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WOARYHBHE i on DESCRI PTION  The invention rel atRsT/ERR0§4/004343
position determ nation device and an associ at ed net hod
of position determ nation. The device and nethod are
used to deternine the position of a body, in :
pResition detexminptianidevi¢e andonethaid iof position idetermination
enpl oyed in an actuator in the production of m neral
oil or natural gas. This f uator is used, for
exanpl e, in the adjust nelﬂéggﬁ%‘?’ggﬁjati on of bl owout
préventers, valves, throttles and sim |l ar equi pnent.
The relevant screw drive is driven by at |east one
The lveation celaté® to @anpositien rdeltedninatipon Jdvicen abd tare assediated method of
spindl e and the associ ated spindle nut is determ ned
jon detgeninaionnf er a corresponding position of the
el enent operated by the actuator. From DE 20 203 298,
for exanple, an appropriate position determ nation
The device eand mdthodrarerused th detdratinedbie pasition afigedody, ianparticular a

. elenent and, a corr.espondi scannin devi.ce i s . .
spindlp 04 g B HUER o5 SHREYR T8 A deualas it dhe dreduglipn of mineral
oit oA RSUPSS ga Nehis2RRECHr halRtdRls G988, f HRIBpRP&S ithe Cadj@stment and

positionh so that by reading out the bar code the
actuationaoi blowmdipreventefs, balves| tbnelles and Bimilarpequipmenbnehe relevant

screv)ievie grien &Y LTS o0 SRR malnd MY RISEASBlsiion between the
spindiantidthebgssteafibaldpindi@ Mt 36 det@enined ihsrdes & aifét accorresponding
scanni ng device is sonetines not easy to integrate

positiphtd the eleiperbpreratas by e agiuedoras t he spindl e or
simlar conponent, of an actuator. In addition, the
previ ously known sensor is partially sensitive to

FromeREe20aR03 i 288, ulen ceamsle lmnaappeopridie arosition dedermination device is

ressure or tenperature. The object of,the invention, .
nowRgh G 676 08 ATSIOL08: A FeTBA 489 & BORREPEAIng scanning
deviclésfsggrx)‘/éﬁ@ggriﬁghgﬁoﬁ%rbibﬁf&nt%ﬁiﬂ“%owé‘frblé@i%eﬁa ¥R another. The

posit

al gible during the sinple, accurate and
apprapsiate Hac cbtle isbeee apecific & positionpss thatdy, readingeuttheebar code the

ot 55 f i 0 i PRy TSP BRI L g

in simlar equipnent. |
The previgusly known sensor operates quite satisfactorily. However, the bar code has to
be specially manufactured and the associated scanning device is sometimes not easy
to integrate into the appropriate body, such as the spindle or similar component, of an
actuator. In addition, the previously known sensor is partially sensitive to external
influences, such as variations in the bressure or temperature.

The object of the invention is to improve a position determination device and an
associated method such that external influences are largely negligible during the simple,
accurate and reproducible determination of a position. At the same time the said device

is simply constructed and can be easily integrated in the acluators mentioned above or

in similar equipment.



WD 2005/ 103628 PCT/ EP2004/ 004343 -2 The object is
sol ved by the features of patent clains 1 and 26.
WRABYHPHS to the invention, a defornation el erRGH/ER2§04/004343
assigned to one of the noving2- bodies and a
deformation initiation element to the other body.
These el enents nove relative to one anot her anal ogous

The gg{;etch% S80eEpy trg@ _féélﬁréé&ifgfal@ﬁﬂ' €laines ¢nmiet 26,

ormation iS briefly induced at an initiation point,

where the deformation initiation elenment is currently

| gcat gd,, Th pr.o [ ti .at ;
Acoadiy st Mok = BERPhefnrPTieRt 18 assiit e Ribne, of the moving
bodias &t &hefeehaiorainitation erpminti o theastireebddy. & hese elements move
sui tabl e deformati on sensor.

From t he propagation .
relatvemio ohe ancthehcnakedeiisedor e t?QF;'%-a mo%epa{eﬁ@rr%ﬁ%?n element 2

R
. elem@pt & siimentiyolcdted. dhea, dgfropapaiiam timlecofeattlcast emeloscillation caused
a body novenent,k section, i

al ongg | |an3hi ch.the .
by ti'@_)f.:!p W@ﬂr@‘%ﬁmﬂ%ﬂﬂsﬁéﬁs%? OHRRtIYp |e>l/ement is measured by g
suitableF‘?%%r\‘nﬁﬂ%n‘gﬁg%ﬁtﬂ‘é% !tﬁétbﬁgﬁgﬁti&‘l SHRA! thé diBmtLebetween the
relative to I nt. Ad :

e deformation e eformation "
initiatiemspoint sampdr ieaslrdng ypaiat i igneaicutatad nfais the neorrespanding  position
of, the deformation elenent. Finally, an evaluation
determingtiPd. pr ovi ded for the position determination from a
propagation tinme required fromthe deformation of the
deformation.initiation element to the deformation
With sthessaid pasitionidejetnainatien idevisa i2oAefarmatipac plemendr extends along a

codes or . sim.l ar. featur re n > ' V. .
bocy BNpatant wstioR o, GaH 8, el Moihis KLY ARVBE essentialy
lineafl§ CA TAéMmdtn hititisAiclernénsisrmolablererativertodsp defbrngation element.

to changes of the position to be determ ned al ong the

~correspondi ng position-specific pattern. |nstead of
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with the appropriate accuracy :

According to the invention, no special bar codes or similar features are needed which
have to be manufactured separately. It is also no longer necessary for the said sensor
to move corresponding to changes of the position to be determined along the
corresponding posftion-speciﬁc pattern. Instead of this, according to the invention, a
determination of the position at a fixed point can be carried out, whereby the different
positions are given by propagation times of the corresponding induced deformation.
Consequently, the position determination device according to the invention is simply
- constructed and fewer parts need to be manufactured with the appropriate accuracy
and moved relative to one another. The said sensor can be accommodated at a secure
point where it is protected from damage or dirt. In addition the type of position
'determination, according to the invention, and the device used for it are relatively



and noved rel ative to one another. The said sensor can
be accommopdated at a secure point where it is
WErABPELPBEE from damage or dirt. In addition t hGRR20§#004343

position deternination, accofding to the invention,

and the device used for it are relatively WO
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e | n r 8§ SHfeéssure, temperature,

insenpJ8E Wi ToSBbEL 1B, exlbmaPOfABERUSS SctE! B s Piiksure, tomP
températaie clesmpsdonginilzp efibete pesogeapanding dapemgencies can at least be

conpensat ed, |r] a sinple manner. Wth a preferred
compgmeatadiaf sEle fEaMMfent i on t he def ormation el ement

can be essentially tubular. There is then the
. possibility that the deformation can be initiated at
With S@nprew@nraﬂ embodimentr efinther dnventiordithe cdefesmatiopy glement can be
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somegﬁgirlggﬁ{ltthérdtflﬁfu?nfﬁﬁerﬂia'mmefchéﬁ orMovérhite bepMéomlmlmference at an

in-walled. A mterial for such
apprdphriate pairited def ormati on el ement nay be, for exarrpl e,
alum nium Oher elastically deformable rmterials are
al so possible. Simlarly, the deformation el enent can

