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(57) Abstract: A method is provided for forming cutting edges. The method includes a step of providing a grinding stage comprising
a pair of abrading wheels that extend from a strip receiving end to a strip exiting end. The method further includes a step of directing
a strip of metal at the strip receiving end of the grinding stage along a path P. The method also includes a step of removing material,
from the strip of the metal, with an abrasive surface along the pair of abrading wheels which varies from a fine abrasion to a coarse
abrasion in a direction from the strip receiving end to the strip exiting end.
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METHOD FOR PRODUCING IMPROVED CUTTING EDGES

FIELD
The present disclosure relates generally to a novel method for providing improved cutting

edges for cutting instruments such as razor blades and the like.

BACKGROUND

Razor blades are produced by continuous, high-speed mass production techniques
involving a plurality of sequential abrading operations to provide the cutting surface including the
cutting edge. Each abrading operation provides a facet on opposed surfaces of the cutting surface
and the facet may or may not be modified by subsequent abrading operations.

Typically, however, at least two or more abrading operations are used to provide the facets
defining the cutting surface of the finished razor blade. In a system utilizing three abrading
operations, a first operation is a grinding operation that involves abrading opposed surfaces of a
continuous sheet of metal to provide a first or "ground" facet on opposed surfaces. In the grinding
operation, one of the opposed edge surfaces of a strip of blade metal is abraded first while the other
opposed surface is abraded later to provide the ground facet of the cutting-edge surface.

A second operation involves subjecting the metal sheet to a rough honing operation to
provide a second facet or "rough honed facet" on the surfaces. A third operation, the finish honing
operation, provides the final cutting-edge facets for opposed edge surfaces of the blade. In both the
rough and finish honing operations, the opposed surfaces are abraded substantially simultaneously
since the abrading means involved includes two juxtaposed abrading wheels.

U.S. Patent No. 4,807,401 (“’401 patent” hereafter) discloses an apparatus for providing
cutting edges for cutting instruments. The ‘401 patent teaches an apparatus with an improved
grinding stage 16 including a pair of abrading wheels having rotational axes that extend from a
strip receiving end to a strip exiting end of the grinding stage. The abrading wheels are oriented
at a tilt angle relative to a path of a metal strip incident on the grinding stage such that the axes are
more proximate to the path of the strip at the strip receiving end than at the strip exiting end. This
tilt angle results in an outer surface of the abrading wheels making a smaller contact angle with the
metal strip at the strip receiving end than the strip exiting end. The ‘401 patent also teaches that
the outer surface of the abrading wheels is an abrasive surface that varies from a coarse abrasion
to a fine abrasion in a direction from the strip receiving end to the strip exiting end. This variation
in the abrasive surface facilitates a coarse abrasive surface grinding the strip of metal with a low

contact angle at the strip receiving end of the grinding stage and a fine abrasive surface abrading
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the strip of metal with a high contact angle at the strip exiting end. This allows the coarser abrasive
surface to remove a large portion of the metal strip (at the low contact angle) while allowing the
finer abrasive surface to form a tip of the metal strip (at the high contact angle).

U.S. Patent No. 3,461,616 (7616 patent” hereafter) discloses an apparatus for providing
cutting edges for cutting instruments. The ‘616 patent teaches an apparatus with an improved
finishing stage 26 including a pair of abrading wheels having rotational axes that extend from a
strip receiving end to a strip exiting end of the finishing stage. The abrading wheels are oriented
at a tilt angle relative to a path of a metal strip incident on the finishing stage such that the abrading
wheel axes are more proximate to the path of the strip of metal at the strip exiting end than at the
strip receiving end. This tilt angle results in lands along an outer surface of the abrading wheels
making a larger contact angle with the strip of metal at the strip receiving end relative to the strip
exiting end. The ‘616 patent also teaches that the lands form a spiral helix such that the juxtaposed
wheel can mesh with the lands of the wheel. This spiral helix arrangement facilitates continuous
contact between the lands and the strip of metal as the contact angle between the lands and the
metal strip varies from a high contact angle at the strip receiving end to a low contact angle at the
strip exiting end.

Currently known abrading wheels and processes enable high-speed, continuous
manufacture of razor blades. Despite the efficiencies of the production operations of these
processes (e.g., apt removal of metal), there are still quality issues, such as tip asymmetry, edge
roughness, and distortion, related to the edge of the blade that need to be improved upon.
Accordingly, there is still a need for an improved apparatus and process for providing cutting edges
for cutting instruments that overcomes the above noted quality issues in conventional processes

and apparatuses.

SUMMARY

Various aspects of the disclosure solve the above-mentioned problems and provide methods
useful for providing cutting edges for cutting instruments. In a first aspect of the disclosure, a
method is provided for forming cutting edges. The method includes a step of providing a grinding
stage comprising a pair of abrading wheels that extend from a strip receiving end to a strip exiting
end. The method further includes a step of directing a strip of metal at the strip receiving end of
the grinding stage along a path P. The method also includes a step of removing material, from the
strip of the metal, with an abrasive surface along the pair of abrading wheels which varies from a

fine abrasion to a coarse abrasion in a direction from the strip receiving end to the strip exiting end.
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In a second aspect of the disclosure, a method is provided for forming cutting edges. The
method includes a step of providing a grinding stage including a pair of abrading wheels that extend
from a strip receiving end to a strip exiting end. The pair of abrading wheels each comprise an
abrasive surface that varies from a fine abrasion to a coarse abrasion in a direction from the strip
receiving end to the strip exiting end. The method also includes a step of removing, with the
abrasive surface of the pair of abrading wheels, material from a strip of metal incident on the strip
receiving end along a path P. This removing step includes a step of removing material, from a tip
of the strip of metal, with the abrasive surface having the fine abrasion and a step of removing
material, along a distance from the tip of the strip of metal, with the abrasive surface having the
coarse abrasion.

In a third aspect of the disclosure, a method is provided for forming cutting edges. The
method includes a step of directing a strip of metal along a path P. The method further includes a
step of removing, with a first grinding stage including a pair of abrading wheels, material from the
strip of metal incident on the first grinding stage along the path P to form a first profile. The
method further includes removing, with a second grinding stage including a pair of abrading wheels
that extend from a strip receiving end to a strip exiting end, material from the first profile of the
strip of material incident on the strip receiving end of the second grinding stage to form a second
profile. This removing step includes a step of removing, with a fine abrasive surface of the pair of
abrading wheels adjacent the strip receiving end, material from a tip of the first profile of the strip
of metal to form a tip of the second profile. This removing step also includes a step of removing,
with a coarse abrasive surface of the pair of abrading wheels adjacent the strip exiting end, material
along a distance from the tip of the second profile of the strip of metal such that the removed
material is directed away from the tip of the second profile.

These and other features, aspects, and advantages of various aspects will become better

understood with reference to the following description, figures, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of this disclosure can be better understood with reference to the following
figures.

FIG. 1 is an example according to various aspects of the disclosure illustrating a
side view of the razor-blade sharpening apparatus.

FIG. 2 is an example according to various aspects of the disclosure illustrating a top view
of the second stage abrading wheels of the apparatus shown in FIG. 1.

FIG. 3 is an example according to various aspects of the disclosure illustrating a side view
of one of the second stage abrading wheels shown in FIG. 2.

FIG. 4A is an example according to various aspects of the disclosure illustrating an end
view of the second stage abrading wheels of FIG. 2 along the path P.

FIG. 4B is an example according to various aspects of the disclosure illustrating an end
view of FIG. 2 showing a position of the tip of the metal strip and a center of rotation of the second
stage abrading wheels along the second stage.

FIG. 5 is an example according to various aspects of the disclosure illustrating a side view
of one of the second stage abrading wheels shown in FIG. 2.

FIG. 6A 1s an example according to various aspects of the disclosure illustrating a side
perspective view of the strip of metal after the first and second stages of the apparatus of FIG. 1.

FIG. 6B is an example according to various aspects of the disclosure illustrating a cross-
sectional view of the strip of metal after the first and second stages of the apparatus of FIG. 1.

FIG. 6C is an example according to various aspects of the disclosure illustrating a cross-
sectional view of the strip of metal abraded during the second stage of the apparatus of FIG. 1.

FIG. 7 is an example according to various aspects of the disclosure illustrating a top view
of the first stage abrading wheels of the apparatus shown in FIG. 1.

