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COATED HOLE CUTTER

Field of the Invention
[0001] The present invention relates to hole cutters, and more particularly, to hole cutters

with coatings thereon.

Background Information
10002] A typical prior art hole cutter, or hole saw, includes a cylindrical blade body defining

a plurality of saw teeth on the cutting edge of the blade body, and a plurality of apertures that are
angularly spaced relative to each other about the blade body within an intermediate portion of the
blade body. The apertures may define any of a variety of different configurations to facilitate
inserting a tool into the apertures, such as a screw driver, to remove circular work piece slugs
from within the interior of the blade body that result from cutting work pieces. The hole cutters
are often coated, such as with paint, to protect the cutters against rust and/or for decorative or
advertising purposes, such as with a particular manufacturer’s distinctive color(s), trade dress,
trademarks and/or logos.

[0003] One of the drawbacks encountered with some prior art hole cutters is that the coating
is applied to all surfaces of the hole cutters, including all exterior and interior surfaces ot the hole
cutters, and therefore a relatively large amount of coating material 1s needed to coat the cutters.
Since coating materials can be costly, these coating techniques can increase the manufacturing
costs and, ultimately, increase the costs of the hole cutters to consumers.

[0004] Another drawback encountered with prior art hole cutters is that the interfaces of the
blades bodies and work pieces, such at the cutting edges and the interior and exterior surtaces of
the blade bodies adjacent to the cutting edges, can become heated due to the frictional forces ’
between the rotating blade bodies and work pieces. The thermal energy created by such
frictional forces gives rise to substantial heat that can soften or otherwise turn the coatings on
these areas soft or gooey. Soft or gooey coatings act to increase frictional forces at the
interfaces, and thereby reduce overall cutting speed and degrade the cutting efficiency ot the hole
cutters. A soft or gooey coating on the interior of a hole cutter can interfere with removal of a
slug located therein, as a soft or gooey coating can stick to a slug and increase the frictional
forces between the slug and the interior surface of the hole cutter to prevent the slug from being

pushed or pried out of the interior of the cutter. Still further, the soft or gooey coatings can
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transfer from the hole cutters to work pieces, thereby staining, marking or otherwise tarnishing
the work pieces.

]0003] Another drawback encountered with some prior art hole cutters is that they are unable
to evacuate the volume of chips and/or dust created during cutting. The rate at which the chips
and/or dust are generated during cutting can rapidly overcome the ability of some prior art hole
cutters to allow for the egress of chips or dust away from the cutting edge, the interior of the
bade body and/or other interfaces between the blade bodies and work pieces. The chips and dust
that collect at the interfaces of the blade bodies and work pieces can become heated due to
frictional forces created between the rotating blade body, collected dust and chips, and work
piece. The thermal energy created by such frictional forces gives rise to substantial heat that can
turn the coatings on the hole cutters soft or gooey. The soft or gooey coatings tend to trap dust
and chips at the interfaces of the hole cutters and work pieces, such as at the cutting edge, and
further degrade the cutting efficiency of the hole cutters.

[0006] Accordingly, it is an object of the present invention to overcome one or more of the

above-described drawbacks and/or disadvantages of the prior art.

Summary of the Invention

[0007] In accordance with a first aspect, the present invention is directed to a hole cutter
defining an axis of rotation for cutting a work piece and generating chips upon cutting the work
piece. The hole cutter comprises a substantially cylindrical blade body extending about the axis
of rotation, a cap located at one end of the blade body, and a cutting edge located at an opposite
end of the blade body relative to the cap. The blade body defines substantially cylindrical
exterior and interior surfaces, the cap defines exterior and interior surfaces, and the cutting edge
defines exterior and interior surfaces. The hole cutter further comprises a non-metallic coating
defining a colored band extending axially and annularly throughout a substantial portion of the
exterior cylindrical surface of the blade body and axially spaced from the cutting edge a first
distance. The exterior surface of the cutting edge defines a metallic finish forming a metallic
band extending about the periphery of the blade body at the cutting edge, extending axially
between the cutting edge and the non-metallic colored coating band, and contrasting 1n color
with the non-metallic colored coating band. The interior surfaces of the cylindrical blade body
and cutting edge also define a metallic finish. The metallic finish maintains the interfaces

between the exterior and interior surfaces of the cutting edge, and the interior surface of the
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blade body, and a work piece, substantially free of any coating that softens and mixes with the
chips generated upon cutting the work piece.

[0008] In the currently preferred embodiments of the present invention, the non-metallic
coating forms a substantially cylindrical band extending throughout a cylindrical portion of the
blade body spaced a first distance relative to the cutting edge. In some such embodiments, the
cylindrical non-metallic coating band deﬁnes a substantially straight edge spaced the first
distance relative to the cutting edge. In such embodiments, the cutting edge 1s defined by a
plurality of teeth defining tips and gullets extending between the tips, each gullet defines a depth,
and the first distance is greater than the depth of the deepest gullet. The first distance 1s
preferably at least about 1/10 inch greater than the deepest gullet. The first distance also 1s
preferably less than about 1/2 inch greater than the deepest gullet, is more preferably less than
about 1/3 inch greater than the deepest gullet, and 1s more preferably less than abqut Y4 1nch
greater than the deepest gullet.

