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ROTATABLE MAGNET CRADLE FOR SWARF SEPARATION

Cross-Refersnce to Related Applications

The present application claims priority to ULS. Provisional Application Serial Mo,
62/769,914 filed on Jasuary 8, 2019, and to U.8. Non-Provisional AppHeation Serial No.

16/592,700 filed on October 3, 2019 which are incorporated herein by reference in their entirety.
BACKGROUND

The present diselosure refates gonerally to magnetic sepavators and, suore particularly,
to a rotatable magnet cradle used for swart separation.

Hydrocarbons, such as oil and gas, are commonly obtained from sublerrancan
formations that may be located onshore or offshore. The development of subtervanean operations
and the progesses involved in removing hydrocarbons from a subterrancan formation typically
involve a number of different steps such as, for exanple, drilling a wellbore at g desired well
site, treating the wellbore to optimize preduction of hiydrocarbons, and performing ihe necessary
steps to produce and process the hydrocarbons from the sublerrancan formation. After drilling a
wellbore that interseets 2 subtorranean hydrocarbon~-bearing formation, a variety of wellbore
tools may be positioned in the wellbore during conpletion, production, or remedial activities. It
is common practice in completing ofl and gas wells o set a string of pipe, known as casing, in
the well and use 2 coment sheath around the outside of the casing 1o Dolate the various
formations penetrated by the well,

At times, slot recovery and/or decoromissioning operations may be performed onan ol
and gas well. These operations often requive the removal of sections of the original casing, e.g.
via extensive milling operations. Such milling operations generate sigaificant quantities of swarl
(metallic shavings, filing, and particulates).  Section and window milling operations vsed to
sidetrack wells also generate large quantities of swarf. Removal of swarf from & milling fluid

vequires a veliable and efficient meansy of separation at the surface Yo ensure successiul

tear on g surthoe equipment and contamination of drilling flnids, boproversents o separation

and recovery units used to separate swarf from a flow of Huid are desired.
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BRIEF DESCRIPTION QF THE DRAWINGS

These drawings iflustrate cevtain aspects of some of the embodiments of the present
disclosure, and should not be used to limit or define the claims.

FIGS. 1A and 1B are elevation views of a rotatable magnel cradle assembly, in
accordance with an embodiment of the present disclosure;

FIG. 2 is an elevation view of @ bracket used in the votatable magnet cradle assembly of
FIG. 1, m accordance with an embodiment of the present disclosure:

FIG. 3 is a side partial cutaway view of a magnet bar positioned in a tube as used in the
rotatable magnet cradle assembly of FIG. 1, in accordance with an embodiment of the present
disclosure;

FIG. 4 is a front view of a swarfl separator having iwo rotatable magnet cradle
assemblics, in accordance with an embodiment of the preseut diselosarg;

FIG. 5 is an slevation view of a swarf separator having two rotatable magnet c¢radle
assemblies, in accordance with an embodiment of the present disclosure;

FIG. 6 is an elevation view of a swarl removal unil including a rotatable magoet cradle
separator, i agcordance with an embodiment of the present disclosure;

FIGS. 7A and 7B are schematic top views of an automated rotatable magnet cradle
assembly, in accordance with an embodiment of the present disclosure;

FIG. 8 is a schematic top view of automated rotatable magnet cradle assemblies, in
accordance with an erobodimsent of the present diselosure;

FIG. 9 is a schematic top view of an antomated rotatable roagnet cradle assembly, in
accordance with an embodiment of the present disclosurg; and

FIG. 10 is a schematic illustration of & well assembly including a swarf removal woit
having a rotatable magnet cradle assembly, in accordance with an crobodiment of the present
diselosure.

While embodiments of this discloswe bave been depivted, such embodiments do not
imiply @ limitation op the diselosure, and no such limitation should be inferred.  The subject
matter disclosed s capable of considerably modification, alteration, and eguivalents in form and
function, as will oeeur to those skiled i the pertinent art and having the beonefit of this
disclosure. The depicted and described embodimaents of this disclosure are examples only, and

not exhaustive of the scope of the disclosure.
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DESCRIPTION OF CERTAIN EMBODIMENTS

[Hustrative embodiments of the present disclosure are described in detail heretn. o the
interest of clarity, not all features of an actual implementation are described in this specilication.
It will of course be appreciated that in the development of any such actual embodiment,
numerous implementation specific decisions must be made to achieve developers’ specific goals,
such as compliance with system related and business related coustraints, which will vary from
one implementation to another. Moreover, it will be appreciated that such a development effort
might be complex and time consuming, but would nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of the present disclosure. Furthermore, in no
way should the following examples be vead to Himit, or defing, the scope of the disclosure,

To facilitate a better understanding of the present disclosure, the following examples of
certain embodiments are given. In no way should the following examples be read to Hmit, or
define, the scope of the invention. Embodiments of the prosent disclosure may be applicabls to
horizontal, vertical, deviated, or otherwise ponlivear wellbores in any type of subterrancan
formation.  Embodiments may be applicable to injection or monitoring wells as well as
production wells, inclading hydrocarbon wells. Embodinents may be implemented using a tool
that is made suitable for separating swarf from an incoming fluid flow at & surface location
proximate a well.

The terms “couple”™ or “couples” as used herein are intended to mean sither an indirect
or a direet connection. Thus, if'a first device couples 1o a second device, that connection may be
through a direct connection, or through an indircet mechanical, electromagnetic, or electrical
connection via other devices and connections.  Similarly, the term “coramunicatively coupled”
an used hereln is intended to mean either a direct or an indirect communieation connection. Such
conpection may be a wired or wircless conngction such as, for example, Etheroet or LAN. Such
wired and wireless connections are well known to those of crdinary skill in the art and will
therefore not be discussed in detail herein, Thas, if a first device communicatively couples 1o a
second device, that comnection may be through a direct connection, ot through an indivect
communication connection via other devices and connestions.  Finally, the term “flaidically
coupled” as used herein Is intended to mean that there is either a direct or an indirest fluid flow
path between two coraponents,

The present diselosure §s directed to a rotatable magnet cradle assembly that can be used
to saparate swarl (le., ferrous matertal) from a Bow of fluid. For example, the diselosed

rotatable magnet assembly may be used 1o remove swarf (for example, metallic shavings, filing,
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particulates, and combinations thereof) from one or more fluids vsed in milling a well {e.g, a
hydrocarbon well, & water well, or some other type of well). The eradle of magnels can be
rotated a corfain amount (e, 270 degrees) about a votational axis from an operational position
io a cleaning position. Rotation of the maguets from a fluid path 1o a discharge chuie via the
cradle assembly provides a simple and effective way to clean the magnets, which is not currently
available with existing systems, The disclosed magnet cradle assembly is a simple and effective
system that may be ntilized in swarf recovery in fluid paths in various locations or as a stand-
alove device,

Tarning now 1o the drawings, FIG. 1 fllustrates a magnet cradle asserably 100 in
accordance with an embodiment of the present disclosure, The magnet cradle assembly 100
inchides at Jeast one elongated tube 102 and a magnst bar 104, which is positioned within and
extending through the tube 102, The magnet tube 102 is nos-magnetic, and the magnet bar 14
may be selectively removable from the tube 2. The fllusirated magnet cradle assembly 100
inchudes three elongated tubes 102 each bolding a corresponding magnet bar 104, However, it
should be noted that the suagnet cradle assembly 100 may inchude any desired total number (2.8,
1,2,3, 4,5, 6,7, 8 9, 10, or more) of tubes 102 cach having a magnet bar 104 held thergin, The
desired namber of tubes 102 and magnet bars 104 may be selected based on the dimensions of a
fluid path in which the magaet cradle assembly 100 is to be used for swarf removal, In the
following description, the terms “tubes 1027 and “magnet bars 1047 will be used 1o convey any
mamber of tube(s) and associated magnet bar(s), including as few as one.

