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BACKGROUND

15 [0002] The present disclosure is directed to a double-sided cutting insert.
The double-sided cutting insert exhibits a combination of favorable cutting edge
strength, and unique cutting edge geometry, thus, allowing milling operations at
relatively high feed rates and may be useful in face milling, slot milling, plunge milling,
and ramping operations.

20 [0003] Cutting inserts, carbide and other types, are well known in the art.
Many indexable cutting inserts are single-handed, either right handed or left handed,
due to the geometrical constraints in a rotary machining operation where the cutting tool
is rotating against a stationary work piece being ground.

[0004] Recently, there have been increasing demands for reduced cost

25 and high productivity in metal machining industries. Two common approaches in the
design of indexable carbide cutting inserts, from geometrical point of view, are either to
design a double-sided cutting insert, or to design more available cutting edges on a
single-sided cutting insert. Double-sided cutting inserts can double the number of
available cutting edges, and have cost reduction benefits for both cutting tool end users

30 and cutting tool manufacturers. An ideal solution to a productive indexable cutting insert
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cutting edges, each connected by a nose corner, and each convex cutting edge having
a curved cutting edge region and one or more substantially straight cutting edge
25 regions. The curved cutting edge region has a large radius to facilitate high feed face
milling operations. However, this insert is single-sided, thus having only four indexable
cutting edges.
[0006] Double-sided cutting inserts are disclosed in a number of U.S.
patents. For example, United States Patent Numbers 6,929,429; 7,232,279; 7,241,082;
30 6,921,233; 7,306,409; and 6,543,970. The double-sided cutting inserts described

above provide more indexable cutting edges, but the cutting edges of these inserts can
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facilitate high feed mlling operations as described in the aforesaid
United States Patent Application Publication No. US 2007/0189864. SUMVARY
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plunge mlling, and ranping operations. Various enbodi nrents describe one or
nore doubl e-sided cutting inserts which may provide six or eight indexable
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surfac bng: Lt and bottom faces to the virtual
niddlegEPgﬁgEm d@ﬂ”&@?ﬁgﬁgrg?gépz@ﬁ§§§EQCe can conprise a first primry
coni cal peripheral surface extending froma prinmary curved convex cutting
edge region at the 75 top face toward a tw sted secondary curved convex
cutti ngUdigaRYegi on at the bottom face, and a second prinmary coni cal

peri pheral surface extending froma secondary curved convex cutting edge
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fi gur esidges on each of the top and bottom faces, each convex cutting edge having at least a
20 curved cutting edge region; at least three nose comers on each of the top and bottom
faces, each nose corner connecting two of the convex cutting edges; and at least three
peripheral side surfaces extending from each of the top and bottom faces to the virtual
middle plane. Each peripheral side surface can comprise a first primary conical
peripheral surface extending from a primary curved convex cutting edge region at the

25 top face toward a twisted secondary curved convex cutting edge region at the bottom
face, and a second primary conical peripheral surface extending from a secondary
curved convex cutting edge region at the top face toward a twisted primary curved
convex cutting edge region at the bottom face; a first primary planar surface extending
from a primary substantially straight cutting edge region at the top face to a virtual

30 middle plane, and a second primary planar surface extending from a primary



BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES [ 0012] Enbodi nents of the

doubl e-si ded cutting insert can be best 15understood by reference to the
fol | ow ngvonawmepeli gures, wherein: [0013]Figure 1 is aPperuspacidsst vi ew of
an enbodi ment of a doubl e-sided single-handed cutting insert; [0014]Figures
2(a) - 2(c) illustrate details of the double-sided single- handed cutting

I nsert shown in Figure 1; 20[0015]Fi gures 3fa) agdd3(b) :Ilﬁstgaée t?E.and
detail views,.o nose corner, of a the doubl e-sided single-handed cutting
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single d t ' rt:, [0018] Fi gures 6(a),.and 6(b) illustrate a
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[ 00s19] freguirtas! M(da)ie plache/(b) il lustrate yet another enbodi nent of a

30doubl e- si %% i ngl e- handed cutting insert; WO ' _
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insert, such as one or more of the cutting inserts summarized above.

[0011] These and other advantages will be apparent upon consideration of
10 the following description of certain embodiments in connection with the following

drawing figures.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0012] Embodiments of the double-sided cutting insert can be best
15 understood by reference to the following drawing figures, wherein:

[0013] Figure 1 is a perspective view of an embodiment of a double-sided
single-handed cutting insert;

[0014] Figures 2(a) - 2(c) illustrate details of the double-sided single-
handed cutting insert shown in Figure 1;

20 [0015] Figures 3(a) and 3(b) illustrate top and detail views of a nose corner
of a the double-sided single-handed cutting insert shown in Figure 1;

[0016] Figures 4(a) - 4(c) facilitate an understanding of the mathematical
relationship between the single-handed geometry of both sides of the cutting insert
shown in Figure 1;

25 [0017] Figures 5(a) - 5(c) illustrate another embodiment of a double-sided
single-handed cutting insernt;

[0018] Figures 6(a) and 6(b) illustrate a further embodiment of a double-
sided single-handed cutting insert;

[0019] Figures 7(a) and 7(b) illustrate yet another embodiment of a

30 double-sided single-handed cutting insert;



[ 0021] Figures 9(a) and 9(b) illustrate an enbodi nrent of a doubl e-si ded

cutting insert having five sides; 5[0022]Figures 10(a) and 10(b) illustrate
an enbodiwenvizkizwidoubl e-sided cutting insert having tRrCeassidesi43nnd
[ 0023] Figures 11(a) and 11(b) illustrate a further enbodi nent of a doubl e-

sided cutting insert having three sides. [0024] Figures 12(a)-12(c)
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14(a)-(b) further illustrate another enbodi ment’ of a double- |ssided hig
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[0026] Figures 14(a)-(b) further illustrate another embodiment of a double-
15 sided high feed milling inserts.

DESCRIPTION OF CERTAIN EMBODIMENTS

[0027] It is to be understood that certain descriptions of the present
disclosure herein have been simplified to illustrate only those elements and limitations
20 that are relevant to a clear understanding of the present disclosure, while eliminating,
for purposes of clarity, other elements. Those of ordinary skill in the art, upon
considering the present description of the disclosure, will recognize that other elements
and/or limitations may be desirable in order to implement the present disclosure.
However, because such other elements and/or limitations may be readily ascertained by
25 one of ordinary skill upon considering the present description, and are not necessary for
a complete understanding of the present disclosure, a discussion of such elements and
limitations is not provided herein. For example, as discussed herein, embodiments of
the cutting inserts of the present disclosure may be produced in the form of face milling
inserts and other inserts for materials cutting. The methods by which cutting inserts are

30 manufactured are generally understood by those of ordinary skill in the art and,



WO 2012/ 021261PCT/ US2011/ 044431 accordingly, are not described in detai
herein. In addition, all the geonetric shapes should be considered to be
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that the shape is forned within typical design and nmanufacturing tol erances
for cutting inserts. 5[0028] Furthernore, certain enbodi nents of the

doubl e-sided cutting inserts according to the present disclosure are
disclosed in the formof face mlling cutting inserts. It will be
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of the to d bot 12 faces ach convex cutting edge 21, 31 having
at | east g@érz\ggd cut¢$ﬁ]%'ne%§°$%ng%og@,e rgsent diselgsire aplirastadicor ner s
25, 35daublesifedadutiim@insents lihchitthdabiBislded sRgR-hedY RRsRs SHRRAT 25, 25

35 connecting two of the convex cutting edges 21, 31; at [east three
per i pH¥PYdedBceaseddunier, ofjndexahia ghtiiggfadgese ddoreoivet, lemchaqpttiriy adge

ceht | rearces Peuliq ROBrhiac UronMifdudh Bl AT SihBled RY ouidishedhn
adj acenitirgpinseds hagingrhee ! lasjedediuny, faneesubPe-sRAp&d ifdeptstaiRohemiishdrot t om

12 faces, auch that each lateral seating surface 41 defines a 30 comon
| at er a2%BA2RIRY fALFIRERtPRR! Ukt Ip & werietyef milling @nséertachininganplicatians

peripheral rgphggy surf i i ' \ i,cal peripheral
Curt ace 26598 Vo 2019760 AR T EBER Y A3 A LEREERY 60 pePPchiS
cut t i nvipvedykiguegilpan 22nbREmeanaf a dobblevsided auttmgddbert pha&inkpa panelig of
sggondar :I')ni C[ﬁl p%ri ghe.r surface 29, 39 extending froma nose corner
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doubl %htctfn%eéjdgceuyf ,' C?Phé\plﬁg ratt Ie%%i a curved cutting edge region 22, 32; at least three
nose corners 25, 35 on each of the top 11 and bottom 12 faces, each nose corner 25,
25 35 connecting two of the convex cutting edges 21, 31; at least three peripheral side
surfaces 19, 20 extending from each of the top 11 and bottom 12 faces to the virtual
middle plane 13; and at least three lateral seating surfaces 41, each lateral seating
surface 41 being formed on an adjacent pair of peripheral side surfaces 19, 20 of the
top 11 and bottom 12 faces, such that each lateral seating surface 41 defines a
30 common lateral seating surface for both the top 11 and bottom 12 faces. Each

peripheral side surface 19, 20 can comprise a primary conical peripheral surface 26, 36



[ 0031] Mor eover, although the doubl e-sided cutting insert is shown being
general ly rectangul ar in shape having four "sides,” it is to be understood
t hat t he woubi22sieded cutting insert 10 could al so be tPCangadian4sBaped,
having three sides, or could be 100t herw se shaped, having five or nore
sides, as will be described hereinafter in connection with Figures 9-11.
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region 24, 34, toge wi th the assocl a Sec
can preadhdef tobdap dnand bottdrhd 2patesr 1n sertsih atiid radrhiyogifieaits dvemUthdagnhedge

[ 23, 33 d i at ed ' _pl f t 27, 37. 5[0034] I
e B T W Ll B il

H - 3 " llt M ll,
0ot Son Al s ot DS RPN AR 0 B b,

bbttor{felfzrfCaEi@slr@érwfbehiﬂd@(ﬂibledridmbrierdaaih’&emimeétdr).on. In this case, the

t 11 and m 12 faces will not be a m.rror inmage of each other about
tﬁzg virt uaI[Bﬁﬁéﬁl e é’r{&]ef@.orﬁ'(ﬁ e IFUBNaREge gg’rﬁbﬁﬁn perrpriged with

sur f acep@hafssasdtabindlyvdttdightteitdPedge region 23, 33, provided intermediate the

curved cutting edge region 22, 32 and the nose corer 25, 35, and each peripheral side
surface 19, 20 can have a primary planar facet 27, 37 extending from the primary
substantially straight cutting edge 23, 33 toward the virtual middle plane 13. The

25 primary substantially straight cutting edge 23, 33 (sometimes referred to as a “wiper”),
together with the associated primary planar facet 27, 37 functions to improve the
surface finish of the machined workpiece. Additionally, each convex cutting edge 21, 31
can also have a secondary substantially straight cutting edge region 24, 34, provided
intermediate the primary substantially straight cutting edge region 23, 33 and the nose

30 cormer 25, 35, and each peripheral side surface 19, 20 can have a secondary planar

facet 28, 38 extending from the secondary substantially straight cutting edge 24, 34



face 11 can extend outwardly and toward the virtual mddle plane 13 at a
first angle relative thereto, and each primary conical peripheral surface
36 associwbedivi2idsit he bottom face 12 can simlarly exteod/usaanandBy and
toward the virtual mddle plane 13, at the same first angle, relative to
the virtual mddle plane 13, as the conical peripheral 15surface 26
associated with the top face 11. [0036] As one of ordinary skill in the art
unders%ands the coni periligheral surfaces result fromcurved features

on t he!§%adhg it Hg@rm%”e r TogasRAcEdanheuksianiialyitaighteusiinbedesi ons
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skill jn the art a g?antrall st raij ght cuttrng}edge regi ons”

descri b@@ 'HErOé."HaQ?@ §860 CHe AUt thyvidygbmiddie iane &3 portions, of the
ovayall con 5¢uUt t i NP2 &l8BmMakh t I Ogutd ing
edge regi onEsO@sa?e not ?rerg r;/naly Ei’?ltc él*(;';?enp?-}él?él é%ﬂfdc% éé’ﬁééd&grggtehgﬁ‘ @%ttﬁ)

edge rfagedr, camextead ousvaisihaaad toveard tdesmrtundtmrridletplanedﬂ dtreefirav anglel convex

cuttin S 021261P /US 11/ 04443 s further e clear
by the'% agg/tgqpﬁp%?be%%%\%ﬁbé% 8?”'9339‘?% ¢ sUface P asrpeiate |V‘6W Ig@scri bed
her ei rbdtasn fagd #Paan GirRRBNeReAdLLAGSLald 1oWARNAE i vfrﬁfaqtmrda%srﬂﬁhét@da}]
therevvrth and not a conical peripheral” surface (as are associated wth the

cur vednesamafirstageles sgjativasio fh@neﬂlgﬁhrﬁddie platesié asdae gopicahperiprarat s
I mpar t%trfa?%pfbcééélo%déﬁed%vrﬁWh@qégffé'% jon to the primary substantially

strai tting e and provide clearance for the

secondary JOB86hNt i aIAS/oae ohbgliharyuikili inghe dgeur@gsihdd /the3doniddle " pl anar
facet" may al so be ref erred to alternati veI[Y11 as a FI anar cl earance
sur f adgrpneral su acPB M Wﬂ‘%ﬁ‘tqw fepturegeonciieages at thengsedgeFpegi ons and

cur ved ey Beclrasd P, sk R 0RrsIRuL PRI A cHRERLLERSHIE = 1, 215y
vi ews ,susfacdepiat e afnre?ngmﬁcer&daﬁrm)rary&((m)rcalzb(ear})heﬁ(l B)irfaBé erkeMé)ﬁh@nd
1]2§)b) ‘nose corners, which also defining curved edges on the top face, also result in conical
peripheral surface, i.e., the secondary conical peripheral surfaces. In contrast, where a
substantially straight “cutting edge” is provided, such as the primary substantially
straight cutting edge regions, the planar peripheral surfaces, or “facets,” i.e., the
aforementioned primary planar facets, are also created as clearance surfaces for the
25 associated substantially straight cutting edge regions. It is generally understood that
“‘curved” lines, e.g., cutting edges, can consist of a series of small straight line
segments. However, as will be understood by one of ordinary skill in the art, the
“substantially straight cutting edge regions” described herein are separate cutting edge
regions, or portions, of the overall convex cutting edge. Thus, the “substantially straight
30 cutting edge regions” are not merely a part or “segment” of the “curved” cutting edge

region,” but are a separate and distinct portion of the overall convex cutting edge. This



