WO 02/ 099958 PCT/ S@02/ 00111 1 LI NEAR Pl EZCELECTRI C MOTOR W TH SELF LOCKI NG
MEANS FIELD OF THE | NVENTI ON The present invention relates to

pi ezoel ecwoioe/obdonear notors suitable for use as a drivi n@CIGGIZ/@01IN
machi ne tools, precision instruments and ot her machinery, 5 where both

| i near positioning accuracy and high push force are essential. BACKGROUND
OF THE | NVENTI ON According to the driving nmechanism the existing |linear

pi ezoel ectric notors can be mainly classified into three categories: the
inchworm the ultrasonic 10 notor and the inpact drive nmechani sm
General ly, these types of piezoelectric notors are used as a linear driving
source for precision positioning. Conpared wth el ectronagnetic notors,

pi ezoel ectric notors have advantages, such as higher positioning accuracy,
hi gher push force, conpact size, and no electromagnetic wave is gener ated.
15 Figs.30(a) to 30(e) show the operation of an i nchworm mechani sm

conventional ly proposed as a |inear notor he i nchwor hani s
constructed of a‘éﬁw W%OILKWXJHSWHM@ g]y novabl y
engaged with the shaft 254. The traveling body 250 is conposed of three
tubul ar nenbers (piezoelectric actuators) 251, 252 and 253 which are
bonded t oget her at EELQQEQ&IEI&VBN'I‘K]N ends by adhesive or the like. The
central tubular

252 is eI ect ct uat or of axially
expandi ng and contr ‘H’rﬁﬁm ‘H‘%P?.E i ﬁfglfﬂeﬁﬁ* %5 TB¥d 253 are

pi ezoel ectric asauﬁmgmﬁmbﬁaeh@émrsaﬁ»eakioummadsﬁ@mnﬁemmgpt| ng. In
operati on, mhen the traveling body 250 is _ intended to be ved

right vvardl§ ihere,boflinear positioning aepuragy prdyhighypusiyforce gre esseptialos ¢ ypul ar
menber 251 |s radially contracted to grasp the shaft 254 under the WD
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BACKGROUND OF THE INVENTION

According to the driving mechanism, the existing linear piezoelectric
motors can be mainly classified into three categories: the inchworm, the ultrasonic
10  motor and the impact drive mechanism. Generally, these types of piézoelectric
motors are used as a linear driving source for precision positioning. Compared

with electromagnstic.motors, piezoelectric motors have advantages, such as higher
positioning accuracy, higher push force, compact size, and no electromagnetic
wave is generated.

15 Figs.30(a) to 30(e) show the operation of an inchworm mechanism
conventionally proposed as a linear motor. The inchworm mechanism is
constructed of a shaft 254 and a tubular traveling body 250 axially movably
engaged with the shaft 254. The traveling body 250 is composed of three tubular
members (piezoelectric actuators) 251, 252 and 253 which are bonded together at

20 respective axial ends by adhesive or the like. The central tubular member 252 is a
piezoelectric actuator capable of axially expanding and contracting, and the
opposite tubular member 251 and 253 are piezoelectric actuators capable of
radially expanding and contracting. In operation, when the traveling body 250 is
intended to be moved rightwardly, for example, as viewed in Fig. 31(2), the left

25 tubular member 251 is r)adially contracted to grasp the shaft 254 under the



condition where the central tubular nenber 252 is axially contracted and
the right tubular nenber 253 is radially expanded as shown in Fig.30(b).
Then, thewoeno®mbss tubul ar nmenber 252 is axially expandedPca/SGozpahy
rightwardly nove the right tubular nenber 253 (see Fig.30(c)). Then, the
right tubular nmenber 253 is 5 radially contracted to grasp the shaft 254,
and the left tubular nenber 251 is expanded to be | oosened (see
Fig.30(d)). Then, the central tubular nmenber 252 is axially contracted to
thereby rightwardly nove the |eft tubular nenber 251 (see Fig.30(e)).
Accordingly, the traveling body 250 can be rightwardly noved by repeating
t he above operation. In, the sanme principle, the shaft 254 can be also 10
noved by fixing one of the tubular nenbers. The ultrasonic notor includes a
driving nenber vibrated by the driving saurce, and the driving -nmenber is
| ocated in contact with a driven nenber, so that the vibration of the
driving menber idonditioh whére Shekich@al tribiir Akynbee252 ik atibloNé@ntricted andBdRigHted t o
the driven nmenber. The driving nmenber generates a |jnear vibration. 15 of

an el liptical vitBPuHesmembes 283 paadiplly eypangded psshawaiin Figi 300 Then Hiscentrplt wo
directions per nghfiCiédber 292 ﬁaa&ﬁugaua;%aeaﬁy t‘aiyebegﬁ righfofaRRP Rlove MR Rht

structurally consists of a vibrating ree , a traveling wave type,
etc. Fig.31 shovivbwanmpernbea253 (seeHig.30(Q). Themithe right fubylas sreniber 263tisr

const ruct ed . of | der 25 n ast | [ 25 t 7 and

pi ezoel ectr iéé e%@@’f gon%éeg%ﬁﬁgzth%ﬁ%@gg&}@p%}e?egﬁugﬁgﬁﬁ]gﬁgéreﬁét tached at

the ends of the épadledto Brloosthél GeuIFISRO@Y). Thon, MRIGetkal Zibhlar Miembed 25265 256 i s
able to slide along the bar  255. The thrust force of ultrasonic actuators

i s produced by xalxwentractpd e therehy rightwagdly moye the Jaft wibgarymember 251 (sg¢ s at

it surface moveriglbig) incedritly THE dGitEE BbdySS0an bY RihibAidey Bkeatve | S

made by excitation of 'piezoel ectric el erent’s: two standi ng waves “gener at e
one 25 travel i ngrepgating the aboyeraperatipn. du thesamp principlp. theshafi256fan broalsn ect ri cal

phase shift4, The hJet ﬁS i qp; A% ' the bar 256 is forced to nove
t hr ough fri%:(%ionm?f)elflgg. e&eiogp%i |vetn§\r€6a‘§gy may be "a surfboard on a
wave". Fig.32 shows daheivitraadniogotosdthidypedtivihg msmbérovibrated by dersivingct ed of a

source, and the driving member is located in contact with a driven member, so that

the vibration of the driving member in a driving direction 'may be frictionally
.transniitted to the driven membei:. The driving member generates a linear vibration,
15 of an elliptical vibration as a result of a synthesis of vibrations in two directions
perpendicular to each other. Such an ultrasonic motor structurally consists of a
vibrating reed type, a traveling wave type, etc.
Fig.31 shows a typical linear ultrasonic piezoelectric motor constructed of a
slider 255, an elastic bar 256, two supports 257 and piezoelectric elements 258.
20 The piezoelectric elements are attached at the ends of the elastic bar 255 supported
"by member 257. The slider 256 is able to slide along the bar 255. The thrust force
of ultrésonic actuators is produced by a traveling wave on the elastic bar 256 and
particles at its surface move elliptically. The generation of the traveling wave is
made by excitation of piezoelectric elements: two standing waves génerate one
25 traveling wave to either direction by combination of the electrical phase shift. The
slider 255 in contact with the bar 256 is forced to move through friction force. The
intuitive analogy may be "a surfboard on a wave".
Fig.32 shows a vibrafing reed type ultrasonic motor constructed of a
piezoelectric vibrator 259 vibrating in its longitudinal direction and a vibrating



pi ezoel ectric vibrator 259 vibrating in its longitudinal direction and a
vi brating WO 02/ 099958 PCT/ S&2/00111 3 reed 260 attached to the

pi ezoel ecwpioe/099988 at or 259. The vibrating reed 260 is | oearsdor/moiobl i que
contact with a surface of a driven notor 261, so that the driven nenber
261 may be driven by the vibrating reed 260 in a given direction. Fig.33
shows another ultrasonic |inear notor having two | egs 262 and 263 5
driving a rail 264. The legs 262, 263 and a connecting body 265 are
vibrating menbers made of an elastic material such as alumnum The |egs
are vibrated by piezoelectric elenents 266, 267 nounted at an angle to the
| eg on one end of each |eg. Cenerally, the phase difference in voltage to
be applied to the vibration sources at about 90 degrees, so as to
efficiently drive the linear notor. Wen 3he 10 vibrating nmenber is

vi brated by the vibration source, a standing wave vibration is generated
in the entire steedi26Qatrachedito et pi@selbdhsc vibratdr @59 eTHRvabratiy 0éd 2dolik pt i cal

vibration at the fr ,eogﬂds of the le ortjons. Accorzgi nglégéj when the free
ends of the | 10; o5 Hgue.optagh; Vel A titaps of agHivaR mofgri241 « ha the i yeRe moer

(the rail 264), médiBer 281 mbyhe dBREDS the Mlbraliing YRA 260 L EivEDdRchigd.at i ve to each
other. 15 Figs.34(a)_to 34(e) show the operational procedure of the inpact

drive nechani sm usifig3pskonscanather yleasenie fipear snotqedsyiag (e lsena2 and 263

pi ezoel ectrgc ENL, o Acat e e Y pt i on
mechani sm consiﬁ@b?}%r%géﬁ%%%%é%ﬁ@hg cﬁgﬁaéﬁ&o%?og&gﬁgﬁ‘:@gpl ezoel ectric
el ement 269 andmembers glad®ofun(edatic mhtegal sdeh( A8)alumidim f Theslegs drdreibimddrbyobj ect
268 is stopped. .The .[apid extension of 20 piezoelectric element 269 is

made to gener at@e@ﬁﬂi”tﬁigﬁ egIeyis 269rd0d mavated ot HApEls to Hie legen opesny efeackes
agai nst fricti Ol@g.(é&ﬁrﬁ&?th? | ﬁa(s@d)fferéﬁ@@%vo}%% 18 'b@%@gigg Q%gﬂ:?'b?z{tﬁﬁe nt 269 is

contracted slowy so tha e reaction fce ca e contraction
shoul d not exce®lrcenat abpufG0degreps; 50 antoresficikntly driMe thedinearaljterc Wi he( see Fi g.

