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(57) Abstract: A magnetic induction pump for pumping molten metal. The pump includes a motor and a shaft operatively con-
nected to the motor. The pump further includes at least one bipolar permanent magnet operatively connected to the shaft and a
conduit for the passage of molten metal. The motor rotates the shaft and magnet about the conduit inducing eddy currents in the
molten metal in the conduit which react with the moving magnetic field to produce force to pump the metal through the conduit
with the metal coming into contact with only an interior surface of the conduit.
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MAGNETIC INDUCTION PUMP

FIELD OF THE INVENTION

The present invention relates generally to a pump for molten metal and
more specifically to a magnetic induction pump having a magnetic induction
rotor for pumping molten metal without the need for direct contact with molten

metal.

BACKGROUND OF THE INVENTION

Typically, molten metal is pumped into casting machines and the like by

electro-magnetic pumps. Many of these pumps utilize the Faraday-Lorentz

' principles in which electrical energy is converted into mechanical energy. An

example of an electro-magnetic pump employing powerful neo-magnets is
described in U.S. Patent No. 6,732,890, which is hereby incorporated by
reference in its entirety. As will be appreciated, such pumps are generally quite

effective at pumping, braking and metering molten metal.

Known electro-magnetic pumps typically rely on DC current coming into
contact with molten metal through electrodes. To deliver the current, the
electrodes are in direct contact with the molten metal. In this regard, electrodes
generally extend into a pump conduit through which the molten metal passes.
In a known pump, electrodes fit within elongated apertures machined into
opposite sides of a molten metal conduit. The electrodes include passageways
to accommodate a cooling apparatus that includes tubing through which a
liquid coolant passes. Though effective, it is desirable to employ a pump in
which there is no contact between electrodes, or any other portion of the pump,
and the molten metal. Itis also desirable to have molten metal contact only the

conduit of a pump.

In view of the above, it is a general object to provide a pump for the

pumping of molten metal. In particular, the present invention provides a
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magnetic induction pump having a magnetic induction rotor for pumping
molten metal without the need for direct mechanical or electrical contact

between components of the pump and the molten metal.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a magnetic induction

pump.

It is an additional object of the present invention to provide a magnetic

induction pump for pumping molten metal.

It is a further object of the present invention to provide a magnetic
induction pump for pumping molten metal in which electrodes or other pump
components are not in direct mechanical or electrical contact with the molten

metal.

It is an object of the present invention to provide a magnetic induction
pump for pumping molten metal in which the molten metal only contacts the

conduit containing the molten metal.

It is yet another object of the present invention to provide a magnetic
induction pump for pumping molten metal that employs a magnetic induction

rotor.

It is another object of the present invention to provide a magnetic
induction pump for pumping, braking and metering molten metal that employs

a magnetic induction rotor that includes neo-magnets.

It is an additional object of the present invention to provide a magnetic
induction pump for pumping molten metal in which a flow rate of the molten

metal is proportional to a rotational speed of a magnetic induction rotor.
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It is an object of the present invention to provide a magnetic induction
pump that may be secured to a stationary vessel containing molten metal to

transport the molten metal from the vessel.

It is another object of the present invention to provide a magnetic
induction pump for pumping molten metal from a vessel into a continuous

metal casting machine.

It is yet a further object of the present invention to provide a magnetic
induction pump for pumping molten metal from a stationary vessel to another

vessel.

It is an additional object of the present invention to provide a magnetic
induction pump for pumping molten metal in which a direction of the molten
metal flow may be reversed by reversing a direction of rotation of a magnetic

induction rotor.

An embodiment of the present invention is a magnetic induction
pump for pumping molten metal. The pump includes a motor and a
shaft operatively connected to the motor. The pump further includes at
least one bipolar permanent magnet operatively connected to the shaft
and a conduit for the passage of molten metal. The motor rotates the
shaft and magnet about the conduit inducing electric currents in the
molten metal in the conduit, these currents interacting with the moving
magnetic field to produce force to pump the metal through the conduit

with the metal coming into contact with only an interior of the conduit.

These and other objects of the present invention, and their preferred
embodiments, shall become clear by consideration of the specification, claims

and drawings taken as a whole.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified, elevation view of a continuous belt metal casting
machine equipped with a magnetic induction pump in accordance with an

embodiment of the present invention.