[0038] Each common |ateral seating surface 41 can be formed by truncating
portions of adjacent pairs of peripheral side surfaces 19, 20, i.e.

adj acent weai2or/heiomg t he peri pheral side surfaces 19, 2@C@fUS1z¢le/0u44p1 11 and
bottom 12 faces which 15 are extending toward each other on the sane side
of the cutting insert 10. In particular, as described above, each

peri pheral side surface 19, 20 on both the top 11 and bottom 12 faces

ext ends rd the VI rtual mddle plane 13, i.e., each peripheral side
surfac® \p‘lta? ¢lgpr by fect hat @rgh &L@mg”hﬁfra@b} alelding’ EQQl@rreg}mr al side

surfacgeg&,&m ﬁ@r%nbﬁég %BB ﬁiﬁrg%égr n@@ sr e@egc §r’1%%§c&f ﬁ%gfcs% ht 1 ng i nsert

10. Consequently, the era e sur ace 11 and

t he pethgiReital agd aeta@pﬁméperz;ﬁheml $m¢m¢atsmfa@eemaﬂed/wlth theeetirveld. e.
al mddl e plane.  13. Each commobn Iateral
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such adj acent ones thereof. As shown in dr awi n ur es, eac of the
commnp*oé’ﬂ‘@ gleagnge; fﬁg”‘ﬁs%@ﬁqf‘é’@é\é Sullstaahalb'esttaegm mﬁmr@leég\@reglom 2daBh. t he

3 h 11 d botto
acos. TfeybiaRr RGE MY AN ferelieddD BB hiPhY 4 A e PRt er BRI R BBE e a
si de surfack03r), 20 Additignallyydhé lcatveaegitiing Bggatedibas whtthakuptadtigiyp! ane

ds t d the convex cutting edges 21, 31 on each of
the-t of A9 Bl Ho &g Bgonscas eﬁmbé%fﬂefetmer@r¢%¢%gorcéhbﬁt@ntlaumtmgbﬂ at

QEPRS h a I
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31. A& ntRiyang (e | ateral seatl ng surfaces 41 could be extended |,

i 21,..31 e sq desired.
F(r)lz)l?,g]eget gLOtOI%% c,onve%ai? ig %% Seﬂl’%%‘ﬁ%ﬁ‘ze’l@,\eﬁ bSefoﬁ?%@’/PMed oln each
f th f 4 nly on

the 5?5}“’“;“55’“?a‘§2“‘i"§‘i@?2?@%ﬁ§%‘£€?@3 N R PE G 8 SRS Y

be fl REHREIRd heeripberg! pidgrrsiriaceeH 9 20 g e mpl y1 ped;b@fttdrrcm:lz éatcetscwlalch

ey parg@tending Rwdrd SHH Gie Bhiing Salle Glle ol BT B G hobefiueror i
conneds descmbleld dhayer eacld penr.ih@ral Eialehsm@mm |2@tcﬁ’f BbthaRatdHY 1 HHdf BRHAL can

b di cul to the flat plateaus 16. Each nose corner 25,
183gec %rﬁ&?%'gj%gtﬁe’%ﬁj Yigugt middle pianeat3.dree, eachsperinheraliside sutires ar cs,

and a TQJbtﬁ khe top face 11 extends towards an “adjacent” peripheral side surface 20 on the

bottom face 12, on respective sides of the cutting insert 10. Consequently, the

20 peripheral side surfaces 19 on the top face 11 and the peripheral side surfaces 20 on
the bottom face 12 will meet, i.e., intersect, each other at the virtual middle plane 13.
Each common lateral seating surface 41 can be created, or formed, by truncating, e.g.,
by grinding flat, the peripheral side surfaces 19, 20 at the intersection of such adjacent
ones thereof. As shown in the drawing figures, each of the common lateral seating

25 surfaces 41 can be terminated short of each the curved cutting edge regions 22, 32 on
each of the top 11 and bottom 12 faces of the cutting insert 10. In other words, the
intersecting peripheral side surfaces 19, 20 are ground flat beginning at the virtual
middle plane 13 and extending outwards toward the convex cutting edges 21, 31 on
each of the top 11 and bottom 12 faces. However, the grinding can be terminated at a

30 certain depth so that the lateral seating surfaces 41 do not extend entirely to the convex



segnent spline curve, and each curved cutting edge region 22, 32 can have a
radius which is at least two tines the radius of the largest circle that
may be insonotradimn the top 11 or bottom 12 face of thePdouisteHsided _
cutting insert 10. In certain enbodinents, each curved cutting edge region
22, 32 can have a radius which is at least four tinmes |ISthe radius of the

| argest circle that may be inscribed on thg top 11 ordbottonylz ;gcesgf gge
oubl e-sj.ded cutting _ insert 10. Each curved cutting edge region , c
gorrpr i 88{“6‘%“&35%%gf1of/§'5efB6FYﬁ'bﬁh6f'at§fﬁ'éﬁﬁtlbg é,UrfaC@i)fl(ﬁ] iconlchipe gxisadeabiol a,

and a eutitdly ﬁﬁ@x’é&fﬁnv@?'ciuﬂﬁwgcé’cﬁ?’éasﬂgﬁ?@b%evéorcﬁ%’%lgom ddl e plane 13 will

generally be located at the half 20 ness of 1 cutting insert 10. Both
the top fact00B88]and t k¥ebotmore, fancdypRatiafowropiptéaas tthears Bawroadedgesmet ry

j in Fi h.f 11, 12 i ngl e- handed,
ond or 2P0 e (08, POAN phflof B bt e iiunoTeacabnare Shawrary Sodae
(i.2., toposwtad) 11 argpuaeesss stthkedeweptibhe EheR diaesutb %{evgbé *ﬂgt {9@& Egm face

12 resylts because each face of the cutting insert is ire
si ngl eaﬁé’?ﬁéd’?aq%wﬁﬁws Feneraly pesaepdicelar toasentrataxisfl Smita ihngugtihele 14

full { I AN ases, r.e | e as enbaqdi pent s
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b ougt ey bR el petpeRiicuEad i fRriear & dEerlness eaater 25,

30m ddb® oph 20mplide Giedod Merd bRk RLALPAKS allbries®t BURE QKIS PhdgCUr i ng
the insert in a tool holder. As shown, each face , 0 he ou_Ie-S| e

cut t i nPIREREYIPIING Ceisve, lidecachTREed CORINYEXIRETIEgRI022,/ B 443 hateurrasiatss of

= ook ie BPLECORR iRsihe SO Be s Bies T el Gl Bl Bsodasdoniie e
convextopulttt omigotestg e fade 0Ot d6@Tedidad YRENG Wéénn%._eﬂg@eﬁﬁﬁ'éﬁﬁb&gm@%é, ng a
| ar ge radi us, rimary substantially straight cutting edge region , and
a sec %@%@iﬁﬁ'ﬂi eéilgeyregi%?%yrii? suheve g rediys vich whatlkeassfooptinesal . 1 n

' i i d i descri bed
baye e aaslerble iGed EREICHE Flnbs MeBiHEs pfidbe 1oig T cL Bolipt 27acor t ne
t er m "thedaiugte-Sided auttingt inaéig 0. dBach @wedd aLRing ddiR RYYH 2b, FXkan 15. Each of

the convex.cutting edges 21 can have an associated peripheral side surface
19 mC&H“%rJ&ee%%O?m%gez ameetion et arellipsadk eopicanef apaiaboim anet avaruliy angl ed

di r ectde@fentRBline curve.
[0040] The virtual middle plane 13 will generally be located at the half
20 thickness of the cutting insert 10. Both the top face 11 and the bottom face 12 can
comprise the same face geometry and periphery. As shown in Figure 1, both faces 11,
12 are single-handed, and are twisted, i.e., rotated, relative to each other. The “twisted”
(i.e., rotated) face geometry between the top face 11 and the bottom face 12 results
because each face of the cutting insert is desired to be single-handed. In many milling
25 applications, each of cutting edges is fully engaged in cutting, and in some cases, for
example as embodiments shown in Figures 1-4, there are a number of features
associated with both the convex cutting edges and the clearance surfaces for each of
the set of cutting edges thereof on each face of the double-sided insert 10.
[0041] A through hole 14 with a central axis 15 perpendicular to the virtual
30 middle plane 13, and the flat plateaus 16, can be provided for securing the insert in a

tool holder. As shown, each face 11, 12 of the double-sided cutting insert 10 can have

10



10peri pheral side surfaces 19 can angle outwardly at an angle greater than
90 degrees relative to the virtual mddle plane 13, and/or the flat plateau
16 which we 2gexvieimhtl y parallel to the virtual mddle pl aog/ubs3011Baab1
outwardly angl ed peripheral side surface 19 can be conprised of a primary
coni cal peripheral surface 26 associated with the curved cutting edge
region 22, a primary planar facet 27 associated with the primary

ISsubs*anti llé straight cutting edge region 23, an optional secondar)é
pl anar 'FHUSELS 9BcoexGUtRG edpeh WHeN sahibendpntical orrrhegch ape isipenneqtgd by
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side s ' u : ' ] |l ane.13_in an

out ver 15 SR ol e B BRI SNEHARIghSs VishidtEpoBb e Eefvdote Ts
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si de s%r@ceemlggﬁgﬁﬁﬁgé%g%%? inéde of ﬁgvagr@%ré&“%r‘é@lég;lé%(at%g?{lagﬂ%@g%g%%f ace 36
associ glattyevipithe vitivad oridele @acet 8i and/edte fiaglatead 16 whishiisgepepllignar f acet

37 as ' | he .nri bstantial ly strajght cutting, ed regi on
33, a opﬁ‘%lggéﬁég’gtc%ﬁﬁ‘é‘?@'eﬁé%%ﬁaf?@&P%"g""a 39S Rer R PR HARo0Ha9044431
associ 8 ean bistdontriseaipdfi DpamnaseeoTdalrperiphesdiaiifadkb|2s S3d0riA84 witkitheng edge
region 34, and a secondary conical peripheral surface 39 associated with

the ndSdVedrHangRsige region 22 qorunasy planapiacesr assoFiatpst wih thandnary t he
A e R R O B
m ddl eagsbaiated dithRhe bptionalreecpadaptartstartiale ssaidhaeetinkedrseeict 24, Md h
top face 11 are twisted, i.e., rotated, relative to the peripheral side
surf acaege%’o%)é88?'&?@%‘3%'}%%?@%@tg%ﬁ??%ﬁ'ﬁie‘i@(”h hediagercaraeadzount for the
desired si ngbgzpandedsifiifabiyNéh e B&kRANasd 15788 ddr Ndo REHEF IRARcal
convex cutting edges 31, each one connected by a nose corner 25. Each convex
20 cutting edge can comprise a curved cutting edge region 32 having a large radius, a
primary substantially straight cutting edge region 33, and an optional secondary
substantially straight cutting edge region 34. Also, just as for the top face 11, each
convex cutting edge 31 can be associated with a peripheral side surface 20 which
extends towards the virtual middle plane 13 in an outwardly angled direction. Like the
25 peripheral side surfaces 19 associated with the top surface 11, the peripheral side
surfaces 20 can angle outwardly at an angle greater than 90 degrees relative to the
virtual middle plane 13, and/or the flat plateau 16 which is generally parallel to the
virtual middle plane 13. Likewise, each outwardly angled peripheral side surface 19 can
be comprised of a primary conical peripheral surface 36 associated with the curved
30 cutting edge region 31, a primary planar facet 37 associated with the primary

substantially straight cutting edge region 33, an optional secondary planar facet 38