Che. i n o ect " Bauag Refbe b BrERAAR | SR G 3RRTRE REFe SbARATR, O 7

cycl e. generated in the entire structure, which results in the generation of elliptical

vibration at the free ends of the leg portions. Abcordingly, when the free ends of
the leg portions are disposed in contact vfitl;.ihe driven member (the rail 264), the
driving member and driven meniiaer move relative to each other. ‘

15 Figs.34(a) to 34(e) show the operational procedure of the impact drive
mechanism using piezoelectric elements. Rapid deformation of piezoelectric
element is the source of the driving force. The motion mechanism consists of three
components: a main object 268, a piezoelectric element 269 and a weigh 270 (sée
Fig. 34(a)). At first, the main object 268 is stopped. Then, a rapid extension of

20 piezoelectric element 269 is made to genérate an imﬁulsive force and it moves the

“main object 268 against friction (see Fig. 34(b)). Then, the piezoelectric element
269 is contracted slowly so that the reactional force caused by the contraction
should not exceed the static friction holding the main object 268 (see Fig. 34(c)).
A sudden stop of the contraction may cause another sfep motion of the main objeét
25 268 (see Fig. 34(d)). Fig.34(e) is the end of the work cycle.



WD 02/ 099958 PCT/ SG02/ 00111 4 SUMMARY OF THE | NVENTI ON Pi ezoel ectric

el ements can produce very |arge push force and very fine displacenent
resol uti owo oeloywwser, there is a common shortconi ng for noPCT/SE&0R/BG1IING

| i near piezoelectric notors: the push/holding force is |limted by the 5
friction induced at the interface of the stator and the rotor. For inchworm
and wultrasonic notors, the notion generated by the piezoelectric el enents
is transmtted to the rotor by friction. Theoretically, the maxi mum out put
push force equals to the maxinmum static friction at'the contact interface
between the stator and the rotor. For the inpact driving nechanism the
driving force is produced by the 10 i npact action induced by the

pi ezoel ectric el enment while the holding force is provided by the static
friction as well. In order to transmt the greater push force that is
generated by the piezoelectric actuator to the output conpletely, the

sel f-1ock nmechani smi ' [ [ tion to feed and support the
actuator and the outwgfmeWt he fine displacenment produced
by the 15 pi ezo- act u®iezoeledri¢ elemadtecangdoduce verp éargaush forsd ad very iteep. The
present inventio rovi des Q\IBI g_ggel ectric.electric t ot I ch enabl es
preci se positio cerger) deseliytipp. FOWRYET, thers)is;a fommon she cpfnb%ﬁmé?lf’gct, has a
smal | power  corgisig lifdhr l@ockectrRiBctod! the ipagyHoldigeforcklie lipites®nihei Nventi on
provides in an exenplary enbodi ment 't he above . 20 nentj oped advant ages and

ot her advant’agesiTigtigrindiced abde fupriageahiye staior Awd the siom KoRBEIYOfAei n a
| inear piezoel e%ﬁés%nﬁ%&?rﬁ,'e t'.ﬂl% Hdﬂ@ég&e{ﬁk???ﬁ%ﬁ&iobﬁctﬁ%&ﬁk&ﬁ js an actuator

cont ai ner whi ch contal ns | ezoefec ator; an actuator slope
whi ch i s suppor ttemhsinjited nol the lrotdaby friction. UEheoreticallppthe sapimmnt qutpuit ushcforegt or

SLoPe 12 701 ©  SuAR L R LR 298 B AL AL AR BB, o
and the act uat orthe et IRAE theaMPact BAVIRS micthafiism] &6 tdrivink Hordé isl peducedbethef t he
actuator anPO t heim%gétua%&gnr mgl(ljcré;[l %}Ir Igh%rpita()zgelgcr&?c element while the holding force is

provided by the static friction as well. In orde}' to transmit the greater push force

that is generated by the piezoelectric actuator to the output completely, the

self-lock mechanism is applied in this invention to feed and support the actuator

and the output pafts. In this waj :the fine displacement produced by the

15 piezo-actuator is transferred to the output step by step.

The present invention provides a piezoelectric electric motor which enables
precise \positioning~ to be carﬁed out, provides a self-lock effect, has a small power '
consumption and a large‘ driving force.

The present invention provides in an exemplary embodiment the above

20 mentioned advantages and other advantages discussed below, amongst other
“advantages, wherein a linear piezoelectric motor includes a piezoelectric actuator,
an actuator container which contains the pieioelectric actuator; an actuator slope
which is supported by and slidably actuator slope support, the actuator slope is
able to correspond with a surface portion of the actuator container; an output bar
25  which shares a common axis with the actuator and the actuator container and
comes in contact with at least one of the actuator and the actuator container on one
‘end of the output bar and an axial load is applied on an opposite end of the output

bar; and at least one output slope which is slidably connected to at least one output

support.



end of the output bar and an axial load is applied on an opposite end of
the output bar; and at |east one output slope which is slidably connected
to at | eawD oefg99stit put support. WO 02/ 099958 PCT/ SG2/ 00PTI/SGB2/ho1anot her
exenpl ary enbodi nent a |inear piezoelectric notor is provided including a
pi ezoel ectric actuator; an actuator container which contains the

pi ezoel ectric actuator and holds the piezoelectric actuator; an actuator
feeding screw which rotatably engages the actuator container and contacts
a feeding 5 support; and an output shaft which shares an axis with the

pi ezoel ectric actuator and the actuator container and is subjected to an
applied | oad and rotatably engages an output feeding screw, the output
feeding screw contacts an output feeding support. BRI EF DESCRI PTI ON OF THE
DRAW NGS 10 Preferred enbodi nent/s of the 4 nvention is/are disclosed in the
following -description and illustrated in the acconpanying draw ngs, in

which: Fig. 1 1LLUStiioieR Rl HR GhbY S el ABRBKRIPAGY ibABLI™N! O

a linear .piezoelectric notor resent 1nven s
2a-2e il ustr at éncudinglepszcieccuicactustdsan attuitoneatainer whishicewsins thenot or 15’
according to Fi he f or war erati.o of the drivi hani sm
oo 509 Do 5 iepsisatie feper 3 Bl 2B BleabeiRicTienaliF: 4 aebaly R
operation, in stlewiwhitterdtdiabdyéngagds dhie anfuawresmﬁﬁerlan&emmm ln t he
direction of, the a&gylleéi axi al _ press force; |gi 4 |IIustrates a 'side

cross-secti gnal YR %@‘@%é“?ﬁi‘ﬁ“?“%ﬁ”f‘ﬁﬁﬁﬁ“laﬁ‘s ith the pigyoglectpf gctuajor
illustrates a pPghgARUcYPr ¥bftind' &ﬁesuﬂeétaijfo a@laagphed%ﬂd%d rtat@hly eRgREP! ary

enbodi ment has a cross-shaped con |gurat| on; | ustrat es a
per spective vi eanofitpuhiseding panew ahe omtrf@dpigascew dontactk @n output feeding:

support.

BRIEF DESCRIPTION OF THE DRAWINGS
10 Preferred embodiment/s of the invention is/are disclosed in the following

description and illustrated in the accompanying drawings, in which:

Fig. 1 illustrates a perspective view of an exemplary embodiment of a
linear piezoelectric motor according to the present invention;

Figs 2a-2¢ illustrate a side-séctional view of linear piezoelectric motor

15 according to Fig. 1, in the forward operation of the driving mechanism;

Figs. 3(a) to 3(k) illustrate the driving mechanism in the reverse operation,
in which the linear motor of present invention moves in the direction of the applied
axial press force;

Fig. 4 illustrates a side cross-sectional view. of the exemplary shown in Fig.

20 1;

Fig. 5 illustrates a perspective view of the output bar , which in an
exemj:lary embodiment has a cross-shaped configuration;

Fig. 6 illustrates a perspective view of the output bar being placed in the
output support;

25 Fig. 7 illustrates a perspective view of one of the small slopes and its

respective slope support;



out put support; 25 Fig. 7 illustrates a perspective view of one of the

smal |l slopes and its respective slope support; WO 02/099958 PCT/ S&2/ 00111
6 Fig. 8awpD2m9988 spective view of one of the small sl ope®CT/SEIgN0I8D is a
side view of the small slope; Fig. 9 is a perspective view of the

pi ezoel ectric actuator being positioned wthin the actuator container and
container support; 5 Fig. 10 illustrates a side sectional view of the
connection between the actuator and the output bar; Fig. 11 illustrates a
perspective view of the slope slidably connected to the slope support;

Fig. 12a is a perspective view of the slope; 10 Fig. 12b is aside view of
the slope; Fig. 13 is a perspective view of the nonolithic base; Fig. 14
illustrates the hybrid-positioning stragedy used in the positioning
operation; Fig. 15 illustrates a graph of gt he enlarged forward notion step;
15 Fig. 16 illustrates a perspective view of another exenplary enbodi nent
of a linear piezoel gl BA & aPRbsBéctidd VidwbrDat bf thOsall 8desr € Fig. 17
illustrates a side sectional view of the |linear piezoelectric notor shown
in Fig. 16; Figs 18(Hig- 8B{sayside viey of the smplh@opp: i vi ng mechansi m of the
forward operation 28,08 ; = : ‘ EEtJ.‘Pi@ | s4d I g. 16;
Figs. 19(a)-19(k) i Iﬁéé?#%%?ﬁ%??ﬁﬁgn%rg{gﬁoaem smqg@tai]% r elrdgged;perat I on
of the second ewithin the ycteatdradntiret androomminensuppgt; 16; Fig. 20 illustrates a

perspectivesview of f’l%e 10 HhoBires 2 sec(;)tgonglhvei\eg of the gonnection between the

actuator and the output bar;

Fig. 11 illustrates a perspective view of the slope slidably connected to the
" slope support;
Fig. 12a is a perspective view of the slope;
10 Fig. 12b is a side view of the slope;
Fig. 13 is a perspective view of the monolithic base;
Fig. 14 illustrates the hybrid—ﬁositioning stragedy used in the positioning
operation; B ‘
Fig. 15 illustrates a grapﬂ of the enlarged forward motion step;
15 Fig. 16 illustrates a perspective view of another exemplary embodiment of
a linear piezoelectric motor with a self lock feature;
Fig. 17 illustrates a side sectional view of the linear piezoelectric motor
shown in Fig. 16;
Figs 18(a)-18(e) illustrate the driving mechansim of the forward operation
20 of the second exemplary embodiment shown in Fig. 16;
Figs. 19(a)-19(k) illustrate the driving mechanism. of the reverse operation
of the second exemplary embodiment shown in Fig. 16;
Fig. 20 illustrates a perspective view of the output group of the second
exemplary embodiment éhown in Fig. 16;
25 Fig. 21 illustrates a perspective view of the output shaft and key;
Fig. 22 illustrates a perspective view of the feeding screr;
Fig. 23 illustrates a perspective view of the support;
Fig. 24 illustrates a perspective view of the. support;



exenpl ary enbodi nent shown in Fig. 16; 25 Fig. 21 illustrates a perspective
mp y g g p p

view of the output shaft and key; Fig. 22 illustrates a perspective view
of the fewdimgy®ssew, Fig. 23 illustrates a perspective viPEWSG2/Di1e1
support; Fig. 24 illustrates a perspective view of the support; WO

