9 NOV 2004 WO 01/86116 PCT/EP01/ 05157 1 MEASURI NG DEVI CE FOR DETECTI NG A
BODY MOVI NG | N RELATION TO A TUBULAR CONTAI NER This invention relates to a
detection systemfor sensing an object in notion relative to a%c!\maz'ﬂlngr,
especially tubular in design, whereby at |east one nmagnetic unit s
associated wwth the container and/or object, generating as well as
nmeasuring magnetic fields, and at |east one evaluation device is connected
to the magnetic units and serves to receive sensing signals fromthe
magnet WP%M“%?GA detection systemof this type is described in
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derrick and a frame section anchored on the sea bottom, is equipped on its outside with a coil

as the magnetic unit generating a magnetic field and with each two search coils respectively
mounted above and below the ﬁrst coil and servihg as the magnetic-field measuring' magnets.
Electric cables connect these various coils with a topside evaluation unit within the derrick,
The magnetic-field-generating coil produces a magnetic field inside the guide tube essentially
along the longitudinal axis of the tube. That magnetic field also permeates the two magnetic-
field-measuring coils. If and when within the guide tube a drill rod, tool, pipe or the like is
shifted, the magnetic field in these measuring coils will change as a function of the position of
the moving object, leading to a corresponding induction in these coils. It is thus possible to
determine when the object concerned has reached one of these magnetic—ﬁeld—measuring
coils or for instance the blowout valve located on the sea bottom. -

That earlier detection system, thevér, is essentially limited to sensing the position only of

- the forward end of the moving object, with the positional detection accuracy being determined
by its distance from the coils which are mounted along the longitudinal axis of the guide tube,
by the coit width in the longitudinal direction, and similar factors.



by its distance fromthe coils which are nmounted al ong the | ongitudi nal
axis of the guide tube, by the coil width in the |ongitudinal direction,
and simlar factors. 9 NOV 2004 WD 01/86116 PCT/ EP01/05157 2 'l ﬁ?she
~objective of this invention to provide an inproved detection sys d¢°ﬁﬁe
“type first above nmentioned, the inprovenent consisting in the ability, in
sinple fashion and with a relatlvely hi gh degree of accuracy, to determ ne
not only the position of the object relative to the container in the
| ongi tudi nal direction but also its position in the transverse direction
rel ati veW®@O01861tnt ai ner. I n conjunction with the characteristic features
speci f i eBCIERO103I58 nai n concept of claiml1l, this is acconplished in that
the magnetic units produce a maxi mum ma@netic flux essentially
perpendi cular to the direction of relative novenent between the object and
the container. This causes a change in the magnetic field and in the
magnetic flux when the object is close ‘enough to the container that both
are | ocalteglihei dBjeative log tiBgivehiich fo @bdidefaatrh(brmd RIetaction b%ﬁdn—«ﬁgmmm fdr’égh
magnetic_unit sane tine i ven.this position o ect, and the
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system does not depend on whet her the container, for instance tubular in
. design, is stationary while the object noves relative to. it, or vice
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This causes a change in the magnetic field and in the magnetic flux when the object is close
enough to the containér that both are located within the magnetic field of the magnetic-field-
generating magnetic unit. At the same time, given this position of the object and the container
relative. to each other there will be a change in- the magnetlc field in the -direction
perpendlcutar to the relative movement, thus yielding for the evaluation device additional
information on ithe position of the object and the container perpendicular to the direction of

relative movement.

According to this invention, the functionality of the detection system does not depend on

—

whether the container, for instance tubular in design, is stationary while the object moves
relative to it, or vice versa, for as long as at least the moving part contains a magnetic
element which tnggers a corresponding change in the magnetic field between the magnetic
units.

In oil-drilling or similar operations, it may be advantageous in this context if in particular the
tubular container constitutes the aforementioned guide tube and the object is the part that
maoves relative to that tube. The latter should consist of, or contain, a magnetic material at
least at the point which is to serve for the detection of the position and orientation of the
object relative to the container. That point could for instance be the forward end of the object.

An object of this type typically moves within the container so that the corresponding magnetic
units can be advantageously mounted in an inside area of the container. On the other hand, if
the



tubul ar contai ner constitutes the aforenentioned gui de tube and the object
is the part that noves relative to that tube. The latter shquld consi st
of, or contain, a nmagnetic naterial at |east at the point Wi GMyi Sngp
serve for the detectlon of the position and orientation of the _object
_relative to the container. That point could for instance be the forward end
. of the object. An object of this type typically noves within the container
so that the correspondi ng magnetic wunits can be advantageously nounted in
an insi WOLABR1M® the container. On the other hand, if the 9 NOV 2004 WO
01/ 8611 &CTHERYWIEIEF05157 3 novi ng obj ect, consists of a non-magnetic
material while the container is providéd with a nagnetic elenment in an
appropriate |location, the correspondi ng magnetic units may equally well be
nount ed on an outside surface of the object. It is also possible, for
facilitated access, to position the magnetic units on an outside surface
of the owwingiobject wionkistshef gmwrraagneticmigheeali whifel ttiedcmaieerdisng'oviuemugth ahe
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the magnetic units, wi.th equidistant spacing fromone another,” “in the
circunferential  direction of the container. So as not to linmt the
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: with the possibility of mounting the magnetlc units, with equidistant spacing from one another,
in the circumferential direction of the container. ' '

" Soas not to Jimit the detection of the object to essentlally one such plane magnetlc units may

| ‘be mounted perpendlcular to the dlrectlon of relatlve movement in evenly spaced planar
increments. This permits capture in each of these staggered ptanes as well as detection
between these planes by means of suitably :nterconnected magnetic units.

Depending on the design of the magnetic unit, it is possible for such a magnetic unit to be

switchable between magnetic-f ield generation and magnetic—f ield sensing. This can take

place even dunng the course of a measurement. Evndently, such swntchablhty of the magnetic

units involves variable polarity of the magnetic units, vanable magnetic-fi eld mtensnty or the
- like.

A simple design example of a magnetic-field-generating magnetic unit can be implemented in
the form of a permanent magnet.

