1 CUTTI NG TOOL AND | NDEXI ABLE | NSERT THEREFOR BACKGROUND OF THE | NVENTI ON
The present invention relates to a cutting tool for cutting 5 off and
grooving by turning 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 turning. The insert
101 has a pair of projections (beveled walls) 120, 120 10 on a rake face
116. The projections 120, 120 are dispﬂSed adj acent an end cutting edge
115 and the opposite ends of the rake face 116. Wth such an insert 101, a
chip Kis forcedly pressed against the projections 120. 120 and def or med
into a convexly or V-like bent cross section before being renoved fromthe
pl ace where 15 cutting is perforned. The chip K deforned as above by such
an insert 101 is hi gheCOTPING 'TOQk AND INDEXIAREESERY FHEREFQR chip of a flat
-cross section and can be easily d|V|ded into sections of suitable |engths
even if it is renoved so as {Q ha L. Sd Calashape. Thus, the chip does 20
not coil around the cutting toor K M0 therefore the insert
101 i s advant ageous mmm.mmmnmﬂamqua@amm@prﬁmWEm ON In

cutting of f &f ReMAhK grbbvihlf bf WfR1ah dhdlanDinhapieinlg fnbert (1iotiekely i nsert 101,
the chip K |s farc essed aggi nst the 25 projections 120, 120

adj acent the op%@@ gﬂygﬁﬁk g gqfﬂftlng edge 115 and thereby deformed in
cross section. By th@lomd,ndﬂ-m 3asls aaplatedoindexablg desaxtit Y0Lnkprrasi st ance is
caused and appl 'bQ‘Eioi‘%uﬁtﬁﬁg twlS@erLthaangmat@bwﬁ@bgrtmgrt that is
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10 on arake 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 deformed into a convexly or V-like
bent cross section before being removed from the place where
15 cutting is performed.

The chip K deformed as above by such an insert 101 is higher
in rigidity as compared with a chip of a flat cross section and
can be easily divided into sections of sultable lengths even 1f
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 TNVENTION

In cutting off of a work in the form 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 deformed in cross section. By the projections
120, 120, a large cutting resistance is caused and applied to the
insert 101 as compared 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 become
shorter. ]




shorter. In addition, such a large cutting resistance causes the follow ng
problemin cutting off . As shown in Fig. 13, imrediately before the work
is cut off by the insert 101 whose end cutting edge 115 has a | ead angl e,
the cut-off width portion Vis shaped 5 so as to taper toward the end face
T of a portion of the work to be cut off (i.e., right-band portion in Fig.
13). The cutting off is elated when the end cutting edge 115 is fed
longitudinally further. Nanely, as theZand cutting edge 115 is fed

|l ongitudinally further, the cut-off width portion V becones 10 snaller in
di anmeter gradually and finally the portion (right-band portion in Fig. 13)
of the work is out 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 |ateral
force resulting frorm &miticnl; ceich & laxyeoeuttittignedsibtande causest thee before the

end cutting edg nt sP?;n ens {rdeia t he work.
Accordingly, ?%ﬁv&éﬁﬁ&ﬁ%e %?&ﬂ%&?utﬁo %&?Fogg( ri g t:&ig]d portion in
Fig. 13) of thbefgse the vREk ds WEHER Wu?stiqsﬁnth]l .
(hereinafter wi bdgebnsaiasca laflamngbs] the as-af€nddth bms:s»n pd@td@hﬂqg out war d.

20 I'n cutting oL% MW% Bf Bloe T BE 2CHtEin SO bRd® tO becone

Bt ARG e AR o Eh adi%%?”t L PR FERE Shart or the
li ke part that pmuisemldtaghkl;en a:heupadecmmm agisthe fedd face
Itg'?tra(raoz)r ol:faslss( F&g#&&%ﬁgecor ar C :ag,l {r:lﬂé &W&%ﬁ%ﬁd1 i ntsfirfebOZts ?Leaend
face of the refed ka9t 5?"“5"?‘{’5% %ﬂ’tdt*‘sp"fﬁ?ﬂp % he chuck
(the | eft-handspater tmdiametergradd)ly anddiisally the porfttdemixight-bamt er boss
since the cut- offrithfltil) QY 45 B nb Swobkilis Wt d2¢. t 1R @4 165Enb4I
at the last stage of cutting off, the portion of the work is not
cut off but broken off by the lateral force resulting from 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 burrs in the form of a boss
{hereinafter will be also referred to as center boss) protruding
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 formed a center boss
since the cut-off width portion V is 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 woxk.




30 edge which is fed longitudinally beyond the center of the end face of
the remaining portion of the work. 3- Further, for the sanme reason, in
cutting off of a work in the formof a pipe, there are forned at the inner
circunferential periphery of an and face of a cut-off portion of the work,
burrs (hereinafter will be also referred to as inner periphery burrs) 5
protruded toward the center of the pipS; Accordingly, also in this

i nstance, when the cut-off work is required to have a highly accurate
machi ning of the end face, it is simlarly and inevitably required to
carry out an additional process for renoving the burrs. 10 Furthernore,
the related insert described above produces different chip deform ng

ef fects dependi ng upgn.the feed speed since the pnﬁ&ections for

def ormati on of the cF¥ +ef e W, Teason; dp, f¢foR¥PHei®Nnd cutting
edge. Furthermmfmabm.fmmm&&wmbmynmur such a

case that an intgpdad-l (o] Qgt-%% 3&&65‘8 b&ﬁﬂped For
exanpl e, when the feed S egﬁa?gées t gg%rev the chip is so
thinand is nothmf/e’ﬁ-‘e a@g PRl | does not
stri ke bard agaipmstrufdic tewaod dbe iceme). ofTﬂuspipbheAcmdhtgﬂ.m.gald:ehorrratlon of

the chip is so &ﬁmmh&hwmmwd@m@% gannot be
|ch a ough the chip

obt ai ned. Further re occur such case

strikes hard agm&?wga% O the,PRd face, it 18, imlardy andinevltably s | ow so
that the projectreagHretdn euryoutom ydatimhlmzbmkm.rermuw dhegl y, the
chip produced bygydse cutting off has a nearly flat cross section and is

