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MAGNETIC DRUM SEPARATOR WITH CAM ACTIVATED MAGNETS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority to LS. Provisional Application Serial No.
#2/789,906 filed on January 8, 2019, and o U.B., Non-Provisional Application Serial No,

16/593,925 filed on Qctober 4, 2019, which gre incorporated herein by veference in their entivety.

TECHMICAL FIELD
The present disclosure relates generally to magnetic separators and, more particularly,
o a magoetic drono separator with @ cam assembly providing controlled movement of the

magnets.

BACKGROUND

Hydrocarbons, such asx oil and gas, are convpouly obtained from subterrancan
formations that may be located onshore or offshore, The development of subterranean operations
and the processes involved in removing bydrocarbons from a sublerrancan formation typically
invalve a number of different steps such as, for example, drifling a wellbore at a desired welt
site, treating the wellbore to optimize production of hydrocarbons, and perfomoing the vecessary
steps to produce and process the hydrocarbons from the subferranean foumation. After drilling a
wellbore that intersects a subterranean hydrocarbon-bearing formation, a variety of wellbore
tools way be positioned in the wellbere during completion, production, or reraedial activities, It
is common practice in completing oil and gas wells to set a string of pipe, koown as casing, in
the well and use a cement sheath aroond the outside of the casing to solate the various
formations penetrated by the well.

Al tuoes, slot recovery and/or decomimissioning operations may be performed on an oil
and gas well, These operations often require the removal of sections of the origival casing, e.g.,
via extensive milling eperations, Such milling operations generate significant quaniities of swarf
{metallic shavings, filing, and pacticulates). Section aud window milling operations used to
siderrack wells also generate large quantities of swarf, Removal of swart from a smilling fhaid
regpiires a veliable and officient means of separgtion at the surface 0 ensure successiul
operations, If the harsh ypelallic woaterials are vot removed, this can lead to excessive wear and
tear on rig surface equipment and covtamination of drilling Hwds, buproversents in separation
and recovery wiils used to separate swart from a Tow of Hluld are desired.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and ity features and
advaniages, reference is now made to the following description, taken in conjunetion with the
accompanying drawings, in which

FIG, 1 ix an isometric view of a swarf renaoval unit, in accordance with an embodiment
of the present disclosure

FIG. 2 is an isometric view of a drum of a magnetic drum separator, in accordance with
an embodiment of the present disclosure;

FIG. 3 is an isometric view of a magnetic drum separator, in accordance with sn
eanbodiment of the present disclosure;

F1G, 4 is an isometric view of a shalt support, in accordance with an embodiment of the
present disclosure;

FIG. § is an {sometric view of a pulley arrangement, in accordance with an embodiment
of the present disclosure;

Fi(is, 6A, 6B, 6, 61, 6 are side, cross-sectiounal views, cutaway, and front views of a
fully assernbled cartridge used in the magnetic dram separator of FYG. 3, in accordance with an
gmbodiment of the present disclosure;

FIG. 7 is an isometric view of a cam assembly, in accordance with an embodiment of
the present disclosure;

FiGs, 8A, 88, 8C are side, bottom, and cross-sectional views of a magnet tray
assembly, in accordance with an embodiment of the present disclosure;

Fi(s. 9A, 9B are isomeiric and cross-sectional views of & magnet bracket assembly, o
accordance with an erabodiment of the present disclosure;

FIGs, 104, 108, 100 are front, side, and back views of a cartridge end plate assembly,
in accordance with an embodiment of the present disclosure;

FiGs. 11A, 118 ave side and cross-sectional views of the magnetic drum separator of
FHG, 3, in accordance with an embodiment of the present disclosure; and

FIG. 12 ilhastrates a well assembly with a swarf romoval onit, in accordange with an

embodiment of the present disclosure,
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DETAILED DESCRIPTION

Hiustrative embodiments of the present disclosure are described in detail berein. In the
interest of clarity, not all features of an actual implementation are described ju this specification.
I will of course be appreciated that in the development of any such actual embodiment,
numerous tmplementation specific decisions must be miade to achieve developers® speeific goals,
such as compliange with system related and business~related constraints, which will vary from
ong taplameniation o avother. 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. Forthermore, 1o no way
should the following exaruples be read to limit, or define, the scope of the disclosure,

To facilitate a better understanding of the preseut disclosure, the following examples of
gertain embodiments are given, In no way should the following examples be read to linit, or
define, the scope of the nvention. Erabodiments of the prasent disclosure may be applicable to
horizontal, vertival, deviated, or otherwise nonlinear wellbores n any type of sublerravean
formation. Embodiments may be applicable to injection or moniloring wells as well ag
production wells, Including hydrocarbon wells, Frabodiments saay be implemented using a tool
that is made suitable for separating swarf from an incoming fhud flow at a surface location
progimate a well

The terms “couple™ or “couples™ as used herein are intended to mean either an indirect

or a direct connection. Thus, it a first device couples to a second deviee, that connection may be

through a dircol conngotion, or through an indirect mechanical, electromagnetic, or eloctrical

connection via other devices and conpections. Similarly, the term “corvmuanicatively coupled™ as

used hersin is intended to mean gither a direct or an indirect communicaiion connestion. Such

_ conpection may be a wired or wircless connection such ag, for example, Etherset or LAN, Such

wired and wireless connections are well kuown to those of ordinary skill in the art and will
therefore not be discussed in detail herein, Thus, i a fust device compunicatively couples to a
second device, that connection may be through a direct connection, or through an indirect
communication connection via othetr devices and commections, Finally, the term “fhuidically
coupled” as used berein is fntonded to mean that there iy gither a direct or an indireet fluid flow
path between two components.

