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(57) Abréegée/Abstract:

The Invention relates to a milling tool with an cutting edge geometry comprising a main cutting edge (3), a cutting comer (4),
optionally configured with a bordering planar cutting edge segment (5) and a secondary cutting edge (6) for use in milling to
achleve the smoothest level surface possible parallel to the rotational axis of the milling tool(1). In the preferred embodiment of the
Invention, every main cutting edge (3) Is designed in such a way that the generatrix (8) of the envelope curve (9) described by the
rotation of the milling tool (1) has a first segment (11) of at least 1 mm equivalent to a projection length (17) based on the rotational
axis (/) which borders on the cutting comer (4). This segment (11) Is shaped In such a way that its distance from the rotational axis
(/) Increases from its smallest value at the beginning of the segment (11) to its largest value at the end of the segment (11). The
the range of 0 - 5° to a parallel to the rotational

tangents at each point of this segment (11) encompass an angle with a value Ir
axis (7). The first segment (11) then borders on a second segment (12) whicl

second segment (12) Is shaped in such a way that its distance from the rotationa

(12) and Increases progressively to its smallest value at the end of this segment (12). The tangents at each point of this segir

has a projection length of at least 1.5 mm.
axis (/) Is largest at the beginning of this segm

"he
ent

ent

(12) encompass an angle ap of more than 0° and up to 3 with a parallel to the rotational axis (7). The projection length (18) of the
second segment (12) Is at least 1.5 times as large as the projection length (17) of the first segment (11).
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ABSTRACT

The invention relates to a milling tool with an cutting edge geometry comprising
a main cutting edge (3), a cutting comner (4), optionally configured with a
bordering planar cutting edge segment (5) and a secondary cutting edge (6) for
use in milling to achieve the smoothest level surface possible parallel to the
rotational axis of the milling tool(1).

In the preferred embodiment of the ihvention, every main cutting edge (3) is

-designed in such a way that the generatrix (8) of the envelope curve (9)

described by the rotation of the milling tool (1) has a first segment (11) of at
least 1 mm equivalent to a projection Iéngth (17) based on the rotational axis (7)
which borders on the cutting comer (4). This segment (11) is shape’d insucha
way that its distance from the rotational axis (7) increases from its smallest
value at the beginning of the segment (11) to its largest value at the end of the
segment (11). The tangents at each point of this segment (11) ehoompass an
angle with a value in the range of 0° - 5° to a parallel to the rotational axis (7).
The first segment (11) then borders on a second segment (12) which has a
projection length of at least 1.5 mm. The second segment (12) is shapéd in
such a way that its distance from the rotational axis (7) is largest at the
beginning of this segment (12) and increases progressively to its smallest
value at the end of this segment (12). The tangents at each point of this
segment (12) encompass an angle o of more than 0° and up to 3° with a
parallel to the rotational axis (7). The projection length (18) of the seoohd

segment (12) is at least 1.5 times as large as the projection length (17) of the
first segment (11).
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MILLING TOOL

The invention relates to a milling tool with one or more cutting segments, each
with a cutting edge geometry consisting of a main cutting edge, a cutting
corner — optionally designed with a bordering planar cutting edge segment —
and a secondary edge. The milling tool is to be used for machining of smooth
workpiece surfaces positioned on a plane parallel to the rotational axis of the

milling tool.

Milling tools of this kind are used in machining operations to undercut large
recesses in processed parts. In the process, the milling tool machines the side
wall of the recess with the main cutting edge, while the forward section of the
cutting corner (for smaller cutting geometries) or a planar cutting edge bordering
the forward section of the cutting corner (for larger cutting geometries) miils the
bottom surface of the recess. The optimum cutting depth during the milling
process is determined with reference to the total length of the main cutting
edge, and the recess is machined in a series of partial cutting operations carried

out in a “line by line” sequence.

