15 FEB 2005 | Method and Device for Measuring a Path Covered The invention
concerns a nethod and a device for neasuring a path covered. For exanple, a
pat h-neasuring device for nmeasuring a path covered by a novingj dbjlee 2%{1@
capabl e of being deflected along a direction is known from practi ce.

first, conponent of the path- neasuring device is associated with the

novi ng obj ect and noves with it. A second conponent of the path-neasuring
device is stationary. The two corrpoﬂents are coupled with one another in
order to convert the notion and/or deflection of the noving object into an
el ectrical signal. This electrical signal is transmtted to an eval uation
arrangenment of the Meshiddanddevice fior Mereudmg @ Rakh Gdvered converted into notion
and/or position information. An exanple of such an above-nenti oned

pat h- neasuring device is a potentioneter-type sensor. The first conponent
of t hTte inventivoconcernk ammetithd land a deyicedonmeasdringre e ¢avereflashi on and t he second
conponent is fornmed by a contact el enent capable of noving externally al ong
this coil w nding. Depending on the position of the contact el ement

r el atfopexample; 4 eatbwiensuing deving foranassyring sngiidioneed Pwa meyingehiec e9ables for a

curr ed?Beiﬁ% ANAEH AIGHgUHEBCtoR is! kndiv b Brapitd. At 86rhpdeRtBR the pathhi ch i s
convertible intg position information. A furt heE,exanPI ﬁgOf a_known

pat h-eEESEiRgidRycede oFseeiated with the gIRwpg eRIRRt and BaEs W tH ASRCOMAEYRAEMent . In this
case githe Phth-nias@ting déviceqd statiohapd FHs WVo domporentsatd edliplat! With biecanotheeiat noved and

a further coil or the othe rt of the condenser is,. tat.lonary.

Fur t IPEYeF IR FENNE NG 'Hgt??ﬂ'gg‘{f?ri‘{?ggcg%r{/?fg'éesmﬁ‘g" ,0% egﬁnéfg%e?tg?ag%ﬁﬁcﬁésensor s, the
ot | @dectital aighal isstansroiterto e pvaluation agangemeént ofibe patbimegswinp devicemdidng det er mi ned
opt i GRld YonBdha GREM %ﬁf!f:‘iﬁo@ilﬁgjs igfriaﬂ—éétﬁﬁ.pond' ng notion signal by the

stationary sensor. Fina evices for path neasurenent also are
known. In the case of these previously known pat h-neasuring devices there

are tRximiié Mubtan dbovfl¥midhetRih-measuring device is a potentiometer-type sensor.
The first component of this sensor is formed by a wiré wound in coiled fashion and the second
component is formed by a contact elemeht capable of movi'ngrexternélly' along this coil winding.
Depending on the position of the contact element relative to the coil winding, a corresponding
resistance resuits for a current flowing through coil winding and contact element, which is

convertible into position information,

A further example of a 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

a further coil or the other part of the condenser is made stationary.

Further known path-measuring devices use, for example, optical sensors, the motion of a first
component moving with the moving object beihg determined optically and converted into a
corresponding motion signal by the stationary sensor. Finally, laser devices for path

measurement alsc are known.

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

disadvantages.



1 5 FEB 2005 2 Optical neasurenents indeed are very precise, but at the
sane tinme they are very sensitive and only usable in the case of good
sight conditions, and at the same tine they are quite expen5| ﬁ E@ggﬁglc
or inductive devices are sensitive to vibrations, shocks, 1t e and,
as arule, also are quite expensive. Potentioneter-like sensors are quite
i naccurate and have only a relatively short service |life because of wear
phenonena. Therefore, the object of sthe invention is to inprove nethods or
pat h- neasuring devices of the type initially nmentioned so that the path
measur enent can be performed with high accuracy, wthout wear, insensitive
to vibrations, shocks or corrosion, and economcally in alnost all nedia
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component is a force-nmeasuring device which issues an electrical signal
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IS neasured by means of a force-neasuring device, and a signal
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f orce-neasuri ng covered by the
movi n&yPe)itiait memlemde@ﬂaﬁﬁmemgthtmﬁaﬁwemerém b pRfofneadonth h!Qh§Cmcafr m ned there.

The paﬁtﬁbumaéuﬁséagu@%b.s.%naﬁcgwsrwcér%sfoheanh @Mﬁﬂhﬁdafy ih Sinfbeednghgih simply.
The s rln lenent is. stretched during notion of the novi ng object, the

r et ai 'FF@' ?Q?P'@'e"eélﬁ‘ﬁé‘aﬁ’ MY PYSY4REP i ng el ement in the sinplest case is

.directly proportional to the path covered by the noving object. The
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devi ce an
element connecting a moving object and a second component and the second component is a

force-measuring device which issues an electrical signal corresponding to the force exerted on

the spring element.

The object'is achieved according to the method by the fact that the moving object moves against
the resistance of an elastically expandable retaining element along an essentially linear patﬁ, that
the retaining force appeéring-in the retaining element, depending on the path covered by the
moving object, is measured by means of a force-measﬁring device, and a s’ignal'corresponding to
the retaining force is transmitted from the force-measuring device to an evaluétion device and a

path covered by the moving object, corresponding to the retaining force, is determined there.