FIG. 2 is a perspective view of the magnetic induction pump of FIG. 1

operatively attached to a melting furnace.

FIG. 3 is a perspective, sectioned view of the magnetic induction pump

and melting furnace of FIG. 2.

FIG. 4 is a sectioned, elevation view of the magnetic induction pump and

melting furnace of FIG. 2.

FIG. 5 is a perspective view of the magnetic induction pump of FIG. 2.

FIG. 6 is a sectioned, end view of the magnetic induction pump of FIG. 5.

FIG. 7 is a simplified sectioned view of an alternate embodiment of a

magnetic induction pump of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 depicts a preferred embodiment of the inventive magnetic
induction pump 10 used with a known belt-type continuous casting machine 20.
Such casting machines 20 utilize one or more flexible casting belts 22, 24 as a wall
or walls of a moving mold cavity C. The casting belts are thin, flexible, heat-
conductive, and liquid-cooled, normally by water. In a machine employing two
belts, an upper casting belt 22 is revolved around an upper carriage U, and a
lower casting belt 24 is revolved around a lower carriage L. The two belts are
revolved in unison around oval paths as indicated by arrows 34, while the

molten metal freezes between them in moving mold cavity C formed between
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the two revolving casting belts to form an emerging cast product P.
Additionally, a pair of laterally spaced edge dams 36 are revolved and guided by
free-turning rollers 38. These edge dams 36 define laterally a pair of spaced sides

of moving mold cavity C.

Molten metal M to be pumped into the casting machine is stored in a
melting or holding furnace 40. This metal M flows from the furnace 40 into the
inventive magnetic induction pump 10. Internally insulated pipe 52 conveys the
metal M upward toward the casting machine 20. In FIG. 1, the metal M is
pumped upward into a tundish 54 or distributor for distributing the flowing

metal into the upstream entrance end of the continuous metal-casting machine.

As will be readily appreciated, the inventive magnetic induction pump
may be used in applications other than continuous casting machines. For
example, the pump may be used to simply move molten metal from one
container to another, such as from a stationary holding furnace to a mobile
container. It may also be possible to use the inventive pump to move a powder,
in addition to a liquid molten metal, provided the powder is electrically

conductive and does not clump in the presence of a magnetic field.

Turning now to FIGS. 2-5, the magnetic induction pump 10 is typically
mounted to a side surface of a furnace 40 or like container. The pump 10 has a
base portion 60, which is removably secured to the furnace 40 with conventional
fasteners such as machine bolts (not shown). The pump 10 is ideally secured to a
portion of the furnace 40 that is in close proximity to a passageway 70 through
which molten metal can exit the furnace 40. As shown in FIG. 3, the passageway
70 preferably includes a section of elbow tubing 80, which terminates in a flange
portion 82. The flange portion 82 either extends into or receives a corresponding
mating portion of an inlet 90 of the pump 10 so that molten metal may pass into
the pump 10 (FIG. 5). As will be apparent, the fit between the elbow tubing 80
and the pump inlet 90 should be such that a secure, leak free seal is obtained.
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Generally, the passageway 70 is located on a side portion of the furnace 40
that is close to the furnace bottom. In this way, the magnetic induction pump 10
can be secured to a lower portion of the furnace 40 so that the pump 10is at a
lower elevation relative to the level of molten metal. This eliminates the need to

prime the pump 10.

Referring to FIG. 3, the pump 10 also includes an outlet 100. The outlet
100 has a mating portion, which engages an internally insulated pipe 54. The
internally insulated pipe 54 conveys molten metal to a casting machine tundish
or distributor, or, in other applications, to a separate container. The pipe 54 must
mate with the outlet 100 such that a secure seal is created. As shown, the pipe 50
may terminate with a bent, elbow portion that is perpendicular to the central,

longitudinal portion of the pipe 54.

Turning now to FIG. 5, the magnetic induction pump 10 includes several
components removably mounted to the base 60. These components include a
motor 110, that rotates a spindle or shaft 120. The motor 110 is preferably an
electrically powered motor varieties of which are commonly known in the art.
As will be appreciated, various motor types may be employed with the present
pump as long as they have enough power and can reach an RPM sufficient to
effectively pump molten metal at a desired head. Other preferred motor

varieties include pneumatically and hydraulically powered motors.