[0009] In the currently preferred embodiments of the present invention, the non-metallic
colored coating extends throughout substantially the entire cylindrical band. Also in the
currently preferred embodiments, the non-metallic colored coating band 1s spaced inwardly from
an axial end surface of the cap, and the cap defines a metallic finish. In some such embodiments,
the non-metallic colored coating band is spaced inwardly from the axial end surface of the cap a
second distance that is preferably at least about the same as or greater than the first distance, and
1s even more preferably about the same as the first distance. -

[0010] In the currently preferred embodiments of the present invention, the metallic finish 1s
a steam tempered oxide ﬁnish.. Preferably, the oxide finish is a film of iron oxide. In other
embodiments of the present invention, the metallic finish on the cutting edge 1s defined by a
metallic coating. In some such embodiments, the metallic finish also underlies the non-metallic
coating. In some such embodiments, the metallic coating is located on both the exterior and
interior surfaces of the cutting edge. In some embodiments, the metallic coating 1s a PVD
coating. In some such embodiments, the PVD coating is titanium nitride, aluminum titanium
nitride, and/or a combination of titanium nitride and aluminum titanium nitride.

[0011] In the currently preferred embodiments of the present invention, the non-metallic
colored coating band covers at least about 75% of the external surface area of the cylindrical

blade body, preferably covers at least about 85% of the external surface area of the cylindrical
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blade body, and more preferably covers at least about 90% of the external surface area of the
cylindrical blade body.

[0012] In the currently preferred embodiments of the present invention, the non-metallic
colored coating is defined by an ink or paint. In some such embodiments, the non-metallic
colored coating is defined by a dye, an ink containing dye, a photo, light or radiation curable ink,
a heat or hot air drying ink, and/or a solvent based ink. In some such currently preferred
embodiments, the non-metallic colored coating is a UV curable ink. Preferably, the non-metallic
colored coating is a heat resistant coating that does not soften when subjected to trictional forces
and/or heat encountered during cutting. In the currently preferred embodiments ot the present
invention, the colored coating band defines a label including thereon a trademark, logo,
manufacturer identification, part number and/or any of numerous other types ot indicia or
information that may be desired.

[0013]  In accordance with another aspect, the present invention is directed to a hole cutter
defining an axis of rotation for cutting a work piece and generating chips upon cutting the work
piece. The hole cutter comprises a substantially cylindrical blade body extending about the axis
of rotation, a cap located at one end of the blade body, and a cutting edge located at an opposite
end of the blade body relative fo the cap. The blade body defines substantially cylindrical
exterior and interior surfaces, the cap defines exterior and interior surfaces, and the cutting edge
defines exterior and interior surfaces. The hole cutter comprises non-metallic means axially
spaced from the cutting edge and extending axially and annularly throughout a substantial
portion of the exterior cjrlindrical surface of the blade body for decorating the hole cutter and

| receiving thereon a trademark, logo, manufacturer identification and/or part number. The hole
cutter further comprises metallic means contraéting in color with the non-metallic means,
extending about the periphery of the blade body at the exterior and interior surfaces ot the cutting
edge, extending axially between the cutting edge and the non-metallic means, and extending
axially and annularly throughout a substantial portion of the interior cylindrical surface of the
blade body, for maintaining the interfaces between the exterior and interior surfaces of the
cutting edge, and the interior surface of the blade body, and a work piece, substantially free of
any coating that would soften and mix with the chips generated upon cutting the work piece.
[0014] In the currently preferred embodiments of the present invention, the non-metallic

means is a non-metallic coating and the metallic means is a metallic finish. In some such
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embodiments, the non-metallic coating is a UV curable ink, and the metallic finish 1s a steam
tempered, 1ron oxide finish.
[0015] One advantage of the hole cutters of the present invention is that because the coating

is only applied to the external surface of the blade body, but not to the cutting edge or to the

interior of the hole cutter, there is no opportunity for a coating on these surfaces to become
heated and mixed with the chips or dust, of to otherwise interfere with the cutting efﬁciency of
the hole cutter. Another advantage of some Currently preferred embodiments of the hole cutters
of the present invention is that because the coating is an ink as opposed to a paint or other typical
prior art coating, even if the coating were to become excessively heated (which is not likely as
the coating is not applied at the high heat interfaces with ‘the work piece), it does not become soft
or gooey and therefore does not reduce the cutting efficiency of the hole cutter. Yet another
advantage of the hole cutters of the present invention is that since the coating is applied to the
external surface of the cylindrical blade body, the coating allows the hole cutter to bear a desired
color, such as the manufacturer’s distinctive color or trade dress, and to bear trademarks, logos,
information identifying the manufacturer or seller, part numbers, and/or other desired
information. Yet another advantage of the hole cutters of the present invention 1s that the
appearance of the dark colored cutting edge against the contrasting color of the coating on the
blade body provides an aesthetically desirable appearance. A further advantage of the currently
preferred embodiments of the present invention is that the non-metallic colored coating 1s
applied only in a band to the exterior surface of the cylindrical blade body, and therefore less
colored coating may be required and/or the application of the coating to the cutting edge can be
less expensive in comparison to prior art hole cutters that have coatings, such as paints, applied
to the external and internal surfaces of the hole cutter and/or to all surfaces of the hole cutter.
[0016] Other objects and advantages of the hole cutters of the present invention, and/or of
the currently preferred embodiments thereof, will become more readily apparent in view of the

following detailed description of the currently preferred embodiments and the accompanying

drawings.

