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As used herein the term"treating" refers to

inhibiting or arresting the devel opnent of a pathol ogy
w@ 2009/0376d3chem a) and/ or causi ng the reducti onPCT/IL2008/001217

rem ssion, or regression of & pathol ogy. Those of

skill in the art will understand that various
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I nvent on e phrase "connective tissue
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dental pulp, dentin, ﬂbnglval extracel lular matrix

( ECWeferenge i gowenads:, to] Kigwe 2 siirhilpsteatesi the tibeaieroelectric rotary
mc?tQ'PPBPF Irg}uis%tg {ftethsla 1$0tOlA§..I{Jl%%genhtﬁ£t%hQ ?1219864 Bgveaasc%amfer 13 to match
nedircalF condition requirin

the @@ene bftHeabtoaBon«T. repair” refers to any pathology
characterized by connective tissue damage (i.
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It 2g|1{elge§ggosdﬁ go‘f/rr%qrael}p E%g ggp W, ff@gf? a?sg&g)ngla\tug\?vl of%e piezomotor
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charat¢nrand thertoteg cone 7.he subj ect " refers to the

i nt t f th t t
1o HRERERGR P ol e  Bigturds oy ST B fomeh Pech e iezgpotor 1
shdWiAB B arhl RBRACHCHE rseg&ﬁ&ﬁ&?ﬁ@dtéd d@aardes Etuna @tarlaiﬁe slabs 4 in

al so enconpasses "transpl ant ati on" ‘cel r ep acenent "
theggpaciggabativee theelechedasel and ﬁnandttherqtmvkntr on into the
subj,e The sub

conialrpnsl Rt hE (e lE S RRROR o bBaPRSS iyt of the

strfinGnesh Withe @rezd@mﬁtstatatzem ahhombcited pbsidbRdA bWt 8 MAicates the
limted to, horses (i.e. equine), cattle, goat, sheep,

polgrigaticagglirectien-, canel aIpaca |l ama and yak. According
to an embodi ment of the present teachings, the
adherent cells of the present invention nay be used to
treat conditions including subchondral -bone cysts,
bone fractures, osteoporosis, osteoarthritis,
degenerated bone varlous cancers ass00|ated Wi th

g, o o o o o o o



I ndi vi dual characteristics and route of
adm ni stration. Detection assays can be used to
wa@leaoensione pl asma concentrati ons. Dependi ng onP@TE.2008/001217
severity and responsiveness &f the condition to be
treated, dosing can be of a single or a plurality of
adni Fefetenes isonew madentochigneed s Whidhisn sehamatici ngstfqﬂ@m of the
St%ﬁ’lv fledl ofloys eﬁlé’zoﬁfr’o\f étlito}l\@elﬁiltg) 1e‘1kr§19a[1 te'xQHeaO /A positive
I sease state is ac |eved e anount a co 05|t
chbhigehe appliedrid steetrede ahd a negatxye &h&gﬁ td eledtean'rﬁjard ccrmnmon ground

. the.individual eln te erity_of th
s @PPH I BHTOR A RRE - dheatii APGeT SEFIIe T ROET de i opposie
diRktidhef Rﬁ@%[érﬁhﬂi&l PAWGW ®) Bhd ﬁkcareér rﬂl‘ﬁdél'oﬁ@&ﬁ)d@n@ moves to the
timng of admnistration will be responsive to a
dirsgtiert wif mi@rw@bnm |(n1tmm8)ndn¢ tte rthﬁ galcﬁoetehmcu effiéoyildalThe spacing
be?wct'en %le%& cg I t§ ﬁ? Slt% X éa avbpg HVlglnlt gﬁé éﬂt) ngg i§1I(nl%rss|(flgd1calted by
mﬂwuph IS suff|C|ent to alleviate the synptons of the
di sease, based on the npnitoring indications. Mdels
for Refefsheents noy unagde; lockigis, 4. 6uwhs€rhe15n@tscheirrmﬂ@elauftt@tlon of the
b t
sen Ol BHCRe gACrBeY Llor 7 M6 1) Aol BT Melted popitgp yercate
poeﬂtwabhargé\thahnmﬁ l:g)@y 15( ﬂﬁi@d})pl&ﬂ (t&)stecﬁ&ﬁ:— Dadd a srpaikk nﬁgmiﬁfb charge
ig | ong- t gloresorb gle scaffol ds_for
asé‘h i froris @PB:lé‘idatP ?qtr@ riecpiagdhs sqmg volage dhifference ap indfig. 4.2
an@GAELmbR R oY & a@%@@% cbRfefon g-lzgtrcﬂ(@@ TRPS&h %ng&]r electrode 5
t endon repalr I ncl but are not Timted to,
mivesnKeatlandn Wy 4.2 to t—hbko)lppomdhiectﬁ@”r ofapslﬂaJizagoméarrow 8) and the area

