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DOUBLE-SIDED CUTTING INSERT HAVING DIAGONALLY OPPOSED RAISED
CORNERS AND DIAGONALLY OPPOSED LOWERED CORNERS, AND ROTARY
CUTTING TOOL

FIELD OF THE INVENTION

The present invention relates to a rotary cutting tool and a double-sided cutting insert
having diagonally opposed raised corners and diagonally opposed lowered corners. The cutting
tool and cutting insert are for use in milling operations in general, and for ramping operations in

particular.

BACKGROUND OF THE INVENTION

Within the field of cutting tools used in milling operations, there are some examples of
double-sided cutting inserts having diagonally opposed raised corners and diagonally opposed
lowered corners, used for performing ramping operations.

US 8,449,230 discloses a tangential cutting insert including two opposing end surfaces
and a peripheral side surface extending between the two opposing end surfaces. The peripheral
side surface includes two opposing major side surfaces connected to two opposing minor side
surfaces via corner side surfaces. A peripheral edge is formed at the intersection of each end
surface with the peripheral side surface. Each end surface has two raised corners with associated
raised corner cutting edges and two lowered corners with associated lowered corner cutting
edges. Each of the corner side surfaces includes a concave clearance depression which serves as
a relief surface for an associated lowered corner cutting edge. The concave clearance depression
extends from its associated lowered corner cutting edge in the direction of, but does not intersect,
a raised corner associated with opposite end surface.

US 9,649,701 discloses a cutting insert and an indexable insert-type cutting tool including
a cutting edge formed on each of a pair of side ridge portions of at least one of the side faces,
wherein an insert main body is formed in the shape of having front-back inversion symmetry
which is 180 degrees rotationally symmetrical with respect to a line of symmetry passing through
the center of the side faces; a flank face adjacent to the cutting edge is formed on the side face in
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the vicinity of each of the pair of polygonal faces; each of the flank faces is formed in the shape
of a twisted face; the pair of side ridge portions on which the cutting edge is formed intersect
each other in such a manner that the second corner portion of one side ridge portion protrudes
outside the other side ridge portion.

US 10,112,242 discloses a double-sided, indexable, non-positive ramping insert having
180-degree rotational symmetry about each of the first, second and third axes of a three-
dimensional Euclidean space. The ramping insert includes two first surfaces and an insert
peripheral surface which extends therebetween. The ramping insert includes four cutting
portions, each including a major cutting edge, a wiper edge connected transversely thereto via a
corner cutting edge and a ramping edge which extends transversely from the wiper edge in a
view parallel to the first axis. Each peripheral surface includes four non-positive ramping relief
surfaces, each of which extends from a respective ramping edge towards, and not beyond, a first
median plane which is defined by the second and third axes.

It is an object of the present invention to provide an improved double-sided cutting insert
suitable for performing ramping operations.

It is also an object of the present invention to provide an improved double-sided cutting
insert suitable for performing square shoulder milling operations as well as ramping operations.

It is further an object of the present invention to provide an improved double-sided
cutting insert which has a compact and efficient means for chip evacuation during ramping

operations.

SUMMARY OF THE INVENTION
In accordance with the present invention, there is provided a cutting insert comprising:
two opposing end surfaces interconnected by a peripheral side surface and an insert axis
passing through the opposing end surfaces,
each end surface having a recessed central surface,
the peripheral side surface having two opposing major side surfaces and two minor
side surfaces,
a major edge formed at the intersection of each major side surface and each
end surface, and a major cutting edge formed along at least a portion of each major

edge,
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a minor edge formed at the intersection of each minor side surface and each
end surface, and a minor cutting edge formed along at least a portion of each minor
edge,

a median plane perpendicular to the first insert axis and intersecting the peripheral
side surface to form an insert boundary line, and

each end surface having two diagonally opposed raised corners and two diagonally
opposed lowered corners with respect to the median plane,

each raised corner having a convexly curved raised corner edge formed at
the intersection of the peripheral side surface and its associated end surface, each
raised corner edge adjoining one of the major edges at a first major point, and a
raised comer cutting edge formed along at least a portion of each raised corner edge,

each lowered corner having a convexly curved lowered corner edge formed
at the intersection of the peripheral side surface and its associated end surface, each
lowered corner edge adjoining one of the major edges at a third major point, and a
lowered corner cutting edge formed along at least a portion of each lowered corner
edge,
wherein in a major side view of the cutting insert:

the first and third major points of each major edge define a major side length

measured parallel to the median plane, the major side length being divided into equal first,
second and third length portions, in which the first length portion is delimited by the first
major point and the third length portion is delimited by the third major point,

each major edge has an associated first imaginary straight line containing its

first and third major points and an elevated edge portion, the elevated edge portion being
located on one side of the first imaginary straight line and the insert boundary line being
located on the other side of the first imaginary straight line, and

each elevated edge portion has a second major point located: (i) furthest

from its associated first imaginary straight line, and (ii) in the third length portion of its

associated major side length.

Also, in accordance with the present invention, there is provided a rotary cutting tool
rotatable about a tool axis in a direction of rotation, comprising a cutting body having at least one
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insert receiving pocket, and at least one cutting insert of the sort described above removably

secured in the insert receiving pocket.