1(::22: gfe?))r/e lo?‘W. t25tleg Eh% ri gl dlﬁéﬁig{e@hﬁr tgoug n th§ chi oi | 3 mla':(ed?tes

unst abl e t he di ditferent chipwdefoming effscty dependingoupsni the feeddipeed
since the projections for deformation of the chip are disposed
a little apart from the end cutting edge. Furthermore, when the
feed speed is small, there may ocour such a case that an intended
15 chip deforming effect cannot be obtained. For example, when the
feed speed is small, i.e., 0.05 mm/rev, the chip 18 so thin and
is not strongly pressed against the projections {i.e., does not
strike hard against the projections)., Thus, the resulting
deformation of the chip'is so small or the intended chip deforming
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. Accordingly, the chip produced by the
cutting off has a nearly flat cross section and is therefore low
25 inthe rigidity. Further, though the chip coils, it does coarsely
or it tends to be long and continmuous, 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 mm/rev, it
30 becomes possible to slightly deform the cross section of the chip
but the deformation is.not sufficlent. Therefore, a problem
similar to that described above is caused. Further, when the feed




to cause the chip to coil around the work. On the other hand, when the feed
speed is 0.1 mmrev, it 30 becones possible to slightly deformthe cross
section of the chip but the deformation is not sufficient. Therefore, a
problem simlar to that described above is caused. Further, when the feed
4 speed is large, i.e., 0.2 mmrev or larger, the chipis so thick and is
pressed against the projections nore strongly and therefore a large chip
deform ng effect is obtained. Accordlng¥y, stabl e 'disposal of the chip can
be attained. However, the strong pressing 5 of the chip against the insert
results in a | arge cutting resistance, i.e., a large resistance applied to
the end cutting edge, thus lowering the |ife of the insert due to an
excessive heat generated by cutting. Nanmely, by the above-descri bed
related |nsert spedteld dugespend 0.amyfreviad larger, atheadmp dsdestinel chip 10

deform ng ef f eClanit $5 pRdsbagamithtt ﬁ%&%&aﬁe shorter when
the feed speed |s set t z'a:ﬁs]tgp%clL ge%j?és osal H can_be obt ai ned.
It is accordi ngI 3@.}%‘3 ?Ht%enmﬁdjt“g Ypf@Pi%e a cutting
tool that is fr mm@mwnpaom mﬁsltrdmgtpeessingl the rel ated
cutting tool 5 | ofi Snertaliaizatthic ctle Qhsdrke rif@BSNn YRR Bty PrOVI de 2

Fesi st ance bt E3AE sa%r%’o%?%"%ﬂgae S B E FRRet FY e o8t FARSOR ably 20 1t
is a further obje@gs. Blustlewering dbetlife ot rthe dmsens @neotzoda exaessivalexabl e
insert for a cum&awn&mbw}qitl&ﬁ;gf ng&bas@etwr@ﬁwiml ish the
Pventfon a cut f %ﬂ pﬁwﬁh%%?ea“‘” iha“% 3, e Beflomst B B of
rake face an@ zdeforming isnarrow the life of the insert beccmes
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 from 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 deforming
effect stably. o
20 It is a further object of the present invention to provide
an indexable insert for a cutting tool of the foregoing character.
To accomplish 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 formed 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 provided an indexable insert comprising 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 formed in the rake face
so as to extend continuously from the concave edge portion of the
end cutting edge.



25 depression fornmed -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 provided an indexable insert conprising 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 farned in the rake face
so as to extend continuously fromthe %pncave edge portion of the end
cutting edge. 5- According to a further aspect of the present invention,
there is provided an indexable insert conprising an end cutting edge at an
end of a rake face, and a spherical depression formed in the rake face so
as to forma concave edge portion in the end 5 cutting edge. The term
"spherical depression” is herein used to indicate a depression made up of
a portion of a true AGsREHBIdko QWM%%WWM + shape. The
nearly spheri calthefeapepirovidedoss indaxatdp Hesext ccomprising agyend cuattisgiape. The

concave edge por hgg gﬁﬁe r Gl foad! P?gg tion and a
nearly circular éﬁgapegkgl ge %8%%%9 cuttln ' work in the
form of bar by J8ithg ke face 8q fhge 6’6‘}38\”“‘1"%‘? &dge, ﬁ“t’??l&“‘?:hlp i s
deformed after &heum@hﬂga of the concave edge portion of the end cutting

edge, i.e., 15 in sugh %ﬂﬂgﬂﬁ%—i&i - 4 GhASS B8 kb Aakiteh 1S bent so
than renpve

as to protrude downwar rearward after i ng through
the spherical dépfePEessiop ﬁ%@a‘?@e’%%ﬁ B chip is
drawn or bent wdt&mm@%l%cmm@hmmls@pdlmm is renoved
rearward, i.e 1408, 2GnaVihcdveOBade BodtAen CUt t i Ng edge

or |_nthe dlfectlon oggom to heij ect | nof feed 1 Bgltudlnal

cutting off.
arc-shaped edge portion.

In cutting off of a work in the fomm of bar by using the
cutting tool of this invention, the chip is deformed after the
shape of the concave edge portion of the end cutting edge, i.e.,

15 in such a manner as to have a cross section which is bent so as
to protrude downward and then removed rearward afterrpassing
through the spherical depression formed 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., in the direction of going

20 eaway from 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 foxmed on the rake face at locations
rearward of the end cutting edge as in the related insert but by

25 the shape of the concave edge portion of the end cutting edge
itself and the spherical depression formed in the rake face.
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

30 chip deforming effect.

