Position determ nation device and nmethod of position
determ nati on DESCRI PTI ON The invention relates to a
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of position determ nation. The device and nethod are
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positish f e eRpigttuptratedibyathecadtuatopr . I n addition, the
previously known sensor is partially sensitive to
external influences, such as variations in the
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relative position of both elements with respect to one another can be found.

The previously 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 pressure 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 deterrhination of a position. At the same time the said device
is simply constructed and can be easily integrated in the actuators mentioned above or

in similar equipment.
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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 position-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
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Thi s nmechani cal deformation can propagate al ong the
deformation el ement and is acquired at an appropriate

It is SOhdBivabletthat thef apprdpriate sieforonatiorhis indiatedanedianieally in that, for

exan*g;({)gen% ﬁgec?{g?]oq@g&ﬁ%ﬂﬁétﬁbf&@nagtB{]oeprna\f@}S&nt BiHetferbhation element
occurs. This mechanical deformation can propagate along the deformation 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 element, 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 magnets are especially those which contain

neodymium. These magnets have a particularly strong magnetic field so that
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It has already been pointed out above that the appropriate body, the position 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 element 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 displaceable mounting
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It may be convenient, according to the invention, if the deformation can be converted
into a sound wave propagating along the deformation” element, in particular
longitudinally. The 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 propagation speed. The sound wave can propagate here as a
longitudinal wave, whereby appropriate small 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
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There is also the possibility that the corresponding pulses exhibit alternating arithmetic
signs so that displacements in the direction of the magnetic ring and in the opposite

direction alternate with one another.

In a preferred embodiment the deformation sensor can be a sensor with a piezoeleciric
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



element in the direction of the deformation sensor. In
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element, protective sleeve and deformation sensor are arranged, especially sealed. The
deformation element or elements and the protective sleeve are 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 influences in the region of the measurement end, at least the measurement
end and the associated deformation sensor are potted 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.
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vi ew of an enbodi nent of the position determination

devi ce according to the invention;
Figure 1 shows a side view of a longitudinal s.ection through a first embodiment of a

position determination device 1 according to the invention. This said device exhi‘bits‘at
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 ring 8 which is inserted 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 13 in which the
deformation 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 spindle nut which is not shown,

forms a screw drive for an actuator in the field of mineral oil and natural gas production.



Figure 2 a partial view of a second enbodi nent of a

position determ nation device anal ogous to Figure 1;
wo-r@anese3 a partial view of a third enbodi nent POf/EP2004/004343

posi tion determ nation devi c?sanal ogous to Figure 1,

and Figure 4 a schematic illustration of the p03|t|on

determ nat i on devi ce for explaining the neasurenent

Thesé ¢ i\ ncst %I (tjqa régggelhxg?@v@h gfp]ec‘g‘iﬁfq h%th;E Jalves, blowout preventers,

throttl%%sdrtélrﬁﬂaldéq bfﬁe‘ﬁ@tFdrremvpléem]ihemeobf@valuetthe spindle 11 can be
i nvention his said device exhihbhits at

connettédr fontroverseahiatarns SpREoRIAs AR eIBReNE TIgH | Gtrols a flow of

nt 4, whi.ch are novable relative to one another in
mlnerlaihgnﬁgg INARRENt directions 10. The deformation
initiation elenment 4 is forned as a rmgnetlc rlng 8
which is inserted into one end of g{ t
The nagostic ingds @md@rﬁm@ﬁtlontlﬂiﬂ@’ﬂ%cﬁ}e@eﬂg als fBrW&Per qT a perma”e“

mecn T D, Sras cecipind fdmpodlang iwrs o i
‘magr%%cfre'lﬂiéir@rﬁgthlmhlgtremrgym”sltﬁ and 15 are supported
di spl acenment and are at |east partially inserted.