n stem cel pai.r.of. tendon
unge glfictralc{%a é §B<éve§r}§ss {olgggélr@ Gpplairﬂatlo LYW e spacing
bebRRA thEHBtFodde s and 8S&tiltkeshd 1m&.1 fnd s?wms%d ﬁltéd‘and lifted by the
Endocri nol ogy, Humana Press (2005) 183-206, descri bing

anglhelndmnﬁeémyamm 13f Thesa%ffnalhft@damdctetdt@l flaretyomereasing the
| ant t «
cob R g b B PRt ORGP0y e e Guarr gk OF g “stek -

slip” @ifigachtidh. ti me (e.g. about 1 nmonth), such that a
t herapeutic effect is observed. Conpositions including
t he Refesprgeds now negdetto Kigurs, 2 htwhieh Benggkameld of a charging sequence
of ﬁ%rgl)@cttxlog&% Fllﬂfl SHh I ARiGRE kI ro&‘?é( ar?cl ﬁ(?ncﬁgates edectrode 6. Fig.
prepare n an approprla e contal ner
5.1 sHostsatle fvohagermhadam thefelatrotdexdataatle dequendt 2tr1d01ns sign. Starting at

Conpositions of the inventjon may, if desired, be
ot @ di; ¥eftags i3 a@aﬂﬁd &0 the §l§éﬁ%@s gadithys, ng ghpinais %rﬁated in the

pleF %O%QPAP& I Kdldotrotf 'S(igce‘]?e)é -680%k 1LR61L6 ré@fv@ Wy tA¢ step 11,
dosage f ‘contal ning the active 1 ngredient. % he

eleptrade quc;aw&safo exanipdlectrode bpedeses@Bal Amtegollhstelctrocﬂens keceives -
ucgﬁ s a.blister or di spenser devic

eclrode fperses b‘S?ll(tF nﬂtwew €° ERS ALeHEh Pt SRl of many

fulTéb%lu@&%K 1k c&ll BPRRE S opBite MSHeREn@GLOMMUDdat ed by a
notice associated with the container in a form
pr eRefdrereg ippow rg@keéo iringme 812, adeahciy arsegmhaitq 1Hgsttahien of the slab
phar maceut i.c

tin YR sitas Faect pa G urhe SOBF BB e B g glctrical

seduehd® &f FikIte1, GoneReln ipoir®NG) 1F isNHEBRArteg poRhteSieBar-Y17 is reached via
admi ni stration. Such notice, for exanpl e, may be of

the m;qd,f@t@ﬁmw 1pystemHB U9ss rmb@i walndhegaqjg indicated by arrow 18,
e [
steg(ilﬁ'1 2\}2%&%1’1 gﬂ’l% fife Hf)g{h ?ﬁfczrlﬁa bg &ﬁer ! alg(é qe é:ygl]c is %Oénpleted back
to pcnmelm wmamt}bmdﬁsatetiaigl ayromo221ul at ed as phar naceuti cal
nEGS|t|ons whi ch can be suitably packaged as an
ar t EOPEIZBNE WA QPBLY G SIEns siyeFseafhegyeledingcyn. nanuf act ur e
conprises a packaging material which conprises a | abe
for use in increasing angi ogenesis in a tissue,
treating ischem a and/or treating a pathol ogy
requiring connective tissue regeneration and/or
repalr mhereln the packaglng naterlal packaglng the
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Freshney, R L, ed. (1986); "Imobilized Cells and

Enzynmes" I RL Press, (1986); "A Practical Guide to
woR0e08d6aF Cl oni ng" Perbal, B., (1984) and " MeR¢iDUR008101217

