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(54) THROWAWAY INSERT AND MILLING TOOL EQUIPPED WITH THE SAME

(57) An object of the invention is to provide a throw-
away insert enabling the use of a holder for a long period
and having excellent chip discharging property. The
throwaway insert (1) is formed in a substantially polygo-
nal plate shape and includes a rake face (2) formed on
an upper surface thereof, a relief face (3) formed on a
side surface thereof, a main cutting edge (4) formed along

a ridge representing an intersection of the rake face (2)
and the relief face (3), which is divided into a plurality of
main cutting edge divisions (4a) by at least one groove
(5) formed on the relief face (3), and a projection (6)
formed so as to protrude from the rake face (2) in corre-
spondence with each of the main cutting edge divisions
(4).
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Description

Technical Field

[0001] The present invention relates to a throwaway insert designed for use in a milling tool such as a face mill and
an end mill.

Background Art

[0002] Fig. 28 is a perspective view showing a throwaway insert 101 (hereafter abbreviated as "insert 101"). Fig. 29
is a side view showing the insert 101. The insert 101 is made attachable to a holder having substantially a cylindrical
shape. The holder fitted with the insert 101 is used as a milling tool for milling a workpiece. For example, the insert 101
is attached to a milling tool such as a face mill and an end mill, and especially a milling tool having a long cutting-edge
length to which are attached a multiplicity of cutting edges.
[0003] There has heretofore been known the insert 101 as shown in Fig. 28. In this construction, a rake face 104
which connects to a main cutting edge 103 has a positive rake angle, and a relief face 105 and the main cutting edge
103 are divided into pieces by grooves 106 (for example, refer to Japanese Unexamined Patent Publication JP-A
7-299636 (1995)). Such an insert 101 is used mainly for a heavy cutting-adaptable milling tool. In a heavy cutting, large
amounts of chips are evacuated at a single cutting operation. Moreover, the depth of cut and the feed are so high that
the process needs to be carried out under strict cutting conditions, and thus the milling tool receives application of a
great cutting resistance from a workpiece. In the insert 101, since the main cutting edge 103 is divided into a plurality
of main cutting edge divisions 103a by the grooves 106, it follows that chips produced in the cutting are broken into
pieces. This helps reduce cutting resistance and thus improve the biteability of the insert on the workpiece, wherefore
chattering can be suppressed during the cutting.
[0004] Fig. 30 is a perspective view showing a milling tool 112 fitted with the prior art insert 101 shown in Fig. 28. Fig.
31 is a schematic diagram of a cross section of part of the milling tool 112 to which is attached the insert 101, illustrating
how a chip 116 is produced. The chip 116 originating from the workpiece in the course of heavy cutting is large in
thickness, namely cross-sectional area, and has high rigidity and is thus less prone to deformation. Therefore, the chip
116 produced by the action of the main cutting edge 103 of the milling tool 112 runs on the rake face 104 centrally of a
holder 111 and then bumps against a holder wall 114 of a chip pocket 113. Next, the chip 116 is evacuated out of the
chip pocket 113 through the holder wall 114 acting as a guide. In this case, however, the chip 116 comes into collision
with the holder wall 114, which gives rise to a problem of friction between the holder wall 114 and the chip 116. If the
workpiece is subjected to the cutting repeatedly in this situation, as the process proceeds, so the holder wall 114 of the
chip pocket 113 receives wear and is eventually chipped off. The chips 116 find their way into the chipped-off region of
the wall, thus causing deterioration in chip evacuation.
[0005] This problem is causative of chipping-off of the insert 101 and reduced rigidity of the holder 111, which leads
to poor processing accuracy. In a heavy cutting in particular, the thicker is the chip 116, the more likely it is that the
holder wall is subjected to severe abrasion. After all, quite inconveniently, the damaged holder 111 will have to be
replaced with the new one early.

Disclosure of Invention

[0006] The invention has been devised in an effort to solve the above-described problems, and accordingly its object
is to provide a throwaway insert characterized by aviding packing of chips in a chip pocket with enhanced chip evacuation,
as well as to provide a milling tool fitted with the throwaway insert.
[0007] The invention provides a throwaway insert formed in substantially a plate shape comprising:

a rake face formed on one thicknesswise surface thereof;
a relief face formed on a side surface thereof;
a main cutting edge formed along a ridge representing an intersection of the rake face and the relief face, which is
divided into a plurality of main cutting edge divisions; and
a projection formed so as to protrude from the rake face in correspondence with each of the main cutting edge
divisions.

[0008] In the invention, it is preferable that a main cutting edge-sided part of the projection is so shaped that its height
diminishes gradually with approach toward the corresponding main cutting edge division.
[0009] In the invention, it is preferable that a main cutting edge-sided part of the projection is so shaped that its width
diminishes gradually with approach toward the corresponding main cutting edge division.
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[0010] In the invention, it is preferable that a main cutting edge-sided part of the projection is formed into such a
tapered shape that its width and height diminish gradually with approach toward the corresponding main cutting edge
division.
[0011] In the invention, it is preferable that a main cutting edge-sided part of the projection has two projection side
surfaces, a distance between which is decreased gradually in an upward direction, and that an intersecting ridge formed
at an intersection of the two projection side surfaces is so shaped that a distance to the rake face is decreased gradually
with approach toward the corresponding main cutting edge division.
[0012] In the invention, it is preferable that at least one of the projections is so disposed as to extend in a direction
substantially perpendicular to the main cutting edge division.
[0013] In the invention, it is preferable that at least one of the projections is pointed to a midportion of the main cutting
edge division.
[0014] In the invention, it is preferable that the projection is so disposed as to lie in a substantially perpendicular
bisector of the main cutting edge division.
[0015] In the invention, it is preferable that a through hole is formed substantially centrally of the rake face so as to
pass through in the direction of thickness of the insert, and that an annular protuberance is formed around the through hole.
[0016] In the invention, it is preferable that the projection is so formed as to pair up with the main cutting edge division.
[0017] In the invention, it is preferable that at one corner of the rake face is formed a corner R cutting edge which
connects to a corner-sided main cutting edge division located near to the corner, and that the projection formed so as
to pair up with the main cutting edge division other than the corner R cutting edge-sided main cutting edge division is
so disposed as to extend in a direction substantially perpendicular to the main cutting edge division.
[0018] In the invention, it is preferable that at one corner of the rake face is formed a corner R cutting edge which
connects to a corner-sided main cutting edge division located near to the corner, and that the projection formed so as
to pair up with the corner R cutting edge-sided main cutting edge division is so shaped that its width and height diminish
gradually with approach toward the corner R cutting edge.
[0019] In the invention, it is preferable that the projection formed so as to pair up with the corner R cutting edge-sided
main cutting edge division is so disposed as to extend along a virtual straight line such that an inclination angle with
respect to the corner-sided main cutting edge division falls in a range of from 60° to 85°.
[0020] In the invention, it is preferable that one or more projections are formed in correspondence with each of the
main cutting edge divisions.
[0021] In the invention, it is preferable that at one corner of the rake face is formed a corner R cutting edge which
connects to a corner-sided main cutting edge division located near to the corner, and that the projection corresponding
to the main cutting edge division other than the corner R cutting edge-sided main cutting edge division is so disposed
as to extend in a direction substantially perpendicular to the main cutting edge division.
[0022] In the invention, it is preferable that at one corner of the rake face is formed a corner R cutting edge which
connects to a corner-sided main cutting edge division located near to the corner, that projections are formed in corre-
spondence with the corner R cutting edge-sided main cutting edge division, and that, of these projections, the one
disposed nearest to the corner R cutting edge is so shaped that its width and height diminish gradually with approach
toward the corner R cutting edge.
[0023] In the invention, it is preferable that the projection disposed nearest to the corner R cutting edge is so disposed
as to extend along a virtual straight line such that an inclination angle with respect to the corner-sided main cutting edge
division falls in a range of from 60° to 85°.
[0024] In the invention, it is preferable that at one corner of the rake face is formed a corner R cutting edge which
connects to a corner-sided main cutting edge division located near to the corner, that projections are formed in corre-
spondence with the corner R cutting edge-sided main cutting edge division, and that, of these projections, the one other
than the projection disposed nearest to the corner R cutting edge is so disposed as to extend in a direction substantially
perpendicular to the main cutting edge division.
[0025] The invention provides a throwaway insert comprising:

a rake face formed on one thicknesswise surface of a main body formed into a substantially plate shape;
a bottom surface formed on another thicknesswise surface of the main body;
a relief face formed on a side surface of the main body;
a main cutting edge formed along a ridge representing an intersection of the rake face and the relief face; and
a main groove formed on the relief face, which has its one end reached the rake face and the other end reached
the bottom surface,

wherein the main cutting edge and the relief face are divided into a plurality of first main cutting edge divisions and a
plurality of relief face divisions, respectively, by the main groove,
and wherein the first main cutting edge division is divided into a plurality of second main cutting edge divisions by a sub-
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groove which is formed on the relief face division abreast of the main groove, one end of the sub-groove being reached
the rake face.
[0026] In the invention, it is preferable that the sub-groove is made smaller in width than the main groove.
[0027] In the invention, it is preferable that the length of the sub-groove is made smaller than the thickness of the main
body.
[0028] In the invention, it is preferable that the sub-groove is made smaller in depth than the main groove.
[0029] In the invention, it is preferable that the sub-groove is so disposed as to divide the first main cutting edge
division into substantially equal portions.
[0030] In the invention, it is preferable that the rake face has, in its several positions each facing the second main
cutting edge division, at least one or more projections corresponding to the second main cutting edge division.
[0031] In the invention, it is preferable that a through hole is formed centrally of the rake face so as to pass through
in the direction of thickness of the insert, and that an annular protuberance is formed around the through hole.
[0032] In the invention, it is preferable that at one corner of the rake face is formed a corner R cutting edge which
connects to a corner-sided main cutting edge division located near to the corner, a bottom surface positioned opposite
the rake face is placed in abutment with a holder, and that the main cutting edge division is gradually inclined in a direction
away from the bottom surface with approach toward the corner R cutting edge.
[0033] The invention provides a milling tool equipped with the throwaway insert mentioned above and a holder to
which are attached a plurality of the throwaway inserts.

Brief description of Drawings

[0034]

Fig. 1 is a general perspective view showing a throwaway insert 1 in accordance with a first embodiment of the
invention;
Fig. 2 is a plan view showing the insert 1;
Fig. 3 is a side view of the insert 1, looking from the longer side thereof;
Fig. 4 is a side view of the insert 1, looking from the shorter side thereof;
Fig. 5 is a general perspective view showing a milling tool 12 employing the insert 1, 21 of the invention;
Fig. 6 is an enlarged perspective view showing the milling tool 12 of the invention fitted with the insert;
Fig. 7 is a sectional view of the milling tool 12 taken along the line S1-S1 of Fig. 6;
Fig. 8 is a general perspective view showing an insert 21 in accordance with a second embodiment of the invention;
Fig. 9 is a plan view showing the insert 21;
Fig. 10 is a general perspective view showing an insert 31 in accordance with a third embodiment of the invention;
Fig. 11 is a side view of the insert 31 shown in simplified form, looking from the longer side thereof;
Fig. 12 is a side view of an insert 31a shown in simplified form, looking from the longer side thereof, which insert
31a is an example of a modified form of the insert 31;
Fig. 13 is a side view of an insert 31b shown in simplified form, looking from the longer side thereof, which insert
31b is another example of a modified form of the insert 31;
Fig. 14 is a general perspective view showing an insert 41 in accordance with a fourth embodiment of the invention;
Fig. 15 is a side view of the insert 41, looking from the longer side thereof;
Fig. 16 is a general perspective view showing an insert 51 in accordance with a fifth embodiment of the invention;
Fig. 17 is a plan view showing the insert 51;
Fig. 18 is a side view of the insert 51, looking from the longer side thereof;
Fig. 19 is a side view of the insert 51, looking from the shorter side thereof;
Figs. 20A through 20D are plan views of experimental inserts of varying cutting-edge configuration shown in simplified
form, illustrating the insert 51 of the fifth embodiment and inserts 151A, 151B, and 151C of comparative examples;
Fig. 21 is a plan view showing the insert 61 in accordance with the sixth embodiment of the invention;
Fig. 22 is a side view of the insert 61, looking from the longer side thereof;
Fig. 23 is a side view of the insert 61, looking from the shorter side thereof;
Fig. 24 is a perspective view showing the milling tool 12 fitted with the inserts 51 and 61 of the invention;
Fig. 25 is a general perspective view showing an insert 71 in accordance with a seventh embodiment of the invention;
Fig. 26 is an enlarged perspective view showing the milling tool 12 of the invention fitted with the insert;
Fig. 27 is a general perspective view showing an insert 71a of an example of a modified form of the insert of the
seventh embodiment;
Fig. 28 is a perspective view showing a insert 101;
Fig. 29 is a side view showing the insert 101;
Fig. 30 is a perspective view showing a milling tool 112 fitted with the insert 101 shown in Fig. 28; and
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Fig. 31 is a schematic diagram of a cross section of part of the milling tool 112 to which is attached the insert 101,
illustrating how a chip 116 is produced.

Best Mode for Carrying out the Invention

[0035] Now referring to the drawings, preferred embodiments of the invention are described below.

(First Embodiment)