Furthenmore, since the insert does not have any projections
for deformation of the chip and the cutting resistance is small,




bendi ng of the chip is thus obtained not by pressing the chip against the
projections fornmed on the rake face at | ocations rearward of the end
cutting edge as in the related insert but by 25 the shape of the concave
edge portion of the end cutting edge itself and the spherical depression
fornmed in the rake face. Accordingly, the cutting resistance is snmall and
deformation of the chip can be obtalqgg I rrespective of the | ongitudinal
feed speed of the insert, thus naking“it possible to obtain a stable 30
chip deforming effect. Furthernnre since the insert does not have any
projections for deformation of the chip and the cutting resistance is
smal |, the center boss or the burrs otherwi se caused at the separated end
surface of the work at the time of cuttin of f, can be nade snaller.
Further, decreath® FeRteRosfoF the birRs efﬁ’ﬁ‘gﬁa BRFS PR FPTRYEG t he snal | er
cutting resist aa@suﬁhmoﬂmM tt [the silde of tontBngxifdiceanche wadengated life

of the insert | Qnaﬁ!(l#u:t VindShear df e CRBEA gd%,ﬁgrt ion is
at_the centeré)ﬁ} g

pref erably di spose the and cutti ed Qr the reason
that the direct PSR thefmaierroftio E‘g’dr”@g&vwgi%ctﬁ’rres st abl e.
Further, thg nwﬁammmdmg&temuﬁoﬁmmmammmcﬁﬁprgmwmg preferably 10
within the range fr g O-fiaajeOedbe t{heDals

smaller than 0.05 nm _a oun orm n ct not be

obt ai ned. Wen cender ok tﬁ?ﬁﬁ?‘ﬂ ﬁ“%é;@i’ﬁgg@ Mtg? Pst ance to
def ormati on of mm.mmpmmmmﬁmmcam .p deform ng
effect is obtal

mgﬁ_g,dgl%hﬁfra Sgﬁet gort. Further,
0.2 mvor ol | #5 dhe seage 2R DUk tolran A e 150, mmi{ 5o te' cotting
tool of this mn,edm maﬂ,lerttbaxs OpdScimes alprenduneed chip2dafprminyVegfedtere Wi s the
width of the endafbf bbWptS4eE 3Bfn the maximm depth D, exceeds 0.25 mm,
the resistance to deformation of the chip becomes large though
a pronounced chip deforming effect is obtained and therefore the
15 insert life becomes short. Further, D, is preferably within the
range from 0.05 to 0.2 mm. By setting D, at 0.2 mm or smaller,
the chip can be removed more stably. '
In the cutting tool of this invention, it is preferable that
W/2 S W, < 2W/3 vhere W is the width of the end cutting edge and
20 W, is the width of the concave edge portion of the end cutting edge.
When W, is larger than W/2, a pronounced chip deforming effect
cannot be obtained. When W, is larger than 2W/3, the strength of
the end cutting edge is lowexed at the opposite end portions
thereof. Further, it is preferable that D, < Dy where D, 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 W, < W, where W, is the
maximum width of the spherical depression. This is effective for
decreasing the cutting resistance and suppressing formation of
30 Dburxs.




20 WA is the width of the concave edge portion of the end cutting edge.
When Wa is larger than W2, a pronounced chip deform ng effect cannot be
obtai ned. When WA is larger than 2W3, the strength of the end cutting
edge is lowered at the opposite end portions thereof. Further, it is
preferable that Da < Db Wiere Db is the 25 maxi num depth of the spherica
depression. This is effective for decrfa5|ng the cutting resistance and
suppressing formation of burrs. Furth is preferable that W < W
where W is .the maximumw dth of this spherical depression. This is
effective for decreasing the cutting resistance and suppressing formation
of 30 burrs. -7 BRIEF DESCRI PTION OF THE DRAW I NGS FIG 1 is a perspective
vi ew of an indexable insert accordlng to a first enbodi nent of the present
i nvention and an enl ar ged Bk DR IUNOOR (THE (ORAMENGE | on t hereof; 5 FIG 2

s a plan view of the1g. rruorj_hatp&eﬂdtm q,fie‘ﬂa nd@a@ﬁbﬁ uﬂg@{;t of Fig. 1

when observed frg@ ];#ﬁ !E ?Eg aSI!g E l.ar si de

el evational view 0 | npo an po | on t%qrﬁ%erﬁt %mﬂgxe’rt of Fig. 1
when observed f regianged (viem tiﬂﬂéﬂnlbem*tk 4 is a sectional view

t aken al ong |5 ne IV-kiGlnE@plaavﬂ»Gof&hbs Rireioat ook Vi ew of the

| mportant porti Qg g g? !p %E; g; E.E! 9!1 rved froma
side flank side; {’H pers&ec Ve VIiew o an | npo%ant portion

of an indexable insE&4- %%%%’r imppriamt present
i nvention; FIG partmaofsﬂﬂeumbﬁamalmssﬂt of Big.of Wh&eobﬁiewlﬁhﬁ\ ansert

front end flank side;
10 FIG. 4 is a sectional view taken along line IV-IV in FIG.
2; '

FIG. 5 is a side elevational view of the important portion
of the indexable insert of Fig. 1 when observed from a side flank
side;

15 FIG. 6 1s 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 1s a side elevational view of the important portion
of the indexable insert of FIG. 6 when observed £rom a side flank
side;

FIG. 9 is a perspective view of an important portion of an
indexable insert according to a third embodiment of the present

25 dinvention;

FIG. 10 is an enlarged side elevational view of the
inportant portion of the indexable insert of FIG. 9 when cbserved
from a side flank side;

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

30 an indexable insert according to a fourth embodiment of the
present invention;