The magnet cradle assembly 100 is rotatable between a first position in which the tubes
107 are positioned within a fluid flow path to a second position i which the wbes 102 are
positioned out of the fluid flow path and vertically above a discharge focation. This rotational
function of the wagnet cradle assembly 100 will be described in greater detail below with
reference, for exanple, to FIGS. 4 and . The rotation of the elongated tubes 102 and associated
magnet bars 104 takes place with respect 10 a rotational axis 106 of the magnet cradle asseobly
190

in addition to the clongated tubgs 102 and associated magnet bars 104, the magnet
cradle assembly 100 gensrally eludes a shaft 108 {or support bar) extending along the
rotational axis 106 of the magnst cradie assembly 100, The magnet eradle assembly 100 also
includes at feast vne bracket 110 baving au end 112 fixed to the shaft 108 and extending from the
shaft 108 in 2 radial direction (with respect to axds 106} The elongated tubes 102 are each

connected in g fixed relationahip to the at least one bracket 110, The Hustrated wagnet cradie



20

29
o

WO 2020/146022 PCT/US2019/054830

assembly 100 includes two brackets 110A and LB, However, it should be noted that the
magnet cradle assembly 100 may include any desired total mumber (e.g.. 1, 2, 3, 4, 5, 6, or more)
of brackets 110, each being connected o the clongated tubes 102 and having an end 112 fixed to
the shaft 108, The desired number of brackeis 110 maay be selected based on the number, length,
weight, stiftoess, and/or other material propertics of the tubes 102 that are used n the magnet
cradle assembly 100, In the following description, the term “brackets 110" will be used to
convey any number of bracket(s), including as fow as one.

The brackets 110 may be plates that are cach attached to the shaft 108 and used to offset
the tubes 102 in a radial direction (relative to axis 106} from the shaft 108. That way, a mere
rotation of the shaft 108 using, for example, a manual crank or automated rotational actuator is
able o timpart a velatively large change in location of the tubes 102 {ie., fron a swarf collection
position to a discharge position). When mauliiple brackets 110 are used, as illustrated in FIG, 1A,
the brackets 110 may be aligned with each other iy an axial divection {paralle} to axis 106} and
extend from the shaft 108 in the same radial direction. As a result, each of the elongated tubes
102 may extend in a dirgctiou that is parallel to the rotational axis 106, In other embodiments,
the brackels 110 may be skewed with respect to each other about the axis 106 so that the tubes
102 do not extend in a divection that is parallel to the rotational axis 106.

The brackets 110 may be positioned at any desired longitudinal position (with respect to
axis 106) along the shaft 108, If the magnet coadle assembly 100 inchudes only one bracket 110,
the bracket 110 yay be localed at a contral peint in a longitudinal direction along the shaft 108,
or at some other position that redeces or minimizes undesired forces on the tubes 102 during
rotation of the magnet cradle assembly 100, In embodiments where the magnet cradle assembly
100 includes muliiple brackets 110, the brackets 110 may be spaced equidistant from each othe
along a length of the shaft 108, When two brackets 110 are used in the magnet oradle assembly
100, the brackeis 110 may be located at or proximate the opposing longitndival ends of the shalt
108 and/or the tubes 102, For example. in FHA 1A the first bracket 11I0A is located at a fivst
tongitndinal end 114 of the tbes 102 and the secoud bracket 110B is located at a second
longitudinal end 116 (opposite the first end 114) of the tubes 102, 1o other words, the ¢longaied
tubes 102 arve each connected to the first bracket 110A at one end and Yo the seconsd bracket 1108
at the other end, This arrangement of the brackets 110 and tubes 102 may provide a maximum
stilfness to the assembly (Including the tubes 102 snd associated moagoet bacs 104) during
rotational movement of the magnet cradis assembly 100 while minimizing a complexity and

amount of waterial used to consiruct the mwagnet coadle assembly 100,
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The clongated tubes 102 are non-roagnetic.  To that end, the tubes 102 may be
constructed from non-ferrous metal or plastic, or any other desived type of non-magnetic
material.  As mentioned above, the magnet bars 104 may be selectively removable from the
tubes 102, That i, each magnet bar 104 may be longitudinally slid out of its respective tube as
Hlustrated, for example, in FIG, 1B. Having the roagnet bars 104 vemovably enclosed within
their respective tubes 102 means that the magnet cradle assembly 100 is able to attract swarf
(i.e., ferrous material) to an external surface of the non-magnetic tubes 102 (not touching the
magnet bars 104 directly) and then release the swarf at 4 discharge location upon removal of the
ragnet bars 104 from the tubes 102,

In some embodimenis, the tubes 102 may cach be closed at one end {eg, first
fongitudinal end 114Y and open at an opposite end (e g, second Jongitudinal end 116). This may
keep the magnet bars 104 physically separated from the fluid tlow into which the magpet cradle
assembly 100 will be positioned, while stil allowing for removal of the magnet bars 104 from
ihe tubes 102, In other cmbediments, both ends 114 and 116 of the tubes 102 may be open.

In some embodiments, as described in greater detail below, the mwagnet bars 104 uay
include eleciromagnetic components instead of permanent magnets, The magnet bars 104 may
be powered to activate a magnetic field to be in a magnetic colleciion raode, and later the powe
may be removed to deactivate the magnetic field and release collected swarf to a discharge
location. In such instances, the magnet bars 104 may not be removable frony the tubes 102, and
the only movement necessary for withdrawal and discharge of the collected swarl s the rotation
of the maguoet eradle asserubly 100 about the axis 106,

in some embodiments, each magnet bar 104 spay be equipped with a sealing mechanism
Jocated near or at the second (exposed) longitudinal end 116 of the tube 102 while the magpet
bar 104 is positioned i the tube 102, This scaling mechanism may act to seal the opening at the
second end 116 of cach tube 102 such that, when the magret cradle assembly 100 is rotated to
place the tubss 102 in a fluid flow, the mapnet bars 104 are maintained physically separated from
the swarf~laden flutd. The sealing viechanism way include, for example, a ring made from
rabber or simifar elastomeric material that can create a fluid tight seal. In other embodiments,
however, the magnet bars 104 may not be cguipped with such a sealing mechamsm. Instead, the
iubes 102 may include one or more caps that can be placed over open ends therent Yo seal the
magnet bars 104 within the twbes 102,

