1 CUTTI NG TOOL AND | NDEXABLE | 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 dlspﬂSed adj acent an end cutting edge
115 and the opposite ends of the rake face 116. Wth such an insert 101, a
chip ICis forcedly pressed against the projections 120, 120 and def or ned
into a convexly or V-like bent cross section before being renoved fromthe
pl ace where 15 cutting is perfornmed. The chip K deformed as above by such
an insert 101 is hi gheCoTtING rHOgH: AND INDEXIARIF O RISERE WHEREFGR chi p of a fl at
cross section and can be easily d|V|ded into sections of suitable |engths

even if it is renoved so as tQ hgpe. Thus, the chip does 20
not coil around the cutting tot ¥hd therefore the insert

101 i s advant ageous mmm.mmmmw siRmRNoadEor IQYENRE ON | n
cutting off af W QurRiSh dharanDinadsdtng dndert (Eirokadyi nsert 101,

the chip Kis forcedl esse I nst the 25 projections 120, 120

adj acent the op F%"YE‘?F@S g’f’ﬁgateﬂf‘tl ng edge 115 and thereby deforned In
cross section. . By ttﬂwpndpd@m dasis aaplatedoindexabie dasest 19408PT 8si st ance i s
caused and app' @€l of Quitifig tbé@@ehf%@lcua&ngma:ﬁ:eﬁowndhbwmmgut that is

" 2750 shor  or et ARLBRTE PRl s praliicl Bl adiea i) Rl B oo
10 onarake 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 pexformed.

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

20 not coll around the cutting tool, work or chuck and therefore the
insert 101 is advantagecus in the disposal of chip.
SOMMARY OF THE INVENTION

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 1s not provided with
such projecticns, thus causing the cutting edge to wear in a

30 shorterperiodmldthereforethalifeoftheinserttobecwn
shorter.




shorter. -2- in addition, such a large cutting resistance causes the
followng problemin cutting off . As shown in Fig. 13, imediately before
the work is cut off by the insert 101 whose end cutting edge 115. has a

| ead angle, 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 out off (i.e., right-hand
portion in Fig. 13). The cutting off is conpleted when the and cutting
edge 115 is fed longitudinally furthe® Nanely, as the and cutting edge
115 is fed longitudinally further, the cut-off width portion V becones 10
smal l er in diameter gradually and finaIIy the portion (right-band portion
in Fig. 13) of the work is cut off. In this instance, at the |ast stage of
cutting off, the portion of the work is not cut off but broken off by the

lateral force resul tiongaditiom, tdueh & daxge mmmmw@ea little
before the end fmelitespnd face T of

t he work. Accorgl ngi yg at tT'J?Z engn%acgmtrjz the §:Et offﬁgfrtliign (right-band
portion in Fig.befpns t of a boss
(hereinafter w bagebnsahsmlwmigm the cut-offwidih postipn ¥rin ehddedhg  out war d.

20 In cutting OL%aQ W%@ﬁ@@&aﬁw&g&%bﬂmwﬂdﬁo to becone

| arger due to a ting I.stanc d,a t 19;!; surface (end
face) of the woPg.=® g\(‘?@ﬁr&r‘?rgl ﬁa’?;‘ﬁp?’??tﬂrﬁn 18 132 pireci sion shaft or the
|i ke part that oefjuis es:naldtaghwen dd@um@ecﬁ!ﬂfémn% o5t #8 &Ml face

thereof, it is hieNtidRiMy %ﬁ:-ﬁﬁﬁesm&%e&tﬂewwmh@ed@emmu boss at a

| at er process(l.e., | i nin QEPE , at the end

face of the reféh MM %"‘&"%‘F%c’%ﬁd clanpe he chuck

(the left- handmmﬁmwymmméai@t%ﬁ@er boss
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 from the
force for longitudinal feed, a 1ittle 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
{hereinaftar will be also referred to as center boss) protruding
20 In cutting off by the related insert, the center boss tends
tobecomalargerdmtoa.largemtting:esistanoaadjmtthe
cut-off surface {end face) of the work. Accordingly, in cutting
offofapmcisionshaftorthe]ﬂcapartthatmquiresahimly
accurate machining of the end face thereof, it 1s 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
remainingportionofthewurktbatisclampedinthechuck(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 edgewhichisfedlongitudim]lybeyondthecenteroftheendfaoe
of the remaining portion of the work.




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
remai ni ng portion of the work. -3- Further, for the same reason, in cutting
off of a work in the formof a pipe, there are fornmed at the inner
circunferential periphery of an end face of a cut-off portion of the work,
burrs (hereinafter will be also referrfd to as inner periphery burrs) 5
protruded toward the center of the pipe. Accordingly, alsoin this

i nstance, when the cut-off work is reqU|red to have a highly accurate
machining 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 upB¥Fthee farcthessmereasqn, da PHrEing effeed ATk By

def ormati on of tmefaﬁﬁap@dlmmbfmﬁdattmmmﬁmmﬂmand cutting

edge. Furtherrmrpsm&:w%ﬁp eded gEPé:!cm!e QbR gur such a
case that an intende gégﬁ o‘?fr)nsn af%f ct canngﬁabe ![:%‘i ed. For

exanpl e. when tH (Yégg BB chip is so
thin and | sSnotpmtnudeugtqwapde&sm@ammme pina plmpm‘m.nglw a@.soé.n does not

stri ke hard agai hg?;] rmatlon of
the chip is so tﬂiﬂ'ﬁ%r the |ntended Chlp &sformn 20 ef? cannot be
obt ai ned. Fur t h&POTRhRFaeiRing Gf the end fapept %”“EL#&WE AR gh the chip

stri kes hard agaeqsired to gy csiti maﬁtd&mﬂenmeﬁ For mbovdhg pthes | ow so
that the projecty,gRs can serve only as chip breakers. Accordingly, the

