;. le3e) Z&XXYt 2" ZRt 26ZTZ ' ~' ~ ~ 3 0 JUL 2003 El ectronechanical_ dri
device wrth a piezoelectric elenent Description The invention cdh eﬂmsq&ﬂ3
el ectronmechani cal driving device, in particular for the exact positioning
of an object in the nanoneter to centineter range, with a rotor supported
in a bearing device and wth at | east one piezoelectric elenment which can
be charged by an electric voltage. Fromithe EP 0 611 485 B2, we know a

| inear notor with a piezoelectric elenent which is appropriate'to position
atip of a needle-like probe to a range of atomic order on a surface of an

0] Ot i S o oMo BAhLRNEH Moo BARAEEOLEEH] debiah | can move
probes with a hi aneously on
bi gger adjusting distances in the centinmeter range. It avoids the

di sadvant ages of traditional devices such as gui de backl ash, reverse

backl ash, drift, susceptibility to oscillation or oversizing. However, the
known positioning device is only relleseritionappropriate for a change of the
angul ar position of an object. To this end, the positioning devices nust be
used with correspondi ng coupling elenents to the object to be positioned,
for exanple a pr dhe mwanmspr,\cerﬁﬁ@%ﬁl&ptromegnﬁa'rcabapwggrﬂﬁw%e,dan be

achi eved. The ai Ippficdi&y for tHy 8R4dt Positioning 6f & bbjeN irttHRChamsmeferni cal ,
driving device which i:an ad'l ust thﬁ an&gl ar gol%gl_on of obdggct_s with a high
preci sion, the elPSRANMGIE (NN ] £PIOHSUBRPTREA @ bearingzdgvigey 2003 2

This aimis achi exedwiH fat deasl epler piedetstttal eldment nghidhvicas bé the above
mentioned type in,that éhe %ﬁari.n% gevi ce has at | east one rotor seat
rot at ably supportcé‘ér%‘:ﬁd Y g8 ?‘HBC PA2%E: this rotor seat bei ng restrictedly
rotatabl e by the expansion andl or contraction caused by the electric

vol tage of the at a K270 [ (" e LVLE evi ce
according to the ﬁrlﬁ&erﬁéel g?gﬁ?éegéf%c@%%ﬂ%ﬁ%vg?%}sE&%ym%si ons so
t hat di sorders duysezaelectrip@aiemantwoicheistappiapriatectogposition artip obaces, for

exanpl e due to foétefd?é-likéEI-EBE td*a Fafide bf %lﬁrﬁf%’ﬂjhér téhiélghrf?gé‘%f gh | east one

pi ezoel ectric el ement chahges 1ts expansion under e I nfluence of the ,

el ectric vol t age abigst Bhisagpvex Prsitieningodevies is shatasterized ipathat e novenent s

of the at |east o mBVEprobes with a high precision in the nanometer range
and simultaneously on bigger adjusting distances in the
centimeter range. It avoids the disadvantages of traditional
devices such as guide backlash, reverse backlash, drift,
susceptibility to oscillation or oversizing.

_ However, the known positioning device is only relatively
n appropriate for a change of the angular position of an object. To
this end, the positioning devices must be used with
corresponding coupling elements to the object to be positioned,
for example a probe. Moreover, only small angular adjustments

can be achieved.

