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PCT/1L97/ 00412 - ' MODULAR CUTTI NG TOOL ASSEMBLY
FI ELD AND BACKGROUND OF THE | NVENTI ON The present invention
relates to cutting tools and, in particular, it concerns a nodul ar

cutting tool assenbly in which cutting inserts with different 5 orders of

rotati onal sywodnsgesan be used alternately with a single toptrioheRiz
It is known to enploy cutting inserts made of various hard naterials

whi ch have round, polygongkopUr UYT BN 0 tric cutting
edges nmount ed in a rg((:% Vi n'gkr;;gcket df;@%@?clfogﬁﬁ i ger r%r]e a cutting
tool. During a machi n| ng operatlon (turni ng mlling, etc.), only a
portion of the REBD AN \CKGE FRITHE ctually cuts the

wor kpi ece. The extent of th| S portlon depends on the depth of  cut.
Wien a portion of aihenpteseabl ioventioni rejatesito omttxag tools madyu hmrpz(rﬁcgal;, it

pol ygonal ) insert has been worked, the insert is indexed to present a
whol e new cutt pﬁ@ceégsg%modular cutting tool agsembly dp yehiel cutting insgrts mgth diffepent h

ot A0 onal 1§ sSRT RECTRISHRF BFimety PR ool RERBENBE R\ an

the cutting forces neigemivaﬂud Iy bisting Gﬁéetenﬁiaaaaif various 13 HhaleriAeS

relied on abutment surfaces resulting fron1the i nherent pol ygona
shape of the cm}nctnba\rmend policgmalenr othepwise séthtionallytsypimetoicqueting edges
applications, or

h | ar of sides, the inherent
abut nent geonet"?@"%’@@ ’peﬁ?‘ (?lfjc'ﬁ go?daqﬁ%i'hgfar@tt@xag érls Duingha may

result fromcu r tded 09 ound..cyt ti ng
edges exhi bit %%CB?“ Jég g%)&‘%%@“’%hd“ xllm%’ ?r %ﬁlp d’tog[f(‘wcght@ Blé’aﬂa%i

conti nuouslip. i RegmEbédye typitally aaﬂunﬁrcutsometweﬁkpme The eﬁ&!ﬁ?mﬂﬁtﬁorﬁﬁﬁ ual Iy
observed wear. In practice, however, round inserts have al so becone

restricted to mbpemlstdn the diepthrofi aut.\Wibbna prirtiom o€ ah ngdexable entting 28ge of a

angul arly spaced e i,ft The, apgul ar shlft bet ween t he
i ndexi ng stati 6?&“%"5 Créesf Y@aﬁdn%%ﬁ%é’&amk?ﬂ]% trsert iindexed topresent

In order to na | a round cutting insert, it is desirable to
%%Ocﬁainﬁacu ﬂ%@ : una ert

prevent rotation rom its indexed position during the cutting
In the case of cutting inserts with polygonal cutting edges, proper

15  operation can only be achieved by rotationally securing the insert within the
pocket so as to withstand the cutting forces generated during use. Conventional
teaching has relied on abutment surfaces resulting from the inherent polygonal
shape of the cutting insert. However, especially in high torque applications, or
in polygons with lafge numbers of sides, the inherent abutment geometry may

20  prove inadequate to withstand torques which may result from cutting forces.

Cutting inserts with round cutting edges exhibit rotational symmetry and
could theoretically be continuously indexable in any angular position to
accommodate actually observed wear. In practice, however, round inserts have .
also become restricted to-use with a discrete number of indexing stations,

25 angularly spaced by an equal shift angle. The angular shift between the
indexing stations is referred to as the “angular pitch” of the insert.

In order to make optimal use of a round cutting insert, it is desirable to

prevent rotation of the insert from its indexed position during the cutting
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PCT/ 1 L97/ 00412 v process, thereby Ilimting the wear to a defined
portion of the cutting edge. This ensures that the portion of the
cutting edge presented after repositioning is, in fact, un-used.

A nunber of designs have been suggested for anchoring round inserts 5

agai nst r ot atywy@espreddzese desi gns may be subdivided into tw teorasy7/onane! y,
"seat-pinning" and "l ateral abutnent". Exanples of a seat-pinning design
may be found in U S. Patent No. 5,296,288 to Flueckiger and European
Pat ent Pulprocess,itberebjolimBig the sveantoSt deflried poitiom dfthe cettingbdgardhis desi gn
is exenplified bﬁ;élﬂl S. Pat ePt No. ,3, 346,336 to scigno, All, of these
desi gns suffer YRS ¥ 9 PoFlipR Qf the, Gfitking edgespresrgt TEHOSIHORIE B0l he
poor size, |ocghiop,a8gs orientation of the contact surfaces. .

As will be clear fromthe above discussion, the requirements for

effective restrai ni #gnofmber cfiddsigng hanes be¢n sugpestgd ifambnchoting ndbyndsipseits’f i ¢ t o
t he geagnetry, of the cutting edge. Thus eagh type of insert,

triangul ar, o e@8aingh rftion; sThesg, dasigis mayrlamﬁekdw'ée%ﬂwta@dtmeﬁ,hnaan%di cat ed
t ool hol der desi L t-0 a8, r rof : |t, the
use of nultinpl esigdr%'sﬁyrlélngy%%ds l?tg&? a[)&ﬁ%%gé%gw?feég%&%s? e g&‘é‘éﬁ‘&gg{é?’%

providing and seofoung MUULS. Paterit 0%. 5QD6I28S to Fideckiger apdCEGDhéd Patchne
addi tional |abor of exchan mgl the entire tool between cutting

oper ati ons. 20 Publication Noa300gk/2d4enStashko. ridhgeteral pewmegiodasionds gxemplified

nodul ar syste n able.cartr.id haye. been.deyel oped.
Exanpl es of SU?HP gfg'?% mirﬂ%l %Ié@%%:% ?ﬁ%clgn v Ill%ﬁﬁffs'e seﬁlﬁ%lsnuggrr%g?"ci ally
avai | abl e froomiipinEdMolqueoresisinl capabilitypdist fohtRe pdEMdize, focdfdd and ¥érftafion

comrerci al l'y avail abl e from Mont anwerke |ter GrbH These systens
enpl oy repl aceatfithe eeripataurfacgs.t ri dges each of 25 whi ch provi des a pocket

hene byarens So R b iR, GoR00R' Hfechsbiio. s seifiens 00"
di fferent cuttigpfpctips ‘?‘Eétram{)g%?if d Eﬁttihﬁ?h?&?'&?éq%}li’éal&hﬁigﬁ?r Spectiiero d | !

adds a wast eful additi di ssenbl y/ asse y Step fo the changeover.
WD 98/ 26893 geometry of the cutting edge. Thus each type of insert, triangular, rectangular,

PCT/1L97/ 00412 There, jg therefore a need for nodul ar cutting
tool assembly PRt or roungd, I§V\Br°éﬂ4"'§r?{5§ea qedicaied tapk hplder ?ﬁi“ﬂ‘ n‘&‘%? fserts
with differing i ket shapSAs"Y r&AR! OBt B Mithle isdeROtyPed

hol der pocket. There n?éﬁgapg% easn ed for g > “cuttl ngh{y}l ertls ean t600

hol ders for useccompanibd hy thesexperise oS providing and storing multiple tool holders, and

necessitates the additional labor of exchanging the entire tool between cutting
operations.

20 In an attempt to reduce these costs and labor, modular systems based on
replaceable cartridges have been developed. Examples of such systems include
the “Modulmill” system commercially available from SANDVIK Coromant
and the “NOVEX F 2010 system commercially available from Montanwerke
Walter GmbH. These systems employ replaceable adapter cartridges each of

25  which provides a pocket with clamping geometry suited to a specific cutting
insert. Although these systems do allow the primary tool holder to be used with
different cutting insert types, the replacement of the cartridges still adds a

wasteful additional dissembly/assembly step to the changeover.



5 SUMVARY OF THE | NVENTI ON The present invention provides a

nmodul ar cutting tool assenbly in which cutting inserts with various
differing nunbers of indexing stations or differing cutting geonetries
can be used alternately in.a generic tool hol der pocket structure. 10

According to one aspect of the present inventi on, the insert-receiving
pocket is stryplddp@esto provide circunmscribing "three-poi nt "PCHBATAMELE and
support features According to a further aspect of the

i nvention, a reduced-synmetry cutting insert is provided with
protruding features Theres s theteftreta aeed forow molitilaricutting tog] afsenibly whidrt i n

an inproper angular position The i ndexapl nserts. of the
present invent i dlowsaglteraats wigr of spultiple quttipg inserts 0‘6’(%}11 df ﬁj‘éﬂréﬁj nimbers of

t h bl t I
and- shape. The PHERRE pogabs Wi jiel GONIAd ARk The A0S NedBor oy

val ue in naﬁﬁngﬁﬁéﬂ@ﬂid't@ﬂ&zdlméfdﬂlu@ﬂm suoh anassetbly.t ed to, milli ng
cutters, broaches turning tools and the liKke. I n one

enbodi ment, the present |nvent|on provi des an indexabl e insert whi ch
has a pl uraISty OMMARY OFcTTS YEINTION f aces, three of which are used at a

time. = Accor di ng, the teachin of the ?sent nvent.i.on
there i s provided, allEpreseabiventionpyi F’gal’la‘ég%%&? E‘ﬁﬁ‘ﬁpiys’f‘ lich o) 4

tool hol der hav&gg g leﬁ?%th%ou lffer#ngﬁﬁﬁ{befse&ﬁhﬁ )gﬂg BRG&R! o lifterifg Pase

and a plurality e al rrdces, first cutting

insert recei vabbﬁtmg té%bﬂlcirhﬁ daﬁCB@hsed bRerhatelyt ircat gémgcltoslehblder pockehavi ng

an upper surface, bottom surface and a peripheral flank surface, the
W08/ me

PCT/ 1L97/ 004 fHerd pher al ovi de
abut nent feé&ures V\A%ﬁ ordmgq%aqefagp%tl:o@g% ongwbg})‘/gnﬁé Py a?&&xﬁ@g&e@gﬂ%ral
axis of the firgpcuebtisi stthch&Ptd Srdvide circunisdfibinghtthidertintt Ulobating ander t
can be restrained agai nst the | ateral support surfaces in any of nxn

angul ar posi t i oseppoftdeattes| east one val ue of each of n and m where 5 n

he pocket, |t hoALRRE Bl CRGe, Mesrs o T i Bah o ERORHE Rt ™

bot t om surface %G@ g insert IP%\RM Hithf profladmgr feafies WRRhDPRIKitHh efraheduk ank
surface being con ured provide reduced-symmetry abutnent features

with only ndifol mdeutmgtofmlmlnsert in ansipnpreper gn@ilanpostiopent ral axi s of the
B g e e e Sae e D oSl of P8 22
coordinated interchangeable inserts for use with a tool holder of a single size
and shape. The inserts and receiving pockets of the invention are of great value
in many applications including, but not limited to, milling cutters, broaches,

20 turning tools and the like.
In one embodiment, the present invention provides an indexable insert
which has a plurality of discrete abutment surfaces, three of which are used at a

time.

According to the teachings of the present invention there is provided, a
25 modular cutting tool assembly comprising: (a) a tool holder having at least one
insert receiving pocket with a base and a plurality of lateral support surfaces;
(b) a first cutting insert receivable within the pocket, the first cutting insert

having an upper surface, a bottom surface and a peripheral flank surface, the

3



angul ar positions, wherein the peripheral flank surface of the first

cutting insert . Is configured such that a | ower cross-section taken
t hrough the | ower part of the first cutting insert perpendicular to
the central axis exhibits a recessed form ' According to a

further feature of the present invention, the peripheral 15 I%&ﬁ urface
of the first WOMBEFHY i nsert is configured such that an uppeFCIgil‘gés-lf
section through the first cutting insert perpendicular to the central axis
and proximal to the upper surface EXhi its a non-recessed form

1

According to a Retiphei} flagksyrface, peipng cophigures ito pRoWAE jabntment deatuysd pvitly oss-
section correspnd: . |8l f r ek i.des. 20
According to a '88’?'? %Ig?oéggil‘%?gﬂg{e&?ﬁlé&gra:%g%@ a|"%‘J’en ?E(}ﬁ% tglggﬁ{éf)‘g P gcg]r 0SS-
section i s substhanthe drbtycuttingCidbet can be restrained agafitst diediategal sopporf slirfadey
feature of the present invention, the peripheral . flank surface of the
second cutting s of 7> anghlss gositiens, faxat least|opgvplugob gach of n and 1 shereon

taken throu th [ b of th ' R .perpbendi cyl ar 25
to the central A s 3 235 mE (ol BePRE SRIRE stSes A biBRLBR IR, 2
recessed herd¥cond cutting insert hRAhE dnSupPed Gubkasy, i £ BoteA CRAFLOAnli % t he
teachi ngs of the present I nventron, a nodular cutting tool assenbly

conpri sing: (a)pephewl flaskdsurfasay ithey peripheralaflanke surfacen being seanfiguredetovi ng
gocket W t%aggﬁégﬁggeﬁcg&gﬁ%lngry a%cutrlngx{te e%lturgsu p\gﬁ{ tonly n-fold rotational

PCT/1L97/ 00412 symmetry abtt 2R ftrall $xiCHANE Seddfll RETNBRsektSudh ke theleksid | ON
defined relative to the lateral support surfaces; (b) a first cutting

i nsert recel@abtwting fidsert ¢anebeprestraingd aaingtithe dateral support: sunfpcéesnieonlyhavi ng
an upper surface cytting e a _botto surface and a

peri pheral f I.anﬂ"gé‘b‘rf'lr‘{ frg’ggigip‘t‘)%i Wa‘eﬁé? ﬂlﬁﬂ-ﬁ”&ﬂg‘%‘ g?ﬂé‘b é\negﬂ’ﬁé‘}rﬁgc“t@g insert
configured to p | Wt [ | oSV ry
about 7 57 o SaflEuRl e d Pk Efss Wlitn BalcR b B IGR paRTTRL Y
cutting insert fisnhcitdng insertpespendiculartoahacensial axie eklibity atecassedform,. sur f aces
i n n angul ar positions, for at }@gﬁst Ene val ue of n where n [err] 3,
the first cutting i rfAesordingita@ fughen fatueg of the, present invention, the pesipherak g

wi thin the ck [ | Is I '

operative pg? ti g%‘nko%ﬁ}ﬁ?g %3{'% ?k\%tc{é%gé ngﬁ%ﬁalgfc plﬁfs??ﬁ'ggrl\? %ngll {ril)%{ %ﬁgﬁ %&%g)ostsﬁe feed
direction; and ¢ejion thoughdhe diriti agting et pegeadicalzr o vthé leemtrdl exispand et |

t he second cutting insert having an upper surface bounded by a cutting
edge, a boProxinal §¢ thecuppsnenrface exhibites agn-recessrd &A% ace, the peri pheral

fllank surface being Accoﬂigg 2{) % giljl'ilfeg éﬂut@ro?\ﬁtnggﬁeggﬂ%@ﬁgioé,%é Hé@eg' ﬁ\é\ﬁgsb

n-fold rotational synmnhe a cen axis o he”s cutti ng
i nsert such t hagectibg coiespofidsiotalsubgantiasigrégut@polygon with mxn sides.

