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(54) Title: ROTARY CUTTING TOOL WITH WAVE PATTERN

<f)

FIG. 1

(57) Abstract: A rotary cutting tool (10) with a longitudinal axis (16) includes a shank portion (12), a cutting portion (14) defin-
ing a length of cut. The cutting portion includes a plurality of blades (18) separated by flutes (20). The blades and flutes extend
substantially along the length of cut. The flutes have a tapered depth along the longitudinal axis. Each blade includes a leading
face (22), a trailing face (24), a land surface (26) that extends between the leading face and the trailing face, and a cutting edge
(28) at the intersection between the leading face and the land surtace. Each blade includes a wave pattern (32) that begins at a first
distance (d1) from the cutting tip for a first blade, and at a second distance (d2) from the cutting tip for an immediately adjacent
blade. The wave pattern then repeats in an alternating fashion for each additional blade.
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ROTARY CUTTING TOOL WITH WAVE PATTERN

FIELD OF THE INVENTION

[0001] The present invention pertains to a rotary cutting tool. More
particularly, the present invention relates to an end mill with a wave pattern that

repeats for each alternating blade.

BACKGROUND OF THE INVENTION

[0002] Rotary cutting tools, such as end mills, typically have a cylindrical
configuration that includes a shank portion and a cutting portion. The cutting
portion contains a plurality of helically disposed cutting blades that extend from a
first end (i.e., the “shank end”) of the cutting portion adjacent the shank portion,
toward the opposite end (i.e., the “free end”) of the cutting portion. In some
embodiments, the cutting edges of the helical teeth or blades are disposed along a
substantially constant radius with respect to the longitudinal axis of the tool. In
other embodiments, generally referred to as “tapered” cutting tools, the cutting
portion is substantially frustoconical in shape; i.e., the cutting edge of each blade
has a constantly decreasing radius with respect to the longitudinal axis of the tool
as the cutting edge extends from the shank end of the cutting portion to the free
end. The cutting edges of the blades in a tapered rotary cutting tool are at the
same radius from the longitudinal axis of the tool in any plane through the cutting
portion and perpendicular to the longitudinal axis of the tool. In still other end
mill embodiments, generally referred to as “straight-fluted” rotary cutting tools,
the cutting edges of the blades extend parallel to the longitudinal axis of the tool.
[0003] It has long been known that in many machining operations end mill
performance is improved by serration of the cutting edge. Cutters of this type are
listed in tool catalogs and are available off-the-shelf. However, there is no
consensus regarding the optimum form of the serrations. A common form is the
sine wave.

[0004] A conventional sine wave pattern for a six-fluted end mill design is

shown in FIG. 8. As seen, the typical sinec wave pattern is such that a distance, d,
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from the cutting tip to the first wave increases for each sequential blade. For
example, the distance, d, from the cutting tip to the first wave is the shortest for
blade #1 and then continuously increases for each sequential blade. Thus, the
distance, d, is largest for blade #6. Also, a typical end mill has a helix angle
between about thirty (30) and about thirty-five (35) degrees.

[0005] Unfortunately, the conventional end mill design described above
may not receive the benefit of the sine wave pattern for all the blades for different
axial depths of cuts. For example, the conventional sine wave pattern described
above may be suitable for a wide variety of cutting operations, but may not be
suitable for some cutting operations, such as a slotting operation. Therefore, it is
desirable to provide a rotary cutting tool that overcomes the shortcomings of the

prior art.

SUMMARY OF THE INVENTION

[0006] In one aspect of the invention, a rotary cutting tool with a
longitudinal axis comprises a shank portion; and a cutting portion extending from
the shank portion to a cutting tip, the cutting portion having a length of cut, and a
plurality of blades separated by flutes extending along the length of cut, and
wherein each of the blades includes a leading face, a trailing face, a land surface
extending between the leading face and the trailing face, and a cutting edge at the
intersection between the leading face and the land surface; each blade forming a
wave pattern having a wave length and an amplitude. The wave pattern begins at a
first distance from the cutting tip for a first blade of the plurality of blades, the
wave pattern repeating at the first distance for each alternating blade of the
plurality of blades. The wave pattern begins at a second, different distance from
the cutting tip for a second blade of the plurality of blades, the wave pattern
repeating at the second distanice from each alternating blade of the plurality of
blades.