FIG. 8 is an example according to various aspects of the disclosure illustrating a side view
of one of the first stage abrading wheels shown in FIG. 7.

FIG. 9 is an example according to various aspects of the disclosure illustrating a top view
of the third stage abrading wheels of the apparatus shown in FIG. 1.

FIG. 10 is an example according to various aspects of the disclosure illustrating a side view
of one of the third stage abrading wheels shown in FIG. 9.

FIG. 11 is an example according to various aspects of the disclosure illustrating a top view
of all three stages and respective abrading wheels of the apparatus of FIG. 1.

FIG. 12 is an example according to various aspects of the disclosure illustrating a side view

of all three stages and respective abrading wheels of the apparatus of FIG. 1.
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FIG. 13 is an example according to various aspects of the disclosure illustrating traces that
show a smoothness of the cutting edge formed with a conventional apparatus and with the
apparatus of FIG. 1.
FIG. 14 is an example according to various aspects of the disclosure illustrating a flowchart
depicting a method for providing cutting edges for cutting instruments.
It should be understood that the various aspects are not limited to the examples illustrated

in the figures.

DETAILED DESCRIPTION

It has been determined that a blade or cutting edge made in a high-speed continuous
sharpening process has been found to have improved quality when the novel implementation of
disclosure is applied and in particular when the second grinding stage, or the rough hone stage
disclosed herein, in a three-step grinding process, is applied.

Specifically, the novel implementation of the second grinding stage of the disclosure
includes a grinding wheel with a variation in abrasiveness, and preferably that finer grit or abrasive
grinding is utilized at the strip receiving end of the grinding wheel and a coarser abrasive grinding
is used at the strip exiting end (e.g., fine to coarse). The progressively coarser grinder may be
appreciated in a gradual form across each grinding stage or in one stage alone. The notion of
grinding from a finer grit to a coarser grit is counterintuitive and reverse to all the teachings of the
prior art, where coarser abrasives are used at the strip receiving ends of the grinding wheels to
remove more metal material and decrease to finer abrasives at the strip exiting ends when less
material removal is needed.

In addition, the novel implementation of the disclosure includes a novel orientation or tilt
of the abrading head of the second stage where the head is tilted at an angle relative to the strip,
such that the helical grinding wheels contact the blade strip at a higher contact angle at the strip
receiving end of the head and a lower contact angle at the strip exiting end. This contrasts with the
prior art which has no tilt of the second stage grinding head or a tilt in a reverse direction than
disclosed herein.

Still further, the novel implementation of the disclosure includes a helix orientation or
arrangement of the abrading wheels of the second stage grinding head with a series of inter-
engaged lands formed on them. A first abrading wheel 22a as shown in FIG. 2 includes lands 50
that have a right-hand thread orientation while a second abrading wheel 22b has a left-hand thread
orientation. In the disclosure, these lands are oriented in a direction shown in FIG. 2 which is

opposite to the land directions of second grinding stages in prior art arrangements. The disclosure



10

15

20

25

30

WO 2024/263473 PCT/US2024/033707

6
beneficially results in continuous contact between the steel strip and the lands of the grinding
wheel, in a direction from the tip down to the body, which reduces reversals at the blade tip.

It has been determined that, remarkably interdependently, the three aspects of tilt, grit
progression, and helix orientation of the disclosure improve the quality of the blade cutting edge,
and along with the equipment to enable this application, result in improved edge quality. This
disclosure is written to a person having ordinary skill in the art, who will understand that this
disclosure is not limited to the specific examples or aspects described. The examples and aspects
are single instances of the disclosure which will make a much larger scope apparent to the person
having ordinary skill in the art. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by the person having ordinary skill in the
art. It is also to be understood that the terminology used herein is for the purpose of describing
examples and aspects only, and is not intended to be limiting, since the scope of the present

disclosure will be limited only by the appended claims.

Introduction and Definitions

This disclosure is written to describe to a person having ordinary skill in the art, who will
understand that this disclosure is not limited to the specific examples or aspects described. The
examples and aspects are single instances of the disclosure which will make a much larger scope
apparent to the person having ordinary skill in the art. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by the person having
ordinary skill in the art. It is also to be understood that the terminology used herein is for the
purpose of describing examples and aspects only, and is not intended to be limiting, since the scope
of the present disclosure will be limited only by the appended claims.

All the features disclosed in this specification (including any accompanying claims,
abstract, and drawings) may be replaced by alternative features serving the same, equivalent, or
similar purpose, unless expressly stated otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series of equivalent or similar features. The
examples and aspects described herein are for illustrative purposes only and that various
modifications or changes in light thereof will be suggested to the person having ordinary skill in
the art and are to be included within the spirit and purview of this application. Many variations
and modifications may be made to the aspects of the disclosure without departing substantially
from the spirit and principles of the disclosure. All such modifications and variations are intended
to be included herein within the scope of this disclosure. For example, unless otherwise indicated,

the present disclosure is not limited to particular materials, reagents, reaction materials,
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manufacturing processes, or the like, as such can vary. It is also to be understood that the
terminology used herein is for purposes of describing particular aspects only and is not intended to
be limiting. It is also possible in the present disclosure that steps can be executed in different
sequence where this is logically possible.

All numeric values are herein assumed to be modified by the term “about,” whether or not
explicitly indicated. The term “about” generally refers to a range of numbers that one of skill in
the art would consider equivalent to the recited value (for example, having the same function or
result). In many instances, the term “about” may include numbers that are rounded to the nearest
significant figure.

In everyday usage, indefinite articles (like “a” or “an”) precede countable nouns and
noncountable nouns almost never take indefinite articles. It must be noted, therefore, that, as used

29 CC

in this specification and in the claims that follow, the singular forms “a,” “an,” and “the” include
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to “a
support” includes a plurality of supports. Particularly when a single countable noun is listed as an
element in a claim, this specification will generally use a phrase such as “a single.” For example,
“a single support.”

Where a range of values is provided, it is understood that each intervening value, to the
tenth of the unit of the lower limit (unless the context clearly dictates otherwise), between the upper
and lower limit of that range, and any other stated or intervening value in that stated range, is
encompassed within the disclosure. The upper and lower limits of these smaller ranges may
independently be included in the smaller ranges and are also encompassed within the disclosure,
subject to any specifically excluded limit in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those included limits are also included in
the disclosure.

In this specification and in the claims that follow, reference will be made to a number of
terms that shall be defined to have the following meanings unless a contrary intention is apparent.

“Strip receiving end” is an entry end of a grinding stage on which a strip is incident along
a path P and is an opposite end of the grinding stage from the strip exiting end.

“Strip exiting end” is an exit end of a grinding stage from which a strip traveling along a
path P exits the stage and is an opposite end of the grinding stage from the strip receiving end.

“Tilt angle” refers to an angle between rotational axes of abrading wheels of a grinding

stage and a path P of a metal strip incident on the grinding stage.
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“Contact angle” refers to an angle between a first direction orthogonal to a path P of a metal
strip incident on a grinding stage and a second direction between a tip of the metal strip and a
center of rotation of abrading wheels of the grinding stage.

“Helix orientation” refers to the direction that the lands of a helix wrap around an axis.
Much like screw thread forms, left-handed threads of the disclosure run counter-clockwise and in
a receding direction when viewed axially, whereas right-handed threads run clockwise and in a
receding direction when viewed axially.

As used herein, the term “quality” as related to blades, signifies improvements to one or
more of tip symmetry, edge smoothness, and minimized distortion. While strength and facet type
(e.g., curved) are important, the quality of the blade is generally focused on sharpness. Thickness
of the cross-section of the blade at various distances back from the tip of the blade is a fundamental

measurement to determine sharpness. The thickness is generally measured using an interferometer.