[0036] Fig. 1 through 4 are views showing a throwaway insert 1 (hereafter abbreviated as "insert 1") in accordance
with a first embodiment of the invention. The insert 1 of this embodiment is formed in substantially a polygonal plate
shape, to be more specific, substantially a parallelogram plate shape. A rake face 2 and a relief face 3 are formed on a
top surface and a side surface, respectively, of the insert 1. Along a ridge representing the intersection of the rake face
2 and the relief face 3 is formed a main cutting edge 4 which is divided into a plurality of main cutting edge divisions 4a
by one or more grooves 5 created on the relief face 3. Moreover, at one acute-angled corner of the insert 1, a corner R
cutting edge 7 is formed along a ridge representing the intersection of the side surface and the rake face 2. The corner
R cutting edge 7 connects to one of the main cutting edge divisions 4a nearest to the corner R cutting edge 7. Moreover,
the rake face 2 has, in several positions adjacent to the individual main cutting edge divisions 4a, a projection 6 arranged
face to face with the main cutting edge division 4a. In this embodiment, on the rake face 2 is formed the projection 6 so
as to pair up with the main cutting edge division 4a.
[0037] The insert 1 has a cylindrical-shaped through hole 16 passed through in its thickness direction A. The through
hole 16 is provided to secure the insert 1 to a holder. The through hole 16 is formed centrally of the insert 1 in both of
the length direction B and the width direction C of the insert 1. The insert 1 is designed in a rotationally symmetrical
manner about the axis of the through hole 16 under rotation of a 180° turn, namely under rotation of two turns. Accordingly,
when projected on a virtual plane in a given direction, the outline of the insert 1 in its initial position and the outline of
the insert 1 rotated 180° about the axis of the through hole 16 are identical. Since the insert 1 has a 180° rotationally
symmetrical shape, there maybe cases where, of the two symmetrical sections thereof, only one of them will be described
and a description as to the other will be omitted.
[0038] Along the edge of the top surface, namely the edge of one thicknesswise surface of the insert 1, are formed
the main cutting edge 4 extending in the length direction B and the circularly arcuate corner R cutting edge 7 which
connects to one end of the main cutting edge 4. In a state in which the insert 1 is mounted in the holder, the main cutting
edge 4 extends substantially in parallel with the axis of the holder and protrudes from the outer peripheral surface of the
holder in a direction radially of the holder. Moreover, the corner R cutting edge 7 merging with the main cutting edge 4
is positioned in the holder’s front end-sided part of the insert 1.
[0039] As seen from the foregoing, in this embodiment, the insert 1 is formed in substantially a parallelogram plate
shape, and the outline thereof as projected on a plane perpendicular to the thickness direction A has substantially a
parallelogram shape. Hereinafter, there may be cases where the direction of thickness of the substantially parallelogram
plate shape is defined as an insert thickness direction A, the direction longitudinally of the substantially parallelogram
plate shape is defined as an insert length direction B, and the direction perpendicular to both the insert thickness direction
A and the insert length direction B is defined as an insert width direction C. In the insert 1, the rake face 2 is formed on
the surface corresponding to one thickness direction A1, and the bottom surface conforms to the opposite surface
corresponding to the other thickness direction A2. The insert 1 also has the relief face 3 formed at its end face in the
insert width direction C. A ridge representing the intersection of the rake face 2 and the relief face 3 extends in the length
direction B of the insert 1. Accordingly, the main cutting edge 4 formed along the intersecting ridge extends in the insert
length direction B. In this embodiment, the main cutting edge 4 extends along a plane perpendicular to the insert thickness
direction A. Moreover, the insert 1 is made attachable to and detachable from the holder. The insert 1 is mounted in the
holder, with its bottom surface kept in abutment with a seating surface formed in the holder.
[0040] At the end of the insert 1 in the width direction C is formed the groove 5 so as to nick the widthwise end face
in the insert width direction C. The groove 5 extends in the insert thickness direction A. In this embodiment, a plurality
of grooves 5 are spacedly arranged side by side in the insert length direction B. The grooves 5 are each formed so as
to extend from the rake face 2 to the bottom surface of the insert 1. The groove 5 is so shaped that its widthwise dimension,
namely the dimension in the insert length direction B is increased gradually with approach toward the bottom surface.
Moreover, the depthwise dimension of the groove 5, namely the dimension thereof in the insert width direction C, is
adjusted to be greater than the maximum feed per tooth of the milling tool operating under the conditions customarily
adopted in a heavy cutting. In a state in which the insert 1 is mounted in the holder, the groove 5 extends circumferentially
of the holder 11 on a plane perpendicular to the rotation axis of the holder.
[0041] The main cutting edge 4 and the relief face 3 are each divided into pieces by the grooves 5 in the insert length
direction B. Accordingly, the main cutting edge 4 is composed of a plurality of main cutting edge divisions 4a arranged
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spacedly side by side in the insert length direction B. Similarly, the relief face 3 is composed of a plurality of relief face
divisions arranged spacedly side by side in the insert length direction B. In this embodiment, since the insert 1 is provided
with 4 pieces of the grooves 5 arranged in the insert length direction B, it follows that the main cutting edge 4 includes
5 pieces of the main cutting edge divisions 4a and the relief face 3 includes 5 pieces of the relief face divisions. The
grooves 5 are substantially identical in shape and arranged substantially equidistantly in the insert length direction B.
[0042] Moreover, in this embodiment, a plurality of projections 6 are formed on the rake face 2 so as to protrude
therefrom in the insert thickness direction A. The projection 6 is so formed as to pair up with the main cutting edge
division 4a in an oriented manner. The main cutting edge division-sided part of the projection 6 is tapered; that is, so
shaped that its width and height diminish gradually with approach toward the corresponding main cutting edge division
4a in the insert width direction C. Herein, the height of the projection 6 refers to the dimension of the projection 6 with
respect to the rake face 2 in the insert thickness direction A. Moreover, the width of the projection 6 refers to the dimension
of the projection 6 in the insert length direction B.
[0043] The main cutting edge division-sided part of the projection 6 has one projection side surface formed exposedly
on insert length direction B-wise one side thereof and the other projection side surface formed exposedly on insert length
direction B-wise other side thereof. The two projection side surfaces are each so shaped that the insert length direction
B-wise dimension diminishes gradually in one insert thickness direction A1. Moreover, the two projection side surfaces
intersect each other at the one insert thickness direction A1-wise end of the main cutting edge division-sided part of the
projection thereby forming an intersecting ridge. The intersecting ridge of the projection 6 formed at the intersection of
the two projection side surfaces is so shaped that the distance to the rake face 2 in the insert thickness direction A is
decreased gradually with approach toward the corresponding main cutting edge division 4a.
[0044] As shown in Fig. 2, a distance t between the main cutting edge division 4a and the projection 6 in the insert
width direction C is so adjusted as to be shortest in the midportion of the main cutting edge division 4a in the insert length
direction B. Moreover, the shortest distance t between the projection 6 and its respective main cutting edge division 4a
is set to fall in a range of from 0.5 mm to 5.0 mm. By setting the shortest distance t at or above 0.5 mm, even in the case
of using the insert 1 for heavy cutting, it is possible to avoid occurrence of excessive impact at the time when a chip
comes into collision with the projection 6. On the other hand, by setting the shortest distance t at or below 5.0 mm, it is
possible to cause a chip to curve sufficiently, and thereby attain enhanced chip evacuation.
[0045] In this embodiment, a length X of the main cutting edge division 4a is set at 5.2 millimeters, and the shortest
distance t is set at 2.3 mm. Moreover, as shown in Fig. 7 which will be explained later, a projection angle α which the
rake face 2 forms with the ridge line of the projection 6 should preferably be set to fall in a range of from 90° to 170°. In
this embodiment, the projection angle α is selected as approximately 165°. If the projection angle α is set to be smaller
than 90°, chips tend to cause clogging. On the other hand, if the projection angle α exceeds 170°, a chip remains straight
without being curvedly deformed. In this embodiment, by selecting the projection angle α as approximately 165°, it is
possible to allow chips to curve smoothly without causing clogging.
[0046] Moreover, an angle β which the ridge line of the projection 6 forms with the bottom surface is selected as
approximately 150°, and a distance u between the main cutting edge division 4a and the vertex of the projection 6 is
selected as 3.0 mm. Thus, the height and width of the projection 6 and the distance from the main cutting edge division
to the front end of the projection are deemed to be important factors in terms of configuration of the projection 6. For
example, the maximum width of the projection 6 is set to be smaller than the length X of the main cutting edge division 4a.
[0047] Of the projections 6, the one corresponding to the main cutting edge division 4a connects to the corner R cutting
edge 7 is defined as a corner R projection 6a, and all other projections 6 than the corner R projection 6a are each defined
as an orthogonal projection 6b. The orthogonal projection 6b is so disposed as to lie in the substantially perpendicular
bisector of its respective main cutting edge division 4a. That is, the orthogonal projection 6b is pointed to substantially
the center of its respective main cutting edge division 4a in the lengthwise direction and extends along a virtual straight
line perpendicular to the main cutting edge division 4a. Expressed differently, the ridge line of the orthogonal projection
6b lies in the perpendicular bisector of the corresponding main cutting edge division 4a. Moreover, the main cutting edge
division-sided front ends of the orthogonal projections 6b are substantially identical in shape. Herein, the perpendicular
bisector of the main cutting edge division 4a refers to a straight line which divides the main cutting edge division 4a into
two equal portions in the insert length direction B and extends perpendicularly with respect to the main cutting edge
division 4a.
[0048] The corner R projection 6a is so shaped that its width and height diminish gradually with approach toward the
corner R cutting edge 7. In other words, in the corner R projection 6a as viewed from the top of the insert, an inclination
angle θ which the ridge line of the intersecting ridge forms with the main cutting edge division is less than 90°. Moreover,
it is preferable that the corner R projection 6a is so disposed that its ridge line extends along a virtual straight line such
that the inclination angle θ with respect to the main cutting edge division 4a as viewed from the top of the insert falls in
a range of from 60° to 85°. In this embodiment, the inclination angle θ is set at 65°.
[0049] The rake face 2 also has an island-like portion, to be more specific, an annular protuberance 15 formed around
the through hole 16 created centrally thereof. The protuberance 15 protruding from the rake face 2 in one insert thickness
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direction A1 is so shaped that its width and height diminish gradually with approach toward the main cutting edge 4. The
height of the protuberance 15 refers to the dimension of the protuberance 15 with respect to the rake face 2 in the insert
thickness direction A. Moreover, the width of the protuberance 15 refers to the dimension of the protuberance 15 in the
insert length direction B. The protuberance 15 is formed more centrally of the insert in the insert width direction C than
the main cutting edge division-sided part of the projection 6. Moreover, in a state in which the insert 1 is attached to the
mounting portion of the holder with a screw member 17, the protuberance 15 protrudes beyond the head of the screw
member 17 in the insert thickness direction A. In this embodiment, of the projections 6 formed in the insert 1, the one
arranged in the midportion of the insert in the insert length directionunites with the protuberance 15. The intersecting
ridge of the projection 6 united with the protuberance 15 smoothly with one thicknesswise end of the protuberance. By
forming the projection 6 united with the protuberance 15, it is possible to avoid chipping-off of the projection 6.
[0050] In a state in which the bottom surface of the insert 1 is kept in abutment with the seating surface formed in the
holder, the through hole 16 formed in the insert 1 and a cylindrical-shaped attachment hole formed in the mounting
portion of the holder are disposed in substantially coaxial relation. In this state, the screw member 17 having an exterior
screw is inserted into the through hole 16 of the insert 1 so as to be threadedly engaged with the attachment hole of the
holder thereby fastening the insert 1 to the mounting portion of the holder. In this way, the attachment of the insert 1 to
the mounting portion of the holder is completed.
[0051] At the front end of the holder is formed a concavity so as to hollow the outer peripheral surface and the axial
end face of the holder. The concavity is provided to form an insert setting space for setting the insert 1 and also a chip
pocket for temporarily accommodating chips originating from a workpiece. The insert housing space and the chip pocket
are arranged side by side in a direction circumferentially of the holder.
[0052] Fig. 5 through 7 are views showing a milling tool 12 employing the insert (1, 21) of the invention. The milling
tool 12 is composed of the insert 1 and the substantially cylindrical-shaped holder 11 to which is detachably attached
the insert 1. In this embodiment, the holder 11 is designed to receive, at its outer periphery, attachment of a plurality of,
for example, 6 pieces of inserts 1 which are spacedly arranged side by side in a direction circumferentially of the holder.
Moreover, in this embodiment in which a combination of a plurality of circumferentially-aligned inserts 1 is fitted in the
holder 11, there are provided a plurality of, for example, 2 arrays of the combinations in a direction axially of the holder.
The milling tool 12 such as suggested herein is used for a heavy cutting, in other words a rough cutting, in which the
depth of cut per revolution of a single insert 1 is large.
[0053] The holder 11 has formed at its axial base end a to-be-held portion for permitting the holder 11 to be retained
in a milling machine via an arbor acting as a connecting member. Moreover, the holder 11 has formed at its axial front
end the mounting portion for mounting the insert 1 in such a way that the main cutting edge is kept projected from the
outer peripheral surface of the holder. The milling machine includes movably driving means for effecting relative movement
between the workpiece in a clamped state and the milling tool 12 retained therein and rotatably driving means for driving
the retained milling tool 12 to rotate about the axis of the holder 11. The milling tool 12 is rotated about the axis of the
holder 11 while making contact with the workpiece, during which period the workpiece is subjected to interrupted cutting
by the main cutting edge 4 of the insert 1. In this way, the workpiece can be machined to a predetermined shape. With
use of the milling tool 12, it is possible to perform, for example, a shoulder milling, a groove milling, or a ramp or butt
milling on the workpiece. When the main cutting edge 4 of the insert 1 receives wear and is eventually chipped off, the
insert 1 is detached from the milling tool and rotated 180° about the axis of the attachment hole created in the holder
11, whereupon the insert 1 is ready for reattachment. Alternatively, the insert 1 can simply be replaced with the new
one. A recovery in the cutting performance of the milling tool 12 can be achieved in that way.
[0054] As has already been described, a plurality of chip pockets 13 are formed along the front end of the outer
periphery of the holder 11. In adjacent to the chip pocket 13 is present the insert setting space in which is mounted the
insert 1. More specifically, the insert 1 is so mounted that the rake face 2 points in the direction of rotation and the main
cutting edge 4 faces outermost. The main cutting edge 4 is rotated together with the holder 11 to effect cutting.
[0055] In the milling tool 12 thus constructed, a chip 16 produced by the action of the main cutting edge 4, or to be
exact the main cutting edge division 4a, runs on the rake face 2 of the insert 1 from the outer periphery toward the center
of the holder 11, namely toward a holder wall 14 within the chip pocket 13.
[0056] As shown in Fig. 31, according to the construction employing the insert 101, the produced chip 116 is moved
just in the direction in which it is produced and then bumps against the holder wall 114 disposed ahead, thus causing
curling of the chip. In this case, the holder wall 114 is gradually worn away by friction with the chip 116.
[0057] By way of contrast, as shown in Fig. 7, according to the insert 1 of the first embodiment of the invention, the
projection 6 is formed on the rake face 2 so as to adjoin the main cutting edge division 4a. In this case, the narrow chip
8 produced by the action of the main cutting edge division 4a comes into collision with the projection 6, thus giving small
curl to the chip 8. As a result, the chip 8 is evacuated to the outside without abutting against the holder wall 14. This
construction helps protect the holder wall 14 within the chip pocket 13 from abrasion, and consequently the life of the
holder 11 can be prolonged. As another advantage, since the chip 8 can be made smaller in curl diameter and thus in
size, it is possible to ensure smooth discharge of the chip from the chip pocket 13 to the outside. Accordingly, the insert
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1 itself enjoys a longer life without suffering from chipping-off or the like problem caused by biting of the chip into the
main cutting edge 4.
[0058] Moreover, in this embodiment, as shown in Figs. 1 and 2, the main cutting edge-sided part of the projection 6
is so shaped that its width and height diminish gradually with approach toward the corresponding main cutting edge
division 4a. Correspondingly, the ridge portion of the projection 6 which makes contact with the chip 8 is so shaped that
its height diminishes gradually with approach toward the main cutting edge division 4a, in other words, the ridge portion
of the projection 6 is so shaped that its height increases gradually with distance from the main cutting edge division 4a.
This makes it possible to achieve smooth contact between the projection 6 and the chip 8, and thereby avoid an undesired
increase in cutting resistance. Moreover, the projection 6 is so shaped that its width increases gradually with distance
from the main cutting edge division 4a. With such a broad configuration, the projection 6 exhibits higher strength and is
thus resistant to chipping-off caused by a collision with the chip. This renders possible the long-term use of the insert 1.
Further, since the projections 6 are arranged spacedly side by side in the insert length direction B, it follows that the chip
8 produced by the action of the main cutting edge division 4a is guidedly abutted against only a single projection 6. In
this case, in contrast to the case where the chip 8 is guidedly abutted against a plurality of projections 6 all at once, the
projection 6-induced cutting resistance can be reduced successfully. In addition, even if the projection 6 is worn away
by friction with the chip 8, or there arises some deviation from the direction in which the chip 8 is produced, the chip 8
is allowed to make contact with the ridge portion of a single, corresponding projection 6.
[0059] Moreover, as shown in Fig. 2, the distance t between the main cutting edge division 4a and the projection 6 is
so adjusted as to be shortest in substantially the center of the length X of the main cutting edge division 4a. This allows
the chip 8 produced by the action of the main cutting edge division 4a to make contact with the projection 6 at its
substantially midportion in the insert length direction B. Accordingly, the chip 8 can be curled in a predetermined direction
without wobbling from side to side, wherefore excellent chip evacuation can be attained.
[0060] Moreover, regarding at least one of the projections 6, to be specific the orthogonal projection 6b other than the
corner R projection 6a, the ridge line of the main cutting edge-sided part thereof and the corresponding main cutting
edge division 4a are disposed in substantially perpendicular relation to each other as viewed from the top of the insert.
The chip 8 produced by the action of each of the main cutting edge divisions 4a arranged face to face with the projections
except for the corner R projection 6a, namely the orthogonal projections 6b, respectively, runs in a direction substantially
perpendicular to the corresponding main cutting edge division 4a. In this case, since the orthogonal projection 6b is so
disposed as to extend in a direction substantially perpendicular to the main cutting edge division 4a, it is possible to
reduce the cutting resistance generated between the chip 8 moving on the rake face 2 and the orthogonal projection
6b, as well as to maintain the chip 8’s running momentum thereby curling the chip 8 in a predetermined direction in the
most efficient manner.
[0061] Moreover, with regard to the insert length direction B, the orthogonal projection 6b is pointed to the midportion
of the corresponding main cutting edge division 4a. Expressed differently, the orthogonal projection 6b is pointed to the
lengthwise midportion of the corresponding main cutting edge division 4a. The chip 8 produced by the action of the main
cutting edge division 4a has substantially the same width as that of the main cutting edge division 4a. In this case, the
orthogonal projection 6b makes contact with the widthwise midportion of the chip 8. Accordingly, the chip 8 can be guided
by the orthogonal projection 6b in a direction substantially perpendicular to the main cutting edge division 4a without
wobbling from side to side. As another advantage, a plurality of chips 8 that have been produced by the actions of the
individual main cutting edge divisions 4a can be kept out of contact with one another thereby avoiding packing of the
chips 8 in the chip pocket 13.
[0062] Moreover, as will be explained later, in the case of a cutting with use of the holder 11 having mounted therein
two types of inserts that differ from each other in placement position of the main cutting edge divisions 4a, that part of
the chip 8 which corresponds to the midportion of the main cutting edge division 4a is larger in cross-sectional area. In
this embodiment, since the projection 6 is pointed to the midportion of the main cutting edge division 4a, it is possible
for that part of the chip 8 which has a larger cross-sectional area to abut against the projection 6, wherefore the chip 8
can be guided more smoothly. Accordingly, the chip 8 can be curvedly deformed with lesser projection 6-induced cutting
resistance.
[0063] Moreover, according to the invention, the projection 6 is so formed as to pair up with the main cutting edge
division 4a. That is, a single projection 6 is assigned to each of the main cutting edge divisions 4a. Accordingly, the chip
8 produced by the action of the main cutting edge division 4a is guidedly abutted against only a single projection 6. In
this case, in contrast to the case where the chip 8 is guidedly abutted against a plurality of projections 6 all at once, the
projection 6-induced cutting resistance can be reduced successfully.
[0064] Moreover, since the corner R cutting edge-sided main cutting edge division 4a connects to the corner R cutting
edge 7, it follows that the chip 8 produced by the action of the corner R cutting edge-sided main cutting edge division
4a connects to the chip 8 produced by the action of the corner R cutting edge 7 in the shape of circular arc. The circularly
arcuate chip 8 is moved on the rake face 2 with inclination with reference to the main cutting edge division 4a. As has
already been described, the corner R projection 6a is so shaped that its width and height diminish gradually with approach
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toward the corner R cutting edge 7. In this case, the chip 8 produced by the action of the corner R cutting edge 7, the
section of which is partly circularly arcuate shaped, can be curled in a predetermined direction in the most efficient
manner. As another advantage, since the chip 8 produced by the action of the corner R cutting edge 7 as well as the
main cutting edge division 4a connecting is smoothly abutted against the corner R projection 6a, it is possible to reduce
the corner R projection 6a-induced cutting resistance.
[0065] Moreover, it is preferable that, when viewed from the top of the insert, the inclination angle θ which the ridge
line of the corner R projection 6a forms with the main cutting edge division 4a falls in a range of from 60° to 85° from
the standpoint of giving small curl to the chip 8 produced by the action of the corner R cutting edge 7 more reliably. If
the inclination angle θ is less than 60°, packing of the chips 8 tends to occur, which could lead to an undesired increase
in the projection-induced cutting resistance. On the other hand, if the inclination angle θ is greater than 85°, the chip 8
cannot be easy to be curled readily, which could lead not only to a failure of protecting the holder wall 14 from abrasion
but also to deterioration in chip evacuation due to the size of the chip 8 being oversize. There is also a possibility of
occurrence of chipping-off of the cutting edge caused by biting of the chip 8.
[0066] In this embodiment, the inclination angle θ which the ridge line of the corner R projection 6a forms with the
main cutting edge division is set to fall in a range of from 60° to 85°, to be more specific, set at 65° to avoid the above-
described problems. Accordingly, the chip 8 produced by the action of the corner R cutting edge 7 as well as the main
cutting edge division 4a connecting can be curvedly deformed more reliably with lesser corner R projection 6a-induced
cutting resistance.
[0067] Moreover, around the through hole 16 created centrally of the rake face 2 is formed the island-like portion, to
be specific the annular protuberance 15. In this case, the chip 8 can be curled properly without fail even under the
condition that the projection 6 fails to give curl to the chip 8 satisfactorily. As shown in Figs. 6 and 7, in a state in which
the insert 1 is mounted in the holder 11, the head of the screw member 17 for clamping is hidden behind the annular
protuberance 15; that is, the head of the screw member 17 is located below the top of the annular protuberance 15. This
helps protect the head of the screw member 17 from abrasion caused by a collision with the chip 8. Moreover, since the
groove 5 is so shaped that its width increases gradually in the other insert thickness direction A2, it is possible to avoid
abutting of part of the workpiece left unmachined against the wall surface of the groove 5, and thus reduce the groove
5-induced cutting resistance.
[0068] As described hereinabove, according to this embodiment, the narrow chip 8 produced by the action of the main
cutting edge division 4a is brought into contact with the projection (6a, 6b) formed on the rake face 2, whereupon the
chip 8 is curvedly deformed while its radius of curvature is decreased. The chip 8 undergoes rupture before making
contact with the holder wall 14 formed in the holder 11 and then moves out of the chip pocket 13. Accordingly, the holder
wall 14 can be protected from damage resulting from a collision with the chip 8. Moreover, since the holder 11 is free
from a decline in rigidity, it is difficult that a machining operation has a high quality surface finish. Further, by virtue of
the holder 11 having a life long enough to withstand long-term use, it is possible to realize the insert 1 which is excellent
in cost/performance ratio and also the milling tool 12 in which is mounted the insert 1.
[0069] Moreover, when the chip 8 is brought into contact with the projection 6, its radius of curvature is decreased,
and correspondingly the size of the chip 8 is reduced. The small-sized chip 8 in the chip pocket 13 is able to move
smoothly out of the holder thereby attaining enhanced chip evacuation. Accordingly, occurrence of problems such as
packing of the chips 8 in the chip pocket 13 and biting of the chips 8 can be decreased. Moreover, since the chip 8 is
narrowed by the main cutting edge division 4a before coming into collision with the projection 6, it is possible to avoid
an undesired increase in the cutting resistance caused by the projection 6 at the time of collision. Accordingly, a cutting
can be carried out smoothly, and also chipping-off of the projection 6 can be decreased even under a heavy cutting. For
example, in the case of using the insert of the present embodiment, the expected chip evacuation, namely the volumetric
rate at which the workpiece is machined perminute, will be given as: 1000 cc/min.

