WO 03/ 074977 ABSOLUTE PCSI TI ON ENCODER PCT/ EP03/ 02078 The present invention
relates to a transducer for at | east one kinemati c neasurable vari abl e,

such asvp&%&;@ , Speed, or the like, particularly in de\ﬁt‘élﬁlﬁ?05/95079” and

nat ural "gas production, conprising a first device part whi S novable in
or through the device, and whose kinematic nmeasurable variable is to be
determ ned, and a second device part which is stationary relative to the
first device part. Furthernore, the invention relates to a nmethod and a
coding pattern for determ ning such a kinematic nmeasurabl e variable. Such
transducers serve, for instance, to determ ne the position during

di spl g&8) pogfﬁoﬂe ¥gpl e device part relative to the stationary device
part. Wth the | splacenent of the parts relative to one another, the

position of a shut-off device, a blow out preventer, a rotary adjustnent
device, a valve, a throttle, or the like, is detected and represented at a
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Such transducers serve, for instance, to determine the position during displacement
of the movable device part relative to the stationary device part. With the
displacement of the parts relative to one ancther, the position of a shut-off device, a
blow-out preventer, a rotary adjustment device, a valve, a throttie, or the like, is
detected and represented at a desired place as positional information. The
corresponding devices are used in oil and natural gas production for transportation
along transportation pipelines, for changing the transportation capacity of the.
transportation pipelines, for shutting off the transportation pipelines in case of
emergency, for adding chemicals te the transportation lines in a controlled way, or

the like. At any rate, exact knowledge of the relative position of movable device part

and stationary device part is required.

So far the position has e.g. been determined by assigning a scale to a spindle, a
piston, or another movable device part, and by reading the corresponding position of
the movable device part relative to the stationary device part from the scale. A

further known péssibility of determining the position is a potentiometer or linear



PCT / EPO3/ 02078 resistor relative to which a contact is adjusted upon
novenment of the novable device part, so that the detected resistance is
changed.W io?/ﬂllb)/’/ a further possibility of determ ning thgRGsisiosisi S known
where slits, orfr the Ilike, are arranged as coding patterns on a scale at

t he same |inear distance. These are sensed and counted to determ ne
correspondi ng positions. Instead of a |linear arrangenent of such slits, a

rotary disk is already known with slits arranged at a ..constant distance in
ci r curgsistentelativeita whighya copiact 4s PF&JSE%# v@orarrﬂwegme%f 159 meYaRle d&é({%ect ors,
or the |ike t ( : transducers have the

di sadgﬁrﬁt%&g’qﬂ% d?ﬁ&gl%@ﬁ'%'g%’}%h?ﬁ@ab@%ﬂ, ng of the simlar and equally
spaced subdi visions on the corresponding scale, for instance slits in an
encoder di sk, the correspondi ng subdivisions nust be summed up in addition
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relative notion range is required to carry out the correspondi ng position
determ ning operation once again. It is thereforg,.the o%eect of. th
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slits in an encoder disk, the corresponding subdivisions must be summed up in
addition to the scanning operation to obtain corresponding information on the
position. Furthermore, in the prior-art transducers it is not immediately apparent in
which direction the movement actually takes place since it is not readily apparent, for
instance, in the case of a straight movement whether the movement is to the left or
to the right side. This applies by analogy to a rotating encoder disk in which the
rotational direction is not easily detectable by the transducer.

A further drawback is that e.g. upon failure of an electronic means of the transducer
the relative position between movable device part and stationary device part can no
longer be detected and that a movement up to an end of the possible relative motion

range is required to carry out the corresponding position determining operation once

again.

It is therefore the object of the present invention to improve a transducer, a method
and a coding pattern such that both the direction of the movement and the



PCTI ' EPO3/ 02078 respective position can be detected in a sinple,
constructional and i nexpensive way wthout the need for a return novenent
up to e (Bkmggzlrange of novenent. in connection with t fowg-2S of the
preanbl e of claim1l, this object is achieved in that the Tirst and/or
second device part conprise(s) a codigg pattern changing along a direction
of novenent, of which position-specific single patterns can be scanned by

a scanni ng nmeans arranged on the respectively other device part. Due to the
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changing, and it can therefore be detected in an easy way by scanning the
coding pattern in which direction the novenent takes place. Mreover,
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- woul dphavecdrping thedhs’ aregnged onthe sespedtiety othert dewieeqartest singl e pattern
can clearly be sensed again by the scanning neans. At any rate, a return
novenent of the first device part up to an end of the range of novenent is
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patterns of the coding part are position-specific, it is even possible in a simple way.

and upen renewed start after a temporary failure of a corresponding electronic

means, or the like, of the transducer that the current relative position is detected

between first and second device part. At the most the first device part would have to

be shifted to such an extent that the closest single pattern can clearly be sensed

again by the scanning means. At any rate, a return movement of the first device part

up to an end of the range of movement is not needed for determining the position

again from said place or for determining the corresponding kinematic measurable

variable.

Particularly in corresponding devices for oil and natural gas production, such a
minimal movement of the first device part for the renewed determination of the
corresponding kinematic measurable variable is of advantage because in this way
the corresponding devices need not be moved back fully, e.q., in the case of a valve

into a closing position or an opening position. Instead, a minimal movement is only

needed for sensing the next single pattern.



needed for sensing the next single pattern. NV O 03/074977 PCT/ PP03. 102078
Finally, it is here also of advantage that the scanned subdivision of a

corresp i al e need not be summed up. Instead of thy | ative
positio(r)l&ge()?&gegzyfi rst and second device part is cl earlg;J &ﬁg?ﬁ%@{gd by

each position-specific single patterng To be able to carry out the scanning
of the single patterns in a faster way, the scanning neans may conprise a
nunber of single scanning el enents. Depending on the nunber of said single
scanni ng el enents, the corresponding single pattern can be sensed partly
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scale which is shorter by one respective elenent. For instance, if 10
single patterns are provided each coding pattern, th vernier scale of the
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movement substantially corresponds to a length of each single pattern of the coding
pattern. As a result, a single pattern is also directly sensed by each single scanning
element without e.g. a single pattern being sensed by neighboring singie scanning
elements or without a plurality of single pattemé being sensed by a single scanning
alement at the same time. This increases the resolution in the detection of the

kinematic measurable variable and each single pattern can be reliably scanned at

the same time.

To enhance, if necessary, the resolution by single patterns and scanning elements,
n single patterns of a coding pattern may have assigned thereto n+1 or n-1 single
scanning elements. As a result, either the scale with the single pattern or that with
the single scanning elements is a vernier scale which is shorter by one respective
element. For instance, if 10 single patterns are provided each coding pattern, the
vernier scale of the single scanning elements may comprise nine singte scanning
elements. The ten single patterns have the same length as the nine single scanning
elements, so that e.g. the first single pattern is shifted by 1/10, the second by 2/10,

etc., each with respect to the single scanning element.



el enments, so that e.g. the first single pattern is shifted by 1/10, the
second by 2/10, etc., each with respect to the single scanning el enment.

W H O 034874376-FCT/ EP03102078 It is possible to form ap%brpﬁfyﬂgemmyern by
at least one single bit. For a conplete sensing of the single pattern

wi t hout a di spl acenent of the scanning neans relative to the single
pattern, and in order to accelerate the scanning operation, a single
scanni ng el enent may be assigned to each single bit of a bit pattern group
(data word width) as the single pattern group. The whole data word wi dth
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relative to the bit pattern by one single bit only, so that the resolution is substantially
defined by the width of the single bit and the single scanning element, respectively.

The coding pattern can be realized in different ways. In the case of coding patterns
in the dual system, only two different features or states have to be assigned to the
single bits. The corresponding features/states can be detected by the scanning

means.

An example of two states of such a type for corresponding singte bits or single
pattefns is that the corresponding coding pattern is formed by recesses and/or
elevations. This means that single bits may differ from one another by different
depths of the recesses, heights o_f the elevations, or the like. Recesses and
elevations may also alternate, and the recesses may each have the same depth and

the elevations the same height in this instance.

Another possibility of realizing such a bit pattern are regions of different conductivity

or regions with different reflectivity.



Anot her possibility of realizing such a bit pattern are regi ons of
different conductivity or regions with different reflectivity. WAD

03/ 07497 oRfshf49793/ 020 78 In regions with different condysdibdsleed Singl e
scanning elenent may e.g. conprise a |east one coil. Wen an a.c . voltage

is applied to said coil, the coil exhigbits different danping
characteristics in response to the conductivity of the correspondi ng
detected regions, each of which fornms a single pattern. This applies by
analogy to single patterns of different recesses and/or el evations because

Supp! TREPGIPPR WAt OHtese AT Bk SETEIs Beaulihy sfrioht R e e pfsd
measd gég%t %n‘éaédiﬁ‘%ﬁeb Lrfa CEPoRERNTs ABdtied WPsaid @ailNha0cdTRaRbIte viffsrent

arran particularly in direct vicinity in the direction of novement.
For i alatmpiveg chalatensiicsoin respossatmtheycordudiivitgiof the corespandinganeous
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of the relative novenent. For instance, when the direction of novenent is

straight, coding pattern and scanni ng neans al so extend along a straight
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Fast eggsdltiér? .:-f'r%dda(la \r/:i'ngﬁg i Ehei' Bosition can be detected by the corresponding other
scanning means. Especially for the scanning of the whole range of movement of the

two device parts, it is advantageous when the scanning means are arranged in direct

vicinity.

Scanning means and coding patterns are arranged between the two device parts in
accordance with the direction of the relative movement. For instance, when the

direction of movement is straight, coding pattern and scanning means also extend

along a straight line.

Other possibilities regarding directions of movement are a hefically extending or a
substantially circularly extending direction of movement. Coding pattem and

scanning means can each be arranged accordingly.

A further possibility of forming a coding pattern may be seen in the measure that the
pattern is formed along a coding pattern carrier which is fastened to a device partin
a particularly detachable manner. The coding pattern may be designed on the

corresponding coding pattern carrier in accordance with the respectively desired



a particularly detachabl e manner. The coding pattern nmay be designed on the
correspondi ng coding pattern carrier in accordance with the respectively
desired 4977 PCT/ PP03102078 resol ution. A coding n be
repl aced 3?9@1 ‘giﬁler or coarser coding pattern thanks to%@é@s‘iﬁ ility of
exchanging the coding pattern carriery To supply specifically the scanning
nmeans with electrical power and to transmt correspondi ng signals of the
scanni ng means to an associ ated eval uati on neans, a correspondi ng

el ect résailtibhnA coelindpatierssean be seplated byamfinagoneaarseslcodidpaiter® bore.
For the detection of kinematjc neasurable varjables during a rotational
movendhanks to thepssibidly of fxeheRgiv9iRe P E’ﬁh?ﬁbcﬁféﬁern conpri ses single
patterns arranged along a circular path. For instance, upon rotation of

t he novabl e device part, the single patterns can then be scanned al ong the
ci r culrarsuppiy spacitibslipthas scamming dmansewitip aldctrical povearrares foirensmity
co-rotated scanning neans. It is also possible that the single patterns
are acomegeondingtsignals withe seanning arganfkin ar aﬁ&??'amevﬂ&?t'?ﬁéﬂe%rﬁ]i ng
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arran or at |least assigned relative to the novable device part, the
coding pattern may conprise single patterns arranged along a circunference
of a disk. The single patterns, in turn, may be formed by regions of
different condugtivity, of.differe reflectivit with r sses_ and/ or
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circu rence of I sk. I'nstead of a scanning operation froma radial
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direction perpendicular to the djsk plane.with a, corfespondin r rangenent
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part via a correspondingly co-rotated scanning means. It is also possible that the

single patterns are arranged on the movable or rotary device part and that the

scanning means is provided accordingly along the circular path of the single patterns

on the stationary device part.

When the coding pattern is arranged or at least assigned relative to the movable
device part, the coding pattern may comprise single patterns arranged along a
circumference of a disk. The single patterns, in turn, may be formed by regions of
different conductivity, of different reflectivity, with recesses and/or elevations, or the
like. The corresponding single scanning elements of the scanning means on the
stationary device part are here assigned to the circumference of the disk.