The present disclosure is directed 10 8 magnetic dram separator used o remove swarf
from a fow of fluid without the magnets making contact with the Huwd or swarf, The magnetic

drum separator allows the sragnets to be fully enclosed within a drum bousing. The magnets are
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able to be selectively located close to the drum honsing on a side where the drum separator is in
contact with the flutd flow and moved radially away from the drum housing on a discharge side
away from the fluid flow. When the maguets are Jocated close fo the drum housing, the magpets
exert a magnetic force that atiracts swarl within the fluid flow 1o the magnetic drum separator,
Then, when the magnets are moved radially away from the deum housing, the magnetic force
from the magnets decreases, thereby releasing the collected swarf front the ontside of the dram.

The disclosed magnetic drum separator is designed to separate swarf from a drilling
fluid, Return flow from a well passes through the unit, with the roagnetic drum separator
capturing a majority of the swart and discarding the captured material into & collection area, The
awarf may then be transported to a remote facility where the yoetal is recovered for recycling.
Additional separation and/or polishing stages may be performed on the remaining fhad to
remove any fine to ulira-fine roagnetic particles that may still be entrained in the floid.

In the disclosed smbodiments, an array of magnets is located within a drum bousing to
form a wet magnetic drum separator. The magnets rotate with the drum housing but mave away
from the drum housing to allow the recovered swarf to be released from an outside of the drum
housing. Existing separator units rely on gravity to move the magnets in this manner. The
disclased dram separaior, however, i» mechanically controlled via a cam assembly. This
proyides an increased control of the movement of magnets to selectively attract swarf to the
drusg separator and release the swarf into a discharge avea. The maguoets are mowed i a
controlled manner via the cam assembly lo allow reliable and precise positioning of the magnets
for collection/attraction of swarl and later discharge of the swarf, The magpetic drum separator is
simple and effective and can be utitized for swarf recovery in fluid paths jo various locations or
as a stand-alone device. The disclosed cam assembly may b altered to suit requiréments for a
desired fluid fow / discharge arrangement, thereby allowing complete control of the magnetic
fleld exerted by the doun separator.

Tarning now to the drawings, FIG. 1 illostrales a swarl removal unit 100, In one or
move embodiments, the swarl removal wail 100 may be coufigared to remove swarf (for
example, metallic shavings, filing, particnlates, and combinations thereofy from one or more
fluids used in milling a well, The swart removal unit 100 may be disposed at a surface location
about a well, wherein the swarf removal woit 100 may be fludly coupled to the well to receive
one or more Huids as an fnput. Iy ong or more embodiments, the one or mote fluids way include
ferrons swarf as a vesult of milling out & well, Ax Hlostrated, the swart removal unit 100 may

nclude a wagnetic drum separator 103, The mageetio drum separator 105 may be copfigured to

4
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physically remove the ferrous swarf from the one or more fhiids used in a milling operation, or
other related operation. In one or more emsbodinents, an inlet 110 1o the swarl remaval usit 100
may provide a flowpath for the one or more fluids towards the magnetic dram separator 15,
During operations, one or more flulds may flow from the inlet 110 to the magnetic drum
separator 103, As the one or more fluids encounter the magnetic drum sepavator 103, the
magnetic drum separator 105 may attract the fervous swarf through a magoetic foree provided by
the internal compongots of the magnetic drum separator 105. As the one or more fluids
encounter the magnetic drum separator 103, the magnetic drum separator 105 may remove and
displace the ferrous swarf from the one or more fuids. The ene or more fluids may subsequently
flow below the maguetic drum separator 103 to be further processed. As the magnetic drum
separator 105 operates, theve may be a scraper ramp 1135 disposed adjacent to and abutting the
magnetic drum separator 105, The scraper ramp 113 may be any seitable size, height, shape, and
combinations thereof, Further, the scraper ramp 115 may be included of any suitable woaterial.
The scraper ramp 115 may be disposed to abut the magnetic drum separator 103 at any suitable
angle. The sceaper ramp 115 may be configured to provide a physical barrier to any potential
ferrous. swarf disposed about the magnetic doum separator 105, During operations, the scraper
ranip 115 may physically force the ferrous swarf to be removed from the magnetic drum
separator 1035, The ferrons swarfl may subsequently slide down the scraper ramp 115 into a
separate coutainment unit 120, wherein the seraper ramp 115 is coupled 1o the separale
containment unit 120, In other embodiments, the scraper ramp 115 may not be coupled to the
sepatate containment unit 120, The separate contaivment wait 120 may be any suitable size,
height, shape, and combinations thersof. Tn one or more einbodiments, the separate containment
unit 120 may be configured to receive, store, transport, and combinations thereof the ferrous
swiarf removed from the ong or more fluids.

FIG, 2 ilustrates an embodiment of the magnetic drum separator 103, Ag illusirated, the
magnetic drum separator 103 may include an outer drum (or drur housing) 200 that encloses an
arvay of magnets and cam assembly (diseassed further below), During operation of the swarf
removal unit 100 (reforring to FIG. 1) the drum 200 may be actuated to rotate around a central
axis 205, In oue or more embodiments, the array of magnets may rotate with rotation {and at the
samne rabe of rotation) of the drum 200, The cam gssembly, which may remain statiopary as the
drim 200 rotates, may displace a plurality of magnels in the array of magnets 1o move iy &
radially inward or outward direction {with respect o the central axis 205} at specific rotational

positions about the central axis 208, The drom 200 may lnclode o draw skin, wherein the dvum
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skin is a thin-walled eylindrical component. In oue or more embodiments, the dram skin may be
non~magnetic, In other embodiments, the drum skin may be wagnetic. The dram 200 may further
include two drum flanges 210 to facilitate connection of the drum skin to other components of
the magnetic drum separator 103, in one or more embodiments, one of the two drum flanges 210
may be disposed at a first end 215 of the dramw 200 while the rersaining one of the two drum
flanges 210 may be disposed at a second end 220 of the drom 200, wherein the first end 213 and
the second end 220 are opposite of each other,

