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PCT/ EPO1/ 05157 1 *166166* MEASURI NG DEVI CE FOR DETECTI NG A BODY MOVI NG | N
RELATI ON TO A TUBULAR CONTAI NER Thi s- invention relates to a detection
system for sensing an object in notion relative to a containeg, pally
tubul ar in design, whereby at |east one magnetic unit is assoc aN@@p@%{'

the container and/or object, generating as well as neasuring nmagnetic
Fields, and at |east one evaluation device Is connected to the nmagnet i c
units and serves to receive sensing signals fromthe

det ect i oWs§H8&It60f this type is described in. US A-3. gmm’ m’m mmm

parti cul BET/EROHO5159n systemis used in |ocating pipes, ang,, ? pectal ly pipe

ends to be joined, in underwater drillltng and simlar operations. A guide
tube,’ serving as a contai ner extendi ng between a topside, derrick and a

franme section arﬁé)\%'iﬁ?k(?ﬁ \t"{iegeaﬁ%ég%%?g%ééﬁy 'ﬁ?%‘eﬁﬁm. gqogut side with

a coil as the magnetic Uni f%ﬁ]@ W th each two
search coils respectively nounted above and below the first coil and
serving as the magnetic-field neasuring nmagnets. Electric cables connect
t hese vdrhio investion| relatdst fo adempmrdeystanabmming annoljecti ib mhation hrélatier to ak.

oce fﬂﬁﬁi’e"mxﬁ%’é T i
and wWhen i Liin udvitg. 9 gab(s tAe grraghéncrms ah@erved Itcpeeceﬁ,etsbﬁs.hg kgnbis

shifted, the rragnetlc nmeasuring colls will change as a
functi oﬁmmﬂ\ewgpemtmﬂﬁn of t he novi ng obj ect, Ieadl ng to a correspondi ng
~induction in these coils. It Is thus possible to determ ne when the object
concerned has reached one of these ma%netlc field-measurin coils or for

i nst ancdd defectioncsystem of ik PSS degcie 'ﬁe”%'é?? H!?t%‘mTh%a% ieular| detection
detecti %9stér}/|5i§ 848d .hwu p'Fe§ aaa%epémzmwp;pel dnﬂk wﬂe joinedSiRQindgrwakes dmagt i on

only of [?F rrag g‘é'?‘é }%m\é}vp OPL €S hiaindt LRehdis ing B36ebh %n%ps:de.

det ect i 8
derrick and a frame sectvon 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 ¢oils respectively
mounted above and below the first coil and servihg as the magnetic-field meastiring‘magnets.
Electric cables connect these various coils with a topside evaluation unit withiri 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 ina_gnetic—
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 colls. 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, hqwevér, 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 coil width in the longitudinal direction, and similar factors.
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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. ~I1~1Q-Ill~~Mi ~M MWIITIMII~ *ACTION* 9 Nn v )nn i,
WD 01/86116 PCT/EPOI/ 05157 2 It is the objective of this invept m 3
provi de an Irrproved detection systemof the type first above nmen ghed

t he inprovement "consisting inthe ability, in sinple fashion and with a
relatively high degree of accuracy, to deternmine not only the position of
the object relative to the container in the |ongitudinal direction but
also its position In the transverse direction relative to the container.

I n conj uncWiOdH/8&146 t he characteristic features specified within the nain
concept of PET/&GPM/A§157t his is acconplished in that the magnetic units
produce a maxi mum nagnetic flux essenti & | y perpendicular to the direction
of relative novenent between the object and the container. This causes a
change in the magnetic field and in the rragnetic flux when the object is

cl ose enough to the container that both a ‘{? d W|th p e
field of this theghiestive-dfithis inveatiandp provide ?‘193 °¥'°" i&s"t’% E‘&:E&Ffﬁé
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other, there will be a chan in the
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cont ai nerr{g@{\{) ﬂ..cul r to the direction of relative novenent. According

to this i € 9N i'feunct ionality. of the detection system does not
depend on whether the container, for instance tubular in design, is

stationary, \l’\c@'gjlgﬁchph '&ﬁmQRé %ﬁém&gﬂﬁﬁ feétﬁlleilts'pyﬁf ddOwitHin tHer m&nh%ndétﬂ %ﬁclafrﬁﬁ as

long as at magnetic el ene

triggers ahisds ampmh&lueﬂg\ ﬁhhﬂﬂgeﬂamet'%é"'ﬁﬂ@?@lc?@ RPENYM @éﬁ%@%ﬂ‘{"tﬁ?sﬁgﬁ'ﬂ\ét iC

perpendicular to the direction of relative movement between the object and the container.
This causes a change in the magnetlc field and in the magnetic flux when the object is close
enough to the container 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
perpendicular to the relative movement, thus yielding for the evaluation device -additional
information on the posmon of the object and the container perpendicular to the direction of

relative movement.

According to- this invention, the functionality of the detection system d__oes 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 triégers 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
moves 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




units. In oil-drilling or simlar operations, it may be advantageous in
this context if in particular the tubular container constitutes the

af orenenti oned gui de tube. and the object is the part that noves relative
to that tube. The latter should consist of, or contain, a medriy ongpt eri al
at least at the point which is to serve for t he detectlon of the position
and orientation of the object relative to the container. That point could
flor instance be the forward end of the object. An object of this type
typically noves within the container so that the correspondi ng magnetic

- uni ts canWEx0U86146t ageously nounted in an inside area of the container. On
t he ot her PEEHERD1/D$157t he 9 NOV 2001 WD 01/86116 PCT/ EPQO /05157 3 novi ng
obj ect -consists of a non-magnetic mate¥ial while the container is provided
with a magnetic element in an appropriate |ocation, the correspondi ng
magnetic units may equally well be nmounted on an outsi de surface of the
object. It is also possible, for facilitated
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container, wth the possibility of m)untlng the magnetic units, with
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This pernits capture in eac hese staggere g %% Jlnas det ecti on
circular array or in some other way dependnng o e Cross- ectional shape of the. container,

with the possnblmy of mountmg the magnetuc umts wnth equndlstant spacing from one another,

in the circumferential direction of the container.