Cherefore I W 25 i n FrSbrnrey the relaredoect dbarbec BDOR, POORRPS, |1 doos
coarsely or it ditfegentt chipeddfomying reffentatdeperddng updnuthe Seell sppefio nake it

since the projections for deformation of the chip are disposed
a little gpart from the end cutting edge. Furthermore, when the
feed speed 1s small, there may occur 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 is 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 138 so small or the intended chip deforming
20 effect cannct be obtained. Further, there may ocour 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. Accondingly, 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 continuous, thus tending to make it
unstable the direction in which the chip is removed or tending

to canse the chip to coll around the work.
On the cther hand, when the feed speed 1s 0.1 mm/rev, it
30 becomes possible to slightly deform the cross section of the chip
but the deformation 1s.not sufficient. Therefore, a problem
similar to that described above is caused. Further, when the feed




unstable the direction in which the chip is renoved or tending to cause
the chip to coil around the work. On the other hand, when the feed speed is
0.1 mirev, 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-
4-speed is large, i.e., 0.2 mirev or larger, the chrp Is so thick and is
pressed agai nst the projections nore sﬁ?ongly and therefore a large chip
deform ng effect is obtained. Accordingly, stable disposal 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 |ife of the insert due to an
excessi ve heat spesrisliateby.€yto, |zngx/z®dameilgn:gebytmd1mbm/m tisiskr i bed

related insert ﬁi.&g rg,?g:1 E'Eﬁ gesiEsd chip 10
def orm ng effectm?gg arrow an ttlrlllg e of the mser? becomes shorter when
the feed speed i%1%ge BEp fptorming iy petpdeed. Becordinglyc SHEME bt ai ned.

It i§ accordi nglqtmabhfﬁﬁdnﬁcﬁmmt Hmnttmmgmesdmde a cutting

tool that is 4 r’ghgﬁ aﬁ?ﬁt ?Qeﬂ:r QRLEHE inn | g the related
cutting tool. It I S another OJeCt the presen r%g |on oprovrde a
cutting tool of TERFEKEedo f’pﬁ‘]g"’éﬁﬂ iMHESDG Lt ti ng

resi stance but csgeatthmi Inmmngxtrel lﬁatofcthepmbrdmrtg ancéxaessivet ably. . 20

It is a further Qb tb? %ew PV Mﬂ&wml ndexabl e
tooI

insert for a cuttrn

' ore char er. C nplrsh t he
above objects, tf8 Eheprfﬁ?l mdaﬂﬁgd?ﬁg ﬁ‘"ﬁ’é chs%Pg present

i nvention atﬂjttdeﬁgmd-mleffectisnamandﬂmlifeofthemsert
shorter when the feed speed is set so that a stable disposal of
chlp 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 1s a further object of the present invention to provide
an indexable insert for a cutting tool of the foregoing character.

To accomplish the above cbjects, there is provided
according to an aspect of the present invention a cutting tool
comprising an end cutting edge &t 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 edgs 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 reke face, the end cutting edge having a concave

30 edge portion, and a spherical depression formed in the rake face
50 as to extend continuously fram the concave edge portion of the
end cutting edge.




conprising an end cutting edge at an end of a rake facé and a25 depression
foamed 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 and cutting edge having a concave 30
edge portion, and a spheri cal depressigg formed in the rake face so as to
extend continuously fromthe concave edge portion of the end cutting edge.
s According to a further aspect of the present invention, there is

provi ded 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 and 5 cu The rm "spheri cal
depression” is hereigF"&E@(ﬂ‘gt‘E? P i EIgr 2SPEC r%@g?‘i?ﬁgﬁa ff{%‘f a portion
of a true sphermmmmmmmmwtm nearly

spherical shape !iﬁg %O{]&F agch @gﬁg@j &prediape sorkid@ concave
edge portion 10 },{:‘ es a circu ;Erag%rc shaped edg Bortht%eang a nearly

circular arc-sHaj®s kY Ea5ope £B 5O the form of
bar by usi ngihe:utﬂuytadgg t ool of th| S |nvent|on the chip is deforned

after the shape of Lhe.GONGANE:EH0RRALT4AN HerbiiPuRAtoClitkig edge, i.e.,
15 in such a manner as to have a 0S se?%j whi ch |s bent SQ as

prot r ude dommﬁd%%ﬁa%%%&m gtﬁ'% p“fﬁfr Gugh the
spheri cal depreﬁlm&mmmmammmywmes is drawn or

pent wi dt P\r/]m sg 5 ?g&cgﬁe gb@r ri»gﬁeﬂb’m@d'gs pottRued rearvva:ﬂ,
i.e., in e |rec%|on 0 in ro e ge or in e
direction opkb ﬁ%&ﬁ%@ﬁ%%@@%m&on EE*%d!I nal cutting off.
W dt hwi se Shaped edge portlon.

