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and Device for Measuring a Path Covered The |nvent|on"(‘:‘()'ﬁ‘cm‘ﬁm‘tmd—an

a device for nmeasuring a path covered. For exanple, a pat iPFrﬂ-hs:‘:‘ %@@%

for neasuring a path covered by a noving object capable of being d ec

along a direction is known frompractice. A frst. con@ MEI‘E*? ReE

measuring device is associated with the noving objec Frek—-Frove “t"‘ A .

second conponent of the path-neasurinf device is statlonapyggThele\Rgg%

conponents are coupled with one another in order to convert the noti

and/ or deflection of the noving object into an electrical signal. Thi s

el ectrical signal is méthodand Décd for Meastiviah d PatloCoverédangenent of the

pat h=neasuri ng device and there converted into notion and/or position

i nformati on. An ‘exanpl e of such an above-nenti oned path-neasuring device is

'a pot ervfine owertien cdnyayes smeibat and aldegicé for seasutmgeopadimcovefedt hi s sensor i s forned

by a wire wound in coiled fashion and the second conponent is formed by a

contact el ement capable of noving externally' along this coil w nding.

Dependi ifgr examplaea na&maswmg@lawcmfer weRsubng a pathegnvened by movipg obiest capable oj |

Wi ndi ng of il e R AIBRY £refiH S IR ol Rtk ptmcam{,&%mme;faihow ng t hrough
ment bl

coil wn cont act whi ch conver einto osition
i nf or nameew"nsmvm {srpesociated with Q‘EGWIW!E'QLQHIGWF"?)E'PWS%@&ﬁﬁ?@""ﬂé@"“@@e!‘% a

magget | 6 thd pdtrllﬂeh‘shhdtgﬁieﬂé’é Itb stafidiABY f‘l‘ﬁgﬁﬁcorﬁp&'nén’fslage d{ivrl]tﬁﬁné ar@thefin D?Lt of a
condenser, i.s. connected Wi ved.an rther or the
ARG T AT e MO A
I?a h- neaemncaramndwmermttetse,anfeoaluateuanmigementoﬁﬂre path-nsseasipy devideland m)t i on of

d

rst mgrggg&gﬁéymg%‘&g‘mdﬂ ménh‘%qud g obj ect being determ ned opticall y

converte nto a corres |on Signal. by the stationary
sensor. Finally, laser devices for path neasurenent also are known. In the

case ofafdia9Ble Bf S %Ve-iﬁﬁmm é‘éﬂhm@ﬁ‘ﬁnﬁﬁ%&é@&e %%’ﬁcﬁ&ﬁsoﬁu&@( §pdeRsdrne
foI | owi ng di sadvant ages. . 'REPLACEMENT .S :
first comiponent of this sensor is formed by a: W|re wotind in coiled fashion and the second

componerit is formed by a contact eiement capable of movmg extemaily along this c0|l wmdlng
Dependmg on the position: of the contact element relative to the coil winding, a correspondmg
resnstance resul'ts for acurrent flowing through coil wmdmg and contact element, whichis

convertible mto posmon information:.

A further example of & known path-measuring device is a magnetic or inductive path
measurement. In this case a coil or a part of a condenser is connected with the object moved and
afurther coll or the other part of the condenser is made stationary.

Further known path-rneasunng devices use, for. example. optncal sensors the motlon of afirst
oomponent moving with- the mov:ng object belng determmed optlcally and converted into a
- correspondlng motlon signal by the stat:onary sensor Fmaliy, laser dewces for path

meastrement also dre known.

in the case of these previously known path-measuring devices there are the following: -

disadvantages.
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Optical neasurenents are indeed very. precise, but at them@gﬁmw@r%EEm
sensitive, and only wusable in the case of good visual condifions, and at

the sane tinme they are quite expensive. Magnetic or inducti \&F{d.pw (:59(-‘@3@005
sensitive to vibrations, shocks, or the like, and as a rule also are quite
expensi ve. Potentionmeter |ike sensors are quite inprecise and have BR0OJ08513

"relatively shortservice |ife because of wear phenonena. USA-5, 038, 622.
di scl oses a tension neasuring device for neasuring a tensREBLAGRMEDRCEIRETS

on a flexible conponent,, such as a steel cable. The tensi| asyr, ,
device is attached at two points of the cable. The device Pﬁégﬁﬁzgﬁﬁﬁﬁgﬁﬁ
other things; a vibration wire, a spiral spring, one tube with snaller

| f excess tensile force of

the. coBfigeqtiiesenfs A ded Bordinrtuie, billat the shrma ae Ve sersiivarend aniy
rel at ig4blé th thease ¥ gobdvisuat chadiliBRs ‘Hn‘adatlthe @Eﬂtbstr@te tﬂﬁgaté gurt%éx;?%r\é gl so

|s used for exciting the vibration W're
"tinme the wire is nonitored by a reading deV| ce in order to detect pOSSIb|e

freqﬁnc%/ chana s.n 4he vibration wire.. Such a frequencg change t akes
pl ac fic ol e '%?earﬁﬁ?ﬂ&ltwérﬁowwal@&péhbdﬁﬂ;@ the likeyrand asairvle also

oL < b g PR oA Sl 54 65 mere R g BRVESHY = MLy

Duessﬁbﬁwdvrc@majecﬁ&seﬁv@m%@,ngn@naunber of different. path neasurenent
devices with an elongation neasurenent strip or sem conductor sensors. O

2grse in the case of the corresponding devices it is not force, but
el measur ed. . Furt hernore, oit is, not Ilnear posi tion
al ongﬁa‘“‘pofnét’ﬁgn%?% Sl A ffsicn nenSidey Geviee weasseagrattﬁa%ﬂq oreg exgrted on
tigh _ 0 i

b fleXble 86mpbAgnt, biich B SBSFedbid: t@ﬁt&%ﬁ@ fifaghid cgﬂ%@%@;@ at two

nmount ed on 'si des t he eamin e VI Ci n|
I\lﬁlﬂtﬁﬂﬁel@aﬁlﬂil\?ﬂﬂd@méﬁﬁ:ludes among other thmgs a wbratron wire, a spiral spring,

one tube with smaller drameter and one tube with- greater diameter. If excess tensile force of

the cable is to be measured, a frequency change in'the vrbratron wire rn relation to the tensile
force is measured by means.of a coil. The coil alsois used for excltlng the vrbratron wire by
means of a magnet At the same time the wire is memtored bya readmg device in order to
detect possable frequency changes in the vibration wire.. Such a frequency change takes place,
for example if the vibration wire expenences a change in its effective !ength between the

securing devrces

CHR. Rohrbach "Manual for electnc measurement of mechanical va!ues 1967, VDI-Press,
Duesseidorf pages 48, 49 concemns a number of dlfferent path measurement dewces with an
- | elongatlon measurement strip or semrconductor sensors. Of course in the case of the
- correspondlng devices rt is not force but elongation that is measured Furthermore, also it i is
not linear pcsrtron along a path that is measured, but deﬂectron of a beam that i is clamped tight
on one side. In this case a corresponding measurement device is mounted on both sides of the

beam in the vicinity of its clamped end.