Enzynol ogy" Vol . 1-317, Academ c Press; "PCR

Protocol s: A Guide To Met hods And Appljcations”,

Acadbhfi genprab shape gghiersbpthiseaciens giangulonr Shealee dromy ptep 11 21 to
tepol-i ALEOPAR D208 BBl haRie] [d BRUVARIREGroke of the piezomotor and
S RO i oA dBorl of R AR ks gt e gigromotor an
heRreachi¢ve9 86proved effiofenehi ch are i ncor porated by

f if full forth herei.n. Gh |
' of hdfene B Bowr ot Fiene donottiek i @ SERRiERT NAen of an
opRFRIeR PRS0t fhasLIaB AR W& thededuGedd §in@@ignaisr@}%tdih@e3, which are

the art and are provided for the conveni ence of .
pulsea @ppliedatol eagh of ithef oprfacd dectindns. aiheertdinhier (@) axis$H0 is the voltage

oo BRI Al AR Db BRSPS e st rotte i ome
dineRROW PLACENTAAND ADI POSE Tl SSUES Adherent cells were

cultured in a bioreactor systemcontaining 3D carriers
to prgdtcy IDadRIEnn Beft of achegative ahpselpengS> gompared to the
| /| : e. . .
poSRE phik 167 b N KT S AR Moffbalein bl direction to the
rothr tdtetic@nefi gi 03 capacity of these cells was tested by
culturing in a differentiation dium  Materials and )
ExpdtIFERGEalS PRBCaMGr® BEHES fanr B cHdePetfhepalip szeneral view
i11B9RENBI & ¥MbEM pﬁcé&%ﬁmoﬁ%h&t&c‘t&fﬁd%?%?ah%?h 4deBMance with an
aspirated sterna marrow of hematol ogically healthy
embhodonent widbe guisent iopenione Brezomatog 80yis anad\fld pjgggelectric crystal
rrow aspir.ates were.diluted . 3-fold in Hank's :
el S Batifl S8 B R Rp esti R et wrich PAUL £ e conducting
eldeb&18D DALETddVIA) f48 thnd Wi REddebntBctingCQédtrodENoRAHE ®op face 33. At
(Robbins Scientific Corp. Sunnyval e, CA) density
leagt Huigcepiezastastria fidgyagtinaer mymbers aftt evenlynarranged, are affixed to the top

on r I LO707 gF ) re.colleected, . . ..
e AT
by[ &M=M40BEat0gf side dchdustmémbers Bai KasHac@i@K colducf®d klectrode on

.suppl emented with 10 % FCS (G BCO BRL), 10 4 M
sides 3o A58 0¥ et 3( (Rietskablywmade ofig hsed siatariabnis akfiyed on top of the

: z < ti ] 0] b :

s o 0SB 2 L 5 AP B8 29 cone

Ratler' E9rek pressedehgainst rtheriintelifaiedshape 38y & prediead fuged @t @direction

. g€ a(([jgtel in tissue culture flasks (Corning, Acton,

n‘i/ﬁ?‘e Y @70¥405 95 cp) with weekly change of cul ture
medipgferbile! iS ¥R/ RadPlol KigB¥&.Y, vhifh SY ScHéflaRle sRteARewlillustration
trypsi n- EDTA (Beit Ha' Emek). Follow ng 2-40 passages,

of wireepmlgaedh piego8.0tod G 0%f dug 6l lusneeng tel ¢anewklr ef tholrbec 38dind the

for analysis or for culturing,in. bioreactor Pl acent a
copfGetPun “aisir St a8 B ol <4t &4 T or m

del iRegdrindR! ACaBvamaBaah Eigare MBdi wRlch CRNA &fchertifid General view
_I'srael) were cut under sterile conditions, washed 3
illysirataen wif tthe lsamikined Bui¢goarotemd0 iof diip . bdn fitsr diStonted rppsiion under

. 0 . S )
e FRRa O o SRR Bt i g T opposic
sighUshegsicehusil the Wepep fideamdvedaembdvi3t bf i¥eM1 to move in a direction

suppl emrented with 10 % FCS, Pen-Strep-Nystatin m xture
oppasyie tejarpwiHh thegehy lfting he Hyrent sidepriuatommembes fdatnizetber with it.
OppFEHCHed Biefich Bt IATR ADAIREH BRI Aeadls 5 bl 36 of the side