BRIEF DESCRIPTION OF THE DRAWINGS
For a better understanding, the invention will now be described, by way of example only,
with reference to the accompanying drawings in which chain-dash lines represent cut-off

boundaries for partial views of a member and in which:

Fig. 1 is a perspective view of a cutting insert in accordance with some embodiments of
the present invention;

Fig. 2 is an end view of the cutting insert shown in Fig. 1;

Fig. 3 is a major side view of the cutting insert shown in Fig. 1;

Fig. 4 is a minor side view of the cutting insert shown in Fig. 1;

Fig. 5 is a cross-sectional view of the cutting insert shown in Fig. 3, taken along the line V-

Fig. 6 is a cross-sectional view of the cutting insert shown in Fig. 3, taken along the line VI-
VI,

Fig. 7 is a cross-sectional view of the cutting insert shown in Fig. 4, taken along the line
VII-VII;

Fig. 8 is a cross-sectional view of the cutting insert shown in Fig. 2, taken along the line
VII-VIII;

Fig. 9 is a cross-sectional view of the cutting insert shown in Fig. 2, taken along the line IX-
IX;

Fig. 10 is a cross-sectional view of the cutting insert shown in Fig. 4, taken along the line
X-X;

Fig. 11 is a perspective view of a cutting tool in accordance with some embodiments of
the present invention;

Fig. 12 is an exploded perspective view of the cutting tool shown in Fig. 11;

Fig. 13 is a side view of the cutting tool shown in Fig. 11; and

Fig. 14 is an end view of the cutting tool shown in Fig. 11.
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DETAILED DESCRIPTION OF THE INVENTION

As shown in Figs. 1 to 4, one aspect of the present invention relates to a cutting insert 20
having two opposing end surfaces 22a, 22b interconnected by a peripheral side surface 24 and a
first insert axis A1 passing through the opposing end surfaces 22a, 22b.

In some embodiments of the present invention the cutting insert 20 may be indexable
about the first insert axis Al.

Also, in some embodiments of the present invention, the cutting insert 20 may exhibit
rotational symmetry about the first insert axis A1l.

Further, in some embodiments of the present invention, the cutting insert 20 may
preferably be manufactured by form pressing and sintering a cemented carbide, such as tungsten
carbide, and may be coated or uncoated.

As shown in Figs. 1 and 2, the peripheral side surface 24 has two opposing major side
surfaces 26a, 26b and two minor side surfaces 28a, 28b, with a major edge 30 formed at the
intersection of each major side surface 26a, 26b and each end surface 22a, 22b, and a minor edge
32 formed at the intersection of each minor side surface 28a, 28b and each end surface 22a, 22b.

It should be appreciated that a major cutting edge 34 is formed along at least a portion of
each major edge 30, and a minor cutting edge 36 is formed along at least a portion of each minor
edge 32.

It should be appreciated that by virtue of having cutting edges associated with both end
surfaces 22a, 22b, the cutting insert 20 can be described as 'double-ended' or 'double-sided'.

In some embodiments of the present invention, each end surface 22a, 22b may include a
major land surface 38 immediately adjacent each of its associated major cutting edges 34.

Also, in some embodiments of the present invention, each end surface 22a, 22b may
include a minor land surface 40 immediately adjacent each of its associated minor cutting edges 36.

Further, in some embodiments of the present invention, the peripheral side surface 24 may
include four convexly curved corner surfaces 42 alternating with the two major side surfaces 26a,
26b and the two minor side surfaces 28a, 28b.

As shown in Figs. 1 and 2, a second insert axis A2 passes through the two major side
surfaces 26a, 26b (or more precisely, passes through planes defined by the major side surfaces).

In some embodiments of the present invention, an insert through bore 44 may extend along
the second insert axis A2 and intersect the two major side surfaces 26a, 26b.
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The second insert axis A2 may be perpendicular to and intersect the first insert axis A1l.

It should be appreciated that by virtue of having the insert through bore 44 intersecting the
two major side surfaces 26a, 26b, the cutting insert 20 can be retained in a rotary cutting tool in a
‘tangential' manner as known in the art, and thus described as a 'tangential’ cutting insert.

As shown in Figs. 1 to 4, a median plane M perpendicular to the first insert axis Al
intersects the peripheral side surface 24 to form an insert boundary line BL, and each end surface
22a, 22b has two diagonally opposed raised corners RC and two diagonally opposed lowered
corners LC with respect to the median plane M.

In some embodiments of the present invention, the second insert axis A2 may be contained
in the median plane M.

Also, in some embodiments of the present invention, the two diagonally opposed raised
corners RC associated with each end surface 22a, 22b may be located an equal distance from the
median plane M.

Further, in some embodiments of the present invention, the cutting insert 20 may be
indexable about the second insert axis A2.

Yet further, in some embodiments of the present invention, the cutting insert 20 may
exhibit rotational symmetry about the second insert axis A2.

As shown in Figs. 1 and 2, each raised corner RC has a convexly curved raised corner edge
46 formed at the intersection of the peripheral side surface 24 and its associated end surface 22a,
22b, and each lowered corner LC has a convexly curved lowered corner edge 48 formed at the
intersection the peripheral side surface 24 and its associated end surface 22a, 22b.

In some embodiments of the present invention, each raised corner edge 46 may be formed
at the intersection of one of the four corner surfaces 42 and its associated end surface 22a, 22b, and
each lowered corner edge 48 may be formed at the intersection of one of the four corner surfaces 42
and its associated end surface 22a, 22b.