'CHANGED PAGE
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obj ect of the invention is to inprove processes or path me&FuH ng eFEdes 005
of the type nanmed initially so that the path-neasurenggggf:ﬁ,%ﬂ,

~hi'gh ‘accuracy, wi thout wear, insensitive to vibrations—=shoeks— : :
corrosion and economcally in alnost all nedia wthout special sealing and

I n any pressure range. This object is achieved according to tthe device by
having the first conponent be anmoving object and the second conporER0108513
connecting spring and the second conmponent be a force 3 nepgﬁggnent devi ce
that emts an electric signal. correspopging to.a force exe d dhztBECtﬂwg
spring elenent. According to the process, the object is achieved by having

t he novi ng obj ect nove against the resistance of an el astically expandable
| i near path, having the retainin

ret aify I nt. al ong an essenti all :
f or ceﬂi%%@?%*ﬁc{ ﬂQ&PéFﬁ?'ﬁI%Sé? e REORRSEes G patl maasHIing devisesied the
pat h | Fayrn i j ‘ ' L corr I.ng {

ot ai PSR Ialy S Bt 18 ) FicesARiineniind) Be sBRHERE RN Aulatyl Wipour,
eval uweaninseasitive to vibdations, shotks; o €69EsibN andtom@HiitallydRiahfbstCAl mRarRPREhoG
to the retlal nIL ng el ement be determ ned there. | The path neasurenent device
- accoripesial pealingandiinany pressuresiamgey desi gned. The spring el ement is
expanded in the case of notion of the noving object, the retaining force
appearing in the spring elenment in- the sinplest case is directly

pr opahis emjatt ik @chieved Hceord iQeby FRVing%ha b | Rl or ce
S transfagjrreld tchroﬁgh t he Z%Ffﬁﬁ?\}é%m{@gfnpﬁggwcem%}%ggrﬁlﬁﬁdgmggg ce

and ebject rad thenseennd composenttwea cornectingdsring-#dIHe RAChIRTThPSHIMENE Mbree

;_TgPF14-15FE.Bt%0?5. . .
measurement device that emits an electric signal corresponding to a force exerted on the spring

element.

According to the process, the object is achieved by having the moving object move agaiﬁst the
resistance of an elastically expandable retaining element along an essentially finear path,
having the refaining force appearing in the retaining element be measured in relation to the path
covered by the moving objéct‘-and a signal comresponding to the retaining élement be.
transmitted from the force measuring device to an evaluation device, and the path covered by
.the moving object corresponding to the retaining element bé determined there.

| Q The path measurement device according to the invention is simply designed. The spring
-element is expanded in the case of motion of the moving object, the retaining force appearing in
the spring element in the simplest case is directly proportional to the path covered by the

~ meving object. The retaining force is transferred through the spring él'e'ment to the force
méasuring device and measured there. in this case [text ends]

CHANGED PAGE
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corresponds to the retaining force, and thus to the paff

movi ng object, is received by an evaluation device connecpgqini-tihgt FEB 2005
force- neasuring device. The conponents used for the path-measuring device
*according to the invention are designed sinply and £m ACERMENT SHERRY
of these conponents, takes place, since, for exanple, t’heﬁgpés' o fiction
bet ween the conponents. or between thg conponent's and ot Sby ik § 20he
pat h- neasuri ng device according to the 'equation is independent of a nedium
in which it is |located, of the site conditions, of vibrations, shocks, or
the like. In a sinple enbodinent the spring elenent can be a spiral spring,
whi ch i s acoraspariding elsctribal sigeal, efhich icoreespords tothe tetamingiorce gnohueithapath with its
ot her en ' . . G- i - In this case.. the spiral spring
can be cﬁ%@gﬁmggﬁﬁﬁgﬁaggjﬁgﬁé%%% gﬁé‘éaﬁ%%"r?eg'&e 8%"“?%@4’805%@”851 ect, and
thus a Meadurieg deyice.oTherdomponenisiused for thé pathveeanvingdevich penotdingits theel at i vel y
smal |, apes £ Snéfik éqq;n ] | forth a
force- mggeﬁ?n%rgg%ﬁgs%g%ﬁg‘%ﬁ;a suf #‘?gfe;er(r%f ﬂ@/s %%f"%g@?sgtﬁéa&?% urt hernore,
in the cHAS: igrexgaplsdhera isnofriclipn halwees the qemperents of betiveep the eamnepents ads shown
that in deobjsas eTHefpalhliAcaRiing uBESE g e &fictith (OhdUpBRIChFor afidlufty SNt | O
no parts. actually noying, together with the noving object are present:
The spi‘?ﬁ%%ﬁ'%é‘?&vﬁ\fh@g%ﬁ"a@?’?i qf pribrations; W@@ﬁ%ﬁ‘?- can be chosen in.
particular so that they expand proportional to the retaining: force
‘exerted, . s " eval.uation ofthe-signal of .the force-ngasuring

doi o i Sibpl bolint o st ity Sinnd S Bl FPop WG SO BRSHRE FEOh of t he
;;fﬁi ng dbprsistonithe mivinglobjetteuld witiBitodthen esdwithrige foloenmassurng deviee. dinthisauase)i t h t he
-gorresp I aTc P I - - ' -0 I ' ter].al t he.

i ke de?%%gﬁéf T %ﬂ%?@%‘i’f 5?’2%‘3&'%“%@%%%%&%%@ °?j<r‘§&§fj"e”dno " ha
in the dmikloner thepobiity of heamavingichige!de talatiely sraalloanti 2t etseme liwethevent i on or t he
COr I espastdinintforcB Rajpsst bitiligh R he Rtce-MEdsYriy deliBd tobiaid duRiticRity 1hAQ8 sigii NY

obj ect Ls.possible becayse of the connection wth the spring elenent-and
"via t he"sttey 'ﬂ/@?ﬁ?;etoggs" EL2 FRIALSRARG RS g gempnt disshown fhatinthes ¢ ange
of not i case pbthel pate-mensusidg Heviceaecosding ta thedivenibhtno pads ddhallyTmsving togeatigpansi on

whi ch " Lhe er... According.to the inventipn it is
possi bl Ty dRofigriit #€ oikert frd BllishnaEEgiely ol et ohiifen iR T &

chosen in particular so'that they expand proportional to the retaining force exerted, so that the

evaluation of the sighal-of the for'c’e-meaSuﬁrig device and-correspondingly the determination of
motion-or position of the moving object is simplified.

Such a spring element can be chosen Wit_h the cOrrespond'ihg: spring t_:oﬁstant's-,-from
cbrresponding material, and the like depénding'on the reQuiremehts. At this point it is to be noted

that in the case of the path-measuring device according to the invention or the: corresponding
~ measuring method, only a limited motion of the méving object is p@:ééitilé'beéatiééiOf'the
connection witﬁ't_he 'sp‘ﬁ'n;cj elémént-and via the I__afte_;r v?ith: tﬁé'forcé&meaéuﬁng dewce ESSQBﬁéIIy
the ral_'ige 6f.m'otidn‘i_s; determined by the spring element and the maximurm e5xpaﬁs‘i_0n Which- can
be evaluated by the latter. | - o ' -

According to the invention it is possible for the spring element to follow a curved; for example
circular, path of the moving object, and correspondingly the position of the moving '




circular, path of the noving object. and correspondlngﬁm&g@ggpggqtl EE
the moving 4 CEMEN' H ETS PR-- 1 5 FEB 2005 CEME

DEC 2005 object along this path can be determned. A S|npl¢uqqhod,5epggfg@5
a pat h-measuring device wthout a curved course of the spring el enent