I'ssue~culture 1 ncubator under humdified condition

actuatohnfenfieSG2, thsingaht apper Cleland Wi Bebére 3@ dffixedad highne to move
.to a plastic surface for 72 hours after which the )
sidgway stapgeit Ehihis Geks 18\Agtitpetian indycated by arsapedy degtorp hypiezoelectric

60-80 % confluence (usually 10-12 days), cells were

detached fromthe gromh flask using 0.25 %

trypsi n- EDTA and seeded into new flasks. Cul tured

cells were thereafter collected for analysis or for

culturing in bioreactors. Adipose derived adherent

o e o o I



(Figures IB-C, magnified X 150 and 250 respectively)
and 40 days (Figures I1CD, magnified X 350 and 500

wo e@pestedel y) foll ow ng seeding. Cells grown PEI/L2008/001217
Pluri X Bi oreactor systemwere& significantly expanded -
Different Sroduction lots of placenta derive

d
effsps ddmapiond? depressehagaing dmicrs 381 the sife setpaier ewetbsys 34 by a
o g TRECRAS ARSI TR 084S0 81 Bcion of

aroeeth dug tocthe inctenad tormmlifdregbétederbthe Iotot ok, 44 amicthe ohamfer 38
pproxi mat el y 200, O cells/carrier (Figure 2), or .30
ang iy Br s B UTBEH OB fheghda SESEGE RFmbers Thr{riveg oy Gietag between
th&@ PREVIFRIRE thé Bleb@icHLERQueRUQRsdsNthe sideCadthRbreRei®Ersad4 to move
density of 1.5 X 104 cells/nl and 30 days follow ng _
dosmsardsgntheedicestion of srrewH aind sgusgs thewppesce foondverioghe ppposite
.cel | nber . .i.e. .approx. 0.5 . 06 cells/carrier, or
i Eaon AUBSE o e o ARH R ica s lliaGns 1y on the
car i & so@ll tHar inohs dntbodirierd of e PrawithinCaltionN thSone contact
consi stent,indicating a honogenous transfer of oxygen
enbangen theravailable fristion é01ges raNsIHRO®D cul t ur e syst em was
t hu : i : t10Qs. G B r. .
ar oo PG P o BURERS b P RIUC RS ot ilusration
of thesenmothiyied pieeahbor G0lof Fig 3, shoividp thartohe 4god\te rotor 39 having a
efficiently to an anmount sufficient for the purpose of
1o Pting engraftment and successful transplantation.
3D- GURGEARL 1L blS nHeWoU PidHe m%&ﬂe-s@r@gmaﬁc eneral view
characteristics - In order to define the difference In
illystretigm of theicontaptr ayéa bEthe fpicgohielir ¢ipmwitle thelre®r aout jprwhieh both the

. prqduction, effected by the bone environnment m m cking
tlpé’ﬁg SQRFiTAYe ﬁf%@gd’ﬁ?tg?;rSFACs anal ysis was effected. As

IS FeamBndeNisFnew fadé toFRearaRa, YShehofs §&chedBik efieral view
. depict that 3D-adherent cells display a different
illystratien obthp centgfiaregelithe piezemater dtvathethe retet ¢anegn ovhich the tip is

b ul.tured cells expressed

cu%?%%ﬁ‘?ﬁ{gfﬁgFéa%%gﬁagéhtlcér\}@Prs of positive nmenbrane

mar Refgekda9B, noWlhfade GB7Bigard 8GD28hIBNRAr aNRhEMAKE Bn@8] view
..conpared to 3D cultured cells. For exanple, CD105
illuskratipnyobiths gontpehaseasefthe piczemgior sigiwitly e reter fanevig wigeh the cone
had &' %rgt%h{éhfgn&fﬁ%'c ne @%H{Rfeﬁm celIs of both 2D and 3D

pl acenta cultures, did not express any hemat opoi etic

menRefnnenceaisk aow fradgubeFigB)e 83D-whickrend sehérhatics peveral view
., uni que ﬁr ofil e of s%lrgbl efactors - The hemat opaoi eti.c
illysratien phite GRRECATHY e PlegemPLr tiRtithig defeceps in which both the
tip2RY RREAREE hefe S QIidRERys.Chenpki nes and growth factors.

