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BACKGROUND OF THE INVENTION 

'l'h:e present invention relates to a cutting tool for cutting 

5 off and groov.ing by tuming and an indexable insert (throwaway 

tip) for such a cutting tool. 

Shown .in Fig. 13 is a related indexable insert 101 for a 

bit or cutting tool used for cutting off or grooving by tu:cn:!.ng. 

The insert 101 has a pair of projections (beveled walls) 120, 120 

10 on a rake face 116. The projections 120, 120 are disposed adjacent 

an end cutting edge 115 and the opposite ends of the rake face 

116. With such an insert 101, a chip K is forcedly pressed against 

the projections 120. 120 and defo:r:med into a convexly or V-like 

bent cross section before being removed from the place where 

15 cutting is performed. 

The chip K defo:r:med as above by such an insert 101 is higher 

in rigidity as con;;>ared with a chip of a flat cross section and 

can be easily divided mto sections of suitable lengths even if 

it is removed so as to have a spiral shape. Thus, the chip does 

20 not coil around the cutting tool, work or chuck and therefore the 

insert 101 is advantageous in the disposal of chip. 

SUMMARY OF THE INVENTION 

In cuttmg Off of a work in the fo:cm of bar by using the 

related insert 101. the chip K is forcedly pressed against the 

25 projections 120, 120 adjacent the opposite ends of the cutting 

edge 115 and thereby defonned in cross section. By the projections 

120, 120, a large cutting resistance is caused and applied to the 

insert 101 as canpared with an insert that is not provided with 

such projections, thus causing the cutting edge to wear in a 

30 shorter period and therefore the life of the insert to becane 

shorter. 
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In addition, such a large cutting resistance causes the 

following problem in cutting off. As shown in Fig. 13, imnediately 

before the work is cut off by the insert 101 whose end cutting 

edge 115. has a lead angle, the cut-off width portion V is shaped 

5 so as to taper toward the end face T of a portion of the work to 

be cut off (i.e., right-hand portion in Fig. 13). The cutting 

off is completed when the end cutting edge 115 is fed 

longitudinally further. Namely, as the end cutting edge 115 is 

fed. longitudinally further, the cut-off width portion V becanes 

10 smaller in diameter gradually and finally the portion (right-hand 

portion in Fig. 13) of the work is cut off. In this instance, 

at the last stage of cutting off, the portion of the work is not 

cut off but broken off by the lateral force resulting fran the 

force for longitudinal feed, a little before the end cutting edge 

15 115 reaches the center of the end face T of the work. Accordingly, 

at the end face of the cut-off portion (right-hand portion in Fig. 

13) of the work, there remain bun's in the fonn of a boss 

(hereinafter will be also referred to as center boss) protruding 

outward.. 

20 In cutting off by the related insert. the center boss tends 

to become larger due to a large cutting resistance adjacent the 

cut-off surface (end face} of the work. Accordingly, in cutting 

off of a precision shaft or the like part that requires a highly 

accurate machining of the end face thereof, it is inevitably 

25 necessitated. to remove the center boss at a later process (i.e. , 

by secondary machining) . In the meantime, at the end face of the 

remaining portion of the work that is clamped in the chuck (the 

left-hand portion in Fig. 13), there is not fo::aned a center boss 

since the cut-off width portion Vis cut off by the end cutting 

30 edge which is fed longitudinally beyond the center of the end face 

of the remaining portion of the work. 
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Further, for the same reason, in cutting off of a work in 

the form of a pipe, there are fOI:med at the inner circumferential 

periphery of an end face of a cut-off portion of the work, burrs 

(hereinafter will be also refer.red to as inner periphery burrs) 

5 protruded toward the center of the pipe. Accordingly, also in 

this instance, when the cut-off work is required to have a highly 

accurate machining of the end face, it is similarly and inevitably 

required to ciu:ry out an additional process for remoVing the 

burrs. 