It should be appreciated that a raised corner cutting edge 50 is formed along at least a
portion of each raised corner edge 46, and a lowered corner cutting edge 52 is formed along at least
a portion of each lowered corner edge 48.

In some embodiments of the present invention, each raised corner cutting edge 50 may

extend the entire length of its associated raised corner edge 46.
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Also, in some embodiments of the present invention, each end surface 22a, 22b may
include a raised corner land surface 56 immediately adjacent each of its associated raised corner
cutting edges 50.

Further, in some embodiments of the present invention, each end surface 22a, 22b may
include a lowered corner land surface 54 immediately adjacent each of its associated lowered corner
cutting edges 52.

As shown in Figs. 2 and 4, each lowered corner edge 48 may adjoin one of the minor edges
32 at a first minor point NN1, and each raised corner edge 46 may adjoin one of the minor edges 32
at a second minor point NN2.

In some embodiments of the present invention, each minor cutting edge 36 may extend the
entire length of its associated minor edge 32.

Also, in some embodiments of the present invention, as shown in Fig. 4, each minor edge
32 may continuously slope towards the median plane M from its associated raised corner edge 46 to
its associated lowered corner edge 48.

As shown in Fig. 2, in an end view of the cutting insert 20, each minor edge 32 may be
tangential to its adjoining raised corner edge 46 and tangential to its adjoining lowered corner edge
48.

As shown in Figs. 1 and 2, each end surface 22a, 22b has a recessed central surface 58.

In some embodiments of the present invention, each recessed central surface 58 may be
planar and parallel to the median plane M.

Also, in some embodiments of the present invention, each lowered corner edge 48 may be
entirely located closer to the median plane M than its associated recessed central surface 58.

Further, in some embodiments of the present invention, each raised corner edge 46 may be
entirely located further from the median plane M than its associated recessed central surface 58.

As shown in Fig. 3, each raised corner edge 46 adjoins one of the major edges 30 at a first
major point NJ1, and each lowered corner edge 48 adjoins one of the major edges 30 at a third
major point NJ3.

Also, as shown in Fig. 3, in a major side view of the cutting insert 20, the first and third
major points NJ1, NJ3 of each major edge 30 define a major side length SL measured parallel to
the median plane M, and the major side length SL is divided into equal first, second and third length
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portions L1, L2, L3, in which the first length portion L1 is delimited by the first major point NJ1
and the third length portion L3 is delimited by the third major point NJ3.

In some embodiments of the present invention, each major cutting edge 34 may extend at
least the entire extent of its associated first and second length portions L1, L2.

Also, in some embodiments of the present invention, each end surface 22a, 22b may
include a major rake surface 60 adjacent each of its associated major cutting edges 34.

It should be appreciated that in some embodiments of the present invention, each major
rake surface 60 may be spaced apart from its associated major cutting edge 34 by its associated
major land surface 38.

As shown in Fig. 3, in a major side view of the cutting insert 20, each major edge 30 has an
associated first imaginary straight line LM1 containing its first and third major points NJ1, NJ3
and an elevated edge portion 62. The elevated edge portion 62 is located on one side of the first
imaginary straight line LM1 whilst the insert boundary line BL is located on the other side of the
first imaginary straight line LM1.

In some embodiments of the present invention, each elevated edge portion 62 may extend
to the first major point NJ1 of its associated major edge 30.

Also, in some embodiments of the present invention, each elevated edge portion 62 may
not extend to the third major point NJ3 of its associated major edge 30.

As shown in Fig. 4, in a minor side view of the cutting insert 20, the first and second minor
points NN1, NN2 of each minor edge 32 define a minor side width SW measured parallel to the
median plane M.

In some embodiments of the present invention, the major side length SL of each major
edge 30 may be greater than the minor side width SW of each minor edge 32, i.e. SL > SW.

As shown in Fig. 5, in a cross-section taken in the median plane M and intersecting the
four corner surfaces 42, the four corner surfaces 42 adjoin the two minor side surfaces 28a, 28b at
four corner points NC.

Also, as shown in Fig. 5, the four corner points NC may define an imaginary parallelogram
PL having first and second pairs of imaginary parallel sides S1, S2.

In some embodiments of the present invention, the first pair of imaginary parallel sides S1

may be perpendicular to the major side length SL of each major edge 30.
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Also, in some embodiments of the present invention, the first and second pairs of
imaginary parallel sides S1, S2 may define an imaginary rectangle RT. The elements of the first
pair of sides S1 are shorter than the elements of the second pair of sides S2.

It should be appreciated that in some embodiments of the present invention, in a cross-
section taken in any plane parallel to the median plane M and intersecting the four corner surfaces
42, the four points at which the four corner surfaces 42 adjoin the two minor side surfaces 28a, 28b
may define an imaginary parallelogram having first and second pairs of imaginary parallel sides,
and the first pair of imaginary parallel sides may be perpendicular to the major side length SL of
each major edge 30.

As shown in Fig. 6, in a cross-section taken in a first plane P1 intersecting one of the major
cutting edges 34 and located along its associated second length portion L2, the adjacent major rake
surface 60 may slope towards the median plane M whilst extending away from said one of the
major cutting edges 34.

Also, as shown in Fig. 6, in the cross-section taken in the first plane P1, said one of the
major cutting edges 34 may be located further from the median plane M than its associated recessed
central surface 58.

