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Description

TECHNICAL FIELD

[0001] The present invention relates to a cutting insert
according to the preamble of claim 1, a cutting tool com-
prising such a cutting insert, and a method of manufac-
turing a machined product using them.

BACKGROUND ART

[0002] As a conventional cutting insert, Japanese Un-
examined Patent Publication No. 2010-64224 and U.S.
Patent No. 7494393 disclose configurations of interpos-
ing a breaker groove between a cutting edge and a con-
straining surface.
[0003] However, with these cutting inserts in which the
constraining surface and the breaker groove are formed
in the same surface, chips generated by the cutting edge
are apt to collide with the constraining surface, thus mak-
ing it difficult to ensure stable chip discharge perform-
ance. Additionally, the constraining surface is worn and
thus makes it difficult to ensure constraining stability.
[0004] JP 2008 018515 A discloses a cutting insert ac-
cording to the preamble of claim 1 and a cutting tool com-
prising such a cutting insert, and JP 2008 229744 A dis-
closes a cutting insert and an insert removable rotary
cutting tool.

SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide
a cutting insert and a cutting tool which are configured
to reduce chips colliding with the constraining surface,
and a method of manufacturing a machined product us-
ing the cutting insert and the cutting tool.
[0006] The present invention discloses a cutting insert
according to claim 1, a cutting tool according to claim 10,
and a method of manufacturing a machined product ac-
cording to claim 14. Further advantageous embodiments
of the present invention are disclosed in the dependent
claims.
[0007] In the cutting insert according to the present in-
vention, though the first constraining surface is formed
in addition to the rake surface on the inside of the major
cutting edge in the first side surface, the distance be-
tween the major cutting edge and the first constraining
surface is increased toward the minor cutting edge. It is
therefore capable of effectively preventing chips colliding
with the first constraining surface at a region of the major
cutting edge which is located closer to the minor cutting
edge and serves as a major portion for generating the
chips, thereby making it possible to reduce the wear of
the first constraining surface. Hence, even when, after a
cutting process is performed using the first side surface
and the corresponding cutting edge, the insert is attached
to the holder by using the first constraining surface in a
case where the cutting process is performed using, for

example, the second side surface and the corresponding
cutting edge, the constraining stability between the first
constraining surface (insert) and the holder can be en-
sured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 is a perspective view showing a cutting insert
according to an embodiment of the present inven-
tion;
Fig. 2(a) is a plan (top) view of the cutting insert
shown in Fig. 1; Fig. 2(b) a side view thereof, taken
in a direction of arrow A in Fig. 2(a), namely, taken
from a first side surface;
Fig. 3(a) is a side view showing a holder for attaching
the cutting insert according to the embodiment of the
present invention; Fig. 3(b) is a side view of the hold-
er, taken from a different angle from that in Fig. 3(a);
Fig. 3(c) is a front end view of the holder;
Fig. 4(a) is a perspective view showing a cutting tool
according to an embodiment of the present inven-
tion; Fig. 4(b) is a side view of the cutting tool;
Fig. 5 is a partially enlarged view showing in enlarged
dimension a front end part of the cutting tool in Fig.
4 (b) ; and
Figs. 6(a) to 6(c) are perspective views showing a
method of manufacturing a machined product ac-
cording to an embodiment of the present invention
in manufacturing step order.

PREFERRED EMBODIMENTS FOR CARRYING OUT 
THE INVENTION

<Cutting Insert>

[0009] A cutting insert (hereinafter referred to as "in-
sert" in some cases) according to an embodiment of the
present invention is described in details below with ref-
erence to Figs. 1 and 2.
[0010] As shown in Figs. 1 and 2, the insert 1 of the
present embodiment is a substantially triangle in a top
view. The substantially triangular insert 1 produces two
advantages that a major cutting edge 51 is disposed so
as to have a relatively large positive axial rake angle, and
a flank surface 41c is disposed so as to have a relatively
large flank angle when the insert 1 is attached to a holder
10 as described later. The shape of the insert 1 is not
limited thereto. The insert 1 may have a plate shape of
a substantially polygonal shape, such as quadrangle,
pentagon, hexagon, or octagon in a top view. In the fol-
lowing, the phrase "top view" denotes a state in which
the insert 1 is viewed toward an upper surface 2 de-
scribed below, unless otherwise stated.
[0011] The insert 1 of the present embodiment gener-
ally includes an upper surface 2, a lower surface 3, a
through hole 6 extending between the upper surface 2
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and the lower surface 3, a side surface 4 connected to
each of the upper surface 2 and the lower surface 3, and
a cutting edge 5 lying along the intersection of the upper
surface 2 and the side surface 4. The side surface 4 in-
cludes a first side surface 41. The cutting edge 5 includes
a major cutting edge 51. In the insert 1, the dimension of
one side of the substantially triangle in a top view is pref-
erably, for example, approximately 10 to 20 mm, and a
thickness from the upper surface 2 to the lower surface
3 is preferably, for example, approximately 4 to 8 mm.
The insert 1 can be made of a hard material, such as
cemented carbide, ceramics or cermet, or, alternatively
those in which a hard film of TiC, TiN, TiCN, or Al2O3 is
coated on each of these base materials by means of PVD
or CVD. It is preferable to use those in which PVD coating
is applied to cemented carbide, from the viewpoint of
chipping resistance and stability of the coating layer.
[0012] The individual elements of the insert 1 are de-
scribed sequentially below. In the present embodiment,
the upper surface 2 and the lower surface 3 have the
same configuration, and therefore, the description of the
lower surface 3 is omitted in the following unless a special
explanation is required.
[0013] The upper surface 2 includes a flat surface 21
located above the major cutting edge 51 in a side view,
at a portion of the upper surface 2 which is located around
the through hole 6 and is away from the major cutting
edge 51. In the following, the phrase "side view" denotes
a state in which the insert 1 is viewed toward the first side
surface 41 unless otherwise noted.
[0014] The through hole 6 is the hole for inserting a
fastening screw and an attachment screw when the insert
1 is attached to the holder 10 as shown in Fig. 3. The
through hole 6 is located at a middle portion of the upper
surface 2. A central axis of the through hole 6 and a cen-
tral axis S1 of the insert 1 are coaxially located. The cen-
tral axis S1 of the insert 1 denotes the axis which extends
between the upper surface 2 and the lower surface 3,
and serves as a rotation axis when the insert 1 is rotated
in a top view.
[0015] The side surface 4 includes a first side surface
41, a second side surface 42 and a third side surface 43
which are sequentially located adjacent to each other,
as shown in Fig. 1. Of these side surfaces 41, 42 and 43,
the first side surface 41 is illustrated by example below.
The first side surface 41 includes a first constraining sur-
face 41a having a function of serving as an attachment
surface with respect to the holder 10, a rake surface 41b
having a so-called rake function, and a flank surface 41c
having a function of avoiding contact against a workpiece
100. Similarly to the first side surface 41, the second side
surface 42 includes a second constraining surface 42a,
a rake surface 42b and a flank surface 42c. The third
side surface 43 also has the same configuration as the
first side surface 41 and the second side surface 42.
[0016] Cutting edges 5 are respectively formed at pe-
ripheral edge parts of the three surfaces (the first side
surface 41, the second side surface 42 and the third side