- Soas not to limit the detectlon of the cbject to essentlally one such plane, magnetlc units may

".be mounted perpendlcular to the dlrectson of relative. movement in evenly spaced planar
increments. This permits capture in each of these staggered planes as well as detection
between these planes by means of suitably interconnected magnetic un!;s.

Depending on the design of the magnetic unit, it is possible for such a magnétic unit to be
switchable between magnetic-field generatlon and magnetic-f’ ield sensing. This can take
place even during the course of a measurement Ev1dently. such swntchablllty of the magnetic
units involves variable polarity of the magnetic units, variable magnetlc-ﬁeld intensity 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



bet ween these pl anes by nmeans of suitably interconnected magnetic units.
Dependi ng on the design of the magnetic unit, it is possible for such a
magnetic unit to be sw tchable between magnetic-field generation and
magnetic-field sensing. This can take place even during the course of a
measurenent. Evidently, such switchability of the magnetic units involves
variable polarity of the magnetic units, variable rragnetlc leld intensity
or the like. A sinple design exanple of a magnetic-fi el d-{ H@G\étZﬂﬂlg
magnetic unit can be. inplemented in the formof a permanent magnet. For
an expanded range of possibilities in object detection per the above, a
magneti ¢ WOW188Y16 be constituted of an electrically powered coil which
provi des ®CIVERIMEOSASY to permt operation 9 NO V 2004 WO 01/86116

PCT/ EP01105157 4 both for nmagnetic-field generation and nmagnetic-field
measurenent. A coil also allows for easy variation of the magnetic-field
intensity or polarity and the generation of alternati ng fields. A
magnetic-field-nmeasuring unit that is at once precise, Le anaﬂ

i nexpensi wethniay mMagnéts-fisligeriesation sind magngtiedi ?'QJF?aéP'G"?@hs‘bF il lgo j3fows for
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instal led, 1'n sinple fashi on and at |ow cost, in arrays of the desired
density afields.conf i guration for instance on the inside of the container. Of
course, a _sw tably desi gned magnetic unit can al so detect magnetic
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par amagne t0 separately provide each nagnetic
unit wit hcmf'ga@ﬁm for mbtaacaron theiinside of h‘@ contalner

Of course, a suitably designed magnetic unit cah also detect magnetic a_ttenuétion instead of
measuring the magnetic 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-éeparately provide each nﬁagnetic unit with a magnetizable material, the
magnetic units may be interconnected by a magnetizable or magnetically conductive material.

For a secure installation of the mag.netlc unit, the unit may be placed for insténce 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 multiple magnetic units in a magnetic-
detector insert which may be mounted for instance in a circumferential recess on the inside of

the



magnetic units may be interconnected by a nmagnetizable or magnetically
conductive material. For a secure installation of the nagnetic unit, the
unit may be placed for instance in a radial bore in the container wall.
The radi al bore should be at |east. deep enough in the radi a9 NQY <2004 on
for the magnetic unit to be fully insertable wi thout protruding into the
interior of the container. To avoid having to drill a correspondi ng nunber
ogf radial bores or simlar recesses in the container wall while at the
sanme tinme bei ngs able to simultaneously mani pulate a |arger nunber of
magnet i c WRA Q48818 | 5 possible to nmount nmultiple magnetic units in a
magnet i c-PGHERBYB157nsert which may be nounted for instance in a
circunferential recess on the inside of° the 9 NOV 2004 WD 01/86116

PCT/ EPO1/ 05157 5 container. This recess can again be deep enough to
prevent the magnetic-detector insert with the magnetic units from

protrudi ng joto e interior_.of the container. | t - ' tic
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sect i ons.thémagneticbmits fram pmitrudiay pitothetintenor afithecontainar. applications it will
be advantageous, and at the sane tine the data capture for the detection
of the object within the container wll be sinplified, if the 'container

and/ or olSuitably desigresiseagrietit uyits allowl far thendeplaymgnt in| abjestsowithc atvpdely of cesat ed
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so gui dedhe same itimei e glateneaptyra ferothe etection ohther ohies) adthiny thg canaingh ! beom
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space-savi ng design, a magnetic unit ma provi ca.ramfie

and/ or cdépiated e 9l aRe |gpg grplorgtion it is &k ??znt@ﬁ%g‘%w \?E’eF%BEﬁ.g"S‘{??H"'&"W PBbon
essent i alglyiallyGRdre oF k88 ilbukap cahtaifér Theobjegean batseguiied tngh diisbither iagomedat ¢
field. For_ the convgﬁj, Nt ani i?\u" atJ on IIOffthri bbpn- shaped magnetic units of
this typalthpﬁglpyg%q} »ﬁgg}:e rorn g insi gwa of the container. ,

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 @ coil and generates a comparable 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 instaliation on an inside surface of the

container.

The insert can allow for further simplification in that the necessary electrical poWér-supply
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.



be nounted on a preferably annular insert. The insert, of course, is shaped
to correspond to the cross section of the container, permtting easy
installation on an inside surface of the container. The insert can allow
for further sinplification in that the necessary electrical power-supply
and/or signal-collecting |leads are.attached to the ribbon-shapegQjagivdtic
-units mounted in the insert. I n anal ogous fashion it is possible in the
case of the aforenmentioned magnetic-detector insert enploying electrical
coils to provide the electric coils wth winding stens-as nagnetic units.

