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(57) ABSTRACT

An apparatus for releasing a magnetic crawler from a
ferromagnetic operating surface has a ramp fabricated from
lightweight non-magnetic materials. The ramp includes a
base portion, inclined upper portion for receiving a magnetic
crawler, a front end and a rear end. Ferromagnetic members
are positioned on the top surface of the upper portion and
configured to be magnetically attached to the tracks or
wheels of a magnetic crawler. Magnets are positioned on the
bottom portion and configured to be magnetically attached
to a ferromagnetic operating surface upon which the mag-
netic crawler operates. In some embodiments, the light-
welght non-magnetic materials are highly buoyant.

20 Claims, 5 Drawing Sheets
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APPARATUS FOR RELEASING MAGNETIC
CRAWLER FROM FERROMAGNETIC
OPERATING SURFACEL

FIELD OF THE INVENTION

The present invention relates to an apparatus for releasing,
a magnetic crawler from a ferromagnetic operating surface.

BACKGROUND

Magnetic crawlers or vehicles serve many purposes in
industry and defense. For example, magnetic crawlers are
used to inspect pipelines, o1l refineries, storage tanks,
nuclear reactors, ship hulls and other areas that may be
inaccessible to or dangerous for humans. Magnetic crawlers
operate or maneuver upon ferromagnetic operating surfaces,
also known as driving surfaces. Upon completion of their
tasks, these magnetic crawlers must be removed from their
operating surfaces. However, the magnetic forces that main-
tain the magnetic crawler on the operating surface are very
strong. A single person (1.e. operator) must overcome the
magnetic force by manually pulling the magnetic crawler ofl
of the operating surface. Large-sized magnetic crawlers are
used to transport large payloads. The magnetic bond
between a large-sized magnetic crawler and the operating
surface 1s substantially stronger in comparison to the mag-
netic bond between a smaller-sized magnetic crawler and the
operating surface. Accordingly, more force i1s required to
remove a large-sized magnetic crawler and the operating
surface. Often, the force required 1s much greater than what
a single person can produce. Furthermore, pulling a large
magnetic crawler ofl the magnetic operating surface could
produce high stresses throughout the magnetic crawler’s
chassis and drive train which may result in mechanical
tallures. The magnetic crawler 1s attracted to any ferrous
metal. After the magnetic crawler 1s removed from the
operating surface, the magnetic crawler may inadvertently
become magnetically attached to some other ferromagnetic
object or structure. There are several conventional tech-
niques used to remove a magnetic crawler from the operat-
ing surface. One such technique 1s manual force exerted by
one or more operators, which was discussed 1n the foregoing
description. Another conventional technique i1s to navigate
the magnetic crawler to a non-magnetic surface. However,
such a non-magnetic surface may not be available. Another
conventional technique 1s to equip the magnetic crawler with
clectromagnets that can reverse the polarity so as to release
the magnetic crawler from the ferromagnetic operating
surface. However, electromagnets add significant weight
and complexity to the magnetic crawler. Another conven-
tional technique 1s to cover the magnetic crawler’s magnets
with a non-magnetic packing material to prevent magnetic
bonding with unwanted ferromagnetic surfaces or objects.
However, covering the magnetic crawler’s magnets with
packing material 1s a time consuming process that diverts
manpower which could be used for other purposes. Further-
more, extreme environmental settings and inclement
weather make the use of the packing material impractical.

What 1s needed 1s a new apparatus to release magnetic
crawlers from the ferromagnetic operating surfaces in a
timely and cost eflective manner.

SUMMARY

Accordingly, it 1s an object of the present invention to
provide a novel apparatus for releasing a magnetic crawler
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2

from a ferromagnetic operating surface that eliminates the
problems and disadvantages associated with conventional
devices, techniques or methods discussed in the foregoing

description.

Another object of the present invention 1s to provide an
apparatus for releasing a magnetic crawler from a ferromag-
netic operating surface that i1s easy to use and transport.

A further object of the present invention 1s to provide an
apparatus for releasing a magnetic crawler from a ferromag-
netic operating surface that is inexpensive to manufacture.

Other objects and advantages of the apparatus for releas-
ing a magnetic crawler from a ferromagnetic operating
surface disclosed herein will become more obvious herein-
alter in the specification and drawings.

