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(57) Abstract: A pneumatically-operated magnetic separator captures magnetic

contaminants from process fluids. Process fluids are used in many industrial op-
erations for various purposes. The pneumatically -operated magnetic separator
can include a housing wall, a first flange plate assembly, a second flange plate
assembly, a main fluid passage, tubes, and shuttles, lire first and second flange
plate assemblies can each include a pair of flange plates. The tubes extend be-
tween the first and second flange plate assemblies, and the shuttles are situated
in the tubes. Each of the shuttles includes one or more magnets. During use,
the shuttles move longitudinally in the tubes in response to pneumatic actuation
and de-actuation, per an example. Weldments attach the tubes and the first and
second flange plate assemblies together.
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MAGNETIC SEPARATOR

INTRODUCTION

[6601] The present disclosure generally relates to separating magnetic confaminants
from process fhads in industrial applications and, more particalarly, relates to
pocumatically-operated magoetic separators employed o separate and remove
magunetic contaminants from process fluids.

[00023 Process fluids are used m many industrial operations. The fluids include
machining coolants, cleanming solutions, degreasing solutions, and quench fluds, among
many others. Industrigs such as the astomotive and heavy truck, steel, and indusirial
HVAC (heating, ventilation, and air condifioning), employ the use of process fluids for
machining, honing, erinding, parts washing, mduction hardening and guench, paint pre-
troatment, steel rolling, as well as many other uses. Metal contanunants are routinely
miroduced mto the process fluids amid working. Maguetic filtration systems can be
mstalled downstream in order to capture and remove the metal contammants from the

process thads.

SUMMARY
[6603] In an embodiment, a pneumaticaliyv-operated magnetic separator may include a
housing wall, a first flange plate assembly, a second flange plate assembly, a main fhad
passage, multiple tubes, multiple shutiles, and multiple weldments. The first flange
plate assembly i3 located near an end of the housing wall. The first flange plate
assembly imchudes a first flange plate and a second flangs plate. Multiple first openings
arc established in the sccond flange plate. The second flange plate assembly is located
near another end of the housing wall. The second flange plate assembly includes a thied
flange plate and a fourth flange plate. Multiple second opening are cstablished in the
fourth flange plate. The main fluid passage is established in part by the housing wall,
by the first flange plate assembly, and by the second flange plate asserably. The tubes
extend between the first flange plate assembly and the second flange plate assembly,
The tubes are received m the fivst openings and in the second openings. Each of the
tubes esiablishes a bore. The shuotiles are situated in the tubes. Each of the shuttles
mcludes one or more magnets. The shuttles can move longitudinally within the bores

of the tubes. The first weldments attach the tubes and the first flange plate assembly
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together. The second weldments attach the tubes and the second flange plate assembly
together.

[6604] In an embodiment, a poeumatically-operated magnetic separator may include a
housing wall, a first flange plate, a second flange plate, a man fluid passage, multiple
tubes, multiple shuttles, and multiple first weldments. The first flange plate is located
near the housing wall. The first flange piate bas multiple first openings. The first
openimgs span wholly through the first flange plate. Hach of the first openings bas a
first open end edge at a first surface of the first flange plate. The second flange plate 15
located near the housing wall and at a location that is opposite the first flange plate.
The mam fluid passage is established m part or more by the housing wall. The main
fhud passage spans between the first flange plate and the second flange plate. The tubes
extend between the first flange plate and the second flange plate. The tabes are inserted
in the first openings. Each of the tubes has a tube wall. The tube walls cach have a
first termomal cond edge. The shuttles are situated 1n the tubes. Each of the shuities
mcludes one or more magnets. The first weldments attach the first flange plate and the
tubes together. The first weldmenis are established at the first open end edges and at
the first terminal end edges.

[6035] In an embodiment, a poeumatically-operated magnetic separator may include a
housing wall, a first flange plate assembly, a second flange plate assembly, a main fhod
passage, muudtiple tubes, multiple shuttles, multiple first weldments, and multiple
second weldments. The tirst flange plate assembly 18 located near an ¢nd of the housing
wall. The first flange plate assembly includes a first flange plate and a second flange
plate. Multiple first openings are located in the second flange plate. The first openings
span wholly through the second flange plate. Each of the first openings has a first open
end edge. The second flange plate asserably is located near another end of the housmg
wall. The second flange plate assembly includes a third flange plate and a fourth flange
plate. Multiple second openings are located in the fourth flange plate. The second
openimgs span wholly through the fourth flange plate. Each of the second openings has
a second open end edge. A mam thud passage is established n part by the housing
wall, by the first flange plate assembly, and by the second flange plate assembly. The
tubes extend between the first flange plate assembly and the second flange plate
assembly. The tubes are received m the first openings of the second flange plate, and
are received mn the second openings of the fourth flange plate. Each of the tubes has a

tube wall. The tube walls cach have a first terminal end edge and a second terminal
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end edge. The shuttles are sifuated in the tubes. Each of the shuttles mcludes one or
more magnets. The first weldments attach the second flange plate and the tubes
together. The first weldments are cstablished at the first open end edges and at the first
terminal end edges. The first weldments are continuous weldments that extend arocund
the full extents of the first open end edges and of the first torminal end edges. The
second weldments attach the fourth flange plate and the tubes together. The second
weldments are established at the second open end edges and at the second terminal end
edges. The second weldmenis are contimuous weldments that extend around the full

extents of the second open end edges and of the second terminal end edges.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] {One or more aspects of the disclosare will heremafter be described m
comjunction with the appended drawings, wherein bike desiguations depote like

clements, and wherein:

[0007} FIG. 1 13 a sectional view of an embodiment of a magnetic separator;

{0008} FIG. 2 i3 an enlarged view of an embodiment of a weldment of the magnetic
separator.