For an expanded range of possibilities in object detection per the above, a magnetic unit may

be constituted of an electrically powered coil which provides a simple way to permit operation



swi tchabl e between nmagnetic-field generation and nmagnetic-field sensing.
This can take place even during the course of a neasurenent. Evidently,
such switchability of the magnetic wunits involves variable polarity of the
magnetic units, variable magnetic-field intensity or the Ilike. A sinmple
desi gn exanpl e of a magnetic-field-generating magnetic unit .can be
inplemented in the formof a permanent nagnet. For an expaﬁd@MVr@ﬂﬁe of
possibilities in object detection per the above, a nagnetic unit .may be
constituted of an electrically powered coil which provides a sinple way to
permt ONEOrGH§6I16' 9o Nov 2004 , WD 01186116 PCT/ EP01/ 05157 4 both for
magnet i PGT/EPA/@EHEr ati on and magnetic-field nmeasurenent. A coil also
allows for easy variation of the nagnetic-field intensity or polarity and
t he generation of alternating fields. A magnetic-field-nmeasuring unit that
is at once precise, sinple and inexpensive may be in the formof a
magnetic-field sensor and in particular a Hall elenent. Magnetic field
sensor s bofh {dnahagriejip@ieldagerieeationsdral hﬁdnetidﬁfﬁdldm’ieasﬁraaimhbm @oil atdo iallmw:scm‘st
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or magnetic flux. For an anplification of the magnetic field and thus of
the magnetic flux perpendicular to the direction of relative novenent, the
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Of course, a suitably designed magnetlc unit can also detect magnetac attenuatlon instead of
measuring the magnetxc field or magnetic flux.

For an amplification of the magnetic field and thus of the magnetic flux perpendicular to the
direction of relative movement, the magnetic unit may incorporate a magnetizable material,

for instance a ferromagnetic or paramagnetic material.

To avoid having to éeparat'eiy provide each magnetic unit with a magnetizable material, the

magnetic units may be interconnected by a magnetizable or magnetically conductive material.

For a secure installation of the magnetic unit, the unit may be placed for instance in a radial

bore in the container wall. The radial bore should be at least deep enough in the radial

direction for the magnetic unit to be fully insertable without protruding into the interior of the
- container.

To avoid having to drill a corresponding number of radial bores or similar recesses in the
container wall while at the same time being able to simultaneously manipulate a larger
number of magnetic units, it is possible to mount muitiple magnetic units in a magnetic-
detector insert which may be mounted for instance in a circumferential recess on the inside of
the



bore in the container wall. The radial bore should be at |east deep enough
in the radial direction for the nagnetic unit to be fully insertable

wi thout protruding into the interior of the container. To avol NHa20By t o
drill a corresponding nunber of radial bores or sinilar recesses in the

.container wall while at the same tinme being able to sinultaneously
. manipul ate a larger nunber of nmagnetic units, it is possible to nount
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mul ti pl I + units in a nmagnetic- detector insert which may be nounted
for imgﬁ%g@g ircunferential recess on the inside of the 9 NOV 2004
WO 01/8 BPO1/ 05157 5 contai ner. This recess can agai n be deep
enough to prevent the nagnetic-det ectoP insert with the magnetic units
fromprotruding into the interior of the container. Suitably designed
magnetic units allow for the deploynent in objects with a variety of cross
sections. O course, for oil exploration and simlar applications it wl|
be advaffHRjRRIudhis Zeress can again dgfieepienaugihle pravand theapegneticrdateatordnsest with i on
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and/ or object are essentially tubular in design. In applications related
to oil and gas exploration, it is an essentially tubular object that is
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In another possible, simple and space-saving design, a magnetic unit may be provided with a
ramified and/or continuous helical, electrically conductive ribbon. Such a ribbon essentially

corresponds 1o a coil and generates a corriparablé magnetic field.

For the convenient manipulation of ribbon-shaped magnetic units of this type, the ribbon may
be mounted on a preferably annular insert. The insert, of course, is shaped to correspond to

_the cross section of the container, permitting easy installation on an inside surface of the
container. L .

The insert can aliow for further simplification in that the necessafy electrical poWér—suppfy
and/or signal-collecting leads are attached to the ribbon-shaped magnetic units mounted in
. the insert. '

In analogous fashion it is possible in the case of the aforementioned magnetic-detector insert
employing electrical coils to provide the electric coils with winding stems as magnetic units.
The coils are wound on these winding stems which, like the entire magnetic-detector insert,
may consist of a magnetizable material.



container. The insert can allow for further sinplification in that the
necessary el ectrical power-supply and/or signal-collecting | eads are
attached to the ribbon-shaped magnetic units nounted in the insert. IE
anal ogous fashion it is possible in the case of the afor e_rrent_.ig)_r\@?:\_j 200

- magnetic-detector insert enploying electrical coils to provide the
electric coils with winding stens as nagnetic units. The coils are wound
on these wi nding stens which, like the entire nagnetic-detector insert,
may consi st of a magnetizable material. 9 'NOv 2004 WD 01/ 86116
PCT/ EP01NSE4HB6%16The eval uation especial ly of the signals received by the
magnet i cPETEPIIANSAST ng magnetic units is possible not only for determining
the position of the object. A suitably €qui pped evaluation device may
i nclude a nmenory nodul e and/or a display unit or nay be connectable to the
| atter or for instance to a conputer.. Stored in the nenory nodul e may be
the necessary mathematical evaluation algorithnms and/or address tags
per mi t t i Fip evaluation esrscially bf hhsignatsasceiezt! by the ahagnelitviieldisepsing magnetimyitsbe

used, f I raphi.c il lustrati.on of. th j,ect .or r .
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i n addi tdevivet mayninckide alateartry mpduleeandiorea atisptayoiinit be malj tectoridecbiotcpiieni t s
t he det i natJ f the position,.shape,. size or direction of nmovenent of
the obj dete" Shrfer thstince 18 &) ForppUSTe:SIreAun Jng amary MORNIE TRy B Ji6DTGESERM s
and t he mathgmptical tevaluation algdritens raagfvet address taysC parmbitingi thipl difalyis fo¥r the
i nst ance_hy el he, net.i c_axes of .the nmagnetic.  upit ith a
L ongtt odreesePd SR ThE iR Ro e Bacd. St bt ot ¢ prebbiilHalih Poive
' ) desi r ablobjegtei fgndetrctingltes ohjectt hi s i nvention in nore detail with the aid of
“the figures in the attached draw ngs in. which: -
The evaluation device 'r'nay also be so .conﬁgured._' that in .a%ddi.tion to mere&' detecting the
presence of the object it also perfnits the determination of the position, shape, size or
direction of movement of the object. '

The anai_ysis of the signals emanating from the magnetic ﬁnits and the very positioning of the
magnetic units can be simplified for instance by aligning the magnetic axes of the magnetic

units with a longitudinal axis of symmetry of the container.