(Second Embodiment)

[0070] Fig. 8 and 9 are views showing an insert 21 in accordance with a second embodiment of the invention. In the
insert 1 of the first embodiment of the invention as shown in Fig. 1, the main cutting edge 4 is divided into five main
cutting edge divisions 4a by four grooves 5. On the other hand, in the insert 21 of the second embodiment of the invention,
as shown in Fig. 8, the main cutting edge 4 is divided into four main cutting edge divisions 4a by three grooves 5. Such
an insert as differs from the insert of the first embodiment in the number and arrangement of the grooves 5 is intended
as within the scope of the invention, as a matter of course.
[0071] In the inserts 1 and 21 of the first and second embodiments, respectively, of the invention in each of which the
grooves 5 are created in the main cutting edge 4, the grooves 5 are not responsible for a cutting. Therefore, in the case
of using the holder 11 to which are attached a plurality of inserts of the same type, part of a machined wall surface of a
workpiece will be left unmachined. In this regard, the first insert 1 exemplified as the first embodiment and the second
insert 21 exemplified as the second embodiment, namely the inserts (1, 21) that differ from each other in the positioning
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of the grooves 5, are arranged in an alternating manner on a common circumferential surface of the holder 11. Thereby,
even if a part of the machined wall surface of the workpiece is left unmachined following the completion of a cutting
effected by the first insert 1 owing to the grooves 5, the main cutting edge divisions 4a of the second insert 21 deal with
this yet-to-be machined region, in consequence whereof there results no incompleteness in cutting which is ascribable
to the grooves 5. This helps decrease occurrence of difference in level on the entire machined wall surface of the
workpiece after the cutting. Fig. 5 shows the milling tool 12 in which the insert 1 of the first embodiment and the insert
21 of the second embodiment are arranged circumferentially in an alternating manner.
[0072] Next, the insert 21 of the second embodiment of the invention will be explained with reference to Figs. 8 and
9. Note that the components that play the same or corresponding roles as in the insert 1 of the first embodiment shown
in Fig. 1 will be identified with the same reference symbols, and overlapping descriptions will be omitted. The insert 21
of the second embodiment differs from the insert 1 of the first embodiment shown in Fig. 1 in the positioning of the
grooves 5. This makes it possible to cope with incompleteness in cutting which is ascribable to the grooves 5 of the
insert 1 of the first embodiment.
[0073] Moreover, in the insert 21, the main cutting edge divisions 4a and 4b and 4c differ from each other in length.
Depending on the length of the main cutting edge division (4a to 4c), the number of the projection 6 to be assigned
thereto is varied; that is, a larger number of the projections 6 are assigned to the main cutting edge division of longer
length. By doing so, even if a chip of wider width is produced by the action of the long main cutting edge division (4b,
4c) for performing cutting on part of the machined wall surface of the workpiece left unmachined following the completion
of a cutting effected by the insert 1 of the first embodiment, the chip can be curled properly without fail.
[0074] Expressed differently, the insert 21 of the second embodiment is provided with a plurality of main cutting edge
divisions 4a through 4c, of which the main cutting edge divisions 4b and 4c are made larger in length, whereas the main
cutting edge division 4a is made smaller in length. The short main cutting edge division 4a corresponds to the projection
6b. The long main cutting edge division 4b corresponds to the projections 6c and 6d. Another long main cutting edge
division 4c corresponds to the projections 6e and 6f. That is, the long main cutting edge division is brought into corre-
spondence with a larger number of the projections compared to the short main cutting edge division. Inthisway, the
number of the projection corresponding to the main cutting edge division (4a to 4c) may be increased according to the
length of its respective main cutting edge division. This allows the chip 8 of wider width produced by the action of the
long main cutting edge division (4b, 4c) to be curvedly deformed more reliably. In addition, the projections 6c and 6d
corresponding to the long main cutting edge division 4b are avoided being chipped off due to a collision with the chip 8
of wider width, and so are the projections 6e and 6f corresponding to another long main cutting edge division 4c.
[0075] In this embodiment, a plurality of projections 6b through 6f are formed on the rake face 2 so as to protrude
therefrom in the insert thickness direction A. The projection (6b to 6f) is formed in correspondence with the main cutting
edge division (4a to 4c). One or more projections are disposed for the corresponding main cutting edge division in an
oriented manner. Moreover, the main cutting edge division-sided part of the projection 6 is tapered; that is, so shaped
that its width and height diminish gradually with approach toward the corresponding main cutting edge division (4a to
4c) in the insert width direction B.
[0076] The main cutting edge division-sided part of the projection 6 has one projection side surface formed exposedly
on insert length direction B-wise one side thereof and the other projection side surface formed exposedly on insert length
direction B-wise other side thereof. Each of the two mutually opposed projection side surfaces is so shaped that its insert
length direction B-wise dimension diminishes gradually in one insert thickness direction A1. Moreover, the two projection
side surfaces intersect each other at insert thickness direction-wise one end of the main cutting edge division-sided part
of the projection thereby forming an intersecting ridge. The intersecting ridge of the projection 6 formed at the intersection
of the two projection side surfaces is so shaped that the distance to the rake face 2 in the insert thickness direction A is
decreased gradually with approach toward the corresponding main cutting edge division (4a to 4c). Moreover, as shown
in Figs. 8 and 9, the distance t between the main cutting edge division (4a to 4c) and the projection 6 in the insert width
direction is so adjusted as to be shortest in substantially the center of the main cutting edge division 4a in the insert
length direction. Further, the maximum width of the projection (6b to 6f) is set to be smaller than the insert length direction
B-wise dimension of the corresponding main cutting edge division (4a to 4c).
[0077] The first corner-sided main cutting edge division 4b connecting to the corner R cutting edge 7 and the second
corner-sided main cutting edge division 4c positioned opposite the corner R cutting edge 7 are made larger in insert
length direction-wise dimension than others, namely the main cutting edge divisions 4a. Moreover, two projections 6c
and 6d are disposed in correspondence with the first corner-sided main cutting edge division 4b. Similarly, two projections
6e and 6f are disposed in correspondence with the second corner-sided main cutting edge division 4c. Accordingly, the
first and second corner-sided main cutting edge divisions 4b and 4c face a pair of projections 6c and 6d and a pair of
projections 6e and 6f, respectively.
[0078] Of a plurality of projections 6c and 6d disposed in correspondence with the first corner-sided main cutting edge
division 4b, the one disposed nearest to the corner R cutting edge 7 is defined as the first projection 6d, whereas the
other projection than the first projection 6d is defined as the second projection 6c. The first projection 6d is so shaped
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that its width and height diminish gradually with approach toward the corner R cutting edge 7. In other words, in the first
projection 6d as viewed from the top of the insert, an inclination angle θ which the ridge line of the intersecting ridge
forms with the main cutting edge division 4b is less than 90°. It is preferable that the inclination angle θ falls in a range
of from 60° to 85°. In this embodiment, the inclination angle θ is set at 65°. Moreover, the second projection 6c is disposed
with its ridge line extending substantially perpendicularly with respect to the first corner-sidedmain cutting edge division
4b. A plurality of projections 6c and 6d disposed in correspondence with the first corner-sided main cutting edge division
4b are so arranged that their insert width direction C-wise front ends are substantially symmetrically located with respect
to the perpendicular bisector of the first corner-sided main cutting edge division 4b.
[0079] Moreover, a plurality of projections 6 disposed in correspondence with the second corner-sided main cutting
edge division 4c are defined as the third projections 6f and 6e. Each of the third projections 6f and 6e is disposed face
to face with the second corner-sided main cutting edge division 4c, with its ridge line extending substantially perpendic-
ularly with respect to the second corner-sided main cutting edge division 4c. A plurality of projections 6e and 6f disposed
in correspondence with the second corner-sided main cutting edge division 4c are so arranged that their insert width
direction C-wise front ends are substantially symmetrically located with respect to the perpendicular bisector of the
second corner-sided main cutting edge division 4c. Moreover, the projection 6 corresponding to the main cutting edge
division 4a other than the corner-sided main cutting edge divisions 4b and 4c is defined as the fourth projection 6b. Each
of the fourth projections 6b is pointed to the midportion of its respective main cutting edge division 4a in the insert length
direction, with its ridge line extending substantially perpendicularly with respect to the main cutting edge division 4a.
That is, each of the fourth projections 6b is so disposed as to extend along the perpendicular bisector of its respective
main cutting edge division 4a.
[0080] The first projection 6d arranged nearest to the corner R cutting edge 7 is inclined relative to the first corner-
sided main cutting edge division 4b. In this case, the chip 8 of wider width, the sectional profile of which is composed of
a straight line segment and a circularly arcuate segment, produced by the action of the first corner-sided main cutting
edge division 4b connecting to the corner R cutting edge 7 as well as the corner R cutting edge 7 can be curvedly
deformed in the most efficient manner. More specifically, of the section of the chip 8, the circularly arcuate segment is
curved by the first projection 6d, whereas the straight line segment is curved by the second projection 6c other than the
first projection 6d.
[0081] Further, at one of both ends of the main cutting edge 4 positioned opposite the corner R cutting edge 7 are
disposed two projections 6e and 6f in correspondence with the second corner-sided main cutting edge division 4c.
However, since the corner positioned opposite the corner having the corner R cutting edge 7 is not responsible for a
cutting, it follows that a chip produced by the action of the second corner-sided main cutting edge division 4c is substantially
rectilinear in cross section and free of any circularly arcuate segment. Therefore, the third projection(6e, 6f) corresponding
to the second corner-sided main cutting edge division is so disposed that the main cutting edge division-sided ridge line
and the second corner-sided main cutting edge division 4c are disposed in substantially perpendicular relation to each
other. Thereby, the produced chip 8 of wider width can be curled in a predetermined direction more reliably without
wobbling from side to side.
[0082] As described hereinabove, according to the present embodiment, one or more projections 6 are formed in
correspondence with each of the main cutting edge divisions. In this case, the chip 8 is abutted against a single or a
plurality of projections (6b to 6f) and it can thereupon be curvedly deformed. Since there are provided a plurality of
projections 6 against which the chip 8 is abutted thereby to cause curved deformation, even if the chip 8 is large in cross-
sectional area and is high in rigidity, an impactive force exerted by such a chip 8 can be distributed among a plurality of
projections 6. This helps decrease chipping-off of the projection 8, wherefore the chip 8 can be curvedly deformed
satisfactorily.
[0083] In the case where, just like this embodiment, a plurality of main cutting edge divisions are classified into two
groups: long length of main cutting edge divisions and short length of main cutting edge divisions, by setting the number
of the projection (6c, 6d; 6e, 6f) corresponding to the long main cutting edge division (4b, 4c) to be larger than the number
of the projection (6b) corresponding to the short main cutting edge division (4a), it is possible for the chip of wider width
produced by the action of the long main cutting edge division (4b, 4c) to be curvedly deformed more reliably. Moreover,
the projection (6c, 6d; 6e, 6f) corresponding to the long main cutting edge division (4b, 4c) can be avoided being chipped
off due to a collision with the chip 8 of wider width. Further, since an undesired increase in the number of the projection
6 corresponding to the short main cutting edge division 4a can be avoided, it is possible to reduce the projection-induced
cutting resistance.
[0084] the chip produced by the action of the main cutting edge division (4a, 4c) other than the corner R cutting edge
7-sided main cutting edge division (4b) is moved in a direction substantially perpendicular to the corresponding main
cutting edge division (4a, 4c). In this embodiment, apart from the corner R cutting edge 7-sided main cutting edge division
4b, the projection 6b corresponding to the main cutting edge division 4a and the projections 6e and 6f corresponding to
the main cutting edge division 4c are each so disposed as to extend in a direction substantially perpendicular to the
corresponding main cutting edge divisions (4a and 4c). In this case, the chip moving in a direction substantially perpen-
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dicular to the main cutting edge division (4a, 4c) can be abutted against the projection (6b, 6e, 6f) with lesser projection-
induced cutting resistance. Moreover, for example, in the case where the projection (6b, 6e, 6f) is pointed to the midportion
of its respective main cutting edge division (4a, 4c) in the insert length direction, the chip can be moved in a direction
substantially perpendicular to the main cutting edge division without wobbling from side to side. This makes it possible
to avoid making contact with a prlurality of chips one another, in consequence whereof there results a decline of packing
of chips in the chip pocket.
[0085] Since the corner R cutting edge 7-sided main cutting edge division 4b connects to the corner R cutting edge
7, it follows that the chip produced by the action of the corner R cutting edge 7-sided main cutting edge division 4b
merges with the chip produced by the action of the corner R cutting edge 7 in the shape of circular arc. The circularly
arcuate chip is moved on the rake face 2 with inclination with reference to the main cutting edge division 4a. In this
embodiment, of a plurality of projections 6c and 6d corresponding to the corner R cutting edge 7-sided main cutting
edge division 4b, the first projection 6d arranged nearest to the corner R cutting edge 7 is so shaped that its width and
height diminish gradually with approach toward the corner R cutting edge 7. In this case, the chip produced by the action
of the corner R cutting edge 7 as well as the main cutting edge division 4b connecting can be smoothly abutted against
the first projection 6d with lesser first projection 6d-induced cutting resistance. As another advantage, the chip produced
by the action of the corner R cutting edge 7 as well as the main cutting edge division 4b merging therewith can be
curvedly deformed smoothly.
[0086] Moreover, the first projection 6d is so disposed as to extend along an imaginary straight line inclined at an
angle of 60° to 85° (the inclination angle θ) relative to the corner R cutting edge 7-sided main cutting edge division 4b.
In this case, not only it is possible to reduce the first projection 6d-induced cutting resistance, but it is also possible to
cause the chip produced by the action of the corner R cutting edge 7 to become curvedly deformed more reliably. For
example, if the inclination angle θ is less than 60°, the chips tend to cause clogging, which could lead to an undesired
increase in the first projection 6d-induced cutting resistance. On the other hand, if the inclination angle θ is greater than
85°, the chip cannot be easy to be curvedly deformed readily, which could lead not only to a failure of protecting the
holder wall 14 from abrasion but also to a decline in chip evacuation due to the size of the chip being oversize. There
is also a possibility of occurrence of chipping-off of the cutting edge caused by biting of the chip.
[0087] In addition, if the inclination angle θ is less than 60°, when the chip portion produced by the action of the main
cutting edge division 4b connecting to the corner R cutting edge 7 is abutted against the first projection 6d, an unduly
high cutting resistance is generated. On the other hand, if the inclination angle θ is greater than 85°, when the chip
portion produced by the action of the corner R cutting edge 7 is abutted against the first projection 6d, an unduly high
cutting resistance is generated.
[0088] In this embodiment, the inclination angle θ is set to fall in a range of from 60° to 85°. Accordingly, the chipproduced
by the action of the corner R cutting edge 7 can be curvedly deformed more reliably without causing any problem such
as stated above.
[0089] Moreover, it is possible to, just like this embodiment, increase the number of the projection 6 corresponding to
the main cutting edge division (4a to 4c) according to the length of its respective main cutting edge division. For example,
in the case of providing the main cutting edge divisions of varying length, depending on the length of the main cutting
edge division, the number of the projection 6 to be assigned thereto is varied; that is, a larger number of the projections
6 are assigned to the main cutting edge division of longer length (4b, 4c) compared to the main cutting edge division of
shorter length (4a). The high-rigidity chip produced by the action of the long main cutting edge division (4b, 4c) comes
into collision with a plurality of projections (6c, 6d; 6e, 6f). Depending on the rigidity of the chip, a force exerted by the
chip can be distributed among a plurality of projections 6 or received by a single projection 6, wherefore it can be
decreased of chipping-off of the projection.
[0090] It is also possible to increase the number of the projection 6 corresponding to the main cutting edge division
(4a to 4c) under the condition that the length of its respective main cutting edge division falls outside a predetermined
range of length. In this case, however, if the projection 6 corresponding to the main cutting edge division (4a to 4c) is
too many in number, the projection-induced cutting resistance could be increased, and the chip could be caught in the
projections. On the other hand, if the projection 6 corresponding to the main cutting edge division (4a to 4c) is too few
in number, chipping-off of the projection could take place, depending on its size.
[0091] Notethat, in Fig. 8, only the two corner-sidedmain cutting edge divisions 4b and 4c constituting both ends of
the main cutting edge 4 are assigned with a plurality of projections 6c and 6d and a plurality of projections 6e and 6f,
respectively. However, to achieve a similar effect, any of other main cutting edge divisions in the insert may also be
assigned with a plurality of projections so long as it has an adequate length.