Instead of a scanning operation from a radial direction, a scanning operation may be
carried out essentially in a direction perpendicular to the disk plane with a
corresponding arrangement of the coding pattern. The scanning operation can e.g.
be carried out in that the coding pattern comprises single bits slotted in the disk as

single patterns. It is also possible to design the siits with a width increasing in radial



be carried out in that the coding pattern conprises single bits slotted in
the disk as single patterns. It is also possible to design the slits with
a W dt h wecdsgagd7Ag i n radial WO 03101-491-7 PCT/ EP03102058r/fpd3R84750N-
Especially in this connection, it can be regarded as an advantage when the
singl e scanning el enents are radial |l ygadj ustable. Thanks to the radial

adj ustnent a single scanning el enent can exactly be assigned to the region
of the slit-shaped single bit which in its extension in rotational
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el eneginglobit witicls draitsiextersiam s rdéficrel ditestionwdpeaspohdsite tieé ngl e bits of a
coding pattern. This neans that preferably four single scanning el enents
are uceespendieg cxtensien gf thr,$ingla SCMIRG ®lefebnt rol and, optional Iy,
check the novenents of the first device part relative to the second device
part for at least a certain period of tinme, the transducer nmay conprise at
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nunbesrca%fninsd g%'n?er?tg%r}g'u%%d in the case of a four-bit coding.

To control and, optionally, check the movements of the first device part relative to
the second device part for at least a certain period of time, the transducer may

comprise at least a storing means for storing measured signals of the scanning

means in response to the position.

Favorably, signals of at ieast a number of single scanning elements can optionaily
be stored here in dependence upon the position. The number of the single scanning
elements is here preferably identical with the number of the single patterns of a

coding pattern.

To obtain information on the whole range of movement, initial measured-signal
information may be storable in the storing means at least once for a total range of

movement of the scanning means and/or at least a number of single scanning

elements.



el ements. WO 03/074977 PC / EP03/02078 To inprove the resolution in the
measur enent of the kinematic neasurable variable, the transducer nmay
conpri sewgog;ag;pa};i ng nmeans for conparing the initial neasfltrI%w%E(g,Qal
informati on W th' current neasured-signal information. The correspondi ng
current neasured-signal information cgn be used by way of conparison with

" the initial neasured-signal informatPon for deternining exactly to which

region of the initial measured-signal information the current
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information can e.g. be carried out subStantially in analog form or at least in quasi

analog form. This can considerably enhance the resolution by the single patterns.

Thanks to the above-mentioned higher resolution it is further possible to dispense
with the displacement of the first device part in case of temporary failure of a
corresponding electronic means, or the like, so as to sense the present relative
position between first and second device part again. The above-described
movement of the first device part for the definite detection of the closest bit pattern
group or single pattern in case of renewed start is thus not necessary either. Instead
of this, one obtains an absolute-value determining means for each position of first
and second device part relative to one another, which upon a renewed start, e.g.
after failure of the electronic means, directly permits the determination of the

corresponding relative position with high accuracy.

To lose no information during the determination of the kinematic measurabie
variable during comparison of the measured-signal information for the exact

determination of the position, at least the last current measured-signal information



To lose no information during the determ nation of the kinematic measurable
vari abl e during conparison of the nmeasured-signal information for the exact

determ nat.i the position, at |east the last current - si gnal
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e.g. be“acconplished by replacing the above nentioned scanner carrier or
codi nigifgratateom carrier. In connection with the arrangenent of two scanning
nmeans, the coding pattern can be replaced by a coding pattern having tw ce
t he nunber of single patterns. These are then sensed by the two scanning
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variable.

To supply scanning means, in particular, including a number of single scanning
elements, with electrical power in a safe and simple way, a particularly pressure-
resistant multiple cable passage may be provided for the electrical connection of the
scanning means. This passage is preferably arranged in the stationary device part
and serves the simultaneous electrical supply of all single scanning elements of the

scanning means.

It should additionally be noted that the initial measured-signal information can also
be determined by a few single scanning elements only, said information being
compared with corresponding current measured-signal information of the same
single scanning elements. For reasons of redundancy corresponding measured-

signal information of all scanning elements may be compared.

The single patterns may be characterized by two possible states (features). It is also
possible that the singie patterns comprise more than two states and that all of said
states can be detected by corresponding single scanning elements. Of course, it is

also possible to determine other kinematic measurable variables in addition to the



signal information of all scanning el enents nmay be conpared. The single
patterns may be characterized by two possible states (features). It is also

possi bl %63%74%1;5e single patterns conprise nore than two statlseang that
all of sai states can be detected by correspondi ng single scanning

el ements. O course, it is also possLJpI e to determ ne other kinematic
measurabl e variables in addition to the WD 03/074977 PCT/ EP03/ 02078 11
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struc&gpﬁg gﬂﬁﬁhgggvﬁty pattern that is arranged in the direction of
novenent . %u a conductivity pattern is e.g. forned by a conductive netal
such as copper or the like, which is arranged in a specific region having
a specific structure. The structure is here chosen such that it is specific
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f ai | i ag ceppesosineciiel iwhjch ie amapged in arspeedianagion having a spesifgent . These
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determne the position in an easy and definite way, at |east heighboring
edge patterns mould decdiffef értrgeomelical figures abutiw. IiKehivehink man benstarmegd i n

accordingly by the scanning means, whereby the corresponding position can be

determined.

In a simple embodiment, it is here conceivable that the conductivity pattern
comprises rising and/or falling edges succeeding one another in the direction of
movement. These rising and falling edges constitute the position-specific structuring
of the conductivity pattern, thereby permitting a definite determination of the relative

position of coding pattern and scanning means.

To be able to determine the position in an easy and definite way, at least
neighboring edge rises may have different absolute vaiues. This means that e.g. in
the case of a conductivity pattern having first a rising and then a falling edge in the
direction of movement, the corresponding edge rises are different in their absolute
value. This applies by analogy to neighboring conductivity patterns in which e.g.
both the rising and the corresponding falling edges have different absolute values in
the edge rise with respect to the neighboring conductivity pattern and also with

respect to the edge rises of each conductivity pattern.



the case of a conductivity pattern having first a rising and then a falling
edge in the direction of novenent, the corresponding edge rises are

differe [ | r absolute value. This applies by anal i.ghbori ng
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conduct erns in which e_g_ both the rising and the corfespondi ng
falling edges have different absol ut g values in the edge rise with respect
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In a simplified embodiment, it may be sufficient when.the conductivity pattern is

made substantially symmetrical to a line perpendicular to the direction of movement.

This means that the conductivity patterns in the direction of movement are repetitive

at the left and right side to said perpendicular line, but in a different, particularly

opposite, order.

Different methods are possibie for forming the corresponding conductivity pattems.
For instance, the conductivity pattern could be detached from a metal foil and then _
applied to a corresponding pattern carrier. A simple production can be seen in the
measure that the coding pattern and the different conductivity pattern, respectively,
can directly be produced by etching, or the like. Such production methods are e.g.

used in the manufacture of printed circuit boards.

To sense the different conductivity patterns of the coding pattern with the help of a
corresponding scanning means in an easy and fast way and to be able to detect the
corresponding kinematic measurable variable, such as position, speed, or the like,
the scanning means may comprise a number of coils as single scanning elements

which are arranged one after the other particularly in the direction of movement.



measure that the coding pattern and the different conductivity pattern,
respectively, can directly be produced by etching, or the |like. Such

producti_on t s are e.g. used in the manufacture of | Ik cui t
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with the help of a corresponding scagﬂing means in an easy and fast way
and to be able to detect the correspondi ng ki nemati c nmeasurabl e vari abl e,
such as position, speed, or the like, the scanning nmeans nay conprise a
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conductors powering the sanme, on a corresponding surface of the scanner
carrier. It is here also possible that the conductors for powering the
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arranged at one side.

To obtain a reliable measurement signal with adequate noise ratio, two scanner
carriers with corresponding coils and conductors may e.g. be assigned to one
pattern carrier. This can be implemented in an embodiment which can easily be
realized by the measure that a pattern carrier is movably supported between two

scanner carriers relative to said carriers.
In this instance, the two scanner carriers can be designed to be separated from each

other. The corresponding measurement signals of the single scanning elements
must here be combined with one another to scan the corresponding pattern carrier at

both sides for determining the corresponding kinematic measurable variable.

It is however also possible that the scanner carrier is substantially designed as a
carrier foil with central piece and two carrier arms projecting therefrom, the central
piece being designed as an electrical connection section and the carrier arms
comprising scanning elements and conductors and being adapted to be arranged at
both sides relative to the pattern carrier. Such a carrier foil can be produced easily
as a scanner carrier, and similar techniques as in the case of printed circuit boards

or other electronic components can here be employed again.



In this instance, the two scanner carriers can be designed to be separated
fromeach other. The correspondi ng neasurenent signals of the single

scanni nqﬁg!ﬂ%@%g nmust here be conbined with one anot herch‘gEP%g{@%_fg he
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correspo rn carrier at both sides for deternidfi

correspondi ng kinemati c neasurable variable. It is however also possible
that the scanner carrier is substantil4lly designed as a carrier foil wth
central piece and two carrier arns projecting therefrom the central piece
bei ng designed as an el ectrical connection section and the carrier arns
conpri sing scanning el enents and conductors and being adapted to be
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construction of the scanning neans, it is possible to connect the scanning

O | Sy b BlhE resSRiibARIIaHE (aheduEsOhisGoraiedtion, Bnatsheion f allt hi s

connec , an extenston of all scanning coils in the direction of
mov ergeahniepésils imnthe difection afimpeempentiandfiosin aidieaction RatRepdicYl@at er t han

th i I th hei ght of .a singl tt '
coi 1 Shesato senasogRter Yerihe Brdndn oo S alet patid, G o

it £ dir . : ot . av’ 2 Gat |
her &8 sanRig b o B e e R 8 P e "aba1 11 on of
scanmyaier® of G aireclip Aeighbuging singlecpatieros! Yhisensids asituationwhese eagri si ng
edge of a single pattern. Product i.fon (i 1 here. .be igl iJ‘iedI f%ré,é%u%h when
t he laflisihglecscannming elafesnis 193 S%&?%%egg‘é% PeFifion g seanping EEHT 8 ng

ductivit ' . : [ h

bovaTiakres bEpineaRue 8 ARE orEahg e & 4 hgiebaremi e

Production can here be simplified further when the height or amplitude of all single

patterns, i.e. the corresponding conductivity pattern, is the same.

According to the method the above-mentioned object is achieved by the features of

patent claim 41.

To determine the kinematic measurabie variable in a fast way, the scanning means
can scan each single pattern of the coding pattern singly and successively.
Depending on the number of the single patterns pertaining to one single pattern
group, the result of the scanning operation is combined for this number of single

patterns, whereby the scanning of the single pattern group is achieved.

If the scanning operation is to be accelerated further, a scanning means can also

scan all of the single patterns of a single pattern group at the same time.

It is self-evident that the single patterns must be scanned in some way or other. The

features or states of a single pattern may e.g. serve the scanning operation. In an



patent claim4l _ To determ ne the kinematic neasurable variable in a fast

way, the scanning neans can scan each single pattern of the coding pattern

singly and successively. Depending on the nunber of the _sjingle patterns

pertai nig 9%8748he single pattern group, the result of tﬁnggﬂﬁﬂﬁﬂﬁ

. operation is conbined for this nunberfgf single patterns, whereby the
scanni ng of the single pattern groupﬁ achi eved. If the scanning operation

is to be accelerated further, a scanning neans can also scan all of the
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electrically conductive states as an alternative. This means that the coding pattern

=

consists of differently electrically conductive single patterns.

in yet another embodiment the single patterns may differ in their magnetic

properties.

Depending on the requirements, it is possible to code a positioned-based single
pattern group by three, four, five, six, seven, eight or more single bits as single

pattern.

The respective width of a single bit may here be relatively small so that the

resolution of the kinematic measurable variable can be increased accordingly.

To improve the resolution in the measurement of the kinematic variable, a comparing
means may compare current measured-signal information of the scanning means
with the total measured-signal information for determining transitiohs, in particular,
between the single patterns. The relative position between movable object and
stationary object can thereby be detected with higher accuracy than the resolution by

the single patterns. This corresponding resolution is related with the resolution of the



Dependi ng on the requirenents, it is possible to code a positioned-based
single pattern group by three, four, five, six, seven, eight or nore
single hits as single pattern. The respective w dth of i |t may
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codi ng pa

In this instance, too, the scanning operation can be performed at both sides with

respect to the coding pattemn.

Furthermore, the invention relates to a corresponding coding pattern, specifically for
determining a kinematic measurable variable, for instance for determining the

position, the coding pattern c;omprising a plurality of single patterns.