The coils are wound on these wi nding stens which, like the entire
magnet i c- MVOQNWEI1® nsert, may consist of a magnetizable material. g . NOV.
2004. . \RCUERGHAXIS7PCT/ EPO1/ 05157 6 The eval uation especially of the

signals received by the magnetic-field-&ensing nagnetic units is possible
not only for determning the position of the object. A suitably equi pped
eval uation device may Include a nenory nodul e and/or a display. unit or

may be conpectable to th atter or for instance t.0 ed in
The oo vihesaneionssotsily ki sl tecVeq by Rsridhelip o SPIHY Ghonett ShY' |
3_nd/ Ior adds pessitleast dwfgi déftérﬁmﬁwhelamsili?rsbfsthefobiebﬁi‘ﬁ\ suitatsy x ewbnﬁidgﬁvahationghe }
isplay unjt. . my be used, for ex e, for a graphic i st r e
obj gctyor *&'Fe_ (Tzﬂygﬂ‘f’ﬁ' a (MRENBY | ?SB apjglor &, sl -P@E%E\?.’/c‘% érféggg s%? éﬁeso
confi gur edatiéhair forninstaatiet tocm coraputen. Storedidi thet megotyhreodyly ewyrhecthe fnecessanbj ect

it also permits. the determpation Qf sitian, S & of t
direction %ﬂrﬂ‘%ﬁ}ﬁeﬁfjﬁ%&? héea&ogigi?’%ct% Ld%%dg%?i% ytéé{' pg?ﬂ{ﬁﬁg tg;é %@f@ e%anr;ﬁ i ng
from t he mespsared signakst Theadisplayhuniteaybeussid: fop akarppleffor maraphig divskation @hithes can
besi npli fhed §:95 Jefb}}' 18 oBisc@! | gni ng the magnetic axes of the magnetic
udits vvitr?lb%% orngri tu .|'€1d;?' axilé-s of symetry, of the container. -
The evaluation device "r'nay also be so bonﬂgured that in 'add_ition {o merely detecting the
presence of the object it also permits the determination of the position, shape, size or
direction of movement of the object.

The analysis of the signals emanating from the magnetic units a'nd_t'he: 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 describeé 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;



The foll ow ng describes desirable design exanples of this invention In nore
detail with the aid of the figures in the attached drawings in which: ./
Fig. 1 is a perspective side view of a first design exanple dfdﬂ ction
system according to this invention, enploying a tubular cont’a?"ﬁ(\é ig. 2
is atop view of a horizontal section through fig. 1; Fig. 3 "' is a
perspective side view of a second design exanple of -a detection system
according to this invention; - 9 NON 2004 WO 01/86116 PCT/ EP01/ 05157 7
Fig. 4 shows a partial vertical section through fig. 3; Fig. 5is a

* perspect | WO @4/8d16i ew of a third design exanple of a detection system
accor di ngPCHEPA1/8515Tvention; Fig. 6 is an enlarged illustration of detail
"A" infig. 5; " Fig. 7 is an'enlarged iflustration of-detail "B" in fig. 5;

Fig. 8 is a conceptual illustration of a horizontal cross section. through
a detection systemaccording to this invention; Fig. 9 is an illustration
as in fig. 8 wwth an object in central position; Fig. 10 is an illustration

as in fidFig.8 with ahowsd patialivertigal sectondbieugh figgdsi tion; Fig. 11 is an
illustration as in fig. 8 with an 0Obj ect in another off center position;
Fi g. 12|s an illustration as in fig an ob i in another central
posi tion;Fig-lB g. 1353 P&’%@ﬁb’&pﬁ‘%?‘ewqu%fh"'ﬂtqeﬁW" MRlenPhhg deestion, syrtemc

flux; and Fig. 14 gbcording o tHiStrivehtionn area-array el ement per fig. 13. Fig. |
depicts a first design exanple of a detection system1 accor di ng to this

~invention, with a tubular container 2 and a simlarly tubular object 3.
The cont Figgr 2 exbm%lér@édallumﬁmcﬁdetaﬂm\' in fig. 5;

, Fig. 7 is an eh!arged llustration of detail “B" in fig. 5;

Fig. 8 is a 'qo_hcaptual ilustration of a horizontal cross section through a detection
system according to this invention;

Fig. & is an illustration as in fig. 8 with an object in centrai 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 an object in another off-center position;
Fig. 12 is an illustration as in fig. 8 with an object in another central position;
. / . LN . I
Fig. 13 is a conceptual llustration 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 instance 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



an ocean-surface platform not shown, to a franme section anchored on the
sea floor. Inside the container 2 the object 3 is guided in the

l ongi tudinal direction 33 i.e. in the direction of relative-N Qi 29 WO
0//86116 PCTI EP01105157 8 novenent 14. The object 3 may for instance be a
section of a drill rod, a tool or simlar inplenent enployed in subnmarine
~0il exploration. In an orientational plane 16 which extends perpendicul ar
to the direction of relative novenent 14, the container 2 accommopdates a
nunber of magnetic units 4 to 9. These are housed in correspondi ng radial
bores of &vg i@n)j@ ner 2 and support at |east one electric coil 17 each.
The centr 6 he coils 17 are positioned in the orientational plane
16 and poi W’E"Wﬁ the center of the l,ongitudinal bore 36. Al magnetic
units 4 to 9 are nounted in an equidistant relation to one another on the
i nside 15 along the internal circunference of the container 2. The coils
17 are positioned vm'thin the radial bore 19 so that the .magnetic units 5