‘wi thout friction which may possibly appear between aREPIAOEMENEBHERTS
“the guide may be seen when the spring elenent extends™éssentially Iin a
straight line. Furthernmore, in this case it is advant ageousPH)34h@& DB 2085
object also noves in a straight line’ In order to adapt the path-nmeasuring
device to different requirenments in a sinple way, such as, for exanple,

| onger paths to be covered by the noving object; or the Iike, the spring

el ement meptaimgrtmbmmhnbeetem Alshplssgriiodignest fomEitismeayirintdetiB®s en

corresp XLum _expan The force-neas, devi ce may
be. rmdb Wbl Reh (I oF B T Lo BRR AT kL ly Wt G By aPreat

force- nﬂ‘&é’@eh agprdie\ﬁlementrmd;mequdamay be $een ivberctbe epting elestedtrexiehds Nt o a

corresp e essed by
The. oval ot oy £l iy, AiEore, it Cbe iortagBB 06 R fRf et

pr oducedweRastraghtiing. the force- rreasurl ng device has at |east one
electrically conducting, in particular wire-like conductor, the electric
resista ce of i ch depends on a force exerted upon-it in t he | ongi t udi nal
di r ect i SHPrdestRF0agt the-pafreasHrng devier fodlifferaat reairementt insrsimmwle way. swah asat er i al s,
- whi ch ameﬁﬁmﬁebngéﬁdthﬁ&wm@red\w% rﬁ&ﬁr@%ﬁj&cﬂ&tﬁ&iﬁe dehﬁﬁ"é’laﬁérﬁhaﬁondl tions

under t he

g;t h- ne SﬁP 'F??&E'aeﬁ'%e %15‘5'8? alFﬁﬁan gy F%@%?ﬂ/%ﬁ??mﬂd'%ﬂ @H‘el'f‘é@f"x "uised in

gr esséxpansippdi a, under water, under pressure, under a vacuum and the
ke, essentially without limtations. Because of a sinmple structure of the
path nmeasuri ng device-there is no wear and no abrasion of the individual
' part s, ThedoreerBieasurieg deiiesy naebe inade ip differratways. d%mndlnbyomegkenh@nsmbaa sprl ng .

- el ementforc@smedsufibg Sbwcg ﬁﬁs@oﬁ&fttthé#af@ iftel BRR ffd £Edmatdo dm#:é]ééhﬁéu gte e O n th é

vi brati hocs the |ike aretransmtted W|t
for ce- ﬁ@@mns dprocessed by the evaluating unit.

In the case of a simple embodiment which can be prodiiced economically, the force-measuring
device has at léast one electrically conducting; in paﬂiédlar wiré-like conductor, the electric
resistance of which depends ona force exerted Upon itin the Iongntudlnal direction. Such a
oonductor also may be made out of dlfferent matenals. whlch are chosen, for example with
respect to the enwronmental condltlons under whlch the path-measunng dewce |s used In this
‘way the path-measunng device accordmg to the invention also may be used in aggresswe media,
under water, under pressure, under a vacuum_ and the like, essentnaﬂy without limitations.

Because of a simple structure of the 'path-nieasuring"dewce:tljere is no wear and no abrasion of
the individual parts, so that the service Tife is extraordi'naﬁiy high. '

" ‘Since a ‘spring element, as a rule, has a soft damping’ charactenst!c corresponding vibrations,
shocks or the like are transmitted wuthout mﬂuence onthe force-measunng dewce
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an el ectrical conductor as a force-neasuring device changes égﬁ&erecrrrgdr
resistance in the case of exertion of a corresponding ten3| or e5oﬁEBHm05,
conductor, and such a resistance change can be detect gghm :

~stress or current changes and eval uated as a signal |n'“*= = %pv‘@%iﬁg
device. In order to determne a zero point for path neasur é sinpl e
way, the spring elenent can be pre-stressed, and a corresggﬁﬁ ng?nBEEdﬂﬁér
position signal is determ ned by the €valuating wunit only in the case of
further stress of the pre-stressed spring elenent. In order to conpensate
for certain statistical irregularities of the wre, such as dianeter
deviatio r th, in a
rell k§§"é‘ an éﬁ&?&n&&t&rgﬁ’a ﬂ{r&ﬁﬁés}shﬁrﬁg cﬁfncé &%a%atlé efe@tlncat ﬁegfgtgﬁ% :Ir.] g‘%’rber of

el ectri ceasegf Qzem@mzftaucorgeswrd@g t¢rt§tteatp@a op thegbncuptor, eanmh arﬁﬂsmpe. change t hi s
vay, COT E%RaBkaiihblrbhiiddedey! il Bharbs éﬁ&%vél@ﬂéd’é%qa% s are
determ ned and a force- nmeasuring device neasuring accurately over its
entire n¥3bENBARYIcange results. The wires may be individual wires or fornmed
by an individual wire which is laid -nmeandering. In order to be able to

det erm ne chan es in the resjstance in such an electrical conductor in a
il o VRGO RS BTB AR R AP 5 RAIE PaR A b @ SRRt S BIRHEN i 1 cu ¢
such as mpsaasueedeu@dd a\dhesshaidingendiion dgﬁsiti@mbnbns tetérinirled dg the@naluatiagi stor in

the brid ui I at L rc neasurenents are possi bl e by
nmeans ofquﬂ g‘ t?%seaoég‘%n s ?esbol“h Pﬁ?’%ﬁ Bprycefr?egﬁ position determ.nation

of~; t he nmovi ng object al so results I'n order to conmpensate for changes in

resig +£Q@§mmgeﬁsgé ForRBAYT StQfisticd? l?re?rﬁ]Eer@éﬂ t@e ke, siichZB Blafetd GHYJES, SO

hat the atter 0o not |lead to an erroneous er m nati on O e pOSI tion
“of the ReARBRRIN e jPrperties of thegnaterigh 26d safarth, '%W'f%'&‘@@’é@”mﬂf'ﬁéﬂnﬂl%yst or

anal olgomé c]gawtuﬁtbﬂ:a]f, Asved nmhbemléréeﬂgény chridBcting Wires BERASarNe! nsler\e a?ﬁtherfFor ,
exa e e or ev a r_oO Wi r es,
APt C Indhipo, GaTestsing St dVEtans ol vl irdbare dnteraiott S 45855 o

REPL ACEMeaéliris deldce measuring accurately over its entire measuring range resuilts.

- The wires may be individua! wires or formed by an individual wire which is laid meandering.

In order to be able to determine changes in the resistance in such an electrical conductorin a
simple way, the eiéctricél" conductor can be connected in a bridge circuit, such as a so-called
Whealstone bridge, and form at least one resistor in the bridge circuit. Highly accurate circuit
measurements are possible by rmeans of such a bridge, whereby 2 high accuracy for positibn
determination of the moving object also-results.

In order to compensate for chahges in the resistance of the conductor, on the basis of
température charrges, so that the latter db not lead to an erroneous determination of the positidn
of the moving object, the bridge circuit can have a further resistor analogous to the resistor
formed by the force-measuring device. For example, if the force-measuring device is made up of
a number of wires, this further resistor is made in a similar way. Of course, as opposed
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device, it is not exposed to a corresponding tensile forcePFr”émt 8 E]ErBl 2@5
el ement. According to the invention a sinple electri CLA@M}QT e
also requires sinple nmeans in the case of the eval uating uni ~S
fromthe use of the bridge circuit and the electrically E?ﬁl n? WII’

as a force-neasuring device. For exanple, an anplifier and/

differentiator and/or an evaluating device, connected with a

m croprocessor or the |like, are the oﬁly el ectronic conponents which are
necessary. The differentiator may be omtted if, for exanple, a.