The lﬁﬁoﬁ%ﬂ@tﬁ@ﬁréﬁaqmmﬁ siothed defureratioh. catnfitrttesrmore be simplified in
di nent of rnratlon elenrenélsac

that "thenddefgroption slament d$ |wq;e\g3‘ ﬁ@@terlqrﬁéjogi ﬁ%q:arb a thin-walled
deforg@r%pﬂnglsqﬂ%e %%nbge 6 138 2 tﬁﬂ?ﬁﬁﬂﬁoﬁithﬁ SladtRSMe deformable

| € "enables ness _
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ne ical déeformation-at an approprija :
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poi nt by the deformation sensor. The def ormati on. can
however al so be initiated jn other

. sych f. . '
It is ennceivable ﬂpahﬁ@gppfpm@h@ &gforrgation pﬁ lfﬂg}%éggggﬁﬁlwgéﬂy in that, for

exanmé,o% Hﬁé(f%h%g dtaﬂ 'd‘eﬁﬁﬁi%@rﬁ%ﬁfﬁ QEP%’A% pRINTRANGId Gefbirigition element

occurs. This mechanical deformation can propagate along the deforma’uon element and
is acquired at an appropriate point by the deformation sensor. The deformation can
however also be initiated in other ways, such as for example, by magnetic forces. For

this purpose, the deformation initiation element 'may be a magnetic ring surrounding the

deformation element.

With this type of magnetic ring, or a magnetic body which only partially surrounds the
deformation eleme'ht,' there is the possibility that it produces a deforming magnetic field

by means of one or more appropriate windings. However, the deformation initiation

element may also be a permanent magnet and especially a permanently magnetic ring.
Examples of appropriate permanent magneis are especially those which contain
neodymium. These magnets have a particularly strong magnetic field so that



Wth this type of magnetic ring, or a magnetic body
which only partially surrounds the deformation
WO2807898628t here is the possibility that it prod&ddzP2804/004343

deform ng magnetic field by-gpans of one or nore

appropriate w ndings. However, the defornmation

initiation elenent may al so be a permanent magnet and
apprsgtﬁ’ﬁt%' @Bt BBA P Intiidd e bhCapprogriatebmaraigtofahe deformation

propriate permanent magnets are especially those

element by eventaismalinmagnet. (Pue Thixeappppsaielyisliong magnetic field or the
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dimef8ioPsWheRsly tpdittidmdéteahnithtion cih aReplEd AloPe accurately.
material of ‘the deformation element by even a small

magnet. Due to the appropriately strong nagnetic field

To p%té:?;feaa aépﬁﬂg?ﬁf@r %éo&iﬁﬁ h{a%gg%gl {écg VW cﬁﬁ JBENES beformation of

the defdritioPnslemee trrbyigh freteparsiohi with thes magneac ifietd oame magnetlc ring,
take place nore accurately. To produce

an a
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on W he ma n
magrietiR0fieldals |pﬁ@$.ic€QhW|th| Ema rappad:atmmahf ey \mwaglaeoara agngedt, the said
around the defor ion eIe extend in
megRAtiCHAIY JHCEAC BB B 165435 bliEapdnt figonet and causing

a de?rﬂﬁ]ém#e%? eth}é" BEid?Seti® t' Bub & Qhésc&?@%&ﬁﬁng attraction or

app cation OP a Vvo age or a current,
repulsmnd Thisadeferination ¢hen momgates figprinitind pofied fodbae:tafcrmatlon initiation
the p rmang net and.ca

alongtie AsrmistopfeieRen PIPBRLRR M Ao dheifglease or initiation

' ponntgerthésdé?ﬂﬁhé‘l%r%éﬁ%ﬁ is%egéurefcpﬁﬁdi ﬁh@ﬁ coﬁbeﬁed lnto a corresponding

eformati on then propagates ron1t e oi nt of
relativie fagsition of thei defarmnation glemgnt lwaddee ﬂﬁ!panmélaéwaneiement The

: Wlndlﬁaﬁ??trg%eo ﬁﬁgﬁgﬁ‘ h}fc?@oﬁb n@edég@m%%f)bﬁégegﬁe?g?énd attached there. The

windifgasi esls@nBet Beanged VEpdRd ifrine #eC def@srztion lw-,\ment so that no
rel ative position of the deformation el enent

and
mechesicgl saniashis praspat A6R taersfra meghanica) dreaiplings pecvided. If a coil

“ora \;{;bp@?ﬂ%fgé bﬁl‘ﬁble}‘ oﬁ’_ﬁmbibemﬁjrﬁlﬁ éTH-".tu Sé ?ﬁ@ﬂéfdf‘ﬁ%tloa element, then an

ere can so be arrange

additispac@thdingfortthe paedunstioatofdhe e:lppmamtg magnetid field can be omitted.
mechani cal contact is present and therefore nmechani cal

decoupling is provided. If a coil or a winding of a

It has'%ithGJIYt Qét?rﬁgﬂi%lté?d olif B thdt Ihe' BpPrébtidiE Bod§! P Bé4ifEN of which is
to be determined, may be, for example, a spindle of a spindle drive of an actuator. The
spindle here moves relative to an appropriate spindle nut and the relative position of
both is determined. There is now the possibility that, on one hand, the deformation
element is fixed and the deformation initiation element together with the body, i.e. in this
case the spindle, moves. On the other hand, the deformation initiation element can also
be fixed, whereby then the deformation'e!ement moves together with the body.

If the mentioned body is particularly a spindle of a spindle drive, it can exhibit a retaining
hole extending in the longitudinal direction of the spindle for the displgceable mounting



addi tional winding for the production of the opposing
%netlc field can be omtted. It has already been
WO WA628ut above that the appropriate body, tRfel/EP2004/004343
position of which is to be determ ned, may be, for
exanple, a spindle of a spindle drive of an actuator.
The spindle here noves relative to an appropriate
| iy f heds® the deformation
of thgE pE fdts difrtle, RBol WibRaRAT cleBne In BIb ok e,
initiatitandlentart isléitegratet dnto thieespindlei and.ifeeexample, Heounted, in particular

reloasall, aroneps 15 eass. (tectiraane defreaion itiglior it can also be
I t I b
integ g It e S B e O e omrent moves
together with the body. | | f the mentioned body is
in or@;nr«,ﬁtoggg l rqlzi@%eifé,q&a%%g?&hé@iﬁgx%‘goqdrﬁb}fﬁ%ﬁﬂ it &4 be enclosed in a

proteg % ghnal direction of the spindle for the
I splaceabl e nmounting WO 2005/ 103628 PCT/ EP2004/ 004343
5 of the, at least 'partially, inserted deformation

In orcicplritggﬁam%ﬂp tlhc%:ﬁ,p‘ﬁaiﬁ he Bﬂﬁ%@rgg Hﬁ go' éﬁi ?f |e38t two deformation

elem@n’ﬁ%rﬂé{rﬁbe Wﬁé@]’t&ﬂmtbfbmmbhbthdr,aWher@lb}ea;aptrbpﬂatatderﬁmmaﬁons can be
ends. O course, the deformatiqon initia

fnltiatetlelmeaacimaﬁ thiese deformatioqreleaientsiky €8pegi3 iy gne deformation

_|n|ttatgqr}gtg@§|{er{tﬁéacgdéf&lp%@ ﬁlgﬁforﬁ%ﬂ% Sloridanss ta%élgned to each of the

enent, 1t can be encl 0sed
deforatidhQlesientss THecassigninenocae take pacamataifiarent mtrﬁalameach of the
determinati on of the, position, at |east two
deformationaiements.el enents can be inserted into one
anot her, whereby appropriate deformations can be
initiated in each of these defornation el ement s, '
A receswient abrsjoroof gheopesuuen sletemipation device: ¢ahalsodie mallSﬁd in that at

correspondi for [ d;
least B, ol gqjeel %r azt%éﬁ{edc %%&g@@s g'ﬁfr%én {ﬁ %his case, two
defory?%%n%léﬁfénﬁ céah Heeé@ﬂhin@@ intend protectble sibevé e\nd the correspondmg
ormation el enents. A redundang Vefs

deformationb i cashalaTprAEHoMm ISP he HUBtEsLY on defarpation iitiation

I‘ that at |least two deformation el enents are arranged
elemalyy acently. Also in this case, two deformation
el ements can be contained in one protective sleeve and

