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Magnetic Armor Systems and Methods

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates generally to the field of warfare and more

particularly to defenses for moving and stationary targets.

Description of the Prior Art

[0002] Ground, air, and sea vehicles, as well as encampments, buildings, and
other structures, are always at risk of attack from projectiles such as gunfire, rockets,
missiles, and shrapnel. In addition to projectiles, vehicles and structures can be
damaged by high energy ions such as in the plasma generated by a nearby explosion
and those generated by ion beam weapons. Current technologies surround potential
targets with physical barriers made from materials such as concrete, steel, water, or
sand. To be effective, such barriers are often very thick, making the barriers, heavy,
time-consuming to erect, and in some instances difficult or impractical to move. In
other instances the barriers are intended to be mobile, such as the armor on a ship or
tank, but moving the armored vehicle requires substantial energy because of the added
weight, and the added weight further constrains maneuverability. Moreover, physical
barriers degrade rapidly in the face of a sustained attack, as each attack removes
material, eventually leading to penetration.

[0003] What is needed, therefore, is a light weight defense system capable of

withstanding a sustained attack.
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SUMMARY
[0004] An exemplary armor system comprises a first superconducting magnetic
field generator configured to be able to generate a first magnetic field external thereto.
The armor system also comprises a first spool disposed proximate to a side of the first
superconducting magnetic field generator, a second spool disposed proximate to an
opposite side of the first superconducting magnetic field generator, and a fence
conductor extending between the first spool and the second spool. When the first
external magnetic field is generated, the fence conductor is disposed within the
external magnetic field. The fence conductor is also translatable from the first spool
to the second spool. The fence conductor can comprise a wire mesh, for example.
The armor system can further comprise a second superconducting magnetic field
generator disposed approximately parallel to the first superconducting magnetic field
generator and configured to generate a second external magnetic field, wherein the
first and second external magnetic fields have opposite polarities. The armor system
can further comprise a housing enclosing the fence conductor, the first and second
spools, the first superconducting magnetic field generator, and the second
superconducting magnetic field generator, if present.
[0005] In various embodiments the first superconducting magnetic field generator
comprises a support structure, a winding of a superconducting material secured to the
support structure, and a cryogenic jacket disposed around the winding. In some of
these embodiments the winding comprises loops around a core that is symmetrical
around a surface. The surface can be either planar or non-planar, for instance, the
core can be symmetrical around a rectangular portion of a plane or a segment of a
cylindrical surface. In further embodiments, the winding comprises a coil around a

U-shaped core.
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[0006] Another exemplary armor system comprises a plurality of armor modules
in a side by side arrangement. Here, each armor module comprises an embodiment of
the armor systems just noted. In some instances the armor system further comprises a
power supply such as a generator or battery system in electrical communication with
the windings of the modules, and in some of these embodiments the electrical
communication comprises a parallel circuit for each module.

[0007] An exemplary armored vehicle comprises a propulsion system configured
to propel the vehicle and generate electricity, a personnel compartment comprising an
electrically conductive enclosure, and an armor system comprising an embodiment of
the armor systems noted above, where the superconducting magnetic field generator is
in electrical communication with the propulsion system. In various embodiments, the
propulsion system comprises an internal combustion engine, a turbine, or an air
blower configured to generate an air bearing beneath the armored vehicle such that
the vehicle comprises a hovercraft.

[0008] An exemplary method for protecting a target from a projectile comprises
generating a magnetic field of at least 1T in front of the target, and electrically
charging the incoming projectile as the projectile enters the magnetic field such that
the projectile is deflected away from the target by the magnetic field. In some
embodiments, electrically charging the incoming projectile includes maintaining a
fence conductor within the magnetic field at a potential voltage relative to ground.
Some of these embodiments further comprise translating the fence conductor through