The aim of this invention is to create an electromechanical
driving device which can adjust the angular position of objects
with a high precision, the expenditure of construction being low.
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seat ,are extrenely slight. The rotor can be supported fractional lay
rotatably in the at | east one rotor seat in order to nake possib eﬂ b‘“&ggg%
adj ust mrent di stances. The friction between the rotor and the at |east one
rotor seat can preferably be such that the rotor does not follow relatively
qui ck revolutions of the at | east one rotor seat but follows relatively
slow revol utions of the at |east one rotdr seat. Thus, if the rotor seat is
noved slowy by the piezoelectric elenment) the rotor follows the novenent.
On the contrary, if the rotor seat is noved relatively quickly by the
pi ezoel ectric el t.due [ nert i canyk ow t he
novenment any |on§§$.§ aAmqléaasérﬁ%\()éﬁ P’Jrlltﬁo% e?%c\}réﬁ%c{h%h?%e*l cﬁﬁ@ﬁ g%gﬂrc;bi n the
rotor seat can beofdbhiabove megnioneddypesin thiat dha dearingsdevicahasoati ck
novenents of the t f .
pi ezoel ectric el el%é%fé%e;ﬁﬁgis%%iﬁé%% gfg %L@)%gﬁggv&r{ %g'?te%tnaéﬁg?%l% gﬁ'%v\,hi ch
gener at es al t er nafioteryseatdueing degirictade xptatalile by thedexpansier@ndfer of the at
least one pi ezoel gifdciof! iTRBH Bthd i€ VRl ATtneTaf RBasploneeast one
rotor seat, 3 0 JUL 2003 3 whereby the rotor Tollows the slow revol utions
and does not fol | RigZ9leClHGiR&MeBY ol utions. Preferably, the at |east one
rotor seat can be a bearing ring which is supported on the bearing bl ock by
several webs. The_webs. consti.tute Hectors, whjch give the device hi gh
rechani cal st abi | TS Crividr dexiee ABRaIIE JHBbIAREon Ean i Pediced 1 om
outsi de onto the witeves) sl dimehsiorsso that disordersitiae té tsmperatu@nsver sal |y
Hoever . [he Hect B EXBBIENNeGRBRCE) NHENcsB6 amPIBBib hdreidfch ™
wever, e Hector c
transverse forcessamd, fapé ohlyesdrainely stight.cone to a destruction of the
pi ezoel ectric crystal. A further advantage of this arrangenent consists in
that the flectors do not have to guide the parts to be noved and thus
gener at e restoringhé @tdesst dhe pieztebedtrig elemept chéngés itsedxpamsioronl y on t he
pi ezoel ectric el efead, ‘ﬁa%f@[{‘%‘)&mg%é‘ﬁé Yold O%P@"%SPTS'?&"R&%WM ectric

el ement expanses or contra y appr oxli nat el € m croneter. Since
the webs do not aeRe BHCometeosethatipusevementeefithe ajfleastyona tatonf t he

LOt or cag al so bes@éém,rewf‘&enibenyeuémt TRE radr @Bhage &%Hfr@;ubaaﬂ;gln) L heb
eari ng device can haye | eari rings, supported on pearin, ocks by
several webs, as F%?@%&@:@? qtie%\'ﬂ?%}?ﬁog@%ﬁﬁiéﬁﬁé?rﬁ@ IP8Ke PogsIRI& uppor t ed,
whereby at |east biggephdjusmbeedistahcesnNTRe ifidction! ibétale thie rokstendf at | east
one piezoel ectric,el nt. Thus, it js als Pagi)zbbl echo d[ ve tthe r ot or
from bot h sides ofedRroyRI rater seabCat pirtarahly besian tat 18 9RE  hen as a
pur e count er beari dges hoe follew pelativalg quick) sevalatidng of ¢he mt degstcarse t wo
sliding bearings i I S a rptation
free from backl asﬁﬁgr?Q%ﬁéﬁy@{o@?&@?e%@'g%%lgg{]Eﬁ@ﬂtﬁr\escclgfsfg%aé} fuésats ?rent s even
in the nanoneter eadgetateatl Tbupeif domiretasdseat is rooved sfmuly by the anot her
configyration, theidhegfciits BRMER, B By ool §7O FGRIMAMRAIdY g | ven

