5 January 2007 - 1 TOOL FOR EXCAVATI NG AN OBJECT The
present invention relates to a tool for excavating an
obj ect, conprising a jetting system havin nozzl e

means arranged to receive a fluid and abrgsi ve \lanuary2007
.particles via an abrasive particle inlet, and to

i npinge 5 the object to be excavated with a jetted
streamof fluid mxed with the dbrasive particles.
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t hese partSud:ha&t tAtDd qametyewaldg bespearided Apot Hewer end
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WO 02/ 3 653 e recirculation systemis _based
hel i cal hedpar Worebiagreins ﬁa?r%l%ﬁ%nilr‘%l@allﬁyp“mped in the
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Separator nagnet has a central Ongltu i nal _axiis about
whi ch t h@ldeph? AR NEY PRSP ATaEP SR vRR tF the
the 30 =3ree¥ee fmrdaBles h200dh the drill string and the

annular space, US 6,510,907 proposes to provide the tool
with a recirculation system for separating the abrasive
particles from the return stream and re-inserting these
particles into the jetting system.

20 Another such tool is described in International
publication WO 02/34653. The recirculation system is
based on a helical separator magnet that is
concentrically arranged within a support member. The
support member is formed by a cylindrical sleeve, of

25 which sleeve the outer surface forms a support surface on
which magnetic particles are retained by the magnetic
field generated by the helical separator magnet. The
separator magnet has a central longitudinal axis about
which the separator magnet is rotatable relative to the

30 sleeve.



2 Wen the separator magnet is driven into axia

rotation, the magnetic particles experience a noving

gradi ent of magnetic field strength perpendicular to 2007

the helical groove, which the particles wll ford"8&

In this 5 way the particles are transported over the

support surface back to the jetting systemfor

re-insertion. Both prior art todol’s~rely on an

efficient transfer of the abrasive particles fromthe
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EEe the jetting system. Such grains can bleck the abrasive
particle inlet of the jetting system, and thereby hamper
the recirculation process of abrasive particles.

In accordance with the present invention there is

provided a tool for excavating an object, the tool

25 comprising a jetting system having nozzle means arranged
to receive a fluid and abrasive particles via an abrasive
particle inlet, and arranged to impinge the object to be
excavated with a jetted stream of the fluid mixed with
the abrasive particles, the tool further comprising a

30 recirculation system arranged to recirculate at least
some of the abrasive particles from a return stream
downstream impingement of the jetted stream with the
object to be excavated back to the jetting system via the
abrasive particle inlet, the abrasive particle inlet

35 having an entrance window whereby filtering means are




abrasive particle inlet, the abrasive particle inlet

35 having an entrance w ndow whereby filtering neans

are 5 January 2007 3 provided in a path flui
connecting said return stream wth the entranggeyanuaryzow
wi ndow, which filtering neans is passable for the
abrasive particles. Herewith the_abrasive particle

inlet is kept free 5 from obj ects of the sane size or
l'arger than the size of _the entrance w ndow while th
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This can be achieved with a filter opening having a
20 relatively large aspect ratio such that the filter
opening is in one directicn sized smaller than the
entrance window of the abrasive particle inlet and in
ancther direction larger.
The total passable area of the filter opening can
25 advantageously be larger than that of the entrance window
of the abrasive particle inlet so as to minimise any
adverse effect that the filtering means may have on the
recirculation of the abrasive particles.
In an advantageous embodiment, wherein the
30 recirculation system comprises a support surface to guide
the abrasive particles taowards the abrasive particle
inlet, the filtering means are provided in the form of a

skirt creating a filter opening in the form of a slit

between the skirt and support surface.




the abrasive particles towards the abrasive particle
inlet, the filtering means are provided in the form of
a skirt creating a filter opening in the form

slit between the skirt and support surface. 5 @&mﬂayZWﬂ
2007 4 Such a skirt around the support surface

guides the flow of drilling flujd fromthe bore hole
annulus to the abrasive particleinlet along the

support surface, thereb fu%gher
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St ring GReingdwn) rextienrdibgl ide @ig. bor elhal e formed in
Fig. 5 (parts a to c) an alternative magnet
arrangement for use in the tool.

20 In the figures, like parts carry identical reference
numerals. Where, in the following description, a
direction of rotation is specified, the direction of
transport is each time the viewing direction in relation
to which the rotary directicn is defined.