surface 43) constituting the side surface 4, and the major
cutting edge 51 lies along the intersections of the upper
surface 2 and the side surfaces 41, 42 and 43, respec-
tively. In the present embodiment, the first side surface
41, the second side surface 42 and the third side surface
43 have the same structure. Therefore, the following de-
scription of the first side surface 41 is common to both
the second side surface 42 and the third side surface 43.
[0017] In the insert 1, the upper surface 2 and the lower
surface 3 are parallel to each other, and the side surface
4 is formed substantially vertical to the upper surface 2
and the lower surface 3. Consequently, both surfaces of
the insert 1 are usable for cutting process as described
later. Additionally, in the insert 1, the first side surface
41, the second side surface 42 and the third side surface
43 are respectively provided with the rake surface. A ma-
jor cutting edge 55 is also formed along the intersection
of the lower surface 3 and the side surface 4.
[0018] When the cutting process is performed using
the major cutting edge 55 closer to the lower surface 3,
the flat surface 21 of the upper surface 2 can be used as
a seating surface with respect to the holder 10. Accord-
ingly, the insert 1 can perform the cutting process by us-
ing a total of six corners, namely, two corners for each
of the first side surface 41, the second side surface 42
and the third side surface 43. Because both surfaces of
the insert 1 of the present embodiment are usable for the
cutting process, the major cutting edge 55 closer to the
lower surface 3 has a shape obtained by reversing the
major cutting edge 51 closer to the lower surface 2 in
order to allow the insert 1 to be used in a vertically re-
versed state. That is, as shown in Fig. 2(b), the insert 1
has a rotationally symmetrical configuration around a line
perpendicular to a midpoint of the upper surface 2 and
the lower surface 3 in the central axis S1.
[0019] The cutting edge 5 formed at each of the pe-
ripheral edge parts of the side surfaces 41, 42 and 43
includes the major cutting edge 51 and a minor cutting
edge 52. Further in the present embodiment, as shown
in Figs. 1 and 2(b), the major cutting edge 51 and the
minor cutting edge 52 are connected to each other via a
corner cutting edge 53. The insert 1 of the present em-
bodiment can perform the cutting process by using the
corners including the major cutting edge 51, the minor
cutting edge 52 and the corner cutting edge 53. In the
present embodiment, the cutting edges 5 respectively
formed at the peripheral edge parts of the side surfaces
41, 42 and 43 have the same structure. Therefore, the
descriptions of the cutting edges 5 respectively formed
at the peripheral edge parts of the second side surface
42 and the third side surface 43 are omitted in the follow-
ing unless a special explanation is required.
[0020] The major cutting edge 51 lies along the inter-
section of the first side surface 41 and the upper surface
2, and performs a major role in chip generation in cutting
action. In the present embodiment, the major cutting
edge 51 has a curved shape that is recessed toward the
through hole 6 as separating from the minor cutting edge
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52 in a top view, and also has a bent shape so as to
expand outward (upward) as coming from an end portion
51a to a middle portion 51b in a side view. The former
structure suppresses the increase in cutting resistance
during the cutting process, and the latter structure reduc-
es the cutting edge fracture of the major cutting edge 51.
[0021] The minor cutting edge 52 lies along the inter-
section of the first side surface 41 and the second side
surface 42. In the present embodiment, a region extend-
ing from an end portion 52a closer to the major cutting
edge 51 (corner cutting edge 53) to a middle portion 52b
at the intersection of the first side surface 41 and the
second side surface 42 is preferably mainly used as a
cutting region to be contacted against the workpiece dur-
ing the cutting process. Accordingly, in the present em-
bodiment, a region extending from the middle portion 52b
to an end portion 52c opposite the corner cutting edge
53 in the intersection of the first side surface 41 and the
second side surface 42 corresponds to a non-cutting re-
gion. The minor cutting edge 52 has a role in smoothing
a finished surface 102 of the workpiece 100. In the
present embodiment, as shown in Fig. 2(b), the minor
cutting edge 52 has a V-shape inclined somewhat out-
ward as coming from both end portions to the middle
portion in a side view.
[0022] The corner cutting edge 53 is interposed be-
tween the major cutting edge 51 and the minor cutting
edge 52, and has a relatively moderate curved shape,
as shown in Fig. 2(b). That is, the corner cutting edge 53
is located between the major cutting edge 51 and the
minor cutting edge 52, and has a curved shape projected
outward in a side view. No special limitation is imposed
on the radius of curvature of the corner cutting edge 53.
[0023] As described above, the side surface 4 includes
the constraining surface (first constraining surface) 41a,
the rake surface 41b and the flank surface 41c. In the
present embodiment, the side surface 4 is made up of
the three surfaces, and includes the first side surface 41
and the second side surface 42 adjacent to each other,
as shown in Fig. 1. The side surface 4 is described in
details below by taking the first side surface 41 as an
example.
[0024] The rake surface 41b is located between the
first constraining surface 41a and the major cutting edge
51, and is recessed with respect to the first constraining
surface 41a and the major cutting edge 51. The rake
surface 41b is the portion having a role in smoothly dis-
charging to the exterior the chips generated by the major
cutting edge 51 during the cutting process by being con-
tacted against the chips so as to cause deformation of
the chips or change their flow direction. Specifically, the
rake surface 41b includes sequentially a descending por-
tion 41b1 inclined toward the through hole 6 (inward) as
coming from the major cutting edge 51 to the first con-
straining surface 41a, and an ascending portion (rising
portion) 41b2 which is connected to the descending por-
tion 41b1, and is inclined outward as coming to the first
constraining surface 41a. Alternatively, the rake surface