Embodiments of an apparatus for releasing a magnetic
crawler from a ferromagnetic operating surface are disclosed
herein. The apparatus comprises a ramp that 1s fabricated
from non-magnetic materials and configured to gradually
reduce the magnetic bond between the magnetic crawler and
the ferromagnetic operating surface upon which the mag-
netic crawler operates so as to release the magnetic crawler
from the ferromagnetic operating surface. The ramp imparts
minimal stress on the magnetic crawler. In some embodi-
ments, the non-magnetic materials are highly buoyant. The
ramp comprises an upper portion having an inclined, top
surface. Ferromagnetic members are attached to the top
surface and are configured to be magnetically attached to the
tracks or wheels of the magnetic crawler. The ramp also
includes a bottom portion that contacts the ferromagnetic
operating surface upon which the magnetic crawler operates.
Magnets are located on the bottom portion and are config-
ured to be magnetically attached to the ferromagnetic oper-
ating surface. The magnetic crawler i1s driven onto the ramp
until the magnetic bond between the magnetic crawler and
ferromagnetic operating surface 1s significantly weakened.
Once the magnetic bond between the magnetic crawler and
the ferromagnetic operating surface 1s significantly weak-
ened, the personnel or operators may easily remove the
magnetic crawler, with the ramp attached thereto, from the
ferromagnetic operating surface. The magnetic crawler 1s
now released from the ferromagnetic operating surface and
magnetically attached to the plurality of ferromagnetic
members on the top surface of the ramp. The magnetic
crawler may now be loaded onto a transport vehicle. The
ramp remains magnetically attached to the magnetic crawler
as the magnetic crawler 1s being lifted thereby allowing both
pieces ol equipment to be recovered simultaneously. The
personnel or operators may do this manually or, in the case
of a large magnetic crawler, utilize a crane or similar lifting
device to lift the magnetic crawler. Since the ramp remains
magnetically attached to the magnetic crawler, the ramp
covers the tracks of the magnetic crawler so as to prevent the
tracks from magnetically attracting other ferromagnetic
materials or objects.

In accordance with some embodiments, an apparatus for
releasing a magnetic crawler from a ferromagnetic operating
surface comprises a ramp fabricated from non-magnetic
material. The ramp has a base portion, an inclined upper
portion for receiving a magnetic crawler, a front end and an
opposite rear end. The apparatus further comprises ferro-
magnetic members that are positioned on the upper portion
and configured to be magnetically attached to tracks or
wheels of a magnetic crawler, and a plurality of magnets
positioned on the bottom portion and configured to be
magnetically attached to a ferromagnetic operating surface
upon which the magnetic crawler operates.
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In accordance with some embodiments, an apparatus for
releasing a magnetic crawler from a ferromagnetic surface
comprises a ramp fabricated from non-magnetic materials.
The ramp comprises a base portion having a bottom surface,
an upper portion having an inclined, top surface for receiv-
ing a magnetic crawler, a front end and an opposite rear end.
The apparatus further comprises a first plurality of ferro-
magnetic members on the top surface of the upper portion
and linearly arranged between the front end and the rear end.
The first plurality of ferromagnetic members 1s configured to
be magnetically attached to a portion of a magnetic crawler.
The apparatus further comprises a second plurality of fer-
romagnetic members on the top surface of the upper portion
and spaced apart from the first plurality of ferromagnetic
members. The second plurality of ferromagnetic members
are linearly arranged between the front end and the rear end
and configured to be magnetically attached to another por-
tion of the magnetic crawler. The apparatus further com-
prises a plurality of magnets positioned on the bottom
surface of the base portion and configured to be magneti-
cally attached to a ferromagnetic operating surface.

In some embodiments, an apparatus for releasing a mag-
netic crawler from a ferromagnetic operating surface com-
prises a ramp fabricated from highly buoyant, non-magnetic
material. The ramp comprises a base portion having a
bottom surface, an upper portion having an inclined, top
surface for receiving a magnetic crawler, a front end and a
rear end. The ramp further comprises a left side portion that
1s contiguous with the base portion and upper portion, and
a right side portion that 1s contiguous with the base portion
and upper portion. The ramp has a height that linearly tapers
from the rear end to the front end. The apparatus further
comprises a first plurality of ferromagnetic members on the
top surface of the upper portion and linearly arranged 1n a
first column that extends between the front end and the rear
end. The first plurality of ferromagnetic members 1s config-
ured to be magnetically attached to a portion of a magnetic
crawler. The apparatus further comprises a second plurality
of ferromagnetic members on the top surface of the upper
portion and linearly arranged im a second column that
extends between the front end and the rear end. The second
column 1s spaced apart from the first column. The second
plurality of ferromagnetic members 1s configured to be
magnetically attached to another portion of the magnetic
crawler. The apparatus further comprises a plurality of
magnets on the bottom surface of the base portion and
configured to be magnetically attached to a ferromagnetic
operating surface upon which the magnetic crawler operates.

