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(57) Abstract: A double-sided milling insert (30;30")
for high feed milling of metal workpieces with a tri-
gonal basic shape and comprising upper (31) and
lower (32) faces facing in opposite directions and
convex clearance surfaces (33) extending between
the upper (31) and lower (32) faces. Each one of the
faces comprises a recessed support surface
(34A,34B), the support surfaces (34A,34B) being
substantially parallel to each other, and having a cav-
ity (35) therein for receiving a fastening means. Inter-
sections of the convex clearance surfaces (33) with
the upper and lower faces (34A,34B) form convex
cutting edges (37A,37B;37A',37B") when seen in a
plan view (fig. 1A) and a rake face (38) is provided
adjacent the convex cutting edges
(37A,37B,37a',37b"). Each convex cutting edge
(37A,37B,37a',37b") is concave when seen in a side
view (Fig. 1B) and comprises a substantially straight
cutting edge portion (39A,39B;39A',398") on each
side of a curved cutting edge portion
(40A,40B;40A",40B") when seen in a plan view (fig
la). A milling tool with a plurality of such inserts and
a method of high feed milling using this tool are also
disclosed.
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Double-sided high feed milling insert, high feed milling tool and method

Background and summary

The present invention generally relates to double-sided milling inserts, and
more particularly to a double-sided milling insert suitable for use in a high feed
milling holder forming a high feed milling tool and a method of high feed milling.

In milling operations, a method of cutting a workpiece by increasing i.a.
feed rate (feed distance per tooth) of a milling tool is called high feed milling. High
feed milling is a milling method that permits faster machining than other milling
methods. It pairs shallow depth of cut, such as 2 mm or less, with high feed per
tooth or cutting edge which gives higher metal removal rates, resulting in more
parts being machined. Cutting forces are directed along the axis of the machine
spindle which means greater stability and reduced vibrations, thereby extending
tool life. The method takes advantage of small setting angles. This gives minimal
radial cutting forces and maximum axial cutting forces, which stabilizes machining
and reduces the risk for vibrations. In turn, this allows raised parameters for
cutting even when machining with a large overhang.

The milling tool mounted on the milling machine conventionally comprises
several milling inserts mounted at the periphery of the milling tool so that each
active cutting edge is oriented substantially radially in the milling tool.

Trigon style cutting inserts are frequently used with cutting edges
designed with big radii, especially in vertical or plunging operations trigon style
inserts offer good chip evacuation. Cutting inserts used have a substantially
triangular profile, each intended to be positioned substantially in a plane of the
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axis of rotation of the milling cutter body. It is common to provide a straight cutting
edge in contact with the surface to be machined. However the arrangement of
such a cutting edge may require more power during machining and lead to
tolerance sensitivity, vibrations and/or impaired chip removal rate.

EP 2703108 A1 discloses a milling tool having trigonal milling insert
mounted therein.

Changes in the configuration of the cutting insert have been proposed so
as to have angled clearance surfaces to allow for an optimized orientation of the
cutting edge of the cutting insert mounted in the milling cutter body and relative to
the material surface to be machined. However, even if such geometries may allow
an improved function of the cutting operation, the production of these cutting
inserts requires complex steps of pressing and machining that generate costs and
production times can be extended.

The present invention is intended to overcome these drawbacks by
proposing a high feed milling insert and a high feed milling tool adapted to be
easily produced at a relatively low cost while maintaining the quality of cutting.

It is desirable to provide a double-sided milling insert that can be mounted
on a toolholder at a favorable radial angle. It is further desirable to provide an
insert that can be well supported by the toolholder.

It is desirable to provide a double-sided milling insert and a high feed
milling tool which provide improved performance and which are suited for
applications in which commonly round-shaped cutting inserts are used and high-
feed surface finishing applications.