02/ 099958 PCT/ SQ02/00111 7 Fig. 25 illustrates a perspective view of the

I nput group of the second exenplary enbodi nent shown in Fig. 16; Fig. 26
illustrates a perspective view of the assenbly of the actuator, actuator
hol der, contact cap and key; 5 Fig. 27 illustrates a perspective view of
the support; Fig. 28 illustrates a perspective view of the support; Fig.
29 illustrates a side view of the connection between the actuator and the
output shaft; Fig. 30 illustrates the operation of the driving nmechani sm of
the prior art of 10 an inchworm Fig. 314 llustrates a perspective view a
| i near ultrasonic notor according to the prior art; Fig. 32 illustrates
the driving principl gihsanisatl § pihetive P the Hpbhou GGRL b Lo the
prior art; 15 Fig. 331 llTustrates a perspective view of another prior art;
and Fig. 34 il ex¢mplarysmbodimepeshawn émFigf 1&he i npact drivi ng nmechani sm
according to the pri I, T, AN UFHE D

EMBODI MENT(S) Fig. ngszgéﬁ ugg%spﬁ%%r?@g@éﬁé% gg&g#s%gip ar Eggﬁﬁﬁ?gi ment of a
| i near bi- 20 diackator holdér, poreoedpemtikey; notor 1. The |inear piezoelectric

notor 1 includes an i roup nmainly, located,on the right portion of the
li near bi-di’r ectiona IE%L/ iI?iJstratgsaperspegnve v(fewo the suppogg g P

Fig. 28 illustrates a perspective view of the support;
Fig. 29 illustrates a side view of the connection between the actuator and
the output shaft;
Fig. 30 illustrates the operation of the driving mechanism of the prior art of
10 an inchworm; | ' |
Fig. 31 illustrates a perspective view a linear ultrasonic motor according to
the prior art;
Flg 32 illustrates the driving principle of a reed type ultrasonic motor
according to the prior art;
15 Fig. 33 illustrates a perspective view of another prior art; and
Fig. 34 illustrates the operatién of the impact driving mechanism according
to the prior art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
Fig. 1 is a perspective view of an exemplary embodiment of a linear bi-
20 directional piezoelectric motor 1. The linear piezoelectric motor 1 includes an
iﬁput group mainly located on the right portion of the linear bi-directional
piezoelectric motor 1 and an output group mainly located on the left portion of the
linear bi-directional piezoelectric motor 1.
The input group comprises an actuator container 10 having a slope 30 at
25 one end, as shown in Fig. 2(a)-2(¢), and is able to travel linearly in a sliding way
9, and connection means 23a and 23b are held by the actuator container 10 and
are connected to the piezoelectric actuator 8. The piezoelectric actuator 8 is able

to extend and contract axially. The input group further includes a first slope 12



pi ezoel ectric notor 1 and an output group nmainly located on the left

portion of the |I|inear bi-directional piezoelectric notor 1. The input
group CcoONnyoike399asm act uat or contai ner 10 having a .sl ope POT&G028H1ONEe end,
as shown in Fig. 2(a)-2(e), and is able to travel linearly in a sliding way

9, and connection neans 23a and 23b are held by the actuator container 10
and are connected to the piezoelectric actuator 8. The piezoelectric
actuator 8 is able to extend and contract axially. The input group further
includes a first slope 12 WD 02/099958 PCT/ SG02/ 00111 8 which cones in
contact with the slope 30 of the actuator container 10. As shown in Figs.
2(a)-2(e) the first slope 12 includes an angl ed surface 31 which cones in
contact with slope surface 30 of the actuator container 10. The first sl ope
12 is. supported by a first slope supporg 13. 5 The connecting nut 6
provides a |ink between the input group and the output group in function
and structure. ' . | : C rated by
t he actuator ar;;el; c?gﬁﬂg%]ﬁ;ﬁ?g{qﬁ?&n?lﬁﬁc; %ﬁeggﬁf%&ﬁgﬂ%’gmt%ﬁy qﬁhiﬂgﬁﬁl s a
feature, anpngsin Figh@(a)f2ée)tthe st sloped? includesan angldd| suifhes 31 wiiethegmes i st i ng

pi ezoel ectric notors, .such an.in m Qr_-. ul SQN { e out put
group conpri ses®% °Em‘§a§’1’%f‘1’8“%§@§§‘§‘° rt%vctaof’%%gpia‘oﬁ% tg{sfsm u?l BE? support
2 and subj ect edsuppordéd byxa fitst §lopecsapporotd.t he applied [ oad, and two snall

sl opes 4 for supportjihg and applying . force.to the_ output slidi bar 3. The
two small sPopes 4 a*@%&?fgﬁdﬂgﬁf%@P&B’é“‘?ﬁ‘b%?‘t‘@?§f.°“ﬁ‘ﬁ%&§‘gt put
support 2,  sligy gi\%p%m&ﬁ%&ﬁ&mc&wpﬂﬁiﬁlo%stﬂa%ﬂﬁre&tehéies@ﬂwmﬁncured to

t he nonolithic steel l'ock 1. In an exenplary enbodi ment, the output
support 2, sli dforces\gagerated hyithe agtuatpreare trapsittes t9 thei@tput bax 3 camplstel¥ecur ed to

the nmonolithic steel. bl.ock 40 by a rali . . . LGsine2(d) - 2(€)
Il lustrates thewg‘FS\}? ﬁ&aﬁg%ﬁg}?fxg%o}hﬁpteﬁtg&fs ’oélx\/\t/algémgdggé@g%‘g%meg%cor gi ng to an
exenpl ary enmbodpigesdecaic MKW such afrighwdrm diwltrisonicamators.

10 The output group comprises an output sliding bar 3 traveling along an

output support 2 and subjected to an axial force from the applied load, and two
small slopes 4 for supporting and applying force to the output sliding bar 3. The
two small slopes 4 are supported by two slqpc; supports 5. The output support 2,
sliding way 9, and slope support; 5, 13 are fixedly secured to the monolithic steel

15 block 1. In an exemplary embodiment, the output support 2, sliding way 9, and
slope supports 5, 13 are fixedly secured to the monolithic steel block 40 by a
plurality of screws 31.

Figs. 2(a)-2(¢) illustrates the driving mechanism in the forward operation
according to an exemplary embodiment as shown in Fig. 1. The forward “

20 operation includes the process where the linear motor of the present invention
moves against the applied axial press force. Initially, the slope 12 is in contact
with the actuator container 10. As shown in Fig. 2a, slope surface 31 of the slope
12 and the slope surface 30 of the actuator 10 are angled so that the slope surfaces
30 and 31 correspond and complement one another. This unique configuration

25 allows for a self lock effect. The output bar 3 is subjected to an axial load on one
end and supported by the two small slopes 4 at an opposite end, as shown in Fig.
2a.

In Fig. 2b, the actuator 8 extends a distance of aXx, which accordingly

causes the output bar 3 to be pushed in the direction against the axial load and also



20 operation includes the process where the linear notor of the present

I nvention noves against the applied axial press force. Initially, the

sl ope 12 we m96nt act with the actuator container 10. APCIIsamoént Fi g.

2a, slope surface 31 of the slope 12 and the slope surface 30 of the
actuator 10 are angled so that the slope surfaces 30 and 31 correspond and
conpl enent one another. This unique configuration 25 allows for a self |ock
effect. The output bar 3 is subjected to an axial |oad on one end and
supported by the two small slopes 4 at an opposite end, as shown in Fig.

2a. In Fig. 2b, the actuator 8 extends a distance of ox, which accordingly
causes the output bar 3 to be pushed in the direction against the axial

| oad and al so WO 02/ 099958 PCT/ S&2/00111 9 displaced by a distance of ox.
The I ong sl ope 12 which feeds the actuatory, container 10 does not nove
under the push force of the piezoelectric actuator 8 due to the self-Ilock

ef fect caused by, raiion qf the Io rfaces 30 and 31.
Fig. 2(c) Illust?%éiicg&{%h%‘@%@é;é%?# ﬁ %‘&ﬁﬂp“vﬁ‘zﬁ %S B ved 5
downwar ds to fi I¢0ntahter d0 dagsant mo#e(und%hmwpush’foﬁb@f ﬂﬁ%nezbﬂ@@ﬁ@ﬂ:n&%r\'@&i@ the

, the_ act-uator

out put bar 3 an I n
conlto racts, while t selft)lﬁm@bfﬁé%h%usegqq%stﬁe %ﬁlﬂqew%%a“aamﬁ ob &he; slqpe sufages $he t wo

smal | sl opes 4. M(:ﬁusfﬁgod(cﬁhlﬁstﬁﬁsfthe thoGlhal blofG e whiBPhVeBRESmved0 Not rove
under the Ig sald o{ ut put bar 3. However, ~because of the contraction of

t he act uat or I@é?%lﬂ@fﬁa‘&P s*?‘aﬂ’@é’%ﬂ Figx 2b,docatedrbstwasa theequipen t he

actuat or cont al I shown in
Fig. 2(e), the sirﬁiispe 12 1s tﬁgﬁ sﬁ;g oP\;/}\g' aﬂ?l\grr]f‘ﬁ{ugmf %omfaég WWeAﬁ]ﬁ
cl earance di st an@spusbaio isfstitlrheld mpomﬁmxh;rmmsmmm@ﬁs#hﬂemﬁdww seBe- It
shoul d be appr d,t | alternat| i.ment that sl ope 12
coul d be cont ro J:l?éﬁec tBaTl?]V’s Tof eV e‘%’é%‘%?ﬁngeg?elwmgwét H¥R¥eHr i vi ng
mechani smin t hebet:ansebﬁﬂle@ﬁﬁfzﬁhom&the adtaW? I8¢ lindiid? clehidfed distRce bf Rk i esent
i nvention Ny €s fon the direction of the applied

etween the actuator container 10 and the slope 12, as shown in Fig. 2(d).