FIG. 3 illustrates another embodiment of ihe wagnetic drum sepavator 105, As
Hlusteated in FIG. 3, the magnetic drum separator 103 may be fhuidly sealed by a patr of drum
end plates 300 disposed at the first end 215 and at the second end 220 of the drum 200. In one or
more embodiments, a wear ring 305 may be disposed adjacent to and concentric with the drum
end plates 300. The wear ring 305 may be disposed at the first end 215 and/or at the second end
220 of the deum 200, The wear ring 305 may provide a bufter between the magnetic dnan
separator 103 and the swarf removal unit 100 Qeferring to FIG. 1) During operations, as the
magnetic drorg separator 103 rolates, the wear ring 303 may absorb potential damage caused by
the magnetic drum separaior 105 interfaciog with the swarl removal unit 100, Without
Limitations, the wear ring 305 may be included of nylon. Inone or more esabodiuents, there may
be a plurality of holes disposed through the drum flanges 210, the pair of drum end plates 300,
the wear rings 303, and combinations thereof. In embodiments, the plurality of holes may be
arvanged uniformly in a chreular paitern about an equivalent radial position. During assenobly, the
plurality of holes may be aligned and may be secured using any suitable fasteners to couple the
wear rings 303 to the pair of drum end plates 300 to the drum flanges 210, wherein the pair of
drum end plates 300 are disposed between the wear rings 308 and the dram fanges 210,

As llustrated, a deum shaft 310 may be disposed through the magnetic dium separator
105 along the contral axis 203 {reforring to FIG. 2). The dram shalt 310 may be any suitable size,
height, shape, and combinations thereof, In embodiments, the drum shaft 310 may be a solid,
glongated cylinder incloding a length longer than the length of the dram 200, The druns shatt 310
may be aperable to support ihe components of the magnetic dnug separator 103, In one or more

embodiments, the drum shalt 310 may remain statfonary as the dru 200 rotates aboul the

centeal axis 205, The magnetic drum separator 103 may fuether include at kiast ene shafl support
315 disposed at an end of the drom shalt 310 and a pulley arangement 320 disposed betwesen the
at least one shafi support 315 and one of the drum end plates 300,

Referring pow fo FIG. 4, the at least ong shall support 313 may be bolted down io an

&
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external surface throngh mounting holes 400 disposed through the at least one shatt support 315
In one or more embodiments, the raounting holes 400 may be disposed about opposite ends of
the at least one shafl support 313, The at least oue shaft support 315 may include a central bove
405, wherein the central bore 405 is configured to receive the drom shatt 310 (referring o FIG.
3). There may be a central hole 410 disposed in the at least one shaft support 315, The central
hole 410 may be disposed vertically through the at least one shaft support 315 and perpendicular
1o the central bore 405, In one or more embodiments, the doum shaft 310 may include 4 hole
disposed at an end of the dnun shaft 310, During assembly, as the drom shaft 310 is disposed
through the at least one shaft suppost 315, the hole in the drum shaft 310 may be aligned with the
central bole 410 and a suitable fastensr may be used to fasten the drum shaft 310 to the at least
one shaft support 315.

FIG. 5 illustrates an embodiwent of the pulley arrangement 320, The pulley
arraungement 320 may be any suitable size, height, shape, and combinations thereof. In one or
more embodiments, the pulley armangement 320 may bave a circulgr cross-section. There may be

a central bote 500 in the pulley arrangemwent 320, wherein the central bore 500 is configured fo

receive the drum shalt 310 (referring o FIG. 3). Ag tHustrated, there way be a plurality of teeth
503 disposed along the circumference of the pulley arrangenent 320, Each of the phwality of
teeth S05 may have the same dimensions. As shown, the plurality of teeth 305 may be disposed
between a first vidge S10 and a second ridge 5135, wherein the distance between the first ridge
510 and the second ridge 515 defines the thickness of the pulley srrangement 320, During
assembly, the pulley artangement 320 way be coupled to a cable or belt (not shown) i operate
as a pulley affer the drum shafy 310 is disposed throngh the central bore 500 of the pulley
arrangement 320, In one or wore embodiments, the cable or belt may be disposed over a portion
of the plurality of teeth 305 and between the first ridge 510 and the second ridge 315,

n one or move smbodiments, the magnetic dram sepavator 105 {referring to FIG. 1)
may include a cariridge that ia dispesed within the drony 200 (referring to FIG. 2). FIGs, 64, 68,
60, 60, 6F illustrate different views of a fully assembled cartridge 600, The cartridge 600 mony
be consiructed from. several subassemblics that will be deseribed in further detail herein. For
example, the carteidge 600 may jnchide a cam assembly 603, two end plate assemblies 610, and
a plurality of soagnet tray assemblies 615, The magnet tray asserblies 615 may nclude of an
array of magnets i the magnetic drum separator 105, The end plate asserablies 610 at opposite
ends of the cartridge 600 way attach the array of magnets to & drive assenbly (for example, the

pulley arrangement 320 with the cable or helt) that rotates the drum 200, Ag such, the array of
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maguels may be rotated along with the dromy 200, The cam assembly 603 jvay remain stationary
as the dram 200 and areay of magnets rotate. The cam assembly 605 may cause the magnets to
move radially outward {toward the drure 200) at a certain ciroumferential location about the
rotatiopal axis and may cause the magnets to move radially inward (away from the drom 200) &
another circumferential loeation. Thus, as the magnets rotate ‘with the dram 200, ferrous swarf
may be attached to the ontside of the drum 200 at certain locations (where the magnels are closer
to the drum 200y and the ferrous swarf may later be released from the outside of the drum 200 at
another location {where the magnets are no longer close to the drum 200). This way, the
magnetic dram separator 103 s able to pick up ferrous swarf on one side (for example, at the
inlet LI of the swarf removal unit 100 Geferting to FIG. 1) and deposit the ferrous swarf on
another side (for example, at the scraper vanap 113) as the dram 200 rotates. o addition to the
componenis described above, the cariridge 600 may include a pumber of cartridge support bars
308,