beari.ng ring for e seat_of one end of the rotor an ower friction

count er beari ng foFO"t‘tﬁ%rYoti%g_Pe dRtProgeathis FT'tS’_tVSF’. r%ﬁ‘ﬁ'hﬂ"&?my By dhe se
novenents can be prizberetoveleéritcdua t6atf ingrittheTotdricaindt follew I educe t he
friction, the rotqQr can al s? have taperi ng .endi.. These ends c?n be
configured, for eﬁ?ﬁTB'\Oé{?"}%“ anydPngel- A gHesi gqntinyous rruoluBeR Of ithe §r j yen
only on one side, rétbr insthadwtorsegeeds bef adHieverpbe successiapalterniatety
counterbearing haglo(\’flv gr%\%hicw r%g%r%%hts of the rotor seats. The electrodes of

the at least one piezoelectric element can be connected to a

saw-tooth generator which generates alternately slow and quick

expansions and contractions of the at least one piezoelectric

element and thus revolutions of the at least one rotor seat,



A preferred enbodi ment of a driving device according-to the inve tiﬂ '6d
be described below in nore detail with reference to the draw ngss 'QLW2 3
shows a side view of a driving device according to the invention. Fig. 2
shows an inside view of a bearing device of the driving device of figure 1.
i The driving device 10 of fig. 1 has a rotor 11 with tapering ends 11.1
and 11.2 which are supported in tw bearing el enents 12 and 13. The two
bearing el enments 12 and 13 are connected with each other by webs 14 and
constitute together the bearing device for the rotor 11. The bearing

elements 12 and ]\ﬁhé’rfeﬁgethésltdigra'&%lbbw%r ﬁ?é%fbv@géwﬁﬂoﬁé‘%] ©ueks Adt the inside

view of the bearin we can see at this elenment is
made of a beari ngobpwdire ggwbrsekutmnsa bearing ring 16 is fixed as a rotor
seat by three webs 17 The rotor 11 which is not represented in fig. 2 is
then inserted into = 3 0 JUL 2003 5 the bearing ring 16. The bearing ring
16 can be set i ntBrafeiekly, dhe st lenat Qﬁﬁarﬁé?roﬁeﬁnﬁﬁ%m AaRRAHI NGt he

\% eZﬁel ectric el amgleh |§%ub}éoﬂe@|dh?9\@ BEArng bRICRNEevetal WedselTeet rodes of
Wi oh |5 not  r eprieEht EAHNE piebisel yiichindi by hehodaue 2 BGP n
fl eﬁt ors. T[lﬁ [otmcﬁémcal $tabitity. omaaditiohapprahgements, ferdesaier@d i I1 ggb16 in
such a wa a a 0 ut
because 01}/ its in fté?'ﬁ (g"’tg'ﬁ 9%/%3%8%5% ﬁﬁtﬁgglﬁﬁ%ﬁ%ﬁl ESR[FHLQrfé can thus
be adjusted by vetrgnsueasdllyad; itss expansianglirestion, samdestrogrtbetfeagile t he
bearing ring 16, E{F%&??Hﬂ% @rg, Kt %Wev@Pthees §t°F§’%§ ?m% b&umés rotation
0 a ui C

nmovement of the r can e ‘achi eved erna and sl ow
novenehts of the webs$ioay abagrbleererrselcheqﬁa@s\@ﬁseadomewisﬂgthata\the@ 10 is thus

appropriate for t&gespﬁét' ct,dnﬁ’é‘ td'd d@str%tn&'?bf’gfse ﬁ%&é&éé@%@%}aﬁdl ust ment

angl es as wel | ar ge a ] ustment ang earing el enent 13
can be configured exactly I|ke the bearing elenent 12, however it can al so

constitute a si ”PAefu?t%F‘ta‘?!vQﬁ?ége“Bf [(53 ér‘?@ndé’rﬁ@ﬁb c&ﬁ@!&@b}h hé tHd ction
between the rotor_11 and the counterbearing IS ap&roprl at ?g%/ulower t han

bet ween the r ot or flagtors,go et h?é’&rﬁongu'p?nt@el@a s ta bg moved

generate restoring forces. The restoring forces of the webs act
only on the piezoelectric element and are moreover very small
since the piezoelectric element expanses or contracts by
-approximately only one micrometer. Since the webs do not act
on the rotor, adjustment angles of any size of the rotor can also
be achieved.