20 According to a further feature of the present invention, the upper cross-
section is substantially circular,

According to a further feature of the present invention, the peripheral
flank surface of the second cutting insert is shaped such that a lower cross-
section taken through the lower part of the second cutting insert perpendicular

25 to the central axis at a point closer to the bottom surface exhibits a recessed
form,

There is also provided according to the teachings of the present
invention, a modular cutting tool assembly comprising: () a tool holder having

at least one insert receiving pocket with a base and a plurality of lateral support

4



be restrained against the |lateral support surfaces in n angular positions,

t he second cutiting insert being configured such that, when nounted

wi thin the pocket, the second cutting insert presents a primary
operative portion of the cutting edge at a second entering angle to
the feed direction, the second 20 entering angle being dif om t he
first enteri @OM According to a further feé{(ﬁrflg‘w&”‘f‘
present invention, the first enteri ng angle differs fromthe second
entering angl e by about 180[err]/n There is al so provided

according to thesurf@aeshrﬁfgsn@fbemwnpdaamfeed direction/defined nelative todhe hutdraler f or
alternately receiving afirs t|n I nsert indexabl. ac, n
rotational positT Bﬂgrct’éwgacgs 5‘%2:'6 té’ﬂ Fﬁgdﬁs%@g?‘ygﬁi &‘é’ba’@ H"ﬁ{g‘ﬁxﬁ' first
rotational posi tdif idseft hﬁhnge Shoe ﬂ&ﬁoﬁde&?ﬁé’ha %Lumg e, WoRbf

[err] 3 and m[err] der conpr ng at | east one | nsert
recei vi ng poc ketsudhéc raad a penplmralhﬂani{ anefaces the penipherab ﬂaakssun@cé tbefiggh t he

pocket with ich central of the (i)uttlgglr]serts is to be
al i gned, the JpocoBft tﬂgroveci% ai:éltqggg deatyges with n-fold rotational symmetry about
5

WO 98/ 26893
PCT/ | L97/ 00412 £ laxns of tl%e first c%ttm% 1%steftnsucl|1 rt]léaért e ﬁrs{ csxttllnfg nsert ¢; c?n d and

third | ateral supstmihedsagaimcthe lateral s@p@ttlsaffaqessma(m@um pwiﬁlonsaftﬁ at least -
substantially equidistant from the axis; (c) a first | at eral hol | ow

| ocat ed bet ween U§evalye ak» Mheregeechdhe first pufting u@ﬁﬁsrhe"samr@@@sed sighithat, ()

a second | ateral hird.l ateral

support 5 surf‘gi(;;ée?lls}n%\(Y eegg‘?'?llﬁgﬁgg#’%lg‘? Q'Edﬁrssgé‘u ”"gl # Rreselit 3 0rmane
formed such rthatoperativeOgtigi lofahié owlt af at fidt fehfebin les &5 el fef er al
support surfaces pgy rotation th?ic?ugi\‘geSGO[err]/l@ adgtibéout the axis lie
within the fi rstdlmﬂoﬁnemd\@)laasmaﬁ cutting inseit owesiva mﬂnmm 3pocket the
According to a furth t&eatu ﬁ t he present %‘%{1 é second
10 and third |s§{‘%'} Fu G % %&Yﬂ%&%é’f’a%'f? ce é’§B PX/@I%}'““P 8% %econd
and third PAodRPsurfae and aﬁénﬁewgamkmﬁceedhetpeﬁpﬁ&altﬂ&ﬁk §@&£&&Cbe Ogane by
a rotation through 360[err]/n about the axis. According to
a further featureonggureddo prasidenabutmentifeatures withen-deld wotdtional symmetry iboutt

Purther f eat O+ & Rortmbogs LR sobo Shinheioder X02h thef % secong curing asert can’ * ©
There is al so prgyvidafingd % ?ﬁlﬂétnﬂietlﬁtef'ﬁ%uféﬁ&Fthfﬂc%SQI h A Qﬁ%}gﬁx‘e Ss?ﬁons, the

invention, a cutting insert having n-fol ot ationa or sone
val ue of n sehend cuttihgrinjer3being eonfigured gucn skt wlhen mgountetie withire the -

exclusively at n | sfations within ap insert receiying, pocket
which is confi guﬁ‘l?g )éh g?@?‘&é“ﬁ'@‘g insgrt presents gy PrUpATY| QRgrative dortom 8l they bot h

n-fold rotationalyufydeBEd Y%t ANecBXd dnfirflig angle to the feed direction, the second

20  entering angle being different from the first entering angle.

()

According to a further feature of the present invention, the first entering
angle differs from the second entering angle by about 180°/.
There is also provided according to the teachings of the present
invention, a tool holder for alternately receiving a first cutting insert indexable
25 in exactly » rotational positions and a second cutting insert indexable in mxn
rotational positions, for at least one value of each of » and m where n>3 and -
m 2 2, the tool holder comprising at least one insert receiving pocket defined
with reference to an axis passing through the pocket with which a central axis

of the cutting inserts is to be aligned, the pocket having: (a)a base for -

5



rotational symetry for sone value of mwhere m[err] 2, the cutting insert
conprising a unitary structure having an upper surface bounded by a cutting
edge, a base, a peripheral flank surface and a central axis, wherein the
peripheral flank surface is shaped such that an outline of a first
cross-section 25 taken through the lower part of the cut tichgdbakt

per pendi cul Y0 282681 e central axis exhibits a recesse orm i ncl udi ng:
(a) n corner portions angularly spaced around the central axis, the
corner portions corresgondln to n-fold rotational ymetric

| at er al - abut mefHPPPEME e qutting insemty; (B) firsb secopd snd &s\rdvahserﬁrsapmmwgaces
outwards from W@f AgBQé‘nf Bbudd, 30K sitnRGRy BEliNERA: KBS, BR'AK: (BY AisP"S:

6

PCT/ 1 L97/ 00412lateral holloM@émmbétheersuxﬁMttanﬂrseédudamem s@pertsneaest; apeh t hat,
under any geonetri cal ping of an outline of the corner portions by

rotation through aéﬁcqﬁfdﬂ@f%ho ow loqa&isbemm the opcond pné thigblateral tsépmm ral

Aocor di ng <5 S neBh i e % S0 s Mrert, hoylol, B AR mh et o
flank surface géorﬁétﬁééleﬁxa?ﬁlﬁﬁeéf SH6 Mk ahd addcondt 1dteral Qfippors S6dases by
Cross-section taken through the cuttlnﬁslnsert perpendlcular to t he

central axis arefationdhiongh 360°/(m>m) abowt thepards lie withinctbe dixstiabd secoad hateral ecessed
form h Accordlljgfg to a further feature of the present invention,
the corner 10 hoflaws gseedt yespond substantially to corner regions of a

regul ar polygon of According %3 Ql?gnher feature%?'tﬂ:p Fﬁh@l\l tﬁEfHﬁEséQBﬁW NGS

The invention is herein descr by way of " exanpl e onl
reference 10 t el fuicblaeralysupgor rsavfacegsdefinbcrespectively, first, secoEd @nd Mirds a

perspective view of a |rs pr.eferred cut constructed and
operative accoPdPfy ﬂ?‘bkfsl‘i@ %é@m&@gﬁ \51‘5 sg?‘?é’gelﬁimq b aetaipn through o, ng

a round cuttingg@d98out th FIG 1B is a side view of the cutting
i nsert of Figure 1A out the axis. FIG ICis a cross-sectional upward view

t aken al ong the |in&cdordingfio AGurthéri feature 6Bthe present invention- ks secbhd and si de
cross-sectional ,view taken along the line Il-11 of Figure 1C,

FIG IEis a t8hrdplagsef ‘W“E‘E&aﬁ sipstapdalht coplanar.gur e 1A;

15 According to a further feature of the present invention, 1=4 and m = 2.
' There is also provided according to the teachings of the present
invention, a cutting insert having »-fold rotational symmetry for some value of
n where n 23, the cutting insert being indexable exclusively at » indexing
stations within an insert receiving pocket which is configured to receive
20  alternately cutting inserts having both #-fold rotational symmetry and mxn-fold
rotational symmetry for some value of m where m =2, the cutting insert
comprising a unitary structure having an upper surface bounded by a cutting
edge, a base, a peripheral flank surface and a central axis, wherein the
peripheral flank surface is shaped such that an outline of a first cross-section
25 taken through the lower part of the cutting insert perpendicular to the central
axis exhibits a recessed form including: (a) » corner portions angularly spaced
around the central axis, the corner portions corresponding to n-fold rotationally
symmetric lateral abutment features; and (b) support protrusions protruding

outwards from the peripheral flank surface between the corner portions,

6



FIG 2A is a schematic representation of a geonetric generating segnent 25
according to the teachings of the present invention show ng the definitions
of certain angles to be referred to in the description;

FIG 2B is a schematic representation of the geonetry of a cross-section
through a cutting insert constructed and operative accordi ng,mu

t eachi ngs of WO

98/ 26893
PCT/1L97/ 00412 t he present invention, the_ geonet ré_ bei ng pr QdLiced by
rotational copyiwhgrein tb‘héUPPOﬂ prglreipny Ateshapyheieh What poder any, gcometrica

FIG 3 is a partiall se

cutter, construé?aé’(?lﬁgf% &ra ?\?’ﬁgécgglr%g‘th&%?}@ pﬁe%e@%@ﬁ%}pﬁ?tﬂﬁﬂg present
5 invention, In@dsttﬁarngsdwab@ft tlidheentrdl hmﬁlgthe segorsprotrusivasieatedd\beyondt ed i n
pocket s of a tool hol de FIG 4 is an enl arged

perspective vi e\the)outbne of the pockets of the tool hol der of Figure 3;

FIG 5 is a horizont Cr.0SS- setlon vi e hOWI h ut .10
geonetry of the cutti ‘idfﬁge'i“t ?ﬁ? 53%)%‘ E@ tﬂ%%ﬁé’%ﬂﬂ

FIG 6 is a partfizgk s‘ﬁ?ﬂ'a&é i—‘saﬁmrﬁépéi?a é&@ﬁétpmai aty 'oﬁﬂinb&ifaﬂsé&bﬂd\@rdshl@edtioﬂe VI -
VI of Figure 5 showing a preferred georretry of contact between the cutting

insert of Figur etaldm thraigbrthe oitting dnsstperendiculaf to 8 eghtrelaxisp aad proxishalri gur e
4, . TA-7E_are VLBWS simlar &o t hose of Figures 1A-1E,

respectivel y, 150’: & WRRSF Surfack GXibYSa BORTesESEABY cutting i nsert,
constructed and Oper‘%ﬁ'c&%m to aa‘f‘tﬁ-ﬁieij't@&ufeoof‘hﬁe tp‘?&ﬁﬁ'{' 'i}ﬁr%nf?én,tﬂ% &frliére. nt

i nvention, having a polygo cutting FIG 8Ais a
perspective M ewobfiors ¢dirrespbmlrafnmanﬁﬂ1ycmt d:omg ne.mas iof a regulac polygouof ed and
operative according to the teachings of the present invention, 20

nount abl e wi t hi rFidese pocket of Figure 4 in a reduced nunber of indexing
posi tions; FI G 8B|s a side view of the cutting insert of

Fi gure 8A; ssectional view of the
cutting insert 8D is a top view of the

cutting insert of Fi qq{eelxi%émtuﬁﬁ is hercin dék&ibegEb{ySwﬁybéﬁ eRdthpie ConlpS withe

cutting insert of Figure 8A with added conStruction lines to enphasize
the geonetry of referencalto tietdcommpanying drewings,fwherein: i nsert;
| IS5 FIG. 1A is a perspective view of a first preferred cutting insert,

constructed and operative according to the teachings of the present invention,
having a round cutting edge;
FIG. 1B is a side view of the cutting insert of Figure 1A;
FIG. 1C is a cross-sectional upward view taken along the line I-I of
20 Figure 1B;
FIG. 1D is a side cross-sectional view taken along the line II-II of Figure
1C;
FIG. 1E is a top view of the cutting insert of Figure 1A;
FIG. 2A is a schematic representation of a geometric generating segment
25 according to the teachings of the present invention showing the definitions of
certain angles to be referred to in the description;
FIG. 2B is a schematic representation of the geometry of a cross-section

through a cutting insert constructed and operative according to the teachings of

7
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PCT/ 1 L97/ 00412, . FIG 8F is aviewsimlar to Figure 8E with
added construction lines to conpare the geonetry of lateral support
protrusions of the insert with the high rotational symmetry features
of the inserts of Figures 1 and 7, FIG 9Ais a mpHdoldz ©
view of a fouWVO8MB& erred cutting insert, 5 constructed andiec;l;)erati%/ze
according to the teachings of the present invention, nount abl e within
t he pocket of Figure 4 in a reduced nunber of indexing posi tions;

FIG 9B is a sithe present invention, thetgepmgtry heing prosuced by ratatignal copying ofthe  F| G

9C is a side cross-secti onalto\c/tjl?ew oé the cutting insert of Figure 9A; 10
FIG 9D is a tof RATRWEEr Cateth A nsert of Figure 9A FI G
9E is a bottom view pjg t s %_ulsalﬂmﬁl Hﬁﬁﬁﬁle@fpel‘_s?w{@ Abwvbt B AskkEk too)
construction lines to enphasize the geonetry of |ateral abutnment surfaces
of the i nseutter, constructed and BFpegati@ra¢cordingitevtheiteachingst of thegpresen®E wi t h

added constryction lings tg 1 c are.the geo r f later suppor t
protrusi ons of fWé“'l%équu‘ﬁngP‘FWgt Qffing mse%é)ﬁtﬁ%ﬁi‘fhg IPOCEEt ur es
of the inserts Q%agécﬂ?]{ﬁﬁt%r'l and 7; _ FIGS. 10 and 11 are views
simlar to Figure show g t he abut nent geonetry and entering angle
for the inserts of FFilirées anfenlargedperspeetiyevieive gne of the podkets afcthe eowd | v
mounted in the pocket of Figure 4; 20 FIGS. 12 and 13 are views
simlar to Fi guheldenofBiguref respectively, showi ng the effect of
attenpts to position egl sery s. i € oo | y
wi t hin the pocket ofF |'garfeé g;ﬁo%z%taf MSGS%EF@aﬁl e\?ﬁkhgwt%% ttg%qd\rlljlhgl\?védéf a
vari ation oflot hgesmbfry 8ftheRating isdertfof Fiiee BA in the pdehet ofFigure ¢cessed cutting
geonetry; 25 FIG 15 is a schematic horizontal cross-sectional view

showing the abBlGrehis aypastiel veyticsd cepss-ectionalcyiewitpken) sleng ths liger Y-
triangular and RFIX%%% 5 showinﬁyany%%err%;d &%ﬁjnetry of contact between the cutting

insert of Figure 1A and one of the support surfaces of the pocket of Figure 4;

FIGS. 7A-7E are views similar to those of Figures 1A-1E, respectively,
15 illustrating a second preferred cutting insert, constructed and operative
according to the teachings of the present invention, having a polygonal cutting
edge;
FIG. 8A is a perspective view of a third preferred cutting insert,
constructed and operative according to the teachings of the present invention,
20 mountable within the pocket of Figure 4 in a reduced number of indexing
positions;
FIG. 8B is a side view of the cutting insert of Figure 8A;
FIG. 8C is a side cross-sectional view of the cutting insert of Figure 8A;
FIG. 8D is a top view of the cutting insert of Figure 8A;
25 FIG. 8E is a bottom view of the cutting insert of Figure 8 A with added
construction lines to emphasize the geometry of lateral abutment surfaces of the

insert;
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- PCT/1L97/ 00412 , FIG 16 is a schematic hori zont al
cross-sectional view showi ng the abut ment geonetry of a set of
cutting inserts with pentagonal and decagonal symetry.