In accordance with an aspect of the invention, a double-sided milling
insert for high feed milling of metal workpieces wherein the insert has a trigonal
basic shape and comprises upper and lower faces facing in opposite directions
and convex clearance surfaces extending between the upper and lower faces,
each one of the faces comprising a recessed support surface, said support
surface being substantially parallel to the other support surface, and having a
cavity therein for receiving a fastening means, intersections of the convex
clearance surfaces with the upper and lower faces forming convex cutting edges
when seen in a plan view, a rake face being provided adjacent the convex cutting
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edges, wherein each convex cutting edge is concave when seen in a side view,
each convex cutting edge comprises a substantially straight cutting edge portion
on each side of a curved cutting edge portion when seen in a plan view. Each
cutting edge has a first straight cutting edge portion and a second straight cutting
edge portion on each side of the curved portion, wherein the first straight cutting
edge portion and the second straight cutting edge portion each follows a straight
or convex path in a side view and are both straight in a plan view. The curved
portion has a length that is longer than the length of anyone of the straight cutting
edge portions. The curved cutting edge portion facilitates formation of a curved
wiper edge to achieve fine surface finish in the metallic workpiece and facilitates
determination of the setting angle.

In accordance with another aspect of the invention, adjacent clearance
surfaces meet at a first corner defining a bisector, wherein said clearance surfaces
form an obtuse corner angle. A tangent to a convex cutting edge forms an internal
acute angle with a plane containing the clearance surface at the corner when seen
in a side view. The clearance surface comprises a substantially planar portion at
each side of a central curved portion of the clearance surface making tool holder
pocket easier to manufacture.

In accordance with another aspect of the invention, each convex
clearance surface comprises a waist in the area of the central curved portion when
seen in a side view, which is advantageous for reducing power requirements.

In accordance with another aspect of the invention, the obtuse corner
angle is in the range of 95 to 120° which is advantageous for strength and for copy
milling.

In accordance with another aspect of the invention, the bisector lies in a
bisector plane which intersects the waist which is advantageous for maximizing
the support surface area on the insert.

In accordance with another aspect of the invention, the bisector plane
intersects a center or center line of the cavity which is advantageous for achieving

a symmetrical insert.
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In accordance with another aspect of the invention, lowest points of
curved portions of the cutting edges are located at opposite sides of the bisector
plane which is advantageous for reducing power requirements.

In accordance with another aspect of the invention, each convex
clearance surface is perpendicular to a plane parallel to a recessed support
surface thereby providing durable negative basic insert geometry.

In accordance with another aspect of the invention, the convex cutting
edge is substantially V-shaped when seen in a side view, wherein a line
intersecting the lowest point of the convex cutting edge and a highest point of the
corner forms an angle with a plane P1 that is in the range of 5 to 15°. A V-shaped
cutting edge brings a relatively smooth cut entry at milling.

In accordance with another aspect of the invention, a rake face is directly
or indirectly connected to the convex cutting edge, wherein the rake face forms a
positive rake angle gamma which is an additional measure for reducing power
requirements.

In accordance with another aspect of the invention, the rake face is
partially connected to the convex cutting edge via a chamfer forming a negative
angle with the plane to strengthen the cutting edge.

In accordance with another aspect of the invention, the rake face is
located on a circumferential ledge extending above the support surface to
distance the support surface from the region of chip flow and thus facilitate chip
removal.

In accordance with another aspect of the invention, the rake face extends
higher above the support surface at the corners than at the central curved cutting
edge portion to avoid disadvantageous material accumulation occurring by so
called smear-on.

In accordance with another aspect of the invention a high feed milling tool
is disclosed having a longitudinal axis of rotation and comprising a tool body
having a plurality of insert pockets formed in a front end of the tool body and a
plurality of double-sided milling inserts retained in the plurality of insert pockets,
each insert pocket comprising a pocket bottom abutment surface, a threaded hole
extending tangentially rearwardly from the pocket bottom abutment surface,
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pocket side walls extending upwardly from the pocket bottom abutment surface,
two of the pocket side walls being pocket abutment surfaces that form a pocket
internal obtuse angle with the pocket bottom abutment surface, wherein the
pocket bottom abutment surface is raised relative to its closest surrounding, and
wherein each side of the pocket bottom abutment surface comprises a
substantially straight portion on each side of a central curved portion to provide a
correct indexing of the cutting insert. At least one milling insert is mounted in an
insert pocket at a setting angle in the range of 5 to 15°.

In accordance with another aspect of the invention a method of high feed
milling of a metallic workpiece is disclosed comprising the steps of providing a
high feed milling tool of the above-captioned type in a milling machine, arranging
milling inserts at a setting angle in the range of 5 to 15°, operating at 800 to 1300
rpm, at up to about 2 mm in depth-of-cut, and at a feed rate of 5 to 10 meters per

minute.