FIG. 7 illustrates the camn assembly 605, which may include the drum shaft 310, iwo
shaft connection plates 700, and two cam disks 703, The shaft connsction plates 700 may couple
the cam disks 705 to the drum shaft 310, therehy inhibiting rotation of the cam disks 705 within
the wagnetic drum separator 105 {referring to FIGL 1) In embodiments, the shaft connection
plates 700 may be coupled to the cam disks using any suitable fasteners. Each cam disk 703 may
b any suitable size, height, shape, and combinations thereof. In ose or more embodiments, cach
cam disk 705 may have equivalent dimensions, Without Hmitations, cach cam disk 705 moay
include any suitable material, such as Teflon, oil-bupregnated polyurethane, other such materials
exhibiting low coefficient of friction and low wear characteristics, and combinations thereof,
Bach cam disk 705 may tnclude an frregular (not eiveular) shape and may include a cam frack
710 formed on an outer side of the cam disk 708 for receiving cam followers (deseribed further
below) of the magnet tray assemblios 615 (referring to FlGs. 64, 6B, 6C, 6D, o). In
embodiments, the camn track 710 may be a recessed groove forming 8 elosed loop about the
cirpumference of each can disk 705 on the onter side of the cary disk 705,

FiGs. 84, 88, 8C fllustrate ong of the plurality of magnet tray assernblios 615, FIG. 8A
tllustrates a side view of one of the plurality of magnet tray assemblies 615, FIG. 88 illustrates a
bottom view of one of the plurality of magnet tray assemblies 615, FIG, 8C ilustrates a cross-
section of the side view presented In FIG, 8A of one of the plurality of magnet tray assemblies
&15. Bach one of the phaality of magnet tray assemblies 615 may be any suitable size, height,

shape, and combinations thereof In ope or more smbodiments, xach one of the plurality of
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magnet ray assemblies 615 may have equivalent dimensions. The illustrated ove magnet tray
assembly 615 may include two magnet bracket assemblies 800, a magnet tray 803, and a maguet
fray backing plate 810, In one or more embodiments, each magnet bracket assembly 800 may be
disposed at an end of the magnet tray 803, The magnet tray backing plate 810 may be disposed
below and coupled 1o a bottom surface of the magnet tray 808, wherein the magnet. bracket
assemblies are also coupled to the magnet tray backing plaie 810, In embodiments, a plurality ot
magnets 815 may be disposed ju the magnet tray 805 and held between the magnet tray 805 and
magnet tray backing plate 810. Each of the plurality of magnets 813 may have cquivalent
dimensions. In other embodiments, cach of the phwality of maguets B15 way have different
dimensions, Without limitations, each of the plurality of magnets 815 may be secwred into the
magnet tray assembly 615 using any suitable suethod including, but not Himited to, fasteners,
threading, adhesives, welding, and combinations thereof. In one or jwore embodiments, the
magnet bracket asserblies 800 may attach the magnets 815 1o the cam assembly 605 and to the
end plate assemblies 610,

Fidis, 9A-9B ilustrate an embodiment of the magnet bracket assembly 800, FIG, 9A
illustrates an isometrie view of the magnet bracket assenibly 800, and FIG. 9B Hustrates a side
view of the magnet bracket assembly 800. The ragnet bracket assembly 800 may inclade a
bracket 900, a bracket plate 805, a cam follower 914 ov one side of the bracket 900, and an end
plate follower 915 on an opposite side of the bracket 900. In embodimenis, the bracket Y00 roay
be any suitable size, height, shape, and combinations thereof Without limitations, the bracket
900 mway generally be triangular in shape, wherein the base of the triangle is a top end 920 of the
bracket 900, and wherein a fip of ibe triaugle i3 a bottom end 925 of the brackel. In
embodiments, the bracket plate 903 may be disposed at the top end 920 of the bracket 900, The
cam follower 910 may be disposed about the bottom end 928 of the bracket 900. The end plate
follower 915 may be disposed in between the cam follower 910 and the bracket plate 905 about
any suitable Jocation on the bracket 900, In one or wore embodiments, the cam fullower 910 and
the end plate follower 915 way be fastened to the bracket 300 using any suitable fasteners (for
example, a4 hex nut), wherein the fastense for each of the cam follower 910 and the end plate
follower 915 is disposed on opposite sides of the bracket 900, In the fully assemblod cartridge
600 (reforring to FiGs. 64, 6B, 6C, 6D, 68), the cam follower 818 may be disposed in the cam
track 710 {referring to FIG. 7) of the cam disk 703 (referring to FIG. 7), while the end plate
follower 913 yuay be disposed in a slot of one of the end plate assernblies 610 (refering o FlGs.

54, 6B, 60, 613, 6E).
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PIGs. 10A, 108, 10C llustrate one of the two end plate assemblies 510, 1o ong or more
embodiments, the end plate assensblies 610 may rotate with the drum 200 (referring to FIG. 2).
The end plate assembly 610 may include a clock plate 1000, a cartridge end plate 1005, and @
drive plate assembly 1010, FIG. 10A ilustrates an embodiment of the carividge end plate 1005,
FIG, 108 ilustrates an embodiment of the clock plate 1000, a cartridgs end plate 1003, and the
drive plate assernbly 1010 coupled together. FIG, 10C illustrates an embodiment of the clock
plate 1000, As illusteated, the clock plate 1000 may include radially orviented slots 10135 formed
therein, and the radially oriented slots 1015 may be configured to reeeive the end plate followers
913 (referring to FIG. 98) of the plurality of magnet bracket assemblies 800 (referring to FlGs.
94-9). In one or more embodiments, the slots 1015 may be lined with a sacrificial liner
inchuding a suitable plastic to inhibit metab-to-metal contact between the slots 1015 and the end
plate followers 815, The slots 1015 may allow the bracket 900 (refesrring to FIGs, 94-98), and
therefore the plurality of magnets 815 (veferring to FIG. &(), to move radially mwward and
outward in response to movement of the plurality of rsagnet bracket assensblies 800 along the
cam track 710 {referving to FIG. 7) of the vam disk 705 {referring to FIG. 7). In one or more
embodiments, the cam disk 703 may be disposed in proximity te the clock plate 1000, wherein
the phaality of magnet bracket asseniblics 800 ave disposed between the cam disk 705 gnd the
clock plate 1000 with the end plaie followers 915 disposed in the radially oriented slots 10135 and
the cam followers 910 (referring 1o FIGs. 9A9R) disposed in the cam track 710, thereby
coupling to the cam disk 705 and to the cloek plate 1000, In smbodiments, the cariridge end
plate 1005 may he coupled io the clock plate 1000. In these embodiments, the cartridge end plate
10035 may be disposed on an opposite side of the clock plate 1000 as the plurality of magoet
bracket assemblies 800, .»sfhx:rein the cartridge end plate 1003 is concentric with the clock plate
1000, The eartridge end plate 1003 may form a longitudinally outer ¢nd of the fully assembled
cartridge 600 (referring to FIGR, 64, 6B, 6C, 6D, 6E). 1o sue or more embodiments, the drive
plate assembly 1010 may be conpled to the cantridge end plate 1005, As Hlustiated, the drive
plate sssembly 1010 may be disposed on an opposite side of the cartridge end plate 1005 as the
clock plate 1000, whereln the cartridge end plate 1003 is disposed between the drive plate
assembly 1010 and the cleck plate 1000, In oue or more embodiments, the clock plate 100G, the
cartridge end plate 1005, and the drive plate assembly 1010 may include a central borg
configured to reccive the drum shaft 310 (referring to FXG. 3), whereln the drum shall 310 is
disposed through the clock plate 1004, the cartridge end plate 10035, and the drive plate assembly