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5 The prg,"lqﬂ*mimnt i on
is a nodul ar WOPHI6BY t ool assenbly enpl oyi ng round and pol ygonal
cutting inserts with peripheral flank surfaces shaped to provi de

abut ment surfaces for opposing high torques, and corresponding insert-
recei vi ng pockets of FIGoSF it dismssimilae tqEigure 85 with added gpustivstien dines ces

poci fons. 10 ARG P RGORHOC NG SRGPESFLATH 0 Dae: DAOEE high

geometry. rtohaéif?al-glj}ﬁm%ﬂggﬁitm&%f fRAn QPR R FigiResOll afdf;t i ng t ool

assenblies, and nponent cutting inserts and tool hol ders

according to the preddGt %At pearspective viewayofbe fourtth erefamed reuttingdinsetth
reference to the drawings and the accoppanyin ) escriptiqn. 15
Referring now t&Wﬁ@“‘ﬂ?‘g?&%@gﬁrﬁﬂw&gﬁlﬂﬁegm%sfq?r‘_éq p@g?r{tixﬁbe.ntmn,
nsert, general | yoQeshaNARH A0 pocRRdr Hizh 4300 PRREE] bl 6P ifliddhd O L he
teachi ngs of the present I nvention. n general terns, cutting
insert 10 has ampdsptjoms; surface 12 bounded by a cutting edge 14. a
base 16, and a peripheral flank surface 18. The shape of 20  peripheral
flank surface 18 variHG- 9Bdngysidexiemeoifhe custing insest 9hFigyee34: 10. Near the
top of peripheral fl é r. 11 econf he 1 gonal
geonetry of the cutft?ﬂ ’2§ége£§§eé§s? (%é%l;&gé\}lvgée‘vgg%%gp?ﬁgél?&@u f?{’%gggége 14.
Lower down cygting i rFey, 9D15£)atdiﬁﬁb\pfwﬂiﬂcu‘iﬁxfgihsmﬂaFﬁegﬁ;' s shaped to -
provi de transverse abutnment surfaces, preferably with recessed
features such as 25 FIGcRErinelbsttomndewpidhe cutting insse of Fignre QA vish addese

e | e BRNR s s A B i35S 6

10 insert;

FIG. 9F is a view similar to Figure 9E with added construction lines to

15 compare the geometry of lateral support protrusions of the insert with the high

" rotational symmetry features of the inserts of Figures 1 and 7;

FIGS. 10 and 11 are views similar to Figure 5  showing the abutment
geometry and entering angle for the inserts of Figures 8A and 9A, respectively,
when correctly mounted in the pocket of Figure 4;

20 FIGS. 12 and 13 are views similar to Figures 10 and 11, respectively,
showing the effect of attempts to position the inserts of Figures 8A and 9A
incorrectly within the pocket of Figure 4;

FIG. 14 is a bottom view of a variation of the cutting insert of Figure 8A
having a recessed cutting geometry;

25 FIG. 15 is a schematic horizontal cross-sectional view showing the
abutment geometry of a set of cutting inserts with triangular and hexagonal

symmetry; and



WO 98/ 26893

PCT/1L97/ 00412 , The phrase "n-pointed star" as used in the
specification and clains refers to arotationally symmetric shape with
n outernost points each of which is joined to its nearest neighbors by
an inward poi-nting chevron or "V-shape". An exanpl e of = Pdaltired

star is showmWPRs28¥,re 2B. It should be noted that the 5 |ower peri pheral
flank surfaces of certain preferred cutting inserts of t he present
invention are described as having "approximately" or "substantially"

n- poi nt ed star lebnt@ ngf assqhsmatltldwpaomals cmsdﬁmilmlﬂe\'@hevhmnga@% may
be flattened, as escri € nor.e dﬁh f 1

It should be apﬁP‘étB?eé‘f §8°‘Pﬂ5}f of A&l P pg IDRTER ! "éagé)ﬂﬂ mddecreenaly wi de
10 range of cufs;,lnﬂg,t nserts with rotationally-symetric cutting edges. The
term "rotational l'y-symetric" is used herein in the description and
clains to refer to shapes whi ch are |nvar|ant under rotation through
an angl e of 360[RESCR DRI @ ERR EBO] gNTSThe term so defi ned
i ncl udes regul ar pol ons of three or nore S|des whet her

strai ght-si déd or }cfge lnuesont mpmmmrspaenowfbwamgm assemigly emlayiggt or
curved |ine segnent

i ncl uded are Varrplg}qsg%pgwg?r CH %@éhg‘g{‘h é)&rngﬁgﬁla@arﬁhs&ﬁqc% aH*’Sptgt itive
pattern i s superrsRas ssutR¥R sui-fﬁ@esti@ﬁ e@o‘éfh@ﬂﬁ‘ sh for@ieR] 4% RlreSpimbingahiedt-ns

I ncl ude serrations, and scallop or wavy cutting edges. It wll be
noted that the receivipg rposkq:ts' afftoohhoidnse rkhe géometry pf dlve abutment stifaces

unl ess ot herw se st at i s .20 aken tq.r L tot ) of .t he
Sbutment f eat ur EEROIGH Ehecyse of 3gs of gisern gt SLEEting Pyfabers it HGRLAR BB gher
degrees of SyMBHLA Viifedy etnﬁ‘?l %lg?aﬁtflﬁiuif %mgr??ocket cometry. It should also
be appreciatedq that ne| I onal sy y no n- poi nted star
geonetry inply symrefThy pmuhqﬂesr ahd egpieration bf cottingstdoh askemabilica, and thejveci fic

cutting application generates torque primarily in one direction, the 25
structures of twewaglgrﬂuttm&/@msaﬁldrﬁagﬂ brlders eeqrdingda the preseat iPYentiop wit h

Mventton wi | 620 £ DERPARAATAO Gl BRate IHhg WaaRRRRARR: acodMiBiSing 1N

synmretri cal deempjidmrrents for opposing torques in both senses about the
central axi sl. '

5 Referring now to the drawings, Figures 1A-1E show a first cutting
insert, generally designated 10, constructed and operative according to the
teachings of the present invention. .

In general terms, cutting insert 10 has an upper surface 12 bounded by a
cutting edge 14, a base 16, and a peripheral flank surface 18. The shape of

2.0 peripheral flank surface 18 varies along the height of cutting insert 10. Near the

top of peripheral flank surface 18, it conforms to the round or polygonal
geometry of the cutting edge so as to provide support for cutting edge 14.
Lower down cutting insert 10, petipheral.ﬂank surface 18 is shaped to provide
transverse abutment surfaces, preferably with recessed features such as

25  channels, and in certain cases, as chevron-type channels. This latter possibility

leads to a lower cross-sectional geometry which approximates to an n-pointed

star.

10



WO 98/ 26893

PCT/ 1 L97/ 00412 . Reference will be nade throughout the
specification and clains to a central axis of an insert. The axis in
guestion is the axis about which the cutting edge exhibits rotational
symmetry. Ref-erence is also made to the "top" and " botgcqiiomberzne

i nsert. \Wher SV@PB268Bh ref erences appear, the insert is assumed 5 to be
nounted with its base downwards so as to present its cutting edge

upwards and with its axis vertical. The _abut nent surface

geometry pernits theThephrase ‘tnpointed siar assisadin the specificatiqn apd glajips refers

pockets al so designed to receive, highe | Lhge R as
will be describ %I%i W%Pgﬁ;agrgmetrgeﬁ%; @W&\ﬁé{m&lﬁ hle"?gsr ée#@e&f ‘Z’hlﬁg & in
the description;qné fd it iBirdsOndi @RRESBFarmitvat® Pointing chéveGEES VL shalRPEAn | T
shoul d be underStood that the term "recess” is used in the description

and clains to rekamplem®fa ppointedsstar is sbown in Figurs 2B lt\showld be notadribat the

or otherw se_generates, a hollow. In re precise ter .are s_may  be
Centi 11 6d- a8 algmaaeriopaLtaikaescse L srrdln arofped, SRS berhCGTAS piESRAS
virtual 15 = straiyhitio hf@dééél‘iﬁbﬁ%'ﬂ&@ingd‘hﬁfﬁﬂﬁn&él&* or Sdubbiaftid N2 0Epdihited |
surface. Conversely, a shape whi ch at no point has a reCess so defined
is termed a "nostar geemery'since the phinseandidruthe cheveron hasesomay be flattenghyiast ed
star constitutes a "recess" . as herei, defined, whereas a regul ar

pol ygon is cl asé’YlﬁibEdieﬁ'él dl‘fbﬁ‘pf"e‘i"éaéggﬂmé’hape. ' Turni ng now to
the features of cuttj ' s : o I ' : f or
rake 12 has, in thi sh%gg{r‘rlgﬁ’e,ab%‘rj?g‘.aﬁe&éﬁ%t@egﬁﬁ*t‘?f“ﬁ@ﬁ?ﬁ@'ﬁﬁ%ﬁﬁ‘f@?
portion 20, 10or asigedofitutting innette rwitle rotatidmallyshmoetfic byttingtédgesy Tdorerm4, and
a flat, inner annular portion 22 perpendicular to the axis of cutting
i nsert 10. rotationallyysyemetsic ' is ugedibereigyn Hedeseriptiongadiclainn i reder t

~control feature . ' ' oyl : e
such possi bi 11 t 3RS BEh ave joyerla bt hifSERRRuhABDE S0 7h B A 0, |,
the cutting i nsef leasSthéed) The eéreiflss Aéfieddnélhldes regular polyporit of threengtaneredent
of the fact that the indices and various other features of t he upper

surface may not sidssf whethen straight-sidadher made up of more complex ¢ombinations f seen
Sur o | . > 1ot | =
extreme wi t % GUREHLPT cuved SR eshherts e Bis 3k phes gircuta anesElep,

12 . - O 9R¢188&Pdre variations on the above-mentioned shapes in which a repetitive
PCT/ 1 L97/ 00412

-

pattern is superimposed over the basic shape. Examples of such patterns include
serrations, and scalloped or wavy cutting edges. It will be noted that the
symmetry of the inserts of the present invention, unless otherwise stated, is
20 taken to refer to the symmetry of the abutment features. The cutting edge may
exhibit equivalent or higher degrees of symmetry than the abutment surfaces.
It should also be appreciated that neither rotational symmetry nor »n-
pointed star geometry imply symmetry under reflection. In cases in which a
specific cutting application generates torque primarily in one direction, the
25  structures of the present invention may be constructed asymmetrically with
abutment sﬁrfaces for opposing the primary torque component. However, the .
invention will be illustrated by way of example in the context of symmetrical

embodiments for opposing torques in both senses about the central axis.

11



"partly cylindrical" bore 26, used for the passage of a standard

counter-sunk . cl anpi ng screw (not shown). It should be appreciated that
t he specific clanping techni que enployed to clanmp cutting insert 10

wi thin a tool holder does not, per se, constitute a part of the
present invention, and that variations may be 5 made in acgey M th
any ot her cl aN@9¥e8%chni que wit hout straying from t he 'scope of the
present invention. Turning now to peripheral flank surface 18,
it is a particular feature of certain preferred cutting inserts of the

present invention thakefprentemdll die made khroughout the spesificatipn; agd glamsdach t hat

a first cross-section t.aken thr h the cuttin 0 __k Lcular to
the central axi scm%’%)??%fnsfrg'uﬁ}fpaé‘?s 1g&uf%§@gqiéwel agnsnéo%m ﬁg%hg@%&ﬁﬁnﬁé
non-recessed f or g NBEHIRIRS rotatiHEP SfinMeRP SRERFNCO s Rk aadforth@ top™ and he

cutting insert perpendicular to the ceﬁ?'ral axis at a point closer to base
16 exhi bi t s*botfonk’tiof the ansertn Whessvensichyreferehces apnpede she insert iscassimed ur es

for providi ng, abut nent surfaces for oppgsing torque ahout t.he gentral
axis. 15 0 5% 58 mped with S, asn cOHIRRRO 98 P oerEeerh IagRE ige
sub-di vi ded al ongn R8s and withGis@ts vebtiatt ting insert 10 into at |east two,
and typically thr%e, portions. A first portion adjacent to cutting

edge 14 is denoted t hEhe abutméntfsuefade gronfetry pefiitnithd ukaof these lowensymmeteessed

cross-sectional outline, The |ower portion of perjpheral flank, , surface
18 constitutes allseph@dhin eﬂ?keté\éfspé!g@sm t°ﬁF%\?d£‘£ﬁ%¥rﬁ¥"§‘Bﬁ‘Wa°d‘é“’!ﬁ)mﬁ?t520

preferably i nkeg 140] B@hés%ii &iﬁﬂhoélﬂ Iaﬂ%%o%@ by a transition flank surface
whi cllﬁ p Bes a grag {

portion 32 rovi ual transition between the two forns,

as Wil be 10 descrRéffknbelioniadd liesite desciiptinis apd olaimie té ectessed and aronng
abut ment surfaces for opposi ng@: orque about the central axis:
Rel i ef flank surfersescdghapssi dashpyldchs yndepstnndsthabthejermy cispessr §s piediindhes

s a0 Dt AT ol ks T ARG e S Bee bty RiicaiE® 20

correspondi ng t 0ok Rtherwise geileffied arhdllewwl. i IAOmMOF] Prdcise Uttt € decedmsay bel i ef
flank surface 28 nmay be descri bed as having substantially constant

cross-sectional dgdeokified yaspmyppartiof @l shepe or tsheface Whichclieg inggriqndosa yirtugl |
22' ght s, alt qg%@g@gg%gégggéﬂegﬁgg gcfljact:erﬁ't %alqse 8Fﬁ%er Qﬁagg%r\é@ftﬂce. Conversely, a