Brief description of the drawings

The invention will be better understood from the following description, which
relates to a preferred embodiment, given by way of non-limiting example, and
explained with reference to the accompanying schematic drawings, in which:

Fig. 1A shows a double-sided high feed milling insert according to the invention in
a plan view;

Fig. 1B shows the insert in a side view;

Fig. 1C shows the insert in crossection along line C-C in Fig. 1A;

Fig. 1D shows the insert and a fastening means in a perspective view;

Fig. 1E shows the insert and the fastening means in a side view;

Fig. 1F shows the insert in crossection along line F-F in Fig. 1A;

Fig. 1G shows the insert in crossection along line G-G in Fig. 1A;

Fig. 1H shows the insert in crossection along line H-H in Fig. 1A;

Fig. 2A is a perspective view of a high feed milling tool according to the invention;
Fig. 2B is a bottom view of the high feed milling tool;

Fig. 2C is a side view of the high feed milling tool;



10

15

20

25

30

WO 2016/131661 PCT/EP2016/052339

6

Fig. 2D is a plan view of an insert pocket of the high feed milling tool; and
Fig. 3 shows an insert according to an alternative embodiment of the invention in a

side view.

Detailed description

The high feed milling insert 30 shown in Figs. 1A-1H has a trigonal basic
shape. The insert is substantially triangular; each side of the triangle is broken
outward from the center of the triangle in order to form two sides of each side of
the triangle. Thus the insert has obtained six corners, wherein the tip angles of the
triangle having been made more obtuse. Another way of describing a trigon-
shaped milling insert is that an imaginary circle inscribed in a midplane of the
milling insert may touch the periphery of the milling insert in six points. Such a
shape discloses in a plan view as in Fig. 1A three first corners 42 with relatively
small radii R1 and three second corners or curved portions 47 with relatively large
radii R2. The radius R2 may have its center at the insert center line CL. The first
corners 42 comprise nose cutting edges, and each edge is defined by the radius
R1. The insert 30 comprises upper 31 and lower 32 faces facing in opposite
directions. Convex sides or clearance surfaces 33 extend between the upper 31
and lower 32 faces. The term “convex” may here mean that the clearance surface
extends beyond an inscribed triangle J, shown in Fig. 1A, in an at least partly
curved manner. The expression “double-sided” here means that both upper 31
and lower 32 faces have usable cutting edges. The high feed milling insert thus
have a cutting edge at each of the peripheral edges at the intersection between a
clearance surface and upper and lower surfaces, respectively. Such a
construction of the high feed milling insert provides six cutting edges possible to
index into an active position. An example of an active position is shown to the right
in Fig. 2C.

Each one of the faces 31, 32 comprises a recessed support surface 34A,
34B. Each support surface is substantially parallel to the other support surface,
and has a cavity 35 therein for receiving a fastening means, such as a screw 36 or
clamp. A distance between the recessed support surfaces 34A, 34B is depicted
H3 in Fig. 1D. Each support surface is preferably surrounded by a circumferential
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ledge 46. The circumferential ledge 46 may extend above the associated support
surface, such that it forms a distance or height perpendicular to a plane P1, which
is parallel to or contains the recessed support surface. The support surface 34A,
34B is recessed relative to a plane P2 touching all three small radii corners 42 and
parallel to the plane P1.

Intersections of the convex clearance surfaces 33 with the upper and lower
faces form convex cutting edges 37A, 37B when seen in a plan view, as in Fig.
1A. A rake face 38 is provided adjacent the convex cutting edges 37A, 37B. The
rake face 38 is preferably endless as it may be continuous along the periphery or
perimeter of the insert when seen in plan view. Preferably, the support surface
34A, 34B is recessed relative to all cutting edges 37A, 37B and spaced from the
rake face 38 via a slope 48. The slope 48 may have its greatest height at the
bisector B and be configured such that its height diminishes the further from the
bisector it is measured. The slope 48 may have its smallest height at the corner
47.

The convex curvature of the cutting edge 37A, 37B brings a continuous
pressure against the machined during a cutting operation, regardless of the quality
of flatness of this surface. This curvature of the cutting edge allows the high feed
milling insert to be adapted for working a wide range of surface flatness types.