(Third Embodiment)

[0092] Fig. 10 and 11 are views showing an insert 31 in accordance with a third embodiment of the invention. In the
third embodiment, the main cutting edge divisions 4a are each so formed as to extend with an inclination with reference
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to a plane perpendicular to the insert thickness direction A. Otherwise, the third embodiment is analogous to the first
embodiment, and therefore the components that play the same or corresponding roles as in the first embodiment will
be identified with the same reference symbols, and overlapping descriptions will be omitted. The main cutting edge
divisions 4a are each gradually inclined in a direction away from the bottom surface of the insert, with respect to the
insert thickness direction A, with approach toward the corner R cutting edge 7 in one lengthwise direction. In this
embodiment, the main cutting edge division 4a is formed so as to extend along a predetermined imaginary straight line.
[0093] In this embodiment, the main cutting edge 4 is divided into a plurality of main cutting edge divisions 4a in the
insert length direction B. Accordingly, a chip of small widthwise dimension is produced. Moreover, since the length of
the main cutting edge can be made smaller than the lengthwise dimension of the insert as a whole, it is possible to
achieve a cutting-resistance reduction in the cutting. Further, since the main cutting edge division 4a is inclined relative
to the bottom surface of the insert 1, it is possible to impart a positive axial rake to the milling tool 12 to which is attached
the insert 1. This helps improve the biteability of the insert on a workpiece to be machined even further and thus reduce
the cutting resistance exerted by the workpiece. Accordingly, even in the case of performing a heavy cutting, an undesired
increase in cutting resistance can be decreased, wherefore chattering can be suppressed more reliably during the cutting.
[0094] Moreover, also in this embodiment, just like the preceding embodiments, there are provided the projections 6.
Being brought into contact with the projection 6, the chip can be curvedly deformed and small-sized. Thereby, the chip
is inhibited from coming into collision with the holder wall 14 and is thus able to get out of the chip pocket 13 readily,
which leads to enhanced chip evacuation. Moreover, in this embodiment, since the main cutting edge division 4a is
inclined, the produced chip is allowed to move in a direction toward the base end of the holder to eventually get out of
the chip pocket readily. This helps enhance the chip evacuation even further. Note that the ridge line of the projection
6 should preferably extend in the direction in which the chip is evacuated. In this case, the chip can be curled smoothly.
[0095] Moreover, in this embodiment, the main cutting edge division 4a is inclined relative to the bottom surface of
the insert 1 thereby imparting an axial rake angle. This eliminates the need to bring the seating surface formed in the
holder 11 into sharp inclination with reference to the holder axis in a direction circumferentially of the holder, wherefore
several advantages are gained: an undesired reduction in the thickness of the holder 11 can be avoided; the holder 11
is free from a decline in rigidity; and the life of the holder 11 can be prolonged. In addition, since the biteability of the
insert on the workpiece can be improved, it is possible to reduce the cutting resistance exerted by the workpiece.
Accordingly, even in the case of performing a heavy cutting in which the depth of cut at a single cutting operation is high,
there is defficult to increase in cutting resistance, wherefore chattering can be suppressed more reliably during the cutting.
[0096] Moreover, in this embodiment, the main cutting edge divisions 4a are aligned in one predetermined imaginary
straight line L3. In this case, the chip produced by the action of one of the two main cutting edge divisions 4a juxtaposed
in the insert length direction B is avoided coming into collision with the other main cutting edge division 4a. Accordingly,
the chip to be evacuated is moved vigorously toward the holder base end, which leads to further enhancement in chip
evacuation.
[0097] Fig. 12 is a side view of an insert 31a shown in simplified form, looking from the longer side thereof, which
insert 31a is an example of a modified form of the insert 31 of the third embodiment of the invention. The insert 31a is
analogous to the insert 31 of the third embodiment shown in Figs. 10 and 11, and therefore the components that play
the same or corresponding roles as in the third embodiment will be identified with the same reference symbols, and
overlapping descriptions will be omitted.
[0098] As shown in Fig. 12, in the insert 31a of modification example, when viewed from one side in the insert width
direction C, the end face is provided with a main cutting edge division-constituting portion 8 for constituting the main
cutting edge division 4a and an inter-cutting edge portion 9 interposed between the adjacent main cutting edge divisions
4a. The main cutting edge division 4a conforms to the one insert thickness direction Al-wise edge of the main cutting
edge division-constituting portion 8. The main cutting edge divisions 4a are so formed as to extend in parallel with one
another. Moreover, the main cutting edge divisions 4a are made uniform in the distance between its lengthwise one end
and the bottom surface of the insert, namely in thicknesswise dimensions T1. Further, the one insert thickness direction
A1-wise edge of the inter-cutting edge portion 9 is inclined in the insert thickness direction A in such a way that the
distance to the bottom surface is gradually decreased with distance from the corner R cutting edge 7 in the insert length
direction B. The insert 31a of modification example such as shown herein offers the same effects as achieved in the
previously-described insert 1. Moreover, the main cutting edge division-constituting portion 8 can be made thick-walled
in its thicknesswise direction, wherefore the main cutting edge can be avoided being chipped off. Further, it is possible
to make large the difference in level between the inter-cutting edge portion 9 and the main cutting edge division-constituting
portion located farther away from the corner R cutting edge 7 than the inter-cutting edge portion 9 in the lengthwise
direction. This stepped portion acts as a chip breaker for breaking a chip into small pieces. Being small-sized in that
way, the chip can be evacuated with higher evacuation.
[0099] Fig. 13 is a side view of an insert 31b shown in simplified form, looking from the longer side thereof, which
insert 31b is another example of a modified form of the insert 31 of the third embodiment of the invention. The insert
31b is analogous to the insert 31 of the third embodiment shown in Figs. 10 and 11, and therefore the components that
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play the same or corresponding roles as in the third embodiment will be identified with the same reference symbols, and
overlapping descriptions will be omitted.
[0100] As shown in Fig. 13, in the insert 31b of another modification example, when viewed from one side in the insert
width direction C, the end face is provided with a main cutting edge division-constituting portion 8 for constituting the
main cutting edge division 4a and an inter-cutting edge portion 9 interposed between the adjacent main cutting edge
divisions 4a. The main cutting edge division 4a conforms to the one insert thickness direction Al-wise edge of the main
cutting edge division-constituting portion 8. The main cutting edge divisions 4a are so formed as to extend in parallel
with one another. Moreover, the main cutting edge divisions 4a are made uniform in the distance between its lengthwise
one end and the bottom surface of the insert, namely in thicknesswise dimensions T1. Further, the one insert thickness
direction A1-wise edge of the inter-cutting edge portion 9 is inclined in the thicknesswise direction in such a way that
the distance to the bottom surface is gradually increased with distance from the corner R cutting edge 7 in the insert
length direction B. The insert 31b of another modification example such as shown herein offers the same effects as
achieved in the previously-described insert 1. Moreover, the main cutting edge division-constituting portion 8 can be
made thick-walled in its thicknesswise direction, wherefore the main cutting edge can be avoided being chipped off.
Further, it is possible to make small the difference in level between the inter-cutting edge portion 9 and the main cutting
edge division-constituting portion 8 located farther away from the corner R cutting edge 7 than the inter-cutting edge
portion 9 in the lengthwise direction. This helps protect the main cutting edge from chipping-off more reliably. Moreover,
a chip is slightly deformed curvedly when it climbs over this stepped portion. Being small-sized in that way, the chip is
able to get out of the chip pocket 13 readily, which leads to enhanced chip evacuation.

