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(57) Abrege(suite)/Abstract(continued):

outer surface of the fluted section. Each helical tooth has a cutting surface (28) and a relief wall that intersect to form an angle
defining a helical cutting edge. The helical cutting edge (32) defines an outer circumferential cutting path. The cutting surface
Includes first, second, and third sections, and first (56) and second (58) take-off peaks. The first take-off peak Is disposed between
the first section and second section. The second take-off peak Is disposed between the second section and the third section.
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(57) Abstract: A rotary cutting end mill is provided. The end mill includes a shank section and a fluted section. The fluted section
& has a first end integrally attached to the shank section, a second end, and an outer surface. One or more helical teeth (26) are disposed
e\ along the outer surface of the fluted section. Each helical tooth has a cutting surface (28) and a relief wall that intersect to form an
angle defining a helical cutting edge. The helical cutting edge (32) defines an outer circumferential cutting path. The cutting surface
includes first, second, and third sections, and first (56) and second (58) take-off peaks. The first take-off peak is disposed between
the first section and second section. The second take-off peak is disposed between the second section and the third section.
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 HELICAL FLUTE END MILL WITH MULTI-SECTION
CUTTING SURFACE

BACKGROUND OF THE INVENTION
1. Technical Field

[0001]  The present invention relates machine tool rotary cutting tools in general,

and to end muills in particular.

2. Background Information

[0002] A variety of end mills for use with rotating milling cutters are available
and well known. Depending on design, such end mills are generaliy used in right hand
cutting, right hand spiral and center cutting. Conventionally, these end mills are made
from hardened steel, carbides, ceramics, etc. Standard end mills are supplied 1n a two
or more flute designs. A number of end mills have only one operating surface on the
cutting face wall and one surface in the fluted area. Such end mills often have
problems with chips adhering to the cutting face wall and do not achieve a cut as

~ clean as an end mill with two operating surfaces. Another problem is chip clogging in

the fluted area of the end mill.

[0003] U.S. Pat. No. 3,003,224 to Ribich discloses an end mill with two operating
surfaces on the cutting face wall, a primary and a secondary tooth surface. End mills
of the type disclosed Within the U.S. Pat. No. 3,003,224 provided an improved cut and
better chip ejection than the state-of-the-art end mills then available. These end mills
still have several deficiencies and limitations, particularly when usedWith the high
speed machining capabilities of the present state ot the art: e.g., the end mill has
corner wear and edge chip problems; it often creates a loud, undesirable squeaking
noise during use; it has a limited useful life; it cannot be effectively be used above

‘certain speeds; and it has less than desirable chip removal from the fluted area.

[0004]  What is needed, therefore, is an end mill that has improved characteristics

relative to the prior art end mills currently available.
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SUMMARY] OF THE INVENTION, |

[0005]  According to the preéent invention, a rotary cutting end mill is provided.

The end mill includes a shank section and a fluted section. The fluted section has a
first end integrally attached to the shank section, a second end, and an outer surface.
One or more helical teeth are disposed along the outer surface of the fluted section.
Each helical tooth has a cutting surface and a relief wall that intersect to form an
angle defining a helical cutting edge. The helical cutting edge defines an outer
circumferential cutting path. The cutting surface includes first, second, and third
sections, and first and second take-off peaks. The first take-off peak is disposed
between the first section and second section. The second take-off peak is disposed

between the second section and the third section.

[0006] Historically, milling cen;[ers were typically feed rate limited by the
horsepower available or the ability of the end mills to disperse the material being
removed. End mills typically could not operate at high speeds without a lot of noise,
wear and flute clogging. Modern milling centers provide adequate horsepower to run
at incieased speeds. The present invention end mill is capable of running at high
speed feed rates without clogging. As a result, the present end mill enables the

milling center to be operated at a higher feed rate than is possible with most prior art

end mills.

[0007] Another advantage provided by the preseni invention end mill is that 1t
enhances chip removal with the cutting fluid / coolant during milling. The take-off
peaks direct the chips away from the cutting surface and thereby expose a side of the
chip to cutting fluid disposed within the flute. The cutting fluid cools the chip and

decreases the chance that the chip will adhere to the cutting surface.