[ 0044] More particularly, the lateral seating surface 41 can be created on
10each of the peripheral side surfaces 19, 20 by truncating, in a direction
per pendi cwbanizmiishe virtual mddle plane 13, or the fl &CTaiSatieaw43t6, two
adj acent primary conical peripheral surfaces 26, 36 on each of the

peri pheral side surfaces of the top 11 and bottom 12 faces of the insert
10. As shown, the common | ateral seating surface 41 is termnated short of
each curved cutt] n% edge region 22, 32 on each face 11, 12 of the 15cutting
i nsert A8BPCRAISREYER e prtianal spapndasysuhgtastiansisaighticdting edgaaepivel 34, bad
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of the insert 10 shown in Figure
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features can "start" with, e.g., a first/respective nose corner 25 followed
by a r@%%@tie?é"“ﬁ‘ri%ﬁ?es]db%fﬁgmstﬁd,l iye. stotateghtelativiet torthe pegiphesdisate 23, and
| astly EsPsE L : i e.keqgion 22 having.the | arge radius.
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cut t i ngingégleanday cuitidg directiorin thednlizigessatities.fi rst substantially strai ght
cutting edgﬁ)g'ﬁgi on 23 and the nose corner 25, Correspondingly, each face
11, 12 of ti¥%Hsert YoraRartioviarys frelvigral peatinsneyrtacest Hear befaieatedi®) 20,
i na udéseh 6PIMeGH riphdrd|as@®s ; i i 2 nyex
cutting edges l,rlpzﬁlé, éli ncl 3‘3’?%%6% ﬁg]éazzzougr)@fe}gﬁ?zaut{'ﬁsﬁggﬂggﬂ?gg%&%@%ﬁgﬁ? and
any sulbétdnvalaniddiespleaeghd ot the flaiplatbge 1M twgiaiece?8 prigdirpodni2dl 34. I n
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2012/ OdtaGh ROTALER 01LtHe0A44R 1 0c | paseawes, tBEbaRRSN 28 i L4 Rithe nose
corners 25, f(gl | owed by the primry pl anarC face't1 2%@%%%@?%?%%\%?%' he

pri marl@MBdeAabeAOf pach cUivgRtcUting pdge erlijen P2gB3 e @8h faok1dwea diyhé he

' = ' d wit he ¢ d cutti d
el o IR, 0. PRORREE: Vi ledl sBiTRrhOhas S hehevel T ditenegfons
524 arte the condexdcutting esigeerdd , gh ahdgsifeaicet s 28 associ ated therewith can be

provided i rpediate the conical cl|earance faces 29 and the first planar
facets 27. %ﬁégﬁer i pHet yﬁl ke desaihadharginadter 2be yesous geemaliic featares wf t he

A g A o L Lt
each To¥iakamyfletreferiingdo the eabodangntisttne érseeath sRORR is BTIRE 12%or 35. More
pajt i Ce%a%dlg,’ bgtﬂ?he top face 11 and the bottom face 12 can have an equal number of
convex cutting edges 22 connected by nose corners 25. These features can “start”
with, e.g., a first/respective nose corner 25 followed by a respective primary
substantially straight cutting edge region 23, and lastly a respective curved cutting edge
region 22 having the large radius. Where it is provided, a respective second
25 substantially straight cutting edge region 24 is provided between the first substantially
straight cutting edge region 23 and the nose comer 25. Correspondingly, each face 11,
12 of the insert 10 has the aforesaid peripheral side surfaces 19, 20, including conical
surfaces and planar facets, associated with the convex cutting edges 21, 31, including
the curved cutting edge regions 22, 32 and any substantially straight cutting edge
30 regions 23, 33 and 24, 34. In view of Figure 1 for example, and just in regard to the top

surface 11, the peripheral side surfaces 19 can comprise, in order, the conical

12



chip groove geonetry 45, 46 can change fromone "end" (i.e., close to one
nose corner 25, 35) to another "end" (i.e., close to the next nose corner
25, 35). Wobnewmwen2eidi fferent chip groove geonetry can alPsw/usesinlosd4sn t he
convex cutting edges 21, 31 having a "wavy" configuration, as observed from
a side view, as illustrated in Figures 5 and 7, for 15exanpl e.

[0047] Turning nore particularly to Figures 2(a) through 2(c), further
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pi ece being in order to . inprove the surface finish on the

d ] )
wor k pi ece. [oﬁ%i?tsg i Jlllﬁ%§mpa$ré’8"etgﬁ8m?éw i &ftieh ean bgtproyided gneach
m |d i ngdepetias inkarinehh vaRCHEtwalenRUR NS ccﬁrﬁ@ﬂZir@S NRRFe g@ﬁ%rarsﬁé@mﬁ Ee

other side of the curved cuttin region 22 which i1s contactin
pi ece. CNIREreQia 9eRMelY &bt 48Canmitaingerfeun aneshodh(iien d¥®$;uroeendnami camenD

3 t I in . a single
i roctron ) sty e B3ReBREENhEe B iRe SehrbBetel fgromtser
[ 0048] GR&;D grooveggéaméirgenn aléddesuitin mb@nﬁa@&nm@@deés Q@f sﬂﬁgv#ﬁ?éfveen the
virtual mgddle plane 13, or a flat plateau 16 on the face 1

cutti ndV%VMs@?'ﬂf' usaen, aaﬁw@b&%e%ﬁpﬁfaa;ﬁld;a)wevyaasﬁmrpm tBJI Flgura‘saﬁzendﬁ? fd’rhe
di st angg, ntﬁﬂ ween the curved cutting edge region 22 on the top face 11 and
the common [ateral seating surface 41 can be defined as D top. As

previ ously [6942}| bed Turnirgrmmecd paniculdrly tiRigures By aﬁﬁﬁ&@oﬂ&?xfggﬁgg'nggl gld%g
rfa

o SR a g MRt e SleacE Bt sary q“ﬁé?%&%ﬁaﬁv”mmagma@n? an
10 ni ca
er | phorar? W Pragii, %@%és%?ﬁ%’é e A8 IhERAE WHIchBASESMRINNGRE, hace

per i pteenigr ofuné acessy h&iee‘rmandmpelrpeadnbuteano taeorhmahdapalr etingtsekfacat t he
virtu whi.ch can be at a half thickness of the insert 10.

[ 0049] uﬁﬂg%g't‘% %Pglfraeé'fiéc‘ﬁ'ewaﬁsaww Abe COpVRRUtRY ddigeREdc i EXBRRSEe

a curved cutting edge region 22, a primary substantially straight cutting edge region 23,
an optional secondary substantially straight cutting edge region 24 and a nose corner
25. In Figure 2(a) the insert 10 is illustrated positioned in the same manner as if the
insert 10 were held in a tool holder for a machining operation, in which the primary

25 substantially straight cutting edge region 23 is positioned perpendicular to a cutting axis
on a tool holder (refer to Figures 8 and 9). The primary substantially straight cutting
edge region 23 is aligned in this manner, relative to the surface of a work piece being
operated upon, in order to improve the surface finish on the work piece. As also
ilustrated, the maximum depth of cut “DOC” in a milling operation will occur at point 58,

30 onthe nose corner 25 at the other side of the curved cutting region 22 which is

contacting the work piece. The cutting insert 10 configured as shown in Figures 1 and 2

13



15the virtual mddle plane 13, or the flat plateau 16 on the top face 11,
and a surface 52, which can represent any of the above-nentioned surfaces
26, 27, 280an12221m the top face 11 of the cutting insePCTAB201Bi0m4BEr Y, an
angl e Al_bot can be defined between the virtual mddle plane 13, or a flat
plateau 51 on the bottomface 12, and the primary conical peripheral
surface 36. The distance bet ween the curved cutting edge region 32 20on the
bottomface 12 e cutti n% insert 10 and the common | ateral seating

th
sur f ac® 995'g3pd Oaléffmﬁ\é%i'fh% A Hireqtinn, andiathus referrechis as hgingn seate-be

defi nedaRgbuReRinghRskr tual m ddl e plane 13, or flat plateau 51, and a
surface 53, which can represent, simlarly to surface 52, any of the
above- ment i (9@48]sur f aBlefesibg taFigBe 24b) , 30 anylé el lnmtmmb'éMnéa eftwebe

be def d
ot wee P ORERHmIRYs PRI PRI ) SRR 16" BiPlopsagr ot shitiogrinsert
peri pheophns thd pﬁmagc@ﬁm@l%er%eﬁal@u@ﬂacé% t'F’rRa &l%té?fce é@v@gh e gﬁﬁ%do‘c the

cutting insert 10 herefore, having set out the above-describ
defi ni [g%'ﬁg edggaegian %%\pﬁgh%mmtap@ﬁ T(and mcmnmlatﬂra@wdmgcsurface 41

quant i ah by ede)flgga%%rbbt% h@sﬁ@v%ds@"&%c&bg Ngﬁﬂn%%onrv%ltﬁ B2y fkaggs thus

bei ng use a reTe ence 1 n ge
2012/ 0CAAEXRIMiNGROG4E 2044 4340cidled wmmanhutwa@i abyleti pRriphBral BRie Airfacet op =

A boéomprrsmgp Erumary—conlcaATIpeTlp%eral surfate 2%'0apﬁ?nme(t:r?/rprlle:nabr\lface’ct2O and an (1)

10 optional secondary planar facet 28. Additionally, a secondary conical peripheral surface
29 is associated with a nose corner 25. Each of these peripheral surfaces extend
toward, and can terminate approximately at the virtual middle plane 13, which can be at
a half thickness of the insert 10.

[0049] Turning to Figure 2(c), an angle A2_top can be defined between

15 the virtual middle plane 13, or the flat plateau 16 on the top face 11, and a surface 52,
which can represent any of the above-mentioned surfaces 26, 27, 28 or 29 on the top
face 11 of the cutting insert 10. Similarly, an angle A1_bot can be defined between the
virtual middle plane 13, or a flat plateau 51 on the bottom face 12, and the primary
conical peripheral surface 36. The distance between the curved cutting edge region 32

20 on the bottom face 12 of the cutting insert 10 and the common lateral seating surface 41
can be defined as D_bot. Additionally, an angle A2_bot can be defined between the
virtual middle plane 13, or flat plateau 51, and a surface 53, which can represent,
similarly to surface 52, any of the above-mentioned surfaces 36, 37, 38 or 39 on the
bottom face 12 of the cutting insert 10.

25 [0050] Furthermore, an angle A3_com can be defined between a common
lateral seating surface 41 and a primary conical peripheral surface 26 or 36, on either
the top 11 or bottom 12 face of the cutting insert 10. Therefore, having set out the
above-described definitions, the following equation (1) can be established to
quantitatively describe the relationship between the related surfaces thus being used as

30 areference in geometry design:



[ 0051] One of the inportant features of the double-sided cutting insert 10
descri bed herein is the common |ateral seating surface 41. The purpose of
such a 5woanmmideat eral seating surface is to enabl e deablts2eilded3cutti ng
insert, and particularly a single-handed doubl e-sided cutting insert with
convex cutting edges and substantially conical dom nated peripheral
surfaces, to be properly secured in an insert pocket on a tool hol der,
while also providing all of the requisite positive cutting geonetry in a
mlling operjati odl_lap 20%@¥er to mathematically work out how such a conmmon

| at er al seatingliqaygﬁgcggis created, it is useful to understand how the
two sides off a si'ngl e-handed and doubl e-sided cutting insert are tw sted,
i.e., rotated, flel’ap FvE B¢t each ot her . [ 0052] Ref erring now to Figures
3(a) and 3(h), An mwhi=cdp Fhgure 3(a) is a top view a Figure 3(b) is an
enl ar ged detaillvgemLog section "B" in Figure 3(a), a single-handed

doubl e- si ded cd%tiﬂﬁ‘fhsé?@ 55 is illustrated. The outside curve 58 is the
ext er nal 15pAdtichw =atll aropi+¥0tal mi ddl e pl ane at generally the half

t hi ckness of the cutting insert 55. The cutting edge regions denoted 61 to
65 in solid lines are on the top face of the cutting insert 55. Cutting
edge region 61 corresponds to a curved cutting edge region with a |large

radius Rl t ich i r er_than or ual . to times the radius R c of
the inscr Tb@g) ég(ﬁr cle @é‘%(oﬁ‘ﬁ}‘%i'r{‘Raﬁa'?ﬁsaﬁ@ﬁs o tr‘t?o‘%‘\?,\@?ﬁﬁ&ie@ eHtticginsery!Q nsert
55); cdesdrivgdanigein2@negcomnich RASHESEMMPsitack £ | 'Tﬁé?gﬁ;ﬁ&% ﬁmd &Y

th a I'ength of

straight cutting edge region (as seen in a top view

L1 Y opSOBMAN laipPratrpatingfusiace ds i enakipsirubla-sided auttin ginskrtsand pdaicylarly
Bt ntiall : UL : | . : ‘.
W th ot e Hahpeduelbiectilicy B RSP M Ped e il sl St

cor nercaticdl dermiadiedsperfphRaltsaptacangdtodsss piop@rigd@eureDinaih PReAYPJIREPONES tO a
curveq F%tli n dge reqion .g_lsa 25as the curved cutting edge region 61)
whi ch Pg’ %Hﬁgd’i’%% 3180 PrVIg HéﬁE ofithe requisikPaglee suitingrdesmetmhia @ milingg

edge r@spracon.6 t i .
2052/ 03 aer o Lash b MR ReAs WALt B3BRIHIF KB sRing v ex

cult i niYreggds corateddt isopsefulde widerdtend okl thestindesidesidt 4 BinglardantedandTher e
is an 1% .Ad. topn between the primary substantially straight

cutti ndég%zé;élar%gg’{u W‘%Tsﬁﬁc?rteﬁ\ﬁ{'s %q’i'r?n’a'lpé’t%tggo'?/%e&fvﬁ o psshatheal |y strai ght
cutting eddeos2pi on GRef ﬁu?ﬁ &R I (o} ; i

pr ot ect thge[ no_sg SCornere 6 ?ro%@ﬂ%?gg??ﬁ)gﬁgcﬁgg\%b@k@ﬁgg??%lﬂr?%%g%%k%n is
per per¥B¥ @ngrFigerea3(blis amgniacged detail view of section “B” in Figure 3(a), a single-

handed double-sided cutting insert 55 is illustrated. The outside curve 58 is the external