Brief Description of the Drawings

[0017] FIG. 1 is a perspective view of a hole cutter embodying the present invention.

[0018] FIG. 2 is a side elevational view of the blade body of the hole cutter of FI1G. 1 prior to

being formed into a cylindrical shape.
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[0019] FIG. 3 is an opposite side elevational view of the blade body of the hole cutter of
FIG. 1 prior to being formed into a cylindrical shape. .

10020] FIG. 4 is a schematic illustration of an apparatus for coating the hole cutter ot FIG. 1.
[0021] FIG. 5 is a side elevational view of another embodiment of a blade body of the

present invention prior to being formed into a cylindrical shape.

Detailed Description of Preferred Embodiments
[0022] In FIG. 1, a hole cutter embodying the present invention is indicated generally by the

reference numeral 10. The term “hole cutter” is used herein to mean a tool that cuts holes 1n
work pieces, such as wood or metal work pieces, and includes without limitation hole saws. The
hole cutter 10 includes a blade body 12 defining a side wall 13. The blade body 12 1s shown 1n
FIGS. 2 and 3 in its flattened state; however, as shown in FIG. 1, the blade body 12 1s rolled or
otherwise formed into a substantially cylindrical shape to form the hole cutter 10. As shown 1n
FIG. 1, the side wall 13 extends around an axis of rotation “X” of the hole cutter 10 to define the
substantially cylindrical blade body 12. One end of the blade body 12 1s provided with a cutting
edge 14 oriented substantially perpendicular to the axis of rotation X, and the opposing end of
the blade body defines a rim 16. As shown in FIGS. 1 and 3, a cap 17 is fixedly secured, such as
by welding, to the rim 16 to enclose the respective end of the hole cutter 10, which 1s referred to
herein as the “non-working” end of the hole cutter. The cap 17 includes a central hub 28
defining a threaded aperture for threadedly engaging an arbor, a plurality of drive pin apertures
30 substantially equally spaced relative to each other about the central hub 28 for engaging the
drive pins of the arbor, and a pair of angularly-extending apertures 32 spaced about 180° apart on
opposite sides of the hub 28 relative to each other. The angularly-extending apertures 32 are
dimensioned and positioned to allow insertion therein of a tool, such as a screw dniver, to
facilitate work piece slug removal.

[0023] As shown in FIGS. 1-3, the circumferential cutting edge 14 is defined by a plurality
of cutting teeth with gullets extending between the teeth. The cutting teeth are contigured to cut
into a work piece when the cutter 10 is applied to a work piece and rotated about the axis of
rotation X in a cutting direction. In the currently preferred embodiments, the cutting edge 14 1s a
bi-metal cutting edge wherein the tips of the teeth are formed by a relatively hard metal, such as
tool steel, and the other portions of the teeth and blade body are made of relatively softer steel,

such as carbon steel. However, as may be recognized by those of ordinary skill in the pertinent



CA 02787235 2012-07-11
WO 2011/088266 PCT/US2011/021214

art based on the teachings herein, the cutting edge 14 may be defined by any of numerous
different tooth forms or other cutting edge forms that are currently known or that later become
known. Similarly, although the blade body 12 is shown as being formed from sheet metal that is
rolled or otherwise formed into the cylindrical blade body 12 and is, in turn, welded or otherwise
attached to the cap 17, the hoie cutter 10 may be formed in any of numerous other ways that are
currently known, or that later become known. For example, the end cap 17 and side Wall 13 may
be spun, drawn, molded or otherwise formed in one integral part.

0024 ] As shown in FIGS. 1-3, the blade body 12 defines two axially-elongated apertures or
slots 18 formed through the side wall 13. As can be seen, the two slots 18 are angularly spaced
relative to each other on the cylindrical blade body 12. In the illustrated embodiment, the two
slots 18 are approximately equally spaced relative to each other, 1.e., the two slots are spaced
about 180° relative to each other. Each slot 18 is configured to receive therethrough a lever,
such as a screw driver, for removal of a work piece slug located within the interior of the blade
body 12. As shown in FIGS. 1-3, each slot 18 includes three fulcrums 20A, 20B and 20C axially
and angularly spaced relative to each other. The fulcrums 20A, 20B and 20C are detined by
 recessed radiused edge surfaces of the side wall 13 that are formed on the edge of the respective
slot 18 that is adjacent to, or on the side of, the non-working end of the hole cutter 10. The first
fulcrum 20A is located adjacent to the cutting edge 14, the second fulcrum 20C is spaced furthest
from the cutting edge 14 and located adjacent to the non-working end of the hole cutter and 1s
angularly spaced from the first fulcrum 20A in a direction opposite to the cutting direction, and
the third fulerum 20C is located axially and angularly between the first and second fulcrums 20A
and 20C, respectively. As may be recognized by those of ordinary skill in the pertinent art based
on the teachings herein, the hole cutters may not define any slots or like apertures, may define a
different number of such slots or apertures (e.g., larger diameter hole cutters may define more
slots and smaller diameter hole cutters may define a few number of slots), the slots may not
define such fulcrums, or may define a different numbers of fulcrums (e.g., a slot may define four
fulcrums instead of three).

