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Orbital cutting tool having cutting edges with axially varying circumferential spacing.

@ A cutting tool for use in an orbital drilling machine may include a cutting-tool body having a longitudinal axis and a
plurality of cutting edges supported on the cutting-tool body and distributed circumferentially around the cutting-
tool body. Each cutting edge may extend along the longitudinal axis in a respective helix. A circumferential spacing
may be defined between each pair of circumferentially adjacent cutting edges for each position of the longitudinal
axis along which the cutting edges extend. The circumferential spacing between at least first and second cutting
edges of the plurality of cutting edges may be different at spaced-apart first and second positions along the
longitudinal axis.
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Orbital cutting tool having cutting edges with axially varying circumferential spacing

Background

Advanced composite materials, such as carbon fiber-reinforced polymers, may be used in
the aeronautics industry and other industries. Components of aircraft can be constructed from
sheets of composite materials, either alone or as part of a stack of different layers, including
titanium, steel, or aluminum. To attach these components to a structure of the aircraft, holes may
be drilled through the component.

Orbital drilling may be used to drill through single-component materials and “stack-ups”
of different materials. In conventional drilling a drill bit or cutting tool is pushed through a
material as the tool spins on its own longitudinal axis. Thus, a hole created with conventional
drilling will have the same diameter as the drill bit that created it. In contrast, in orbital drilling the
drill bit or cutting tool rotates on its own longitudinal axis while at the same time that longitudinal
axis rotates or “‘orbits” around the center of the hole being created in addition to being fed through
a material. Thus, a hole created with orbital drilling may have a larger diameter than the drill bit
that created it. Orbital drilling has numerous advantages over conventional drilling, including less
clean-up, the ability to make holes with a range of diameters using the same tool, generation of
smaller chips and less heat, and the ability to drill through a variety of different materials and
stacks of materials.

During orbital drilling it is possible for resonances to develop through “resonant coupling”
where the workpiece or machine tool system has a natural vibration frequency that is driven by the
cutting tool. This leads to vibrations, or “chatter,” of the workpiece and/or the drilling machine.
One method to partially disrupt this resonant coupling is to have an unequal spacing between
adjacent cutting edges as they wind in a helical fashion around the shaft of the cutting tool. For
example, if a cutting tool has a set of four cutting edges disposed around its circumference, there
are four circumferential spaces that are each defined between adjacent cutting edges. If the cutting
edges are spaced at regular intervals around the circumference then the spacing between the cutting
edges will also be regular. Thus, there would be a regular frequency at four times the rotational
frequency of the cutting tool that could couple to a natural vibration frequency of a workpiece. By
modifying the spacing between the cutting edges to, for example, short-long-short-long this timing
is partially disrupted. Cutting tools that use this method maintain the same unequal spacing

between the respective cutting edges along the length of the cutting portion of the tool.

Summary

The present disclosure describes a cutting tool comprising a cutting-tool body extending

along a longitudinal axis and at least one first cutting edge supported on the cutting-tool body. In
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some embodiments, the at least one first cutting edge extends along the longitudinal axis in a first
helix at a first helix angle relative to the longitudinal axis at each position along at least a portion
of the longitudinal axis. The cutting tool includes at least one second cutting edge supported on the
cutting-tool body. The at least one second cutting edge extends along the longitudinal axis in a
second helix at a second helix angle relative to the longitudinal axis at each position along the
portion of the longitudinal axis. The second helix angle is different than the first helix angle.

In some embodiments, a cutting tool or drill bit includes a cutting-tool body having a
longitudinal axis and a plurality of cutting edges supported on the cutting-tool body. The plurality
of cutting edges are distributed circumferentially around the cutting-tool body and each cutting
edge extends along the longitudinal axis in a respective helix. A circumferential spacing is defined
between each pair of circumferentially adjacent cutting edges for each position of the longitudinal
axis along which the cutting edges extend. The circumferential spacing between at least first and
second cutting edges of the plurality of cutting edges is different at spaced-apart first and second
positions along the longitudinal axis.

In some embodiments, a method of drilling and/or reaming a hole in a part formed of at
least one material includes rotating a cutting tool having a plurality of cutting edges supported on a
cutting-tool body. The cutting edges extend along a longitudinal axis and the plurality of cutting
edges are distributed circumferentially around the cutting-tool body, each cutting edge extending
along the longitudinal axis in a respective helix. A circumferential spacing is defined between
each pair of circumferentially adjacent cutting edges for each position of the longitudinal axis
along which the cutting edges extend. The circumferential spacing between at least first and
second cutting edges of the plurality of cutting edges is different at spaced-apart first and second
positions along the longitudinal axis. The method of drilling and/or reaming a hole in a part
formed of at least one material includes moving the rotating cutting tool into contact with the at
least one material such that the cutting edges contact the at least one material in succession during
each rotation of the cutting tool.

Features, functions, and advantages may be achieved independently in various
embodiments of the present disclosure, or may be combined in yet other embodiments, further

details of which can be seen with reference to the following description and drawings.

Brief Description of the Drawings

Fig. 1 is a schematic side elevational view of an example of a cutting tool.
Fig. 2 is a schematic end view of the cutting tool of Fig. 1.
Fig. 3 is a simplified axial view of the cutting tool of Fig. 1 and a hole that could be

created by the cutting tool during orbital drilling.
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Fig. 4 is a simplified side elevational view of the cutting tool of Fig. 1, with the side face
unwrapped into a two-dimensional diagram to show the entire circumference of the tool.
Fig. 5 is a flow chart depicting an example of a method of drilling and/or reaming a hole

using the cutting tool of Fig. 1.