the magnetic field after the projectile has been deflected.
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BRIEF DESCRIPTION OF DRAWINGS
[0009] FIG. 1 is a schematic representation of an armor system according to an
exemplary embodiment of the present invention.
[0010] FIG. 2 is an exemplary front plan view of the armor system of FIG. 1.
[0011] FIG. 3 is a cross-sectional view through the armor system of FIG. 1 along
the line 3-3.
[0012] FIG. 4 shows exemplary bundles of superconducting wires disposed with
cryogenic jackets according to embodiments of the present invention.
[0013] FIG. 5 schematically illustrates the embodiment according to FIGs. 1-3
deflecting a projectile.
[0014] FIG. 6 is a schematic representation of a superconducting magnetic
according to an embodiment of the present invention.
[0015] FIG. 7 is a schematic representation of an armor system according to
another embodiment of the present invention.
[0016] FIG. 8 is a schematic representation of an armor system according to
another embodiment of the present invention.
[0017] FIG. 9 is a schematic representation of an armored vehicle according to an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0018] The present invention provides an armor system suitable for defending
both fixed and mobile targets against sustained attacks from projectiles, blasts, and
ion beams. The armor system is portable and simple to deploy, in various
embodiments. The armor system employs a very strong magnetic field to deflect

anything with an electrical charge moving therethrough. The armor system also
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employs a fence conductor situated within the magnetic field that can impart a static
charge to otherwise uncharged projectiles that pass through the fence conductor. The
fence conductor is sacrificial, and if damaged can be rapidly replaced. The presently
disclosed armor system can be deployed on vehicles for substantial weight savings,
permitting highly mobile tanks and armored personnel carriers, for example.

[0019] FIG. 1 is a schematic representation of an exemplary armor system 100.
The armor system 100 comprises a superconducting magnetic field generator 110
configured to be able to generate a magnetic field that is external to the magnetic field
generator 110. The armor system 100 also comprises a fence conductor 120 and first
and second spools, 130 and 140. The first and second spools 130, 140 are disposed
proximate to opposite sides of the magnetic field generator 110, as shown. The fence
conductor 120 extends between the first spool 130 and the second spool 140 and is
disposed in front of the magnetic field generator 110. Initially, the fence conductor
110 is spooled around the first spool 130, and as needed, can be translated in front of
the magnetic field generator 110 to spool around the second spool 140.

[0020] FIG. 2 shows a front view of the armor system of FIG. 1. The fence
conductor 120, in the illustrated embodiment, comprises a wire mesh, though in other
embodiments the fence conductor 120 can comprise a number of parallel wires, a
metal woven fabric (like a fencing lame), or a thin metal foil, for example.
Exemplary wire meshes can be triangular, square, or hexagonal, for instance, with
mesh sizes of less than, about, or greater than 17, less than, about, or greater than 27,
less than, about, or greater than 37, and less than, about, or greater than 4”. The wires
in the mesh can be woven in the manner of a chain-link fence. Thicker wires gauges
and more open meshes are not as easily deformed by pressure waves and are less

likely to melt from the heat of a nearby blast.
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[0021] Exemplary dimensions for a panel of the armor system 100 are about 4’
high and 8’ wide (the dimensions of the frontal view in FIG. 2) and approximately 2’
deep. Such a panel can be made to be approximately 2001bs, which can be moved and
positioned by two men. While modular armor systems 100 are used herein for
exemplary purposes, it will be appreciated that such armor systems need not be
modular and can be, instead, a single unit. In some embodiments, such as those
illustrated generally with respect to FIG. 9, an armor system can be made integral
with a structure such as a vehicle.

[0022] FIG. 3 schematically represents a cross-section through the fence
conductor 120 and part of the magnetic field generator 110 along the line 3-3 shown
in FIG. 1. As described in greater detail below, the magnetic field generator 110
includes a winding 300 of a superconducting material that can carry an electric
current. The two vertical lines for the windings 300 in FIG. 3 represent the loop
portion of the magnetic field generator 110 seen in cross-section, which is a winding
of a superconducting wire seen end-on, as represented in the two exemplary
embodiments illustrated in higher resolution in FIG. 4.