{0009} FIG. 2A s another enlarged view of the weldment;

(0010 FIG. 3 18 a perspeciive view of a shuttle that can be used with the magnetic

separator; and

(0011} FIG. 4 is a sectional view of the shuttle.

DETAILED DESCRIPTION
[00123 With refergnce to the figures, an embodiment of 3 pneumatically-operated
magnetic separator 10 s presended that separates and removes magnetic contamginanis
from process fluids. The magnetic separator 10 can be equipped in filtration
installations emaployed for many industries including, but not limited to, automotive and
heavy truck, steel, and industrial HVAC (heating, ventilation, and air conditioning).
The process fluids themselves can be wide-ranging and can include machining coolants,
cleamng solutions, degreasing solutions, and quench fluids. The process fluids are used
i applications of all sorts such as machining, honing, grnding, parts washing,
mduction hardening and guench, pamnt pre-treatmont, and steel rolling. Unbike past
devices, the magnetic separator 10 has its flange plates and tubes attached together via

weldments, and can lack o-ring scals and gaskets thercbetween and near the site of
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attachment. This construction of the magnetic separator 10 furnishes greater robustness
and Hexability 1n the use of the magnetic separator 10. The magnetic separator 10 can
be employed 1n applications of less permanence than larger production facilities, for
mstance, accommodating use mn field applications such as those perhaps most common
i the oil and gas mdustry, environmental remediation, as well as others. Morcover,
the magnetic separator 16 can be employed in applications having process fluids that
more aggressively deteriorate o-ring seals and gaskets such as those 1o the ot and gas
mdustry, environmental remediation, as well as others. The magnetic separator 10
hence exhubits a level of mobility i 1is use not previously demonstrated. Moreover, in
embodiments without o-ring seals and gaskets, fatlure of the scals and gaskets, as may
oceur under certain circumstances, 1s altogether circumvented.

[0013] Furthermore, unless otherwise specified, the torms radially, axally, and
circumferentially, and their grammatical variations refer to directions with respect to
the generally circular and cylindrical shape of the magnetic separator 10 and its
components as ithustrated in the figures,

[0014] The magnetic separator 1015 of the 1n-ling tvpe in relation to fluid-flow traveling
through it and, depending on its size, can handle fluid flow rates ranging from 1 gallon
per minute {(GPM) to 250 GPM in certain examaples; still, other fluid flow rates may be
possible in other examples. The magnetic separator 10 can be part of a larger filtration
instatlation in which multiple individual magnetic separators are arranged in parallel to
one another and fed process fluid from a common manifold, for example. The magnetic
contaminanis captured by the magnetic separator 10 can be particles, fines, or
something else — depending on the application and process — and can be composed
of a ferrous metal matenal, Still, the magnetic contaminants subject {o removal need
not necessanly themselves have maguoetic properties and need not bave a forrous metal
composition.  For example, the magnetic contanminants subject to removal may be
mtially non-magnetic particles, fines, or something clse, and may be subsequently
mduced to associate with maguoetic particles, making them susceptible to a magnetic
ficld. In a water and wastewater treatment example, for mstance, certam coagulants
such as ferric chlonde, ferrous chloride, alom, aluminum sulfate, or other soluble
materials may be added to a fluid such as water 1n order to agglomerate small particies.
Calcium 1o the form of calcium hydroxide or calcium oxide may be cmploved to
enhance the removal of particles, and certain polymeric materials — sometimes

referred to as flocculants — may be added to the fluid in order to add strength to an
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agglomerate of particles or in order to increase its size. Lastly, in this water and
wastewaier freatment example, a8 magnetic material such as iron powder, magnate
powder, or hematite powder may be added to the fhuid i order to furnish the particies
with magnetic propertics. Yet still, additional examples exast n which mnitially non-
magnetic particles, fines, or something else are made to be susceptible to a magnetic
field The term magnetic contaminants is used expansively hergin and is imtended to
cmbrace all of these possibilities. Furthermore, the size of the magnetic contaminants
subject to capture can vary, and can be | micron or larger, or even sub-micron in size.
The separation and removal are carried out by the magnetic separator 10 without harm
to the process fluid imbued with the magnetic contaminants. The magnetic separator
10 can have varied designs, constructions, and components in different embodiments,
dictated at least in part by the particalar application and the particular contanunants. In
the embodiment of FIGS. 1-4, the magnetic separator 10 is pnoumatically operated and
actuated and, in geveral, includes a housing wall 12, a first flange plate assembly 14, a
second flange plate assembly 16, multiple tubes 18, and multiple shuttles 20.