Apparatus for Providing Cutting Edges of a Cutting Instrument

FIG. 1 is an example according to various aspects of the disclosure illustrating a side view
of the razor-blade sharpening apparatus 100. The apparatus 100 includes a plurality of stages 14,
20, 26 which each abrade a strip 10 of metal that is incident on the stages along a path P. The
stages 14, 20, 26 abrade the strip 10 to form a tip or upper blade edge 12 on the strip 10. The strip
10 of metal is passed from a first roll 34a through the stages 14, 20, 26 after which the strip 10 with
the upper edge 12 is collected on a second roll 34b. The speed of the strip 10 fed through the
wheels at each stage may be uniform or varying. In an example aspect of the disclosure, the speed
may generally be between about 0.20 meters per second (m/sec) and about 0.40 m/sec. However,
in other example aspects of the disclosure, the speed may be greater than this sample range. The
apparatus 100 disclosed herein is capable of producing high quality blades with smooth facets,
such as curved convex final facets, with an ultimate tip angle at the ultimate tip of the sharpened
edge of the razor blade stock that is measured at a certain distance (e.g. 1 pm) from the tip. In one
example aspect of the disclosure, the ultimate tip angle is in a range from about 25 degrees to about
35 degrees or more specifically within a range from about 27 degrees to about 32 degrees (e.g.
calculated at 1 um from the tip).

In the disclosure, the razor blade sharpening apparatus 100 centers on a novel second stage
20 in a multi-stage process of improving the quality of blades. Each stage however includes two
abrading wheels of modified frustoconical configuration that are generally 7.6 centimeters (cm) to

22.9 cm long and have a radius between about 7.2 cm and 8.2 cm at their larger ends and a radius
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between about 6.7 cm and about 7.6 cm at their smaller ends. Each abrading wheel is manufactured
of a suitably fine grade of abrasive material such as cubic boron nitride (CBN), silicon carbide,
alumina, diamond, or a combination of such materials. The wheels are mounted for rotation about
parallel axes. The wheels in each of the stages are inclined at a tilt angle 32 ranging between about
0.3 degrees and about 10 degrees relative to the blade path P defined by a blade holder 40 (e.g., as
shown in FIG. 3). Grind wheels are generally rotated to contact the blade edge 12 from opposite
sides in a downward direction.

A first stage of the apparatus 100 will now be discussed. In one aspect of the disclosure,
the first stage 14 is a grinding stage. As shown in FIG. 1, in one aspect the first stage 14 includes
a pair of abrading wheels 16 that rotate about rotational axes 18. Abrading wheels 16 are rotated
to contact the blade tip 12 from opposite sides in a downward direction. As indicated above, this
is the first stage to remove metal from the strip 10. Preferably, more material is ground and
removed in the first stage 14 than in subsequent stages 20 and 26. In this aspect of the disclosure,
the axes 18 are angled relative to the path P of the strip 10 incident on the first stage 14. As further
shown in FIG. 1, in one aspect of the disclosure the abrading wheels 16 have a frustoconical shape
such that a diameter of the abrading wheels 16 is smaller at a strip receiving end than a strip exiting
end of the first stage 14. A cross section of the metal strip 10 incident on the first stage 14 is shown
in FIGS. 6A and 6B. The abrading wheels 16 of the first stage 14 grind the metal strip 10 (e.g.
rectangular block shown in FIGS. 6A and 6B) resulting in a first profile 120 of the metal strip that
is also shown in FIGS. 6A and 6B. The first stage 14 is discussed in greater detail with respect to
FIGS. 7 and 8.

The razor blade or strip 10, which in this aspect is in continuous strip form, is of uniform
width between about 2 mm and about 40 mm and a thickness between about 0.025 mm and about
0.150 mm, and is shown entering the apparatus 100 in the direction of the path P (e.g., from right
to left). The blade strip 10 itself can be comprised of any metallurgical constituents (e.g., stainless
steel, comprising iron, chromium, and carbon).

A second stage of the apparatus 100 will now be discussed. In one aspect of the disclosure,
the second stage 20 is a rough honing stage. As shown in FIG. 1, in one aspect the second stage
20 includes a pair of abrading wheels 22 that rotate about rotational axes 24. In this aspect of the
disclosure, the axes 24 are angled relative to the path P of the strip 10 to the second stage 20. As
further shown in FIG. 1, in one aspect of the disclosure the abrading wheels 22 of the second stage
20 have a frustoconical shape such that a diameter of the abrading wheels 22 is larger at a strip
receiving end than a strip exiting end of the second stage 20. A cross section of the first profile

120 of the metal strip incident on the second stage 20 is shown in FIGS. 6A and 6B. The abrading
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wheels 22 of the second stage 20 abrade the first profile 120 of the metal strip resulting in a second
profile 140 of the metal strip that is also shown in FIGS. 6A and 6B. The second stage 20 is
discussed in greater detail with respect to FIGS. 2 through 6.

A third stage of the apparatus 100 will now be discussed. In one aspect of the disclosure,
the third stage 26 is a finishing stage. As shown in FIG. 1, in one aspect the third stage 26 includes
a pair of abrading wheels 28 that rotate about rotational axes 30. In this aspect of the disclosure,
the axes 30 are angled relative to the path P of the strip 10 incident on the third stage 26. As further
shown in FIG. 1, in one aspect of the disclosure the abrading wheels 28 of the third stage 26 have
a frustoconical shape such that a diameter of the abrading wheels 28 is larger at a strip receiving
end than a strip exiting end of the third stage 26. A cross section of the second profile 140 of the
metal strip incident on the third stage 26 is shown in FIGS. 6A and 6B. The third stage 26 is
discussed in greater detail with respect to FIGS. 9 and 10.

The second stage 20 will now be discussed in more detail. FIG. 2 is an example according
to various aspects of the disclosure illustrating a top view of the second stage abrading wheels 22a,
22b of the apparatus 100 shown in FIG. 1. As shown in FIG. 2, in one aspect of the disclosure the
abrading wheels 22a, 22b each define a strip receiving end 25 facing the first grinding stage 14 and
a strip exiting end 27 that is opposite to the strip receiving end 25. In accordance with one aspect
of the disclosure, each abrading wheel 22a, 22b is mounted on a spindle 42 that includes bearing
mounts 44, 46. In one example aspect of the disclosure, the centers of the bearing mounts 44, 46
are spaced apart by a distance between about 38.1 cm and about 55.9 cm, depending on the
configuration. A drive gear 48 is positioned on each spindle 42 between the bearing mount 44
and the abrading wheels 22a, 22b. The facet surfaces of the strip 10 held in a blade holder or
support 40 are ground in the second stage 20 by these two juxtaposed abrading wheels 22a, 22b.

Helical lands along an outer surface of the second stage abrading wheels are now discussed.
Each abrading wheel 22a, 22b of the second stage 20 has one or more helical lands 50 formed in
circumferential surfaces so that the two wheels are in inter-engagement and define a nip 52 (shown
in FIG. 4A) between them. As shown in FIG. 4A, the strip 10 passes through the nip 52 when the
wheels 22a, 22b are juxtaposed in a honing position. As shown in FIG. 2, the lands 50 define an
abrasive surface 53 that varies from a fine abrasion to a coarse abrasion in a direction from the strip
receiving end 25 to the strip exiting end 27. FIG. 2 is an example according to various aspects of
the disclosure illustrating a top view of one of the second stage abrading wheels 22 shown in FIG.
2. Asshown in FIG. 2, in one aspect of the disclosure the lands 50 are arranged in a spiral helix
such that the orientation of the helix maintains a right-hand orientation for the upper wheel 22a in

FIG. 2, and a left-hand orientation for the lower wheel 22b in FIG. 2. In an example aspect of the
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disclosure, the lead of the helix is within a range of about 0.63 cm to about 5.08 cm, preferably
within a range of about 1.90 cm to about 3.81 cm. It was recognized that the helical arrangement
of the lands 50 in FIG. 2 advantageously results in continuous contact between the lands 50 and
the strip of metal 10 in a direction from the tip of the blade 12 to a distance farther away from the
tip and closer to the blade body, as the strip 10 passes from the strip receiving end 25 to the strip
exiting end 27 of the second stage 20.

A tilt angle of the second stage abrading wheels is now discussed. FIG. 3 is an example
according to various aspects of the disclosure illustrating a side view of one of the second stage
abrading wheels 22 shown in FIG. 2. As shown in FIG. 3, in one aspect of the disclosure, the
rotational axes 24 of the abrading wheels 22a, 22b is oriented at a tilt angle 32 relative to the
direction P of the strip 10 of metal incident on the second stage 20. As further shown in FIG. 3,
the tilt angle 32 is selected such that the axes 24 are oriented to be more proximate to the path P at
the strip exiting end 27 than at the strip receiving end 25. In an example aspect of the disclosure,
the tilt angle 32 is selected within a range from about 0.3 degrees to about 10 degrees.