It magzhge %glg{rgr%gg{] daltcrc]:%rdlng to the invention, if the deformation can be converted
infto a sound wave propagating along the deformation” element, in particular
longitudinally. Thé sound wave is a mechanical vibration which propagates from the
centre of excitation at which the deformation is initiated and exhibits a corresponding
elongation and probagation speed. The sound wave can propagate here as a
fongitudinal wave, whereby 'appropriate sm‘a!l particles of the deformation element
oscillate in the propagation direction. There is also the possibility that sound waves in

the form of transverse or torsion waves arise.

From the centre of excitation appropriate oscillations propagate as sound waves in both
directions along the deformation element. It is possible that a further deformation sensor



def ormati ons of each deformation el enent can be

initiated by one deformation initiation elenment. It
WEPAPIHE36Bnveni ent, according to the invention, PGTEPI§e4/004343

def ormati on can be converted_éi_nto a sound wave

propagati ng al ong the deformation' elenent, in

particular longitudinally. The sound wave is a

is asg@ﬁge%cmb_ath@f 8hd %Pg%@iité e hRRAGRGSerid 6MHeh@sforeation element in

Xcrtation at wh the deformation is initiated
orderisl detérinhinesthe papagstiomdimes of| thegeerrespansing sound waves by the

propagati on speed. The, sound v r t ML ‘
defolfactipn perire aasRHPCE RS TIPS d5p BEPEOsg Scafg) 1 s connection,
Ligl y@nb¢! g time opsint | ¢t ehé ninlitition of the

for éé?agﬁ Jga?l?gﬂio [ 'risgcig?]fgﬁ.fdm}%égeb?s al so ?hg Ippssi bility )
defornfiatiors dinede isalse the possibility thatsioundasavas with @pprepriate propagation

. i se. h f ' b QL) ' .

tmo 57 o HRB ot A e o BT B e Serormatn

elemBht fsthbfrofh e def@nsitiotr 8Bhss THiemeedns thati ot only is the sound
possi ble that a further deformation sensor WD

wave2qUepagatEs diciigrion e nenties ofs sxgitation dnt the Hirrstion .of the

end. opposite_th ri i ot
deforgfaiEh8snso” gPATF o felied e ShuhBrudf e bl diagates st in the
direcﬁéntdﬁt@?émmgdém. witereditwevrsfldoied mad thehoatomg de deformation
sensors assigned to the rel evant ends. The sensors are
element inrhe ditetiea die defosMation BRSOt enpor al | y
' synchroni sed by the tinme point of the initiation of
the deformation. There is also the possibility that
In orglerrd wapesaly tbiefypnitinte & cleforopatip irorthetdefesmation lement, the

N M R G ——

f y 8f puld®irSsileABgefy it annhgestie/field whieh interacts with
volta@%g%{éé'@im@gs ro ag%ltji ng di rectly)hfromt e centre of

the maghetici fieldi of tthe alecromagnelic Ting abidher Axeiations PRy, causing a

acqui r but .t
ctoffgait Sondttind BhIGE HBFGHRYE Bfiahole RUBEAAR 83 bo caused by
attraétioni or! Rfgusibrd santhat heithex! theg ddfiermiatioor rebernent is displaced in the
~element in the direction of .the deforna%eiéi)n ensor-. 'tl nd "
directipa of the pegparentiy PagRetiseq rng or CoMPrasee By g QREPSIH direction.
"the deformation elenment, the electrical w nding of
the deformation el ement can be supplied with current °
This aoekrespondihg agispiadeseant Thés copiinugs pas s seyodt yave along the

brieflgin magnetic field which interacts wth,
deformation élement. :

There is also the possibility that the corresponding pulses exhibit altefnating arithmetic
signs so that displacements in the direction of the magnetic ring and in the opposite

direction alternate with one ancther.

In a preferred embodiment the deformation sensor can be a sensor with a piezoelectric
-element. This type of sensor comprises a piezo-ceramic which produces a voltage when
an appropriate sound wave occurs. A simple arrangement of an appropriate sensor of
~piezo-ceramic can be provided when it is arranged at one end of the deformation



the magnetic field of the electromagnetic ring at the
excitation point, causing a defornmation. Dependi ng on
WORBOY18&8act i on of the magnetic fields, this FGI/ER2004/004343
caused by attraction or repufsion, so that either the
deformation elenent is displaced in the direction of
the permanently magnetised ring or conpressed in the
elem pé?ﬁ:'h%}&‘f“tﬁ@@?éﬁbatioﬁrﬂl cﬁ@hrcﬁ%@%m‘ﬂ Whwd basersemirpendicular to
hen cont’i nue a sound wave along the deformation
a corelsponding Strface dfthelseasohe possibility that the
correspondi ng pul ses exhibit alternating arithmetic
signs so that displacenments in the direction of the
whiet& elpbfitalsib! gkbahe protective
in ordFHARS Tl Bt A00nratbRBIERERE ah, it S °
sleevéefroparticutar with thin-wallechmaiedainand toipretegt against bending, they can
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the d%ﬂhgﬁ{)h@éﬁsépund wave occurs. A sinple arrangement of
‘ an appropriate sensor of piezo-ceranic can be

provi ded when it is arranged at one end of the
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sealeﬂcﬂugéin@%ﬂoﬁw et gfrthb protectiversiepem dndaars entiasetion formed with a
he Sensor. In order to sup ortg{&@ ef ormati.on

Iargeredlemgier EnepmpAdsen thihe @gme@er HE-g5t seiany: Jbe end section is
used E?F Sg@n%gﬁl nsﬁ‘é@ﬁtg{n &feﬁ*ﬁrﬁhh”ﬁh\é@h‘o@@c’t%t Seb?é viiftin tRe retaining

ng, can be i1nserted into
hole Bf thedlspirgite. Omt theaehd! ofi thg: plmgaom@aﬂttoh eprnsite the end section the

reflection end enote fraom d rmat nse :
cetormtor et o ISTEN o1 T AL IR 708 o appropriate
ring-s{ﬁ gg gcéﬁ‘abhagn for particularly sealed pI uggi ng of

e protective sleeve and an end section
forned with a larger diameter in conparison to the

i ordFED Bl SRR SR A BB St dcurey opposte

the rﬁild?hg%uétﬁn@ eevstaMindi ehd isdewet 46 rdrrangedlire velfiich hﬁh;e deformation

spi n the end of. the -0on section
elemente penigctiva-slegre ERE de@lffB@ | BS Q] SRtk eREHEly sealed. The
deforﬁ']gg Pb rﬁﬁ%ﬁ{eﬁg o\r“’:ein%héﬁé r e ﬁtg eegl%vé Hr€ inserted with their ends

into. the retaining end sleeve and a deformation sensor is assigned to each of the

corresponding measurement ends of the deformation element or elements.