The path-measuring device according to the invention is designed simply. The spring element is
stretched during motion of the m_dving object;.the retaining force appearing in the spring element
in the simplest case is directly proportional to the path covered by the moving object. The
retaining force is transmitted by the spring element to the force-measuring device and is
measured there. In this case



15 FEB 2005 3 a corresponding electrical signal, which corresponds to the
retaining force, and thus to the path covered by the noving object, is
recei ved by an eval uation device connected with the force- negsérFag 2005
devi ce. The conponents used for the path-nmeasuring device according to the
I nvention are designed sinply and econom cally. No wear of these conponents
t akes place, since, for exanple, there is no friction between the
conponents or between the conponents, and other objects. The path-neasuring
devi ce according to the equation is I ndependent of a medium in which it is
| ocated, of the site conditions, of vibrations, shocks, or the like. In a
sinpl e enbodi nent the spring el enent can be a spiral spring, which is
conneca eairegpanting electodal signad whict soreasparide tortbe ietaipiralpree tand thdis Wi théapaths ot her end
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chosen so that a retarning rorce exerted on t e novi ng | ec and thus a
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force-neasuring device to obtain a suff |C|entl¥ | arge signal. ~ Furthernore,
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no parts .actually i ng toget her novi ng object are present. The

o P T Bonibu e e Bbmc i, ERER AT P Ben bo_ chosen | n

particular so that they expand proportional to the retaining force exerted,
so th d : i td evi.ce and
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dependi n he requirenents. oint it 1S to bé noted that in the

case &t 'H%"‘BE‘% ﬁ""i”r%gfd'i‘ff meVIRgRbisck sAelalpH sl ad ptiee $amAdma BR or t he
COTr r esqaining BdEe isgrast ehough fortiid fode-meaduyingdévicaitd adaimasibdertll 1ddessigiali ng obj ect

IS po o) h.th ing el epent.and via the
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det er peseefiths pathinecasyring Wgvies mﬁmg tortbie nventiorand prantmactu@imeniviop tagetheh can

with the moving object are present. The spiral springs, respectively the spring element, can be

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

evaluation of the signal of the force-measuring device and correspondingly the determination of

motion or position of the moving object is simplified.

Such a spring element can be chosen with the corresponding spring constants, from
corresponding material, and the like depending on the requirements. 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 moving object is possible beéause of the
connection with the spring element and via the latter with the force-measuring device. Essentially
the range of motion is determined by the spring element and the maximum expansion which can

be evaluated by the latter.

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



be evaluated by the latter. According to the invention it is possible for
the spring elenent to follow a curved, for exanple <circular, path of the
movi ng obj ect, and correspondingly the position of the noving 1p SFEE Q0 4
object along this path can be determ ned. A sinple enbodinent for a

pat h-neasuring device w thout a curved course of the spring elenment and

wi thout friction which may possibly appear between a spring el ement and

t he gui de nay be seen when the spripg el enent extends essentially in a
straight line. Furthernore, in this case it is advantageous if the noving
object also noves in a straight line. In order to adapt the path-nmeasuring
device to different requirenents in a sinple way, such as, for exanple,

| ongerobjsettaiong this peth cap\be detdrnidyedt Aesinmpiaemipditentiot 3 pat-mebsirihg devicet he spri ng
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corre\;g)ondl ng el ectrical signal, which then i's acquired processed by
the eVRVerdP PREAIIMIRE. | n the case of a sinpl e enbodi nent which can be
produced economically, the force-neasuring 'device has at |east one

| ect i i.n I duct t h | ect
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Whi c

condi t1 ohs un asuring use nthis way the
pat h- 8®aRsiAm ng devi ce accor d| ng to the |nvent| on also may be used in
aggressive nmedia, under water, under pressure, under a vacuum and the
like,_essentially without Iim tatl ons, Because of a sinple struct ure of

t he pHtEOTHEREERUIAYIRYISe iMay bp Mape injdifferrst wavs, Acsoringdo tsrnventnn syeha ¢ he

i ndi viotte-adeagaing deviceanushainvériite Sedewixerted dnfitantb & cm@spamir@le!b%fﬂcémghalg h.

which then-is acquired and processed by the evaluating unit.

In the case of a simple embodiment which can be produced economically, the force-measuring
device has at ieast one electrically conducting, in particular wire-like conductor, the electric
resistance of which depends on a force exerted upbn-it in the longitudinal direction. Such a
conductor also may be made out of different materials, which are chosen, for é'xample, with
respect to the environmental conditions under which the path-measuring device is used. In this
way the path-measuring device according to the invention also may be used in aggreséive media,
under water, under pressure, under a 'vacuum‘and the like, essentially without limitations.
Becausé of a simple structure of the path-measuring device thete is no wear and no abrasion of
the individual parts, so that the service life is extraordinarily high.

Since a spring element, as a rule, has a soft damping characteristic, corresponding vibrations,

shocks, or the like are transmitted without influence on the force-measuring device.



Since a spring elenent, as a rule, has a soft danping characteristic,

correspondi ng vi brations, shocks, or the like are transmtted mﬁthout

i nfluence on the force-neasuring device. 15 FEB 2005 5 Such an el &t ikdalops

conductor as a force-neasuring device changes its electrical resistance in

the case of exertion of a corresponding tensile force on the conductor,

and such a resistance change can be detected via corresponding stress or

current changes and evaluated as a gignal in the evaluating device. In

order to determne a zero point for path neasurenent in a sinple way, the

spring el enent can be pre-stressed, and a correspondi ng notion or position

signal is determned by the evaluating wunit only in the case of further
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way, coRlE¥RIRAT g statistical deviations of the individual wires are

determ ned and a force- neasurlng devi ce neasurlng accurately over its

entir surln range re wi,res or forned
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such as a So- ca eat st one ormat |east one resistor in

~ the bridge circuit. Hghly accurate circuit neasurenents are possible by

means lF)BrdéMSBorﬁbehédtéiﬂﬁcem%‘iﬁ?ﬁéaﬁrré’duﬁﬂﬂne%cd% tHedfis, dUoR a9 @BhétbRviafliiEer M nat i on
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The wires may be individual 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 conductor in a
simple way, the electricai conductor can be connected in a bridge circuit, such as a so-called
Wheatstone bridge, and form at least one resistor in the bridge circuit. Highly accurate circuit
measurements are possible by means of such a bridge, whereby a high accuracy for positibn

determination of the moving object also results.