In the magoet cradle assembly 100, the shaft 108 and connected brackets 110, tubes

102, and magoet bars 104 are designed to be rotated about the axis 106 to movye the tubes 102

&
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from a swarf collection position to a discharge position, To that end, the maguet cradle assembly
100 may include one or move attachment mechanisms (or mounts) 118 sotatably coupled to the
shaft 108 and used to mount the magnet cradle asserubly 100 to a structure (e.g., & housing of a
swarf remaoval unit), As the rest of the magnet cradle assembly 130 rotates with respect to the
mounts 118 (and the stracture), the tubes 102 are rotated between the swarf collection position
and the discharge position. In the Hlustrated embodiment, the magnet cradle asserobly includes
two mounts 118 for mounting the magnet cradle assembly 100 to a structure. However, in other
embodiments just one mount 118 may be used, or more than two mounts may be used. In the
following description, the tevm “mounts 118" will be used to convey any nuntber of mounts(s),
including as few as one,

As itlustrated, two mounts 118 may be positioned prosimate the opposing ends of the
shatt 108, The mounts 11§ may be positioned longitudinally outward from the brackets 110
along the length of the shalt 108, That way, the mounis 118 and/or the structures to whicl they
are attached do not nterfere with movement of the rotating parts of the magnet cradle assembly
100. The mounts 118 may cach inclode a flange portion 120 that is attached directly 1o a
structure (e.g., via bolts, screws, or other fastenets) and a bearing portion 122 that facilitates
rotation of the shaft 108 with respect to the flange 120, However, any other desited amangement
of the mount 118 may be utitized to rotatably attach the shaft 108 1o a stationary structure,

In some embodiments, rotation of the tubes 102 about the axis 106 of the magnet cradie

asserably 100 may be manually operated. The magnet cradle assembly 100 may include a

manually operated crank lever 119 nsed to huvy the shatt 108 (and attached brackets 110, tubes

102, and magnet bars 104) about the axis 106, Turing the erapk lever 119 causes the shaft 108
to votate, thereby rotating the tubes 102 about the rotational axis 106 of the shatl 108, This
rotation swings the magnet bars 104 held in the tubes 102 from a first position 10 a second
position. The first position may be an operational position located in the path of 2 fluid flow,
while the second pesttion may be a cleaning position focated over a discharge location.

tn some embodiments, removal of the magoet bars 104 from the tubes 102 after the
tubes 102 are rotated lo the cleaning position may be performed maunually. To that end, the
magnet bars 104 may each feature a pull handle 121 that enables an operator to pull the magnet
Bars 104 longitudinally out of the wbes 102, The magnet bars 104 may be pulled from their
respective fubes 102 using the pull bandles 121, as shown in FHG, 18, Ag illostrated, each
pagnet bar 104 may nclude its own judependent pell bandle 1210 tn other embodiments,

however, the pull handles 127 of all the magoet bars 104 may be comnected together so that

7
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pulling a single handle may retrieve all of the wagnet bars 104 from their associated tubes 102 at
the same time. As ustrated, the pull handles 121 may extend outward from the openends 116
of the tubes 102 and through apertures 124 in the bracket 110R,

FI1G. 2 illustrates the second bracket 110B in greater detail, The first bracket 110A may
have a similar shape, exclading the apertores 124 throngh which the pull handles of the magnet
bars extend. The bracket 110B may include a relatively wide face portion 200 at one eod and an
clongated portion 207 that is less wide than the face portion 200 extending in one direction from
the face portion 200, The distal end 112 of the elongated portion 202 attaches to the shaft of the
magnet cradle assembly, and the clongated portion 202 provides an oftset of the magpet bars tn a
radial direction from the shafl.

FIG, 3 illustrates one of the magnet bars 104 o jis respeetive tube 102, The magnet bar
104 suay ioclude a plurality of magnets 400 separated by spacers 402 (e.g., nylon spacers).
These magnets 400 and spacers 402 may be threaded onte or otherwise attached to a rod 404,
The rod 404 may extend outside the tube 102 where it is attached to the pull handle 121, Other
constructions may be utilized for the magnet bar 104 in other embodiments; this s merely ove
examiple of such a magnet bar 104, The magnets 400 way include rare carth magnets, or some
other type of magnetic material, The magnet bar 104 may swagnetically attract swarf to a radially
external surface 406 of the tube 102, where it is held until the magnet bar 104 15 removed from
the tube 102 (e.g, in response to pulling the bandle 121}, Once the magpet bar 104 is removed
from the tube 102, s magnetic foree is no longer acting on the swarl, and the swarf falls from the
fube 102 to a discharge location. In other embodiments, the maguets 400 may ioclude
electromagnets that are selectively activated fo geverate 8 magnetic field via a controllable power
sowrce 430, When the power source 430 s comnected to apd providing power to the
slectromagnets within the tube 102, & magnetic field is gencrated 1o gttract the magnetic swark.
When the power sonrce 430 1s disconnected or turned off] the electromagnets no longer generate
the magnetic figld such that the swarf then falls from the tube 102 to a discharge tocation.

In some embodiments, the mwagnet cradle assembly may also include one or nore
external wipers 450 used to help remove swarf from the ouwtside of the tubes 102 upon
deactivation of the magnetie field {either by rerpoval of the magnet bar 104 from the tube 102 0r
removing power to the magnet bar 184). The wiper 450 may be disposed around one or more of
the elongated tubes 102 and able 1o be slid in a longitudinal disection (arrow 4532) along the
elongated tubg 102 o wipe or dislodge any swarf that is sticking to the cutside of the tube 102

after the magnetic fleld i removed, The wiper 450 may be useful in assisting with remaoval of
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magnetic swarf, since mud s often sticky, lo eosure proper cleaning,  Although only owe
embodiment of the wiper 450 is illustrated in FYG. 3, other embodiments may have different
relative shapes, sizes, and configurations surrounding one or move of the tubes 102 within a
magnet cradle assenibly.

