WO 02/ 21072 PCT/ EPO1/ 09513 *159159* Method and Device for Measuring a Path
Covered The invention concerns a nethod and a device for neasuring a path
covered *G)0002* A correspondi ng path neasuring device for nmeasuring a path
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coil forms the first conponent of this sensor and the second conponegdgohs
formed by a contact el enent capable of noving along the coil w nding.
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An example of such a previously known path measuring device is a potentiometer-like sensor. A
wire wound as a coil forms the first component of this sensor and the second component is formed
by a contact element capable of moving along the coil winding. Depending on the position of the
contact element relative to the coil winding a corresponding resistance is produced for a current

flowing through coil winding and contact element, which may be converted into position
information.

A further example of a known path measuring device is a magnetic or inductive path
measurement. In the case of the latter a coil or a part of a condenser is connected with the
moving object 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 moved with the moving object being determined optically and converted by the

stationary sensor into a corresponding motion signal. Finally, laser devices for path measurement
are known.

There are different disadvantages in the case of these previously known path measuring devices.



There are different disadvantages in the case of these previously known
pat h nmeasuring devices. WO 02/ 21072 PCT/ EP01/ 09513 2 Optical neasurenents
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appearing in the spring elenment in the sinplest case is directly

P OPOFhis A ct isladnitfieB BcEordMY a5 B ide sy MRMgHe AR E65fporddht be a moving object

and the second component be a connecting spring and the second component be a force

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 against the
resistance of an elastically expandable retaining element along an essentially linear path, having
the retaining force appearing in the retaining element be measured in relation to the path covered
by the moving object and a signal corresponding to the retaining element be transmitted from the
force measuring device to an evaluation device, and the path covered by the moving object
corresponding to the retaining element be determined there.

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 moving object. The
retaining force is transferred through the spring element to the force measuring device and
measured there.



retaining force is transferred through the spring elenment to the force

“neasuring device and nmeasured there. WD 02/21072 PCT/ EPO1/ 09513 3 In this
case a corresponding electric signal is received by an eval uati on device
connecWeP2R10M2 t he force neasuri ng device that corresponds to PCTéEP01/09513
rTetaining elenent and thus to the path covered by the moving object. The
_conponents used for the path neasuring 8evice according to the invention
are made sinply and econonmically. No wear of these conmponents takes pl ace,
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furthernore proves to be the case that in the path neasuring device
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parts actually are present together with the moving object. The spiral spring, respectively the
spring element, in particular may be chosen so that they stretch proportional to the coercive force,
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 may be chosen as required with corresponding elastic constants, from
corresponding material and the like. At this point its 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 because 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 elongation thereof that may be evaluated.

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



limted notion of the noving object is possible because of the connection
with the spring elenent and, via the latter, with the force neasuring
device. Essentially the range of notion is determined by the spring
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to the invention it is possible that the spring el enent follows a curved,
for exanple, circular path of the novijg object and correspondingly the
position of the object WO 02/21072 PCT/ EP01/ 09513 4 along this path may be
determ ned. A sinple enbodi nent of a path measuring device wthout a

curved course of the spring elenment and wthout friction that may possibly
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el enents may be chosen corresponding to their maxi mum expansion. The force
measuring device may be constructed in a different way. According to the
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In the case of a simple embodiment that is economical to produce, the force measuring device has
at least one electrically conducting, in particular wire-like conductor, the electric resistance of
which is dependent on a force exerted on it in the longitudinal direction. Such a conductor may be
produced out of different materials, that, for example, are chosen with respect to the
environmental conditions, under which the path measuring device is used. In this way the path
measuring device also may be used in aggressive media, under water, under pressure, under a
vacuum, and the like essentially without limitations. The simple construction of the path
measuring device results in no wear and no wearing of the individual parts, so that the service life
is extraordinarily high.