PCT/1L97/ 00412  shape whizA'&R'Hd2poid hdd 2eé@bs so Befief isf feAidd 8 Unbagecesstd”
pref erabl y extends downwar ds fromcutting edge 14 at | east about a

tenth of the hei ghapeofThusitthe ahevrom of an nepointed star constituteRa|“resess?’|agrierelnr f ace
28 is typically ingliped at an acute angle.[er rel ative to the
central axis of éﬁﬁ??‘ﬂé‘%"ﬁ?@?fa ir pﬂWgﬁPg 1y ‘g{’ﬁs]é*sas@mﬁ??se&g%‘?eed t he

Turning now to the features of cutting insert 10 in more detail, upper

20 surface or rake 12 has, in this example, an inwardly slanted, peripheral annular
portion 20, bordered at the outer perimeter thereof by cutting edge 14, and a
flat, inner annular portion 22, perpendicular to the axis of cutting insert 10.
Upper surface 12 may also have additional chip control features such as
a pattern of indentations or ridges. One such possibility is shown in Figure 1E.
25 Again, it should be noted that the cutting insert is considered rotationally
symmetric independent of the fact that the indices and various other features of
the upper surface may not conform to this symmetry.
As can be best seen in Figure 1D, inner annular portion 22 intersects at

its inner extreme with a cylindrical extension 24 of a central, standard so-called

12



5 insert's "primary normal relief angle"” and is preferably |ess than
about 20[err] and . typically about 7. For a negative insert, [err] may
be about O[err] such that relief flank surface 28 is cylindrical.
Turning now to the features of ribbed flank surface 30 in nore detail,

this is preferabl é mpl enented as a frustro-pyranidal ri bbedpSpbhgdian th
10 channel s W@ d between projecting ridges 36. Channels 34 preferably
have a chevron-type cross-section. Ri bbed fl ank surface
30 extends from base 16 to a pl ane perpendicular to the insert axis

i ndi cated in Fi dtpaetiyl Bylirsiriphls roore 26 usadbtbemef passagesefr4 sigadad counter-sunk

f bl t f t | ht h | t | t
Shout a1 5 quipeine s BB et seu e et e Beclle et o
the design of t rt@&ﬁ{e&ﬁé)&n lo%'ed td élﬁﬁﬁg &M‘in{gﬂﬁl@e@ao Wﬁtﬁﬁ%dtof)l ﬁGl'ﬂexSEéésatﬁﬁ 30

may extend al on ITB.]O hei ght of peri pheral
surface 18. per se, constxﬁltd:)laqﬂlrtf ofathe ;xasehaweﬁﬁonrsapdtibatr Wldesjtrw biaw ng

"n" ridges 36 each Vi ng crest which blepds sm W|th a pair
of planar, op?aosmﬂéﬂpﬁqcﬁfﬂaaﬂ anmﬂ&raﬂa%asﬁ%?wmgaﬁ'ﬂ@ L Stgying,fro F‘E
junction of adj gg&ogelé}qﬁ%p t fSE abut ment surfaces 38 intersect

at snoot hed root regions e nu er of ridges Is equal to the

nunber of avail abl e iTAgMgM@wRSpdriphaal Ahnk Berficesi8y it is Iicpamcular featued of ul ar
cutting edge, nis preferably at least 5, and typically or .npre,
Turning briefly @qstam rpfersedoguttingy inserts Pﬁgﬁepqeﬁnﬁﬂ‘fe&?‘@n Mﬂeﬁﬁh?f?"og%nk 25

section of rlbbed B OWRL (o) red
an n- poi nt%ﬁ raltﬁ %#’éﬁeﬁ “gg)th%uh ne%%ag s\ré\%tgdglt@g%a ogl%i ‘ﬂgﬂ 2 1
times a conc@ye insert pefftAdicOr $6 W dentert ARIsAdrid  froxigaletot upp(cFlsﬁl!ﬁ@ P2is
having symretric |egs on either side of a bisecting radius. The

gener ati ng segnebounsied by adwngeesssadrform, whereagsn aqgﬁmber@ﬁ%sqcapm takep thipughy

Sg?[Zg grg]?)/ n - the cutting insert perpendicular to the central axis at a point ciSser to base 16 'O
PCT/1L97/ 00412  exhibits n-fold roeﬁldﬂhi | syHinféisys ol fndlideer rdeedsedy, featuréss for
feature of certain preferred i npl enentations of cutting insert 10 that

two spaced- apart pmdmg:abutmantfsadbeesfer opposmgrt@rquepbtanhéhe ceptialxis. npl e
exanpl e where_n = 8,

symet ri cal ?égs of t %ﬂ?ﬁﬁ@‘y efé@ﬂ’@ﬁ? ‘%%?Frﬂl WSY sii‘g'gimg?‘tﬁg?f'g\}ge to a
bi secting radi’ USP&%HI[aee réu]‘mr(gqgsert 1¢intd ét%&'i twd, and Rgbicaly" tﬁf&oﬁ&hﬁﬁk ANfitse a i s

equal to (90[ err inthis eight cornef exanple illustrated,
[err] = 45, [err portion adjacés to amtting edgd 14is ﬁémﬂ@dathe]rcllaﬂﬁbnb surfacg 28 andhper s of

corners are enployed, the copl ana S dges
apart. P aynon-recessed cn%ss-sect:onal outlme f'IE}lxe:elower \éox!t)lon &D pcnphera[ ?lanll( 9

surface 18 constitutes a ribbed flank surface 30. Ribbed flank surface 30 is

20 = preferably linked to relief flank surface 28 by a transition flank surface portion
32 which provides a gradual transition between the two forms, as will be
described below. These portions provide features having abutment surfaccs for
opposing torque about the central axis. |

Relief flank surface 28 typically corresponds to the geometry of the

25 cutting edge employed. Thus, in cutting insert 10, relief flank surface 28 has a
frustro-conical form, having a circular cross-section corresponding to the
circular cutting edge illustrated. Thus, relief flank surface 28 may be described
as having substantially constant cross-sectional geometry perpendicular to the

central axis at all heights, although the dimensions of this geometry may vary

i3



It is a further feature of certain preferred inplenentations of cutting 10
i nsert 10 that. the -two spaced-apart abutnent surfaces 38 have perpendi cul ar
i ntersections with a cross-section taken through cutting insert 10

per pendi cul ar toits axis. The surfaces thenselves nmay vary from
per pendi cul ar_ due to tapering of ribbed flank surface 3Qrabiveysr  for
conveni ence JY° ence, such surfaces are referred to as

"per pendi cul ar abut ment surfaces". This 15 requirenent may al so be defined
by sinple geonetrical conditjons an i's provided

I ] gj by vv?%/ of exanPI e,
by the angl es ofSOREWhal With beight Keligt flanke syrisce A8 prefasahiy extends dewpwars nor e,
t he exi stence of _ I, & Lt ,
surfaces foll omgrq?ﬁnfggﬁg%%% ﬁ%ﬁgﬂé’gé%ﬁn %}ﬂ%&&ﬁﬂt{%ﬁg&%@ﬁﬁle& 1eo “of 4.
In a preferred case, Relicfofahkisusfade 28! isf typicaldp inclinedlerdr yeute asdle ¢~ R)ativgl dal |,
20 meani ng, arm% other things, that all the | ateral abutnent surfaces 38
formthe SeRfrad quis P!g cpttingtinsest 18. Amgleawiis eomraenlyidegotedstbet 10,

as indicatedq<in.Ej €. . | 5 .C €, an, i L, har,
Sraight 1 ind o e bty normal xelferdnfle” 554 1 ARREAT R o Rl ARRE" 5
associ at ed wi t h tgsiedlly alstae 786Fordapsgdie ifdeet§Nmay be atidut QM%d%rP ]gt{aﬂ?élfefOf

such ideally star-shaped polygonal contour sections as 25 efi ned above,
forms a corr espdlagk aurfaoeP8ds pdindrical t h a normal to the base which i s

753 e, S e S S o Wt o
relating to the gygpgr preferablf!inplentdnidd a8 W mfs@?-p ramidﬂofiﬁﬂéans&ﬁjce%n that

the pressure angle ais less than 90[err], it follows that [err]|>[err].

15 190 shameba formed between projecting ridges 36. Channels 34 preferably have

PCT/ 1 L97/ 00412 Naturally, .all the ideally star-shaped pol ygonal

cont our sectioné"ch%'othﬁ?qussf%c“on' one another, viz. can be obtained from

one anot her by a nerg; ' r.j,bbed

flank surface 30 in g‘eﬁeiagﬁﬁ%%hg g%ke)%l,qeildso?oﬁbélaer éﬂaﬂﬂ Eway%ﬁ%ttbt he

junction betweethe idsbrcaxid indicatedr inaFigu01Brad plamn &t Ribbed Ifank sarfaces80f ace

32. It can be seer}, taBE't t he ?t ar - shaped poly% nal  contqur, of ribbed flank
Fragy ¢

surface 30 is nbtf XINTs doreat lepstabout an eighth, and,typically forpy deastgbosha r oot

regi ons 40 have : .| | C& d.

star- shapedhg_ qlaglg ’ygﬁﬁgf‘%gﬁ?%?é&gﬁé %F‘qﬁgﬁ% gglr%gﬁ t% gér\éig] %‘mg %lemn

| oner nost body {lank isorfacer 32, ribbed flyk surfdcy 30dnat exteid slon® thef hajority ofthe t hey

have ridges 36 and roﬁ% regions 40 10 __which are truncated with the sane

width of fill et dgighhahpesipherapilaniomtage 18.qges and root regions with

constant wi dths, as [ I LM i | ) ads . o)

regions 40 have uni f}(}?ﬁ?\(}mfg’{l Essg{af%"genig@ agihrgq’r%{sr%%g%?l\l/%%%t%d%eﬁtggnﬁ%?,’
having a crest which blends smoothly with a pair of planar, oppositely sloping,

t hey

20  lateral abutment surfaces 38. At the junction of adjacent ridges, adjacent
abutment surfaces 38 intersect at smoothed root regions 40. The number of
ridges is equal to the number of available indexing positions of the insert. For a
circular cutting edge, » is preferably at least 5, and typically 8 or more.

Turning briefly to Figures 2A and 2B, these illustrate how the cross-

25  section of ribbed flank surface 30, shown here with »=5 may be considered an
n-pointed star (Figure 2B) defined by rotationally copying »-1 times a concave
chevron-shaped *“‘generating segment” (Figure 2A) having symmetric legs on
either side of a bisecting radius. The generating segment subtends a central

pitch angle B equal to 360°/n.
14



formthe sanme angle [err] with a normal to the base as the imaginary |ine
of I ntersection between | ateral abutnent surfaces 38. 15 As
the root regions 40 are transforned into the tapered surfaces 42 with

the onset of the transition flank surface 32, the part of the star-shaped

pol ygonal . contours nearest to root region 40 is gradualgy 12 The
geonetry of V3R6HRS surfaces 38 near to ridges 36, on the other hand,
is maintained until the junction between transition flank surface

portion 32 and relief flank surface 28 where 20 rjdges 36 thenselves nerge
with relief flank suh$adH digcussed further belows ifirisia feature ofrertain paeferrgdrt i on

32, itself, results fromthe. super.posifd r | ation
of the ribbed pHPlB'F{SH‘?“‘B{H’?% BB 10 R we 3368"\&'#%‘%“‘?‘%5‘??‘%%%%
surface 42, besphreSesflandr. T QUsitplexdifiple whe! 4 = & ribiRSmby e hétaddedsby f ace
portion 32 provides a gradual transition over which the depth of the
channel s 34 25 ensuripgrthghthe aymmetrical dogst of the) gensratingrssgmant formeanalesdy
bortion 52 ext eFRIENP A Oag s sabaLL0 G0 B2 Tob SFRaRbndiEs el B o™
cutting insert. egual 1o (90° - B°). TiRs, MONSgHtROAler ekAtple SRiNMAteaIbiGRY 5T, gasons,
as well as for structural reasons, upper relief flank surface 28 and
cutting edge 1445% anpyef6H.5% MWhere larger numbers of corners are employed, the coplanar

16 WD 98/ 26893 ) _

PCT/ | L97/ 00412 surfaces mayhe swp onmeye ridsss @88 tsyur f aces 42. The detail ed shape
of tapered surfaces ¢2 rtHeR Y, EH?%E : e :

i ncl ude frustro-coni géﬁ a(|fu e., Yedtite ?tgun erﬁ?fegérﬂ' rbsélrg{l)]?%t%ﬁ%)ﬁi ggf}ﬁkllﬁge. ,

flat surfaced) $meftel¥ that the two spaced-apatt abutthenp surfaces-i3§Uave perpendichlare i s
shown a machine tool cutter or tool , 5 hol der,, general |l y desi gnated 50,
construct ed and iRprSPEiaNG avithca eross-srstipw taken through eiting insgrt 19perneBdisnias o nt

i nvention, enpl Qyi.ng n C i ' r 1 jn.nsert
receiving pocke?% '{3}2?)?[5' %Hp%rf%es @tg}éﬁag%écg‘g‘? &é-yl go?]op%’%a{lﬁdgh%éée
support surf ace tdperihgrofsitiiearflankGsurface 30hEHob@ser, fancorveniends bf toferencs)d
preferably three, lateral support surfaces |located 10 for abuttin

angul ar | y~ spaceduelbsbrfases argr refereed 88 3sr (Rarpradicylar cehwtmery pwrdaces”. This  10.