In some embodiments, an apparatus for releasing a mag-
netic crawler from a ferromagnetic operating surface com-
prises a ramp that comprises a stack of laminations of highly
buoyant, non-magnetic material. The ramp has a base por-
tion and an upper portion. The upper portion has an inclined,
top surface for recerving a magnetic crawler. The ramp
includes a front end and a rear end. The apparatus further
comprises a first plurality of ferromagnetic members posi-
tioned on the top surface of the upper portion and linearly
arranged 1n a first column extending between the front end
and the rear end. The first plurality of ferromagnetic mem-
bers 1s configured to be magnetically attached to a portion of
a magnetic crawler. The apparatus further comprises a
second plurality of ferromagnetic members positioned on
the top surface of the upper portion and linearly arranged in
a second column that extends between the front end and the
rear end and 1s spaced apart from the first column. The
second plurality of ferromagnetic members 1s configured to
be magnetically attached to another portion of the magnetic
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crawler. The apparatus further comprises a plurality of
magnets positioned on the base portion and configured to be
magnetically attached to a ferromagnetic operating surface
upon which the magnetic crawler operates.

Certain features and advantages of the present invention
have been generally described in this summary section.
However, additional features, advantages and embodiments
are presented herein or will be apparent to one of ordinary
skill of the art 1n view of the drawings, specification and
claims hereof. Accordingly, 1t should be understood that the

scope of the mnvention shall not be limited by the particular
embodiments disclosed in this summary section.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

FIG. 1 15 a perspective view of an exemplary embodiment
of an apparatus for releasing a magnetic crawler from a
ferromagnetic operating surface, the view showing the front
end, right side and top portion of the apparatus;

FIG. 2A 1s another perspective view of the apparatus of
FIG. 1, the view showing the rear end, right side and top
portion of the apparatus;

FIG. 2B 1s another perspective view of the apparatus of
FIG. 1, the view showing the rear end, left side and top
portion of the apparatus;

FIG. 3 1s a top plan view of the apparatus;

FIG. 4 1s a bottom plan view of the apparatus;

FIG. 5 1s a left side elevational view of an apparatus for
releasing a magnetic crawler from a ferromagnetic operating,
surface i accordance with another exemplary embodiment;

FIG. 6 1s a perspective view of the apparatus of FIG. 5, the
view showing the rear end, right side and top portion of the
apparatus; and

FIG. 7 1s a bottom plan view of the apparatus of FIG. 5.

DETAILED DESCRIPTION

As used herein, the terms “comprise”, “comprising”,
“comprises”, “includes™, “including”, “has”, “having” or
any other vanation thereol, are intended to cover a non-
exclusive inclusion. For example, a process, method, article
or apparatus that comprises a list of elements 1s not neces-
sarily limited to only those elements, but may include other
clements not expressly listed or inherent to such process,
method, article or apparatus.

As used herein, terms such as “vertical”, “horizontal”,
“top”, “bottom™, “base”, “upper”’, “lower”, “mddle”,
“above”, “below” and the like are used for convenience in
identifying relative locations of various components and
surfaces relative to one another 1n reference to the drawings
and are not intended to be limiting in any way.

Approximating language, as used herein throughout the
specification and claims, may be applied to modily any
quantitative representation that could permissibly vary with-
out resulting in a change 1n the basic function to which 1t 1s
related. Accordingly, a value modified by a term such as
“about” or “approximately” 1s not limited to the precise
value specified.

Reference 1n the specification to “an exemplary embodi-
ment”, “one embodiment”, “an embodiment” or ‘“some
embodiments™, means that a particular feature, structure or
characteristic described 1n connection with the embodiment
1s 1ncluded 1n at least one embodiment of the invention. The
appearances of the phrases “an exemplary embodiment”,
“one embodiment”, “embodiment” or “some embodiments”
in various places in the specification are not necessarily all

referring to the same embodiment.
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As used herein, the term “operating surface” and “ferro-
magnetic operating surface” are used interchangeably herein
and refer to a ferromagnetic surface upon which a magnetic
crawler operates or maneuvers.

Referring to FIGS. 1, 2A, 2B, 3 and 4, there 1s shown
apparatus 10 for releasing a magnetic crawler from a ferro-
magnetic operating surface in accordance with an exemplary
embodiment. Apparatus 10 1s configured to gradually reduce
the magnetic attraction of the magnetic crawler to the
ferromagnetic operating surface. Apparatus 10 comprises
ramp 12 which 1s fabricated from lightweight non-magnetic
material. In this embodiment, ramp 12 1s a solid body of the
lightweight non-magnetic materials. Examples of suitable
non-magnetic materials include, but are not limited to,
wood, plastic, rubber, resin, polyvinylchloride, polypropyl-
ene and composites. In some embodiments, the non-mag-
netic material 1s highly buoyant. Highly buoyant non-mag-
netic materials allow ramp 12 to float 1n a body of water. In
some embodiments, ramp 12 1s fabricated from lightweight
non-ferromagnetic metals such as aluminum.