Sine a spring element as a rule has a soft damping characteristic, corresponding vibrations,
shocks, or the like are transferred without influence on the force measuring device.



measuring device results in no wear and no wearing of the individual parts,
so that the service life is extraordinarily high. Sine a spring el enent as
a rule has a soft danmping characteristic, corresponding vibrations,
shocksWO®2/210%2 | i ke are transferred w thout influence on the f@CcTEP01/09513
measuring device. WO 02121072 PCT/ EPO1/ 09513 5 Such an el ectric conductor
~as a force neasuring device changes itsSelectric resistance, and such a
resi stance change in the case of exertion of a corresponding tensile force
on the conductor may be detected via correspondi ng voltage or current
changes and eval uated as a signal in the evaluation device. In order to
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deviations of the individual wires are determined and this results in a force measuring device
measuring precisely over its entire measuring range.

The wires may be individual wires or be formed by an individual wire that is laid in meandering
fashion.

In order to be able determine changes in the resistance in such an electric conductor in a simple
way, the electric conductors may be switched in a bridge circuit, such as a so-called Wheatstone
bridge, and at least form a resistance in the bridge circuit. Highly accurate measurements are
possible by means of such a bridge circuit, which also results in high accuracy for determining the
position of the moving object.

In order to compensate changes in the resistance of the conductor on the basis of temperature
changes, so that the latter do not lead to a false determination of the position of the moving object,
the bridge circuit may have a further resistance to the resistance formed by the force measuring
device. If the force measuring device consists, for example, of a number of wires, this further
resistance is formed in the same way. Of course, as opposed to the force measuring device, it is

not exposed to any corresponding tensile force through the spring element.



In order to conpensate changes in the resistance of the conductor on the
basis of tenperature changes, so that the latter do not lead to a fal se
determ nation of the position of the noving object, the bridge circuit my
have gydysbiye resistance to the resistance formed by the forcge 95148
device. If the force nmeasuring device consists, for -exanple, of a nunber of
wres, this further resistance is forrmgd in the same way. OF course, as
opposed to the force neasuring device, it is not exposed to any
corresponding tensile force through the spring elenment. WO 02/21072
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under dnabudedso-called actuators, blow out preventors, valves, and the like, as are necessary in oil and
gas production. In this case the area of use of the path measuring device according to the
invention is not limited to uses on land, but use under water is also possible because of the
insensitivity with respect to pressure or other inhospitable environmental influences. This obtains

analogously for use underground.

It is to be noted that the path measuring device according to the invention naturally is not limited to
devices for oil and/or gas production, but may be used in other machines, in production, in earth-
working devices, and the like. Essentially the path measuring device according to the invention
may be used where a moving object moves over a limited area, in particular linearly back and
forth.



It is to be noted that the path neasuring device according to the invention
naturally is not limited to devices for oil and/or gas production, but may
be used in other machines, in production, in earth- working devices, and
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linearly back and farth. WO 02/21072 PZT/EP01/09513 7 In the case of oil
“and gas production, in particular a nunber of |inear actuation devices are
used, one of which is described, for exanple, in DE 20 008 415. Such a
‘linear actuation device serves, in particular, for the actuation of
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the in en ation element is connec one end with a spring
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el emerltnew; htugtidndevreneasuri ng device, that transmts to an eyal uation
device an electric signal corresponding to a force transferring fromthe
spring elenent to the force neasuring device. This neans, that the linear
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element with a force measuring device, that transmits to an evaluation device an electric signal
corresponding to a force transferring from the spring element to the force measuring device. This
means, that the linear actuation device according to the invention is characterized by the fact that

the path measuring device described above is built into the former.

Correspondingly, the path measuring device in the linear actuation device may have the same
features as the previously described path measuring device. Some further configurations, which
are described below, follow from the inclusion of the path measuring device in the linear actuation
device.

For example, in order to protect the spring element from damage from the moving parts of the
linear actuation device, the spring element may be located and guided in a tube.