to 9 will gbog%me,ﬂrfé s SS&f‘fdr’?ﬁﬁéno’é%J 8GBctibn oY ril FH%J 50186l druglii

bore 36. COi o the propriate electrical |eads 35 which
ext end ouimﬁ%rdeFumgploblﬂd)msubméﬂmtﬁi‘Pl?éa*'OQ fromwhere they are bundled in
omi bus cabl es, not shown, and run for instance to a topside point. At

| east magnetic unit 4 is a magnetic-field-generatin rpa netic unit. Its
magnet i ¢ _Iri @ erientatiopal @lang 48 whichiepiends perpen 19:%'?%’&@ @§§f "%"’?Cl"’ﬁa}ﬂﬁ’e'@%%i sts
?f F‘ g magn :ctﬁé‘gl)ﬁaiﬂér PRERRInSRtdsYa nt‘ifﬁlﬁt#%fmdgﬂeﬂmirﬂﬁ i42to 918' hegenarethoasahpnet i ¢
ie m) ifle

novenent and,ch |t|
rel ative FW%H@"Q'%WP&B?’%P Hgreentiner gé@ﬁ@"&ﬁfﬁﬂ? 089 eﬁ@'crfggﬁZtea h.
field- Se”?hé‘ﬂerﬂﬁﬂﬂﬁsl of theédils 16 a?@p@sltidﬁyd weie ofiertational plamc16 andpoihtdaerard3s,

‘'t He magnet | hu nh ;.,tage
s a T ncledinBt of e el bot o Al BeBhBictrie s 5 SR oI REHE Sk
relatlon to one another on the inside 15 along the lntemal circumference of the contalner 2.
The coils 17 are posmoned within the radial bore 19 so that the magnetnc units 5 to 9 will not

protrude past the inner surface 15 into the longitudinal bore 36

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

instance to a topside point’.

At least magnefic unit 4 is a magnetic-field-generating 'magn‘etic unit. its magnetic field is
modified by the object 3 which at least in part consists of a magnetlzable or magnetically
conductive material 18, and the magnetic field, modified by the movement and changed
position of the object 3 relative to the longitudinal 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 comesponding 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




I nstead of arranging the magnetic-field-generating nmagnetic unit 4 and the
corresponding magnetic-field-sensing magnetic units 5 to 9 in one single
pl ane 16 per fig. 1, it is also possible to position the

magnetic-fiel d-sensing magnetic units for instance partly or entirely in
different 9 N OY 2004 W 01/86116 PCT/EPO /05157 9 orientatd ¢yaf 2m4anes
whi ch are spaced at a distance from and offset upward and/or downward
relative to the orientational plane 16 per fig. 1. Fig. 2 shows a

hori zontal section through fig. 1 in the area of the orientational plane 16
and nor NOPIBEA1&al |y in the area where nmagnetic unit 7 is |ocated. The
radi al bcR(él‘lE@’ﬁlOMo’!?vvall 37 of the container 2 opens toward the inside
surface 15 while at its opposite end aSvire duct 38 allows.the electrical
| eads 35 to run fromthe.coil 17 to the outside and away fromthe

| ongi tudi nal bore 36. The wire duct 38 can be closed off with a cap 39
through which the |eads 35 are passed via a water-tight seal

nmagnet i c-oripriptipngepianastwhieh arashatedat griistange fom andpoffset v@'v% ﬁmﬂamwww

anal 090U$e!£@§h6%onbhtatn&mPlbﬁe bepémigt 4.0ned at this point that all magnetic
units per fig. | are capable of serving as nmgnetic-field-generating or

magnetic-fiel d-sensing magnetic units. For exanple, magnetic wunits 6, 7
and 8 mi)FIgPQ smwd aasbrirzhaalretgrm thfbugm 69.05 BNtk gealolithe owrdattdna: plavgnts bed unit s

4. 5 d t1c-

ar bi t rgpy'%%g'?‘ﬁﬁ‘ﬁ@'m'" ee"l"lﬁg%'ererfﬂﬁaﬁg ﬁ?@%hjhf%gcqq%é 3@83%’1"3’ %@hmbe%‘%' Y and
during a ogth%%?tdm?ez opens towaidhe insie gurface 15 whiledt kﬁepnosue end awyire duct 38
correspongdi ng..to .fi eco Si

o Sl ke JoadR s R B FE R, BBh euilind, AP BRI
that fol lopgituriinal bere36ahe wird dugt 38 camble ﬂpsedokdfwmwcap:mWhmndbém leads

| denti ca I r h wll be nentioned only occasionally.
Fig. 3 db?Pger‘ga %rom EWQ?&@B tEe consol i dation of the magnetic units 4 to

10 in one magnetic
The magnetic-fi eld-generatlng magnetic umt 4 per fig. 1is conﬂgured in analogous fashion. It

should be mentioned at this point that all magnetic units per fig. 1 are capable of serving as
magnetlc-f' eld-generatmg or magnetlc-ﬂeld-sensmg magnetlc units. For example, magnetic
units 6, 7 and 8 may be used as the magnetnc—f eld-sensmg unns and the magnetic units 4, 5
and 9 as the magnetic-field-generating units. Obviously, any arbltrary assignment of these
magnetic units is possible both before and during a given detection process.

Fig. 3 is a perspective view, comresponding to fig. 1, of a secohd design eiample of the

| detection system 1 according to this invention. In this figure and in the figures that follow as

J well as in fig. 1 and 2, identical éorhponents bear identical reference numbers which will be
mentioned only occasionally.