In some embodiments of the present invention, the first plane P1 may be perpendicular to
the median plane M.

Also, in some embodiments of the present invention, the first plane P1 may contain the
second insert axis A2.

It should be appreciated that in some embodiments of the present invention, in a cross-
section taken in any plane intersecting one of the major cutting edges 34 and located along its
associated second length portion L2, the adjacent major rake surface 60 may slope towards the
median plane M whilst extending away from said one major cutting edge 34.

According to the present invention, as shown in Fig. 3, in a major side view of the cutting
insert 20, each elevated edge portion 62 has a second major point NJ2 located furthest from its
associated first imaginary straight line LMI1, the second major point NJ2 being located in the third
length portion L3 of its associated major side length SL.

It should be appreciated that use of the term "furthest" in the preceding paragraph, refers to
each second major point NJ2 being located further from its associated first imaginary straight line
LM1 than any other point along it associated elevated edge portion 62.

9
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In some embodiments of the present invention, each major cutting edge 34 may extend
from its associated first major point NJ1 to its associated second major point NJ2.

Also, in some embodiments of the present invention, each major edge 30 may include a
non-cutting sub-portion 64 extending between its associated second major point NJ2 and its
associated third major point NJ3.

It should be appreciated that for embodiments of the present invention in which each major
cutting edge 34 extends from its associated first major point NJ1 to its associated second major
point NJ2 in the third length portion L3 of its associated major side length SL, milling operations
can be advantageously performed at large cutting depths.

As shown in Fig. 3, in a major side view of the cutting insert 20, each major edge 30 has an
associated second imaginary straight line LM2 containing its first and second major points NJ1,
NJ2 and intersecting one of the minor cutting edges 36 at a projected intersection point NI.

As seen by comparing Figs. 3 and 4, the projected intersection point NI is not collinear with
the first and second major points NJ1, NJ2 in three-dimensional space.

It should be appreciated that in some embodiments of the present invention, each end
surface 22a, 22b may have two projected intersection points NI associated therewith.

As shown in Fig. 7, in a cross-section taken in a second plane P2 located (passing) in-
between the two major side surfaces 26a, 26b and containing one of the projected intersection
points NI, the adjacent minor land surface 40 may form an internal minor cutting angle al with the
adjacent minor side surface 28a, 28b, and the minor cutting angle al may be at least 65 degrees and
at most 115 degrees, i.e. 65° <al <115°.

It should be appreciated that use of the term "internal angle" throughout the description and
claims refers to an angle between two surface components as measured internal to the member on
which these components are formed.

In some embodiments of the present invention, the second plane P2 may be perpendicular
to the median plane M.

Also, in some embodiments of the present invention, the second plane P2 may contain two
projected intersection points NI, namely, one projected intersection point NI associated with each
end surface 22a, 22b.

It should be appreciated that in some embodiments of the present invention, in a cross-
section taken in any plane located (passing) in-between the two major side surfaces 26a, 26b and

10
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intersecting one of the minor cutting edges 36, the adjacent minor land surface 40 may form an
internal minor cutting angle a1 with the adjacent minor side surface 28a, 28b, and the minor cutting
angle al may be at least 65 degrees and at most 115 degrees, i.e. 65° <al <115°.

As shown in Fig. 8, in a cross-section taken in a third plane P3 parallel to the first insert axis
A1l and intersecting one of the lowered comer cutting edges 52, the adjacent lowered corner land
surface 54 may form an internal lower cutting angle a2 with the peripheral side surface 24, and the
lower cutting angle a2 may be at least 65 degrees and at most 115 degrees, i.e. 65° <a2 <115°.

As shown in Fig. 9, in a cross-section taken in a fourth plane P4 parallel to the first insert
axis A1 and intersecting one of the raised corner cutting edges 50, the adjacent raised corner land
surface 56 may form an internal raised cutting angle a3 with the peripheral side surface 24, and the
raised cutting angle a3 may be at least 65 degrees and at most 115 degrees, i.e. 65° < a3 <115°.

As shown in Fig. 4, in a minor side view of the cutting insert 20, the minor side width SW
of each minor edge 32 is divided into equal first, second and third width portions W1, W2, W3, in
which the first width portion W1 is delimited by the first minor point NN1 and the third width
portion W3 is delimited by the second minor point NN2.

In some embodiments of the present invention, each projected intersection point NI may
be located in the second width portion W2 of its associated minor side width SW.

As shown in Fig. 2, in an end view of the cutting insert 20, each projected intersection point
NI may be coincident with the insert boundary line BL.

Also, as shown in Fig. 2, in an end view of the cutting insert 20, each minor edge 32 may be
coincident with the insert boundary line BL.

In some embodiments of the present invention, each minor side surface 28a, 28b may be
perpendicular to the median plane M.

It should be appreciated that configuring the minor side surfaces 28a, 28b to be
perpendicular to the median plane M, as opposed to having outwardly inclined sub-surfaces
extending away from the minor edges 32, enables the cutting insert 20 to be oriented with a greater
range of flexibility opposite a workpiece, whilst providing sufficient clearance adjacent the
operative minor cutting edge 36.

In other embodiments of the invention (not shown), for example, in which each minor side

surface 28a, 28b includes a lateral groove located midway between the end surfaces 22a, 22b and
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extending parallel to the second insert axis A2, in an end view of the cutting insert 20, each
projected intersection point NI may be located outside the insert boundary line BL.