In order to be able to fasten the spring element at its ends to the actuation element as well as to
the force measuring element in a simple way, the spring element may have corresponding
connecting pieces at its ends. Then the spring element may be suspended with its ends on these
pieces and the connecting piece then is to be attached releasable by being screwed or the like to
the actuation element or to the force measuring device.



are described below, follow fromthe inclusion of the path neasuring device
in the linear actuation device. For exanple, in order to protect the
spring el enent from damage fromthe noving parts of the Ilinear actuation
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as well as to the force nmeasuring elengent in a sinple way, the spring

el enent may have correspondi ng connecting pieces at its ends. Then the
spring el enent may be suspended with its ends on these pieces and the
connecting piece then is to be attached rel easabl e by being screwed or the
like to the actuation elenent or to the force neasuring device. WO
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In order to be able to detect corresponding resistance changes simply via associated voltage
changes, the electric measuring conductor may be connected as a resistor in a bridge circuit, such
as a so-called Wheatstone Bridge.

The electric measuring conductor may be made as a conducting wire or by a number of conductor
wires arranged in parallel. In the case of using several conducting wires corresponding statistical
deviations of individual wires are compensated.

In order to be able to compensate temperature drifts of the electric measuring conductor, a further
electric measuring conductor may be connected without force loading in the bridge circuit for
temperature compensation.

Advantageous embodiments of the invention are explained in greater detail by means of the
figures given in the drawing.



The el ectric neasuring conductor may be nade as a conducting wire or by a
nunber of conductor wres arranged in parallel. In the case of using
several conducting wires corresponding statistical deviations of

i ndi vi woad2/21072s are conpensated. In order to be able to conpemrgaiero1/09513
tenperature drifts of the electric measuring conductor, a further electric
“measuring conductor may be connected w 8hout force loading in the bridge
circuit for tenperature conpensation. Advantageous enbodi nents of the
invention are explained in greater detail by neans of the figures given in
t he draw ng. WO 02/21072 PCT/ EPO1/09513 9 Here: Fig. 1 shows a top view of
a basidemeepresentation of a specific enbodinent of a path neasuring device
according to the invention. Fig, 2 shows a partially cut top view of a
second specific enbodinent; Fig. 3 shows a partially cut top view of a
third Bigeti f i chewbadopreiew,of afiagic répelsentatien ofed speificyentbddirhém of agatiof a
fourth specific enmbodinent. Fi.g. 5 shows,a circuit diagram anal ogous to
Fig. 4 Fig. 6"&holRd geY'%%ﬁ?(ioﬁ%ﬁq%éﬂthgé'&vlePBW'through a |inear actuation
device with built-in path neasuring device in a partial representation;
Fig. 7.shows an enl arged representation of a detai] "X", and Fig. 8 shows
angenl 'z:a'pggd ré P‘ggé’rﬁagtﬁﬂ)ﬁﬁu thé('e&’e‘?fzﬁ gecoRd speqific embAdiBRRt a top view of a
basi ¢ enbodi nent of a path neasuring device 1 according to the invention.
The latter has,a spri element. 6 as a, first conponent and a force
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connected with a noving object 2 at one end 8. In the case of notion of
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Fig. 5 shows a circuit diagram analogous to Fig. 4;

Fig. 6 shows a longitudinal section through a linear actuation device with built-in 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 according to the
invention. The latter has a spring element 6 as a first component and a force measuring device 7
as a second component 4. The first component 3 is connected with a moving object 2 at one end
8. In the case of motion of the moving object 2 in the direction 37, the spring element 6 is
stretched and a corresponding force is exerted over ends 9 of the spring element 6 on the second
component 4, that is, the force measuring device 7. By means of the force measuring device 7
the force exerted is converted into an electric signal, from which a corresponding position of the
moving object 2 is determined by the connected evaluation unit 5.