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\lly extending
parallel with the U-legs



detection insert 20 consisting of a magnetizable or magnetically conductive
material 18. The nagnetic detection insert 20 is suitably nounted In a
circunferential 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
| ongi tudi nal bore 36. Located at given points in the annular gap 40 between
the legs of the U- profile is a winding stem 28 consisting of g BNy 2004
magneti zable material and radially. extending parallel wth the 8—

NOV 2004 WD 01/86116 PCT/EP01/05157 10 toward the inside in the dlrection
of the | ongotoabensé bore 36. Wund onto each such winding stem28 is a
coil 17 ofpgvieporesIseti ve magnetic unit 4 to 10. These magnetic units, i.e.
coils, are arranged in one orientationd plane 16 anal ogous to fig. 1. It
shoul d be pointed out again that simlar nmagnetic detection inserts can be
nmounted in nore than one orientational plane. Fig. 4 shows a parti al
vertical section through the design exanple per fig. 3. It clearly

i | | ust r at aswarbalte inkide troihke diréction oftheridngitadindlecbors 3@ Weunsk anie eachasugh inding he

ot |37 ¢ na 0 EP 17 FESestncl et 416 10! st RGAg (a2 o BoETC)

side rna'r ative to ntalner
As has beeme exgiged edne nnqr@amea)tnlam i anploppys tofig- #.HbshRYlq %@'“‘ﬁggﬂﬁqaﬁ‘

units 4 tcihéllg*vﬁﬁ?/mggnéii@tdb%ﬁﬁﬁ iMsetlcah Be RIdANRE th MEretREN@id dtichiatibrih planer at i ng
.or magneticC ensing units. Fig. 5 1is a perspective view, analogous

to fig. 1 and 3, of a third design exanple of the detection systeml
accordi ng g 4 Bhéwd BVSé}hél%mdan sbdlioh tm@agrg fheasign exarhple pendivetd. dt cleatys 4

to.l1 th d fil
o eshebegp B R wo o R BRI R g FATHS adbcleprddiar | m
hel i cal C Qs B8rclithe Boil ERGIN thidughra hicle i theiveicB7atp theeutside invat rdighdirection

el ectrical connector t t Aok WilrE ig.ONdih8 Warious
el ect ri calei2yRniec Brcoﬂ?"}%&d s%p?éshﬁee% Qﬁﬁanﬁéﬁdm"‘&%e ion Witk°Rg.
' magnetic units 4 to 10 may be optlonally set to operate as magnetic-field-generating or

gnetnc-ﬁeld—sensmg units.

Fig. 5.is a perspectiv'e view, analogous to fig. 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
41 and at the other end with a corresponding electrical connector 42 for supblying 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
lines 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 magnetlc~ﬁeld-generatmg or as

magnetic-field-sensing magnetic units,

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

on



coll ecting sensing signals. On the outside of the insert 23 opposite the
| ongi tudinal bore 36 the contacts 41, 42 are connected, for instance as
shown in fig. 6, to electrical power supply lines 24, 25 or electrical
signal -processing lines 26, 27. These electrical |ines 24, 25-§nq0ﬁ62u427
can be switched to serve either as power-supply or signal-procé&ss$i'ng 11 nes,
thus affording the option of using the magnetic units 4 to 11 either as
magnetic-field-generating or as magnetic-field-sensing magnetic units, The
insert 23 ﬁk t% of a thin ring of a nagnetizable material which all ows

- easy nDunFﬁﬁ .§g ? 410V 2004 WD 01/86116 PCT! EP01/ 05157 11 the inside
wall 15 o _'° Rt ner 2 in essentially any desired location. Simlar
inserts 23 can be nounted in different!lorientational pl anes as descri bed

in connection with fig. | and 3. At one point the insert 23, by way of its
| eads 24 to 27, is connected to an evaluation device 12 which in. the case

of S”b”arw‘?qs?de' wa?lé%'o?r: tottaihet ztiXQFé’e%hi‘M a{p%ELiFeg: |§&ﬁ§n.%h'n§|§#%s%n9'2%c&n°ﬂ a
surface platrorm For other applications or the detection system according
to this ibemountethin diffegeri odentational planse a@s describapinonnecion with 89.chandikt i on
device 12 will be set up in a conveniently accessible location. In the
desi gn exanple per fig. 5, the evaluation device 12 incorporates for

g 0 ! i S »
i nst ance At anerrsiny theriperit 23,0y wayof dalaary 2¢ e 27 e spnegtedda &p RyaluptipRdeyicer £ or
? th Oring IWKER inatlhé caééarsmﬁmagﬁé off Bblorativhl iy §pkcaly lgbél@&ﬁh 5Ggi$dblégpl5%e96ﬁlbs-

e sensing signals, processed as necessary,.can be vie op. a di ay
moni t or GRD'%EER] Rlateray F?’b ofhwe a@@ﬁ?ﬁ?&?i%ﬁ‘%&%‘?}'@" ﬂ?‘tewcgwggut&ttﬁ'ﬁr\m&é@&be 12
may be caogighiagandshsed off erpieratio] thedevaluation teviseotpwillie st uphin alconvenientlyo
al l ow t he ev?lqulﬁtion device to be programred for instance to switch the

magnet i ¢ 4¥FF ¢3oPHe magneti c-fiel d-generating or, respectively,
magnetic-fiel d-sensing node. At this juncture it should be nentioned that

the magnei;t' Hhce-éeisﬁlndeig%pgrp%; h{;‘% %%gﬁxgﬁonu&ivfcg 1'Wcorporates for instance a memory
module 29 for saving the incoming éénsing signals or for storing appropriate programs for the
analysis of these sensing signals. The sensing signals, processed as necessary, can be
viewed on a display monitor 30 connected to the evaluation device 12. The evaluation device
12 inay bé éom'pﬁteri’zed or cbnneded to a remote computer 31 which may also allow the
evaluation device to be ‘programmed for instance to sv_viti;h the magnetic units into the
magnetic-ﬁeld-generating or, respectively, magnetic-ﬁeld—s_ehsi_ng mode.