) In a futher advantageous configuration, the bearing device can
have two bearing rings, supported on bearing blocks by several
webs, as rotor seats in which the ends of the rotor are
supported, whereby at least one of the bearing rings is rotatable
by means of at least one piezoelectric element. Thus, it is also
possible to drive the rotor from both sides or from one side, the
second bearing ring serving then as a pure counterbearing. The
two bearing rings constitute in any case two sliding bearings
which are pressed against the rotor so that a rotation free from
backlash of the rotor is made possible. Precise adjustments
even in the nanometer range can also be achieved.



1. An el ectronechanical driving device, in particular for the exact
positioning of an object in the nanoneter to centineter range, \giﬂhjm_ 1200r
n a bearing device (12, 13, 14), wherein the bearing
device (12, 13, 14) has at |east one rotor seat (16) supported on
bl ock (15) by several webs (17) in a restricted rotatabl e nmanner
rotor seat(16) is rotatable by at |east ®ne piezoelectric elenent (18)

(11 ) supported i

supplied with an

el ectrical voltage and which transfers its rotat

the rotor (11 ) by friction contact, characterized in that the we

extend radially afd Jpudiatohh AbAT théLpbalifh | B4GCS! Q4T Rlghi an
@ gu Re r C@ cgﬁt\a n%

novenents of the rTotor seat

etot fon

a bearing

whi ch

i on onto
bs (17)
al

does not

fol | ow fast rot atpienoetectsicaly drivén tiearingtrong fsdhe (se@t dfyorey endoofi ng t he

friction contact.
in that the beari

i rqfey Ay i TLbdh, FSRRERRirGoF I Blner oG

cterized

),

supported by sevethglrol@grbBarticejarbnpresiae mgvemeokscan be, achieved withseat s in
whi ch the ends (@uéha&én@ug?fioﬁ.he rotor are supported, whereby a

one of the bearing rings

I's rotatable by neans of the at |ea

pi ezoel ectric el enment (18). 3 0 JUL 2003 7

In order to reduce the friction, the rotor can also have tapering
ends. These ends can be configured, for example, as spherical
caps. In case the rotor is driven only on one side, it is
advantageous if the spherical cap on the counterbearing has a
lower diameter.

A preferred embodiment of a driving device according to the
invention will be described below in more detail with reference
to the drawings.

Fig. 1 shows a side view of a driving device according to the
invention.

Fig. 2 shows an inside view of a bearing device of the driving
device of figure 1.

The driving device 10 of fig. 1 has a rotor 11 with tapering ends
11.1 and 11.2 which are supported in two bearing elements 12
and 13. The two bearing elements 12 and 13 are connected
with each other by webs 14 and constitute together the bearing
device for the rotor 11. The bearing elements 12 and 13 are
elastically pressed against the rotor.

In the inside view of the bearing element 12 of fig. 2, we can
see that this element is made of a bearing block 15 on which a
bearing ring 16 is fixed as a rotor seat by three webs 17. The
rotor 11 which is not represented in fig. 2 is then inserted into

t | east
st one



3. A.driving device according to claim1, characterized in thag 0;9 b?@dj ng
device (12, 13, 14) has a piezoelectrically driven bearing rin gl)l'
receiving one end (11.1 ) of the rotor (11 ) and a lower friction
counterbearing for the other end (11.2) of the rotor (11 ). 4. A driving
device according to clains 1-3, characterized in that the el ectrodes of the
at | east one piezoelectric elenent (18) @re connected with a sawt ooth
generator which generates alternately slow and qui ck expansi ons and
contractions of the at |east one piezoelectric elenent (18) and thus

ol lows the sl ow PoesEronsPine doBoddia ¢ ue APE LY sf&lBhns s
driving devi ce adyotréi egparsiemyndf cariteactibai ofsthe piezdelectniar elemmaritzed | n that