The moving object 2 moves linearly in the direction of motion 37 and in the longitudinal direction
12 of the spring element 6 or the force measuring device 7.



stretched and a corresponding force is exerted over ends 9 of the spring

el ement 6 on the second conponent 4, that is, the force neasuring device
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device 7. WD 02/21072 PCT/EPO1/09513 10 The force neasuring device 7 is
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condu & 7 it i t he

For o Buaroaytuig (iR ¢ BLb e BPATEIRLRE ondRII IR nid iidfadtly Bapb &

conduétechig qmﬂuctmg wWiEsriss Hd\@d@ttqr@hange)mé reswtamrsanmtreletﬂort tortbe firce laeersq@romg

el emegier§ ?ﬁig rﬁéé%sf QFé‘s‘f‘stérﬁteWh‘éﬁﬁé bt fﬂ@%lle&rfb &:ngﬁtf:th%%lPé)Eb Qéfﬁéﬁgn&@{o rce

el emrent 6 and posi t res are

arr anyéasrpétfeamr@ugh thecsREing elemant ﬁrmd rt’@@/fome I@cmcpmml tsl @defiaction bithpspeng el

Or | 1 elehRdrk Bana T 1 SisitkA di drBuihgsbpbpace. that is part of a bridge

circuit, see Fig. 5. further resiStance 15 of this bridge circuit also

i's forned by a nunber of electric conducting wires and this further

el ect Fiyg 15t 2ctric

Conducy T e 3RS Sfiaight R RPOAN SRl I e b AR Tt Rl 3K,

devi ceenas. T’ wisgrd! hifermrmpiesistance,tbat is peﬁmﬁe@négle wmwt s¢rcFigeSi Atfortherf or med

by th

vl ugt e 16 ghisERAGR e SLORTpmd 2 lpbbrabche @il wiks ot

di f f efeiher ate@tncresnstahee)u@ rowgsponds tocthe oesisisneenidrmed py tiet éleciric vmm:etmg wnres

changi f ing wth tine are differentiable and

t hus g5%82éfyﬂ‘@%ﬁ@ﬂn&}%r%feﬁé&nm%eggg%}gcCel eration of the noving object may

be determ ned. A zero point of the deflection of the spring el ement 6 may

be set f devi - r

or o o PedisEliefic 5F gy G ambiri 4o 1 BinneBEBling KSR oY wiks.
Correspondlng signals are sent to an output unit of the evaluation unit 5, in which case this

evaluation unit 5 also may have a differentiator 17, through which the corresponding position
values changing of the moving object 2 changing with time are differentiable and thus a speed
and, in a given case, acceleration of the moving object may be determined.

A zero point of the deflection of the spring element 6 may be set by the offset device 31, 32. For
example, the spring 2 may be pre-stressed up to 5%, in order to generate such a measurable zero
point for the motion of the moving object 2. A tension value associated with this pre-stressing is
set to zero by means of the offset device 31, 32.

A power supply 36 is connected with the wires and the evaluation unit for the power supply of the
wires and the evaluation device 5.

Fig. 2 shows a further embodiment of a path measuring device analogous to Fig. 1. The moving
object 2 is formed by a piston placed movably in a housing in the moving object 37.



point for the notion of the noving object 2. A tension val ue associ ated

with this pre-stressing is set to zero by neans of the offset device 31,
32. A power supply 36 is connected with the wires and the eval uation unit
for theouneorsupply of the wres and the eval uation device 5pchieo1d9513
shows a further enbodiment of a path nmeasuring device anal ogous to Fig. 1.
The noving object 2.is formed by a pistion placed movably in a housing in
"the noving object 37. WD 02/21072 PCT/ EP01/ 09513 11 The piston is connected
on its backside with the spring element 6. An electric conductor 10 is
‘connected in series to the spring elenent 6 as a force nmeasurer 7 with a
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el ements. Depending on the Seflection of a connecting plate 40 connécted
in t hefir ?tg“% H: the spring el ement 6, the corresponding individual
el enents 41 are stretched or conpressed and correspondi ng resistance

h ) i nduced. A circuit diagramfor a bridge circuit for determ ning
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shown in Fig. 5. The spring element 6 acts correspondingly on all conductors that may be formed
at least partially by separate spring elements. Depending on the deflection of a connecting plate
40 connected in the middle with the spring element 6, the corresponding individual elements 41
are stretched or compressed and corresponding resistance changes are induced.