Also, in other embodiments of the present invention, in an end view of the cutting insert 20,
each minor edge 32 may be located outside the insert boundary line BL.

As shown in Fig. 3, each projected intersection point NI may be located further from the
median plane M than its adjacent third major point NJ3.

Configuring each projected intersection point NI to be located further from the median plane
M than its adjacent third major point NJ3 results in at least a portion of its associated minor cutting
edge 36 being located closer to the median plane M than the projected intersection point NI, which
makes the cutting insert 20 suitable for performing ramping operations, also known as ramp-down,
or ramp milling operations.

Also, as shown in Fig. 3, each projected intersection point NI is located a first height H1
from the median plane M, and each third major point NJ3 is located a second height H2 from the
median plane M.

In some embodiments of the present invention, the first height H1 may be at least 120
percent of the second height H2,i.e. H1 > 1.2 * H2.

Also, in some embodiments of the present invention, the first height H1 may preferably be
at least 150 percent of the second height H2, i.e. H1 > 1.5 * H2.

It should be appreciated that for embodiments of the present invention in which the first
height H1 is at least 150 percent of the second height H2, the cutting insert 20 may be used to
perform ramping operations at increased ramping angles.

Further, in some embodiments of the present invention, the first height H1 may be no
more than 220 percent of the second height H2, i.e. H1 <2.2 * H2.

In a minor side view of the cutting insert 20, as shown in Fig. 4, each minor cutting edge 36
may include a wiping edge portion 66 adjoining its associated raised corner edge 46, a ramping
edge portion 68 adjoining its associated lowered corner edge 48, and a convexly shaped joining
edge portion 70 extending between the wiping edge portion 66 and the ramping edge portion 68.

As shown in Fig. 4, in a minor side view of the cutting insert 20, each wiping edge portion
66 may be linear.

Also, as shown in Fig. 4, in a minor side view of the cutting insert 20, each ramping edge
portion 68 may include a first ramping edge sub-portion 68a adjoining its associated lowered corner

12
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edge 48, a third ramping sub-portion 68c¢ adjoining its associated joining edge portion 70, and a
concavely shaped second ramping edge sub-portion 68b extending between the first and third
ramping edge sub-portions 68a, 68c.

In some embodiments of the present invention, each projected intersection point NI may
be located on the third ramping sub-portion 68c of its associated minor cutting edge 36.

It should be appreciated that each joining edge portion 70 may operate as a 'fourth’' ramping
edge sub-portion and participate in performing ramping operations.

It should also be appreciated that each lowered corner cutting edge 52 may participate in
performing ramping operations.

In some embodiments of the present invention, each first ramping edge sub-portion 68a
may be entirely located closer to the median plane M than its associated recessed central surface 58.

Also, in some embodiments of the present invention, each end surface 22a, 22b may
include a minor ramp surface 72 adjacent each first ramping edge sub-portion 68a.

It should be appreciated that in some embodiments of the present invention, as seen in
e.g., Fig. 10, each minor ramp surface 72 may be spaced apart from its associated first ramping
edge sub-portion 68a by its associated minor land surface 40.

As shown in Fig. 10, in a cross-section taken in a fifth plane PS5 located (passing) in-between
the two major side surfaces 26a, 26b and intersecting one of the first ramping edge sub-portions
68a, the adjacent minor ramp surface 72 may slope away from the median plane M whilst
extending away from said one of the first ramping edge sub-portions 68a.

In some embodiments of the present invention, each minor ramp surface 72 may slope
towards its associated recessed central surface 58 whilst extending away from its associated first
ramping edge sub-portion 68a.

Also, in some embodiments of the present invention, the fifth plane P5 may be
perpendicular to the median plane M.

It should be appreciated that in some embodiments of the present invention, the minor
ramp surface 72 advantageously provides a compact and efficient means for chip evacuation during
ramping operations.

It should also be appreciated that in some embodiments of the present invention, in a
cross-section taken in any plane located (passing) in-between the two major side surfaces 26a, 26b
and intersecting one of the first ramping edge sub-portions 68a, the adjacent minor ramp surface 72

13



WO 2020/194288 PCT/IL2020/050224

may slope away from the median plane M whilst extending away from said one of the first ramping
edge sub-portions 68a.

As shown in Figs. 2 and 4, each major side surface 26a, 26b may have a major outer surface
74 perpendicular the first insert axis A1l.

In some embodiments of the present invention, the two major outer surfaces 74 may define
a maximum insert width Wmax of the cutting insert 20.

As shown in Figs. 2 and 4, a sixth plane P6 (“longitudinal insert plane”) containing the first
insert axis A1 may be located mid-way in-between the major side surfaces 26a, 26b and also mid-
way in-between the two major outer surfaces 74.

The sixth plane P6 may be defined by the intersection of the first insert axis A1 and a third
insert axis A3 which is perpendicular to the first insert axis A1 and passes through the minor side
surfaces 28a, 28b. The third insert axis A3 may be contained in the median plane M. The third
insert axis A3 may be perpendicular to the second insert axis A2. Also, the second plane P2 and the
fifth plane PS5 may be parallel to the sixth plane P6.

In some embodiments of the present invention, each minor side surface 28a, 28b may
include two minor sub-surfaces 76a, 76b located on opposite sides of the sixth plane P6.