10025] As shown in FIGS. 1 and 3, a coating 24 is applied to the external surface of the
cylindrical blade body 12 of the hole cutter 10. The coating 24 extends angularly about the
periphery of the cylindrical blade body 12 and axially between a first boundary 34 adjacent to the

working end of the hole cutter 10 and a second boundary 36 adjacent to the non-working end of
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the hole cutter. As can be seen, the coating 24 is applied only between the first and second
boundaries 34 and 36, respectively, but not to the circumferentially-extending cutting edge 14,
including the cutting teeth and the gullets therebetween, or to the cap 17. The first boundary 34
of the coating 24 is axially spaced a first distance D1 from the cutting edge 14, and the second
boundary 36 is axially spaced a second distance D2 from the axial end surface of the cap 17 or
non-working end of the hole cutter 10. The coating 24 1s applied to a substantial portion ot the
external surface of the cylindrical blade body 12, preferably covers at least about 50% of the
external surface area of the blade body 12, more preferably covers at least about 75%, more
preferably covers at least about 85%, and more preferably covers at least about 90%.

10026] The first distance D1 between the working end boundary 34 of the coating 24 and the
cutting edge 14 is within the range of about 1/16 inch to about 'z inch, is preferably within the
range of about 1/10 inch to about 1/3 inch, and is more preferably with the range of about 1/8
inch to about 1/4 inch. The second distance D2 is preferably at least the same as or even greater
'than the first distance D1, and is more preferably about equal to the first distance D1. As may be
recognized by those of ordinary skill in the pertinent art based on the teachings herein, these
dimensions are only exemplary, and any of numerous other dimensions that are currently known,
or that later become known, may be employed. For example, if desired, the cap 17 may be
coated, and need not detine a metallic finish as illustrated in FIG. 1.

10027] In the illustrated embodiment, the distance D1 is measured from a plane extending
between the tips of unset teeth. Alternatively, the distance D1 may be measured from the
deepest gullet of the cutting edge. However, as may be recognized by those of ordinary skill in
the pertinent art based on the teachings herein, this distance, or the distances between other
features of the hole cutter 10 and the cutting edge 14, may be measured with respect to any of
numerous other reference lines or features that are currently known or used, or that later become
known or used.

10028] The coating 24 allows the hole cutter 10 to bear a desired color, such as the
distinctive color of a manufacturer’s or seller’s trade dress, trademarks, logos, part numbers,
manufacturer or seller identifying information, and/or any of numerous other information that 1s
currently known or that later becomes known. In the illustrated embodiment, the coating 24 1s a
contrasting color as compared to the color of the cutting edge 14 or other components of the hole

cutter 10 which do not include the coating 24. As shown in FIGS, 1-3, the color of the coating
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24 1s a relatively light color, such as a shade of white, and the color of the cutting edge 14,
interior surfaces of the blade body 12 and/or cap 17, is a relatively dark color, such as a shade of
black or grey. Accordingly, the coating 24 provides the advantages of hole cutter coatings in
general (e.g., surface protection and/or an attractive or distinctive appearance) but does not
interfere with cutting efficiency or slug removal. For example, because the coating 24 1s not
present at the cutting edge 14, including the cutting teeth and the gullets formed thereby, but, 1s
spaced a first distance D1 away from the cutting edge 14, the coating 24 1s not etfected by the
relatively high temperatures present at the cutting edge during a cutting operation. Similarly, as
shown best in FIG. 3, the interior surfaces of the blade body 12, which tend to rub against the
slug as the slug is created, do not include the coating 24. As a result, the coating 24 does not
become heated at the cutting edge 14 or on the interior surface of the blade body 12 during a
cutting operation, and therefore the coating cannot interfere with chip ejection or otherwise cause
a reduction in cutting efficiency, and cannot interfere with slug removal.

[0029] Another advantage of the currently preferred embodiments of the present invention 1s
that the coating 24 is a non-metallic coating that is heat resistant, and does not become soft or
gooey when subjected to heat generating frictional forces during cutting operations, but rather
tends to wear by flaking off the external surface of the hole cutter. In the illustrated
embodiment, the coating 24 is a cured ultraviolet curable ink, also known as a UV 1nk. The
primary components of the UV 1nk are pigment and resin. Ultraviolet curing of the UV ink
coating 24 is achieved through a process known as photopolymerization, wherein a
photochemical reaction, or “curing,” replaces the "drying" stage of typical heat/air drying
coatings, such as traditional paint-based coatings. The un-cured UV ink contains 100% solids
formulations in liquid format and is thus free of solvents. In its liquid non-cured state, the resin
of the UV ink coating 24 is made up of liquid monomers, oligomers, and a relatively small
amount of photdinitiators. The photoinitiators initiate polymerization (monomers and oligomers
join to become a polymer) and almost instantly (within fractions of a second) harden the coating
24 when it is exposed to a specific UV light intensity and wavelength. As the UV 1nk coating 24
cures through this chemical reaction, there is no loss of film thickness and the entire non-cured
UV ink coating 24 initially applied to the external surface of the cylindrical blade body 12

remains thereon after curing. In one embodiment, the UV ink coating 24 is any one of the 84,
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85, 87, 89, 90, 92, 93, 94, 95, or 96 Series UV printing inks manufactured by Capex Corporation
of Ft. Lauderdale, Florida USA.