10190, Further, the clock plate 1000, the cartridge end plate 1003, and the drive plate asserably
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1010 way include a plarality of holes suitable for wtilizing fasteners in order to couple to each
othier. The drive plate assembly 1010 may further be coupled to a drive assembly (for example,
the pulley arrangement 320 with the cable or belt) of the drum 200 {(referring to FIG. 2) to rofate
the end plate assemblics 610 glong with the drum 200.

FIGs. T1A-11B illusteate the fully asserobled magoetic drun separator 105 and the
various components connected fogether. FIG. LA illustrates a cross-sectional side view of the
magnetic drum separator 105, and FIG. 11B illostrates a side view of the magnetic drum
separator 105, As ilustrated, a drum hub 1100 may be disposed around the drum shaft 310
between the pulley arrangement 320 and the dram end plate 300, In obe or more embodiments,
the drum hub 1100 may couple the pulley arrangersent 320 to both the drum end plate 300 and
the drive plate assembly 1010, as best seen on FIG, T1A. Suitable fasteners may couple one end
of the drum hub 1100 to the drum end plate 300 and the drive plate assembly 1010, wherein the
drom end plate 300 is disposed between the deum hub 1100 and the drive plate asserbly 1010,
The pulley arrangerment 320 may be coupled to the opposite end of the drum hab 1100,

During operations, the magnetic drwn separator 105 may be actuated to remave ferrous
swarf from one or more fuids used in a downhole operation. The pulley arrangement 320 and a
rable or belt (not shown) may provide rotation to the magnetic drum separator 1035, As discussed
above, the drum shaft 310 and the carn assembly 605 (referring to FIG. 7) may remain stationary
as other components of the magnetic drom separator 103, such as the dram 200, the plurality of
magnet tray assemblies 615, and the end plate assemblies 610 (referring to FiGs. 10A, 108, 10C)
rotate. As the magnetic deum separator 105 operates, the plurality of magnel tray assemnblies 613
may iranslate radially inward or omward while rotating avound the central axis 209 (referring to
FIG. 2). This may produce localized magnetic fields that are stronger or weaker at designated
locations along the circumierence of the drum 2000 In embodiments, the plurality of magset bray
assemblics 615 may be farther away from the central axis 205, therefore closer to the drm 200,
about a portion of the magnetic dram separator 105 that s disposed in the flowpath of the one or
more fluids provided by the inlet 110 (referring to FIG. 1) of the swarf removal unit 100
(refering to PIG. 1), At this location, there may be a magnetic field strong snough to aitract the
ferrons swarf present in the one or more fuids. The magnetic field may remove the ferrous sward
from the one or mare Huids and displace said ferrous swarf onto the drum 2008, As the drum 200
rotates, the cam assembly 605 may displace the phuality of magnet tray assemblies 613 10 a
radinly bvward position. Such displacement may weaken the xuz‘i‘ounding_ magnetic Gicld along

the outer surface of the drams 200, As such, the ferrous swarfl may G off the dram 200, as the
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drum 200 is rotating, onto the scraper ramp 115 {referring to FIG. 1) to be collected within the
separate confainment unit 120 (referring to FIG. 1), In embodiments, the magnetic field from the
plurality of magnet tray sssemblies 615 may still affect the ferrous swarfl while the phuwality of
magnet tray assemblies 615 are disposed closer 1o the central axis 2035, In these embodiments,
the scraper ranip 115 may provide a physical barrier along the rotating drum 200 to physically
scrape off the ferrous swart, wherein the ferrous swart roay then be collected within the separate
containment unit 120,

{1+ one or more embadiments, the magnetic drum separator 103 may not include the cam
assembly 605, In these smbodiments, the end plate followers 918 may be disposed n radiaily
oriented slots (for example, slots 1015 or slots disposed about the drum end plates 300). As the
drumn 200 rotates, the plurality of magnet tray assemblies 615 may translate radially nward or
ontward depending on gravity. In one or mote embodiments, the clock plate 1000 may include of
HARDOX® 450 (available from SSAB Corporation), HARDOX® 450 may be 4 wear-resistant
steel at a nominal hardness of 4530 HBW that combines high toughness, good bendability and
weldability. HARDOX® 450 may combine good bendability and weldability with an oplion for
ouaranteed impact toughness (HARDOX® 4350 Tuf). The impact produced from the plurality of
magnet tray assemblies 615 translating back and forth slong the slots 1015 may ordinarily
damage the plorality of magnet tray assemblies 615, As the clock plate 1000 may nclude
HARDOX® 450, the toproved material properties may reduce the damage sustained by the
plurality of magnet tray assemblies 618 translating.