[0023] FIG. 4 shows the two exemplary embodiments of bundles 400 of
superconducting wires 410. Each superconducting wire 410 is disposed within a
cryogenic jacket 420 or 430, for example. The cryogenic jacket 420 provides a
hollow sheath within which the cooling fluid flows. With the cryogenic jacket 430
the cooling fluid flows around and in contact with the superconducting wire 410.
More than one superconducting wire 410 can exist in a bundle 400. In some
embodiments, multiple bundles 400 are used to form the superconducting magnetic of
the magnetic field generator 110. Additional insulation has been omitted from FIG. 4

for simplicity. Exemplary superconducting materials include ceramic
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superconductors such as yttrium-barium-copper-oxide (YBCO) and magnesium
diboride superconductors, and alloy superconductors such as certain niobium-titanium
and germanium-niobium alloys.

[0024] Returning to FIG. 1, in various embodiments the superconducting
magnetic field generator 110 includes a support structure 150. The winding 300 of a
superconducting material is secured to the support structure 150 to hold the winding
300 in the desired shape against the strong forces generated by the very strong
magnetic field. It will be apparent that the shape of the support structure 150 will
depend on the particular shape of the magnetic field being projected by the particular
magnetic field generator 110 and hence on the shape of the winding 300.

[0025] Referring again to FIG. 3, when properly cooled below the appropriate
critical temperature and connected to a power supply, a current flows around the

winding 300 in opposite directions on either side of the loop (represented by the

symbols ® ®&). The current flowing through the winding 300 produces a magnetic
field, represented by the magnetic field line 310. It will be appreciated, of course, that
the generated magnetic field extends around the winding 300 and has a field strength
that diminishes with distance from the winding 300. For simplicity, other field lines
to illustrate the field on both side of the winding 300 and to show the variation in field
strength have been omitted. It will also be appreciated that a current flowing in a
superconducting loop encounters zero resistance and can theoretically flow
indefinitely. In practice, energy is lost over time from the system, however,
maintaining an established magnetic field with the superconducting magnetic field
generator 110 requires little energy.

[0026] As illustrated by the magnetic field line 310, the generated magnetic field

extends external to the magnetic field generator 110. The fence conductor 120 is
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situated within the external portion of the magnetic field, and in some embodiments
the greatest field strength is disposed between the fence conductor 120 and the
winding 300. In various embodiments, the maximum of the magnetic field strength,
also known as the magnetic flux density, B, exceeds 1 Tesla (T). In some
embodiments, the magnetic flux density is in the range of 8T to 10T. For some
applications, a magnetic flux density in the range of 4T to 6T is also suitable.

[0027] As also illustrated by FIG. 3, the fence conductor 120 is held at a potential
relative to ground. Essentially, the fence conductor 120 acts as a capacitor, ready to
impart an electric charge to anything that comes close enough. In some embodiments,
a potential of about 20,000 volts is maintained on the fence conductor 120. Like
maintaining the magnetic field, maintaining the charge on the fence conductor 120
requires little energy. It will be appreciated that the fence conductor 120, and all parts
of the system 100 that either directly contact, or are situated close to, the fence
conductor 120 such as the spools 130, 140 and supports that maintain the shape of the
fence conductor 120 in front of the winding 300, need to be electrically insulated from
ground. In embodiments such as those illustrated by FIGs. 1-3, a suitable spacing
between the fence conductor 120 and the winding 300 is in the range of about 6™ to
about §8” depending on the voltage applied to the fence conductor 120.

[0028] Omitted from the drawings herein, but understood to be present is
sufficient electrical power for generating and maintaining the superconducting field
and the charge on the fence conductor 120, as well as a sufficient power reserve to
translate the fence conductor 120, for example, as well as sufficient cooling capacity
for an adequate time between resupply opportunities at an installed location, or for the
length of a required number of operations of approximate duration as used on

vehicles. Electrical power can come from batteries or can be generated with an
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electric generator, or both, for example. Exemplary electric generators for producing
the high current/low voltage requirements of magnetic field generators 110 are
homopolar generators.