[0008] These and other objects and advantages will become more readily apparent
from the more detailed discussion of the preferred embodiment taken in conjunction
with the drawings wherein similar elements are identified by like numerals through

several views.
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BRIEF DESCRIFTION OF THEDRAWINGS

[0009] FIG. 1 is a side view of an end mill according to the present invention.

[00010] FIG. 2 1s a transverse Cross sectional view taken along line 2 - 2 in FIG. 1

which has been enlarged for purposes of illustration.

[00011] FIG. 3 is an enlarged fragmentary cross-sectional view of a cutting tooth

of an end mill according to the present invention.

[00012] FIG. 4 is an enlarged fragmentary diagrammatic cross-sectional view of a

cutting tooth of the present end mill cutting a chip.

[00013] FIG. 5 is a side view of an end mill with three flutes according to the

present invention.

[00014] FIG. 6 is a greatly enlarged fragmentary cross-sectional view of the cutting

edge of the cutting tooth of an end mill according to the present invention.
[00015] FIG. 7 is a diagrammatic partial view of a cutting tooth.
[00016] FIG. 8 is a diagrammatic partial view of a cutting tooth.

- [00017] FIG. 9is a diagrammatic partial view of a cutting tooth.

DETAILED DESCRIPTION OF THE INVENTION

- [00018] Now referring to FIG. 1, a rotary cutting end mill 10 is shown that
includes a shank section 12 and a fluted section 14, both of which extend along an
axis of rotation 16. The shank section 12 is essentially cylindrical in shape and
possesses two rectangular grooves 18 cut into its outer surface. The grooves 16,
although not required, facilitate retention of the end mill 10 within some types of
rotary driven apparatus (e.g., a milling machine). Acceptable end mill 10 materials

include high strength steel / cobalt, ceramics, carbides, etc.

[00019] Theo fluted section of end mill 10 has a first end 20 integrally attached to
the shank section 12, a second end 22, and an outer surface 24. One or more helical
teeth 26 are disposed along the outer surface 24 of the fluted section 14. FIG. 2

illustrates an embodiment having two helical teeth 26. FIG. 5 illustrates an
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empbqditpenthiaving three hejigal tegth 26.

[00020] Now referring to FIGS. 2 - 6, each helical tooth 26 haé a cutting surface 28
and a relief wall 30 that intersect to form an angle that defines a helical cutting edge
32. The helical cutting edge 32 defines an outer circumferential cutting path; i.e., the
outermost edge contacting the work piece 34 (see FIG. 4). Arrow 36 indicates the
rotational direction of the end mill 10. The length 37 (see FIG. 5) of the cutting
surface 28 extends between the cutting edge 32 and an inflection point 38 of the flute
curvature; i.e., where the concave shape of the cutting surface 28 of one tooth 26

changes to the convex shape of the relief wall 30 of the next tooth 26.

[00021] A variety of different relief wall 30 configurations can be used with the
present invention end mill 10 and the present end mill 10 is not, therefore, limited to
any particular configuration. For example, fhe helical tooth 26 shown in FIG. 4 has a
relief wall 30 configuration that includes a pair Qf arcuately shaped sections 40, 42.
Tﬁe helical tooth 26 relief wall 30 embodiment shown in FIG. 6 includes a pair of
linear shaped sections 44, 46, and an arcuate shaped section 48. The helical tooth

relief wall 30 embodiment partially shown in FIG. 7 includes a cylindrically shaped

first region 45 and an arcuately shaped second region 47. The first region 45 is
disposed along the circumference 43 of the fluted section 14. The second region 47
extends inwardly away from the circumference 43 of the fluted section 14. The
embodiment partially shown in FIG. 8 is similar to that shown in FI1G. 7, élso
including a cylindrically shaped first region 45. Rather than an arcuately shaped
second region 47, however, the embodiment shown in FIG. & includeé a linear second
region 51 and a linear third region 53. The helical tooth relief wall 30 embodiment
partially shown in FIG. 9 includes a radiused edge 55 that extends between the cutting
surface 28 and the relief wall 30. The radiused edge 55 is shown in FIG. 9 with a
relief wall configuration that includes a linear second region 51 and a linear third
region 53. In alternative embodiments, the radiused edge 55 can be used with an

arcuately shaped relief wall 30.