‘of Fig. 6 when observed froma front and flank side; 20 FIG 8 is a side

el evational view of the inportant portion of the indexable insert of FIG
6 when observed fray a side flank side; FIG 9 is a perspective view of an
i mportant portion of an indexable insert according to a third enbodi nment
of the present 25 invention; FIG 10 is an enlarged side el evational view
of the inportant portion of the indexgble insert of FIG 9 when observed
froma side flank side; FIG 11 is a perspective view of an inportant
portion of 30 an indexable insert according to a fourth enbodi nent of the
present invention;, -8 FIG 12 is a side elevational view of the inportant
portion of the indexable insert of FIG 12 when observed froma side flank

side; and FIG 13 i n _view of rt ortio f related 5

i ndexabl e i.nsert fo?ﬂguﬁ%qﬁ e&ﬁ?ef Mﬂ@%ﬁﬁﬁ‘ﬁ%ﬁ EMBODI VENTS
Referring firstof MMWﬁMU&W@MMMlMt accor di ng
to a first enbogidgergndof the present invention 1is general l'y designated by

TheFdoxan o | noar o5 ST en Sk 40 bR e Bl PERBRL Do "

observed In & sinflexahdlecirsertofion mettded offhd of a two-corner type having a

pair of sharp angled emmI@WMW and cutti ng edge 15.

Thus, description is_made e st._corn r this 15
enbodi nent, trlangullgef' Vtmgﬁf ﬁ%ﬁ |ng a?’b ends 12, 12

are forned thi nhesert aaecordingtamp rfilngt mf p@rﬁ*mﬁsentinm

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

10 of a super alloy, cermet or ceramic. The indexable insert 1 is

in the form 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 coxmer. In this’

15 embodiment, triangular portions 13, 13 baving the sharp angled

ends 12, 12 are formed 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 formed at

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

face 16, when observed from the above (i.e., when observed in

plan), has a pair of opposite sides 16a, l6a extending straightly

or linearly rearward from the opposite ends of the end cutting

edge 15 so as to provide a back taper of 2 degrees, i.e., 50 as

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

from 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 cuxved

surface. Further, the front end f£lank 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




14 has a central fixing hole 14a used for clanping the indexable insert 1
in a holder (not shown). The end cutting edge 15 at the first corner is
foamed at 20 a junction of a rake face 16 and a front end flank 17. The
rake face 16, when observed fromthe above (i.e., when observed in plan),
has a pair of opposite sides 16a, 16a extending straightly or linearly
rearward from.the opposite ends of theégnd cutting edge 15 so as to
provi de a back taper of 2 degrees, i.e” so as 25 to taper rearward. The
rake face 16 inclines dowmmward and rearward from 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 curved surface. Further, the front end flank 17 is provided
with an end 30 meaimwmmdemhﬁnwammmwms provi ded
with a side relineflaingl e of 3 degrees In the neantine, the end cutting

edge 15 is provided ﬁ I ﬂﬁgjfﬂggf rved in

pl an. The rake face %?asﬁfégrgg a sz‘F. rrca ressﬁ%ﬁ§ )

Speci fically, tfeeds %15??%@@ WB?YSthe
spher oi dal dépraaslspmﬂﬁdaltmgdomﬁtﬂmamtm edgel 15 felome h a concave

edge portion 15 Q%ﬁ&,ﬁg&&@ﬁ&{&g 684 ﬁgﬁg ?Ez’a!l a, 15a. The
spher oi dal deprgg'g?og‘?é 9Vhas%'a curve ertlgalglxa sur ace whi %ﬁ constitutes
a portion of a é’ﬁﬁgP 5?”559&1 8% t he concave
edge portion 15lpennﬂefdlsusfdceamd=omuuhmmpdr&1mseammufosehe rake face

16. The spheroi rng& Qe%@aﬂ?ﬁwcﬁ gémﬁ%j QhLERd in the

br eaker wal | 18"%%98& ggvvn surface 29 ngerOf the i ndexabl e
insert 1. Th® wilftIPopkest at ibe ardtiise iABteT e Bfe, about 15
1.8 mm and t he wpbexroiddd Mpreduomaﬁdmseamdgeepmlmrumlﬁbmﬁdomm:ue

breaker wall 18 and a hold-down suxface 29 for clamping of the
indexable insert 1.

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

15 1.8 mm and the width W, of the concave edge portion 15b formed

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

the front end flank 17 side, the concave edge portion 15b is in

the form of a circular arc of the radius R of about 1.5 mm.

Further, the maximm width W, of the spheroidal depression 26 when

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

1.2 mm and i1s thus set larger than the width W, of the concave edge

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

the chip can be removed more stably. The maximum depth D, of the

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

25 D, of the spheroidal depression 26 with respect to the rake face

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

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

Further, by D, < D, the cutting resistance can be reduced and

formation of burrs can be suppressed more effectively. 1In the

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

15 and the spheroidal depression 26 can be formed all together

at the same sintered body forming process of the indexable insert



thereat is about 0.9 mm Wen observed in side elevation from the front
end flank 17 side, the concave edge portion 15b is in the formof a
circular arc of the radius R of about 1.5 mm Further, the maxi nrumw dth
Wb of the spheroidal depression 26 when 20 neasured in the direction
parallel to the end cutting edge 15 is 1.2 mmand is thus set |larger than
the wdth W of the concave edge porthﬁn 15b. By this, the cutting

resi stance can be reduced and the chip can be renoved nore stably. The
maxi num depth D. of the concave edge portion 15b is 0.15 mm However, the
maxi mum depth 25 Db of the spheroidal depression 26 with respect to the
rake face 16 is about 0.25 mm and the spheroidal depression 26 becones
deeper as it extepnds rearward fromthe concave edge portion 15b. Further,
by Da < Db, the%Ett¥Ei AP then et §h & @IPeaqthe: HuErsdat fibe BB of burrs
can be suppr ess ediroupferentifat geripbbyy tharetth eard be nmads tsilert he concave edge

portion 15b of the e@gg,&gtg gmﬁﬁ_gg we;:épf&gré:{' .%!emﬂ essi on 26
can be forned all togie her ‘H; same sintere %ggﬁa(yf iﬂmﬁg%})rocess of
2 %ﬁwao |

t the
t he indexabl e i eRFeFSiop congtituting.pa portdon of; the sage ™8 he burrs at
t he i nner ciSr c spiespiiailiGabresetanpdécut velke differatninbthemestbmmnizptier .