10 Farthemtore, the related insert described above produces 

different chip def onning effects depending upon the feed speed 

since the projections for defonnation of the chip are disposed 

a little apart fran the end cutting edge. Furthennore, when the 

feed speed is Sltlall, there may occur such a case that an intended 

15 chip defoDning effect cannot be obtained. For exaq;>le, when the 

feed speed is small, i.e., 0.05 nm/rev, the chip is so thin and 

is not strongly pressed against the projections (i.e., does not 

strike hard against the projections). Thus, the resulting 

defo:rmation of the chip.is so small or the intended chip defonning 

20 effect cannot be obtained. Further, there may occur such a case 

in which although the chip strikes hard against the projections 

the temperature of chip is low so that the projections can serve 

only as chip breakers. Accord:ingly, the chip produced by the 

cutting off has a nearly flat cross section and is therefore low 

25 in the rigidity. Further, though the chip coils, it does coarsely 

or it tends to be long and continuous, thus tending to make it 

unstable the direction in which the chip is removed or tending 

to cause the chip to coil around the work. 

On the other hand, when the feed speed is 0.1 mn/rev, it 

30 becomes possible to slightly deform the cross section of the chip 

but the defo:anation is . not sufficient. Therefore, a problem 

s:llni.lar to that described above is caused. Further, when the feed 
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speed is large. i.e. , o. 2 rem/rev or larger. the chip is so thick 

and is pressed against the projections more strongly and therefore 

a large chip defoming effect is obtained. Accordingly, stable 

dispos~ of the chip can be attained. However, the strong pressing 

5 of the chip against the insert results in a large cutting 

resistance. i.e. , a large resistance applied to the end cutting 

edge, thus lowering the life of the insert due to an excessive 

heat generated by cutting. Namely, by the above-described related 

insert, the feed speed range that can attain a desired chip 

10 defonning effect is narrow and the life of the insert becomes 

shorter when the feed speed is set so that a stable disposal of 

chip can be obtained. 

It is accordingly an object of the present invention to 

provide a cutting tool that is free fran the above noted problems 

15 inherent in the related cutting tool. 

It is another object of the present invention to provide 

a cutting tool of the foregoing character that is small in the 

cutting resistance but can attain an excellent chip defonning 

effect stably. 

20 It is a further object of the present invention to provide 

an indexable insert for a cutting tool of the foregoing character. 

To acccmplish the above objects, there is provided 

according to an aspect of the present invention a cutting tool 

comprising an end cutting edge at an end of a rake face and a 

25 depression fonned in the rake face so as to provide the end cutting 

edge with a concave edge portion. 

According to a further aspect of the present invention, 

there is provi.ded an indexable insert ccmprising an end cutting 

edge at an end of a rake face, the end cutting edge having a concave 

30 edge portion, and a spherical depression fonned in the rake face 

so as to extend continuoasly fran the concave edge portion of the 

end cutting edge. 
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According to a further aspect of the present invention, 

there is provided an indexable insert comprising an end cutting 

edge at an end of a rake face, and a spherical depression fm:med 

in the rake face so as to fonn a concave edge portion in the end 

5 cutting edge. 

The te:an "spherical depressionn is herein used to indicate 

a depression ma.de up of a portion of a true sphere or a portion 

of a nearly spherical shape. The nearly spherical shape includes 

a ·spheroid and an egg-like shape. The concave edge portion 

10 includes a circular arc-shaped edge portion and a nearly circular 

arc-shaped edge portion. 

In cutting off of a·work in the fonn of bar by using the 

cutting tool of this invention, the chip is defonned after the 

shape of the concave edge portion of the end cutting edge 1 1. e. , 

15 in such a manner as to have a cross section which is bent so as 

to protrude downward and then removed reaI:Ward after passing 

through the spherical depression fonned in the rake face. Namely, 

the chip is drawn or bent widthwise so as to become higher in 

rigidity and is removed rearward, i.e., m the direction of gomg 

20 awey fran the end cutting edge or in the direction opposite to 

the direction of feed for longitudinal cutting off. Widthwise 

bending of the chip is thus obtained not by pressing the chip 

against the projections fanned on the rake face at locations 

recu:ward of the end cuttmg edge as m the related insert but by 

25 the shape of the concave edge portion of the end cutting edge 

itself and the spherical depression fonned in the rake face. 