A circuit diagram for a bridge circuit for determining a resistance change and thus a corresponding
voltage change is shown in Fig. 5 in the form of a so-called Wheatstone bridge. Such a circuit is
known per se. The circuit is formed by at least four resistors, of which, for example, resistors 29
and 30 are made with the same resistance value. At least one resistor of the bridge circuit is
formed by the resistor 11 of the electric conductor 10, see Fig. 2. The resistors 15, 28 may also
be formed by a resistor independent with respect to the path measurement. As a rule, of course,

this is variable, in order to compensate the bridge circuit to zero initially before deflection of the
moving object.

In the case of the embodiment according to Fig. 5, the resistor 15, see Fig. 3, is formed by a
number of electric wires, see also Fig. 1. In this case the resistor 15 is used for temperature
compensation of the resistor 11. An offset adjustment, that is, the adjustment of a zero point
possible by means of the resistor 31 in connection with the resistor 32.



known per se. The circuit is fornmed by at |east four resistors, of which,
for exanple, resistors 29 and 30 are nade with the sane resi stance val ue.
At | east one resistor of the bridge circuit is formed by the resistor, 11
of th i,C conductor 10, see Fig. 2. The resistors 15, 28 ., be
forme gbgghﬁgsistor i ndependent with respect to the path neasﬂ?@é%ﬁp&glg a
rule, of course, this is variable, in4erder to conpensate the bridge
circuit to zero initially before deflection of the noving object. In the
case of the enbodi ment according to Fig. 5, the resistor 15, see Fig. 3, is
formed by a nunber of electric wires, see also Fig. 1. In this case the
resi st i Ti[s i i the resl .
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means t# eyalgatioaseyice S ofthe bridgeraiisdt ibn with the resistor 32. WD 02/21072
PCT/ EPO1/ 09513 12 The signals detected are transmtted via an anplifier 16,
see also Fig. 1, for further processing to the evaluation device 5 of the
br i dgns braneh ofithe bidge girauitdhgwunded seei'@yandithe afher brangh isuodibd plusqmle 6f'a
and t W@pg@%ﬂﬁranch is on the plus pole of a power supply. Fig. 6 shows
an exanpl e of application of an enbodi ment of the path neasuring device 1
according to the invention. In this case the path neasuring device 1 is
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di r €Cldeide 21 shown in Fig. 6, there is a corresponding rotation of the actuation element 20 and a
motion of the actuation element 20 results from the rotation relative to the spherical rotating nut
that is fixed in the longitudinal direction.

The actuation element 20 is connected at one end 22, see also Fig. 8, with the spring element 6 of
the path measuring device 1. The spring element is guided into a tube 23 by the drive device 21
and connected with its end opposite the actuation element 20 with a corresponding force
measuring device 7 in the form of an electric measuring conductor 27. The conversion of the
force exerted by the actuation element 20 on the spring element 6 by means of the force
measuring device 7, respectively the corresponding electric measuring conductor 27, 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 25 with
the activating element 20, respectively with the electric measuring conductor 27.



The actuation elenent 20 is connected at one end 22, see also Fig. 8, mﬁth
the spring element 6 of the path neasuring device 1. The spring elenment is
gui ded into a tube 23 by the drive device 21 and connected with its end
opposi we d2ozrt uation el ement 20 with a corresponding force rgRasboh/a8513
device 7 in the formof an electric neasuring conductor 27. The conversion
of the force exerted by the actuation #d enent 20 on the spring element 6
"by means of the force neasuring device 7, respectively the correspondi ng
el ectric measuring conductor 27, takes place analogous to the enbodi nents
‘of the path measuring device 1 described above. The spring el enent 6
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24 but flxed in the longitudinal direction of the spr|n9 elenment 6. Fig. 7
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Fig. 8 is an | arged representation of section