With particular reference to FIG. 1, the housing wall 12 makes-up the exterior
structure of the magnetic separator 10, The housing wall 12 has a eylindrical shape and
15 coroposed of a metal matenial such as stamnless steel. The housing wall 12 extends
from a first end 22 at the first flange plate assembly 14, to 8 second end 24 at the second
flange plate assembly 16. A main passage 26 is cstablished at an interior of the housing
wall 12; the first and second flange platc asscmblics 14, 16 also contribute mn the
establishment of the main passage 26. Process fluids are fod through the main passage
26 from an infet conduit 28 and to an outiet conduit 3{, or the process fluid flow can be
reversed in certain appiications and flow in the opposite direction from the conduit
denoted with reference mumber 30 and to the condut denoted with reference nurseral
28. The inlet conduit 28 is disposed in the first flange plate assembly 14 and flaidly
comuunicates with the main passage 26. Similarly, the cutlet conduit 30 is disposed
n the second flange plate assembly 16 and fluidiv coramunicates with the main passage
26. The inlet and outlet conduts 28, 30 are centered with respect to the mam passage
26 and with respect to the first and second flange plate assemblies 14, 16, The mam
passage 26 spans between the first and second ¢nds 22, 24 and between the first and
second flange plate assemblies 14, 16. Process fluids with maguoetic contaninants ender
the magnetic separator 10 via the inlet conduit 28, and process fluids with less or none

of the magnetic contaminants exit the magnetic separator 10 via the outlet conduit 30,
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A pair of two-way valves or a three~way valve can be equipped downstream of the
cuilet conduit 30 in order to direct process fluid flow based on the operating mode of
the maguetic separator 10.

(0016} Furthermore, in the embodiment shown, an mternal baffle body 32 is focated in
the housing wall’s interior and within the main passage 26. The internal baffle body 32
serves to divert process fluid flow outwardly toward the tubes 1% and shottles 20, A
maore divect and straight fluid flow path between the indet conduit 28 and outlet conduit
30 13 obstructed by the internal baffle body 32, Process fluids and any magnetic
contaminanis therein are forced to flow in closer proximity to the tubes 18 and shuttles
20, optimizing capiure of the magnetic contaminants. In the embodiment depicted, the
mternal baffle body 32 occupies a lower half of the housing wall’s interior. An upper
half of the housing wall's interior is free of the internal baffle body 32, The spacing
provided at the vpper half facilitates extraction of larger obstructions in process fluids
that find their way wdo the magoctic separator 10 during use.  Sull, in other
embodiments, the internal battle body 32 could occupy both the upper and lower halves
of the housing wall s intertor. The internal baffle body 32 1s a hollow cyvlinder of metal
material with one or more closed ends 34, The internal baffle body 32 is mounted via
pegs 36 within the main passage 26. The pegs 36 can be welded to the second flange
plate assembly 16. The closed end 34 confronts the outlet conduit 30 across a spacing.
Also, in the embodiment shown, an internal baffle plate 38 is located in the housing
wall’s interior and within the mair passage 26, The miemal baffle plate 38 serves to
support extension of the tubes 18 between the first and second flange plate assemblics
14, 16, The internal baffle plate 38 also divides the main passage 26 into two halves: a
first or upper compartment 40 and a second or lower compartment 42, The miomnal
haffle body 32 1s located at the lower compartment 42 in this embodiment. The mternal
batfle plate 38 extends laterally and radially across the main passage 26, and 18 mounted
at its location via welding to the toternal baffle body 32, Openings in the internal baffle
plate 38 acconunodate the passing of the tubes 18 through ts structure. To allow
process thud flow to travel from the upper compartment 40 to the lower compartment
42, recesses 39 can reside arcund a periphery of the wmiernal baffle piaie 38, The

-
o)

recesses 39 establish fluid-flow paths between the internal baftle plate 3% and an inside
surface 44 of the housing wall 12,
[0017] Still referring to FIG. 1, the first lange plate assembly 14 constitutes an upper

end of the magnetic separator 10, The first flange plate assembly 14 can have differing
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designs and constructions and componenis. In this embodiment, the first flange plate
assembly 14 mclades a first flange plate 46 and a second flange plate 48, The first and
second flange plates 46, 48 arc connected to ecach other via bolts 530. They arc both
disk-shaped, and can be composed of a metal matenal such as stainless steel. A
somewhat farge central opening that resides 1n both of the first and second flange plates
46, 48 accommodates reception of the inlet condwit 28. Referring now to the enlarged
view of FIG. 2, the first flange plate 46 has a first, inboard surface 52 and a second,
outboard surface 54, And the second flange plate 48 hags a first, inboard surface 36 and
a second, outboard surface 38. The first surfaces 52, 56 directly confront cach other.
To communicate and distribute air pressure to the tubes 18 and shuttles 20 amid use of
the magnetic separator 10, a first clearance 60 resides between the first and second
flange plates 46, 48 and between the confronting first serfaces 52, 36 The first
clearance 50 is established in part by an annelar channel 62 defined in the first flange
plate 46. The annular chanuel 62 spans cireumferentially around the first flange plate
46 for commumication with all of the tabes 18 and shuttles 20; the tubes 18 and shuttles
20 are also positioned circomferentially around the magnetic separator 10. A pair of -
rings 64 of different diameters are scated at an mner circuwmnference and at an ocuter
circumference of the first clearance 60 n order to form seals ar their respective
locations. The o-rings 64 are sandwiched between the first and sccond flange plates
46, 48 Further, an air connection 66 is fumished in the first flange plate 46 and
cornmumcated with the first clearance 60 for connection with a pncumatic actuation
SOUNCE.

{0018} With reference to both FIGS. 1 and 2, 1 order to receive msertion of ends of
the tubes 18 anmid assembly, the second flange plate 48 has multiple first openings 68
focated in s structure. There are as many first operdngs 68 as there are tubes 18 A
single first opening 68 18 provided for cach tube 18. The first openings 68 have a
diameter slightly larger than that of the tubes 18 for a tight fit therebetween upon
msertion, as shown best m FIG. 2. Each first opening 68 extends wholly through the
second flange plate 48 between the first surface 56 and the second surface 58, and spans
between a first open end edge 70 at the first surface 56 and a second open end edge 72
at the second surface 58.