Detailed Description

An embodiment of an alternating helix orbital cutting tool is described below and
illustrated in the associated drawings. Unless otherwise specified, an alternating helix orbital
cutting tool and/or its various components may, but is not required to, contain at least one of the
structure, components, functionality, and/or variations described, illustrated, and/or incorporated
herein. The following description of the embodiment is merely exemplary in nature and is in no
way intended to limit the disclosure, its application, or uses. Additionally, the advantages provided
by the embodiment, as described below, are illustrative in nature and not all embodiments provide
the same advantages or the same degree of advantages.

Cutting tools or drill bits may be used in an orbital drilling machine. Such cutting tools
may have two or more cutting edges that wind in a helical fashion around a body of the cutting
tool, where the circumferential spacing between the cutting edges may vary axially. For example,
two or more of the cutting edges may extend along helix angles that are different than each other.
In some examples, a cutting tool may have a plurality of cutting edges, half of which extend along
a first helix angle and the other half of which extend along a second helix angle different from the
first helix angle. The cutting edges with different helix angles may alternate circumferentially
around the cutting-tool body. This alternating pattern may inhibit the timing of the application of
forces by the cutting tool to the workpiece being cut and the direction of the forces. This may
reduce or prevent the creation of resonant vibrations in the cutting tool or workpiece. Methods and
apparatus described may be particularly suitable for drilling through workpieces that are composed
of layers of different materials.

Figs. 1-4 depict various aspects of an example of helix orbital cutting tools. Fig. 1 is a
schematic side elevational view of an example of a cutting tool, generally indicated at 10. Cutting
tool 10 includes a cutting-tool body 12 that extends along a longitudinal axis 14 corresponding to a
center line of the cutting tool 10. Cutting tool 10 has a plurality of cutting edges disposed
circumferentially around the cutting tool 10. The term “circumferential” is taken to indicate a
direction around the cutting tool that is neither the longitudinal nor the radial direction. Each of
these cutting edges extends along the longitudinal axis 14 in a continuous path, such as a path
having the shape of a helix that may extend partially around the longitudinal axis 14.

Cutting tool 10 includes a first cutting flute 16 and at least one first cutting edge 18
supported on cutting-tool body 12. The at least one first cutting edge 18 extends along the
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longitudinal axis 14 in a continuous line, such as along a first helix 20. That is, cutting edge 18
may extend along the longitudinal axis 14 while at the same time wrapping around the longitudinal
axis 14 of the cutting-tool body 12. In this example, at each position along at least a portion 22 of
the longitudinal axis 14, the first cutting edge 18 extends at a first helix angle 24 with respect to the
longitudinal axis 14. The first cutting flute 16 may be a channel adjacent to at least one first
cutting edge 18. Thus, the first cutting flute 16 may facilitate the removal of material that has been
cut out of the workpiece by the first cutting edge 18. First cutting flute 16 may further provide
space for various coolant or lubrication fluids to flow to the at least one first cutting edge 18.

Cutting tool 10 includes a second cutting flute 26 and a least one second cutting edge 28
supported on the cutting-tool body 12. The at least one second cutting edge 28 extends along the
longitudinal axis 14 in a second helix 30. The second cutting edge 28 may extend along the
cutting-tool body 12 for the same portion 22 of the longitudinal axis 14 as the first cutting edge 18.
That is, the lengths of the first cutting edge 18 and second cutting edge 28, measured in a direction
parallel to the longitudinal axis 14, may be the same. The lengths of the first and second cutting
edges 18 and 28 may also be different. At each position along the portion 22 of the longitudinal
axis 14, the second cutting edge 28 may extend at a second helix angle 32 relative to the
longitudinal axis 14. The second helix angle 32 is different than the first helix angle 24 and one or
both of the respective helix angles 24 and 32 may vary along their lengths.

Fig. 1 shows two cutting edges 18 and 28 and is intended to be schematic and exemplary
and not limiting in any way. The number of cutting edges that are visible in a side view of an
embodiment of a cutting tool 10 may depend on the total number of cutting edges, the relative
spacing of the cutting edges around the cutting-tool body 12, and the lengths of the cutting edges,
which lengths are determined in this example by the helix angles of the respective cutting edges 18
and 28. Any number of cutting edges may be visible or partially visible in a side view of an
embodiment of a cutting tool 10, including two cutting edges, more than two cutting edges, or less
than two cutting edges. By depicting two cutting edges 18 and 28, Fig. 1 indicates that there may
be cutting edges with different helix angles and thereby axially varying spacing between
circumferentially adjacent cutting edges on the same cutting tool 10.