In cutting off of a work in the form of bar by using the
cuttingtoolofthisinvention,thechipisdeforqedafterﬂae
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 after passing
through the spharical depression formed in the rake face. Namely,
ﬂnechipisdrawnorbentwidthwﬂsesoastobemhigmr:ln
ngiditymﬂis:mnved:bamrd,i.e.,mthedi:ecumofgoing

20 awayfzunﬂ:eandmttingedgeormtmairectionoppositato
the direction of feed for longitudinal cutting off. Widthwise
bending of the chip is thus obtained not by pressing the chip
agaﬂxstﬂaemjectionsfomdonthara}nafaceatlocatim
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 meking it possible to obtain a stable

30 chip deforming effect.

Furthermore, 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 and cutting edge itself and the spherical depression
formed in the rake face. Accordingly, the cutting resistance is snall and
deformation of the chip can be obtained irrespective of the | ongitudinal
feed speed of the insert, thus naking“ it possible to obtain a stable 30
chip deformng effect. Furthernore, 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 otherw se caused at the separated end
surface of the work at the tinme of cutting off can be nade snaller.

Further, decreathe peptenboskay the bupes ethervisg s rbdhe sepaxeteth the snal | er
cutting resi st aamesmichts oftke Wgrk &t 08 tithbd Ff tauttingbdEi carabe mhdagated |ife

of the insert i iﬁ@ﬂﬂ 2hredlk hﬁ. ﬁmr CORE %dggggsuﬁ}&rtion S
preferably disposed at the ‘cen eré):g%/ the e%&é:euttlﬁké edge for the reason
that the di rectmmmmgmﬁ%re%mf%fm_m%s stabl e.
Further, the notaiEh RpoiteBaisd of fe Bearaiteouttiyg offrarigroovisgpr ef erably 10

w thin the range fr OscdRadel Zg [;%1:‘ e&Ekg&ﬂ@@%ge&t&em S
smal l er than 0.05 mq'rl]m!a pro‘;r?ou et chi \é%e orm ng efftiect_ cannot be
obt ai ned. \Wen e4RbeRakithe spd getiing %ﬂ%ﬁ%e@amﬁ%w, esi stance to
deformati on of thehidhi theba2dp 1. reharedarebtvany becanep ratalolienc Fdrtdkrp def or mi ng

effect is obtaiped f.or ' | rt. Further,
Da is preferabl g"’w. I N %%%ﬁ%%@%éﬁﬁﬁ%ﬁ%g&ﬁl ng D. at
0.2 mm or sl | Eithin {the repga,Trom0.98 40030 8- niPER W‘“‘%r@?ﬁb cutting
tool of this inpghkismalleiiths 0005 ) abjuentinasd chid dkforming?dffet where * is
the width of th&%ﬂéb&%&éﬁﬁd?dﬁﬁn%ﬂm&pm D, exceeds 0.25 mm,
the resistance to deformation of the chip becomes large though
a pronounced chip deforming effect is obtained and therefcre the
15 insert 1ife becomes short. Purther, D, is preferably within the
rangs 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, S 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 /2, a pronounced chip deforming effect
cannot be cbtained. When W, is larger than 2#/3, the strength of
the end cutting edge i1s lowered at the opposite end portions
thereof. Further, it is preferable that D, < D, where D, is the
25 maximum depth of the spherical depression. This is effective for
decreasing the cutting resistance end suppressing formation of
burrs. Further, it is preferabls that W, < W, where W, is the
maxdimum width of the spherical depression. This is effective for
decreasing the cutting resistance and suppressing formation of
30 burrs.



20 WA is the width of the concave edge portion of the end cutting edge.
Wien WA is larger than W2, a pronounced chip deformng effect cannot be
obtai ned. When WA is larger than 2W3, the strength of the and cutting
edge is lowered at the opposite end portions thereof. Further, it is
preferable that D. < Db where Db is the 25 maxi nrum depth of the spherica
depression. This is effective for decrgasing the cutting resistance and
suppressing formation of burrs. Furthef, it is preferable that W < W
where W is the maximumw dth of the spherical depression. This is
effective for decreasing the cutting resistance and suppressing formation
of 30 burrs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective
view of an indexable insert according to a first enbodi mrent of the present
invention and an enl ar ged BRIER, DESCRIRTION.CF, THEPRAWINGS on thereof; .5 FIG 2
is a plan view of themnpnrisarat paﬁpbeﬁﬁeoﬂewhef amdmaabﬂbmelmeru of Fi g. 1

when observed fromthe 3 g E!QSE: ﬁ;!h g de
el evational view or the |rrpo'{ltfE por I'on %ﬂ e | ndexab giﬁ%séirt of Fig. 1

when observed f reReegediisn thereef: 4 is a sectional view
taken al ong l§ne | V-Ip¥s 2 EJ;G pJ.é’n vEé\Gof5theSjmc&tdﬂ: pbxtiied iofnalhe vi ew of the

i mportant portiof, EI ??s If@ z%fhc@tlﬁﬁé ved from a
side flank side; bll—'% IS a perspect|ve Vi ew‘:h%r ortant portion
of an indexabl e i ns&FE- 348 87 SRE9edFide slavahionah Fisy PR present

I nvention; FlI G portionaofsithe indexulsliel inzatt of igofl sHea obsdceaeﬂtﬁmmimsert of
Fig. 6 when obsegpyed bk ¥ka Mr'_]t end fl ank side;
10 FIG. 4 is a sectional view taken along line IV-IV in FIG.
2; '

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

15 FIG. 6 is a perspective view of an important portion of an
indexable insert according to a second exbodiment of the present
invention;

FIG. 7 is a side elevaticnal view of the indexable insert
of Fig. 6 when observed from a front end flank side;