determ nation of the speed or acceleration of the noving object during this
notion is omtted. I.n addition, arrangenents of other eval uating devices
are used®9t !Fer?f’rﬁ%'"]e%ﬁ”f'ﬁqdeg‘r"% itds, gt GxRoseH t9 @ comespeRglinadensii orgg femdhe SPHAY si npl e,
strong, eedentel i able construction of the path-neasuring device. according
to the invention, the latter is particularly suited for applications in
renote and i naccessi ble areas. For exanple, one area of application is the
use of tAusondieguthe ingentisheasiople diestdal deumbwhieh alfmreqdires kimpizandayis imawi Ng obj ect
of the | f - rr 0 devices are
so-calle g%%?‘fa{v%p;stﬁb Eyzﬁ%%l%ﬁo %\;\qg%&’e%?@\%éh %ﬁt a\ygﬁ'@ erge%g'ﬁ%' Yihe 1i ke, as
are nec@ge@pgngwrewpea@@s@e@ﬁurm deviged Fgwalppfemmnbﬁﬁr andionavifierenéiater, t he area
of appl laﬁa{Bﬂéarévélﬁauweev%t aﬁ&&%%&agméﬁbfbé‘egsor%%@h@ B3 theorly WechgENt 1 on i s

not limted to uses on but because NSensitivity to pressure
or ot heCOORANERIS WaIRh F@P@F?%ﬁr@?@ﬁ?’%?ﬁ?@@!@é@mﬂeﬁ iffafexpmplest t he use under

ter l&et@&r@:&ho%@ﬁlsbb@oribﬁe&r&bﬁ i themeVird) dbfietdurig frymatiBAIRIfhiRHNG use. |t

to be, poted thatf#s Z arln? dev?(f? &ngdl nlg)to t he .invention

fat ur al PPMPE 3IEPIaMERSE e’te?fsa' 9 gyices gie useq TR dpitgharg sWPPRRS cti on, but is
usabl e softwateher nachines, in rranuf acturing, in the case of earth working
devices and the like. Essentially the path-neasuring device according to

the invention may be used everywhere where a noving object noves over a
| i mi t edBepause of the simpig: strapg. and religble gensifudtiorcef thaphtif-meadurindRieXCERENIIINGHEETS

to the invention, the latter is particularly suited for applications in remote and inaccessible areas.

Forexample, one area of application is the use of the measuring device described above, for a
linearly. moving object of the device from oil andfor gas 'producﬁon;, Corresponding devices are
so-cailed actuators, BOP's (b!owout' preventors), valves and the like, as are necessary in the case
of ol and gas production. in this case, the area of application of the path-measuring device
according to the invention is not limited to uses on land, but because of thé insensitivﬁy to
pressure or other unfavorable environmental influences, in particular the use under water is also
possible. This obtains analogously for underground use.

It is to be noted that the path-measuring device according to the invention naturatly is not limited

to devices for oil and/or gas production, butis usable in other machines, in manufacturing, in the
case of earth-workmg devices and the like. Essentially the path-measuring device accordmg to
the invention may be used everywhere where a moving object moves over a limited area, in

- particular linearly back and forth.
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of oil and gas recovery, in particular, a nunber of 1 ' tevites
are used, one of which is described, for exanpl e, in Ger at egt

415. Such a linear control device is wused, in partlcularnppgg oper thESQ%US
-val ves, throttles or the like, in the case of oil z-~ﬂ“"w-q§ﬂ@ETSand
has at |east one control elenent nounted novable |inéarly mﬁ%hln a ''housi ng
and a drive device. associated with the' latter. The controlPfel® et DEgY 2478
a ball spindle, which is nounted capéble of turning in a corresponding
nut. The nut is connected noving with the corresponding drive device and
converts rotation of the nut induced thereby into a |ongitudinal motion of
the ball spindle, ain express reference is nmade here to German Patent 20
008 475 Il casef‘i!IPt'ms#g gas gregyary. it Rapisular 2 pynker pf inearcontinhdevises efewsagieond n or der

to det erdmmen lsf¥@scrib&S for bimpR mtd&ﬁnéi%ﬁehpio ®RBATENSuche! hﬁédr\éﬁmtr’omeb.ﬁ@.shous' ng

I n aSIrsT"F t he case of such | i near control device relative to
t he hou Sﬁg"‘ '?fé@ﬂ'?ﬁf"ﬁmnﬂ KalvesrHheiies ‘Emh%'!'fér i g cagsy of ofhandldb gasresovElerent i s
connect edhad 4t lcastape bmoEdlamUMumdﬂlrﬁd?aMé ﬁrféaﬂlﬁﬁtrﬁi Whdubing St aadﬁﬁéfm Lr omt he
control ment . LS .C d Wi t for evj.ce, ich transmts
an el ectdg‘( b 'aé‘ﬁja"‘"@' I}FFge'F'Be'i"?agE %F'i'%{ﬁ? Y’{"QHSWW he spring
el ement cepablelpétufningdrea mpmdmgnutevhe:mn |stcon®nteda‘wahglwttm ihg coti¢panding Thi s neans
that th ' tlon I S ngui shed
y the ? g‘%:eltda?ﬁ%trﬁ%ﬁwe {qﬁﬁg@%éd%&gﬁgée% ?{O 80'1 ‘gg‘leﬁ’@ibrporat ed
| n t he spingde: e"rgam@mre%sgsfgmmmdqh@epﬁmmwlzngommm futhet he | i near
cont r ol délendtieRortmSiinearN@ni-di8evi@e  features as the path-neasuring device
Sel

cribed above. There are sone further refinements ~which are described
N ow as a result of the incorporation of the path-neasuring device into
the | imealer Raeicrbhe lﬂe}bbsiﬁbn oFlﬂé céhtrolgRintent relAtivar 6 @fe HonnIiH :ﬁb%fﬁ{pzet»#@ wpring

I I trol
Gevi co. it RESCF AR ndef Bt e e R e B ahmingde PR memibpEe aM or der to
be abl eofthe chatrol elemert & conmkstediwith Iaeprsqglelen'@nemaemth itsCentd tuineedtaway amtieol
el enenteapg e!eﬁv@ntrtsnﬁprrléggdgﬁg gﬁ&é&ﬁb&&n@%e& whibhTraRd iR o eliR¥icat LG SPT 1 N9

el emrent can have co tgrjoconne ctl
corresponding to a force transrmtted m the spring element to the force-measuring device, toan -

evaluating device. This means that the linear contro! device according to the invention is -
distinguished by the fact that the path-measuring device described above is incorporated in the
latter. —

Correspondingly the path-measuring device in the linear control device can have the same

features as the path-measuring device described above: There are some further reﬁﬁements
) which are described below as a result of the incorporation of the path-measuring device into the
S - linear control device. ‘

For example, in order to protect the spring element from damage resultmg from movmg parts of
the finear controf device, the spring element can be located and guided in a pipe.

In order to be able to fasten the ends of the spring element both to the control element and to the
-force—measunng device in a simple way, the spring.element can have corresponding connecting
pieces on its ends. The spring.




pieces on its ends. The spring. 8 CEMEN f' SHEETS PV },
F23 2 DEC 20#5 el ement can be suspended on the | atter-=#= i H SR
the connecting piece is to be fastened detachably by screvP eFlr.]b
on the control elenment, respectively on the force- neasuri ng ae 14485

_case of a linear control device which has a control E|WAC%Q%,§$ early

forward by a screw notion, it is advantageous if the Freh-Rg—ttrEriPng
“of the control elenment is not transferred to the spring el and thus
| eads to a stress or force in the spr@ng elenent, which is eali Ml 12905

the linear notion of the control element For this, for exanple, at |east
the connecting piece between spring el enent and control el enment can have.a
rotation decoupling device. Only the linear notion of the control el enment

i s tran$fesleplegn besyspends pp thg laieratitiene gRA andithen shesonneasting piesedsttobe decoupl i ng