[6619] The sccond flange plate assembly 16 can have a similar design and construction
as the first flange assembly 14, Referring to FIG. 1, the second flange plate assembly

16 constitutes alower end of the magnetic separator 10, In this embodiment, the second
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flange plate assembly 16 ncludes a third flange plate 74 and a fowrth flange plate 76,
The third and fourth flange plates 74, 76 are connected to each other via bolta 78. They
are both disk-shaped, and can be composed of a metal matenial such as stainless stecl.
A somewhat large central opening that resides 1 both of the third and fourth flange
plates 74, 76 accommuaodates reception of the outlet conduit 30, The third flange plate
74 has a first, inboard surface 80 and a second, outboard surface 82, And the fourth
flange plate 76 has a first, inboard surface 84 and a second, outboard surtace 86, The
first surfaces 80, 84 dircctly confront cach other. To communicate and distribute air
pressure to the tubes 18 and shuttles 20 amid ase of the magnetic separator 10, a seoond
clearance 88 resides between the third and fourth flange plates 74, 76 and between the
contronting first surfaces 80, 84, The second clearance 88 s established in part by an
annular channel 90 defined n the third flange plate 74, The annular channel 90 spans
circumferentially around the third flange plate 74 for communication with all of the
tbes 18 and shuttles 20, A pair of anmudar o-rings 92 of different diamcters are seated
at an inner circamference and at an outer circumference of the second clearance 88 in
order to form seals at their respective locations. The o-rings 92 are sandwiched between
the third and fourth Hange plates 74, 76, Further, an air conngction {not shown) can be
furnished in the third flange plate 74 and communicaied with the sccond clearance 88
for connection with the preamatic actuation source,

{0020} in order o receive mnsertion of ends of the tubes 18 amid assembly, the fourth
flange plate 76 has multiple second openings 94 located 1o #ts structure. There are as
many second openings 94 as there are tubes 18, A single second opening 94 is provide
for cach tube 18 The second openings 94 have a diameter shightly larger than that of
the tubes 18 for a tight fit therebetween upon insertion. Each second opening 94 extends
whaolly through the fourth flange plate 76 between the first surface 84 and the second
surface 86, and spans between a first open end edge 96 (represented 1 FIGK. 2, 2A) at
the first surface 84 and a second open end edge 98 (represented in FIG. 2) at the second
surface 86,

(06213 The tubes 18 are located m the housing wall’s interior and within the main
passage 26, and extend fully between the first and second flange plate assemblics 14,
16. The tubes 18 extend through the first and sccond compartments 40, 42 of the main
passage 26. At the main passage 26, the tubes 18 have immediate exposure to process
flinds flowing through the magnetic separator 16, The process fluids flow around the

tubes 18 as it makes its way from the inlet condoit 28 and to the outlet condut 30
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Within the mside of each tube 18, a single shuitle 20 1s received. The tubes 18 gnde
tongitadinal and upward and downward movement of the shuttles 20 during use of the
magnetic separator 10. Each tube 18 15 ¢yvlindrical in shape and can be composed of a
metal matenial such as stainless steel. ¢ tubes I8 are arranged circumferentially
arpund the main passage 26 and are offset and spaced from one another, as depicted n
FiG. 1. The arrangement can be somewhat uyniform in order to balance the magaetic
attraction and pull generated by the shuttles” magnets (subsequently introduced) held
within the tubes 18, The exact quantity of tubes 18 can vary. In an example, there arc
a total of twenty-six tubes 18 and twenty-six comparnion shuttles 20 provided; other
quantitics arc conteraplated n other examples. With particular reference to FIG. 2,
cach tube 18 has a tube wall 100, The tube wall 100 has an outside surface 102 and an
mside surface 104, A bore 106 1s established at hollow interiors of each tube 18, A
first open cnd 108 is defined at one frec end of each tube 18, and likewise a second
open end 110 {represended mn FIGS. 2, 2A) is defined at the opposite free end of each
tabe 18, Further, a first terminal end edge 112 is defined at the first open end 108 and,
i g similar way, a second terminal end edge 114 {represented in FIGS. 2, ZA) is defined
at the second open end 116. The first and second terminal end edges 112, 114 span
fully around the respective circumferences of the first and second open ends 108, 110,
(0027 The shuttles 20 are situated within the tubes 18 and serve to atiract magnetic
contaminants against the tube walls 100 when the shutties 20 are 1n position o capture
the magnetic comdaminants. The maguoctic contaminards are retained and build-up
agamnst the tube walls 100 due to the ativaction. The shuttles 20 are received within the
bores 106 of the tubes 18, and can move longitudinally and up and down therein in
response to pneomatic actuation. The shuttles 20 are generally cvlindncal in shape. A
full longitudinal, end-to-end coxtent of an ndividual shuttle 20 approximately
corresponds 1o an axial length of the first compartment 40 and to an axial length of the
second compartment 42. A diameter of an individual shuttle 20 1s slightly less than a
diameter of the bores 106 so that the shuttles 20 are able to move therein. The shutties

20 can have differmg designs and constructions and components. Referrning to FIGS. 3

L

and 4, in this embodiment each shuitle 20 includes a spindle 116, a firstend cap 118, a

second end cap 120, o-rings 122, multiple magnets 124, and multiple pole pieces 126
(0023} The spindle 116 carries the other components of the shuttle 20, The first and

second end caps 118, 120 connect to opposite free ends of the spindle 116 and keep the

magnets 124 and pole pieces 126 sandwiched together. The connection between the

-9.