Accordingly, the cutting resistance is small and defonnation of 

the chip can be obtained irrespective of the longitudinal feed 

speed of the insert, thus making it possible to obtain a stable 

30 chip defonning effect. 

Furthermore, since the insert does not have any projections 

for defonnation of the chip and the cutting resistance is small, 



the center boss or the bun:s otherwise caused at the separated 

end surf ace of the work at the time of cutting off can be made 

smaller. Further, decrease in the wear of the cutting edge results 

fran the smaller cutting resistance, thus making it possible to 

5 obtain an elongated life of the insert in cutting off or grooving. 

The concave edge portion is preferably disposed at the 

center of the end cutting edge for the reason that the direction 

in which the chip is removed reaz:ward becomes stable. Further, 

the maximum depth Da of the concave edge portion is preferably 

10 within the range from 0.05 to 0.25 nm. When the maximum depth 

Da is smaller than O. 05 nm, a pronounced chip defo:r:ming effect 

cannot be obtained. When the maxinml depth Da exceeds· 0. 25 nm, 

the resistance to deformation of the chip becanes large though 

a pronounced chip defoDning effect is obtained and the.re£ore the 

15 insert life becomes short. Further, Dais preferably within the 

range from o. OS to o. 2 nm. By setting Da at o. 2 nm or smaller, 

the chip can be removed more stably. 

In the cutting tool of this invention, it is preferable that 

W/2 ~ Wa ~ 2W/3 where Wis the width of the end cutting edge and 

20 Wa is the width of the concave edge portion of the end cutting edge. 

When Wais larger than W/2, a pronounced chip defo:aning effect 

cannot be obtained. When Wa is larger than 2W/3, the strength of 

the end cutting edge is lowered at the opposite end portions 

thereof. Further, it is preferable that Da < ~where~ is the 

25 maximum depth of the spherical depression. This is effective for 

decreasing the cutting resistance and suppressing formation of 

burrs. Further, it is preferable that Wa < Wb where ~ is the 

max:inn:m width of the spherical depression. This is effective for 

decreasing the cutting resistance and suppressing formation of 

30 burrs. 
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BRIEF DESCRIPl'ION OF THE DRAWINGS 

FIG. 1 is a perspective view of an indeXable insert 

according to a first embodiment of the present invention and an 

enlarg~ view of an important portion thereof; 

. 5 FIG. 2 is a plan view of the important portion of the 

indexable insert of Fig. 1 when observed fran the rake face side; 

FIG. 3 is an enlarged side elevational view of the important 

portion of the indexable insert of Fig. 1 when observed from a 

front end flank side; 

10 FIG. 4 is a sectional view taken along line rv-r:v in FIG. 

2; 

FIG. 5 is a side elevational view of the important portion 

of the indexable insert of Fig. 1 when observed fran a side flank 

side; 

15 FIG. 6 is a perspective view of an important portion of an 

indexable insert according to a second embodiment of the present 

invention; 

FIG. 7 is a side elevational view of the indexable insert 

of Fig. 6 when observed from a front end flank side; 

20 FIG. 8 is a side elevational view of the important portion 

of the indexable insert of FIG. 6 when observed from a side flank 

side; 

FIG. 9 is a perspective view of an inportant portion of an 

indexable insert according to a third embodiment of the present 

25 invention; 

FIG. 10 is an enlarged side elevational view of the 

important portion of the indexable insert of FIG. 9 when observed 

from a side flank side; 

FIG. 11 is a perspective view of an important portion of 

30 an indexable insert according to a fourth embodiment of the 

present invention; 