[0030] The UV ink coating 24 differs, generally, from a paint-based coating in that the UV
coating 24 is not solvent based and does not include drying agents. The UV ink coating 24
further differs from a paint coating in that the un-cured and cured states of the UV ink coating 24
define the same film thicknesses, whereas with paint, the solvents in the paint evaporate and
reduce the film thickness up to about 50%. The UV ink coating 24 also differs from traditional
paint-based hole cutter coatings in that since the UV ink coating 24 is free of solvents, 1t does not
contain dangerous volatile organic compounds (VOCs) and can be safer to manufacture and
apply to the hole cutter 10.

[0031] Another advantageous feature of the coating 24 as compared to a traditional hole
cutter coating, such as a paint-based coating, is that when the coating 24 is exposed to high
temperatures, the coating 24 tends to crack and portions of the coating disengage from the cutter
10 rather than become soft or gooey, i.€., the coating 24 tends to flake off the surfaces to which i1t
is applied rather than become soft or gooey. Yet another advantageous feature of the coating 24
as compared to a traditional hole cutter coating, such as a paint-based coating, is that the coating
24 includes a non-stick or friction-reducing property. The characteristics of the coating that give
rise to a reduced coefficient of friction are the surface roughness, hardness and molecular
attraction. The cured coating is smooth, hard (as compared to a paint, for example) and has a
low molecular attraction to work pieces (i.e., is not "sticky"). As a result, the coating 24 has a
lubricating effect that reduces the coefficient of friction of the hole cutter 10 as compared to
traditional coatings, such as paint-based coatings, or to uncoated hole cutters. The reduced
coefficient of friction results in reduced friction at the interface(s) between the coating 24 and the
work piece.

[0032] With reference to FIG. 4, in the currently preferred embodiments of the present
invention, the coating 24 is applied to the external surface of the cylindrical blade body 12 with a
rotary offset printing apparatus and process. A rotatable cliché 40 includes one or more correct
reading printing plates 42 on its periphery. The correct reading plate(s) 42 includes one or more
depressions 44 which correspohd to the desired coating design. In the illustrated embodiment, the
non-metallic coating 24 defines a band extending about the periphery of the cylindrical blade body,

and therefore the correct reading plate 42 defines a single depression having a circumferential
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distance approximately equal to the circumference of the respective hole cutter 10. As the cliché 40
with printing plate(s) 42 is rotated, the depression 44 is filled with the coating material, which in the
illustrated embodiment is the UV curable ink described above. Upon further rotation of the cliché
40, the depression 44 is brought into contact with a rotating print transfer device 46 including a
padded or flexible surface 48, such as a rubber blanket, or a specially compounded elastomeric
material, such as silicone. As can be seen, the padded surface 48 of the rotary print transfer device
46 is forced into the depression 44 and thereby picks up the coating material 24 1n the desired
coating design, e.g., including any information such as part numbers, trademarks, logos, etc. Upon
further rotation of the transfer device 46, the padded surface 48 and the un-cured coating material 24
thereon is then placed or moved into contact with a rotating hole cutter 10, such that the cylindrical
blade body 12 of the hole cutter 10 aligns with the coating design on the padded surface 48 and the
coating material 24 is transferred from the padded surface 48 of the transfer device 46 to the blade
body 12. The coating material 24 is then cured by, for example, exposing the coating to the specitic
ultraviolet light, and the hole cutter 10 is thereby coated. This process is then repeated for the
application of the coating to additional hole cutters. Additional coating layers (e.g., to add coated
portions in different colors, or to add names, part num'bers, trademarks, logos, etc.) can be applied to
the hole cutters through the use of multiple printing plates 42 on the cliché 40, a plurality of cliches
40, by performing additional printing processes, or combinations thereof.

[0033] As shown in FIGS. 1-3, the components or surface areas of the hole cutter 10 that do not
include the coating 24 include a metallic finish, which in the currently preferred embodiments of the
present invention, is a steam tempered, dark-colored or black oxide finish 38 (i.e., a metallic
finish without any non-metallic coating 24). Specifically, the surfaces of the cutting edge 14
between the tips of the cutting teeth and the first boundary 34 of the coating 24, the non-working
portion of the external surface of the blade body 12 extending between the seocond boundary 36
of the coating 24 and the axial end surface or non-working end of the hole cutter 10, the other
surfaces of the cap 17, the side wall edges defining the interior surfaces of the slots 118 (i.e., the
slot edges defined by the thickness of the side wall 13), the internal surfaces of the cylindrical
blade body 12, the internal surfaces of the cutting edge 14, and the internal surfaces of the cap 17
(i.e., the internal surfaces of the hole cutter 10), include thereon the steam-oxide finish 38.