Such a coding pattern can also be used in a different way for determining a
kinematic measurable variable. For instance, it can clearly mark specific positions
along an object, each corresponding single pattern having assigned thereto a
specific positional region along the object. Thanks to this positional assignment, a
definite encoding of such a position is carried out at the same’ time, so that it can be
used for the assignment of a further object to the object provided with the coding

pattern. Further uses for such a coding pattern are obvious.

It should further be noted that several coding patterns can also be arranged one

after the other if the successive coding patterns are distinguished by a further



Furthernore, the invention relates to a correspondi ng codi ng pattern,
specifically for determ ning a kinematic neasurable variable, for instance

for detegigjh@74 he position, the coding pattern conpri Sicige@sigggal ity of
single patterns. Such a coding pattern can also be used in a different way

for determning a kinematic neasuralke variable. For instance, it can
clearly mark specific positions along an object, each corresponding single
pattern having assigned thereto a specific positional region along the
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three, four or nore coding patterns.

Various possibilities exist for marking the single patterns as to their informative
content. For instance, each single péttern might have assigned thereto specific
variable features or states of a body or partial body, with the kinematic variable of
the body or partial body having to be determined. Examples of such specific features
or states are elevations/recasses, different reflectivity, different electrical
conductivity, different magnetic properties, different color, etc. The corresponding
features or states can be scanned by a corresponding scanning means and then

converted by an evaluation means into a corresponding kinematic measurable

variable.

The single patterns forming the coding pattem can be arranged in different ways,
depending on the requirements. A linear, circular or also helical arrangement is

possible.

In a simple embodiment, a decimal value can clearly be assigned to each single
pattern group consisting of bit-fike single patterns. This means that the assignment

in both directions is so clear that exactly one decimal value is assigned to each



Various possibilities exist for marking the single patterns as to their
I nformative content. For instance, each single pattern m ght have assigned

thereto specjfi vari able features or states of a body ' body,
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respectively preceding or succeeding single pattern group, 16 single pattern groups

are obtained in this way. Like in'a binary system, a decimal value of 0 fo 15 can

clearly be assigned to each single pattern group, so that 16 different position values

can be scanned. As has already been stated above, intermediate position values

due to transitions between the single patterns can also be detected.

In a further embodiment of the coding pattern according to the invention, each single
pattern is formed from an electrically conductive material with edges that are rising
and/or falling in the direction of movement. On account of the edges that have
different lengths and are rising or falfing in different ways, one obtains the position-

specific structure.

To distinguish different single patterns in an easy way in this connection, the edge
rises of one and/or neighboring single patterns may have different absolute values.

For simplifying the generation of the corresponding single patterns, the heights or
amplitudes of all single patterns may be the same in a direction perpendicular to the

direction of movement.



pattern group is possibly obtained by displacenment by only one single bit
fromthe respectively preceding or succeeding single pattern group, 16
single pattern groups are obtained in this way. Like in i ystem a
deci mal WRI%38748f7 0 to 15 can clearly be assigned to eact'di %%ﬁgttern
group, so that 16 different position values can be scanned. As has al ready
been stated above, internedi ate posi flPon val ues due to transitions between
the single patterns can also be detected. In a further enbodi nent of the
codi ng pattern according to the invention, each single pattern is forned
froman electrically conductive material with edges that are rising and/or
fallipg rﬁi'@viBEQhé' isirRfié ipatteems Ira simple. way, thecommesponding:cedigePatesR have
different lengths and are rising or falli %% irggaﬂi f.f&rient \ﬁ?éﬁ one obt ains
the posythiediormeden aipatiern gafiiarextanding SUbFIANtEAY i M FUBEIAN B e pat t er ns
in an eas in this.con i J
nei gHBBY?'%‘&\rA‘EﬁEﬁ Qeﬂﬁﬁt'gpné}e(ﬁéf%ﬁ%evs?gﬁgﬁgg?gﬁ? Iaas O@Etﬁmﬂgh%or
si npl %g,g@,cﬁ.ﬁg Pgﬁaﬁ'i ghh Pd anptliﬂedwma&m gattgrrsisnrodupeadtcer the, pattesn

or e

hei gh a rtudes of all single patterns may be the sane in_a
di r ecadreier by lebehitigrot the like. Gmresnansing BrarsfacisuegERthoRg@'e £38.@5977 19

PCT EPO03/(}2078 To pr.ovid he sin r L iLnpl e way, the
corréﬁ’m'fdéq{g?%%gﬂﬁlpﬂéﬁ# C%@"sbg'l ﬁo&rﬁgéagﬂ%ghp%a r(gér;'n carrier extending
substantially in the direction of novenent. The generation of the

correspondi ng single patterns and thus of the whole coding pattern can be
si npl Advatlagsotd embreafiments ofthe presgntdoventiprowilt Rewha explaineghinmare py

novrietai wibrTatRens to B BRI LT s o g A R, o o o wiiend °°

Advant ageous enbodi nents of the present invention will now be explained in
mor e :
Fig. 1 is a longitudinal section through a device with a first embodiment of a

transducer according to the invention;

Fig. 2 is a longitudinal section, by analogy with Fig. 1, with a second
embodiment of a transducer according fo the invention;

Fig. 3 is a longitudinal section through a further device with a third

embodiment of a transducer according to the invention;
Fig. 4 shows a fourth embodiment of a transducer according to the invention;

Fig. 5 is a view showing a detail *X” of Fig. 3 without a redundant type of the

transducer according to the invention;

Fig. 6 shows two further embodiments of a transducer according to the

invention in connection with an encoder disk;

Fig. 7 shows two further embodiments of the transducer according to the



detail with reference to the figures which are attached to the draw ng, and
of which Fig. 1 is a longitudinal section through a device with a first

enbodi transducer according to the invention; Fj i

| ongi tg‘éphé'%%@gfi on, by analogy with Fig. 1, with a sec r?%m]ﬁ]ﬁzg%o&?rrent of
a transducer according to the inventi Bn; Fig. 3 is a longitudinal section
through a further device wth a thi r &Y enbodi ment of a transducer accor di ng
to the invention; Fig. 4 shows a fourth enbodi mrent of a transducer
according to t he,jcR¥BALH eBanddtibn Withs slottedwrioder diska detail ' X' of Fig. 3
wi t hout a redundant type of the transducer according to the invention;

Fig. 6 shows two further enbodi nents of a transducer according to the

invention in connection wth an encoder disk; Fi : rther
embodFigefit s of SheWS$ Mﬂmreraeﬁam'ﬁa ﬁéﬁ‘%ﬁgﬁﬁﬁﬁf‘%ﬁ‘g%lﬁ gotfqgnventi on
in connection w k [HrORRR Lictktind’ EaRsP03/ 02078 Fig. 8 shows two
further enbodi Y\r@&?gﬂ%ﬁ 'F?E%ﬁ'??ognsducer accor%)i ng to the invention in
connection with a rotating neans; Fig. 9 is a side view of the enbodi nents
according to Fig. 8; Fig. 10 gives an exanple of diftferent coding patterns
for deigeBni ni ngistanaidepgewaf dhe WWWEE%P'%&%@ ?r ansducer accordi ng
to the invention-, Fig. 11 shows the total novenent information sensed by a
si ngl e scanni ng el enent of a scanning nmeans according to the transducer of
t he i,ﬂi&eﬁl?i on; &ives ahexEhqe of diferenh cbdingepatterns fogdeteemirdagiiheg means - and
D19 3

codi ngZpatterns . . . .
position in an embodiment of the transducer according to the invention;

Fig. 11 shows the total movement information sensed by a single
scanning element of a scanning means according to the transducer of

the invention;

Fig. 12 shows a sketch for explaining the scanning means and coding patterns;

Fig. 13 gives a further example of a coding pattern with five binary single

patterns in one single pattern group;
Fig. 14 shows a serially arranged coding pattern according to Fig. 13;

Fig. 15 is a top view on a coding pattern with differently structured conductivity

patterns as single patterns;

Fig. 16 is a top view on a scanning means assigned to the coding pattern

according to Fig 15;

Fig. 17 is an enlarged view showing a detail "X’ of Fig. 16;



Fig. 13 gives a further exanple of a coding pattern wwth five binary single
patterns in one single pattern group; Fig. 14 shows a serially arranged

coding pattern according to Fig. 13; Fig. 15 is a top vi i ng

pattern WPOHYW % erently structured conductivity patter%ng@{@P%ﬁ?e

. patterns; Fig. 16 is a top view on a scanni ng means assigned to the coding
pattern according to Fig 15; Fig. 172fs an enl arged vi ew showi ng a detai |

")C of Fig. 16; NNTO 03/074977 PCTi EPO3 /02078 21 Fig. 18 is a

per spgghi top i i {RvFah'd Satteth Drase §L§@b tween
t wo s?ﬁ' hgg car r'%gf%\%&l@fegﬁp%gé#s a %‘gsi@étltl I ustratla#ogh}éo%'épﬁg sﬁé‘%rent of
conductivity patbetween tvocspatineg caoidrsg. 15 and si ngl-e scanning el ement
according to F 16; Fig. 20 is a top view on a further enbodi mrent of a

scanner carrier with single scanning coils; and 9 Fig. 21 is a sketch for

L1 ueteigt g9, Lo 3ol ftlreibf i e SusghA I SERRUERRY BURIRRI S 0T .
crodt oot o peardg S Fige ans e soanmondunirssesbignd g
g to the invention. The device 2

conprises a pistléh 24 which can be pushed out of a cylindrical housing 43,
as a novable first device part 3. Housing 43 with a further part nounted
thereon forns a stationary second device part 4. The piston 24 is

di spl geealy v Suppgibs diewboh!t furtiie Msdin@nt 8f a Seanher shpferGAP! i ses an
inlet 44 and an outlet 45 for a
single scanning coils; and

Fig. 21 is a sketch for illustrating the signals of the various single scanning

elements or scanning coils according to Fig. 16.

Fig. 1 shows a longitudinal section through a device 2 for oil and natural gas
production with a first embodiment of a transducer 1 according to the invention. The
device 2 comprises a piston 24 which can be pushed out of a cylindrical housing 43,
as a movable first device part 3. Housing 43 with a further part mounted thereon
forms a stationary second device part 4. The piston 24 is displaceably supported
within the housing 43. The housing comprises an inlet 44 and an outlet 45 for a
pressurized fluid. When pressurizéd fluid is supplied to the inlet 44, the piston is
displaced in the direction of movement 5 to the right in Fig. 1. The movement is here

carried out in the longitudinal direction 14 of the device 2.

At its free end 42, for operating a vatve, a rotary adjustment device, a blow-out
preventer, a throttle, or other means for oil and natural gas production, the piston 24

is movably connected thereto.

At least in its section arranged in housing 43, the piston 24 has an inner bore 23 with
a corresponding inner wall 22. A scanner carrier 28 is inserted into said inner bore



pressurized fluid. Wien pressurized fluid is supplied to the inlet 44, the

piston is displaced in the direction of novenent 5 to the right in Fig. 1.

The novenent is here carried out in the longitudinal dir ' of the
iy

devi ce 2YORMTH¥EL free end 42, for operating a valve, ar &t ment

device, a blowout preventer, a throttle, or other neans for oil and
nat ural gas production, the piston 2 I s novably connected thereto. At
| east in its section arranged in housing 43, the piston 24 has an inner

bor e ' [daPSE0P8 bR rde e coarial didctidn selative to e Iriner bBe 23,
insertzzédwihtr?tk%ca?g?g G::a‘ﬁner bore WD 03/074977 22 PCT/.FP03102078 23. The

scanndhecsearingr c2sriex2@ esterids foarmyang end PeEfithe housing 42 in the Iagditudwral bor e
23. The scanner_ carrier 28 extends om.ong end 60 of t ousing 43 in

t he | glirgetioni1d0f theiJeviee énAj'E'e °rf"‘h'§é5 wﬁbn@ezscaﬂn%r ﬁé”%%f%é 30 wi tg hin the
scanner I . | ' ' Qg t he
st tgmindggtes it FALPESS 46 ob o erid RO ARITUSIng e BE RS I4fiRgR0

passagfdfcaltbnricttiondines3® theowgtelina passage 4bg@Enlims beraBDhejedenta t he
free end 27 of the scanner carrier 28 %r%d fa eval uati on aiad cqntrol neans
of thecammingdneans 8 arrangrstat thedfire endeth PHBEeRSENRET sarTiar 48 §Nd AN ne

control and eval pati.o C hRes ' dévica bor i ng
means eggi?Ja Ofli W%}a{ﬂggﬁﬁogﬂﬂg E%@%Hlj onalf@ﬁ%@rt Fée}?aogﬁ'ﬂ? he acanni ng
means 8 conprises a nunber of single scanning elenments 9 which are
arranged directly next to one another in the |ongitudinal direction 14 of

the davFige 12the dontrdiarid ¢vriuatioremeansdih sRMPTISEHa COMRAEG BANSTE @ enent s
oi gl SCEBRTAPALS CReAaHERIaY Hoag 0 aPIOBFI, SRS et e £ (i ng
means 8, an end plug 32 is mounted on the front end 31 of the |line bore 30.
The scanning means 8 comprises a number of single scanning elements 9 which are
arranged directly next to one another in the longitudinal direction 14 of the device 2.
In the illustrated embodiment, the single scanning elements 9 are formed by coils 19,
see the foliowing figures. A total of eight singie scanning elements 9 are provided.
Directly next tc the scanning means 8, an end piug 32 is mounted on the front end

31 of the line bore 30.