20 FIG. 8 15 a side elevational view of the important portion
of the indexable insert of FIG. 6 when cbserved from a side flank
gide;

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
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 indexsble insert according to a fourth embodiment of the
present invention;



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

I ndexabl e insert of FIG 6 when observed firma side flank side; FIG 9 is
a perspective view of an inportant portion of an indexable insert
according to a third enbodi nent of the present 25 invention; FIG 10 is an
enl arged side el evational view of the inportant portion of the indexable
insert of FIG 9 when observed fromagside flank side; FIG 11 is a
perspective view of an inportant portion of 30 an indexable insert
according to a fourth enbodi mrent of the present invention; 4 FIG 12 is a
side el evational view of the inportant portion of the indexable insert of
FIG 12 when observed froma side flank side; and FIG 13 is a plan view

of an inportant port f,arelated. .5 ex tting off.
DESCRI PTI ON OF THE F#—%%Fé%ﬁé ﬁ%ﬁ&?ﬁ?‘ﬁ‘:‘miﬁg %)u ngl‘@‘u%?"[s‘%l 1to 5,
i ncl usi ve, an .nﬂmmmmmma@mammwmwmm of the

present inventi gfue;i sngjeneral |y designated by 1 and |s made up of a

sintered body 10 of super. al oy cernet, or able i nsert
lis intheformofﬁfg‘g‘rfl %I%éﬁ% ervedlna3|de

el evati on théremmmwﬁmﬂ Oﬁ}-pe having a pair of sharp angled
ends 12, 12 each of whi olksBRa TR Gt PREFERGEDCR fpﬁmsThus descrl ption is

por t Y)“ntshléesﬁ?ﬁatv.%%f”“ ; r@eﬁée“lttghd%@% a2 B
and a remai ni ngivgertlesconidng t@)l# ﬂi‘ﬁt pelpdimest ot e pregetolnyentdon 15 used for
cl anpi ng the i ndeXahi@11y designated by 1 and is made up of & sintered body
10 of a super alloy, cemmet or ceramic. The indexable insert 1 is
in the form of a parallelogram block when observed in a side
elesvation 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 cormer. In this
15 embodiment, triangular portions 13, 13 having 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
insart 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, 16a extending straightly
or linearly rearward from the opposite ends of the end cutting
edge 15 s0 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 curved
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




insert 1 in a holder (not shown). The end cutting edge 15 at the first
corner is foanmed at 20 a junction of a rake face 16 and a front end fl ank
17. The rake face 16, when observed fromthe above (i.e., when observed in
pl an), has a pair of opposite sides 16a, 16a extending straightly or
linearly rearward fromthe opposite ends of the end cutting edge 15 so as
to provide a back taper of 2 degrees, i , SO as 25 to taper rearward. The
rake face 16 inclines dowward and rearfiar d fromstraight cutting edge
portions 15a, 15a of the and cutting edge 15 so as to provide a positive
rake angle of 6 degrees and has at the rear and thereof a breaker wall 18
made up of a curved 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
wWith a side releigé 1mhghrovideditiegrieat andla & he Sregrees vhen otiseresdd cutti ng
-9- edge 15 is pnOpiaded mnth a Iead angle 0 of 5 degrees mhen observed in

pl an. The rake face %’?ﬂ Q % !Fg!,gf g:&ébﬁﬂ
Specifically, the de eSSIO a spheroid ression 5 t he

spheroi dal depr EpetdSicaldy. %dﬁmﬁsﬂeﬂt%ﬁ@ ® fERETY a concave
edge portion ﬂ5hmkwdaéledamﬁmesstme@mﬁd@eamn mmnﬂaaa 15a. The
spher oi dal depr ﬁg E {%m const I.tut es
a portion of a spﬁ%r0| %a% najor aX|s ex?% rearmargw¢ron1the concave
edge portion 15/oEHEE 3585 168calir) seherpifial Jepreffilen 264K FFhe rake face
16. The spher oigdaiphaedlr mmmmmammrasmmm in the

Paggr?rlm!rlhe w"%?%%gf tﬁm\gﬁﬁ&gﬁ |ng edge l%wiggﬁdei nggéﬁfl e15
1.8 mm and t¥e ﬂﬁdPHBMEIGF1@#@“&@H@&9é*@&§éGBdF?ﬁﬁﬁefﬁﬁe:UFne
spheroidal depression 26 has a rear end portion formed 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 mm and the width W, of ths concave edge portion 15b formed
thereat is about 0.9 mu. 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 maximun 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 is 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 nm. 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 sphercidal depression 26 becomes
deeper as it extends rearward from the concave edge portion 15b.
Further, by D, < Dy, the cutting resistance can be reduced and
formation 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 formed a1l 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 num wi 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 l|larger than
the wdth W of the concave edge porti 8n M By this, the cutting

resi stance can be reduced and the chlﬁ can be renoved nore stably. The
maxi num depth D. of the concave edge portion 15b is 0.15 mm However, the
- maxi mdepth 25 Db of the spheroidal depression 26 with respect to the rake
face 16 is about 0.25 mm and the spheroi dal depression 26 becones deeper
as it extends rearward fromthe concave edge portion 15b. Further, by Da <
Db, the cuttingl cathsrdsgecanindexnble tnherbult-prgvided with sush agongayer s can be

suppressed nor e eafd pettiiuehsb ahmatd@ﬁeﬁaaam&i&tmhbascﬁ&ﬁa\fen@dge portion

15b of the end !l m gf gagg ghggl QSB 6 can be
f oanmed al | togetc’#elr ‘he sane SI ntere é m ng process of t he