[0029] Suitable cooling liquids include liquid helium and liquid nitrogen. Liquid
nitrogen can be advantageously manufactured from air and does not have to be
provided by an external source. Accordingly, in some embodiments, the armor
system includes a liquid nitrogen generator. Liquid nitrogen can be produced for
modules individually, for groups of modules, or for systems as a whole. Individual
modules can include a reservoir with sufficient capacity that interruptions in
generation can be tolerated.

[0030] FIG. 5 schematically illustrates the embodiment shown in FIGs. 1-3
deflecting a projectile 500. The projectile 500 initially approaches the system 100
with some surface charge from the rapid passage through air, and as the projectile
enters the magnetic field and approaches the fence conductor 120 the projectile begins
to experience an acceleration perpendicular to the direction of the magnetic field lines
310. As the projectile 500 encounters the fence conductor 120, whether the projectile
500 passes cleanly through the mesh or contacts the mesh, the fence conductor
discharges onto the projectile 500, and the projectile is accelerated much more
strongly perpendicular to the direction of the magnetic field lines 310, and away from
the target.

[0031] It will be appreciated that the system 100 still must withstand the impulse
from repelling the projectile 500, but can absorb the blow over a wider area.
Accordingly, it will be appreciated that the system also can include a wall on the side
of the magnetic field generator 110 opposite the fence conductor 120. The support

structure 150 is secured to this wall, in some embodiments. In other embodiments,
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such as when the target is a vehicle, greater weight savings can be achieved by scaling
back further on the thickness of the wall, or eliminating the wall entirely, with the
trade-off being that the vehicle will recoil in response to the blow.

[0032] Larger projectiles 500 are repelled by the magnetic field similarly. A
larger projectile 500, such as a missile, essentially is shredded by the intense sideways
acceleration as the projectile 500 passes into the magnetic field, with the electrically
charged fragments being readily deflected. Shrapnel thrown by explosions are
likewise deflected. Ion beam weapons comprise charged ions which are similarly
deflected. It should also be noted that not only are the systems of the present
invention effective against projectiles 500 and ion beams, but additionally they cannot
be scaled by people.

[0033] After an attack has been deflected, if the fence conductor 120 has been
damaged, the fence conductor 120 can be translated to expose fresh fence conductor
120 from the first spool 130 and to wrap the damaged section of fence conductor 120
onto the second spool 140. Various embodiments include pressure sensors or
accelerometers to detect hits and possible damage to the fence conductor 120.

[0034] A further advantage of the armor systems of the present invention is that
they provide graceful degradation. The ability to provide fresh fence conductor 120
on an as needed basis is one example of graceful degradation. As another example,
even if power and cooling systems are both lost, the defense remains viable and
dissipates very gradually. As already noted, once current is circulating in the
superconducting winding 300, little further current is needed to maintain the
generated magnetic field. Loss of that current will cause a very gradual decay of the
magnetic field over time. Similarly, once the fence conductor 120 is charged, the

voltage source can be removed and the fence conductor 120 will remain charged.

10
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Further, the magnetic field provides a large reservoir of potential energy, and in some
embodiments, if power is lost, the magnetic field can be drawn down slightly to
charge the fence conductor 120. Moreover, a well insulated winding 300 at a
cryogenic temperature well below the critical temperature of the superconducting
material will remain below the critical temperature for a considerable time even if the
cooling fluid stops circulating.

[0035] The winding 300 can take a variety of topologies of which a loop around a
generally planar and rectangular surface is illustrated in FIGs. 1-3 and 5. In another
exemplary embodiment, the winding 300 comprises a coil around a U-shaped or
horseshoe-shaped core 600 as shown in FIG. 6. As illustrated, the magnetic field
lines 610 also project external to the superconducting magnet in this embodiment, and
as above, only one exemplary field line 610 is shown here for simplicity. In these
embodiments, an exemplary spacing between the fence conductor 120 and the
winding 300 is about 3’. The generally planar form noted above is but one example
of a core that is symmetrical around a surface. Other exemplary surfaces are non-
planar such as cylindrical and spherical surfaces. Electrically insulating stand-offs
can be employed to keep the fence conductor 120 at a uniform distance from the
winding 300, in various embodiments.