I one or more embodiments whergin the magnetic drumn separator 105 does not include
the cani assembly 605, there may be serts (vot shown) disposed in the radially oriented slots.
The inserts may be fixed in place and the magoet tray 803 mway travel along the length of the
radially oriented slots. As the magnet tray 8035 translates, the magnet tray 805 may contact the
inserts. Such contact may ordinarily damage the magnet tray 805, As there are jnserts disposed in
the slots, the damage from the forced contact may be reduced as compared to the magnet tray
translating into the ends of the slots.

The systems and methods of the present diseloswre way divectly or indirectly affect one
or move components or pigoss of eguipment associated with the preparation, delivery, recapture,
recyeling, reuse, and/ov disposal of fluids used i the eontext of various well system operations,
including milling operations. For example, the svstenss and methods ay divectly or indirestly
affect ooe or more mixers, related mixing equiproont, mud pits, storage facilities or units,

composition separators, hrat exchangers, sensors, gauges, puups, compressors, and the like used
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generate, store, mouiior, regulate, and/or recondition the fluids from which swarf is removed
doring milling operations, The systers and methods of the present disclosure may also directly
or indirectly affect any transport or delivery equipment used to convey the fluid to a well site or
downhole such as, for example, any transport vessels, conduits, pipelines, tracks, tubulavs, andfor
pipes used to compositionally move fuids from one location to another, any pumps,
compressors, or motors {g.g., topside or downbole) used to drive the fluids into motion, any
valves or related joints used to regulate the pressure o flow rate of the thaids, and any sensors
(i.e., pressure and temperature), gauges, and/or combinations thereof, and the like. For example,
and with veference to FIG. 12, the disclosed systems and methods may directly or indivectly
affect one or more components or plsces of equipment associated with an example of a well
assembly 1200, according to one or more embodiments. It should be noted that while FIG. 12
generally depicts a land-based assembly, those skilled in the art will readily recogpize that the
principles described berein are equally applicable to subsea operations that employ Hoating o
sea-based platforms and rigs, without departing from the scope of the disclosure. The principles
described herein are also equally applicable to milling operations within water well assemblies,
without departing from the scope of the disclosure,

As tHustrated, a wellbore 1203 has been drilled through varions subtesrancan formations
1245, A casing string 1215 is at least partially cemented within the wellbore 1203 via cement
1220, The term “casing™ is used berein to designate a tubular string used to Hine o wellbore. The
casing may actually be of the type known to those skilled In the art as “liner” and may be a
segroenied liner or a continuous liner, such as coiled tubing.

The well assembly 1200 may include a platforra 1225 that supports a derrick 1230
baving a traveling blosk 1235 for raising and lowering a tubulay string 1240, In other
embodiments, the tobelar string 1240 may be run in from a spool. The tubolar string 1240 may
include, bt is not Hrelted 1o, pipe or cotled tubing, as generally known to those skilled i the art,
A kelly 1245 supports the ubular string 1240 as # is Jowered through a rotary table 1250, A
milling or cutling fool 1255 is attaghed to the dists] end of the tubular string 1240 and s driven
sither by a downhole motor and/or via rotation of the tubular string 1240 from the well surface.
The cutting tool 1258 is rotated 1o selectively cut and excise one or mors: portions of the vasing
string 1215 and cersent 1220 over a predetermined section or length of the wellbore 1208, This
milling of the casing string 1215 may be performed about an entire clroumfersnce and over a
particular Jength of the wellbore 1205 as part of, for example, 8 deconumissioning operatinn on

the well. In other instances, the milling of the casing string 1215 may be pertormed in a specifie
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direction with respect to an axis of the weltbore 1203, such ax during a slot, section, or window
mifling operation. Regardless of the extent and purpose of the milling operation, cutting the
casing string 1215 may generale a large amount of swarf (or ferrous malerial) 1257 that is
cireulated hack up through an apmudas 1275 of the wellbore 1203,

A pump 1260 (e.g., a mud pump) eireulates drifling Duid 1265 through a feed pipe 1270
and tos the kelly 12435, which conveys the drilling fluid 1265 dowabole theough the interior of the
tubular string 1240 and through one or more orifices in the cutting tool 1235, The fuid 1265 i3
then circulated back to the surface via the annulus 1275 defined between the tubular string 1240
and the casing string 1215, At the surface, the recirculated or spent fluid 1265 exits the annulus
1275 and may be conveyed to one or more fuid processing unit(s) 1280 via an nterconnecting
flow line 1285, The fluid processing unit(s) 1280 may include, among other things, one or morg
swarl removal units 100 used to remove the swarf 1257 from the fluid 12635 retumed from the
well. After passing theough the fluid processing unit(s) 1280, a “cleaned” drilling fluid 1263 is
deposited into a nearby retention pit 1290 (ie., a mud pit). While illustrated as being arranged at
the outlet of the wellbore 1205 via the annulus 1275, those skifled in the art will veadily
appreciate that the fluid processing unit(s) 1280, including swarf removal unit(sy 100 may be
arranged ai any other location in the well assembly 1200 to facilitate its proper function, without
departing from the scope of the disclosure.

As mentioned above, the disclosed systeras and methods may divgetly or indirectly
affect the coraponents and equipment of the well assembly 1200 by removing swart from fluid
that might otherwise clog or damage these compenents, For example, the disclosed systems and
methods may directly or indirectly affect the fluid processing anit(s) 1280 which may include,
but is not limited to, one or more of a shaker (e.g,, shale shaker), a centrifuge, a hydrocyclone, a
separator, a desilter, a desapder, & filter {e.g., diatomaceous earth filters), a heal exchanger, any
fluid reclamation eguipment, and the like. The fluid processing unii(s) 1280 may further include
(T OF TUOTS SENSOPS, gauges, pumps, compressors, and the ke used to store, wmonitor, regulale,
and/or recondition the flaids that are cleaned via the disclosed swarl removal systeras and
methods.