In order to compensate for changes in the resistance of the conductor, on the basis of
température chaﬁges. so that the latter do not lead to an erroneous determination of the position
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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a nunber of wires, this further resistor is nmade in a simlar m?y Jﬁg
course, as opposed 1 5 FEB 2005 6 to the force-neasuring device,ﬁ & 206t
exposed to a corresponding tensile force fromthe spring elenent.
According to the invention a sinple electrical structure, which also
requires sinple neans in the case of the evaluating unit, results fromthe
use of the bridge circuit and the electrically conducting wres as a
force-neasuring device. For exanple, an anplifier and/or a differentiator
and/ or an eval uating device, connecped with a mcroprocessor or the |ike,
are the only electronic conponents which are necessary. The differentiator
may be omtted if, for exanple, a determ nation of the speed or
accel [ j ' ri t hi A i ptted. In
i 110 e 0 e R B e o ool A W e e e
are swggmented by software. Because of the sinple, strong, and reliable
construction of the path-neasuring device according to the invention, the
latter is particularly suited for applications in renote and inaccessible
ar eas Accqrgipg Etagipyestionsimpie elgcitgal sipisiures which Alse Eeauirps simpie means frehereasur i ng
devi Ceastas tlel RACAR ONE restiffrofh thé LSER tHeYbridgVdiroGit SMRitRCdlectcaliyne device from
roducti on. Correspondi ng devices are so-called actuators,

oi | and/or_ gas ( > ) . [

BOP' s C?’H”Bfwgd‘ﬂ’eg?seﬁ’/@ﬁ%‘?eé?‘,‘”"wfe‘(}%es FRherample. N araplifiejandipea difierantialor y in the
Cﬁse amcir,]'omanlevaminga?iq@_mﬁmdmm ;_I nicrbhiosesﬁmthetnh@_aam@ow erecp:}ahrbpat ijon of
the p - urdn evi ce cC ing to the invention is not limted to
Lsos Somralgnts el Sdieststy. Pieiditetonitlel Bag kPt kor Sk P o or ' ot hor

unf av deteiirationefithcosprechtrakcalenétion ef tbe sovingroljent trng thas motive iugsttecnder water is
al so A RRRA epllaﬁgen:réﬁhs%f chéraévglﬁatﬁgﬁg\ﬂ&glé% Jeel Birthrt]ag%?&%rsgb%qte&’ﬁ . It is to be

noted that the” path-neasuring device accor to the 1 nvention naturally
is not°™Af ted to devices for oil and/or gas production, but is usable in
ot her machines, in manufacturing, in the case of earth working devices and

the | jike. E§ entially the pq} Enea%prin @eviﬁ%qaccordin to the invention
may DESHUSRP ORI o era PEr Ehalie HOT H o5 ] DE pokarasEe 8rVek APMPRGa ar ea, | n

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

For example, one area of application is the use of the measuring device described above, for a

linearly moving object of the device from oil and/or gas production. Corresponding devices are

so-called actuators, BOP’s (blowout preventors), valves and the like, as are necessary in the case

of oil and gas production. Iﬁ-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 the insensitivity to

pressure or other unfavorable environmental influences, in particular the use under water is also

possible. This obtains analogously for underground use.

Itis to be noted that the path-measuring device according to the invention naturally is not fimited
to devices for oil and/or gas production, but is usable in other machines, in manufacturing, in the
case of earth-working devices and the like. Essentially the path-measuring device according to
the invention may be used everywhere where a moving object moves over a limited area, in

particular linearly back and forth.



particular linearly back and forth. 1 5 F ES 2005 7 In the case of oil and
gas recovery, in particular, a nunber of |inear control devices are used,
one of which is described, for exanple, in German patent 20 00§ ?15EBSHEH
a linear control device is wused, in particular, for operating valves,
throttles or the like, in the case of oil and/or gas recovery, and has at
| east one control elenent nounted novable linearly within a housing and a
drive device, associated with the latter- The control elenment may be a bal
spindle, which is nounted capable 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 notion of the bal
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an electrical si na correspon I Ng to a orcetransmtte romt he sprlng
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by- the.fact, that the path-nmeasu evi ce descr oye is incorporated
71 L hdS Ao Srck e BRORRIF G R L G BiSSam o0 RGT SUTE e 1§ hoar
cont r ddscripdion ofdhig ireahamioltibdcesame features as the pat h- measuring devi ce
descri bed above. There are sone further refinenments which are described
bel ow as a result of the incorporation of the path-neasuring device into

t he Ipjorieric detsruingthe gesijopef thE gentrokelemand reldtive torthishousipg jpraciropie washién spri ng

el eneng cdst @MudA BRESr Eshte! debiBg reidt.@émomfnougn@%é&m@ to the1fvehtidh@RE e Nt 1 Ol
deV|c§ the ?erqg el enent. can be | gcated and _guided in a pipe.
the control element is connected with a spring element, which with its end turmed away from the
control element is connected with a force-measuring device, which transmits an electrical signal
corresponding to a force transmitted from the spring element to the force-measuring device, to an
evaluating device. This means that the linear control device according to the inverition 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 refinements
which are described below as a result of the incarporation of the path-measuring device into the

linear control device.