[0036] FIG. 7 illustrates yet another embodiment of an armor system 700 that
includes a second superconducting magnetic field generator 110. The two
superconducting magnetic field generators 110 are configured so that the polarities of
their respective magnetic fields are opposite one another. The effect is that at a
significant distance from the system 700 the magnetic fields effectively cancel one
another, while remaining substantially strong closer to each magnetic field generator

110. One advantage to a perimeter made out of a number of armor systems 700 is that

11
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any one unit can be switched off independently and moved out of the way to provide a
door without losing the protection from the other units.

[0037] The system 700 also includes a housing 710. The housing 710 can be used
with any of the previously described embodiments. The housing 710 provide
numerous advantages including making the systems of the invention easier to
transport and store and improving aerodynamics when the systems are deployed on
moving vehicles.

[0038] FIG. 8 shows three systems 100, each a module of an armor system 800,
arranged side by side to form a wall segment. Although the armor system 800 is
shown as a straight wall, it will be appreciated that enclosures of various dimensions
can be readily created. In various embodiments, each system 100 includes
independent power and cryogenic supplies, while in other embodiments the several
systems 100 share a common power supply and/or a common cryogenic supply. FIG.
8 illustrates an embodiment in which the several systems 100 in electrical
communication with a common power supply 810. In various embodiments the
windings of the systems 100 are arranged in a series circuit, while in other
embodiments the windings are arranged as parallel circuits, as shown in FIG. 8.
[0039] FIG. 9 illustrates an exemplary armored vehicle 900 of the present
invention, in this case a hovercraft. The armored vehicle 900 comprises a propulsion
system 910 configured to propel the armored vehicle 900 as well as to generate
electricity. Exemplary propulsion systems 910 include internal combustion engines
and turbines. Either can drive an electric generator to generate electricity. In some
embodiments, such as the one illustrated in FIG. 9, the propulsion system 910
comprises one or more air blowers 920 configured to generate an air bearing beneath

the armored vehicle 900. The armored vehicle 900 also comprises a personnel

12
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compartment 930. The personnel compartment 930 includes an electrically
conductive enclosure 940 to isolate the personnel within the personnel compartment
930 from intense magnetic fields.

[0040] The armored vehicle 900 also comprises an armor system 950 as generally
described above with respect to, for example, systems 100 and 700. Here, the armor
system 950 includes a superconducting magnetic field generator in electrical
communication with the propulsion system 910 to receive electricity in order to
generate and maintain the magnetic field. For simplicity of illustration only two
armor systems 950 are shown, one within the personnel compartment 930, and one
disposed as a ring cantilevered in front of a flexible skirt 960. It will be appreciated
that other armor systems 950 can be employed in other locations. It will be further
appreciated that armored vehicles 900 achieve substantial weight savings, permitting
highly mobile tanks and armored personnel carriers with greater operating ranges, for
example.

[0041] In the foregoing specification, the invention is described with reference to
specific embodiments thereof, but those skilled in the art will recognize that the
invention is not limited thereto. Various features and aspects of the above-described
invention may be used individually or jointly. Further, the invention can be utilized in
any number of environments and applications beyond those described herein without
departing from the broader spirit and scope of the specification. The specification and
drawings are, accordingly, to be regarded as illustrative rather than restrictive. It will
be recognized that the terms “comprising,” “including,” and “having,” as used herein,

are specifically intended to be read as open-ended terms of art.
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CLAIMS
What is claimed is:
1. An armor system comprising:
a first superconducting magnetic field generator configured to be able to
generate a first magnetic field external thereto;
a first spool disposed proximate to a side of the first superconducting magnetic
field generator;
a second spool disposed proximate to an opposite side of the first
superconducting magnetic field generator; and
a fence conductor extending between the first spool and the second spool and
within the first external magnetic field, when generated, the fence

conductor being translatable from the first spool to the second spool.