- el ement fastiekt ikt B dcRiirig%r the IR oraRk EtrbiRRmeAt ALpvefyUiRhd e~ devi ce. The

force- neasurlng devi ce can be made correspondingly in order to convert the

tensi| e PBTPRI 9B ted by the spring elenent into an electrical signal. A
simpl e exanpl e of such a force- neasuring device can be seen. if the latter

h t | ect t ct | t

o i ol G Bl BT SRR iR viieh brseeonird B gt osl EHHEY @ conduct or

In or descrevomd@n. ibib bdvantagebes i te compemqmgmdmngoﬂtmwntramemmhames easily via
r conduct or ..c

o5 s0c! enkd 635 RS ol igLBELY | S UE AT B S BRI TS o

connec
bri dge. ISM@a@eeé!Wieénqaeeg%qmoﬁ@eeertmteiermntdamhmeramleaat lgasthaducti ng-wire

by ScoRhEERY picek betWeBSphd aenamsﬁ&coﬂfeseeﬁeﬁtennm%ee Blp .ge case of
j.Ls) 0c@vera conduct| ng |1nes corresFon I ng statistlcal Il ons of
ndi vi

‘e linegr mefiop ohibe pasto! ejemmes aé'?nsfqmee tohe spring e@mﬁéﬂs ate

t enper aheaneofdié fotBio0fiecoliingbiefiént, iaf@ the TBatoAlid rageiveaby eatrettionouding t her
eI ectrlcﬁ measuring: conductor .can be connected w thout actlon of force in

"t he br| ge ci rcwt for terrperature conpensati on.

The forcé—meaSuﬂng'device can be mad'e‘ correspondingty in order to edn\rert the tensile force
exerted by the spring element intc an electnca! srgnal A simple example of such a force—
measunng dewoe can be seen if the latter has at least ene electncal measunng conductor the
electnwl res:stance of WhICh changes dependmg on a force exerted on the measunng conductor

‘In order to be able to detect cornespondmg resistance changes eas:ly via associated stress
changes the etectnc measunng conductor can be connected as a resistor in-a bndge circuit, as'a
se—called Wheatstone bridge.

J The electnc measunng conductor can be made as a conductlng wire or by a number of
e canduchng wures arranged in parallel -In the case of usmg several eonductmg hnes
correspondrng statlstrcal dewatlons of mdwrdual wnres are compensated

In order to be abl'e'to compensate-temderature driﬂe of the electrica'l meaeuring cc'mddctor a
further electnca[ measuring conductor ¢ can be connected wsthout actlon of force in the bndge
crrcult for temperature compensatlon

Advantageous embodiments of the invention are explained in greater detall below by means of

the appended figures in the drawing.




Advant ageous enbodi nents of the invention are explained in greater detail
bel ow by neans of the appended figures in the draw ng.REFPACERMENT SHEELS
PFILF-.J 5 FE B 2005 REPLACEMENT SHEETS Pr-a-; -2 DECZI Hére: Fig. 1
shows a top view of a basic representation of an enbodi nen g _
path-neasuring device; Fig. 2 shows a partially cut top v?g&tc} 5 FEBC%%%
enbodi ment; Fig. 3 shows a partially cut top view of mggﬁg@m@mnprfs
Fig. 4 shows a partially cut top view of a fourth enbodfment="—"FrT:
shows a circuit representation anal oggus to Fig. 4, Fig. EP]:sj]gvxs ZaBECdZQQR
| ongi tudi nal section through a Iinear control device with incorporate
Cat h-nmeasuring device in a partial representation; Fig. 7 shows an enl arged
representation of a detail "X', and Fig. 8 shows an enl arged representation
of a detdfF "Y'. Fig. 1 shows a top view of a basic enbodi nent of a
pat h- neasuring device | according to the invention. It has a spring
el enent s afi rﬁt co ane '133 and a force-neasuring device 7 as a second
component¥4. First® &?ﬂ'o ?@mmﬂt@@?%ﬂ?ﬂmﬁ‘wwfrﬂgmmaémn% on one
end 8. In the caslevid notion of nmoving. object 2 in direction 37, spring
elenment 6 is stretched and a corresponding force is exerted over end 9 of
spring elenent .6 onto second cohponent 4, that-is, force-neasuring device
7. The fi%2e exerFmsla%@dh\ﬁwtoleﬂe\byfmmmﬂlmme measuring device 7°
into an eI ectrl cal signal fromwhich a corresponding position of noving
obj ect determ ned by connecting evaluation unit 5. Myving object 2
m)ves I F'HESdH y i nSWew'¥ﬂMcwmwwd@t@mmmamnu he | ongitudinal direction
42) spring elenent 6 or force-nmeasuring device 7. ACEMENT SHEETS PT(4 -
5F

005
EFIE 42 shows a partially cut top view of a fourth embodiment:
Fig. 5 shows a circuit representation anaiogous to Fig: 4;

Fig. 6 shows a longitudinal section through a linear control device with incorporated
path-measuring device in a partia! representation; ' '

Fig. 7 shows an enlarged representation of a detail “X”, and
Fig. 8 shows an enlarged representation of a detail “Y”.

Fig. 1 shows a top view of a basic embodiment of a path -measuring device 1 according to the
- invention. It has a spring element 6 as a first component and a force-measuring device 7 as a

second component 4. First component 3 is connected with a moving object 2 on one end 8. In
the case of motion of moving: object 2 in’ direction 37, spring element 6 is sfretched and a
corresponding force is exerted over end 9 of spring element 6 onto second component 4, that'is,
force-measuring device 7. The force exerted is converted by means of force-measuring device 7
into an electrical signal from which a corresponding position of moving object 2 is determined by
connecting evaluatuon unit 5.

" Moving object 2 moves linearly in direction of motion 37 and in the longitudinai direction 12 of
spring element 6 or force-measuring device 7.
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an electrical conductor 10, which can include a nunber . of EL' ctrq sa): 2005
conducting wires 13. The latter change their resistance deBe inJ Fﬁe
force exerted on them This nmeans, a resistance changREBLAESIRMENTCEHEETS
conducting wires 13 corresponds to a force transferred by spring el enent
6, and the force is proportional to a deflection of spring P&I}greng @%9%95
thus to a position of noving object 2. Wres 13 are located parall &l "to"
anot her and can be switched el ectri ca1I0Iy al so parallel or even in series.
Wres 13 forma resistor, which is part of a bridge circuit, see Fig. 5. A
further resistor 15 of this bridge circuit also is fornmed, by a nunber of
el ectri chConduct'Ln Wi r@? and this further electrical resistor 15

|

T Se-rp%asng%@gg} foreed By Snilegiipr) cenducter 10 which e includg 2 Appkes of 3 and i s

correspon
used f oreleckicplepaucting wires'ile Thatattarchamye tiedifresitande vépeAdifilon tReforcanslertiap! i fi er
16 are Rset ' resj,stor orned by the wres. Correspondi ng
si ghal sco?r om't-'ﬁ]éE ﬁé&ﬁ%%ﬁ?%@s}a nﬁ%@hagge %Aeﬁﬁfngwdéﬁ'n%ﬂf'ﬁu{s OAPIPORYS B&Fal uat i ng
unit 5, foree tragisfered kyspeing didmentt; ahd toeiforce is pioporonal ts @ defisatidnaf epring
di ffer eiehRhi ar & ofGing Qbic§sPondi ng  posi tion val ues of noving
obj ect 2 cha%?nﬁgufﬁya}twgne cgﬁ’é@g?’%‘fqa entiated and thus a speed and, in a
given case, acceleration; of the noving object can be determned. A zero
poi-nt  ofwired 3 sleidcqied pRAleRb ahdMeer SR 'édﬁ%%hﬁéﬁ%@%!eéri&ﬁpa!wpﬂ}bfab?%\?ﬂltipy of f set

e 0

device 31 3@ Far exaﬂrggle t he zgrl ngs can be pre-stressed 2%to 5% in
order t3rEFWIeS afesipiors Whichhis @} efabridgr,sinsuit, ses Fig.ife Afuthesresistor #he novi ng

j(j)g ect 4 thibriige eiecsit sied is racdtycd Minfer Welddtrit Bordudtihg wiéd Madhis Rm&t to  zero by