Conpar ati ve exa L@&yx@&,;a‘graggg&qu'ﬁmg%g §Eg§[; Ldal epressi on
constituting a portion of the sane sp}tleroi aegdt e g lesr’%' al depression
26 but were dif POTRRRRS RIS MERE RIERFTEA 99, that mrelmump feathe Bege portion

15b of the end weriedndthiggthelfnge fxom 0 dorhamet i Compaxatipe egampese prepared so

that maxi mum dem&fwaﬁﬂﬁﬁbwﬁﬁﬁ&%mwm%&w:m
Conparative §xa 'l’ﬁefsﬂﬁ}’%,\‘g‘fre sgﬁq&gr %Httln off _of a work 1I'n the form of
bar and conpare ’i"e‘!‘ﬁ T THEY dhelght) pf &he ORBESR (hei ght) of
the center bosbosﬂat_me cut-offf mmmmhemm, tHevwdtus of he radi us of
the concave eddend8drcktledse porish 195 Hin didervia $h SEabNatioR Brdd OM

the front end flank 17 side is about 1.5 mm and the width W of

the end cutting edge 15 of the insert 1 is 1.8 mm. The cutting

15 was performed at the spindle speed of 2000 rpm and at the feed

of 0.03 mn/rev and under dry condition. The work was made of SUS

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

is shown in Table 1. .

20 Table 1
Sample | p, 4 | by |Deformation | Removal Of Life of
No. (o) { (mom) | (om) | OF Chip Chip Insert
1* 0 0.5 11.0 Not caused | Unstable Long
2 0.05{0.1 10.2 Good Stable Lang
3 ¢.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 comparative example.

D, is the maximum diameter of the concave edge portion. dgis the
diameter of a center hoss formed at a cut-off surface of a work.

hy is the amount of protrusion (height) of the center boss.

The numerical values in the Table are averages resulting
from 10 times of cutting off. In the meantime, a comparative



the front end flank 17 side is about 1.5 amand the width Wof the end:
cutting edge 15 of the insert 1 is 1.8 mm The cutting 15 was perfornmed at
t he spindle speed of 2000 rpmand at the feed of 0.03 mmrev and under dry
condition. The work was made of SUS 303 according to JI'S and of the outer
diameter of 12 nm The result 1is shown in Table 1. 20 Table 1 Sanple Da dB
b13 Deformati on Renoval O Life of (m (m) (nmm O Chip chip Insert
1* 0 0.5 1.0 Not caused Unstabl e Long: 2120 05 0.1 0.2 Good Stable Long 3
0.15 0.05 0.05 &ood 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 *

I ndi cates that -the sanple is a conparative exanple. Da is the maxi num

di aneter of the concave-edge portion. Nis the diameter of a center boss
formed at a cut -®mpleued an cindéxahla\dngert (Iﬂatm-etlive mnoﬁhqmoar usi on

(hei ght) of tlhte @@a&greaggmo 3&5@3]: 14 h tgﬁjg&pt le are
averages resul ti of cu e neantine, a
conparative 12: ¥ q%%'f%’fz ﬂgfl 'ﬂ'F (ﬁyﬁbl E’ ﬁ%&tfw{d?ﬁ °ﬁoes not have
a concave edge mﬂﬂtmsaﬁﬁa@ntﬁhem&te Mr%ﬂmembmttm edgei r el y

strai ght end guttingas@gem BNEaLLE 1D14A\Cullg a,sm% fhePindedtAb ect i ons

" Gutting of ?pﬁi%s t?%é*“%ﬁfs"%%%gﬁ”d Cu%q%r?g%a? B PRBh BodF rent - the
di amet er dB and REREFUSIRIUWRTe FEmeAt smallerrasscaepanpd with|the sooparatiiver as .
conpared with tl“mxﬁplsp(&mbwb 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 mm, is sufficient for -
obtaining good deformation of chip. In cutting off by the
15 comparative example, the life of the insert was long but
deformation of the chip was not caused. This 1s considered due
to the fact that the feed speed was too small. Further, the life
ofinsertbwameshortmenthema:dmmdepthofthecmmveedge
portion was 0.3 mm, Franﬂxeabove it is preferable to form a
20 spheroidal depression in the rake face so that the maximum depth
of the concave edge portion is within the range from 0.05 to 0.25
mu. Further, by setting the maximum depth of the concave edge
portion at 0.2 mm or smaller, stable removal of the chip can be
attained. This is considered due to the fact that the resistance
25 to deformation of the chip becomes large when the maximm depth
of the concave edge portion exceeds beyond 0.2 mum. From this,
it is more preferable that the maximum depth of the concave edge
portion is within the range from 0.05 to 0.2 mm.
Then, the chips of the sample Nos. 1 to 3 were used to cut
30 off a work in the form of a pipe of 12 mm in outer diameter and
8 mm in inner diameter, and comparison was made as to the thickness
of the buxrrs at the inner diameter of the cut-off surface of the




exanple (sanple No. 1). This nmeans that in case of cutting off by using
the insert of thhis enbodiment the insert was fed nearer 10 to the center of
the end surface of the work before the work was separated fromthe