At this juncture it should be mentioned that the magneticéﬁe!dfgenerating magnetic units may
also be in the foom of permanent magnets, for one example. The magnetic-field-sensing
Y 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 or field intensity of
the magnetic field generated. Alternating magnetic fields can also be produced.

Figurés 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.



al so be in the formof permanent magnets, for one exanple. The
magnetic-field-sensing f magnetic units on their part may be in the form
of magnetic sensors such as Hall el enents. The eval uation device 12 al so
offers the possibility to change the polarity or field intensity of the
magnetic field generated. Alternating nagnetic fields can aﬁb@OWeZMHoduced
Figures 8 to 12 are conceptual illustrations of the detection system1
according to this invention, showng different nmagnetic units 4 to 11

wi thout. an object 3 (fig. 8) and, respectively, with different objects in

di fferent within the container 2. M0 ..N OV 204 WD 01/86116
PCTI EPO1/ ﬁ%ﬁ%ﬁg g. 8 shows the magnetic field generated by the
magneti c fected, as in fig.,,l, by any object 3. The

correspondi ng magnetic-field flux |ines ™43 extend perpendicular to the

| ongi tudi nal bore 36 and flow to the respective magnetic-field-sensing
magnetic units 5 to 11. The distance of the -magnetic-fiel d-sensing

ti [, G- t "4
ot or m nedd enByt heimedrefiché SRR bl e hacteno SRS dlarple B e Ty 1 Y |
The magnetang objeak3i Theelcomesppnding magoelisfied Jux Ime& 4 gnend @emtfnfé'smar fothel are
arranged 'I&gﬁ%d‘\‘i’a‘( P&ra% dnB Gibw 16 Bd ﬂfeébd&ﬁ%et r'rlﬁéﬂeﬁﬁ-félb%bﬁ&ﬁg?ﬁﬁgﬁtlb \fits SRYNEL i C

axes 32 as wn Instance in ft .9, are orilent eg ong en %

Do nt 34" ThetiRance oh 4 BaRPRIE-feseRsig magnglc Y 1 bh i B SROSSRHINy 24
whi ch ext gafratrig hﬁ@nétner\mntmchém:nedlthecetxtsm 1@ Whiy tHel fux lines\ermeate thej ect
3 noves relative to_the. er It wll be a change in the

path of  RGNEHEABS @em"‘lﬁ’?e‘f"l fﬁ@ntse'ﬁ‘éa"gﬁﬁﬁﬁ?“ﬁph g. 9to 11. In fig. 9 the
object 3 is positioned at dead center 34, cau5|ng a correspondi ngly

tri | flux-]|i tributi tL
< Fuat ed_ ghe mebretermind 4 4ol weston Mo grapnes Do D aablr nEFhaBeahe,
unit 4. | mabhefic akés 32 he shuwincfot inStance indigi % arenorantest towardret eantrplaenint 36 in then
this case gl 83fnal Bore$s, TRIRGHE an ! & sHRIRINY BaRRBS ekendd il th8 longitudinal

direction 33 per fig. 1.

When an object 3 moves relative to the container 2, the result will be a change in the path of
the magnetic flux lines, és shown in fig. 9 to 11. In fig. 9 the object 3 is positioned at dead
center 34, causing a 'correspondingly 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 pdsition, in this case close to the magnetic-

field-sensing magnetic unit 9.

From the respective changes in the magnetic fields and the magnetic flux, detectable by the
rhagnelic—ﬁeld or magnetic-flux-sensing units 5 to 11, conclusions can be drawn as to the

. presence of the objéct 3 in the vicinity of the'magneiic 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.



From the respective changes in the nmagnetic fields and the magnetic fl ux,
detectable by the magnetic-field or magnetic-flux-sensing units 6 to 11,
concl usions can be drawn as 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 di nensigns. of the
object 3 and its direction of novement. By means of appropri: eNQWéEﬂhg
processes in the evaluation device 12, for instance as shown in fig. 5, it
is possible to view on the display nonitor 30 the object 3, its position,
orient at iW0,014864¢6 and novenent. 9 NOV 2004 WO 01/86116 PCT/ EPO /05157 13
Fig. 12 SPCTIEP@HI05tS7ect 3 | arger in overall dinensions and wall thickness,
wi th corresponding changes in the nagrndtic field and magnetic fl ux
pattern. Fig. 12 thus shows what other conclusions are possible in terns
of the dinmensions of the object 3. Fig. 13 is a sinplified. representation
.of a magnetic-field-generating magnetic unit 4, the nagnetic field and
flux |i neFigl32gbows an ebjet3 latger iavetdiiglimensiens and watithigkoesss with garespondiingugh

di ff t t
011 St O e 1 A b b £ BRSNS Tl
flux, B iconclisionswgmpossible :ndarmsmf)theemeramnssvfﬂﬁ abject %i t esi mal vectori al

area- array elenment. According to the invention, the magnetic units 4 to 11

are so arranged that the respective magnetic flux di spl a g/s i ts maxi mum
val ue pefigerid iud gimplifed ﬁ@f?“@"éﬁtpvéfrﬂ)m?ﬁc'f e!i’e@%@@%lnsrfa Psfiespit shdhenhe

co gt ?Lnermagtﬁmdlﬂﬂaﬁ@%x lineess géﬂeﬁtéte@ rb9¢tuaﬁd dﬁrmfﬁ&n&d magrm@rm 18 thnouguct i on
.?gspecf i o 4 reglF geﬁga%%g %%?g g:eézp} ti éli(ei O%a‘ngn%ﬂcn%x qurgeYee}m?n%d gy tL

K 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 movement

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 dersives 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 8 and AA.