Ramp 12 comprises base portion 14 which has bottom
surface 16. Ramp 12 further comprises upper portion 18
which has inclined, top surface 20. Inclined, top surface 20
1s configured to receive a magnetic crawler (not shown).
Ramp 12 further includes front end 22 and rear end 24. Front
end 22 has a small thickness so as to allow the magnetic
crawler to easily drive onto top surface 20. Ramp 12
includes left side portion 26 that 1s contiguous with base
portion 14 and upper portion 18. Ramp 12 further includes
right side portion 28 that 1s contiguous with base portion 14
and upper portion 18. The height of rear end 24 determines
the 1incline of top surface 20. The height of ramp 12 linearly
tapers from rear end 24 to front end 22. The incline in top
surface 20 results 1n a gradual increase 1n the thickness of
ramp 12 from front end 22 to rear end 24. In some embodi-
ments, the degree of inclination of top surface 20 i1s between
about 10° and 30°. However, 1n other embodiments, ramp 12
may be configured to have a degree of inclination less than
10° or greater than 30°. The gradual increase in the thickness
of ramp 12 gradually increases the distance between the
magnetic crawler and the ferromagnetic operating surface as
the magnetic crawler 1s driven higher upon ramp 12. As the
magnetic crawler 1s driven higher upon ramp 12, the mag-
netic attraction between the magnetic crawler and the fer-
romagnetic operating surface 1s gradually reduced. This
reduction 1n magnetic attraction 1s based on the principle
that a magnetic force 1s inversely proportional to the dis-
tance between a magnetic object and a ferromagnetic object.

Referring to FIGS. 1, 2A, 2B and 3, apparatus 10 further
comprises ferromagnetic members 30 that are positioned on
top surface 20 of upper portion 18. Ferromagnetic members
30 are configured to be magnetically attached to the tracks
or wheels of a magnetic crawler. Ferromagnetic members 30
are linearly arranged 1n two columns, indicated by reference
numbers 32 and 34, which extend between {front end 22 and
rear end 24. Columns 32 and 34 are spaced apart by a
predetermined distance D so that ferromagnetic members 30
of column 32 become magnetically attached to the left side
tracks or wheels of the magnetic crawler and ferromagnetic
members 30 of column 34 become magnetically attached to
the rnight side tracks or wheels of the magnetic crawler.
Ferromagnetic members 30 may be any suitable ferromag-
netic object. Examples of suitable ferromagnetic members
30 include, but are not limited to, screws, bolts, washers,
nails, spikes, nuts, magnets and metallic strips. Ferromag-
netic members 30 may be attached or joined to top surface
20 by any suitable method including, but not limited to,
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screws, rivets and adhesives. In some embodiments, each
ferromagnetic member 30 1s configured with an integral
screw portion that allows the ferromagnetic member 30 to be
screwed 1nto top surface 20. In some embodiments, each
ferromagnetic member 30 has a through-hole therein to
allow a fastener to be inserted therethrough for attaching the
ferromagnetic member 30 to top surface 20. In some
embodiments, each ferromagnetic member 30 1s recessed
into top surface 20 so that the ferromagnetic member 30 1s
substantially flush with top surface 20. In other embodi-
ments, ferromagnetic members 30 protrude slightly from top
surface 20. In some embodiments, ferromagnetic members
30 are protected by a protective film to prevent damage. The
protective film does not interfere with the ability of the
ferromagnetic members 30 to become magnetically attached
to the tracks or wheels of the magnetic crawler. In one
embodiment, the protective film 1s attached to top surface 20
via heat shrinking.

Referring to FIG. 4, apparatus 10 further comprises a
plurality of magnets 40 that are attached or joined to bottom
surface 14 of ramp 12. Each magnet 40 1s configured to be
magnetically attached to the ferromagnetic operating surface
upon which the magnetic crawler operates or maneuvers. In
a preferred embodiment, the number and size of the magnets
40 are selected to provide more than the minimum holding
force necessary to hold apparatus 10 1n place on the oper-
ating surface while the magnetic crawler 1s fully loaded onto
ramp 12, but less than the holding force that the magnetic
crawler exerts directly on the operating surface during
operations, thereby enabling an operator to remove the ramp
and magnetic crawler from the operating surface with less
clfort than would otherwise be required to remove the
magnetic crawler directly from the surface. For example, 1
it 15 expected that the magnetic crawler will be retrieved
from a vertical or overhanging operating surface, the number
and si1ze of magnets 40 must be selected to provide a holding
force that 1s suflicient to counteract the force of gravity
imposed by the combined weights of apparatus 10 and the
magnetic crawler, and hold apparatus 10 to the operating
surface. The holding force exerted by magnets 40 should
range between the mimimum force necessary to hold the
loaded apparatus on the operating surface and the force
exerted by the magnetic crawler directly on the operating
surface during operations. In a preferred embodiment, the
designed holding force will be at the lower end of that range
to facilitate easier removal of apparatus 10, with the mag-
netic crawler attached, from the operating surface. In an
alternate embodiment, the designed holding force will be
slightly less than the minimum force necessary to hold the
loaded apparatus on a vertical or overhanging operating
surface so that the apparatus 10 will fall away from the
operating surface under the force of gravity when the
magnetic crawler 1s loaded onto 1it.