For better clarity, in Figure 1 the deformation

The cfegﬁgﬁﬁtﬁor?’e eﬁeﬁti&}sfs‘)@ﬁéﬁéﬁ hyithwied ReHextanfarm 7 ivito an essentially ring-

oIe e spindle 11 is partially
shapéd | I:@Iai‘na’(gaogrande trogatehezndni ath aa Ridingl @Uﬁhmg\,\,ﬁlﬁc hAnglogously, a

t sh f
correppendingrefiscianiend 1y o aoftien fefbfiafith BHEI s idakBinserted into
an ar‘r}ifl’&s%rﬁf)vﬁﬂ 4t AbRIIGY Bustsing 1801n tHereyigruef thesse asinular grooves and
val ve

owout Ereventers throttl es or sj

also aigaminty, {€ahochaiNG, Picing i omed il e fiameter 21 which
essoffbCsBratesih I8 SRTREHAC AR B orbet slpove 14. In i
prote%g?% ??gtvlglo% f)driltrlﬂw;ﬂrgimgpelﬁén'rﬁms r&a@ﬂrc:at; 5r5 @rg B;?@ngedgplugged into one
anotiyey Aas eiRo MegRIErT LoTReT-spF A ik STipR i T 5pae f Figure 1.
cont ai ns neodym um and exhi bits a hi gh

The region of the holding bushing 18 with diameter 21 is formed as a plug-on section 19
onto which one end 20 of the protective sleeve 14 is plugged in a sealed manner.
Sealing can be provided in particular by an O-ring 33. Adjacent on the plug-on section
19, an end section 23 is arrangéd, which, in comparison to 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 corresponds approximately

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 6 is assigned to each of these said ends. The deformation
sensor 8 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



magnetic field strength and a high energy density. The

deformation elenment 3 is inserted with its reflection
wepas1M36eht o an essentially ringshaped retai ni PQI/BPHOVEN4343

in one end of a hol ding busthg 18. Anal ogously, a

correspondi ng reflection end'%7 of another deformation

el enment 15 is also inserted into an annul ar groove in

clrculagnﬂfﬂp%? ! %ggﬁ@hﬁlvégsée% 448s Iﬁ?éf?élh % htﬁéﬁ"etentlon sleeve 24

acent hol di n
and @‘é%ﬁle‘&gthb?e'&slﬁ@fam\w Obrlr&?g B4ar®@n dts énd mtno:tb from the ‘protective

essentially corresponds to an .interna ‘ ter é,ra bl

sleeveprid:, dbeiretaisingeerd 1sleeven 2dnhexh 'Bit%taébtaf‘{)lé aér%é@@ % or releasable
def or 5 f

mounﬁngfg]jié% COE ngfbérﬁ@ng éﬁt‘%n?érﬁ”?ég]djs 5 ¥ §h ?de?&ﬂ?ﬂlon elements 3, 15

er see so the
and trFe’ 88sochRed 'd@ﬂ‘@’me\fcloﬂ/\sm 6i avetpudtedent sealing Witginrthe retaining end

he re?m’on of the holding bushing 18 with dianeter 2 1
sleeve24fhyr ExanpRle pERRXYIESEkCt i on 19 onto which one end

20 of the protective sleeve 14 is plugged in a sealed
manner. Sealing can be provided in particular by an
Electrieal i d2I6¥3 25Adieacentedoto  the wihdipgsn9s eeei loigund 4, zas avedl as to the

section 23 is arranged, n.co on
deformptipRsensars,6 andiase %Qnﬁef\égpg?g e S8R eVBiatBn unit 7 which
is Onlfgfﬂ'? %ﬂ%#%m t‘%Wp i s produced between the plug-on
[ on an e

end section 23, the said step
acting as a support surface for the end 20 of the

Tho BLgiRe e 5 L TSl o' 7 B0t witin

tREusthr trBRtivet & HheGsgindle 13. agmomot/auehbody 2 so that the
appro%'?%cat%:t%n Eenrd 17 each defﬂgrmatl on