Adjacent clearance surfaces 33 meet at the first corner 42 and define a
bisector B and form an obtuse corner angle a. The obtuse corner angle a is in the
range of 95 to 120°. The bisector B lies in a bisector plane BP which may intersect
the middle of the clearance surface 33.

The clearance surface 33 may comprise a substantially planar portion 33A,
33B on each side of a central curved portion 41A. Each convex clearance surface
comprises a waist 41 in the area of the central curved portion 41A when seen in a
side view. A shortest perpendicular distance at the waist 41 is greater than the
distance H3.

A tangent T to a convex cutting edge forms an internal acute angle w with a
plane P3 containing the clearance surface at the first corner 42 when seen in a

side view (Fig. 1B). The acute angle w is in the range of 75 to 87°.
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The convex cutting edge is substantially V-shaped when seen in a side
view, wherein a line (for example parallel to the tangent T) intersecting the lowest
point of the convex cutting edge and a highest point of the first corner 42 forms an
angle that is in the range of 5 to 15° with the plane P1.

The clearance surface 33 comprises a substantially planar portion 33A, 33B
at each side of a central curved portion 41A of the clearance surface. Preferably,
the portions 33A, 33B blend into the portion 41A, such as by sharing a common
tangent at one point. Said points may define a length of the portion which is longer
than the length of anyone of the planar portions 33A, 33B. Stated another way,
each cutting edge 37A, 37B has a first straight cutting edge portion 39A and a
second straight cutting edge portion 39B on or at each side of the curved portion
40A, 40B, wherein the first straight cutting edge portion 39A and the second
straight cutting edge portion 39B each follows a straight or convex path in a side
view (Fig. 1B) and are both straight in a plan view (Fig. 1A), and wherein the
curved portion 40A, 40B has a length that is longer than the length of anyone of
the straight cutting edge portions.

The clearance surface 33 may be configured such that every second
clearance surface portion 33A, 33B is planar while the rest is part-cylindrical.

Each convex cutting edge 37A, 37B comprises a substantially straight
cutting edge portion 39A, 39B on each side of a curved cutting edge portion 40A,
40B when seen in a plan view.

Each curved cutting edge portion 40A, 40B follows a path in the side view
of Fig. 1B which defines a lowest point 43A, 43B, i.e. at the shortest distance from
the plane P1 of the associated support surface 34A, 34B respectively. The lowest
point 43A, 43B of the cutting edges 37A, 37B associated with the same clearance
surface 33 may be located at opposite sides of the bisector plane BP such as to
elongate the distance of slope for the cutting edge 39A. The lowest points 43A,
43B may be spaced apart less than two times the radius R1 of the small radii
corner 42.

Each curved cutting edge portion 40A, 40B serves to wipe the surface 22

(Fig. 2C) to produce a favorable finish.
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Each cutting edge 37A, 37B has a first portion 39A and a second portion
39B on each side of a curved cutting edge portion 40A, 40B. The first portion 39A
may follow a straight or convex path in the side view of Fig.1B. The curved cutting
edge portion 40A, 40B can be defined by at least one radius R2, when seen in
plan view, which is 5 to 30 times the radius R1. The radius R1 can be 4 to 20 mm.
The second portion 39B may follow a straight or convex path in the side view of
Fig.1B. The first portion 39A and the second portion 39B are both straight when
seen in plan view according to Fig. 1A and each one may in that capacity also be
named a straight portion. The curved portion 40A, 40B may have a length or arc
length in plan view that is longer than the length of anyone of the straight portions
39A, 39B, preferably at least two times the length of anyone of the straight
portions.

Each convex clearance surface 33 is perpendicular to the plane P1 which is
parallel to or contains the recessed support surface 34A, 34B. Such shape makes
pressing of a so called green body relatively easy, wherein pressing occurs in only
two opposite directions, substantially along one axis. Furthermore, the support
surface 34A, 34B can be flat all around the cavity 35 such that picking of the
pressed green body is simplified and such that chip obstruction is avoided.

The cutting edge 37A, 37B is convex when seen in a plan view and
concave when seen in a side view. The cutting edge 37A, 37B may extend in
height direction from the lowest point 43A, 43B thereof to a highest point 44 at the
adjacent first corners 42.