41b may be configured to have a flat bottom portion be-
tween the descending portion 41b1 and the ascending
portion 41b2.
[0025] The descending portion 41b1 of the rake sur-
face 41b is inclined at a predetermined rake angle with
respect to the flat surface 21, and the rake angle is pref-
erably set at, for example, 30 to 55 degrees. The cutting
resistance can be reduced by setting the rake angle at
30 degrees or more, and the cutting edge strength can
be surely ensured by setting it at 55 degrees or less.
Alternatively, the rake surface 41b may include a flat sur-
face-shaped portion or curved surface-shaped portion.
The concept of the flat surface-shaped includes not only
a flat surface in a strict sense, but also slight irregularities
and curves as long as they perform their function. This
is also true for the curved surface shape.
[0026] In the present embodiment, the rake surface
41b extends not only between the first constraining sur-
face 41a and the major cutting edge 51, but also between
the flank surface 41c adjacent to the first constraining
surface 41a and the major cutting edge 51. The rake
angle at the end portion closer to the minor cutting edge
52 is preferably set at 20 to 30 degrees. The rake angle
thereat is preferably set at a relatively small value be-
cause a relatively large impact force is exerted thereon
during the cutting process. The rake angle of portions
away from the minor cutting edge 52 is preferably set at
30 to 55 degrees as described above.
[0027] The first constraining surface 41a is located at
a middle region of the first side surface in a thickness
direction of the insert 1 (first constraining surface 41a),
and has a role in fixing the insert 1 and the holder 10 by
being contacted against the holder 10 when the cutting
process is performed using the major cutting edge 51
lying on the surfaces of the side surface 4 other than the
first side surface 41, for example, the first side surface
and the third side surface 43.
[0028] In the present embodiment, as shown in Fig.
2(b), distance Wa between the major cutting edge 51 and
the first constraining surface 41a is increased toward the
minor cutting edge 52 in a side view. That is, Wa1 and
Wa2 have a relationship of Wa1>Wa2, where Wa1 is
distance Wa located closer to the minor cutting edge 52
than the central axis S1 of the insert 1, and Wa2 is dis-
tance Wa located away from the minor cutting edge 52
compared to the central axis S1 in the side view. Hence,
in the insert 1 of the present embodiment, the first con-
straining surface 41a is formed in addition to the rake
surface 41b on the inside of the major cutting edge 51 in
the first side surface 41. However, by allowing the rake
surface 41b having a relatively large width to deform the
chips or change the chip flow direction at a region of the
major cutting edge 51 which is closer to the minor cutting
edge 52 and serves as a major portion for generating the
chips, the chips colliding with the first constraining sur-
face 41a can be effectively reduced, thereby reducing
the wear of the first constraining surface 41a. Therefore,
even when, after the cutting process is performed using
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the first side surface 41 and the cutting edge 5, the insert
1 is attached to the holder 10 in a case where the cutting
process is performed using, for example, the second side
surface 42 and the cutting edge 5, the constraining sta-
bility between the first constraining surface 41a (insert 1)
and the holder 10 can be ensured.
[0029] In the present embodiment, the first constrain-
ing surface 41a has the following configuration. As shown
in Fig. 2(b), a longitudinal direction of the first constraining
surface 41a is inclined with respect to the major cutting
edge 51 in the side view. The phrase "longitudinal direc-
tion" denotes the direction of a line connecting middle
points of directions parallel to the central axis S1 in Fig.
2(b). When the line connecting these middle points is not
a straight line, a straight line connecting middle points at
both ends of the line is substituted therefor. As described
later, it is preferable to constrain by using a portion of the
first constraining surface 41a which is located closer to
the outer periphery of the holder 10 in a state in which
the first constraining surface 41a is attached to the holder
10. This allows excellent constraining stability to be ex-
hibited during the cutting process.
[0030] Additionally, as shown in Fig. 2(b), the first con-
straining surface 41a extends with a substantially con-
stant width along the major cutting edge 51 in a side view.
The first constraining surface 41a is also divided at its
middle portion 41a2 into two portions 41a5 and 41a6 in
the side view. This facilitates attachment of these divided
two portions 41a5 and 41a6 to the holder 10 as inde-
pendent contact portions, thereby improving the con-
straining stability of the insert 1. As described later, the
middle portion 41a2 has such a shape that is concavely
curved so as to be located closer to the through hole 6
in a top perspective view.
[0031] On the other hand, the first constraining surface
41a has the following configuration in a top perspective
view (top view). That is, as shown in Fig. 2(a), when the
first constraining surface 41a is viewed as a whole, the
first constraining surface 41a has a configuration being
recessed toward the through hole 6 as coming to the
middle portion 41a2. That is, the first constraining surface
41a is so recessed as to be closer to the central axis S1
as coming to the middle portion 41a2. When the individual
portions of the first constraining surface 41a are viewed,
the middle portion 41a2 is located closer to the through
hole 6 (central axis S1) than the major cutting edge 51
(refer to a broken line in Fig. 2(a)), and the end portion
41a1 closer to the minor cutting edge 52 is located out-
ward compared to the major cutting edge 51. The first
constraining surface 41a is so recessed toward the
through hole 6 as coming from the end portion 41a1 clos-
er to the minor cutting edge 52 to the middle portion 41a2,
thus making it easier for the chips generated by the major
cutting edge 51 to be discharged to the exterior without
colliding with the middle portion 41a2 of the first con-
straining surface 41a. That is, the wear caused by the
collision of the chips can also be reduced at the middle
portion 41a2 of the first constraining surface 41a. Of both