15 profile at a virtual middle plane at generally the half thickness of the cutting insert 55.
The cutting edge regions denoted 61 to 65 in solid lines are on the top face of the
cutting insert 55. Cutting edge region 61 corresponds to a curved cutting edge region
with a large radius R1_top which is greater than or equal to two times the radius R_ic of
the inscribed circle 59 (on either the top or bottom face of cutting insert 55); cutting edge

20 region 62 corresponds to a primary substantially straight cutting edge region (as seen in
a top view) with a length of L1_top; cutting edge region 63 corresponds to an optional
secondary substantially straight cutting edge region (also as seen in a top view) with a
length of L2_top; cutting edge region 64 corresponds to a nose corner with a radius of
R2_top; and cutting edge region 65 corresponds to a curved cutting edge region (same

25 asthe curved cutting edge region 61) which is connected to the other side of the nose

corner 64. The cutting edge regions 61 to 63 thus can be understood to comprise one

[5



of a tool holder. [0053]Simlarly to the top face of the cutting insert 55,
cutting edge regions 71 to 75 in dotted |lines are on the bottomface of the
cutting iweent2/BRe1Cutti ng edge regi on 71 corresponds t@®@Ca/Useon@®e44dUt LI NQ
edge region having a radius Rl _bot 10which is greater than or equal to two
times the radius Ric of the inscribed circle 59; cutting edge region 72
corresponds to a primary substantially straight cutting edge region with a
| engt h L] bot; cuttjng edge region 73 corresponds to an optional
secondé’?b”%ﬂ]laéft’%fﬁf’ifaw @egf'?%liqjaﬁ*tve& GHHtingedaggeon Erga top fage hf the dogrle-sided
L2_bot cuttitigtih8er 889erHR8i08n b 0 LRSr s M D@y adi us
of R2_bot,; band cutting egizlgen 15?58%’53@@%1—2@ Pgts“geoérbd@%t%ﬂgg&usrwg Q;t[?t“h ng
edge r €§R@T Coling etiget legiarul ¥ edd dine bptionaldgeonegiyasubéiantiatly etraight eanimect ed

can ¢ nGa0RaeaR AR e o SR TEE i Lot p2f Re et apbaiop ot Tasent i cal

conyex coutelriGadrart gentautinghhe kB 2 f N
i nsert ES. Tg\eﬂr@%_i s al sl(r)]baneof frs@t angl gégmmﬁlt')coﬁ E%aégeggéé'g??tg&aga%%ﬁed ?}g? t he
d

top fafka Q! 20bet ween the primary substantially straight cutting

edge regi on[(ydl53q{1d th jlrﬁgé%%ﬁtbeq&g?Qé%agfytpgﬁ%@hﬁ#‘iﬁgh%néb{tﬁb ht cutting

edge region 72. '[ 0054 rtative re aneters as
above thgions Bédo ¢arnn betted fines seelohythé bettbwl faowiontheaudihi aiser23s. Otkting OP =
R1 _hoé LI t.o';]a = LI _bot L% top = L2 bot R2 top ---- R2 _ bot (2)” Ad4
“top ="3de r$UPN & CrissPobds Tea quEveskouling ggos region\ving a raditis R1_bot

2012/ O@hizhlBGFéAISR thel S4dd sl | geRf I ; .
particul arl yglgi gure 3(b), 't hé{) g&ﬁglﬂt{%pth?e(%ééﬁgf&tlﬁgmcrte!tqf'ls%%t%lﬁng@l? 5@5 is

t wi st eetting @dgerggigne® coreendnds toa primatyssulstaritidly sohigheuttingt édge i nsert

b ougt LB & Bobf 0} ek Tl B98I PR TG Sdinapands fa aAIOPIBGS! Lenter 70
ff ;Etzm(%% ﬁ;ﬁﬁj@gﬁﬁﬁﬁ?ﬁﬁ%ﬁ%?‘ﬁ?&@?@%@é{‘%ﬁné' e
gl €8 ponds 1o a nose corner with a radius of R2_bot; and cutting edge
15 region 75 corresponds to a curved cutting edge region (same as the curved cutting
edge region 71) which is connected to the other side of the nose corner 74. The cutting
edge regions 71 to 73 can thus be understood to comprise one of the illustrated four
identical convex cutting edges on the bottom face 12 of the double-sided cutting insert
55. There is also an offset angle A4_bot, as described-above for the top face, provided
20 between the primary substantially straight cutting edge region 71 and the optional
secondary substantially straight cutting edge region 72.
[0054] The quantitative relationship among the parameters as above
described can be expressed by the following equation (2)

R1 _top =Rl _bot
Ll_top=L1_bot

L2 _top=L2_bot
25 R2 _top =R2_bot (2)

A4 _top = A4 _bot
Rl _top22*R_ic

0<A4_top < 5"



doubl e-si ded cutting insert having convex cutting edges with big radius, a
mat hemati cal relationship can be derived between the single-handed geonetry
from bot wbaee#2ufe1t he 10cutting insert and the conmon Parasaé119e88i ng
surfaces. [0057] Turning to Figures 4(a) through 4(c), an enbodi nent of a
singl e- handed doubl e-sided cutting insert 81 for high feed mlling is
shown, in which Figure 4(a) is a top view of the cutting insert 81 having
an inscribed circle 82 and a screw hole 83 which is coincident with the
inscribed circle 82, Figure 4(c) is an enlarged detail view 150f "D' from
Figure 4(a), and Figure 4(b) is a projected side view follow ng the

di rection all@®RPlt he | iltie clrardwn tha-figunes, pérticulariy Figarer bk (thht thehtepdasone

- i f lar.i f ti the t
Cotti ey ETCuthB st 55 LAPTE]. (81 iaRY, PRl Bieotiost rsspbind CURG
subst amseat $5. Shisativptis plative® £dgrRial A650BeARr GABBICLISIEN tp%s&@@tmﬁﬁﬁh &g ner

rimarg subst@gtially straight cutting edge region following the

92, a .

200Dt i gﬂ'&‘ler SLIsHARFod pE3I R0 3Nd § vEtualingRe centariMpetidee tapgarmhboiomand a

cur Vedf&%%é@%&@w%&@ﬂ%??%@sihgte‘i\ﬁﬁgdtetﬂf‘éc{?ri mary substantially straight
an

cutting edge region e ne nose corner. Simlarly, on the sane

porti ﬁn shol056] Fi guAes th¢ opxt dsxgp tatfurttner qléamiﬁangbﬁc@esﬁribbrwsmgtd-h@mémsert
81, t t nv.ex .cutting edge 100 j.n dashed |ines conprises an

opt | onar P2e R PO bR PGy PRPutiocien Yt Bigaatig: aimabmatica
25conngetatishship £ bBRLIVEAREKed® the @n@fé—ﬁ&ﬁd’ecﬁ%ﬁ%@?g&k@% Poﬁ{ {22698 the

cutting edge region 104 followi ng the oOptional tially strarght
cut®i n&%ﬁ@@%ﬁ@%tf@@qmm latarak sesdingayefacegi on 105 connect ed between the

rimary sub iall - Al : j regi oan 104 and the next nose
(F:)or nery106. R{O@Z&B] Asy-la_tﬁé% E{;%ﬁféﬂé%ﬁ%@:gbﬁ%gn W@mpﬁﬁt%ﬂ@%t emis
30est abdnddtedoutlelsiddtbcuttinginserOg1 fdr Hi@fﬂfé-‘éi‘ﬂﬁﬁﬁn?ﬁs éHlﬁvri,ﬁﬁWHi&?F}ig@ir%d e 82.
The "Y', axi s, represe hs t he c,uttinq axis of a mTling cutter, and the "X'
axi s i%(agé?r élt‘l’%p'%o‘{]t & GroNG erd @ilohaing en iy ibseeiTionda 48d pseew klef ace
bei n i -colttiSentivli : E i t i ed,in an insert
polckgtngh :"ad}ﬁglcloi?-ng Cnut![v{nﬁ {,P]%a'ﬁgﬁﬂné%??@%??t E@ir%iﬁ@%sj?‘bae?‘éﬁﬂge@Lﬂeﬂ?'ﬁﬁe&’dge
Ei eli onofT'Df fropm Ev'gL_usasﬂl(q), deﬂil-'{igukea@(bb. ks & ppoj@aﬂeﬁi@ritéh Qiedy f[o‘gl@)WIngeth?éQilﬁia]cdti?ﬂ a

I rectl,Qn_per pend ar to "Y' axis, i.e., e cutting axis o e
milli na&g%ﬁ?% ne %.Cﬁg‘é"i ﬁ@“(%gfc)i X@ﬁ?@l&ﬁﬁ@bﬂ%{e@emq nen-selgyert lislesv@teon t he
top faem i j i Hq%ﬁﬁ 18 - he
i ngcri bed&f&dﬁfgfgﬁéé%f:ﬂa? ﬂ%éﬂpbzfr? Eﬁeengji]pcu rg/re'x Ista %ggcgg? I‘frﬁ}géﬁk&ﬁ%‘_%&gﬁ é% (as
seen 30 Fplianad sacengary sohstandatiestraight ctting ealgprregionyd S obiwicoiéd & the

i o1 anseGrh o o BraPr s fEya SR E Ry atde e’ sic owParbene
cent eroptidhat SecdridanyBuiystanhdlyaitdight! cutiid 8ightedith B3NanE49%%rved edge
region 95 connected between the primary substantially straight cutting edge region 94
and the next nose corner. Similarly, on the same portion shown in Figure 4(c), but at
the bottom face of the cutting insert 81, the bottom convex cutting edge 100 in dashed
lines comprises an optional secondary substantially straight cutting edge region 103
25 connected to the nose corner 102, a primary substantially straight cutting edge region
104 following the optional substantially straight cutting edge region 103, and a curved
edge region 105 connected between the primary substantially straight cutting edge
region 104 and the next nose corner 106.
[0058] As also shown in Figure 4(c), an XQY coordinate system is
30 established with the origin “O” at the center of the inscribed circle 82. The “Y” axis

represents the cutting axis of a milling cutter, and the “X” axis is parallel to the work
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10regi on 94, which can be mathenatically described by the follow ng

equation (3): {(Dctr_top), = (Dctr_top),41, i =1, 2, 3 (LI_top), = .

(LI _top) ,wo2p1d02¢261 2,3 (3) [0059]In the preceding equacirars20ioes4s1top is

mai nly determined by 15design parameters |ike the radius of a curved

cutting edge region Rl_top, the radius of the inscribed circle Ric, and

the length of a primary substantially straight cutting edge region L1_top,
X cutting edges, which are four in the

f
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these esgas shownain ﬂh@StGp(f@dS‘é 6f thiol diRtirRy in2BRY NGl ha@;w %gﬁuf:ﬁfét@é t8f AN

i nscri B?fg circle 59 and a WO 2012/ 021261PCT/ Us2011/ 044 virt ua nose

cent er NRYINSGELE] cirgle &%H‘%ﬁ@fﬂwﬂt%lﬁﬁffch%tén%ﬁéfmm bvﬁ_ﬂt%ﬂ?rg‘lrjéalsltﬁeeesmmone N
C

ohoh nhOURE(E) HBR theldkilier 0l LHfimalie Busdinhtlly ARG 0008 Bsiod:

i nes 118 naml bleldlqummtheammllangbmbrﬁhc&@r dis@ineeelifedyID Qﬁthﬁtgpg%@sé @st here
Si o)

bei n ts of identi nv cutting edges 5on eac

cutt:‘]jn%‘g‘%J ‘tgu{ﬁ“ F '%' 101 RIEPARM Stafﬁ@:“»éfstrua&httchﬁmr@igﬁh
A_nos erdgiin gm WAt E@ﬁ%tﬂémaﬁ@élwe@é}, AbBA WFaAY fGiIRFHG REL AtdY S I
cutting edge region 111 and a virtual ﬁose cgqter F?ﬁés%%H,_sh I'd be equal
to the angle A_nose_bot on the bottomface 12, between a prinary
substantially straight cutting edge region 104 and a virtual nose center
line 114. %ﬂﬁdﬁikﬁ@n;(mtaf$mglean.IPQQ;D ctr _top and D ctr_bot 10are equa

=1,

to each other. Thus, the follow ng expression can b@t)derlved
f (A_nose_t op), (I3_(op),nedel bgt),, ,i#41,23, ... , 4 (D.ctr_top) (D _ctr_bot),

[0059] In the preceding equation, D_ctr_top is mainly determined by

15 design parameters like the radius of a curved cutting edge region R1_top, the radius of
the inscribed circle R_ic, and the length of a primary substantially straight cutting edge
region L1_top, as well as the number of convex cutting edges, which are four in the
embodiments described herein. Similarly a primary substantially straight cutting edge
region 104, defined as L1_bot, with a perpendicular distance to the center “O” being

20 defined as D_ctr_bot, shown in Figure 4(c), will satisfy a similar mathematical
relationship as below:

(D_ctr_bot), = (D_ctr_bot),,,, i=1,2,3
(4)
(L1_bot), =(L1_bot),,,, i=1,2,3
25 [0060] Further, as already discussed in connection with Figure 3, there is a

virtual nose center line 57 passing through the center of an inscribed circle 59 and a



(5) [0061] Once equations (3) through (5) for the single-handed

doubl e-si ded 15cutting insert 81 are established, the location and .

ori ent at iwo 20f2/daezéh a prinary substantially straight cuPCirug2@dgessegi on 94
on the top face 11, and a primary substantially straight cutting edge
region 104 on the bottomface 12 can be determ ned. Next, a line 97 can be
i ntroduced by extending a top primary substantially straight cutting edge
region 94, and n be introduced by extending a bottom primary

posube it 35 Bebledivgnasdieitag asd s iosgiase et naesios siosisshgn 107
inter S%ﬁe&éff@tpmh&e aFé fou?‘sh@l'm Wtda‘l Hgsééeﬁfé'? 1iREs dcgrge"\%t 31 @O' nérnﬁﬁta%i ch

center point "0," which he center € i nscri
al so séP‘%’g in&igue 4(ex é@r thg vitiainoseé ceneerflines 1|1mcmacabi¢mm1vape antiled g

f Th th I rel ations
1 Pt SO {eadByBPAuBTS Ml R G oy oK aé@é%ﬁs%?a%@ﬁﬁmeedms.