The motor drives a shaft 120, which extends through a rotor 130. The
shaft 120 is capable of rotating internal components of the rotor 130 about axis a.
As shown, the shaft 120 is secured to the base 60 through a series of clamps 140.

As will be appreciated, the clamps are fixed with conventional fasteners.

The pump 10 also includes a conduit 150 through which molten metal
flows. The conduit 150 is substantially arcuate in shape and has a hollow interior
cavity through which the molten metal passes. One end of the conduit 150
terminates in the inlet 90 and the opposite end terminates in the outlet 100 (FIG.
6). As shown in FIG. 6, the inlet 90 and outlet 100 are removably secured to the
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conduit 150 through threaded mating portions 160. The conduit 150 is
constructed from a non-magnetic material and is shrouded by a ferromagnetic
yoke 170, preferably of silicon steel laminations, having a substantially concave
interior portion. The interior portion of the yoke 170 is shaped such that it

closely receives the arcuate conduit 150.

Continuing to refer to FIG. 6, the arcuate conduit 150 is shaped such that it
fits closely around the cylindrical rotor 130. As shown, the surfaces of the
conduit 150, rotor 130, and yoke 170 are substantially concentric. The rotor 130
has an interior which houses the shaft 120 from which a series of permanent
magnets 180 extend outward in a spoke like configuration. The shaft 120 within
the rotor 130 is preferably manufactured from a ferromagnetic material, e.g.,

iron.

The ferromagnetic yoke 170 is preferably manufactured from thin
laminations of transformer steel, or other suitable ferrous material. The yoke 170
serves to concentrate magnetic flux created by the permanent magnets in the
conduit 150 thereby iﬁcfeasing the efficacy of the inventive pump 10. While the
yoke 170 is not necessary for the inventive magnetic induction pump to function,
it has been found to increase the strength of the magnetic field by
20 - 30%.

Preferably, the permanent magnets 180 are powerful neo-magnets. Neo-
magnets include a “rare-earth” chemical element, for example such as
neodymium or samarium. A “rare-earth” element is in the lanthanide-family
series of chemical elements numbered 57 to 71. Such magnets are notable for the
magnetic strength they provide and for their unique energetic ability to drive
their magnetic fields to reach out across relatively wide air gaps, space gaps, or
gaps of non-magnetic, i.e. non-ferromagnetic materials, while still providing an

intense magnetic field extending across such a gap.

As depicted, the substantially rectangular magnets 180 are bipolar, having

north (negative) and south (positive) poles. The magnets 180 are arranged
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alternatively such that the north pole of a first magnet is adjacent a south pole of
a neighboring magnet. In a typical configuration, there are six magnets in an
alternating polar arrangement. As shown, the magnets 180 extend in a spoke
like arrangement from the shaft 120 and are spaced so that the distance between
adjacent magnets, i.e., spokes, is the same for all magnets. In addition, the poles
are oriented such that the north pole of a first magnet is across from and aligned

with a south pole of the magnet on the opposite side of the shaft 120.

The magnets 180 are separated from one another by inserts 190 which
provide structural integrity to the interior of the rotor and effectively prevent the
magnets from being displaced while rotating. The inserts 190 are preferably

manufactured from aluminum or any other magnetically inert material.

The configuration of the neo-magnets 180, and their relative proximity to
the conduit 150, are important aspects of the present invention in that the
configuration has been found to create sufficiently strong flux to effectively move
molten metal. In particular, the strong magnetic flux created by the interaction

of north and south poles optimally penetrates into the molten metal in the

conduit inducing current in the metal. The strength of the flux created by the use

of neo-magnets in this configuration in sufficient to effectively move the metal

through the conduit and out of the pump.

In operation, the inventive magnetic induction pump operates on the
Faraday-Lorentz principles in which electrical energy is converted into
mechanical kinetic energy in the molten metal. More specifically, the moving
magnets induce a current within the molten metal. Mechanical kinetic energy is
generated by the force from free electrons within the molten metal effectively

moving the metal within the conduit.

The induction of currents within the molten metal is another impdrtant
aspect of the present invention. Eddy currents are formed by a magnetic field
changing in time. This induction of eddy currents in molten metal in the conduit

using rotating neo-magnets completely contained within the rotor eliminates the
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need for electrodes coming into contact with the molten metal. As such, the
molten metal only contacts the interior of the conduit creating a durable, leak-

free passageway.