(Fourth Embodiment)

[0101] Fig. 14 and 15 are views showing an insert 41 in accordance with a fourth embodiment of the invention. The
insert 41 is analogous to the previously-described insert 1 of the first embodiment, and therefore the components that
play the same or corresponding roles as in the insert 1 will be identified with the same reference symbols, and overlapping
descriptions will be omitted.
[0102] As has already been described, the insert 1 of the first embodiment is provided with a plurality of main cutting
edge divisions 4a obtained by cutting part of the rake face 2 to create one or more grooves 5. On the other hand, in the
insert 41 of the fourth embodiment, the main cutting edge 4 is composed of a plurality of main cutting edge divisions 4a
juxtaposed in the insert length direction B. Strictly speaking, the main cutting edge divisions 4a are so disposed that
they are displaced in relation to one another in the insert thickness direction A. In this way, the main cutting edge has
a stepped configuration; that is, the main cutting edge divisions 4a differ from one another in level in the thickness
direction A. Since a plurality of main cutting edge divisions 4a do not connect to one another, it follows that a chip is
produced by the action of each of the main cutting edge divisions 4a on an individual basis. Accordingly, the produced
chip can be narrowed thereby achieving a cutting-resistance reduction.
[0103] Moreover, in this embodiment, just like the previously-described insert 1 of the preceding embodiment, there
are provided projections 6 that are formed on the rake face 2 so as to protrude therefrom in correspondence with the
individual main cutting edge divisions 4a. The shape and arrangement of the projections 6 are similar to those in the
preceding embodiment, and therefore no description will be given therefor. By forming the projections 6 in correspondence
with the individual main cutting edge divisions 4a, a chip of narrow width produced by the action of each of the main
cutting edge divisions 4a can be curvedly deformed by the corresponding projection 6. This helps decrease the chip
making contact with the holder wall 13. Moreover, being made smaller in radius of curvature, the chip is able to get out
of the chip pocket 13 smoothly, which leads to enhanced chip evacuation. Moreover, in this embodiment, each of the
main cutting edge divisions 4a is inclined in such a way that the distance to the bottom surface of the insert is gradually
increased with approach toward the corner R cutting edge 7. However, in this embodiment, the configuration of the main
cutting edge division is not limited thereto, and therefore each of the main cutting edge divisions 4a may be formed in
parallel with the bottom surface. In another alternative, part of a plurality of main cutting edge divisions 4a may be inclined
differently from others. In the case where the main cutting edge division 4a is inclined relative to the bottom surface, it
is preferable that the ridge line of the projection 6 is formed along the direction in which the chip produced by the action
of the main cutting edge division 4a is moved.
[0104] Also in the case of attaching the insert 31 of the third embodiment and the insert 41 of the fourth embodiment
to the holder 11, it is necessary to make a difference in the positioning of the main cutting edge divisions between them.
This makes it possible to cope with incompleteness in cutting which is ascribable to the groove 5. Moreover, the number
and arrangement of the projection 6 corresponding to the main cutting edge divisionmay be selected arbitrarily according
to the length of its respective main cutting edge division.
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(Fifth Embodiment)

[0105] Fig. 16 through 19 are views showing an insert 51 in accordance with a fifth embodiment of the invention.
[0106] The insert 51 of the fifth embodiment of the invention shown in Fig. 16 has a main body formed in substantially
a polygonal plate shape. The main body has a bottom surface 52 formed on its lower surface, a rake face 53 formed on
its upper surface, and a relief face 54 formed on its side surface. Moreover, along a ridge representing the intersection
of the rake face 53 and the relief face 54 is formed a main cutting edge 55.
[0107] On the relief face 54 is created a main groove 56, the opposite ends of which reach the rake face 53 and the
bottom surface 52, respectively. The main cutting edge 55 is divided into a plurality of first main cutting edge divisions
55A by the main grooves 56. Similarly, the relief face 54 is divided into a plurality of relief face divisions 54A by the main
grooves 56. Moreover, on the relief face division 54A is created a sub-groove 57 abreast of the main groove 56. One
end of the sub-groove 57 reaches the rake face 53. The first main cutting edge division 55A is divided into a plurality of
second main cutting edge divisions 55a by the one end of the sub-groove 57.
[0108] The insert 51 of the fifth embodiment, which has a structure similar to that of the insert 21 of the second
embodiment, differs from the insert 21 of the second embodiment in that there is no projection and the sub-grooves 57
are formed. The main groove 56 of the insert 51 of the fifth embodiment is formed in conformity with the groove 5 formed
in the insert 21 of the second embodiment. That is, the main groove 56 and the groove 5 have basically the same
configuration. Note that no description will be given as to the components of the insert 51 of the fifth embodiment that
play the same or corresponding roles as in the insert 21 of the second embodiment, and the following description will
center on the sub-groove 57 which is not provided in the insert 21 of the second embodiment.
[0109] As shown in Figs. 16 through 19, the insert 51 of the fifth embodiment is provided with the main groove 56 and
the sub-groove 57 which is made smaller than the main groove 56. The main groove 56 is formed at the end of the insert
51 in its widthwise direction so as to nick the widthwise end face in the insert width direction C and to extend in the insert
thickness direction A. The main groove 56 is so formed as to extend from the rake face 53 to the bottom surface 52 of
the insert 51, with its insert length direction B-wise width increasing gradually from the rake face 53 to the bottom surface
52. In other words, the main groove 56 extends across the rake face 53 and the bottom surface 52.
[0110] The main cutting edge 55 is divided into pieces in the insert length direction B by the main grooves 56, and so
is the relief face 54. That is, the main cutting edge 55 is composed of a plurality of first main cutting edge divisions 55A
arranged spacedly side by side in the insert length direction B, and the relief face 54 is composed of a plurality of relief
face divisions 54A arranged spacedly side by side in the insert length direction B. In this embodiment, the insert 51 is
provided with three main grooves 56 aligned in the insert length direction B, and correspondingly the main cutting edge
55 includes four first main cutting edge divisions 55A, and the relief face 54 includes four relief face divisions 54A. The
main grooves 56 are substantially identical in shape and arranged substantially equidistantly in the insert length direction
B. The shape, arrangement, and number of the main groove 56 may be selected arbitrarily so long as the strength of
the cutting edge is maintained sufficiently high.
[0111] The sub-groove 57 is formed at the end of the insert 51 in its widthwise direction so as to nick the widthwise
end face in the insert width direction C and to extend in the insert thickness direction A. The sub-groove 57 is so formed
as to extend from the rake face 53 of the insert 51 in the insert thickness direction A. Moreover, the sub-groove 57 is
made smaller in the degree of depression in the insert 51, namely depth, than the main groove 56.
[0112] The insert width direction C-wise dimension of each of the main groove 56 and the sub-groove 57 is adjusted
to be greater at least than the predetermined maximum feed per tooth of the milling tool 12. In this embodiment, the
insert width direction C-wise dimension of the main groove 56 is so determined that a decline in cutting resistance
reaches a state of criticality. On the other hand, the insert width direction C-wise dimension of the sub-groove 57 is set
at a maximum value of the predicted feed. Moreover, the insert length direction-wise dimension, the insert width direction-
wise dimension, and the insert thickness direction-wise dimension of the main groove 56 are each so determined as to
maintain the strength of the insert 1.
[0113] In this embodiment, a relief angle is secured in the insert 51. The relief face 54 is so shaped as to nick gradually
inwardly in the insert width direction C from the rake face 53-sided end to the bottom surface 52-sided end in the insert
thickness direction A. On the relief face 54, the bottom of the sub-groove 57 is positioned in the region projecting beyond
the region intersecting the bottom surface 52 in the insert width direction C. That is, the sub-groove 57 is created at the
widthwise end of the insert 51 so as to lie in the region other than the bottom surface 52-sided region, namely on the
rake face 53-sided region. Moreover, the insert width direction-wise wall surface of the sub-groove 57 extends substan-
tially in parallel with the insert thickness direction A.
[0114] Note that the sub-groove 57 is made smaller in at least one of depth, width, and length than the main groove
56. That is, the sub-groove 57 may be made smaller than the main groove 56 in terms of only depth or width, or in terms
of both depth and width. Incidentally, in this embodiment, the sub-groove 57 is made smaller in depth, width, and length
than the main groove 56. The sub-groove 57 is created between the two adj acent main grooves 56 in the insert length
direction B, between the main groove 56 and insert length direction-wise one end face of the insert, and between the
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main groove 56 and insert length direction-wise other end face of the insert. Accordingly, the sub-grooves 57 are
positioned so as to subdivide the main cutting edge; that is, to divide the first main cutting edge division 55A obtained
by dividing the main cutting edge by the main groove 56 into a plurality of portions.
[0115] In this embodiment, the main cutting edge 55 is composed of the first main cutting edge divisions of varying
length in the insert length direction: the long length of first main cutting edge division and the short length of first main
cutting edge division. The long first main cutting edge division is divided into three second main cutting edge divisions
by two sub-grooves 57. The short first main cutting edge division is divided into two second main cutting edge divisions
by a single sub-groove 57. In this way, the second main cutting edge division can be made short regardless of the length
of the first main cutting edge division to which it belongs. That is, the sub-groove 57 is positioned so as to divide the first
main cutting edge division into two or three equal portions.
[0116] As described hereinabove, according to the present embodiment, the number of the main groove 56 for dividing
the relief face 54 including the main cutting edge 55 is so determined that the strength of the cutting edge is maintained
sufficiently high. In order to achieve a further reduction in cutting resistance, the first main cutting edge division 55A is
divided into a plurality of second main cutting edge divisions 55a by the sub-groove 57 which is smaller than the main
groove 56. In this construction, a cutting-resistance reduction can be achieved while maintaining the strength of the
cutting edge constituting the main cutting edge. As a result, for example, even in the case of performing a heavy cutting
involved with considerable depth of cut, it is difficult that the insert 51 suffers from chipping-off and chattering.
[0117] As will be explained below, in designing the sub-groove 57 and the main groove 56 specific to this embodiment,
a width W, a depth D, and a length L are deemed to be important factors. As shown in Fig. 17, the width (W1, W2) of
the groove (56, 57) refers to the insert length direction B-wise dimension of the groove (56, 57); that is, the distance
between two points of intersection of a ridge representing the intersection of the rake face 53 and the wall surface of
the groove (56, 57) and an imaginary straight line of the main cutting edge 5. Expressed differently, the width (W1, W2)
refers to the distance between the insert length direction-wise wall surfaces of the groove (56, 57) in the insert length
direction.
[0118] Moreover, the depth (D1 D2) of the groove (56, 57) refers to the insert width direction C-wise dimension of the
groove (56, 57); that is, the maximum distance between the imaginary straight line of the main cutting edge 55 and the
intersecting ridge of the groove in the insert width direction C. Expressed differently, the depth (D1, D2) refers to the
distance between part of the relief face 54 in the vicinity of the rake face 53 and the insert width direction-wise wall
surface of the groove (56, 57) in the insert width direction C.
[0119] Further, as shown in Fig. 18, the length (L1, L2) of the groove (56, 57) refers to the insert thickness direction
A-wise dimension of the groove (56, 57). That is, in a state in which the insert 51 is settled on a flat surface with its
bottom surface 52 down, the length (L1, L2) refers to the minimum distance between one end reaching the rake face
53 to the other end of the groove (56, 57) in the insert thickness direction A.
[0120] Herein, it is particularly preferable that the width W2 of the sub-groove 57 is adjusted to be 1/6 to 5/6 part of
the width W1 of the main groove 56 from the standpoint of striking an excellent balance between a reduction in cutting
resistance and maintaining of cutting edge strength. If the width W2 of the sub-groove 57 is smaller than 1/6 part of the
width W1 of the main groove 56, a satisfactory cutting-resistance reducing effect cannot be difficult to be attained. On
the other hand, if the width W2 of the sub-groove 57 is larger than 5/6 part of the width W1 of the main groove 56, it is
difficult to impart sufficient strength to the cutting edge portions. By adjusting the width W2 of the sub-groove 57 within
the aforementioned range, it is possible to secure an appropriate cutting edge length for the second main cutting edge
division 55a. This is effective in decreasing occurrence of chipping-off, breakage, or other damage to the cutting edge.
[0121] Moreover, it is particularly preferable that the depth D2 of the sub-groove 57 is adjusted to be 1/6 to 5/6 part
of the depth D1 of the main groove 56. If the depth D2 of the sub-groove 57 is smaller than 1/6 part of the depth D1 of
the main groove 56, the depth D2 of the sub-groove 57 tends to be smaller than the feed set for a heavy cutting, and
thus a chip cannot be difficult to be broken into pieces properly. This leads to a failure of a reduction in cutting resistance.
Furthermore, the chip in an unbroken state will be brought into contact with the groove wall surface of the sub-groove
57, which results in an increase in cutting resistance. On the other hand, if the depth D2 of the sub-groove 57 is larger
than 5/6 part of the depth D1 of the main groove 56, it is difficult to impart sufficient strength to the cutting edge portions,
which leads to a decline in the strength of the insert main body as a whole.
[0122] In this embodiment, while the length L1 of the main groove 56 is substantially identical with the thicknesswise
dimension of the insert 1, the length L2 of the sub-groove 57 is smaller than the thicknesswise dimension of the insert
51. The other end of the sub-groove 57 is located on the relief face division 54A. This construction is free from a decline
in the strength of the cutting edge and thus a decline in the strength of the insert main body that are associated with the
case of increasing the number of only the main groove 56 whose other end reaches the bottom surface 52.
[0123] More specifically, in this embodiment, the width W1 of the main groove 56 is set at 1.6 mm; the depth D1 of
the main groove 56 is set at 1.2 mm; and the length L1 of the main groove 56 is set at 6.4 mm. On the other hand, the
width W2 of the sub-groove 57 is set at 0.6 mm; the depth D2 of the sub-groove 57 is set at 0.4 mm; and the length L2
of the sub-groove 57 is set at 2.4 mm.
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[0124] Subsequently, a description will be given as to the experiment that has been conducted to examine the cutting
performance of the insert of the present embodiment. Figs. 20A through 20D are plan views of experimental inserts of
varying cutting-edge configuration shown in simplified form, illustrating the insert 51 of the fifth embodiment and inserts
151A, 151B, and 151C of comparative examples. As shown in Fig. 20(B), the insert 51 of the fifth embodiment has three
main grooves 56 and four sub-grooves 57. On the other hand, as shown in Fig. 20 (A), the insert 151A of the first
comparative example has three main grooves 56. Moreover, as shown in Fig. 20(C), the insert 151B of the second
comparative example has seven main grooves 56. Further, as shown in Fig. 20(D), the insert 151C of the third comparative
example has seven sub-grooves 57. The sizes of the main groove 56 and the sub-groove 57 are common to all of the
insert 51 of the fifth embodiment and the inserts 151A, 151B, and 151C of the first to third comparative examples.
[0125] In the insert 151A of the first comparative example, the main cutting edge is divided substantially into fourmain
cutting edge divisions by three main grooves 56. The insert 51 of the fifth embodiment is obtained by creating the sub-
grooves 57 additionally in the insert 151A of the first comparative example. That is, the main cutting edge division
obtained by dividing the main cutting edge by the groove 56 is divided into two portions by the sub-groove 57. In the
insert 151B of the second comparative example, the main cutting edge is divided substantially into eight equal main
cutting edge divisions by seven main grooves 56. In the insert 151C of the third comparative example, the main cutting
edge is divided substantially into eight equal main cutting edge divisions by seven sub-grooves 57.