In some embodiments, each magnet 40 1s positioned
within a corresponding recess 42 that 1s formed in bottom
surface 14. Any suitable techmque or method may be used
to retain each magnet 40 within a corresponding recess 42.
For example, 1n one embodiment, an adhesive 1s used to
attach each magnet 40 to the inner walls of the correspond-
ing recess 42. In other embodiments, fasteners, such as
screws, rivets or nails, are used to attach or join magnet 40
to the inner walls of recess 40. In some embodiments, each
recess 42 1s configured so the corresponding magnet 40 1s
substantially flush with bottom surface 14. In other embodi-
ments, each recess 42 1s configured so that each magnet 40
1s below bottom surface 14. In other embodiments, each
recess 42 1s configured so that the corresponding magnet 40
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protrudes above bottom surface 14. In some embodiments,
cach magnet 40 has a through-hole therein for receiving a
fastener (e.g. screw) for attaching the magnet 40 to the iner
walls of recess 42. In other embodiments, recesses 42 are not
used and each magnet 40 1s attached to joined directly to
bottom surface 14 using any suitable technique, including
but not limited to, adhesives, screws, nails, rivets or other
suitable fasteners. In some embodiments, magnets 40 are
covered with a layer of protective material, such as a
protective film. In one embodiment, the protective film 1s
attached to bottom surface 14 via heat shrinking.

Ramp 12 may be configured to have different shapes
and/or angles depending upon the size of the magnetic
crawler, the magnetic strength of the magnetic crawler, and
the particular operating surface on which the magnetic
crawler will operate. For example, if the operating surface 1s
the mterior wall of a pipe, ramp 12 may be configured to
have a curve so as to correspond to the curve of the interior
wall of the pipe.

Apparatus 10 may be used in vertical, horizontal or
angulated orientations. Angulated orientation refers to ori-
entation at an angle between horizontal and vertical, 1.e. an
angle between 0° and 90°. For example, an operating surface
may have a 45° slope or incline. If the operating surface 1s
substantially flat or horizontal, such as a flat top of a steel
storage tank, apparatus 10 1s positioned on the operating
surface and i front of the magnetic crawler. Magnets 40
become magnetically attached to the operating suriace.
Next, the magnetic crawler 1s driven up the inclined surface
20 of ramp 12. As the magnetic crawler moves up on ramp
12, the magnetic bond between the magnetic crawler and the
operating surface 1s gradually reduced and the magnetic
bonds between the tracks of the magnetic crawler and
ferromagnetic members 30 are gradually strengthened. Once
the magnetic bond between the magnetic crawler and the
operating surface 1s broken, the magnetic crawler with
apparatus 10 attached thereto may be lifted off of the
operating surface and readied for transport. The recovery
boom only needs to handle the weight of ramp 12 and the
magnetic crawler. The recovery boom does not have to
overcome any magnetic bond between the magnetic crawler
and the operating surface because such magnetic bond 1s
climinated when the magnetic crawler 1s driven up ramp 12.
Since ramp 12 remains magnetically attached to the mag-
netic crawler, ramp 12 covers the tracks or wheels of the
magnetic crawler so as to prevent the tracks or wheels from
magnetically attracting other ferromagnetic materials or
objects.

In another example, the operating surface may be vertical,
in which case, apparatus 10 may be magnetically attached to
the vertical operating surface. The magnetic crawler 1s then
driven upward to ascend the inclined, top surface 20 so as to
gradually attenuate the magnetic bond between the magnetic
crawler and the vertical operating surface while simultane-
ously strengthening the magnetic bond between the tracks of
the magnetic crawler and ferromagnetic members 30. Per-
sonnel or operators may hold onto the magnetic crawler as
it ascends the inclined, top surface 20. Once the magnetic
bond between the magnetic crawler and the vertical oper-
ating surface 1s sigmificantly weakened, the personnel or
operators may easily remove the magnetic crawler, with
apparatus 10 attached thereto, from the operating surface. If
the magnetic crawler 1s relatively heavy, gravity will cause
the magnetic crawler to fall ofl of ramp 12 when the
magnetic bond between the magnetic crawler and vertical
operating surface 1s broken. In such a scenario, one or more
lines or cables are attached to the magnetic crawler and a
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lifting device or recovery boom (e.g. crane) so that when the
magnetic crawler becomes disengaged from ramp 12, the
magnetic crawler will be suspended by the cables or ropes
and will not be damaged.