~¥ans o .Wg . devi c 32.. A voltage supply 36 is connected with
= -the-w rés an’c{g%’{%%elte‘iv ’feﬁa?"?‘ﬁg"l‘ﬂﬁfe?‘sﬁaa?efPW@&&F'ﬁQE@%ﬂ%P@WW 1339l isni r es and
eval uatysag ford tepiperatufz comipgnsatbonshows a furt her enbodi nent of a path-neasuring

devi ce according to the invention analogous to Fig. 1. Mwing object 2 is

formed by a stanp nounted capable of noving in a housing in the direction
of not iASTPIRet deviersd tndgs Rndamplifies 1RENROMCeY vEPFETSSistorPfarad by the BirdsEB 2005

Corresponding signals from the amplifier may be output on an output unit of evaluating unit 5, in
which case this evali.lating unit 5 also can have a differentiator 17, by which the corresponding
position values of moving object 2 changing in time can be differentiated and thus a speed and, in
a given case, acceleration; of the moving object can be determined. -

A zero point of the deflection of the spring element 6 can be adjusted by offset device 31, 32. For

example the springs can be pre-stressed 2% to 5%, in order to create such a meééurabie zero

point for the motion of the moving object 2. A siress value associated with this pre-stress is set to
) - zero by means of the offset device 31, 32.

- A voltage supply 36 is connected with the wires and the e\}aluating’unit for the voltage sUp_pIy' of
. the wires and evaluating device 5. ' .

. Fig. 2 shows a further embodiment of a path-measuring device accordi‘ng'to the inventioﬁ
analogous to Fig. 1. Moving object 2 is formed by a stamp m,ounted'capab!e of moving in.a
housing.in the direction.of motion 37. The back of the
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6. An electrical conductor 10 is connected in serie$S TO ~Spring element 6

as a force-measuring device 7 with resistor 11, which is Lene r$ tEteBh%B
housing on its end opposite spring elenent 6. Resistor 1 |s co d v
with a corresponding bridge circuit via two connect iBRELAGEMBNT FIFETSe

Fig. 5. Fig. 3 shows a further enbodi nent anal ogous to Fig. 2. This

enbodi ment corresponds to the enbodipent according to Fig
resistor 15 anal ogous to resistor 11 d part of the brid e]%;l F"ciﬁéé‘z{ws
according to Fig. S. For exanple a tenperature conpensation of the path
nmeasurenent is possible by further resistor 15 in the direct vicinity of

resi stor E 0 our e i ment anal ogous to the preceding
Figs. 2 a%@pgﬁ%ﬁdé%§m' '%m%"ﬁ%éq" q%ﬁﬁﬂ&?%ﬁf’r@ 8?"5%“%%%"3%?% i s made
via al | $ReSy elersent 6 apé fw@eneasumdemwtmlﬂtremmnmm i$ ﬁsféh@itott’ého@diﬂg' ng :
el enent I ndu e fornmed at
| east paﬁ'fggh& @%ﬁ}% e?'egf% ie;&ssg R?&ta] ) 'ée:‘?%m?cgedov\@ﬁﬁﬁﬁﬁ?amﬁ??%ﬁ%e W& ection
of a cordfflpi eﬁl"ﬂ!’@sﬂé@m@s Bd in the middle with spring: elenent 6,

the corresponding individual spring elements 41 also are stretched or

jolted,(!:antd! corres ond| ng. resi stance changres are induced. Acircuit for a
bri dge &9 2ghawsady MtRpalqgeusde Bigod cdis ermbpdjwentisdmeshonssdo her r espondi ng

stress embadigent aa:om@tmg n Eh@meﬁesuﬁoﬁﬁe@né:@gﬁ Rf redst@r1GRd paforiilieat st one

bri dge. ﬁqg'cfm%ﬂgéﬁog{: " ‘:so#fr_n known per se. The circuit is fornmed by
at | easP ISt 9ietie \Hﬁf”ﬁ"ﬂ’p}e lewperpluresgmpengation ofthe Pattade with t he’

r eBeatugamest iv pdssible bifuriherassistamia in the ddcOvicinlfy of fegisloF 1dge circuit is

JErred by resistor 11 of electrical conductor 10, see Fig. 2. A so
e5|stors 15, 28 can be formed by a resistor independent with respect to
‘the pat F9-feshews & fouith embodimeptanalpgousde the pregkding Figs. 2 abd 2 Intiesiasé ofthis S

var i abl@mboumwearmfceh@aﬁﬁéhaénté%naﬁbﬁa*aﬁ Pe@%rscdffh% *n&g[%c(ﬂ‘c&ffé)cgod'&ﬁ% l'-agal y before

deflecté$1 of .the novi ngq@ *ﬁ case o ccordi ng
to Fig.>5Pipgeementp carespanding @&soeaﬂ %ﬂ“ﬂ'dF“?f% whish geibeprreed ah lenst oertialy

el ect ribymepanite sing slements. SDegeh@ng dn th Beflebiioh of 26hnE&iRk Bifa0 kandesieliied f o

L enper hethiors GATBERG kol 6 the b5 s Sdning Ttiviel S s elermants 21amnare ¢ - ° FEB

stretched or joited, and coresponding resistance chan’ges‘a‘re‘ induced.

A circuit for a bridge circuit for determining a resistance change and thus a coneépondmg stress
change is shown'in Fig. 5 in the form of a so-called Wheatstone bridge. A circuit of this kind is
Kknown per se. The circuit is formed by at least four resistors, of which resistors 29 and 30 are
made with the same resistance value. At least one resistor of the bridge cirouit is formed by

) resistor 11 of electrical conductor 10, see Fig. 2. Also resistors 15, 28 can.be fonned by a resistor
A independent with respect to the path measurement. Of course, as a rule the latter resistor is
variable, in order to equalize the bridge circuit to zero initially before deflection of the moving
object. ’

In the case of the embodiment accordihg to Fig. 5, resistor 15 see Fig. 3, also is formed by a
number of electrical wires, see also Fig. 1. In this case resistor.15 is used for temperature
compensation of resistor 1.
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stressed spring elenents 6, by means of resistor 31 in coﬁ’rﬁtf-t-i a5 vk EB 2605
resistor 32. The signals detected are transferred to evaluating device 5.
fromthe bridge circuit 14 via an anplifier 16, see REBLECEMANTI SHEETS
further processing. One branch of the bridge circuit is grounded; see "O
and the other branch lies on the plus pole of a voltage sodFR8.s FiBEC 9005
shows an exanpl e of application for aw enbodi nent of path-neasuring device
1 according to the invention. In this case path-neasuring device 1 is

| ocated in a linear drive device 21, as is described, for exanple, in

Ger man pat tga%() 008 415 of the sane applicant. Such a linear drive device
21 has &t ‘%@S WS HRYS tergiugimentah & 2610 poinkis eassible inthe easeef gightly pend forth
in the |strgset ypting@lem@hts 6Ctyintbans Hivesistérah th @RS wifh! RE8IBE3220 1s a bal |
spindle, which is nounted capable of rotating. in- a ball rotation nut
At.the tinme of the rotation of the ball rotation nut by nmeans of a drive

- device Zhe S'Ghﬂiwletﬂtdd)arqflsanbfewédtyeiramzdghgdegﬁe 5tomtie: Hri&ge?ciféﬁif wﬁ@smd: ngl