FIG. 12 is a side elevational view of the important portion 

of the indexable insert of FIG. 12 when observed fran a side flank 

side; and 

FIG. 13 is a plan view of an important portion of a related 

5 indexable insert for cutting off. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring first to FIGS. 1 to 5, inclusive, an indexable 

insert according to a first embofilment of the present invention 

is generally designated by 1 and is made up of a sintered body 

10 of a super alloy, ce:anet or ceramic. The indexable insert 1 is 

in the fonn of a parallelogram block when observed in a side 

elevation thereof and of a two-corner type having a pair of sharp 

angled ends 12, 12 each of which has an end cutting edge 15. Thus, 

description is made with respect to a first corner. In this 

15 ~t, triangular portions 13, 13 having the sharp angled 

ends 12, 12 are fonned thinner, and a remaining thicker portion 

14 has a central fixing hole 14a used for clamping the indexable 

insert 1 in a holder (not shown) • 

The end cutting edge 15 at the first corner is fo:aned at 

20 a junction of a rake face 16 and a front end flank 17. The rake 

face 16, when observed fran the above ( 1. e. , when observed in 

plan), has a pair of opposite sides 16a, 16a extending straightly 

or linearly rea.:rward fran the opposite ends of the end cutting 

edge 15 so as to provide a back taper of 2 degrees, i.e. , so as 

25 to taper rea:cward. The rake face 16 inclines downward and rearward 

fran straight cutting edge portions 15a, 15a of the end cutting 

edge 15 so as to provide a positive rake angle of 6 degrees and 

has at the rear end thereof a breaker wall 18 made up of a cw:ved 

surface. Further, the front end flank 17 is provided with an end 

30 relief angle of 6 degrees, and a side flank 19 is provided with 

a side relief angle of 3 degrees. In the meantime, the end cutting 
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edge 15 is provided with a lead angle e of 5 degrees when observed 

in plan. 

The rake face 16 is fanned with a spherical depression 26. 

Specifically, the depression 26 is a spheroidal. depression. By 

5 the spheroidal depression 26, the end cutting edge 15 is fonned 

with a concave edge portion 15b located between the straight edge 

portions 15a, 15a. The spheroidal depression 26 has a cw:ved 

peripheral surface which constitutes a portion of a spheroid whose 

major axis extends rem::ward from the concave edge portion 15b and 

10 is located at the widthwise center of the rake face 16. The 

spheroidal depression 26 has a rear end portion fonned in the 

breaker wall 18 and a hold-down surface 29 for clamping of the 

indexable insert 1. 

The width W of the end cutting edge 15 is, for example, about 

15 1.8 nm and the width Wa of the concave edge portion 15b fonned 

thereat is about 0.9 nm. When observed in side elevation from 

the front end flank 17 side, the concave edge portion lSb is in 

the form of a circular arc of the radius R of about 1. 5 mn. 

Further, the maximum width~ of the spheroiaal. depression 26 when 

20 measured in the direction parallel to the end cutting edge 15 is 

1. 2 nm and is thus set larger than the width Wa of the concave edge 

portion 15b. By this. the cutting resistance can be reduced and 

the chip can be removed more stably. The max:ilmJm depth Da of the 

concave edge portion 15b is 0.15 mn. However, the maximum depth 

25 ~of the spheroidal depression 26 with respect to the rake face 

16 is about 0.25 nm, and the spheroidal depression 26 becomes 

deeper as it extends rearward fran the concave edge portion 15b. 