97 andohEhchssidebetrenagting teh® 1 PWhBGRSBERRAR iIkaTale. CHiGEREd, t}w%
the li PO in the XOY coordi nate system Y = tan(A _nose_top - )

WO 2013%6%%?9@1‘1/@Sé@@i@lmuﬁetw@eea mireraastkatantiaiy %m%‘mamttlrf%aecljgl;%e |n |gne
e 0
L0, Whicin151 BRSO AURKo Lo T, 93, ST RELHRETRTE Dt I gkl B

_cut =00 thq))ot;tpmrfepveﬂﬁ Detvegan apamdrysoBéwntlamsﬁrmgﬁpcuttlnﬁbdgéde@onCMM =D
16 can be used to construct a

pIt g?\e ‘?ﬁg{g(\ﬁ el i n)eqﬁah?%rﬁlon%? T‘E &WC:“E'%I” igidrArehal Bnelr_top apd Da@trpb%t; eau.
This pheneqedio b@ch%‘ﬂﬁbrt I HusU e ool @idr@?&%n%@ﬂ'bﬁeﬂﬁerﬂ%@ pheral surfaces

122 and 123 on the top and bottom facés, to create e comon | ateral
seating surface 121, as shown in Figure 4(b). Such a lateral seating
surface serves as a common seating surface for both the single-sided 15 top

face geomnet [¢A aoek tdyg, singhed- &tged bgttom face geonetry, even though both
are twistedirelative to each other. (5)
(D_ctr_top), = (D_ctr_bot),, i=1,..,4

[0061] Once equations (3) through (5) for the single-handed double-sided

15 cutting insert 81 are established, the location and orientation of both a primary
substantially straight cutting edge region 94 on the top face 11, and a primary
substantially straight cutting edge region 104 on the bottom face 12 can be determined.
Next, a line 97 can be introduced by extending a top primary substantially straight
cutting edge region 94, and a line 107 can be introduced by extending a bottom primary

20 substantially straight cutting edge region 104. The two lines 97 and 107 intersect at a
point “P.” A third line 84 can be drawn from point “P” to center point “O,” which is the
center of the inscribed circle 82, but which also serves as the rotating point of the four
indexable convex cutting edges, on both the top and bottom faces. Then, from the
angular relations illustrated in Figure 4(c), using the angle A_nose_top between the

25 lines 97 and 113 as reference, the following equation can be obtained to define the line
PO in the XOY coordinate system:

Y =tan(A_nose_top - /4) * X (6)



[ 0064] A further enbodi nent of a single-handed doubl e-si ded i ndexabl e
cutting insert 121 is shown in Figures 5(a) through 5(c), in which Figure
5(a) is awperppetisive view, 5(b) is an enlarged top vi eRCTASA130e3i s a
side view As shown, the 20doubl e-sided cutting insert 121 can have four
convex cutting edges 122a to 122d on the top face 123, and four convex
cutting edges 124a to 124d on the bottom face 125. Each of the convex
cutting edges on both the top 123 and bottom 125 faces can be identical.
Each of the convex cutting edges on the top face 123 can be connected by
nose corners_ 131, 133, 135, and 138. Although not shown, each of the convex
cutting 25 ¢80l on t Hoerftasnihereuatips feathedinso! e wiomécpegebyicutsdo

cor ner e f %%%, t (i f 25 are separated by a
Vi rtuaﬁn?nﬁgdféeﬁglea%@?ﬁ , %ﬁ?hfgg%\&ﬁﬁe%pta@ﬁﬁg%f t hi ckness of the cutting

insert 121. In this enbodinent of the cutting insert 121, each of the
convex cutting edges 122a to 122d can conprise sinply a curved cutting WO
2012/ 021261 44 . ion 132, 1345-13Q, 138 w thout any of
t he;subst an?%f#?ggﬁégg%tgé&?&?ﬁﬁﬁ@gﬂgsﬁ—é{)& d?é) +d1égc’r$b€iﬂtTR f)%)evi ous
enbodi nents. [0065]1t can be assuned there is a virtual primary straight
line 141 which can functions the sanme as the prinmary substantially straight
cutting edge region 23 in 5Figure 2(a), or the primary substantially

strai ght cutwhierg edge}REgUDpallanyaoﬁugy&@eﬁ&@)ﬁqﬂﬁenEhﬂp doubl e- si ded
cutting insert 121 is positioned as shown in Figure 5(b), as it would be
positioned in a tool Qplgln_ or, aQ‘aé%ya[ qilling operation, simlar to
that illustrated in Figure 2(a)? ot'"Fi-gurd4(c), the virtual prinary
straight line 141 is thus perpendicular to the "Y' axis (i.e., the cutting
axis in a tool holder). Since each convex iocutting edge 122a-122d only
conprises a curved cutting edge region 132, 134, 136,138, the cutting
ingert 121 [9983pe doubhes dindetd écedrt bagsbdsecongiridicublansyhdtibst bet ween the
top 123 an faces., This is because, first, the convex cutting

d.b 12
edges %%rpﬁBF'C@ t S}asvééléﬂjngai?sft)'éﬁﬁi QfﬁaaEP?ﬁ%tTﬁﬁﬂQ%C@HQ@ usegitons near
a noserGidtsthe 9nﬁua$>ee@rﬁ1i€?| ;%éggﬁé?@%&%@@ﬁ 22 %:% gﬂ?helf‘@aea%b%{%?ﬁasses

t hrough both the center o 15n0se corner the nter o he
i nscrifBeas.deragpatetha comynan ldtersyepating surfaceall 21 nasshaemireFigurae(b)l idwH i ne

114 in Fj 4 his_ simlarl lies f ' 1ine 145
an on bELEE SRl s B sEvRe BBy Saunaoukiees crotighe aisle REladent er
of 5t hetopriace ybeshetrylafldethb4dnglé8-stidBsttdm facd %@é&géﬁ?,’eer%u?ﬂfo%rgweg 5(b),

can be I ntroduced which is perpendicular to t
cur vedWisied relgtiveiteeadypther132) that 20 passes through both the center of

d i d ' 32 .and f the, i i bed circl
faa" Based 1008EE % TR hetoliRRi bF  siEit-Bapded oRtbleonard Feeaoble  val
m ddi eutirinsé6.210s shbt ilRG@aY 518Phr6@dh 9(%),Ciﬁﬂ/ﬁ1iiéwﬁ9§9%@£9)0i§ dto

truncate the primary conical peripheral surfaces 151 an oth the
top am®rERAGIYR KDY 5 an eatasgethiorcdawn ANt &eriala sidaviavy Asshave, I1E8, as

shgwn 4 I : B S(bh). The itiaon of the ¢ n |ateral
ek Ll i e L S
pr e- ctiop éadeet 2(G arpr folir benvdbcuiting Bdyss apages 9 2ubtdh the b7k 8 nt "P, "
as sh%/vn as Rhant omlines in Figure 5(b).
ach of the convex cutting edges on both the top 123 and bottom 125 faces can be
identical. Each of the convex cutting edges on the top face 123 can be connected by
nose corners 131, 133, 135, and 138. Although not shown, each of the convex cutting
25 edges on the bottom face 125 can also be connected by nose corners. The top face
123 and the bottom face 125 are separated by a virtual middie plane 126, which can be
at a half thickness of the cutting insert 121. In this embodiment of the cutting insert 121,

each of the convex cutting edges 122a to 122d can comprise simply a curved cutting

20



[ 0066] As described previously, an insert designed as described in
connection with Figures 1-4 permts the insert to be operated in only one
di rect i orwOo20temem1t he desi gnati on "singl e-handed.” HowecensS246ia4448E
enbodi nent shown in Figure 5, for exanple, although the design of convex
cutting edges and cl earance surfaces is W) 2012/ 021261PCT/ US2011/ 044431
not si ngl e-handed, the chip groove geonetry on the face of the insert stil

vari es hetween ers such that this enbodinent is still
consi d&FEF reg.ngf@ Hé%daéé) Fevihewanyse the subpiastialy siraighheulingseiorent t he

i nsert r&kQ68s G@écﬁtﬁébemtméwow‘e%&fhlm gRretry between the top and bottom face
as in prior enbodinents. 5[0 ] As nmentioned previously, the reason why the
top side is[0Q64]st ed" lwiantbe aswedﬂmrboss aomtmldmmm'y@tr,axgmmnbfﬂeﬁ which
enbodi Fig S S that he,to e ge rre nust be
arrange Htﬁ? @e@gfﬁ)‘lﬁ eé’s ﬁee%rﬂ%ww‘-‘@sé% E %gﬁé’hy SO
t hat V\:ﬁ@mrélzea)l 08 id pmmaf)} sm&dnt@ﬂ?rstraﬁghtlb‘é@ﬁd‘@dé@%d?éﬂ 91'1‘1‘% Ld?ﬁe%(‘ét' ng
edges e[rh et&y' ented in the same cutting direction as were the cutt’ing

edges ble-gidgdyautting nggdel Ahis Resitiopreras shavemint Figubebdeas itwo nose
cor ”erﬁfo'ul%i B‘é’ oSNBAEY i & t3S-hAaeH! th 4Rl AR Hiin o@%?altpo%t éﬁﬁm&@?’?@%% Q?ny

corners, op and bottom peri erires are no crd
over | awpewatevheMweeg ab@cft@ﬁeme) ﬁlvmvmtanpdmau,t tsnraughentwweqs g W th

| ar ge i,dent . th nose corne portl ons are "tw sted" due to
t he noé&%ﬁ’ﬁﬁ@tu % e iy §W§P @H’éé” 8586t heldedntdnce pagte CopYGen
tw nosgttia @@aelrz? {206 £auh

shown |n IF?gurge 5 |as stlﬁlyta&'éﬁqlpr%@g hand ggcg{l}t d?%%?ﬁ”%%%%éé%ﬁh@(ih

br eakeihegatitrg inpersi? lagarshewouble-sitlga cuttBgbinsérs vmthouhemy Byishie¢tmieenaheut a

center;q b 4 45, an rt her nore ecause a resultant

cutti nglpe ge IqEBRé@?aé%?fsétcgé Lﬂh\/mﬁa@é)c?claéf??ndfgﬁﬁ th%CRBYeXZ@Qi))WQPE deflt a

cent ercdmpestﬁfy aabstaatialfyr straightsdudngy baye |ré§ﬁ6n§hgbif 8 nekB)corddtt angry be

regarded a ﬁlen eC| al case of the si nﬂl e- handed doubl e side cutti ng insert
&g

as destqoh DIECRTOGE CRivtgr fiae 143t whigh Pﬁ’ﬁ?@samﬂoughé)ofﬁh the oenteeqlitite ons
1)e- . h

b ng 15 forhBl, 153 kpdAfle BEnEARE ML BCAOLT LRGN A 103 BRBe B sl ey

and a dsstenlineg, d!be hme 1pdrin pigurng 4 (Eor TISIsialatycapplpishist iHeUtddtdcéntBpige f Or

A tr Dctr top, RL for RL t t 0069] Addi ti onal |
S o RiisPeridssgs Somafitian Bicdiiebal the MRRRaOPOA3 hANA 1 gantss of e 4,
t he cuﬁy@nbe(awdlélﬁlz;@d%%e{?&dﬂna%ﬁé 128 shBvA .ﬁ#qﬁ&bgﬁbﬂa rbee%ﬁomg?&ﬂ or

equal to two tinmes the radius Ri1c o e | nscr CII‘C
t angerwhielo is h@rp@md@uulealto phetenter 168 1at7 (bhe curvedualtting ddge redianel 322@mf t he