In order to further define the difference between 2D

andIt3B appreaiated thathearmnt feathtes,oft the ipvaftionewhichtdre, for clarity,

faur, majn hemat opoi etic secreted proteins in the, ..
desgBhee 1 B T TBMIC) SpRerSt SHIRGIES iy B o b VIdES iy pesgbination
in Wesin@¢ fe@foatindit. Ebhwfsely; €HHoRS fddnfes DTAME iRhti&R Wiich are, for

grown in 3D conditions produced condition nmedia with
brefyitydascrikegddn shepfoniixt ofa singleramifodimentemayplso be pvided separately

Fi gur B).,..and.SCF (Figure 4C), while low | evel s of
Orﬁfmgfugﬂge%W%Qggyggggro | evel of FIt-3 Iigand and SCF
were detected in the condition nedia of 2D cul tures.
Production of Tronbopoietin (TPO was very |ow and
equal in both cultures. 3D adherent cells show a
uni que protein profile in mass spectronmetry analysis -
In order to further define the difference between 2D
and 3D cultured adherent cells, the protein profile of
these cells was anal yzed by nass spectronetry. Figure
4D shows that 2D and 3D cul tured adherent cells show a
remarkably different protein expression profile. As is
shown in Table 1 below, 3D cultured cells show a nuch
hi gher expression | evel of H2AF and ALDH X (nore than
9 and 12 fold higher, respectively) and a hi gher |evel
of the proteins EEEF2, RCN2 and CNNl (ca. 3, 2.5 and 2

gy N B ~r~



Al'l placentas obtai ned were received fromthe
maternity ward under approval of the Hel sinki
w@aenisteee of the nmedical facility. Accordi ngl BCT/HI2008/001217
pl acenta donors signed an i nborned consent and Donor
Screeni ng and Donor Testin C3(;3\%"‘\/\&313 per f or med
(IPA).Imediately after t the pl acenta fromthe
wHANOElalfdl isNg the caesarean procedure), it was placed
In a sterlle plastic bag and then in a Styrof oam box
Lwit Mpmeoqianksmonr@ompasmgt a was delivered and
i mredi {at ely placed in a quarantine area until rel eased
to 8%y Quality Control (QC) and Quality Assurance
( QNa tubk Istdidtecdrpri oy Q%l&b@l@é‘t@k'rﬁ&eﬁﬁl%lﬁﬁﬁal polarlzatlon said
perforned in a quarantine, clean roomfa ity until
statyT comprising] atdeashihseppaitsnel ql@éltod%emmchfrawmﬁre@omw onfagtop end
fa@ShbRo¥ild% Jo?xkrﬁgﬁae&?(gde Qlcﬁéskre% P‘“’% C%‘éery and
rocessi ng adherent ce 01 ni € process,
t he stibe Iaﬁix;&klac eaitl ataterSat @pztcmgstbetvpeeﬁcsaﬁi aéuiﬂfdegwwrmﬁ said rotor
. conditions under |am nar flgow hood, washed with Hank's
18 B@F%eérto‘gﬁ%\?ql%ﬁlahﬁbyPﬁ@u]lﬁ’é@ E‘HC?’or 3 hours at 37 Cwith

0. 1 \fe \@9&?1 a ¢ dHYr i 55
cel | Fﬁ 2D_Si%g 1|Vum 2 ng.n'é) S, ﬁ@@%ﬁéﬂigs&pogl %@Eﬁ%eétgodes and a
negattve ch&g%&Bﬁ;ha‘dMga ool Of 6d eigttnddearadd garelamiccorembi port is

s added and. t he di ted tissue was ro
apP R G15at MG el ion Pt eEIcaI CoRteBpHERON 8 reabcy ibich causes
an 'aﬂea‘%rﬁ%ﬁ‘ﬂﬂe |f§sttlﬁ@5ﬁreléﬁﬁ@d§seﬁtrﬁb\feqﬁ%ge Qﬂr@ctmrln\k*ftﬁ’ ?es d4 99 the base
RPM Usi ng gentle pipeting, suspended °Pe