The disclosed systems and mathody may divectly or indireetly allect the pump 12060,
which represeniatively mclodes any conduits, pipelives, trucks, tubalars, and/or pipes used 1o
fuidically conyey the cleansd fluids downhole, any panps, compressors, or motors (8.g.. topside
or downhols) used 1o drive the fuids into wotion, any valves or related joints used to regulate

the pressure or flow rate of the fluids, aud apy sensor (Le., pressure, tomperature, flow rate,
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ete.), ganges, and/or cowbinations thereof, and the like.

The disclosed systems and methods way also directly or indirectly affoct the varvious
downhole equipment and tools that voay come inlo contact with the fluids that are cleanced via the
swarf removal systems and methods soeh gs, but not limiled to, the tubular string 1240, any
floats, drill collars, roud motors, downhole motors andfor pumps associated with the tubular
string 1240, and any MWIVLWD tools and related telemetry equipment, sensors or distributed

sensors associated with the tubular string 1240, The disclosed systems and methods may also

divectly or mdirectly affect any downhols heat exchangers, valves and corresponding actuation

devices, tool seals, packers and other wellbore isolation devices or compenents, and the like

associated with the weltbore 1205, The disclosed swarfl removal systenms and methods may also
directly or indivectly affect the cotting tool 12585,

While not specifically ilustrated herein, the disclosed swarfl removal systems and
methods may also directly or indirectly affect any transport ov delivery equipment used to
couvey the cleaned fluids such as, for example, any transport vessels, conduits, pipelines, trucks,
tubulars, and/or pipes used to fuidically move the fluids from one location to another, any
puInps, compressors, or motors used to drive the fluids into motion, any valves or relafed joints
used to regulate the pressure or flow rate of the fluids, and any seusors (i.g., pressure and
temperature), gauges, and/or combinations thereof, and the like.

An ervbodiment of the present disclosure is a magnetic dnun separator, including a
drumy; a pulley arrangement coupled to the dram, wherein the pulley arrangement imparts
rotation onto the drom; a pair of end plale assemblies, wherein one of the pair of end plate
assemblies is coupled to the pulley arrangement such that the pulley arrangement rotates the one
of the pair of end plate asserublies with the rotation of the drum, wherein cach of the pair of end
plate assemblies includes a clock plate jncluding radislly oriented slots formed therein; a
plurality of maguets disposed o the drum, wherein the plurality of magnets is atlached fo the pair
of end plate gsserablies and rotatable with the rotation of the dru; and a cam assembly disposed
in the drum, whersin the cam assembly vemaing stationary during the rotaion of the drum and
the plurality of magnets, wherein the cam assembly includes a cam disk with a carn track formed
therein; whereln the cam track and the radially oriented slots guide the plurality of magnets to
move in a tadially outward dirgction along @ portion of the drum and in a radially troward
direction along a remaining portion of the drum as the phurality of magnets miates.

In one or more embodiments deseribed fu the preceding paragraph, the magnetic drum

sepavator further includes g pair of drumn end plates, wherein the pair of drum end plates are

1S



“h

10

PR
£

2
L4

WO 2020/146023 PCT/US2019/055123

disposed on opposite ends of the drum, wherein the pair of drum end plates arg coupled to the
drum through drum flanges. In one or more enmabodiments deseribed above, the magnetic drum
separator further includes one or more wear rings, wherein the oue Or more wear rings arg
coupled to the pair of deum end plaies, wherein the pair of drum end plates are disposed between
the ong or more wear rings and the drus flanges. In one or more embodiments deseribed above,
the magnetic drum separator further includes a drum hub, wherein the drom bub is disposed in
between the pulley arrangement and ong of the pair of drum end plates, wherein the deum hub is
coupled to both the pulley arrgngement and the one of the pair of drum end plates. In one or
more embodiments described above, wherein the drum hub is further coupled to the one of the
pair of end plate assemblies, wherein the one of the pair of drum end plates is disposed iv
between the drum hub and the one of the paiv of end plate assemblies. lo ove or more
gmbodiments described above, wherein cach of the pair of end plate asserblies includes the
clock plate; a cartridge end plale; and a drive plate assembly. 1n one or more embodimenis
described above, whergin the cartridge end plate is conpled to the clock plate and the drive plate
assembly, wherein the carividge end plate is disposed in between the clock plate and the drive
plate assembly. In one or more embodiments deseribed above, the magnetic drum separator
further including a phurality of magnet tray assemblies, wherein each of the plurality of magnet
fray assemblies includes: two magnet bracket assemblics;  a magnet tray; and a magpel fray
backing plate. In one or more embodiuents described above, wherein the magnet tray 15
disposed between and coupled to the two magnet bracket assemblies. In oue or more
erabodiments described above, wherein the magnet tray backing plate is disposed between and
coupled to the two magnet bracket asseroblies, wherein the magnet tray backing plate is disposed
below and coupled to the magnet tray. In one or more embodiments deseribed above, wherein
the plurality of magnets is disposed within the magnet teay of sach of the plarality of magnet tray
assemblies. Tn one or more embodboents described above, wherein each magnet bracket
assembly includes: a bracket; a bracket plate; a cam bllower, whorein the cam follower is
disposed on one side of the bracket; and an end plate follower, wherein the ¢ud plate follower s
disposed on an opposite side of the bracket from the cam followsr. In one or more embodiments
described sbove, wherein the end plate follower is disposed in one of the radially oriented slols
of the clock plate, iy ove or more smbodiments deseribed above, whersin the cam follower is
disposed i the cam track of the cam disk. In one or move embodiments deseribed above, the
magnetic drum separator further including a drum shaft disposed along a contral axis of the

magnetic dron separator. In one or more cmbodiments deseribed above, wherein the cam
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assembly s coupled 1o the drum shafl. In owe or more embodiments described above, the
magnetic drom separator further ineloding at Teast one shail support disposed at an gnd of the
drum shaft. In one or more embodiments described above, wherein the cam disk includes of
Tetlon, oil-tmpregnated polyurctbane, other such materials exhibiting low coefficient of friction
and low wear characteristics, and combinations thereof. In one or more embodiments deseribed
above, wherein the druom is configured to remove ferrons swart from one ov more fhuids, In one
or mete embodiments deseribed above, wherein the forrous swarf includes metallic. shavings,
filing, particulates, and combinations thereof.