remai nder, as conpared with the conparative exanple. Further, it will be
understood that the maxi num depth of the concave edge portion, which is-
0.05 mm is sufficient for obtaining gip_od deformation of chip. In cutting
off by the 15 conparative exanple, thefife of the insert was | ong but
deformati on 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 becane
short when the nmaximum depth of the concave edge portion was 0.3 nm Fran
the above, it is preferable to forma 20 spheroidal depression in the rake
face so that thaecdaadithe asepitiof prbtrubionefrihe sames dTie yeault tashoen Wi t hi n t he
range from 0. 05 shorddig®. ™M Further, by setti ng t he maxi num depth of the
concave edge portiop at 0.2° or_smaller, stable renoval of the chip can
be attained. This Igsgg%&%{{}e due L‘Pﬁé f‘ﬁ'ﬁf 1%t ance 25 to
def ormati on of mmauqffblmmm@tg@mmmmxummm ¢ the concave
edge portion ﬁxqgmege 8s cogarddwi Rl @obd €f er abl e that

t he maxi num dept t ave e ortlonls W thin the range iron
0.05 to 0.2 amc'l‘ﬁrgﬁ ‘%ﬁ ﬁ}epéxssrrtgﬁé:hg e"T"Tqﬁ:%nﬁe“ré’susedto cut
30 off a work |mm@rwmmmmm@mmmmmm¢heand 8 Mmin
i nner di arreter 1056t GENERAS 1 FRATINA el BALL18S ab eq?hﬁeé gy thd the burrs
at the inner q“é‘?ﬁ%’?&}%he cu%-off surface of the -13 vvork and the
anount of protra ult is shown in Table 2. As shown
in Table 2, ¥he burrs at the inner periphery in cutting off by the insert
of this enbodl ment were smaller ifhple 2

Sample | Thickness of | Amount of

Burrs at Inner | Protrusion
Periphery (mm) | of Burrs (mm)

1* 0.05 0.1
2 0.02 0.05
3 0.01 0.02

The mark * indicates that the sample
1s a comparative example.

15 Then, samples were prepared in which the maximum depth D,
of the concave portion of the end cutting edge was constant, i.e.,
congtantly 0.15 mm and the shape of the spheroid was varied so
that the width W, of the spheroidal depression were varied within
the range from 0.3 to 1.5 mn. By using the samples, the cutting

20 off test of a work in the form of bar was made so as to examine
the deformation 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
mn. The result of the test was shown in Table 3.

25 As shown 1in Table 3, when the width W, of the concave edge
portion is smaller than W/2 as the sample Nos. 1 and 2, deformation
of the chip was small. When W, is larger than 2W/3 as sample No.
5, good deformation of the chip was obtained but the 1ife of the



5 thickness and the anount of protrusion as conpared with those in cutting
off by the insert of the conparative exanple. This is considered due to
the fast that the resistance to cutting by the insert of this invention
was smaller as conpared with that by the insert of the conparative
exanple. 10 Table 2 Sanpl e Thi ckness of Anpbunt of No. Burrs at Inner
Protrusion Peripbexy (mu) of Burrs (my) 1* 0.05 0.1 2 0.02 0.05 3 0.01
0.02 The mark * indicates that the saple is a conparative exanple. 15
Then, sanples were prepared in which the maxi n= depth D. of the concave
portion of the end cutting edge was constant, i. e. , constantly 0.15 nm
and the shape of the spheroid was varied so that the wwdth W "of the
spheroi dal depression were varied within the range from0.3 to 1.5 mm By
"usi ng the sanpl desextivas ghanti nioRrhis, fitiwddl betmdersinold that tﬂeedﬂ'dam of bar was
made SO as to exagt e doCafteidy Iwaa&ﬁzbwmmaaqmﬁ  of the

I nsert (strengt of . t e |ns rt opposit e enls of e and cutting
edge. However, ﬁaﬁ%ﬁ! 2c%tq=| g”g&ge was constantly 1.8 nu.

The result of the test was shown in Table 3. 25 As shown in Table 3, when
the wi dth Wasof the concave edge porshies i s smaller than W2 as the sanple
Nos. 1 and 2, defor mat[gafpIleddl W TS DetBvatien oFf | n Wa is larger than
2W 3 as sarrpl e No, 5,| geod c(ﬁﬂprlmj_zion of thenfsaip s obtai ned but
the-life of the -14- [ 1 Hardly Caused Long
o.s Caused a 1ittle| Long

U!‘#UNH

0.9 Good Long
1.2 Good Long |
1.5 Good Short

W, is the width of the concave edge portion.

Referring to FIGS. 6 to 8, an indexable insexrt 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 curved peripheral
surface which constitutes a portion of a true sphere and is formed

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

the concave edge portibr 15b, and the spherical depression 226

15 1is disposed forward 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 formed 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 1s omitted.

In the meantime, the chip produced in 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 15b of the end cutting edge 15 to the rear end of the
spherical depression 226 1s shorter. Thus, the insert 21 is suited

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



insert was short. Frain this, it will be understood that the width W of
the end cutting edge 15 and the width Wa are preferably determ ned so as
to satisfy W2 WA L< 2W3. 5 Table 3 Sanple W Defornmation of Life of No.
(mm Chi insert 1 0.3 Hardl Caused Lon 2 0.6 Caused a little Long 3 0.9
Good Lon 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 embodi ment will be describd¥. This enmbodi ment differs 10 from
the first enmbodi ment described with reference to FIGS, 1 to 5 in that a
spherical depression 226 has a curved peripheral surface which constitutes
a portion of a true sphere and is forned in the rake face 16 so as to
provide the end cutting edge 15 with the concave edge portion 15b, and the
spherical depr emm@zmmummpmmtmemmwl 18 so