The following describes desirable design examples of this invention in more detail with the aid
of the figures in the attached drawings in which:

Fig. 1 is a perspective side view of a first design example of a detection system
according to this invention, employing a tubular container;

- Fig. 2 is a top view of a horizontal section through fig. 1;

Fig. 3 - Is a perspective side view of a second design example of a detection system
according to this invention;



Fig. 1 is a perspective side view of a first design exanple of a detection
system according to this invention, enploying a tubular contai W;Zﬁﬁk}g' 2
is atop view of a horizontal section through fig. 1; Fig. 5 9 A
perspective side view of a second design exanple of a detection system
.according to this invention; - V 9 NOV 2004 WO 01/86116 PCT/EPO1/ 05157 7
. Fig. 4 shows a partial vertical section through fig. 3; Fig. 5is a
perspective side view of a third design exanple . of a detection system

accordi WP PH8K1& | nvention; Fig. 6 is an enlarged illustration of detail
"A" in PCHIERDIOSEG. 7 is an enlarged illustration of detail "B" in fig. 5;
Fig. 8 is a conceptual illustration of 7a hori zontal cross section through a
detection systemaccording to this invention; Fig. 9 is an. illustration
as in fig. 8 with an object in central position; Fig. 10 is an illustration
as infig. 8 with an object in an off-center position-, Fig. I | is an

i I'lustrRigion as ishowisg pditiiveRicarseetiprerough fangt her of f-center position;
Fig. 12 is an illustration as in fig. 8 with an object in another central
position; Fig. 13 is a conceptual illustration explaining the magnetic

flux; dfigldig. 14s shpespediveaiicd hiednofas QRird bESYn RXEBMBIRL o8 detddion steEﬂ\ 9. 1
depicts a first design etx%rgle of a detection system1 according to this
invention, with e?cc?%ﬁ'gl IR ENERYMer 2 and a similarly tubul ar object 3.
The container 2 extends for instance from an ocean-surface platform not
shown, to.,a frame section pchored on the sea floor. Inside the container

2 the §t§&t 3 i & %Pﬁ@@epﬁ'Lisﬁéti?rb?fdfettﬁ'd“f\ﬁﬁlﬁ%ﬁ'r ection 33 i.e. in the

~direction of

Fig. 7 is an enlérg_ed illustration of detail “B” in fig. 5;

Fig. 8 is a conceptual illustration of a horizontal cross section through a detection
system according to this invention;

Fig. 9 is an illustration as in fig. 8 with an object in central position;

Fig. 10 is an illustration as in ﬁg. 8 with an object in an off—center position; -
Fig. 11 is an illustration as in fig. 8 with én object in another off-center position;
Fig. 12 is an'illustration as m fig. 8 with an object iﬁ another ceﬁtral position;
Fié. ‘i3 is a conceptual illustration explaining the magnetic flux; and .

Fig. 14 _ shows in detail an area-array element per fig. 13.

Fig. 1 depicts a first design example of a detection system 1 according to this invention, with a
tubular container 2 and a similarly tubular object 3. The container 2 extends for iristance from
an ocean-surface platform, not shown, to a frame section anchored on the sea floor. Inside
the container 2 the object 3 is guided in the longitudinal direction 33 i.e. in the direction of
relative



relative N O 1 2004 WO 01/86116 PCT/ EPO1/ 05157 8 novenent 14. The object 3

may for instance be a section of a drill rod, a tool or simlar ;mmpggmpnt

enpl oyed in submarine oil exploration. In an orientational plane 16 which

extends perpendicular to the direction of relative novenent 14, the
contai ner 2 accommpdates a nunber of magnetic units 4 to 9. These are

housed in correspondi ng radi al bores of the container 2 and support at,

| east one electric coil 17 each. The central axes of the coils '17 are

positio _p or| entational plane 16 and point toward the center of
thelongP re 36. Al magnetic units 4 to 9 are nounted in an
equi di st on ‘to one another on the inside 15 along the internal

ci rcunf erence of the container 2. The &0ils.17 are positioned within the
radi al bore 19 so that the nmagnetic units 5 to 9 will not protrude past

the inner surface 15 into the |ongitudinal bore 36. Each coil 17 connects
to the appropriate_electrical |eads 35 which extend outward away from the
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run for m?i@ﬁieﬁﬂérﬁpb?e@mtsﬂﬁﬁrbﬂﬁe ePexPloratin. | €ast magnetic unit 4 is a
magnetic-tiel d-generating magnetic unit. Its magnetic field is nodified by

the object 3 which at least in part consists of a magnetizable or
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units 5 to t hus generate a correspon I Ng I'nduced voltage as a function
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correspondi ngt magnetic-fi el d-sensi nP lg1jnet ic units I n one single
pl ane 1Bigfion tpiqpe qlottpqr ondheg ingigde 15 along the internal clrcumference of the container 2.

The coils 17 are positioned within the radial bore 19 so that the magnetlc units 5 to 9 will not
protrude past the inner surface 15 into the longitudinal bore 36.

Each coil 17 conhects to the appropriate electrical leads 35 which extend outward away from
the container 2 from where they are bundled in omnibus cables, not shown, and run for

instance to a topside pdint'.

At least magnetic unit 4 is a'maghetic—ﬁeld—geheréting -rhagn'etic' unit. Its magnetié field is
modified by the object 3 which at least in part consists of a magnetizable or magnetically
' ) conductive materiat 18, and the magnetic field, modified by the mc')vemeht and changed
position of the object 3 relative to the iongitudinal bore 36, can be captured by the magnetic-
field-sensing magnetic units 6 to 9. By way of their electrical leads 35, the magnetic units 5 to
9 thus generate a corresponding induced voltage as a function of the magnetic flux
- permeating them and changing with time.