10034] In a currently preferred embodiment, the steam-oxide finish 38 is a thin, hard,

tenacious, well-adhered, blue-black colored film of iron oxide, such as magnetite (Fe3O4). In the
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illustrated embodiment, the steam-oxide finish 38 is about 0.0001 inch thick; however, as may be
recognized by those of ordinary skill in the pertinent art based on the teachings herein, this
thickness is only exemplary, and the metallic finish may take any of numerous different
thicknesses or other dimensions or characteristics that are currently known or that later become
known. The steam-oxide finish 38 is preferably applied through a tempering operation in which
steam is passed over the hole cutter 10 surfaces during a controlled tempering cycle. In one
currently preferred embodiment, the steam oxide finish 38 is applied to the surfaces by placing
the components or assembled cutters in a furnace and purging the air from the furnace through
the introduction of an inert gas, such as nitrogen. The components or assembled cutters are then
heated by introducing steam at a temperature within the range of about 600 °F to about 1100 °F
into the furnace and soaking the components or assembled cutters for a period of time at a
temperature within the range of about 900 °F and about 1100 °F. A positive pressure 1s
preferably maintained within the furnace. The steam-oxide finish 38 advantageously decreases
the porosity of the material, adds wear resistance, increases corrosion resistance, improves part
life, reduces cleaning operations and is environmentally safe. The appearance of the dark
colored steam-oxide finish 38 provides an aesthetically desirable appearance, particularly in
contrast to the color(s) imparted by the non-metallic coating 24 to the blade body 12.

[0035]  In FIG. 5, another embodiment of a blade body of the present invention is indicated
generally by the reference numeral 112. The blade body 112 is shown 1n its flattened state;
however, as shown in FIG. 1 with respect to the blade body 12, and as will be recognized by
those of ordinary skill in the pertinent art based on the teachings herein, the blade body 112 1s
rolled or otherwise formed into a substantially cylindrical shape to form a hole cutter. The blade
body 112 is substantially the same as the blade body 12 described above in connection with

CC]-’,

FIGS. 1-3, and therefore like reference numerals preceded by the numeral are used to

indicate like elements. The primary difference of the blade body 112 in comparison to the blade
body 12 described above is that the external surfaces of the side wall 113 extending along the
peripheries of the axially-extending slots 118 formed in the blade body 112 define boundary
regions 119 including thereon the steam-oxide finish 138 without any non-metallic coating 124
overlying the steam oxide finish. Each boundary region 138 defines a width “W” on the external
surface of the cylindrical blade body. The width W of each boundary region 119 defining the

steam tempered oxide finish 138 is such that the coating 124 is sufficiently spaced from the
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edges of the slots 118 so that when a lever or tool, e.g., a #2 screwdriver, is inserted into the slots
118 and levered against an edge of the respective slot, such as against one of the fulcrums 120A,
120B or 120C, the tool does not contact the coating 24 and thereby damage the coating. In the
1llustrated embodiment, the width W of each boundary region 119 is preferably within the range
of about 0 inch to about 1/4 inch.

[0036] The hole cutters of the present invention may include one or more features of the hole
cutters disclosed in any of the following United States Patent Publications: 20110170969,
20110170966, 20110170970, 20110170965, 20110170971 and 20110170967.

[0037]  The term “coating” is used herein to mean a layer of substance or anything that is
spread over or covers a surface, and including without limitation, an ink or paint. The term
“metallic finish” 1s used herein to mean a surface or surface finish that consists of one or more
metals, alloys or mixtures composed wholly or partly of one or more metals, and including
without limitation, any of various forms of iron oxide, such as FeO, magnetite (Fe;0O4), and
hematite (Fe,03), or simply a carbon steel and/or tool steel surface, such as a cutting edge

surface, without any forms of iron oxide thereon. The term “metallic coating” is used herein to
mean a coating that consists of one or more metals, alloys or mixtures composed wholly or partly
of one or more metals, and including without limitation, physical vapor deposition (“PVD?”)
coatings, such as titanium nitride (“TiN”) coatings, aluminum titanium nitride (“AITiN”)
coatings, and coatings that are combinations of AITiN and TiN (e.g., an under layer of AITIN

and an over layer of TiN). The term PVD coating is used herein to mean any of a variety of

13
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vacuum deposition coatings and methods wherein thin films are deposited by the condensation of
a vaporized form of the material onto various surfaces, and including without limitation
evaporative deposition, electron beam physical vapor deposition, sputter deposition, cathodic arc
deposition, and pulsed laser deposition coatings. The term “ink™ i1s used herein to mean a tluid
Or VISCOUS substanbe used for printing, and including without limitation, dyes, inks containing
dyes (e.g., coloring molecules dissolved in a liquid), UV curable inks, other photo, light or
radiation curable inks, heat or hot air drying inks, and solvent based inks. The term “paint” 1s
used herein to mean a substance composed of solid coloring matter suspended 1n a liquid
medium and applied as a protective or decorative coating to various surfaces. The term “chip” is
used herein to mean small particles of a work piece formed upon cutting the work piece with the
hole cutter, and including without limitation, saw dust, wood dust, wood chips, metal dust, metal
chips, dust and/or chips created upon cutting work pieces formed of materials other than wood or
metal, and/or including materials or components in addition to wood or metal.