- rotatio A , ..and 'a notion of the control elenent
20 in t%ﬁfﬁﬁ%ﬂ%’&ﬁ?@gﬁﬁhﬁmﬁﬁ@% place as a result of the rotation
relative to the ball rotation nut in the |ongitudinal direction. Control

el ement pg0 b ! O ; | ' 8. W th sprLi el ement

6 of patoﬁ- @%’gﬂﬁéﬁ’g&%&/@&' %ﬁur@ﬁ&ei sé%r?%é%@é’%eﬁ@’% "gi?%ﬁé% pllu%B%{e?ﬂbe 23 by

drive dBYPeBeSOM®ny connected with its end opposite the control el enent 20
~wi-th a corresponding force-nmeasuring device 7 in the formof an electrical

j%suriﬂgfsﬁnduct or 217. The conversion of the force exerted by the control

&1 ement "2 TRYDVLPPAMRG oLerelirafien BT g eriRodimentAf pathriepsiipg devicsd ackoidnglevi ce 7
or the lederimepivndintys casegatrheazalingeiasics 1 8 (beled MuThedr dave dedice 28 asis-

.t = to th di. t f th
ot he reseahBd ot Qi il i gl 20 BRI B Bab S phalEent FERBRINEY d¥e0r di g o
- Figs. olevige@! has atlgasionn engralingeleroent 80,twhiah ipineabls back addbrthGn thiet h  cont r ol

el ementiogfudinaPfiReioh! %k Yuidbonbol tleffeht J09ah bARRRUE! MkrGORIMRLPLapatie oft EPLAC

SHEETS 5. FEB t??05 . e .
rotating.in & ball rotation nut. At the time of the rotation of the ball rotation nut by means of a drive

device 21, shown only partially in Fig. 6, there is a corresponding rotation of the control element.

20 and'a motion of the contro! element 20 in the longitudinal direction takes place as a result o

the rotation relative to the balf rotation nut in the longitudinal direction.

Control efement 20 is connected on one end 22, see also Fig. 8, with spring element 6 of path-
measuring device 1. The spring element is guided in a tube 23 by drive device 21 and connected
with' its end opposite the contro! element 20 with a corresponding fori:e-measuring device 7 in the

* form of an electrical measuring conductor 27. The conversion of the force exerted by the contro!
element 20 onto spring element 6 by means of the forceameasuring device 7 or the corresponding
electrical measuring conductor 27 into a oorrespondi.ng voltage takes placeanaﬂogoué to the
embodiments of the path-measuring device 1 described above.

The spring element 6 according to Figs. 6 to 8 is connected via connecting pieces 24 and 26 with
controf element 20, respectively with electrical measuring conductor 27. At




PLACEMENT SHEETS 13 PFD3 (r) 2 DEC 2905 | east connecting piece 24 has a

rotation -decoupling device 26. The latter prevents agiy
9

rotation of the control elenent 20 nade as a ball spimh 08T Enen
6. Rotation decoupling device 26 can be made, for exanpP&lleyl & §EBedls

which is screwed into control element 20 at its end 22 which is
nmount ed fixed capable of rotating in connecting pi ec‘eé%}ﬁ;l;‘g%%rmﬁx BHEETS

| ongi tudi nal el enent the spring el ene 6. Fig. 7 corresp to
magni fi ed representati on of section ‘Lg fromFig. 6 and Frgg% i gaQ.EC 2005
magni fi ed representation of section "r fromFig. 6. The connection of

spring elenent 6 with connecting piece 25 in particular is shown in Fig. 7.
27, which is fastened

IS s cleRBARELA pb S RE L idih aliBAING 1O B] TN B VoS St n 10 o

t

on its en
| i near clHRqtation ofdhe eootrd Slemau 20 ewpdoaxtia ball spindia exdprimgelerdnt &SREtawnconnect ed to

t he el ecddci ' Vi ing points 33 and 34,
whi ch | eagb %Agaaggﬁ%g%dﬂgfﬁgggg& %S%mpi%gyE%ﬁéaw'%i@csgrreﬁf’%lﬂgot%mme equati on,
in par t i ¥&meRt 20 3tits end 2oandiwhich istraounted Sxedoapatile of ectating it doomectifg mece?8yi ng

obj ect Zut in ti IGrgHIinR! KMEnEBE B Gl 6. - The Measurenent takes place as a
result of the act that a retaining force is exerted by a spring elenent 6
during notion of nmoving object 2. O . course this is so small that it

does nofFigh? naiesponds toasthagnifibd Bpresentdibimerestioh BE RS, @Gn&'ﬁg.i &8 a?f rm}/i g
IS transrterre (0]

obj ect N Lnj.na. force exerted by spring elenent
an el ec&ﬁ?ﬂ:—%%rég%]%ﬂtébog%fsegéo"aﬁ%(%bgrﬁeasuri ng device 7. The el ectri cal
opductor, for exanple, has a nunber of wires, the resistance val ue of

h ' ' Sf riion. of nsile forge in a longitudinal
Y Y sy g S T Py
by a col®FeuBeediiofipckiral measusng eondyctir2Zgehichds fastasddroy itsend bppositesipatgor, this
resi st aél@rﬁerﬁhangﬁsceaadnttzbuﬁwﬁéiﬁg)w&ﬁin@éEé?r%h : ?ée'gilé%ﬁ( g’:dar%g&tn Hi§ 2dspgPrendi ng

i's_ex

on the force exee&e?q- 1f the force whic _ el 7 the”sprrng” el enent
onto nOPERT BRjeEied othe electicalpeasting qopduetor RE vip saldesing pdiets 8B arbds by

cor r espahichilesy twa bridgk alrduit 4, seé Fig. 5.def | ection of the spring and thus the
position of noving object 2 may be determined sinply from the force if the

correspondi ng paraneter (spring constant) of spring element 6 is known. -
AC ME T v- PReqoyipgrothe equatign, MEBRMYOBE, it is possible to measure a linear motion of 2

moving object 2 in a simple and economic way. .The measurement takes place as a resuit of the
fact that a retaining force is exerted by a spfing element & during motion of moving object 2. Of .
course this is so small that it does not hinder, or oniy slightly hinders the desired motion of moving
object 2. The retaining force ex_erted by spring element 6 is transferred to an electrical conductor
as a force-measuring device 7. The electrical conductor, for example, has a number of wires, the

resistance value of which varie_as in the case of exertion of a tensile force in a longitudinal direction
of the wires. The change of the resistance value is dgtermined by a corresponding change of a
voitage decreasing on the resistor, this resistance change and thus also the associative voltage
change depending on the force exerted. If the force which is exerted by the spring element onto
moving obj_ect 2 is determined from the resistance changes by comresponding calcutations, the
deﬂi-'_:ction of the spring and thus the positidn of moving object 2 may be determi‘néd simply from
the force if the carresponding parameter (spring constant) of spring element 6 is known.