instead of arranging the magnetic-field-generating magnetic unit 4 and the corresponding
magnetic-field-sensing magnetic units 5 to 9 in one single plane 16 per fig. 1, it is also
possible to position the magnetic-field-sensing magnetic units for instance partly or entirely in
different



possible to position the magnetic-field-sensing magnetic units for instance
partly or entirely in different 9 NOV 2004 WO 01/86116 PCT/ EPO1/ 05157 9
orientational planes which are spaced at a distance from and offset upward
and/or downward relative to the orientational plane 16 per f+§. yby Bog: 2
. shows a horizontal section through fig. 1 in the area of the orlentatlonal
. plane 16 and nmore specifically in the area where nagnetic unit 7 is
| ocated. The radial bore 19 in a wall 37 of the container 2 opens toward
the i nsWi20H861Hce 15 while at its opposite end a wire duct 38 allows the
el ectri BET/BREAMOHISH to run fromthe coil 17 to the outside and away from
the |ongitudinal bore 36. The wire duget 38 can be closed off with a cap 39
t hrough which the leads 35 are passed via a water-tight seal. The
magneti c-fi el d-generating nmagnetic unit 4 per fig. | is configured in
anal ogous fashion. It should be nentioned at this point that all magnetic
uni ts perientatignal blares whigablecspated et ¥ tiBtanes fronp@ripdifset Upwhid- mv&rdé:Wn%r@r?

magnet i cs f.ie] d: sensin un For exanple, magnetic units 6

and 8 Hﬁ?hﬂ%hﬁ988"3@aﬂwgﬁﬂ§5ﬁégP@r#9éﬁd sensing units and the magnetic
units 4, 5 and 9 as the magnetic-field-generating units. Obviously, any
magnetic.units i s possible both before and

bi t nt. of th
dur néa'ﬁg & S retEeA SFURL O g, Tnithe are@eefstb%@flﬁvetmaéwane 16 and
cor r es padrdispecificallliig thelareaﬁwlﬁréﬁﬁgﬁ@hcdﬁﬁl 79& |@é@ﬁéﬂo |'l‘?te95dlhh%re Glgtuﬁﬁtvbé?ﬁsr
system accordi ng to this invention. ure and in the figures

t
that fd& |’&M°£éam pPefs ipyaid e "@'%ﬁr@ce 1&5&"?‘@2!*8 EBPRSIRENds wise duct 38
i dent i cabws @ﬁ@mfwﬁ:anwmer:% wnﬁ‘rhffmﬂ theDBoil TRNbI BBCSLH hn@cgﬁa} foal ke

)Flg 3. differs fromf t he consolidation of the magnetic units 4 to

10 in dﬂf@'tﬂﬁﬂﬂm%%d—@?e‘e‘@'ﬁ 6%?%@?@%&98@6%.%&. fh‘@an:ig @rmn&wz&wl leadsy
magnet i36réd yasseadira witeriBhesdaptl. 18. The magnetic detection insert 20 is

suitably mounted in a circunferential recess 21 on the inside
The magnenc—ﬁeld-generatlng magnetic umt 4 per fig. 1is configured in analogous fashion. it
should be mentioned at this point that all magnetic units per fig. 1 are capable of 'serving as
magnetic-fi eld—generatmg or magnetic-fi e!d-sensmg magnetic units. For example magnetic
units 6, 7 and 8 may be used as the magnetac—ﬁeld-sensmg umts and the magnetic units 4, 5
and 9 as the magnetic-field-generating units. Obwously, any arbltrary assignment of these
magnetic units is possible both before and during a given detection process. |

Fig. 3 is a perspective view, corresponding to fig. 1, of a secdnd design ekamp%e of the
detection system 1 according to this invention. In this figure and in the figures that follow as

) well as in fig. 1 and 2, identical corﬁponents bear identical reference numbers which will be
mentioned only o¢casionally.

Fig. 3 differs from fig. 1 by the consolidation ‘of the magnetic units 4 to 10 in one magnetic
detection insert 20 consisting of a magnetizable or magnetically conductive material 18. The
magnetic detection insert 20 is suitably mounted in a circumferential recess 21 on the inside
15 of the wall 37 of the container 2. The magnetic detection insert 20 has an essentially U-
shaped cross section. The open end of the U-profile faces inward in the direction of the
longitudinal bore 36. Located at given points ih the annular gap 40 between the legs of the U-
profile is a winding stem 28 consisting of a magnetizable material and radia]ly extending
parallet with the U-legs



15 of the wall 37 of the container 2. The nagnetic detection insert 20 has
an essentially U shaped cross section. The open end of the U profile faces
inward in the direction of the 1ongitudinal bore 36. Located at given
points in the annular gap 40 between the legs of the U- profile is a

wi ndi ng stem 28 consi sting of a magnetizable material and radially
extending parallel with the U-legs - 9 NOV 2004 WO 01/86116 . g NN

PCT/ EPO1/ 05157 10 toward the inside in the direction of the Iongi’pud?gpél
bore 36. Wund onto each such winding stem28 is a coil 17 of the
respecti WO d§htté c unit 4 to 10. These nmgnetic units, i.e. coils, are
ar r anged PCH/ER(4/05152nt at i onal plane 16 anal ogous to fig. 1. It should be
poi nted out again that simlar magnetifp detection inserts can be nounted
in nmore than one orientational plane. Fig. 4 shows a partial verti cal
section through the design exanple per fig. 3. It clearly illustrates that
the coil 17 is wound on the w nding stem 28 and that the associ ated

el ectri celward madﬁsué?éurpnhetd't@cﬁ&i of the I} nPfMdnﬁb’l BUEN3E WeliRd bitoldagh WatH wihfirgP

the outside jn ar direction. ative to the container 2. As has "been

expl ai neteMe&is ﬁh@% Wt'ﬁsﬁqcﬂ"e Tagf'ﬂts wpifr4 tou10- Thgs® BraoRetimpnits. ket gpilso

nmay be ogbispangéd snsaie SierRARNaL ar’rtswfﬁﬂél@édd% tbifg! 4l-198RQUIAbé PBINRI out again
magnet i c- fleld sen5|n units. i s a perspective view, anal ogous to
fig. 1 dhgtsimi %F"%G'PH Agteghion 'gﬁerg%wmeénevnt%@ merertaan prmonienfationah plane.
according to this invention. In this design exanple, the magnetic units 4

to 11 arFe in the formof ribbons 22 applied on an insert 23 by a thin-film
or sim IFg feons e oesticel sertion, thepighs theodesigns gyample aperafig- 3-8 cleanty or

" helical .mnéiegunatm@ 2oil FRGwobiRDEn tﬂéwaaﬂglsikﬁﬁ 2etane NRataRél a&&dctbt@dﬁelecmcan
electrlg ﬁﬁ‘? 41 an at the other end with a correspondin
el ectri &#:ﬂ doil4 fusyt E‘EHSBI%/T“HS in hewalh 37 te dhe eeisidggn %@I%g'@ﬁ@ﬁal s.
On the qulatNed® e tHSainBE @ tAS2Ba PBSS iekSlaink8 h %ﬁhééﬂéh W’wkh hgr @ a@ vhitis
contacts 41, .42 are nectecL for instance as shown in fiq.
el ectri (gnaqgnsgwi %up& 30 may be optionally set to operate as magnetic- eld-generatlng or

magnetic-field-sensing units.