Therefore, the present disclosure is well adapted to atiain the ends and advantages
meptioned as well as those that are inherent therein. The particular embodiments disclosed above
are iflusteative only, as the present disclosure may be modified and practiced in different but
gquivalent manners apparent to those skilled in the art having the benefit of the teachings herein.
While numerous changes may be made by those skilled o the art, such changes are encompassed
within the spirit of the subject matter defined by the appended claims, Furthermore, no
limitations are imended to the details of construction or design berein shown, other than as
deseribed in the claims below, It is thersfore evident that the particular iHlustrative smbodiments
disclosed above may be altered or modified and sl sach variations are considered within the
scope and spirit of the present disclosure. In particular, every range of values (e g., “from about a
to about b, or, equivalently, “from approxiately a to b, or, equivalently, “from approximately
a-b™y disclosed herein is to be understood as reforring to the power set (the set of all subsets) of
the respective range of values. The terms in the claims have thelr plain, ordinary meaning unless

otherwise explicitly and clearly defived by the patentee.
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WHAT IS CLAIMED Is:

1. A magnetic drum separator, comprising:

a drum;

a pulley arrangement conpled to the driy, wherein the pulley arrangement Imparts
rotation onto the dram;

a pair of end plate assemblies, wherein vue of the pair of eud plate assemblies is coupled
to the pulley arrangement such that the pulley arrangement rotates the ong of the pair of end plate
assembliss with the rotation of the drum, wherein each of the pair of end plate assembhies
comprises a clock plate comprising radially oriented slots formed therein;

a plurality of magnets disposed in the drum, wherein the plurality of magoets 1¢ attached
{o the pair of end plate assemblics and rotatable with the rotation of the drum; and

a cam asserably disposed in the drum, wherein the cam assembly remains stationary
during the rotation of the drum and the phwality of magnets, wherein the cam assembly
comprizes a camn disk with a cam ttack formed thereing

whereln the cam track and the radially oriented slots guide the plorality of magnets to
move in a radially outward direction along a portion of the drum and in a radially nward

direction along a remaining portion of the deum as the plurality of magnets rotates.

2 The magnetic drum separator of claim 1, further comprising a paiy of drum end plates,
wherein the pair of drum end plates are disposed on opposite zods of the drum, wherein the pair

of dram end plates are coupled to the drum through drom flanges,

3. The suagnetic drum. separator of ¢laim 2, further comprising one or more wear rings,
whereln the one or morg wear rings are coupled o the paly of deem end plates, wherein the paic

of drum end plaies are disposed between the one or more wear rings and the deum Hanges.

4. The maguetic drum separator of elaym 2, firther comprising a drusn hub, wherein the
drum hub is disposed in between the pulley arcangement and one of the pair of dram end plates,
whereln the drom bub Is coupled 0 both the pulley srrangement and the one of the pair of draro

end plates.
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3. The magnetic drun separator of clainy 4, wherein the drom hubs is further coupled to the
one of the pair of end plate assemblies, wherein the one of the palr of drum end plaigs is

disposed in between the drum hub and the one of the pair of end plate assemblics.

&. The maguetic deun separator of elatm 1, wherein cach of the pair of end plate assemblies
comprises:

the clock plate;

a cartridge end plale; and

a drive plaie assembly.

7. The magnetic druomn separator of elalm 6, wherein the cariridge end plate is coupled o the
clock plate and the drive plate assembly, wherein the cartridge end plate is disposed in between

the clock plate and the drive plate assembly.

g. The magnetic drum separator of clalm §, further coaprising a plurality of magnet tray
assemblies, wherein each of the plurality of magnet tray assemblics comprises:

two magnet bracket assemblies;

a magnet tray; and

a magaet fray backing plate,

9. The magnetic drum separator of claim §, wherein the maguet tray is disposed between

and coupled to the two magnst bracket assemblies.
10, The magnetic drum separator of clabe §, wherein the nuagnet tray backing plate s
disposed betwesn and coupled to the two magnet bracket assemblies, whergin the magoet tray

backing plate is disposed below and coupled to the magnet tray.

11, The magoetic drum separator of claim 8, whercin the plurality of magnets is disposed

within the magnet tray of each of the plurality of magnet tray assergblies.
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12, The magnetic drnn separator of claim 8, wherein each magnet bracket assembly
comprises:

a bracket;

a bracket plate;

a cam follower, whergin the cam follower is disposed on ong side of the bracket; anid

ant end plate follower, wherein the end plate follower is disposed on av opposite side of

the bracket from the can follower,

13, The magnetic drum separator of claim 12, wherein the end plate follower is disposed in

one of the radially oriented slots of the elock platg.

14, The magnetic drum separator of claim 12, wherein the cam follower s disposed in the

cam track of the cam disk,

15, The maguetic draro separator of elaim 1, turther comprisivg a drum shall disposed along

a central axis of the magnetic drum separator,

16, The magnetic deam separator of claim 15, wherein the cam assembly 1§ coupled to the

drum shatl.

17, The magnetic dnun separator of claim 15, further comprising at {east one shatt support

disposed at an end of the drum shafl,

18, The magoetic drum separator of ¢laim 1, wherein the cam disk comprises of Tetlon, oil-
imprognated polyurethane, other such materialy exhibiting low coefficient of friction and low

wear characterisiics, and combinations thereof.

19, The magnetic drum separator of clabm 1, whercin the drum is configured to remove

ferrous swarf from one or wore tluids.

20, The swarf removal wnit of claim 19, whereln the forrous swarf comprises metallic

shavings, filing, partionlates, and combinations thereot.
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