A coding pattern which is composed of a number of single patterns 7 with a number
of single bits is formed along the inner wall 22, each single pattern forming a bit
pattern group. The scanning means 8 with its single scanning elements 9 can be
assigned to a respective bit pattern group 7. Neighboring bit pattern groups are

displaced relative to one another by one single bit 13 each.

When the piston 24 is pushed to the right side in Fig. 1, the bit pattern 6 also moves
in a corresponding way relative to the scanning means 8 to the right side in Fig. 1.
As a result, the scanning means 8 scans the various bit pattern groups 7 and the
relative position between scanning means 8 and coding pattern 6 can be detected

through the changes of the coding pattern or the corresponding position-specific bit



A coding pattern which is conposed of a nunber of single patterns 7 with a
nunmber of single bits is formed along the inner wall 22, each single
pattern formng a bit pattern group. The scanni ng neans | ' single
scanni ngwg’lﬁg)ﬁé%% 9 can be assigned to a respective bit ngrarﬂl;é]?/#oggoup 7.
. Nei ghboring bit pattern groups are |.spl aced rel ative to one anot her by
one single bit 13 each. Wen the pist 24 is pushed to the right side in
Fig. 1, the bit pattern 6 also noves in a corresponding way relative to

the seamBMgroTsd and the diflacepint patieof theRiston]24 tthearighor left side in
scanni ng neans 8 scans the various bit pattern groups 7 and the relative
posi t iFoq ‘beandedategied aeroidiagly-8 and coding pattern 6 can be detected

t hrough t he changes of the coding pattern or the correspondi ng
position-specific bit "Vwr0 03/074977 PCT/ EPO3/ 02078 23 pattern groups,

d t i ) S ot ; gr ouf
an ?@Cfgh Frgée éggi&%ﬂﬁeﬁﬁéﬂbvm i P .ﬁ'.ﬂéﬁbfu?&bb%dté@ thatahk BIf pheéin giolps n

Fig. tected accordingly. As for the enbodi nent shown 1n Fig. 1,
i t sheghgprice regics offdiffereiné condugtimitye Ancarespending hitesgthr £ saesalsp

di fferent conductivity. A correspanding pit Jength 12, see.also. Fig. 10,
Whi chFEh Ghevhish PaRE 2 ikt S eRgh g Bt 36" digh A Zeqdy ioBRindd U2 ney
due t | 4 ] ; i 1 v @) | ) of the
si gl BuB G GTREdIS, Width ra BRI el o Tig B B e SPeld) Ten a

si ngl §cér€rﬂﬁgid1'§neﬁtﬂﬂﬂsh&1ld$rfwmm;e aoted that suched single sScannifig). 2 shows
t he device of Fig_ 1 with a_second enbodi mnent of a transducer 1

accor element® isfermad dyvtaoalecttical COHI®Hi nent essentially differs fromthe
first enbodinment in that the coding pattern 6 is formed on a pattern
carrier 25 which is connected to the piston 24 by neans of a stud 47. The

pat t ey SaHIWY tHRPdEViES A Fig. 1 avith a setond extodimient of altransuueer for e 23 of
‘the pisSton 24. A scanner sleeve 26 is  inserted between pat tfern carrier 25
and | acoarding to the inventian. Said emhadimest epgentjallyrdifiars from the first

embodiment in that the coding pattern 6 is formed on a pattern carrier 25 which is
connected to the piston 24 by means of a stud 47. The pattern carrier 25 extends in
a direction coaxial to the inner bore 23 of the piston 24. A scanner sleeve 26 is
inserted between pattern carrier 25 and inner wall 22 of the inner bore 23. At its free
end 27, said sleeve comprises two directly neighboring scannihg means 8, 11. The
scanning means 8 is identical with that according to Fig. 1. The scanning means 21
is of a redundant type. Each of the two scanning means 8, 21 comprises six single
scanning elements 9. The scanner sleeve 26 is connected at its end opposite the
scanning means 8, 11, by analogy with Fig. 1, to the housing end 20 as a stationary

second device part 4.

The pattern carrier 25 comprises a coding pattern & formed by recesses 15 and
elevations 16. This means that the various regions of the coding pattern are formed

by said recesses, and each recess or elevation can comprise a single bit 13 or a

number of single bits 13.



end 27, said sleeve conprises two directly nei ghboring scanni ng neans 8,
11. The scanning nmeans 8 is identical with that according to Fig. 1. The
scanni ng_neans. 2 is of a redundant type. Each of the t | nmeans
8, 21 cgﬂBP@@E§7six single scanning elenents 9. The sca#ﬁgﬁﬁgfggeg 26 is
connected at its end opposite the scanning neans 8, 11, by anal ogy with
Fig. 1, to the housing end 20 as a s?étionary second device part 4. The
pattern carrier 25 conprises a coding pattern 6 forned by recesses 15 and

el eva{;},ﬁggpéﬁ@@;&%ﬁﬁﬁéﬂﬁné&é rbMReVH] PiSsdzBing mezinst iandadi and fart t er n

are f recesses, and each recess or el evation can conprise a

si nglEg tghhi ebrraspondipgrsighalsiin ghe disectiors of thevemtspl@Enbevalpation unit

PCT/ % /02.078 Corresponding el ectrical ”Qﬁﬁ 29 faor fg@%ivﬁg%é@eth%canni ng
means6 B (sealso Figd1) are [aidalong an Qyte SurassTdNRFeeNgRLFES direction
of the control, and eval i ' ( [ el?s Mdudas d dreng an
outerdiéﬁﬁt'lo&k‘é#%F%%'%gﬁﬁg@évgés/dep%éel ?\ﬁ%%rﬁ%rr%%‘q on of the housing end
60. bigh! BlxeicHSines| 2 ea@ GGdiddh thizdirection of (i6@ palssag@gh whi ch
t he Q%%@ﬁpﬁgﬂlvﬁﬁ@%é@é‘m are guided in the direction of |ine passage 46.

Fig. ggshows a third enbodi nent of a transducer | according to the

i nvention, in connection wiwth a device 2 conprising a rotary spindle 63 as
a novable first device part 3. The rotary spindle 63 is rotatable

manuglly, el Qell el LAt 8N HRABAUES: 1 aBberdisg wethd invedtiostina val ve, a
t hr otaljt:'pe?' Sﬁpﬁéehﬁﬁé%bgaﬁ)ngté?er ncarrier 25 is inserted into the.rotary
spi ndeyrfedtion with @ alevice 2 comprising adotapy ispindle 8gi ama mpyable Srddgyicq 5
andf or el evations 16 that f.or corresp i_n ' he
O ooy sorha e S BN Ao e Bralhe
the direct]on of SN Fave a throttle, or the like. A pattern carrier 25 is inserted

into the rotary spindle 63. This carrier, in turn, comprises regions with recesses 15

and/or elevations 16 that form a corresponding coding pattern 6. The pattern carrier

25 is adjustable together with the rotary spindle 63 in the direction of movement 5.

A scanner carrier 28 as part of a stationary second device part 4 is inserted into the
pattern carrier 25. At its free end 31, the scanner carrier 28 comprises a scanning
means 8. By analogy with the two preceding examples, the scanning means is
formed by a number of coils 19 as single scanning elements S (see also Figs. 4 and
5). A line bore 30 through which a number of electrical lines 29 are guided to each of
the coils 19 is arranged within the scanner carrier 28. With its end opposite to the
scanning means 9, the scanner carrier 28 is secured to a housing 48. A pressure-
resistant multiple cable passage 40 through which the corresponding electrical lines

29 are passed is arranged within said housing.

It should be noted that the scanning means 8 according to Fig. 3 consists of twelve
single scanning elements 9. However, there is also the possibility that the twelve

single scanning elements 9, namely six elements each, form the scanning means 8

and the redundant scanning means 21 (see also Fig. 2).



A scanner carrier 28 as part of a stationary second device part 4 is
inserted into the pattern carrier 25. At its free end 31, the scanner

carri ers%%t(ﬁ&g@éjéses a scanning neans 8. By anal ogy wi tf(;l,icltlls)ﬂfgmo.igrecedi ng

exanpl e nning neans is forned by a nunber of c as single

. scanning elenments 9 (see also Figs. 4.and 5). A line bore 30 through which
a nunber of electrical lines 29 are gtirded to each o the coils 19 is
arranged within the scanner carrier 28. Wth its end opposite to the
scanning nmeans 9, the scanner carrier 28 is secured to a housing 48. A
pressure- resistant nultiple cable passage 40 through which the

cor r esfiga.dd agded sbowitwal furthaeembediragrts g dransdusees T asgerding tathe sai d

h i ng. | d d . _the . ' ' i g.
Consi Jnersiort dese e gresntalivin W&t 87 BY BAeln BER et £8, O e
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el ene each, "formthe scanni ng an and the redundant scanni ng neans

21 (seeaBhsOcarrier 28)is the rMovdbld Gt deRivaaPas of 028 Zaid paft agsigreditalit5 show
two further enbodi nents of transducers 1 according to the invention. These
differ essentially in that in Fig. 4 the bit pattern carrier 25 is the

novabl e, f ] Vi | g ' I: I in Fig.
51 he " bolt SpeRlBfish ¥ cPlreRondRl SeRAhpaTREaRE Biodrilices MtPeRAe " " 2.
assi gaegnhifgl dlementd otwhienzed foraddby liglet-emitting pitvdies) Saiddight-emittiegns 8
conprises four single scanning elenents 9 which are formed_by

| i ght diadestemd lighb and resgive refiepieddiaht fromythafiesaestivasingle §R19TARR recei ve

flected |ight f t " | | | pgnat t 6,
w o aetorn s S Al SR Ta P rhb Bab s ER BBR ' /2 ofons
of 1t hRadions BEHRALO @G satts 8 &%d Hesinglddbit paRGPODUSTR®SPech Pl ively.
In such a case the different regions are tornmed by recesses 15 and
el evasuama cese the diffewant segions @re formrachby eagrssest1d and algvatiansoiés 16 t hat

' hesesﬁ&ﬁd%rg Xot%%tv?fgﬂq ?gspect to the elevations 16 that these are only obtained

relative to the recesses 15 and that in the illustrated embodiment these are not
formed by elevations 16 projecting beyond an inner surface 64. However, in other
embodiments, the elevations 16 can be formed on the inner surface 64, so that the

recesses 15 are obtained only relative to said elevations 16 or are formed in the

inner surface.

An extension 11 of the single scanning elements 9 in the direction of movement 5 is
essentially defined by a length 5 of a single bit 13. Accordingly the single scanning
elements 9 that are arranged side by side define a total extension 10 of the scanning
means 8 in the direction of movement 5. The extension 10 of the scanning means 8
corresponds to the length of a bit pattern group 7, so that there is a four-bit coding of
the coding pattern 6 in the embodiments of the transducer 1 as illustrated in Figs. 4

and 5.

Instead of the light-emitting diodes, the single scanning elements 8 according to

Figs. 4 and 5 could aiso be formed by electrical coils 19. If supplied with a



relative to the recesses 15 and that in the illustrated enbodi nent these
are not forned by elevations 16 projecting beyond an inner surface 64.