FIG. 4A is an example according to various aspects of the disclosure illustrating an end
view of the second stage abrading wheels 22a, 22b of FIG. 2 along the path P. FIG. 4B is an
example according to various aspects of the disclosure illustrating an end view of FIG. 2 showing
a position of the tip 12 of the metal strip 10 and a center of rotation A, C of the second stage
abrading wheels 22a, 22b along the second stage 20. FIG. 4B depicts the center of rotation A of
the abrading wheels 22a, 22b at the strip receiving end 25 and the center of rotation C of the
abrading wheels 22, 22b at the strip exiting end 27. As previously discussed, the abrading wheels
22a, 22b are frustoconical where the diameter of the abrading wheels 22a, 22b is larger at the strip
receiving end 25 than at the strip exiting end 27. FIG. 4B illustrates the geometry of one of the
wheels 22a relative to the edge 12 of the blade 10. The larger circumferential arc 60 of the wheel
22a at the strip receiving end 25 and the smaller circumferential arc 62 of the wheel 22a at the strip
exiting end 27 are both depicted in FIG. 4B. An intermediate arc 64 is also depicted between the
larger circumferential arc 60 and the smaller circumferential arc 62. The path P of the blade edge
12 is perpendicular to line 66 (into the plane of FIG. 4B). The rotational axes 24 of the abrading
wheel 22a follows line 68 from the strip receiving end 25 (A in FIG. 4B) to the strip exiting end
27 (C in FIG. 4B).

A contact angle between the second stage abrading wheels and the metal strip is now
discussed. The contact angle between the tip 12 of the metal strip 10 and the abrading wheels 22a,
22b is an angle between a first direction that is orthogonal to the path P of the strip 10 and a second

direction between the tip 12 and the center of rotation of the abrading wheels. In one example
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aspect of the disclosure, the contact angle 67 at the strip receiving end 25 is depicted in FIG. 4B
between the first direction (line 66) that is orthogonal to the path P and the second direction (r1)
between the tip 12 and the center of rotation A of the abrading wheel at the strip receiving end 25.
In another example aspect of the disclosure, the contact angle 69 at the strip exiting end 27 is
depicted in FIG. 4B between the first direction (line 66) that is orthogonal to the path P and the
second direction (r3) between the tip 12 and the center of rotation C of the abrading wheel at the
strip exiting end 27. In other aspects of the disclosure, the first direction is defined by a plane in
which the metal strip 10 moves along path P. As shown in FIG. 4B, in one aspect of the disclosure
the contact angle 67 at the strip receiving end 25 is greater than the contact angle 69 at the strip
exiting end 27. In one example aspect of the disclosure, the contact angle 67 at the strip receiving
end 25 is in a range from about 9 degrees to about 11 degrees and the contact angle 69 at the strip
exiting end 27 is in a range from about 7 degrees to about 9 degrees. Accordingly, a value of the
contact angle diminishes in a direction from the strip receiving end 25 to the strip exiting end 27
of the second stage 20. Additionally, since the wheels 22a, 22b are frustoconical, the diameter of
each wheel 22a, 22b changes along its length so that the wheel is effectively tapered which also
causes the contact angle between the abrasive surface 53 at the intersection nip 52 to change along
the length.

Since the contact angle 67 is greater at the strip receiving end 25 of the second stage 20,
the lands 50 of the abrading wheels 22a, 22b are oriented to contact the tip 12 of the metal strip 10
at the strip receiving end 25 and thus abrade the metal strip 10 to form the tip 12. Similarly, since
the contact angle 69 is smaller at the strip exiting end 27 of the second stage 20, the lands 50 of the
abrading wheels 22a, 22b are oriented to contact a distance back from the tip 12 at the strip exiting
end 27 to advantageously induce or create less pressure near the tip and more pressure away from
the tip.

The abrasive characteristics of the second stage abrading wheels will now be discussed.
FIG. 5 is an example according to various aspects of the disclosure illustrating a side view of one
of the second stage abrading wheels 22 shown in FIG. 2. As shown in FIG. 5, the second stage
abrading wheel 22 includes the lands 50 that are divided into a plurality of sections 70, 72, 74, 76.
In an aspect of the disclosure, a level of coarseness of the abrasive surface 53 of the lands 50 varies
between the sections 70, 72, 74, 76. In an example aspect of the disclosure, the coarseness of the
abrasive surface 53 varies from a fine abrasive surface in the section 76 adjacent to the strip
receiving end 25 to increasingly coarse abrasive surfaces in each of the next sections 74, 72, 70.
In this example aspect of the disclosure, the abrasive surface 53 has the highest degree of

coarseness in the section 70 that is adjacent to the strip exiting end 27. In an example aspect of the
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disclosure, the fine abrasive surface in section 76 has a coarseness of about 1 — 10 pum while the
coarse abrasive surface in section 70 has a coarseness of about 50 — 100 pum. It was recognized
that this variation in the coarseness of the grit of the abrasive surface 53 in the sections 70, 72, 74,
76 advantageously positions the section 76 with the fine abrasive surface adjacent to the strip
receiving end 25 that makes a relatively high contact angle 67 with the metal strip 10 and thus can
shape the tip 12 of the metal strip 10. Similarly, it was recognized that this variation in the
coarseness of the abrasive surface 53 in the sections 70, 72, 74, 76 advantageously positions the
section 70 having the most coarse abrasive surface adjacent to the strip exiting end 27 which makes
a relatively low contact angle 69 with the metal strip 10 and thus can abrade and remove a large
amount of material from the metal strip 10 at a distance separated from the tip 12. It was further
recognized that since the abrasive surface 53 moves in a downward direction on the strip 10 (see
FIG. 2 where the abrasive surface 53 of each abrading wheel 22a, 22b moves into the plane of the
figure at the strip 10) that the abrading of the metal strip 10 with the coarse abrasive surface of
section 70 advantageously directs removed metal in a region away from the tip 12. This
advantageously ensures the structural integrity of the tip 12 that was formed by the section 76
adjacent to the strip receiving end 25.

Although four sections of varying coarseness are depicted in the abrading wheel 22 of FIG.
5, the aspect of the disclosure is not limited to four sections and can include less or more than four
sections with varying coarseness in the abrasive surface 53. Furthermore, although FIG. 5 depicts
that the sections 70, 72, 74, 76 have varying widths (along the axes 24) this is just one example
aspect and in other aspects of the disclosure the widths of these sections could be different.

The change in the profile of the metal strip 10 as it moves through the first and second
stages 14, 20 of the apparatus 100 is now discussed. FIGS. 6A and 6B are examples according to
various aspects of the disclosure illustrating a side perspective view and cross-sectional view of
the strip 10 of metal after the first and second stages 14, 20 of the apparatus of FIG. 1. In one
aspect of the disclosure, the metal strip 10 incident on the first stage 14 is a rectangular block of
metal. The abrading wheels 16 of the first stage 14 grind the metal strip 10 such that the profile of
the metal strip 10 changes from the rectangular block to the first profile 120 depicted in FIGS. 6A
and 6B. This first profile 120 of the metal strip 10 is then incident on the abrading wheels 22a,
22b of the second stage 20. Based on the abrasion of the first profile 120 of the metal strip 10 with
the abrading wheels 22a, 22b, the second profile 140 is formed which is also depicted in FIGS. 6A
and 6B. It should be noted that the specific first and second profiles 120, 140 depicted in FIGS.
6A and 6B are merely one example aspect of profiles of the metal strip 10 after the respective first

and second stages 14, 20 and that these profiles could vary from what is depicted.
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The change in the profile of the metal strip 10 between the strip receiving end 25 and the
strip exiting end 27 of the second stage 20 will now be discussed. FIG. 6C is an example according
to various aspects of the disclosure illustrating a cross-sectional view of the strip of metal abraded
during the second stage of the apparatus of FIG. 1. As shown in FIG. 6C, the first profile 120 of
the metal strip 10 is incident on the second stage 20. At the strip receiving end 25 of the abrading
wheels 22a, 22b, the fine abrasive surface 53 in section 76 contacts the first profile 120 at the high
contact angle 67 (FIG. 4B) and removes material in section 122 to form the tip 144 of the second
profile 140 of the metal strip. As shown in FIG. 6C, in an aspect of the disclosure the lines 125a,
125b depict the direction at which the fine abrasive surface 53 in section 76 engages the first profile
120 and removes the material in section 122 at the high contact angle 67 to form the tip 144.
Additionally, at the strip exiting end 27 of the abrading wheels 22a, 22b, the coarse abrasive surface
53 in section 70 contacts the first profile 120 at the low contact angle 69 (FIG. 4B) and removes
material in section 124 to form a bevel surface and reduce a thickness of the second profile 140
formed by the second stage 20. As shown in FIG. 6C, in an aspect of the disclosure, the lines 126a,
126b depict the direction at which the coarse abrasive surface 53 in section 70 engages the first
profile 120 and removes the material in section 124 at the low contact angle 69 to reduce the
thickness of the second profile 140. Additionally, as shown in FIG. 6C in one example aspect,
between the strip receiving end 25 and the strip exiting end 27 of the abrading wheels 22a, 22b,
the abrasive surface 53 in sections 72, 74 contacts the first profile 120 at a contact angle (e.g.,
between the high contact angle 67 and low contact angle 69) and removes material in section 123.