e] enen
deformetibbiiniationmeierneehs mowes alongathee Slomenan diemggt 3gogetner with
the bc'aé\{ 2?%3?%%%@”2 Bgﬂ&l{nbrkﬁ’g %"ﬁ@?ﬁ?ﬁ??g‘n Zeellr:ed n’éhrtletrefore of the
defon%aitlénf ritieRidNr iel‘@ﬂshtapleda aderfosmnatlon ndfs theecomesponding deformation

def ornmation el emrent, 15 L ch 's ed t
elemenind) 3% I%ﬂ@lﬁﬁw ab@ff'qrg% io 1‘?5 c%gngr%%t %1’ %)%Cltatlon 26, see
Flgurgezf otrhgag+ ﬁndé@ﬂﬁﬁﬁoﬁ thén erbéé@@lﬂ‘ng/\ﬂ pdttiewarly as a Iongltudlnal sound

ssent ycircul ar shape. the protective sle
wavelts,isdong ter defdrmption etlefeen’@@mpiemg gqat@gi;gg alt gr{aeagurement end 5

as n}seg%lbl?lggg Bg{ﬂ 22 B? n{b?rtesg el %foﬁﬁaﬁ&rrgtsg?%%sg 6. From the

propaiflion! @R¥Cor2thec b tv@awl a@rfsing aluef tatrge tidle Hiference between the
rel easabl e

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 embodimentﬁ according to Figure 1 in

the number and/or arrangement 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.



nmounting. The correspondi ng nmeasurenent ends 5 of the
deformation elenents 3, 15 and the associ at ed
waledosnomes on sensors 6 are potted for seal i ng RET/RP2004/004343
the retaining end sl eeve 24 hy, for exanple, epoxy
resin. Electrical cables 257dfe routed to the wi ndi ngs
9, see Figure 4, as well as to the defornation sensors
6 and are connected at the other end to an eval uation
unit 7 which is only illustrated schematically. The
In the rq‘?ﬁl%cﬂﬁfé@lt apeoRiirREUEF e $ fokddfonationtelerentsl 3y 15 are arranged
flTange 35, for exanple, within an apgcgierl te aﬁ%uator
adjacerglyard/spaced hemgpienanethen WHBINANRRIRAVE SBPVYE Ko t hat
the deformation initiation elenment 4 noves along the
deformation el enent 3 together with the body 2. o _
With tFBHiSARErits adeprent RoFiguredd amod 3 i positiohelaempination device
and therefore of the deformation init atll on el q&?nt iﬁ d in each
is constrdetesr resundantly, heraussrimesMeRSUFRINGRE ¥alHEP i35 4aeRE
b oD 1S I niLi i bRiUré&oF @i BRABYdIMENRts accordin
case ééﬁ%?é’?rr&pgﬁéﬁb%%ﬁkgéﬁeﬁée _ifsgtre 4, the said ¥
to Figﬁﬁ:,féj_ﬁ j{ﬁ%ﬂ! @@lotrbgpongrl ttpﬁgmlega@:ﬁrgimgt ﬁtoﬁangare; §. Here, it should be noted
ongi t udi nal soun ve . alon g defor [ :
that il tbeeembadimats rREE 1Bg+ 10 FigreR 2 r?é‘&'sgr'gn%%& e sapproximately

. easuring pej ot CQ I apdonfidigedefl o Mahe orcorresponding
circulafs e&?resd1 698@(@%“? ﬁeb%erﬁgggsgaﬁv oﬁﬁ?i e dg@ t he sound >
measWifBentadrids ofghd defdrmation elements Bf er ence bet ween t he
initiation of the deformati on and the detection by the
def ormati on sensor, the position of the deformation