In order to protect the deformation sensor as well as the windings from especially
external influencés in the region of the méasurement end, at least the measurement
end and the associated deformation sensor are pottéd within the retaining end sleeve. A
suitable material for potting is, for example, epoxy resin or a similar compound.

With this potting, in order to also protect the electrical connections to cables in this
region, electrical cables for the electrical winding and the deformation sensor can be

brought out of the retaining end sleeve.



In order to also hold the deformation el ement and
protective sleeve securely opposite the hol ding
WBLREH/ HG628a ret ai ni ng end sl eeve is arranged i rPGRIERAG04/004343
the deformation elenment, progective sleeve and
def ormati on sensor are arranged, especially seal ed.
The deformation elenent or elenents and the
D v i efblained in more
in tn @G BoRaEGols SrhBaGREsR e et abie -
detaildsascgnat thecfigaes entiaskd in doe deawingdi ng neasur enent
ends of the deformation el enent or elenents. In order
to protect the deformation sensor as well as the
i Qi f especially external influences in the
Thef&éég}{aﬁaﬁgaz{?s?’%gnﬁeasurenent end, at |east the
nmeasurenent end and the associ ated deformati on sensor
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reSié‘cdyrdiﬁp%b%éﬁfveﬁﬂaﬁound- Wth this potting, in .
order to aFso protect the el ectrical connections to

cables in this region, electrical cables for the

g Ch e MR oS SR SRR s YRR SBRriaton devics
2005é&g§§%%§Eﬂﬁbﬁﬂg@p4/004343 - In the foll ow ng,

advant ag “enbodi nents of the i'nvention are
explained in nore detail based on the figures encl osed

Figurigi%déel:l1 d d i?l‘g&%‘%v OfTQeﬂ'{ilg 'e%ﬁﬁﬁ éﬁ%""ﬁnhsi’t_‘lbﬁuﬂéte}nﬁatibn. device

view of "an enbodi nent. of "the position
det esralogouH Figure d, andcor ding to the invention;
Figure 2 a partial view of a second enbodi nent of a
position determ nation device -analogous to Figure 1; "
F'igurg'zlg Y ScRefah@ ilsiiativh Wéﬁé_p@sﬁttﬁr{ deterinttitioRndeviée for explaining the
osition determnation device analogous to Figure 1,
and iegsuesrderst priviciplet i c il lustration of the position
determ nati on device for explaining the neasurenent,
principle. Figure 1 shows a side view of a

Figurb o) ShbWi #3idé ¢ o o lreitablirtal fsectibnehtmjimerfirsbembodiment of a
x position determnation device I ac_cor&l ng 'II Q the devi hibits at
positionvdateiroinationideviog 4 aseerdiag deHhgiipyenfjon. This said device exhibits a

least one deformation element 3 and a deformation initiation element 4 which are -
movable relative to one another in the body movement directions 10. The deformation
initiation element 4 is formed as a magnetic ting 8 which is insgﬂegl into one end of a
body 2. In the illustrated embodiment, this body 2 is a spindle 11. In the longitudinal
direction 12 of the spindle, this spindle exhibits a retaining hole 43 in which the
deforrﬁation element or elements 3 and 15 are supported for displacement and are at

least partially inserted.

For better clarity, in Figure 1 the deformation element 3, 15 is completely withdrawn

from the retaining hole 13.

The spindle 11 is partially illustrated and, together with a spindie nut which is not shown,
forms a screw drive for an actuator in the field of mineral oil and natu_ral gas production.



| east one deformation elenent 3 and a deformation
initiation element 4 which are novable relative to
WE805484984%8er in the body novenent directions 1@CTER2004/004343

deformation initiation ele t 4is formed as a

magnetic ring 8 which is insefted into one end of a

body 2. In the illustrated enbodinent, this body 2 is

| fadhgyabiment @Flt/alﬁr@slblowﬁout reventers,

Thes? h@BbQCHf%&&atoﬁ‘g régﬁéép Eﬁeﬁ?ﬁu %dlﬁts a retaining hole p
throtties m:mar equipdedndr Fat esamples ik the sase PEaAve m%ﬁand@ 11 can be

connee S i A SRRl SR WARE gonirls @ fow o

elenent 3, 15 is conpletely w thdrawn
mme#ér]g)llqﬁ{we ret ﬁ%r ng hole 13. The spindle 11 is
partially ill ustrated and, together with a spindle nut

The %gﬁigrnqré% %\éfcgp@t&nnﬁrrtﬂaéﬁ)ﬁ S%rﬁjéﬁé\gg i Forrie) from a permanent
magrfﬁtﬂ:dlr‘ﬁé k?ﬂﬁ} Wi 096/ @@@ﬂrﬁep@ﬁr@ﬁ%ﬁéﬂmnﬁnTbadeexhlbrts a high

es of actuators are used for .the adjustnent of

'magneilwfﬁd sb'rengtbmncbaéu@lhﬁae@y denfiyet 1 es or sinilar

equi pnent. For exanple, in the case of a valve the
spindle 11 can be connected for. novenment to an

' The d@RIMBIbARERMEME ieinseret with its reflettion end 171 iote an essentially ring-

shapg]dp ﬁét%ﬁgf;'rg}q%gfﬁ{', . e&é%g? %nﬁgﬁet I ﬁ:g.bs'h?r?gm;lgs Analogously, a
corre%ﬁaﬁ@iﬂﬁ%ﬂe%ﬁ&ﬁ& 9 7”@‘ cﬂ:ﬁ%r H@fd?ﬁrat‘hﬁreléméﬁms is also inserted into

m um an its a netic field
an amtuiangioove il tis hiolhng busbmgd‘éhén ttlye rar;m@n @é sep@nar grooves and

s Ay s A ) R 8 o ahid 21 e

esseﬁf?&i Iyg gg@ﬁ%ﬁbﬁdé‘%bﬁﬁ hinférndf- dlé\ﬂ@t@g@ﬂsd yprotective sleeve 14. In this

ng reflection end 17 of another def or E
‘protee:trmlaevﬁslti Bothl deformatien elements 3 and deATPA r@?ﬁﬁr&%‘ugﬂed info one

anotrirlg}nggrgr% @g\)gge?gl %83%?90&6\1 IRfel SHOAR rﬁfthé'b%ﬁﬁe ||alF| ure 1.

SO0 adjacent to it, the
bushi ng 18 is formed with a draneter 21 which
essentially correspond

The fegiambet inedialiiBe AIoaG 18 Wik Gantater 2.5 (RiTebaY & Hu-on section 19

one  ano see al so the er al
Sealitgass begrovided ivipanticHamby ian ORing 83 Mraqenﬂ:.oguﬂ*@ plug-on section

19, an end section 23 is arranged, which, in comparison fo the diameter 21, exhibits a
larger diameter 22. Consequently, a step is produced between the plug-on section 19
and the end section 23, the said step acting as a support surface for the end 20 of the
protective sleeve 14. The diameter 22 of the end section 23 cor'responds approximately

onto %gg dtﬁ‘]ep s ﬁgt 56 rbfeﬂh%”ﬁﬁzf écl%/eaglée% #4685 ?%51{1 dn a sealed manner.

to an internal diameter of the retaining hole 13.