25 Part of a tocl for excavating an cbject is
schematically shown in longitudinal section in Fig. 1.
The tool can be connected tc the lower end of a drill
string (not shown) extending into a borehole formed in an
object such as an earth formation. The tool is arranged

30 to jet a stream of drilling fluid mixed with abrasive
particles against the object to be excavated and to
recirculate at least part of the abrasive particles.

The tool is provided with a longitudinal drilling
fluid passage 1, which is at one end thereof in fluid

35 communication with a driiling fluid channel provided in




obj ect such as an earth formation. The tool is

arranged 30 to jet a streamof drilling fluid m xed

with abrasive particles against the object to $E 2007
excavated and to recirculate at |east part of YHE“@Y
abrasive particles. The tool is provided with a
longitudinal drilling fluid passage 1, which is at

one end thereof in fluid 35 confnnication with a
drilling fluid channel provided in 5 January 2007
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20 eroding the bottom of the bore hole by axially rotating
the complete toaol inside the bore hole. The mixing
chamber 2 and mixing nozzle 5 are aligned with the outlet
nozzle under the same angle, in order to achieve optimal
acceleration of the abrasive particles.

25 The drilling fluid passage 1 is arranged to bypass a
transport device & for transporting magnetic particles
that is included in the tool as part of a recirculation
system for the magnetic abrasive particles, which can bhe
used if the abrasive particles contain a magnetic

30 material. The device 6 includes a support member in the
form of a slightly tapered sleeve 15 for providing a
support surface extending around an essentially
cylindrically shaped elongate separator magnet 7. The

separator magnet 7 generates a magnetic field for



transport device 6 for transporting nmagnetic particles
that is included in the tool as part of a
recirculation systemfor the magnetic abrasive
particles, which can be used if the abrasive °Janary2007
particles contain a magnetic 30 material. The device 6
i ncl udes a support nenber in the_ formof a slightly
tapered sl eeve 15 for providing 5 support surface
extendi ng around an essentially Ilndrlcally shaped
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smaller magnets 7a, 7b, 7c, and 7d stacked together y:3
20 different number of the smaller magnets can also be used.

Bach magnet 7a, Tb, 7¢, and 7d has diametrically opposed
N and S poles, and the magnets are stacked in a manner
that adjacent magnets have N-S directions azimuthally
rotated with respect to each other about the central
25 longitudinal axis 8 over an angle ¢ such that two
essentially helical diametrically opposing bands are each
formed by alternating N and S poles.
For the purpose of this specification, a magnetic
pole is an area on the magnet surface or on the support
30 surface where magnetic field lines cross the magnet
surface or the support surface thereby appearing as an
area of source or sink for magnetic field lines.
Due to the nature of a bipolar magnet, the magnetic
field strength in the regions between the N and 8 poles
35 in each of the smaller magnets 7a, 7b, 7cC, and 74 is



rotated wth respect to each other about the central

25 longitudinal axis 8 over an angle cp such that two
essentially helical dianetrically opposing ban ar e

each fornmed by alternating N and S pol es. For?ﬁ@”awzow
pur pose of this specification, a nmagnetic pole is an
area on the magnet surface or on_the support 30
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surface_or the support surface thereby appearing as an
area of 1eerir d&apr1zitie poFeHuGldYi laleliC@llsw phiggedpgegions
to the gatwice t0k A MMPG po1sRAINGL thidaaiROBRE inelilhel Hands
strength_in the re]?i onsﬁEetwe n the N and gﬁoll%sjb 33 ‘
in each®bratirFremald & R E Palomh 2 PEIGHFIH PPRISC
Januar yia@bsased maghetser fidkh strehpch esdantvaliy regions
elically ali egi ; l.es. ..
S R o e e
pol es f wibh ardfrgistf t el habahtoloff ieldchanisednniagfieasc the

field shigngtdhd ebatiMa dt Bafdd) QRSré fHraMgREdiew fzoBkdwhere
band di SE aced by about. 90 in azinu W th respe

( th Gt to
that hi GReFRIEHENE SIS, ShEe defEeagH%frogngfie 1ncreased
| ow f i ekdlbands thehetgh-fiedd draadi ent trzonalvwheir tiehdow-
JS‘Jagneti %.f}q{il d strength decreases fromthe increased

al ue i A*E 1?16} -field band to the value in the | ow
10 field balte SEpersepamaudet madast a 7cedgad tepgitydinal

| 'ongi t udipgl g | §58-Mlabse Alatabkerd elmat kY8e¥d 1ishand
sl eeve 15 and about the cent rg,l Ion?it;bdl nal axis S