In this manner, the magnetic flux from the poles serves as the pump
impeller and the metal pressure head and flow rate may be varied by varying the
rotational speed for the magnetic rotor. The flow rate is proportional to the

rotational speed of the rotor.

Turning now to FIG. 7, an alternative embodiment of the inventive pump
210 is depicted. In this embodiment, the rotor includes eight neo-magnets 280
extending from a shaft 220 instead of six. The eight magnets 280 are separated
by inserts 290. This embodiment also includes a conduit 250 within a yoke 270.
As will be appreciated, other numbers of magnets may be employed provided

they generate sufficient flux to move molten metal.

In the rotary configuration shown in Fig 7, optimal geometric
relationships exist. As an initial matter, the geometric relationship discussed

below involves the following components and variables:

h,, = height of magnet pole

h = height of conduit passage
T = angular spacing of poles
b,, = width of magnet pole

R = overall radius of rotor

R, = radius of shaft

p = individual pole

N = 2p = pair of poles

h, = thickness of yoke

The relationships are between h,, and h, between pitch spacing tau and b,
between tau and the rotor radius R and the number of poles N, between h, and

b,, and between shaft radius R, and b,,. More specifically, preferred relationships
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are as follows. The height of the magnet pole, (h,,), is preferably greater than or
equal to 2 to 3 times the height of the conduit passage, (h). The angular spacing
of the poles (t) should be greater than or equal to 2 to 3 times twice the conduit
height (2h). The angular spacing of the poles should equal 2xR/2p or 2aR/N.
The thickness of the yoke, h,, should be greater than or equal to % the width of a
magnet pole (b,,). Finally, the radius of the shaft (R,) should be greater than or
equal to the width of a magnet pole (b,,). These relationships are particularly

important in optimizing the strength of the invention pump.

While described in the context of the embodiment of FIG. 7, the above-

.referenced relationships and geometry may be employed with other

configurations of neo-magnets, such as the configuration depicted in FIG. 6, to

optimize pump strength.

Moreover, it may be possible to create a pump that utilizes linear
movement of neo-magnets to move molten metal. In such a configuration, the
magnets could move linearly along a continuous track type apparatus adjacent a

conduit.

While the invention has been described with reference to the preferred
embodiments, it will be understood by those skilled in the art that various
obvious changes may be made, and equivalents may be substituted for elements
thereof, without departing from the essential scope of the present invention.
Therefore, it is intended that the invention not be limited to the particular
embodiments disclosed, but that the invention includes all equivalent

embodiments.



10

15

20

25

30

WO 2009/142673 PCT/US2009/001064

11

WHAT IS CLAIMED IS:

1. A magnetic induction pump for pumping molten metal, said
pump comprising:

a motor;

a shaft operatively connected to said motor;

at least one bipolar permanent magnet operatively connected to
said shaft;

a non-magnetic conduit for the passage of molten metal; and

wherein said motor moves said shaft and said magnet about said
conduit thereby inducing an electric current in molten metal in said
conduit to pump said molten metal through said conduit with said

molten metal coming into contact with only said conduit.

2. The magnetic induction pump of claim 1 wherein said pump further
comprising a yoke, said yoke being directly adjacent to said conduit, and
opposite from said at least one bipolar magnet, and

wherein said yoke is ferromagnetic and intensifies a magnetic field

generated by said at least one magnet.

3. The magnetic induction pump of claim 1 wherein said at least one bipolar

magnet is a neo-magnet.

4. The magnetic induction pump of claim 1 wherein said at least one bipolar

permanent magnet comprises a plurality of pairs of bipolar neo-magnets, said

neo-magnets extending outward from said shaft in a spoke configuration, and
wherein said of each bipolar neo-magnets has a polar configuration

opposite that of adjacent magnets.

5. The magnetic induction pump of claim 4 wherein said each of said
bipolar magnets is separated from an adjacent magnet by a magnetically inert

spacer.



10

15

20

25

30

WO 2009/142673 PCT/US2009/001064

12

6. The magnetic induction pump of claim 1 wherein said motor, shaft and
conduit are removably secured to a base, said base being capable of selective

attachment to a molten metal container.