Further, by Da < ~. the cutting resistance can be reduced and 

fonnation of burrs can be suppressed more effectively. In the 

30 meantime, the concave edge portion 15b of the end cutting edge 

15 and the spheroidal depression 26 can be f onned cµ.1 together 

at the same sintered body fonning process of the indexable insert 
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1. otherwise, an indexable insert not provided with such a concave 

edge portion 15b and a spheroidal depression 26 is first fo:cmed 

and sintered, and thereafter the concave edge portion !Sb and the 

spheroidal depression 26 are fotmed by grinding by using a diamond 

5 grinder having an outer surf ace corresponding in shape to the 

concave edge portion 15b and the spheroida1 depression 26. · 

The indexable insert 1 of this embodiment structured as 

above is used to cut off a work in the form of bar in the following 

manner. The indexable insert 1 is clamped in a holder to 

10 constitute a cutting tool. In cutting off, a chip is defo:rmed 

after the shape of the end cutting edge 15 and has such a curved 

or circular arc-shaped cross section that protrudes downward. T.he 

chip is removed reai:ward from the end cutting edge 15 after passing 

through the inside of the spheroidal depression 26. Namel.y, the 

15 chip is removed rem:ward after being bent and reduced in width 

so as to have a high rigidity. In this connection, such 

deformation is not attained by the projections against which the 

chip is pressed as in the related insert but can be attained by 

the concave edge portion lSb of the end cutting edge 15 itself 

20 and the successively disposed spheroidal depression 26. 

Accordingly, the cutting resistance is small and 

deformation of the chip can be obtained irrespective of the 

longitudinal feed speed of the insert, thus making it possible 

to obtain a stable chip defolllling effect. Namely, defonnation 

25 of the chip is attained by the end cutting edge 15 when the chip 

is within the maximum temperature range, thus making it possible 

to reduce the resistance to defonnation of the chip. Furthennore, 

since there is not any projection that causes deformation of the 

chip, the cutting resistance can be made smaller. Thus, in case 

30 of cutting off of a work in the fonn of bar, the central boss caused 

at the end face of the woxk can be made smaller. In case of cutting 
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off of a work in the fom of a pipe, the burrs at the inner 

circumferential peripher:y thereof can be made smaller. 

Carparative examples were prepared which had a spheroidal 

depression constituting a portion of the same spheroid as the 

5 spheroidal depression 26 but were different in the ma:x:iJmJm depth 

Da of the concave edge portion 15b of the end cutting edge 15, i.e. 

comparative examples were prepared so that maximum depths Da 

varied within the range from O to 0.3 nm. COmparative examples 

were used for cutting off of a work in the fonn of bar and compared 

10 with respect to the diameter and protrusion (height) of the center 

boss at the cut-off surface of the work. However, the radius of 

the concave edge portion lSb when observed in side elevation fran 

the front end flank 17 side is about 1. 5 nm and the width W of 

the end cutting edge 15 of the insert 1 is 1. 8 nm. The cutting 

15 was perfonned at the spindle speed of 2000 rpn and at the feed 

of o. 03 rrm/rev and under dry condition. The work was ma.de of SUS 

303 according to JIS and of the outer diameter of 12 rrm. The result 

is shown in Table 1. 

20 

25 

Table 1 
Sample Da ds hs Def onnation Removal Of Life of 
No. (rrm} (nm} (nm) Of Chip Chip Insert 

l* 0 0.5 1.0 Not caused Unstable Long 
2 0.05 0.1 0.2 Good Stable Long 
3 0.15 0.05 0.05 Good Stable Long 
4 0.2 0.1 0.2 Good Stable Long 
5 0.25 0.4 0.7 Good Unstable Long 
6 0.30 0.7 1.2 Good Unstable Short 

The mark* indicates that the sample is a canparative example. 
Da is the maximum diameter of the concave edge portion. ds is the 
diameter of a center boss fo:cmed at a cut-off surface of a work. 
hs is the amount of protrusion (height) of the center boss. 

The numerical val~es in the Table are averages resulting 

from 10 times of cutting off. In the meantime, a comparative 
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example of an indexable insert (sample No. 1) does not have a 

concave edge portion and a spheroidal depression but an entirely 

straight end cutting edge, and is provided with a pair of 

project.tons adjacent the opposite ends of the end cutting edge. 