engyéace at1¢h en agaginder the serordolsid elevtsadop lememe Bk d\urttdtnon opposite to
nt.i,bi t'c .seeded; i n, 80 chfI ks and incubated at
B i 6o R R o Rt Br SerRis SRONCH B elacrodes o
be®RU §di@Blab3fDMiIeRAS £shlyihs B fﬁct%ﬁ)gushﬁ@ di@ME: #gathst said rotor
days, in which the cells were allowed to adhere to the
to £ause Raid metpaEerotath@pdvvéﬁeelmwédgwsmamgt aneloPtbe mtrgms than
the ?qggr?b%lm% W ri]gta{imalsalé IPz)bs as wel?gg\qltgﬁlgregsgng, Y ocfontact force

di UM Banp
beﬁv&eentsmtialabﬁ hﬁs&lmwf&er | n quar anti ne was pool ed and
taken for mycopl asma testing éﬂPCZ) I f ceIIs wer e
2 fouﬁ&ep&za%leﬁegmthcp%dlw ingslavhersi Pk Iaipe epnpréses a cone
igal | ) I
b SuEh P IR SRS Mot SheAG i i UEIR that presses sid
rotpassagdssaid slabs isesndered alvmp er methat oertiab aRidl pxis difiGhidodtator and

| ean .ro ce in Room 2DP, culture was
Sa‘aﬁﬂ’ﬁ‘? ﬂﬁ@ﬁ"%ﬁ%ﬁ&%ptgt 5 passages. |PC-3 sarrpl e was
3. t akghe L oL IBEHE SnRBERRLXRS: & Ui PARGAGH id ABERIGO A formed
the process, cultures were grown 1I'n dsl um w t hout

by aamdlmtlm caaginghom sdid prueeleaitic orateriahcu b at or under
hum conditio

4. 7ot 4P BioEeIERS ohosgh BoePltle T ot o Rpiehy S poriedif FleBircal cycle
actRle sl ¢l8Gitdalds, ARRereinyAPOCSIARRAvéEh dHaksed Eapgﬁéd toStHR Wectrodes

(2DCS) .. The fir'st passage was usual ly carried out
causes aptation 06 sdisly eotorBay ppRidirgetion pads 9agk)° 2shafihkauses rotation in an

[ until passage 6-8, cells were passaged when
OPE?(}%gggg%t&%e reached 70-80 % confluence, usually after

5. 3- 5THaykzédedrie niltobaddco@itng told&nt Bl Wiserv@IBodBliR€ AHift between
fronthe fl asks using 0.25 %trypsm EDTA (4 m nutes at
Chaggesepph%t%é%ul@etr?d?sanczduﬁftsu@@tla@ﬁéwﬂcyrmr 3 0.2 x 103
cel
6. rai ggégla%o?lgeﬁﬁglléoggr %&%oé?@ceeﬁﬁﬂ&he cu S‘Pﬂg‘lﬁg’?‘g%sv"“%e applied
to tht aletrodds m@Dfiesdtation ofieaid whtorur e f1 ask, continued in
175 cn2, then in 500 cn2 (Triple flask) and finally
the cells were seeded into Cell Factory 10 tray (6320
cn2). Prior to cryopreservation, at the end of 2DCS
grow h period, the growth nediumwas coll ected and the
sanpl e was prepared to be sent to an approved G.P
| aboratory for Mycoplasma test (1PC 4).
Cryopr eservatl on Pr ocedur ef or ZD CeI I -St ock Pr oduct
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The changes in manufacturing with Celligen as conpared
to Plurix resulted in several major differences
W@ 2wamsiod¥ed in Tabl e 4, below). Table 4: Conpe€i/H@n08/001217
between Plurix system and Celidi gen systenSTICK - SLIP
Pl EZCELECTRI C MOTOR FI ELD OF THE | NVENTI ON The present
7.i nvehid pigzecdschieBofs meeiding toglameZ.ouheeinrg matphingr eontact shape

' e [ - | - omt

S 8PS RKSARARADE bt SURLABRTAE B R' east one o
a $thdVETiIneEd ohberesshagee ambiryindel/tices based on the

pi ezoel ectric effect. These devices are widely in use
8.in uPPicFeBlEHEC MANSOIIEI!Eand act uat ors. Pi ezoel ectri c

act upt@ss or notors are also very well known for

rotating a stage with "stick - slip" friction contact.