Having deseribed the structore of an individual mugnet cradle assembly 100, a more
detailed description of the operation of said magnet cradle assembly 100 in the context of a swarfl
removal unit will now be provided. FIG. 4 fllustrates an embodiment of a swarl separator 500
including two magnet cradle assemblies 100, Althongh two magnet cradle assemblies 100 are
shown in the tMustrated swart separator 500, other embodiments may ioclude just one magnet
cradle assembly 100, or a greater nusber (e, four or more) of magnet cradle assemblies 10D

In addition o the two magnet cradle assemblies 100, the swarf separator 500 includes a
thaid flow path 502 and a dischavge chute 504, As itlustrated, the fluid flow paih 502 may enable
fluid to flow beneath the discharge chate 504, The fluid flow path $02 may be a basin-type flow
path through which swarf-laden fluid S06 enters on a fivst side 508 and cleaned fluid 510 exiis on
a second side 512 opposite the first side 508, The magnet cradle assemblies 100 may be oriented
as shown such that the axes 106 of the magoet cradle assemblies are perpendicular to a divection
514 of the fluid flowing through the flow path 502. That way a maximum cross section of the
tubes 102 is exposed o the swarf-laden fluid. The magnet cradle assemblies 100 may gach
extend along the widith of the fhad flow path 502,

In FICY 4, a first magnet cradle assembly HO0A s in a first {swart collestion) position
S16, while the second magnet cradie assembly 1008 is in g second (discharge) position 318, In
the swarf collection position 516, the magnet cradle assembly 100A is oriented in a substantially
vertical {e.g., within 20 degrees of vertical) direction such that the tubes 102 of the magnet cradle
assembly 100A are located n a fluid fow path 502 and exposed (o the swarf-laden fuid. From
this position, the magnet bars exert an altractive force ou the swarf within the fluid so that the
swarf iy atiracted to the outside of the tubes 102 and clean fluid is able (o pass through toward
the exil. In general, both magnet cradle asserblics 100A and 1008 may be posittoned in a swarl
collection position 516 so that more swarf is removed from the thud flow,

When the magnet bars (e.g, 104 of FIGE. 1A, 1B, and 3) are located within thelr
respective iubes 102 of a maguet cradle assembly T located in the swart collection position
516, the magnet bars may generate a magnetie field. This wagnetic field may radiate outward
from the mwagnet vradle assembly 100 in a three-dimensional array.  The magnetic fisld may

extond from the magnet cradle assembly 100 far encugh such that there is full coverage of the

9
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fluid flow path 502, For example, the magnetic field may extend to provide full coverage of the
fluid flow path 502 in both a width direction of the flnid How path 302 (e.g. parallel to a
longitudinal axis of the tubes 102) and in a height direction (from a bottom. surface of the fuid
flow path 302 to a position above the fluid within the flow path 502). That way, the magnet

5 cradle assembly 100 is able to effectively attract magnetic swarf from all locations within the
flaid flow passing through the fluid flow path 562,

When it is desired to clean the swart off one of the magnet eradle assemblies 100, an
operator (or automation squipment) rotates the magnet cradle assembly 100 into the discharge
position 318, as shown via the soagnet cradle assembly 1008 in FIG. 4. ln this position 318, the

10 magnet cradle assembly 1008 may be oriented in a substautially horvizontal (eg., within 20
degrees of horizontal) direction such that the tubes 102 of the magnet cradle assembly 1008 are
located vertically above ihe discharge chute 504, 1o some embodiments, rolating the magnet
cradle assembly 100 from the first {(swarf collection} position to the second {discharge) position
may be accomplished ilwough a rotation of between 210 and 330 degrees, or alicenatively

15 between 240 and 300 degrees, or alternatively 270 degrees. As illustrated the first magnet cradle
assembly 100A may rotate in one {clockwise) direction, while the second magnet cradle
assembly 1008 may rotate in an opposite (counter~-clockwise) divection from the swarl collection
position 516 to the discharge position 518 Rotation of the magnet cradle assemblies 100 from
the fluid flow path 502 to the position above the discharge chute 504 provides a simple and

20 effective way of cleaning swarf removal magness, compared to existing methods.

Ovee the magnet eradle assembly 100B is in the discharge position 518, an operator (ot
automation equipnent) nvay then deactivate the magoetic field fron the magnet cradle assembly
100B. This may be accomplished by removing each of the magnet hars 104 frow the tubes 102

or by turning off a power source to electromagnets of the magnet bars 104 within the tubes 102,

82
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as discnssed above, One or more wipers {e.g, 450 of FIG. 3} may be moved across the tubes
102 to further disengage the swarf 520 from the outside of the tubes 103, As a result, the swarf’
520 that was previously attached 1o the tubes 102 is released into the discharge chute 504, The
discharge chute 304 may store the collected swaef 520 therein wntid it can be emptied laler, or the
discharge chote may roots the collected swart 320 to a final discharge destination wemrby. The
30 disclosed magnet cradle assembly 100 enables the removal of swart from 3 Bow of fhuid without
an pperator having to make contact with cither the fuid or the swarf,

As smentioned, a set of two magset cradle assemblizs 100A and 1008 may be utilized

per discharge chute S04 to cosure that there is always a magnetic basrier maintained o the fuid

i0
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flow path $02. When one reagnet cradle assembly 1008 is rotated away from the fluid flow path
502 to the position 518 over the discharge chate 504, the other maguet cradle assembly 1004 s
maintained in the fluid flow path $02 so that the assembly continually picks up swarf from the
thaid flow.

FIG. 9§ is another itlustration of a swarf separator 300 that includes two magnet cradie
assembliss 100. As illustrated, the maguet cradle assemblies 100 may each be connected to an
external housing 600 of the swarf separator 500 via the respective mounts 118, The magnet
eradle assemblies 100 may also be cownected to an internal structure 602 within the swarf
separator 300 via opposing mounts (not visible). The honsing 600 of the swarf separator 500
may include a window 604 formed thergin, and the discharge chule 504 way slope in a
downward direction from the structure 602 toward the window 604, The window 604 also
provides space for pulling the magnet bars out of the tubes of the magnet cradle assemblies 100.
As illnstrated, both magnet cradie asseniblies 100 are in their swarf collection positions with
tubes in the fluid flow path that is located 1o the housing.

As shown, a tray 606 or sinilar swaet capturing mechanism may be positioned just
outside the window 604 so that the collected swarf moves down the discharge chate 504, oyt the
window 604, and info the teay 606. The tray 606 may be selectively rersovable from the housing
600 (2.2, via a lateh 608) so that the captured swarf can be periodically dumped from the fray
606, The swarf separator SO0 of FIG. 5 may enable stmple and quick rervoval of swarf from the
fluid flow therein using manually operated levers 119, pull handles on the magnet bars, the
discharge chute 504, and the removable tray 606, without the operator malking any contact with
the fluid or swarf,

I some embodiments, one or more of the magnet eradle ssserblies 100 deseribed
above may be used in a standalone unit (e.g, swarf separator 500} fo remove swarf from a fhuid
flow, In other erubodinsents, the one or more magnet eradle asseroblies 100 ruay provide swarf
removal within the context of a larger swarl removal unit that features other swarl vesuoval
components as well. In such cases, the magnet eradles assemblies 100 may provide a secondary
or “second pass™ rermoval of swarf from a flnid flow that enters the overall unit,

FIG. 6 illustrates one such swarf rerpoval unit 650, The swarf removal anit 650 suay be
disposed at a surface location of a well, where the swarf vemoval unit 650 may be fluidly
coupled 1o the well to recolve ong or mors fluids as an input. The one or more fhads may
include ferrous swarf as a result of milling out of the well, As Hlustrated, the swarf removal uuil

650 may inclode multiple magoetie swirf removal components, including a nvagnetic drun