EP 0489 702 B1 describes a square reversible cutting insert with completely
straight cutting edges also suitable for use in milling tools. Given an axial
approach angle of 0° and neglecting the production tolerances for insert seat
and reversible cutting insert, a cutting edge geometry of this kind would make it
possible to produce a smooth side wall surface precisely paralle! to the axis of
rotation, as in this case the generatrix of the envelope curve described by the
rotation of the milling tool is also straight. An axial approach angle of 0° is
virtually unfeasible in practice, however, due to the simultaneous complete
action of the main cutting edge, meaning that the reversible cutting insert must
be inclined at a certain axial approach angle which ordinarily ranges between

1 and 15 degrees. Due to this inclination, the generatrix of the envelope curve is
no longer straight but describes a compound curve which produces a wave-
shaped surface, the troughs of which are ordinarily rather deep, measuring up
to several hundredths of a millimeter. Moreover, the peaks of the waves are

steeply sloped and therefore tend to have sharp edges. The resulting surface
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thus exhibits palpable grooved texture to which paint applied subsequently

adheres poorly and may easily flake off.

EP 0 587 109 B1 describes a basically square reversible cutting insert for
milling operations in which each cutting edge comprises three successive
different segments. Two successive segments proceeding from the cutting
corner serve as a main cutting edge which mills the side wall of the recess in
the workpiece. The two sections are designed in such a way that, when the
reversible cutting insert is in the installed position, i.e. with reference to the axial
and radial approach angle of the basic tool body, all points theoretically lie along
a precisely cylindrical envelope curve - in othexr words, the generatrix that
produces the envelope curve also forms an exact straight line. The third section
of each cutting edge is designed in such a way that it is not involved in the
machining of the side wall and serves as a planar edge for the following main
cutting edge in the milling of the floor of the machined recess.

Theoretically, precisely cylindrical envelope curves can also be produced with a
milling tool in accordance with EP 0 239 045 B1. The only difference between
this invention and that described in the preceding patent publication is that the
reversible cutting insert is shaped as an elongated parallelogram of which only
the two long cutting edges can be used as main cutting edges, although they
are then applied to a surface area of greater length.

With a cutting insert design as described in the latter two publications cited it is
theoretically possible to achieve a smooth surface that is précisely parallel to
the axis of rotation without producing undesirable transitions. Due to
dimensional deviations in the cutting insert and the insert seats of the basic tool

body as well as tool drift during the machining process, it happens that during
actual operations in practice either the beginning or ending areas of the main

cutting edges engaged in milling the side wall no longer lie at the theoreticaliy
predetermined positions and thus an exact cylindrical envelope curve is not
achieved. This results in a stepped profile in the machined surface wifh
extremely sharp, pointed transitions. In many cases, such surfaces no longer
meet the requirements specified by the customer.
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Therefore, an object of some embodiments of the invention is to
create a milling tool with a cutting edge geometry in which the machined
workpiece surface conforming to the rotational axis of the milling tool has
significantly lower surface roughness than those achieved by comparable milling

5 tools used in similar machining operations and iIs thus significantly smoother.

An embodiment of the invention provides that the generatrix of the
envelope curve created by the rotation of the milling tool exhibits the following
segments which border one another: a cutting corner portion, a first segment and
a second segment; in that the first segment of at least 1 mm projection length — in

10 projection toward the rotational axis — is nhearest to the rotational axis in the
beginning portion bordering the corner edge portion and is farthest from the
rotational axis in the ending portion of this segment, whereby the tangents at each
point of this segment encompass an angle area of 0° to §° with the direction of the
rotational axis; further in that the second segment of at least 1.5 mm projection

15 length is farthest from the rotational axis at the beginning point of the second
segment bordering on the first segment and is nearest to the rotational axis at its
opposite end, whereby the tangents at each point. on this segment encompass an
angle az with the direction of the rotational axis in the range of > 0° to 3° which
Increases progressively toward the end; and in that the projection length of the

20 second segment is at least 1.5 times as large as the projection length of the first
segment.

Another embodiment of the invention provides a milling tool for

milling workpiece surfaces, the milling tool having a rotational axis and comprising:
one or more cutting segments, each with a cutting edge geometry including a

25 main cutting edge, a cutting corner, and a secondary cutting edge; said cutting
segments being formed such that a generatrix of an envelope curve described by
a rotation of the milling tool includes a cutting corner portion, a first segment
adjoining said cutting corner portion, and a second segment adjoining said first
segment; said first segment having a projection length of at least 1 mm, in a

30 projection thereof onto the axis of rotation, lying nearest to the rotational axis at a
beginning point bordering said cutting corner, and lying farthest from the rotational
axis at an end point distal from said cutting cornef, and wherein a tangent at each
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point within said first segment encloses an angle a, in a range of 0° to 5° with a
parallel to the rotational axis; said second segment having a projection length of at
least 1.5 mm, in a projection thereof onto the axis of rotation, lying farthest from
the rotational axis at a beginning point thereof bordering on said first segment,
lying nearest to the axis of rotation at an end thereof, and wherein a tangent at
each point of said second segment encloses an angle a in a range from >0° to 3°
with the parallel to the rotational axis and the angle a; increases progressively
toward the end of said second segment; and said projection length of said second
segment being at least 1.5 times greater than said projection length of said first

segment.