Also, in some embodiments of the present invention, the two minor sub-surfaces 76a, 76b
may form an internal obtuse minor abutment angle B1, and the minor abutment angle p1 may be
greater than 160 degrees, i.e. B1 > 160°.

As shown in Figs. 1 to 4, each major side surface 26a, 26b may include a major relief
surface 78 immediately adjacent each of its associated major cutting edges 34.

As shown in Fig. 6, in a cross-section taken in a seventh plane P7 intersecting one of the
major cutting edges 34, the adjacent major relief surface 78 may slope towards the median plane M
whilst extending away from said one of the major cutting edges 34.

In some embodiments of the present invention, the seventh plane P7 may be perpendicular
to the sixth plane P6.

Also, in some embodiments of the present invention, the seventh plane P7 may be
coincident with the first plane P1.

As shown in Fig. 6, in the cross-section taken in the seventh plane P7, the adjacent major
relief surface 78 may slope away from the sixth plane P6 whilst extending away from its associated
major cutting edge 34.
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It should be appreciated that by virtue of each major relief surface 78 sloping away from
the sixth plane P6 whilst extending away from its associated major cutting edge 34, each major
relief surface 78 may be described as a 'reversed-relief’ surface.

In some embodiments of the present invention, each major relief surface 78 may intersect
one of the major outer surfaces 74.

As shown in Figs. 1 to 4, each corner surface 42 may include a raised corner relief surface
80 immediately adjacent its associated raised corner cutting edge 50.

It should be appreciated that each raised corner relief surface 80 may merge with its adjacent
major relief surface 78.

In some embodiments of the present invention, in a major side view of the cutting insert
20, as shown in Fig. 3, each corner surface 42 may have an associated third imaginary straight line
LM3 containing its first and third major points NJ1, NJ3, and each third imaginary straight line
LM3 may be inclined with respect to the first insert axis Al.

It should be appreciated that for embodiments in which each third imaginary straight line
M3 is inclined with respect to the first insert axis A1, in a major side view of the cutting insert 20,
the two major side lengths SL associated with each major side surface 26a, 26b may be mutually
offset.

As shown in Figs. 11 to 14, another aspect of the present invention relates to a rotary
cutting tool 82 rotatable about a tool axis AT in a direction of rotation RT.

The rotary cutting tool 82 comprises a cutting body 84 and at least one of the
aforementioned cutting inserts 20, whereby each cutting insert 20 is removably secured in an
insert receiving pocket 86 of the cutting body 84.

As shown in Fig. 13, the tool axis AT defines a forward-rearward direction DF, DR, and
each insert receiving pocket 86 opens out at a forward end surface 88 of the cutting body 84.

In some embodiments of the present invention, the cutting body 84 may be cylindrical
shaped and have a circumferential wall 90 extending in the rearward direction DR from the
forward end surface 88.

Also, in some embodiments of the present invention, the rotary cutting tool 82 may be

used for milling operations.
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As shown in Fig. 12, the insert receiving pocket 86 may have a seat surface 92 facing in
the direction of rotation RT, a radially outward facing first pocket wall 94 transverse to the seat
surface 92, and an axially forward facing second pocket wall 96 transverse to the seat surface 92.

In some embodiments of the present invention, the second pocket wall 96 may intersect
the circumferential wall 90.

Also, in some embodiments of the present invention, the seat surface 92 may include a
threaded bore 98 extending along a bore axis AB.

As shown in Figs. 11 to 14, in the assembled position of the rotary cutting tool 82;

one of the two end surfaces 22a, 22b may be in contact with the seat surface 92;

one of the two major side surfaces 26a, 26b may be in contact with the first pocket wall 94;
and

one of the two minor side surfaces 28a, 28b may be in contact with the second pocket
wall 96.

In some embodiments of the present invention, the recessed central surface 58 of one of
the end surfaces 22a, 22b may be in contact with the seat surface 92.

Also, in some embodiments of the present invention, the major outer surface 74 of one of
the two major side surfaces 26a, 26b may be in contact with the first pocket wall 94.

Further, in some embodiments of the present invention, only one of the two minor sub-
surfaces 76a, 76b of one of the two minor side surfaces 28a, 28b may be in contact with the second
pocket wall 96.

Yet further, in some embodiments of the present invention, the single minor sub-surface
76a, 76b in contact with the second pocket wall 96 may be adjacent the major side surface 26a,
26b not in contact with the first pocket wall 94.

As shown in Figs. 11 to 14, in the assembled position of the rotary cutting tool 82;

a clamping screw 100 may pass through the insert through bore 44 and threadingly engage
the threaded bore 98.

In some embodiments of the present invention, the second insert axis A2 may be non-
coaxial with the bore axis AB.

It should be appreciated that for embodiments of the present invention in which the first

height H1 is no more than 220 percent of the second height H2, a sufficient portion of the single
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minor sub-surface 76a, 76b in contact with the second pocket wall 96 may be located rotationally
ahead of the bore axis AB to enable stable clamping.

It should also be appreciated that for embodiments of the present invention in which the
second insert axis A2 is non-coaxial with the bore axis AB, the insert through bore 44 may be
eccentric in relation to the threaded bore 98.

It should be further appreciated that the eccentric relationship of the insert through bore 44
in relation to the threaded bore 98 promotes contact between one of the two end surfaces 22a, 22b
and the seat surface 92, and one of the two minor side surfaces 28a, 28b and the second pocket
wall 96, on tightening of the clamping screw 100.