As shown in Fig. 2(e), the slope 12 is then moved down automatically to fill the

clearance distance of ax formed by the contraction of the actuator 8. It should be
appreciated that in an alternative embodiment that slope 12 could be controlled
manually. .
15 Figs. 3(a) to 3(k) illustrate the driving mechanism in the reverse operation,
in which the linear motor of present invention moves in the direction of the applied
axial press force. To begin with, the piezoelectric actuator 8 should extend a
length of L as shown in Fig. 3(b), which is limited by tile following equation. The
| preparatory operation is shown in Fig.3(a) to Fig.3(c). The load is pushed ahead
20 for a distance of L.
S-a>L>d
where S —- the stroke of the used piezo-actuator;
d -— the motion step size;
a -— the sum of all possible losses, e.g. elastic contact deformation, screw
25 deflection.
As shown in Fig.3(d), in order to lift slope 4 vertically, actuator 8 continues
to extend a length of a to uphold the axially applied load totally. In Fig.3(e), slope
4 is raised. The horizontal distance between the output bar 3 and the slope 4 is u +

a, where u is an arbitrary value which is larger than the motion step size d. For easy



axial press force. To begin with, the piezoelectric actuator 8 should
extend a length of L as showmn in Fig. 3(b), which is |limted by the

f ol | owi ngwegump49s. The preparatory operation is shown i RCEISGOZ(@i1to
Fig.3(c). The load is pushed ahead 20 for a distance of L. S-a>L>d where
S --- the stroke of the used piezo-actuator; d -- the notion step size; a
-- the sumof all possible |osses, e.g. elastic contact deformation, screw
25 deflection. As shown in Fig.3(d), in order to |lift slope 4 vertically,
actuator 8 continues to extend a length of a to uphold the axially applied
| oad totally. In Fig. 3(e), slope 4 is raised. The horizontal distance

bet ween the output bar 3 and the slope 4 is u + a, where uis an arbitrary
val ue which is larger than the notion step size d. For easy WO 02/099958
PCT/ SG02/ 00111 10 operation, the value 3? u can change fromtinme to tine
as long as it is nmuch larger than that d. In Fig.3(f), the actuator 8

contracts a distance of, - ere  the mnus .si.gn represents the reverse
movenent . ConpatPSERHO: By afg\% 8%' C%@%ﬁm giﬂle&? "‘g]ﬁ@s ?chlgtas i35 Josh E%]eé out put
bar 3 is L +a -thsh that dfy. AhFigdi(®) the bétatéd Pi@irdets WHiGiance 0Wd Swieyd the diidus| t he

sl ope surface of the slope 4 contacts the slope surface of  the ou%&ut bar
3. In Fig.3(h),sighepssentsthereverseponemget: Sompayed 19 FigS(c, te positipneotthedrita to 2a

so that sl ope [ : e gxijal applied load. Because the left tip
of actuator 8 %dcogrt#lere(g?%%%%{)g{s%;right end of output bar 3, the

cont racti orf separ at da Figi¥(gh ¢eistope 4 movestdaivn slowhyountil theslopesusfacgd theslophe

sl ope 4 10 support ot al _axi |-oad ,unge h ssi st ance h

i ncl uded sel f-|‘gE?P%3§%-‘rrlEf‘c‘tE1?Pe|5Hﬂa°Fﬁg }M‘i%?- i‘hglgg@e i ﬁ‘“‘&fﬁﬁ‘f”ﬁaﬁg 3(d)
| s conpensat ed_bir f6fa aRAhAIFontl toP2d B!tha Slopd €1 WERR fEdiethe hriabppliedtond.t he
out put bar 3. The position of the left end of the output bar 3 is LA In

Fig.3(i), the sBesguseithe left tip of acinatonSiis conmecterhio) the Fightl endiof cutartebag 3; te| oy ger

contraction separates the actuator container 10 from the slope 12. The slope 4

10 supports the total axial load under the assistance of the included self-lock effect. In
the meantime, the extension a in F1g 3(d) is compensated by the contact deformation
between the slopes 4 and the output bar 3. The position of the left end of the output
bar 3 is L-d. In Fig.3(i), the slope 12 is lifted until the horizontal distance  is larger
than the linear motion step size d.‘. In Fig.3(j), the actuator 8 extends until it resumes

15 its extension of L. Compared with its previous position, the actuator 8 and actuator
container 10 move a distance of - d in the reverse direction.

In Fi_g.3(k), the slope 12 slides down slowly until it contacts the slope surface
of the actuator container 10 again. After the procedures from Fig.3(c) to Fig.3(k), the
output bar 3, the actuator 8 and the actuator container 10 move in the reverse

20 direction for a distance of -d. Going to Fig.3(d) to continue the procedures, the linear
motor will move step by step in the reverse direction.

Fig. 4 illustrates a side cross-sectional view of the exemplary shown in Fig.
1. Figs.5-13 show more detailed views of the various parts of the linear piezoelectric
motor 1. Fig. 5 illustrates a perspective view of the output bar 3, which in an

25 exemplary embodiment has a cross-shaped configuration. The output bar 3 comprises
a rectangular portion 14 connected to a main body portion 32. Protruding outwafdly
from opposing sides of the main body 32 are a two cylinderical portions 15. The
outer surfaces 33 of the two cylinderical portions 15 come in contact with the two



than the linear notion step size d. In Fig.3(j), the actuator 8 extends
until it resunes 15 its extension of L. Conpared with its previous

posi ti on,wDhe/gmssiat or 8 and actuator container 10 nove &Cdissvanwel of - d
in the reverse direction. In Fig.3(k), the slope 12 slides down slowy
until it contacts the slope surface of the actuator container 10 again.
After the procedures fromFig.3(c) to Fig.3(k), the output bar 3, the
actuator 8 and the actuator container 10 nove in the reverse 20 direction
for a distance of -d. Going to Fig.3(d) to continue the procedures, the
linear notor will nove step by step in the reverse direction. Fig. 4
Illustrates a side cross-sectional view of the. exenplary shown in Fig. 1.
Figs. -5-13 show nore detailed views of the various parts of the linear

pi ezoelectric notor 1. Fig. 5 illustratges a perspective view of the out put
bar 3, which in an 25 exenpl ary enbodi nent has a cross-shaped
configuration. shhmsRpésAHt ARRiEd Sylin@erRAl n 5 &EaHAReM (R mBRbbaPs ddtl
connected to a_main body portion 32: Protruding outwardly from opposing

si des of the "mif the9ppgsitg diregtion gf howectapgularportional4. porti ons 15. The outer

surfaces 33 of the Cyl G tol ' t ) t he

two WO 02/ 099958 P 3’%"]‘88‘%%’ &%ﬁ@a%ﬁ@%ﬁg%@ﬁ%@ oplely 5473 a%;&/ ot e‘]:i cal

portion 16 ext eomdsindrri®mstitséworends byacgw82 amhiil, respettivelyo fben theadhata® i on of
the rectangul ar._portion 14. As,sho in Figq. 4 he. actuator 8 is st ened
o the out Bt eitasls, B8 ofigipa¥ 3 B FelinoBhipaby sloes 2 4 BEGt{RG! pottaper 147 00”7
and 11, respectyd péleyd.to \heRfttbyahegilligt PrceDf the ARG IC! Slopd Eadthalidilpar 3 is
held in position by slope 4 and the actuator container 10 is pulled to the

left by the puslidesgovn i@l g clepraneechetreaen thegictugiop pentaiper 40rapdriheistone 13- sl i des
fill t | ' . |
down to fill thegcledtap fs%o??&g@?%ohﬂfgﬁﬁ#lﬁ% 9and QA a%&u@@& g%xgaxﬁ%glota@f S! ope

12. If the actuator s nhot ene e output bar uat or
cont ai ner 10 bycrews7 end 11 oantherlrteangra aidabunre mey take pAcebebwe¢eanheoutpy bamk e

pl ace between the. autput bar 10,3 and the actu r 8. To fill.the .
cl earance, sl o%é‘“i%‘%%g‘af"&%oﬁér@g% °gﬁf§“cfer Fepg @:ﬁz\sﬁ(’ OYFIRe ‘&\%&‘%‘0’98‘ slide
down so as to [puib way® wolidaddwn $o 23 16l ph ttherdcRiato? @ind labt@4torlébntatner 10 to

- move to the left. If the friction in guide way 9 is large enough, slope 12 may stop in

half way or may not be able to completely slide down.
Fig. 6 illustrates a perspé;ﬁvé view of the output bar 3 being placed in the
15 output support 2. The output support 2 comprises a base 18 and two cc;vers 17 which
are fixed to the base 18 by a pluraiity of screws so as to form a guide way for the
rectangular portion 14 of the output bar 3 to slide along. The guide way of the output
support 2 limits the movement of the output bar 3 to a bi-directional axial direction.
The plurality of holes 50 located on the bottom edge of the base 18 allow for screws

20 or other attachment means to be received by the holes and fix the base 18 onto the
‘monolithic base 40.

Fig. 7 illustrates a perspective view of one of the small slopes 4 and its
respective slope support 5. As shown in Fig. 7, the slope support 5 slidably recieves
the slope 4 and allows for the slope 4 to slide along a guideway in a vertical direction.