A rake face 38 is directly or indirectly connected to the convex cutting edge
37A, 37B, wherein the rake face forms a positive rake angle y (Fig. 1G). The
positive rake angle y makes the tool more sharp and pointed, reduces cutting
forces and power requirements, and may avoid the formation of a built-up edge.
The rake face 38 may be partially connected to the convex cutting edge 37A, 37B
for example via a first chamfer 45 at the straight portion 39B which forms a
negative angle & with the plane P1 (Fig. 1F). The first chamfer 45 strengthens the
cutting edge. The rake face 38 may be partially connected to the convex cutting
edge 37A, 37B via a second chamfer 47 at the straight portion 39A, which forms a
positive angle with the plane P1 for cutting more easily (Fig. 1H).
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The rake face 38 is located on the circumferential ledge 46 extending
above the support surface 34A, 34B, i.e. at a distance from the ledge in the
thickness direction of the insert. The rake face 38 extends higher above the
support surface 34A, 34B in the vicinity of the first corners 42 than at the central
curved cutting edge portion 40A, 40B. Thus, a distance H1 at the first corners 42
is greater than a distance H2 at the curved portion 40AA, 40B. If, for example, the
milling insert is provided with a wear-reducing coating, the latter may be
endangered by a material accumulation. If the material accumulation grows
excessively large and is entrained by the chips sweeping there over, under certain
circumstances damage to the coating may occur. Further, material may
accumulate on surface regions which, in a different orientation of an indexable
milling insert, will serve as support surfaces. A material accumulation on such
surfaces thus results in a faulty positioning which is to be avoided.

Fig. 1E schematically illustrates how the insert 30 may be set relative to a
radius R3 normal to a circle C2 made by the milling tool during rotation. The
substantially planar cutting edge portion 39A forms a small negative angle (0 to
-5°) with the radius R3, but not as large it would have been if the cutting edges
37A, 37B were parallel with the plane P1. Power requirements are thus reduced.
In some cases for further reduction also a small positive angle (>0 to +5°) can be
used.

A high feed milling tool 10 for metal workpieces M is shown in Figs. 2A-2C.
The method of using the high-feed milling tool is to operate at 800 to 1300 rpm, at
up to about 2 mm, often 0.5 to 1 mm, in depth-of-cut, and a feed rate of 5 to 10
meters per minute. An entering or setting angle K in the range of 5 to 15° may be
used. The setting angle Kk is the angle between the active cutting edge portion 39A
and a plane normal to the rotational axis A. The convex curvature of the cutting
edge 37A, 37B causes a continuous pressure against the machined during a
cutting operation, regardless of the quality of flatness of this surface. This
curvature of the cutting edge allows the high feed milling insert to be adapted for
working a wide range of surface flatness. A bisector B of the insert is positioned
substantially parallel to the rotational axis A. It is preferable to keep the tool
engaged in the workpiece as much as possible across the circumference of the
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tool and engage it more than 40 percent of the circumference to keep the milling
operation balanced.

For the machining of pockets and the like, it is preferable to use the
active cutting edge portion 39B as a ramping cutting edge portion, i.e. the cutting
edge portion that is located closer to the axis A than the cutting edge portion 39A,
and which blends with the surface wiping cutting edge portion 40A, 40B.

The high feed milling tool comprises a milling tool body 11 having a plurality
of insert pockets 12 formed in a front end 13 of the tool body and a plurality of the
above-captioned double-sided milling inserts 30 retained in the plurality of insert
pockets. In general, the cutting inserts are formed of a material which is harder
and more wear resistant as compared to the material of the milling tool body. For
example, the cutting inserts are typically made from cemented carbide, cermet or
ultra-hard cutting materials, such as PCD or CBN. The number of pockets may
vary, wherein there are five available positions for inserts in this case.

Coolant outlets 20 are provided in the toolholder 11, which are generally
directed towards the curved and straight portions of the active cutting edge to cool
the cutting insert and to reduce the risk for smear-on.