Fig. 2 is a simplified schematic bottom view of cutting tool 10. Cutting-tool body 12 may
have a cutting end 34 and the cutting edges 18 and 28 may extend onto the cutting end 34. Cutting
tool 10 is shown in Fig. 2 to have eight cutting edges, but this number is meant to be exemplary
and should not be taken to be limiting in any way. Cutting tool 10 may have any appropriate
number of cutting edges. More generally, cutting tool 10 may have a first plurality of cutting
edges including first cutting edge 18. Some or all of the cutting edges in the first plurality of
cutting edges 18 may extend along the cutting-tool body 12 at the same first helix angle 24. In the

exemplary and non-limiting embodiment shown in Fig. 2, the first plurality of cutting edges 18 is
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four cutting edges 18. The cutting edges 18 in the first plurality of cutting edges 18 may extend to
a first inner radius 36 on the cutting end 34. The first inner radius 36 may be zero, that is, the first
plurality of cutting edges may extend to a center 38 of cutting end 34. The first inner radius 36
may also have any non-zero value smaller than the outer radius 40 of the cutting-tool body 12.

Cutting tool 10 may have a second plurality of cutting edges including second cutting edge
28. Some or all of the cutting edges 28 in the second plurality of cutting edges 28 may extend
along the cutting-tool body 12 at the same second helix angle 32. In the exemplary and non-
limiting embodiment shown in Fig. 2, the second plurality of cutting edges 28 is four cutting edges
28. However, the number of cutting edges 28 in the second plurality of cutting edges 28 need not
be the same as the number of cutting edges 18 in the first plurality of cutting edges 18. The cutting
edges 28 in the second plurality of cutting edges 28 may extend to a second inner radius 42 on the
cutting end 34. The second inner radius 42 may be zero, that is, the second plurality of cutting
edges may extend to the center 38 of cutting end 34. The second inner radius 42 may also have
any non-zero value smaller than the outer radius 40 of the cutting-tool body 12. The second inner
radius 42 may be the same or different than the first inner radius 36.

The first and second cutting edges 18 and 28 on cutting end 34 may extend in a
substantially radial fashion as indicated in Fig. 2, that is, along straight lines that extend from
proximate the center 38 of the cutting end 34 to the outer radius 40. However, the cutting edges 18
and 28 on cutting end 34 may not extend along radial lines but along some other lines transverse
with respect to radial lines. If the cutting edges 18 and 28 do not extend along radial lines on
cutting-tool end 34, the different cutting edges may not be angled uniformly with respect to radial
lines.

In an exemplary embodiment of cutting tool 10, the cutting edges 18 and 28 may be
disposed at equal circumferential intervals around the cutting-tool body 12 at one axial position of
the cutting tool 10. Fig. 2 shows the cutting edges 18 and 28 disposed regularly about the cutting
end 34. The cutting edges 18 and 28 extend from the cutting end 34 along the cutting-tool body 12.
That is, there may be a first circumferential interval 44 between two adjacent cutting edges and a
second circumferential interval 46 between the next two adjacent cutting edges around the cutting-
tool body 12. The first and second circumferential intervals 44 and 46 may be the same on the
cutting end 34.

Fig. 2 also illustrates by the positions of the outer ends of the respective cutting edges 18
and 28, the first cutting edges 18, which extend along the cutting-tool body 12 at the first helix
angle 24, alternating circumferentially around the cutting tool 10 with the second cutting edges 28,
which extend along the cutting-tool body 12 at the second helix angle 32. In this example, there
are the same number of cutting edges disposed at each of the two helix angles 24 and 32, and the

helix angle alternates from one cutting edge to the next. In some examples, a plurality of



10

15

20

25

30

35

circumferentially adjacent cutting edges may have the same configuration, such as extending along
the same helix angle. For example, if the total number of cutting edges extending at the first helix
angle 24 is different from the total number of cutting edges extending at the second helix angle 32
then there will be at least two circumferentially adjacent cutting edges having the same cutting
edge configuration. Even if the numbers of cutting edges disposed along each of the different helix
angles are the same, the cutting edges with different angles may be disposed in some manner
besides alternating, such as having two cutting edges with the same helix angle adjacent each
other. Further, the angles of the cutting edges may all be different, and the cutting edges may
extend along lines that vary from particular angles along the lengths of the cutting edges.

Fig. 3 is a simplified schematic top view of cutting tool 10 and an outline of a hole 48 that
could be created by the cutting tool 10 in a workpiece made of one or more layers of materials.
Fig. 3 illustrates orbital drilling. Cutting tool 10 may rotate on its own longitudinal axis 14 while
at the same time the longitudinal axis 14 may rotate or orbit around a center or hole axis 50 of the
hole 48 that is being created. If the longitudinal axis 14 and the hole axis 50 maintain a constant
separation between them, then the hole 48 created may be generally circular. The rotational speed
of the cutting tool 10 about its own longitudinal axis 14 may be greater than the rotational speed of
the longitudinal axis 14 about the hole axis 50. As an outer radius 40 of cutting tool 10 may be
smaller than a hole radius 52 of the hole 48 being created by the cutting tool 10, theoretically there
may be only one point of contact 54 between the cutting tool 10 and the sidewall 56 of hole 48 at
any one time. As the longitudinal axis 14 orbits around the hole axis 50, the point of contact 54
will correspondingly move around sidewall 56. While hole 48 is shown to be generally circular, it
will be apparent to those skilled in the art that a variety of shapes could be created by orbital
drilling with cutting tool 10.