25 The slide covers 19 which are attachably connected to the slope support 5 assist in
limiting the movement of the slope 4 in a vertical direction. However, it should be
appreciated that the slide cover 19 may be fixedly attached. The slope support 5 also
includes a plurality of openings which are also able to receive screws or other

attachment means to fix the slope support 5 onto the monolithic base 40.



nove to the left. If the friction in guide way 9 is | arge enough, slope 12
may stop in half way or may not be able to conpletely slide down. Fig. 6
illustratwe iopwsspecti ve view of the out put bar 3 being pcacsed2nonithe 15
out put support 2. The output support 2 conprises a base 18 and two covers
17 which are fixed to the base 18 by a plurality of screws so as to forma
guide way for the rectangular portion 14 of the output bar 3 to slide

al ong. The guide way of the output support 2 limts the novenent of the
output bar 3 to a bi-directional axial direction. The plurality of holes
50 | ocated on the bottom edge of the base 18 allow for screws 20 or ot her
attachnment neans to be received by the holes and fix the base 18 onto the
nonolithic base 40. Fig. 7 illustrates a ' perspective view of one of the
smal|l slopes 4 and its respective slopgpsupport 5. As shown in Fig. 7, the
sl ope support 5 slidably recieves the stope 4 and allows for the slope 4
to slide along a guijgespy al 'l i ! has.sl ¢ ers 19
whi ch are attachabl ygconng(garesgectﬁgé %‘h‘g%lglogép{éﬁg%%g%lr %lgésgé?i‘q .téb%a% I'mting

t he novenent oYiew REths swpibsiapei 4y As shown ircBig. 8h, thecsniall slopéid has/esiopeisurfaieoul d be

appreci ated t . i r be fi attached. .The sl ope
support 5 al sgﬁvﬁgﬁaﬁeisggﬂgﬁ%ﬁ%ﬁé?y@%/a?%%ﬂfﬁggi‘)&ﬁf cgsgogﬁhgaﬁ% eto
recei ve scr ewsshould davesm angie twiti¢chmeould creaethe self-Totk effdeewhdnapbjed tp@oHEal> ont o
t he nonol id hi ¢ 40. 2/ 0999 PCT/ S&X02/00111 12 Fig. 8a is a
per spect | vste vifg%%gfm%&lgc\ég“feﬁgo WEF‘S @%&‘g’“ﬁ.at ‘g. 8bis a side view of
the small slope 4. IA®rdeheProihite HetelfBhtk ctba &@%gleplfepﬁeglﬁga% 42 3h@Pe

ng

surface 35 which has a small slope angle. The angle of sl'ope surface
35 of the sl opherghtspdsiriiceiaf therctupion holden 1@ should shtisficthe follewing equatib - | ock
effect when subject to an axial 5 force fromthe cylinder portions 15 of
the output bar 3. In order to produce the self-J ock effect, the angle (3
for the slopes 4, 12 and the right end #ﬂ’f"ﬁéﬁ;e 30 of the actuator hol der
10 shoul d satisfy the followi ng efséria

G
=T,

Béarctan
: 1-pp,

where: G is the total weight of the slopes 4 and 12,

P is the axially applied load,
0 I, is the friction co_efﬁcient at the contact interface of the slopes surface 30 and
slope 12,

Wy is the friction coefficient in vertical guide way of the support 13. The value
of § in an exemplary émbodiment is given as 1.145° (or slope ratio 1:50),
The axial load is applied to the slope 4 and the slope support 5, except during
5 the periods when the actuator 8 is in an extended state.
Fig. 9 is a perspective view of the piezoelectric actuator 8 being positioned
within the actuator container 10 and sliding way 9. As shown in Fig. 9, the
piezoeleciric actuator 8 is located within an opening in the actuator container 10 and

a contact screw 7 is fastened at the tip of the actuator 8. The actuator container 10



P +u, +N2 (3sarctan 1-i2 G +l+2 (3sarctan 1-12 where: Gis the total
wei ght of the slopes 4 and 12, P is the axially applied load, 0, is the
friction woaebkhpwsent at the contact interface of the slopesTsaod/ewer 30 and
slope 12, 2 is the friction coefficient in vertical guide way of the

support 13. The val ue

of (3 in an exenplary enbodinment is given as 1.145

(or slope ratio 1:50). The axial load is applied to the slope 4 and the
except during 5 the periods when the actuator 8 is in an

sl ope support 5,
extended state.

Fi g.

9 is a perspective view of the piezoel ectric actuator

8 being positioned w thin the actuator container 10 and sliding way 9. As

shown in Fig. 9,

t he

pi ezoel ectric actuator 8 is |ocated within an opening
in the actuator container 10 and a contact screw 7 is fastened at the tip
of the actuator 8. The actuator containgg 10 WO 02/099958 PCT/ S@2/00111

13 includes a slot portion which enables the power cable 23a and the signal

cabl e 23b 0 ifiE0DOREEHu] b\l PO aR9] AREEHIGHR I

act uat or cont al ner

connect to esire e en

omthe
as

shown in Fig. bt2Ccane2tedjo thohctiany Szapd traprotrudecun fravn ieeracdtor petitainted0and | ope

surface 30 which i

ond with the

S le to corres lo . sur.f.ace, 3
sl ope 12 so t IFgRoest @3&‘ ‘geé‘éedc%ﬁfcﬁsm Pt SPRE I%E{gug@})‘?(egg’ﬁ{lﬁ fﬁtél?%i
the slope 12 iconiainey 0@t £ Kot supfse S00Whitin abRl tb chRedsoms Witlcthe slape an
exenpl aryserrbosgifrrent, the sliding way 9 conprises a_base 21

an
ace 31 of the slope 12 so that a surface contact between the actuator contagner 10
and the slope 12 is provided which allows for the self-lock effect.

In an exemplary embodiment, the sliding way 9 comprises a base 21 and

" guide covers 20,24. A guide way is provided within the sliding way 9 which allows

the sliding way 9 to receive the actuator 8 and the actuator container 10.
Furthermore, in the exemplary embodiment the guidé way is configured so that the
movement of the actuator 8 and the actuator container 10 is restricted along a
direction as shown by arrow A or horizontally with respect to the monolithic base 40.

Fig. 10 illustrates a side sectional view of the connection between the actuator
8 and the output bar 3. The connécting nut 6, which engages with the threads of the
contact screw 7 at one end of the output bar 3, presses the contact screw 7 to contact
the end surface of the output bar 3. If the actuator is not axially fixed to the output
bar 3 or the actuator container 10 at its two ends respectively, the process of feeding
the actuator 8 may be accomplished by the slope 12 sliding in a vertical direction with
respect to the monolithic base 40, In one exemplary embodiment, the contact screw
is attached to the output bar 3 because of a large bending moment, induced by the

axial positional error under a large axial load, which may damage the actuator 8 if it

is a free contact.

Fig. 11 illustrates a perspective view of the slope 12 slidably connected to the
slope support 13. Fig. 12a is a perspective view of the slope 12 and Fig. 12b is a side
view of the slope 12. The slope 12 and slope support 13 are similar in shape and
function as the smaller slopes 4 and slope support 5, but the slope 12 and slope
support 13 are larger in size. The slope support 13 also includes at least one slide
cover 25 which is attachably connected to the slope support 13 to assist in restricting

of the
0 and



gui de covers 20,24. A guide way is provided wthin the sliding way 9 which
allows the sliding way 9 to receive the actuator 8 and the actuator

cont ai nerw0®2/09F&Irt hernore, in the exenplary enbodi ment tea/Sgue/deinay is
configured so that the novenent of the actuator 8 and the actuator
container 10 is restricted along a direction as shown by arrow A or

hori zontally with respect to the nonolithic base 40. Fig. 10 illustrates a
si de sectional view of the connection between the actuator 8 and the

out put bar 3. The connecting nut 6, which engages with the threads of the
5 contact screw 7 at one end of the output bar 3, presses the contact screw
7 to contact the end surface of the output bar 3. If the actuator is not
axially fixed to the output bar 3 or the actuator container 10 at its two
ends respectively, the process of feedi the actuator 8 may be
acconplished by the slope 12 sliding in"a vertical direction with respect

0 i 9" af t ached % SPURBoT Y Hie e 245 A psacttsr ol 1 fabest et GRAORER, °"

i nduced by t hepags@p.al positional error under a |large axial |oad, which may
damage the actuator_8 if it is.a free contact. Fig. 11 illustrates a
per spective vi ew ofFig-h8- iadisespactive view 96 thy maenqhibictage 4G Thecoutnit SIRPOEyppor t

13. Fig. 12a i [ ' ' B b ghe@ Side
5 vi ew of ¢ heol s Bre S ckRaibloflse S A B e A L e o B S T

s Ihape and ¥ gnclrlbmliﬂa's basgelOs e Imonokithighase 40 Eﬂddﬁlacnbﬁal’ﬂﬂpf)epmf) whish t he
12 i n_Si z. 13
2 90° el udes P A ERER dachinels Fa @i 5wl Jelfe callFy e ARAPBHEREE. 12,

the sl ope suppsg.t 13 to assist in restricting WO 02/ 099958 PCT/ SG02/ 00111

14 the novenent of the slope 12 in a vertical direction with respect to the
monol i thic base 4QThepdriyingpechsnisna piappsed att this veptianissifferet fragndpiadli ¢ base

40. The out Put o4 Blcheciclric SRS 13 HEHRAH i invEiSh Rhs 1R SBHAY Ofkacik: B ( N
sl ope support T5a gea E ﬁcxeogé}tgo Che ’§h1r§rlnnr‘{o I thic base 40. The nonolithic
base 40 i M| udwhenscopipared iwithexistingmiezaélenyric mpliorsh First, the displacement and push

force produced by the piezoelectric actuator is transmitted to the output element

directly and completely, while existing friction-type piezo-motors, such as ultrasonic

-motors and inchworm, are limited' by the friction at the inte;face of stator and rotor.

Second, the present invention pro;rides the novel concept of self-lock in the design of

LS piezoelectric motor. Unlike the friction-type piezoelectric motors,. self-lock effect

provides unlimited supporting force to the piezoelectric actuator and unlimited holding

force to resist the applied load. Memore, because the motion of the piezoelectric

~ actuator is transferred to the output element directly and completely, the motion

resolution of the output element is the same as that of the used piezo-actuator

20 (nanometer level) and the ultra-high positioning accuracy (within 10 nanomenters) has
‘been achieved in the finished experiments.

To achieve ultra-high positioning accuracy, hybrid-positioning strategy (for

forward operation) is used as in shown Fig.14. For example, if it is required to move

a distance of 100.000xm under a given load, two positioning processes are carried

25 out: coarse positioning and fine positioning. Coarse positioning is accomplished by

the motion of the linear motor, which looks like stairs in (1) of Fig.14. Fine

positioning is achieved by the stepwise extension of the piezoelectric actator, as is

shown in fine positioning stage (2) in Fig.14. Starting fine positioning is decided by

a given value D, which is less than the stroke of the used piezo-actuator. In this



are able to receive attachnents neans to fix the respective parts to the
nonol i thic base 30. The driving nechani sm proposed in this invention is
di f f er entwbroemwmbose of existing piezoelectric notors. | RCySGe/ed11t his

i nvention has two distinct characteristics .0 when conpared with existing
pi ezoel ectric notors. First, the displacenent and push force produced by
the piezoelectric actuator is transmtted to the output elenent directly
and conpletely, while existing friction type piezo-notors, such as
ultrasonic motors and inchworm are |imted by the friction at the
interface of stator and rotor. Second, the present invention provides the
novel concept of self-lock in the design of 15 piezoelectric notor. Unlike
the friction-type piezoelectric notors,. self-lock effect provides
unlimted supporting force to the piezoeﬁgctric actuator and unlimted
holding force to resist the applied | oad. Furthernore, because the notion
of the piezoelectri

c .actuator i.s transferred.to th ut put ment
directly and cEH5IRE Py IS $hE h?)éﬁ‘é‘ﬂ “?]i“éélfl {‘ifsi than g st%F? ef}S’t“BLﬂ?tg? Stht is
the sane as thgfezhcidi®. RSE tuld 8P (RAIHPHRItioRinG ASMSFR ieonly Gxctdel itk t he
ul tra-hi gh positioning, accuracy (wWthin 10 nanonenters) has been achi eved

in the fini shefneRpntiqniagtage (Pratier thay the coasePosition siEe (Vi berithedig@Res acy,
hybri d- posi ti oQidpSideahdyn r PR i1-SoditSshetraleBy Shown
Fig. 14. For exaﬁrfl%Pé,Je?? It Lfeg&r%%ﬁ%?g%h&g?mv% egﬂg?s?%nce gfas%ailg . 000um
under a gi §en ulachigh \positioning iaoevirany jsr avatlable sbath dn clang iasd shertodistaneeoar se
posi tioning and f'tii ne gosi tioning. Coarse positioning is acconplished by

the notion of PHMY ar notor, which |ooks like stairs in (1) of Fig.14.