Opposite the reflection end 17 each deformation element 3, 15 exhibits a measurement
end 5. A deformation sensor 8 is assigned to each of these said ends. The deformation
sensor 6 of the outer deformation element 3 is formed ring-shaped and surrounds the
inner deformation element 15 which is passed through its annular opening. On its
measurement end the other deformation sensor 6 is arranged with an essentially



The region of the holding bushing 18 with dianeter 21

is formed as a plug-on section 19 onto which one end
WEPOB1BHE protective sleeve 14 is plugged in 2PCEEPHEH004343
manner. Sealing can be proviged in particular by an
Oring 33. Adjacent on the plug-on section 19, an end
section 23 is arranged, which, in conparison to the

clrcuigo%ﬁgé rA tﬁé Hrbidcivé sléé\feﬂ% |§| iRty ug2o the retention sleave 24
uently, a step |S(Sro uced between the

| ug
and Beseaied there asihg Aoothed Qding 84. 2N ltﬁh@%d'ﬁﬂ"@‘? J{Pm "the protective

ctoesZc Yt L T BTARISH, SR Sl oSl Gekas for easati

L PR Cotrésy Wmm@nt eRtie |5 of tiee defirntationaglements 3, 15
mounﬁﬁfgrm‘f?lgr of the retaining hole 13. QOp03|te t

and thefassotiated deformationsengersd ae petied fenssaling Wﬁ@n the retaining end
a rrea r nd 5. A deformation sensor 6 ‘
sleevp?yagg, @ﬁgﬁa[pﬁ’ eeae(j’g&g#e?ﬁése said ends. The

deformati on sensor 6 of the outer deformation el enent

3 is fornmed ring-shaped and surrougagsthﬁ: |nn§1 " to th
'Electdeazowawesozﬁ @renisiiied S0 e windings, QG4 3§ well as o he

deforf{ %h‘}&q%@ﬁ&é% o‘é}éeé(?@ a?@cﬁrﬁ‘éﬁt‘ﬂ?ﬁ%ﬁ &R tb*’é‘n Q{rélﬁétlon unit 7 which

an essentially

is onl \R&ebed 83668 aliealyEP2004/ 004343 -10 circul ar shape.
|'so, the protective sleeve 14 is inserted up to the

retention sleeve 24 and is seal ed there using another

“The r(%lélhl?'tg %ﬂd sfdbvel 84 884ixE8 Wit it réﬁﬁtﬂékeﬂﬂ"iéé 86! fateexample, within an

e retaining end sl eeve 24 exhi bi ts an
apprapTiai aactbihtan geldive do thel epingle ¢l 1 msult mrabladody 2 so that the

" deforgyatiop,) &%%on Rloma: Qlfﬂ'@vgggaggﬁ%gla%fdgi%é’tﬁrp%[B?‘ﬁér‘?:”S together with

the baag%) "(ﬁms@qﬁéﬁtl% Q!épt‘ihd‘ iy oA &Rs ipdgitiont df thet Hitﬂjyr 2tamdrthegefore of the
sl eeve for exanple epo

deformiation: inftiatianmisledicnt 4 @ QG Gethg rﬁﬂﬂf?a@ogdlr@eé’efmmaﬂon
clom €555 RIS g} Yo pongedTr St 20, s

er en

Figuréhd Cthe BéldOﬂéﬁormatloatmeheﬂO@agamg| partio;alaﬂ];hes a longitudinal sound
WI th,its,an

retaining end sle 4|sf|
wavef1%rﬁj@n@g1e dgformation demgnt AR et QBB?CE%‘E‘ 2 18 Measurement end 5
aplpV & NeoreddpHdn M@l%rmattﬁﬁvébh@rs 6. From the
S n@%édé@i%'& g"oﬁﬁ ?7 %gt %(?Jleforrmtﬁmg*n |%|t| ation el ement
propagatm tinenof thee saundrwave,oarising riua 1 th@grgﬂﬁéilff%epﬁe between the
initiation of the deformation and the detection by the deformation sensor, the position of

the deformation initiation element 4 and therefore of the body 2 is determined relative to

the deformation element 3.

In Figures 2 and 3 further embodiments of a position determination device 1 according
to the invention are illustrated. They differ from the embodiment according to Figure 1 in

the number and/or arrahgement of the deformation elements 3.

With the embodiment according to Figure 2, a deformation element 3 is arranged within
the protective sleeve 14, whereby both are arranged concentrically with respect to one

another.



the body 2. Consequently, depending on the position of

the body 2 and therefore of the defornmation
WORPHHBP8n el ement 4, a deformation of the PCT/EP2004/004343
correspondi ng deformation ehgpent 3, 15 is initiated

at different initiation points or centres of

excitation 26, see Figure 4, the said deformation

then propagating, particularly, as a |ongitudinal

sound wave 16, al ong:.t he deformation el enent a

i

In thebeinbgdifeericaembrdingtthd-iguees & tweedriognation e@nﬁggg’grﬁ@re arranged
int 27 by t ' . i 6.
adjacniiPeAEpabdSagR o e o L in oS el e SBRVE B0,

due to the tinme difference between the initiation of

the deformation and the detection by the de{,ormaiion fion devi
With renembodirhenisoataordingde Figuesdé : thenpesitien setermination device

el.ement 4 and theref t i : ] _
o coritigoy S0t BB o Eptind oS, stgettipined o cach
case 02 Edrrédiindne pakent Thefothepfeaturemofititecemboimnents according

device | accordin to the inveption are i{l strated. Id be noted
to Figlitey 2danid 8rcarresponddodhBsR AFERT faeggr@@w& -dqﬁegﬁ"r%“% eno

in, the. .nu a ; 40 X : roximatel
that Iy e ATLOSIG Y, S RURLASTAGIRR, 2Cand IR RATBReS Bpproximately
circular-SRApsdratdetormatiorensedsors o r aargedamanged ameihe comresponding

protective sleeve 14, whergeby both are arranged
meastiveroent endspf W%Qfﬁmﬂg%e%%/%"tﬁri anot her. WO

2005/ 103628 PCT/ EP2004/ 004343 -11- In the enbodi nent
according to Figure 3 two defornation elenents 3, 1

‘ 5 .
Figura’ & ehowsgadschelnatieniillstratian fadlee pegiion ietampinalien device for

wi thin the protec{ive.sll'eeve 14. Wth the enbodi nents
explaiieg g Measyremglt REAPEng 3, the position

determ nation device is constructed redundantly,

because two nmeasurenment val ues are d te‘rrin ned jan each ricular b
In this digeré the elastdesl ingipad? 08 thesteiopmation Slgpral S can In particuiar be

feat ur.es .of. t j : h Fication i R8s A to 3. With this
soenc iy i TR BPRTEN RedToRsRnPMcalion In FYRERY o 3. Wi
electiidal Siding lite noespontiag électrival asdbles @nare goveeelpd@ccording to

to Figures 2 and 3 in each.case r oxi.mat el :
Figurei .cQae" §ﬂ@§§gﬁf&e$®?ﬂ%§$‘2r‘i°§§ﬁsa$ RGP <PER fi T, deformation
initiatjetﬂ'g ﬁ&?ﬁéﬁé@quér%géaeﬁﬁﬁh%?bpﬁaﬁ irfiatidre poiet @BTRIri @ieformation
nes 3. ‘ . o A .
which is arranged at a distance 31 from the measuring point 27 of the deformation
sensor 6 and at a distance 32 from the reflection end 17 of the deformation element 3.