end portions of the first constraining surface 41a, the end
portion 41a3 located opposite the end portion 41a1 is
also located outward compared to the major cutting edge
51 similarly to the end portion 41a1.
[0032] As shown in Fig. 2(a), the second side surface
42 adjacent to the first side surface 41 also includes the
second constraining surface 42a at a middle region in
the thickness direction of the insert 1, as described
above. The portion 41a4 of the first constraining surface
41a adjacent to the minor cutting edge 52 and the portion
42a4 of the second constraining surface 42a adjacent to
the minor cutting edge 52 are arranged in a parallel re-
lationship in a top perspective view.
[0033] The flank surface 41c is located between the
first constraining surface 41a and the minor cutting edge
52. The flank surface 41c of the first side surface 41 is
located rearward in the rotation direction of the holder 10
with respect to the minor cutting edge 52 of the second
side surface 42 during the cutting process using the major
cutting edge 51 of the second side surface 42, and needs
not to be contacted against the workpiece 100. As shown
in Fig. 2(a), distance Wb between the flank surface 41c
and the major cutting edge 51 is increased as separating
from the minor cutting edge 52 in a top view. That is, Wb1
and Wb2 have a relationship of Wb1<Wb2, where Wb 1
is distance Wb located closer to the minor cutting edge
52, and Wb2 is distance Wb located away from the minor
cutting edge 52 compared to Wb1.

<Cutting Tool>

[0034] Next, a cutting tool according to an embodiment
of the present invention is described with reference to
Figs. 3 to 5. The cutting tool 20 of the present embodiment
has the foregoing plurality of inserts 1 attached to the
outer peripheral front end portions of the holder 10, as
shown in Figs. 3 to 5.
[0035] Specifically, as shown in Fig. 3, a plurality of
insert pockets 11 spaced apart from each other in a cir-
cumferential direction are formed in the outer peripheral
front end portions of the holder 10. These insert pockets
11 correspond to the outer peripheral front end portions
of the holder 10 which are cut out to form a substantially
V-shape in a planar view. These insert pockets 11 have
a plurality of contact surfaces 11a, and are configured to
attach the inserts 1 one by one to a plurality of attachment
surfaces 12 formed by the cutting out.
[0036] A method of attaching the insert 1, for example,
includes inserting a fastening screw 61 into the through
hole 6 of the insert 1; and screwing the front end of the
fastening screw 61 into a screw hole 12a formed in the
attachment surface 12 of the holder 10. As another meth-
od of attaching the insert 1, for example, a clamp structure
may be employed.
[0037] The insert 1 is attached to the holder 10 in a
state in which the first side surface 41 is oriented forward
in a rotation direction as indicated by an arrow C in Fig.
5, and the major cutting edge 51 is projected from the
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outer periphery of the holder 10. At this time, the second
constraining surface 42a of the second side surface 42
and the third constraining surface 43a of the third side
surface 43 in the side surface 4 of the insert 1, both of
which do not contribute to cutting action, are respectively
contacted against the corresponding contact surfaces
11a in the plurality of contact surfaces 11a of the holder
10. Specifically, as indicated by a region surrounded by
a broken line B shown in Fig. 5, only portions of the con-
straining surface 42a of the second side surface 42 and
the constraining surface 43a of the third side surface 43,
which are located closer to the outer periphery of the
holder 10 as shown in Fig. 2, are respectively contacted
against the contact surfaces 11a of the holder 10, and
are constrained by the holder 10, thereby allowing the
insert 1 to be attached to the holder 10. Thus, the insert
1 and the holder 10 are constrained with each other by
using the portions of the constraining surfaces 42a and
43a which are located closer to the outer periphery of the
holder 10. This improves the constraining stability be-
tween the insert 1 and the holder 10 with respect to cutting
force. For example, when the insert 1 is pushingly at-
tached to the contact surfaces 11a of the holder 10 by
allowing the axis of the through hole 6 of the insert 1 and
the axis of the screw hole 12a of the holder 10 to be
eccentric to each other, the floating of the insert 1 can
be reduced by using the portions of the constraining sur-
faces 42a and 43a of the insert 1 which are located closer
to the outer periphery of the holder 10. As a modification,
the insert 1 may be attached to the holder 10 by using
the portions of the constraining surfaces 42a and 43a of
the insert 1 which are located closer to the front end of
the holder 10. This improves indexing accuracy of the
insert 1.
[0038] In the present embodiment, the insert 1 is dis-
posed so that the longitudinal direction thereof has an
inclination of approximately 1 to 5 degrees with respect
to the rotation axis S2 of the holder 10 in a side view.
Accordingly, the minor cutting edge 52 is disposed so as
to have an inclination of approximately 0 to 1 degree with
respect to a surface S2b vertical to the rotation axis S2
of the holder 10 (refer to Fig. 5). A non-cutting region of
the intersection of the first side surface 41 and the second
side surface 42 which is not substantially used for the
cutting process as the minor cutting edge 52, namely,
the non-cutting region extending from the middle portion
52b to the end portion 52c opposite the corner cutting
edge 53 is preferably disposed so as to have an inclina-
tion of approximately 2 to 5 degrees with respect to the
surface S2b vertical to the rotation axis S2 of the holder
10. Consequently, the non-cutting region is located away
from the finished surface 102 of the workpiece 100, and
is less susceptible to damage during the cutting process.
Therefore, when the insert 1 is used by reversing the
upper surface 2 and the lower surface 3, the non-cutting
region can appropriately exhibit the function as the minor
cutting edge 52.
[0039] Additionally, the degree of freedom of attach-

ment to the holder 10 is improved, and excellent opera-
tion advantage based thereon are attained because the
insert 1 of the present embodiment has the substantially
triangular shape in a top view. That is, as shown in Fig.
5, the cutting region of the major cutting edge 51 extend-
ing from the end portion 51a of the minor cutting edge
52 to the middle portion 51b is disposed so as to have a
positive axial rake angle θ1, thereby reducing the cutting
resistance. Further, the flank surface 42c of the second
side surface 42 located closer to the minor cutting edge
52 is disposed so as to have a flank angle θ2 of approx-
imately 8 to 15 degrees. This makes it possible to reduce
damage to the flank surface 42c, and to improve surface
accuracy of the finished surface 102 of the workpiece
100. Hereat, as shown in Fig. 5, the axial rake angle θ1
means an inclination angle with respect to a surface S2a
parallel to the rotation axis S2 of the holder 10, and the
flank angle θ2 means an inclination angle with respect
to a surface S2b vertical to the rotation axis S2 of the
holder 10.
[0040] The cutting of the workpiece 100 by the major
cutting edge 51 and the minor cutting edge 52 is carried
out by rotating the cutting tool 20 having the foregoing
configuration in a direction of arrow C around the rotation
axis S2 of the holder 10.