Fine positioning i phexfibtion\s@fs ¥ nbt e perfRPay thesiaplifRd siaRfstofvntinithe coarse -
pi ezoel ectric_actyator, as is shown in fine positioning stage (2) in Fig.

14. Starting fpptioning stagsnoinfigi 1¢. Bseruseaf i clastigicortact deformatign PEVER i s | ess
than the strok ; ' Cdjat ' \ 3
PCT/ SCD2/ 00111%”1%{33%22#3‘? g&’%&%@@e‘%&d’?‘o&?&dﬁ’gn‘# Y15 2h0888a0har 3|
stroke 15iDof withdrawead dispineszaf-aa theusatoof all lelasticcontagdefarmation dnd deflegsion,

posi tioning .aC%v R p!'tcﬁ:e&ﬂé &f a%&x%tioxd gc()jnuja&ioy?r?lzigl(d) is carried out. The value of a
relatés to the load, material property of the contact surfaces, contact types, etc. The
enlarged image of the motion step is shown in Fig.15.

The self-lock effect can b; provided by a linear motor driving device having
15 a screw thread as long as the helix angle of the thread is small enough. Thus, in
another exemplary embodiment as shown in Figs. 16-29 a screw thread replaces the
slopes 4 and 12 to support and feed the piezoelectric actuator 8 and the load applied .
on the output bar 3.
Fig. 16 illustrates a perspective view of the exemplary embodiment of a linear
20 piezoelectric motor 100 having feeding screws 135 and 141. Fig. 17 illustrates a
side sectional view of the linear piezoelectric motor 100 shown in Fig. 16. Similar
to the embodiment shown in Fig. 1, the exemplary embodiment shown in Fig. 16 also
includes an input group and an output group.
The input group comprises a piezoelectric actuator 138, contact cap 137,
25 actuator holder 140, feeding screw 141, support 139, screw 142, support 144 and key
143, The output group includes output shaft 134, support 133, feed screw 135,
support 136 and key 132. It should be noted in the exemplary enibodiment shown,
components 134, 135, 137, 138, 140 and 141 share a common axis. Feeding SCTEWS
135 and 141, which engage the output shaft 134 and actuator holder 140, respectively,



fine positioning stage (2) rather than the coarse position stage (1), i.e.
the distance value D does not influence the final accuracy. Wth the
hybri d- po&Dtoeossg strategy, 5. ultra-high positioning aceaTsGp2/HE11
avai l abl e both in Iong and short distance positioning. The nobtion steps
are not as perfect as the sinplified stairs shown in the coarse
positioning stage of Fig. 14. Because of the elastic contact deformation
between cylinder 15 and slope 4 and the beam defl ection of cylinder 15,
the output bar 3 10 withdraws a distance of a, the sumof all elastic
contact deformation and deflection, when the procedure of actuator
contraction in Fig.2(d) is carried out. The value of a relates to the

| oad, material property of the contact surfaces, contact types, etc. The
enl arged i mage of the notion step is shoyg in Fig. 15. The self-lock effect
can be provided by a linear notor driving device having 15 a screw t-hread

ot oy a5 ot 6 abi BAhdRverdroldtCiné UK FuirhedbitRe, KeyCROHEHY 144 Wheict fhe

anot her exenpl ary enbodi ment as shown in a screw
repl aces the siotafienal hovembnt @ovrsl theippoofitheandput daft 184 enpactuater|hebler 140,

actuator 8 and L& n_1he.out.put r 3. Fig..16 illystrates a
perspective vi er\%vébg?ﬁ‘{éﬁgbggﬁir?& ng §/h%efm 8@?%&?!"8?&)@‘6?%%%1%1%%? g"z%@f’ect ric
mot or 100 havi nig tieatigtttivg of arrewB dr3b adbsizohthll dirdetigh wikll rdspdeti & th@im@folithicsi de

secti onal \Cgew of me | i near piezoelectric notor 100 shown in Fig. 16.
Simlar t he i ment shown in Fig. 1, the exenplary enbodi nent shown

in Fig. 16 also i ncihydQaindRerbWPIss M W Pard Aevé byQivb Rithll PO HBrorsTTHS dnput
group conprises a piezoelectric actuator 138, contact cap 137, 25 actuator

hol der 140, feeWiTnigsprstivaly, Which asegspoected by eltst6eand 149, Thaipopauetof theDEnd key
135, support " TIUSHB atd PSSy tinRthe BIOR byt o7 R BRIl or 4 ST oV
enbodi ment  shovimt carcatpwive titesixibBy applidd load 3 The iidBurs' 1450anedr1d7 bfidrats foalyeina
COMTon 318y F SR G b B Bl SO B 0 13
-motors 145 and 147 do not effect the positioning of the axial load. Blocks 150 and
151 are used to support the motors 145 and 147. The tension of the belts 146 and 148
may be adjusted by altering the positions of the Blocks 150 and 151.
Figs.18(a) to 18(6) illustr;te the forward operation procedures, in which the -
15 intended displacement is against the applied load F. The extension of the actuator 138
is zero in Fig.18(a). The axial load F applied to the shaft 134 is countered by the
feeding screw 135 under the support of the self-lock effect induced between the shaft
134 and the feed screw 135, while the actuator 138, the actuator holder 140 and the
feeding screw 141 are free of the axial load.
20 . In Fig.18(b), the actuator 138 extends to move the shaft 134 and the feeding
'screw 135 ahead for a distance ax. The feeding screw 135 loses contact with support
136 and the axial load F is totally applied to the feeding screw 141, With the support |
of the self-lock effect provided by the threads of the actuator holder 140 and the
feeding screw 141, the applied load F is sustained in Fig.18(b). In Fig.18(c), the
25 feeding screw 135 turns back to come in contact with the support 136. The small
feeding torque is able to rotate the feeding screw 135 only when the screw is not
pressed by the load F. The axial force created by the feeding torque is much less than
the load F.



16 are able to revolve around the axis. Furthernore, keys 132 and 143
restrict the rotational novenent around the axis of the output shaft 134
and act uaworo2lgdoger 140, respectively, but allow for thePomtSoor/oahaft 134
and the actuator holder 140 to slide in the direction of arrow B or in a
hori zontal direction with respect to the nonolithic 5 base 131. The
feeding screws 135 and 141 are driven by two snmall DC notors 145 and 147,
respectively, which are connected by belts 146 and 148. The torque of the
DC notors 145 and 147 can overcone the friction induced by the engagenent
of threads, but can not nove the axially applied |oad. The notors, 145 and
147 operate only in 10 the intervals between the extension and contraction
of the actuator 138. Thus, the notors 145 and 147 do not effect the

posi tioning of the axial |oad. Bl ocks 1507and 151 are used to support the
notors 145 and 147. The tension of the beﬁts 146 and 148 nmay be adjusted

by altering the positi©Qn he bl o 150 and 151,. Figs.. 18(a) to 18(e)
illustrate the forvvaﬁr"ﬁ %-gé@gt‘f‘%%‘:“&f°6§§§wg%s,°°f‘ 2 q,lﬁmf%é)f“’i? RS Red
di spl acerment i sitepmitionts tHowndf Pig. Bia)| Bédusk theldttafd¥ i1 89 & fixed @f thb Bafaeiquat or
138 is zero in_Fi .18§ ) 'Cl'liq axial load F applied to the shaft 134-is
count ered by th%“da?"é’é@ ﬁé}d"s‘ g\ﬁ‘i‘i‘f&"’&ﬂ@&ﬂ“ﬁ?@“ﬂ%ﬁﬁe agtuatop 38moves {thec k

ffect induced _while th
ef fect induced Rafapesided 105 féﬁeerfeéld%% g%gv ‘%J}}gmfu?éq ?&raed%t;x%é%ﬁ&h%e e

d
actuator 138, the .actuator hol eedi ng screw 141 are free
of the axial | o8@pored42nTig ghaft ¢ then supnorts thelrxiadapplies leadt B nglén tmdenthee t he

shaft 134 and t ' ah for.a _di ince.nx. .The feeding
screw 135 | oses&%%%gf%ste %ﬁ%g\gg%??“““ﬁgg%{’ﬁ%n'Pﬁé"aﬁiﬁgﬁ‘“‘?%@%@éc‘?& ally
applied to the t¥ednrig.d8@kwhd &bdinkVstiowt 122 t61nPHACK to cdime! inccofi@td witlwede ef f ect

provi ded by the thre of, the, agt or  holder 140 and the - feeding screw
141, the appli eﬂ‘PPB‘ﬁgz ag‘”gms&%{“:ﬁ&gg&}'ﬁhﬁ@ﬁlfe%&s torqyerip &g Hi(@)can oply 25

feeding screw ldfat Wi feeliag ket Q2 Wittiolt HATARbvink il dchftc: URRRY 14d. 3G, The
smal | feegéng #,or ue is able to rotate the feeding screw 135 only when the
Fesde. e

screw is n shafe 13% dbp actuatpr d 38,xthe, petpasorcholder 40 awgl B appliedf eedi ng
torque is much jog¢$atd'B&n pushed ahead for a distance of ax. Continuing the process from