Fig. 4 is a simplified side elevational view of cutting tool 10, “unwrapped” to show the
entire circumference of the cutting tool 10 and the configuration of the cutting edges 18 and 28.
Other details of the cutting tool 10 have been omitted to facilitate a description of the cutting edge
configurations. That is, Fig. 4 depicts all sides of cutting tool 10 in a two-dimensional image,
where the left side of Fig. 4 is contiguous with the right side of Fig. 4 for the three-dimensional
cutting tool 10. Continuing the non-limiting example described in reference to Figs. 1 and 2,
cutting tool 10 may have a first plurality of cutting edges, including the first plurality of first
cutting edges 18, extending in helixes along the cutting-tool body 12 at first helix angle 24.
Cutting tool 10 may include the second plurality of second cutting edges 28, extending in helixes
along the cutting-tool body 12 at second helix angle 32. As discussed in reference to Fig. 2, there
may be the same number or different numbers of cutting edges having the different configurations

along the longitudinal axis 14. For example, the cutting edges with different helix angles may be
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disposed in an alternating configuration or a non-alternating configuration around the
circumference of the cutting-tool body 12.

In the exemplary embodiment shown in Fig. 4, cutting tool 10 has four first cutting edges
18 at the first helix angle 24 alternating with four second cutting edges 28 at the second helix angle
32. In this embodiment, the cutting edges may be regularly spaced around the cutting end 34.
However, because of the different angles of the first and second helixes, the circumferential
spacing between circumferentially adjacent cutting edges varies as the axial distance from the
cutting end 34 increases. Cutting tool 10 may have a {first circumferential spacing or interval S1
between two adjacent cutting edges 18 and 28 and a second circumferential spacing or interval S2
between the next two adjacent cutting edges 28 and 18 at a given axial position Zn. For example,
at a first axial position Z1 along cutting—tool body 12, the circumferential spacings S1 and S2 may
be different. In this example, the first circumferential spacing S1 is smaller than the second
circumferential spacing S2. In another embodiment, the first circumferential spacing S1 may be
larger than the second circumferential spacing S2 at axial position Z1.

At a second axial position Z2 spaced apart from the first axial position Z1, the first and
second circumferentially spacings S1 and S2 may be the same, and they are both different from the
spacings S1 and S2 at axial position Z1. That is, there may exist an axial position in the portion 22
of the longitudinal axis 14 where the cutting edges 18 and 28 of the first and second pluralities of
cutting edges 18 and 28 are disposed at equal circumferential intervals around the cutting-tool body
12. It can be seen that the spacings S1 and S2 vary with position along the longitudinal axis 14.
For example, if the first helix angle 24 is larger than the second helix angle 32 and the different
helix angles 24 and 32 alternate around the cutting-tool body 12. Further, when the first
circumferential spacing S1 is smaller than the second circumferential spacing S2 at axial position
71 as depicted in Fig. 4, then the first circumferential spacing S1 may be larger at an axial position
closer to cutting end 34, such as at axial position Z2 proximate cutting end 34, than at axial
position Z1. Similarly, second circumferential spacing S2 may be smaller at axial position Z2 than
the circumferential spacing S2 at axial position Z1, which is farther away from cutting end 34. The
circumferential spacing between the first and second cutting edges 18 and 28, for example spacing
S1, may be different at each axial position along a length of the longitudinal axis 14 between the
first and second axial positions Z1 and Z2. The circumferential spacing may vary progressively or
linearly from a first spacing at the first axial position Z1 to a second spacing at the second axial
position Z2.

If cutting tool 10 is being used to create a hole 48 that has a larger diameter than cutting
tool 10 itself, as shown in Fig. 3, then there may only be one point of contact 54 between the
cutting tool 10 and the sidewall 56 of the hole 48 at any one time. Considering the configuration of

cutting edges 18 and 28 shown in Fig. 4 and depending on the relative geometries of the cutting
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tool 10 and the hole 48 being cut, only one of the cutting edges 18 and 28 may be engaged with the
sidewall 56 of the hole 48 at any one time. In other embodiments, more than one of cutting edges
18 and 28 may be engaged with the sidewall 56 of the hole 48 at any one time.

First cutting edge 18 may have a first engagement length ON1 and second cutting edge 28
may have a second engagement length ON2, where ON1 and ON2 represent the portion of a
rotation or circumference in which the particular cutting edge is in contact with the material being
cut. If the first helix angle 24 is larger than the second helix angle 32, as is shown in Fig. 4, and
the longitudinal extent of the first and second cutting edges 18 and 28 are the same, then the first
engagement length ON1 may be larger than the second engagement length ON2.

As the cutting tool 10 rotates on its longitudinal axis 14 and the longitudinal axis 14 orbits
around the hole axis 50 locations on the cutting edges 18 and 28 of cutting tool 10 will have a
linear speed as they move through the point of contact 54 between the cutting tool 10 and the
sidewall 56 of the hole 48. The first and second cutting edges 18 and 28 may thus have first and
second engagement times defined by the first and second engagement lengths ON1 and ON2
divided by this linear speed. The first and second engagement times may be described by the
amount of time that the first and second cutting edges 18 and 28 spend engaged with the sidewall
56 of the hole 48 as the cutting tool 10 operates. The first and second engagement times may be
different from each other, depending on the configuration of each respective cutting edge 18 and
28.

As can be seen in Figs. 3 and 4, in the example illustrated there will be times when neither
cutting edge 18 or 28 is engaging the sidewall 56 of the hole 48 as cutting tool 10 is operated.
Cutting tool 10 may have a first disengagement length OFF1 and a second disengagement length
OFF2. The first disengagement length OFF1 may be the shortest circumferential distance between
a distal end 58 of a first cutting edge 18 and a proximal end 60 of a second cutting edge 28. The
second disengagement length OFF2 may be the shortest circumferential distance between a distal
end 62 of a second cutting edge 28 and a proximal end 64 of a first cutting edge 18.