REPLACEMENT RNPITFS P FD3 2 DEC 2085 A linear control devic
particular for controlling valves, throttles, or the #&ke Af__ : _
gas production, conprising: a control elenent capable of [ .Llén
within a housing and a |inear drive device associated with t u
wherein the control elenent is connected on one end Wglghyd alel

which is connected with an end turned away fromthe co IAE e he F‘E-g—a
force-neasuring device, which transmts an electrical si gnalPFj_Qo;rEﬂE@gB%g
to a force transmtted fromthe spring elenent to the force-neasuring
device to an evaluating unit which determnes the notion and/or position
of the control elenent with respect to the housing. 2. The linear control
devi ces Ve radfimef :0 cl aim 1, wherein the spring element is gui dﬁd in a
tube and expanded as e.contrgl element noves linearly within the

housi ngg'S. %B@?r?gﬁ@ e P%Vécﬁt '%8@'8‘@%@%9"“&’3'8%Y%iYeﬁgthPB'e%I°é¥‘ﬁ1 1, wherein the
spring el ement "1 € AU L atREPEFORi LIPS0 second ends via connecti ng pi ecesI
to the cont olongbedEln 2achlhs hNECIIEASWAINE h%ﬁﬁh §nd 4 A linear contro
device, in pandar Gl eli®d a%@aaté@_ﬁ{f%ge \ﬁa@ésrﬁg,s whifeir0 ﬁc&ﬁmor the like, in
oi | and/or gearmehtOBUEInhedled 6OMHAE I sHNGith 8 $pRRY leRimefl GFRALiscapabl e of noving
linearly w t hormeeted auits iangerandmad alwap@am #le ice@rall@lehent wigsaci ated with the
housi ng, whefasdeamedsarirgondevisk, whielme ransnsitsc camneetbaidcabnsigmee end with a spring
el enent, whi g9resBondwgriner fased tanshiitied fond theuspriegl eewagt foriben t he contr ol

el enent wit hf%?'m%ﬂséwnéﬂ’écﬁrﬁong@&é@)ﬁ‘%’ég Ui wiich: deferatessthen el ectri cal

signal  cor r BSPRSIFREPIsHion oktag castrelelement withdespeetdeing Aeusiigr i ng el enent to the
f.»f;Lce- nmeasuring device to an evaluating unit, wherein at |east the _
connect ) Ng PirRe GnddRotrdi %E@ééso&cgrﬁﬁgégldléﬂﬂ AEeRs 12 %ngval uation unit,
wherein at | gambntls\Qidel M fibk BeH BlpGhded 28 heohtRll dleht i upP! i ng devi ce

linearly within the housing.
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3. The linear control devices according to claim 1, wherein the spring
element is attached at first and second ends via connecting pieces to the
control element and the force-measuring device.

4. A linear controf device, in particular for controlling valves, throttles, or the
- lke, in oil and/or gas production, comprising:

a control element capable of moving linearly within a housing and a
linear drive device associated with the housing, wherein the centrol
element is connected on one end with a spring element, which is
connected with an end turned away from the control element with a
force-measuring device, which transmits an electrical signal

N corresponding to a force transmitted from the spring element to the

) force-measuring device fo an evaluating unit, wherein at least the

h cconnecting piece has a rotation decoupling device to an evaluation unit,
wherein at least the connecting piece has a rotation decoupling device
between the spring element and the control element.

5. The linear control device according to claim 1 wherein the force-
measuring device has at ieast one electrical conductor with electrical
‘resistance which is dependent on a force exerted onto a conductor.

6. The linear control device according to claim 1 wherein the electrical
' “conductor is connected as a resistor in a bridge circuit.

7. The linear control device according to claim 1 wherein the electrical
conductor has a number of conductor wires arranged in parallel.
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between the spring element and the control element. Theglln
devi ce according to claim| wherein the force- neasuri ng-&ev :
| east one electrical conductor with electrical resistance 'tyiplmh,l S _
dependent on a force exerted onto a conductor. 6. The linea ontraj 5\5802005
according to claim1 wherein the electrical conductor gpSFIUPECiSdr aSy
resistor in a bridge circuit. 7. The Ili neaL controlnbdevf It
claiml wherein the electrical conductor has a nunmber of co g or wre
arranged in parallel. 14 REPLACEMENT SHEETS PF 14 - J 5 FEBP_ g’t%*ﬁ&@ﬁ%s
SHEETS PF13~ 2 DEC 2005 8. A linear control devices, in particular for
controlling valves, throttles, or the like, in oil and/or gas production,
conpri sithg: 6f‘ f psytrokdexisenin earipuar for spntialing wgjvas; teaiesyorwi thi n a housi ng
and a | i near"y¥<eyB OlBRAE GaS e EARUSPE t he housi ng, wherein the control

(y\,hi ch is connected
{ i

L eTent oo L OREPLA A5 Wl SR S SE _
with an end tHihedaua¥icd b ;E g \Gifplr%i: oui_blr%% Feiwh%%co%dol orce- ma?sun ng
devi ce, whi ClaiddcAn B Tkdrhedd BhEénkr ec@lyitt a08llihg didienE SRR L0 a force
transmtted feommsclebanviinin &% RhRERMNay l@ni e cohll GRmMBRARK WNY device to an
eval uati ng umerte-mamsdiring1eielioe, awhizh €Giahébil  arf OBEUAEAD! sighalConnect ed wi't hout
t he acti on ofcofresperadirigntoba ifetcee trensiditeidt framt thel spring efedfent @nper at ur e .
conpensat i on forge-megsudipshdavise i af evaluaiiegienio aad whareio lsh etbciied!ve operation
conpri si ng: Cenduptaigreopngcied withoutcthe qetioncafifores yn brisige wifcutrat oper at i ng el enent ;
a pat h- measulSRJOTdePLRLUE SANBYERPNt 0 t he operating el enent the _

pat h- measuring device including a spring and a force-neasuring device;

; _,) 9. An apparatus for actuator-controlled vaive operation comprising:

a linear drive device selectively moving an operating element;
a path-measuring device connected to the operating element;

the path-measuring device including a spring and a force-measuring
device;

the spring having one end connected to the operating element and
another end connected to the force-measuring device; and

the force-measuring device measuring the force placed on the spring by
the operating element as the linear drive device moves the operating
element.

10. The apparatus of claim 9 wherein the linear drive device includes a tube
housing the spring.

11, The apparatus of claim 9 wherein the force-measuring device includes
an electrical measuring conductor.

12, The apparatus of claim 9 wherein the force-measuring device converts
the force on the spring fo a corresponding voltage. -

13. * The apparatus of claim 12 wherein the electrical measuring conductor
includes one or more wires having a resistance value which varies with
the exertion of a tensile force by the operating element on the spring.

14, The apparatus of claim 13 wherein the change of the resistance value is
determined by a corresponding change of a voltage decreasing on the
- resistor, the resistance change and also the voitage change depending

on the force exerted.
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t he spring having one end connected to the operating el enment and anot her
end connected to the force-nmeasuring device; and the foRER FRESAEN ig
measuring the force placed on the spring by the operating €leénent as t

| i near drive device noves the operating elenent. 10. The A at;

claim9 wherein the Iinear drive device includes a tube hﬁﬁgl n@"ﬁﬁ 2005
spring. 11. The apparatus of claim9 wherein the force-RERBACHME Ny EEERTS
includes an electrical neasuring conductor. 12. The apparajus @f. ¢l ai
wherein the force-nmeasuring device converts the force on F?#&gs%rz rpé& gh&%
‘correspondi ng voltage. 13. The apparatus of claim 12 wherein the el ectrical
measuri ng conductor includes one or nore wires having a resistance val ue
whi ch varies _P(vith the exertion of a tensile force by the operating el enent
on the sPrin .helﬂ?paT‘H@ ?Efé' Puehesin dheyjspiing3isvppapedtad’ tchechange of t he

resi st ance vg:lpﬁré"t’”gs © AioHRlEN figPouplipg fievisénondi ng change of a vol t age
decreasing on the resistor, the resistance change and al so the voltage
change dependingOapp9is c d S PFRi4... j'" 5F
E B 2005 ACI\/Ir&bEEinp fdrcé'oﬁl@t-lfgﬁg Zﬁ%ﬁ\E&rg %%9@3%%%6\ eﬁﬁgﬁgf“gzés of claim9
wherein the spring is connected to the operating elenent by a rotation
decoupling device. 16. The apparatus of claim9 wherein the operating

el enent exerts a retaining force on the spring. 16

J
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