As shown in Fig. 13, the operative major cutting edge 34 of each cutting insert 20 may form
a positive axial rake angle 61 with respect to the tool axis AT.

In some embodiments of the present invention, the operative major cutting edge 34, together
with the adjacent raised corner cutting edge 50 and wiping edge portion 66, may be configured to
performing square shoulder milling operations in a workpiece (not shown).

As shown in Fig. 13, the entire operative minor cutting edge 36 of each cutting insert 20
may be located axially forward of the forward end surface 88.

It should be appreciated that for embodiments of the present invention in which each minor
cutting edge 36 extends the entire length of its associated minor edge 32, and the operative minor
cutting edge 36 of each cutting insert 20 is entirely located axially forward of the forward end
surface 88, the rotary cutting tool 82 may be particularly suitable for performing ramping
operations.

Although the present invention has been described to a certain degree of particularity, it
should be understood that various alterations and modifications could be made without departing

from the spirit or scope of the invention as hereinafter claimed.
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CLAIMS

What is claimed is:

I. A cutting insert (20), comprising:
two opposing end surfaces (22a, 22b) interconnected by a peripheral side surface (24) and
an insert axis (A1) passing through the opposing end surfaces (22a, 22b),
each end surface (22a, 22b) having a recessed central surface (58),
the peripheral side surface (24) having two opposing major side surfaces (26a, 26b)
and two minor side surfaces (28a, 28b),
a major edge (30) formed at the intersection of each major side surface (26a,
26b) and each end surface (22a, 22b), and a major cutting edge (34) formed along at
least a portion of each major edge (30),
a minor edge (32) formed at the intersection of each minor side surface (28a,
28b) and each end surface (22a, 22b), and a minor cutting edge (36) formed along at
least a portion of each minor edge (32),
a median plane (M) perpendicular to the first insert axis (Al) and intersecting the
peripheral side surface (24) to form an insert boundary line (BL), and
each end surface (22a, 22b) having two diagonally opposed raised corners (RC) and
two diagonally opposed lowered corners (LC) with respect to the median plane (M),
each raised corner (RC) having a convexly curved raised corer edge (46)
formed at the intersection of the peripheral side surface (24) and its associated end
surface (22a, 22b), each raised corner edge (46) adjoining one of the major edges
(30) at a first major point (NJ1), and a raised corner cutting edge (50) formed along
at least a portion of each raised corner edge (46),
each lowered corner (LC) having a convexly curved lowered corner edge
(48) formed at the intersection of the peripheral side surface (24) and its associated

end surface (22a, 22b), each lowered corner edge (48) adjoining one of the major
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edges (30) at a third major point (NJ3), and a lowered corner cutting edge (52)
formed along at least a portion of each lowered corner edge (48),
wherein in a major side view of the cutting insert (20):
the first and third major points (NJ1, NJ3) of each major edge (30) define a
major side length (SL) measured parallel to the median plane (M), the major side length
(SL) being divided into equal first, second and third length portions (L1, L2, L3), in which
the first length portion (L1) is delimited by the first major point (NJ1) and the third length
portion (L3) is delimited by the third major point (NJ3),
each major edge (30) has an associated first imaginary straight line (LM1)
containing its first and third major points (NJ1, NJ3) and an elevated edge portion (62), the
elevated edge portion (62) being located on one side of the first imaginary straight line
(LM1) and the insert boundary line (BL) being located on the other side of the first
imaginary straight line (LM1), and
each elevated edge portion (62) has a second major point (NJ2) located: (i)
furthest from its associated first imaginary straight line (LM1), and (ii) in the third length
portion (L3) of its associated major side length (SL).

2. The cutting insert (20) according to claim 1, wherein in a major side view of the
cutting insert (20):
each major edge (30) has an associated second imaginary straight line (LM2)
containing its first and second major points (NJ1, NJ2) and intersecting one of the minor
cutting edges (36) at a projected intersection point (NI), and
each projected intersection point (NI) is located further from the median plane (M)

than its adjacent third major point (NJ3).

3. The cutting insert (20) according to claim 1 or 2, wherein:

each end surface (22a, 22b) includes a minor land surface (40) immediately adjacent each of
its associated minor cutting edges (36), and

in a cross-section taken in a second plane (P2) located in-between the two major side

surfaces (26a, 26b) and containing one of the projected intersection points (NI), the adjacent minor
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land surface (40) forms an internal minor cutting angle (al) with the adjacent minor side surface

(28a, 28b), and the minor cutting angle (al) 1s at least 65 degrees and at most 115 degrees.

4. The cutting insert (20) according to claim 2 or 3, wherein:

each projected intersection point (NI) is located a first height (H1) from the median
plane (M),

each third major point (NJ3) is located a second height (H2) from the median plane
(M), and

the first height (H1) is at least 120 percent of the second height (H2).

5. The cutting insert (20) according to claim 4, wherein:

the first height (H1) is no more than 220 percent of the second height (H2).

6. The cutting insert (20) according to any one of the preceding claims, wherein:

in a cross-section taken in any plane located in-between the two major side surfaces (26a,
26b) and intersecting one of the minor cutting edges (36), the adjacent minor land surface (40)
forms an internal minor cutting angle (a1) with the adjacent minor side surface (28a, 28b), and the

minor cutting angle (a1) 1s at least 65 degrees and at most 115 degrees.