Fig. 5 is a perspective view, analogous to ﬁ_g. 1 and 3, of a third design example of the
detection system 1 according to this invention.

In this design example, the magnetic units 4 to 11 are in the form of ribbons 22 applied on an

insert 23 by a thin-film or similar technology process. The ribbons 22 extend in a ramified

and/or helical configuration. Each ribbon is provided at one end with an electrical connector

N ) 41 and at the other end with a corresponding electrical cbnnector 42 for supplying power or
collecting sensing signals. On the outside of the insert' 23 opposite the longitudinal bore 36
the contacts 41, 42 are connected, for instance as shown in fig. 6, to electrical power supply
line_s 24, 25 or electrical signal-processing lines 26, 27. These electrical lines 24, 25 and 26,

'~ 27 can be switched to serve either as power-supply or signal-processing lines, thus affording
the option of using the magnetic units 4 to 11 either as magnetic—ﬁeld-genei‘ating or as
magnetic-field-sensing magnetic units.

The insert 23 consists of a thin ring of a magnetizable material which allows easy mounting
on



lines 24, 25 or electrical signal-processing lines 26, 27. These el ectrical

lines 24, 25 and 26, 27 can be switched to serve either as power-supply or

signal -processing lines, thus affording the option of using thg ﬁ@gngmmc

units 4 to 11 either as magnetic-field-generating or as.

. magnetic-fiel d-sensing magnetic units. The insert 23 consists of a thin

. ring of a magnetizable material which allows easy nounting on 9 NOV 2004
WO 01/ 8 ﬂP EP01/ 05157 11 the inside wall 15 of the container 2 in
essentlgi? ?é?qéﬁﬁlred | ocation. Simlar inserts 23 can be nounted in
differe onal planes as described in connection with fig. 1 and

3. At one point the insert 23, by way 4 its leads 24 to 27, is connected

to an evaluation device 12 which in. the case of submarine oil exploration

is typi caIIy |l ocated in a suitable place on a surface platform For other
ection system according to this invention, such as

[ i f
o batnedngine wal 8 of Bie Santatners? Busseraliah Ay Bcsited lagation: Bniar iseeris,as joana

conveni p@irounteds aifeient BrierafinaPPlanddlad M cHSS i toRNédtiBh With ﬁbﬁd 35, the
eval uation device 12 incorporates for instance a menory no ule 29 for

saving the incom ng sensing signals or for storing appropriate prograns for

the anal osd poinf the visen ZX By i &1liGNads 24127, $€ BSiHRG e 18127 eg\lait%hﬁﬁ gsvied as
necessa g t&)'E vi ewed on a display noni tor 30 connect ed
eval uat Wht‘f Wi gase of submanne o PGSPFOG’@O“ @etymfeﬂmleyats@ 'Q:@r‘ﬁp‘!l@*é@ Plasg ara

connectfiface platfoRADE6Sr GIRBP HpSicalidns\br 1B JSRLtEN §?st@|ln| 0ol PR MALhdh

device to, be ranmed for i nstance to switch gnetitc units |ntothe
magnet i ®4¢hiasi g”‘g'g?ﬁda‘?'l ggpleyation), é%é@'ﬂ%‘@!‘ﬁe"ﬁ&g%‘ﬂ"&ef sl up- iseheonygnientle. At
)thl S | WreksHisle idcaidipul d be nmentioned that the magnetic-fiel d-generating
magnetic units may also be in the form of permanent nagnets, for one
exanpl e. The magnetic-field-sensing magnetic units on their part may be in

the fonmuy desigh&lditpls BESRY. 3, HeCdvaatibit bbvigd ?ebrborates for instance a memory
module 29 for saving the incoming éensing signals or for storing appropriate progréms for the
analysis of these sensing signals. The sensing signals, processed as nece'ssary can be
vnewed on a dlsplay momtor 30 connected to the evaluation device 12. The evaluatlon device
12 may be computenzed or connected to a remote computer 31 which may also allow the
evaluation device to be programmed for instance to switch the magnetic units into the
magnetic-ﬁeld-generating or, respectively, magnetic-field-sensing mode.

At this juncture it should be mentioned that the magnetic-ﬁe]dfgenerating magnetic units may
also be in the form of permanent magnets, for one example. The magnetic-field-sensing
magnetic units on their part may be in the form of magnetic sensors such as Hall elements.

The evaluation device 12 also offers the possibility to change the polarity of field intensity of
the magnetic field generated. Alternating magnetic fields can aiso be produced.

Figures 8 to 12 are conceptual illustrations of the detection system 1 according to this
invention, showing different magnetic units 4 to 11 without an object 3 (fig. 8) and,

respectively, with different objects in different positions within the container 2.



The eval uation device 12 also offers the possibility to change the polarity
or field intensity of the magnetic field generated. Alternating nmagnetic
fields can al so be produced. Figures 8 to 12 are conceptual illustrations
of the detection system 1 according to this invention, shombn@omiﬂm@rent
magnetic units 4 to 11 w thout an object 3 (fig. 8) and respectively,
with different objects in different positions within the container 2_ ,.9
NOV 2004 WO 01/86116 PCT/ EP01/05157 12 Fig. 8 shows the nagnetic field
gener at magnetic unit 4, unaffected, as in fig. 1, by any object
3. The a&gnéﬁ%%gg magneti c- f|eId fl ux Iines 43 extend perpendicular to
the lo g ore 36 and flowto tEe respective magnetic-fiel d-sensing
magnetic units 5 to 11. The distance df the magnet i c-fi el d- sensi ng
magnetic units 5 to 11 fromthe magnetic-field- generating magnetic unit
4 determnes the extent to which the flux lines perneate the magnetic
units. The magnetjc flux itself varies accordingly. The magnetic units 4 to

11 are dn9-ghiiwsthe magrptic field generptedbydthe rﬁ"‘fﬂiief'i? euli 4r unaﬁ@r:iedr aspdia- ity by

magnet i Gngx@ec . aﬁaesb&ms Bﬁ’dm? riﬁégmﬁeréia fiuxgune% 4%%teﬁalpé?ﬁe%mhem&0iha
centralﬁm nt 34 in_the ong| udinal bore 36, i.e. toward an axis of

symmet r yongiugingldore. 3¢ and dow o theoresperiive eraﬁmattc-f elﬂiseewg) agnetigamits iSyto 1.