However,_in other enbodinments, the elevations 16 can be f%r @ n t he
i nner suWPA3Q™847 so that the recesses 15 are obtai ned £F|9ﬁ5 P§%§ve to
said elevations 16 or are formed in the inner surface. An extension 11 of
the single scanning elenents 9 in t he2@i recti on of novenent 5 is
essentially defined by a length 5 of a single bit 13. Accordingly the

Si N9l Cogtalilitiing &l £ TBRthae teBBlallE tAsHIDERERIiGalS t tnd eltdi e total

ext ension @ 'scanfiihg neans 8 in the directton of novenent 5. The

ext ensgigeridingfortthe staaniriggf arpsresstor afar elepatids. to the | ength of a bit
pattern group 7, so that there is a four-bit coding of the coding pattern
6 in the enbodinents of the transducer 1 as illustrated in Figs. 4 and 5.

I nsteag of the |ight-endtt -di ' | I

accor dimgap it eady e SRl s e Becddifo BitdmBrRPERRas AR (o |
suppl i @ehdbictiit? AP PEfEttivitd bomiberiikeFEOGIBS fotmezbinstsadoflieleyations

vol tage, these would transmt different signals to the outside,” depending
on t haareteaoeisags.dh thisrinstancedhese wonld farinthiessinglasbitm i3 airigradgs péeingle

expl ained in the precedi ng enbodi nents, regions of different conductivity,
diffe$t reflectivi ty, or the like, could be formed instead of elevations
and recesses. In this instance these would formthe single bits 13 or
groups of single bits Each of the light-emtting diodes or electrical

coi | s Eeth of theright-eadttingadiodes os ptealiica) collsd& isicoainected viaxrresponsting ce of

\e/\%f 3 e@éﬁé@lmqees?#g Eéé@%&r@%oﬁtapaa% %_orr ?ﬁes rsrhrS)SI'yoor} ov}n sﬁé]nalttpaenscrﬁ)igts{o%l wi nd
the control and evaluation unit 61 (see also Fig. 1).

Figs. 6 to 9 show further embodiments of a transducer 1 according to the invention.
In these embodiments the movable first device part 3 carries out a rotational or
screw motion whereas the stationary second device part 4 extends at least in part

along the circumference of the first device part 4.

Furthermore, attention should be paid in Figs. 6to 8 to the fact that in one haif of
each figure electrical coils are afranged as an exampie of singie scanning elements
9 and that in the other half light-emitting diodes 20 are arranged as single scanning

elements 9.

In Fig. 6, a disk 35 as a movable first device part 3, or as a disk that is motion-
connected to said device part, is provided along its circumference with recesses 15
and/or elevations 16 which form a corresponding bit pattern 6. The length of single
patterns forming the coding pattern & follows accordingly from the extension of the
scanning means 8 in circumferential direction or along the circular path 33 of the
disk 35. In this instance, each coding pattern 6 is formed by four single bits 14, and a

respective single scanning element 9 can be assigned to each single bit.



Figs. 6 to 9 show further enbodinents of a transducer | according to the
I nvention. In these enbodinents the novable first device part 3 carries
out a rotational or screw notion whereas the stationary s ice part
4 extend¥OBWELLL in part along the circunference of tﬂ%ﬁﬁﬁagpgﬁﬁvice
part 4. Furthernore, attention should be paidin Figs. 6 to 9 to the fact
that in one half of each figure eled’ical coils are arranged as an
exanpl e of single scanning elenents 9 and that in the other half
light-emtting diodes 20 are arranged as single scanning elenents 9. in
Fig. 6, a disk 35 as a novable first device part 3, or as a disk that is
MOt | Oyhif BREEI St o ioVemient SeaniRigs. 1-5sisstraightett istisogar os heliealunf er ence
with recesses 15 and/or elevations 16 which forma corresponding bit
patteFigso6 o | ength of single patterns formng the coding pattern 6
foll ows accordingly fromthe extension of the scanning neans 8 in
circunferential direction or along the circular path 33 of the disk 35. In
hi's N8B 3mbBafeecidd Ratading datemicnangds iorgite iraghfersics 384, and
I've single scanhing el enent 9 can be assi ned to each S|ngle bi t
V\D 036%@9&‘%:( r21o3 ammse@mmswnd@gtwimm-égwﬁﬁ singladatieens inthe, Figs.

enbodiamveibit paiem s sV Aln Areicihie 8 et irpBdifiedts p MatCE®s o
the di Sghg,gwﬁg%@a@@é ngiRuped m% BAsthel 99-cﬁiéeﬂh§le(3b|$ nB@azhpat t er ns

in thg® groups. Wiat is also applicable to these
enbodi nents is that neighboring bit pattern groups differ from one anot her

by one single bit 13 each. Wiile in Fig. t he. . scan r S

car 1 Wil gt 6 thascRBRFEAPATRBoB s Frftins vl T5F PRliPof S SR o

outsi de, wid . LR, FEREFRCUSRR, HitftAkireBEsdes ard ehfiafiBins 15, 16 being
arranged in the circumference 34 of the disk 35, the scanning operation is carried

out in Fig. 7 in a direction perpendicular to the disk plane. In this instance, the single

bits 13 or bit pattern groups 7 are formed by slots in the disk surface. However, it
should be noted that the regions positioned between the slots form single bits or bit
pattern groups (see e.g. the bit pattern group 7 assigned to the light-emitting

diodes).

The slits formed in the disk extend radially to the outside. To be able to scan a single
bit exactly, the single scanning elements 9 are adjustably arranged in radial
direction. When smaller scanning elements 9 are e.g. used, these can be shifted

radially more to the inside to be exactly assignable to a single bit 13.

In Fig. 8, openings are formed in the circumference 34 of the disk 35, so that the
corresponding bit patterns 6 are formed by region 17 with openings and/or regions
18 without openings. The scanning means 8 which are again formed by light-emitting
diodes or electrical coils 19 are movable along the circumference 34. The single
scanning elements 9 scan the different regions 17, 19 and thus the single bits 13. In

accordance with the number of the single scanning elements 9, a four-bit coding is



arranged in the circunference 34 of the disk 35, the scanning operation is
carried out in Fig. 7 in a direction perpendicular to the disk plane. In

this instance, the single bits 13 or bit pattern groups 7 red by
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positi oned between the slots formsingle bits or bit pattern groups (see
e.g. the bit pattern group 7 assigne othe light-emtting diodes). The
slits formed-in the disk extend radially to the outside. To be able to scan
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assignable to a single bit 13. In Fig. 8, openings are forned in the
circunference 34 of the disk 35, so that the corresponding bit patterns 6
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scanning elenents 9 scan the different regions 17, 19 and thus the single
bi t s {hhid sideadewr dance with the nunber of the single scanning elenents 9,
a four-bit coding is NVO (13101-4977 28 PCTIEP03/020718 also found in the
enbodi ment according to Figs. 8 and 9, each bit-pattern group 7 conprising

four si i & | B tltsd it 5 gieelrding to Fighe 8vamivaaiont
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it should additionall e not that the disk 35 a r di Figs. 8 and 9
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In connection with Figs. 6 to 9, it should once again be noted that it is also possible
that the corresponding disks are stationary and that the scanning means move

around the disks 34 in circular or helical fashion.

Fig. 10 depicts a four-bit coding of a corresponding coding pattern 6 in connection

with an embodiment of a transducer 1.

The transducer 1 comprises the movable first device part 3, of which essentially only
the scanning means 8 is shown. The scanning means is inserted into an inner bore
23 of the stationary second device part 4, which may e.g. be a piston according to
Figs. 1 and 2. However, it is possible that the scanning means 8 is movable and the

coding pattern 6 is stationary.

The coding pattern 6 is formed on the inner wali 22 of the inner bore 23 by regions
17, 18 of different conductivity. For example, the regions 17 are conductive and the
regions 18 are non-conductive. The coding pattern 6 comprises a number of bit

pattern groups 7 which can be scanned in successive order through the relative



outside forns the circunference 34 according to Figs. 8 and 9 projects from
said disk base. The corresponding regions 17, 18 are fornmed along the

annul ar flanlﬁ In connection with Figs. 6 to 9, it shoul%}&—;\mﬁ}g in be
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el enments 9. This mneans that the region 17 which is scanned in Fig. 10 as
the first bit pattern group 7

The next bit pattern groups 7 (see the different numerical combinations in the lower

part of Fig. 10) are obtained from a displacement of the scanning means 8 by one
single bit 13 each to the right side in Fig. 10. If a single bit 13 falls within a non-
conductive region 18, this is represented by a "1” whereas single bits 13 inthe
conductive region 17 are represented by a “0”. The coding 51 of the coding pattern 5

. which defines the position-specific bit pattern groups follows from this sequence of

‘nou and Il1”.

When the four-bit coding 51 of the different bit-pattern groups 7 is each time
converted into a decimal numerical value 52, the numerical values of 0to 15 as

shown in the corresponding column are obtained. This means that a different
decimal numerical value of 0 to 15 can be assigned to each of the bit pattern groups
7. Independently of the sequence of the decimal numerical values 52, a specific
positional value 53 is assigned to each of the successively scanned bit pattern
groups 7. The positional values 53 are here in ordered form, and numerical values of

1 to 16 are assigned to them.



conprises four single bits 13, which formthe conductive region 17 on the
whol e. An extension 10 of the scanning neans 8 is just identical with a

correspondi extension of the bit pattern group 7 or t ve
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for 4 bits, 5 bits, 6 bits, etc. The data word width is here
i denti cal

It should here be noted in addition that when the state or feature of the single bits is
e.g. conductive/non-conductive, each of said single bits may be formed by a metal
ring (conductive) or plastic ring (non-conductive). When several single bits are here

in the same state, the corresponding ring of metal or plastic may be given a larger

width.

Fig. 11 shows the measured signal information 37 in connection with an electrical
coil 9 as the single scanning element 9 and conductive/nonconductive regions 17,

18 as the coding pattern 6. This information is obtained when the bit pattern 6 is
scanned by the corresponding scanning means 8 or by a single scanning element 9.
The path 9 is plotted on the abscissa and an analog resolution 54 of a signal voltage
58 for an electrical coil 19 is shown on the ordinate. This means that the curve of the
measured signal information 37 is evaluated in an analog or quasi analog form in the
region of the signal voltage 58. This yields a very exact curve or profile of the

measured signal information 37 in dependence upon the path 59.



with a bit pattern group or a single pattern. However, it is also possible
that each single bit my have 3 different states or characteristics, so

that the_codin peration nmay be carried out in a corres '
differ en&V%\A)é ‘%ﬁ shoul d here be not ed in addition that m%@y@?ate or
feature of the single bits is cgfductive/ non- conducti ve, each of said

single bits may be fornmed by a metal ing (conductive) or plastic ring
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s gnaéch?é@W&l i bangvélhent it is also possible to sense transitions between bits,
sections between the bits, etc. The corresponding resolution of the position follows

substantially from the analog bit resolution 54 according to Fig. 11 and a

corresponding bit width 12, see e.g. Fig. 10.

Since the measured-value signal information 37 is recorded during a first scanning
operation and since corresponding current measured-value information is recorded,
it is possible in addition - if these types of information are stored in a non-volatile
storage means - that these types of information are retrieved and compared with one
another in case of failure of the electrical means at a !ater time upon a renewed start
and that the relative position between the first and second device part is determined
in an exact and direct way. This is also possible with the coding patterns as such,
and in this instance it might be that only upon a renewed start the specific bit pattern

group next to the position has to be scanned if there is no exact assignment of

scanning means and bit pattern group.

Fig. 12 shows a simple embodiment of a transducer 1 according to the invention for
explaining a few measurement parameters. The transducer 1 comprises a movable

device part and a stationary device part, one of said device parts being e.g. the



conpared, the relative position of the novable first device part and
stationary second device part can be detected via the bit length 12 of a

single %013%7 75h a higher resolution. For instance, tl"iec @,fs
measured si gnal” i nformation fromone, two, three, four or rmre smgl

scanning el enents 9 are conpared wth,one another and nade congruent, so
that it is not only possible to detervfne the position accurately at the
bit level, but it is also possible to sense transitions between bits,
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the S&ﬁﬁﬂvﬁéﬁohiheﬁﬁirﬁi@éﬁbfi@b%ingl&aadanhmguenmu|on has to be scanned if
there Is no exact assignnent of scanning neans and bit pattern group. Fig.

12 shows a sinple enbodi nent of a transducer 1 according to the invention
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stationary device part, sal d device parts
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ot her vice part the bit pattern carrier 25 Electrical coils
resolution is e.g. indicated in step per bit and the mechanical bit width in mm per bit.