WO 2022/217034 PCT/US2022/023985

spindle 116 and first and second end caps 118, 120 is via a threading therebetween.
The first and second end caps 118, 120 are screwed on respective free ends of the
spindle 116, A thread-locking thuid can be applied at the threading. Fust and second
end surfaces 128, 130 of the first and second end caps 118, 120 are planar and receive
prging from pressurized air amid use of the magnetic separator 10. The first and second
end surfaces 128, 130 establish first and second closed ends 129, 131 thereat of the
shuttie 20, In past shuttles, spindles extended through openings in end caps at such
surfaces; interior o-rings were provided in the past shuttles between the spindles and
end caps because of the openings. In the embodiment of the figures, the spindle 116
docs not extend through the first and second end caps 118, 120, Rather, the first and
second closed ends 129, 131 at the first and second end surfaces 128, 130 obviate the
need for mterior o-rings which are hence omitted in the shuitle 20 and in the spindle
116. Potential faulis at the mtenor o-nings are climinated in the embodiment of the
figures.

[0624] In assembly, a first spring 132 (FIG. 1) 18 disposed against the first end cap 113
at the first end surface 128, and similarly a second spring 134 (FIG. 1} 1 disposed
against the second end cap 120 at the second end surface 130, Like the shuitles 20, the
first and sccond springs 132, 134 are received in the bores 106 of the tubes 18, The
first and second springs 132, 134 serve to coshion and absorb the impact exerted when
the shuttles 20 move longitudinally and up and down in response to pocumatic
actuation. The first and second springs 132, 134 can also serve as spacers to locate the
shuttles 20 in longitudinal alignment and accordance with the first compartment 40 and
with the second compartment 42 in different operating modes of the magnetic separator
10. A longiiudinal extent of the first spring 132 can be modestly greater than an axial
fength of the first opening 68, and hikewise a longitudinal extent of the sccond spring
134 can be modestly greater than an axial length of the second opening 94, With
reference again to FIGS. 3 and 4, one o-ring 122 is seated 10 a groove 136 residing in
the first end cap 118, and another o-ring 122 is scated wn another groove 138 residing
i the second end cap 120, The o-rings 122 form an air-tight scal with the mside surface
104 of the tube wall 100 at their respective locations.

[0025] The magnets 124 are carried by the spindle 116 botween the first and second
end caps 118, 120. The magnets 124 are permanent magnets i this embodiment. They
produce a magnetic field that attracts and pulls magnetic contaminants toward and

agamnst the tube walls 100, The exact quantity of magnets 124 can vary. In this
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embodiment, there are a total of eight full magnets (F) and two half magnets (H); other
quantitics are contemplated in other examples. The magoets 124 are cylindrical in
shape with central openings for jnsertion on the spindle 116, Differont matenials can
be used tor the composition of the magnets 124, In an example, the magnets 124 are
composed of neodvmium-ron-boron (NIB); other matenials are contemplated in other
cxamples. Together, the magpets 124 can produce magnetic fields of dufenng
magunitudes, depending on the application. In an example, the magnets 124 produce a
magnetic flux density of greater than 10,000 gauss (G} other magnitudes arc
contemplated in other examples. Lastly, the pole pieces 126 are carried by the spindle
116 and are located in-between the magnets 124, The pole pieces 126 direct the
produced magnetic field radiallyv-outboard. The exact quantity of pole pieces 126 can
vary and can depend on the quantity and arrangement of the magoets 124, In this
embodiment, there are a total of nine pole pieces 126; other quantities are contemplated
i other examples. The pole pieces 126 are disk-shaped with central openings for
msertion on the spindle 116, Furthermore, in an example, north poles of successively
arranged magnets 124 can oppose each other across the inferposed pole piece 126;
bikewise, south poles of successively arranged magnets 124 can oppose cach other
across the interposed pole piece 126, This arrangement, 1t has been found, may produce
magnetic ficlds of greater strength.

it has been determined that the interrelationship between the Hange plates and
tubes should be scaled against air and fluid leakage. In the past, o-ring seals were placed
at an nterface between the Hange plates and tubes — a first o~ring seal for air and a
second o-ring seal for process fluids. The first and second o-ring seals were spaced
from each other and seated i grooves at the mside of openings in the flange plates.
The tubes were then inseried partway into the openings with the tubes” outside surfaces
making abutment with the first and second o-ring seals. The tubes were removable
from the flange plates for subsequent servicing and replacement of the o-ring scals.
Since the two o-ring scals had different sealing purposes — the first for air and the
second for process fhuds — they were composed of different materials relative 1o cach
other. Moreover, the matenal selected for the second o-ring seal was often dictated by
the process fluids subject to separation and removal of contaminants in the associated
magnetic separator. One material may be suitable against deterioration for one kind of
process fluids, but may not be suitable, and conscquently would more rapidly

deteriorate, for another kind of process fluids. Over time and with extensive use, it has
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been discovered in some cases that the o-ning seals fail and need replacement. The
fatiure could be due to deterioration or other causes. Onee failure occurred, the past
magnetic separators would have to be un-installed and un-assembled, the tubes
removed, the o-ring seals removed and replaced, and the paris re-assembled and re-
mstalied. The potential for failare in certain circumastances has been found to inlubit
the usefulness of the past magoetic separators, and could thwart their readiness for use
in ficld applications and other more mobile applications, as well as in applications
having process fluids of a more aggressive nature in terms of its facility o deterioraic
g-ring seals.