[0007] In another aspect of the invention, a rotary cutting tool with a
longitudinal axis comprises a shank portion; and a cutting portion extending from
the shank portion to a cutting tip, the cutting portion having a length of cut, and a
plurality of blades separated by flutes extending along the length of cut, and

2.
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wherein each of the blades includes a leading face, a trailing face, a land surface
extending between the leading face and the trailing face, and a cutting edge at the
intersection between the leading face and the land surface; each blade forming a
wave pattern having a wave length and an amplitude. A radial rake angle of each

cutting edge of each blade is always positive along the length of cut.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] While various embodiments of the invention are illustrated, the
particular embodiments shown should not be construed to limit the claims. Itis
anticipated that various changes and modifications may be made without departing
from the scope of this invention.

[0009] FIG. 1 is a side view of a rotary cutting tool with wave pattern in
accordance with an embodiment of the invention.

[00010] FIG. 2 is a perspective end view of the cutting portion of the rotary
cutting tool of FIG. 1.

[00011] FIG. 3 is a cross-sectional view of the rotary cutting tool showing
the blade and flute spacing in accordance with an embodiment of the invention.
[00012] FIG. 4 is an enlarged cross-sectional view of the blade showing a
positive radial rake angle at the point of minimum helix in accordance with an
embodiment of the invention.

[00013] FIG. 5 is an enlarged cross-sectional view of the blade showing a
positive radial rake angle at the point of maximum helix in accordance with an
embodiment of the invention.

[00014] FIG. 6 is a plan view of a tapered fluted core design according to an
embodiment of the invention.

[00015] FIG. 7 is a schematic view of a six-fluted rotary cutting tool with a
wave pattern in which the wave pattern of alternative blades begin at the same
distance from the cutting tip according to an embodiment of the invention.
[00016] FIG. 8 is a schematic view of a wave pattern for a conventional six-

fluted rotary cutting tool.
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DETAILED DESCRIPTION OF THE INVENTION
[00017] Referring now to FIGS. 1 and 2, a rotary cutting tool 10, such as an
end mill and the like, includes a shank portion 12, a cutting portion 14 extending
from the shank portion 12 and having a cutting tip 15, and a longitudinal axis 16.
The overall shape of the cutting portion 14 may be, but is not limited to, a
cylindrical shape or a frustoconical shape. The cutting portion 14 includes a
plurality of blades 18 separated by flutes 20 extending the length of the cutting
portion 14. Each blade 18 is provided along its length with a repeated sine wave
pattern 32. In the illustrated embodiment, the rotary cutting tool 10 has a total of
six (6) blades 18 and flutes 20. However, it will be appreciated that the invention
is not limited by the number of blades and flutes, and that the invention can be
practiced with a fewer or a greater number of blades and flutes. For example, the
invention can be practiced with four (4) blades and flutes, eight (8) blades and
flutes, and the like.
[00018] Referring now to FIG. 3, each of the blades 18 has a leading face
22, a trailing face 24, and a land surface 26 bridging the leading face 22 and
trailing face 24. The intersection between the leading face 22 and the land surface
26 forms a cutting edge 28 for the respective blade 18. In the illustrated
embodiment, the blades 18 and flutes 20 of the cutting portion 14 extend helically
within the cutting portion 14 at a helix angle 30 (FIG. 7) of about twenty-eight
(28) degrees, as compared to the conventional end mill of FIG. 8 having a helix
angle of between about thirty (30) to thirty-five (35) degrees.
[00019] One aspect of the invention is that the radial rake angle varies along
the length of cut (LOC), but always remains positive throughout the LOC. FIG. 4
shows a radial rake angle 34 at the point of minimum helix 36 (FIG. 7) of about
+7 degrees £ 2 degrees. FIG. 5 shows the radial rake angle 34 at the point of
maximum helix 38 (FIG. 7) of about +12 degrees & 2 degrees. Thus, the radial
rake angle 34 is considerably greater at the point of maximum helix 38 than at the
point of minimum helix 36 and varies between about five (+5) degrees to about

fifteen (+15) degrees.
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[00020] Referring now to FIG. 6, the depth of the flutes 20 in the cutting
portion 14 varies along the longitudinal axis 16 of the rotary cutting tool 10.
Specifically, the depth of the flutes 20 in the cutting portion 14 is relatively less
proximate the shank portion 12 and is relatively greater proximate the cutting tip
15. In the illustrated embodiment, for example, the depth of the flutes 20 may be
about 63% of the cutting diameter proximate the shank portion 12 (shown as a
solid line in FIG. 6) and about 60% of the cutting diameter proximate the cutting
tip 15 (shown as a dashed line in FIG. 6).