.J , Fig. 14 is a conceptual illustration shpwi ng that for each area-array
el ement 44 the magnetic flux derives fromthe scalar product of magnetic
induction B and AA as the vectorial area- array elenment. The applicable
equation is a follows: b= 1Bl x |IAA xcosa where a is the cofrgspoging
angl e 46 between the vectors B and AA. 9 Nov 2004 WD 01186116

PCTI EP01105157 14 The foll owing wil |l briefly explain the operating node of
the detection systemaccording to this invention with reference to the
attached drawi ngs. By way of the magnetic flux and/or the nagnetic

attenuati 3@ 0t % etection systemaccording to this invention neasures any
gi ven obj ?r/ gl ven shape, orientation, position and geonetry within
a magneti PGTVERYMBIRE, at ed i nsi de a con;gi ner 2. One or several nagnetic

units serve to, generate the nagnetic field and the correspondi ng magnetic
flux. One or several additional magnetic units capture the magnetic flux
that has been nodified by the object and its novenent or |ocation and on

the basis 13.% &@ﬁi@%ﬂ,m %%‘ggsﬁgﬁ% ﬁﬁ‘eﬁé\in hbodelof ke agMEtish Bysterh acebrding 16 s t he

di st ance b TV The oD] ese fagnetic units as well as the
posi ti on, insientionawith reflerance tathe stashed drwingSof the obj ect. The

magneti c-fl ux-based measurenment can take place in static and/or dynamc
fashion through alternating fields, wvarjable fie

Do ar | Ly: Baweyek hranetc SRuotbrchh maRPaoeaie e HEIHRY S P,
o, 7St 1 04 el et atogual spceicayihan ppponritons pesenten |
T e e i
faghi on byniteixeroé 16!gepémEthenmugretc fitld and the Treespondingg mageetisniiugn Pneher
namber of several additional magnetic units capture the magnetic flux t_haf has been modified by the
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 magnetiq—ﬂux-baéed
measurément can take place in static and/or dynamic fashion through alternating 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
j 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 multiplicity of the different magnetic units and their utilization for generating or
sensing and measuring magnetic fields produce magnetic flux patterns between all

associated magnetic




-

t he magnetic-field-generating and magnetic-field-sensing magnetic units are
vari able, and especially when coils are used as the nagnetic units a

swi t chover between the nagnetic- field-generating and the

nmagnetic-fiel d-sensing nmode of the nagnetic units is easily acconplished.
The sensing signals are eval uated using mat hemati cal oper atl’ogsNﬁE}d/ﬁ
address tags and it is possible to display themin graphic

di splay nonitor per fig. 5, showi ng the shape and position of the object
under analysi.s. .The nmagnetic units can be arranged in a circular or other
confi gur aY* § ne or several planes and they are typically

i nt er conrfeeVEBOYRRISZ magnetical |y conductl ve or magnetizable material. The
mul tiplicity of the different magnetic Mnits and their utilization for
generating or sensing and neasuring nagnetic fields produce magnetic flux
patterns between all associated magnetic 9 NOV 2004 WD 01/86116

PCTI EPO1/ 0515 uni ts |ch atte and an nges t here used
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determnatlon h 0, i.Q0..0 4 Clise

hei 1t ogPPIeBrisle 2l Tor § veBHARRIGR 17 vRo31e, shihe S lion O BAFppASHEGRY
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co nt al n e upits canshurthertraeogmize 1l pires iwbichaate imerndas with oRe @ﬁ fhedﬁs"f%\!au?cﬁi itherent .
%mer}@al.gﬂ?' thSdreh e&’ﬁ‘ﬁfdﬂnh&l&eg Wé_'sﬁs%ut(_oﬂhé Sfuighidngct ing a body (3)

m)w ng rellative to a specifically



tubul ar container (2) in each case with a magnetic fiel d-generating and
magnetic field-nmeasuring magnetic unit (5-11) associated with th

container (2) and/or the nmagnetic body (3) and at |east one eval EaNngzuul'
device (12) connected with magnetic wunits (5-11) for receiving neasurenent
signals of the magnetic units. wherein, the magnetic units (5-11) have a
maxi mum magnetic flux (13) essentially perpendicular to the direction (14)
of the relative notion of body (3) d container (2) and a nunber of
magnetic units (5-11) in at least o pl ace of arrangenent (16) are

arr angeg ;Mggpendi cular to the relative direction of notion (14). 2. The
nmeasurThg device according to Claiml, wherein, the body (3) is nmade at
| east partially of a magnetic material. 3. The neasuring device according

to d da1 E” 1 l\ﬁ’éas%nng \WB@ESi(M, fof Aetetaam at balyUs) heov(rg- elativarte aasrasdficatied with an

I nside (15) of the ontalner S t f
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at | e8RANElS tmdya(h an gg&#ﬁ%e(e% uatifg d-gt?ﬁe T?@F%ﬁd&t&ewltﬁ%a’g@ﬁﬁé Ing to

n,’ the magnetic units (5-11)
are armlﬁt@qedﬂ)lbrpbeeieegufeaaummmnﬂs(oﬂﬂje %Qaﬁ%& B8!S rom one another in
rel ative d] rectl on of notion (14) perpendicul ar to the relative direction
of otV Measuri ng devi ce accordi ng@to at ecedl ng

ea
cl ai methe wiagnetia,, unitee (Fetinetipre uai tPYNYA Weﬂﬁ z'\'ﬂ‘t &f?éd eﬁ%?n h magneti c
field geperati9noans dirBBiielis of inel iateasutienesibody (3) and container @

and a number of magnetic units (5-11) in at least one place of arrangement (16) are

arranged perpendicular to the relative direction of motion (14).