[0126] In order to make performance comparisons among the experimental inserts in terms of cutting resistance,
cutting edge strength, and finished surface condition, with use of a workpiece of SS400 (according to JIS), machining
tests were carried out by means of dry cutting at a cutting speed V of 200 m/min, under conditions of a depth of cut in
the holder axial direction of 15 mm and a depth of cut in the holder radial direction of 5 mm. Moreover, in the measurement
of cutting resistance and finished surface condition, a feed: f per tooth of the insert was set at 0.2 mm/t. Listed in Table
1 are the results of the tests. Note that cutting resistance measurement was carried out under the aforementioned
conditions with use of a cutting resistance measurement device manufactured by Kistler Corporation. The value of the
obtained principal force was listed in the table as the cutting resistance. Moreover, regarding cutting-edge strength
measurement, the feed was increased by degrees so as for a load imposed on the insert to become heavier gradually
until the insert was chipped off. The value of the critical feed at which the chipping-off of the insert took place was listed
in the table as the cutting-edge strength. Specifically, the feed per tooth of the insert was increased by degrees, and the
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value of the feed at which the insert was chipped off was taken as the cutting-edge strength.
[0127] Cutting resistance is increased in proportion to the area of contact between the insert and a workpiece, namely
the sum total of the lengths of the main cutting edge divisions formed in the insert. Accordingly, the larger is the number
of the grooves 56 and 57, the smaller is the cutting resistance. As compared with the insert 151A of the first comparative
example, the insert 51 of the fifth embodiment has a larger number of grooves, namely the sub-grooves 57, and exhibits
lower cutting resistance correspondingly. Moreover, as will be understood from the cutting resistance data on the insert
151C of the third comparative example, the rate of cutting-resistance reduction in the case of increasing the number of
the sub-groove 57 is not so large as the case of increasing the number of the main groove 56. This is not only because
the sum total of the lengths of the main cutting edge divisions formed in the insert having many sub-grooves alone is
larger than that of the insert having many main grooves alone, but also because the sub-groove 57 is small in depth D
and width W. That is, part of the workpiece left unmachined tends to be brought into contact with the wall surface of the
sub-groove 57. Inconveniently, this makes difficult an effective reduction of cutting resistance. In addition, in the case
of providing neither the main groove 56 nor the sub-groove 57, cutting resistance of approximately 5000 N will be observed.
[0128] Cutting-edge strength is increased in proportion to the length of the main cutting edge division. In other words,
the shorter is the main cutting edge division, the lower is the cutting-edge strength. Accordingly, as compared with the
insert 151A of the first comparative example, the insert 151B of the second comparative example exhibits lower cutting-
edge strength because of its having a larger number of the main grooves 56. In this regard, with the provision of the
sub-grooves 57 each of which is smaller than the main groove 56, the cutting-edge strength of the insert 51 of the fifth
embodiment is not so low as that of the insert 151B of the second comparative example relatively to the insert 151A of
the first comparative example.
[0129] Moreover, in the case where the depth D2 of the sub-groove 57 is smaller than a holder cutting extent f per
tooth (f > D2), part of the workpiece left unmachined tends to be brought into contact not only with the insert length
direction-wise walls but also with the insert width direction-wise wall of the sub-groove 57. In this case, the area of contact
between the insert and the workpiece is further increased, which results in an undesired increase in cutting resistance.
After all, the cutting edge is prone to chipping-off due to poor strength. In light of this, the insert 51 of the fifth embodiment
is so designed that the depth D2 of the sub-groove 57 is greater than a maximum value fmax of a predicted feed per
tooth of the insert. This helps avoid an increase in cutting resistance which is ascribable to the sub-grooves 57, and thus
avoid a decline in the cutting-edge strength with lesser cutting resistance. For example, in this embodiment, the maximum
value fmax of the predicted feed is set at 0.3 mm/t.
[0130] On the finished surface of the workpiece that has undergone a cutting, the level of asperities is highly dependent
on cutting resistance. As has already been described, the insert 51 of the fifth embodiment is lower in cutting resistance
than the insert 151A of the first comparative example. That is, in contrast to the insert 151A of the first comparative
example, the insert 51 of the fifth embodiment is able to give the workpiece a smooth surface finish with lesser asperities.
[0131] Thus, in an effort to accomplish a heavy cutting under strict cutting conditions, by increasing the number of the
main grooves 56 with respect to the insert 151A of the first comparative example, it is certainly possible to achieve a
cutting-resistance reduction, but simultaneously the cutting-edge strength is reduced by one-half. Such an insert is not
adaptable to a heavy cutting. Moreover, just as is the case with the insert 151C of the third comparative example described
above, by providing a plurality of sub-grooves 57 alone, it is certainly possible to avoid a decline in the cutting-edge
strength, but simultaneously the cutting resistance cannot be reduced satisfactorily. After all, such an insert is also not
adaptable to a heavy cutting.
[0132] By way of contrast, just like the insert 51 of the fifth embodiment, in the construction obtained by forming the
smaller-than-main groove 56 sub-grooves 57 additionally in the insert 151A of the first comparative example, a cutting-
resistance reduction can be achieved while maintaining the cutting-edge strength. It will thus be seen that the insert 51
of the fifth embodiment is adaptable to a heavy cutting that must be carried out under strict cutting conditions.
[0133] Although the above-described embodiment deals with the case where the sub-groove 57 is so configured that
its other end does not reach the bottom surface 52, the invention is not limited thereto. The other end of the sub-groove
57 may reach the bottom surface 52 so long as a sufficiently high strength can be secured in the insert main body by
adjusting properly the relief angle of the relief face 54, the thickness of the insert main body, and the width W2 and the
depth D2 of the sub-groove 57. It is needless to say that, in this case, it is possible to achieve the same effects as
achieved in the present embodiment.
[0134] Moreover, the sub-groove 57 is so disposed as to divide the first main cutting edge division 55A into substantially
equal portions thereby forming the second main cutting edge divisions 55a. In this way, the cutting resistance can be
distributed equally among the second main cutting edge divisions 55a, wherefore a decline in the cutting-edge strength
can be minimized with lesser cutting resistance. Herein, although this embodiment deals with the case where the first
main cutting edge division 55A is divided into two equal portions, as well as three equal portions, by the sub-groove 57,
the invention is not limited thereto. The first main cutting edge division 55A may arbitrarily be divided into two equal
portions, three equal portions, four equal portions, or the like to form a plurality of second main cutting edge divisions
55a of substantially equal length. It is heedless to say that, in this case, it is possible to achieve the same effects as
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achieved in the present embodiment.
[0135] According to this embodiment, the first main cutting edge division 55A, which is obtained by dividing the main
cutting edge by the main grooves 56, is divided into a plurality of second main cutting edge divisions 55a by the sub-
groove 57. The width of the chip 8 to be generated substantially coincides with the length of the second main cutting
edge division 55a. That is, the chip 8 is made smaller in size and lighter in weight, and is thus able to get out of the chip
pocket 13 formed in the holder 11 readily, which leads to enhanced chip evacuation. Accordingly, occurrence of problems
such as packing of the chips 8 in the chip pocket 13 and biting of the chips 8 can be decreased, wherefore the insert 51
and the holder 11 can be used for a longer time. Moreover, being lighter in weight, the chip 8 evacuated to the outside
from the chip pocket 13 is moved without being piled up around the workpiece. This helps protect the workpiece from
a flaw caused by the chip. Further, since the accumulation of the chips around the workpiece can be decreased, it is
possible to suppress biting of the chips 8 into the cutting edge. In this way, the chips can be evacuated with higher
evacuation in the course of heavy cutting.
[0136] Moreover, the first main cutting edge division 55A is further divided into pieces by the sub-groove 57. In this
case, the cutting resistance exerted on the main cutting edge can be reduced, and also, since the sub-groove 57 is
made smaller than the main groove 56, a significant decline in the cutting-edge strength as observed in the case of
forming the main grooves 56 can be suppressed. That is, by virtue of the coexistence of the main groove 56 and the
sub-groove 57, a decline in the cutting-edge strength can be suppressed, and also a cutting-resistance reduction can
be achieved in accompaniment with a decrease in the area of contact between the insert 51 and the workpiece. This
makes it possible to suppress chattering in the cutting, and thus achieve a heavy cutting that must be carried out under
strict cutting conditions.
[0137] Moreover, in this embodiment, the sub-groove 57 is made smaller in width than the main groove 56. That is,
two types of grooves (56, 57) of different width can be formed. With the provision of the broad main grooves 56, the
proportion of the first main cutting edge divisions 55A to the insert as a whole can be decreased. This makes it possible
to ensure chatter-free operation with lesser cutting resistance. On the other hand, with the provision of the narrow sub-
grooves 57, the chip can be further small-sized, and also a decline in the strength of the first main cutting edge division
55A can be avoided. In this way, the life of the insert 51 can be prolonged without causing chipping-off of the main cutting
edge. Accordingly, the insert 51 of this embodiment succeeds in achieving a cutting-resistance reduction while sup-
pressing a cutting-edge strength decline, and is thus suitable for use in a heavy cutting.
[0138] Moreover, according to this embodiment, the length of the sub-groove 57 is set to be smaller than the thickness
of the insert main body. The relief face 54A located between the two main grooves 56 is divided into a plurality of portions
by the sub-groove 57. A plurality of relief face divisions 54A connect to each other at their bottom surface-sided regions.
In this way, the relief face division sandwiched between the two main grooves 56 or the relief face division sandwiched
between the main groove 56 and the sub-groove 57 can be protected from chipping-off, wherefore the cutting-edge
strength can be increased.
[0139] Moreover, according to this embodiment, the sub-groove 57 is made smaller in depth than the main groove
56. In this way, the rake face portion sandwiched between the two main grooves 56 or the rake face portion sandwiched
between the main groove 56 and the sub-groove 57 can be protected from chipping-off, wherefore the cutting-edge
strength can be increased.
[0140] Moreover, according to this embodiment, since the depth of the main groove 56 is set at a critical value above
which it is not desirable to go because no further cutting-resistance reduction effect can be expected, it is possible to
reduce the cutting resistance insofar as possible. Moreover, since the depth of the sub-groove 57 is set at a value which
is equal to or above the value corresponding to the maximum feed, it is possible to narrow the width of the chip by the
sub-groove 57 without fail. Further, since the sub-groove 57 is made smaller in depth than the main groove 56, a decline
in the cutting-edge strength can be suppressed. In addition, since the sub-groove 57 is so disposed as to divide the first
main cutting edge division 55A into substantially equal portions thereby forming the second main cutting edge divisions
55a, it is possible to distribute the cutting resistance equally among the second main cutting edge divisions 55a. Ac-
cordingly, a decline in the cutting-edge strength can be suppressed with lesser cutting resistance.
[0141] Further, according to this embodiment, just like the first embodiment, a protuberance 15 is formed around the
through hole 16. This facilitate curling of the chip. Moreover, since the head of the screw member threadedly engaged
with the through hole 16 is hidden behind the protuberance 15, it is difficult that the chip and the screw head of the screw
member make contact with each other, wherefore the head of the screw member is free from abrasion.

(Sixth Embodiment)

[0142] Shown in Figs. 16 through 19 is the insert 51 in which the main cutting edge 5 is divided into pieces by three
main grooves 56. Meanwhile, as a sixth embodiment of the invention, Figs. 21 through 23 show an insert 61 in which
the main cutting edge 55 is divided into pieces by four main grooves 56. Fig. 21 is a plan view showing the insert 61 in
accordance with the sixth embodiment of the invention. Fig. 22 is a side view of the insert 61, looking from the longer
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side thereof. Fig. 23 is a side view of the insert 61, looking from the shorter side thereof.
[0143] The insert 61 of the sixth embodiment, although it has a structure similar to that of the insert 1 of the first
embodiment, differs from the insert 1 in its having no projection and having the sub-grooves 57. The main groove 56 of
the insert 61 of the sixth embodiment is formed in conformity with the groove 5 formed in the insert 1 of the first embodiment
shown in Fig. 1. Moreover, the main groove 56 and the sub-groove 57 of the insert 61 of the sixth embodiment are
configured basically in the same manner as in the insert 51 of the fifth embodiment.
[0144] The insert 61 of the sixth embodiment differs from the insert 51 of the fifth embodiment in the arrangements of
the main grooves 56 and the first main cutting edge divisions 55A. The insert 61 of the sixth embodiment is provided
with four main grooves 56. Correspondingly, the main cutting edge 55 is divided into five pieces of the first main cutting
edge divisions 55A. The sub-groove 57 is so formed as to divide the first main cutting edge division 55A into two equal
portions thereby forming the second main cutting edge divisions 55a. Accordingly, there are provided five pieces of the
sub-grooves 57.
[0145] In the case where the insert 51 of the fifth embodiment and the insert 61 of the sixth embodiment are arranged
side by side along the outer periphery of the holder 11 in a circumferential direction, the main-groove 56 positioning of
the insert (51, 61) is determined in a manner so as to insure that the range of passage of the main groove 56 of the
insert 51 of the fifth embodiment is included in the range of passage of the first main cutting edge division 55A of the
insert 61 of the sixth embodiment, and that the range of passage of the main groove 56 of the insert 61 of the sixth
embodiment is included in the range of passage of the first main cutting edge division 55A of the insert 51 of the fifth
embodiment.
[0146] Fig. 24 is a perspective view showing the milling tool 12 fitted with the inserts 51 and 61 of the invention. Herein,
a plurality of chip pockets 13 are formed along the front end of the outer periphery of the holder 11. The insert (51, 61)
is attached to the outer peripheral position inside the chip pocket 13. More specifically, the insert (51, 61) is so mounted
that the rake face 53 points in the direction of rotation and the main cutting edge 55 faces outermost. The main cutting
edge 55 is rotated together with the holder 11 to effect cutting.
[0147] In the case of using such a milling tool 12, in general, the holder 11 is subjected to a bending stress in the
cutting. The bending stress is causative of an appreciable deflection. In order to avoid this, the holder 11 is designed to
have a certain rigidity. However, during a cutting in reality, the magnitude of bending stress exerted on the holder 11
varies according to cutting conditions and so forth. Therefore, in the case where cutting is carried out under heavy load,
the rigidity of the holder 11 may be insufficient, thus causing an appreciable deflection. As a result, chattering may be
induced in the cutting. For example, in a heavy cutting in particular, because of its large depth of cut, there may arise a
significant increase in cutting resistance and thus occurrence of chattering is more likely.
[0148] In view of the foregoing, in the milling tool 12 such as shown hereinabove, to achieve a cutting-resistance
reduction, it has heretofore been widely practiced to use a combination of a plurality of inserts in each of which its relief
face including a main cutting edge is divided into pieces by grooves. The groove has its one end reached the rake face
of the insert and the other end reached the bottom surface thereof. That is, in such an insert, since a chip to be produced
can be made smallerinwidth, it is possible to ensure chatter-free operation with lesser cutting resistance. However, if
the number of grooves of conventional configuration is simply increased in an effort to render possible a heavy cutting
that must be carried out under strict cutting conditions, the strength of the cutting edge portion obtained by dividing the
cutting edge by the groove is decreased, which results in occurrence of problems such as chipping-off. After all, there
is a limit to a cutting-resistance reduction.
[0149] As has already been described, in this embodiment, with the provision of the main groove 56 and the sub-
groove 57, a decline in the cutting-edge strength can be suppressed with lesser cutting resistance. As a result, even in
a heavy cutting or the like process with considerable depth of cut, chattering can be suppressed without causing chipping-
off of the insert (51, 61).
[0150] In the case of using the insert 51 of the fifth embodiment shown in Figs. 16 through 19 alone for a cutting, since
the main cutting edge 55 is provided with the main grooves 56, part of a wall surface of a workpiece will inevitably be
left unmachined following the completion of cutting. In order to avoid such an incompleteness in cutting which is ascribable
to the main grooves 56, before effecting a cutting, as shown in Fig. 24, the inserts (51, 61) that differ from each other in
the arrangement of the main grooves 65, for example, the insert 51 of the fifth embodiment and the insert 61 of the sixth
embodiment, are arranged in an alternating manner on a common circumferential surface of the holder 11. In this way,
even if part of the workpiece is left unmachined following the completion of a cutting effected by one of the inserts (51)
owing to its grooves (56, 57), the main cutting edge 55 of the other insert (61) deals with this yet-to-be machined region.
Accordingly, there will be little irregularity on the machined wall surface of the workpiece. In the case of using a combination
of two types of inserts (51, 61) in that way, the inserts (51, 61) are made substantially identical in the width of the main
groove 56 and in the distance (dimension) between the adjacent main grooves. Just like the third embodiment, in each
of the insert 51 of the fifth embodiment and the insert 61 of the sixth embodiment, the main cutting edge division may
be inclined in such a way that the distance to the bottom surface of the insert is gradually decreased with distance from
the corner R cutting edge in the insert length direction.
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(Seventh Embodiment)