|0038] It may be readily understood by those having skill in the pertinent art from the present
disclosure that any of numerous changes and modifications may be made to the above-described
and other embodiments of the present invention without departing from the scope of the
invention as defined in the appended claims. For example, the hole cutters may be made from
any of numerous different materials or combinations of materials, in any of numerous shapes,
taking any of numerous different dimensions, that are currently known or that later become
known. As an example, the cutting edge may take any form, pattern, arrangement or
configuration that is currently known or that later becomes known, including without limitation
tooth patterns that tend to function well in specific applications, hybrid applications or general
applications. For example, the cutting teeth may define any of numerous different tooth forms,
pitch patterns, and/or set patterns. As another example, a single aperture may be provided in the
body of the hole cutter, two or more apertures may be angularly and/or axially aligned with one
another, or two or more apertures may be variably spaced angularly and/or axially relative to one
another. In addition, the hole cutters may define different numbers of axially-elongated
apertures, different aperture configurations, shapes and/or sizes than those disclosed herein.
Also, the hole cutters may be used in any of numerous different cutting applications, on any of
numerous different work piece materials, such as woods, metals, plastics, composites, resins,

stones, fabrics, foams, etc. Further, the blade body may not define any elongated apertures or
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slots, or the apertures or slots may not be contained within the side walls of the hole cutters. For
example, the apertures may extend to the cutting edge, the top rim of the side wall or cap, or may
extend to both the cutting edge and top rim of the side wall or cap to define a channel that
extends the entire or substantially entire axial extent of the blade body. As another example, the
non-metallic coating may be applied only to an external portion of the blade body, or conversely,
to the entire external surface of the blade body. Similarly, the non-metallic coating may be
applied to a portion of the exterior surface of the cap or to the entire exterior and/or interior
surfaces of the cap. As another example, the non-rnetallié coating may be applied to only a
portion of the blade body, and may not extend around the periphery of the blade body, or may
not axially-extend relatively close to the cutting edge and/or non-working end. As another
example, the non-metallic coating may not be applied by a rotary offset print process or
apparatus, but instead may be applied by any other coating application process or apparatus. kor
example, the coating may be applied by a physical vapor deposition (PVD) process or apparatus.
As yet another example, the steam oxide or other metallic finish may be applied to components
of the cutter before the cutter is partially or fully assembled, and/or the coating applied to the
blade body before the cutter is partially or fully assembled. For example, the cap and/or cutting
edge may be steam tempered as separate components, the blade body may be coated as a
separate component, and then the blade body, cutting edge and cap assembled into a cutter. As
another example, the cutting edge and/or other components of the hole cutters may include a
coating, as opposed to, or in addition to, the oxide finish. For example, the cutting edge may .
include a metallic coating, such as aluminum titanium nitride (AITiN), applied by a PVD process
or apparatus. As another example, the cutting edge may further include a gold colored coating,
such as TiN, applied in lieu of or over an AITiN or other PVD coating. In addition, the blade
body and cap need not be formed by separate components that are welded to each othef, but
rather can be formed integral with each other, such as by casting, spinning, drawing, or other
metal working processes that are currently known, or that later become known. Accordingly,
this detailed description of the currently preferred embodiments of the present invention 1s to be

taken in an illustrative, as opposed to a limiting sense.
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CLAIMS
. A hole cutter defining an axis of rotation for cutting a work piece and generating
chips upon cutting the work piece, comprising:
a substantially cylindrical blade body extending about the axis of rotation,
a cap located at one end of the blade body, and
a cutting edge located at an opposite end of the blade body relative to the cap,
wherein the blade body defines substantially cylindrical exterior and interior surfaces, the
cap defines exterior and interior surfaces, and the cutting edge defines exterior and
interior surfaces,
the blade body defines a non-metallic coating defining a colored band extending axially
and annularly throughout a substantial portion of the exterior cylindrical surtace of
the blade body and axially spaced from the cutting edge a first distance,
the exterior surface of the cutting edge defines a metallic finish forming a metallic band
extending about the periphery of the blade body at the cutting edge, extending axially
between the cutting edge and the non-metallic colored coating band, and contrasting
in color with the non-metallic colored coating band,

the interior surfaces of the cylindrical blade body and cutting edge define a metallic

finish, and the metallic finish maintains the interfaces between the exterior and
interior surfaces of the cutting edge, and the interior surface of the blade body, and a

work piece, substantially free of any coating that softens and mixes with the chips

generated upon cutting the work piece.
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2. A hole cutter as defined in claim 1, wherein the non-metallic coating forms a

substantially cylindrical band extending throughout a cylindrical portion of the blade body

spaced a first distance relative to the cutting edge.

3. A hole cutter as defined in claim 2, wherein the cylindrical non-metallic coating

band defines a substantially straight edge spaced the first distance relative to the cutting edge.

3 A hole cutter as defined in claim 2, wherein the cutting edge i1s detined by a
plurality of teeth defining tips and gullets extending between the tips, each gullet defines a depth,

and the first distance is greater than the depth of the deepest gullet.