Milling is @ machining operation performed using a tool revolving
around Its axis of rotation. In this process, a cut surface is produced in workpiece

conforming to the rotation-symmetrical envelope curve of the milling tool.

The form and position of the cut surface in the workpiece are
determined by the generatrix of the milling tool, whereby the generatrix is derived
from the sum of all cutting edges or cutting edge segments of the rotating milling
tool which are actually in contact with the workpiece. The rotational curve of the
generatrix is the envelope curve of the milling tool.

The basic idea underlying the invention is to design the main cutting
edge of the tool from the outset in such a way that the corresponding generatrix of the
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envelope curve of the milling tool does not — even in the case of a theoretically
desirable but practically never achievable workpiece cut surface with a contour
conforming exactly to the axis of rotation — achieve an ideal, totally cylindrical
envelope curve surface matching the diameter of the milling tool but instead
preferably only one of the points forming the real generatrix lies on the
theoretical (ideal) generatrix of the ideal cylindrical surface, whereas the
remainder of the course of the real generatrix deviates from the course of the
theoretical generatrix. 1t goes without saying that the design of such a milling
tool is also in conformity with the claims of the invention when a limited end
portion of the first segment of the generatrix is configured in such a

way — hamely with a straight form — that this end portion would lie on the
theoretical generatrix of the ideal cylindrical surface.

Designed in this way, the milling tool makes the first cut with the part of the
main cutting edge that corresponds to the first segment of the generatrix. When
the milling tool is applied again to cut depth ap, the portion of the main cutting
edge that corresponds to the second segment of the generatrix smoothes the
precut workpiece surface.

In order to achieve the smoothest possible workpiece surface, the main cutting
edge of the embodied invention must be designed in such a way that the
remainder of the course of the (real) generatrix of the envelope curve deviates
from the theoretical generatrix of the ideal cylindrical surface but that its
distance from it is as small as possible. Such a design should take into account
the fact that, due to dimensional deviations in the main cutting edge resuiting
from production tolerances, an “overcut” of the theoretical envelope curve, i.e.
of the generatrix of the ideal cylinder is reliably avoided over the entire course of
the real generatrix.

Practical experience has shown that it is best when the maximum distance from
the first segment of the generatrix to the theoretical generatrix of the ideal
cylindrical surface is between 5 ym and 15 ym and the maximum distance from
the second segment at the end of the cutting portion of the main cutting edge to
the theoretical generatrix of the ideal cylindrical surface is between 5 ym

and 30 um.
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Although the surface produced by a milling tool configured in conformity with the
invention is also wave-shaped, i.e. not absolutely smooth, the wave troughs are
significantly flatter than those produced by milling tools with cutting edges
corresponding to the state of the art. Due to the decreased depth of the troughs,
the peaks of the waves are accordingly less sharp. As a result, layers of paint
applied to the surface of workpieces machined in this way bond firmly to the

surface and do not flake off.

The individual segments of the generatrix in the preferred embodiment of the
invention may have the shape of arcs, straight lines or successive sequences of
distinct, curved or straight segments.

A segment of the (real) generatrix formed by the cutting corner may be
designed with a relatively sharp-edge, as an arc with a small radius or with a
broader curve as an arc with a large radius. It may also take the form of a

successive sequence of individual curved or straight segments.

The constant transitions between the cutting corner and the first and second
segments can be designed as desired, either as straight or curved segments,

although sharp-edged transitions are to be avoided.

In order to improve chip removal, the cutting edge geometry on the cutting
surface of the milling tool embodying the invention can be configured with a chip

proove geometry, particularly when reversible cutting inserts are used.