[0151] Fig. 25 is a general perspective view showing an insert 71 in accordance with a seventh embodiment of the
invention. Fig. 26 is an enlarged perspective view showing the milling tool 12 of the invention fitted with the insert. The
insert 71 of the seventh embodiment is designed in conformity with the insert 51 of the fifth embodiment, and therefore
the components that play the same or corresponding roles as in the fifth embodiment will be identified with the same
reference symbols, and overlapping descriptions will be omitted. The insert 71 of the seventh embodiment is provided
with, in addition to the above-described constituent elements of the insert 51 of the fifth embodiment, projections 58 that
are formed on the rake face 53 so as to adjoin their respective first main cutting edge divisions 55A. At least a single
projection 58 is provided in correspondence with each of the first main cutting edge divisions 55A. The projection 58 is
so formed as to protrude from the rake face 53 in the direction of thickness of the insert. More specifically, the projection
58 is so formed as to pair up with the first main cutting edge division 55A. The main cutting edge-sided part of the
projection 58 is bifurcated to face the second main cutting edge divisions 55a obtained by dividing the first main cutting
edge division 55A by the sub-groove 57.
[0152] Each of the bifurcations at the main cutting edge-sided part of the projection 58 is tapered; that is, so shaped
that its width and height diminish gradually with approach toward its respective second main cutting edge division 55a.
Herein, the height of the projection 58 refers to the dimension of the projection 58 with respect to the rake face 53 in the
insert thickness direction A. Moreover, the width of the projection 58 refers to the dimension of the projection 58 in the
insert length direction B. Further, the distance between the second main cutting edge division 55a and the projection
58 in the insert width direction C is so adjusted as to be shortest in the midportion of the second main cutting edge
division 55a in the insert length direction. That is, the front end of the bifurcation is pointed to the midportion of the second
main cutting edge division 55a in the insert length direction.
[0153] In this embodiment, a narrow chip produced by the action of the second main cutting edge division 55a is
brought into contact with the projection 58 formed on the rake face 53, whereupon the chip is slightly deformed curvedly.
Therefore, the holder wall 14 inside the chip pocket can be protected from a flaw caused by the chip. Moreover, when
the narrow chip is brought into contact with the projection 58 formed on the rake face 53, its radius of curvature is
decreased, and correspondingly the size of the chip is reduced. The small-sized chip in the chip pocket 13 is able to
move smoothly out of the holder 11 thereby attaining enhanced chip evacuation. Accordingly, occurrence of problems
such as packing of the chips in the chip pocket 13 and biting of the chips can be decreased, wherefore the insert 71 and
the holder 11 can be used for a longer time. Note that, in a state in which the insert is mounted in the holder 11, the
main groove 56 and the sub-groove 57 extend along a plane perpendicular to the axis of the holder and also extend in
a direction circumferentially of the holder.
[0154] As shown in Fig. 24, in the case of performing a milling with use of the inserts of a plurality of types (51, 61)
attached to the holder 11 in an alternating manner that differ in the positioning of the first main cutting edge divisions
55A, part of the machined wall surface of the workpiece is subjected to cutting by the main cutting edge divisions 55A
of one of the two inserts, whereas the other part is subjected to cutting by the main cutting edge divisions 55A of both
of the inserts. At this time, of the cross section of a chip to be produced, the midportion has the largest thickness, because
it conforms to that part of the machined wall surface which undergoes cutting effected only by the main cutting edge
divisions of one of the inserts. As exemplified in the seventh embodiment, with the provision of the projections 58 in the
insert 71 to be attached to the holder 11, the aforementioned thickest cross-sectional part of the chip is brought into
contact with the projection 58 thereby deforming curvedly, namely curling the produced chip in a selective and efficient
manner.
[0155] The insert 71 of the seventh embodiment is constructed by forming the projections 58 in the insert 51 of the
fifth embodiment. Likewise, it is also possible to add the projections 58 to the insert 61 of the sixth embodiment. It is
thus preferable that all of the inserts to be attached to the holder 11 are each provided with projections. Regarding the
provision of projections, it is essential only that one or more projections be formed in correspondence with each of the
main cutting edge divisions 55a. The projection may also be designed in conformity with that of the insert 1 of the first
embodiment or the insert 21 of the second embodiment.
[0156] Moreover, as shown in Fig. 26, an annular protuberance 15 is formed around the through hole 16 created
centrally of the rake face 53. The provision of the protuberance 15 makes it possible to achieve the same effects as
achieved in the insert 1 of the first embodiment.
[0157] Fig. 27 is a general perspective view showing an insert 71a of an example of a modified form of the insert of
the seventh embodiment. In the insert 71 of the seventh embodiment, the projections are formed on the rake face 53
so as to adjoin their respective first main cutting edge divisions 55A. At least a single projection is provided in corre-
spondence with each of the first main cutting edge division 55A. The projection is bifurcated to face the second main
cutting edge divisions 55a.
[0158] On the other hand, as shown in Fig. 27, the insert 71a of modification example is provided with a plurality of
projections 68 that are formed in correspondence with the individual second main cutting edge divisions 55a. The insert
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71a, although it has the projections 68 of such an arrangement, is able to offer the same effects as achieved in the insert
71 of the seventh embodiment. That is, irrespective of the configuration of the projection on the side of the center of the
rake face, a chip produced by the action of the second main cutting edge division 55a comes into collision with the
projection properly to obtain the curling effect. It is preferable that the projection 68 is designed in conformity with the
projection 6 of the insert 1 of the first embodiment. While the projection 6 of the first embodiment is disposed face to
face with the main cutting edge division, the projection 68 of the insert 71a constituting a modified form of the seventh
embodiment is disposed face to face with the second main cutting edge division 55a. Otherwise, the projection 68 may
be constructed in the same manner as in the insert 1 of the first embodiment. The provision of the projection 68 makes
it possible to achieve the same effects as achieved in the insert 1 of the first embodiment.
[0159] Although Figs. 1 through 27 illustrate the insert whose main body has substantially a rectangular plate shape
or a parallelogram plate shape, as another embodiment of the invention, it is possible to adopt an insert whose main
body has substantially a polygonal plate shape or a disk shape so long as it is adaptable to the shape of the holder. In
this case, the same effects as achieved in the preceding embodiment can be achieved. While particular embodiments
of the invention have been shown and described, it is needless to say that it is not so limited but is susceptible of various
changes and modifications without departing from the spirit and scope of the invention. For example, in the embodiments,
the insert is designed to have a 180° rotationally symmetrical shape. However, the insert may also be designed to have
a main cutting edge only at its one edge in the insert width direction. Moreover, the conditions to be fulfilled by the insert
such as the inclination of the main cutting edge division, the shape of the groove, and the shape of the projection can
be selected arbitrarily without being limited to those suggested in the embodiments. It is also possible to utilize the
features of the embodiments in combination. Further, the insert embodying the invention may be used for purposes
other than a heavy cutting.
[0160] The invention may be embodied in other specific forms without departing from the spirit or essential charac-
teristics thereof. The present embodiments are therefore to be considered in all respects as illustrative and not restrictive,
the scope of the invention being indicated by the appended claims rather than by the foregoing description and all
changes which come within the meaning and the range of equivalency of the claims are therefore intended to be embraced
therein.

Industrial Applicability

[0161] According to the invention as set forth in claim 1, a narrow chip produced by the action of the main cutting edge
division is brought into contact with the projection, whereupon the chip is curvedly deformed while its radius of curvature
is decreased. Being made smaller in radius of curvature, the chip undergoes rupture before making contact with the
holder wall formed in the holder, and then moves out of the chip pocket. This helps protect the holder wall from damage
resulting from a collision with the chip. Moreover, when the chip is brought into contact with the projection, its radius of
curvature is decreased and its size is reduced correspondingly. The small-sized chip in the chip pocket is able to move
smoothly out of the holder thereby attaining enhanced chip evacuation. Accordingly, occurrence of problems such as
packing of the chips in the chip pocket and biting of the chips can be decreased, wherefore the insert and the holder
can be used for a longer time.
[0162] According to the invention as set forth in claim 2, the projection is so shaped that its height, namely its dimension
with respect to the rake face, increases gradually with distance from the main cutting edge division. Accordingly, the cut
ship is guided by the projection in a direction away from the rake face and is then curvedly deformed while its radius of
curvature is decreased. In the invention, since the projection is so shaped that its height diminishes gradually with
approach toward the main cutting edge division, it is possible to ensure smooth contact between the chip and the
projection with a smaller impactive force, and thereby avoid an increase in cutting resistance.
[0163] According to the invention as set forth in claim 3, the projection is so shaped that its width increases gradually
with distance from the main cutting edge division. With such a broad configuration, the projection exhibits higher strength
and is thus avoided being broken off from the insert main body at the time of collision with the chip. This renders possible
the long-term use of the insert.
[0164] According to the invention as set forth in claim 4, the chip runs along the rake face in a direction away from the
main cutting edge division to reach the projection. Upon abutment with the projection, the chip is guided so as to move
away from the rake face in the direction of thickness of the insert. At this time, the chip is curvedly deformed while its
radius of curvature is decreased. In the invention, the main cutting edge-sided part of the projection is tapered; that is,
so shaped that its width and height diminish gradually with approach toward its respective main cutting edge division.
That is, the projection is so shaped that its height, namely its dimension with respect to the rake face, increases gradually
with distance from the main cutting edge division. This makes it possible to ensure smooth contact between the chip
and the projection, in other words reduce the impactive force exerted at the time of collision between the chip and the
projection, and thereby avoid an increase in cutting resistance. Moreover, the projection is free from a decline in strength
because of its sufficient height and width, and is thus avoided being broken off from the insert main body at the time of
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guiding the chip in a manner so as to insure that the chip is curvedly deformed. This renders possible the long-term use
of the insert.
[0165] According to the invention as set forth in claim 5, the intersecting ridge of the projection is so shaped that the
distance to the rake face in the thicknesswise direction, namely the height of the projection, is increased gradually with
distance from the main cutting edge division. Upon collision with the intersecting ridge of the projection, the chip is moved
along the intersecting ridge of the projection and undergoes curved deformation. In this way, by providing, in the projection,
the intersecting ridge against which the chip is abutted, it is possible to minimize the area of contact between the chip
and the projection, wherefore the chip can be moved more smoothly. This leads to a further reduction in cutting resistance
resulting from curved deformation of the chip. In order to achieve a cutting-resistance reduction, the projection should
preferably be so designed that the intersecting ridge extends along the perpendicular bisector of the corresponding main
cutting edge division and the height diminishes gradually with approach toward the main cutting edge division.
[0166] According to the invention as set forth in claim 6, the chip is moved in a direction substantially perpendicular
to the main cutting edge division. In the invention, since the projection is so disposed as to extend in a direction substantially
perpendicular to the main cutting edge division, it is possible to reduce the cutting resistance caused by the projection
upon contact with the chip moving on the rake face.
[0167] According to the invention as set forth in claim 7, the projection is so disposed as to be pointed to the lengthwise
midportion of the main cutting edge division. The chip produced by the action of the main cutting edge division has
substantially the same width as that of the main cutting edge division. In this case, the projection makes contact with
the widthwise midportion of the chip. Accordingly, the chip can be guided by the projection in a direction substantially
perpendicular to the main cutting edge division without wobbling from side to side.
[0168] According to the invention as set forth in claim 8, the projection is so disposed as to lie in the substantially
perpendicular bisector of the main cutting edge division. In this case, the projection is so disposed as to extend in a
direction substantially perpendicular to the main cutting edge division while being pointed to the lengthwise midportion
of the main cutting edge division. This makes it possible to reduce the cutting resistance caused by the projection upon
contact with the chip moving in a direction substantially perpendicular to the main cutting edge division. Moreover, since
the projection makes contact with the widthwise midportion of the chip, it follows that the chip can be moved in a direction
substantially perpendicular to the main cutting edge division without wobbling from side to side.
[0169] According to the invention as set forth in claim 9, around the through hole is formed the protuberance. Thereby,
the chip can be curvedly deformed properly upon contact with the protuberance even under the condition that the
projection fails to produce the effect of curvedly deforming the chip satisfactorily. Moreover, the head of a screw member
threadedly engaged with the through hole is hidden behind the protuberance thereby decreasing contact between the
chip and the screw head of the screw member. In this case, the head of the screw member is protected from abrasion,
and the screw head is inhibited from disturbing the concave of the chip.
[0170] According to the invention as set forth in claim 10, the projection is so formed as to pair up with the main cutting
edge division. That is, a single projection is assigned to each of the main cutting edge divisions. In the invention, the
chip produced by the action of the main cutting edge division is guidedly abutted against only a single projection. In this
case, in contrast to the case where the chip is guidedly abutted against a plurality of projections all at once, a cutting-
resistance reduction is even more successful. Moreover, even though the projection is worn away by friction with the
chip, or there arises some deviation from the direction in which the chip is produced, the chip is allowed to make contact
with the ridge portion of a single, corresponding projection.
[0171] According to the invention as set forth in claim 11, the chip produced by the action of the main cutting edge
division other than the corner R cutting edge-sided main cutting edge division is moved in a direction substantially
perpendicular to the main cutting edge division. In the invention, the projection formed so as to pair up with the main
cutting edge division other than the corner R cutting edge-sided main cutting edge division is so disposed as to extend
in a direction substantially perpendicular to the main cutting edge division. This makes it possible to reduce the cutting
resistance caused by the projection upon contact with the chip moving in a direction substantially perpendicular to the
main cutting edge division. Moreover, for example, since the projection is so disposed as to be pointed to the lengthwise
midportion of its respective main cutting edge division, it is possible for the chip to move in a direction substantially
perpendicular to the main cutting edge division without wobbling from side to side. Accordingly, a plurality of chips are
inhibited from making contact with one another, in consequence whereof there results decreasing of packing of chips
in the chip pocket.
[0172] According to the invention as set forth in claim 12, the main cutting edge division near to the corner of the rake
face connects to the corner R cutting edge. Correspondingly, the chip produced by the action of the corner R cutting
edge-sided main cutting edge division merges with the chip produced by the action of the corner R cutting edge in the
shape of circular arc. The circularly arcuate chip is moved on the rake face at a predetermined inclination angle relative
to the main cutting edge division. In the invention, the projection formed so as to pair up with the corner R cutting edge-
sided main cutting edge division is so shaped that its width and height diminish gradually with approach toward the
corner R cutting edge. In this case, the chip produced by the action of the corner R cutting edge as well as the main
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cutting edge division merging therewith can be smoothly abutted against the projection with lesser cutting resistance.
Moreover, the chip produced by the action of the corner R cutting edge as well as the main cutting edge division merging
therewith can be curvedly deformed smoothly.
[0173] According to the invention as set forth in claim 13, the projection formed so as to pair up with the corner R
cutting edge-sided main cutting edge division is so disposed as to extend along a virtual straight line such that an
inclination angle with respect to the corner-sided main cutting edge division falls in a range of from 60° to 85°. This
makes it possible for the chip produced by the action of the corner R cutting edge to deform curvedly more reliably while
reducing the projection-induced cutting resistance. For example, if the inclination angle is less than 60°, the chips tend
to cause clogging, which could lead to an undesired increase in cutting resistance. Furthermore, if the inclination angle
is less than 60°, the chip portion produced by the action of the main cutting edge division connecting to the corner R
cutting edge induces excessive cutting resistance. On the other hand, if the inclination angle is greater than 85°, the
chip cannot be difficult to be curved properly, which could lead not only to a failure of protecting the holder wall from
abrasion but also to a decline in chip evacuation due to the size of the chip being oversize. There is also a possibility of
occurrence of chipping-off of the cutting edge caused by biting of the chip. Furthermore, if the inclination angle is greater
than 85°, the chip portion produced by the action of the corner R cutting edge induces excessive cutting resistance.
[0174] In this regard, in the invention, the inclination angle is set to fall in a range of from 60° to 85°. Accordingly,
without any problem such as stated above, the chip produced by the action of the corner R cutting edge as well as the
main cutting edge division merging therewith can be curvedly deformed more reliably with lesser cutting resistance.
[0175] According to the invention as set forth in claim 14, one or more projections are formed in correspondence with
each of the main cutting edge divisions. In this case, the chip is abutted against a single or a plurality of projections and
it can thereupon be curvedly deformed. Since there are provided a plurality of projections against which the chip is
abutted thereby to cause curved deformation, even if the chip is large in cross-sectional area and is high in rigidity, an
impactive force exerted by the chip can be distributed among a plurality of projections. This helps decrease chipping-
off of the projection, wherefore the chip can be curvedly deformed satisfactorily. For example, in the case where a
plurality of main cutting edge divisions are classified into two groups: long length of main cutting edge divisions and
short length of main cutting edge divisions, by setting the number of the projection corresponding to the long main cutting
edge division to be larger than the number of the projection corresponding to the short main cutting edge division, it is
possible for the chip of wider width produced by the action of the long main cutting edge division to deform curvedly
more reliably. Moreover, the projection corresponding to the long main cutting edge division can be avoided being
chipped off due to a collision with the chip of wider width.
[0176] According to the invention as set forth in claim 15, the chip produced by the action of the main cutting edge
division other than the corner R cutting edge-sided main cutting edge division is moved in a direction substantially
perpendicular to the corresponding main cutting edge division. In the invention, the projection corresponding to the main
cutting edge division other than the corner R cutting edge-sided main cutting edge division is so disposed as to extend
in a direction substantially perpendicular to the main cutting edge division. This makes it possible to reduce the cutting
resistance caused by the projection upon contact with the chip moving in a direction substantially perpendicular to the
main cutting edge division. Moreover, for example, since the projection is so disposed as to be pointed to the lengthwise
midportion of its respective main cutting edge division, it is possible for the chip to move in a direction substantially
perpendicular to the main cutting edge division without wobbling from side to side. Accordingly, a plurality of chips are
inhibited from making contact with one another, in consequence whereof there results decreasing of packing of chips
in the chip pocket.
[0177] According to the invention as set forth in claim 16, the corner R cutting edge-sided main cutting edge division
connects to the corner R cutting edge. Correspondingly, the chip produced by the action of the corner R cutting edge-
sided main cutting edge division connects to the chip produced by the action of the corner R cutting edge in the shape
of circular arc. The circularly arcuate chip is moved on the rake face at a predetermined inclination angle relative to the
main cutting edge division. In the invention, of the projections corresponding to the corner R cutting edge-sided main
cutting edge division, the one arranged nearest to the corner R cutting edge is so shaped that its width and height
diminish gradually with approach toward the corner R cutting edge. In this case, the chip produced by the action of the
corner R cutting edge as well as the main cutting edge division connecting can be smoothly abutted against the projection
arranged nearest to the corner R cutting edge with lesser cutting resistance. Moreover, the chip produced by the action
of the corner R cutting edge as well as the main cutting edge division connecting can be curvedly deformed smoothly.
According to the invention as set forth in claim 17, the projection arranged nearest to the corner R cutting edge is so
disposed as to extend along a virtual straight line such that an inclination angle with respect to the corner-sided main
cutting edge division falls in a range of from 60° to 85°. This makes it possible for the chip produced by the action of the
corner R cutting edge to deform curvedly more reliably while reducing the projection-induced cutting resistance. For
example, if the inclination angle is less than 60°, the chips tend to cause clogging, which could lead to an undesired
increase in cutting resistance. Furthermore, if the inclination angle is less than 60°, the chip portion produced by the
action of the main cutting edge division merging with the corner R cutting edge induces excessive cutting resistance.
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On the other hand, if the inclination angle is greater than 85°, the chip cannot be difficult to be curved properly, which
could lead not only to a failure of protecting the holder wall from abrasion but also to a decline in chip evacuation due
to the size of the chip being oversize. There is also a possibility of occurrence of chipping-off of the cutting edge caused
by biting of the chip. Furthermore, if the inclination angle is greater than 85°, the chip portion produced by the action of
the corner R cutting edge induces excessive cutting resistance. In the invention, the inclination angle is set to fall in a
range of from 60° to 85°. Accordingly, the chip produced by the action of the corner R cutting edge can be curvedly
deformed more reliably without any problem such as stated above.
[0178] According to the invention as set forth in claim 18, the chip produced by the action of the main cutting edge
division other than the corner R cutting edge-sided main cutting edge division is moved in a direction substantially
perpendicular to the corresponding main cutting edge division. In the invention, of a plurality of projections corresponding
to the corner R cutting edge-sided main cutting edge division, the one other than the projection arranged nearest to the
corner R cutting edge is so disposed as to extend in a direction substantially perpendicular to the main cutting edge
division. In this case, the chip moving in direction substantially perpendicular to the main cutting edge division can be
smoothly abutted against the projection with lesser projection-induced cutting resistance.
[0179] According to the invention as set forth in claim 19, the first main cutting edge division, which is obtained by
dividing the main cutting edge by the main grooves, is divided into a plurality of second main cutting edge divisions by
the sub-groove. The chip produced by the action thereof has a narrower width because of the shorter length of the
second main cutting edge division. That is, the chip is made lighter in weight and is thus able to get out of the chip pocket
formed in the holder readily, which leads to enhanced chip evacuation. Accordingly, occurrence of problems such as
packing of the chips in the chip pocket and biting of the chips can be decreased, wherefore the insert and the holder
can be used for a longer time. Moreover, being lighter in weight, the chip evacuated to the outside from the chip pocket
can be moved without being piled up around a workpiece. This helps protect the workpiece from a flaw caused by the chip.
[0180] Moreover, the first main cutting edge division is further divided into pieces by the sub-groove. In this case, the
cutting resistance exerted on the main cutting edge can be reduced, and also, since the sub-groove is made smaller
than the main groove, a significant decline in the cutting-edge strength as observed in the case of forming the main
grooves can be suppressed. That is, by virtue of the coexistence of the main groove and the sub-groove, a decline in
the cutting-edge strength can be suppressed, and also a cutting-resistance reduction can be achieved in accompaniment
with a decrease in the area of contact between the insert and the workpiece. This makes it possible to suppress chattering
in the cutting, as well as to improve the chip evacuation, wherefore a heavy cutting that must be carried out under strict
cutting conditions can be accomplished.
[0181] According to the invention as set forth in claim 20, the sub-groove is made smaller in width than the main
groove. That is, two types of grooves of different width can be formed. With the provision of the broad main groove, the
proportion of the first main cutting edge divisions to the insert as a whole can be decreased. This renders possible
chatter-free operation with lesser cutting resistance. On the other hand, with the provision of the narrow sub-groove, a
significant decline in cutting-edge strength as observed in an insert having a plurality of broad main grooves, and ensuing
chipping-off, breakage, and the like damage to the cutting edge can be decreased. Accordingly, a decline in the strength
of the first main cutting edge division can be avoided while ensuring the effect of breaking the chip into smaller and
smaller pieces. In this way, the insert itself enjoys a longer life without suffering from chipping-off of the main cutting
edge. Thus, the insert embodying the invention succeeds in achieving a cutting-resistance reduction while suppressing
a cutting-edge strength decline and improving the chip evacuation, and is thus suitable for use in a heavy cutting.
[0182] According to the invention as set forth in claim 21, the length of the sub-groove is made smaller than the
thickness of the insert main body. The relief face located between the two main grooves is divided into a plurality of
portions by the sub-groove. A plurality of relief face divisions connect to each other at their bottom surface-sided regions.
In this way, the relief face division sandwiched between the two main grooves or the relief face division sandwiched
between the main groove and the sub-groove can be protected from chipping-off, wherefore the cutting-edge strength
can be increased.
[0183] According to the invention as set forth in claim 22, the sub-groove is made smaller in depth than the main
groove. This is desirable from the standpoint of striking an excellent balance between a reduction in cutting resistance
and maintaining of cutting edge strength thereby to achieve a heavy cutting with significant depth of cut. In this way, the
rake face portion sandwiched between the two main grooves or the rake face portion sandwiched between the main
groove and the sub-groove can be protected from chipping-off, wherefore the cutting-edge strength can be increased.
[0184] According to the invention as set forth in claim 23, the sub-groove is so disposed as to divide the first main
cutting edge division into substantially equal portions. In this case, the application of load can be distributed equally
among the second main cutting edge divisions obtained by dividing the first main cutting edge division by the sub-groove.
This makes it possible to achieve a cutting-resistance reduction while suppressing a decline in cutting-edge strength.
[0185] According to the invention as set forth in claim 24, the narrow chip produced by the action of the second main
cutting edge division is brought into contact with the projection formed on the rake face, whereupon the chip is slightly
deformed curvedly. Therefore, the holder wall inside the chip pocket can be protected from a flaw caused by the chip.
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Moreover, when the narrow chip is brought into contact with the projection formed on the rake face, its radius of curvature
is decreased, and the size of the chip is reduced correspondingly. The small-sized chip in the chip pocket is able to
move smoothly out of the holder thereby attaining enhanced chip evacuation. Accordingly, occurrence of problems such
as packing of the chips in the chip pocket and biting of the chips can be decreased, wherefore the throwaway insert and
the holder can be used for a longer time.
[0186] According to the invention as set forth in claim 25, around the through hole is formed the protuberance. Thereby,
the chip can be curled properly upon contact with the protuberance even under the condition that the projection fails to
produce the effect of giving curl to the chip satisfactorily. Moreover, the head of a screw threadedly engaged with the
through hole is hidden behind the protuberance thereby decreasing contact between the chip and the screw head.
Accordingly, the head of the screw is protected from abrasion.
[0187] According to the invention as set forth in claim 26, by attaching the throwaway insert to the holder, it is possible
to realize a milling tool having a positive axial rake. In this construction, since enhanced biteability on the workpiece can
be attained, it is possible to reduce the cutting resistance exerted by the workpiece. Accordingly, even in the case of
performing a heavy cutting, or a so-called a rough cutting in which the depth of cut at a single cutting operation is even
more significant, there is no increase in cutting resistance, wherefore chattering can be suppressed more reliably during
the cutting.
[0188] Moreover, in the invention, the main cutting edge division is inclined relative to the bottom surface of the insert
thereby imparting an axial rake angle. This eliminates the need to bring the bottom surface of the insert seated in the
holder into sharp inclination with reference to the rotation axis of the holder in a direction circumferentially of the holder,
wherefore several advantages are gained: an undesired reduction in the wall thickness of the holder can be avoided;
the holder is free from a decline in rigidity; the life of the milling tool can be prolonged; and the depth of cut at a single
cutting operation can be increased.
[0189] According to the invention as set forth in claim 27, in the holder are mounted a plurality of throwaway inserts
such as described hereinabove capable of breaking the chip into smaller pieces. In this construction, enhanced chip
evacuation can be attained. In particular, even in the case of performing a heavy cutting in which the depth of cut at a
single cutting operation is high, the chip produced during cutting can be evacuated from the chip pocket to outside the
holder smoothly, wherefore the accumulation of the chips can be decreased in the chip pocket. Accordingly, the insert
and the holder enjoy a longer life with lesser chipping-off and abrasion. That is, the number of replacement of these
components can be reduced thereby attaining enhanced production efficiency.