Dri ve mBRRYLAFRE SSREGHLENEALY dPEvES 4G 5gare
and thepebyided air@tlbhdry sepdriatomxiraghetnd/ thateby rotate

t her ockw se .or ter . ' [
ggf ct at egkﬁys?%aeraggﬁségi%tt Eelg og%ﬁ\ggé?b%%ﬁ h‘%gg aalfic\?émter
means neyoadvier apsetistly dAsedipraraddbd The twaspopinidre

an el eCtyfh ¢ gP1nd , WRLE i TREOkea B Yhah Ca §RiHaQkbESL P e
control system (not sho%v\%. 20 Alseh%gctg %rredwﬁfctim%r%or
11 is praevdeed an the TRt an elec '

may be controlled by a control system (not shown).

20 2 short tapered section 11 is provided at the lower
end of magnet 7d. The sleeve 15 is provided with a
corresponding conical taper in a manner that the abrasive
particle inlet 4 provides fluid communication between the
support surface 15 surrounding the tapered section 11 and

25 the mixing chamber 2. The conical taper is best based on
the same angle as the above-discussed angle of the mixing
‘chamber 2 and mixing nozzle 5.

Fig. 2 provides a schematic view of the outside of
the tool. Visible are the conically shaped suppert

30 surface 15 housing the separator magnet 7, and the
ridge 41 housing the bypassing drilling fluid passage.

The dimensions correspond to those given in Table I.




end of magnet 7d. The sleeve 15 is provided with a
correspondi ng conical taper in a manner that the
abrasive particle inlet 4 provides fluid
communi cation between the support surface 15 °January2007
surroundi ng the tapered section 11 and 25 the m xi ng
chanber 2. The conical taper is best based on the

same angl e as the above-di scus3e® angl e of the mxing
chanber 2 and m xing nozzle 5. Fig. 2 provides a
schenati@4¢ éw of the outside of the tool. Visible

are th¢pgeR gald Y shaped support 30 SUT T aGS e HeE T E1TE
the separator magnet 7, and the ridge 41 housing the
bypassiing drilling fluid passage. The di Fbns
corres )mdalomﬂm&eoglmxaﬂoﬂ'aﬂéaet 5 Javnuary 200720 mm
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along the support surface 15. The path runs through a
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filter opening in the form of a slit 44 extending between
the skirt 43 and support surface 15.

Fig. 3 shows a cross section along A-A as indicated
in Figs. 1 and 2, through the magnet 7d transverse to
axis 8 and through the mixing chamber 2 and the piece of
magnetic material 14. Said gap extends between the
skixt 43 and the sﬁpport surface 15. This gap is
accessible via slit 44.

It is remarked that the skirt 43 in the tocl as
depicted in Figs. 2 and 3 is suitable for use in
combination with a clockwise rotatable separator magnet.
It will be clear that for a tool with a counter clockwise
rotatakble separator the skirt must be provided on the
other side of the abrasive particle inlet.

I1f provided, the piece of magnetic material 14 on the
side opposite from the abrasive particle inlet 4 draws
part of the magnetic field generated by the separator
magnet into the mixing chamber 2. As a result, the

magnetic force attracting the magnetic particles 23 to




magnetic material 14. Said gap extends between the
skirt 43 and the support surface 15. This gap is
accessible via slit 44. 15 It is remarked that %jle
skirt 43 in the tool as depicted in-Figs. 2 and 28uig2007
suitable for use in conbination wth a cl ockw se
rot at abl e separator magnet. It wll be clear that for
a tool with a counter clockw se? rotatabl e separator
the skirt nust be provided on the 20 other side of the
abr asi idepavppette shafete 15f 1priRAsdE8roRhEop BRENYFLC
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abrasive particle ipnlet 4 dra éoart of, the magnetic
field dgerietat edNBFePhe CEFar 8¥\%?h Ragnett r?%a?g%e
m Xi ng pdraibees Zhohsgh desshive pareizBe niaghedt dcihor ce
ttracting th netic rticles 23. January 2007
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concentration of abrasive particles of magnetic
et eri aPt8ULPdS steel shot or 15 steel grit. The
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nozzle p;a 'n%zh%t@dﬁ A02L Ndtrehea ook ge hdnom:

Si mul t aneously the dri i string is.fotated so
bottom. Simultaneously the drill string is rotated so

=

that the borehole bottom is evenly eroded. A return

20 stream, containing the fluid, the abrasive particles and
excavation debris, flows from the borehole bottom through
the borehole in a direction back to the surface. Thereby,
the return stream passes along the sleeve 15.