When an 1pkj @sthnce aw.esma e%blf‘éﬁ:i-gréﬁsﬁl %Q@i&né'dﬁ% 5240 ihﬁoﬁﬁtﬁulrﬁadnelnb fiQﬁl a
change in the path of magnet.i c i nes, as shown in fig

In fig. 9NeRENGmagetia i *b qmumeédthet exteno @é’iﬁhei?h%ﬂux dngss Pﬁ@‘%?te the
COr I eS P pRenBse umeyfrﬁ@hiagﬁé\ic fidxti&enibé}%sfycé&ﬁiriaiy lon pattern. In. fig. 10,

the object is situated off-center and close™to the -
)magnetlc field-generating magnetic unit 4. In fig. 11, the object 3 is

agai n i FhaMndynbtc Bmised (PP hkd Qr?andeﬂ if Q'v?aflﬂﬁ@lh@*oéﬁ h%aht&glamﬁ%ﬁectwe .

field-sensing magnetic unit 9. Fromthe respective changes 1 n the nagnetic
fields HRENEUEREFEAS Scbowndszr ingtapeeindigr 8. #rg Q”ﬁétedﬁﬁ‘g@féta eentrabpeiniald in the

nmagnet i ibnbitdﬁina‘i:%ﬁé B8, K&l foWaRi bR akis ofCEMThER) 8ASWISEN efBndl AVheRndifudidf
 direction 33 per fig. 1.

When an object 3 moves reiatlve to the container 2, the result will be a change in the path of
the magnetic flux lines, as shown in ﬁg Sto 11. In fi ig. 9 the object 3 is positioned at dead
center 34, causing a correqundlngly symmetrical fiux-line distribution pattern. In fig. 10, the

object is situated off-center and close to the magnetic-field-generating magnetic unit 4.

In fig. 11, the object 3 is again in an off-center position, in this case close to the magnetic-
‘) - field-sensing magnelic unit 9.

From the respective changes in the magnetic fieids and the magnetic flux, detectable by the

magnetic-field or magnetic-ﬂux-senSEng units 5 to 11,'conc‘lusione can be draimn,a"s to the
- presence of the object 3 in the vicinity of the magnetic unit as well as the distance between

the object 3 and the individual magnetic units, the orientation and dimensions of the object 3

and its direction of movement. By means of appropriate imaging processes in the evaluation

device 12, for instance as shown in fig. 5, it is possible to view on the display monitor 30 the
| object 3, its position, orientation, size and movement.



presence of the object 3 in the vicinity of the magnetic unit as well as
the di stance between the object 3 and the individual magnetic units, the
orientation and di nmensions of the object 3 and its direction of novenent.
By means of appropriate imaging processes in the evaluation  device 12 for
_instance as shown in fig. 5 it is possible to view on the di3p #nahl% or
. 30 the object 3, its position, orientation, size and novenent. 9 NOV 2004
WO 01/86116 PCT/EPO1/05157 13 Fig. 12 shows an object 3 larger in overall
di mensi W0HAG 16l | t hi ckness, with corresponding changes in the nmagnetic
field aRQTHERPGAOGNE7 f1 ux pattern. Fig. 12 thus shows what other concl usions
are possible in terns of the dinensiong3of the object 3. Fig 13 is a
sinplified representation of a magnetic-field-generating magnetic unit 4,
the magnetic field and flux line 43 generated by it, and the respective
magnetic flux 13 through different area-array elements 44. Traditi onaIIy,

the magrigtiZXsHowdan cbjéQFabRGeR ﬁﬂo@falt dimenéiohd avd WeIl BitAELS 'iwth_conés%
where ch is the, magn etchqu herranetlcmductlon and a%

i nfi ni t2eM9RS ", the; fagaetic, field ang, F@Q"@f%ﬂ@hpaﬂerﬁcgﬁr dicnthus showes whiateottheon,

the magpatiisionsdrepodsibie id lerdsf B dirleRBiBRslof thebbjeBe3. respective magnetic
flux displays its maxi mum val ue perpendicular to the relative novenment

bet ween the object and the container, neaning that the scalar product

deri vedig. rmwﬁ%ﬁbhﬁéd l'é?:‘i’é&"énté?ﬁnaéfda trhﬁ'gﬁéﬁ&?‘@lﬁ—g@ne%rtﬁg rr@ §r?éflce$rﬁi@nﬁh { akes

on its maxi num val ue the respective “area-arta er f
Fig. 14"q90etc fgjd @éﬁtfhal ""ﬂ%s%rrea@iies byshand ibe !'ch/\(ﬁ még@wcdltéawamm;gh

el enenidiffbferit Nerea Rt blemehisuss daridifshally, Oet RagRER Alix AL Cdl&INda BYORR! i C

)lnduct Cfn B and QA as the vect orital area-
following equation: ‘

® = | BxdA
A

where

@ is the magnetic flux, B is the magnetic induction and dA is an infinitesimal vectorial area-

array element. According to the invention, the magnetic units 4 to 11 are so arranged that the

respective magnetic flux displays its maximum value perpendicular to the relative fnovement

between the object and the container, meaning that the scalar product derived from magnetic

induction and the vectorial area-array element takes on its maximum value for the respective
) area-array elements per fig. 13. '

Fig. 14 is a conceptual illustration showing that for each area-array element 44 the magnetic
flux derives from the scalar product of magnetic induction B und AA as the vectorial area-
array element. The applicable equation is a follows:

® = |B| x |AAlx cosa

where

ais the corresponding angle 46 between the vectors B and AA.



array element. The applicable equation is a follows: =IBIxIAAl xcosa where a
I's the correspondi ng angle 46 between the vectors B and AA - 9 NOV 2004 WO