that the rear eraétezoihet ﬁ%@flﬁele‘a&%&&@n&t the rake
face 16, i.e. gpgeh|Cf§ eSS|on ormed so as not to cut in
t he hol d- domm S & &¢ gﬁﬁ *the above, this
embodi nent i s subst aRefienring mrﬁIGa-r ﬁcandhéo.f ians indexhbi@i desert 20D Thus, |ike
portions to tshe sbbdrdlingfd @ 4him dnbaihetonilinal &dchived | K tHetfigsence
characters and re escggfvi n theret% is omtted.. In the nmeantine,
the chip produc@ﬂg‘%ﬁn‘?f%t '%\/’?f {ERFICT st - She procimm o
enbodi nent, t houigbthMytof shespherdidal depatedsfion 26 15/ larger fHanwhagaxieam war d si nce
the distance frQgpnhs &pawa&csﬂg&gzwmeﬂ of e Aha (cBEriBgLagd!t L1 Ng edge
15 to the rear qu qL %nwt't
o this, in this embodiment, the spheroidal
10 depression 326 formed in the rake face 16 becomes smaller in depth
than the concave edge portion 15b as it extends increasingly
rearward of the concave edge portion 15b. Except for the above,
this embodiment is substantially simdlar to the £irst 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 formed into a concavely
_ curved shape, i.e., after being deformed so as to have a high
20 rigidity. Such deformation of chip is attained not by the
projections disposed on the rake face at locations rearward 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 continucusly £rom the concave edge portion.
25 Accordingly, the cutting resistance is small. Further, such
deformation of the chip 1is attained irrespective of the
longitudinal feed speed, the chip deforming effect produced by
the insert can be stable. Further, the chip is deformed 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 f£rom being marred or damaged, thus
making it possible to improve the surface roughness of the work.




spherical depression 226. -is shorter. Thus, the Insert 21 is suited for
cutting, the depth of cut of which is small. However, the 15- 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 simlarly
to the previous enbodiment. Referring to FIGS. 9 and 10, an indexable
insert 31 5 according to a third enbogi nent will be described. In the
first enbodi ment described with refereénce to FIGS 1 to 5, the maxime

depth Db of the spheroidal depression 26 is |larger than the maxi num depth
Da of the concave edge portion 15b of the end cutting edge 15. In contrast
to this, in this enbodinent, the spheroidal 10 depression 326 forned in the
rake face 16 becones snaller in depth than the concave edge, portion 15b as
it extends incrBsdheRy §ince e dhsert of thisclnventdan ds agh 15b. Except
for the above, pidjestiond Gok defdimations obtharthim the seaulting duttidge fir st

enbodi ment . Thwlgescrlp“%&edwm MLk haer ence 15

characters and repeated n thereto is anitted. Fromthe foregoing,
it will be unde the, gen ?J‘I“Eg]aﬁsert of this
I nvention thg cmqochis-ofem«bf ﬁ:ﬁtmrktm: nlgp lnw owmmsmgaoﬁ t her eby

formed into a ca@&ﬁ%‘e ﬁ‘%gl‘?h gggeerﬂgem def@ened so as to
have a high 20 ri 't Suc e ornatlon chip is attained_not by the
proj ections di sﬁ‘Ugé‘EP 8&?%@%%8@&?%%@5 8§ q'f”ﬁ‘“ the end
cutting edge asmeﬂﬂh@fmmmmmmmmmmmm portion of
the end cutting edgqukﬂﬁﬁﬁftﬁpquﬁgﬁmgph&kl éﬁﬁ&ﬁﬁgl@ﬁmgxt di ng
contlnuousl% fro the conc Vi §%%§na% h? %ﬁﬁﬁg&m ﬁ%e t% e cutting
resi stance 8 sTHefeFen e t % %@ attained
i rrespective ofumm@mmmmgm@edchWMan ef f ect
produced by 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 formed so as to cut in the breaker
wall 18 can be modified 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 case the spheroidal depression 426 becomes
20 smaller in depth than the concave edge portion 15b as it extend
rearward of the concave edge portion 15b. Further, the spheroidal
or spherical depression can be formed in the rake face
irrespective of whether the hreaker 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 (1.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



the insert can be stable. Further, the chip is deforned stably into a
curled or coiled shape, it can be renoved with efficiency 30 and therefore
it becones possible to effectively protect the machined surface of the
wor k from being marred or damaged, thus mneking it possible to inprove the
surface roughness of the work. 16- Further, since the insert of this
invention is not provided with projecgions for deformation of the chip,
the resulting cutting resistance is small and therefore it becones
possible to make snaller the center boss or the inner periphery burrs
foaned at 5 the cut-off face of the work at the tine of its cutting off.
Further, by the smaller cutting resistance, the wear of the cutting edge

of the insert can b educed,and &b, the insert
in cutting off q‘é‘m& iﬁ?‘%%&c)?ggu %ﬁ%ﬁhhﬂ?ﬁg [ nvent| on has been
descri bed abovdwaﬁumﬁWx#@#@%@@ﬂﬂag§%ﬂ§ﬂM*Qﬁﬂ) 1y BEeR i nvention
the invention t&ﬂﬁhﬂbﬂ.&r&ﬁﬁdtbﬁ thile 1eherh rdan tbe uieaebt Besbvariny e.

Modi fi cati ons nd vari s of the ve will occur
to those skill &% FA%th ﬁ?”&@ﬂ#ﬁg égbve %eachlnggg For

exanpl e, the5thﬁﬂdmdnﬁadﬂhﬁﬂt mhereln the rear end portion of the 15
spher ot dal depression 326 is forned so as to cut in the breaker wall 18
can be nodified as in the insert 41 shown in FIGS. 11 and 12. Nanely, 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 case the
spheroi dal depression 426 becones 20 smaller in depth than the concave edge
portion 15b @S it extend rearward of the concave edge portion 15b.