Optimum quality is achieved in the machined surface when the cutting edge
geometry is configured in such a way that the total projection length, i.e. the
longitudinal extension of the real generatrix with respect to the rotational axis,
formed by the corner edge portion and the first segment of the main cutting
edge, equates approximately to tool cutting depth ap specified for the cutting

operation.

A further prerequisite for especially high quality surfaces is that the projection
length of the first segment lies within a range equivalent to approximately
20 — 35 % of the sum of the projection lengths of the first and second segments.
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In actual practice, the value should not fall below 10 % for this portion, as
otherwise the improvement in surface quality will not be sufficient.

If the milling tool has a planar cutting edge portion bordering the cutting corner
that runs at an angle of approximately 90° to the rotational axis of the milling
tool, predominantly level, wide-area milling of the floor of the recess to be

machined is achieved.

The cutting edge geometry of the milling tool embodied by the invention is
particularly effective if the milling tool is fitted with one or more reversible cutting
inserts. This significantly reduces the need to resharpen the cutting edge
geometry due to wear, contributing to particularly economical use of the milling

tool.

An especially advantageous design of the milling tool embodying the invention
is achieved when the first and second segments have the shape of an arc,
whereby the radius of the curvature of the first segment is within a range
equivalent to 8 — 15 times the total length of the main cutting edge and the
radius of the curvature of the second segment is within a range equivalent to
20 — 40 times the total length of the main cutting edge. Especially fine surface

qualities are achieved within these ranges.

It may also be advantageous to position a third segment adjacent to the second

segment, whereby the tangents at every point on the third segment comprise an

angle oz of more than 3° with a parallel to the axis of rotation, and whereby the

respective size of each angle as increases progressively from the beginning to
the end of this segment.

Such a design ensures even for large milling depths that the trailing end of the
edge geometry does not recut the workpiece, thus eliminating the danger of an

impairment of surface quality.

Where reversible cutting inserts are used, it has proven effective when the
individual secondary cutting edges and the corresponding cutting corner and
the segments of the main cutting edge are parallel to the positioning surface of

the reversible cutting insert at least along the greater part of its length and when
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any cutting edge segments that do not lie on this common plane are beveled

from this plane.

It is also advantageous when the clearance segments bordering the individual
cutting edges and the cutting corner of the milling tool embodying the invention
have two segments positioned one above the other, whereby the segment
immediately adjacent to the cutting edges has a smaller clearance angle than
the segment below it.

The smaller clearance angle makes it possible to achieve a larger wedge angle
and thus ensures additional stabilization of the cutting edges.

Particularly effective machining is achieved when the reversible cutting insert is
designed as a parallelogram with long main cutting edges and short secondary
cutting edges. Using a milling tool equipped with such reversible cutting inserts
it is possible to achieve large cutting depths while maintaining good stability
even when working with small milling diameters. Moreover, tools of this kind are
well suited for oblique entry during the machining process.

The outstanding advantage offered by a milling tool embodying the present
invention is the smoothness of the workpiece surface which is actually achieved
along the plane parallel to the rotational axis of the milling tool.

The following diagrams 7a — 7c¢ provide a semi-quantitative statement regarding
workpiece surface quality achieved by embodiments of the invention in
comparison to the cited state of the art.

The invention is explained in greater detail with reference to the diagram in the

following sections:

Reference is made to the following diagrams:

Fig. 1 Oblique view of a milling tool embodying the invention
Fig. 2 Side view of the cutting area of the milling tool embodying
the invention as illustrated in Fig. 1
Fig. 3 A reversible cutting insert for the milling tool as illustrated in Fig. 1

and Fig. 2 (enlargement of oblique view)
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Fig. 4 lHustration of the principle of the reversible cutting insert for the
milling tool as illustrated in Fig. 1 and Fig. 2 in appropriate installed
position, also showing the workpiece to be machined

Fig. 5 lHlustration of the principle of the reversible cutting insert as
llustrated in Fig. 4, top view

Fig. 6 Enlarged, strongly exaggerated illustration of the generatrix of the
envelope curve described by the rotation of the reversible cutting
insert bit as illustrated in Fig. 4

Fig. 7a Enlarged illustration of the principle of the workpiece surface
machined using a milling tool embodying the state of the art

Fig. 7b Enlarged illustration of the principle of the workpiece surface
machined with a different milling tool embodying the state of the
art