Each insert pocket 12 has a pocket bottom abutment surface 14 of
substantially the same shape as the support surface 34A, 34B of the insert 30
although of slightly smaller area, about 80 to 95% smaller. A threaded hole 15
extends tangentially rearwardly from the pocket bottom abutment surface to
receive the screw 36. Pocket side walls 16, 17, 18 extend upwardly from the
pocket bottom abutment surface 14. The pocket side walls 16 and 17 form a
pocket internal obtuse angle identical or corresponding to the angle a of the
cutting insert 30. The pocket bottom abutment surface is raised relative to its
closest surrounding by the formation of a circumferential groove 19 so that the
passive cutting edges facing away from the rotational direction R of the tool
remain intact. Each side of the pocket bottom abutment surface comprises a
substantially straight portion 139A, 139B on each side of a central curved portion
140.

Fig. 3 shows a high feed milling insert 30" according to an alternative
embodiment of the invention. If seen in plan view the insert 30’ would have



10

15

20

25

30

WO 2016/131661 PCT/EP2016/052339

12

substantially the same appearance as in Fig 1A. The high feed milling insert is
provided with a cutting edge 37A’, 37B’ at each of the peripheral edges at the
intersection between a clearance surface and upper and lower surfaces,
respectively. Such a construction of the high feed milling insert provides six cutting
edges possible to index into an active position. The insert 30" differs from the
above described insert 30 by having the lowest points 43A’, 43B’ of the cutting
edges spaced wider apart on opposite sides of the bisector plane BP than at the
insert 30. The lowest points 43A’, 43B’ may be spaced apart more than the radius
of the small radii corner. The lowest points may even be located at a second
portion 39B’ on a side of a curved cutting edge portion 40A’, 40B’. The axial angle
of the second portion 39B’ will become less negative when this cutting edge is
used for copy milling, e.g. when the tool is moved axially rearwardly while milling.

In the present application, the use of terms such as “including” is open-
ended and is intended to have the same meaning as terms such as “comprising”
and not preclude the presence of other structure, material, or acts. Similarly,
though the use of terms such as “can” or “may” is intended to be open-ended and
to reflect that structure, material, or acts are not necessary, the failure to use such
terms is not intended to reflect that structure, material, or acts are essential. To
the extent that structure, material, or acts are presently considered to be essential,
they are identified as such. The terms in the present text are to be interpreted as
perceived by the skilled person. The expression “when seen in plan view” refers to
views like Fig. 1A, i.e. a view perpendicular to the upper or lower surfaces, and the
expression “when seen in side view” refers to views like Fig. 1B and Fig. 3 i.e. a
view perpendicular to the center line CL.

Although the terms "upper face" and "lower face" are used in the present
context, it will be apparent to a skilled person that this is for ease of explanation
only and that whether an "upper face" is actually on top or not depends on the
orientation of the milling insert. In particular, of course the milling insert can be
turned upside down such that the "upper face" becomes positioned below the

"lower face" and vice versa.
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While this invention has been illustrated and described in accordance with a
preferred embodiment, it is recognized that variations and changes may be made
therein without departing from the invention as set forth in the claims.

The disclosures in EP Patent Application No. 15155979.6, from which this

5 application claims priority, are incorporated herein by reference.
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CLAIMS:

1. A double-sided milling insert (30;30’) for high feed milling of metal workpieces
wherein the insert has a trigonal basic shape and comprises upper (31) and lower
(32) faces facing in opposite directions and convex clearance surfaces (33)
extending between the upper (31) and lower (32) faces,

each one of the faces comprising a recessed support surface (34A,34B),
said support surface being substantially parallel to the other support surface, and
having a cavity (35) therein for receiving a fastening means,

intersections of the convex clearance surfaces with the upper and lower
faces forming convex cutting edges (37A,37B;37A’,37B’) when seen in a plan
view, a rake face (38) being provided adjacent the convex cutting edges,

each convex cutting edge being concave when seen in a side view, and
comprises a substantially straight cutting edge portion (39A,39B;39A',39B’) on
each side of a curved cutting edge portion (40A,40B;40A’,40B’) when seen in a
plan view,

characterized in that each cutting edge (37A,37B;37A’,37B’) has a first
straight cutting edge portion (39A;39A’) and a second straight cutting edge portion
(39B;39B) on each side of the curved portion (40A,40B;40A’,40B’), wherein the
first straight cutting edge portion (39A;39A’) and the second straight cutting edge
portion (39B;39B) each follows a straight or convex path in a side view and are
both straight in a plan view, and wherein the curved portion (40A,40B;40A’,40B’)
has a length that is longer than the length of anyone of the straight cutting edge

portions.