Furt her, é spheroidal or spherical depression can be fornmed in the rake
face irrespective of whether the breaker wall is provided or not. The
depression can have a curved peripher.al surface which constitutes

15

20

30



25 a portion of a spheroid or a true sphere and can be designed variously
dependi ng upon the size of the rake face, the wwdth of the end cutting
edge, and the cutting conditions. Further, the indexable insert of the

present invention is not limted to the two-corner type (i. e. , the type
having a pair of end cutting edges) 301£put 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.

Fur t her ,ydsheis HniRegsgnt invention is not limted to the indexable insert

but can _ be applied to various cutting tools such as a solid tool. Further,
the indexabl e i ndefFEtBING KPSl iGRPREFHM :can be used for grooving. The scope

of the invention drs oaf badny E8gd eftebBNeS 107 Lhgake rhekl awgg clains. 10
15 20 25 30 18 What is clained is: 1. A cutting tool conprising: an end
cutting edge at oh IERECHIIOR Fomreds e dheakhaien faep r¥s 3P oFP MEPYRIE thet he rake

face so @&thggryd@éiﬂﬁﬂ Becokddivkl 88hL @98 W, h a concave edge portion,
characterized in that Wa_< W where is the width of the concave edge

por t i on BRTERESEHEFT it thEt edige <allel WAILTies Wehts ridhel milAHM @ff trhef copeave edge
depr eSSgint\M&r QIEN tWe2 efgVeutt 20 Se T en Vs e nd dihe il R€geAd  cutting
edge and W is the width of the CToncave edge portion
of the depression
wherein W/2 < W, £ 2W/3 where W is the width of the end
cutting edge and W, is the width of the concave edge portion
of the end cutting edge, and

wherein D; < Dy where D, is the maximum depth of the

concave edge portion and Dy is the maximum depth of the depression.

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

has a curved peripheral surface.

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

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.

5. 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 according to claim 1, wherein a maximum depth

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

7. A cutting tool according to claim 6, wherein the maximum
depth D, of the concave edge portion is within the range from 0.05

to 0.2 mm.



of the end cutting edge, and wherein Da < Db where Da is the maxi num depth
of the concave edge portion and Db is the maxi num depth of the depression.
2. A cutting tool according to claim1, wherein the depression has a
curved peripheral surface. 3. A cutting tool according to claim2, wherein
the curved peripheral surface is a portion bt a sphere. 4. A cutting tool
according to claim2, wherein the curved peripheral surface is a portion
of a spheroid. 5. A cutting tool according to claim1, wherein the concave

edge porgion is | ocanediRi@diabYe atndre etn@hifing:ne end cutting edge. 6. A
cutting tool according to_claiml1l, wherein a nmaxi mum depth D of_ the
concave edge portion3sSW tFEHirgecdIngE #R FRDOH52 1K E5Chimandy. A

cutting tool accordi Bgspierlcal BdpradeseifbrinB8 ifRxhElrakedeptd J30a8ftd Berm
concave edgﬁg ortiQn is wiithin the range from0,05 to 0.2 mMm 19 8. An

i ndexabl & VE EOFAPHGAGR Hh R0t TUHIdPEds¥St an end of a rake face;

and a spbRatraederdepaessithut aL nedy ) widie wakies taeews St 8hé GfdAcadeCOlsaV e
edge portion . in the end cutting edge, characterized in that Wa < Wy, where

Wa is thBOWFdPR Bf the @Bﬁcg%%éageedsér £n8nWof 1¢ Hdcepax U Wagtdge and Wb
i's the npxipumaadibs Qf, the depression , wherein the rake face has at an
end portion oppoSite to the end where the end cutting edge is provided, a
breaker wall in whi ¥hergansgher rakp Haprebafoatian pend | §orotereRPIRs e

i ndexabl goi pRET En@GARNLA NGe! Qngl @hf@ﬁm VRSP LG5 SRBRETL GRle ARRN GRgHON
has a curved peripheral surface that |% a~ portion of a sphere.
in which the spherical depression is partly formed.

9. An indexable insert according to claim 8, wherein the
spherical depression has a curved peripheral surface that is a

portion of a sphere.

10. An indexable insert according to claim 8, wherein the
spherical depression has a curved peripheral surface that is a

portion of a spheroid.

11. An indexable insert according to claim 8, wherein the
concave edge portionis locatednearly at a center of the end cutting

edge.

12. An indexable insert according to claim 8, wherein a
maximum depth D, of the concave edge portion is within the range
from 0.05 to 0.25 mm.

13. An indexable insert according to claim 8, wherein
the maximum depth D, of the concave edge portion is within the

range from 0.05 to 0.2 mm.

14. An indexable insert according to claim 8, wherein
W/2 £ W, £ 2W/3 where W is the width of the end cutting edge and
Wa is the width of the concave edge portion of the end cutting
edge.




10. An indexable insert according to claim8, wherein the spherical
depression has a curved peripheral surface that is a portion of a
spheroid. 11. An indexable insert according to claim@8, wherein the

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

edge. 12. An indexable insert accordjpg to claim38, wherein a maxinum
depth Da of the concave edge portionis within the range from0.05 to 0.25
nm 13. An indexable insert according to claima8, wherein the maxi nmum
depth Da of st hego e.pqrtion | i.thin t .range from.0.0Q5 tq 0.2
mm 14, An iridex%b?_gﬁ?é%g%ﬁ% é(%%g%&i %gct%cl;\gclltn% %082%\%3} gi’nW S && <<33b2W3
where Wi svwhgaewPdtis dthea mexdmiime depithg o dgke anoncivie i edgdpan itdn aing mb
concave edge ROE! ik i@funt ke fnd &E‘té.é‘%ﬁﬁ% ; 15. An indexabl e insert
according to clai m8,l vl\lherei n Da < Ig{b ere 131?_8 t he maxi num depth of the
concave edge portion and Db is the maxi nrum depth of the depression. 16. A
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edge is provided, a breaker wall in which the spherical depression

is partly formed.