174 t aeOS Mruptbout Rigratdep ey Eﬁ@%ﬁféitr[}?q S06° exaifh 15 g EingraaScon cal
peri phiee dscribelianelelhls. eBhSEWBH steMAH1 46 ABRne that is perpendicular to a
virtual middle plane 126, or flat plateau 150, can be constructed and used to truncate
the primary conical peripheral surfaces 151 and 152 on both the top and bottom faces
to create the common lateral seating surface 153, as shown in Figures 5(a) and Figure
25 5(b). The position of the common lateral seating surface 153 is determined by D_cut
between the line 146 and the pre-cut external profile 155 which intersects with line 147
at point “P,” as shown as phantom lines in Figure 5(b).
[0066] As described previously, an insert designed as described in
connection with Figures 1-4 permits the insert to be operated in only one direction,
30 hence the designation “single-handed.” However, for the embodiment shown in Figure

5, for example, although the design of convex cutting edges and clearance surfaces is

21
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WO 2012/ 021261 PCT/ US2011/044431 curved cutting edge region 132 towards
the virtual mddle plane 126 and a secondary conical peripheral surface 159
ext ended wownwane6irom a nose corner 133 towards the vi PCwals2eiigai4el pl ane
126. The sane nethod can be applied to create a primary conical peripheral
surface and a secondary conical peripheral surface at the bottom face 125.
5Therefore, the nat hematical rel ationshi p in thi S speC| al case can be

[ ' Al - 90
B 4B B Bt B i)
, Be¥veer aid AQQ@%éme]FéléUc% tﬁa%hlé:eﬁ%dﬂﬁér?t is s%ﬁ):ofg de?éop : g€ -

rc/4)+ PO- D cut =0 070] Referri ng next
enbodi H@ﬁtjgdofNﬁwm%eﬁf‘r,d@me@laﬂim@nemb@cﬂlmesﬁdi\vmmsartl%lcmsn&ﬂ HavenHe7, these

d " | f
gl - RasEd 8RR EREHS 1ol nd BOupR 59 BrdT hESrArPDB Teseu o5, e g.
t hes cut t i ng[@ABHS, COMD’ﬂeh%r%c&;bre%&ﬁIsM Mﬁeas@n%ﬁ)f cer??%a@ Efwwiégg’ chip

nretric relative to a virtu et ween

Do noudhagerestio BeliRaladentioy, fof HissemprgiBunte shewarie Figurbh des s it thoand
can betdisgdeigaoftdtRudt & GliafBelih TREBLAE: direction relative to the bottom side

geometry so that when the insert is flipped over, to use the bottom side, the cutting

edges will be oriented in the same cutting direction as were the cutting edges on the top
10 side. Because the peripheral geometry between two nose corners is not symmetric vs.

a virtual center plane between the two nose corners, the top and bottom peripheries are

not coincident, or completely overlapped. Therefore, because the two curved cutting

edge regions with large radius are coincident, the nose corner portions are “twisted” due

to the non-symmetry of the entire cutting edge about a center plane between two nose
15  corners.

[0068] Thus, the double-sided cutting insert 121 as shown in Figure 5 is
still a single-handed cutting insert because the chip breaker geometry 156 as shown in
Figure 5(b) is neither symmetric about a center line 147 nor a center line 145, and
furthermore, because a resultant cutting edge like 122a is in a waved form and is not

20 symmetric about a center line 157 as seen from a side view like Figure 5(c). This may
be regarded as a special case of the single-handed double side cutting insert as
described in previous Figures 1 to 4. Thus all the previous equations (1)-(3) and (6)-(7)
can be applied accordingly with some symbolic changes owing to the fact there is no
difference between a top face 11 periphery and a bottom face 12 periphery, for

25 instance, substituting A_nose for A_nose_top, D_ctr for D_ctr_top, R1 for R1_top, etc.

[0069] Additionally, similarly to the description presented in connection
with Figures 1 to 4, the curved cutting edge region 132 can have a radius R1 greater
than or equal to two times the radius R_ic of the inscribed circle 144 which is tangent to
the external profile 158 at the virtual middle plane 126 of the cutting insert 121. Each

30 convex cutting edge like 122a on the top face 123 forms an outward-angled peripheral

surface comprising a primary conical peripheral surface 151 extended downward from a
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[0071] The two enbodinents illustrated in Figures 6 and 7 are simlar to the
enbodi nent shown in Figure 5, except having symmetrical chip breaker

geonet ry wodotde1zeesul t ant symretrical cutting edges. TiraS/UShatiio44B1 t hese
enbodi ments can al so be considered as two "special cases" of single-handed
doubl e-sided cutting inserts. Moreover, both can be quantitatively

descri bed by the above group equation (8). WD 2012/021261PCT/ US2011/ 044431
[ 0072] Turniép&'th.o Fi gures. 6(a3)@(and 25(‘3? in which Figure 6(a) is a

per speCHTRE GNP £7E° EPYaR T 18)vards Hissyiddalmiddle pladee 36sarthavgecandary

doubl ecehitafipetibiidradsi MRy 1 63
are nerely ap_m"tﬁ%ror i mage o?g.g%{gﬂag?ﬁtg%ﬁaagﬁﬁrﬁé rﬁ%r%t%ﬁﬁe%%d%@%ﬁgmélm
at hal Vil hddielane { Re. dbeisaens midbod can bierapilieddo trdaid.a pliag coniyalt he

top facg, I cut t.] insert 161 ill yst ed .can nprise
f our cEnvé§g§€§Pﬁ§%§é§g§§§¥%@§898&¥8%§q%%ﬁﬁ@&ﬁéH 8§eF%ﬂF3%%@@“JB?%é§§-
167a- 18 herefbss; the omteeamaticalirotiedsisip 16 b6s $pB6iat aasdean B8nEWGRLR i@Bdnh&an
conpri§q only a curved,cutging edge region 166a to 166d, each of which can
have a'¢QHfG IFUeHAORAS)or equal to two tinmes a radius of an inscribed
circle. Each nose 10corner 167a-167d can also be identical. The geonetri cal
features of the cutting insert 161 illustrated in Figure 6(a) can be the
sanme as corqesponding geonetrical features illustrated in Figures
5(a)-5(c), except that both theAtki% breaker geonetry 168 and t he convex
cutting edges 165a-165d (being straight as seen froma side view) are
symetric about a center Iiﬁ@-lﬁgvzég—gﬂomn in Figure 6(b), which is
created by 15projecting a viewnornmal to a conmon |ateral seating surface
170. [0073] Sinilarly, Figures @ @né 7(b), in which Figure 7(a) is a
perspective|view and Figure 7( )1%€<§uside view, illustrate a further
enbodi nent of a doubl e-sided c £t g insert 171. The top face% 72 and the
bottom face|173 of this insert_171 e al.so mrror imges of ch ot her
about the virtual ni ddl%’bp?gz’e‘@n?ﬁbgrhgio"n?ny 20the top face 172 as an
exanple, the illustrated agy;Lngjjns?gq 171 conprises four convex cutting
edges 175a-175d, each of I'¢h can”be idéntical, and each of which can
conprise only a curved cutytd pg(£dgee r 2@l eR 176a-176d having a radius
greater than or equal to two tinmes a radius of an inscribed circle. Each
convex cutt {Xgcedgendsé5a/4)A5W «gimpA beseopngeted -y pasepcorners 177a-177d,
whi ch can also be identical. The 25geonetrical features of the cutting
insert 171 can be the same as the corresponding features illustrated in
Figures 5(a)-5(c), except that the both chip breaker geonetry 178 and the

convex cutti dges 175a-175d (being wavy as seen froma side view) are
sylfimet ri c a[gggp]ea cen%%frerrl"igw@e)it g,th%lg’v% riemiedjneats pbdowwlesidads” cr eat ed

b ' ' [ 8| I t f 80.
301 OoriEs Mbehs ShEnIRERRreed M TRt Rl aitabls M B,

be considered a “special case” of single-handed designs. In particular, all of the

geometric features, e.g., the cutting edges, common lateral seat faces, clearance
surfaces, and chip groove geometry, are symmetric relative to a virtual center plane

15 between two nose corners. Consequently, these embodiments are “ambidextrous,” and
can be used in either direction in machining.

[0071] The two embodiments illustrated in Figures 6 and 7 are similar to
the embodiment shown in Figure 5, except having symmetrical chip breaker geometry
and the resultant symmetrical cutting edges. Thus, both of these embodiments can also

20 be considered as two “special cases” of single-handed double-sided cutting inserts.

Moreover, both can be quantitatively described by the above group equation (8).
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with Figures 1 through 7, a "blank"” insert is first formed in a press

machi ne by a top WD 2012/ 021261PCT/ US2011/ 044431 punch and a bottom punch.
The bl ankwOnsera21ies fornmed by pl aci ng powdered netal i nPaTmsk@tiomsshe press
machi ne and "pressing” the powder in the nold using the top and bottom
punches. The top punch inparts the top face geonetry, the bottom punch
forms the bottom face geonetry, and the nold forns the geonetry or the

peri pher al i{ﬁ% 5Th§ bl .anlE insert is thus formed as a single piece, and
then sintereéd  “he sintEriod 1P Fdresiada) arehogh otmehich Figwat@al isea f i ni shed

i nsert phaddagtive Vv 8a¢ [ i et A onvex
cutti ng gé(?ges W th gﬁ?\'ﬁ%%ﬁ{?} lr?gegglg%e\h%{%gﬂlﬁgrré %@@?a@;ﬂéﬁgﬁgbgﬁﬁry |y

st r ai ghtsegut@i.nghe dgrefacegl @hendithe hetowifaced6plaeanerbicehsrdi imags bR

nbodi : t i f , | ed
cl oar anadh BlnerbRey SRSl ATIRE pldheCl 84 a® Ralk b hriagidt S tpRersidedn nave
t hes sanettiggrieset 160pUsirig onlysheeod rRER16Y adantdx@anidia) $B du ; ﬁwgehbl‘éqver !

t he bl :ﬁnk it??sert can he slightly larger, for exanple, abou nm per si de,
ext end|HGUAIFd-Ca0 SOMATI$R FQUr&onvEX caitiieredgs sal B5aviot Hib dhearsectast b thursioseer ed

i t t i the: i i ri,pheral. geonetry.
[0075] S ere 18y AR o R e R FEGE o 54 AR s R Rttt 8 erl ng

15t ool cCapptisenopla cumedi &itling adgeodgibnl1iéén taaB6wheath 6awhieal chn hidie gxanpl e,
five i 2t cal..si.ngl e-hand doubl e-sided cutting inserts 202a to 202e.
Slu\éh ;F‘jﬁ"ﬁ §$\e§t€ﬂot§%ns°§ﬁqé’ﬁf goawogtﬁﬁﬁ?isl édé’sc‘ijftacr{eﬁngﬁ%f;ﬂ @ﬂﬁ@sieoﬁécbrn%re of

t he prestnensbyadeyerddpeslss eabientidatle oths Welohitdrif éﬁ@é&%é’Bﬁfh%‘d@%h%en.

associated with the cutter bodé for applying the one or nore €-'si ded
cutti n§61 Heghatedip Figusr&(aprae de the[saowsascguesp @uling gaosictiical feaugdsow ng

th {d L t t Qal | t body 201, bei
pe?pgﬁgl{l%tu g?’fﬂ[\ glégéls(r% a)ég@)’reegﬁggg\#ﬁhg' ﬁrﬁecﬁgﬁ?%%eg@éoglﬁtwa@ ggd the
oper at@hvep@uttig guges %@é-deE@Deihg%traﬁUht%géeeW PENGUE R 48 Ccutting

inserts 202?: 202e hel d bé_the cutter body 201 in a circular ‘array around
the cenfdpeutsabgutieentgpling 162meshowmésFioue 64), Whiahsiscaeatdd byl | of t he

si 0! ralfd AauR! oz denibh ina{w{a'engaggﬁf sfitags goge can have four

i dentica ohvex cutting edges connec ical nose corners, as
descri bed {08V8busl| y.SiEdkhlycBiguess T bindy (BY de wiidh Figrutr@e(a)qglﬁlpri se a ]
curved, cutting edge region, d may have a primary substantially straight
cutti Wgerg%%%"@evé‘?"gﬁ.”dﬁaﬁ‘% 6@?&'# § side WeweHyatgtesabythaiambaodiment af ght
cuttir@@@g'd@ggjmm t710 oW reyl ou scribed in
connecti on vaith 30I':i gurggp'lmt Eﬁ%u%j .CB'II(P?\eé %f“?*#&?f?@ﬁﬁ%ﬂ%%%ws ght
cut ti ng ledgealsepivasindgesd of a;erchtanuaelceubamnrtgei\m@ntnsiolénézm-eua@21e»'4s'atrur>irﬁ)@bﬁn%/I el

tg,t h‘?h@?o%’f’é%% 17 gs Bin%&%msp%,ftﬁg?lluzs?%ted X\ﬂtiﬁg 1inzs/,eort211 7216 clzopr%/riggsz ?olulr/c%?wé\l/gx !

cutting edges 175a-175d, each of which can be identical, and each of which can
comprise only a curved cutting edge region 176a-176d having a radius greater than or
equal to two times a radius of an inscribed circle. Each convex cutting edge 175a-175d
can be connected by nose corners 177a-177d, which can also be identical. The

25 geometrical features of the cutting insert 171 can be the same as the corresponding
features illustrated in Figures 5(a)-5(c), except that the both chip breaker geometry 178
and the convex cutting edges 175a-175d (being wavy as seen from a side view) are
symmetric about a center line 179, as shown in Figure 7(b) which is created by
projecting a view normal to a common lateral seating surface 180.