Ramp 12 imparts minimal stress to the magnetic crawler.
The operator maintains full control over the magnetic
crawler as 1t ascends ramp 12. Once apparatus 10 1s posi-
tioned on the operating surface and magnets 40 become
magnetically attached to the operating surface, the operator
does not need to hold or touch apparatus 10 while the
magnetic crawler ascends ramp 12. Additionally, the opera-
tor does not have to hold or touch apparatus 10 while the
magnetic crawler and apparatus are removed from the
operating surface thereby freeing the operator to concentrate
on handling the magnetic crawler. In most cases, apparatus
10 allows for a single operator to recover the magnetic
crawler.

Ramp 12 may be configured to have diflerent shapes
and/or angles depending upon the size of the magnetic
crawler, the magnetic strength of the magnetic crawler, and
the particular operating surface on which the magnetic
crawler will operate. For example, 11 the operating surface 1s
the mterior wall of a pipe, ramp 12 may be configured to
have a curve so as to correspond to the curve of the interior
wall of the pipe.

Referring to FIGS. 5, 6 and 7, there 1s shown apparatus 50
for rece1rving a magnetic crawler in accordance with another
exemplary embodiment. Apparatus 50 performs the same
functions as apparatus 10 and operates in the same manner
as apparatus 10. Apparatus 50 may operate 1n vertical,
horizontal or angulated orientations. Apparatus 50 1s con-
figured to gradually reduce the magnetic attraction of the
magnetic crawler to the operating surface. In the exemplary
embodiment shown, apparatus 530 comprises ramp 32 which
1s formed by a stack of laminations 54 A-F of lightweight
non-magnetic material. Examples of suitable non-magnetic
materials include, but are not limited to, wood, plastic,
rubber, resin, polyvinylchloride, polypropylene and com-
posites. In some embodiments, the non-magnetic material 1s
highly buoyant. Highly buoyant non-magnetic materials
allow ramp 52 to float 1n water. In some embodiments, each
lamination 54 A-F 1s a lightweight non-ferromagnetic metal.
An example of a suitable lightweight non-ferromagnetic
metal 1s aluminum. Laminations 54A-F are attached or
jomed together via any suitable method or technique.
Examples of suitable techniques or methods for attaching or
joming laminations 54A-F together include adhesives,
screws, rivets, bolts or other fasteners. In some embodi-
ments, screws 56 are used to attach laminations 54A-F
together (see FIG. 7). Lamination 54A 1s a lowermost
lamination. Lamination 34F 1s an uppermost lamination.
Laminations 54B-E are intermediate laminations. As shown
in FIGS. 5 and 7, each lamination 54 A-F has the same width
W and a different length. Uppermost lamination 54F has the
longest length and lowermost lamination 54 A has the short-
est length. The variation in lengths of laminations 54A-F
provide ramp 52 with an incline. The stack of laminations
54A-F provide ramp 52 with a left side 60, right side 62,
front end 64 and rear end 66. Uppermost lamination 54F
defines the top surface 70 of ramp 52. Top surface 70
receives the magnetic crawler. Front end 64 1s formed only
by the front edge of uppermost lamination 54F so as to allow
the magnetic crawler to easily climb up on ramp 52. Low-
ermost lamination 34 A and portions of laminations 54B-E
cooperate to define a bottom side, which 1s generally indi-
cated by reference number 72. Bottom side 72 confronts and
contacts the operating surface. Apparatus 50 further com-
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prises ferromagnetic members 80 positioned on top surface
70. Ferromagnetic members 80 are configured to be mag-
netically attached to tracks or wheels of a magnetic crawler.
Ferromagnetic members 80 are linearly arranged in two
columns, indicated by reference numbers 82 and 84, which
extend between front end 64 and rear end 66. Columns 82

and 84 are spaced apart by a predetermined distance so that
ferromagnetic members 80 of column 82 become magneti-
cally attached to the left side tracks or wheels of the
magnetic crawler and ferromagnetic members 80 of column
84 become magnetically attached to the right side tracks or
wheels of the magnetic crawler. Ferromagnetic members 80
may be any suitable ferromagnetic object, examples of
which were described 1n the foregoing description regarding,
ferromagnetic members 30. Ferromagnetic members 80 may
be attached to top surface 70 of ramp 52 by any of the
techniques and methods discussed 1n the foregoing descrip-
tion relating to the attachment of ferromagnetic members 30
to top surface 20 of ramp 12. In some embodiments,
ferromagnetic members 80 are covered with a layer of
protective maternial, such as a protective film, to protect
ferromagnetic members 80. In one embodiment, the protec-
tive film 1s attached to top surface 70 via heat shrinking.