For example, in order to protect the spring element from damage resulting from moving parts of

the linear control 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-measuring device in a simple way, the spring element can have corresponding connecting

pieces on its ends. The spring



In order to be able to fasten the ends of the spring elenment both to the
control elenent and to the force-neasuring device in a sinple way, the
spring el enent can have correspondi ng connecting pieces on its?eﬁdpE TH@
spring 1 5 F E B 2005 8 el enent can be suspended on the latter with oﬁe ﬁd
and then the connecting piece is to be fastened detachably by screw ng or
the like on the control elenent, respectively on the force- neasuring
device. In the case of a linear control device which has a control el enent
nmoving linearly forward by a screWnotion, it is advantageous if the
corresponding turning of the control elenment is not transferred to the
spring elenent and thus leads to a stress or force in the spring el enent,
which_ _is not, cause he |inear nofi of the control el enent For this,
for efSMEIt&an bg s”l’s%eé'g?cp‘%/%the E{}%"ﬁ*‘ﬁ‘g(?{‘? ﬁ@%’ﬁ@?@ heenrestingspieseiyodPerent and

cont r Gisteaddatmtnnbabiychy sh@wing ar the tiket dnahe chatral efeimentgrespietivelyeon thdfoycet he | i near
nntiopmgﬁ.%ﬂﬁwﬁgntrol elenment is transferred to the spring el enent by

means o1 LM S rotation decoupling elenent, and the rotation is received by
the rotation coupling device. The force-neasuring device can be nade

COrr CARRNALOSHNinkd? cONRPdevcl WHEAKRI 4 cdnl) ol hévingThEsy dhibgd DY the
spring el enent into an electrical signal. st nple exgnp e of such a force-
meas uYTRMefieDi ide advantagrous & &g cprespredinadvmnieg othe control elemant iset el ectri cal

Meas UfnBim&dtd tHéGhRng eldndit arf t(RGLIEAd M a LIRS 5118126 fh thd PG elBmehalgigs dependi ng
on aifgrce eéggﬁe?on t he n&gsunln% conductc_)r.f In order to be able to
det ect "C&PYE g7RgT metigngf the centohaipgend BLds Jererample eblepsithed stress

c hangesnectinyepiezk detiveercspiirg slamem gnd conthiladispientdn hege £ @mlies ieBdugimga resi stor in
‘a bri } Lt - tstqne hridge. The electric neasuring
cond u%?%f" ?%rgﬁfﬂgéneﬁa?%gt?on o?f?ne %81148?8?%‘?% tr%ns errerdq%gpe pimi;r%eé?en ¥

{ ) as a conducting wre o conducti ng
Wi r egneans efifigeidtion gecoupling element, anddheoratationg$ regeivertpydke mtagibn cooplihget i ng | i nes
correapendi ng statistical deviations of individual wires are conpensated.

The forcé—measuring'deyice can be made correspondingly in order to convert the tensile force
exerted by the spring element into an electrical signal. A simple. example of such a force~
measuring device can be seen if the latter has at least one electrical measuring' conductor, the
electrical resistance of which changes dependihg on a force exerted on the measurihg:éond'uctor.

In order to be able to detect corresponding resistance changes easily via associéted stress
changes, the electric measuring conductor can be connected as a resistor in a bridge circuit, as a
so-called Wheatstone bridge.

The electric measuring conductor can be made as a conducting wire or by a number of
conducting wires arranged in parallel. In the case of using several conducting lines

corresponding statistical deviations of individual wires are compensated.

In order to be able to compensate temperature drifts of the electrical measuring conductor, a
further electrical measuring conductor can be connected without action of force in the bridge

circuit for temperature compensation.

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

the appended figures in the drawing.



)

In order to be able to conpensate tenperature drifts of the electrica
measuri ng conductor, a further electrical nmeasuring conductor can be
connected wi thout action of force in the bridge <circuit for tenperature
conpensation. Advantageous enbodinments of the invention are erglg{@eg@@p
greater detail below by neans of the appended figures in the drawing. 1 5
FEB 29,'5 9 Here: Fig. | shows a top view of a basic representation of an
enbodi ment of path-neasuring device, Fig. 2 shows a partially cut top view
of a second enbodinment; Fig. 3 shows a partially cut top view of a third
enbodi nment; Fig. 4 shows a partially cut top view of a fourth enbodi nent;
Fig. 5 shows a circuit representation anal ogous to Fig. 4; Fig. 6 shows a
Iongi%%%;nal section through a Iinear control -device with incorporated

pat h-neasuring 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 tail "Y. _Fiqg. a top view of .a basic enbodi nent of a

pat h- aisiuri ng 8@\‘/“% caet&pl\ﬁ%gé\%rb | 'ﬁégq%sePt%%éon olfﬂr\'/%rﬁ]?ng?ﬁ”t pliPapiygeasudng, i ng

el enent 6 as a figvicet conponent and a force-neasuring device 7 as a second
conmponent 4. First component 3 is connected with a noving object 2 on one
end 8._ In the case of notion of noving object 2 in direction 37, spring
el emefB-% is stoweRsartialEutior vew ebpeasandrtiodimeat i s exerted over end 9 of
spring elenent 6 onto second conponent 4, that is, force-neasuring device
7. The force exerted is converted by neans of force-neasuring device 7
into 9% %l ect ri TGS EPghally critaryicw Piathid embadisesbndi ng position of noving

object 2 is determ ned by connecting evaluation unit 5.

Fig. 4 shows a partially cut top view of a fourth embodiment;
Fig. 5 shows a circuit representation analogous to Fig. 4;

Fig. 6 shows a longitudinal section through a linear control device with incorporated
path-measuring device in a partial 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 accoerding 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 stretched ‘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 evaluation unit 5.