Fig.18(a) to 18(e), the linear motor of the second exemplary embodiment may move

ahead step by step with the given size ax. .
- Figs.19(a) to 19(k) illustrate the reverse operation of the second exemplary
15 embodiment, in which the intended displacement is in the direction of the applied load
F. To begin with, the piezoelectric actuator 138 should extend a length of L, which
is limited by the following equation. The preparatory operation is shown in Fig.19(a)
to Fig.19(c). The load F is pushed ahead for a distance of L.
| S-a>L>d
20 where § -— the stroke of the used piezo-actuator;
' d --- the motion step size;
a —- the sum of all possible losses, e.g. elastic contact deformation, screw
deflection.
As shown in Fig.19(d), in order to turn the feeding screw 135 ahead to move
25 it out of contact from the support 136, the actuator 138 is extended a length of a to
counteract the axially applied load totally under the aid of self-lock effect induced
between the actuator container 140 and the feeding screw 41. In Fig.19(e), the feeding
screw 133 revolves to move to the left. The horizontal distance between the feeding

screw 135 and the support 136 is # + a, where 4 is an arbitrary value which is larger



the load F. WD 02/099958 PCT/ SG02/00111 17 In Fig. 18(d), the actuator 138
makes contracts a distance of ax to resune to its position as shown in

Fi g. 18(a)woBewbgese t he actuator 138 is fixed to the shaft PC3ISGoapaliact uat or
hol der 140 at its two ends,, the contraction of the actuator 138 noves the
actuator hol der 140 and the feeding screw 141 to the left for a distance ex
fromthe 5 support 142. The shaft 134 then supports the axial applied | oad
F again under the assistance of the self-lock effect induced between the
shaft 134 and the feeding screw 135. In Fig. 18(e), the feeding screw 141
turns back to come in contact with the support 142 again. As in Fig.18(c),
the small feeding torque in Fig.18(e) can only rotate the feeding screw
141 without axially noving the actuator holder 140. In 10 Fig.18(e), the
shaft 134, the actuator 138, the actuatoi hol der 140 and the applied | oad
have been pushed ahead for a distance of x. Conti nui ng the process from

Fig. 18(a) to the |inear tor of the second exenplary enbodi nent
My nove ahea%ﬁ%‘nﬁg"%ﬁt@pﬂﬁdf Eg’i%@' @e%ﬂ“’éﬁez\??%&f eagy 311'9%%{‘} Upg 1 9 ( k)
i I'lustrate the th@vwNGs 28 H8 Alde @0y & midiSarf@GRMGhA ¥LANh Y, 19(D5 tREeRdcrent , in
whi ch the |nterls‘§d di splacenent is in the direction of the applied |load F.

To begin with, PRePopFady @) distengecofar  thsre thggmipny sica wRressns Hhe| wngrsh of L,
ahiopgrn : c S N or
ich is |imtedefint 0embatd %1?_919%{3@ %%gmnﬁ?ﬂ:eﬂét?ﬁ%&ta éfe %ﬁgﬂ%& dpon is

shown in Fig. 19(a) to Fig.19(c F Is pus for a
di stance of L. 8 adl>d 20 where S --- the stroke of the used

' - ;od o33 0N, | ZL --. th cal I bl
Poses, e g el asti I8 Ei ek UncPaitaEran Scievdyys bk Pobi it ikomeRin

Fig. 19(d), i n conitdérwitiptheUup 61'@&36.6151(1?@99@)0,rt@’%c&ﬁ%r@h@@énﬁa@ts&ﬁ@éﬁﬁfor2a5 it out

of contact fremthe support 136, the actuator 138 is extended a |ength of a
to distance from a to 2a so that the feeding screw 141 is free from the axial applied load.

Because the left tip of the actuator 138 is bonded to the right end of thé shaft 143, the
10 contraction separates the feeding screw 141 from the support 142. The feeding screw
135 supports the total axial load F under the assistance of the induced self-lock effect.
In the meantime, the extension of a in Fig. 19(d) is compensated by the contact
deformation between part 135 and 136. The position of the left end of part 134 is
L-d. In Fig.19(j), the feeding screw 141 turns to move to the left uﬂﬁl the horizontal
15 distance u is larger than the linear motion step size d. In Fig.19(j), the actuator 138.
extends until it resumes its extension of L. Compared with its previous position, the
actuator 138 and actuator container 140 move a distance of - d in the reverse
direction. In Fig.19(k), the feeding screw 141 revolves back slowly until it comes in
contact with the support 142. From Fig.19(c) to Fig.19(k), the shaft 134, the actuator
20 138 and the actuator container 140 have moved in the reverse direction for a distance
, .of - d. Going to Fig.19(d) to continue the procedures, the linear motor will move step
by step with the given step.size of - d in the reverse direction.
Fig. 20 illustrates a perspective view of the output group of the linear
piezoelectric motor 100. The output shaft 134 is able to slide along the guide ways
25 provided by the output support 133 and the support 136, but is restricted from
rotating around its axis due to the key 132.
Fig. 21 illustrates a perspective view of the shaft 134 and the key 132. As
shown in Fig. 21, the output shaft 134 and the key 134 are connected to cylinderical
rod 160. The key 134 is placed within a groove formed on the outer surface of the



counteract the axially applied load totally under the aid of self-Iock

ef fect induced between the actuator container 140 and the feeding screw
41. In Fiwoo20¢w5s the feeding screw 135 revolves to novecTsGopeolieft. The
hori zontal distance between the feeding screw 135 and the support 136 is u
+ a, where u is an arbitrary value which is |arger WO 02/ 099958

PCT/ S&2/ 00111 18 than the notion step size d. For easy operation, the
value of u can vary fromtinme to time as long as the value of u is nuch

| arger than that of d. In Fig.19(f), the actuator 138 contracts a distance
of - d, where the mnus sign represents the reverse novenent. Conpared to
Fig.19(c), the position of the left end of the shaft 134 is L 5 +a - d. In
Fig. 19(g), the feeding screw 135 revol ves back slowy until it cones in
contact with the support 136. In Fig.lQ(h%Sy t he actuator 138 contracts
again for a distance froma to 2a so th t he feeding screm1141 Is free

fromthe axial Led,lo Bec usethel of th at or 138is
bonded to the r,)aﬁl{i r%chwléo gﬁg?tpofﬁo tﬁ%k‘i M?sa?: tg ?@p%f’& es the
feedi ng screw 1gdrtibhOMAd owauR Bt 20 4ad 21T e lsBAH I UIsRpeed toldbaialnp@r t s the
total axial |oad F under, {he assj Sstance of the induced self-lock effect.

In the neantine) h’(chés wpli @1‘§|°6?1°451f 169 of therpd, portion 461 olthe shafidddavhsgeipyby he

contact defor rTBi embB&itheRAL is tﬂe%%d%te&%@ar B\ SapPE 33, OPndihafi 184 h£f t end
of part 134 is - n Fig. 19(i), the feeding screw 141 turns to nove to

the left undil ﬁmsw|@@mhforcp3>ydhmm 138 jon theanpgesite endyrin theeexemplagyr
oL on St eD S CemboaibBulit & ol Y 1okl ARG W' REnok s, X Al Wbl 15

resunes its extension of revi ous PoOsSI

actuator 138 anelngagémithrth&thﬁads oue the otfer Iiﬁﬁnibn&l}fdhesélﬂptﬁ%haﬁ 134, dWhen filiee
reverse direction. In F| . 19(k the* feeding screw 141 revol ves_ back

slowly until it 3¢, Hsm@d%‘?f‘ d RPsitipn, the cenfragtion cayses thefeesingrsesw 43 ¢) t o
Fig. 19(k), t hetosmm&réc%e a@xﬁ?kﬁ&tof'ﬁfe%tugtgr 138 b@m@aﬁﬁgeag%ﬁﬁ%bgan wssa' ner

140 have nmoved in the reverse direction for a distanc
Fig. 19(d) 0o cehemnindig.28. dlip3dlivstrates o perspactiveaviewnof the fodding SmIWel3§t ep by

step with the given 151%?@3 fifuétfarel’a persgech{?e \'}1&9 of ?ﬁﬁ%ﬁ 3361 Lx'icfaﬁ'%! Miitustrates a
perspective view of the support 133, As shown in Fig. 23 and 24, the supports 133

and 136 each include an opening which is able to receive a respective end of the
cylinderical rod 160. Support 153 shown in Fig. 24, includes a slotted portion 180
15 is configured to receive key 133. .
Fig. 25 illustrates a perspective view of the input group. As shown in Fig. 25,
the actuator 138 is covered by the actuator container 140 and the feeding screw 141.
At one end of the actuator 138 is a contact cap 137. The contact cap 137 is the
portion which connects the output group with the input group. As shown in Fig. 26,
20 the actuator container 140 includes a slotted portion which allows the power cable
1682 and the signal cable 168b to connect to the actuator 138. Furthermore, the input
group also includes a key 143, which restricts the movement of the actuator container
from rotating about its own axis.
Figs. 27 and 28 are perspective views of the supports 139 and 144,
25 respectively. As shown in the Figs. 27 and 28, each of the supports 139 and 144
include an opening which is able to receive a respective end of the actuator container‘
140. Furthermore, support 144 includes a slotted portion around the outer periphery
of the opening which is able to receive the key 143.



Fig. 20 illustrates a perspective view of the output group of the |inear

pi ezoel ectric notor 100. The output shaft 134 is able to slide along the
gui de waywo 02599959vi ded by the output support 133 and t heP€OE02/001186, but
is restricted from rotating around its axis due to the key 132. Fig. 21
illustrates a perspective view of the shaft 134 and the key 132. As shown
in Fig. 21, the output shaft 134 and the key 134 are connected to
cylinderical rod 160. The key 134 is placed within a groove fornmed on the
outer surface of the WD 02/ 099958 PCT/ SG02/ 00111 19 cylinderical rod 160
so that a portion of the key protrudes out fromthe groove portion.
As.shown in Figs. 20 and 21, The shaft 134 is exposed to an axi al |oad
which is applied to one end 160 of the rod portion 161 of the shaft 134,
wherein the exenplary enbodinment it is the end | ocated near the support
133. The shaft 134 is 5 exposed to an axiZl force by the actuator 138 on
the opposite end, in.the.exenpl ar enbodj nent it is the end | ocated near
t he support 136. -Tﬁ:ég';igéﬁ?ﬁ sgg}o\é%vmof H@%@Wﬂ@*ﬁt@h&s%‘g t he

outer portion che bitput@udfo184. Siafchbndcd4ap YIER chitRcte®Gb Udlserewloi®hd fniatbrd

contracted position, the contraction causes the feeding screw 135 to

count eract the 33quAmeenhef thy conaet cap 437a1 @ the 9Bposityendeod thercgntags sam7, $eppor t
136 as 10 showghfdetfd ' i ' Vi Of the
foedi ng soron TSmRereafl PR gd fie ehforthe Mt SR sdnPREARGER il Wil 110
and Fig. 24 il |theexcmplasy embodnenpthe connection ewans a plumliyugfaetvs 148 . Tis, shown i n

Fig. 23 and 24, u rts 133 . and 136 each Jngl ude, an eni ng whi ch
is.able to rec _eﬁ“\;/fggeééfs_gﬁg c“‘tof]é‘ét?b@ﬁvﬁeﬁfhet ‘P’r'épu%é%'q ﬂ@eﬂq(ﬁ? 4 “i”é’o_?s@ﬁpport
133 shown in Fighiedéd. Fireletiflrs, @e attadtéerb3nad eQintph®thafti34ishars @Rbisighed to
receive key 133. ,Fig. 25 illustrates a perspective view of the input group.