iqurd M t LR @@ﬁ‘é' iRdratibar of othe ositioa detbrnination device for
Flgur%e e:tsl?é%%%f% ativt:ec_ﬂftp the def or mat i@fgn el ement 3. In
explafriny tresmeaawengentpringie.enbodi nent s of . a position
determ nation device 1 according to the invention are
illustrated. They differ fromthe enbodi nent according
In thi% ‘Fi]gjﬁfegﬂfe?e[bc'trrbal ndingi®eon dne /deformnatiorgelesrant ¥ camén particular be
e

seen,tﬂjlegarg%ti\l\l@?&nge L‘I%&reﬁ&'?%%? Pgl\{%ttt‘gq t&éﬂﬁﬂ'@ﬁ?éﬁgﬁﬁlﬂégg&dﬁ /3. With this
clecu ) RRE I Shfehisfind funisd, cabect g dormeeton accoing o
Figure 1. Other cables are connected to the deformation sensor 6. The deformation
initiation element 4 is arranged at an appropriate initiation point 26 for a deformation
which is arranged at a distance 31 from the measuring point 27 Qf 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



anot her.In the enbodi nent according to Figure 3 two
deformation elenents 3, 15 are arranged adjacently and
WG p@saaeds om one another within the protectivePGI/ER064/004343
14. Wth the enbodi nents according to Figures 1 and 3,
the position determination dé&ice is constructed
redundant |y, because two neasurenent val ues are

soundweNe REPP ARSI NER ITaSiel B5tG refIREIGRBI: e fihich only reaches the
defor@%@@rﬁ g’sle%o['g% Ei QU RSr anﬁﬁgi’ﬁt i%?férel%%e i &tttheSRflection end. The

I gure 1. shoul d be noted that
propagatibheiness rdegeitcasedfop titd sBgund Wavps ae detanohiried and are used to

find 668606 af ahar FERGEATEN FVIEtDD, FU JoRk ingomPIOVInG. the principle
accor%@ﬁg&gﬁ&]mﬁQg%tq?%ﬁ%%e_ deformation el ements 3. Figure

a sc ustrati on of the position
determ nati on device for explaining the nmeasurenent
principle. In this figure the electrical winding 9 on

s1=CtHe deformation el ems(ﬁ#’ 3 can in particular be seen,
the said wi nding having been omtted for
simplification in Figures 1 to 3. Wth this electrical
s, = oitpdi ng the correspon@)ng el ectrical cables 25 are
- connected according to Figure 1. Other cables are
connected to the deformati on sensor 6. The deformation

wherd 8] Ebéhdd @©NRBIdidtahse BRramruSstoatheailstappe Gr aatioeding to Figure 4
Initration point 26 for a deformati on whi ‘

: At C ch is

with taandrigdeing the aprespruing prwagﬁttqmetlmﬁaﬁﬁ figispBentpegd of sound
- _of th ) sensor 6 and at a distance 32 from
foralpﬂgﬁycgpgg%ﬂ@ég% 17 of the deformation el ement 3.

The total length 30 of the deformation elenment 3

corresponds to the sum of the coyrespondi ng dist.ances
The total IaRahsad Qfiber SeTaRmafioR SRTISDE 3CEHT Ot Y SIgiEd gy the sum of
equa%Hgs?]@Q%HRb2b§f&ﬂ§' §8d to the electrical winding 9, a

ic interaction of the magnetic field produced by
the electrical winding 9 with the magnetic field of

_ the magnetjc Lin t degformation initiation
2"Sél+e§¥e'ngL§‘ %EEG%E%L&EJ {;g t@lf)‘s interaction a brief
di spl acement of the defornation element 3 arises,

whi ch . :
From equation (3) the speed of sound is given as follows:
oL = 2l(ty + 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:
81 = 2|*t1/(t1 + tz) (5),

and

So = 2%/ (14 + tp) (6).