2. The armor system of claim 1 wherein the first superconducting magnetic field
generator comprises
a support structure,
a winding of a superconducting material secured to the support
structure, and

a cryogenic jacket disposed around the winding.

3. The armor system of claim 1 or 2 wherein the winding comprises loops around a

core that is symmetrical around a surface.

4. The armor system of claim 3 wherein the surface is planar.

14
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5. The armor system of claim 3 wherein the surface is non-planar.

6. The armor system of claim 2-4 or 5 wherein the winding comprises a coil around a

U-shaped core.

7. The armor system of claim 1-5 or 6 wherein the fence conductor comprises a wire

mesh.

8. The armor system of claim 1-6 or 7 further comprising a housing enclosing the
fence conductor, the first and second spools, and the first superconducting

magnetic field generator.

9. The armor system of claim 1-7 or 8 further comprising a second superconducting
magnetic field generator disposed approximately parallel to the first
superconducting magnetic field generator and configured to generate a second
external magnetic field, wherein the first and second external magnetic fields

have opposite polarities.

10. A method for protecting a target comprising:
generating a magnetic field of at least 1T in front of the target; and
electrically charging an incoming projectile as the projectile enters the
magnetic field such that the projectile is deflected away from the target

by the magnetic field.

15
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11. The method of claim 10 wherein electrically charging the incoming projectile
includes maintaining a fence conductor within the magnetic field at a potential

voltage relative to ground.

12. The method of claim 10 or 11 further comprising translating the fence conductor

through the magnetic field after the projectile has been deflected.

13. An armor system comprising:
a plurality of armor modules in a side by side arrangement, each armor module

including

a superconducting magnetic field generator configured to be able to
generate a magnetic field external thereto;

a first spool disposed proximate to a side of the superconducting
magnetic field generator;

a second spool disposed proximate to an opposite side of the
superconducting magnetic field generator; and

a fence conductor extending between the first spool and the second
spool and within the external magnetic field, when generated,
the fence conductor being translatable from the first spool to

the second spool.

16
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14. The armor system of claim 13 wherein each superconducting magnetic field
generator comprises
a support structure,
a winding of a superconducting material secured to the support structure, and

a cryogenic jacket disposed around the winding.

15. The armor system of claim 13 or 14 further comprising a power supply in

electrical communication with the windings of the modules.

16. The armor system of claim 13, 14, or 15 wherein the electrical communication

comprises a parallel circuit for each module.

17. The armor system of claim 13-15 or 16 wherein each fence conductor comprises

a wire mesh.

18. The armor system of claim 17 further comprising a housing enclosing the fence

conductor, the first and second spools, and the first superconducting magnetic

field generator.

17
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19. An armored vehicle comprising:
a propulsion system configured to propel the vehicle and generate electricity;
a personnel compartment comprising an electrically conductive enclosure; and
an armor system including
a superconducting magnetic field generator in electrical
communication with the propulsion system and configured to
be able to generate a magnetic field external to the
superconducting magnetic field generator;
a first spool disposed proximate to a side of the superconducting
magnetic field generator;
a second spool disposed proximate to an opposite side of the
superconducting magnetic field generator; and
a fence conductor extending between the first spool and the second
spool and within the external magnetic field, when generated,
the fence conductor being translatable from the first spool to

the second spool.

20. The armored vehicle of claim 19 wherein the propulsion system comprises an

internal combustion engine.

21. The armored vehicle of claim 19 or 20 wherein the propulsion system comprises

a turbine.

18
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22. The armored vehicle of claim 19, 20, or 21 wherein the propulsion system
comprises an air blower configured to generate an air bearing beneath the

armored vehicle.

19
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