As shown in Fi 25, the actuator 138 is covered by the actuator

contai ner 140 and the feeding screw 141. At one end of the actuator 138 is
a contact cap 137. The contact cap 137 is the portion which connects the
out put group with the input group. As shown in Fig. 26,



20 the actuator container 140 includes a slotted portion which allows the
power cable 168a and the signal cable 168b to connect to the actuator 138.
Fur t her nowe,02i0bm®58 nput group al so includes a key 143, whiPch/SGogDolicts t he
novenent of the actuator container fromrotating about its own axis. Figs.
27 and 28 are perspective views of the supports 139 and 144, 25
respectively. As shown in the Figs. 27 and 28, each of the supports 139 and
144 include an opening which is able to receive a respective end of the
actuator container 140. Furthernore, support 144 includes a slotted
portion around the outer periphery of the opening which is able to receive
the key 143. WD 02/ 099958 PCT/ S&2/00111 20 Fig. 29 is a side sectiona

vi ew of the connection between the actuator 138 and the output shaft 134.
The contact cap 137 is connected to the ?CFEM/Of the actuator 38 on one
end of the contact cap 137. On the oppogite end of the contact cap 137, the
contact cap 134 is fixed one end of the output shaft 134 by connection
nmeans, wher ei e exenpl ary enbodi ment the connection neans a plurality

of screws 145. Thud. a Asliehegiezoblctfit irdofz compifsivgt bet ween the output shaft
134 and the contact c¢ap 137 is achieved. Furthernore, the actuator 138 and
the output shaft 13PERAPAIGAERIDN axis. WO 02/ 099958 PCT/ SG02/ 00111 21

Caims: 1. A lineanpnRt@#etatidet & tceﬁmmg&gﬁ‘éz?ﬂ%‘* actuaRir£z0el ectric

actuator; an actuator contai ner i ch contalns e pi ezoel ectric actuator;
5 an actuator sl op@nagthadr slepe shishds supported byradd slidablylsbynected eantagthatop an

ot yator ot Mo BR o DB R SRSl R SRS (1 7
actuator container;
an output bar which shares a common axis with the actuator and the actuator
container and comes in contact with at least one of the actuator and the actuator
0 container on one end of the output bar and an axial load is applied on an opposite end
of the output bar; and
at least one output slope which is slidably connected to at least one output

slope support.

2. The linear piezoelectric motor according to claim 1, wherein the end
5 of the output bar that comes in contact with the actuator includes a contact cap which

is fastened to the output bar.

3, The linear piezoelectric motor according to claim 1, wherein an end
portion of the actuator which comes in contact with the output bar includes a contact

cap.

0 4, The linear piezoelectric motor according to claim 1, wherein at least
one cylinderical portion of the output bar corresponds with a slope surface of the at

- least one output slope.

5. The linear piezoelectric motor according to claim 2, wherein the

contact cap, the output bar and the piezoelectric actuator are axially aligned.



an out put bar which shares a common axis with the actuator and the actuator
container and cones in contact wwth at | east one of the actuator and the
act uat or w0 ocoas ner on one end of the output bar and anPrafissio2h@ad i s
applied on an opposite end of the output bar; and at |east one output

sl ope which is slidably connected to at | east one output slope support. 2.
The |linear piezoelectric notor according to claiml, wherein the end 5 of
t he output bar that conmes in contact with the actuator includes a contact
cap which is fastened to the output bar. 3. The |inear piezoelectric notor
according to claim1l1, wherein an end portion of the actuator which cones
in contact with the output bar includes a contact cap. 0 4. The linear

pi ezoel ectric notor according to claim1, wherein at |east one
cylinderical portion of the output bar gﬁrresponds with a sl ope surface of
the at |east one output slope. 5. The |inear piezoelectric notor according

to claim2, whereinthe [ . ut r. the piezoelectric
actuator are axial rsy al ITél(ré]%ﬁﬁg%%%@%@ggémggﬁ%Peﬂ%g%oﬁjle

| i near pi ezoel daperand tiroicmaton o povide thesetf latkneffect tolfesdair suppost thelbypit S| ope
and the act uatg&ﬁg{ioge egrg_vi dﬁ‘gt he sel.f 1 ock effect to feed or support the
out put bar .an DIEqelRetr)s acmator IRSPESHVEY s pect i vel y. 5 7. The i near

pi ezoel ectric notor according to claim1, wherein the output slope and the
actuator s|ope are able to nove in a vertical direction with respect to a

nonol i t hi ¢ base. 8.7-The Tihe HuagF pigtosleeitis metor aceording & claiaclo WIETGIR theOWPW| m 1,
wherein th ] | , - | e which
erein the Ougwétandﬁiegﬂﬁxafgpﬁ%édagﬁtﬁe tga n?q% ﬁbf%r?i?ﬁ dﬂf@&t@ tvﬂﬁx eé}[é%tﬁ{)‘q € whic

conpl ements and ‘correspo sl'ope surtace 0 e o0 bar .
monolithic base.

8. The linear piezoelectric motor according to claim 1, wherein the output
slope includes a slope surface which has an angle which complements and corresponds
l0 with a slope surface of the output bar,

9. The linear piezoelectric motor according to claim 1, wherein the
actuator slope includes a slope surface which has an angle which complements and

corresponds with a slope surface of the actuator container.

10. A linear piezoelectric motor, comprising:
L5 an input group which receives-a predetermined signal from an 6utput source;
an output group which is axially aligned with the input group and attached to
the input group at one end while being exposed to an axial load at an opposite end;
.and
wherein the input group includes a piezoelectric actuator which receives the
20 predetermined signal and the input group and the output group are able to
independently self lock.

11.  The linear piezoelectric motor according to claim 10, wherein the
output group comprises an output bar and at least one output slope which is slidably

connected to at least one output slope support.



9. The linear piezoelectric notor according to claim11, wherein the
actuator slope includes a slope surface which has an angl e which

conpl emerwe oanebsgorresponds with a slope surface of the &CTsavNO111
container. 10. A linear piezoelectric notor, conprising: 15 an input group
whi ch receives -a predeterm ned signal froman output source; an out put
group which is axially aligned with the input group and attached to the

i nput group at one end whil e being exposed to an axial |oad at an opposite
end; and wherein the input group includes a piezoelectric actuator which
receives the A predeterm ned signal and the input group and the output
group are able to independently self lock. 11. The |linear piezoelectric
not or according to claim 10, wherein the output group conprises an out put
bar and at | east one output slope whichags slidably connected to at | east
one output slope support.. WO 02/099958 PCI/ S®2/00111 23 12. The |inear

pi ezoel ectric noton2. aCC’Dﬂidiin@ﬁpﬁdioéIécﬁideé’t&acM@h@to%lﬁrﬁQO'Mmt‘rﬁ'hﬂﬁp further
conprises an act u%ﬁ_ﬁ?sl g&e whi.ch is slidably connected to a actuator

sl ope support & F’s‘ﬁlaéz"%?t@%%l?ﬁecwm g slidablyrganpestaddo a agtugtor

p| ezoel ectri c sppé kglpeF; an- actuator container which contains the

pi ezoel ectric actuator and holds the piezoelectric actuator; an actuator
feedi ng screw whi ch rotatably engages the actuator container and. contacts

a feeding support; @and f ich shares an axis with the
pi ezoel ectric act ua ‘or %%Q#ﬁe%el tH 8t\§/ﬂ° WPMPHRS and is subj ected to an
applied | 6ad and rapikeddcyriccegames an output feeding screw, the out put

feeding screw contacts an output feeding support.
an‘actuator container which contains the piezoelectric actuator and holds the

" piezoelectric actuator;
an actuator feeding screw which rotatably engages the actuator container and .
contacts a feeding support; and
) "an output shaft which shares an axis with the piezoelectric actuator and the
actuator container and is subjected to an applied load and rotatably engages an output
feeding screw, the output feeding. screw contacts an output feeding support.

14.  The linear piezoelectric motor according to claim 13, further
comprising a contact cap which connects the output shaft with the actuator container
so that both the actuator container and output shaft share an axis and a surface contact
is achieved.

i

15. The linear piezoelectric motor according to claim 13, wherein the

‘actuator feeding screw and the output feeding screw provide a self lock effect.

) 16.  The linear piezoelectric motor according to claim 13, wherein at least
one motor is provided to rotate the feeding screws.

17.  The linear piezoelectric motor according to claim 16, wherein the at

least one motor and the feeding screws are connected by at least one belt.



14. The linear piezoelectric .nmotor according to claim 13, further
conprising a contact cap which connects the output shaft with the actuator
cont ai nerwoiozemshat both the actuator contai ner and out prCTseGagdoizhare an
axis and a surface contact is achieved. 15. The |inear piezoelectric notor
according to claim 13, wherein the actuator feeding screw and the out put
feeding screw provide a self |ock effect. 16. The |inear piezoelectric

not or according to claim 13, wherein at |least one notor is provided to
rotate the feeding screws. 17. The linear piezoelectric notor according to
claim 16, wherein the at |east one notor and the feeding screws are
connected by at |east one belt. WD 02/099958 PCT/ SG02/ 00111 24 18. The

| i near piezoelectric notor according to claim 16, wherein the actuator
feeding screw and the output feeding scrgw each are powered by a respective
not or . :

18.  The linear piezoelectric motor according to claim 16, wherein the
actuator feeding screw and the output feeding screw each are powered by a respective

motor.