1
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separator 652 as well as the disclosed magnet cradle sepavator 500.  The magnetic drom
separator 652 woay he configured to physically remove the ferrous swarf from the one or morg
fluids used in g milling operation, or other related operation, The swarf removal unit 630 may
include an inlst 654 o a flow path for the ove or more fhuds towards the magnetic dram
separator 652, During operations, one or more {luids may flow from the inlet 654 to the
magnetic drom separator 652, As the one or more flnids encounter the magnetic drum separator

652, the magnetic drum separator 632 may remove and displace the ferrous swart from the one

or more floids. The one or more fluids may subsequently flow below the wagnetic dram

separator 632 1o be farther processed, for example, by the magnet cradle separator 500,

The magnet cradle separator 500 may be located downstrean of the drum separator 652
within the swarl removal unit 650, The drum separator 652 may remove relatively large pieces
of forrous material from the Duid flow, while the downstream magnet cradle separator 500 using
the rotatable magnet cradle assemblies 100 removes relatively smaller or leflover pieces of
ferrous material from the fhuid flow. A sabstantially elean fluid then tlows out an exit of the
swarf removal unit 630 tor further processing, storage, ot reuse,  In other embodiments, the
magnet cradle separator 300 may remove a first portion of the swarf from a fhaid flow, followed
by the dram separator 632 that removes remaining swarf from the fluid How.

FIGH 6 illusteates @ magnet cradle separator SO0 on a first side 656 of the swarf removal
writ 650, Although not visible in the Hlustrated view of FiG, 6, the swarf vemoval unit 650 may
include @ second magnet eradle separator 500 including another set of magoel cradle assemblies
100 located on a second (opposite) side 638 of the swart removal unit 650, Together, these two
maguet cradle separators 500 may facilitate swarf removal from ong or wote fJuid fow paths
throngh the swarl removal unit 650, It should be noted that the disclosed swarf removal unit 630
may inclode any desired nomber of magnet cradle separators 500, which gach may inchude any
desived number of magnet cradie assemblies (100 of FIGS. 1-3),

As discussed above, the magnet cradle assemblies 100 may be manually operable to
remove swarf from a fluid flow. In other instances, the magnet cradle separator 500 disclosed
herein may be automated such that swarf may be removed by the magnet cradle assemblies 100
without any operator intervention whaisoever, FIGE. 7A, 78, and 8 dlustrate embodiments of &
magnet cradle separator 500 that is avtomated and so does not reguive manual operations,

FIGR 7A and 7B iltastrale ap embodiment of a magnet cradie separator 500 baving a
single magnet cradle assembly 100 that §s operated via a controller 700, a rotational actuator 702,

and a lnear actuator 704, The controlier 700 s communicatively coupled {o the rotational
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actuator 702 and the lincar actuator 704, The rotational actuator 702 is coupled to the shaft 108

of the maguet cradle assembly 100 and configured {0 votate (arvow 706) the shaft 108 between
the swarf collection position 516 of FIG, 7A and the discharge position 318 of FIG. 7B 1o
response 1o a control signal from the confroller 700, The rotational actuator 702 may take any
desived form that enables reversible rotation by a predetermined amount about an axis such as,
for example, an electric motor, a lingar actuator coupled to a rack and pinion mechanisny, a
torsional spring, a goar assembly, and so forth,

The linear actuator 704 may be used to selectively push, pull, or otherwise remove
(arrows 708) the magnet bars 104 from their tubes 102 and subsequently return the magnet bars
104 1o their tubes 107 in response to one or more conlrol signals from the controller 700, The
Jinear achuator 704 may take any desired form that coables reversible linear movement of the
magnet bars 104 inclading, for example, a spring-loaded actuator, a\‘pnea.zmaiic getuator, or a
tivdraulic actuator. In some embodiments, a second linear actuator (not shown) may be used to
move & wiper {e.2., 4530 of FIG. 3) along the extornal surface of one or more of the tubes 12 1o
reruove any residual swarf that was vol immediately released upon deactivation of the magnetic
field. The second linsar sctuator may take any desired form that enabley reversible lincar
movement of the wiper including, for example, a spring-loaded actuator, a pueumatic actuator, or
a hydraulic actuator.

The coniredler 700 includes an information handling system having at least ouwe
processing component 710 and at least one memoty corsponent 712, The memory compongnt
712 may store jnstructions that are execuled on the processing component 710, For instance, the
memory component 712 may store instructions that, upon execution by the processing
compponent 710, cause the countrolfer 700 to output control signals to the rotational actuator 702
ane the Hnear actuator 704 for cleaning the naagnet cradle assembly 100, In some instances, the
controller 700 may output signals to move the magnet cradle assembly 100 from the floid flow
path to the discharge Jocation via the rotational actuator 702, to emply swarf from the magnet
eradle assenibly 100 into the discharge chute 504 via the linear actuator 704, and io retwn the
magnet cradle assembly 100 to its operating position at vegolar time intervals.  In other
ermbodiments, the controller 700 may be communicatively coupled to ong or move sensors 714
used to determine when i is Gme o clean the magnet eradle assembily 100, The one or move
sensors 714 may be photodetectors, carseras, or other visual-based detection systems,  The
memory compouent 712 may store instructions that, upon execotion by the provessing

component 710, cause the controller T to receive signals from the one or more sensors 714 and
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determing, based on these signals, when it is time to clean the magnet cradle asserably 100, For
example, when the sensor signals indicate that either swarl is still present in the fluid fowing
downstreans from the magnet cradle assembly 100 or that the maguet cradie assembly 100 is full
of collected swarf, the controller 700 may output eontrol signals to the rotational actuator 702
and the linear actuator 704 (and possibly & second Hacar actuator) to clean the magnet cradle
assembly 100,

FIG. § ilhustrales an embodiment of a swarl removal unit 650 including two magnet
cradle separgtors SO0 operated via the same controller 700, In FIG, 8, the swarf removal. unit
6350 may inclode two fluid flow paths 502 and two discharge chuofes 504, one on gach side of the
unil 650, Bach magpet cradle separator 500 may melude two magnet ¢radle assemblies 100,
similar 1o the separators 500 described above with reference to FIGS. 4 and 3. FIG. 8 shows a
first magnet cradle assemnbly 100A focated in the operational position $16 within the fivst fluid
How path 302A, a second magnet cradle assembly 1008 located in the discharge position 518
over the first discharge chute 504A, a third magnet cradie assembly 100C located in the
discharge position 318 over the second discharge chute SO4B, and a fourth magnet cradie
assembly 100D Jocated in the operational position 516 in the second fluid flow path 5028.