In the examl.e il |l ustrated her esg i ncl ude f . rt s e 60,
a jseggr?d LEPPS e"éma?(ﬁ%g%gé’,teﬁ%‘gb%s' 1t e eﬁﬁlér?z%?égﬁr Jnd: %@he
conbi nation of  of exam l@?ﬁr,ﬁprbﬂiiéﬁ B} tk&lﬁi@WstoffihHéigﬂlQSorﬁr@d/ irﬁﬁ@ ligtcuabeveal
support/restraint system structurally capable of resistin

consi der abl e t ofgethernide, the existencg|of at deast some) npieatiat pmdbéllaérﬂ%ﬂm@tjr al

part of the tool | der,,or an_ .. adapter part.eonnec i ny suitable
way to the tool ISH f‘%?é?‘?“?"FF ‘frﬂgeq'ﬁ?l?'é’r] a@;{igzg’e m wthm%d’ lglgﬁé‘ﬁgplteggﬁ' hol der may
be made to receive, IhjQrdbiréd sdde! el laARGErfAde 30 is ideally frustro-pyramidal,

20 meaning, among other things, that all the lateral abutment surfaces 38 form the -

-

same ﬁnglc 7 relative to the axis of cutting insert 10, as indicated in Figure 1B.
As a direct consequence, an imaginary straight line of intersection between
pairs of lateral surfaces 38 associated with each ridge 36, passing through
aligned corners of such ideally star-shaped polygonal contour sections as
25 defined above, forms a corresponding angle ¢ with a normal to the base which
is a function of both a and 1, given by: ¢ = arc tan [sin(c) tan (n)]. The angle ¢
is larger than the relief angle y relating to the uppermost relief flank surface

portion 28. Given that the pressure angle o is less than 90°, it follows that ¢>n.

15



adapters, a correspondi ng range of indexable inserts. As wll be

illustrated . bel ow, each pocket is itself able to accomodate a full
set of inserts. 20 Addi ti onal features of pocket 52 are shown in
the schematic sectional views of Figures 5 and 6. Pocket 52 has two
general ly perpendi cul ar |ateral wal I's, 62 and 64, with,lLa upport
surfaces 56 WP8EBBntegrally formed with wal | 62 and ghoqpor/t%‘éﬁrface
60 integrally formed with wall 64. Support surfaces 56, 58, and 60

preferably do not extend all the way to the base 54 of the insert 25
recei vi ng pocké¥ateally,all theddeallysiarrsbeped polyganal cenfeurssastions ars siidarde neet

I n recessed bottom portions. whi are sl e _jnsert. By
way of an g 3% L v%. Eﬂi‘rlée %twmxﬁﬁ-ognsong apﬁt@éﬁ@*?ﬁﬁe %l{agg%&gsecgier on of
Figure 5 on plane Fjgurd/l € Yhowd\abBed AR Qliface B0 inGectivh oif plat]-] st FMbae wal |
62 and an associ ated recessed bottom portion 68 of the sanme wall.

17 VO 188/i2632 3he junction between ribbed flank surface 30 and transition flank
PCT/ 1 L97/ 00412 It will be understpod that the,inner t
support surfac e‘,‘“f?‘?ee:?z'%‘ﬁ‘_ﬂd}etseen watéﬁﬁ%’é@“@ﬁ po °f‘ﬂé’°P5’t"5f’€ﬁ‘% mZ may
be omi t ted inGhrHC3DATThAHiE] HIPDRd ideal shabl'ih 080 1ROridfd KD afdlrbot def | ne
an effective lateral support/restraint syste However, 1n nost cases,
a three-point aegions 40 hevebeenatuncatad end/stirdunded outp froptactice, allgtapsshaped | s
preferred. As al so enplified in Fjigure 6, the support
surfaces |ie orPoby8oRaLeqpteurson aﬁ)ilogggntgﬂ E!ﬁ'ﬂeécf’tji:thg most, RRAY ROTHON A8t ch ¢ he
slant of the i . t. : ' ke an
angle with a nz)}?ﬁ%{l"}% 2&3?1 hgélgg;shéhgﬁat he [t)l?egts ?‘%\{eﬁ]ﬁ&&s 3'?601? h‘% E%Otr{eeg@}%imﬁg
pocket thati0 s whiblafdurthied veithivhe shie WidthasTdilietddochiamfers de pfodutdifiddds
insert lateral surfaces 38. |t should be noted that the angles in Figure 6
have been aagagefcesionywith corstant widthsfas seenogifigye 1BaSince sie9satbaangi ng
pocket is f L, 1ol ers t S
Wééﬁ%%& %ﬁ‘@gﬁ@ﬁn‘i’o&n b iy dibie e &hgq%cﬂgéf’feggtﬂ extalls, e

sl anting angl es sucC upon assently insert inits

pertaining receforthnbe RamkaingleOPt With a normal %o ithé basd by ik Rhaghihary Mierofr €9i on
of the support surface. Upon plastic 15 deformation of this surface,
during nostly tintersentien bgtweemlaiaral gbutment surfacepd®ads fromthe upper

regi on and adual |y, compasses e entige e f th [ .
surface. | n‘g’{.hi S waf‘sgtﬁe é‘g‘gtrﬁ%ﬂ?s i@??g@gs{?gﬁgigﬁ? g’sep%%%f"?l _ a%e{ ﬁzew’th
“foot-print” * the ofdet bihedRAHSITBA HaMtSiirfiiee 32 Sthe phrd BF thelve-shagedipasygofaim of a
band of depth "b" corresponding to the depth of the abutnent surface,

on the j uxtaposwatags neasest tarout megiomd@ imgraduallyaost. The goometas of sutment of t he
;LP? Sg ef lpgp,t( i zlrJFrug & 3%0 near 90 ridges 3%)( (tmeﬂnglot r?xchﬂ l?so r%tain?a/ir%ed &]r}tﬁ tl'Eer_]i(t:"ln<t:t{o"i11nSI tion
between transition flank surface portion 32 and relief flank surface 28 where

20  ridges 36 themselves merge with relief flank surface 28.
Transition flank surface portion 32, itself, results from the superposition
or union of a prolongation of the ribbed portion of ribbed flank surface 30 with
a tapercd surface 42, best seen in Figure 1D. As a result, transition flank surface
portion 32 provides a gradual transition over which the depth of the channels 34
25  in peripheral flank surface 18 are gradually reduced towards relief flank surface
28. Preferably, transition flank surface portion 32 extends for at least about a
third of the height of the cutting insert.
For powder metallurgy technological reasons, as well as for structural

reasons, upper relief flank surface 28 and cutting edge 14 are preferably
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Turning now to a nunber of additional features of tool holder 50, Figure
4 shows pocket- 52 i-n which base 54 is substantially planar with a central
t hreaded bore 72. Threaded bore 72 is very slightly off-set fromthe
t hrough 25 bore 26 of the insert when the latter is seated in the

recei ving pocket firmy clanped with its clanping scre j7od1s O
ensure that tYR®ERPnent surfaces of the insert are bi \ggﬂﬁgg’%‘f‘nst t he
correspondi ng support surfaces of the receiving pocket .

18 WD 98/ 26893

PCT/ 1 L97/ 00412 supported by tapered surfaces 42aThe Gtailed [shajesof tapered esuifaces! 42
ment i oned support surfaces.56 d 58, recesse ottom portions 66 and
68, and a reli eF’aﬁoV?‘gwc?Eﬁlg)qf%Rl%r A’Ir&gﬁF‘;’ examp(f§4 ’?&%‘F%J%trglfﬁﬁ’ﬁf“t (&% f ace
60, a recessed REhHOINPHusirOByathiddldi.d. fis!sl - . 76. Typically,
support surfaces 56,9@58 and @6 aarle S{J ’stansltu?%T@E# ‘é&tn,ts and can be 5 taken
to define planes of Tumingaow totFigires B, tereistshdwn hansshire, todlhauttepbhwo] f or s

of abut nent ur{lﬂées such_as, for exanple, a convex surface, nmay al so be
used. I

ers gsperally designated S0y consjmicted| angl ppasafiveyaccqrding do dhe from

the central axi : . . i to t
geonetry of abu%r%%}ﬁ{‘gssﬁfr'*htgg%g&gg%g%?q’ﬁgg) l%g g,%e??g%purntvgigﬁﬂsaﬁ 60 is
typical |y perpefdusitedai isert faceivirpsockéts32d 58 which are, t hensel ves,
typically coplanar. Here too, the definition of "perpendicular” in

this context is thatEacheosketiS3ds formed with o bpse suppers surfade 4 foosupportingwed i n

a Cross- SRCHI rpendi.cul ar, 1 o.t s ,0f the pocke I,tsel
correspondi ng tf)h%t agge%%ﬂgpﬁag gy &B%%r%ﬁﬁg"g?’ %rﬁ%é?ﬁté%ﬁ‘r‘ﬂpg’& N afé?emffgi‘{(et).
G ven that $0Ippfrtabattingam@alafly spadtdldbutrBéht 30FFadl8 I3RBHdEP b§ LRRRIR! ingdi!t MeNt
surfaces 38 which are related by rotation by 90, surface 58 1s al so

rel ated to surf &dnabe examplgHillusitatad lere.thegoinclude a first suppoit sueface 60,64 i ef

hol  ows 74 and 76 st _be caonfigyre Q_acconmpdat e t jdges 36' and
36" of the inseﬁco{{@é‘&’mft&ﬂ'&{éc%%:ﬁﬁgai‘i]@ Wntéﬁffgffygé T?*smm{’mag%egti ng
the insert. Thi ge§ONdietdl Osipboit HRFREPRETIEL | A& Leal. 20
properties of pogket 562, itpgelf. Speciffﬁ-iécglgsl ydj l?‘ﬁ'@“ﬁsﬁg ?ng g?ﬁﬁor’%iﬁgevhfm S
f or med susthucturally capgblerofresistinig congigéralje ddrquat er al support surface 60 -
by rotation t hgough A45[ err] about the axis of t pocket .towards
suppor t su_r*%;ce 58 | lbesg\ﬁflf' rpocket may I”d\/\}“%"aéfaﬁti ?&?‘Fﬁ?mt der@ntthg of
hollow 74 is foiidS% rpafttohiédteddn any suiﬁﬂﬁ@Wi kb B! 10BN e? Inthe hi@&f@

support surface by rotation through 45 about 25 the axis o E:leebocket
t owar ds suppor t a singiadeolSholiiéremayi ichimadéabl receive). thtoughha Suitable range of

adapters, a corresponding range of indexable inserts. As will be illustrated
below, each pocket is itself able to accommodate a full set of inserts.

20 Additional features of pocket 52 are shown in the schematic sectional
views of Figures 5 and 6. Pocket 52 has two generally perpendicular lateral
walls, 62 and 64, with lateral support surfaces 56 and 58 integrally formed with
wall 62 and support surface 60 integrally formed with wall 64. Support surfaces
56, 58, and 60 preferably do not extend all the way to the base 54 of the insert

25  receiving pocket 52. At their lowermost border, the support surfaces meet in
recessed bottom portions which are slanted away from the insert. By way of an
example, Figure 6 which is a fragmentary cross-section of Figure 5 on ;;lane
VI-VI shows support surface 58 of the lateral wall 62 and an associated

recessed bottom portion 68 of the same wall.
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context, it should be understood that the "support surface" referred to is

t he part .of the surface configured so as to support the correspondi ng
| at eral abut nent surfaces 38 of the insert.

19 WD 98/ 26893 ' '

PCT/1L97/ 00412 Referring to Figure 1A, cuttingrb?ﬁgg has
been il ust r aVOPSRFR ei ght I ndexabl e stations, as identi |eJhM%pthe
annul ar portion 22 of the upper face 12 by the correspondi ng ronan
nuneral s and as manifested by the use of eight rotational symetric

ridges. It shoul d be Iamil dei understoddothet dre, innEmost (sepp@t sutfaneenei suppakt ows a

considerably | ar I n sta Tur ni ng now to
i gur es. 7 T, et AR P laspraL Al kA be ARtted sincg e rempini B, od
80, constructed ﬁ?ﬂcébo% ahd \69 ﬁﬁ?Qfe%hEth foéclﬁ%tlaéfa'i”sﬂﬁp%rt/restrmﬁ{ 8}

present invention, is shown. Generally speaking, cutting insert 80 Is

simlar to cutt |ngevntemtmdsm cases,gpthreelpdintoart ihoregcuratetyt thii-suefate sespoet
pol ygonal 10 _cutti ng 2 wi th eight indexable cutting edges 84. The
cutting edges5 argeomerylg @rcdated with an 8-ri dged fl ank surface 86,

simlar to ribbed fl lwé{fﬁﬁ’ﬁ{lﬁd in Fi rc?@ ‘_@ Gt yc%s gonﬁl%%s which

Clearly, as seen in Figure e refflre IS case has
a pol ygonal shapare shineddi ingsuch@ wast a3 ngtrtadmethSEIaaﬂdftHaemtsetpﬁitcﬁdl sbutinesee 90
of 15 the transitjon surface portion is preferabl frustro-pyram dal .
Optional |y, sugtages 3B, i@ élwytrn@lceparba@l¢w gp b@%og%em&tfompport

surfaces, the ri

f k f. t ed t t
the cutting edgedfg{Z‘SﬁE‘fer‘Vng Pﬂ"lieﬁéhat ?sns“bgg%éf’r%? egqa?(&gfl}e %a‘“{“g’t%{ lﬂl\g"ﬁ 019
15[ err] has frpenipid (RAHCAHTRSs §9rlt RRolg R m that the zﬁ%gfe@ﬁhﬁ@ﬁ}e"_d Hwee 7D.

Turning now to further features of the present invention, it
has been f obsed ex@getatad &ruchmint of e exprisitiond e cfreshe deceivirsg f;mckmals be
used to advant age a nodul ar cytti gl% tool agssembly. It

will already be ‘é‘ﬂ‘b‘éff‘%‘ﬁ’fedt‘ﬁﬁl? t&eranceéutl%{— ithey abyimept sustaces, slapiing, angles suc
i nterchangeabl y i, gb«ﬁ:%%dapﬁsérgﬁl?r&f aﬁ%é@g% iR pertagh r%’x%gﬁ?méégcia%[)ﬁ@&

serving as two rre rs o ar set interc cutting
inserts. |In addiisi aitidlizedhaisen apperefegioredfi thel csnppm-atsutfaceof Uptne plastient

i nvention al provides a cutting tool assepbly I nt er changeabl e
i nserts o hadstemnationsaf, rﬂi“ﬁﬁ"rﬂﬁﬁb@r@woﬂh’d@ﬁ|‘W§a};ﬂ§mf"iﬂ&n§°% SpReRdser i ng

Foaturog w11 molpane upper S FRATiraBRAN QicBApRE) 0 hiHiee JARE Syt o1 !

t hr ough descri pt suafacaflnttms vayCini abwiraént surface 38a corresponding to the “foot-print”
of the abutment surface is established, in the form of a band of depth “b”
corresponding to the depth of the abutment surface, on the juxtaposed

20 pertaining lateral surface 38 towards the top of the ribbed flank surface 30 and
extending by about b/2 into the transition surface portion 32.