5 As shown in Table 1, in cutting off by using the indexable 

insert 1 of this embod:iment, the diameter de and the amount ha of 

prot:rusion were almost smaller as ~d with the comparative 

example (sample No. 1} • This means that in case of cutting off 

by using the insert of this embodiment the insert was fed nearer 

10 to the center of the end surface of the work before the work was 

separated from the remainder, as compared with the comparative 

example. Further, it will be understood that the maximum depth 

of the concave edge portion, which is 0.05 mn, is SUfficient for 

obtaining good defo:r:mation of chip. In cutting off by the 

15 canparative example, the life of the insert was long but 

defo:anation of the chip was not caused. This is considered due 

to the fact that the feed speed was too small. Further, the life 

of insert became short when the maximum depth of the concave edge 

portion was 0.3 mn. Fran the above, it is preferable to fo:on a 

20 spheroidal depression :in the rake face so that the max:1mum depth 

of the concave edge portion is within the range from 0.05 to 0.25 

mn. Further, by setting the maximum depth of the concave edge 

portion at O. 2 mn or smaller, stable rerooval of the chip can be 

attained. This is considered due to the fact that the resistance 

25 to defonnation of the chip becomes large when the maximmn depth 

of the concave edge portion exceeds beyond O. 2 mn. Fran this, 

it is more preferable that the maximum depth of the concave edge 

portion is within the range from 0.05 to 0.2 nm. 

Then, the chips of the sample Nos. 1 to 3 were used to cut 

30 off a work in the fonn of a pipe of 12 mn in outer diameter and 

8 mn in inner diameter, and comparison was made as to the thickness 

of the burrs at the inner diameter of the cut-off surface of the 
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work and the amount of protrusion of the same. The result is shown 

in Table 2. 

As shown in Table 21 the bur:rs at the inner periphe.cy in 

cutting _off by the insert of this embod:ime:nt were smaller in 

5 thickness and the amount of protrusion as canpared with those in 

cutting off by the insert of the canparative example. This is 

considered due to the fact that the resistance to cutting by the 

insert of this invention was smaller as compared with that by the 

insert of the comparative example. 

10 

Table 2 
sample Thiclmess of Amount of 
No. Burrs at Inner Protrusion 

Periphe.cy (nm) of Burrs (nm) 
l* o.os 0.1 
2 0.02 0.05 
3 0.01 0.02 

The mark * indicates that the sample 
is a comparative exanq;>le. 

15 Then, samples were prepared in which the max:imum depth Da 

of the concave portion of the end cutting edge was constant, i.e. , 

constantly o .15 nm and the shape of the spheroid was varied so 

that the width Wa of the spheroidal depression were varied within 

the range from O. 3 to 1. 5 nm. By using the samples, the cutting 

20 off test of a work 1n the foilll of bar was made so as to examine 

the defonnation of the chip and the life of the insert (strength 

of the insert at the opposite ends of the end cutting edge. 

However, the width W of the end cutting edge was constantly 1.8 

nm. The result of the test was shown in Table 3. 

25 As shown in Table 3, when the width Wa of the concave edge 

portion is smaller than W/2 as the sample Nos. 1 and 2, defonnation 

of the chip was small. When Wais larger than 2W/3 as sample No. 

5, good defonna.tion of the chip was obtained but the· life of the 
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insert was short. From this, it will be understood that the width 

W of the end cutting edge 15 and the width Wa are preferably 

detennined so as to satisfy W/2 ~ Wa ~ 2W/3. 

Table 3 
sample wa Def onnation of Life of 
No. (mn) Chip Insert 

1 0.3 Hardly caused Long 
2 0.6 caused a little Long 
3 0.9 Good Long 
4 1.2 Good Long 
5 1.5 Good Short 

w. is the width of the concave edge portion. 

Referring to FIGS. 6 to 8, an indexable insert 21 according 

to a second embodiment will be described. This embodiment differs 

10 from the first embodiment described with reference to FIGS. 1 to 

5 in that a spherical depression 226 has a CUIVed peripheral 

surface which constitutes a portion of a true sphere and is fm:med 

1n the rake face 16 so as to provide the end cutting edge 15 with 

the concave edge portion lSb, and the spherical depression 226 

15 1.s disposed fo:r:ward of the breaker wall 18 so that the rear end 

of the spherical depression 226 is located at the rake face 16, 

i.e., the spherical depression 226 is fo:oned so as not to cut in 

the hold-down surface 29 for clamping. Except for the above, this 

embodiment is substantially similar to the first embodiment. 