To provide automated control, the swarf removal unit 650 may include a first rotational
actuator 7024 coupled to the first magnet cradle assembly 1004, a second rotational actuator
7028 coupled to the second magnet cradle assembly 1008, & third rotational actuator 702C
coupled to the third magnet cradle assembly 1000, and a fousth rotational actuator 7021 coupled
o the fourth magnet cradle assembly 10003, Hach of the rotational actuators 702 and a single
linear actoator 704 may be communicatively coupled to the controller 700, 1t should be noted
that the tustrated controller 700 may be a single controller or a plurality of distributed
controflers conymunicatively coupled to cach other,

in the embodiment of FIG. 8, the Unear actuator 704 may be dual-acting such that the
Hinear actuator 704 is able to push out the wageet bars 104 of a magoet cradle assembly (e.g.,
100C) located over one discharge chute {e.g., S048) while pulling back ju the magoef bars 104
of a magnet cradle assembly (e.g., 100B) located over the opposite discharge chute (e, S04A),
As discussed at fength above, the controller 700 yoay control operation of all rotatioual and Huear
actuators within the swarf removal anit 650 based on, for example, # timed sequence or signals
received org ong oF MOTe SeNsors.

Pt 9 flusirvates an ewbodiment of a magnel gradle separator SO0 having o single

magnet cradle assembly 100 that Is operated via the controller 700, the rotational actuator 702,
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and a power source 430 for providing electrical snergy to operate the maguel bars within the
tubes 102 when the magnet bars are electromagnets. The controller 700 may communicatively
coupled 1o the rotational actuator 702 and o a switch 900 between the power source 430 and the
electromagnets in the fubes 102, The rotational actuator 702 is coupled to the shaft 108 of the
magnet cradle assembly 100 and configured (o rofate {avrow 700) the shaft 108 between the
swarf collection position and the discharge position i response to a control signal from the
controller 700, as described above with respect to FIGS. 7A and 7B. The rotativual actuator 702
may take any desired form that enables reversible rotation by a predetermined amount about an
axis such as, for example, an electric motor, a linear actuator coupled to a rack and pinion
mechanism, a torsional spring, a gear assembly, and so forth.

Instead of using a linear actualor to remove the magnets from the tubes 102, the
controller 700 may output a signal to close the swiich 900 between the power source 430 and the
magnets while the system 15 i a swarl collection mode, and the controller 700 may output a
signal to open the switch 900 when it is desived to discharge the collected swarf (o the discharge
location. Removing the power from the electromagnets may awtomatically deactivaie the
magnetic field holding the swarf against the outer surface of the tubes 102, as desceribed above,
thereby allowing the collected swarfto fall futo the discharge location.

T some embodinuents, a lingar actuator {not shown) may be used to move a wiper (2.8
450 of FIG. 3) along the external surface of ene or more of the tubes 102 to remove any residual
swarf that was not immediately released upon deactivation of the magnetie field.  The linear
actuator may take any desired foum that enables reversible linear movement of the wiper
jncloding, for example, a spring-loaded actuator, a pneumatic actuator, or a hydrasliv actuater.

The controller 700 may control opetation of all rotational and lnear sctuators withinthe
swarfl remaval vt 630 based on, Tor example, a timed sequence or signals received from ong or
MOLS SERSOTS.

The swarf removal systerns and sethods of the present disclosore may divectly or
indirvectly atfect one or more components or pieces of equipment associated with the preparation,
delivery, recapture, recyeling, reuse, and/or disposal of fuids used in the context of various well
systers operations, inchuding milling opevations. For example, the swart removal systeros and
methods may directly or judivectly affoct one or more mixers, related mising equipment, mud
pits, storage facilities or anits, composition separators, hoat cxchangers, Sensors, gauges, pamps,
comypressors, and the ke used gengrate, store, monitor, regulate, ad/or recondition the fluids

from swhich swarf is vemoved during milling operations.  The swart rorsoval systemys and
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methods of the present disclosure may also divectly or ndivectly affect any transport or delivery
equipment used to convey the fhuid to a well site or downhole such as, for example, any transport
vessels, conduits, pipelings, trucks, tubulars, and/or pipes used to compositionally move fluids
from one Jocation o another, any pumps, CoOmMpPressors, or motors {e.g., topside or dowshole)
used to drive the fluids into motion, any valves or related joints used to regulate the pressure or
flow rate of the fluids, and any scusors (Lo, prossure and temperature), gauges, and/or
gombinations thersof, and the Like, For example, and with reference 1o FIG. 10, the disclosed
swart removal sysiems and methods may directly or indivectly affect one or more components of
pieces of equipment associated with an example of @ well assembly 1200, according to one or
more embodiments. It should be poled that while FIG. 10 generally depicts a land-based
assembly, those skied in the art will readily recoguize that the principles deseribed herein are
equally applicable to subsea operations that employ floating or sea-based platforms and rigs,
without departing from the scope of the disclosure. The prineiples described herein are also
equally applicable to milling operations within water well asserublies, withont departing from the
seope of the disclosure.

As illusteated, a wellbore 1216 has been drifled through various subterrancan formations
1218, A casing string 1217 is at least partially cemented within the wellborg 1216 via cement
1219, The tevm “casing™ is used herein to designate a tubular string used to ling a wellbore, The
casing may actually be of the type known to those skilled in the art as “liner” and may be 2
sepmented lingr or a continuous lner, such as colled tubivg.

The well assembly 1200 may inglude a platform 1202 that supports a derrick 1204
having a iraveling block 1206 for raising and lowering a tubular string 1208, In other
embodiments, the tubular string 1208 sway be run in frow a spool. The tubular string 1208 may
nclode, but is not Hmited to, pipe or volled tubing, as generally known fo those skitled jo the art.
A kelly 1210 supports the tubular string 1208 as it i lowered through a rotary table 1212, A
milling or cutting tool 1214 is attached to the disial end of the tubular siring 1208 and is driven
gither by a downbele motor and/or via rotation of the tubular string 1208 from the well surface.
The cutting tool 1214 is rotated to selectively cut and excise ong or more portions of the casing
string 1217 and cement 1219 over a predetermingd section or length of the wellbore 1216, This
milling of the casing string 1217 may be porformed about an entire eircumierence and over a
particalar fength of the wellbore 1216 as past of, for example, a decommissioning operation on
the well, In other instances, the milling of the casing string 1217 may be performed thoa specific

divection with respect 1o an axis of the wellbore 1216, such as during a slot, section, or window
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milling operation. Regardless of the extent and purpose of the milling operation, cutling the
casing string 1217 may generate a large amount of swarf (or ferrous materialy 1221 that is
citeulated back up through an annolus 1226 of the wellbore 1216

A punip 1220 {e.g., a mud pump) circulates fluid 1222 through a feed pipe 1224 and to
the kelly 1210, which conveys the fluid 1222 downhole through the interior of the tubular string
108 and through one or more orifices in the culting tool 1214, The fluid 1222 is then circulated
hack to the surface via the annulus 1226 defined between the fubular string 1208 and the casing
string 1217, At the surface, the recircalated or spent fluid 1222 exits the annulus 1226 and may
be conveyed to one or more fluid processing wnii(s) 1228 via an interconnecting fow Hee 1230
The fluid processing nwit(s) 1228 ruay include, among other things, one or more magnet cradle
separators 500 and/or swarf removal upits 650 used to remacve the swart 1221 from the Hluid
1222 seturned from the well.  Afler passing through the fluid processing wnii(s) 1228, a
“oleaned” fluid 1222 is deposited into a nearby retention pit 1232 (Le, a mud pit). While
hustrated as being arranged at the outlet of the wellbore 1216 via the anmulus 1226, those skilled
in the art will readily appreciate that the fluid processing unit(s) 1228, including magnet cradle
separator(s) 500 and/or swarf removal anii(s) 650 may be arranged at avy other focation in the
drilling assembly 1200 to facilitate its proper function, without departing from the scope of the
disclosure.