Turning now to a number of additional features of tool holder 50, Figure

4 shows pocket 52 in which base 54 is substantially planar with a central

threaded bore 72. Threaded bore 72 is very slightly off-set from the through

25 bore 26 of the insert when the latter is seated in the receiving pocket firmly

clamped with its clamping screw. This is to ensure that the abutment surfaces of

the insert are biased against the corresponding support surfaces of the receiving

pocket.
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20

PCT/1L97/ 00412 WD 98/ 26893 I nserts 100 and 102 which can al so be
used within the sane pocket 52 (see Figure 3). Bef or e
addressing the remaining Figures directly, it will be helpful to

clarify certain termnology to be used in the remai nder of bpirge700412
descri ption, W98/26893 wel| as in the clains. Up until this point, reference
has been nmade to individual cutting inserts with a given order of

b0, 11 one. For east LReEk sl €1 Biiudh e previofelmentiones spgiept L g
"n-fold symmetry, 58 Lo ) 4nd 68, akll hlrelRg hOB6® T3 AL AteraPwall

di stingui sh bet @%ﬁ%%&%&%@ﬁ%‘eﬂaﬁ&e}eﬁ?i ng | rallsertr% he:vi ng di ffgr [ ?1,8 orders
of 1 0 rotatiosdlinclydessupport anface 6hanmcesged botttind pertion J0sndbeclicfbdllowmdexi ng
posi tions. . Jhe sets, or "fam lies' of interch eahQl e cutting
inserts to be déd6elypicgly, SUPP%@{T&&F% 5&5%3”3 qﬂﬁ'FﬁéP{’%?nqaﬁHz{%grw ﬁﬂgi%f"i ons
which is a myltipg] f ; ' T t

Goul d i nol udd 5-tokeg 8 dsRERlgnes of R ¢ SUPE Horkd eblover) HaF ol fork

coul d include 5-pfapghmidnt kstfatessichei) fr ekanplecnesmyek syrfice, maphlspdeasedce,

two cutting inserts froma set will be described as having n-fold | and
mxn-fol d symmet rAdl thessiippent isyefaces aghypically reughly equidiglant é’?@aﬁ‘% centrah gxisy

equal to 3 and 033 | s_an é'nt eger greater than or equal to 2. By
way of exanple, CHRGPHESnserts 100 and 102 described here both have

4-fold rotational syQgespondifaas Brsgcottictrytf abitarht surfadesdBiddscribedidboke,ve 8-
20 fold rotational symetry.” Thus the two orders of symmet rgf| exenplified
correspond tk t eppornduficerid is typidallynperpendiular to surfaces 56 ang & whishrsey t o

Fi 8A- 8F, t is sh first cutting, i t «
deai gnat od 100, HERRGYES ST (hoplsni 41456 406 e Jfiipn of peRERAba’ Vin
symmetry. It is fish@ntexf iy Miat heaubhSesOire Bt 96Ctd @hioMikdr BB NG Crdbs-

cutting 25 insert 100 that 1t is indexable exclusively at n indexing
stations within seatiomperpendicular todheaxis ofthequicket (its¢!£ porrespending tputhe @xiso

AL PR R CHE D TR SR N e
8-fol d rotatjpnagy $%HGEgh¥d to support abutment surfaces 38 which are related by rotation 21
by 90°, surface 58 is also related to surface 60 through rotation by 90°.

Latera] relief hollows 74 and 76 must be configured to accommodate the
ridges 36° and 36" of the insert (see Figure 5) not currently employed for
locating the insert. This condition can be expressed in terms of the geometrical

20 properties of pocket 52, itself. Specifically, the opening of hollow 76 is formed
such that a geometrical mapping of lateral support surface 60 by rotation
through 45° about the axis of the pocket towards support surface 58 lies within
hollow | 76. Similarly, the opening of hollow 74 is formed such that a
geometrical mapping of lateral support surface 58 by rotation through 45° about

25  the axis of the pocket towards support surface 56 lies within hollow 74. In this
context, it should be understood that the “support surface” referred to is the part
of the surface configured so as to support the corresponding lateral abutment

surfaces 38 of the insert.
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PCT/ 1 L97/ 00412 : Cenerally speaking, cutting insert 100 has a
unitary structure providing an upper surface 104 bounded by a cutting
edge 106, a base 108, and a peri pheral flank surface 110. The

peri pheral flank surface is shaped such that an out | i ngcPALeHobd1E St
cross-sectioﬂ"l%m@ﬂnthrough the lower part of the cutting insert 5
perpendicular to its central axis 117 exhibits a recessed form which

i ncludes n corner portions 112 angularly spaced around the central
axis so as to provi dRefgrring to Figyed A, suBingdnsart &‘Pb%‘i’ﬁ?ﬂrlllesqaéﬁde‘fv&h eighlit ment

pori phor 11 aniiestyie Sathis 3 BiRuies an ilarub pORIGA D0t e ufger fsp13
protrusions 114b?rt§e R6@EspoAdihY romap admertd akdaé manifdaed 89\thd Ase ofefket ri cal
mappi ng of an outline of corner portions 112 by rotation through an

angl e of |ess thetatigmb[symmetric atidges. Thshewdt ba|apaseciated, hzowayspothat the

pr ot rusions ._extend, beyond the line,. . . These geonetri cal
rel ationshi pd wiTVeRtion pllvsA cqnsiferab vg%aewmb?fafé?%%gstatmpamcuq arly to
Figures 8E and 8F. B@ﬁﬁig nbWe 2§ Hibsres SPA-TROY Sbebind2forRPdFOMtdmy indereWs Of
cutting insert 100, but have different construction |ines added for
conveni ence of egemuoally designakRalr 80)tdopstiuctdd and operativedcdondingtot thel tedchingsi n t he
exanpl es shown here, the required_ geonetry appears |h the | ower rtion of

t he i nsert Ogﬁ'éF EEﬁ?P‘i‘tn'&ggmt%" ﬂgéh%eéi"ﬁ?ﬁﬁﬁ’@e& ngs ﬁ}"ﬁlflgtlﬁiﬂ'ggh%m vi ew
can be used to gmitarith! dhfi S AT 1 In

t he general casgl,ml%arqetts)edﬁ?’j{ga{nseerg? gréé(géﬂrgte{relﬁ crﬁn%ggglg?gﬁe?y e%t? gﬁiggé%mthe
base. Howevd0, enuingaddget82fiilt eighs indexableichitingeedges84.rThd cutting edges are
cross-sectional view taken at sqne point in the lower p

! [ ) .0V art of t he
insert. The wor @gordingigsy wish an 8-ridgadnflank swtags 86 osimilan (G Hbbe fankesurfaget he
| ower 70% ' , the lower half, of the insert. :
Fi gure 8E shomsgggse&%g%%‘{ the addition of four straight construction 25

l'ines 118 joi ni ng beCuadp, Sueaein Pigutd TA\hd telief Heniesurfdce 88'in ks 88@rhak hat
cor ner portions 112, equivalent to the flank ri dgaes 36 descri bed
above, correspofAdolygonal shape matghing thg quiingndge B2rang; the dapgredosurfage, P8 of

pol ygon of si ges,. i n.thi e . [ e e e [Lid4.0ons
provi de abutqaen?hes lﬁapaxggrsx ?“ﬁfag c%orﬁl ?'@1 uf a?rlegegkﬁy &u&%dﬁﬁ 3’%‘?%21 btpgngxé{b’? '
fZitZ)Ut ment surf ac gepéiding\Getheprédferrad dediRetesCtht pocket Bapport dudfaces, the ridges

-t

of the flank surface may be rotated relative to the cutting edge geometry. In the
example illustrated, a rotation of 15° has been introduced as can be seén most
clearly in Figure 7D.

20 Turning now to further features of the present invention, it has been
found that the abutment geometry described thus far can be used to advantage
as the basis for a modular cutting tool assembly. It will already be apparent that
cutting insert 80 can be used interchangeably with cutting insert 10 within
pocket 52, thereby serving as two members of a modular set of interchangeable

25 cutting inserts. In addition to these, a preferred implementation of the present
invention also provides a cutting tool assembly with interchangeable inserts
having differing numbers of indexing positions and differing entering angtes for
different machining applications. These and other features will now be

illustrated with reference to Figures 9-13 through description of two additional

20



PCT/ 1 L97/ 00412 WO 98/ 26893 with only 4-fold symetry. Here again,

the geonetry of the- abutnment surfaces may be rotated relative to the
cutting edge geonetry, for exanple 15[err] anti cl ockwi se as
illustrated here, to achieve the desired entering angle (in thjs case,

K=90[err] as seen in Figure 9) of the cutting edge for a giv 5
structure. Fi B’&Wshows the alignment of these abutnent sur ’ggg,g&v&\%th

t he support surfaces of pocket 52 when the insert is inserted
correctly. gure 8F shows base 108 with the superposition of .
hi gh symetry | iipgests 100 anﬂlml’cwhlfésmrﬂhmge tuged mathin Higesamey ponket §2 §seei dged
structure of thq;é@ a part of cutting inserts 10 and 80. Corner
portions 112 corr Pég‘; d substantially to the 10 ridge shapes, indicating
that they are confi gBefste la@diREstyg @R RAWINMAL FidurdPBiréRR! it wxll bégll"efp?ﬁl%
Support protrusions 114, on the other hand, are confi gur ed

significantly f rQbanﬁvmrtmndgenmhlagp to tbheused)}n thehuemaindeg of ﬂnmdemnptwmdﬁm hg

fth t. at t | | t at
or ot 1 usi ons P14 eIk in e SafgEt (il s poli.cefipnet bR bacs Ao R dseluas o
base. Incorrect duﬂfhgin@&@ Vith % M?ﬁ'?)r &Wo&txbﬂ@%ﬂp?@r P&rﬁgoﬁcﬂﬁé oal I

and conpl ete | ack of” precision nment weve s?uppor
protrusions 114 given combergof émtieking posxthmO‘deeaﬁddf tekpdiwlioxﬁ hidokids B&ennear

as possible to the cytting cii Furt her npre, in preferred
i npl enent at i ons re%ﬁS‘H KK dﬁg" ‘%iﬂ“@F@ycoﬁf‘hﬁ@Pw fiquer’féﬁhfa‘m kg npessary to
obstruct incorr e(ﬁ%thdgﬂgﬁ)ﬂeﬂgceﬂfm{e @E%%Laﬁ%g 'il{lgxtt{]ﬁa\ﬂﬁg lﬁ?ﬂ’ermé orders of

The criteria for or enent ructron ar

protrusions 1014 rdmtiondl syiinietryyédrivsporidiey puiferiig f&ﬂﬁﬁe?@@ﬁmﬁéxxﬁg)?@ﬁorﬁ I'n
nor e precise fornulatlon support protrusions 114 are preferably
shaped such that,  Thegparprifamilies’ abingrchasgeable psting insertsitosbe described

correspondi ng t e t.ed through_.any angl e
| ess than the sﬁ’ é'me‘]l Q%ﬁe%nélnhh-,ggf g pog‘i‘ﬁ B?r%“é"%O%'g'FE]ls ?Smuﬁtf?lf‘?r‘?g S0%¢€e of

4-fold symmetry, Ioﬁeit&yﬁﬁ!ﬁdtry%saw RO, lonP s&idodRd iABRdd 34 62)9-amd%ven 11-fBRYONd

the outline. This geonetrical geo perty ensures that, if the insert is

pl aced at an i nGYMRELLY, shije angt rtmlqoloelndcﬁ and 10-fald syommetry. Tfor goaerhlity

Ijggr Slrjlycan H éSrrakofr}gfeEen%e th\\;Stc%lftmg fslr b A% e will gehﬁe%cnt?e%;%s ha;[v?neg ;x-r}glag '
98/ 26893 and mxn-fold symmetry, respectively, where n is an integer greater than or

PCT/ 1L97/ 00412
equal to 3 and m is an integer greater than or equal to 2.

By way of example, cutting inserts 100 and 102 dcscribed here both

have 4-fold rotational symmetry, whereas cutting inserts 10 and 80 both have 8-
20 fold rotational symmetry. Thus the two orders of symmetry exemplified
correspond to the conditions n=4 and m = 2.

Turning now to Figures 8A-8F, there is shown a first cutting insert,
generally designated 100, having n-fold (in this case 4-fold) rotational
symmetry. It is a particular feature of preferred implementations of cutting

25  insert 100 that it is indexable exclusively at  indexing stations within an insert
receiving pocket which is configured to receive alternately cutting inserts
having both n-fold rotational symmetry and mxn-fold rotational symmetry, in

this case, 4-fold and 8-fold rotational symmetry.

21
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considered "fool proof"”. Figure 12 shows the effect of an attenpt to nount
cutting insert.100 incorrectly within pocket 52. Typi cal |y,

al t hough not necessarily, the 'geonetry of cutting edge 106 as defi ned
by the outline of a cross-section taken through cutting insert 100 5
perpendicular-to its central axis and proximl to upper surf

exhibits a WORBMBecessed form In this exanple, the cutt?ﬁgmégg’gor%%ry S
substantial l'y square. The formof the cutting edge shown here is, in
itself, conventional, each . i ndexi ng station presenting a prinary

cutti ng edge at an enGeneraig/ spegkiagkeutting insert 400 das atuniiatyystagfuse pyovamuga

Coed hor i P ¢ R dipeg sprstoecRod mitides Bt 3 S0 sden 108 B bAe 0y £°
formed between t gérqﬂ{érﬁaﬁk %b&?&de'lﬁﬂef’ﬂ@%&{?h%ﬁ?ﬂhﬂéﬁfrfae&"ﬁ%ﬂaﬁ%ﬁ&kﬁ%m an

within a tool direction 11 t he Tur ni ng
now to Fi gures 9Aumlﬁ¢ of st cxbssweetlmmbﬂdﬂmughlthglowm@att of the cutmmsedtl y
designated 102, havin 4-f ol

symietry. | nsért reoee ngblan ot s ALT Sxblict reterspd o MRch Beludeer:
é?:‘)f ers f rg%u: xger{h%r I)&‘?itog%g %ﬁuﬁg{y@??é&r&%ﬁgﬂ? d’ltla‘lli H‘?S{)/Q%ﬁﬁmmg -

substantial |y 45[fstdrrbtationsily sygnmetgic daterdd abutnecht featuressemﬁ suppdrt prottisfons t he
orientation of corner portions 112 is rotated by 30[e cl ockw se

relative to the ddémertyding outwards from the emnher?é fba{sésrtacprheéwm‘hmemezo

the required ent a t ocket
52, e showsot s SR oL T4 Be Bty Shapt SR Gtk B0
insert 102 10 igBemetieak mippihg BF An ROiNRtofTdrher p%hm 11D Hf;n mrbnltﬁmugh
Here too, the cutting georretr of insert 102 is, in itself, a conventional

configuration fo@nzangk Qﬁumé 4m360%n abeut the central myis.tthe Suppery@rotrusions| | be
clear that the fea% ures o ﬁut%‘fg inserts 100 and 102 dictate

addi tional geoneff epd pey B¥s of pocket 52. Specifically,

lateral relief hollowghdsd n%aﬂke&ﬁamﬁnoﬁhﬁps ®ill bObERY uhderstos® WithdBeferke PPOT t
protrusions 114 of all ers of the set of inserts with which pocket 52
is to be ugpedicularly to Figures 8E and 8F. Both of these Figures show similar battom

WD 98/ 26893

PCT/11L97/ 00413  Views of cutting, ipsect, 109, bys have diffesent, copstruction, fings, addsg for

assenblies of theopv&iGREt dM¥gkiieh. Parentlﬁﬁé‘alﬂptlt Ishmlae& héte@ Uhhd, NE dheserts
wi th non-recessed cutting geornretry. By way of exanple, Figure 14

i | lustrates a cutexkamples slswvit h&r@,dhe reguirad geamerc appcgrsumtlmrlt)wmq&)mon of the

insert and continues to the base 108. As a result, the bottom view can be used to

illustrate the features of the required geometry. In the general case, these

20 features need not necessarily extend to the base. However, equivalent features

will be present in a cross-sectional view taken at some point in the lower part of

the insert. The words “lower part” in this context are taken to refer to the lower
70%, and typically, the lower half, of the insert.