Claims

1. A throwaway insert formed in substantially a plate shape comprising:

a rake face formed on one thicknesswise surface thereof;
a relief face formed on a side surface thereof;
a main cutting edge formed along a ridge representing an intersection of the rake face and the relief face, which
is divided into a plurality of main cutting edge divisions; and
a projection formed so as to protrude from the rake face in correspondence with each of the main cutting edge
divisions.

2. The throwaway insert of claim 1, wherein a main cutting edge-sided part of the projection is so shaped that its height
diminishes gradually with approach toward the corresponding main cutting edge division.

3. The throwaway insert of claim 1, wherein a main cutting edge-sided part of the projection is so shaped that its width
diminishes gradually with approach toward the corresponding main cutting edge division.

4. The throwaway insert of claim 1, wherein a main cutting edge-sided part of the projection is formed into such a
tapered shape that its width and height diminish gradually with approach toward the corresponding main cutting
edge division.

5. The throwaway insert of any one of claims 1 to 4, wherein a main cutting edge-sided part of the projection has two
projection side surfaces, a distance between which is decreased gradually in an upward direction, and an intersecting
ridge formed at an intersection of the two projection side surfaces is so shaped that a distance to the rake face is
decreased gradually with approach toward the corresponding main cutting edge division.

6. The throwaway insert of any one of claims 1 to 5, wherein at least one of the projections is so disposed as to extend
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in a direction substantially perpendicular to the main cutting edge division.

7. The throwaway insert of any one of claims 1 to 6, wherein at least one of the projections is pointed to a midportion
of the main cutting edge division.

8. The throwaway insert of any one of claims 1 to 7, wherein the projection is so disposed as to lie in a substantially
perpendicular bisector of the main cutting edge division.

9. The throwaway insert of any one of claims 1 to 8, wherein a through hole is formed substantially centrally of the
rake face so as to pass through in the direction of thickness of the insert, and an annular protuberance is formed
around the through hole.

10. The throwaway insert of any one of claims 1 to 9, wherein the projection is so formed as to pair up with the main
cutting edge division.

11. The throwaway insert of claim 10, wherein at one corner of the rake face is formed a corner R cutting edge which
connects to a corner-sided main cutting edge division located near to the corner, and the projection formed so as
to pair up with the main cutting edge division other than the corner R cutting edge-sidedmain cutting edge division
is so disposed as to extend in a direction substantially perpendicular to the main cutting edge division.

12. The throwaway insert of claim 10 or 11, wherein at one corner of the rake face is formed a corner R cutting edge
which connects to a corner-sided main cutting edge division located near to the corner, and the projection formed
so as to pair up with the corner R cutting edge-sided main cutting edge division is so shaped that its width and height
diminish gradually with approach toward the corner R cutting edge.

13. The throwaway insert of claim 12, wherein the projection formed so as to pair up with the corner R cutting edge-
sided main cutting edge division is so disposed as to extend along a virtual straight line such that an inclination
angle with respect to the corner-sided main cutting edge division falls in a range of from 60° to 85°.

14. The throwaway insert of any one of claims 1 to 9, wherein one or more projections are formed in correspondence
with each of the main cutting edge divisions.

15. The throwaway insert of claim 14, wherein at one corner of the rake face is formed a corner R cutting edge which
connects to a corner-sided main cutting edge division located near to the corner, and the projection corresponding
to the main cutting edge division other than the corner R cutting edge-sided main cutting edge division is so disposed
as to extend in a direction substantially perpendicular to the main cutting edge division.

16. The throwaway insert of claim 14 or 15, wherein at one corner of the rake face is formed a corner R cutting edge
which connects to a corner-sided main cutting edge division located near to the corner, projections are formed in
correspondence with the corner R cutting edge-sided main cutting edge division, and, of these projections, the one
disposed nearest to the corner R cutting edge is so shaped that its width and height diminish gradually with approach
toward the corner R cutting edge.

17. The throwaway insert of claim 16, wherein the projection disposed nearest to the corner R cutting edge is so disposed
as to extend along a virtual straight line such that an inclination angle with respect to the corner-sided main cutting
edge division falls in a range of from 60° to 85°.

18. The throwaway insert of claim 16 or 17, wherein at one corner of the rake face is formed a corner R cutting edge
which connects to a corner-sided main cutting edge division located near to the corner, projections are formed in
correspondence with the corner R cutting edge-sided main cutting edge division, and, of these projections, the one
other than the projection disposed neares t to the corner R cutting edge is so disposed as to extend in a direction
substantially perpendicular to the main cutting edge division.

19. A throwaway insert comprising:

a rake face formed on one thicknesswise surface of a main body formed into a substantially plate shape;
a bottom surface formed on another thicknesswise surface of the main body;
a relief face formed on a side surface of the main body;
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a main cutting edge formed along a ridge representing an intersection of the rake face and the relief face; and
a main groove formed on the relief face, which has its one end reached the rake face and the other end reached
the bottom surface,

wherein the main cutting edge and the relief face are divided into a plurality of first main cutting edge divisions and
a plurality of relief face divisions, respectively, by the main groove,
and wherein the first main cutting edge division is divided into a plurality of second main cutting edge divisions by
a sub-groove which is formed on the relief face division abreast of the main groove, one end of the sub-groove being
reached the rake face.

20. The throwaway insert of claim 19, wherein the sub-groove is made smaller in width than the main groove.

21. The throwaway insert of claim 19 or 20, wherein the length of the sub-groove is made smaller than the thickness of
the main body.

22. The throwaway insert of any one of claims 19 to 21, wherein the sub-groove is made smaller in depth than the main
groove.

23. The throwaway insert of any one of claims 19 to 22, wherein the sub-groove is so disposed as to divide the first
main cutting edge division into substantially equal portions.

24. The throwaway insert of any one of claims 19 to 23, wherein the rake face has, in its several positions each facing
the second main cutting edge division, at least one or more projections corresponding to the second main cutting
edge division.

25. The throwaway insert of any one of claims 19 to 24, wherein a through hole is formed centrally of the rake face so
as to pass through in the direction of thickness of the insert, and that an annular protuberance is formed around the
through hole.

26. The throwaway insert of any one of claims 1 to 25, wherein at one corner of the rake face is formed a corner R
cutting edge which connects to a corner-sidedmain cutting edge division located near to the corner, a bottom surface
positioned opposite the rake face is placed in abutment with a holder, and the main cutting edge division is gradually
inclined in a direction away from the bottom surface with approach toward the corner R cutting edge.

27. A milling tool equipped with the throwaway insert of any one of claims 1 to 26 and a holder to which are attached a
plurality of the throwaway inserts.
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