<Method of Manufacturing Machined Product>

[0041] A method of manufacturing a machined product
according to an embodiment of the present invention is
described below with reference to Fig. 6.
[0042] Firstly, before starting cutting, the cutting tool
20 is prepared by attaching the plurality of cutting inserts
1 to the holder 10 in the foregoing manner. In the present
embodiment, the cutting tool 20 is disposed so that the
rotation axis S2 of the holder 10 is substantially parallel
to a surface of the workpiece 100 which becomes a wall
surface 101 by the cutting process, as shown in Fig. 6.
[0043] Subsequently, as shown in Fig. 6(a), an appro-
priate depth of cut is set by fixing the workpiece 100 to
a bed or the like of a milling machine (not shown), and
by moving the cutting tool 20 in a direction of arrow D.
[0044] Subsequently, as shown in Fig. 6(b), the cutting
tool 20 is fed (moved) in a direction of arrow E while
rotating the cutting tool 20 in a direction of arrow C around
the rotation axis S2 of the holder 10. Thereby, the major
cutting edge 51 is contacted against an arcuate portion
located ahead in the feed direction, and cuts a region
according to the depth of cut. At that time, an arcuate line
(cutting trace) remains on the surface of the workpiece
100 when the plurality of inserts 1 sequentially enter the
cutting region for performing cutting. The arcuate line is
cut by the minor cutting edge 52, thus producing a smooth
surface.
[0045] In the above step, though the first constraining
surface 41a is formed in addition to the rake surface 41b
on the inside of the major cutting edge 51 in the first side
surface 41 of the insert 1, it is capable of effectively pre-
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venting chips from colliding with the first constraining sur-
face 41a at the region of the major cutting edge 51 which
is located closer to the minor cutting edge 52 and serves
as a major portion for generating chips. This makes it
possible to reduce the wear of the first constraining sur-
face 41a.
[0046] Subsequently, as shown in Fig. 6(c), the cutting
tool 20 is separated from the workpiece 100 by pulling
up the cutting tool in a direction of arrow F after the cutting
tool 20 passes through the workpiece 100.
[0047] A machined product 110 having the wall surface
101 and a finished surface 102 is manufactured through
the foregoing steps.
[0048] When the cutting process is continuously per-
formed, it is required to repeat the foregoing steps by
bringing the cutting edge 5 of the cutting tool 20 into con-
tact against the same portion or different portions of the
workpiece 100, while holding the rotation of the cutting
tool 20.
[0049] When the cutting edge 5 in use is worn, the other
cutting edge 5 not yet used may be used by rotating the
insert 1 around the central axis S1, or by reversing the
upper surface 2 and the lower surface 3. In this situation,
because the wear of the first constraining surface 41a is
reduced during the cutting process using the first side
surface 41 and the major cutting edge 51 as described
above, the constraining stability between the first con-
straining surface 41a (insert 1) and the holder 10 can be
ensured even when the insert 1 is attached to the holder
10 by using the first constraining surface 41a in a case
where the cutting process is thereafter performed using,
for example, the second side surface 42.
[0050] Thus, in the method of manufacturing the ma-
chined product according to the present embodiment,
the actions of cutting the workpiece 100 by bringing the
individual inserts 1 into contact against the workpiece
100 while rotating the cutting tool 20, and then separating
the cutting tool 20 from the workpiece 100 are repeated
sequentially.
[0051] It is to be understood that the present invention
is not limited to the foregoing embodiments, and various
changes and modifications can be made therein without
departing from the scope of the present invention as de-
fined by the claims.
[0052] For example, in the foregoing embodiment, the
rake surface 41b is recessed over its entire length with
respect to the first constraining surface 41a and the major
cutting edge 51. Alternatively, the rake surface 41b may
not be recessed as coming to the minor cutting edge 52.
[0053] Further, in the foregoing embodiment, the first
constraining surface 41a of the insert 1 is configured to
extend with the substantially constant width along the
major cutting edge 51. Alternatively, the width of the first
constraining surface may be decreased toward the minor
cutting edge 52. Accordingly, the distance between the
major cutting edge 51 and the first constraining surface
41a can be increased on the minor cutting edge 52, there-
by reducing chip clogging under cutting conditions of a

relatively small depth of cut.
[0054] Furthermore, in the foregoing embodiment, only
the portions of the constraining surfaces 42a and 43a of
the second and side surfaces 42 and 43, both of which
are located closer to the outer periphery of the holder 10,
are respectively contacted against the contact surface
11a, and are constrained by the holder 10, thus allowing
the inserts 1 to be attached to the holder 10. Additionally,
the portions of the constraining surfaces 42a and 43a of
the second and third side surfaces 42 and 43, which are
located closer to the inner periphery of the holder 10 as
shown by the region surrounded by the broken line C in
Fig. 5, may also be contacted against the contact surfac-
es 11a of the holder 10. This further improves the con-
straining stability between the insert 1 and the holder 10
with respect to the cutting force. Particularly, when the
area of the individual constraining surfaces 42a and 43a
is small, a remarkable effect is attainable.
[0055] In the foregoing embodiment, the cutting tool
20 is fed while being rotated. Alternatively, the cutting
tool 20 may be rotated, and the workpiece 100 may be
subjected to feed-travel. In another alternative, as in the
case of a lathe, the workpiece 100 may be cut by bringing
the cutting tool 20 not being rotated into contact against
the workpiece 100 being rotated. Meanwhile the inserts
1 are usable by attaching them to the holder or chuck of
various types of processing machines, such as face mill-
ing cutters, end mills and milling machines. These cases
permit cutting using a large number of corners, and also
produce a satisfactory machined surface in which an an-
gle formed by the wall surface and finished surface of
the workpiece is approximately 90 degrees.