The total length 30 of the deformation element 3 corresponds to the sum of the

corresponding distances 31 and 32.

Due to an appropriate current or voltage pulse which is passed to the electrical winding
9, a magnetic interaction of the magnetic field produced by the electrical winding 9 with

the magnetic field of the magnetic ring of the deformation initiation element 4 occurs.

Due to this interaction a brief displacement of the deformation element 3 arises, which
after the end of the magnetic interaction propagates along the deformation element 3,
especially as a longitudinal sound wave 16. Here, a sound wave, propagating directly in
the direction of the deformation sensor 6 arises due to'the deformation as well as a



Figure 4 shows a schematic illustration of the

“POSI tion determ nation device for explaining the
PeAYIEMSNt principle. In this figure the el edGT/ERA004/004343
wi nding 9 on the defornmation elenent 3 can in
particular be seen, the sai W% ndi ng havi ng been
omtted for si rrplificatlon in.Figures 1 to 3. Wth

tthis electri.cal w nhging: I [
sounfi e, Sisg oGl i MLl ion 5, B BRI AR 2, §Fic Gy reaches the
deforfifdtlops s@hgorcendtestiatbrttime hsoide bitematilectiose as the Gefldttion end. The
deformation initiation elenent 4 is arran%ed at

propagq_:tmptlmasemeﬁqh gasefordbensoursl waveg arerdy ﬁﬁf‘l"@ﬁag“d are used fo
find ﬁ%ﬁi Gl rt{faﬂgeegdeeﬁérlrﬁ%fﬁrﬁtﬁﬂ%ﬁoﬁ Lefo ngﬁgtémﬁlﬁwdgnghe principle

sensor

acconféhﬁg angR Blolviryeditionef | ection end 17 of the

deformation el enent 3. The total length 30 of the

deformation el ement 3 corresponds to the sum of the
sz respondi ng distanc?ﬁ 31 and 32. Due to an
1 éﬁ%ropriate current of “oltage pulse which is passed

to the electrical winding. 9, a nagnetic interaction

of the magnetic field, produced by the electrical
Sz-‘%Ahdlng 9 with the nﬁgnetic field of the magnetic

ring of the deformation initiation elenment 4 occurs.

Due to this interaction a brief displacenment of the
wherelef comaspondsetetnendisBingeid2eand ebie the distance: 3k ageerdiig to Figure 4

it 3RS o 2854 o0 BRAGRHG 4TV S I i i gpooe of sound

fora@%@ﬁddmvso&ﬁdwd%e a sound wave, propagating
' IFectly in the direction of the deformati on sensor 6

ari ses due to the deformation as well as a WO

oo GFRCHIIER SETRETERRAIBA ot S W rene by o o o

equaﬂ!ﬁnslm)(aﬂcv(zm@cfbw@mhe deformati on sensor 6 at a
later time point after reflection at the reflection

end. The propagation tinmes in each case for the sound

2= S{AES- 814, ﬂ%@ 5m(§,2qq ﬁi}? B 4, used to find the

5R0r ma Initiation elenent 4,.
enpl oyi ng the principle according to the foll ow ng

From e%u attionr@) the spee%‘oiI sodn]d) i5 gn? %1 as %Ilévgs (2),

oL = 2U(t: + to) - ).

By substituting equation (4} in equations (1) and (2) the said position of the deformation
initiation element 4 relative to the reflection end 17 and to the measurement end 5 is

given according to the following equations:
= 21%t4/(ty + tp) (5),

and

8y = 2"/ + 1) | (8).



where sl corresponds to the distance 32 and S2 to the
di stance 31 according to Figure 4 with tl and t2
WPS0IHL0BEE correspondi ng propagation tines and RET/ER2004/004343

the speed of sound for a |ongjtudinal sound wave. The

total length 30 of the deformttion el ement 3 can be.

represented by the sumof equations (1) and (2) as

follows: 21 = sl + S2 = CL*t1 + CL*t2 = CL (tl1 + t2)

(3). Fromequation (3) the speed of sound is given as
The f$idevof Idnkitadidal (dount twavds?) nofdyaiukispiehdentidon temperature, is

equation (4) _in equatjons (n'Jl) and (2) the said o
elimipatgd indhe gositiea @Qemwﬂlpa Yy ingesumens f dng propagation time of the

rel ative. ' ' . .
sourkElBlp Yhahfollp LRLAH 6 Bk, 81ihd (rdditrng poiy 27 and of e
soundawale Girst reflected? o fdttdo termperdite depadderite=is present in the said
21t 2/ (t1 + tZé_ (6)._ WO 2005/ 103628 PCT/ EP2004/004343 . .
- positiorsdetesminatien. dhere ifgrisedhedrossiiiRy qfaneasuring tha pippagation times
p t I [ LRRa j : :
of bRROEN vles, AFRRHFID . or SALTMET LRGP ddBrmation sonsor o i
assigheebiadihei reflettioreend andehegropdgatioretimeopidbeatsound wave between the
.. directly in the difection pf_the neasurin oint 27 '
initiatign peintidfeand Him refigeviantg i""r'%mf‘eﬁﬁ”é%‘?- 'Egh[%h%ﬁ's%ﬁ’e fwo sensors 6
are s ARRSINdLY f iig@endence is' present-in the said ' .
osIt1on dleterrri nation. There is also the possibility
of neasuring the propagation tinmes of both sound
. waves directly in that, for exanple, another
-deformation sensor 6 is assigned to the reflection
‘end and the propagation tine of the sound wave between
the initiation point 26 and the reflection end 17 is
measured. In this case the two sensors 6 are
~synchronised in tinme. 14 CLAI M



1. Position determ nation device for a |linear noving

spindle of a screwdrive in an actuator, conprising:

at | east one defornation el qunt extendi ng al ong the

‘range of spindle novenent and having a neasurenent

end and a reflective end with at | east one electrical

wi ndi ng arranged around tgeAlggor mation el enent; a

deformation initiation device disposed on the spindle

and novable relative to said deformation elenent; a

1. ddasition delersination de\dte ferda tioear mendng spindie oha sfrew drive in an

def ormation elenent; and an evaluation unit to

aC‘“?}SFeCPmFH@'%e position of the linear novi ng spi ndl e by

ant leR edkIdefoMihtich @I@ﬁ%m%xiéﬁdhﬁ@htdn@eth\éﬂrﬁﬁgé@f spindle movement
causi ng an interaction between the formati on

and haying aimeaswemerd engddantha r@ﬂe@mncbwﬂmaid@mt anedelestrical winding
arran%eg'a?BLﬁ&ﬂ%@Béfo%atu{aH%l&lﬁ%R{ mation el ement, the

eraction propagati ng alfong the deformatlon el enent

t @maefdrmhaomﬂaﬂ@mewucendisp@@bd oe thef spinalel amd emslans relative to
the evaluation unit neasuring the propagation tine
said defgpmat %nélﬁ‘%?%tl on initiati on el enent to the

def Qibfﬂ?’h'la‘%ns%@ﬁ@ r HdighedMd rﬁ@gg% e%rﬁn h&' bt hé Oeformation

element to the re Iect| e end
elemdrtf andati on sensor. 2. Position determnm nation device

"Rl 4 Jo bR aarsiion opgas ingar moving spindie by an

.e!ectl‘i@tlﬁllﬁé NhéHRg dﬁ#bﬁ?h aﬂ@r\ﬂlhﬂ%gt Q:a‘h's g“a% iMeES6dh thween the

deformation elenent is thin-wal Posi ti on

- deformmationninitiation ideyécs and atbeaieiomatlcm eleamentland/vltiw&arﬂlswecement of

f.ormed from sol,id

“the d?eﬁgﬁ]ag%bbg{égéeltﬁgﬁ%t[@%sag@@upfoa@@?gg @iﬂ@gnfﬁe def%rmatlon element

towaildntigs aglebsirenfentPendt BAA dfd edefbAabliich SRV iHRI the evaluatlon unit
according to claim1l1, wherein the deformation el enent

measugng o thee dorgpagation | tie ranai the adrformatign tipiiadipnestgment to the

deforrsﬂallﬁgb %gﬁfggg%aﬂ(? h@ dgfogﬁg)?%gﬁbﬁﬁiréh@ﬁ{n%%ﬂe% 1 hé Mflective end and

back to the deformation sensor.