SUMVARYe GratdrHempxiviag T pkzoehestec imaterialy soppoving ecbase end face and

accordance W.th an enbadi nen f the prese

tof B oy iq) Pelerip vl B € SRIRRGY hoptine
r ot of plufhlity BEedilafly @paded GldéCHcRGtdrs Ria@E @€ bRESEIEGric material affixed
mat eri1 al having axial polarization, the stator

tojsatdl topi enyl Eace harieg narallek pplarifys top centedtaxddl exisphead stator, said
rom. an nQt.he n..a.: end face,thereof and,a. .. T
schla T R Rl B it BB e PR DLt IE P Sy Y i fvayp irction

andftirigeattotthe iopend fake@f saitl sap@¢i Nngs bet ween t he
el ectrodes, wherein the rotor is pressed towards the

sl aby mymbersradlixehte it tide agiators WhaFram said geler i pressed towards
[ i ed .rst of the electrodes and a
Saﬁgaggﬁggégﬁg?g%ﬁg;5§%§¥%%d to a second of the
el ecovhereiasvimnadpaosielyesgndadoe] exvneab oharges are apajzdlto elek base end face
the co el ect.r.ode, 3 piezpel ectric phenonenan i s
and F%%PE%A}?C@W%%‘%&O%@%&?&S\“ t%afe ot f%ﬁf_istft OF &1Vt 2@y, and when
op?bﬁﬁi QfRRd teediBAE dhBreRf earg'a'bﬁﬁéd N ¥ Sfler KIPRGT efeBtrodes, said
he base end face and "an area under the second of the
pigdoeletiriod emteral ndisiorts nsidewlayse dike om prpplteddgramt du¢ himt poefzoelectric

the first .of the electrodes,.thereby causin e .
gt BB P BB S iRadS PO L RARBAY I syidpor
9.t 0 tTHetpiedoBlestrRRRG Y AdoRlig tocdlhiaN®| wiRlSiRIsHiE rSiod 8omPFiSR a cone
against the rotor to cause the rotor to rotate, and
shewedr sirface and| seidgtp insergbessitary chamigred, otherdie seldeprerloatieforce that
S Foud? it 7 el eRBie R ' R il i
of shidbatainghd §ed eoieOshapdd 50086 @ftsaidBtos PRBErEInCAE icBAYgdN Epplied to
clainms, the term"tube" refers to a holl ow round )
the; pagsevrd doip eed facesehthg staser arp synqhrenigedgwithy theachaeges gmplied to the
Skguéﬁm&g%%ﬁgg dong or short in height). In accordance
with an e o%lhent of the present invention the rotor
10i nclTidgsemckone mbtapectosding acelann@, twherel sulib elacteodes are formed
chanfered, wherein the pre-load force that presses the
bycgpdictive iadtes PRad PiFeciectricanieiidd al ong a nut ual
116eNtTAl i@ A X htoPh i i
surfacéng%kthé roggr_a%ﬁg?gggkgﬁnggggﬁggﬁggﬁﬁfgg%gﬁﬂumlcyde
acevddexdsaid elecoddashwhprees 2 190° ishifiebdtiveen theege| applicd de sheaelectrodes

f ormed .by conductive coatjngs on the_ pjezaelectric . .
caysgt dpalPh < 14O FOIPY HeONF HIERGR dafhce2(i't Milincauses fotation in an
oppbiRediXefdn.of the present invention a 90 shift between

periodi c charges applied to the el ectrodes causes
12r ot dihegriczotlectic mefpnacdordingito diinedt wWberetmmodifing asshift between

causes.rotarion in.an opposite. direction. In
oGRS the bl S BB Rt tsh ¥ RE 08k ent i nvent i on
13nodiThgi pigzcleglid indegt aweerlind &5 RSmanRPivh@dint €hak 8 applied to the
el ectrodes, (or nmodifying a voltage applied to them
clagiedgsi comprise periashc electiipd sigselsr . The charges applied to