[00022] The cutting surface 28 includes first 50, second 52, and third sections 54,
and first 56 and second 58 take-off peaks. The first take-off peak 56 is disposed

between the first section 50 and second section 52. The second take-off peak 58 is
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digpgsed-between the: second sectiom52 and third section 54. The first section 50 of

the cutting surface 28 has a curvature that at least substantially follows a first radius.
The seéond section 52 of the cutting surface 28 has a curvature that at least
substantiaily follows a second radius. The first take-off peak 56 1s the point of
intersection between the first section 50 and the second section 52. The third section
54 of the cutting surface 28 has a curvature that at least substantially follows a third
radius. The second take-off peak 58 is the point of intersection between the second
section 52 and the third section 54. The first, second, and third sections 50, 52, 54 are \
not limited to circular shapes, and may follow a non-circular arcuate path. Hence, the

description that the each section 50, 52, 54 substantially follows a radius. The third

~ section 54 1s disposed between the second take-off peak 58 and the relief wall 30 of
the adjacent tooth 26. The third section 54, and therefore the cutting surface 28,

terminates approximately at the inflection point 38 of the flute curvature.

[00023] Referring to FIG. 6, each section 50, 52, 54 of the cutting surface 28 has a
rake angle relative to a tangent line 60 disposed at the cutting edge 32. The tangent
line 60 coincides with the plane of the surface of the work piece 34 formed by the
rotating end mill 10. The rake angle is defined as the angle formed between a line 62
extending perpendicular to the t::ihgent line 60, and the slope line 64 of the section at
the cutting edge 32 (first section 50), or the slope line at the first take-off peak 56
(second section 52), or the slope line at the second take-off peak 58 (third section 54).
The relative magnitudes of the first rake angle 59, second rake angle 61, and third
rake angle 63 can be varied to suit the application at hand. In the embodiment shown
" in FIG. 6, for example, the first rake angle 59 1s greater than the second rake angle 61,
and the second rake angle 61 is greater than the third rake angle 63.. The present

invention is not limited to any particular combination of rake angles.

[00024] In all instances, the cutting surface sections 50, 52, 54 and the rake angles
59, 61, 63 collectively form a cutting surface 28 that is skewed relative to the
rotational axis 16 of the end mull 10 (i.e., a line 74 extending substantially along the

cutting surface 28 would not pass through the rotational axis 16; see FIG. 5).

[00025] The cutting teeth 26 embodiments shown in FIGS. 2 - 6 have identical

helical teeth 26 configurations. In alternative embodiments, some or all of the teeth
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261ay Have, diffeient coiifi gnigtions of the above-described cutting surface 28.

[00026] The first section 50 of the cutting surface 28 1s about 10-30% of the
overall length 37 of the cutting surface 28. The third section 54 of the cutting surface

28 is about 50-75% of the overall length 37 of the cutting surface 238.

[00027] The second end 22 of the fluted section 14 can assume a variety of
different configurations. For example, the twin flute embodiment shown in FIG. 1
shows a pair of end cutting surfaces 68 having an obtuse angle 70 disposed
therebetween. In other embodiments, the end cutting surfaces 68 may be co-planar.
The present invention end mill 10 is not limited to any particular second end

configurations.

[00028] In the operation of the end mill 10, the end mill 10 rotating at a particular
rotational speed is engaged with a work piece 34. One or both of the work piece 34 or
the rotating end mill 10 traverses along a path relative to the other. As a result, each
helical tooth 26 engages the work piece 34 and shears a portion of the work piece 34
of, thefeby forming a chip 72. The curvature of the section of the cutting surface 23
engaging the work piece 34 influences the shape of the chip 72 formed. Hence, a chip
72 formed by the first section 50 of the cutting surface 23 engag;ng the work piece 34
will be guided along the first section 50 as it is formed from the work piece 34. The
chip 72 will consequently likely assume a curvature similar to that of the first section

50. After some distance, the chip 72 will shear and separate from the work piece 34.

[00029] Ejection of the chip 72 from the flute is highly desirable to avoid clogging.