Claims

1. A cutting insert (1), comprising:

an upper surface (2);
a lower surface (3);
a side surface (4) which is connected to each of
the upper surface (2) and the lower surface (3)
and comprises a first side surface (41) and a
second side surface (42) being adjacent to each
other; and
a cutting edge (5) comprising a major cutting
edge (51) lying along an intersection of the upper
surface (2) and the first side surface (41), and a
minor cutting edge (52) lying along an intersec-
tion of the first side surface (41) and the second
side surface (42), wherein
the first side surface (41) comprises

a first constraining surface (41a) located at
a middle region in a thickness direction of
the cutting insert (1), and
a rake surface (41b) which is located be-
tween the first constraining surface (41a)
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and the major cutting edge (51), and is re-
cessed with respect to the first constraining
surface (41a) and the major cutting edge
(51), wherein a distance (Wa) between the
major cutting edge (51) and the first con-
straining surface (41a) is increased as go-
ing toward the minor cutting edge (52) in a
side view, characterized in that the second
side surface (42) comprises a second con-
straining surface (42a) located at a middle
region in a thickness direction of the cutting
insert (1), and a portion (41a4) of the first
constraining surface (41a) adjacent to the
minor cutting edge (52) and a portion (42a4)
of the second constraining surface (42a) ad-
jacent to the minor cutting edge (52) are par-
allel to each other in a top perspective view.

2. The cutting insert (1) according to claim 1, wherein
a longitudinal direction of the first constraining sur-
face (41a) is inclined with respect to the major cutting
edge (51) in a side view.

3. The cutting insert (1) according to claim 1 or 2,
wherein the first constraining surface (41a) extends
with a constant width along the major cutting edge
(51) in a side view.

4. The cutting insert (1) according to any one of claims
1 to 3, wherein the first constraining surface (41a) is
recessed toward a central axis (S1) extending be-
tween the upper surface (2) and the lower surface
(3) as the first constraining surface (41a) goes to a
middle portion (41a2) thereof in a top perspective
view.

5. The cutting insert (1) according to any one of claims
1 to 3, wherein a middle portion (41a2) of the first
constraining surface (41a) is located closer to a cen-
tral axis (S1) extending between the upper surface
(2) and the lower surface (3) than the major cutting
edge (51) in a top perspective view.

6. The cutting insert (1) according to any one of claims
1 to 5, wherein an end portion (41a1) of the first con-
straining surface (41a) closer to the minor cutting
edge (52) is located outward compared to the major
cutting edge (51) in a top view.

7. The cutting insert (1) according to any one of claims
1 to 6, wherein
the first side surface (41) further comprises a flank
surface (41c) located between the first constraining
surface (41a) and the minor cutting edge (52),
wherein a distance (Wb) between the flank surface
(41c) and the major cutting edge (51) is increased
as separating from the minor cutting edge (52) in a
top view.

8. The cutting insert (1) according to any one of claims
1 to 7, wherein the major cutting edge (51) is curved
and expands outward as going from an end portion
(51a) thereof to a middle portion (51b) thereof in a
side view.

9. The cutting insert (1) according to claim 1, wherein
a width of the first constraining surface (41a) is de-
creased as going toward the minor cutting edge (52)
in a side view.

10. A cutting tool (20), comprising:

a cutting insert (1) according to any one of claims
1 to 9; and
a holder (10) configured to attach the cutting in-
sert (1) thereto.

11. The cutting tool (20) according to claim 10, wherein
the cutting insert (1) is attached to the holder (10),
and the major cutting edge (51) has a positive axial
rake angle (θ1) with respect to a rotation axis (S2)
of the holder (10).

12. The cutting tool (20) according to claim 10 or 11,
wherein
the holder (10) comprises an insert pocket (11) hav-
ing a plurality of contact surfaces (11a),
the first side surface (41) of the cutting insert (1) is
oriented forward in a rotation direction of the holder
(10), and
the second constraining surface (42a) of the second
side surface (42) of the cutting insert (1) is contacted
against at least one of the plurality of contact surfac-
es (11a).

13. The cutting tool (20) according to claim 10 or 11,
wherein
the holder (10) comprises an insert pocket (11) hav-
ing a plurality of contact surfaces (11a),
the side surface (4) of the cutting insert (1) further
comprises a third side surface (43) connected to the
first side surface (41) and the second side surface
(42),
the first side surface (41) of the cutting insert (1) is
oriented forward in a rotation direction of the holder
(10), and
the second constraining surface (42a) of the second
side surface (42) and a third constraining surface
(43a) of the third side surface (43) are contacted
against respective corresponding contact surfaces
(11a) of the plurality of contact surfaces (11a).

14. A method of manufacturing a machined product,
comprising:

rotating a cutting tool (20) according to any one
of claims 10 to 13;

13 14 



EP 2 599 571 B1

9

5

10

15

20

25

30

35

40

45

50

55

bringing the cutting edge (5) of the cutting tool
(20) being rotated into contact against a work-
piece (100) ; and
separating the cutting tool (20) from the work-
piece (100).

Patentansprüche

1. Ein Schneideinsatz (1), aufweisend:

eine obere Fläche (2),
eine untere Fläche (3),
eine Seitenfläche (4), die mit jeder von der obe-
ren Fläche (2) und der unteren Fläche (3) ver-
bunden ist und eine erste Seitenfläche (41) und
eine zweite Seitenfläche (42) aufweist, die be-
nachbart zueinander sind, und
eine Schneidkante (5), die eine Hauptschneid-
kante (51), die entlang einem Schnittbereich der
oberen Fläche (2) und der ersten Seitenfläche
(41) liegt, und eine Nebenschneidkante (52), die
entlang einem Schnittbereich der ersten Seiten-
fläche (41) und der zweiten Seitenfläche (42)
liegt, aufweist, wobei
die erste Seitenfläche (41) aufweist

eine erste Beschränkungsfläche (41a), die
an einem mittleren Bereich in einer Dicken-
richtung des Schneideinsatzes (1) ange-
ordnet ist, und
eine Spanfläche (41b), die zwischen der
ersten Beschränkungsfläche (41a) und der
Hauptschneidkante (51) angeordnet ist und
bezüglich der ersten Beschränkungsfläche
(41a) und der Hauptschneidkante (51) aus-
gespart ist, wobei

ein Abstand (Wa) zwischen der Hauptschneid-
kante (51) und der ersten Beschränkungsfläche
(41a) in Richtung zu der Nebenschneidkante
(52) in einer Seitenansicht größer wird, dadurch
gekennzeichnet, dass
die zweite Seitenfläche (42) eine zweite Be-
schränkungsfläche (42a) aufweist, die an einem
mittleren Bereich in einer Dickenrichtung des
Schneideinsatzes (1) angeordnet ist, und
ein Abschnitt (41a4) der ersten Beschränkungs-
fläche (41a) benachbart zu der Nebenschneid-
kante (52) und ein Abschnitt (42a4) der zweiten
Beschränkungsfläche (42a) benachbart zu der
Nebenschneidkante (52) in einer Draufperspek-
tive parallel zueinander sind.