As the cutting tool 10 rotates and orbits, the point of contact 54 moves through the first and
second disengagement lengths OFF1 and OFF2 at a linear speed as described in reference to the
first and second engagement lengths ON1 and ON2. Cutting tool 10 may have first and second
disengagement times defined by the first and second disengagement lengths OFF1 and OFF2
divided by this linear speed. The first and second disengagement times may be described as the
two periods of time that no first or second cutting edge 18 or 28 of cutting tool 10 engages the
sidewall 56 of the hole 48. The two disengagement times may be the same or different, or there
may be no disengagement times, depending on the configurations and relative positions of the

cutting edges 18 and 28.
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As the cutting edges 18 and 28 engage intermittently the sidewalls 56 of the hole 48 being
created by cutting tool 10, the cutting edges 18 and 28 correspondingly apply forces intermittently
to the workpiece being cut. The cutting edges 18 and 28 can apply normal forces which are
perpendicular to the interface between cutting edges 18 and 28 and the workpiece, that is,
perpendicular to the cutting edges 18 and 28 themselves. Cutting edges 18 and 28 can also apply
frictional forces that are parallel to the cutting edges 18 and 28 as the cutting edges 18 and 28 cut
through the material of the workpiece. The net result is a force applied by each cutting edge 18
and 28 as it moves in contact with the material being cut.

For example, first cutting edge 18 may produce a first force directed in a first direction
represented by arrow F1 transverse to the line of the first cutting edge 18 and illustrated as being
perpendicular to the first cutting edge 18 disposed at first helix angle 24. If the angle the first
cutting edge 18 makes is first helix angle 24 with respect to the longitudinal axis 14, the first force
may generally be directed at an angle equal to 90 degrees minus the first helix angle 24, with
respect to the longitudinal axis 14. A second cutting edge 28 may produce a second force directed
in a second direction represented by arrow F2 transverse to the line of the second cutting edge 28
and illustrated as being perpendicular to the second cutting edge 28 disposed at the second helix
angle 32. If the angle the second cutting edge 28 makes with respect to the longitudinal axis 14 is
second helix angle 32, the direction represented by arrow F2 of the second force may generally
extend at an angle equal to 90 degrees minus the second helix angle 32, with respect to the
longitudinal axis 14.

As the first and second helix angles 24 and 32 may be different, the directions of the first
and second forces may be different. Thus the forces applied to the workpiece by the first and
second cutting edges 18 and 28 may also be different in either magnitude or direction or in both
magnitude and direction.

Cutting tool 10 may have first and second engagement times associated with the first and
second engagement lengths ON1 and ON2 of first and second cutting edges 18 and 28, respectively
and associated disengagement times associated with the first and second disengagement lengths
OFF1 and OFF2. As the cutting tool 10 operates, the first and second cutting edges 18 and 28 are
engaged with the sidewall 56 of the hole 48 during the first and second engagement times
separated in time by the associated disengagement times. During these engagement times, the
cutting edges 18 and 28 apply forces to the workpiece, and any vibrations of the workpiece could
be considered to be driven oscillations. If, for example, the first engagement time, or a cycle time
from one first engagement time to the next, is equal to or similar to a natural vibrational timescale
of the workpiece, there may be resonant coupling between the cutting tool 10 and the workpiece.
However, if the second engagement time, or a cycle time from one second engagement time to the

next, is different from the first engagement time as described above, then the resonant vibration
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created during the first engagement time is immediately inhibited when the second cutting edge 28
engages with the workpiece, as the timescale of the driving force will have changed. The same is
true if, for example, the second engagement time or the cycle time from one second engagement
time to the next, is equal to or similar to a natural vibrational timescale of the workpiece. Resonant
coupling achieved during the second engagement time is inhibited during the next pass of a cutting
edge 18 lasting the duration of the first engagement time.

The exemplary embodiment depicted in Figs. 1-4 has different cutting edges 18 and 28
with different helix angles 24 and 32 disposed in an alternating fashion circumferentially around
the cutting-tool body 12. This arrangement may be effective at inhibiting resonant vibrations as
resonant coupling is immediately inhibited by the pass of the next cutting edge. However, other
arrangements of the cutting edges 18 and 28 besides alternating may also be effective. Even if, for
example, all cutting edges 18 with the first helix angle 24 are adjacent, and all cutting edges 28
with the second helix angle 32 are adjacent, any resonant coupling will terminate before a single
full rotation of the cutting tool 10 is completed. Similarly, if the cutting edges of cutting tool 10
have more than two different angles or have other configurations in which the spacing between the
cutting edges varies along their lengths, natural resonances may be inhibited.

As discussed in reference to Fig. 4, cutting tool 10 may have first and second
disengagement times, associated with first and second disengagement lengths OFF1 and OFF2,
described by the times when no cutting edges are engaged with the sidewall 56 of the hole 48.
During these times the cutting edges 18 and 28 are not applying forces to the sidewall 56 of the
hole 48, and any vibrations of the workpiece could be considered to be undriven oscillations. If a
workpiece is oscillating at one of its natural frequencies and, for example, the first disengagement
time is equal to or similar to the natural vibrational timescale of the oscillation, then the natural
oscillation may complete one full oscillation during the first disengagement time.