01/ 86116 PCT/ EP01/ 05157 14 The following will briefly explaifh

operating node of the detection systemaccording to this invention wth
reference to the attached drawi ngs. By way of the magnetic flux and/or the
magneti c attenuation, the detection systemaccording to this invention
nmeasures any given object of any given shape, orientation, position and

geonetry W b$ 86 magnetic field generated inside a container 2. One or
sever al )ﬁ% 1 1 Hgni ts serve to generate the magnetic field and the
[

correspo fic flux. One or several additional magnetic units
capture the nmagnetic flux that has beent4odified by the object and its
novenent or |ocation and on the basis of the sensing signals received it is
possible to determ ne the di stance between the object and these nagnetic
units as_well as the position, size and direction of novenent-of the

obj ect . Teolilenhe wilkriefly explaindhe oreraing meda of therdeategtion sysiem ageoxing tacthis

and/ or  yaibs with setbrRAct Y ME@RaddeaBaigg fields, variable field
intensity and variable polarity. The magnetic-fiel d-generating magnetic

units may be in the formfor instance of a permanent nmgnet or

el ect ri oy by BONERSGrRE NGRBAI/S! ih@q“%‘?'!eit:ic fam%aﬁaﬂnﬁé igBtelctié Syshh Bk86kdin ]

d
magnetic ‘'units can neasure the magnetic flux produced in static fashi
enpl oyi g tﬂﬁl’?“%f'@%é?ﬂ%“%d?'&r givgn Q_E’;ﬁ%ﬁf @ny Menoshapg. ReEgntaljon, position and
el ect r orgRgRRY WithitlH Ghaghatic TRR §OTErARHiIRiHOR @RhidS. HEDEF s&erall fSgnetic

_ magnetic-field-generating and magnetic-fiel d-sensing magnetic units are

TYvari abl dinitaf§rveetheenepiey thgHBRRSICH Beld aad e ccogespending giRenpc fiwx.tQng or

SW t cho\RyeriEbyWidhal HRgRBEGRitC cagdtiirR! He IRAGHARE Y tRAShdshBeen modified by the
magneti c-fi el d-sensi ng node of the magnetiT units 1s easily ]

object and its movement or locatioh and on the basis of the sensing signals received it is

possible to determine the distance between the object and these magnetic units as well as

the position, size and direction of movement of the object. The magnetic-flux-based

measurement can take place in static and/or dynamic fashion through altér-nating fields,

variable field intensity and variable polarity.

The magnetic-field-generating magnetic Units may be in the form for instance of a permanent
magnet or electrically powered and controlled coil. The magnetic-field-sensing magnetic units
can measure the magnetic flux produced in static fashion employing Hall elements and/or in
dynamic fashion by way of electromagnetic induction. The' configuration and the number of
: ) the magnefic—ﬁeld-generating and magnetic-field-sensing magnetic units are variable, and
especially when coils are used as the magnetic units a switchover between the magnetic-
field-generating and the magnetic-field-sensing mode of the magnetic "units is easily

accomplished.

The sensing signals are evaluated using mathematical operations and/or address tags and it
is possible to display them in graphic form on a display monitor per fig. 5, showing the shape
and position of the object under analysis.

The magnetic units can be arranged in a circular or other configuration in one or several
planes and they are typically interconnected via a magnetically conductive or magnetizable
material. The mulitiplicity of the different magnetic units and their utilization for generating or
sensing and measuring magnetic fields produce magnetic flux patterns between all

associated magnetic




acconpl i shed. The sensing signals are eval uated using nmat hemati cal

operations and/or address tags and it is possible to display themin

graphic formon a display nonitor per fig. 5, show ng the shape and

position of the object under analysis. The magnetic units cam_ge EV ed

.in a circular or other configuration in one or several planes al tgﬁﬁf are

. typically interconnected via a magnetically conductive or magnetizabl e

materi a tll tiplicity of the different nmagnetic units and their

utili za&&é&&%gner ating or sensing and nmeasuring magnetic fields

pr oduce it f ux patterns between all associated nmagnetic 9 NOV 2004

WD 01/ 86116 PCT/ EP01/05157 15 units whch patterns, and any changes

t hereof, are used for the imaging and positional determ nation of the

obj ect to be neasured. The varying magnetic flux is anal yzed by

appropriate netrics for a determnation of .the size, shape and position of
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container, causing the dreaded friction-induced wash-out of the equipment.
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magnetic unit (5 - 11) associated wth the container (2) and/or object (3),
and with at |east one evaluation device (12) connected to the magnetic
units (5 - 11) for receiving sensing signals fromthe magnetic units,
characterized in that the nmaxi num magnetic flux (13) of the na@npyiic20idits
(5 - 11) runs essentially perpendicular to the direction (14) of the
relative novenent between the object (3) and the container (~). 2.
Detection systemas in claiml, characterized in that the object (3)

consi sts_at bg st in part of a magnetic material. 3. Detection system as
in clai o 18:pharacterized in that the magnetic units (5 - 11) are
positioH@g”Fﬁ°$m57ﬁ@ide-surface area 0 5) of the container (2). 4.
Detection systemas in at |east one of ¥he above clains, characterized in
that the nagnetic units (5-11) are positioned in at |east one
orientational plane (16) perpendicular to the direction of relative
movenment (14). 5. Detrction systemas in at |east one of the above clains,
characterized in that the nagnetic UdARIMS (5 - 11) are positioned in
orientational planes (16) which are spaced apart in the direction of

rel ative novenment (14) and extend perpendicular to said direction of

rel ative. Beleshamsystan)(1) Br sBesiag @norbjen} {8kim mstiomredative especiallyetood tubutar

° o . 1) o Sosiag Enote HAMIEGRIIVE Eape 3ty
i t calsphaer 28, ke es Bt Bop Hodhdf (HRRR R iy ImocneliebSensig, o
NOV' 2004nalyBelid biiB(51-61 1) BESUCEREA Wils 5 7cabTaiiTer (Zeareitri obiect (8} @ with atreaxt oneast

e ot EVAAR Govice 11 TP corRELATH d fRARLMIMRYS ) for receiving sensing signals o

") Det ect i dnoms Yt evagastid onite, dhemsttedized dif thht theb cazinoinai magnetinaliuc(1@) iafettlei n

that t h(;"nagrrrﬁz-zl ng}“jtsc (éj Iji1t1) (rénss' eg_;‘sle)ntii'—ﬂ?y %Qrpgkcﬁ&glarnj &)a{hley difsiEh ?%)Cgf- {he( r:lér tive

movement between the object (3) and the container (2).