after the end of the magnetic interaction propagates
al ong the deformation elenent 3, especially as a
WO 00vgi103seé nal sound wave 16. Here, a sound wavBCT/EP2004/004343

propagating directly in the direction of the

def ormati on sensor 6 arises-dde to the deformation as

wel | as asound wave propagating in the direction of

the reflection end 17, which only reaches the

deformation sensor 6 at a later tine point after
The 'spELAChE ABn '%udiﬁ&l %?ﬁh&C%QQS,e%mEH? BESRREM | B8R temperature, is

trnes In ea case tor the sound waves are determ ne
elimimatddan ¢heipesition deterthinatorpby iméasurementsotiseqrropagation time of the

o e STl AR A Sty o
sounggw;négJI lﬁgs;trt%gé‘tgtﬁg, g?ethﬁt Ao @I aRABdfedendehBe ds Pr886® in the said

stance 3 1 according to Figure 4 o
positiont determimation 2Thelienig alse the possipiitd ohngasupagdhe gropagation times

of basp AR L Yevos BT Tty SCRnPIa andlapd ARIHAHER sensor 6 is
assi %ﬁr\?gﬁge%?é’gidhf%ﬁ&aﬁé?zﬁé‘?wb tioheliri o 1f ®he sawad Weive between the
S =

ITows: 2 = SI + S2 = CL*ti + cL*t2 =
initiatiin point 26tan)d the) reflection egdat’ isnmegsutask IR this gase the lwg sensors 6

is given as.follows: cL = 2I/(ti + 12) (4). By

3”33¥UQ§PPFﬁ¥ﬁHém¥%uation (4) in equations (1) and (2) the
said position of the deformation initiation elenment 4
relative to the reflection end 17 and to the
nmeasurenent end 5 is given according to the follow ng
equations: 51 = 21 *ti/(ti + 12) (5), and 52 = 2IV(ti +
12) (6).The speed of |ongitudinal sound waves,
normal | y dependent on tenperature, is



elimnated in the position determ nation by
nmeasurenents of the propagation tine of the sound wave

w@e@pagmks ng directly in the direction of the PEHEPRI00#0P4343
poi nt 27 and of the sound mgyg_first reflected, so
that no tenperature dependence is present in the said
position determ nation. There is also the possibility
of measuring 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 s@AIM&ve between the
initiation point 26 and the reflection end 17 is
neasured. In this case the two sensors 6 are

Rysition datesednation derice( M) o an, essesttially finemit BOMNGRoHH(2, 11) with

S5 af dneh deflrmiiof e, 1, 157 ety "Hghg el fange of body
@thméhﬂgaaldw@mﬁétﬁm dntiatioh bedigengerBinmovable relative to said

eformation initiation device (4, 8) novable relative
defornatipnielesrentt a@t@f@n@%m%erﬁga é@b%%\sm%cﬁl%@ magasyrgynent end (5)

ﬁ@%ﬂ%{’@&@%ﬁ%ﬂg@?@@ﬁﬁ 6R) eviiudt 7§1ﬁi1fg g?ﬁﬁfri ®termining the

Ion unit
seeiesmrahng gropagatior time required froro fhg alefarmatiomeof the deformation
required fromthe d?forrrati on of the deformation
iniatipa Eleynest ribadaiemMaioNREH tat i on sensor. 2.
Position determ nation device according to Caiml,
characterised in that the deformation elenment (3) is
pssition idetdryninatinn devied apeordirgy taPgiimi bn det er mi nati on

device according to Caiml or 2, characterised in
¢haracterds f'bk ion element (3) is thin-walled. 4.
@%Sd%fbﬁﬁam{ SlfdBPR é&\éhﬂélcl?ﬁﬁmﬁ ghpied. Gl ai m 1 or
, Characterised in that the deformation el enent (3)
is formed fromsolid naterial.

Position determination device according to Claim 1 or 2,
characterised in that
'~ the deformation element (3) is thin-walled.

Position determination device according to Claim 1 or 2,
characterised in that
the deformation element (3) is formed from solid material.