20 Thus. like portions to the first embodiment are designated by like 

reference characters and repeated description thereto is omitted. 

In the meantime, the chip produced 1n cutting off by using the 

.insert 21 of this embodiment, though not shown, has a difficulty 

in flowing rearward since the distance from the concave edge 

25 portion lSb of the end cutting edge 15 to the rear end of the 

spherical depression 226.is shorter. Thus, the insert 21 is suited 

for cutting, the depth of cut of which is small. However, the 



cross sectional shape of the chip produced by the insert 21 takes 

after the shape of. the concave edge portion 15b of the end cutting 

edge 15 similarly to the previous embodiment. 

R~ferring to FIGS. 9 and 10, an indexable insert 31 

5 according to a third embodiment will be described. In the first 

embodiment described with reference to FIGS 1 to 5, the maximum 

depth ~of the spheroidal depression 26 is larger than the maximum 

depth Da of the concave edge portion 15b of the end cutting edge 

15. In contrast to this, in this embodiment, the spheroidal 

10 depression 326 fonned in the rake face 16 becanes smaller in depth 

than the concave edge portion 15b as it extends increasingly 

reazward of the concave edge portion !Sb. Except for the above, 

this embodiment is substantially similar to the first embodiment. 

Thus, similar portions are designated by like reference 

15 characters and repeated description thereto is omitted. 

From the foregoing, it will be understood that in cutting 

off by the indexable insert of this invention the chip is removed 

after being bent Widthwise and thereby fo:oned into a concavely 

curved shape, i.e. , after being defo:oned so as to have a high 

20 rigidity. Such defonaation of chip is attained not by the 

projections disposed on the rake face at locations rem::ward of 

the end cutting edge as in the related insert but by the concave 

edge portion of the end cutting edge itself and the spherical 

depression extending continuously from the concave edge portion. 

25 Accordingly, the cutting resistance is small. Further, such 

def o:anation of the chip is attained irrespective of the 

long:i..tudinal feed speed, the chip defonning effect produced by 

the insert can be stable. Further, the chip is defonned stably 

into a curled or coiled shape, it can be removed with efficiency 

30 and therefore it becomes possible to effectively protect the 

machined surface of the work from being marred or damaged, thus 

making it possible to improve the surface roughness of the work. 
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Further, since the insert of this invention is not provided with 

projections for d.efo:rmation of the chip, the resulting cutting 

resistance is small and therefore it becomes possible to make 

smaller the center boss or the inner periphei:y bur.rs f oi::med at 

5 the cut-off face of the work at the time of its cutting off. 

Further, by the smaller cutting resistance, the wear of the 

cutting edge of the insert can be reduced and an elongation of 

the life of the insert in cutting off or grooving can be expected. 

Al.though the invention has been described above by 

10 reference to certain embodiments of the invention, the invention 

is not limited to the embodiments described above. Modifications 

and variations of the embodiments described above will occur to 

those skilled in the art, in light of the above teachings. For 

example, the third embodiment wherein the rear end portion of the 

15 spheroidal depression 326 is foi::med so as to cut in the breaker 

wall 18 can be modi£ied as in the insert 41 shown in FIGS. 11 and 

12. Namely, the rear end of the spheroidal depression 426 can 

be located at the rake face 16 so as not to extend over the breaker 

wall 18 even in the ca$e the spheroidal depression 426 becomes 

20 smaller in depth than the concave edge portion 15b as it extend 

rearward of the concave edge portion l5b. Further, the spheroidal 

or spherical depression can be fonned in the rake face 

irrespective of whether the breaker wall is provided or not. The 

depression can have a curved peripheral surface which constitutes 

25 a portion of a spheroid or a true sphere and can be designed 

variously depending upon the size of the rake face, the width of 

the end cutting edge, and the cutting conditions. Further, the 

indexable insert of the present invention is not limited to the 

two-corner type (i.e. , the type having a pair of end cutting edges) 