shows ?’H%rgégﬁ?&fﬁﬁ ioprofspetiogp T frgmefign®nt 6 with the connectl ng piece 25
This is connected with the electric nmeasuring conductor 27 that is
attached at its end opposite the spring element 6 at a fixed point 25 of

t he holii h§haws e qoﬁéecftioﬁé’éﬁheaﬁﬁr'lﬂatei'%ﬁﬁfd@\M"&‘ethigonmlﬂQQMﬁaﬁnd'hlsoennect i ng

Wi res gdrebebnghitRs efe@trkh‘ﬁeﬁuﬁﬁ%Ebrﬁ‘dd@fﬁﬁ%‘?rthé}gs Sﬁéﬁt‘éﬁta‘?&s édd éb 1¢18 tlgeegprlngt o

points 33, 34, that lead to a circuit rdi
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that lead to a brldge circuit 14, see Fig. 5.

According to the invention, in particular it is possible to measure a linear motion of a moving object
2 in a simple and economical way. The measurement is performed by having a coercive force
exerted by a spring element 6 at the time of motion of the moving object 2. Of course, this force is
so small that it does not, or only slightly, hinders the desired motion of the moving object 2. The
coercive force exerted by the spring element 6 is transmitted to an electric conductor as a force
measuring device 7. The electric conductor has, for example, a number of wires, the resistance
value of which is determined by a corresponding change of a decreasing voltage on the resistor,
this resistance change and thus also the associated voltage change being dependent on the force
exerted. If the force that is exerted by the spring element on the moving object 2, is determined
from the resistance changes by corresponding calculation, the deflection of the spring and thus
the position of the moving objects 2 may be determined in a simple way from the force if the
corresponding parameter (elastic constant) of the spring element 6 is known.



exerted by a spring elenent 6 at the tinme of notion of the noving object 2.
O course, this forceis so small that it does not, or only slightly,

hi nders the desired notion of the noving object 2. The coercive force
exert @gb By210¢ spring elenent 6 is transmtted to an el ectric s@ENELEIRE1RS
a force neasuring device 7. The electric conductor -has, for exanple, a
nunber of wires, the resistance valueq9f which is determned by a
correspondi ng change of a decreasing voltage on the resistor, this

resi stance change and thus al so the associ ated vol tage change being
dependent on the force exerted. If the force that is exerted by the spring
el enent on the noving object 2, ispgehetiimed fromthe resistance changes
by correspondi ng cal cul ati on, t he deflectlon of the spring and thus the
position of the aning objects 2 may be deternmined in a sinple way fromthe
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with its other end (9) with the force measuring device (7).

3. A path measuring device according to Claim 1 or 2, wherein the spring element (6) extends
essentially in a straight line.

4. The path measuring device according to at least one of the preceding Claims, wherein the

spring element (6) is replaceable.

5. The path measuring device according to at least one of the preceding Claims, wherein the
force measuring device (7) has at least one electrically conducting, in particular wire-like
conductor (10), the electric resistance (11) of which depends on a force exerted in particular
in the longitudinal direction (12).




essentially in a straight line. 4. The path nmeasuring device according to
at | east one of the preceding Cains, wherein the spring elenent (6) is
repl aceabl e. 5. The path nmeasuring device according to at |east one of the
pr ecedwap21aras, wherein the force neasuring device (7) has gicﬂlél%ﬂosﬁ’ﬂ;e
el ectrically conducting, in particular wire-like conductor (10), the
_electric resistance (11) of which depengls on a force exerted in particular
in the longitudinal direction (12). . WD 02/21072 PCT/EPO1/09513 15 6. The
_path neasuring device according to at | east one of the preceding d ains,
wherein the conductor (10) has a nunber of wires (13) arranged parallel to
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9. The path measuring device according to at least one of the preceding Claims, wherein the

spring element (6) is pre-stressed for determining a zero point of the deflection of the moving
object (2).