Position determination device according to Claim 1 or 2,

characterised in that

the deformation element (3) is formed as a coil or winding and especially the pitch
of each single winding can be selected in relation to the stiffness of the

deformation element (3).

Position determination device according to one of the previous claims,

characterised in that



10.

11.

12.

13.

5. Position determ nation device according to Claim1l
or 2, characterised in that the defornation el enent
w@ 3)0s5i1e36tormed as a coil or w nding and especi BCT/EP10041604343
pitch of each single w ndingqgan be selected in
relation to the stiffness of the deformation el enent
(3) 6. Position determ nation device according to one

tglgf g?%rﬁ{ %hoh‘ﬁt Fof @ﬁamfr“ngﬁc'iserd SRAghatid inlg- 18 Barrounding the

OR i 1At on IS a magnétic ring
d&pragticroeleted (Bhe def or mati on eI ement (3). 7.
Position determ nation device according to one of the
previous clains, characterised in that the deformation

|b§§l{lblgtd rrﬁll]&m?rme\fléé abSordiMEIIBRE b the prRERRIS daiis)d

ositron determ nati on device according to one
ehaidetemsed imtsatc| ai ms, characterised in that at |east

o hess o B E  BR re .

of the body novenent (10). 9. Position determnation

devi ce according to one of the previous clains,

Pbsitian tdetemedahlcm dendice aneorsiing ta paa of spreyipussclaims,
ran ac to the deformation elenent (3). 10.
§ﬁ°1 t“é?li‘ﬁ thati on device accordi ng to one of the

Bf RY4sP Hﬁe ‘Hlé’étﬂ’éal \ﬁlhal’n@c(%fls serchriged d@unththedidfomatioroalement (3)
Initiation elenent (4) 1s arranged on H;Qe) body (2).
and ertenidsiio thel direetiamet therpasnwime¥eregbitng to one of

t he previous clainms, characterised in that

Position determination device according to one of the previous claims,

characterised in that
the electrical winding is arranged spaced to the deformation element (3).

Position determination device according to one of the previous claims,
characterised in that |
the deformation initiation element (4) is arranged on the body (2).

Position determination device according fo one of the previous claims,
characterised in that

the body (2) is especially a spindle (11) of a screw drive and exhibits a retaining
hole (13) extending in the longitudinal direction of the spindle (12) for the
displaceable support of the, at least partially, inserted deformation element (3).

Position determination device according to one of the previous claims,
characterised in that
the deformation element (3) is surrounded by a protective sleeve (14).

Position determination device according to one of the previous claims,

characterised in that



14.

15.

16.

17.

18.

19.

20.

the body (2) is especially a spindle (11) of a screw
drive and exhibits a retaining hole (13) extending in

wao b@shaisgs t udi nal direction of the spindle (12pCT/BP200dEN4343

di spl aceabl e support of the_,%@t | east partially,
inserted deformation element’™(3). 12. Position
determ nati on device according to one of the previous

&l ¢ | | i NGHd prthel srent
figa Do SRRY TN GEfhants (300 08 R EEne fe g
Position determ nation device according to one of the
previ ous cl ai ns

2\ ai nB, characterised in thfz,(i‘at | east La
Rusfitomdetesminatiopavic accorginoipone,AdPeSICYRES G T iRe
ther . Position determ nation device according to
a8$eril{éed iDrtéﬂlvalttous clainms, characterised in that at
dteasdt tivoaldleieation élemesite (Bt or8 arebigedrasijagenilyged
adj acently. 15. Position determ nation device
according to one of the previous clains, characterised

é@@@&f‘%@%iﬁﬂﬂ&%é}/@ gcfﬁgirféetoccﬂfé/é‘f thetbreticasxlgimsnd

, especia gitudi nal sound wave,
dhMaetwisedimtiaty t he defornmation el enent (3, 15). 16.