The present invention end mill 10 facilitates chip 72 ejection in a number of different
ways. One aspect of the present invention that facilitates chip 72 ejection is the
difference in curvature of the sections 50, 52, 54 of the cutting surface 28. The
difference in curvature between the first section 50 and second section 52 of the
cutting surface 28, for example, eliminates the possibility thaf a chip 72 will be
formed along the first section 50 having a curvature which mates with the second
section 52. Consequently the chip 72 is more apt to be ejected than become bogged
within or adhere to the second section 52. Another aspect of the present invention

that facilitates chip 72 ejection is the interruptions formed in the cutting surface 28 by
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theitake-pff peaks|36;:58. < Thetake4off peaks 56, 58 impede chip 72 travel along the

cutting surface 28, urging the chip 72 instead to travel away from and out of the flute.
Still another aspect of the present invention that facilitates chip 72 ejection is the
differences in rake angle between the sections of the cutting surface 28. The
differences in rake angle between the sections 50, 52, 54, creates a cutting surface 28
that is skewed relative to the rotational axis 16 of the end mill 10 (1.e., a line 74
extending substantially along the cutting surface 28 would not pass through the
rotational axis 16; See FIG. 5). The more “open” cutting surface 238 orientation
facilitates chip 72 ejection and therefore helps prevent clogging. Still another aspect
of the present invention that facilitates chip 72 ejection is that the “open” cutting
surface 28 orientation makes it easier to get cutting fluid behind the chip 72 as it 1s
being formed. The cutting fluid acts as a coolant that discourages attachment of the
chip 72 to the cutting surface 28. The cutting fluid also is operable to flush chips 72
out of the flute.

[00030] Although this invention has been shown and described with respect to the
detailed embodiments thereof, it will be understood by those skilled in the art that
various changes in form and detail thereof may be made without departing from the
spirit and the scope of the invention. For example, although the present invention was
described in the context of an end mill, the invention is also applicable to other types

of cutting tools, including router bits, taps, thread mills, and insertable helical tooling.

[60031]
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CLAIMS:

1. A rotary cutting end mill having an axis of rotation, comprising:

a shank section extending along the axis of rotation;

a fluted section extending along the axis of rotation, having a first end integrally
attached to the shank section, a second end, and an outer surface; and

one or more helical teeth disposed along the outer surface of the fluted section, each
helical tooth having a cutting surface and a relief wall that intersect to form an angle
defining a helical cutting edge;

wherein the cutting surface includes a first section, a second section, a first take-off
peak disposed between the first section and second section, a third section, and a second
take-off peak disposed between the second section and the third section; and

wherein the sections and take-off peaks are operable to direct material away from the

cutting surface: and

wherein the cutting surface has an open orientation relative to the cutting edge and
the axis of rotation such that the second section and third section are disposed on a same side
of a first line extending perpendicular from a second line that is circumferentially tangential

to the end mill at the cutting edge, which first line passes through the axis of rotation.

2. The end mill of claim 1, wherein the first section is contiguous with the cutting edge.
3. The end mill of claim 1, wherein the first take-off peak extends substantially parallel
to the cutting edge.

4. The end mill of claim 1, wherein the second take-off peak extends substantially

parallel to the cutting edge.

5. The end mill of claim 1, wherein the first section has a first curvature that

substantially follows a first radius.
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6. The end mill of claim 5, wherein the second section has a second curvature that

substantially follows a second radius, and the second radius is greater than the first radius.

7. The end mill of claim 6, wherein the third section has a third curvature that

substantially follows a third radius, and the third radius is greater than the second radius.

8. The end mill of claim 1, wherein the first section has a first rake angle, and the

second section has a second rake angle, and the first rake angle is different than the second

rake angle.

9. The end mill of claim 8, wherein the third section has a third rake angle, and the

second rake angle 1s different than the third rake angle.

10. A rotary cutting end mill, comprising:

a shank section;

a fluted section having a first end integrally attached to the shank section, a second
end, and an outer surface; and

one or more helical teeth disposed along the outer surface of the fluted section, each
helical tooth having a cutting surface and a relief wall that intersect to form an angle
defining a helical cutting edge;

wherein the cutting surface includes a first section, a second section, a first take-off
peak disposed between the first section and second section, a third section, and a second
take-off peak disposed between the second section and the third section; and

wherein the first section has a first curvature that substantially follows a first radius,
the second section has a second curvature that substantially follows a second radius, and the

third section has a third radius that substantially follows a third radius, and the third radius 1s

greater than the second radius, and the second radius is greater than the first radius.
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FIG. 5
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