10.  The path measuring device according to at least one of the preceding Claims, wherein
spring element (6) and/or force measuring device (7) are made of materials chosen
corresponding to the area of application of the path measuring device (1).

11.  The path measuring device according to at least one of the preceding Claims, wherein the

evaluation device (5) has an amplifier (16) and/or a differentiator (17) and/or an output
device.

12. The use of a path measuring device (1) according to at least one of the preceding Claims for
a linearly moved moving object of a device for oil and/or gas production.

13. Alinear actuation device, in particular for actuating valves, chokes, or the like in the case of
oil and/or gas production, with a linearly moving actuation element (20) located within a

housing (19) and a linear driving device (21) associated with the latter, wherein the actuation



device. 12. The use of a path neasuring device (1) according to at | east
one of the preceding Clains for a linearly noved noving object of a device
for oil and/or gas production. 13. A linear actuation device, in particular
for agjdgdbiegz2val ves, chokes, or the like in the case of oil FGEmY1/0088
production, with a linearly noving actuation elenment (20) located within a
housi ng (19) and a |linear driving devi¢g (21) associated with the latter,
wherein the actuation WD 02/21072 PCT/ EP01/ 09513 16 el enent (20) is
connected at one end (22) with a spring elenent (6), which is connected
with its end (9) turned away fromthe actuating elenent with a force
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The linear actuation device according to Claiml 4, wherein the spring
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to the actuation elenent (20), respectively the force nmeasuring device
(7). 16. The linear actuation device according to at |east one of the
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16. The linear actuation device according to at least one of the Claims 13 to 15, wherein at least
the connecting piece (24) has a rotation coupling device (26) between spring element (6) and
actuating element (20).

17. The linear actuation device according to at least one of the preceding Claims 13 to 16,
wherein the force measuring device (7) has at least one electric conductor (10), the electric

resistor (11) depends on a force exerted on the conductor.

18. The linear actuation device according to at least one of the preceding Claims 13 to 17,
wherein the electric conductor (10) operates as a resistor (11) in a bridge circuit, in
particular a so-called Wheatstone bridge.

19. The linear actuation device according to at least one of the preceding Claims 13 to 18,

wherein the electric conductor (10) has a number of conducting lines (13) arranged parallel.
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further electric conductor (27) w thoutqexerting force in the bridge
‘circuit (14) is connected at |least for tenperature conpensation. 21. A

met hod for determning at | east one path covered by a noving object (2),
with the followng steps: i) Myving the noving object (2) along an
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corresponding to the coercive force fromthe force neasuring device (7) to
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coercive f9%R% exerted on it. 23. The method according to Caim2l1 or 22,
wherein the force nmeasuring device (7) changes its electric resistance
(11) inrelation to the coercive force exerted on it and a voltage or
current cHangé/ovingaiheinovingvhieqt 42) alancar psseatialiipearratie againsitthe cpsianceef @6) |
appears as a ipibilly forkifid BRifhGBRMepNgH0e. 24. The method according to
at |east one of the Cainms 21 to , erei'n the retaining elenment (6) is
pre-stressed for determning a zero point.

if)  Measuring a coercive force appearing in the retaining element in relation on the path

covered by the moving object (2) by means of a force measuring device (2);

i)  Transmitting a signal corresponding to the coercive force from the force measuring
device (7) to an evaluating device (5) and determining the path covered by the moving
object (2) corresponding to the coercive force.

22. The method according to Claim 21, wherein the retaining element (6) stretches proportional
to the coercive force exerted on it.

23. The method according to Claim 21 or 22, wherein the force measuring device (7) changes
its electric resistance (11) in relation to the coercive force exerted on it and a voltage or

current change, that is evaluated as a signal by the evaluating device (5), appears as a result
of the resistance change.

24. The method according to at least one of the Claims 21 to 23, wherein the retaining element
(6) is pre-stressed for determining a zero point.