Moving object 2 moves linearly in direction of motion 37 and in the longitudinal direction 12 of

spring element 6 or force-measuring device 7.



Movi ng object 2 noves linearly in direction of notion 37 and in the

| ongi tudi nal direction 12 of spring elenent 6 or force-neasuring @&\F o,/
1 5 FEB 2005 10 Force-neasuring device 7 is formed by an el ectri cal
conductor 10, which can include a nunber of electrical conducting wres
13. The latter change their resistance depending on the force exerted on
them This neans, a resistance change of electrical conducting wires 13
corresponds to a force transferredloby spring elenent 6, and the force is
proportional to a deflection of spring elenment 6 and thus to a position of
novi ng object 2. Wres 13 are |located parallel to another and can be
swtched electrically also parallel or even in series. Wres 13 forma
resi st ' I Sui 8 ; [ i ' S 9. 5 A further resistor
15 of g ieBhiy baudly L cihed ol ekgficd ikl 102l idhinclie Bnigbi
condudleckigp! apndueting wites 13 Jhe iatternbangedheirgesistanak depesiling om the Forceoexedabonds t o
the ! @5 uRhAMRR ridAhd Biediiantl bl & RRABIELANGNIIES 13 chrABknlSto s1sed for

tenperat ure conpensation. set device ) and anpliTier 16 are
connee&drappiemed SPigRIaest & ang fhadelce)iy ponertional o defiegiipn efspinsdi ng si gnal s

from eemediEnt tHu o AFRsitiBRREVINg bjeét 2an out put unit of evaluating unit 5, in
whi ch case this evaluating unit g al so can have a differentiator 17, by

whi ch the corresponding position values of noving object 2 changing in
ti me Wies bieardidchted pardiiebtb @fother@ingl bansbeaswitied dledtfichlly alBo parallll WieiveS AS €,

I i f mVi ng. obj ect be. det er m ned int of th
o | e 28 s Rttt irolRl Wl eBh br £8oR B oGk Flote L Wb F SR dIdn: ce 1, 2.
For  efitaisrpridae cirnyit glse isfigraied bna bember ef elactresordicitpvies B4 thisurtieder to create
Such SediRaRuSiabl f cbREPondith o dsbianbD Brifthd ty Yo chilficti idd ;g?@gt 2. A

i1
stress val ue associated wt IS pre-stréss Is set means of
t he ofSed &y tempgratuse epmpensation ol t age supply 36 is connected with the wires
and the evaluating unit for the voltage supply of the wires and eval uating

devi c Fi a. % 1%1'0 a furiher enbodinent of. a path-nmeasuring device
accor%f c%faettdggi% 1, |§ \?\é\ﬁﬂnglfﬁer ‘}bh are connec eci Vr;rlﬁ'l the res.tstoré3 formed by the wires.
Corresponding signals from the amplifier may be output on an output unit of evaluating unit 5, in
which case this evaluating 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 7

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 arder to create such a measurable zero
point for the motion of the moving object 2. A stress 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 evaluating unit for the voltage supply of
the wires and evaluating device 5.

Fig. 2 shows a further embodiment of a path-measuring device according to the invention
analogous to Fig. 1. Moving object2 is formed by a stamp mounted capable of moving in a

housing in the direction of motion 37. The back of the



anal ogous to Fig. 1. Moving object 2 is forned by a stanp nounted capabl e
of nmoving in a housing in the direction of nmotion 37. The back of the 1 5
FEB 2005 11 stanp is connected with spring elenent 6. An e|eCtQI5xﬁEﬁ 2008
conductor 10 is connected in series to spring elenment 6 as

force-nmeasuring device 7 with resistor 11, which is fastened to the housing
on its end opposite spring el enent . 6. ReS|stor 11 is connected with a
correspondi ng bridge circuit via't connecting lines 38, 39, see Fig. 5.
Fig. 3 shows a further enbodi nent anal ogous to Fig. 2. This enbodi nent
corresponds to the enbodinent according to Fig. 1, a further resistor 15
anal ogous to resistor 11 and part of the bridge circuit according to Fig.

5. Forstﬁm@&ﬁeé}ﬁ&ﬁ Fu?gtéférﬁenigrmeébfcﬂ&élggna%&f); e s £9 onn )}”%%Ssgrréeg & orl 11. Fig.

possi bl e by further si'stor rrec
4 shov¥ng gesant ﬁa%mrmﬁéﬁ@"naﬂavwzegbw\ registerd, \phl@tledasteged:ioglm hodsisnd 3. I n

the, cants ehu igbbsis SHBQUNERIY, RasbiH Pite BABYSARRY col SafBRff e Bt o1 St Or s

of the bridge circuit accord g Fi pring
cor r eSHIHAFAGESInG thes 38,p8a3qe éEb ductors, which can be forned at | east
partially by separate spring elenents. Depending on the deflection of a

t.e 40 dle with spring el enent 6, the
ggpp:sﬁog%cﬂaalfﬁwwco F“eeg'tﬁrlal’?&mglt‘éﬁ'ér& N ﬁwg'ﬂ‘eatr‘g”gﬁﬁ%@{‘%ﬁw or jolted,

and cembedipentdéoogiingds Figt aadethehasigierst sanealogdug tc@sistor CandGaitbf ther a bridge
Ci rcubﬁdgggrr uﬂ%E&Hﬂg{:}b R, % ,go%%%ﬁé)@g%m%gaggee %‘%g%ﬁtaP‘é’b"f cor respondl ng st riss

change I's ownln ormo "t one bri dge.
Ci rch'Pa%*Fe"tE’m I§ PRYsible HYéUﬂth@mtOp‘eﬁrmﬁ‘@dlré’ctmcloltyrafmsistormforrred by at | east
four resistors, of which resistors 29 and 30 are nade with the sane