30 [0074] To make a double-sided insert as described above in connection

with Figures 1 through 7, a “blank” insert is first formed in a press machine by a top
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[0077] Figures 9 and 10 illustrate further enbodi nents of doubl e-si ded
cutting inserts with alternative geonetric shapes. In particular, all of
t he previwosbp/demseri bed enbodi ments of doubl e-si ded cuPCirug20nse4B8s ar e
general |y square shaped and thus have four peripheral sides surfaces
associated wth each of the top and bottom 5faces. However, it will be
understood by those of ordinary skill in the art that other geonetric
referring to Figures 9(a) and

h | de. | e,
(b} PR 2R PR Eingp D eLbighk SSRebe Jmitcty R BowEeTEO e Thae de
view, niden tre phewinathissbadiprRRLINRY the 98RRLAI ﬁheprﬁafda&%%g#%fbgaga%? scussed

doubl e-sided cutting insert 230. Based upon the sane 10pri
her ei nBBBOE PN esnddie oR RUNch iMparigdbe topfdcergasmeting thebettahi gusciutores

shaped =Sl ing. i t ' four identjcal convex.cutting
edges gﬁl@!ggtléﬁngf@%ﬁg&{h%ﬂyagaéj E"i‘%ef“c?i? Fog}é{esrs}getgﬁé’ "beéﬂ/e?%ﬁhlefeﬁ@g‘t%%osﬁg% aped
cutti ngherdank in28a is trawnfosnatllaard yinhRspiace agnd aed ddtbrandThe ROttE Y hasg 232
separated by a virtual 'ddg.e | ane 233. The top face 231 of doubl e-side
cutti nb TROGIPURSE ki ir sl Bssdavire e deryesdie seemg!ry ashvex

cutti ngeAG@e, 5dh a SRS [ £ $ r 254, a
comon | ateral seatg?%c_surfacéﬁﬁj%eg.ges %%uﬁ@&fd{l?%gﬁ eg‘ggtrlgﬁgﬁs(é%%e 248,
and fi@rpérbplastially siraightcutting edge44ginns andasooiatethplahac acehe (in naetsabl e

about f the through screw hole 247, which neans this

doubl eéglﬁgggﬂéﬁ% %ﬁ\% eic}ﬁgi'rcto”%%nﬁég raj steg‘\ﬁ,ﬁg Sﬂga?%% qwgﬁﬁ@r&?ﬁt PeRjC@ldges.
Each ofleatencesyand tiekke. 2016 bldnRdn sty e8n Gale e kaeRtddilral tHBIHMBopLgeONe
peri pheral side surface 241 of the top face 231 as a representative

exanpl 85BN 38dhe Erishubeehg Homgeepghe dlankninsert saniheaslightly dangeedocut t i ng.
edge r%@aneZéeou@§m§egkﬁ% Bﬁt\éﬁﬁﬁwd)lwr%@)@ﬁ%&ﬁ)&@ﬂié@ér&gé’léﬁ'tggt?ré;ﬁlfﬁtjt ‘b
[

edge region 253 provide etween thecurve
nose clormed, gibteredindertiorvedroumtttongoeidgehs egsined Ahal Saphaaxieyddigetdf.or esai d

bi g 25r adi eater_than_or equal to two tinmes the |argest radius that
cag be instﬁ)loggh on t’?\'@ufeoﬁ{)af)é’@gitgg‘ﬂe aillusHatg ay embesiment efenilirg pher al
sigde stabf ' ' ' OfpY

o mary Con ol perd phaey e pFotel 20t ViGRRa RER Flw PR ELTOLIRRRR ng
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241 can further conprise a
double-sided cutting inserts to a work piece.
20 [0076] Figure 8a is a side view showing the cutting axis 203 of the tool
holder, or cutter body 201, being perpendicular to a line 205 representing the work
piece surface to be operated upon. Figure 8(b) is an top, or end, view showing five
cutting inserts 202a-202e held by the cutter body 201 in a circular array around the
center “C” of the radial center lines 204. As illustrated, all of the single-handed double-
25 sided cutting inserts 202a-202e can have four identical convex cutting edges connected
by four identical nose corners, as described previously. Each convex cutting edge can
further comprise a curved cutting edge region, and may have a primary substantially
straight cutting edge region. Additionally, a secondary substantially straight cutting
edge region may optionally be provided, as previously described in connection with
30 Figures 1 through 4. The primary substantially straight cutting edge regions of all of the
cutting inserts 202a-202e are parallel to the assumed work piece surface 205.
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WO 2012/ 021261PCT/ US2011/ 044431 primary planar facet 256, extending from
the primary substantially straight cutting edge region 253 toward the
virtual mnwodbe/pimme 233. Each |ateral conmon seating secfraseo124846an be
formed on an adj acent pair of primary conical peripheral surfaces extending
fromthe top face 231 and the bottom face 232, respectively, in the sane,
or a simlar, 5Smanner as described previously in connection with comon

| at er al seaib(gﬁsurfacl‘:e on the generally square shaped doubl e-sided cutting
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the b 32 t ds,th j rtual  m ddl I 233. [0079] Ref i
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shaped doubl e-sided cutting insert 260 is wn 1 and a
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tti i 6. f.th i ph | sid i 271-273
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i nsert 26025 S total of six indexable cutting 25edges. ing just the
per i pH¥PaF sdeﬁ%ﬁopgéﬁe 231 ddophie-sigpd ralingipsen 238 caspravsdieatanuex
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convexX@§ earngr 2oes comneac laterhl séatirigosurel, anyl, berhbom 13fs2af agimgcan be
i denti C%I'\?Zé]@ cur\?ed cutting edge ri:?z can have a radi us greater than or
equal 084 B9 TVRPOIRNgFY side sudnges 2hiir4e aprdeol waishicgadeinderableop
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doubl e-sided cutting insert 260 can further conpri
2012/ G248l PRt YSLoay @4ataBaf tenpndewable cotingaldgesr iFxveraflths tivé aoava@ss,

o ine Uhd 80B< 00 B RBE b B iEBnp Rt BRe @l sideceiipe 24 ahaedgPr r om
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common | ateral seating surface 78 can be provi jacent palrs o
Spri mér YUBACEHINgRIg IR 282 rantteay\dise hawaatprivayralibstamiaty strighvi r t ual

m ddl & Rirff'&dge region 253 provided between the curved cutting edge region 252 and the

nose corner 254. Each curved cutting edge region 252 can have the aforesaid big

25 radius, greater than or equal to two times the largest radius that can be inscribed on the
top face 231. Additionally, each of the peripheral side surfaces 241-245 associated with
the top face 231 can comprises a primary conical peripheral surface 255, extending
from the curved cutting edge region 252 toward the virtual middle plane 233, and a
secondary conical peripheral surface 257, extending from the nose corner 254 toward

30 the virtual middle plane 233. Additionally, where a primary substantially straight cutting

edge region 253 is provided, the peripheral side surface 241 can further comprise a
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263 fromrespective top 261 and bottom 262 faces. It is to be understood
that the bottom face 262 can have identical convex cutting edges and
associ at edoperzqpinal si de surfaces the same as on the tProp/USacie/ 02631

Li kew se, the convex cutting edges on the bottomface 262 can have the sane
curved cutting edge regions, and the peripheral 10 side surfaces associ ated
with the bottomface 262 can have the sane primary and secondary coni cal
periphgnal surfac?s %%%%pe %op.fa e 261. In this particular enbodinent, the
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d a bottom face 292 separated by
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the top 301 and bottom 302 faces are thus
convex cutting edges on each of the top 261 and bottom 262 faces can be identical.
The curved cutting edge 282 can have a radius greater than or equal to two times the
30 largest radius that can be inscribed on the top face 261. Each peripheral side surface

271-273 of the top face 261 of the double-sided cutting insert 260 can further comprise
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twisted relative to each other. 20[0081]1n various enbodi nents, a

singl e-si ded or doubl e-sided high feed mlling insert or inserts may be
conf i gur edote1zpmmsiide a ranpi ng function, which may be Peparst@ni4446r nol d
and/ or pocket mlling, for exanple. In nore detail, Figures 12(a)-(c)
illustrate a non-limting enbodi nrent of a double-sided high feed mlling
insert. Figure 12(a) is a three-dinensional view of a doubl e-sided high
feed mlli ng insert’ 400 Z%Oﬁpfri Si ng a center hole 403, a top face 401
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e 411c. Simlarly, the cutting edge 421 at the

primary .convex,cutting e

bottonﬁ\é\f's‘j@a rﬁéﬁvﬁ;?/eeglﬁﬁﬂ?geie a primary convex cutting edge 42la, a prinary
supgst ant i al raig i : ry.Gopvex t\i ng
edge 421c. E???%onye%%%ﬁﬂeg%pﬁgﬁg%%sqgkﬁaa?mjfﬁ@mﬁ%é& Ewrﬁgﬁa)ﬁcan
be appf écherspectveoview aP]EEkagiJemn dfb)tihe tgpb h/ldmnglr\:oﬂsarémﬁ@@mezw%h aaﬁaﬁ@iﬁér
shown j,n Figure, 12 , for exa e.. Addi tigna , a three-di nensi ona
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f eat urgde®@fnseRe280 $AdVAY ird : r S LD b),
XD e o 0ir CRETes 00 SRR ThE dobleaady bllubbiod 456
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and the bottom face include four identical or nearly irdentrcal cuttl
edges, 4@ B0éxuhshanears thabwach of rytace 204(4)d bottom face 292 together have a

total of six indexable cutting edges. Using the peripheral side surface 301 of the top
face 291 as a representative example, it can be seen that each peripheral side surface
25 301-303 has a convex cutting edge 311 connected to a nose corner 314. In this
embodiment, each convex cutting edge 311 can comprises both a curved cutting edge
region 312 and a primary substantially straight cutting edge region 313, located
between the curved cutting edge region 312 and the nose corner 314. The curved
cutting edge 312 can, like previously described embodiments of double-sided cutting
30 inserts, have the big radius which is greater than or equal to two times the radius of the

largest circle that can be inscribed on the top face 291. Each peripheral side surface
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the primary substantially straight cutting edge 411b may form a portion of
a primary 25planar facet 433 which may be truncated by an angl ed surface
452 and awbaveral2éiace 451 perpendicul ar to the top facecaboifiou44ekanpl e.
The position of the primary planar facet 433 near the top face 401, as
represented by one of its boundaries 441, may be twisted or rotated about
point G by an angle A twist. The angle A twist may be nmeasured froma
sents the boundary 441's position if it
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15 302 can have the same primary and secondary conical peripheral surfaces as the top
face 301. In this particular embodiment, having the primary substantially straight cutting
edge region 313, the double-sided cutting insert 290 is single-handed for both the top
face 301 and the bottom face 302, such that the top 301 and bottom 302 faces are thus
twisted relative to each other.

20 [0081] In various embodiments, a single-sided or double-sided high feed
milling insert or inserts may be configured to provide a ramping function, which may be
important for mold and/or pocket milling, for example. In more detail, Figures 12(a)-(c)
illustrate a non-limiting embodiment of a double-sided high feed milling insert. Figure
12(a) is a three-dimensional view of a double-sided high feed milling insert 400

25 comprising a center hole 403, a top face 401 including a chip breaker 404, and an
identical or nearly identical bottom face 402. The top face 401 of the double-sided high
feed milling insert 400 may include four nose corners 405-408. A complete cutting edge
may be provided between each pair of adjacent nose cormners, providing four cutting
edges 411-414 on the top face 402. Since the bottom face 402 may be identical to the

30 top face 401, the bottom face 402 also may include four cutting edges, such as cutting

edge 421, for example. Now referring to Figures 12(b)-(c), wherein Figure 12(b) is a
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front side view and Figure 12(c) is a top view of high feed milling insert 400, in at least
one non-limiting embodiment, each of the four cutting edges 411-414 on the top face
401 may be identical, and the bottom face 402 may be identical to the top face 401.
Accordingly, in at least one non-limiting embodiment, a pair of cutting edges is

5 representative of each pair of cutting edges and is described below. In such
embodiment, the pair of representative cutting edges may be the cutting edge 411
(between the nose corners 405 and 408) at the top face 401 and the corresponding
cutting edge 421 at the bottom face 402, for example.