Fig. 7¢ Enlarged illustration of the principle of the workpiece surface

machined with a milling tool embodying the invention

Fig. 1 and 2 illustrate a milling tool embodying the invention —-1- designed for
use with reversible cutting inserts as an end mill with two reversible cutting
inserts —2-. The reversible cutting inserts —2- are positioned at an axial
approach angie vy, of 10° in the corresponding insert seat on the milling tool —1-.
The reversible cutting insert —2- as illustrated in Fig. 3 is shaped as a
parallelogram with long main cutting edges —3- and short secondary edges -6-.
The clearance segments bordering on the individual main cutting edges —3- and
cutting corners —4- each have two segments positioned one above the

other —14- and —15. The segment —14- immediately adjacent to the main cutting
edges —3- and cutting corners —4- has a smaller clearance angle than the
segment immediately below it —15-. This enlarges the wedge angle of the
segment —14- and thus increases the stability of the cutting edges.

The reversible cutting insert —2- with its different cutting edge segments is
illustrated in Fig. 5. The reversible cutting insert has two cutting corners —4-
bordered by central planar cutting segments —5-. At each opposite end, the
cutting corners—4- are bordered by main cutting edges —-3-, which are in turn
bordered by secondary cutting edges —6-. Each main cutting edge —3- has
distinct cutting edge segments —19-, -20- und -21-.

ewme exididess dhen sennismcouh 44 A _GF boom tu -t e pamardd S dllonscsmunndelhes . .28 @ . Nese,. o .o ae ™ - “ae . - ‘= eee o oo, 2 222" ¢ .. v soonrmshly o sseseunhbebes 222 22 s de ) an b .2 A2 . . . ™ ™ S » . B B 0§ e B == = B ot e oo smmd  wssnshad 4 LASLS M B
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In Fig. 4,the reversible cutting insert —2- installed in the milling tool with an axial
approach angle y, of 10° is shown along with a section of the workpiece —22- to
be machined.

This illustration also indicates a portion of the envelope curve —9- described by
the reversible cutting insert —2- during rotation of the milling tool. The

generatrix —8- of the complete envelope curve —-9- Is shown in exaggerated form
in Fig. 6. The generatrix —8- begins with a segment -10- corresponding to the
cutting corner —4- of the reversible cutting insert —2-. Bordering on this

segment —10- is the first segment —11- that corresponds to one segment -19- of
the reversible cutting insert —2-. This segment —11- is shaped in such a way that
its distance from the rotational axis —7- is smallest at the beginning and largest
at the end, and its end point also lies on a tangent with the theoreticai
generatrix —8’- of the ideal cylindrical surface. This segment ~11- is bordered by
a second segment -12-, which corresponds to another segment -20- of the
reversible cutting insert —2-. This segment -12- is shaped in such a way that its
distance from the rotational axis —7- is largest at the beginning and smallest at
the end of this segment —12-. The projection length —18- of this second
segment —12- in the direction of the rotational axis —7- is always approximately
1.5 times as long as the projection length —17- of the first segment —11- in the
same direction. The projection length of the generatrix —8- of the segment —10-
that corresponds to the cutting corner -4- is identified as —16-. Optimum
workpiece surface quality is achieved when the sum of these projection

lengths ~16-, -17-, -18- is approximately equivalent to the cutting depth ap to

which the workpiece is to be machined.

Fig. 7a, 7b and 7c illustrate the different workpiece surfaces achieved using two
different milling tools embodying the state of the art and one milling tool
embodying the invention, each shown in an enlarged view demonstrating the
principle. In each case, the workpiece surface is represented In a section
whereby the rotational axis of the milling tool is in the cutting plane.

The workpiece surface shown in Fig. 7a corresponds approximately to a surface
achieved through milling with a milling tool embodying the state of the art as
described, for example, in EP 0 489 702 B1 cited above.
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The wave-shaped surface has wave peaks with uniformiy steep-sloping flanks
and deep wave troughs. The ridges of the wave peaks are relatively sharp. The
workpiece surface shown in Fig. 7b corresponds approximately to a surface
achieved through milling with a milling tool embodying the state of the art as
described, for example, in EP 0 587 109 B1 cited above. In this case, the wave-
shaped surface has wave peaks with flanks which are considerably flatter over
much of their course. However, the flanks become significantly steeper as they
approach the peak, so that the ridges of the wave peaks are still quite sharp.
The surface shown in Fig. 7c, which was achieved through milling with a milling
tool embodying the invention, has wave peaks with comparatively very flat
slopes without sharp ridges. A surface of this kind is appreciably smoother and
is particularly well suited for the application of paint.
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CLAIMS:
1. A milling tool for milling workpiece surfaces, the milling tool having a