As shown in FIG. 6C, the abrasive surface is shaped to advantageously displace the location
of maximum pressure on the strip in a direction away from the tip and towards the flank as the strip
progresses from the strip receiving end to the strip exiting end of the wheels. Given that the strip
is quite thin and the tip deflects readily under increased force or pressure from the wheels, this
arrangement minimizes the force or pressure being exerted at the tip. Although FIG. 6C only
depicts three sections 122, 123, 124 removed by the sections 70, 72, 74, 76 of the abrasive surface
53, this is for ease of illustration and in other aspects of the disclosure less or more than three
sections could be removed (e.g. four sections could be removed by the four sections of the abrasive
surface 53, or more than four sections could be removed if more than four sections with varying
degrees of coarseness are provided for the abrasive surface 53, etc.). As previously discussed, FIG.
6C depicts how it is advantageous to have the coarse abrasive surface 53 of the section 70 remove
the section 124 in a downward direction (looking at FIG. 6C) since this smears the removed section
124 away from the tip 144 that was formed at the strip receiving end 25. A non-limiting aspect of

the disclosure provides the grinding occurring where facet contact is worked from the tip to the
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body of the blade edge as the strip progresses from strip receiving to strip exiting ends of the
wheels. In this way, the ultimate tip 144 of the blade edge is abraded first and for points on the
blade edge that are increasingly remote from the ultimate tip 144, these are subsequently abraded
in a manner that avoids further contact with the ultimate tip 144. This serves to reduce tip pressure
at the strip exiting end 27 of the second stage 20, while also enabling low grind angles.

In some aspects of the disclosure, the second profile 140 formed by the second stage 20 has
one or more parameter values which characterize a quality of the cutting edge used for the cutting
instrument. Although these parameter values characterize the quality upstream of the third
finishing stage 26, they nevertheless affect the quality of the cutting edge formed by the apparatus
100. In one aspect of the disclosure, the parameter is a grind angle 142 measured at about a
midpoint of a bevel of the second profile 140. In an example aspect of the disclosure, the value of
the grind angle 142 is within a range between about 12 degrees and about 18 degrees or preferably
between about 13 degrees and about 15 degrees. It should be recognized that FIG. 6C is not drawn
to scale and thus is merely for illustrative purposes.

The first stage of the apparatus 100 will now be discussed in more detail. FIG. 7 is an
example according to various aspects of the disclosure illustrating a top view of the first stage 14
abrading wheels 16a, 16b of the apparatus 100 shown in FIG. 1. FIG. 8 is an example according
to various aspects of the disclosure illustrating a side view of one of the first stage abrading wheels
16a shown in FIG. 7. As can be seen in FIGS. 7 and 8, the setup of the abrading wheels 16a, 16b
is generally similar to the second stage abrading wheels 22a, 22b of FIG. 2. For instance, the
wheels 16a, 16b are mounted and held in place using mounts and gears as shown in FIG. 2 and the
strip 10 is supported by a blade support 40, as also shown in FIG. 2. However, a main difference
can be seen in FIG. 7 and FIG. 8 in that the helical orientation or arrangement of the lands 80 of
the wheels 16a, 16b is opposite to that of FIG. 2. These lands 80 shown in FIG. 7 are oriented such
that they form a left-hand thread on the upper wheel 16a, and a right-hand thread on the lower
wheel, 16b. Additionally, the lands 80 are oriented from each of the upper and lower second stage
wheels 16a and 16b such that they form a low contact angle at the strip receiving end 75 and a high
contact angle at the strip exiting end 77. In some aspects of the disclosure, the lands 80 have an
abrasive surface that varies from a coarse abrasive surface adjacent to the strip receiving end 75 to
a fine abrasive surface adjacent to the strip exiting end 77. Thus, the lands 80 initially abrade the
metal strip 10 at the strip receiving end 75 with a coarse abrasive surface at a low contact angle
(e.g. to remove metal from the strip 10 a distance back from the tip 12) and later abrade the metal
strip 10 at the strip exiting end 77 with a fine abrasive surface at a high contact angle (e.g. to form

the tip 144 of the first profile 120 that is incident on the second stage, see FIG. 6C). However, in
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other aspects of the disclosure, the lands 80 do not have an abrasive surface with varying coarseness
between the strip receiving and strip exiting ends 75, 77.

As can be seen in FIG. 8, the tilt angle 82 of the first stage 14 is shown. Here, the spindles
42 of FIG. 8 are mounted for rotation about parallel axes 18 that are desirably inclined at the tilt
angle 82 relative to the path P, where the tilt angle 82 is about 0.3 degrees to about 10 degrees.
This tilt angle 82 of the wheels 16 of the first stage 14 is directed downward from left to right such
that the axis 18 is closer to the path P at the strip receiving end 75 than at the strip exiting end 77.
Having such a tilt angle 82 in the first stage 20 is the opposite arrangement of the second stage tilt
angle 32 described supra with regard to FIG. 3.

The third stage of the apparatus 100 will now be discussed in more detail. FIG. 9 is an
example according to various aspects of the disclosure illustrating a top view of the third stage
abrading wheels 28a, 28b of the apparatus 100 shown in FIG. 1. FIG. 10 is an example according
to various aspects of the disclosure illustrating a side view of one of the third stage abrading wheels
28a shown in FIG. 9. The third stage 26 is the finish grinding stage. This stage finalizes the
formation of the blade . FIG. 9 depicts a top view of the third stage 26 and as shown, the helical
arrangements of the wheels 28a, 28b are similar to the second stage 20 in that the lands 90 of the
wheels are oriented such that from each of the upper and lower third stage wheels 28a and 28b they
meet at the strip receiving end 95 by each forming a higher contact angle than at the strip exiting
end 97 relative to the blade tip 12. It is noted that the number of lands 90 of wheels 28 are less
than the number of lands 50 and 80 in the second and first stages, respectively.

Moreover, as shown in FIG. 10, a tilt angle 102 is selected in the third finish stage 26 that
is similar to or higher than the tilt angle 32 of the second stage 20. This can be seen at the finish
honing operation at the third grinding stage 26 depicted by a pair of finish honing wheels 28a, 28b
mounted for rotation about axes 30. The tilt angle 102 is selected such that a similar or higher tilt
as the second stage 20 can be seen at the finish honing operation at the third finishing stage 26
depicted by the pair of abrading wheels 28 mounted for rotation about axes 30. The tilt angles
shown in each of the stages in FIG. 1 are for illustrative purposes and slightly exaggerated.

FIG. 11 is a diagrammatic top view of wheels of all three stages 14, 20, and 26 and
respective wheels combined together disposed in the configuration employed in the apparatus
shown in FIG. 1 in the practice of the disclosure. FIG. 12 is a diagrammatic side view of wheels
of all three stages 14, 20, and 26 and respective wheels combined together and disposed in the
configuration employed in the apparatus shown in FIG. 1 in the practice of the disclosure.

When all three stages are combined together as shown and described, and when the second

stage desirably has one or more of the novel characteristics noted above (e.g., fine-to-coarse



10

15

20

25

30

WO 2024/263473 PCT/US2024/033707

17
abrasion, tilt angle, helical wheels arranged with large contact angle relative to the blade at entry
and a helix orientation as shown in FIG. 2), a blade edge is provided that has the capacity to reach
a most optimal enhanced quality.