thealaroRatans o o onyared B P D (18) ipelally Htongitudinal
%‘E}r& %g{}ggﬁ , g 4Bhgithe ¥eforanaidnt slemene(3,e8)i on end
' p

osite the neasurenent end (5) of the
deformation el enment (3, 15). 17. Position

t, i,nat | devi i i
Eosfion a4 6ed BECORIIG ng B pielRuRi S
_ Aeirised intidt correspondi ng propagati on tines
anashe dafomuatan SeaRan(OL 35 FENGAE iPofh (iscton arld (17) situated
g{%&éﬁ@tﬁb?ﬂéﬁﬁﬂéﬁf’en& &hd (5) of the deformation element (3, 15).

Position determination device according to one of the previous claims,
characterised in that

the sound waves (16) can be acquired with corresponding propagation times
directly and reflected from the reflection end (17) of the deformation element (3)

remote from the deformation sensor (6).

Position determination device according to one of the previous claims,
characterised in that

the electrical winding (9) can be supplied with current and/or voltage pulses.

Position determination device according to one of the previous claims,
characterised in that
the electrical winding (9) can be supplied with voltages with alternating arithmetic

signs.

Position determination device according to one of the previous claims,



21.

22.

23.

24,

25.

ithe tnmdmg bushingi(1g) endibiiscay plugay sestignr &

18. Position determ nation device according to one of
the previous clains, characterised in that the

web®@stoicesl w nding (9) can be supplied wth CRCT/EPL1004/004343

and/ or voltage pul ses. 19. Pﬁiltion det erm nati on
devi ce according to one of t previ ous cl ai s,

‘characterised in that the el ectrical w nding (9) can

gﬁaﬁ%ﬁgbéga ?tvol tages with alternating arithnetic

I on determ nati on device according to
ﬂfeedﬁbrmbﬁorpeemm(ﬁ)cs aipiazoelectric klanaentesensett i n t hat
the deformation sensor (6) is a piezoelectric el enent
sensor. 2 1. Position determ nation device according

PR e iRaRBEHEAKE debaldifg 16 BAETLES bRabd b,

ef ormat | on e enent Inserted at its
eRbtastbiisaddndhafl7) renote fromthe deformation sensor

e T i ——
ge]?r ’uoﬁ@%?&t (?Sgrlﬁtgda h8ldi buémﬁg*@%ﬁ' ng bUSh' ng (18)

ection for especially seal ed
plugglng of an end (20) of the prot-ective sleeve (14)

PN gl R BRI s 64 7} G,

Eh'al eﬁggallﬁqhgﬂﬁ) 23. Position determ nation device

accor to one of the previous claing, Ear zf@ffeerslpsemally sealed

opposi te the ref e d r [
SREREN 5 oHECIE A EPEEER AURCPIA B 7 o socton 29
&Ry Mtﬁ)a Bfﬁnﬁaer (22) Iarger in comparison to the diameter (21) of the plug-

on section (19).

Position determination device according to one of the previous claims,
characterised in that

a retaining end sleeve (24) is arranged opposite the reflection end (17), the
deformation element (3), protective sleeve (14) and deformation sensor (6) being

arranged, especially sealed, in the said retaining end sleeve.

Position determination device according to one of the previous claims,
characterised in that |
at least the measurement end (5) and the associated deformation sensor (6) are

potted within the retaining end sleeve (24).

Position determination device according to one of the previous claims,
characterised in that |

electrical cables (25) for the electrical winding (9) and the deformation sensor (6)
are brought out from the retaining end sleeve (24) and connected to the evaluation

unit.