the el ectrodes may include periodic electrical signals

(sine, cosine, etc.). In accordance with an enbodi nent

of the present invention a nmatching contact shape

bet ween the chanfer of the slab and the cone shape of

the rotor includes at |east one of a straight |ine,




direction of polarization (arrow 8) due to the
pi ezoel ectric effect D3 . The spaci ng between the
web@enswoes 5 and 6 is tilted, rotating wth i PCHIR008001217
by an angle indicated by arrow 11. Reference is now
made to Figure 4.3, which is a schematic illustration
l4of {Ihe piezoglestrivemntosacedidingite skt b rwherein grmatchingjqogtact shape
ri | 1 A, Ctive
oo sl Rl s o] BORohe Hhog SRRty ERBplcel G tgst one of
triaipdlaa, dliptfidagrandegairigutar shapege as in Fig 4.2 is applied
to el ectrode 6. keeping the sane vqltage, djfference as .
15t n Fihg pizosleghity ioloh ACHORIIBE ARG 3. y@ﬁﬂ%ﬁl%l@ﬂ Beies said rotor

an8 &A1 1RdEs 9 fun-@ggn df ﬁﬁe&ﬁ@@aﬁ oFla&His G é)ngg}{gé ofR4ifl cone shaped

than in Fig 4.2 to the opposite direction o

sugfadear i zation (arrow 8) and the area under el ectrode 6

16The TR g eRet SRR R bREied ek it U it Fead P enhances
frigish bethb@said RtoSAibsatt §18bstdndQahidstaqidciang statef dfade Bdtor when no
the angle indicated by arrow 12. Thus, slfab 4 is

charge iscapphind| to Beataédd; t her eby i ncreasing the contact
17; Io: gﬁle Sﬂ%‘ﬁ?@?ﬂ%b@(ﬁgﬂ%cﬁggi%@ottogcﬁi%k% _szhz?reﬁlg .ﬂlsel pr}g-lcgal?leforce enhances
frictiunf begweat saihrotbiedrel @iCsabssand @au B Adotiing k@ter &f the #otor when no
whi ch is one exanple of a charging sequence of the
chape st anplied tothg §tt®, wherein A indicates el ectrode 5
and B indicates electrode 6. Fig. 5.1 shows the
vol tage applied to the el ectrodes at each sequence and
its sign. Starting at point 0, no voltage is applied
to the electrodes, and thus no strain is created in
the piezonotor. At step |, electrode 5 receives -0.3v
and el ectrode 6 receives +lv. At step Il, electrode 5
receives -0.6v and el ectrode 6 receives -0.3v. At step
[11, electrode 5 receives - 0.3v and el ectrode 6
receives 0 volts. The above three steps are just one
exanpl e of many full sequences that can be used to
operate the piezonotor. Reference is now made to
Figure 5.2, which is a schematic illustration of the
slab tip novenents at the contact point with the rotor
cone 7, while operated in the electrical sequence of
Fig 5.1, wherein point (0) 15 is the starting point.

Step | - 17 is reached via the path indicated by arrow
16, step Il - 19 is reached via the path indicated by
arrow 18, step IIl - 2 1 is reached via the path

i ndi cated by arrow 20, and the cycle is conpleted back
to point I - 17 via a path indicated by arrow 22.

Energi zing wth opposite signs reverses the cycle

di rection. The general shape achieved in this cycle is
triangular. The leg fromstep Il 2 1 to step 1-17 via
path 22 is generally parallel to the working stroke of
t he pi ezonotor and hence achi eves inproved efficiency.
Reference is now nmade to Figure 5.3, which is a
graphical illustration of an operation node of phase

| ag 64 between two el ectrical sine signals 62 and 63,
whi ch are pul ses applied to each of the top face

el ectrodes. The ordinate (y) axis 60 is the voltage
and the abscissa (x) axis 6 1 is the tinme. The phase

| ag 64 causes the rotor to rotate in one direction.
Figure 5.4 is an operation node of a negative phase

| ag 65 conpared to the positive phase lag of Fig 5. 3.
This causes the rotor to rotate in an opposite
direction to the rotor rotation of Fig. 5.3. Reference
Is now made to Figure 6.1, which is a schematic
-general view illustration of a conbined piezonotor 30,
constructed and operative in accordance with an

enbodi nent of the present invention. Piezonotor 30 is
made of a piezoelectric crystal material tube 3 1 wth

. I o, I I e ] A~ T T