5. char act eri zed ol raP RS HE piefnert i e Aabass of SEA il P oq) ' ™
caps. .A(l.A A . ABRRNeoER with,. faseaamn[@ra* sawtpotih prherdterincamatinex] ca] cal ¢
2} g%fng?]cg?]cg?] 13%]9%‘118 éj;ﬂtm tga]rﬁy%ﬁlé@&y whereby the webs 17

stirrmpe O/#n##$mﬂ§c Drqtee ri1d ig]flietignadly cegrrgrtad dn the
a] ca] ca] ca] ca] ca] rﬁ@] ?‘f?da‘FQ]i %m&%ggﬁﬂ]% fohb& slow rotations of

a] ca] ca] ca] caJ cal.ca
o111 17 P nognisdPesRReTGeRg 46 BUY Isg] ot iy dngriiay gy logper any

a} ca} ca} ca} ca} ca} I@ﬁid'&/é}ﬂéﬂ@aﬂrfel’iﬁilt?:ﬂlg% aflsBé edjusted by very 85}‘3"& ()

a] ca] ca]ca] ca] ca caj] cal ca

s1094| & () - MLOY| %‘ "4 "2@9@# Ba %’W&‘)S(f')?\él tgel%%?r&%&'f‘gl

10%4| & () - f #610%Mifle )biglddlidtnertt) ahmeblﬂ%é\&n(h- continuous rotatlon
movement of the rotor 11 can be achieved by alternately quick
and slow movements of the bearing ring 16.

The represented driving device 10 is thus appropriate for the
positioning of an object by very small adjustment angles as well
as by large adjustment angles.

The second bearing element 13 can be configured exactly like

the bearing element 12, however it can also constitute a simple

counterbearing for the rotor, whereby the friction between the

rotor 11 and the counterbearing 13 is appropriately lower than
) between the rotor 11 and the bearing ring 16.
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Claims
1. An electromechanical driving device, in particular for the exact

positioning of an object in the nanometer to centimeter range, with a
rotor (11) supported in a bearing device (12, 13, 14), wherein the
bearing device (12, 13, 14) has at least one rotor seat (16) supported
on a bearing block (15) by several webs (17) in a restricted rotatable
manner which rotor seat(16) is rotatable by at least one piezoelectric
element (18) supplied with an electrical voltage and which transfers its
rotation onto the rotor (11) by friction contact, characterized in that the
webs (17) extend radially and in that the rotor (11) follows slow
rotational movements of the rotor seat (16) due to the friction contact
and does not follow fast rotation movements of the rotor seat (16) by

overcoming the friction contact.

2. A driving device according to claim 1, characterized in that the bearing
device (12, 13, 14) has two bearing rings (16), supported by several
webs (17) on bearing blocks (15), as rotor seats in which the ends
(11.1, 11.2) of the rotor are supported, whereby at least one of the
bearing rings (16) is rotatable by means of the at least one

piezoelectric element (18).
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device (12, 13, 14) has a piezoelectrically driven bearing ring (16) for

receiving one end (11.1) of the rotor (11) and a lower friction

counterbearing for the other end (11.2) of the rotor (11).

4. A driving device according to claims 1-3, characterized in that the
electrodes of the at least one piezoelectric element (18) are connected
with a sawtooth generator which generates alternately slow and quick
expansions and contractions of the at least one piezoelectric element
(18) and thus rotations of the at least one rotor sear (16), whereby the

rotor (11) follows the slow rotations and does not follow the quick

rotations.

5. A driving device according to any of the claims 1 to 4, characterized in

that the rotor (11) has tapering ends.

6. A driving device according to claim 5, characterized in that the rotor

(11) has ends in form of spherical caps.