Figure 8E shows base 108 with the addition of four straight construction

25 lines 118 joining between corner portions 112. Here, it can be seen that corner

portions 112, equivalent to the flank ridges 36 described above, correspond

substantially to corner regions of a regular polygon of » sides, in this case, a

square. These corner portions provide abutment surfaces in a configuration

equivalent to the abutment surfaces of inserts 10 and 80 described above, but
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descri bed above, but with a recessed cutting edge 122. 5 As
mentioned earlier, it is inportant to appreciate that the principles of
the nodul ar cutting insert assenbly and correspondi ng pockets and cutting
inserts of the present invention are not limted to the 4-fold and 8-fold
symretry set illustrated. By way of schematic illustration, Jag 4125 and
16 showW@28268%3c abut ment geometry for sets of inserts with 3- and
6-fold 10 symetry, and 5- and 10-fold synmetry, respectively. In each
case, the cutting geonetry may be any desired cutting geonetry of the
appropri at e synmmeith pnly 4-fold Sjramistry cHédeaghing thet geometryent the abmsment sunfdesst i n
each case nmay be either a r egul alr configuration as sgqo{vm, or.a . fool
proof" confi gur aRfHrPhaotaled relativeaio the culting sdse seoMFRY; s cxamate shbwn)
functional ly equj.y : i 1ds s ' s ogps

It should al so lﬁuél\ﬁ%loot%ggls{e%g? n&e%{g sr%?écséjaiéﬁ%ger %@%&?E@Fﬁ%%? émttl%sn
two different | esast,SKeDOSusmsetn yn Figure eXaopiies cpitinl eddgd 2fod as givieh gsbekétov e
may, with mniml gdaptation, alsq be used for an insert with 11-fold

synmetry. 5  structure. KagurectQ shows the atigement £ theserpbylasntsyefaceswigh theof

illustration wt L.ahn: ' glé% laents, it will be
under st ood t hat {&ﬁégnsm;c%%gg@&#éﬁf\ghﬁggﬁﬁﬁéﬁg |sc8‘gg d are nerely
exenpl ary and that tRigure 8F showebiseq08 With the sorpositorosfthigh §ymmewy lifdsher
mechani cal nodifications and adaptati ons, w thout departing fromits

spirit or. exceediMgcarrespensiingtogthe higher symmetry8rpidged structure of the fower part
25 WO 98/ 26893 \WHAT .| CLAI D& ... At ool
rol der for al terdLipaig insses \iang 89’ Comet boieet T somespqnd substappially 9 e’
exactly n rof@t i Qg shafids, IndRAfing Bt thef AROCHRIiGUICHILD Providesdquivaltne ¥Gitent

surfaces. Support protrusions 114, on the other hand, are configured to differ

significantly from the ridge shape, thereby inhibiting incorrect indexing of the
insert at intermediate positions. In a basic implementation, protrusions 114 can
simply be omitted completely to provide a square base. Incorrect indexing is

I5 then quickly identified by a “loose” fit and complete lack of precision

- alignment. Preferably, however, support protrusions 114 are configured to
provide additional support as near as possible to the cutting edge. Furthermore,
in preferred implementations, protrusions 114 are configured.to mechanically
obstruct incorrect indexing of the insert within the pocket.

20 The criteria for the aforementioned mechanical obstruction are that
protrusions 114 do not *fit” within the support surfaces of pocket 52. In a more
precise formulation, support protrusions 114 are prefcrably shaped such that,
when an outline of corner portions 112, corresponding to the ridges illustrated,
is rotated through any angle less than the step between indexing positions, 90°

25 in the case of 4-fold symmetry, some part of support protrusions 114 extends
beyond the outline. This geometrical property ensures that, if the insert is
placed at an incorrect angle iﬁ the pocket, it will not sit properly, thereby

making the mistake self evident. In this sense, the insert design can be
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in mkn rotational positions, for at |east one value of each of n and m

wher e n [err] 3-and m[err] 2, the tool holder conprising at |east one
i nsert receiving pocket defined with reference to an axi s passing

t hrough said pocket with which a central axis of the cutting inserts is
to be aligned, said pocket having: (a) a base f I ng
the cutting MﬁE@Pﬁ?? (b) first, second and thirgépg?zﬁg*i
support surfaces angul arly spaced around, and
substantially equidistant fro said axis; c). afirst latera

hol | ow | ocat ed eassigerad ‘aplipropf’s Figure 12ctoms thetedfegd of an attempt to mount

support surfaces,,.and . e | ateral holl ow | ocated
bet ween sai d Se%v.gwaggﬁ%ntlpl?}nﬁone&ﬂ')w1mlﬁpﬁage?g9. | at eral support surfaces,

wherein said first a[‘ﬁi&ﬂ??ﬂ&oh%ﬁ AbtechsRhrily\heateonietl 'OE dutting Rdéd 86 as -
geonetri cal mappi ngs of said first and second | ateral support surfaces
by rotation thrdefiied by tizsopdine] of manysssoetinn taked thrqugh| quiting dnsert 00 d
first and second |ateral hallo . respectively. . " The
oo hol der i RFRAG, Bis EaLprs phd BSSThAL G Npndh sustte 194 oxtfbitg o
support surfacegofificedied foRRPES (thiéCetampild,’ fe: c&ﬁﬁg’%oﬁﬁﬂ??i@' §tﬂ:sﬁhﬁ£lﬁ5’ sai d
first plane being related to said second plane by a rotation throug )
360[ err]/ n abousquare. The doraxofthe cutting edge showd. here isTindtselfptonventitenal, @actc| ai m

2, wherein said. second and third planes of s‘%{' d pocket are sklb%t_a tially
copl anar. indexing sjation preseating, 8| PrHRATY SRS e48g; #hap CHFiemela Kook and m
= 2. : o : 06’ FiewdP18%/ 93

PCT/ | L7/ 00412 Substantially 90° and a sgoondary r‘{gp?rnse%%etzqhavi(sneg FignéC18R HEDS

symret ry foi0sorenteraigamgle” asfused hereireinthg eesdription tahé claiths isndefined es tthdei ng
| ndexabl e excl uisxrixg\fee le fo?:tnecrl] bL{“&%ﬁ ittrxlegprimary cutting edge of the insert when mounted
within a tool and the feed direction 116 of the tool.
Turning now to Figures 9A-9F, these show a second cutting insert,
generally designated 102, having n-fold (in this case 4-fold) rotational
15 symmetry. Insert 102 is conceptually and structurally similar to insert 100,
" equivalent features being designated similarly. Insert 102 differs from insert
100 in that it is modified to provide a substantially 45° entering angle. Thus, as
seen in Figure 9E, the orientation of corner portidns 112 is rotated by 30°
clockwise relative to the geometry of the primary cutting edges. This provides
20  the required entering angle of substantially 45° when mounted in pocket 52, as
shown in Figure 11. The effect of an attempt to mount cutting insert 102
incorrectly within pocket 52 is shown in Figure 13.
Here too, the cutting geometry of insert 102 is, in itself, a conventional
configuration for a 45° square insert.
25 At this stage, it will be clear that the features of cutting inserts 100 and
102 dictate additional geometrical requirements of pocket 52. Specifically,
lateral relief hollows 74 and 76 must also be formed to accommodate support
protrusions 114 of all members of the sct of inserts with which pocket 52 is to

be used.
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stations within an insert receiving pocket which is configured to receive
alternately cutting-inserts having both n-fold rotational symretry and

nxn-f ol d rotational synmetry for sone value of mwhere m[err] 2, the
cutting insert conprising a unitary structure having an upper surface
bounded by a eutting edge, a base, a peripheral flank sur

central axis, WOHBR6$9 said peri pheral flank surface is shg%g’gwg@@ﬁf‘t hat
an outline of a first cross-section taken through the | ower part of the
cutting insert perpendicular to said central axis exhibits a recessed
form i ncl udi ng: It shoulq b cleanthatghe cuttipg taol essembligudfthe presens iragntiomund

said central axis, sa rner rtjions correspondin

[.d. . . .. CO P to
n-fol d rotationaPf&ynos bmﬂtﬁfg @ gutting ms.ertS with “°n're°°F§aé’Pgﬁ“g%ﬁ‘[“ﬁI§¥rt ¥ way B?es :
and - (PixampiEPRghle 1fQ;|f gl%xiﬁh?éso?ﬁutﬂﬁgtiﬂééﬂ'm ﬂﬂg%{%%ttfﬁgoiﬁbe?ﬁwo

peri pher al surface between salid corner portions,
wher ei n sai d supgesctibed aioveshur wdther eecassepeadtisgiedget¥22t , under any

geonetri cal mappi ng of .an outline of said corner ,portions hy rotation .
through an angle of AS megtenad garliersit[isimportang ke appreciaty that the pringiples of saj d

support protrusigns %ﬁﬁﬁpgu*l%o;ﬂgelrt asselﬁ%il)daﬁb't‘{]. The

. 6. s
cutting insert o cParm erern sa peri pogrg%fonfiingn%mketssﬂjrdf%‘ggngs

further shaped sigbrtd foft thanpresent i invertionaargeastnimited sto- thecdifold ek @afold
through the cutting i nsert_ﬁler pendi cular to said central axis and proxi nal
to said upper synmeur sceillistted By mon-of sckematis ilystpation, Figures 15 and716

The cutting insert of ai.m rei L d corngr. rti pond
substantially t 0 ¢OF r%éélgkg FB@?%T%&%@&QF § %I 986?14%%? ‘Hﬁgﬁdeg{l&%h’ﬁ
27 10. symmetry, and 5- and 10-fold symmetry, respectively. In eadBCehsé, e/ Rfidd 2 WO
98/ 26893 8. The cutting insert of claim 5, wherein sard
peri pheral fl ankgeometry may be any desired cutting geometry of the appropriate symmetry. -
The base flank of the lower symmetry inserl in each case may be either a
regular configuration as shown, or a “fool proof” configuration having lateral
support protrusions (not shown) functionally equivalent to protrusions 114
IS5  described above.
. It should also be noted that each set of inserts may include more than

two different levels of symmetry. For example, pocket 52 described above may,

with minimal adaptation, also be used for an insert with 11-fold symmetry.

While the invention has been described by way of illustration with -
20 reference to certain specific embodiments, it will be understood that the
embodiment and variations discussed are merely exemplary and that the
invention may be carried out with many other mechanical modifications and
adaptations, without departing from its spirit or exceeding the scope of the

claims.
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surface is further shaped suc line of a second cross-section

t aken t hrough t.he cut endi cular to said central ax
proximal to said upplmﬂﬂlmmgmyﬂfﬁ i!t-s a recessed form
L r )

The cutting insert of cldinfs,

by 4 and m= 2. 1

is and
9.
0. A

nodul ar cutting tool assenbly conpri sing: - (a) t dols20
i nsert of clWP 89hnd (b) a tool hol der havi ngﬁgl:t east

i nsert receivi

sai d pocket ingl udi

cutting insert
support surfac
correspondi ng
features of th
hol I.ow | ocat ed
| at eral suppor
support protru

ng pocket for receiving the cutting in
ng: (1) a base for supporting t

\ HAT IS CLAIMED IS: (ii) first, second and third later

es configured for abutting a

t hreel,of @aitebll heldémlforabligrimtely receiving a first cutting insert

e cutting insert; (itii).a first later

indexahiein exaetly # rotationghpositions agd a second cutting insert indexable

i B Pos65E TP bPleuf b b Bt 7 apd s

| ocat ed betweep>Spird meCH ke @oholder comprisinc% at least one insert fdteivihg pécked

support surfac

es for accommodating a secon

one
sert,
he

al

al

| ow
I
of said

support pr ot r udéfined. with reference to an hxis passingdbrongh said porket with whichreb| y

conpri si ng:
recei vi ng pock
support surfac

eqntral axis é?t)he cul%né ?r%lertst] Psl tg Be ngr\éédggmg t o{jq%ﬁﬁ%/[iggr})e/ IoP S F;E
€S, (a) abase for supporting the cutting inserts; 28
(b) first, second and third lateral support surfaces angularly spaced
around, and substantially equidistant from, said axis;
(c) a first lateral hollow locatcd between said first and second lateral
support surfaces; and
(d) a second lateral hollow located between said second and third

lateral support surfaces,

~ wherein said first and second lateral hollows arc formed such that geometrical

mappings of said first and second lateral support surfaces by rotation through
360°/(mxn) about said axis lie within said first and second lateral hollows,

respectively.

2. The tool holder of claim 1, wherein said first, second and third
lateral support surfaces define, respectively, first, second and third planes, said
first plane being related to said second plane by a rotation through 360°/n about

said axis.

3. The tool holder of claim 2, wherein said second and third planes

of said pocket are substantially coplanar.