7. The magnetic induction pump of claim 1 wherein said shaft is
ferromagnetic.
8. The magnetic induction pump of claim 1 wherein said shaft and at least

one magnet are housed within a rotor, said rotor being removably secured to

said base.

9. The magnetic induction pump of claim 1 wherein a direction of flow of
said molten metal may be stopped and reversed by reversing a direction of

rotation of said motor.

10. A rotary pump, said pump comprising:

a motor;

a ferromagnetic shaft operatively connected to said motor;

a plurality of bipolar neo-magnets magnets operatively connected to said
shaft, said magnets generating a strong magnetic flux;

a magnetically inert conduit for the passage of molten metal, said conduit
having an inlet and an outlet; and

wherein said motor rotates said shaft and said magnets along one edge of
said conduit thereby inducing eddy currents in molten metal in said conduit,
said currents interacting with a moving magnetic field to produce force to pump
said molten metal from said inlet to said outlet with said molten metal coming

into contact with only said conduit.

11.  The rotary pump of claim 10 wherein said pump further comprises a

cylindrical rotor which houses said neo-magnets and said shaft.
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12.  The rotafy pump of claim 10 wherein said pump further comprising a
yoke, said yoke being directly adjacent to said conduit opposite the magnet
poles; and

wherein said yoke is ferromagnetic and intensifies said magnetic flux.

13.  The rotary pump of claim 10 wherein said plurality of bipolar neo-
magnets comprises a plurality of bipolar neo-magnets, said neo-magnets
extending outward from said shaft in a spoke configuration; and

wherein said of each bipolar neo-magnets has a polar configuration

opposite that of an adjacent neo-magnets.

14.  The rotary pump of claim 13 wherein said each of said bipolar magnets is
separated from an adjacent magnet by a spacer, said spacers being manufactured

from a magnetically inert material.

15.  The rotary pump of claim 13 wherein each of said bipolar magnets has a
height and said conduit has an internal passage having a height; and
wherein said height of each of said bipolar magnets is greater than or

equal to approximately 2 to 3 times that of said conduit passage height.

16.  The rotary pump of claim 13 wherein said bipolar magnets are spaced
apart angularly about said shaft and said conduit has an internal passage having
a height h; and

wherein said angular spacing of said bipolar magnets is approximately

greater than or equal to 2 to 3 times twice the height of the conduit, (2h).

17.  The rotary pump of claim 13 wherein each of said bipolar magnets has a
pair of poles N, and said bipolar magnets are spaced apart angularly about said
shaft and said pump further includes a cylindrical rotor housing said neo-
magnets, said rotor have a radius R; and

wherein said angular spacing of the poles should equal approximately
27R/N.
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18.  The rotary pump of claim 12 wherein each of said bipolar magnets has a
width b,, and said yoke having a height h,; and
wherein said yoke height is approximately greater than or equal to %2 b,,,.

19.  The rotary pump of claim 13 wherein each of said bipolar magnets has a
width b, and said shaft has a radius R1; and

wherein R1 is approximately greater than or equal to by,

20.  The rotary pump of claim 10 wherein said motor, shaft and conduit are
removably secured to a base, said base being capable of selective attachment to a

container.

21. A method of pumping molten metal, said method comprising the steps of:

introducing molten metal into an inlet of a conduit of a magnetic
induction pump;

moving a plurality of bipolar permanent magnets about said conduit from
said inlet to a conduit outlet, said magnets generating a changing magnetic flux
which induces eddy currents in said molten metal, said eddy currents interacting
with the moving magnetic field creating a force sufficient to pump said metal
through said conduit; and

. wherein said molten metal only contacts said conduit surface and no other

component of said magnetic induction pump.

22. The method of claim 21 wherein said conduit is shrouded with a

ferromagnetic yoke to intensify said magnetic flux.

23.  The method of claim 21 wherein said plurality of bipolar permanent
magnets are eight bipolar neo-magnets operatively secured to a ferromagnetic

shaft in a spoke configuration.
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24.  The method of claim 23 wherein said neo-magnets, spacers and shaft are

contained within a cylindrical rotor.

25.  The method of claim 21 further comprising the step of securing said

magnetic induction pump to a container of molten metal to be pumped.
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