Simultaneously with pumping of the stream of drilling

25 fluid, the separator magnet 7 is rotated about its
axis 8, in a direction dictated by the sense of the
helical bands, which can be either clockwise or counter
clockwise. The separator magnet 7 induces a magnetic
field extending to and beyond the outer surface of the

30 sleeve 15. As the stream passes along the sleeve 15, the
abrasive particles in the stream are separated out from
the stream by the magnetic forces from the separator
magnet 7 which attract the particles onto the outer

surface of the sleeve 15.



that the borehole bottomis evenly eroded. A return 20
stream containing the fluid, the abrasive particles

and excavation debris, flows fromthe borehol & ottom .-
through the borehole in a direction back to tHhea™eY
surface. Thereby, the return stream passes along the

sl eeve 15. Simultaneously with punping of the stream

of drilling 25 fluid, the sepaf8tor nagnet 7 is
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thereby forcing the particles IO 0 % F1Rghh5A A% the

downwar d"ABYefrerithe str g
mixing chamber 2 again entrains the particles. Once

20 inside the mixing chamber 2, the particles interact with
the stream of drilling fluid passing through the mixing
chamber 2 from drilling fluid inlet 3 to mixing nozzle 35,
and thereby these particles will be entrained in this
stream.

25 In a next cycle the abrasive particles are again
jetted against the borehcle bottom and subsequently flow
through the annulus formed by the tool and the borehole,
in the direction to the surface. The cycle is then
repeated continuously. In this manner it is achieved the

30 drill string/pumping equipment is substantially free from

. damage by the abrasive particles as these circulate
through the lower part of the drill string only, while
the drilling fluid circulates through the entire drill
string and pumping equipment. In case a small fraction of

35 the particles £lows through the borehole to surface, such



As the particles arrive at the abrasive particle

inlet 4, the streamof drilling fluid flowng into the
m xi ng chanber 2 again entrains the particles.
i nsi de the m xi ng chanber 2, the particles int érq%@t'arygow
with the streamof drilling fluid passing through the

m xing chanmber 2 fromdrilling fluid inlet 3 to

m xi ng nozzle 5, and thereby~these particles WI II be
entrained in this stream 25 In a next cycle t
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i nt er acEPRREISBEVRR P t%teém‘-’r Aered- d’frﬁrlepﬁgﬂ?? Fidtand
the mageehd€iP@r hisCd eS8 1ter opening. The support surface 15 and

20 the inside surface of skirt 43 define a passage channel
connecting the abrasive particle inlet 4 with the bore
hole annulus. The skirt wall thus shields the abrasive
particle inlet 4 from the annulus such that the abrasive
particle inlet 4 is only accessible for fluid from the

25 bore hole annulus via a path along the support
surface 15.

The skirt arrangement avoids that rock grains larger
than the size of the access window of abrasive particle
inlet 4 enter the passage channel. The aspect ratio of

30 the slit opening is relatively large in that in the
radial direction {transverse to the support surface) the
slit opening is smaller than the entrance window of the
abrasive particle inlet 4, whereas in the circumferential
direction along the support surface the slit opening is

35 larger than the entrance window. In this way, should a



contributes to the efficiency of the rel ease of

particles 15 fromthe support surface 15 into the

m xi ng chanber 2 as well. Generally, the skirt, 43 2007
provided to formslit 44 functions as a filter] g
means, whereby the slit 44 functions as a filter

openi ng. The support surface 15 and 20 the inside

surface of skirt 43 define a pa%dage channel

connectin the abrasive particle inlet 4 wwth the bore
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and horizontally the surface at all azimuths between 0

20 and 360° is visible. As can be seen, the angle ¢ in this
case is 90° in respect of every one of the smaller
magnets in the stack, ¢ being the azimuth angle
difference between the projected N-5 directions in two
neighbouring smaller magnets. Alternatively, the angle @

25 can be varied along the magnet stack.