i ndexabl e i nser tSPbexyidal depregaiap; 2§are Sommed 4 wng gsdlapndyi ded with
fsuch 3 conga\5¢ mmngoanbﬁba;aa&fmwmngdwrmwﬂ%lbs fijrs}]

or ne and sint tJgon and the
spher oi dal depré‘gé'fei%ﬁ %gz?%’gﬁfﬂg %%5% s&ﬂ%]%%ﬁb msﬁéﬁa di anond 5
grinder having an ouWe& indsrpblecinsert és% grhodimees petraetured asconcave edge
portion 15b andabb&mmﬂabféato@le@wame%mwmndwb&mert 1 of
t hi s enbodi nent ﬁ [Ct uh%d 128 \iﬁsdﬁ ys :u? % | n the form

0 | nse

of bar in the f oW ng nmanner. The 1ndexa I's cl arrped in a

hol der to 1010coreRstitite & cuthipg tgok-ooin “?q‘ii%?fﬁfnﬁ 1e gefarmedi s def or med
after the shape afitert i shage efitthé ead edthing bdgenis hmsnwedmaaumed or

circular arc-shapeshGh &S sros §apbd Brok S 8lctREPial YRSt daN WRkhkhra | e
chip is removed rearward from the end cutting edge 15 after passing
through the inside of the spheroidal depression 26. Namaly, the

15 chip is removed rearward after heing bent and reduced in width
so as to have a high rigidity. In this connection, such
deformation is not attained by the prodjections against which the
chip is pressed as in the related insert but can be attained by
the concave edge portion 15b of the end cutting edge 15 itself

20 and the successively disposed spheroidal depression 26.

Accordingly, the outting resistance is small and
deformation of the chip can be obtained irxrespective of the
longitudinal feed speed of the insert, thus making it possible
to obtain a stable chip deforming effect. Namely, deformation

25 of the chip 1s attained by the end cutting edge 15 when the chip
is within the maximm temperature range, thus making it possible
to reduce the resistance to deformation of the chip. Furthermore,
since therse 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 & work in the form of bar, the central boss caused
at the end face of the work can be made smaller. In case of cutting



chip is renoved rearward fromthe end cutting edge 15 after passing

t hrough the inside of the spheroidal depression 26. Nanely, the 15 chip is
renoved rearward after being bent and reduced in width so as to have a
high rigidity. In this connection, such deformation is not attained by the
proj ections against which the chip is pressed as in the related insert but
can be attained by the concave edge pg&}ion 15b of the end cutting edge 15
itself 20 and the successively dispos spheroi dal depression 26.
Accordingly, the cutting resistance is small and deformation of the chip
can be obtained irrespective of the |ongitudinal feed speed of the insert,
thus nmaking it p055|ble to obtain a stable chip deform ng effect. Nanely,
def ormati on 25 of the c i's attalned by the and cutting edge 15 when the
chip is w'thin9%h &hp omR (Afe? IRiRge the %&F‘-Fmﬁossmle to
rT'educe the re5|&ﬂnmmﬁaﬁmtﬂﬂjpmmﬁktpnmaﬁmfhﬁndhuﬂﬂaﬁﬁhﬂﬁﬂnnre since there

IS not any proj ectlosmr!;;g_@,;11 %ﬁ&e&&g %f&ga%"&'{]ﬁaﬂ&%“’% cutting
resi stance can be nade “snm Ier us ?(Lf se of cutt ng 0 of a work

in the form of ®® the work
can be nmde §rralq:moid!ﬂ msasm:ﬁn mbﬁumeldﬂffmﬁtmﬁtuemmmMe formof a
pi pe, the burrs EeE!IE r reqf can be nade
smal | er. Conpar é’?l ve exarrp es re prg'%}ggégﬂ ﬂ% pﬁe:r?% dal

depr essi on constPRAPHYe 5P é‘PEﬁIH’ma gepthe Da5 spher oi dal

depression 26 bmwrﬂwﬁtmmlmhetmmu depparabiveodxaimplesconcave edge

portion 15b of thags Audh fplddtNtg 8806F & Rork ,%agg@ | es were
prepared so that Xl rmm E hg Da varled wLthin Iilﬁéran e |rm0 to 0.3

an. Conpar ati% e YERAFRPES ALatar aRg ProLTYsion, e the form
of bar and conpé:pwlatﬂhwcntraféspeﬁabebﬁtmm.amamﬂe padius we€i on (hei ght)

of the center the concave edge portion 15b when observed in side elevation £rom
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 mn. The cutting
15 was performed at the spindle speed of 2000 rpm and at the feed
of 0.03 mre/rev and under dry condition. The work was made of SUS
303 according to JI5 and of the outer diameter of 12 m. The result
is shown in Table 1. :

20 Table 1

Sample| p [ 43| by Deformation [ Removal OFf | Life of

No. (o) | (om) | () | OF Chip Chdp Insert
1* 0 0.5 11.0 Not cansed Unstable Long
2 0.05/0.1 10.2 Good Stable Long
3 0.1510.05{0.05 Good Stable Lang .
4 0.2 {0.1 0.2 | Good Stable Long
5 0.2510.4 | 0.7 Good Unstable Long
| 6 0.30/ 0.7 |1.2 Good Unstable Short

" The mark * indicates that the sample is a comparative exampie.

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

hy 1s the amount of protrusicn {(height) of the center boss.