30 but can be applied to various types such as three-corner type, 

i.e. , a triangular, vertical type indexable insert having three 

cutting edges between adjacent two side surfaces. Further, the 
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present invention is not limited to the indexable insert but can 

be applied to various cutting tools such as a solid tool. Further. 

the indexable insert of this invention can be used for grooving. 

The scope of the invention is defined with reference to the 

5 following claims. 

10 
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What is cla:imed is: 

1. A cutting tool comprising: 

an end cutting edge at an end of a rake face; and 

a depression foxmed in the rake face so as to provide the 

5 cutting edge with a concave edge portion. 

2. A cutting tool according to claim 1, wherein the depression 

has a cm:ved peripheral surface. 

10 3. A cutting tool according to claim 2, wherein the cm:ved 

15 

peripheral surface is a portion of a sphere. 

4. A cutting tool according to claim 2, wherein the curved 

peripheral surface is a portion of a spheroid. 

S. A cutting tool according to claim 1, wherein the concave 

edge portion is located nearly at a center of the end cutting edge. 

6. A cutting tool acc0iding to claim 1, merein a maximum depth 

20 Da of the concave edge portion is within the range from O. 05 to 

0.25 nm. 

7. A cutting tool according to claim 6, wherein the maximum 

depth Da of the concave edge portion is within the range from o.os 
25 to 0.2 nm. 

30 

8. A cutting tool according to claim l, merein W/2 ~ Wa ~ 

2W/3 where Wis the width of the end cutting edge and Wais the 

width of the concave edge portion of the end cutting edge. 
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9. A cutting tool according to claim l, wherein Da < ~ where 

Da is the maxinn.nn depth of the concave edge portion and ~ is the 

maximum depth of the depression. 

5 10. A cutting tool according to claim 1, wherein Wa < ~ where 

Wa is the width of the concave edge portion of the end cutting edge 

and ~ is the maximum width of the depression. 

11. An indexable insert canprising: 

10 an end cutting edge at an end of a rake face; 

15 

20 

the end cutting edge having a concave edge portion; and 

a spherical depression f onned in the rake face so as to 

extend continuously fran the concave edge portion of the end 

cutting edge. 

12. An indexable insert canprising: 

an end cutting edge at an end of a rake face; and 

a spherical depression fonned in the rake face so as to foDI\ 

a concave edge portion in the end cutting edge. 

13. An indexable insert according to claim 12, wherein the 

spherical depression has a curved peripheral surface that is a 

portion of a sphere. 

25 14. A cutting tool according to claim 12, wherein the spherical 

depression has a curved peripheral surface that is a portion of 

a spheroid. 

15. A cutting tool according to claim 12, wherein the concave 

30 edge portion is located nearly at a center of the end cutting edge. 
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16. An indexable insert according to claim 12, wherein a maximum 

depth Da of the concave edge portion is within the range from o. 05 

to 0.25 nm. 

5 17. An indexable insert according to cla.lln 12, wherein the 

maximum depth Da of the concave edge portion is within the range 

from 0.05 to 0.2 nm. 

18. An indexable insert according to claim 12, wherein W/2 ~ 

10 Wa ~ 2W/3 where Wis the width of the end cutting edge and Wais 

the width of the concave edge portion of the end cutting edge. 

19. An indexable insert according to claim 12, wherein Da < ~ 
where Da is the max:imum depth of the concave edge portion and Db 

15 is the max:innJm depth of the depression. 

20 

25 

30 

20. An indexable insert according to claim 12, wherein Wa < Wb 

where Wais the width of the concave edge portion of the end cutting 

edge and~ is the maximum width of the depression. 