resis ancs% vaI}J At | east one resistor of the bridge circuit is forned by
resi st SPPw P fourt embodimant enainggus tetheimeceding Fips. @ and 3. j the casesi thisor s 15, 28

can bemfcdimeath bpce:maaaﬁe:ﬁém is madadﬁwmdﬁﬁrs Wtﬁébrrdgé BiRGk at@rdifdgo PRt D
meas ug egen ethe latter. resistor .is varlable in
order 't % é]e‘e "t%%Fﬁes%B &S an & icenduciors ehich 3N b rned Bideast Rarilly | ect i on of
t he nﬁy\ﬁengate@g]irg@!ements Dependmg on the deﬂectlon of a connecting plate 40 connected in

the middle with spring element 6, the corresponding individual spring elements 41 also are

stretched or jolted, and corresponding resistance changes are induced.

A circuit for a bridge circuit for determining a resistance change and thus a corresponding stress
change is shown in Fig. 5 in the form of a so-called Wheatstone bridge. A circuit of this kind is
known 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 circuit is formed by
resistor 11 of electrical conductor 10, see Fig. 2. Also resistors 15, 28 can be formed by a resistor
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 according 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 11.



in the case of the enbodi nent according to Fig. 5, resistor 15, see Fig. 3,
also is forned by a nunber of electrical wres, see also Fig %. Lo 5%55
case resistor 15 is used for tenperature conpensation of resﬁS(ﬁcﬁjxﬂ 5
FEB 2005 12 An offset adjustment, that is, the adjustnent of a zero point
is possible in the case of slightly pre- stressed spring elenents 6, by
nmeans of resistor 31 in connection with resistor 32. T | he signals
detected are '"transferred to evaluq?ing device 5 fromthe bridge circuit
14 via an anplifier 16, see also Fig. 1, for further processing. One
branch of the bridge circuit is grounded; see '0" and the other branch lies
on the plus pole of a voltage source. Fig. 6 shows an exanpl e of

appl i i : ogli. R - i i rding to the
Pventy ool pftmaf SR 6. hftmah o 2hots BERI Ol e ERe b BBRRILTY o

dri ve stiesgpdepring elements 6 by deses ¢fisesibtor 3t i aonrastidnayithi nesidler 38an pat ent 20 008 415
of the sanme applicant Such a linear drive device 21 has at |east one
operating el enent 20, which is novable back and forth in the | ongitudinal

di r ectil®¥ignajgdeipcied g tE@pFeresi to eyalupiing dexige P érom thesiridge pifckiifevia@hi ch i s nount ed
capabb@pifitr 16 SdetidoFih. h NoFultdk prok&b@gl on nut. At the tinme of the rotation of
t he balr rotati on nut by neans of a drive device 21, shown only partially
in Fig. 6, there is a corresponding rotation of the control elenment 20 and
a not Deebrahchidf thebtidder oirtuitdd grotrited; 2@e O dnk ¢hel ottieg briabich lid8bn therpaetpblanf t akes

pl ace ﬁ%mﬁe%ﬁ?%'t of the rotation relative to the ball rotation nut in the
Iongi?u PRar direction. Control element 20 is connected on one end 22, see
also Fig. 8 wth spring element 6 of path- measuring device 1. The spring

el eeRl, o o hf1BAp PafbiBfof s BY ot ISRy AR o FONERLRMg Wi LD LS

end opposite the contro enment correspo orce-ﬁeasuring
devi c'@ e inventigne In this casegrthanesstdngdevica l isdesaledin :ifpeaishiye gevine 217as ihe
COoNV ededtribad, 3r eikiifiplé, o GarmRX QhfeRolDYs i eofei ¥ahe lapplRht M8 dh fheBrdrife SPI i NG
el e”eéétvicg ZP Xasrg?%ggt.o% o;gemaeiing %{e?n%ﬁt%?\ﬁmcr:ﬂ iQ ﬁwoga%Yé bca%k gndO ﬁr)rtl% P)?hecor responding
longitudinal direction. As a rule control element 20 is a ball spihdle, which is mounted capable of
rotaﬁng.in a 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 control element 20 in the longitudinal direction takes place as a result of
the rotation relative to the ball rotation nut in the longitudinal direction. |

Control element 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 control element 20 with a corresponding force-measuring device 7 in the
- form of an electrical measuring conductor 27. The conversion of the force exerted by the control
element 20 onto spring element 6 by means of the force-measuring device 7 or the corresponding
electrical measuring conductor 27 into a corresponding voltage takes place analogous 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

control element 20, respectively with electrical measuring conductor 27. At



el ectrical measuring conductor 27 into a correspondi ng voltage takes place
anal ogous to the enbodi nents of the path-nmeasuring device |I described
above. The spring elenent 6 according to Figs. 6 to 8 is con %N% % ébf_
connecting pieces 24 and 26 with control elenent 20, respec = T

el ectrical neasuring conductor 27. At 1 5 F E B 2005 13 | east connecting
pi ece 24 has a rotation decoupling device 26. The latter prevents a
transfer of the rotation of the c rol elenent 20 nade as a ball spindle
to spring elenent 6. Rotation decoupling device 26 can be nade, for
exanple, by a screw which is screwed into control elenment 20 at its end
22, and which is nmounted fixed capable of rotating in connecting piece 24,

but i i e responds to
2 g B0 B e ISl bl AL ol el 202

magni i@t dearntal plomen 0 gade aombahspindle énﬁprmggeieraent %h Botatnmect io n of

SPri N@esdupimRtevife Z'U dah b@ﬁﬁ@@%'e%ﬂé ®G 8 sérewhwRich &' dcewidl ﬁ'n'io d V\}_l&hovm inFig 7.