2. Detection system as in claim 1, characterized in that the object (3) consists at least in

part of a magnetic material.

3. Detection system as in claim 1 or 2, characterized in that the magnetic units (5 - 11) are

positioned in an inside-surface area (15) of the container (2).

4. Detection system as in at least one of the above claims, characterized in that the
magrietic units (5-11) are positioned in at least one orientational plane (16) perpendicular to

_the direction of relative movement (14).

5. Detéction system as in at least one of the above claims, characterized in that the
magnetic units (5 - 11) are positioned in orientational planes (16) which are spaced apart in
the direction of relative movement (14) and extend perpendicular to said direction of relative

movement (14).

6. Detection system as in at least one of the above claims, characterized in that the
magnetic unit (5 - 11) is switchable between magnetic-field generation and magnetic-field

sensing.



9. Detection systemas in at |east one of the above clains, characterized
in that the nagnetic-field sensing unit (5 - 11) is a nmagnetic-field
sensor and in particular a Hall elenent. 10. Detection systemgs i n Qaﬂt

| east one of the above clains, characterized in that a mgnet

attenuation can be detected by the magnetic-field-sensing nmagnetic unit (5
" - 11). 11. Detection systemas in at |east one of the above cl ains,
characterized in that the nagnetic unit (5 - 11) incorporates.a

magnet i Ioeagrﬁ rial. 12. Detection systemas in at |east one of the above
cl ai s, ﬁdg(gg kzed in that the magnetic units (5 - 11) are
|nterconnect y

nmeans of a magneti zaﬁ}e material. 13. Detection system as
in at |east one of the above clains, characterized in that the nmagnetic
unit (5 11) is positioned in a radi al bore (19) provided in the container
(2) 14. Detection system as in at |east one of the above cl ai ns, :

characterized tn that a nunb magneti ¢ uni nted on a
magnet i & dé?tggthfo ‘?{Eeﬂst'"(iﬁge%%% ogg Ovg & i("eﬁh?rﬁcgfnﬁ?&dﬁr{ﬁéfé'?ﬁi al
recess hadletierficldigerienstinganddrielic ahit 15161 Dh pERBInehInaghdy 2004 WO 01/ 86116
PCT/ EPO1 /05157 18 15. Detection systemas in at |east one 'of the above

clains, characterized in that the container (2) and/or the object (3) are

essent i gl | petbetion! stdnil a@eii‘al SNicasdbme ofitife GBLHCAIRNE ERFhERIikE® iIRURST the 6
Detection systemas in at | east one of the above clains, characterize

that tHEAGMHGHEH (2~ thike ap slectricaly povared 6l d7kont i nuous ranified and/ or
helical, electrically conductive ribbon (22). 17. Detection systemas in
at |east one of the above cl aj nms, characterized in that the ribbon (22) is

nmount ed- orPeiREtgR RYSieM @fdiarat 'PQ@) one gf thseebeve elainas;seharpeterized dn thatidhe one
“ of the rﬁﬁt_fﬁé‘ﬂc—ﬁb@'s@ﬁsm@ DA% 51 1)ig 8thddhelidlfdid %Eﬁé\t%rra'ﬁ)ﬁ’ﬁ ?aﬁﬁbﬁlgrsa f‘lglflelTem%m. are

attached to the ribbon- shaped rragnetl c unit supp yi ng power to
10. Detection system as in at least one of the above claims, characterized in that a

magnetic attenuation can be detected by the magnetic-field-sensing magnetic unit (5 - 11).

11. Detection system as in at least one of the above claims, characterized in that the

magnetic unit (5 - 11) incorporates @ magnetizable material.

12.  Detection system as in at least one of the above claims, characterized in that the

magnetic units (5 - 11) are interconnected by means of a magnetizable material.

13. Detection system as in at least one of the above claims, characterized in that ihe

magnetic unit (5 - 11} is positioned in a radial bore (19) provided in the container (2).

14. Detection system as in at least one of the above claims, characterized in that a number
of magpetic units (5 - 11) are mounted on a magnetic detection insert (20) which can be
inserted in a circumierential recess (21) on the inside (15) of the container (2).



and/ or collecting signals fromthe ribbon-shaped nmagnetic unit (5 - 11).
19.. Detection systemas in at |east one of the above clains, characterized
in that the nagnetic detection insert (20) is provided with w nding stens
(28) for electrical coils (17). 20. Detection systemas in at,k|east one of
the above claims, characterized in that the evaluation devite ¢42) 2004

I ncorporates a nenory nodule (29) and/or a display unit (30) and/or

permts connection to a conmputer (31). 21. Detection systemas in at |east
one of the above clainms, characterized in that a magnetic axis (32) of the
magnet i c WR0#/86816 11) points to an axis of symetry (34) extending in the
| ongi t udPRIVERAW@AISY on (33) of the container (2). 22. Detection system as
in at | east one of the above clains, chtacterized in that by neans of the
eval uation device (12) it is possible to determ ne the presence and/ or
position and/or direction of novenent and/or size of the object (3).

15. Detection system as in at least one of the above claims, characterized in that the
container (2) and/or the object (3) are essentially tubular in design and/or are’ guided one

inside the other.

16. Detection system as in at least one of the above claims, characterized in that the
magnetic_unit (5 - 11) features a continuous ramified and/or helical, electrically conductive

ribbon (22).

17. Detection system as in at least one of the above claims, characterized in that the ribbon

(22) is mounted on an annular insert (23).

18. Detection system as in at least one of the above claims, characterized in that electrical
wires (24 - 27) are_aﬂached to the ribbon-shaped magnetic unit (5 - 11) for sijppiying power to
and/or callecting signals from the ribbon-shaped magnetic unit (5 - 11).

19. . Detection system as in-at least one of the above claims, characterized in that the

magnetic detection insert (20} is provided with winding stems (28) for electrical coils (17).

20. Detection system as in at least one of the above claims, characterized in that the
evaluation device (12) incorporates a memory module (29) and/or a display unit (30) and/or

permits connection to a computer (31).

- 21. Detection system as in at least one of the abbve claims, characterized in that a
magnetic axis (32) of the magnetic unit (5 - 11) points to an axis of symmetry (34) extending
in the longitudinal direction (33) of the container (2).

22. Detection system as in at least one of the above claims, characterized in that by means
of the evaluation device (12) it is possible to determine the presence and/or position and/or

direction of movement and/or size of the object (3).