[00021] Referring now to FIG. 7, the wave pattern 32 of each blade 18 ina
six-bladed end mill design is schematically shown according to an embodiment of
the invention. As used herein, the wave pattern 32 is defined as a sinusoidal-
shaped blade pattern having a series of peaks and valleys defining a wave length
(or period) and an amplitude along the length of cut. As shown in FIG. 7, the
wave pattern 32 is defined by a series of waves, each wave having a wave length
40 and an amplitude 42. In the illustrated embodiment, the wave length 40 and the
amplitude 42 are substantially identical for each blade 18. One aspect of the
invention is that the distances from the cutting tip at which the wave pattern
begins is substantially identical for each alternating blade. In other words, in the
illustrated six-bladed design, the wave pattern 32 begins at a first distance, d1,
from the cutting tip 15 for blades #1, #3 and #5, and the wave pattern 32 begins at
a second distance, d2, from the cutting tip 15 for blades #2, #4 and #6. As a result
of this unique wave pattern, the end mill 10 receives the benefit of the wave-
shaped blade on all blades in different axial depths of cuts, rather than just the first
two or three blades of the conventional end mill shown in FIG. 8.

[00022] It will be appreciated that the principles of the invention can be
practiced with an end mill design having any even number of blades. For
example, the invention can be practiced with a four-fluted design in which blades
#1 and #3 begin at the same first distance from the cutting tip, and blades #2 and
#4 begin at the same second distance from the cutting tip. In another example, the
invention can be practiced with an eight-fluted design in which blades #1, #3, #5
and #7 begin at the same first distance from the cutting tip, and blades #2, #4, #6

and #8 begin at the same second distance from the cutting tip.
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[00023] The patents and publications referred to herein are hereby

incorporated by reference.

[00024] Having described presently preferred embodiments the invention

may be otherwise embodied within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A rotary cutting tool with a longitudinal axis, comprising:
a shank portion; and
a cutting portion extending from the shank portion to a cutting tip,
the cutting portion having a length of cut, and a plurality of blades separated by
flutes extending along the length of cut, each of the blades including a leading
face, a trailing face, a land surface extending between the leading face and the
trailing face, and a cutting edge at the intersection between the leading face and
the land surface, each blade forming a wave pattern having a wave length and an
amplitude,
wherein the wave pattern begins at a first distance from the cutting tip for a
first blade of the plurality of blades, the wave pattern repeating at the first distance
for each alternating blade of the plurality of blades, and
wherein the wave pattern begins at a second, different distance from the
cutting tip for a second blade of the plurality of blades, the wave pattern repeating

at the second distance for each alternating blade of the plurality of blades.

2. The rotary cutting tool according to Claim 1, wherein the second

blade is immediately adjacent the first blade.

3. The rotary cutting tool according to Claim 1, wherein the wave

pattern is sinusoidal in shape.

4, The rotary cutting tool according to Claim 1, wherein a depth of
cach flute varies along the longitudinal axis from the cutting tip toward the shank

portion.

5. The rotary cutting tool according to Claim 4, wherein the depth of

each flute is greater proximate the cutting tip.

6. The rotary cutting tool according to Claim 1, wherein a radial rake

angle of each cutting edge of each blade is always positive along the length of cut.

-7-
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7. The rotary cutting tool according to Claim 6, wherein the radial
rake angle varies between about 5 degrees to about 15 degrees along the length of

cut.

8. The rotary cutting tool according to Claim 7, wherein the radial

rake angle is smaller at a point of minimum helix than at a point of maximum

helix.

9. The rotary cutting tool according to Claim 1, wherein each blade
forms a helix angle of about twenty-eight degrees with respect to the longitudinal

axis.

10. A rotary cutting tool with a longitudinal axis, comprising:
a shank portion; and
a cutting portion extending from the shank portion to a cutting tip,
the cutting portion having a length of cut, and a plurality of blades separated by
flutes extending along the length of cut, and wherein each of the blades includes a
leading face, a trailing face, a land surface extending between the leading face and
the trailing face, and a cutting edge at the intersection between the leading face
and the land surface; each blade forming a wave pattern having a wave length and
an amplitude,
wherein a radial rake angle of each cutting edge of each blade is always

positive along the length of cut.

11.  The rotary cutting tool according to Claim 10, wherein the radial
rake angle varies between about five degrees to about fifteen degrees along the

length of cut.

12.  The rotary cutting tool according to Claim 11, wherein the radial
rake angle is smaller at a point of minimum helix than at a point of maximum

helix.
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13.  The rotary cutting tool according to Claim 10, wherein each blade
forms a helix angle of about twenty-eight degrees with respect to the longitudinal

axis.

14. The rotary cutting tool according to Claim 10, wherein a depth of
each flute varies along the longitudinal axis from the cutting tip toward the shank

portion.

15.  The rotary cutting tool according to Claim 14, wherein the depth of

each flute is greater proximate the cutting tip.
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