On the other hand, if the first disengagement time is unequal to the natural vibrational
timescale of the oscillation, then the natural oscillation could complete a non-integer number of
full cycles, and the oscillation is inhibited by the reengagement of a cutting edge. Similarly, the
second disengagement time can either cooperate with or inhibit a natural vibration of the
workpiece if the second engagement time is similar to or dissimilar from the natural vibration
timescale of the workpiece, respectively. By having both first and second disengagement times
present during every rotation of the cutting tool 10, any natural vibration that is enhanced during
one of the disengagement times may be inhibited during the other disengagement time. As with
the first and second engagement times, the cutting edges 18 and 28 with different helix angles 24
and 32 need not be distributed in an alternating fashion around the circumference of the cutting-

tool body 12 in order for the natural vibrations to be inhibited by the unequal disengagement times.
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As noted previously, a single object can have a set of natural vibrational timescales, with
different timescales associated with different kinds of oscillation and oscillations in different
directions. Forces are vectors and have a magnitude and a direction. Natural oscillations may have
a particular associated direction and may only be induced by forces applied in a particular
direction. If a natural vibration of an object is induced by an applied force directed at a particular
angle, then another force directed at a different angle may inhibit that natural vibration. For
example, if a first force applied in the direction of the first arrow F1 associated with the first
cutting edge 18, see Fig. 4, leads to a resonant coupling between the cutting tool 10 and the
workpiece, then a second force applied in the direction of the second arrow F2 may inhibit that
resonant coupling. Similarly, if a first force applied in the direction of second arrow F2 leads to a
resonant coupling between the cutting tool 10 and the workpiece, then a second force applied in the
direction of the first arrow F1 may inhibit that resonant coupling. As with the first and second
engagement times, the cutting edges 18 and 28 with different helix angles 24 and 32 may be
arranged in different circumferential positions in addition to alternating positions and also produce
the two different forces having the directions of arrows F1 and F2 in a manner effective for
inhibiting or disrupting resonant vibrations.

The example of cutting tool 10 shown in Figs. 1, 2 and 4 has cutting edges 18 and 28 at
first and second helix angles 24 and 32. However, other configurations also may disrupt or inhibit
resonant vibrations. Cutting tool 10 may include a third cutting edge disposed on the cutting-tool
body 12 and extending along the longitudinal axis 14 in a third helix. At each position along the
portion 22 of the longitudinal axis 14, the third cutting edge may extend at a third helix angle
different than the first and second helix angles 24 and 32 relative to the longitudinal axis 14.
Cutting tool 10 may then have a third engagement time and a third disengagement time, both of
which may be different than either of the first and second engagement and disengagement times,
which may disrupt or inhibit resonant vibrations of the workpiece. Cutting tool 10 may have as
many different helix angles as there are cutting edges. That is, every cutting edge may have a
different helix angle. Or, for example, if the number of cutting edges on cutting tool 10 is some
number N, then the number of different helix angles may be a number between 2 and N, including
2 and N.

More generally, cutting tool 10 may include at least three cutting edges including the at
least first and second cutting edges 18 and 28. Each cutting edge may be supported on the cutting-
tool body 12 and extending along the longitudinal axis 14 in a respective helix. At each position
along the portion 22 of the longitudinal axis 14, the respective cutting edge may extend at a
respective helix angle different than the respective helix angles of the other cutting edges.

As has been mentioned, cutting tool 10 may be used to drill and/or ream a hole 48 in a

workpiece. Fig. 5 is a flow chart depicting a method, generally indicated at 70, of drilling and/or
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reaming a hole 48 in a workpiece formed of at least one material using a cutting tool, such as
cutting tool 10 shown in Figs. 1-4.

At step 72, a cutting tool 10 having a plurality of cutting edges 18 and 28 with different
spacings S1 and S2 between the cutting edges 18 and 28 at different axial positions Z1 and Z2 is
rotated. The cutting tool 10 may have a longitudinal axis 14, and the rotation of step 72 may be
about the longitudinal axis.

At step 74, the rotating cutting tool 10 is moved into contact with at least one material.
When the cutting edges 18 and 28 extend onto a cutting end 34 of the cutting tool 10, the cutting
edges 18 and 28 on the cutting end 34 may contact the material one after the other or concurrently
as the cutting tool 10 rotates 72 and the cutting tool 10 is moved 74 into contact with at least one
material. The rotating cutting tool 10 may be moved 74 into contact with the at least one material
such that the cutting edges 18 and 28 contact the at least one material in succession during each
rotation of the cutting tool 10. While the cutting tool 10 rotates 72 on its longitudinal axis 14, and
the cutting tool 10 is moved laterally with respect to the longitudinal axis 14, such as by revolving
the cutting tool about a hole axis 50 while maintaining contact between the cutting tool 10 and the
material. Thus, the longitudinal axis 14 may move in a circle as the cutting tool 10 rotates around
the longitudinal axis 14 and the cutting tool 10 may create a hole 48 in the material that has a larger
radius 52 than the radius 40 of the cutting tool 10. If the cutting tool 10 is creating a hole 48 or
reaming a hole that had been previously created, there may only be one point of contact 54
between the cutting tool 10 and a sidewall 56 of the hole 48 at any one time. As the cutting tool 10
rotates 72, the cutting edges 18 and 28, disposed circumferentially around the cutting-tool body 12,
make intermittent, successive contacts with the sidewall 56 of the hole 48.