4, The tool holder of claim |, whereinn=4 and m =2,
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(b) a first cutting ins ceivable within said pocket, said first
cutting insert having an ﬁM’ﬂﬁ%‘!ﬂ“ﬂMﬂ,bottom surface and a

peri pheral flank surface, : MIfl ank surface being
configured to provide abutnment features with nmxn-fold rotational
symretry about a central axis of said first cutting insert yi¢io#dotiz
said first c‘b'?t’%’q nsert can be restrained against said |ateral
support surfaces in any of nxn angul ar positions, for at |east one

val ue of each of n and mwhere . n [err] 3 d mJerr] 2; and (c)
second cutting insert r @tvwngfgmﬁ&n@aamaﬁ{ewﬁ}mmwr}%re%m?avalue

cond cutting i ns: | . .
per i pheral 11 R Serne S BBFuEE LBER oefhe BUCRRIC LA @R e n ndoxing

configured to gafodsdwithizdas citlsey meveliviyg glockerewhicheist cordigurdd o receive
only.n-fold rotational symetry about a central ,axis of said

second cutti ngaliesaately cutting insess having bethvafold sofationad symmetry apd argyefold
trained ' ' i | I,
oot Fone. ancl Bl bt DAy S hoGRE b3 e oBUBY e

positions, whereln sai surface of s@i

insert is confidiprasing &UmRatyhgiucturt Gueihg AhQippes Sficebouabenby ar ity t he

| ower part of said first cutting insert perpendicular to sald central

axi s

exhi bits a recedgsed basema peripheral flank surfappecandpdugentrak axisi wherein|saksenbl y

f clai 11, wh ' i d i ph [, fl f id fi , [
ionsgr ? | ims conf Pﬁ%ﬁgﬁ@ﬁ s{’ﬁgrel gr?gé%ﬂesm@%@%%;%gﬁ%oﬁ}?mﬁ?\s‘sts%?&b‘)c#it £ !stn )

cutting insertReN RRBESICHeabwbpaAbEithe Rkt insert Perpaiitil o Sald seatrapi d
upper surface exhibits a non-recessed form 13. The nodul ar
cutting tool asxisakhibitod recessedforddinclwtliogei n sai d upper cross-section

corresponds to a substanti all regul ar | ygon ,wi t h .nxn, si des. , .
29 P {a’f n comeryport‘ia(%s angulgﬁy% sted ‘Bround Said central axis, said

corner portions corresponding to n-fold rotationally symmetric

lateral abutment features; and .
(b)  support protrusions protruding outwards from said peripheral
flank surface between said corner portions,

~ wherein said support protrusions are shaped such that, under any geometrical
mapping of an outline of said corner portions by rotation through an angle of
less than 360°/n about said central axis, said support protrusions extend beyond

said outline,

6. The cutting insert of claim S, wherein said peripheral flank
surface is further shaped such that an outline of a second cross-section taken
through the cutting insert perpendicular to said central axis and proximal to said

upper surface exhibits a non-recessed form.

7. The cutting insert of claim 5, wherein said corner portions

correspond substantially to corner regions of a regular polygon of n sides.
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14. The nodul ar cutting tool assembly—ef—¢laim 12, wherein said upper
cross-section is substantially circul ar. 15. The nodul ar cutting
tool assenbly of claim 11} “ﬂ u i HE[H&M&H pheral flank surface of said
first cutting insert is cohk t an upper cross-section through
said first cutting insert perpendicular to said central axispapgoh, y mal
to said upperwﬁﬁsaﬁ’ exhibits a recessed form 16. The’bﬁio%ul ar
cutting tool assenbly of claim 11, wherein said peripheral flank surface

of said second cuttipg ingert i.s shaped_sych that a |ower cross-section

t aken through the | ofer BQH%“FIH%&P Qgcfxﬂﬂbéttwl?ﬁe‘f‘n% tpcﬁgﬁﬁéﬁ%ﬁaﬁbl ar to

said central axi : p Ot t i Ay j: O

recessed form sttt 18 %& Shﬁl%' eﬁ{r?g(}u ‘Z“?‘ @Jﬁﬁhgg}sggtfnfdgggses%%&oﬁg aim

16, wherein sai thrbugiethecntting-issertiperpendiculantasaibcemte] oxis andyprokintad té said

I ncl udes: (a) fg corner portions angularly spaced around said

central axis, sMPeersurface exhibitsareegssrehfofay ti ons corresponding to n-fold

rotationally symetric | at eral abutnent features; and

(b) support protrusions_protrudi ng outwards frogm said peripheral

flank surface betweel saiThecHitHg IngsEt oficlaim 5, whegein u5hand Brodr usi ons bei ng

shaped such that, under any geonetrical mapping of an outline of said

corner portions by rgéation th:a?u\?h an angle of less than 360[err]/n about
a)

said central axis, sbif-d Shppdniargitng teol sssemblyt eompriRgGnd  sai d outl i ne.
30 ( the cutting insert of claim 5; and

(b) * a tool holder having at least one insert receiving pocket for
 receiving the cutting insert, said pocket including;:

(i) a base for supporting the cutting insert;

(ii)  first, second and third lateral support surfaces configured
for abutting a corresponding three of said lateral abutment
features of the cutting insert;

(iii) a first lateral hollow located between said first and second
lateral support surfaces for accommodating a first of said
support protrusions; and

(iv) a second lateral hollow located between said second and
third lateral support surfaces for accommodating a second

of said support protrusions.

11. A modular cutting tool assembly comprising:
(a) a tool holder having at least one insert receiving pocket with a

base and a plurality of latcral support surfaces;
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%??153?88412 e The nodula i | mbly of cl aj
: e noaul ar Cuttlng t oo asse yO clalm
cor eI
L
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cutting tool: as y of claim 16, erein said peri phe

surface of sgﬁﬁﬁggg nd cutting insert is shaped such that aﬁebnkﬁgggﬁ
cross-section taken through said second cutting insert perpendicular to

said central axis and proximal to said upper surface exhibits a
non-r ecessed for(®  a first cutting jrgert regeiwable owithin seid pookets said Bssenbl v

of claim 11, wherein sajg:.._ : ] of lateral s ort surfaces of said
pocket include first, s%&;’g‘ﬁ_& 1gn5f’{1%|11§r1%¥m Uppgt Syriace, g Hogem §‘fffq‘°ﬁ 2said
| ateral support surfacegpelipheia ﬂﬂﬂﬂ's@fﬁds,sﬁ?&%ﬁphexﬁr%ﬂ@s&ﬁ@e bei%g

substantially equidistant fro a central axis of said pocket, sal
pocket further includi ngonfigured to providepbutneent features with matr-fodd tatatidnat at ed

between said first and second | ateral . . ,Ssupport surfaces;
and (b) a séX‘EHlEP'V;?s%‘%aﬂ centypd 5 phaid st FUting de dpeh thetond and
third lsaidefiat cRMMEOInser? %aﬁaﬁ@%mineﬂhféa%s? saf (iatér'a?t and
second |l ateral hollows are fornmed such that geonetrica nmappi n of

said first and second | suppost susfapgscintany wf fraceagoiar positibns) floxt d11eusgbne

360[err]/(nxn) about said axis Lie within said first and second | ateral
vglue Sk Zach' ot n and ny where g, 3 aﬁéd@ drandut t i ng t ool

hol | ows, respecti vel'y.

assenbly of claim WRGEe&Ind ittt ihi ; : i L at er al

support surfaces dg(fg? ne, respect f@e‘%{ééﬁgﬁle?ﬁ@% lgﬁgd&e sa%née%n | anes,

said first plane being rcettiagdnseriohmdngl as appadsyafreca bottom’ Qirfiick @Ad a

t hrough 360[err]/n about said axis. . ) :

31 peripheral flank surface, said peripheral flank surface being
configured to provide reduced-symmetry abutment features with
only n-fold rotational symmetry about a central axis of said
second cutting insert such that said second cutting insert can be
restrained against said lateral support surfaces in only » angular
positions,

wherein said peripheral flank surface of said first cutting insert is configured
such that a lower cross-section taken through the lower part of said first cutting

_insert perpendicular to said central axis exhibits a recessed form.

12.  The modular cutting tool assembly of claim 11, wherein said
peripheral flank surface of said first cutting insert is configured such that an
upper cross-section through said first cutting insert perpendicular to said central

axis and proximal to said upper surface exhibits a non-recessed form.

13.  The modular cutting tool assembly of claim 12, wherein said
upper cross-section corresponds to a substantially regular polygon with mxn

sides.
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assenbly of claim:21, whéréin said: second and third planes are
substantially copl anar. ‘he nodul ar cutting tool assenbly
of claim 11, wher ei nn 4'”““““"““3“"“\“ A nodul ar cutting
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I nsert recei P ket with a base and a plurality of
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peri pheral flank surface sal d peri pheral flank surface

bei ng confi gured tOIBrOVTﬁ@MthzxiﬁeMra‘?,MAbe claim 11, wherein saig"~ 0! d

rotational symetry about a central axis of sal
cutting insert peripherahfianls surfackiofshidcfitst icotingrinsert 1samnﬁgm'ede;abhi dhar gl

agai nst said |lateral pqort surfaces_in n angul ar posjtions, for at
| east one val ud'PBFr ?F%& Hom, throughy said firsteuiting insert perpendigplante said csatraly

conf | gur ed_Suchyd il ool R Opergz{ceembﬂs PRGkREq sgl 0 {1 7St

cutti ng i nsert prese I on sald cutti ng

edge at a first enterlng angleto saldfeed di rection; (c) a
second cutting inseng re S .
cutting insert havi ng anTﬁpper sur oun e%?e&zf %l?ji ﬁ%g eg&% said

a bott om sur f aqrripherabflgk supfacs off said @ﬁkncBuItﬁﬂgl sers & staged suph ﬁraah lower
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n-fol d rotati orféPsssSgatien eabtm@u@ dindower paitsofosaidasegond cyiting insert
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32 exhibits a recessed form.

17.  ‘The modular cutting tool assembly of claim 16, wherein said

lower cross-section of said second cutting insert includes:

(a) £ corner portions angularly spaced around said central axis, said
corner portions corresponding to n-fold rotationally symmetric
lateral abutment features; and

(b) support protrusions protruding outwards from said peripheral
flank surface between said corner portions,

said support protrusions being shaped such that, under any geometrical
mapping of an outlinc of said corner portions by rotation through an angle of
less than 360°/n about said central axis, said support protrusions extend beyond

said outline.
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coch that, wen rount cd |1 BFAIFIOARG i 2 hocket - %sara second
cutting insert presents & prinaryt s * operative portion of said

cutting edge at a second entering angle t 0 SeHfRoTRRE
direction, sWP#RB¥bnd entering angl e being different from
said first entering angle. 25. The nodul ar cutting assenbly of

claim 24, wherein sgjd first entering angle differs fromsaid second
entering angle by am)ut ffgo‘f‘gﬁi‘fl]"/ futting tol aS%embg%f’ © EHI‘He{—rgm\ﬁ SR i‘%‘fti ng
assenbly of cl ghfRelfortibheEsttepdhd dhbstantially to corner regions of a regular polygon

of n sides.

19. The modular cutting tool assembly of claim 16, wherein said
peripheral flank surface of said second cutting insert is shaped such that an
upper cross-section taken through said second cutting insert perpendicular to
said central axis and proximal to said upper surface exhibits a non-recessed

form.

20. The modular cutting tool assembly of claim 11, wherein said
plurality of lateral support surfaces of said pocket include first, second and third
lateral support surfaces, said lateral support surfaces being angularly spaced
around, and substantially equidistant from, a central axis of said pocket, said
pocket further including;:

(a) a first lateral hollow located between said first and second lateral

support surfaces; and

(b) a second lateral hollow located betwecen said second and third

lateral support surfaces,

whercin said first and second lateral hollows are formed such that geometrical
mappings of said first and second lateral support surfaces by rotation through
360°/(mxn) about said axis lic within said first and second lateral hollows,

respectively.

21.  The modular cutting tool assembly of claim 20, wherein said first,
second and third lateral support surfaces define, respectively, first, second and
third planes, said first plane being related to said second plane by a rotation

through 360°/n about said axis.
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unitary structure -havin rface bounded by a cutting
base, a peripheral fl anﬁlmumlua"m "amr central axis, wherein said
cutting edge is configuretd @otprdvidle a plurality of

Acutti ng I nsert COITpI’I Si ng

| east one of said cutting points having a nose angle [err] g
peri pheral M6, f ace being configured to provide a pl ura |ty 0

abut nent surfaces, the two of said | ateral

sai d at | east one cutt| ng point. form ng between them an angl e é

measured in a plan
[err] [err] .secon
angle [err] iS§7su
substantial ly equal
unitary structure
base, a peripheral

cutting edge impnehudes n subst antially straight port i ons

modvlar cuitiag teel §$§F¥!‘bb’e af claima2}.swheggia, gai

and angle [err] is

to 90. A cutting insert conpr

" anihedf ﬁce%gmgtga%;em%g S WL hBgg 0. 2

axi’s,

to exhibit n-fold rotational symetry about said central axis,

24,

(a)

(b)

()

A modular cutting tool assembly comprising:

a tool holder having at least one insert receiving pocket with-a
base and a plurality of lateral support surfaces, reference being
made to a feed direction defined relative to said lateral support
surfaces;

a first cutting insert receivable within said pocket, said first
cutting insert having an upper surface bounded by a cutting edge,
a bottom surface and a peripheral flank surface, said peripheral
flank surface being configured to provide abutment features with
n-fold rotational symmetry about a central axis of said first
cutting insert such that said first cutting insert can be restrained
against said lateral support surfaces in » angular positions, for at
least onc value of #n where n 2 3, said first cutting insert being
configured such that, when mounted within said pocket, said first
cutting insert presents a primary operative portion of said cutting
edge at a first entering angle to said feed direction;

a second cutting insert receivable within said pocket, said second
cutting insert having an upper surface bounded by a cutting edge,
a bottom surface and a peripheral flank surface, said peripheral
flank surface being configured to provide abutment features with
n-fold rotational symmetry about a central axis of said second
cutting insert such that said second cutting insert can be restrained

against said lateral support surfaces in n angular positions, said
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where n [err] 2, said peripheral fl anT{?GTf ace being configured to provide
a plurality of -later ﬂmnces, said | ateral abutnent
surfaces being Iocat§ “ “m““mm s of intersection between said
| ateral abutnent surfacess ¢ and ®n pl ade perpendicular to said central
axis form an-angl e | err] relative to a proj ection of sail,@]?#p,mﬁati ally
strai ght por tW@ o said plane, where O< [err] <360[err]/n.
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second cutting insert being configured such that, when mounted

within said pocket, said second cutting insert presents a primary

operative portion of said cutting edge at a second entering angle

to said feed direction, said second entering angle being different

from said first entering angle.

25. The modular cutting assembly of claim 24, wherein said first

entering angle differs from said second entering angle by about 180%n. -

26. The modular cutting assembly of claim 24, wherein n =4.
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