2. Position determination device according to claim 1, wherein the deformation

element is substantially tubular shaped.

- 3. Position determination device according to claim 1, wherein the deformation

element is thin-walled.

-4, Position determination device according to claim 1, wherein the deformation

element is formed from solid material that displaces upon the occurrence of the

interaction.

5. Position determination device according to claim 1, wherein the deformation
element is formed as a coil or winding and the pitch of each single winding can be

selected in relation to the stiffness of the deformation element.



15 6. Position determ nation device according to
claim1, wherein the deformation initiation elenment
is a magnetic ring surroundi ng t he deformation
el enment. 7. Position determ nation device according to
claim1, wherein the deformation initiation elenment
is a perrmnently magnetic ring. 8. Position
determnmi nati on device according to claim1, wherein the
6. détosition determlmtiormcﬁewedeocwdmgs t@ akmgnélt |Where1fg thaddeformation
ast one ectrlcal wi.ndi arr.a
inttiadiEofindri 8 haPadnelis e silhutliRg e aefortirthticment
d| rection of the body novenent through the rragneti c
ing. 9. Position determ nation device according t
7. clP&sme@ deiesrinatiom gewicec ageardingnm dilgig i, swaeﬁeamgba deformation
- f t. 10. Position
mltla@[gfg%%%}rgt'él %%%@\?ﬂ%gﬁi%n% &I 0 claim1l1, wherein the
deformatl on initiation el emant is arranged on the

% Posi tion determ nation device accordi ng
8. ¢ é’isﬁﬁoi' w%waﬁl%gewpnawrﬂm tyedaing ew%\ﬁ?'iﬂ'mdhe deformation

initiathf Egﬁéé%‘%l tlt:)h‘ﬁ’l Cgﬂg'tﬁéddtr]@%std?ﬁcg%ﬁécﬂﬁcé? thpﬁag s arranged

spin for t a
aroumhthe dlefqrmatmeelﬁembrdeémi eEtanals lel ﬁwedh"ectm oPdise thiody movement
# rm nati.on. device according to claiml1, wherein the
througg MRAANGHC % ment and wi nding are surrounded by a
pr ot ect ive sleeve. 13. Position determnation device
according to claim12, wherein at |east two
9. dBﬂsﬂlﬁatdgaberrmnsh@mdgvaeaqcn%ngé@lciatm 8,whereirotheeglectrical winding

o ard ol BRI A0 FE BT B . orr e, Lo 1o

el enents are arranged adj acent ly. 16 15. Position
determ nati on device according to claim1l, wherein the
10. dP@ﬁ!tlaeeﬁ%tﬁmeIonbéew@ﬂv@@q% ingnico claigodndvheredn the deformation

o rmati on el enent. 16.
initiat os‘?‘%g'on e er na{)ﬁgl?lggéé?Yce according to claim1,
V\herel n anot her deformation sensor is assigned to the

flective end situated opposite the neasurenent end
11. ogﬁgn determination device according to claim 1, wherein the spindle includes

a retaining hole extending in the longitudinal direction of the spindle for the displaceable

support of the, at least partially, inserted deformation element.

12. Position determination device according to claim 1, wherein the deformation

element and winding are surrounded by a protective sleeve.

13. Position determination device according to claim 12, wherein at least two

deformation elements are inserted one in the other.

14. Position determination device according to claim 12, wherein at least two

separate deformation elements are arranged adjacently.



deformation elenent. 17. Position determ nation device
according to claim 16, wherein the sound waves can be
acquired with correspondi ng plr6opagati on tines directly
and reflected fromthe reflective end of the
deformati on el enent renote fromthe deformation

15. SeEiion dSterMAfdtionevitsd ﬁééﬁ:raﬁ‘il‘gi ISRV ,C\ﬁhéfé‘ﬁgferfg #¥pk®ement can

claim8, wherein the electricall winding can

be cenyspieddatond shuad waset prapdgaiing slongdbe pisgifermation element.
generate an unreflected oscillation and a reflected
oscillation. 19. Position determ nation device

16. adesitbmdetcpmmation devidd acedrdind® elbRaty itdrei &¥btA8r deformation
can be supplied with voltages with alternating

sensgf i agrgned &9 4 reflecixa situgied gppesite dhe gneasurement end of the

| i and a reflected oscillation. 20. Position
def03e§ yrdma%a | ct)'n devi ce according to claim1, wherein the

deformation sensor is a piezoelectric elenment sensor
17. d &%ﬁtmral " ﬁ{el?gw@e i qﬁggg\}lé&%r@&ﬁgg ﬁtgl qg]iqugan}hggqin the sound waves
D . ) . T _ | 2
can 5 3E4LAG A EEERHY Rind b AP AR ANy fnectd fom the
refleatiy| et ofvibe atedomeatintrecle mamt réraotiefronmihiei defoseatior seémto.

a holding bushing. 22. Position determ nation device
according to claim 21, wherein the hol ding bushing

18. | PRlsHRASI@eRhiHatiER dReRlE Ator@ihgI8 A B! WaSIeNYtHY eRBtrical winding
~end of a protective sleeve and an end section forned

can bgi suppliedivitieceirentangtior voltagenpulses dm geoerate aiunreliested oscillation

tion. 17 23. Positi
and iR i ce according to ciaim 16, wherein a

retaining end sleeve is arranged opposite the
reflective end, the deformation elenent, a protective o
19. sPesifienglriermivation derige ancosding de diim@ whergingthe elatrical winding

a Ayt r [JUNg . 0Si.k)Qn
can RETSEEPICH i RIS el A arffimsle RSty gonerate an
unrefleetst osdikatiomeasdi o eoiddted vdcillation.he def ormati on sensor
are potted within the retaining end

20. Position determination device according to claim 1, wherein the deformation
sensor is a piezoelectric element sensor detecting the interaction propagation from the

measurement end and from the reflective end.

21. Position determination device according to claim 1, wherein the deformation

element is inserted at the reflective end remote from the deformation sensor into a

holding bushing.