The areas 16 schematically indicate the gradient
zones, where the magnetic field strength decreases most
steeply from the increased value in the high-field band
to the value in the low-field band.

30 Depending on both @ and the axial height of the
smaller magnhets, each of the two high-field bands
stretches in a direction making an angle 8 with respect
to the plane perpendicular to the central longitudinal




Optionally, additional slots are provided in the skirt
wall on the annular side. A separator nagnet 7 with a

ri ght -handed helical sense (for counter clockw se 2007
rotation) is shown in 15 Fig. 4, in a represe\r%iqniuarﬁ
wherein the cylindrical surface is unrolled flat in

the plane of the paper. Thus vertl cally is set out the
hei ght of the separator magnef,! 3vthich is divided in
smal | er magnets 7a, 7b, 7c, and 7d, and horizontally
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vi si bl e. an be e angle p in this case is
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betmeertﬂéhgeﬁéfﬂfaitﬁggﬁﬁﬁst@h&e@é'éﬁi&ng@ t#hemselves in

nei ghbouri ng smal nets. Alter nat the I
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line 9, ikStoo short to brldge the dlstance from the N pole in
the high-field band to the nearest S pole outside the

20 band crossing the gradient zone 16.

The relevant distances are determined on the support
surface, since that is approximately the distance over
which the chains of particles would grow.

In each of the separator magnets 7 described above,

25 the high- and low-field bands were formed by virtue of
the field distribution of bipolar cylindrical magnets.,
This results in bands of increased magnetic field
strength. Magnetic particles retained on the support
surface react most directly to the advancement of the

30 gradient zone if the change in the magnetic field in the
gradient zone is large. To achieve this, the low-field
band preferably corresponds to a region of reduced
magnetic permeability of the magnet and/oxr a gap between
the separator magnet and the support surface. Herewith a




10 shorter than the shortest path across the
approximately cylindrical surface between a S-pole

(or N-pole) location in that high-field band and the
nearest N-pole (S-pole) location in another 3 Januery 2007
hi gh-field band. Thus, the magnetic particles wll

tend to forma chain along line 9 in 15 alignnent with
a high-field band. For referemcé4 dotted line 10 is

i ndi cated having the sane path length as dotted |ine

9 and inoreanbbepts gaadient zoRpsbefotecrdNi e apd 1pE-Hisgd

short t ngi's' dogesdfievdistance fromthe N pole in the
hi gh-fie band_to the neairest S pol e _outside_the 20
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surface react st. dir y n
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hei ght @fﬂet h@‘é@taﬁﬁg\?ﬂ&ts thg PRANRYICAREF FrangFRe drln oSt of
nunber Qho"MBGREIS most magnetic pole in the high-field band can

20 find its nearest magnetic pole of opposite polarity in
the same high-flied band. The first and last magnets in
the stack may even have a smaller axial height than the
other magnets in the stack.

In the embodiment of Fig. 5, the region of reduced

25 magnetic permeability is provided in the form of a
helical recess 26 in the outer surface of the separator
magnet 7 adjacent to the high-field band. Due to the
higher magnetic permeability of the magnet material than
the less magnet material that fills up the recesses (a

30 gas, a fluid, or a solid) the internal magnetic field
lines predominantly follow the material of the magnet
rather than the material contained in the recess. This
makes the high-field band of increased magnetic field
strength, adjacent the recess 26, more pronounced.

35 Fig. 5a shows a cross section of the separatoxr magnet,




may be enpl oyed. The magnets in the m ddl e are stacked

in  NNSSNN or SSNNSS sequence, whereby all the

adj acent poles 10 are on a helical band. In con&??rl son
with the separator nmagnet 7 of Fig. 1, the anuary 2007
nei ghbouring N-N and S-S pole conbinations are
pseudo-helically shaped in conformty wth the

hel i cal arrangenment of the bamdl5Moreover, nagnetic

pol es on the separator magnet forned by the 15 first
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mat er i a{é? ntain ]l‘lr}:atl.hgl£§ﬁ&%§enggl& - ng gﬁgor magnet

hi gh-fi an i'nCfreased nmagnet stre
1&dj acenthatheis éees%aIZGlS %r@%@ﬁoﬁ#ﬁ!‘e&hes@ﬂﬁm% Eueen

shows ay ﬁé(&;@ %@E%ééH1ﬂ%E hiehSepakat icadmagnehe Hgh-field
January 200

circular contours 24
ar ound Pﬁ‘édoq%f“?l%%ﬂﬂoft ‘fﬁ%% ®ng pol es, connected by
essenti al | yristwiailghé cleamt bhuts th6. sdperasprangdnets shown in

cont our 5, o1 respand wit %ohnger G588 26 20de L8€ can also be

circul a Wi
20 prepared for clockwise rotatlon by inverting the sense of

the helical bands from right- to left-handed.