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




boss at the cut-off surface of the work. However, the radius of ‘the
concave edge portion 15b when observed in side elevation from the front
end flank 17 side is about 1.5 mmand the width Wof the and cutting edge
15 of the insert- 1 is 1.8 an. The cutting 15 was perforned at the spindle
speed of 2000 rpmand at the feed of 0.03 nmmrev and under dry condition.
The work was made of SUS 303 according to JIS and of the outer dianmeter of
12 mu. The result is shown in Table 1.0 Table 1 Sanmpl e Da dB bs

Def ormati on Removal O Life of No. (M (mm) (mm O Chip Chip Insert 1* 0O
0.5 1.0 Not caused Unstable LCQ® 2 0.05 0.1 0.2 Good stable Lang 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
t hat the sanple mmrmmwamm tlhe!mmommgliaarret er of

E:B'? g??cngf :ggeof %e;ﬂ&i'oﬁah@ﬁ nt rotr SI on (hei E'?)negf at hg
center boss. W@f?#o B%? ?H‘@ ?‘é‘B’r‘ge"a H% r‘ﬁé}% °€esu|ti ng
from10 tines ofpmjmhimj wmmmmﬁmwmmmmz exanpl e
of an indexabke insers dhoaiph @a1¥a-1, L EReEgGiF HANA NG the AREaMBLLAgE portion

?Sdp?oif’ﬁié"'w"?'hﬂ»gaﬁsde Y o‘gisbS"P%F%H‘t ?b%éa%z #aqn%“&ea”d s s of the
end cutting edgeProtrysdon Werpnalmasty gisléer] 2s Corpaped wHg W@iﬁ-‘ﬁ’g t he _
i ndexabl e example (sampleNo. 1}, Thismeansthatincaseofcuttingoff
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 £rom the remainder, as compared with the comparative
example. Further, it will be understood that the meximum depth
of the cancave edge porticn, which is 0.05 mm, 1s sufficlent for -
obtaining goocd 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 i1s considered due
to the fact that the feed speed was too small. Further, the life
ofinsertbecamsmrtvmanthenmdmmdepthofﬂ:eooncaveedge
portion was 0.3 mm. Frcmtheabuve it 1s 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 £rom 0.05 to 0.25
mn, Further, by setting the maxlmum depth of the concave edge
portion at 0.2 mn 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 mm, From this,
it is more preferable that the mastimum depth of the concave edge
poertion 1s within the range from 0.05 to 0.2 mm.
Then, the chips ¢f 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
B mm in inner diameter, and comparison was made as to the thickness
of the buxrs at the inner dlameter of the cut-off surface of the



insert 1, of this enbodi nent, the dianeter dB and the anount bs of
protrusion were alnost smaller as conpared with the conparative exanple
(sanple No. 1). This nmeans that in case of cutting off by using the insert
of this enbodi ment 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
t he maxi num depth of the concave edge‘lébrtion, which is 0.05 mm is
sufficient for obtaining good deformation of chip. In cutting off by the
15 conparative exanple, the life of the insert was |ong but deformation 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 becanme short when the
maxi mum dept h ofwirk end tecanventesieotpeiin ohtheosm®. Themesuitdmshdsm above, it
is preferable toyfgiha 20 spheroidal depression in the rake face so that

t he maxi num depth of the c Ve ortion svmthlntherangefrom
0.05 to 0.25 nm Fuff 8@7%&% Sﬁ?ﬁm% DY (e "concave
edge portion atmmgaofﬂ)byshhalmm of tile Mmtuﬁramuhrrﬁman be

attained. Thiss "&xi&&i&&gﬁ%&\!ﬁné W@ﬂ%t&&a@”ﬁe 25 to
defornati on of th hi | a n t he Xi ma of the concave
edge portion exd ‘%fbrl’?’dg%?i"ﬂ?ﬁ*%% % "E'm Pefer abl e t hat

t he maxi mum deptwmmmwmthMWthmw tenge from
0.05 to 0.2 ma. Moﬁmmw@mw@whﬂp&tw&eused to cut
30 off a work i of a e of 12 amin cuter dianeter and B mmin
i nner " di anet er, r}'ﬁ‘ﬁﬁ&cfi‘ﬁﬁg‘% ?ﬁ%%@iﬁs to the thickness of the burrs
at the innerlfbll aneter of the cut-off surface of the -13- work and the
anount of protrusion of the sane. pda@ sesult is showmn in Table 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
is a comparative exampls.

15 Then, samples were prepared in which the maximm depth D,
of the concave portion of the end cutting edge was constant, i.e.,
constantly 0.15 mn 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
mm. The result of the test was shown in Tabls 3.

25 Az shown in Table 3, when the width W, of tha 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



As shown in Table 2, the burrs at the inner periphery in cutting off by
the insert of this enbodi ment were smaller in 5 thickness and the anpunt
of protrusion as conpared with those in cutting off by the insert of the
conparative exanple. This is considered due to the fact 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 Amount of No. Burr& at trifler Protrusion Pori (mm
of Burrs (ma) 1* 0.05 0.1 2 0.02 0.05 3 0.01 0.02 The mark * indicates
that the sanple. is a conparative exanple. 15 Then, sanples were prepared
in which the maxi mum depth Da of the concave portion of the end cutting
edge was constant, |. a., constantly 0.15 nm and the shape of the spheroid
‘was varied so tinsertiwas shoxit. hFign thils t Hewlkldhenodersitooficthat b widther e vari ed
Wi thin the rangeof @@ fhadchiGidg %gls%uwma%swwg cutting 20

off test of a work in the formof as to exam ne the

def or mati on of t(HFESTTHRed 5§48 (10esqtishy W%gfrné"g%t (strength of the insert
at the opposi te ends of the and cutti ng edge. However, the width Wof the
end cutting egdge was constantly 1.8 maple 3he result of the test was shown
in Table 3. 25 As show Jebtie eEdToFe] of the concave edge
portion is smaller thap w,Z a(im'gh _erple Nos.| rasehd 2, deformation of the
chip was small. Wen W 1S TGS | Handly cavsed a3 Skomgl €| No.