Additionally, and among other benefits, illustrative embodiments of the cutting tool 10
described herein may provide a relatively smooth finish on the sidewall 56 of the hole 48 created
by the cutting tool 10. Employing a cutting tool 10 with axially varying spacings between adjacent
cutting edges, such as cutting edges disposed at different helix angles, may eliminate further
processing of the sidewall 56 forming the hole 48.

It will be appreciated that the specific embodiment of a cutting tool 10 as disclosed and
illustrated herein may have different features, some examples of which have been described. The
embodiments described are not to be considered in a limiting sense, because numerous variations
are possible. The following claims particularly point out certain combinations and subcombinations
regarded as novel and nonobvious. Invention(s) embodied in other combinations and
subcombinations of features, functions, and/or elements may be claimed in applications claiming
priority from this or a related application. Such claims, whether directed to a different invention or

to the same invention, and whether broader, narrower, equal, or different in scope to the original
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claims, also are regarded as included within the subject matter of the invention(s) of the cutting

tool 10 and its use.
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Conclusies

1. Snijgereedschap (10) omvattende:

een snijgereedschaplichaam (12) dat zich uitstrekt langs een langsas (14);

ten minste één eerste snijrand (18) die gedragen wordt door het lichaam van het
snijgereedschap en zich langs de langsas uitstrekt in een eerste helix (20); en

ten minste één tweede snijrand (28) die gedragen wordt door het lichaam van het
snijgereedschap en die zich uitstrekt langs de langsas in een tweede helix (30);

met het kenmerk, dat

de eerste helix (20) verloopt onder een eerste helixhoek (24) ten opzichte van de
langsas op elke positie (Zn) langs ten minste een deel (22) van de langsas; en

de tweede helix (30) verloopt onder een tweede helixhoek (32) ten opzichte van de
langsas op elke positie langs het deel van de langsas, waarbij de tweede helixhoek afwijkt van de

eerste helixhoek.

2. Snijgereedschap (10) volgens conclusie 1, waarbij de ten minste ene eerste
snijrand (18) een eerste aantal eerste snijranden omvat die zich onder de eerste helixhoek (24)

uitstrekken langs het deel (22) van de langsas (14).

3. Snijgereedschap (10) volgens conclusie 1 of 2, waarbij de ten minste ene tweede
snijrand (28) een tweede aantal tweede snijranden omvat die zich onder de tweede helixhoek (32)

uitstrekken langs het deel (22) van de langsas (14).

4. Snijgereedschap (10) volgens conclusie 2 en 3, waarbij het eerste aantal eerste
snijranden (18) bestaat uit een totaal aantal eerste snijranden en het tweede aantal tweede
snijranden (28) bestaat uit een totaal aantal tweede snijranden, en waarbij het totale aantal eerste

snijranden gelijk is aan het totale aantal tweede snijranden.

5. Snijgereedschap (10) volgens conclusie 3 of 4, waarbij de eerste snijranden (18)
in omtreksrichting rond het lichaam (12) van het snijgereedschap afwisselen met de tweede

snijranden (28).

6. Snijgereedschap (10) volgens één der conclusies 3-5, waarbij het eerste en
tweede aantal snijranden (18, 28) op gelijke intervallen (44, 46) in omtreksrichting rond het
lichaam (12) van het snijgereedschap geplaatst zijn op een axiale positie (Zn) in het deel (22) van

de langsas (14).
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7. Snijgereedschap (10) volgens één der conclusies 2-6, waarbij ten minste twee
van de eerste snijranden (18) die zich uitstrekken onder de eerste helixhoek (24) in omtreksrichting

naast elkaar liggen.

8. Snijgereedschap (10) volgens conclusie 1-3, waarbij de ten minste ene eerste
snijrand (18) en de ten minste ene tweede snijrand (28) op een axiale positie (Zn) op het lichaam
van het snijgereedschap op gelijke intervallen in omtreksrichting (44, 46) rond het lichaam (12)

van het snijgereedschap geplaatst zijn.

9. Snijgereedschap (10) volgens één der conclusies 1-8, verder omvattende ten
minste een derde snijrand die gedragen wordt door het lichaam (12) van het snijgereedschap en die
zich langs de langsas (14) uvitstrekt in een derde helix, waarbij op elke positie (Zn) langs het deel
(22) van de langsas de derde snijrand zich uitstrekt onder een derde helixhoek ten opzichte van de

langsas, die afwijkt van de eerste en tweede helixhoeken.

10. Snijgereedschap (10) volgens één der conclusies 1-8, verder omvattende ten
minste drie snijranden waaronder de ten minste ene eerste snijrand (18) en de ten minste ene
tweede snijrand (28), waarbij elke snijrand gedragen wordt door het lichaam (12) van het
snijgereedschap en zich uitstrekt langs de langsas (14) in een respectieve helix (20, 30), waarbij op
elke positie (Zn) langs het deel (22) van de langsas de respectieve snijrand zich uitstrekt onder een
respectieve helixhoek (24, 32) die afwijkt van de respectieve helixhoeken van de andere

snijranden.