In order to resolve some or all of these potential shoricomings, the magnetic
separator 10 has weldments cstablished between the tubes 18 and the first and second
flange plate assemblies 14, 16, The weldments serve as a somewhat permanent
attachment between the tubes 18 and first and second flange plate assemblies 14, 16,
and concurrently serve as an endunng seal against both air leakage and process fluids
leakage between the tubes 18 and first and second flange plate assemblies 14, 16. Since
scaling is furnished by the weldments themselves, the o-ring seals of the past assemblies
may be unnecessary and can be sidestepped altogether; still, in some embodiments the
o-ring seals could be provided as an auxiiary measure. The weldroents provide a seal
without deterioration. The magnetic separator 10 hence has enhanced osefulness and
is suitable and ready for use in field applications such as in od and gas, environmental
remediation, and others, and has enhanced usefulness in applications emploving
process thuds of the more aggressive nature. The weldments can take different forms
w different embodiments.  One challenge encountered when effecting a proper
attachment and seal via the weldments, per an embodiment, wags the thinness of the tube
walls 100, In an example, the tube walls 100 have a thickness (i.¢., outside surface 102
to inside surface 104) of approximately 0.07 nulls (thousandths of an inch; 0.000778
mitlimeters {mm}}); other values for the thickness are contemplated in other examples.
Thinner tube walls 100, it has been found, can more readily be hammed and deformed
amd welding, compromising the weld itself and compromising the seal against air and
process thods ieakage.

With particular reference now to FIG. 2A, in this embodiment first weldments
140 are established between cach of the tubes 18 and the second flange plate 48, and,
in a similar way, second weldments 142 (represented mn FIG. 2A) are established

between sach of the tubes 18 and the fourth flange plate 76, In assembly, the tubes 18
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are fnserted mito the first opening 68 for a full insertion therebetween whereby the first
terminal end edges 112 reside at the first open end edges 70. The first open ends 108
are generally flush with the first open end edges 70 with respect to the first surface 56
of the second flange plate 48. The first termimal end edges 112 and the first open end
edges 70 are in general alignment with a8 plane defined by the first surface 56. The first
weldments 140 are established between the first open ends 108 and the first open end
cdges 70, and between the first ternunal end edges 112 and the fust open end edges 70.
Further, in an embodiment, the first weldments 140 can be formed between the outside
surface 102 and the first surface 536, To provide an attachment and seal that 15 complete
around the tbes 18 and around the first operungs 6%, the fust weldments 140 are
continuously formed over full extents of first mterfaces between the fivst open end
edges 70 and the first terminal end edges 112, The first weldments 140 extend
circumferentially continuously around the tubes 18 and around the first openings 68.
In an example, the first weldments 140 are prepared by a tungsten mert gas (TIG)
welding process, producing TIG weldments. A first weldment filler material 144 can
be supplied e the TIG welding process. Still, other types of welding processes could
be utilized to produce the first weldments 140, In order to facilitate welding in certain
embodiments, and depending on the particular welding process carried out, first bevel
cdges 148 can be provided at the first open end edges 70, In the example of TIG
welding, the first weldment filler material 144 could then be set in the spacing
cstablished at the fust bevel edges 148,

[0

3
S

i Similarly, at the fourth flange plate 76, the tubes 18 are inserted mto the second

b

opening 84 for a full insertion therebetween whereby the second terminal end edges
114 reside at the first open end edges 96, The second open ends 110 are generally flush
with the first open end edges 96 with respect to the first surface 84 of the fourth flange
plate 76. The second terminal end edges 114 and the first open end edges 96 are in
gencral aligoment with a plane defined by the first surface 84. The second weldments
142 are established between the second open ends 110 and the first open end edges 96,
and between the second terminal end edges 114 and the first open end edges 96,
Further, in an embodiment, the second weldments 142 can be formed between the
outside surface 102 and the first surface 84, To provide an attachment and seal that is
complete around the tubes 18 and around the second operings 94, the second
weldments 142 are continuously formed over full extents of second interfaces between

the first open end edges 96 and the second termunal end edges 114, The second
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weldments 142 extend circumferentially contmuously around the tubes 18 and around
the second openings 94. In an cxample, the second weldments 142 are prepared by a
tungsten wert gas (TIG) welding process, producing TG weldments. A second
weldment filler material 146 can be supplied m the TIG welding process. Sull, other
types of welding processes could be utlized to prodace the second weldments 142, In
order o facilnate welding in certain embodiments, and depending on the particelar
welding process carried out, second bevel edges 150 can be provided at the first open
end edges 96, In the example of TIG welding, the second weldment filler material 146
could then be set in the spacing established at the second bevel edges 150

(0030} The sealing provided by the first and second weldments 140, 142 can supplant
the o-rmg scals of past assemblies. The attendant and unwanted poteuntial for o-ring
farlure can therefore be averted in certam embodiments. For instance, o-ring seals can
be absent adjacent first proxumitics of attachment between the tubes 18 and the first
flange plate assembly 14 and, specifically, the second flange plate 48, More
particularly, m the embodiment of the figures o-ring seals are not provided and are
absent over first longitudinal extents of reception 152 {(FIG. 2) between the tubes 18
and the first openings 68. Likewise, o-ring scals can be absent adjacent second
proximities of attachment between the tubes 18 and the second flange plate assembly
16 and, specifically, the fourth flange plate 76. More particidardy, in the embodiment
of the figures o-ring seals are not provided and are absent over second longitudinal
extents of reception 154 (FIG. 2) between the tubes 18 and the second openings 94,