22. Position determination device according to claim 21, wherein the holding bushing
includes a plug-on section for sealed plugging of an end of a protective sleeve and an
end section formed with a diameter larger in comparison to the diameter of the plug-on

section.



sl eeve. 25. Position determ nation device according to
claim8, wherein electrical cables for the electrical
wi ndi ng and the deformation sgnsor are brought out
fromthe retaining end sleeve and connected to an
eval uation unit. 26. Position determ nation device

23. aEitb detémtihaidA %levi&ﬁeééé&dtr@et@c%ﬁ HeahyHrefi BOretaining end
is insulated electrically with respect to the

sleevgefsoprranged appesitatthe 2eflestivchedds the geﬁjrma(tlnn element, a protective

oo LRyl SR B, el AR iy rtaring onc

sleev@. enent i s assigned to the spi ndI e or actuator body
and a deformation initiation elenent is assigned to
the other of the spindle or actuator body, the

24. f'@%ﬁrﬁ (ﬂgfé.(l‘nﬁﬂaﬁc% a&%\)f@e 2 dé;),rﬂﬁlwa E(S hﬂélﬂ?n:?:l[l OYMLeinC at least the

e or "actu oW ng

measirepent igndendi the aefahedion sepsbrsard hpodtegh withiv mhb Netaining end

arranged around the deformation elenent; ii)

sleevenguction of a brief deformation in the deforrmtl on

elenent at an initiation point at which the

deformation initiation element is located; iii)
. 25. wP&)@ﬂioe’néemrmfnaéioﬁides»ﬁcqoaowgmg tnclaimes, ofherein ekestrical cables for
| at.i on caused

the e%{c]: ical erfglzl gé}a%%ﬁgﬁ orén%tfpéhwnﬁoréirﬁgiglt@%ﬁ)éﬁff%r nﬁ'{e gﬂalnmg end

sleevd éfﬁﬁééﬁrﬂéﬂ?éﬂ tceaAl c0hlualiBn d@iitor mati on el ement using a
def ormati on sensor; iv) measurenment of a second

propagation tinme of at | east one reflected

20, SERSHR 48R ARLRE FRVHR ST UTE HAR, 8 W lptica inang

is insdiifted BRictrtallg virerispadictor thtldrtdesatiacdehmipar d the
nmeasuring point; and 18 v) calculation of the

di stance between the initiation point and the

27 %Hé# lt'Hn Bé rﬂﬁro{n 3 s 8[6381‘:? '%?Begi{} 8@&8 ﬁﬁd;in\gﬂg relative to

“tinmes ermn |ono

an actwhtat lbmdyl\metrbby amlefatmat@méjemé’r&. is sy datocthedipidle @r actuator
initiation of the

body%%;%%fpaﬁg éfr? ‘?r[yg'@ﬂ&% eiem ﬂte.'sa@ﬁﬁleﬁeaetpwé@npth% of the spindle or
actualst AP th& BIFhEMR thoding rbiiveeb YnEPhh&tRet Bhhib8blLSTo the spindle or

actuator body, with the following steps:

i) sending an electric pulse through a winding arranged around the
deformation element;

i) induction of a brief deformation in the deformation element at an initiation
point at which the deformation initiation element is located;

iii) measurement of a first propagation time of at least one unreflected
oscillation caused by the deformation along the deformation element at a measuring
point at a measurement end of the deformation element using a deformation sensor;

iv) measurement of a second propagation time of at least one reflected
-oscillation caused by the deformation along the deformation element toward a reflective
end of the deformation element and reflected back toward the measuring point; and



el enent havi ng neodym um 29. Method according to
claim 27, wherein the unreflected oscillation
propagates directly to the qgasurl ng point and the
refl ected oscillation occurs at the reflective end of
the deformation el enent situated renotely fromthe
MRS cBREURRIOR! oftthd dibERRE Hbiwdkh hchE |ﬁ|t|ﬁf?(‘)r§J pBtht and the measuring
bushi ng. 30. Method according to claim?2
pointi frgnubieryshand second propagationptimpadar tm posl‘tm da&teammatlon of the

deformation el enment, situated
Sp'”@%ﬁ%'é ‘?en%({}?? S\«'?‘gg%’f’@g end by a deforrmti on sensor.
31. Method according to claim 27, wherein the

deformation i s a |ongitudinal displacenent of the
28. Jeihadtacsardingiemiaighe 75 Guither inchudinginigation of the deformation by

g vV, 3
magrigCo SR KR3Pt (e FerBinai) Bensh shd e Geformation initation
elemehieimsving acbd@hianby an actuator, conprising: an

actuator body having a spindle and an associ at ed

spindl e nut, said spindle being adapted to nove the
29. aﬁﬁé{ﬁégda&b?dm?tto éltalrhe??t B?e:ﬁ’ p@rﬁi‘?ﬂe‘ﬂ@&e@l Sﬁﬂ‘é&ion propagates

having a measufenent end’ areflective end an

direciiy tetiti ngasliing polird amg"e :éﬂea:mﬂbnsmtlatn:fn eatutssgiithdlreflective end

of the R g R s LRI E O S0 d0a BPRUEg BRnhard disposed
W|thma§qal,0[m ?Blﬁhn th said spindle and relative to said
deformation elenent; means for generating an electric

pul se through the w nding causing an interaction

0. RIeSRR AbRrlifel Rl 25 lithe A hepMiEeRuftfent S the propagation
time &tey infeasungmapt end of Biarabfdmatiofaeneae fiuatdd 8pposite the reflective
unrefl ected and refl ected oscillations as said

end by delesmabian SBNSPMt i on device and said deformation

el ement interact; said unreflected oscillation
_ propagati ng al ong said deformation el ement toward
31. Method according to claim 27, wherein the deformation is a longitudinal

displacement of the deformation element and further including a longitudinal sound

wave as the oscillation.

32. Apparatus for determining the position of an actuated element actuated by an
actuator, comprising:

an actuator body having a spindle and an associated spindle nut, said spindle
being adapted to move the actuated element;

at least one deformation element having a measurement end and a reflective end
and extending along the range of movement of said spindle;

a winding arranged around said deformation element;

a deformation initiation device disposed on said spindle and movable with said
spindle and relative to said deformation element;

means for generating an electric pulse through the winding causing an interaction

* between the deformation initiation device and the deformation element;



t he neasurenent end and said reflected oscillation
propagati ng along said deformation elenent toward
said reflective end and refl ggt ed back toward said
nmeasur enment end; a deformati ensor associated wth
said def ormation el enent receiving said unreflected

arég ?ﬁﬁdﬁ%rﬁﬁlhﬂléﬂ ' oscﬂt rs.adtTf Mdibl rﬂgtléﬁ' Hement generating

unre | 'ec and re ect  ons
unrefbaciéd atridomefisdtéd csillatiens mabmﬁmmmloh dutnaﬁrdn denige and said
' ntlrres of the unreflected and

t he,
deforfré*%!og‘rc@é’%‘%g? ¢85t ons to determine the position of
t B8 BhRtleBted3dscifRH BldpadgRfif reﬂbﬁ@ s’gﬁh %'e?él%éi%n element toward

wherein said unreflected and r oscil lations
the maasusersent end aadofaidneftdated oscillatian prepagatingsioey iseid deformation
lgtnal and a.sound Jave.
elemanttdFard 381 2iR38NE end @i reflected back toward said measurement end;

a deformation sensor associated with said deformation element receiving said
unreflected and reflected oscillations and transmitting said unreflected and reflected
oscillations to an evaluation unit; and

said evaluation unit determining the propagation times of the unrefiected and

reflected oscillations to determine the position of the spindie.

33. Apparatus according to claim 32, wherein said unreflected and reflected
oscillations are one or more of an electrical signal, a magnetic signal, and a sound

wave.