The length to be measured by the transducer 1 follows from the product of
mechanical bit width 56 and the maximum number of the possible positions 54

reduced by one (see Fig. 10).

The total length of a path to be scanned by the scanning means follows essentially
from the addition of the length of the measurement path and the extension10 of the

scanning means 8.

The maximum length of a region 17 (see the right half in Fig. 12) follows also from

said extension 10 or sensor length 57 of the scanning means 8.

Figs. 13 and 14 show a further coding pattern 6 with corresponding individual
patterns in the form of bit pattern groups. In this instance, 2° decimal values 52 or 32
positional values 53 can be assigned to the coding pattern. Each single pattemn

group 7 comprises five single bits 13 as the single pattern in this connection.



19 (not shown) are arranged side by side on the scanner carrier 28 as
single scanning elenents 9, the nunber of the single scanning el enents 9

definin rall length of the scanning neans 8 and engt h of
t he bi tg@?’?@?&%r oup. A so-called nmechanical bit wdth S%Tilgwg@gmgs& gned
to each single scanning elenent 9. The total data word width 55 or

extensi on 10 of the scanni ng neans 833fol | ows from the nunber of the singl e
scanning elenents. In this instance, the resolution follows as the quotient
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In this connection. %4 03/074977 33 PCT/E. P03/02078 The different single
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Fig arranged thereon a coding pattern 6 in the form of position-specifically differently
structured single patterns 7. Said single patterns 7 are formed by conductivity
patterns 49 that are arranged one after the other in the direction of movement 6.
Said pattem carriers 25 can be connected to one of the device parts according to the
preceding figures, with a corresponding scanner carrier 28 being illustrated in the
subsequent Fig. 16. Pattern carrier 25 and scanner carrier 28 according to Figs. 15

and 16 are displaced relative to one another.

The conductivity patterns according to Fig. 15 are approximately diamond-shaped,
the patterns comprising edges 65 rising in the direction of movement 5 and edges 66
falling in the direction of movement. The conductivity patterns 49 are made
symmetrical relative to a horizontal plane 69 extending in the direction of movement
5, and a symmetrical configuration may also be present with respect to a vertical

plane 17 perpendicular to the direction of movement 5.

The different conductivity patterns 49 are e.g. formed by a conductive metallic
material, such as copper or the like. This can be structured by efching, as is e.g.

known from the technical field of printed circuit boards.



14. In this context it should be noted that the bit pattern groups assigned
to the respective ends of the coding pattern 6 are obtained by cyclic

di spl acegBRkp74hht s neans that e.g. the fourth single patpcqigpogoaip "11110"
fromlast according to Fig. 13 follows fromthe last four "I" values at the

right side in Fig. 14 and fromthe fgyst "0" the left side in Fig. 14. The
three single pattern groups following said fourth single pattern group
fromlast according to Fig. 13 are obtained by anal ogy. Fi_g. 15 is a top
vi ew Fig. 46 fshowsea fwﬂnmcembmlnmnt@f@asﬁwr@arrwe?&zsﬁléﬁﬁaéﬂ ha&S arranged
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correspondi ng scanner carrier %ﬁ be}cég illustrated in the subsequent Fig.
16. Paiddie to the eoreesponding cOUsANdP Garrier 28 according to Figs. 15 and 16
are displaced relative to one another. The conductivity patterns according
to Fig. 15 are approxi mately di anond-shaped, the patterns conprising edges
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direction of novenent. The conductivity patterns ‘49 are nade symetri cal
r el atscaaning mebosi8zont al pl ane 69 extending in the direction of novenent
5, and a symmetrical configuration may al so be present with respect to a
vertical plane 17 perpendicular to the direction of novenent 5. The
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material, such as copper or the like. This can be structured by etching, as
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end is passed to the corresponding other side of the scanner carrier 28 according to

Fig. 16 and is there connected fo a further conductor.

The construction of the further coils 72 to 76 is analogous.

Fig. 18 shows a corresponding transducer 1 which is formed by two scanner carriers
28 according to Fig. 16 and a pattern carrier 25 according to Fig. 15. The pattern
carrier 25 is arranged between the two scanner carriers 28 arranged relative to each
other and is supported in a displaceable way relative thereto. Corresponding coils 71
to 76 are arranged on both scanner carriers 28 with corresponding conductors 77 to
82 according to Fig. 16, said members being not shown in Fig. 18 for the sake of
simplicity. Corresponding coils 71 to 76 are illustrated only for the lower scanner

carrier 28 in Fig. 18.

Fig. 19 is a basic sketch for showing the assignment of coils 71 to 76 to the

conductivity patterns 49, as is obtained for a transducer 1 according to Fig. 18.



Fig. 16 shows a further enbodi nent of a scanner carrier 28. Said carrier
has arranged thereon six conductors 77 to 81 that are connected to
corresponding coils 71 to 76. Further conductors of the are
arrangedNBHB@WQQtack side (not shown) of the scanner ca#?ﬁ@?m Bﬁ%d are
each connected approximately in thelégckﬂe to the corresponding coils 71
to 76. The various coils 71 to 76 fo correspondi ng single scanning

el enents 9 of the scanning neans 8. Fig. 17 shows a detail "X' of Fig. 16
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PC VEgg?”alW&tivity pattern 49 or between two conductivity patterns 49 Attention must
here be paid that the corresponding edge rises 67, 68 from rising edge or falling
edge 66 relative to the horizontal plane 69 or the direction of movement 5 are
different in their absolute value. This means that the rise 67 differs from the rise 68
in its absolute value, the absolute values of the rises 65, 68 being also different from
the absolute values of the edges of the next neighboring conductivity pattern 49. At
the same height 89 of each conductivity pattern 49 vertical to the horizontal plane
69, it is thereby ensured that particularly the transitions between the conductivity
patterns 49 and the transitions between rising and falling edge 65, 66 are definitely
obtained through the corresponding signals of the coils 71 to 76 (see the upper six

curves in Fig. 21).

In Fig. 21, and particularly in the upper six illustrated signal curves or profiles,
attention must be paid that the curves correspond to the scanning of the whole
coding region of the pattern carrier 25 according to Fig. 15, each of the curves being
assigned to one of the coils 71 to 76. When the corresponding scanner carrier 28 is
then positioned in a specific relative position with respect to the pattern carrier 35,

the signals of the six coils 71 to 76 each yield a signal serving to determine the



During the relative novenent of the corresponding coils 71 to 76 towards
the conductivity patterns 49, signals according to Fig. 21 are obtained

(see the_upper. six signal curves). The correspondi ng si q,rg;l] of each
coil ar ewﬁwg@é@%i fted approxinmately by the width of a Coi I’Eﬁbg\[g%@?di ng to

the invention attention nust be paid that the extension 87 of all coils 71
to 76 in the direction of novenment 5,38ee Fig. 15, is greater than a
maxi mum | ength 88 of a rising or falling edge 65, 66 of the conductivity

tt ' Y ' . h
Cor | < Posiiibo, M Rilct e irkindt g PSfrBaBoRERY didharS Bnchelr 38R HERpn e
I €S peGinoysdr/arat dhpaedonitd the 66rvels ddoerding todigluRt.i vity pattern 49 that is

just being scanned. This nmeans that at |east one transition fromrising to
falling edge 65, 66 should be sensed on a conductivity pattern 49 or

CorrTRRRAHESI k2 010 6 Al Wbl gt

rel at ié’ﬂy&fl?ﬁfét&ﬁirﬂ%rlétﬁﬂf‘foa{hemm HOcarveshe direction of novenent 5 are

di fferen eir absolute value. This neans that the rise 67 differs from
the rise 68 in its absolute value, the absolute values of the rises 65, 68

i SICHEREE IR SR e

condugt i i | : ' [,:.?atlo ig g Wsat her eby
ensur é@*#é‘?"%%ﬁ ﬁét}”;&?f%rﬁéqtﬁmén@l éf??ﬂ%‘éﬁe n tfﬁi ' ggh gﬁg{gl \# { §/ﬁe
pat t egeEnrist cirelet D8 it famnsad fromsa Fait maderial ioni wiichrtbefcandustpre Jgetos®2 66 are

definitel obt ai ned .t hrough t he correspondi signals of the coils 71 to
76 ( ceud the SaRpENawOils T 10uEa ars arpgaca BeoTdIng, Thess maybe dartedul ar 1y i n

the u L Xg b t | -of iel e Wﬁ{ be
paid %ﬁﬁr %ét&ﬂﬁ#%sd’o?g%fggggﬁ@b{ g-}{:,{ Egﬁg%%ﬁ[ﬁ%%gﬁ %tsh'g 0 elrpggm" ﬁ%r regi on
of t hgapdér priftetatirduitrberdacomthei likg.t o Fig. 15, each of the curves being
assigned to one of the coils 71 to 76. Wen the correspondi ng scanner

carrier 28 is then positioned in a specific relative position with respect
tot h‘Fhé) %Eéﬁﬁ&' &drier 98 aot%ording to Fig. 20 is constituted of an approximately

circular central piece 84 that serves the connection of a corresponding electrical
connection means, with two carrier arms 85, 86 projecting laterally from the central
piece 84 opposite each other. Along the carrier arm 86 the coils 71 to 76 are
powered in parallel at the end of the carrier arm 86. On the back side of the carrier
arm 86 a connection is established via corresponding further conductors to the coils
71 to 76 arranged at the end of the carrier arm 85 and then a connection via further
conductors 77 to 82 back to the central piece 84. At said place single coils 71 to 76

can then be queried individually via corresponding contacts.

Upon use of the scanner carrier 28 in Fig. 20 the two carrier arms 85, 86 are bent
onto and arranged in paraliel with each other, a corresponding patiern carrier 25
being arranged between the two, e.g. according to Fig. 15, to be displaceable

retative thereto.



the signals of the six coils 71 to 76 each yield a signal serving to
determ ne the N1 o 03.074977 PCT EP03102078 36 position in an exact way in
that th ndi ng signals and their relations to on are
conpareawaﬁ%ﬁ%@ﬁg curves according to Fig. 21. In the |03EP%%§§@5§? Fi g.

21, the noise ratio froman actual pggjtion to another position is
illustrated in relation to the upper ¥ix curves Fig. 20 is a top view on a
further enmbodi ment of a scanner carrier 28 which basically corresponds to
the t - i Sthawicapsthiguriag of tme Eogrespondinge
scann@gh§§g$?§§“@@5F%sP§¥ﬁ§%t@%ﬁﬁgggﬁoiI mat eri al pg whi ch theﬁconductors
77 t ocSdudivitytpatesna i atgondingdo Figt ©5 aed& cespecliveby iaoebt BY WaV\PT These
may be formed either by etching a copper. coatin the: co ndi ng

o1 | . xampie; et geameiTsARETUF ren g1 BRSHP e al Par T AE RIS RPRESRE , 1o

| i ke. .The, scanner 4 el i & Q- ! mpes) if of an

appr O?QHQ{SZ?X/co&??é@ﬁ@bscsé@?%%ggpgﬁcg;gigﬁrﬁ%? ' SFE?\%E i héﬁégﬁféﬂ? ion of a
cor r espoBdickdelcafty barérnstare ssssitsle thabalso ensuhe that difierent signals a6s, 86
projecting laterall’y fromthe central piece 84 opposite each othqr. Al ong
t he cpmdueeddyntheccarrespending $Nale SeaNRIRG elemRBlMNINg ﬂlﬁpi‘l”?%“e%a PHE end
of the carpier arm86. On the back side of the carrier arm 86 a connection
is edhgsq Hagpﬂlcorresponding further conductors to the coils 71 to 76
arranged at the end of the carrier arm 85 and then a connection via further
conductors 77 to 82 back to the central piece 84. At said place single
coils 71 to 76 can then be queried individually via correspondi ng contacts
Upon use of the scanner carrier 28 in Fig. 20 the two carrier arns 85, 86
are bent onto and arranged in parallel with each other, a correspondi ng

pattern carrier 25 being arranged between the two, e.g. according to Fig.
15, to be displaceable relative thereto.