[0631] In operation, the magnetic separator 10 and s components work together to
separate and remove magnetic contaminants from process flinds.  The magnetic
separator 10 has at least two operating modes: a filter mode and a purge mode. o the
filier mode, the shuttles 20 are positioned m the tubes 18 in alignment with the sccond
compartment 42, This mode and position are demonstrated in FIG. 1. Pneumatic
pressure via the air connection 66 moves the shutties 20 to their positions in the tubes
18 at the second compartment 42. Differential air pressure between the first and second
end surfaces 128, 130 of the shuttles 20 cffects movement and positioning of the
shuttles 20 1n the tubes 18, In the filter mode, process fhuds enter the main passage 26
by way of the inlet conduit 28 and flow through the second compartment 42. Magnetic
contaminanis in the process fluids are attracted to the tubes 18 by the shuttles” magneis
124, and are retained agamnst the tabe walls 100, The magnetic contamimants are

captured, and hence do not exit the main passage 26 through the outlet conduit 30 with
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the now-cleansed process fluids. In the purge mode, on the other hand, the shuttles 20
arc positioned 1n alignment with the first compartment 40. Pneumatic pressure via the
air conpection at the second flange plate assembly 16 moves the shutties 20 to their
positions m the tubes 18 at the first compartment 40, In the purge mode, previously-
captured magnetic contaminants are released in the second compartment 42 dus to the
absence of the positioning of the shuttles 20 at the second compartment 42, The main
passage 26 is purged and the released wmagnetic contaminants are flushed and
discharged out of the magnetic separator 16, Furthermore, while in the purge mode,
magnetic contaminants from newly-entered process fluids can collect at the first
compartment 40 so that the magnetic separator 10 operates in an uninderrupted manner
in which process fluids are continnally fed to 1t

(00323 it 1s to be understood that the foregoing 1s a description of one or more aspects
of the disclosure. 'The disclosure is not limited to the particular embodiment{s)
disclosed herein, but rather 1s defined solely by the claims below. Furthermore, the
statements contained in the foregoing deseription relate to particular embodiments and
are not to be construed as hnntations on the scope of the disclosure or on the definition
of terms used in the claims, exceopt where a term or phrase is expressly defined above,
Yarious other embodiments and vanous changes and modifications to the disclosed
embodimeni(s} will become apparent to those skilled in the art. Al such other
embodiments, changes, and modifications are intended to come within the scope of the
appeunded claims.

33 As used n this specification and claims, the terms “e.g..” “for example,” “for
0633 A i it ficat g cl , the t AN te,” “f

2y

mstance,” “such as,” and “hke,” and the verbs “comprising,” “having,” “mecluding,”
and their other verb forms, when used in conjunction with a listing of one or more
components or other items, are cach to be counstrued as open-ended, meaning that the
Listing 1s not to be considered as excluding other, additional components oritems. Other
terms are to be construed using their broadest reasonable meaning unless they are used

in a context that requires a different micrpretation.
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CLAIMS
I. A pneumatically-operated magnetic separator, comprising:

a housing wall;

a first flange plate assembly located adjacent an end of said housing wall, said
first flange plate assembly including a first flange plate and a sccond flange plate, 2
plurality of first openings located in said second flange plate:

a second flange plate assembly located adjacent another end of said housing
wall, said second tlange plate assembly including a third flange plate and a fourth flange
plate, a plurality of second openings located 1n said fourth flange plate;

amain fluid passage established in part by said housing wall, by said first flange
plate assembly, and by said second flange plate assembly;

a3 phurality of tubes extending between said first flange plate assembly and said
second flange plate assembly, said plurality of tubes received in said phurality of first
openimgs of said second flange plate and n said plurality of second openings of said
fourth flange plate, each of said plurality of tubes having a bore;

a plurality of shattles sitiated in said bores of said phurality of tubes, each of
said plurality of shuttles including at least one magnet, said plurality of shuttles
longitndmally moveable within said bores; and

a phurality of first weldments attaching said plurality of tubes and said first
flange plate assembly together, and a plarality of second weldments attaching said

plurality of tubes and said sccond flange plate assembly togother.

2. The pneumatically-operated magnetic separator as set forth 1o claim 1,
wherein a first proximity of attachment between said plurality of tubes and said first
flange plate assembly lacks an o-ring seal thereat, and a secound proxinuty of attachment
between sand plurality of tubes and said second flange plate assermbly lacks an o-nng

seal thereat.

3. The pneumaticallyv-operated magnetic separator as set forth n claim 1,
wherein o-ring seals are absent at a first longitudinal extent of reception between said
plurality of tubes and said plurality of first openings, and o-ring seals arc absent at a
second longitudinal cxtent of reception between said plurality of tubes and said plurality

of second openings.
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4. The pneumatically-operated magnetic separator as set forth m claim 1,
wherein said plurality of first weldments is eatablished between said phurality of tabes
and said second flange plate, and wherein said plurality of sccond weldments is

established between said plurality of tubes and said fourth flange plate.

5. The pncumatically-operated magnetic separator as set forth in claim 1,
wheren said second flange plate has a fust surface i confrontation with said first
flange plate, cach of said plurality of tubes has a first terminal end, and said phurality of

first weldments is established at said first surface and said first terminal ends.

6. The pneumatically-operated magnetic separator as set forth in claim 5,
wherein said fourth flange plate has a second surface in confrontation with said third
flange plate, each of said plurality of tubes has a second terminal end, and said plurality
of sccond weldments 15 established at said second surface and said second terninal

ends.

7. The pneumatically-operated magnetic separator as set forth in claim 1,
wherein cach of said plurality of first openings has a first open end edge, each of said
plurality of tubes bas a first terounal end edge, and said plurality of first weldments is

established at said first open end edges and said first terminal end edges.