As mentioned above, the diselosed swarf removal svsterns and methods may direotly or
indirectly affect the components and equipment of the well assermbly 1200 by removing swarf
frown floid that might otherwise clog or damsage these components. For example, the disclosed
swarf removal systerns and methods may directly or indirectly affect the fhaid processing unit(s)
1228 which may include, but is not liniled fo, one or more of a shaker (e.g., shale shaker), a
centrifuge, a hydrocyclone, a separator, a desilter, a desander, a filter (g.g., diatomaccous carth
filters), a hoat exchanger, any fhid reclamation equipment, and the like. The fluid processing
anit(s) 1228 may further inelade one or move sensors, gauges, pumps, compressors, and the Jike
ased to store, monitor, regulate, and/or recondition the fhids that ave cleansd via the disclosed
swarf removal systems and methods,

The disclosed swarf removal systerus and nethods mway divectly or indivectly affect the
pump 1220, which representatively includes any eonduits, pipelines, trucks, tubulars, and/or
pipes used to fluidically convey the cleaned fluids downhole, any ptmps, compressors, or motors

{e.g., topside or downhole) used to drive the fhaids into motion, any valves or related joints used
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to regulate the pressore or flow rate of the fluids, and any sensors (Le., pressure, temporature,
flow rate, ete. ), pauges, and/or combinations thereof, and the like.

The: disclosed swarf removal systems and methods may also divgotly or indirectly atfect
the various downhole equipment and tools that may come into ¢contact with the fluids that are
cleaned via the swarf reroval systems and methods such as, but not Himited to, the tubular string
1208, any floats, collars, mud motors, downhole motors and/or pumps associgted with the
wbular string 1208, and any MWD/LWD tools and related telemelry equipment, sensors of
distributed sensors associated with the tubular string 1208, The disclosed swarf removal systenas
and methods may also directly or indirectly affect any downhole heat exchangers, valves and
corresponding actuation devices, ool seals, packers and other wellbore isolation devices or
components, and the like associated with the wellbore 1216, The disclosed swarf removal
systerns and methods may also divectly or indirectly affect the cutting tool 1214,

While vot specifically illustrated herein, the disclosed swiarf removal systems and
methods may also divectly or indivectly affect any transport or delivery eguipment used to
convey the cleaned fluids such as, for example, any transport vessels, conduits, pipelines, trucks,
tubulars, and/or pipes used fo fluidically move the fluids from one location to another, any
pumps, compressors, or motors used {o drive the fluids into metion, any valves or related joints
ased 1o regulate the pressure or flow rate of the fluids, and any sensors (fe., pressure and
temperature), ganges, and/or cosabinations thereof, and the like.

An embodiment of the present discloswre is 8 magnst cradle assembly including: a shaft
extending along a rotational axis; at least one bracket having an eod fixed to the shaft and
extending from the shaft in a radial divection with respect to the rotaticnal axis) an elongated
tube fixed to the at feast one bracket; and a magnet bar disposad in the tube.

o ong or more emmbodiments described in the preceding pavagraph, the at least one
bracket includes a first bracket coupled to the shaft and a second bracket coupled to the shatt,
wherein the slongated tube extends between the first and second brackets. In one or more
embodiments deseribed in the preceding paragraph, the magnet eradle assenobly further includes:
a second tabe fixed to the at least one bracket; a second magnet bar disposed in the second tabe;
a third tube fixed to-the at least one bracket; and a third magnet bar disposed in the thivd tube,
wherein the thied magnet bar &8 selectively removable trom the thied fube.  In one or more
embodiments described in the preceding paragraph, the magnet bar is selectively removable from
the tube. T one or more embndiments deseribed in the preceding paragraph, the magnet eradle

assemibly further inclades a pult handle coupled to an eod of the mwagnet bar 1o facilitate pulling
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of the magnet bar out of the tube. In one or more embodiments deseribed in the preceding
paragraph, the magnet cradle assembly further includes an attachment mechanism for rotatably
coupling the shaft to a strncture; and a erank Jever extending from the shalt to facilitate manual
rotation of the magoet cradle assembly with respect to the stucture.  In one or more
embodiments described in the preceding paragraph, the magnet eradle assenbly further includes
a power source coupled to the maguel bar, whereln the magnet bar includes an electromagnet
that selectively oulpuis a magnetic field in response to power from the power sowrce. In one or
more embodiments deseribed in the preceding paragraph, the magnet cradle assembly further
includes an external wiper disposed around the tube,

Another embodiment of the present disclosure is a swar{ removal system lgeluding: a
housing; a fluld flow path at least partially located in the housing: a discharge chute located
proxinate the fluid flow path; and a magwet cradle assembly rotatably coupled to the housing.
The magnet cradle assembly includes an elongated tube and a magnet bar disposed in the tube.
The magnet cradle assembly is rotatable with respect fo the housing from a first position in
which the tube is positioned within the fluid Oow path to a sceond position in which the fube s
positioned out of the fluid How path and vertically above the discharge chaie.

In one or more embodiments described in the preceding paragraph, the magnet cradle
assernbly further includes: a shall extending slong a rotational axis of the magnet cradle
asserobly; and at Jeast ong bracket extending from the shafi in a radial direction with respect to
the axis, wherein the fube is fixed to the at least ong bracket, In one or more mwbodioents
deseribed in the preceding paragraph, the elongated tube extends alony a width of the flaid How
path. In one or more embodiments described in the preceding parvagraph, the swarl removal
system further includes a second magnet cradle assembly rotatably coupled to the housing,
wherein the second magnet cradle assemnbly is located on an opposite side of the discharge chute
from the wagnet cradle assembly, 1n one or mere embodiments described in the preceding
paragraph, the magnet cradle assembly further inclodes 8 crank tever extending from the shafl to
facilitate manual rotation of the magnet eradle assenibly with respeet to the housing. I one or
more embodiments. described in the preceding paragraph, the swarfl rersoval system fucther
includes g tray removably coupled to an exterior surface of the housing at an edge of the
discharge chiste. In one or more embodiments deseribed in the preceding pavagraph, the swarf
removal systen further includes a controller; and a rotational actuaior compuntcatively couplad
tor the controller, wherein the rotational actuator rotates the magnet cradle assembly between the

first and second positions in response 1o control signals from the controfler,
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Another ermbodiment of the present disclosure is a wethod including positioning a

magnet cradle assembly al least partially within a fluid flow. The magnet cradle assembly
includes g shaft extending along 4 rotational axis; at least one bracket extending frow the shaft in

a radial direction with respect to the axis; an elongated tube fixed to the at least one bracket; and

a roagnet bar disposed in the tube, The magnet bar is selectively removable from the tube. The

method further ineludes aitracting swarf from within the fluid How to an exiernal surface of the

fube via a magnetic field from the magnet bar, and allowing the magnet cradle assembly to be

rotated about the axis such that the tube and the atiracted swarf is moved out of the fluid tlow
and to a position vertically above a discharge chute.