2. The double-sided milling insert according to claim 1, wherein adjacent
clearance surfaces (33) meet at a first corner (42) defining a bisector (B), wherein
said clearance surfaces form an obtuse corner angle (a), in that a tangent to a
convex cutting edge forms an internal acute angle (w) with a plane (P2) containing
the clearance surface at the corner when seen in a side view, and wherein the
clearance surface (33) comprises a substantially planar portion (33A,33B) on each

side of a central curved portion (41A) of the clearance surface.
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3. The double-sided milling insert according to claim 1 or 2, wherein each convex
clearance surface comprises a waist (41) in the area of the central curved portion
(41A) when seen in a side view.

4. The double-sided milling insert according to claim 1, 2 or 3, wherein the obtuse
corner angle (a) is in the range of 95 to 120°.

5. The double-sided milling insert according to any one of claims 1 to 4, wherein

the bisector (B) lies in a bisector plane (BP) which intersects the waist (41).

6. The double-sided milling insert according to anyone of claims 1 to 5, wherein a
bisector plane (BP) intersects a center or center line (CL) of the cavity (35).

7. The double-sided milling insert according to any one of claims 1 to 6, wherein
lowest points (43A,43B;43A’,43B’) of curved portions (40A,40B;40A’,40B’) of the
cutting edges (37A,37B;37A',37B’) are located at opposite sides of the bisector
plane (BP).

8. The double-sided milling insert according to any one of claims 1 to 7, wherein
each convex clearance surface (33) is perpendicular to a plane (P1) which is
parallel to or contains a recessed support surface (34A,34B).

9. The double-sided milling insert according to any one of claims 1 to 8, wherein
the convex cutting edge (37A,37B) is substantially V-shaped when seen in a side
view, wherein a line intersecting the lowest point (43A,43B) of the convex cutting
edge and a highest point (44) of the first corner (42) forms an angle with a plane
(P1) that is in the range of 5 to 15°.

10. The double-sided milling insert according to any one of claims 1 to 9, wherein
the rake face (38) is directly or indirectly connected to the convex cutting edge
(37A,37B;37A’,37B’), wherein the rake face forms a positive rake angle (y).
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11. The double-sided milling insert according to any one of claims 1 to 10, wherein
the rake face (38) is partially connected to the convex cutting edge
(37A,37B;37A’,37B’) via a chamfer (45) forming a negative angle (d) with the
plane (P1).

12. The double-sided milling insert according to any one of claims 1 to 11, wherein
the rake face (38) is located on a circumferential ledge (46) extending above the
support surface (34A,34B).

13. The double-sided milling insert according to claim 12, wherein the rake face
(38) extends higher above the support surface (34A,34B) at the first corners (42)
than at the curved cutting edge portion (40A,40B;40A’,40B’).

14. A high feed milling tool having a longitudinal axis of rotation (A) and
comprising:

a milling tool body (11) having a plurality of insert pockets (12) formed in a front
end (13) of the tool body and a plurality of double-sided milling inserts (30; 30°)
according to anyone of claims 1 to 13, retained in the plurality of insert pockets,
each insert pocket (12) comprising: a pocket bottom abutment surface (14);

a threaded hole (15) extending tangentially rearwardly from the pocket bottom
abutment surface; pocket side walls (16,17,18) extending upwardly from the
pocket bottom abutment surface (14), the pocket side walls 16 and 17 forming a
pocket internal obtuse angle,

characterized in that the pocket bottom abutment surface is raised relative to its
closest surrounding, and in that each side of the pocket bottom abutment surface
comprises a substantially straight portion (139A,139B) on each side of a central
curved portion (140), in that at least one milling insert (30;30’) is mounted in an
insert pocket (12) at a setting angle (k) in the range of 5 to 15°.

15. Method of high feed milling of a metallic workpiece comprising the steps of:
- providing a high feed milling tool (10) according to claim 14 in a milling machine,
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- arranging milling inserts (30;30’) at a setting angle (k) in the range of 5 to 15°,
- operating at 800 to 1300 rpm, at up to about 2 mm in depth-of-cut, and at a feed
rate of 5 to 10 meters per minute.