11. Snijgereedschap (10) volgens één der conclusies 1-10 of volgens de aanhef van
conclusie 1, met het kenmerk, dat:

een aantal snijranden (18, 28) gedragen worden door het lichaam van het
snijgereedschap en in omtreksrichting verdeeld zijn rond het lichaam van het snijgereedschap,
waarbij een tussenruimte in omtreksrichting (S1, S2) gedefinieerd is tussen elk paar in
omtreksrichting naast elkaar gelegen snijranden voor elke positie (Zn) van de langsas waarlangs de
snijranden zich uitstrekken, waarbij de tussenruimten in omtreksrichting tussen ten minste eerste
en tweede snijranden van het aantal snijranden van elkaar afwijken op eerste en tweede posities

(71, 72) die op afstand van elkaar langs de langsas liggen.

12. Snijgereedschap (10) volgens conclusie 11, waarbij de tussenruimte in

omtreksrichting (S1, S2) tussen de ten minste eerste en tweede snijranden (18, 28) verschillend is
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op elke positie (Zn) langs een lengte van de langsas (14) tussen de eerste en tweede posities (71,

72) langs de langsas.

13. Snijgereedschap (10) volgens conclusie 12, waarbij de tussenruimten in
omtreksrichting (S1, S2) tussen de ten minste eerste en tweede snijranden (18, 28) geleidelijk
varieert van een eerste tussenruimte (S1) op de eerste positie (Z1) langs de langsas (14) en een

tweede tussenruimte (S2) op de tweede positie (Z2) langs de langsas.

14. Snijgereedschap (10) volgens conclusie 13, waarbij de eerste snijrand (18)
onder een eerste helixhoek (24) geplaatst is ten opzichte van de langsas (14) en de tweede snijrand
(28) onder een tweede helixhoek (32) geplaatst is ten opzichte van een langsas, waarbij de eerste en

tweede helixhoeken van elkaar verschillen.

15. Werkwijze (70) voor het boren en/of ruimen van een gat (48) in een onderdeel
dat gevormd is van ten minste één materiaal, welke werkwijze de stappen omvat van:

het doen roteren (72) van een snijgereedschap (10) met een aantal snijranden (18,
28) die gedragen worden door een snijgereedschap-lichaam (12) dat zich uvitstrekt langs een
langsas (14), waarbij het aantal snijranden in omtreksrichting verdeeld is rond het snijgereedschap-
lichaam, waarbij elke snijrand zich langs de langsas uitstrekt in een respectieve helix (20, 30),
waarbij een tussenruimte in omtreksrichting (S1, S2) gedefinieerd wordt voor tussen elk paar in
omtreksrichting naast gelegen snijranden voor elke positie (Zn) van de langsas waarlangs de
snijranden zich uitstrekken, waarbij de tussenruimte in omtreksrichting tussen ten minste eerste en
tweede snijranden van het aantal snijranden verschillend is op eerste en tweede posities (Z1, Z2)
die op afstand van elkaar liggen langs de langsas; en

het in contact brengen (74) van het roterende snijgereedschap met het ten minste
ene materiaal, zodanig dat bij elke rotatie van het snijgereedschap de snijranden opeenvolgend

contact maken met het ten minste ene materiaal.

16. Werkwijze (70) volgens conclusie 15, waarbij het doen roteren (72) van het
snijgereedschap (10) omvat het doen roteren van het snijgereedschap waarbij de tussenruimten in
omtreksrichting (S1, S2) tussen de ten minste eerste en tweede snijranden (18, 28) op elke positie
(Zn) langs een segment van de langsas (14) tussen de eerste en tweede posities (Z1, Z2) langs de

langsas verschillend is.

17. Werkwijze (70) volgens conclusie 16, waarbij het doen roteren (72) van het

snijgereedschap (10) omvat het doen roteren van het snijgereedschap terwijl de tussenruimte in
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omtrekstrichting tussen de eerste en tweede snijranden (18, 28) geleidelijk verandert vanaf een
eerste tussenruimte (S1) op de eerste positie (Z1) langs de langsas (14) tot een tweede tussenruimte

(S2) op de tweede positie (Z2) langs de langsas.

18. Werkwijze (70) volgens conclusie 17, waarbij het doen roteren (72) van het
snijgereedschap (10) omvat het doen roteren van het snijgereedschap waarbij de eerste snijrand
(18) onder een eerste helixhoek (24) ten opzichte van de langsas (14) geplaatst is en de tweede
snijrand (28) onder een tweede helixhoek (32) ten opzichte van de langsas geplaatst is, waarbij de

eerste en tweede helixhoeken van elkaar verschillen.
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ROTATING ACUTTING TOOL
HAVING A PLURALITY OF
CUTTING EDGES WITH
DIFFERENT SPACINGS
BETWEEN THE CUTTING
EDGES AT DIFFERENT
AXIAL POSITIONS

v 14

MOVING THE ROTATING
CUTTING TOOL INTO
CONTACT WITH AT LEAST
ONE MATERIAL
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Abstract

A cutting tool for use in an orbital drilling machine may include a cutting-tool body having
a longitudinal axis and a plurality of cutting edges supported on the cutting-tool body and
distributed circumferentially around the cutting-tool body. Each cutting edge may extend along the
longitudinal axis in a respective helix. A circumferential spacing may be defined between each
pair of circumferentially adjacent cutting edges for each position of the longitudinal axis along
which the cutting edges extend. The circumferential spacing between at least first and second
cutting edges of the plurality of cutting edges may be different at spaced-apart first and second

positions along the longitudinal axis.
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