2 0.6 [Caused a little| TLong
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 enbodiment 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 poxrtibn 15b, and the sphexrical 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 1lke
reference characters and repeated description thersato 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 2] is suited

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




5, good deformation of the chip was obtained but the life of the 14 insert
was short. Frain this, it will be understood that the wdth Wof the and
cutting edge 15 and the width Na are preferably determned so as to
satisfy W2 5 W 5 2W3. 5 Table 3 Sanple W Deformation of Life of No.
(mna chi Insert 1 0.3 Hardly Caused 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 indexabl e insert 21 accordi ng
to a second enbodi ment will be described. This enbodiment differs 10 from
the first enbodi 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 farmed in the rake face 16 so as to
provi de the end @wets searlonkdcshade of the cilhprotwed by thelimsepb 2l itekesl5b, and t he

spheri cal depres&taflu&? &%@b&ﬁﬂ@&qﬁ%ﬂﬁbﬂl@ﬁoﬁhﬁe&i@&t@h@“ﬂ” 18 so

that the rear -en depress 1 6 is |located at the rake
face 16, i.e., %ﬁ e‘&e%’?e%réwg 9 rmed so as not to cut in
t he hol d- down surfac@em to| BIGSi. ng. E@(d@ptaﬁoinﬂmlabwm tHi s

enbodi ment i ss suRgbRIIhd #b laytrd bdietitaikeat WL de&ﬂéﬂﬁ& Thus, like

Chr gﬁ?Zré"a‘nﬂer apbiatt frrceiied voh Sefrerafy Bt Y ot e g 0L e
the chip pr oduceuptmwmwmwews@ntmds mmmhmm
embodi ment, t hougu Bl of HRYRondaRS eloebdritidiiStYof the end cutting edge
15. In contrast to this, in this embodiment, tha 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 1s substantially similar to the first embodiment.
Thus, similar portions are designated by 1like reference
1S characters and repeated description thereto is omitted.
From the foregoing, it will be understood that in cutting
off by the indexable ingert of this imvention the chip is removed
after being bent widthwise and thereby formed inte a concavely
curved shape, l.e., aftérbaingdefomedsoastohavaahim
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 continuously from the concave edge portion.
25 Accordingly, the cutting resistance is small, Further, such
deformation of the chip 1s attained irrespective of the
longitudinal feed speed, the chip deforming effect produced by
the ingert 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 from belng marred or damaged, thus
meking it possible to improve the surface roughness of the work.




in flowng rearward since the distance fromthe concave edge 25 portion 15b
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 simlarly to the E&eV|ous enbodi nent. Referring to
FIGS. 9 and 10, an indexabla insert 317 5 according to a third enbodi nent
will be described. in the first enbodinent described with reference to
FIGS 1 to 5 the maxi num depth D, of the spheroidal depression 26 is

| arger than the naxinun1 depth Da of the concave edge portion 15b of the

end cutting edge In contrast to thi in this enbodj t he

spheroi dal 10 dm d’fl‘i‘?""ii’é"afl #a’ﬁg" ‘R"’%m smaller in
depth than themﬁaas@dg@amatm ofStheaghlpt tha tresalding cnddsg ngl y
rearward of the Qﬂalﬂ | BRrdfRPe 1B GEBhed Bhodibfe 8DRMRe this
enbodi nent is su sta%%?ﬁﬁf q&?ar t 0 the firs B&Bdl Thus, simlar
portions are deSPgHardfe if*’F“klé”"?’é’T’-'e Pszﬂé’hﬁ’r’ &%P?%‘d‘ Pepeat ed
descri pti on tsherths cutsofnface cxf. the gomk he ther@-yemfg;l-ts cutithg df8. under st ood
that in cuttlngmﬁgrb t B sAeXAREring SRl st@hod Nithe IvRMBNdE @Rethe chip is

Curved shape. || “Hctidg g ! ob P Joosi e 2 ek SR phf A £ 000

Such deformatlomm@mmmpﬁwm%we&fsposed on
the rake face at | ocgithaRh "Bar Yedtih hageb@ad@mbag mge Bg in the

related insert but b the C ncav edge porti,on t i ng edge
itself and t¥le 53%?5#?%?" I’HFF?&V%&?EI: nuouﬁ‘s iy'ﬂ‘itilj'.r:;oim t he

concave edge po@mnﬂmsﬂmmwm@smmemm smal | .
Further, such dgf QrRi®RE J3f tHe@bhedimBntisSaedbiibbd @love Wi REt ¥ Of the
those skilled in the art, in light of the above teachings. For
exemple, the third embodiment wherein the rear end portion of the
15 spheroidal depression 326 is formed so as to cut in the hreaker
wall 18 can be modified as in the insert 41 shown in FIGS. 11 and
12. Kamely, the rear end of the spheroldal depression 426 can
be located at the rake face 16 so as not to extend over the breakexr
wall 18 even in the case the spheroidal depression 426 beccmes
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 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