Referring to FIG. 7, apparatus 50 further comprises a
plurality of magnets 90 that are attached to the bottom side
of lowermost lamination 54A and to the exposed bottom
sides of intermediate laminations 54B-E. Magnets 90 per-
form the same function and have the same configuration as
magnets 40 of apparatus 10. Each magnet 90 1s configured
to be magnetically attached to the ferromagnetic operating
surface upon which the magnetic crawler operates or maneu-
vers. Each magnet 90 may be attached, joined or mounted to
the bottom side of lowermost lamination 54A and to the
exposed bottom sides of mtermediate laminations 34B-E by
any of the techniques and methods described 1n the forego-
ing description regarding magnets 40 of apparatus 10. In
some embodiments, each magnet 90 1s positioned within
recess 92. In some embodiments, magnets 90 are covered
with a layer of protective material, such as a protective film,
to protect magnets 90. In one embodiment, the protective
film 1s attached via heat shrinking.

Although ramp 52 1s described as having six laminations
54 A-F, ramp 52 may be configured with more than or less
than si1x laminations. Although four magnets 90 are shown
in FI1G. 7, apparatus 50 may have more than or less than four
magnets 90. In some embodiments, apparatus 50 includes at
least one handle joined or attached to ramp 352 to enable the
operators to handle or carry apparatus 50. In some embodi-
ments, apparatus 30 1ncludes at least one flotation device
attached or joined to ramp 52 to allow ramp 52 to float 1n a
body of water.

Ramp 52 may be configured to have different shapes
and/or angles depending upon the size of the magnetic
crawler, the magnetic strength of the magnetic crawler and
the particular operating surface on which the magnetic
crawler will operate. For example, 1f the operating surface 1s
the interior wall of a pipe, ramp 52 may be configured to
have a curve so as to correspond to the curve of the interior
wall of the pipe.

Apparatuses 10 and 50 may be used for any one of variety
of tasks including, but not limited to, commercial ship
cleaning and inspection, pipeline nspection, storage tank
inspection and repair, mspection of nuclear reactors, 1nspec-
tion of elevator shaifts, mspection of steel structures such as
towers, steel bridges and steel girder structures during
building construction.
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The foregoing description of illustrated embodiments of
the subject disclosure, including what 1s described in the
Abstract, 1s not intended to be exhaustive or to limit the
disclosed embodiments to the precise forms disclosed.
While specific embodiments and examples are described
herein for illustrative purposes, various modifications are
possible that are considered within the scope of such
embodiments and examples, as those skilled in the relevant
art can recognize. In this regard, while the disclosed subject
matter has been described in connection with various
embodiments and corresponding Figures, where applicable,
it 1s to be understood that other similar embodiments can be
used or modifications and additions can be made to the
described embodiments for performing the same, similar,
alternative or substitute function of the disclosed subject
matter without deviating therefrom. Therefore, the disclosed
subject matter should not be limited to any single embodi-
ment described herein, but rather should be construed in
breadth and scope in accordance with the appended claims
below.

What 1s claimed 1s:

1. An apparatus for releasing a magnetic crawler from a
ferromagnetic operating surface, comprising:

a ramp fabricated from non-magnetic material and com-
prising a base portion, an inclined upper portion for
receiving a magnetic crawler, a front end and a rear
end;

a plurality of ferromagnetic members positioned on the
upper portion and configured to be magnetically
attached to tracks or wheels of a magnetic crawler; and

a plurality of magnets positioned on the bottom portion
and configured to be magnetically attached to a ferro-
magnetic operating surface upon which the magnetic
crawler operates.

2. The apparatus according to claim 1 wherein the plu-
rality of magnets positioned on the bottom are selected to
provide a magnetic force that 1s less than the magnetic force
exerted by the magnetic crawler on the ferromagnetic oper-
ating surface.

3. The apparatus according to claim 2 wherein the plu-
rality of magnets positioned on the bottom are selected to
provide a magnetic force that i1s greater than the minimum
magnetic force required to hold the apparatus to the oper-
ating surface when the magnetic crawler 1s loaded onto the
apparatus.