1. The cutting insert (20) according to any one of the preceding claims, wherein in an
end view of the cutting insert (20), each minor edge (32) is either coincident with the insert

boundary line (BL)) or located outside the insert boundary line (BL).

8. The cutting insert (20) according to any one of the preceding claims, wherein each

minor cutting edge (36) extends the entire length of its associated minor edge (32).
9. The cutting insert (20) according to any one of the preceding claims, wherein the

peripheral side surface (24) includes four convexly curved corner surfaces (42) alternating with the

two major side surfaces (26a, 26b) and the two minor side surfaces (28a, 28b).
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10. The cutting insert (20) according to claim 9, wherein in a cross-section taken in the
median plane (M) and intersecting the four corner surfaces (42):

the four corner surfaces (42) adjoin the two minor side surfaces (28a, 28b) at four corner
points (NC),

the four corner points (NC) define an imaginary parallelogram (PL) having first and second
pairs of imaginary parallel sides (S1, S2), and

the first pair of imaginary parallel sides (S1) are perpendicular to the major side length (SL)
of each major edge (30).

1. The cutting insert (20) according to any one of the preceding claims, wherein in a
minor side view of the cutting insert (20), each minor cutting edge (36) includes:
a wiping edge portion (66) adjoining its associated raised corner edge (30),
a ramping edge portion (68) adjoining its associated lowered corner edge (34), and
a convexly shaped joining edge portion (70) extending between the wiping edge

portion (66) and the ramping edge portion (68).

12. The cutting insert (20) according to claim 11, wherein in a minor side view of the
cutting insert (20), each ramping edge portion (68) includes:
a first ramping edge sub-portion (68a) adjoining its associated lowered corner edge
(48),
a third ramping sub-portion (68c) adjoining its associated joining edge portion (70),
and
a concavely shaped second ramping edge sub-portion (68b) extending between the

first and third ramping edge sub-portions (68a, 68c).

13. The cutting insert (20) according to claim 12, wherein:

each end surface (22a, 22b) includes a minor ramp surface (72) adjacent each first
ramping edge sub-portion (68a), and

in a cross-section taken in a fifth plane (P5) located in-between the two major side

surfaces (26a, 26b) and intersecting one of the first ramping edge sub-portions (68a), the
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adjacent minor ramp surface (72) slopes away from the median plane (M) whilst extending

away from said one of the first ramping edge sub-portions (68a).

14. The cutting insert (20) according to claim 13, wherein in a cross-section taken in any
plane located in-between the two major side surfaces (26a, 26b) and intersecting one of the first
ramping edge sub-portions (68a), the adjacent minor ramp surface (72) slopes away from the

median plane (M) whilst extending away from said one of the first ramping edge sub-portions (68a).

15. The cutting insert (20) according to any one of the preceding claims, wherein the

cutting insert (20) exhibits rotational symmetry about the first insert axis (A1).

16. The cutting insert (20) according to any one of the preceding claims, wherein a
second insert axis (A2) passes through the two major side surfaces (26a, 26b), and an insert through
bore (44) extends along the second insert axis (A2) and intersects the two major side surfaces (26a,

26b).

17. The cutting insert (20) according to claim 16, wherein the cutting insert (20) exhibits

rotational symmetry about the second insert axis (A2).

18. The cutting insert (20) according to any one of the preceding claims, wherein each
elevated edge portion (62) does not extend to the third major point (NJ3) of its associated major

edge (30).

19. A rotary cutting tool (82) rotatable about a tool axis (AT) in a direction of rotation
(RT), comprising:
a cutting body (84) having at least one insert receiving pocket (86); and
at least one cutting insert (20) in accordance with any one of the preceding claims

removably secured in the insert receiving pocket (86).

20. The rotary cutting tool (82) according to claim 19, wherein:
the tool axis (AT) defines a forward-rearward direction (DF, DR),
22
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each insert receiving pocket (86) opens out at a forward end surface (88) of the
cutting body (84),

each minor cutting edge (36) extends the entire length of its associated minor edge
(32), and

the entire operative minor cutting edge (36) of each cutting insert (20) is located

axially forward of the forward end surface (88).

21. The rotary cutting tool (82) according to claim 19 or 20, wherein:
the operative major cutting edge (34) of each cutting insert (20) forms a positive

axial rake angle (61) with respect to the tool axis (AT).

22. The rotary cutting tool (82) according to any one of claims 19 to 21, wherein:
the insert receiving pocket (86) has:
a seat surface (92) facing in the direction of rotation (RT);
a radially outward facing first pocket wall (94) transverse to the seat
surface (92); and
an axially forward facing second pocket wall (96) transverse to the seat
surface (92);
one of the two end surfaces (22a, 22b) is in contact with the seat surface (92);
one of the two major side surfaces (26a, 26b) is in contact with the first pocket wall
(94); and
one of the two minor side surfaces (28a, 28b) is in contact with the second pocket

wall (96).

23. The rotary cutting tool (82) according to claim 22, wherein:

the seat surface (92) includes a threaded bore (98) extending along a bore axis
(AB),

an insert through bore (44) extending along a second insert axis (A2) intersects the
insert's two major side surfaces (26a, 26b), and

a clamping screw (100) passes through the insert through bore (44) and threadingly
engages the threaded bore (98).
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