Thi s s conhnected to e ectrical measurin conduct or Ich is fastened
on |tsee€l‘°ra %@b%?ftd@?sis'f’m&'“ isaNQries fixes! gapalde gfir -gﬁbmﬁe%g peceidusi ng 19 of
| i neambutd® thielodbitditel denehBthe SEHng eRRRMA. Ng connecting w res are connected to
the el ectrical nmeasuring conductor 27 via soldering points 33 and 34,

which lead to a bridge circuit 14, see Fig. 5. According to the equation

i n pafFigi T adresponds toi ssmapoiied isbeséntation atseckone X frarefly. aEpdiFgn8@fa a novi ng

obj ec y. The measurenent takes place as a
resul Enaé?'ﬁe{aﬁgprééfeg%t&ttﬁg%ﬂg&?g?%ﬁf\r,g force is exerted by a spring elenent 6
during notion of nmoving object 2. O <course this is so small that it does

not hirnd@hnechitn SFRpihgemi2hie th'!oﬂﬁi&iu% bide 2@%&5&%%‘ Eh% iR gnPV'hﬂQ obj ect

2. The retalnlng force exerted ngrln el ement is transferred to an

el ect PieRYEctED IodiRelnisal megsuring F‘Eﬂdt'@"r aWhiFT 5 dpstened %‘b’tsﬁnd?ﬁ@sé? Sgj cal
\(lz\ﬁnduelémentsfabﬁ fioex paipl 25,0f hASIng 19 ofvipesr cﬁ]fltrdl\/tié\&% 18t b&resb@ﬁ:luﬁu%ﬁﬁéﬁﬂh@' uedof |
ic xertion 0 e.jn ongi t udi na
2‘{' '?[e% Ireeéof‘hﬁéd}}gth%%%&'%e%a%u""%gongfm? ﬁzg VFaesgldg?'E s\/afﬂ @3%45 dgt er ni ned
by a \hieh leaddo adridgg cirbuilrigesesfFiga 5.

According to the equation, in pasticular, it is possible to measure a linear motion of a
moving object 2 in a simple and economic way. - The measurement takes place as a result of the
fact that a retaining force is exerted by a _spi’ing element 6 during motion of moving object 2. Of
course this is so small that it does not hinder, or only slightly hinders the desired motion of moving
object 2. The retaining force exerted 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 varies in the case of exertion of a tensile force in a longitudinal direction
of the wires. The change of the resistance value is determined by a corresponding change of a
voltage 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 object 2 is determined from the resistance changes by corresponding calculations, the
deflection of the spring and thus the positioh of moving object 2 may be determinéd simply from

the force if the corresponding parameter (spring constant) of spring element 6 is known.



vol tage decreasing on the resistor, this resistance change and thus al so
the associ ative voltage change depending on the force exerted. If the
force which is exerted by the spring el enment onto noving obj eFt [ié—js
determined fromthe resistance changes by corresponding cal cul atl on Zp%e
defl ection of the spring and thus the position of noving object 2 may be
determ ned sinply from the force if the correspondi ng paraneter (spring
constant) of spring elenent 6 is known. 1 5 FEB 2005 What is clained is: 1.
A linear control device, in particular for controlling valves, throttles,
or the like, in oil and/or gas production, conprising: a control elenent
capab of ing linearly within a housing and a |inear drive device
associ EaC(%AD"i Tghe housi ng, wherein the control elenment is connected on
one end wi e an end turned away
from ?he %‘]\gp%@?l:%qtiovgev% &ﬁul%ﬁ r%Qntlo%n%GQ\'ﬂé% f oﬁge\\’/glréhg which transnits an
el ectrical signal correspon I ng o a force transmtted fromthe spring
el ement t oatdeftrolf et RBRDIEr bNBoVRVArREIY Aitdm achtakii@lahdi@ uni t which
det er m neslineae driveotievide assdéisted potai the dpuig, tWhererorer a@ntrell enent wi t h respect
to the houskmgnt 8. cchhertdd neane oWt wih adgving edengot ovtdihng to claim 1, wherein
the spri ngcorekdedmithias i idendd jawan frombie saoutradefemededitas t he control el ement
moves | i n®&er W@’Wl ndQVh?é hlﬂ’b@h n ra”%a““"fs‘l'h%“ | ieﬁéta‘ﬁa'cérgﬂ?'ol devi ces accordi ng
to clai m 159G g’e ”'"tl 4 %] b tih Sfirst and second
cnas V1o TR B ;gm@f ;:mpm ol ARt he f or ce- measuri ng
devi ce. i near " con thcur control ling val ves,
throttles, or the Ilike, in oil and/or gas productlon, conprising: a
contrpl el gReNiet 2R Qledites BN foN@@M! ¥, Whdrélh theéd shiidsi ng and a

efement is guided in a tube and expanded as the control element moves

linearly within the housing.

3. The linear control devices according to claim 1, whersin 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 control device, in particular for controlling valves, throttles, or the
like, in oil and/or gas production, comprising:

a control element capable of moving Iinearly within a housing and a
linear drive device associated with the housing, wherein the control
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
corresponding to a force fransmitted from the spring element fo the
force-measuring device fo an evaluating unit, wherein at least the
connecting 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 contrel element.

5, The linear control device according to claim 1 wherein the force-
measuring device has at least 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.

