof and a common el ect r cdE/mmosvodiase end face
t her eof ; and sl abs affixed to sadd stator at spaci ngs between said

el ectrodes, wherein said rotor is prim towards said slabs by a pre-Ioad
force; wherein vvhenap05|t|vg ge is applied to a first of said
el ectr odesynd Gimegati ve charge is applied to a second of said el ectrodes
and an el ectrl c common port is applied to said common el ectrode, D33

pi ezoel ectlric ﬁt%#ﬁ%ﬁﬂ@@ﬂ@ﬁt‘%@ﬁ whi ch causes an area under the first of
said el ectrodeg i hove in one direction with respect to the base end face
and an area under fhe second of said el ectrodes to move in a direction
opposite to t hatuhsf stathrecdmpresingod ps%am@bcetcemateudiehavmgﬂe:nelbgolmmmgaxﬂhe

spaci ngs b,%#o\év%gn 1'_r,isrgr(la gtligé:t( odes tofb %da ig sl abs 't tl|t,{ th
appl yi ng At rCrPona TptEhi %ﬁ“’&é’? PR GRS OB @8 Gt Ot B ' e sai d
rotor to ifekaieecof antla véremen alearoaebﬁagﬁsd@dgmame@éofaéndone of the el ectrodes

than the other, th yI|ft|ng and rotatlng sajd slabs as well| as
i ncreasing a coAts é’g‘ 9AdP Sad S NSE FPASBRY DL M aBssaithel erdes. peersin saidrotorhe

pi ezoel ecﬁdérgsséﬂ)ﬁo@rard@,%ﬁ@rsﬁbﬁgyEﬁre(ﬂ)ﬁfg}év wherein said rotor conprises a
cone shaped surface and said slabs are chanfered, wherein said pre-Ioad

force that pr e§’§@§ms‘é(h@ R08Hive shareelds spnlied stoah &gt fcart eleeithdad endjaa nut ual
conral SlnoUAO0 B B AN AU MGG NARRLRULLAGS, 8- R0l d

rotor. tric notor accor o cl reln
el ectr odeappireé td smdreoztminyn clonidadet Dy_;@zazoeitatmgﬁhemnmsmrdls reardettge dfalu@es

mat eri al . (g cIrIch%(%r according to claim1, V\,hg in a

periodi c 8‘?3:8??’{1 Al ifé A IPEPLS R HOYE B W FGHEY Wi EsRichiodhe e f t

bet ween clbat fesandpglar@dinider thieecBhEStshidbGIrE@YIETMNO AL divR&f o;g;@bl@le ot or | n
a 27Q shift_causes rotation in an opposite rection. .

di t
$R§ p: ;gggiaggﬁ fﬁ? %f%’%ﬁf &rd ghepEdgs, ﬁb@f?hy @psingihe, spwwé:leﬁﬁ%dher g}eqtigdes tehi f t
bet ween chafisd saRRid-ee LR thﬁgea 4 BAESHATRHL iﬁgeé\%é ﬂ&@éégg@af){md%to@ rotor.

6. The piezoel ectric notor acc ing to claim erein ying vol t age
appl i ed t & tahse @ldei@tqr@@ecsatmdfwh@@m ovaltigo s Peatgait dne of e electrodes than

the other, thereby lifiing and rotating said slabs as well as increasing a contact force
between said slabs and said rotor.
2. The piezoelectric motor according to claim 1, wherein said rotor comprises a cone
shaped surface and said siabs are chamfered, wherein said pre-load force that presses said
rotor towards said slabs is centered along a mutual central axial axis of said stator and
said cone shaped surface of said rotor.
3. The piezoelectric motor accordihg to claim 1, wherein said electrodes are formed
by conductive coatings on said piezoelectric material.
4, The piezoelectric motor according to claim 1, wherein a periodic electrical cycle
activates said electrodes, wherein a 90° shift between charges applied to the electrodes
causes rotation of said rotor in one direction and a 270° shift causes rotation in an
opposite direction.

-5, The piezoelectric motor according to claim 1, wherein modifying 2 shift between
charges applied to the electrodes modifies rotation of said rotor.
6. The piezoelectric motor according to claim 1, wherein modifying voltage applied

to the electrodes modifies rotation of said rotor,



10 7. The piezoelectric notor according to claim2, wherein a matching
contact shape between the chanfer of;4he slab and the cone shape of the
rotor conprises at | east one of a stral ght line, concave shape, and rounded
curve. 7.8. Alpi mmleemcrmotomtwdmgmrcla@nrﬂg whergintaonatching Coni‘actt dlepe st at or

conpri -e}lt}g%e%tg{a Q%a%?ileFSf{he% ﬁ%&xﬁ%@éme(‘sﬁ ngtér 5%5' ¢ Qé%%né‘%?' top e”d

face w arrzatio avi ng el e s on aces
pl ur al i4 straoght dgejadohyave phaed asd @ané@ﬂtcum'@rs made of p| ezoel ectric materi aI

af fi xedgto Zgjggzéagctgg%%&gccpﬁgi\#ngg parallel polarity to a central axial

axi s of ‘sai ator, ‘sal ors having el ectrodes on their faces
per pendi cul arrot@; t he stator polarization direction and tangent to the top

end face of SRy gs@éo? 0851 rlsmg d’i Q&io%le%%[%gllgl%nﬁilt %b%rérlggr%ég Sa %ﬁI% fja%e uat ors,