2. Der Schneideinsatz (1) gemäß Anspruch 1, wobei
eine Längsrichtung der ersten Beschränkungsfläche
(41a) bezüglich der Hauptschneidkante (51) in einer
Seitenansicht geneigt ist.

3. Der Schneideinsatz (1) gemäß Anspruch 1 oder 2,
wobei sich die erste Beschränkungsfläche (41a) in
einer Seitenansicht entlang der Hauptschneidkante
(51) mit einer konstanten Breite erstreckt.

4. Der Schneideinsatz (1) gemäß irgendeinem der An-
sprüche 1 bis 3, wobei die erste Beschränkungsflä-
che (41a) in Richtung einer zentralen Achse (S1)
ausgespart ist, die sich zwischen der oberen Fläche
(2) und der unteren Fläche (3) erstreckt, während
die erste Beschränkungsfläche (41a) sich in einer
Draufperspektive einem mittleren Abschnitt (41a2)
davon annähert.

5. Der Schneideinsatz (1) gemäß irgendeinem der An-
sprüche 1 bis 3, wobei ein mittlerer Abschnitt (41a2)
der ersten Beschränkungsfläche (41a) in einer
Draufperspektive näher bei einer sich zwischen der
oberen Fläche (2) und der unteren Fläche (3) erstre-
ckenden zentralen Achse (S1) als die Hauptschneid-
kante (51) angeordnet ist.

6. Der Schneideinsatz (1) gemäß irgendeinem der An-
sprüche 1 bis 5, wobei ein Endabschnitt (41a1) der
ersten Beschränkungsfläche (41a), der näher bei
der Nebenschneidkante (52) ist, im Vergleich zu der
Hauptschneidkante (51) in einer Draufsicht weiter
außen angeordnet ist.

7. Der Schneideinsatz (1) gemäß irgendeinem der An-
sprüche 1 bis 6, wobei

die erste Seitenfläche (41) ferner eine Flanken-
fläche (41c) aufweist, die zwischen der ersten
Beschränkungsfläche (41a) und der Neben-
schneidkante (52) angeordnet ist,
wobei ein Abstand (Wb) zwischen der Flanken-
fläche (41c) und der Hauptschneidkante (51)
während eines Entfernens von der Neben-
schneidkante (52) in einer Draufsicht vergrößert
ist.

8. Der Schneideinsatz (1) gemäß irgendeinem der An-
sprüche 1 bis 7, wobei die Hauptschneidkante (51)
gekrümmt ist und sich nach außen erweitert, wäh-
rend sie in einer Seitenansicht von einem En-
dabschnitt (51a) davon zu einem mittleren Abschnitt
(51b) davon geht.

9. Der Schneideinsatz (1) gemäß Anspruch 1, wobei
eine Breite der ersten Beschränkungsfläche (41a) in
einer Seitenansicht verkleinert ist, während sie sich
der Nebenschneidkante (52) annähert.

10. Ein Schneidwerkzeug (20), aufweisend:

einen Schneideinsatz (1) gemäß irgendeinem
der Ansprüche 1 bis 9 und
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eine Halterung (10), die konfiguriert ist, um den
Schneideinsatz (1) daran anzubringen.

11. Das Schneidwerkzeug (20) gemäß Anspruch 10,
wobei der Schneideinsatz (1) an der Halterung (10)
angebracht ist und die Hauptschneidkante (51) be-
züglich einer Rotationsachse (S2) der Halterung (10)
einen positiven Axial-Spanwinkel (θ1) hat.

12. Das Schneidwerkzeug (20) gemäß Anspruch 10
oder 11, wobei

die Halterung (10) eine Einsatztasche (11) mit
einer Mehrzahl von Kontaktflächen (11a) auf-
weist,
die erste Seitenfläche (41) des Schneideinsat-
zes (1) in einer Drehrichtung der Halterung (10)
nach vorne ausgerichtet ist und
die zweite Beschränkungsfläche (42a) der zwei-
ten Seitenfläche (42) des Schneideinsatzes (1)
mit mindestens einer aus der Mehrzahl von Kon-
taktflächen (11a) kontaktiert wird.

13. Das Schneidwerkzeug (20) gemäß Anspruch 10
oder 11, wobei

die Halterung (10) eine Einsatztasche (11) mit
einer Mehrzahl von Kontaktflächen (11a) auf-
weist,
die Seitenfläche (4) des Schneideinsatzes (1)
ferner eine dritte Seitenfläche (43) aufweist, die
mit der ersten Seitenfläche (41) und der zweiten
Seitenfläche (42) verbunden ist,
die erste Seitenfläche (41) des Schneideinsat-
zes (1) in einer Drehrichtung der Halterung (10)
nach vorne ausgerichtet ist, und
die zweite Beschränkungsfläche (42a) der zwei-
ten Seitenfläche (42) und eine dritte Beschrän-
kungsfläche (43a) der dritten Seitenfläche (43)
mit korrespondierenden Kontaktflächen (11a)
der Mehrzahl von Kontaktflächen (11a) kontak-
tiert sind/werden.

14. Ein Verfahren zum Herstellen eines maschinell be-
arbeiteten Produkts, aufweisend:

Drehen eines Schneidwerkzeugs (20) gemäß ir-
gendeinem der Ansprüche 10 bis 13,
Bringen der Schneidkante (5) des sich drehen-
den Schneidwerkzeugs (20) in Kontakt mit ei-
nem Werkstück (100) und
Trennen des Schneidwerkzeugs (20) von dem
Werkstück (100).