In oue or more embodiments described in the preceding paragraph, the method further
includes allowing the reagnet bar to be removed from the tube to selease the swarf into the
discharge chute. In one or more embodiments described in the preceding paragraph, the method
further includes allowing the magnet cradle assembly to be manually rotated via a crank lever
extending front the shaft. In one or more smbodiments described in the preceding paragraph, the
wethod further inchudes rotating the yagnet cradle assembly about the axis via a retational
acluator to the position vertically above the discharge chute. In ong or more embodiments
described in the preceding paragraph, the method forther jucludes positioning a second magnet
cradle assembly at least pariially within the fluid flow, and maintaining the second magnet eradle
assembly at Jeast partially within the fluid flow while the magnet cradle assembly s rotated
about the axis to the position vertically above the discharge chute.

Therefore, the present disclosure is well adapted fo attain the ends and advantages
mentioned as well ay those that are inhevent thevein, The particular embodiments disclosed
above are Ulustrative only, as the present disclosure may be roodified aud practiced in different
but equivalent manners apparent {o those skilled in the art having the berefit of the teachings
herein,  While numerous changes may be made by those skilled to the art, such changes are
encompassed within the spisit of the subject matter defined by the appended claims.
Furthermore, no Hnitations are intended 1o the details of construction or design herein shown,
other than as deseribed in the claims below. 1t is therefore evident that the particular Hlustrative
embodiments disclosed above may be altered or modificd and sll such variations are considersd
within the scope and spirit of the present disclosure. In pavticular, every range of valwes {e.g.,
“from about a to about b7 o, squivelently, “from approximaiely a to b or, equivalently, “from

approximately a-b™} disclosed herein is to bg enderstood as reforring to the power set (the set of
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all subsets) of the respective range of values. The terms in the claims have their plain, ordinary

meaning unless otherwise explicitly and clearly defined by the patentse,
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What is claimed is:

1. A magnet eradle assembly, comprising:

a shafl extending along a rotational axis;

at Jeast one bracket having an end fixed to the shaft and extending trom the shaft in a
radial direction with respect to the rotational axis;

an elongated tube fixed o the at least one bracket; amd

a magnet bar disposed o the tube.
2. The magnet eradle assembly of claim 1, wherein the at least one bracket comprises a (irst
bracket couplad to the shaft and a second bracket coupled to the shaft, wherein the elongated

tube extends between the first and second brackets,

3. The magnet cradle assembly of claim 1, further comprising:
a second tube fixed to the at {east ong bracket;
a sweond magnet bar disposed 1o the second tube;
a third tube fixed to the at least one bracket; and
2 thivd magnet bar disposed in the third tube, wherein the third magnet bar is selectively

removable from the third tabe,

4, The magnet cradle assembly of clalim {, wherein the magnet bar is selectively removable

from the tube.

3. The magnet cradle assenably of olaim 4, further comprising a pull handle coupled o an

end of the magnet bar to facilitate polling of the magpet bar out of the tube,

6. The magnet cradle assembly of claim 1, further comprising:
ar attachment mechanism for rotatably coupling the shafl o a structure; and
a crank lever extending from the shaft to facilitate manual rotation of the magnet cradle

asserobly with respect to the structure,
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7. The magnet cradle assembly of elatro 1, further comprising:
a power source coupled 1o the magaet bar, wherein the magnet bar comprises an
electromagnet that selectively outputs a magnetic field in response to power from the power

SOUFCE,

8. The rwagnet cradle assembly of claim 1, further comprising an external wiper disposed

around the tube,

9, A swarf removal system, comprising:

a housing:

a fluid flow path at least partiafly located in the housing;

a discharge chute located proximate the fluld flow pathy and

a magnet cradle assembly rotatably coupled to the horsing, the magnet cradle assesubly
comprising an clongated tube and a magnet bar disposed in the tube;

wherein the seagnet cradle assembly is rotatable with respect to the housing from a first
position in which the tobe is positioned within the fluid flow path to a second position i which

the tube is positioned out of the fuid flow path and vertically above the discharge chute.

10, The swarf removal system of claim 9, wherein the magoet cradle assembly further
COPrsesy

a shafl extending along a rotational axis of the magnet cradle assembly; and

at least one bracket extending from the shaft in a radial direction with respect to the axis,

wherein the tubse s fixed to the at legst one bracket,

11, The swarf removal system of claim 9, wherein the elongated tube extends along a width

of the fuid How path.

12, The swarf removal system of claim 9, forther comprising a second magnet cradle
asserubly rotatably coupled to the housing, wherein the second roagnet cradle assembly is

focated on an opposite side of the discharge chute from the magnet cradle assembly.

13, The swarf removal system of elaim 9, wherein the magnet eradle assembly further
comprises a crapk lever extending from the shafl to facilitate manyal rotation of the nmagnet

cradic assembly with respect to the honsing.
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14, The swarf removal system of elaim 9, further comprising a tray removably coupled to an

exterior surface of the housing at an edge of the discharge chute.

15, The swarf romoval systemy of claim 8, further comprising:

a controller; and

a rotational actuator communicatively conpled to the controller, wherein the rotatioual
actoator rotates the magnet cradle assembly batwesn the first and second positions in response o

control signals from the controller.

6. A method, comprising:
positioning a magnet cradlie assembly at teast partially within a fluid fow, the magnet
cradle assembly compristog:
a shaft extending along a rotatioual axis;
at feast one bracket extending from the shaft in a radial divection with rexpect o
the axis;
an elongated tube fixed tothe at least one bracket; and
& magnet bar disposed in the tube, wherein the magnet bar is selectively
reroovable from the tube;
attracting swarf from withiv the fluid Sow to an external surlace of thetube via a
magnetic figld from the magoet bar; and
allowing the magnet cradie assembly to be rotated about the axis such that the tnbe and
the atiracted swart' is moved out of the fluid flow and to a position vertically above a discharge

chute.

17, Themethod of claim 16, further covoprising allowing the magnet bar to be removed from

the tube to release the swarf into the discharge chute.

18.  The method of claim 16, further comprising allowing the maguet cradle assembly to be

manually rotated via a crank lever extending from the shafi,

19, Themethod of elaim 16, finther comprising rolating the wagnet eradle asserably aboat

the axis via a rotational actuator to the position vertically above the discharge chute.
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20.  The method of claim 16, further comprising:
positioning a second magnet cradle assembly at least partially within the fluid flow; and
maintaining the second magnet cradle assembly at least partially within the fluid flow
while the magnet eradle assembly is rotated about the axis to the position vertically above the

discharge chute.
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