NVO 03/ 074977 37 PCT/ EP03102078 It should additionally be noted that the
geonetrical structuring of the corresponding conductivity patterns 49

accordi ngot@3fklegy 15 and 9, respectively, is only by way g ggsabeke; ot her
geonetrical structures are possible ghat permt position-specific signals

- by correspondi ng single scanning elenments 9. For exanple, differently
curved conductivity patterns are possible that also ensure that different
signals are produced by the correspondi ng single scanning el ements during
di spl acenent along the coding pattern. WWO 03/074977 PCT/ EP03/02078 38
CLAI M5 A transducer (1) for at |east one kinematic neasurable variabl e,
such as position, speed, or the like, particularly in devices (2) for oi
and natural gas production, conpri GUAIMS first device part which is
novabl e in or through said device (2) and whose ki nematic neasurable
variable is to be determned, and a second device part (4) which is

srattongy g Panstiuce? Igg)afg? at [ddst bnByhe&rBatié redstitableRarR®le 'sueAty n t hat
said first anut or seco evice part(s) (3, conprise(s) a coding
pattern (6) pbsition] spedvhmayithg liké grartieulady e devisesd?) fanaihand ng®ral gasl of
whi ch position-specific si.n.%l e aiterns 7 can _be scﬁa}nned gp( a_scanni ng
moans (8) whPERUESOR: FOmBERg AL devER et ol RreAtIRa codtpleR (3 45
The tra”SdUCEéidw&tzg%MHgfé RinbmAtanaatardpie datisbleiatiotbee scanni ng

u

means (8) conprises a single scanning elenents (9). The
transducer adeterniney, tandca aeoend devize pantidoviieh iestafinnanareliiye to said

first device part (3), characterized in that said first and/or second device
part(s) (3, 4) comprise(s) a coding pattern (6} which is changing along a
direction of movement (5), and of which position-specific single patterns (7)
can be scanned by a scanning means (8) which is arranged on the

respectively other device part (3, 4).

2. The transducer according to claim 1, characterized in that the scanning
means (8) comprises a number of single scanning elements (9).

3. The transducer according to claim 1 or 2, characterized in that an
extension (10, 11) of said scanning means (8) or of said single scanning
elements (9) in the direction of movement (5) is essentially identical with a
length (12) of each single pattern (7) of said coding pattern (6).

4. The transducer according to any one of the preceding claims,
characterized in that each single pattern is formed by a single bit (13) and
a single scanning element (9) can be assigned to each single bit (13) of a
bit pattemn group (data word width) as a single pattern group.

5. The transducer according to any one of the preceding claims,
characterized in that n+1 or n-1 single scanning elements (9) can be
assigned to n single bits (13) of a bit pattern group (7).



extension (10, 11) of said scanning neans (8) or of said single scanning
elenments (9) in the direction of novenent (5) is essentially identical with

a length (12) of each single pattern (7) of said coding ). The
transducwpﬁé@%wai ng to any one of the preceding clains, Ip@%&é@?@?l zed in

that each single pattern is forned by a single bit (13) and a single
scanni ng el enent (9) can be assigned to each single bit (13) of a bit
pattern group (data word width) as a single pattern group. The transducer
according to any one of the preceding clains, characterized in that n+l or
n-1 single scanning elenents (9) can be assigned to n single bits (13) of
a bit pattern group (7). "'O 03/074977 _ PCT/ EP031020 7 8 39 The

transduger acps ghASdhceraeoriing® anyoriy slopdigrecedingmiaims;har acteri zed in
that said bit pattern grpug_;ﬁ(? in the direction of nopvenent (5) are
shi fted rel at¢haracterizes indal saidhit sattesn agupsdiny in the disgetien dhe t ransducer

seoor 10 L ANaRRL ) 4BSBLATAAAD S Ropref AT g et

transducer according to any one of the preceding clains, characterized in
that two scanning neans (8, 21) are specifically arranged in direct
vicinity.in the ttensdigessceprdipg Enany ons)of the eréseding ¢Msaccor ding to any
one of the pr L0Q:.cl ad . i i j I j f
movenent (5, raritizedihat sERAGkicehRihd ghitgit (SPLomPrEeS ad |
to any one ofbrkhwilreyedi ng clains, characterized in that said direction
of novenent (5) extends in helical

8. The transducer according to any one of the preceding claims,
characterized in that two scanning means {8, 21) are specifically arranged

in direct vicinity in the direction of movement (5).

9. The transducer according to any one of the preceding claims,
characterized in that said direction of movement (5) extends along a

straight line.

10. The transducer according to any one of the preceding claims,
characterized in that said direction of movement (5) extends in helical

fashion.

11.  The transducer according to any one of the preceding claims,
characterized in that said direction of movement (5) extends substantially

in circular fashion.

12. The transducer according to any one of the preceding claims,
characterized in that said coding pattern (6} is formed along a pattern
carrier (25) which is particularly detachably attached to said device (2).



fashion. 11. The transducer according to any one of the preceding clains,
characterized in that said direction of novenent (5) extends substantially

i n circuyargsfoahyon. 12. The transducer according to any gheesbobdis
preceding clains, characterized in jghat said coding pattern (6) is forned
-along a pattern carrier (25) which is particularly detachably attached to
said device (2). WO 03/074977 PCT/ EP03/02078 40 13. The transducer
according to any one of the preceding clainms, characterized in that said
pattern carrier (25) extends coaxial to an inner bore (23) of said device.

14. The 43 ansthEfansdsr dcesrdiAg Q@)én?rb‘hec’éf thg%arec&@diﬁgidr&n@, ai s,

characterized in that said coding pattern (2 conprises single patterns
(13) arr angeccharaaterizesl incilnad sajshpatternscarniae(25) &xtendsecoaxisbiodimmnes any
one of the precedi |_ai . _characterized in that said coding pattern (5)
conprises si rp&rg?%@f?%%gr&%}@ "arranged along a circunference (34) of a
disk (35). 16. The transducer according to any one of the preceding clains,
characterized in that said codi n? pattern (6) conprises single patterns
(13) sMétt edhertransyiucer agegrdingto any one i dripeaceding cléimg, t o any one of

t he precedin L0 [ ' t i I nal e.scanni el enent s
(9) are suppgpﬁt#@zsgqnﬁégfégﬁy&%%@?@%’I%e(zgig.gmsﬁ{%%lsr%ﬁg SLH%&%]%%COI’ di ng
to any one ot13)rmrmggwgbn tipdulsr patthar acteri zed in that the nunber of
the single patterns (13) of a coding
15.  The transducer according to any one of the preceding claims,
characterized in that said coding pattern (5) comprises single patterns (13)
arranged along a circumference (34) of a disk (35).

16.  The transducer according to any one of the preceding claims,
characterized in that said coding pattern (6) comprises single patterns (13)
slotted in a disk (35).

17.  The transducer according to any one of the preceding claims,
characterized in that said single scanning elements (9) are supported to be
radially adjustable.

18. _The transducer according to any one of the preceding claims,
characterized in that the number of the single patterns (13) of a coding
pattern (6) is defined by the number of said single scanning elements (9) of
said scanning means (8, 21).

19. The transducer according to any one of the preceding claims,
characterized in that said transducer (1) comprises at least one storing
means (36) for storing measured signals of said scanning means (8, 21} in

dependence upon the position.



pattern (6) is defined by the nunber of said single scanning el enents (9)
of said scanning neans (8, 21). 19. The transducer according to any one of

t he pre(“ggir?ggg@g?i nms, characterized in that said transdmﬂl(o%%)z&gnpri ses

at | east ing nmeans (36) for, storing measured si S sai d
scanning nmeans (8, 21) in dependencé upon the position. NNO 03/01-4977
PCT/ EPO3/ 02078 41 20. The transducer according to any one of the
preceding clains, characterized in that neasured signals of at |east a
nunber of single scanning elenments (9) can be stored in dependence upon

t he posid4 on, rdi . the preceding

cl ai ns, ztdchar-lﬁ%gﬁﬁggldéé%gﬁﬁ%gs%ﬁge%engﬁ ﬁé‘%ﬁ&?ﬁ&@rﬁém%n (37) for a
total novenwharaatetzed i thal nsessured gigress of Bleasbd/mumisdr aftsihglast a
nunber o, single scanning elements (9) can be stored in said storing neans
(36) at | eaSCannRtg elgments 9} ¢athize siredde dependgnes upay the positiophe
preceding clainms, characterized in that said transducer (1) conprises a
conparing neans (38) for conparing said neasured signal information (37)

with cupnent Th@taémw.ﬁbaimardimgnfmambhemftﬁépr&d:@dm%@mﬁs,cer according to

any one of the precedi rag cl ai ns, chci:lr_act fzri zed in that at |east the |ast
current measGhasactesizad imihat maasyred sigppl iInformatieni3Mferatatal acqui si bon

til it ' | ti .
unt LS. eHARREA bR Sl ) RS PP
char act eri zegingfe sbannimgaiementsn©) ead beystoved irsaidfsterdngimesasyB8)asi gnal

least once.

22.  The transducer according to any one of the preceding claims,
characterized in that said transducer (1) comprises a comparing means
(38) for comparing said measured signal information (37) with current

measured signal information.

23. The transducer according to any one of the preceding claims,
characterized in that at least the last current measured-signal information
(39) is stored after its acquisition until its replacement by a subsequent

current measured-signal information.

24. The transducer according to any one of the preceding claims,
characterized in that measurement and evaluation of said measured signal
information {7, 39) are substantially carried out in analog form.

25. The transducer according fo any one of the preceding claims,
characterized in that scanning means (8) and/or coding pattern (6) are

configured to be replaceable.

26. The transducer according to any one of the preceding claims,
characterized in that a particularly pressure-resistant muitiple cable



information (7, 39) are substantially carried out in analog form 25. The
transducer according to any one of the preceding clains, characterized in

t hat scanni ng nmeans (8) and/or coding pattern (6) are C&mglj/%#”é‘@g‘ﬁgo be

r epl aceaBP&3%877 The transducer acco(i ding to any one of Fng
clainms, characterized in that a particularly pressure-resistant nultiple
cabl e WO 03/074977 PCTI EPO3 /02078 42 passage (45) is provided for the
el ectrical connection of said scanning neans (8). 27. The transducer
according to any one of the preceding clainms, characterized in that said

i ngl tt 7) is f d.f i.t.ion- ifical if. tl
Strdct ured cpAasege (45ys pRpvded P SRt ionLca Rages e srEMibECcti on of
novenent (5). 28. @-e transducer according to any one of the preceding

cl ai s, chaf%d®%ed in that said conductivity pattern (49) conprises
rising.and/or falling edges (65, 66) succeeding one another in the
direction of novenent 29. The transducer cordi na.. one of the

pr ecedi 8. cl Ahadransslygrracertangya 3y AP ogth E%régi?{iqoﬁ%ﬂﬁ?i ng edge rises
(67, 68) have di i ir errdl7) igfermiedfroftv agrositirer di ng to
any one of tﬁggﬁéégéﬁpﬁdngﬁgfﬁa c%;@gt er_lp_rz)ed in that said conductjivity
patt er ns (49ypacificaiddifferentlytstiuciuredetandugtivibopattersy (423 #hal is Areangede) | n
the direction of m)yematnt (5%lie ﬁl% The transducer according to any one of
the precedi nthecdisesion ofRYe®EBt (Ded in that said conductivity patterns
(49) are made substantially symetrical relative to a |ine perpendicul ar

(70) to said direction of _ )
28. The transducer according to any one of the preceding claims,

characterized in that said conductivity pattern (49) comprises rising and/or

falling edges (65, 66) succeeding one another in the direction of movement

(5).

29.  The transducer according to any one of the preceding claims,
characterized in that at least neighboring edge rises (67, 68) have different

absolute values.

30. The transducer according to any one of the preceding claims,
characterized in that said conductivity patterns (49) are made symmetrical

relative to a horizontal pfane (69) in the direction of movement (5).

31 The transducer according to any one of the preceding claims,
characterized in that said conductivity patterns {49) are made substantially

symmetrical relative to a line perpendicular (70) to said direction of

movement (5).