Revendications

1. Un insert de coupe (1), comportant :

une surface supérieure (2) ;
une surface inférieure (3) ;
une surface latérale (4) qui est reliée à chacune
de la surface supérieure (2) et la surface infé-
rieure (3) et comprend une première surface la-
térale (41) et une deuxième surface latérale (42)
adjacentes l’une à l’autre ; et
un bord de coupe (5) comprenant un bord de
coupe principal (51) disposé le long d’une inter-
section de la surface supérieure (2) et la pre-
mière surface latérale (41), et un bord de coupe
secondaire (52) disposé le long d’une intersec-
tion de la première surface latérale (41) et la
deuxième surface latérale (42),
la première surface latérale (41) comprenant

une première surface de contrainte (41a)
disposée auprès d’une région centrale dans
une direction de l’épaisseur de l’insert de
coupe (1), et
une face de coupe (41b) qui est disposée
entre la première surface de contrainte
(41a) et le bord de coupe principal (51), et
qui est évidée par rapport à la première sur-
face de contrainte (41a) et le bord de coupe
principal (51),

une distance (Wa) entre le bord de coupe prin-
cipal (51) et la première surface de contrainte
(41a) étant agrandie en allant vers le bord de
coupe secondaire (52) dans une vue latérale,
caractérisé en ce que
la deuxième surface latérale (42) comprend une
deuxième surface de contrainte (42a) disposée
auprès d’une région centrale dans une direction
de l’épaisseur de l’insert de coupe (1), et
une partie (41a4) de la première surface de con-
trainte (41a) adjacente au bord de coupe secon-
daire (52) et une partie (42a4) de la deuxième
surface de contrainte (42a) adjacente au bord
de coupe secondaire (52) sont parallèles l’une
à l’autre dans une vue du dessus en perspective.

2. L’insert de coupe (1) selon la revendication 1, dans
lequel une direction longitudinale de la première sur-
face de contrainte (41a) est inclinée par rapport au
bord de coupe principal (51) dans une vue latérale.

3. L’insert de coupe (1) selon la revendication 1 ou 2,
dans lequel la première surface de contrainte (41a)
s’étend d’une largeur constante le long du bord de
coupe principal (51) dans une vue latérale.

4. L’insert de coupe (1) selon l’une quelconque des re-
vendications 1 à 3, dans lequel la première surface
de contrainte (41a) est évidée vers un axe central
(S1) s’étendant entre la surface supérieure (2) et la
surface inférieure (3), la première surface de con-
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trainte (41a) allant vers une partie centrale (41a2)
de celle-ci dans une vue du dessus en perspective.

5. L’insert de coupe (1) selon l’une quelconque des re-
vendications 1 à 3, dans lequel une partie centrale
(41a2) de la première surface de contrainte (41a)
est disposée plus proche d’un axe central (S1)
s’étendant entre la surface supérieure (2) et la sur-
face inférieure (3) que le bord de coupe principal (51)
dans une vue du dessus en perspective.

6. L’insert de coupe (1) selon l’une quelconque des re-
vendications 1 à 5, dans lequel une partie terminale
(41a1) de la première surface de contrainte (41a)
plus proche du bord de coupe secondaire (52) est
disposée vers l’extérieur par rapport au bord de cou-
pe principal (51) dans une vue du dessus.

7. L’insert de coupe (1) selon l’une quelconque des re-
vendications 1 à 6, dans lequel

la première surface latérale (41) comprend en
outre une surface de flanc (41c) disposée entre
la première surface de contrainte (41a) et le bord
de coupe secondaire (52),
dans lequel une distance (Wb) entre la surface
de flanc (41c) et le bord de coupe principal (51)
est agrandie en se séparant du bord de coupe
secondaire (52) dans une vue du dessus.

8. L’insert de coupe (1) selon l’une quelconque des re-
vendications 1 à 7, dans lequel le bord de coupe
principal (51) est incurvé et s’étend vers l’extérieur
en allant d’une partie terminale (51a) de celui-ci à
une partie centrale (51b) de celui-ci dans une vue
latérale.

9. L’insert de coupe (1) selon la revendication 1, dans
lequel une largeur de la première surface de con-
trainte (41a) est réduite en allant vers le bord de cou-
pe secondaire (52) dans une vue latérale.

10. Un outil de coupe (20), comprenant :

un insert de coupe (1) selon l’une quelconque
des revendications 1 à 9, et
un élément de retenue (10) configuré de maniè-
re à attacher l’insert de coupe (1) à celui-ci.

11. L’outil de coupe (20) selon la revendication 10, dans
lequel l’insert de coupe (1) est attaché à l’élément
de retenue (10) et le bord de coupe principal (51) a
un angle de coupe axiale positif (θ1) par rapport à
un axe de rotation (S2) de l’élément de retenue (10).

12. L’outil de coupe (20) selon la revendication 10 ou
11, dans lequel

l’élément de retenue (10) comprend une poche
d’insert (11) ayant une pluralité de surfaces de
contact (11a),
la première surface latérale (41) de l’insert de
coupe (1) est orientée vers l’avant front dans un
sens de rotation de l’élément de retenue (10), et
la deuxième surface de contrainte (42a) de la
deuxième surface latérale (42) de l’insert de
coupe (1) est mise en contact avec au moins
une parmi la pluralité de surfaces de contact
(11a).

13. L’outil de coupe (20) selon la revendication 10 ou
11, dans lequel

l’élément de retenue (10) comprend une poche
d’insert (11) ayant une pluralité de surfaces de
contact (11a),
la surface latérale (4) de l’insert de coupe (1)
comprend en outre une troisième surface laté-
rale (43) reliée à la première surface latérale (41)
et la deuxième surface latérale (42),
la première surface latérale (41) de l’insert de
coupe (1) est orientée vers l’avant dans un sens
de rotation de l’élément de retenue (10), et
la deuxième surface de contrainte (42a) de la
deuxième surface latérale (42) et une troisième
surface de contrainte (43a) de la troisième sur-
face latérale (43) sont mises en contact avec
des surfaces de contact (11a) respectives cor-
respondantes de la pluralité de surfaces de con-
tact (11a).

14. Un procédé pour produire un produit usiné,
comportant :

la rotation d’un outil de coupe (20) selon l’une
quelconque des revendications 10 à 13,
la mise en contact du bord de coupe (5) de l’outil
de coupe (20) tournant avec une pièce à usiner
(100), et
la séparations de l’outil de coupe (20) de la pièce
à usiner (100).
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