Suitable magnets for the device for transporting
particles of a magnetic material and for the described
recirculation system can be made from any highly

25 magnetisable material, including NdFeB, SmCo and
AlNiCo~5, or a combination thereof,
Preferably the separator magnet also has a magnetic

energy content of at least 140 kJ/m3 at room temperature,

preferably more than 300 kJ/m3 at room temperature such

30 as is the case with NdFeB-based magnets. A high energy
content allows for shorter axial contact length of the
support surface with the return stream, and consequently
a stronger taper of the support surface which is

advantageous for the axial transport rate. Also, less



5 bands of increased magnetic field strength. In Fig.
5b a schematic |ongitudinal viewis provided of the
separator nagnet, whereby the slanted |ines Egl cate, -
the transition between the circular contours aid® the
essentially straight contours. Fig. 5c provides a 10
schematic representation of the entire surface in the
same way as in Fig. 4. The angl¥ 0 of the helical
recess is 53. Preferably, the recess reaches a depth
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‘on the particles sufficiently strong to pull them to the

support surface before they have passed the device. At

20 the same time, the magnetic force pulling the particles
onto the housing should be as low as possible in order to
minimise friction forces and power requirements for
rotating the separator magnet. The most suitable magnet
is one that has an as high as possible coefficient for

25 the lowest dominant radial polar moment, which is
typically a magnet having a dominant dipole behaviour
over a quadrupcle behaviour for a certain energy content.

In order to achieve the best capture efficiency of

the recirculation system, the separator magnet is

30 preferably located in the axial centre of the bore hole.

In a typical bore hole, a small axial offset of up to 15%

of the diameter of the excavation toel is acceptable. The

embodiment shown in Fig. 2 has an axial offset of the

magnet contained axially inside the suppoxt surface 15 of



The sleeve 15 and the drilling fluid bypass 1 are
normal |y made of a non-magnetic material. They are 5
suitably machi ned out of a single piece of the 5 January 2007
material in order to obtain optiml nechanical Y
strength. Super alloys, including high-strength
corrosion resistant non- magnetic N -Cr all oys,

i ncl udi ng one sol d under the rad® ~1nconel 718 or
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20 Filtering means like shown above, in particular

. comprising a skirt, can be applied in recirculation
systems for magnetic particles in general, in particular
to recirculation systems having other types of separator
magnet arrangements than that of the recirculation system

25 described above, examples of which are provided in
WO 02/34653 and in US 6,510,907,

As explained above, the slit 44 formed between the
skirt 43 and the support surface 15 has a large aspect
ratio so that part of the slit 44 can remain open even if

30 another part is blocked by a rock grain.

It is alternatively possible to provide a number of
filter openings each being smaller than the entrance
window of the inlet opening 4, at least in one direction,
but being spaced apart over a distance larger than the

35 size of the entrance window of the inlet opening 4.



10% or approximately 7 mmfor a targeted 70 mm

di aneter bore hole. As an alternative for the
cylindrical separator nmagnet, the outer dlanet§r of 2007
the separator magnet and 5 the inner dianmeter bfotHg
inside wall 35 can be nmade to reduce w th decreasing
axi al height. The smaller magnets from which the
separator magnet is assenbl ed—cth be of a