5. A hole cutter as defined in claim 4, wherein the first distance is at least about 1/10

inch greater than the deepest gullet.

6. A hole cutter as defined in claim 5, wherein the first distance i1s less than about

1/2 inch greater than the deepest gullet.

7. A hole cutter as defined in claim 6, wherein the first distance is less than about 74

inch greater than the deepest gullet.

8. A hole cutter as defined in claim 2, wherein the non-metallic coating extends

throughout substantially the entire cylindrical band.

9. A hole cutter as defined in claim 2, wherein the non-metallic coating band 1s

spaced inwardly from an axial end surface of the cap, and the cap defines a metallic finish.
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10. A hole cutter as defined in claim 9, wherein the non-metallic coating band 1s
spaced inwardly from the axial end surface of the cap a second distance that is approximately

equal to the first distance.

11. A hole cutter as defined in claim 1, wherein the metallic finish 1s a steam oxide

finish.

12. A hole cutter as defined in claim 1, wherein the metallic finish on the cutting edge

is defined by a metallic coating.

13. A hole cutter as defined in claim 12, wherein the metallic coating 1s a PVD

coating.

14. A hole cutter as defined in claim 13, wherein the PVD coating is at least one of
titanium nitride, aluminum titanium nitride, and a combination of titanium nitride and aluminum

titanium nitride.

15. A hole cutter as defined in claim 1, wherein the non-metallic coating band covers

greater than about 75% of the external surface area of the cylindrical blade body.

16. A hole cutter as defined in claim 15, wherein the non-metallic coating band

covers greater than about 90% of the external surface area of the cylindrical blade body.

17. A hole cutter as defined in claim 1, wherein the non-metallic coating is defined by

an 1nk or a paint.
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18. A hole cutter as defined in claim 17, wherein the non-metallic coating 1s defined
by at least one of a dye, an ink containing dye, a photo, light or radiation curable ink, a heat or

hot air drying ink, and a solvent based 1nk.

19. A hole cutter as defined in claim 17, wherein the non-metallic coating 1s a UV

curable ink.

20. A hole cutter as defined in claim 4, wherein the first distance is measured from

either (1) a deepest gullet of the cutting edge, or (ii) a plane extending between tips of unset teeth.

21. A hole cutter as defined in claim 1, wherein the metallic finish 1s a steam

tempered, dark-colored oxide finish.

22. A hole cutter as defined in claim 21, wherein the oxide finish is a film of iron

oxide.

23. A hole cutter as defined in claim 1, wherein the non-metallic coating covers at

least a portion of the external surface of the cap.

24. A hole cutter as defined in claim 1, wherein the non-metallic coating is a heat

resistant coating that does not soften when subjected to frictional forces encountered during

cutting.

25. A hole cutter as defined in claim 1, wherein the non-metallic coating band defines

a label including thereon at least one of a trademark, logo, manufacturer identification or part

number.
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26. A hole cutter defining an axis of rotation for cutting a work piece and generating
chips upon cutting the work piece, comprising:

a substantially cylindrical blade body extending about the axis of rotation,

a cap located at one end of the blade body, and

a cutting edge located at an opposite end of the blade body relative to the cap,

wherein the blade body defines substantially cylindrical exterior and interior surfaces, the
cap defines exterior and interior surfaces, and the cutting edge defines exterior and
interior surfaces,

the blade body defines a first non-metallic means axially spaced from the cutting edge
and extending axially and annularly throughout a substantial portion of the exterior
cylindrical surface of the blade body for decorating the hole cutter and receiving
thereon at least one of a trademark, logo, manufacturer identification or part number,
and

second metallic means contrasting in color with the first means, extending about the
periphery of the blade body at the exterior and interior surfaces of the cutting edge,
extending axially between the cutting edge and the first means, and extending axially

and annularly throughout a substantial portion of the interior cylindrical surface of the

blade body, for maintaining the interfaces between the exterior and interior surfaces
of the cutting edge, and the interior surface of the blade body, and a work piece,

substantially free of any coating that softens and mixes with the chips generated upon

cutting the work piece.

27. A hole cutter as defined in claim 26, wherein the first means 1s a non-metallic

coating and the second means is a metallic finish.
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28. A hole cutter as defined in claim 27, wherein the non-metallic coating is a UV

curable ink, and the metallic finish is a steam tempered, iron oxide finish.

29. A hole cutter as defined in claim 26, wherein the first non-metallic means is
softenable from heat generated during cutting with the hole cutter, and is sufficiently axially
spaced from the cutting edge so that the first non-metallic means does not soften from heat

generated during cutting with the hole cutter.

30, A hole cutter as defined in claim 26, wherein the first non-metallic means is heat
resistant and does not become soft or gooey when subjected to heat generating frictional forces

during cutting with the hole cutter.

31. A hole cutter as defined in claim 1, wherein the non-metallic coating is softenable
from heat generated during cutting with the hole cutter, and said first distance is sufficient so that

the non-metallic coating does not soften from heat generated during cutting with the hole cutter.

32. A hole cutter as defined in claim 1, wherein the non-metallic coating is heat
resistant and does not become soft or gooey when subjected to heat generating frictional forces

during cutting with the hole cutter.
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