2. The measuring device according to Claim 1,

wherein,
the body (3) is made at least partially of a magnetic material.

3. The measuring device according to Claim 1 or 2,

wherein,
the magnetic units (5-11) are associated with an inside (15) of the container (2).

4. Detection system as in at least one of the above claims, characterized in that
the magnetic units (5-11) are positioned in at ieast one orientational plane (16)
perpendicular to the direction of relative movement (14).

5. The measuring device according to at least one of the preceding claims,

wherein,
the magnetic units (5-11) are arranged in planes of arrangement (16) separated from

one another in relative direction of motion (14) perpendicular to the relative direction

of motion.

6. Measuring device according to at least one of the preceding claims,

wherein,
the magnetic unit (5-11) may be switched between magnetic field generation and

magnetic field measurement.




9 Noy 2004 WO 01/86116 PCT/EPO1/05157 17 7. Detection systemas in at

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

magneti c-fi el d-generating nmagnetic unit (5 - 11) is a pernmanent nagnet. 8.
Detection systemas in at |east one of the above clains, chargacteri in
that the magnetic unit (5 - 11) is an electrically powered T iIN,Uélléﬁl._ 9.
Detection systemas in at | east one of the above clains, characterized : in
tthat the magnetic-field sensing unit (5 - 11) is a magnetic-field sensor
and in particular a Hall element. 10. Detection systemas in at |east one
of the ab b@hgﬁ, characterized in that a nagnetic attenuation can be.
det ect ed gg gﬁ‘lwti c-field-sensing magnetic unit (5 - 11). 11.
Detection systemas in.. at |east one. 49f the above clains, characterized
in that the magnetic unit (5 - 11) incorporates ,a nmagnetizable material.
12. Detection systemas in at |east one of the above clains, characterized
in that the nmagnetic units (5 - 11) are interconnected by neans of a

magnet i zapl eydigtigh ispbtemlad inPat RELI &k 8Y HeCABE didimd] charadterigbirdthdthpeabove

clains, characterized in that the nagnetic unit-(5 -1.1) is positioned in

. ] he . )
a radi al Wwagnetic-igl-gpnesatinganagnetic Hait Sorkhisernayent MagNelet ect i on syst em as
in at | east one of the above clainms, characterized in that a nunber- of
magnetic unit 11) are npunted on a neti ¢ detecti,on )

5 - i t (20
whi ch carﬁ-b&e%?qgi%rsv%a“i?? i 8t least ens efn{heg;b B GRIDS E'B""B‘ﬁ"f%'sﬂeﬁlﬁ‘( €(15)
of the copkgHeNennif @11 M dnRricalQpWbreiicol §1/CTI EPO1/ 05157 18  15.

Detection systemas in at |east one of the above clainms, characterized in
that the container (2) and/or the object (3) are essentially tubular in
desi gn argl/ Wetdttion sgstéfieal pnat least one of the above claims, characterized .in that the
-

magnetic-field sensing unit (5 - 11) is a magnetic-field sensor and in particular a Hall element.

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 ope of the above claims, characterized in that the

magnetic unit (5 - 11) incorporates a- 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, characterlzed_ in that the
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 magnetic- units (5 - 11) are mounted on a magnetic detection insert (20) which can be
inserted in a circumferential recess (21) on the inside (15) of the container (2).




i nside the other. 16. Detection systemas in at |east one of the above
clains, characterized in that the nmagnetic. unit (5 - 11) features.a
continuous ramfied and/or helical, electrically conductive ribbon (22).
17. Detection systemas in at |east one of the above clains, characterized
in that the ribbon (22) is nmounted on an annular insert (23), 18.
Detection systemas in at |east one of the above claims, charadi@yi2ibe in
that electrical wres (24 - 27) are attached to the ribbon-shaped nagnhetic
unit (5 - 11) for supplying power to and/oer collecting signals fromthe

ri bbon-shaped magnetic unit (5 - 11). 19. Detection systemas in at |east
one of the %V@q'dﬁai nms, characterized in that the magnetic detection

i nsert (20RCT/EPR1BH1%ed with wi nding stens (28) for electrical coils (17).
20. Detection systemas in at |east one 18f the above claims, characterized
in that the evaluation device (12) incorporates a nenory nodul e (29)
and/or a display unit (30) and/or permts connection to a conputer (31).
21. Detection system as in . at |east one_ of the above cl aj a teri zed
in that a 1vaficiectien system @siy atqe ﬁ@"?ﬂ? Nbe[?%wﬁnc? 'meG'?ar%‘?ﬁfoeo(fn fsl?iqot“?{’;ln
axi s of sysomeliney (£)38nd/ethe objed(3)iafe bbsentially gutiulati in alesign raadior ere gaided ofie t he
cont ai ner é?,ée 22, Detection systemas in at | east one of the above cl ains,
char act er i D8ige thg ek by neans of the evaluation device (12) it is

possi ble to determ ne the presence and/or position and/or direction of

- movenent aﬂg / gete%iiozhesﬂien‘ Q@ i lyt Gédst (D?fé of the above claims, characterized in that the
magnetic_unit (5 - 11) features a continuous ramified and/or helical, electrically conductive

K 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 systern as in at least one of the above claims, characterized in that electrical
wires (24 - 27)' aré attached o the ribbon-shaped magnetic unit (5 - 11) for supplying power to
and/or collecting 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 colls (17).

_/'l' 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 above claims, characterized in that a
magnetic axis (32) of the magnetic unit (5 - 11) points to an axis of symmetry (34) extending
in the Iongitudinal 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).