WO 2016/131661 PCT/EP2016/052339

30
HoA : .
: j
%‘?\h , / )
A 3 lg
G - C
i 3
, |
3]
" "
£ /
Rl AL s V)
o wy 7 G 14 47
3FA R I Wb 4 cL %A D
L T Lk / m‘




PCT/EP2016/052339

WO 2016/131661

2/5

3
Ly
D

v
Vel
N

2 >
2
-
miww
Py [
. —
= =
C mvlmwvm s MMW}AW
™

0
338

S
G4

FIG. 1E

FIG. 1D



WO 2016/131661 PCT/EP2016/052339




WO 2016/131661 PCT/EP2016/052339

FIG. 2A

a

FIG. 2B



WO 2016/131661 5/5 PCT/EP2016/052339

FIG. 2C

1

q

‘fjﬁ:ﬁ*

it

- FIG.2D
ak

i



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/052339

A. CLASSIFICATION OF SUBJECT MATTER

INV. B23C5/20
ADD.

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

B. FIELDS SEARCHED

B23C B23B

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

5 March 2014 (2014-03-05)
cited in the application

figures 1(a)-2(c), 8(a)-10(c)

26 November 2009 (2009-11-26)
figures 2,4,6-8

31 December 2014 (2014-12-31)

page 18; figures 1-8

A EP 2 703 108 Al (KYOCERA CORP [JP])

paragraph [0014] - paragraph [0041]
paragraph [0059] - paragraph [0068]

A US 2009/290945 Al (CARL HANS-GEORG [DE])

paragraph [0049] - paragraph [0053]

A EP 2 818 269 Al (TUNGALOY CORP [JP])

paragraph [0026] - paragraph [0067]

1-15

1-15

1-15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 April 2016

Date of mailing of the international search report

18/04/2016

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Breare, David

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/052339
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2008/120186 Al (ISCAR LTD [IL]; MEN 1-15

YURI [IL]; SATRAN AMIR [IL]; PASSOV
ALEXANDER [IL])

9 October 2008 (2008-10-09)

page 7, line 28 - page 11, line 24
figures 4-13

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

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/052339
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2703108 Al 05-03-2014 CN 103492109 A 01-01-2014
EP 2703108 Al 05-03-2014
JP 5715688 B2 13-05-2015
KR 20140002766 A 08-01-2014
US 2014041495 Al 13-02-2014
WO 2012147923 Al 01-11-2012

US 2009290945 Al 26-11-2009 AT 508826 T 15-05-2011
CN 101421064 A 29-04-2009
DE 102006017074 Al 11-10-2007
EP 2004350 Al 24-12-2008
ES 2365424 T3 04-10-2011
JP 5248479 B2 31-07-2013
JP 2009533235 A 17-09-2009
KR 20090009846 A 23-01-2009
US 2009290945 Al 26-11-2009
WO 2007115883 Al 18-10-2007

EP 2818269 Al 31-12-2014 CN 104114307 A 22-10-2014
EP 2818269 Al 31-12-2014
JP 5825420 B2 02-12-2015
JP W02013125542 Al 30-07-2015
US 2014377020 Al 25-12-2014
WO 2013125542 Al 29-08-2013

WO 2008120186 Al 09-10-2008 BR PI0809070 A2 09-09-2014
BR PI0809071 A2 09-09-2014
CN 101652215 A 17-02-2010
CN 101663121 A 03-03-2010
EP 2131982 Al 16-12-2009
EP 2134496 A2 23-12-2009
ES 2451578 T3 27-03-2014
IL 200706 A 30-06-2014
IL 200774 A 28-11-2013
JP 5131345 B2 30-01-2013
JP 5264881 B2 14-08-2013
JP 2010523352 A 15-07-2010
JP 2010523353 A 15-07-2010
KR 20100014691 A 10-02-2010
KR 20100014692 A 10-02-2010
PT 2131982 E 15-04-2014
RU 2009136031 A 20-05-2011
RU 2009136032 A 20-05-2011
US 2010080662 Al 01-04-2010
US 2010111619 Al 06-05-2010
WO 2008120186 Al 09-10-2008
WO 2008120188 A2 09-10-2008

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