| ongi tudi nal feed speed, the chip deform ng effect produced by the insert
can be stable. Further, the chip is deforned stably into a curled or

coil ed shape, it can be renmoved with efficiency 30 and therefore it becones
possible to effectively protect the machined surface of the' work from
being marred or danmaged, thus naking it possible to Inprove the surface
roughness of the work. Further, since jse insert of this invention is not
provided with projections for defamation of the chip, the resulting
cutting resistance is snail and therefore it becones possible to nake
smal l er the center boss or the inner periphery burrs foaned at 5 the
cut-off face of the work at the time of its cutting off. Further, by the

smal l er cutting resistan 428 &ggﬁl jﬁﬂ&&hﬂg ot chire insert can
be reduced and B er #am? R 151 qgﬁfquP the 1 nsert utting off or
groovi ng can bebeapdsedty vanieussughingteolsfich af 8 fohikktogle ﬁ“ﬁé@%ribed above
by 10 referencend ﬁ;&ﬂéﬂl&liﬂs&ﬁhﬁdtmrlhﬁmiodMWMfmgl nvention is

not limted to e enbo t fgfmz&.@gl and
variations of t éﬁﬁ%ﬁgﬁe iﬂggcrlbgﬁ above mn occur tgpa%%ose skill ed
in the art, §n Eplghvingfciagms.above teachi ngs. For exenpla, the third

enbodi nent wherein the rear end portion of the 15 spheroi dal depression 326
is formed 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 spheroidal depression 426 becones
20 smal | er ip 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

whet her the breaker wall is provided or not. The ' depression can have a
curved peripheral 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) 30,put can be applied to various types
such as three-cosier type, i.e., & trlangular vertical type indexable

insert having three cutting edges between adjacent two side surfaces.

Furt her ,yisheis IaiRegSant invention is not limted to the indexable insert
but can be applied to, various cutting tools such as a solid tool. Further,
the indekabl e i ndeteiNg ool FRAEREEdEcan be used for grooving. The scope

of the invention i$ &gf cheding Ea'&lgéeét_era@lnéﬁdt& ttheakéd f)d;osha@g clains. 10
15 20 25 30 18 What is clainmed.is: gttln t ool cogg S|ng an end

cutting edge at ah ¥hyedFion fored éE‘etheaﬁék% r 88 A hOf T he rake

face socg&tggggk@M|quihgcqgghkg@gg§$ggtmbﬁh a concave edge portlon
characterized in_ that wher e is the width of th concave edge

porti on PrRruerEcERgeR Ut itigtedle <aifd WBSTS Wend=nhRe Wi @Fntht qaeave edge
depr essin-wwhal &I tWe? end WattindWedgwhah8 Mbi $gt bige Whaht fimeh +ectend

cuttlng(gggghéugggggéglége wi dt h of the concave edge portion
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; < Dp where D, ig 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.

B. A cutting teol 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 D. < Db where Da is the maxi mum 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 bf 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 |ocatgdiReadthyYeainRréedpirieinghe end cutting edge. 6. A
cutting tool according to claiml1, wherein a nmaxinum de %%_ D of .the
concave edge porti on alseRitFitFiINHeerIhGE PPdW&gFﬁgatB > 38, % A
cutting tool accordi ngspRes]ilnaerepiarai fornfd MMXHUPakedpth & aef to Hform
concave edge portiqQn is wiithin the range from0.05 to 0.2 nm 19 8. An

i ndexabl @ FAEME EGHBRIGT 1R %eeat??%n@daég%m an end of a rake face;

and a spbpatsadedepuessi Gt oL By, Nwidiee Makes frarewsdtasod ahkorancave edgave
edge portion in the end cuttin%‘edge, characterized in that WA <. W, where
e

W i s theowtden of the easc s 456 3%h Yof 18nehe FEETH WiPdge and Wb
i's the nmayipm 'QEQ59&1Khe 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 ethenednssiher irekle dageedsisorti §np&PEl POFSERBdCPYOSARS
| ndexabl ¢! RAE LnACHOLAL thd Lrid Bl-8ngW0a5E! 1t [y RRACT bCBlodRRE GRg1 0N
has a curved peripheral surtface that 1S 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 porticn is locatednearly at a center of theend cutting

edge.

12. An indexable insert accerding 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 £ Wa £ 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.



10. An indexable insert according to claim8, wherein the spherical
depressi on 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 according to claim8, wherein a naxinum
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 D. of _t he_ concave e.portion js within t I e ; t 0,0. 2
14, An ErideR ol COEREEE ALESrdr A TS heb el & B h B, koot
2W 3 wher ewhitire Dhel svitdteh mefxitthan elegtductfi hheedgecane e gorheoni and gf

t he concave e LR thl g. 20 15. An indexable

i nsert accgrsdiqg% ﬁ%%]] al m%ﬁ%e%%ﬁ%a&éﬁgﬁssgﬁefe D. is the maxi mum depth
of the concave edge portion and Db is the maxi nrum depth of the depression.
16. A cutting tqo r di t I , I h ;

end porti ol%%dppg‘sfl:flg%gglgt %gg%ngcv#ng}%hgwgﬁgg%@t%fﬁ%ﬂé%gééaregepiﬂ%\éﬁ gée?f?é]a
breaker wahisi atwahcéndheospheni epbodeépretoi bhe ¢rdparery flog migl cutting

edge is provided, a breaker wall in which the spherical depression

is partly formed.