4. The apparatus according to claim 1 wherein the ramp
comprises a solid body of non-magnetic material.

5. The apparatus according to claim 1 wherein the ramp
comprises a stack of laminations of non-magnetic materal.

6. The apparatus according to claim 1 wherein the ramp
has a height that linearly tapers from the rear end to the front
end.

7. The apparatus according to claim 1 wherein the plu-
rality of ferromagnetic members comprises:

a first group of ferromagnetic members linearly arranged

between the front end and the rear end; and

a second group of ferromagnetic members spaced apart
from the first group ferromagnetic members and
linearly arranged between the front end and the rear
end.

8. The apparatus according to claim 1 wherein the base
portion has a bottom surface and wherein the magnets are
substantially flush with the bottom surface.

9. The apparatus according to claim 1 wherein the base
portion has a bottom surface and wherein the magnets
protrude from the bottom surface.
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10. The apparatus according to claim 1 wherein the
non-magnetic material 1s chosen from the group consisting
of plastic, rubber, resin, polyvinylchloride, polypropylene,
wood and composites.

11. The apparatus according to claim 1 wherein the
plurality of ferromagnetic members are chosen from the
group consisting ol screws, bolts, washers, nails, spikes,
nuts, magnets and metallic strips.

12. An apparatus for releasing a magnetic crawler from a
ferromagnetic operating surface, comprising:

a ramp fabricated from non-magnetic materials and com-
prising a base portion having a bottom surface, an
upper portion having an inclined top surface for receiv-
ing a magnetic crawler, a front end and a rear end;

a first plurality of ferromagnetic members on the top
surface of the upper portion and linearly arranged
between the front end and the rear end, wherein the first
plurality of ferromagnetic members 1s configured to be
magnetically attached to a portion of a magnetic
crawler:;

a second plurality of ferromagnetic members on the top
surface of the upper portion and linearly arranged
between the front end and the rear end, wherein the
second plurality of ferromagnetic members 1s spaced
apart from the first plurality of ferromagnetic members
and configured to be magnetically attached to another
portion of the magnetic crawler; and

a plurality of magnets positioned on the bottom surface of
the base portion and configured to be magnetically
attached to a ferromagnetic surface.

13. The apparatus according to claim 12 whereimn the
plurality of magnets positioned on the bottom are selected to
provide a magnetic force that 1s less than the magnetic force
exerted by the magnetic crawler on the ferromagnetic oper-
ating surface.

14. The apparatus according to claim 13 wheremn the
plurality ol magnets positioned on the bottom are selected to
provide a magnetic force that i1s greater than the minimum
magnetic force required to hold the apparatus to the oper-
ating surface when the magnetic crawler 1s loaded onto the
apparatus.

15. The apparatus according to claim 12 wherein the ramp
comprises a solid body of non-magnetic material.

16. The apparatus according to claim 12 wherein the ramp
comprises a stack of laminations of non-magnetic material.
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17. The apparatus according to claim 12 wherein the ramp
has a height that linearly tapers from the rear end to the front
end.

18. The apparatus according to claim 12 wherein the
non-magnetic material 1s a highly buoyant materal.

19. An apparatus for releasing a magnetic crawler from a
ferromagnetic operating surface, comprising:

a ramp fabricated from highly buoyant, non-magnetic
material and comprising a base portion having a bottom
surface, an upper portion having an inclined top surface
for receiving a magnetic crawler, a front end and a rear
end, the ramp having a height that linearly tapers from
the rear end to the front end, the ramp further compris-
ing a left side portion contiguous with the base portion
and upper portion, and a right side portion contiguous
with the base portion and upper portion;

a first plurality of ferromagnetic members on the top
surface of the upper portion and linearly arranged in a
first column that extends between the front end and the
rear end, wherein the first plurality of ferromagnetic
members 1s configured to be magnetically attached to a
portion ol a magnetic crawler;

a second plurality of ferromagnetic members on the top
surface of the upper portion and linearly arranged in a
second column that extends between the front end and
the rear end, wherein the second column 1s spaced apart
from the first column, wherein the second plurality of
ferromagnetic members 1s configured to be magneti-
cally attached to another portion of the magnetic
crawler; and

a plurality of magnets on the bottom surface of the base
portion and configured to be magnetically attached to a

ferromagnetic operating surface upon which the mag-
netic crawler operates.

20. The apparatus according to claim 19 wherein the
plurality ol magnets positioned on the bottom are selected to
provide a magnetic force that 1s less than the magnetic force
exerted by the magnetic crawler on the ferromagnetic oper-
ating surface and that 1s equal to or greater than the mini-
mum magnetic force required to hold the apparatus to the
operating surface when the magnetic crawler 1s loaded onto
the apparatus.
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