14



| i near drive device associated with the housing, wherein the control

el enment is connected on one end with a spring elenent, which is connected
with an end turned away fromthe control elenment with a force- M

devi ce, which transnitg an electrical signal corresponding to nggfégﬂggmb
transmtted fromthe spring elenent to the force-neasuring device to an
evaluating unit, wherein at | east the connecting piece has a rotation
decoupling device to an evaluation unit, wherein at |east the connecting

pi ece has a rotation decoupling device between the spring elenent and the
control elenment. 5. The linear control device according to claim1 wherein

the fqrce- asurl eV| ce has | east Ione IeI ectrical conductor with
el ect Fi cal & t “ lgané ﬁ&?é?‘?{'"%ﬁa‘é%r eSeFerted onto a
conduct or . kg nea \P ?8%accor di ng to claim1 wherein the

el ectrical 4 &Qw%n‘iﬁnt 'c§pa%%n5\’elﬁé oy (RS 3L RJushg afa BN i dge circuit. 7.
The |inear jigantdfi@d de@M 66508160 HinMBle tHBuSHR WieteinVRRT &introlt he el ectri cal
conduct or besest BUfdRECtE of QIMEUgHdOwitVar §sin@rairit@e dutiich paral | el . 14 15 FEB
2005 8. A konmected euithtano¢nddisxnied esvay ifremptiet dootndl aelenient witioat r ol | | ng val ves,
throttl es, foore-medsgring kdeviden woihich ari@ghenitsgasn peediicsl i afgnalconpri si ng: a
control el é%ﬁtm@ﬁ‘sat@l%f%?e dlfqul‘ééﬂel f\ﬂBtﬁ*ﬁ”ﬁ?“ht%&?m ng and a |inear
drive devi f?éceéiﬁ%ﬁ%'i”&t% Eﬁ%g”' aﬁ' ec'q?éf""é'ont roI el ement is
connect ed p % @@ﬁgﬁg% gﬂﬂm ﬁ@cgw ﬂ@e' ” ﬁ‘WEw Yonnected with an end
turned away TSR TS SR Chent with a force measuring device, which
transmts an el ectrical S|gnal corresponding to a force transmtted from

the springagbgiEdils bPadildfor-controlled valve 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 8 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 to 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 voltage change depending
on the force exerted.

15



force-neasuring device to an evaluating unit, and wherein an el ectrical
conductor is connected without the action of force in bridge circuit at

| east for tenperature conpensation. 9. An apparatus for actuator-controlled
val ve operation conprising: a linear drive device selectively §oiiRg2HA
operating el enent; a path-neasuring device connected to the operating

el enment; the path-neasuring device including a spring and a force-nmeasuring
devi ce; the spring having one end connected to the operating el enent and
anot her end connected to the force-nmeasuring device; and the
force-neasuring device neasuring the force placed on the spring by the
operating elenent as the linear drive device noves the operating elenent.
10. The ap I i I r drijvye deV|ce i ncl udes a

t ube hﬁbusi%ég §raR|fs & aéiﬁﬁon %ﬁtne E‘gge |s Oc?r‘m%cf%c! \rfgéh wherein the

f or ce- measuri ng deV|ce |ncludes an ectrlcal measuring conductor. 12. The
apparatus of claim9 wherein the force-neasuring device converts the force
on t hdéspr iThg dpparatue oofr @308 diviegeiv dhd ap&atinh3eclerhie @@paraat us of claim 12
wher ei n t heeteihiag fordegalthenspgisgir i ng conductor i ncludes one or nore wires
havi ng a resistance value which varies with the exertion of a tensile
force by the operating elenent on the spring. 14. The apparatus of claim 13
wherein the change of the resistance value is determned by a
correspondi ng change of a voltage decreasing on the resistor, the

resi stance change and al so the voltage change depending on the force
exerted.
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15 15. The apparatus of claim9 wherein the spring is connected to the
operating elenent by a rotation decoupling device. 16. The apparatus of
claim9 wherein the operating element exerts a retaining forc w[{%
spring. 16 ABSTRACT OF THE DI SCLOSURE METHOD AND DEVI CE FAROVERS A
PATH THAT HAS BEEN COVERED A di spl acenent neasuring device neasures a path
of a noving object that can be displaced in a direction has at | east one
first _conponent that is allocated to the noveabl e object and a second,

st at REASRHLES TR =YD onponent s are interlinked for the purpose of

3 USCL
conv ' [ f ' object into an
el ecﬁE}rt@B ;@*dﬁ \ﬁEE%h)g @&%gggﬁéﬁ%@g@ﬂbﬁ%g?&ggcv% al so has an
eval yafd @gerﬁ]%Y'nfégerﬂﬁ dﬁﬂﬁ;ﬁEééuF& 4 B&n 8 §Mdving dbjest t9akn ibBtMApRNEREBNt and/ or
POSi hikedlion hdd ANERE b irst & pdh &R iR ATRRBEAtEERSHE MPedbRVbr&t BAS adsebdrgh degr ee
of  agBibnAS YoormpSndRPtThe UBEBEicnR| Le tiferlitd@d@ for the plirBSdeSdfanhveitg\d Mbaimean,
Shoc Ksi/ordispRREMER | D Mhed MBvihg oBjectniomi anakledticalsignal.NTiad dosécealeht meakudng To this
end, dévive afsbha¢ arcompetrisvicsfoacapetimphe blectinat sigwhineatdvagert@ad/anppsitien obj ect
and tfeenatisnciie displangroant measusnaddvisedies rdigh Wegae At acderatye & nphsuskentie dases an
el ecwparcialresistaph il vikraion eshpeled Pingprregion andl is eepnemiceligise & anestebmeda The spring
el entbist end, the first component is a spring” element connecting the moving object and the secon
component is a force-measurement device which releases an electrical signal corresponding to the
force that is exerted on the spring element.
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