rotational axis and comprising:

one or more cutting segments, each with a cutting edge geometry
including a main cutting edge, a cutting corner, and a secondary cutting edge,;

said cutting segments being formed such that a generatrix of an
envelope curve described by a rotation of the milling tool includes a cutting corner
portion, a first segment adjoining said cutting corner portion, and a second
segment adjoining said first segment;

said first segment having a projection length of at least 1 mm, in a
projection thereof onto the axis of rotation, lying nearest to the rotational axis at a
beginning point bordering said cutting corner, and lying farthest from the rotational
axis at an end point distal from said cutting corner, and wherein a tangent at each
point within said first segment encloses an angle a4 in a range of 0° to 5° with a

parallel to the rotational axis;

said second segment having a projection length of at least 1.5 mm,
in a projection thereof onto the axis of rotation, lying farthest from the rotational
axis at a beginning point thereof bordering on said first segment, lying nearest {o
the axis of rotation at an end thereof, and wherein a tangent at each point of said
second segment encloses an angle a; in a range from >0° to 3° with the parallel to

the rotational axis and the angle a. increases progressively toward the end of said
second segment; and

said projection length of said second segment being at least 1.5
times greater than said projection length of said first segment.

2. The milling tool according to claim 1, which further comprises a
planar cutting edge segment adjoining said cutting corner.

3. The milling tool according to claim 1, wherein said cutting edge
geometry is further configured such that a sum of a projection length of a portion
corresponding to said cutting corner and said projection length of said first
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segment are approximately equivalent to a cutting depth specified for the cutting
operation.

4 The milling tool according to claim 1, wherein said projection length
of said first segment corresponds to approximately 20% to 35% of a sum of said
projection length of said first segment and said projection length of said second
segment.

D. The milling tool according to claim 1, wherein said milling tool has a
planar cutting edge segment bordering on said cutting corner extending at an

angle of approximately 90° relative to the rotational axis of the milling tool.

6. The milling tool according to claim 1, wherein said cutting edge
geometry of the milling tool is defined by cutting edges formed on a clamped

reversible cutting insert.

7. The milling tool according to claim 1, comprising a shank bit defining
the rotatable axis, and at least one reversible cutting insert clamped onto said
shank bit, said cutting insert being formed with cutting edges defining said cutting
edge geometry of the milling tool.

8. The milling tool according to claim 6, wherein said first segment and
said second segment are arc-shaped, wherein a radius of curvature of said first
segment lies within a range equivalent to 8-15 times a total length of a main
cutting edge, and a radius of a curvature of said second segment lies within a

range equivalent to 20-40 times the total length of the main cutting edge.

9. The milling tool according to claim 8, which comprises a third
segment adjoining said second segment, wherein a tangent on each point of said
third segment encloses an angle az of more than 3° with the paraliel to the
rotational axis, and wherein a value of the angle a3 increases continuously from a
beginning to an end of said third segment,

more cutting segments, each with a cutting edge geometry including
a main cutting edge, a cutting corner, and a secondary cutting edge.
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10. The milling tool according to claim 6, wherein said secondary edges,

cutting corners and main cutting edges of said reversible cutting insert lie at least

In part on a common plane running parallel to a contact surface of said reversible

cutting insert, and wherein said cutting edge segments not lying on said common
5 plane are beveied therefrom.

11. The milling tool according to claim 6, which comprises a clearance
face bordering said main cutting edges and said cutting corners, said clearance
face including two segments positioned one above another, in a side view, and
wherein said segment immediately adjacent said cutting edges has a smaller

10 clearance angle than said segment therebelow.

12. The milling tool according to claim 6, wherein said reversible cutting
insert has an approximate parallelogram shape, and said shape is defined with
long main cutting edges and short secondary cutting edges.

13. In a milling tool according to claim 1, a reversible cutting insert
15 formed with said cutting edges and defining said cutting edge geometry.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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