32 The transducer according to any one of the preceding claims,
characterized in that said conductivity patterns (49} are produced by

etching, or the like.



novenent (5). 32. The transducer according to any one of the preceding
clainms, characterized in that said conductivity patterns (49) are produced

by etcR{§¥soR671 he like. WO 03/074977 PCT /EP03/ 02078 4gT1apo3/d3498
transducer according to any one of tfae preceding clains, characterized in
- that said scanning neans (21) conprises a nunber of <coils (71, 72, 73, 74,
75, 76) arranged one after the other in the direction o novenent (5), as
said single scanning elenment (9). 34. The transducer according to any one
of the preceding clainms, characterized in that each single scanning

el enent 389) TRedRHsANEEr Qéccﬁfdir((‘?)ﬂ'darﬂiéne of e pradediisyBrRim8L i al ly in spiral

formin a plane. 35. The transducer "according to any one of the preceding
claims, chacharasterizediin thatsaid screnipgimeans 2 bnepripesed adumlrrsof 77, 78,

cairier (2805 Frara: dhoAtm Ul OE RO Sa BB T R o

clainms, chanagbRicntes) a8 ddidkiryldataning edmiat (9)25) is supported between
two scanner carriers (28, 83) in a way to be displaceable relative

thereto. 37. The.transducer according to any one of the preceding clains,

charactefi z I n_that saj ' r | . 1S tantially

desi gned™ as f entr | 'two carrier arns
. 2o BahrRledictoninB 5 ar e §f wis i sEe s oS

(85, 86) preharactertzdd iy gat@achsgingleaeahnitlg gieawnt (81 desighed abect ri cal

connection portion_and said carrier arnms, (85 86) conprising single

scanni ng el €ad{7d — (8) wpund spbptagtigliy inapiEaldpemina plang2) | said carrier

arns (85, 86) being

35. The transducer according to any one of the preceding claims,
characterized in that coils (71 — 76) and the conductors (77, 78, 79, 80, 81,

82) powering the same are arranged on surfaces of said scanner carrier

(28).

36. The transducer according to any one of the preceding claims,
characterized in that a pattern carrier (25) is supported between two

scanner carriers (28, 83) in a way to be displaceable relative thereto.

37. The transducer according to any one of the preceding claims,
characterized in that said scanner carrier (28,83) is substantially designed-
as a carrier foil with a central piece (84) and two carrier arms (85, 86)
projecting therefrom, said central piece (84) as the electrical connection
portion and said carrier arms (85, 86) comprising single scanning elements
(9, 71 - 78) and conductors (77 — 82), said carrier arms (85, 86) being
adapted to be arranged at both sides refative to said pattern carrier (25).

38. The transducer according to any one of the preceding claims,
characterized in that said scanning coils (71 — 76) are connected in

parallel.



adapted to be arranged at both sides relative to said patterh carrier (25).
38. The transducer according to any one of the preceding clains,

character.i i p_that said scanning coils (71 - 76) are L, N

paral | e%\zog,gggg%/ 074977 PCT/ EP03/02078 44 39. The traﬁ’%@?ﬁ%ﬁor di ng
to any one of the preceding clains, characterized in that an extension
(87) of all scanning coils (71 - 76) is greater in the direction of

novenent (5) and/or in a direction perpendicular thereto than a nmaxi num
|l ength (88) or height (89) of a single pattern (7), that said scanning

coils (71 - 16) ,are assigned at | S imd al | i ng edge (65,
66) of %91 I eig% twdﬁpﬁbggg%gﬁpetb%?ﬁ%roﬁgé %’g&%ﬁﬁg’?ﬁﬁ? é'si ngl e patterns.
40. The transpafaiteAieedriditngt Awertensione(87) of il scapoing cwlsdV 4ings) is
characterized in that the height (832 of _all single_patterns é?% iF t he
same. 41, A grecterdnitbe digclpmonMRYeRantShaDAT 1 AIFERIPE REpPagicliart or

I nstance for, determni L il s | ' 7S ved
rorative 1o thergpiapRiifmaeRat| @8 o heldHtTas) SR Bkidte BaE () Ses N
pattern (6) tyatshid Scariring esils (M -a768perbhesigned @t leastdo aoising aodjact and i s
conposed of position-based single Eatterns] g 49 | S caaibed.duri ng the
mut ual el atfalliagredgeh, B8 of af lpasbpagsingle) a&erqi?,) Or R FHEP L hni ng
signal is Convelrbf%téﬁ‘l an evaluation unit (38, 61) into a kinematic
measur abl e VAPPSHE SRS The met hod accor di ng to claim4l, characterized
in

40. The transducer according to any one of the preceding claims,
characterized in that the height (89) of all single patterns (7) is the same.

41. A method for determining a kinematic measurable variable, for instance for
determining the position, wherein a movable object is moved relative to a
stationary object,

characterized in
that a specific coding pattern (6) which is arranged on a movable and/or

stationary object and is composed of position-based single patterns (7, 49)
is scanned during the mutual relative movement of said objects (2, 3, 4),
and the scanning signal is converted by an evaluation unit (38, 61} into a

kinematic measurable variable.

42. The method according to claim 41,

characterized in
that a scanning means (8, 9, 21, 71-76) scans each single pattem (7, 49) of

said coding pattem (6) singly and successively.

43. The method according to claim 1 or 2,
characterized in
that a scanning means simultaneously scans all single patterns (7, 49) of a

coding pattern (6).



that a scanning neans (8, 9, 21, 71-76) scans each single pattern (7, 49)
of sg! d c;)dl ng patteLn (6) singly and successively. 43. The nethod
accordin m characterized in O that a scannin ' aneousl|
scans a|‘19’0503/rq§49?/ patterns (7, 49) of4 codi ng patter% ?E’W%%MQ?? Y
PCTI EPO3/ 020 78 45 The nethod according to any one of the preceding clains
41 to 43, characterized in that said scanni ng neans determ nes one or one
of two features or states of a single pattern (7). 45. The nethod
according to any one of the preceding clains 41 to 44, characterized in
that said scanning neans scans different single patterns particularly at
the sane tinme. 46. The nethod according to any one of the preceding clains
41 to 444chaThetrmeirpedadoordingttosiydonsd the preceding qlaims 41 teddndant 'y
scanned. 47. %he nmet.hod .according to any one of the preceding clainms 41 to
4 characterf éﬁa_qtﬁ"'?ﬁ t!Na conparing nmeans (38) conpares current

measur ed- si Q%t daid gééﬁﬁihg Pndah® determitied GriAONbNG ofBes Je4tBles\bt Statée t ot al

nmeasur ed-si g “I'nformatTon for specifically determ ning transitions
bet ween si ngb_éa;miglepaﬁenﬂﬁ?.). The met hod according to any one of the
preceding clains 41 to 47,

45. The method according to any one of the preceding claims 41 to 44,

characterized in
that said scanning means scans different single patterns particularly at the

same time.

46. The method according to any one of the preceding claims 41 to 45,

characterized in
that said coding pattern (6) is redundantly scanned.

47. The method according to any one of the preceding claims 41 to 46,

characterized in
that a comparing means (38) compares current measured-signal
information (37) of said scanning means (8) with the total measured-signal

information for specifically determining transitions between single patterns.

48. The method according to any one of the preceding claims 41 to 47,

characterized in
that said scanning means (8) with a number of scanning coils (71 — 76) as

single scanning elements (9) scans at least one edge (65, 66) that is rising
and falling relative to said direction of movement (5) and pertains to one or
two neighboring single patterns (7) formed of a conductive material.

49. The method according to any one of the preceding claims 41 to 48,

characterized in



characterized in that said scanning neans (8) with a nunber of scanning
coils (71 - 76) as single scanning elenents (9) scans at | east one edge

(65, 66) oS- rising and failing relative to said dir I8 Rbg MOVenent
(5) and VEQ??}QFJRZHO one or two neigpgboring single patterlj‘rafl:?"%ﬂ??l %or med of a

conductive material 49. The nmethod according to any one of the preceding
clainms 41 to 4 characterized in WO 03/074977 PCT/E P03! 02078 46 that the
scanning operation is performed at both sides of said coding pattern (6)
50. A coding pattern, particularly for determ ning a kinematic measurabl e

variable, fof instance.fqr J H2R ROSdthi es SRsAidcasdi pattern
conpri si ng a{r]ﬂtG?%FF%&'Bg O?lgﬁégﬁmggﬁ}gjrrns, characterized in thr?i?

nei ghbori ng Egﬂg,l,-p@)_atterns differ fromone another by at |east one
characteristic feature, and/or said single pattern has at | east one

characteristic feature that is changing in the direction of novenment. 51.

The codigg PRt et ASRAILAM fark) R UetomfififigRs ket meashiible peci 1 ¢

feature or stationary body or partial body can
be assigned {grifs6hfopimgansceiiridatermibing theepasiiimeaidceding paitasAdi ng to any
one of clainms 50 or 51, characteri zeﬂ in that said single patterns are

linearly arreemptsipge piurality ohénAi¢,ealle®s, The coding pattern according to

any one of clains 50,187

that neighboring singte patterns differ from one another by at least one
characteristic feature, and/or said single pattem has at least one
characteristic feature that is changing in the direction of movement.

51. The coding pattern according to claim 50,

characterized In
that specific features or states of a movable and/or stationary body or partial

body can be assigned to each single pattern. .

52. The coding pattern according to any one of claims 50 or 51,

characterized in
that said single pattemns are linearly arranged one after the other.

53. The coding pattern according to any one of claims 50 to 52,

characterized in
that said single patterns are arranged substantially in circular fashion one

after the other.

54. The coding pattern according to any one of the preceding ctaims 50 to 53,

characterized in
that said single patterns are aranged substantially in spiral form one after

the other.



characterized in that said single patterns are arranged substantially in
circular fashion one after the other. 54. The coding pattern according to

any one @, d:liss9% €ceding clainms 50 to 53, characterized gdythdhreai d
single patterns are arranged substanjjially in spiral formone after the
other. NVO 03/074977 PCTX P03/0 2078 47 55. The coding pattern according
to any one of the preceding clains 50 to 5 <characterized in that said
coding pattern (4) is a binary coding pattern 56. The coding pattern
according to any one of the preceding clainms 50 to 5 characterized in that

transitigns ( 53%'“ ' ed. di ng
pattern %corﬁ%‘g‘?b ny eghé%o rﬁ‘%?gggﬁgﬁé@ﬁ?gﬁnﬁﬁgtcﬁés Sgg@rga%teri zed
in that the adwiragterigedtim (4) conprises 2' single patterns with n as the
natural nunher, and n si ngl erns.(7) are conmbined to forma single
pattern grgg ,f%%gfﬁg'%ﬂéﬁ%}%%f%?ﬁ"éaa{éeaﬁm%a"&%“any one of the
preceding clainms 50 to 57 characterized in that said single pattem (7,
49) is made froman electrically conductive material with an edge (65, 66)

t hat i s&8si nghe codig paftain aogprding fveanii ore of the precediregrelaimg 5D.to5%, The

codi ng pattegﬂa.aé:é:tce)rn.ozlbggmtq any one of the preceding clains 50 to 5

that transitions (26) between single patterns can be detected.

57.  The coding pattern according to any one of the preceding claims 50 to 586,

characterized in
that the coding pattern (4) comprises 2" single pattems with n as the natural
number and n single patterns (7) are combined fo form a single pattern

group.

58. The coding pattern according to any one of the preceding claims 50 to 57,

characterized in
that said single pattern (7, 49) is made from an electrically conductive
material with an edge (65, 66) that is rising and/or falling in the direction of

movement (5).

59. The coding pattern according to any one of the preceding claims 50 to 58,

characterized in
that the edge rises (67, 68) of one or of neighboring single patterns (7, 49)

have different absolute values,

60. The coding pattern according to any one of the preceding claims 50 to 59,

characterized in
that heights (89) or amplitudes of all single patterns (7, 49) are equal in a
direction perpendicular to the direction of movement (5).



characterized in that the edge rises (67, 68) of one or of neighboring
single patterns (7, 49) have different absolute values. 60. The coding
pattern i to any one of the preceding clains 50 cterized
in that‘ﬁéﬁ%ﬁ‘%?%89) or anplitudes of; all single patterngezg?mﬁg?%gre equal
-in a direction perpendicular to the direction of novenent (5). WO

03/ 074977 PCT/E. P03 61. The coding pattern according to any one of the
preceding clains 50 to 6 characterized in that said coding pattern (6) is
formed on a pattern carrier (25) extending substantially in the direction

of movergnt (Phe céaingTﬁ%té‘rﬁcﬁd@ﬁrd?ﬁQl@éﬁy@ﬁé%f%@%r;é@ecﬁﬁ%_cfﬁiﬁrs@o B0

preceding clainms 50 to characterized in that said coding pattern’(6) is

produced on scharagtemzediimarrier (25) by etching, or the |ike.
that said coding pattern (6) is formed on a pattern carrier (25) extending
substantially in the direction of movement (5).

62. The coding pattern according to any one of the preceding claims 50 to 61,
characterized in .
that said coding pattern (6) is produced on said pattern carrier (25) by
etching, or the like.