8. The pneumaticallyv-operated magnetic separator as set forth n claim 7,
wherein each of said plurality of second opemings has a second open end edge, each of
said plurality of tubes has a sccond terminal end edge, and said plurality of second

weldments is established at said second open end edges and said second terminal cnd

9. The pneumatically-operated magnetic separator as sot forth m clawm 8,
wheren each of said plurality of first weldments is a continuous weldment establishe
over a full extent of a first interface between a respective first open end cdge and a

respective first terminal end cdge.

16, The pneumaticallyv-operated magnetic separator as set forth in claim 9,

wherein each of said phuality of second weldments 15 a continuous weldment
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established over a full extent of a second inferface between a respective second open

end edge and a respective sceond terminal end edge.

Il The pneumaticallyv-operated magnetic separator as set forth in claim 1,
wherein sard phurality of first weldments are a plurality of first tungsten inert gas (T1G)
weldments, and wherein said plurality of second weldments are a plurality of second

tungsten inert gas (TIG) weldments.

12. The pneumatically-operated magnetic separator as set forth 1o claim 1,
wherein g first clearance resides between said first flange plate and said second flange
plate, a second clearance resides between said tlurd flange plate and said fourth flange
plate, said first and second clearances in communication with said bores of said

plurality of tubes.

13 The pneumatically-operated magnetic separator as set forth mn claim 12,
wheren longitudinal movement of said plurality of shuttles within said bores of said
plurality of tubes 13 effected by application and non-application of pressunized gas at

said first and second clearances.

14. The pnecumatically-operated magnetic separator as set forth o claim 1,
wheren each of said plurality of shuttles includes a spindle, a first end cap, and a second
end cap, said spindle carrving said at least one magnet, said first end cap connected to
said spindle and establishing a first closed end thercat, and said second end cap

connected to said spindle and establishing a second ¢losed end thereat.

I5. A pneamatically-operated magnetic separator, comprising:

a housing wall;

a first flange plate located adjacent said housing wall, said first flange plate
having a plorality of first openings, said plurality of first openings spanning wholly
through said first flange plate, each of said plurality of first openings having a first open
ond edge at a first sarface of said first flange plate;

a second flange plate located adjacent said housing wall opposite said first

flange plate;
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a main fluid passage established at least n part by said housing wall and
spanning between said first flange plate and said second flange plate;

a plurality of tubes exiending between said first flange plate and said second
flange plate, said plurality of tubes inserted m said plurality of first opemings, each of

satd plurality of tubes having a tube wall, said tube walls having a first terminal end

a plurality of shuttles sttuated in said plurality of tubes, cach of said plurality of
shuttles meluding at least one magnet; and

a plurality of first weldments attaching said first flange plate and said plurality
of tubes together, said plurality of first weldments established at said first open end

edges and at smd first terminal end edges.

16. The pneumatically-operated magnetic separator as set forth in claim 15,
wherein said second flange plate has a plurality of second openings, said plurality of
second openings spanning wholly through said second flange plate, each of said
plurality of second openings having a second open end edge at a second surface of said
second flange plate, said plurality of tubes inserted 1n said plurality of second openings,
said tube walls having a sccond termunal end edge, the pncumaticallv-operated
magnetic separator further comprising a plurality of second weldments attaching said
second flange plate and said plurality of tubes together, said plurality of second

weldments established at said second open end edzes and at said second ternuinal end

edges

7

17. The pneumatically-operated magnetic separator as set forth n claim 15,
wherein said first ternunal ond odges reside at said first open ond edges and are n

general alignment with a plane established by said first surface of said first flange plate.

18, The pneumaticaliy-operated magnetic separator as set forth m claim 13,

wheren said plurality of first weldments each comprises a weldment filler matenial.
19 The pneumatically-operated magnetic separator as set forth n claim 15,

wherein o-riug seals are absent along a first longitudinal extent of reception between

said plurality of tubes and said plurality of first openings.
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24, A pneumaticallv-operated magnetic separator, comprising:

a housing wall;

a tirst flange plate assembly located adjacent an end of said housing wall, said
first flange plate assembly meluding a first flange plate and a sccond flange plate, a
plurality of first openings located in said second flange plate, said plurality of first
openings spanning wholly through said second flange plate, cach of said plurality of
first openings having a first open end edge:;

a second flange plate assembly located adjacent another end of said housing
wall, said second flange plate assembly mncluding a third flange plate and a fourth flange
plate, a plurality of sccond openings located in said fourth flange plate, said plurality of
second openings spanning wholly through said fourth flange plate, each of said plarality
of second openings having a second open end edge;

amain fleid passage established m part by said housing wall, by said first flange
plate assembly, and by said second flange plate assembly,;

a plurality of tubes extending between said first flange plate assembly and said
second flange plate assembly, said phirahlity of tubes received in sard plurality of first
openings of said second flange plate and in said plurality of second openings of said
fourth flange plate, cach of said plurality of tubes having a tube wall, said tube walls
having a first terminal end edge and a second terminal end edge;

a plurality of shuttles situated in said plurality of tubes, each of said plurality of
shutties ncluding at least one magnet;

a plurality of first weldments attaching said sccond flange plate and said
plurality of tubes together, said plurality of first weldments established at said first open
end edges and at said first terminal end edges, said plurality of first weldments are
continuous weldments extending around full extents of said first open end edges and
said first terminal end edges; and

a phirality of second weldments attaching said fourth flange plate and said
plurality of tubes together, said plurality of second weldments established at said second
open end edges and at said second terminal end edges, said plurality of second
weldments are continuous weldments extending around full extents of said second open

ond edges and said second terminal end edges.
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