It was recognized that the improved apparatus 100 for providing cutting edges for cutting
instruments overcomes the above noted quality issues in conventional processes and apparatuses.
Additionally, it was recognized that the improved apparatus 100 includes the second stage 20
between the first stage 14 and the third stage 26, where the second stage 20 combined various
aspects of the first stage 14 and the third stage 26 in an unorthodox way. For example, the second
stage 20 of the improved apparatus includes the pair of abrading wheels 22 with the tilt angle 32
that is similar to the tilt angle 102 of the abrading wheels 28 of the third stage 26 (FIG. 10). As
with the third stage 26, this tilt angle 32 of the second stage 20 results in the outer surface of the
abrading wheels 22 making a higher contact angle with the metal strip 10 at the strip receiving end
25 relative to the strip exiting end 27. In another example, the abrading wheels 22 of the second
stage 20 feature lands 50 having a spiral helix with similar orientation as the lands 90 of the third
stage 26 (FIG. 9). As with the third stage 26, this shaped helix results in continuous contact
between the lands 50 and the metal strip 10 as the contact angle varies from the high contact angle
at the strip receiving end 25 to the low contact angle at the strip exiting end 27. Additionally, the
lands 50 of the second stage 20 feature an abrasive surface whose coarseness varies in a reverse
manner to the abrasive surface in the first stage 14 such that the abrasive surface varies from a fine
abrasion to a coarse abrasion in a direction from the strip receiving end 25 to the strip exiting end
27. This variation of the abrasive surface advantageously results in a fine abrasive surface abrading
the metal strip 10 at a high contact angle at the strip receiving end 25 (e.g. to form the tip of the
metal strip) and a coarse abrasive surface abrading the metal strip 10 at a low contact angle at the
strip exiting end 27 (e.g. to remove a large portion of the metal strip away from the formed tip).

Having produced a sharpened blade edge after undergoing these grinding stages, it is noted
that there are many different methods of characterizing the quality of the blade. Sharpness is the
most determinative manner in assessing the quality of the blade edge. A fundamental method of
measuring sharpness is measuring the thickness (e.g. T4, T8, T16, T40) of the cross-sectional
profile of the sharpened edge.

Interferometry has long been considered for assessing edge sharpness, going back at least
to A. Mallock (1896). Note on the radius of curvature of a cutting edge, Philosophical
Transactions 1896, p. 164-167. Referenced from Mallock, A. (1881). The action of cutting tools,
Proceedings of the Royal Society, XXXIII, 127-139. Other approaches for thickness measurement

include laser-based systems, confocal microscopy or scanning probe approaches such as Atomic
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Force Microscopy. Within the broad space of interferometry, there are also various different
techniques which may be useful. One particular interferometric method used in this work, known
as fringe tracing, is an analysis of static interferograms which have been generated by Mirau or
Michelson-type interferometers. This technique can be used for measuring the grind angles 142
(FIG. 6C), which are generally measured at approximately a midpoint of the bevel. It can also be
used for determining cross-sectional thickness values at points closer to the tip such as T4, T8, T16
and T40 (FIG. 6C), which are the profile thicknesses at given distances (e.g., 4 um, 8 um, 16 um
or 40 um) back from the ultimate tip 144. With the proper physical angle of orientation of the
blade edge in two different planes relative to the optical axis of the interferometer, an interferogram
is generated which represents the shape of the blade tip. The cross-sectional thickness can then be
determined by tracing or skeletonizing the fringe pattern, and then analyzing the tracing to convert
the tracing data to half-thickness data. Tracing and analyzing the fringe patterns for each side of
the edge at a given location, and adding the half-thicknesses together, yields the total cross-section
thickness, or sharpness of the edge. This method is very cost-effective and production friendly,
with the use of digital cameras and image processing technology that is available.

FIG. 13 is an example according to various aspects of the disclosure illustrating traces that
show a smoothness of the cutting edge formed with a conventional apparatus and with the
improved apparatus of FIG. 1. FIG. 13 depicts two graphs 150, 160 which each have a horizontal
axis 152 that indicates position along a length of the metal strip (arbitrary units) and a vertical axis
154 along a height of the metal strip (arbitrary units). A scalebar of the vertical axis 154 is shown
in FIG. 13. The first graph 150 includes a trace 170 that indicates a formed cutting edge in a metal
strip using a conventional cutting apparatus (e.g. ‘401 patent or ‘616 patent). The second graph
160 includes a trace 170’ that indicates a formed cutting edge in a metal strip using the improved
apparatus 100 disclosed herein. As shown in the graphs 150, 160 the trace 170’ is much smoother
than the trace 170 along the length of the metal strip which confirms that the cutting edge formed
with the apparatus 100 disclosed herein is much smoother than the cutting edge formed with the
conventional apparatus. In an aspect of the disclosure, the traces 170, 170’ are generated by
positioning a light source on one side of the metal strip and a light detector on an opposite side of
the metal strip. The trace 170, 170’ is then generated based on the detected light at the detector,
which indicates the position of the cutting edge. It should be emphasized that the traces 170, 170
indicate the smoothing of the cutting edge after the second stage and thus not after all stages of the
apparatus. Thus, in an example aspect of the disclosure the trace 170’ indicates a smoothness of

the tip 144 in the second profile 140 (that is formed by the second stage 20).
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Method for Providing Cutting Edges of a Cutting Instrument

A method to form a cutting edge to be used with a cutting instrument is now discussed. In
one aspect of the disclosure, the method is performed by the apparatus 100 disclosed herein.
Although steps are depicted in FIG. 14 as integral steps in a particular order for purposes of
illustration, in other aspects, one or more steps, or portions thereof, are performed in a different
order, or overlapping in time, in series or in parallel, or are omitted, or one or more additional steps
are added, or the method is changed in some combination of ways.

FIG. 14 is an example according to various aspects of the disclosure illustrating a flowchart
depicting a method 180 for providing cutting edges for cutting instruments. In one aspect, in step
182 an apparatus 100 is provided including the second grinding stage 20. In some aspects of the
disclosure, the apparatus 100 is provided that includes the first stage 14, the second stage 20 and
the third stage 26, as disclosed herein.

In an aspect of the disclosure, in step 184 the metal strip 10 is directed at an entry end, such
as the strip receiving end 25 of the grinding stage 20 along the path P. In some aspects of the
disclosure, before step 184 the metal strip 10 is incident on the first stage 14 and the metal strip 10
is abraded by the first stage 14 to form the first profile 120. In this aspect of the disclosure, in step
184 the first profile 120 of the metal strip is incident at the strip receiving end 25 of the second
stage 20.

In an aspect of the disclosure, in step 186 material is removed from the metal strip incident
on the second stage 20. In one aspect of the disclosure, in step 186 metal is removed from the
metal strip (first profile 120) incident on the second stage 20 to form a tip 144. In this example
aspect of the disclosure, in step 186 the fine abrasive surface 53 in section 76 of the abrading
wheels 22a, 22b adjacent to the entry end, such as the strip receiving end 25, abrades the first
profile 120 of the metal strip at a high contact angle 67 (FIG. 4B) and forms the tip 144 in the metal
strip. In this example aspect of the disclosure, in step 186 the section 122 (FIG. 6C) is removed
from the first profile 120 of the metal strip by the fine abrasive surface 53 at the high contact angle
67. In an example aspect of the disclosure, in step 186 the fine abrasive surface 53 in section 76
abrades the first profile 120 in a direction along lines 125a, 125b (FIG. 6C) at the high contact
angle 67 to remove the section 122 from the first profile 120 and form the tip 144.

In an aspect of the disclosure, in step 188 material is removed from the metal strip incident
on the second stage 20. In one aspect of the disclosure, in step 188 metal is removed from the
metal strip (first profile 120) incident on the second stage 20 to remove metal material along a side
of the strip 10 at a distance away from the tip 144 formed in step 186. In this example aspect of

the disclosure, in step 188 the coarse abrasive surface 53 in section 70 of the abrading wheels 22a,
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22b adjacent to an exit end, such as the strip exiting end 27, abrades the first profile 120 of the
metal strip at a low contact angle 69 (FIG. 4B) to remove section 124 (FIG. 6C) from the metal
strip. In an example aspect of the disclosure, in step 188 the coarse abrasive surface 53 in section
70 abrades the first profile 120 in a direction along lines 126a, 126b (FIG. 6C) at the low contact
angle 69 to remove the section 124 from the first profile 120. In this example aspect of the
disclosure, in step 188 the section 124 (FIG. 6C) is removed to form the second profile 140 with
the tip 144 that has improved blade qualities (e.g. improved smoothness and reduced values for
T4, T8, T16, T40). Additionally, in some aspects of the disclosure, in progressing through steps
186 through 188, the sections 122 and 124 are removed in a downward direction (looking at FIG.
6C) so that the pressure of removal of section 124 does not contact and thus affect the formed tip
144 in previous step 186.