frustoconi cal shape to obtain a tapered shape of the
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in the abrasive jet, may contain a concentration of
typically up 15 to 10% by vol une of magnetic abrasive
particles. A typical concentration of magnetic
abrasive particles that is supplied via the bypass
conduit 1 lies between 0.1 and 1% by vol une. The
separator magnet is typically driven at a rotationa
frequency of between 10 and 40 Hz. 20 Filtering neans
i ke shown above, in particular conprising a skirt,
can be applied in recirculation systens for magnetic
particles in general, in particular to recirculation
systens having other types of separator nmagnet
arrangenments than that of the recirculation system 25
descri bed above, exanples of which are provided in WO
02/ 34653 and in US 6,510,907. As expl ai ned above, the
slit 44 formed between the skirt 43 and the support
surface 15 has a |l arge aspect ratio so that part of
the slit 44 can remain open even if 30 another part is
bl ocked by a rock grain. It is alternatively possible
to provide a nunber of filter openings each being
smal l er than the entrance w ndow of the inlet opening
4, at least in one direction, but being spaced apart
over a distance |arger than the
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35 size of the entrance w ndow of the inlet opening 4.

5 January 2007 - 18 1In either way, the cunul ative
passabl e area of the one or nore filter openi ngs, .can,nq-
be | arger. than that of the entrance w ndow of y
abrasive particle inlet 4. 5 January 2007 19 18 ~,
2(105 CLAI MS 70,5 1. Tool for excavating an
object, the tool conprising a J%tting system having
nozzl e neans arranged to receive a fluid and abrasive
particles via an abrasive particle inlet, and

arranged to i npinge the object to be exch&@ﬁ,%&:ﬁ W th

a jetted streamof the fl u'denAxleq,Ivgth t he abrasive
particles, the tool furthef~€orptising a rcul ation
system arranged to recircul ate at | east sow® of the

abr a3l verpar ticd esxchrvamiagr et uwshnjettr,eaime dowhstomanising a
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wi ndow, for keepin ti(lw_e abgasive 15 particle inlet X
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are provided in a path fluidly connecting said return
stream with the entrance window, for keeping the abrasive
particle inlet free from objects of the same size or
larger than the size of the entrance windcw, which
filtering means is passable for the abrasive particles.
2. Tool according to claim 1, wherein the filtering
means is provided with one or more filter openings shaped
or arranged such that the filtering means is impassable
for a particle having the same projected size and shape
as the entrance window of the abrasive particle inlet and
at the same time such that the one or more filter
openings cannot be fully blocked by one such a particle.
3. Tool according to claim 2, wherein at least one
filter opening is provided with a relatively large aspect
ratio, which filter opening is in one direction sized
smaller than the entrance window of the abrasive particle
inlet and in another direction larger than said entrance

window.
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openi ngs cannot be fully bl ocked by one such a

particle. 25 3. Tool according to claim2, wherein at

| east one filter opening is provided with a 5 January 2007
relatively large aspect ratio, which filter openhi ngy

iIs in one direction sized smaller than the entrance

wi ndow of the abrasive particle inlet and in another
direction larger than said entrahce 30 w ndow.
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any one of the previous clainms, wherein the
1peci r cud¥tf36/-syst em conpri ses a transport device for
transpogt i ngot hgcadcaagves paktiinch esvherehy thed eddiet is

directigg&é&& rgo guf%ea?{éfﬂ\€§083{ﬁ4(ge%ukﬂléﬂream into said
abrasive particle inlet in a path along the support
surface.

20 7. Tool according to any one of the previous claims,
wherein the recirculation system comprises a transport
device for transporting the abrasive particles in a
selected direction towards the abrasive particle inlet,
the abrasive particles containing a magnetic material,

25 and the transport device comprising:
- a support member having a suppart surface for
supporting the abrasive particles, the support surface
extending in the selected direction;
- a separator magnet arranged to generate a magnetic

30 field for retaining the particles on the suppert surface
whereby the magnetic field on the support surface is
arranged to have a high-field band, a low-field band, and

a magnetic field gradient in a gradient zone between said

nigh~ and low-field bands whereby the magnetic field




the abrasive particles containing a magnetic nmateri al,
25 and the transport device conprising: - a support
menber having a support surface for supporti ng5J£Haar 2007
abrasive particles, the support surface extending PN
the selected direction; - a separator magnet arranged

to generate a nmagnetic 30 field for retaining the
particles on the support surfac@l whereby the magnetic
field on the support surface is arranged to have a
high-field band, a lowfie nd, an eti .
field gHa@PERE h tReghieli e%%'Flg \/\Ble‘ﬂ‘%a nh)\%@?]t- A
and | owtd ebd-bisids bahér eby the rragnetl c field 5
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9. The tool of claim 7 or 8, wherein the gradient zone

ig helically arranged around the separator.