wherein sai d 10 ess owar a pre oad
force; topend faahamélamaMpehquimshaviﬂgwksittgdmreﬂmhtem &aks;charges are applied

tot h.e base a? 1 Vy C&r & Ql%ﬂ#’ §act68 eﬁlg\r,%%tua%?semgae ﬁﬁbgzgetl@cth% mafepig% 18R nd face

of said stat €n opposI y signed electrical charges
are appbised top ¢ldefase Heviagtpasalel pelasgt toowlesntreéaaxwl pmsszediaatsﬁatou:, sred er i al

di storts S|de s |i aral r ogl.e t rse D15
ef fect, acyalgr %bfxl ln&s#%ﬁgg%éél lsPilttllhgs Cgs |p %Sngg%%l%gcﬁ %nd%{o oéﬁr%gﬁg r ot or.
9. The (breeﬁaehmbﬂang@t tothe topaercioiack (D‘f@aid)Stﬁbl‘:ll m 8, wherein said rotor

conprises a gone ap S ac Le wherein
said pre-| oadf FSM Srs ﬁg%‘e&l{oessaécggﬁggfta ot E)A%h% er{gggg 8m?"‘sdp r%&%gft%n%gﬁ S is
centereﬁilcbilqmn@memlﬂadtpmemad ﬁdrceaxi al axis of said stator and sai d cone

shaped surfac ai d rot. r&ln t he, char l,i se and
top end face‘gﬁ%?m SSPRPY E%?lgn e?yeﬁ‘!é I?%arlllglﬁe & &? %p@%% toﬁl%rgaggggﬁpa??ed to
t he si d@dath& toptend fadeedtsniddesor, thkGop a'rlrrbfape et oid etor mvmmuilﬁan®Wvﬁﬁmg to

claim8 re|n5| ectrrodes are f ned, b tive coatin on said
pi ezoel @D&OP éy r%ﬁﬂga j‘?&rlc Charﬁ% anf ea%fé) d %%%%t of a o ele?]tmaag’t 039% aim 8,
wher ei npiezgebiciredintat@iad clisiocal sxdywéi}e aike i zvapaeaslleﬂ@g-rdxnekiecttoo@esoeimc ein a 90

ohUTY DELUCED. BISUReR PRAl STobgs e SR BS R B, 00, 2 ¢
directi@n. ”ﬂlﬂapﬁi@@lqatrﬁ:znedoeadidokcﬁngrm a:}aina&m}nm‘bmg;atdaomlraompﬁsesmnel n
?g? IaI ?/L)%%B?d glglfifa{;fte g@ o ‘gp thgnggerg 2P Qlllzlm%%redo v&h@:?elr? ls%%t preqoad ftha?s
presses said rotor towards said tip members is centered along a mutual central axial axis
of said stator and said cone shaped surface of said rotor, wherein the charges applied to
the base and top end faces of the stator are synchronized with the charges applied to the
side actuator electrodes.
10.  The piezoelectric motor according to claim 8, wherein said electrodes are formed
by conductive coatings on said piezoelectric material.
11.  The piezoelectric motor according to claim 8, wherein a periodic electrical cycle
activates said electrodes, wherein a 90° shift between charges applied to the electrodes
causes rotation of said rotor in one direction and a 270° shift causes rotation in an
opposite direction.
12.  The piezoelectric motor according to claim 1, wherein modifying a shift between
charges applied to the electrodes modifies rotation of said rotor.

13.  The piezoelectric motor according to claim 1, wherein charges applied to the

electrodes comprise periodic electrical signals.



© 13. The piezoelectric notor according to claim11, wherein charges applied
to the el ectrodes conprise periodic electrical signals. WO
2009/ 037693PCT/ 1L2008/ 001217 Ii 14. The piezoelectric notor according to
claim9, WRSPEH7643 nat chi ng cont act shape between sai PGHB2098AH_RYs and t he
cone shape of said rotor conprises at lleast one of triangular, elliptical,

and rectangul shape 15. The ezoel.ectric, mator accordin cIa|n12
ohorern Trdt P nERR ooty Peeli e REER § Erdbt X ndERRE Rt et
reci pr ocabet@berfsfid Mpsmehibas Q@@%@aﬂgﬂe&hegﬁe 50k4d GOOE cMpRRE ab WakidGR of 16 The

pi ezoel ectric no ? ording to aim1l, wherein the pre-load force
enhances FPP@{Pbﬂ1B%$§é@ﬁ“§§mﬂuﬁhﬁ PSSand sai d sl abs and causes a | ocking

state of {e r?ﬁeoﬁlem%@trﬁ%&&aﬁcﬂ&dln% t8RRlihed %heresdﬂﬁmﬁmgacveen %? rold}e

pi ezoel ectric motor according to claim8, wherein the pre-| orce
enhances #19 wid #bstiee Wensior af e racirrenal efwisinag of mtcabgngind! aeadjsw shapedcki ng
state of thg.rotor when no charge is applied to the stator.

16.  The piezoelectric motor according to claim 1, wherein the pre-load force enhances
friction between said rotor and said slabs and causes a locking state of the rotor when no
charge is appiied to the stator.

17.  The piezoelectric motor according to claim &, wherein the pre-load force enhances
ﬁiction between said rotor and said slabs and causes a locking state of the rotor when no

charge is applied to the stator.