arranged, especially sealed, in the said retaining end

sl eeve. 24. Position determ nation device according to
wo@p@snb3cehe previous clains, characterised in PCHEPRD4/004343

| east the nmeasurenent end (5), and the associ at ed

def ormati on sensor (6) are pbtted within the retaining

end sleeve (24). 25. Position determ nation device

26. é‘églﬁq&é’.bg etnRnevish et g Ko B fRplpl Shls; o

@&-,é@%,ﬁﬂ%the def ormati on sensor (6) are brought
ou romthe retaining end sleeve (24) and connect ed

the ¢lectricabMiradingr(O)is indateforlecirisallyavity respadt 4 the deformation
deV| ce @;:cordl ng to one of the previous clains,
ised in that the electrical w nding (9) 'S
i nsul ated electrically with respect to the deformati on
el enent (3). 27. Method for position determ nation
27. Methoctforbmwnqm)ietemma’c@nr of atfirgiebedy £2)s dee¥iag wslﬂyve ‘o a second

eci al | e Q S

yj aqls(p,eg}/qll ate ﬂﬁ@ﬂugw 8f§cr§1gvr¥e%\{%\l\f8?|dd (}B%r in the production
Siaﬁnn Pbﬁtb)hdanﬂﬁfalfgw iviereby reedefdr@ation elemegmeéal) isoassxgned to
one o he bodies and a deforpation initiation ele

ose azfsthgn!ecaﬂle@ andea glafermalinly Initigon glq{n@pgf%%ggngg T the other
E‘%{Q@ r%laﬁk?rﬁgﬁ@orﬁﬂ@m@n@ e ﬁﬁ@h? héroaﬁélggous to the bodies,

ow'ng s I nduct i on of
Mthﬁtﬁeq?@fdww‘i@tstem in the deformatl on el ement (3) at an
initiation point at which the deformation initiation
el ement (4) is l'ocated; ii) neasurenent of a

pr oD@QﬁHl&P f brfﬁ’le‘?fde?dr a%fhtlnocﬁé RF6IhAEdN ekneents@Yl abwn initiation
he orna Ion along t deformation element (3) at a

measpointat wblchtthefdefcbfmail@hdﬂfhatlpbrel%méﬂ’éﬂt) ig Ipcateding a
def ormati on sensor (6), and

ii)  measurement of a propagation time of at least one oscillation caused by the
| deformation along the deformation element (3) at a measuring point of the

deformation element (3) using a deformation sensor (6), and

i) calculation of the distance between the initiation point (26) and the measuring
point (27) from the propagation time for the position determination of the first

body relative to the second body.

28. Method according to Claim 26,
characterised by
initiation of the deformation by magnetic interaction between the deformation

element (3) and the deformation initiation element 4).

29. Method according to Claim 26 or 27,
characterised by
measurement of propagation times at least of an unreflected oscillation,

propagating directly to the measuring point and a reflected oscillation, whereby the



30.

31.

iii) calculation of the distance between the
initiation point (26) and the neasuring point (27)

WO p@si103ses propagation tinme for the position  PCI/EP2004/004343

determination of the first bggy relative to the second
body. 28. Method according to/TC aim 26, characterised
by initiation of the def ormati on by magnetic

%8 e ) e ST OBy 0 s

fﬂ&nttﬁe%éégurﬁ@ gsine@7)char acteri sed by

msasuﬁ} nment of propagation tinmes at |east of an
unreflected oscillation, propagating directly to the

Vsl pa B B B Es PR, L 0 e oY

5eg ) ement (3) situated renotely fromthe
g@éﬁjﬁg pcl)cfynt (27). 30.  Method accordin e of

masmanmst 6 the 2Biopagatient BMescal By Mea aSuelt B (6) of the

%ﬁﬁﬁgﬁg%%ﬁg t'r{?;? ( tu&&@fﬁo&{ﬂogﬁggi%egn%g@?}oﬁf eh8€(17) by the

as{drﬁ]@hbﬁrgeﬁggr(@ﬂ by the deformation sensor (6). 3
according to one of the previous Cains 26

to 29 characterl sed in that an especially

N&Eﬁéqﬁ g?{?@ﬂﬁngs QUL YRR prévilRRtiaffs 28 th29),

characterised in that A
an especially longitudinal sound wave is measured as the oscillation.