In some aspects of the disclosure, between steps 186 and 188, the other sections 72, 74 of
the abrasive surface 53 of the abrading wheels 22a, 22b abrade the metal strip and remove other
sections from the first profile 120. In one example aspect of the disclosure, the other sections 72,
74 abrade the first profile 120 of the metal strip at a contact angle (e.g. between the low contact
angle 69 and the high contact angle 67) to remove other sections than sections 122, 124 (e.g. section
123 between these sections 122, 124 in FIG. 6C) or remove part of the same sections 122, 124
depicted in FIG. 6C.

Thus, in these aspects of the disclosure, the removal of material from the first profile 120
of the metal strip does not merely involve steps 186, 188 that occur at the strip receiving and strip
exiting ends 25, 27 and instead is continuously performed by the varying coarseness sections 70,
72, 74, 76 that make continuous contact with the metal strip between the strip receiving and strip
exiting ends 25, 27 of the second stage 20.

It was recognized that the improved apparatus disclosed herein provides noticeable
advantages over the prior art. For example, stress was substantially relieved on the metal strip
during the stages of forming the cutting edge. This is due to the improved apparatus which added
an additional stage (e.g. intermediate second stage) and thus spread the volume of material to be
removed from the metal strip over a larger number of stages, resulting in reduced stress on the
metal strip. Additionally, the combination of the tilt angle, spiral helix orientation of the lands and
coarseness variation (e.g. from fine to coarse) of the second stage reduced the amount of stress at
the tip while maintaining contact with the strip as the abrasive surface moved away from the tip
and towards the body of the strip. This advantageously reduced the stress levels while also
enhancing the edge quality. It was also recognized that the improved second stage with the

coarseness variation also improved the cutting force of the blade through the hair by having the
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coarse abrasive surface contact the strip at the strip exiting end of the stage, reducing a flank
thickness in the 20-40um region from the tip, which is a driver of the cutting force even though

displaced from the tip.

Further Definitions and Cross-References

The dimensions and values disclosed herein are not to be understood as being strictly
limited to the exact numerical values recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension disclosed as “40 mm” is intended to mean “about
40 mm.”

Every document cited herein, including any cross referenced or related patent or application
and any patent application or patent to which this application claims priority or benefit thereof, is
hereby incorporated herein by reference in its entirety unless expressly excluded or otherwise
limited. The citation of any document is not an admission that it is prior art with respect to any
disclosure disclosed or claimed herein or that it alone, or in any combination with any other
reference or references, teaches, suggests or discloses any such disclosure. Further, to the extent
that any meaning or definition of a term in this document conflicts with any meaning or definition
of the same term in a document incorporated by reference, the meaning or definition assigned to
that term in this document shall govern.

While particular aspects of the present disclosure have been illustrated and described, it
would be obvious to those skilled in the art that various other changes and modifications can be
made without departing from the spirit and scope of the disclosure. It is therefore intended to cover
in the appended claims all such changes and modifications that are within the scope of this

disclosure.



WO 2024/263473 PCT/US2024/033707

22

CLAIMS
What is claimed is:

A method (180) for providing cutting edges, comprising:

providing (182) a grinding stage (20) comprising a pair of abrading wheels (22a, 22b) that
extend from a strip receiving end (25) to a strip exiting end (27);,

directing (184) a strip (10) of metal at the strip receiving end (25) of the grinding stage (20)
along a path P; and

removing material (186, 188), from the strip (10) of metal, with an abrasive surface (53)

along the pair of abrading wheels (22a, 22b) which varies from a fine abrasion to a coarse abrasion

ey

in a direction from the strip receiving end (25) to the strip exiting end (27).

2. The method (180) of claim 1, further comprising:

removing material, from the strip (10) of metal, with a first grinding stage (14) to form a
first profile (120);

wherein the directing step (184) comprises directing the metal strip (10) with the first
profile (120) from the first grinding stage (14) along the path P to the strip receiving end (25) of
the grinding stage (20) that faces the first grinding stage (14); and

wherein the removing material (186, 188) with the abrasive surface (53) comprises

removing material from the first profile (120) to form a second profile (140).

3. The method (180) of claim 1, wherein the removing material step (186, 188) comprises:
removing material (186), from a tip (12) of the strip (10) of metal, with the abrasive surface
(53) having the fine abrasion adjacent the strip receiving end (25); and
removing material (188), along a distance from the tip (12) of the strip (10) of metal, with

the abrasive surface (53) having the coarse abrasion adjacent the strip exiting end (27).

4. The method (180) of claim 3, wherein:

wherein the removing material (186) from the tip (12) of the strip (10) of metal comprises
orienting the abrasive surface (53) having the fine abrasion at a first contact angle (67) between a
first direction (66) orthogonal to the path P and a second direction (r1) between the tip (12) of the
strip (10) and a center of rotation (A) of the pair of abrading wheels (22a, 22b) at the strip receiving
end (25); and

wherein the removing material (188) along the distance from the tip (12) comprises

orienting the abrasive surface (53) having the coarse abrasion at a second contact angle (69)
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between the first direction (66) orthogonal to the path P and a third direction (r3) between the tip
(12) of the strip and a center of rotation (C) of the pair of abrading wheels (22a, 22b) at the strip
exiting end (27), wherein the second contact angle (69) is less than the first contact angle (67).

5. The method (180) of claim 1, wherein the providing (182) the grinding stage (20) further
comprises orienting axes (24) of the pair of abrading wheels (22a, 22b) at a tilt angle (32) such that
the axes (24) are more proximate to the path P at the strip exiting end (27) than the strip receiving
end (25).

6. The method (180) of claim 5, wherein the tilt angle (32) is selected such that during the
removing step (186, 188) a contact angle (67) between a first direction (66) orthogonal to the path
P and a second direction (r1) between a tip (12) of the strip and a center of rotation (A) of the pair
of abrading wheels (22a, 22b) diminishes in said direction from said strip receiving end (25) to

said strip exiting end (27).

7. The method (180) of claim 1,
wherein the providing step (182) comprises arranging a plurality of lands (50) that include
the abrasive surface (53) in a spiral helix on each of said pair of abrading wheels (22a, 22b); and
wherein the removing step (186, 188) comprises contacting, with the spiral helix, the strip
(10) of metal in a direction from a tip (12) of the strip of metal to a body of the strip of metal as
the strip (10) of metal moves from the strip receiving end (25) to the strip exiting end (27) of the
grinding stage (20).

8. The method (180) of claim 7, wherein the spiral helix is a right-handed thread on one
abrading wheel (22a) of the pair of abrading wheels and a left-handed thread on another abrading
wheel (22b) of the pair of abrading wheels.

9. The method of claim 1,

wherein the providing (182) the grinding stage (20) comprises providing the abrasive
surface (53) with a plurality of sections (70, 72, 74, 76) between the strip receiving end (25) and
the strip exiting end (27) including a first section (76) with a fine abrasive surface adjacent the strip
receiving end (25) and a second section (70) with a coarse abrasive surface adjacent the strip exiting
end (27); and

wherein the removing step (186, 188) comprises;
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contacting, with the fine abrasive surface of the first section (76), a tip (12) of the
strip (10) of metal, and
contacting, with the coarse abrasive surface of the second section (70), a distance

back from the tip (10) of the strip of metal.

10.  The method (180) of claim 9, wherein the coarse abrasive surface is more coarse than the
fine abrasive surface and wherein the plurality of sections further includes a third section (72, 74)
between the first section (76) and the second section (70) and wherein the third section (72, 74)
comprises an abrasive surface that is more coarse than the fine abrasive surface of the first section
(76) and less coarse than the coarse abrasive surface of the second section (70); and

wherein the removing step further comprises contacting, with the abrasive surface of the
third section (72, 74), a portion of the strip (10) between the tip (12) and the distance back from
the tip (12).

11. The method (180) of claim 9,

wherein the contacting the tip (12) of the strip with the fine abrasive surface comprises
orienting the fine abrasive surface at a first contact angle (67) between a first direction (66)
orthogonal to the path P and a second direction (r1) between the tip (12) of the strip and a center of
rotation (A) of the pair of abrading wheels (22a, 22b) at the strip receiving end (25); and

wherein the contacting the distance back from the tip (12) with the coarse abrasive surface
comprises orienting the coarse abrasive surface at a second contact angle (69) between the first
direction (66) orthogonal to the path P and a third direction (r3) between the tip (12) of the strip
and a center of rotation (C) of the pair of abrading wheels (22a, 22b) at the strip exiting end (27),

wherein the second contact angle (69) is less than the first contact angle (67).

12.  The method (180) of claim 9, wherein the contacting the distance back from the tip (12)
with the coarse abrasive surface comprises directing removed material from the distance back from

the tip (12) in a direction away from the tip (12) of the strip of metal.

13. A method (180) for forming cutting edges comprising:
providing (182) a grinding stage (20) including a pair of abrading wheels (22a, 22b) that

extend from a strip receiving end (25) to a strip exiting end (27), wherein the pair of abrading
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wheels (22a, 22b) each comprise an abrasive surface (53) that varies from a fine abrasion to a
coarse abrasion in a direction from the strip receiving end (25) to the strip exiting end (27); and
removing (186, 188), with the abrasive surface (53) of the pair of abrading wheels (22a,
22b), material from a strip (10) of metal incident on the strip receiving end (25) along a path P,
comprising;
removing material (186), from a tip (12) of the strip of metal, with the abrasive
surface (53) having the fine abrasion, and
removing material (188), along a distance from the tip (12) of the strip of metal,

with the abrasive surface (53) having the coarse abrasion.

14. The method (180) of claim 13, further comprising:

removing, with a first grinding stage (14), metal from the strip (10) incident on the first
grinding stage (25) along the path P to form a first profile (120); and

wherein the removing (186, 188) with the abrasive surface (53) comprises removing

material from the first profile (120) of the strip of metal to form a second profile (140).

15. The method (180) of claim 13, wherein:

the removing material (186) from the tip (12) with the abrasive surface (53) having the fine
abrasion is performed adjacent the strip receiving end (25) and comprises orienting the abrasive
surface (53) having the fine abrasion at a first contact angle (67) between a first direction (66)
orthogonal to the path P and a second direction (r1) between the tip (12) of the strip and a center of
rotation (A) of the pair of abrading wheels (22a, 22b) at the strip receiving end (25); and

the removing material (188) along the distance from the tip (12) with the abrasive surface
(53) having the coarse abrasion is performed adjacent the strip exiting end (27) and comprises
orienting the abrasive surface (53) having the coarse abrasion at a second contact angle (69)
between the first direction (66) orthogonal to the path P and a third direction (r3) between the tip
(12) of the strip and a center of rotation (C) of the pair of abrading wheels (22a, 22b) at the strip
exiting end (27), wherein the second contact angle (69) is less than the first contact angle (67).



PCT/US2024/033707

WO 2024/263473

1716

004

b Ol

[T




PCT/US2024/033707

WO 2024/263473

216

14

9




WO 2024/263473 PCT/US2024/033707

316

FIG. 3

(-




WO 2024/263473 PCT/US2024/033707

4/16

22b

FiG. 4A

27a




WO 2024/263473 PCT/US2024/033707

16




WO 2024/263473 PCT/US2024/033707

616

v 20
B V03

27 e



PCT/US2024/033707

WO 2024/263473

7716

9 'Old

08

i

V9 'Oid

19815
yUelg

04



WO 2024/263473

144

122

816

142

P

- e

0 o Pl
-
-
e
P

-

-

o

~
~
~

N ~

o ~

L,
-
~
.

124

PCT/US2024/033707

FIG. 6C



WO 2024/263473 PCT/US2024/033707

Y16

FiG. 7

e



WO 2024/263473

10716

16a

PCT/US2024/033707

FIG. 8



WO 2024/263473 PCT/US2024/033707

11/16

26




WO 2024/263473 PCT/US2024/033707

FiG. 10




PCT/US2024/033707

WO 2024/263473

1316

L OIA




WO 2024/263473 PCT/US2024/033707

FIG. 12




PCT/US2024/033707

WO 2024/263473

15/16

A
|

€L Ol

e = =
A

ey
044
y i

:,:a@.wn o

T}E

DNy




PCT/US2024/033707

WO 2024/263473

16/16

vi Old

ONd e

FTONY LOVINOD LS8id 3HL NYHL 55371 S EVHL
FTONY LOVINGD GNOCOIS ¥V LV Q3INIHO S LYHL STI3HM ONIGNIIO 3HL 40 ONZ LIX3 3HL INSOVTaOY
FIVAHNS TNSYHEY ISHY00 ¥ HLM JR4ES FHE 0 diL 3HE WO¥] JONYLSIC ¥V ONOTY TYId3LvIA JAOWTY

|

ATONY LOVINOD 1SHId ¥V LY GIINIIO SLVHL STEEHM DNIONIMO 3HL 40 ONF
AGINT JHL INSOVPGY 30V4uNS SAISYHEY INIS ¥ HUM JIW1S 3HL 40 dIL ¥ NOHS TyldE 1Y SA0WEY

4

d HLYd ¥V ONOTY 3OVLS ONIONHO FHL 40 ONIJ AHING 3HL 1V VI3 O didisS v L0340

2

NG LDE NV OL ON3 AYLNI NY
WOHS ONIIXT LYHL ST1E3HM ONIANIED 40 Hivd ¥ ONIGITIONT JOVLS ONIGNIND ¥ 30IACHd

Y
\ { l9vis

084




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2024/033707
A. CLASSIFICATION OF SUBJECT MATTER
INV. B24B3/48 B24B27/00 B24D5/14
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B24B B24D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4 807 401 A (ATWATER ROBERT M [US]) 1,2,
28 February 1989 (1989-02-28) 5-10,13,
14
A figure 1 4,11,15
A EP 1 292 426 Bl (SPECIALTY BLADES INC 1-15
[US]) 15 December 2004 (2004-12-15)
figure 1
A US 2020/316802 Al (RKONTOKOSTAS LABROS [GR] 1-15
ET AL) 8 October 2020 (2020-10-08)
figure 1
A CA 855 430 A (GILLETTE CO) 1-15
10 November 1970 (1970-11-10)
figures 1-7

I:‘ Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other " document of . . - - -
. bt particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
28 August 2024 09/09/2024
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3016 Arhire, Irina

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2024/033707

Patent document Publication Patent family Publication

cited in search report date member(s) date

UsS 4807401 A 28-02-1989 AU 606709 B2 14-02-1991
CA 1315988 C 13-04-1993
DE 3883437 T2 10-03-1994
EG 18588 A 30-12-1993
EP 0295586 Al 21-12-1988
ES 2042649 T3 16-12-1993
IE 62254 B1 11-01-1995
IN 172500 B 04-09-1993
JP 2856254 B2 10-02-1999
JP 86416358 A 19-01-1989
uUs 4807401 A 28-02-1989

EP 1292426 B1 15-12-2004 AT E284771 T1 15-01-2005
AU 5362701 A 07-11-2001
DE 60107844 T2 12-05-2005
EP 1292426 Al 19-03-2003
uUs 6386952 B1 14-05-2002
uUs 2002098783 Al 25-07-2002
uUs 2003027502 A1l 06-02-2003
WO 0181041 A1l 01-11-2001

UsS 2020316802 Al 08-10-2020 BR 112019016285 A2 07-04-2020
CA 3051103 A1l 13-09-2018
CN 110248782 A 17-09-2019
EP 3372361 Al 12-09-2018
EP 3592515 A1l 15-01-2020
IL 268557 A 26-09-2019
JP 7114610 B2 08-08-2022
JP 2020508728 A 26-03-2020
KR 20190122669 A 30-10-2019
PL 3592515 T3 16-11-2020
RU 2019123246 A 08-04-2021
uUs 2020316802 Al 08-10-2020
WO 2018162432 Al 13-09-2018

CA 855430 A 10-11-1970 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report