[0082] In more detail, as shown in Figures 12(a)-(c), the cutting edge 411

10 atthe top face 401 may comprise a secondary convex cutting edge 411a, a primary
substantially straight cutting edge 411b, and a primary convex cutting edge 411c.
Similarly, the cutting edge 421 at the bottom face 402 may comprise a primary convex
cutting edge 421a, a primary substantially straight cutting edge 421b, and a secondary
convex cutting edge 421c. The convexity of cutting edges 411a, 411¢, 421a, and 421¢

15 can be appreciated from a top view of the milling insert 400, such as that shown in
Figure 12(c), for example. Additionally, a three-dimensional Cartesian or an XYZ
coordinate system may help to elucidate certain features of the milling insert 400. For
example, as seen in Figure 12(b), an XOZ plane is provided wherein the X axis is
aligned in the virtual middle plane 450 of the double-sided high feed milling insert 400,

20 and, as seen in Figure 12(c), an XQY plane is provided wherein the Y axis is collinear
with the reference line 461, which may bisect the angle A_index. The angle A_index
may be equal to approximately 90 degrees as the top face and the bottom face include
four identical or nearly identical cutting edges, for example. As shown in Figure 12(b),
the primary substantially straight cutting edge 411b may form a portion of a primary

25 planar facet 433 which may be truncated by an angled surface 452 and a lateral face
451 perpendicular to the top face 401, for example. The position of the primary planar
facet 433 near the top face 401, as represented by one of its boundaries 441, may be
twisted or rotated about point G by an angle A_twist. The angle A_twist may be
measured from a reference line 443, which represents the boundary 441’s position if it

30 were not twisted. Correspondingly, the position of the primary planar facet 434 near the
bottom face 402 may be twisted or rotated by the same angle A_twist from the dotted
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Yydys5:6111and111=0and Z2=T/22=7T2 =0and Z=T/2(9) (10)
(11) 20Agai n, equation (9) represents the secondary convex cutting edge
41l1a, equaiDi20r2/021B) represents the primary substantial | pcsiusadigiog44sut ti ng
edge 411b and equation (11) represents the primary convex cutting edge

411c. In equations (9)-(11), (x,. y1),(x., y2)

line 443 to one of its boundaries 442 which, subsequently, may be co-linear with the
boundary 441 as indicated by the reference line 444.
[0083] Now, referring to Figure 12(c), a top view of milling insert 400 is

shown. As mentioned above, the cutting edge 411 (see also Figures 12(a)-(b)) may

5  comprise cutting edges 411a, 411b, and 411c, at or near the top face 401 (see Figure
12(a)), and the cutting edge 411 may be formed between nose corner 408 located at
point C and nose corner 405 located at point D. The starting point of the primary
substantially straight cutting edge 411b may start at point E and may be connected with
reference line 462 that has an angle of A_tw1 with respect to the reference line 461

10 bisecting the angle A_index. The secondary convex cutting edge 411a may be
connected to both the adjacent nose corner 408 and the adjacent primary substantially
straight cutting edge 411b. The primary convex cutting edge 411c may be tangent to
an inner reference circle, such as inscribed circle 455, for example, and may also be
connected to both the adjacent primary substantially straight cutting edge 411b and the

Is  adjacent nose corner 405. Mathematically, the three cutting edge regions 411a, 411b,

and 411c may be expressed in the following matrix formats, respectively:

(X14+Y X Y 1

24 y? Y 1

PEEYUR N M0 and Z=Tk (9)
Yoty xoy, 1

_x23+y23 D 2|

X v 1

X, oy, 11=0 and Z=T/2 (10)
X vy ]

XP+Y? X Y 1

2 + 2 1

TATY N e g and Z=TP2 (11)
X5+ ysoxg v |

ety Xy, |

20 Again, equation (9) represents the secondary convex cutting edge 411a, equation (10)
represents the primary substantially straight cutting edge 411b and equation (1 1)

represents the primary convex cutting edge 411c. In equations (9)-(11), (x. v, v
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WD 2012/ 021261PCT/ US2011/ 044431 and (x1, y3) are the three points on the

secondary convex cutting edge 41la, (x,. y3) and (x4, y4) are the two

poi nts orwoheiymizeary substantially straight cutting edgeTAB1/0aad1 (X4,

y4), (x5, y5) and (x6, y6) are the three points on the primary convex

cutting edge 41lc. Further, in equations (9)-(11), T is the thickness of

t he doubl e-sided high feed 5 mlling insert 400 (see Figure 12(b)). Since
X6, y6) are at the top face 401, where z=T/ 2,
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5 milling insert 400 (see Figure 12(b)). Since all six points (x.y)to(x,.y,) are at the top
face 401, where z=T/2, a general form of these points may be established as (x,, y, , 1/2)

and i=11o 6. Then, a geometric transformation through a rotation of 8=180° about the Y

axis (as shown in Figure 12(c)) can be established to transform each point ( x,, y, 1/2) at

the top face 401 to the bottom face 402, as given by the following equation (12) and
10 equation (13).

cos(d) O —sin(@) O -1 0 0 0
0 1 0 0 0O 1 0 0
Ry (8=180° = | = (12)
sin() 0 cos(d) O 0 0 -1 0
0 0 0 1 0 06 0 1
-1 0 0 O
1 0 O :
(¥ ) =(x,,T/2 1) 0 -1 0 =(-x,y,-T/2 ,1) where i=1...6,  (13)
0 0 0 1
[0084] Once all points at the bottom face 402 ((x',. y'.. 2", where i=1 ...6)

are obtained, the secondary convex cutting edge region 421c (which may be identical to
I5  cutting edge region 411a), the primary substantially straight cutting edge region 421b

(which may be identical to cutting edge region 411b), and the primary convex cutting

edge region 421a (which may be identical to cutting edge region 411c and also tangent

to inner reference circle 455) can be mathematically described, respectively.

[0085] Further, referring to Figure 12(c), since the Y axis may be co-linear

20 with the reference line 461 which bisects the angle A_index between two adjacent nose

corners, such as nose corners 505 and 508, for example, the following relationships

may exist between a cutting edge region at the top face 401 and a corresponding

cutting edge region at the bottom face 402:



-100-1010100 0001 00=¢(- 00--10y, ,-T/2(12) ,1) mhere . .
i=1...6,(13) [0084]Once all points at the bottomface 402 ((x', , y', z',,
wher e i =1w0.26)2/@1m10bt ai ned, the secondary convex cutti RGTASQ&10ey3DN 421c
(which may be identical to 1l5cutting edge region 41la), the primry
substantially straight cutting edge region 421b (which may be identical to
cutting edge region 411b), and the prinmary convex cutting edge region 42la
(which may he.identicgl to cutting edge region 41lc and also tangent to

i nner refer %‘%Ffﬁ# ag@%) can be mathematical |y described, respectively.

[ 0085] Furt hey ,fac@fier Di pgbei® Figure 12(c), since the Y axis may be co-linear
A_twl = A_tw2;
radius of convex cutting edge region 421a = radius of convex cutting edge region
5  411c; and
radius of convex cutting edge region 421c = radius of convex cutting edge region
411a.
[0086] Now referring to Figure 12(b), a representative peripheral side
surface (i.e., one of the four identical or nearly-identical peripheral side surfaces of
10 insert 400), extending from the top face 401 to the bottom face 402, of the double-sided
high feed cutting insert 400, may comprises the following regional peripheral side faces:
() a first primary conical peripheral surface 432 extending from the primary
curved convex cutting edge region 411c at the top face 401 toward the
secondary curved convex cutting edge region 421¢ at the bottom face
15 402, which is adjacent to a secondary conical peripheral surface 438
(belonging to another peripheral side surface) extending from the nose
corner 405 at the top face 401 toward the nose corner 436 at the bottom
face 402;
(ii) a first primary planar surface (or facet) 433 near the top face 401,
20 truncated by an angled surface 452 and a lateral face 451 (perpendicular
tothetopface401)abovethevk&mlnﬂddm;ﬂane450,emendmgfmnnthe
primary substantially straight cutting edge region 411b at the top face 401
toward the virtual middle plane 450; and, correspondingly, a second
primary planar surface 434 (or facet) near the bottom face 402, truncated
25 by an angled surface 454 and a lateral face 453 (perpendicular to the
bottom face 402) below the virtual middle plane 450, extending from the
primary substantially straight cutting edge region 421b at the bottom face
402 toward the virtual middle plane 450; additionally, the two lateral faces
451 and 453 may merge into one common lateral face for seating both the

30 top face 401 and the bottom face 402;
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20 with the reference Iine 461 which bisects the angle A index between two
adj acent nose corners, such as nose corners 505 and 508, for exanple, the
fol | ow ngwoebeti2messhi ps may exi st between a cutting edgeCragzan/oa43t he t op
face 401 and a corresponding cutting edge region at the bottom face 402:
WO 2012/ 021261PCT/ US2011/ 044431 L_facetl = Liacet2; D facetl = D facet?2;
Atwl = A tw2; radi us of convex cutting edge region 42la =
radi us of conyvex cuttiagggd e region 5411c; and radi us of convex cutting

edge regi on4b1c 255088 Y p@up@?rﬁbs%@@ fayiegiengingirorodes 1 Now
referring to Fi g'ééﬁoﬂc?e(r?)cunﬁed@cﬂ’f\)%%%%t%g[ é@g{ef’?%dél?ﬁ%%gﬁ‘ﬂ?t AachLe. .

one of the four identical or nearly-identic ripher surfaces of

i oi nsert 400), eQwaigithg Frinuay tohevacdeorvexecuidlg dge hegibotdmdtaice béfiam of

t he doubl e-si ded¢hi : %?j cutting insert 400, may conprises the follow ng
regi onal peripheral” side faces: (i) a first primary conical peripheral
surface 432(iext endiesgniagmdrieal periphesal sUMNES 489 Rk ity FroRtt-Rdgsse €gi on

411c at the top face 401 toward t he secondary curved convex cutting edge
regi on 421c at tﬁ%rrﬁéﬂgérﬁtﬁ%%@ﬂméﬁ01mwdl® Repacemer Ud7atdbe battamy

coni cal peripherg 4 ace 438 (belonging to another peripheral side
surface) extendi ngcemmthe nose corner 405 at the top face 401 toward the

nose corner [M8F]at t hAsioay bensbaodn 4d8p viaw pf thef inillirig pskrer0n, sLanae tealr f ace
<(31(r)1(rj La‘:}@b/}edreésg g@?agg?c()g pf&%ﬁﬁgrﬁgéir cc?t‘%erllupnecr% %galg%ﬁ%ge%%%[ gg surface 452

10 mathematically constructed and described above, may form a negative clearance
surface having a variable clearance angle (due to the nature of a conical clearance
surface formed by two twisted convex cutting edges) ranging from approximately zero
(0) degrees at the nose corner 405 located at point D to a maximal negative value at the
primary straight cutting edge 421b located at point F. Further, the primary curved

15 convex cutting edge 411c¢ at the top face may extend downward and outward to the
twisted secondary curved convex cutting edge 421c at the bottom face. Similarly, the
second primary conical peripheral surface 431, as mathematically constructed and
described above, may form a positive clearance surface having a variable clearance
angle (due to the nature of a conical clearance surface formed by two twisted convex

20 cutting edges) ranging from 0 at the nose corner 408 located at point C to a maximal
positive value at the primary straight cutting edge region 411b located at point E.
Further, the secondary curved convex cutting edge region 411a at the top face may
extend downward and inward to the twisted primary curved convex cutting edge region
421a at the bottom face.

25 [0088] Accordingly, in at least one non-limiting embodiment, when the
cutting edge 411 at the top face 401 is presented on a tool holder to be used in a milling
operation, the first primary conical peripheral surface 432 with variable negative
clearance angles may be used for cutting to any specific depth of cut, while the second
primary conical peripheral surface 431 with variable positive clearance angles may be

30 used for ramping when there is a need or desire for such a milling operation.

Correspondingly, when the cutting edge 421 at the bottom face 402 is presented on a
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to the top face 401) above the virtual mddle plane 450, extending fromthe
prinmary substantially straight cutting edge region 411b at the top face 401
toward t hwowonrzuaate1im ddl e pl ane 450; and, correspondi nglPgT/Us261@0a43d1 pri mary
pl anar surface 434 (or facet) near the bottomface 402, truncated 25by an
angl ed surface 454 and a lateral face 453 (perpendicular to the bottom face
402) below the virtual m ddl e plane 450, extending fromthe primry

bstantial l traight cutting edge region 421b at the bottom face 402
ts ngr 3%‘?@‘%&?&8‘859 ﬁ?%!”ea Hl"élﬁ% 0@%@“%@% it BP1tom fape 40@ds fligpeddd f aces

} : ce I I oth the
Totop Tace a0 o el e e 0B G, 1B e pE R WD6TH 0aaas:
(iii)aPesebawl surfaee ¢3¢ cymftc?quqtée nppetiad glearir?cleeargés ﬁ»:ty%ufu;% Ldr?g;}ttr{@gmr .
|. e e regl on . .
The_pr Frang SpEEHHRBIPHLIN t Bteg YEG s Hag wiricdl s riahonatBags daenitie. 405
ands 5( wayiablemmw@rmemnb@aingwma;a%reahsewffof Bty Ivieert B W afiem §he nose

corner 408 at the top face 401 toward the nose cofner 437 at the bottom
face 4855T¢ (RIFHCRA MMINBEPSERNIONi N a top view of the milling insert 400,

such as thajogygyvi dedp rgéggg%@?ﬁﬁ‘?hertﬂm%t%gé §h‘at?‘r8h§g‘$%8 onigggl_).@,g)iﬁri pher al

surface 432, as 10 nat hemati const ruct Rey form
a negatMpedyheal efrcdoshipfsided highifagd anilliagiiaddre Flgeds aBro i@aghrd-due to the

. i cal cl . face fornmed by two tw sted convex cutting
cages) I fe koL p it BeaBH g e e y@assoootoqm_@rmag@mwmmos
| : " 3 . X . ) 0 .

Lt g o Ao e JonouaRg aRhpneakel Sod BrdeafadrBEaRlr AR BLARA"C oy ex
cutti ngoméaqq 202 atn vABOHDpMbadimenty, thet topdirdovetivan dacesds @UAMASA2tay he

' . cutti ed 421c. at the bottom face.
S | e Ty PR ST el S OB S ShBRuF T Biiee BE Mol ralgatiig s s, Tor
mat hemexaroplel Fheamsosaicoe@rands 0508 ah@S08aRAY Be iMBYdEPbARe Pdﬁjfatcbvfﬁn of
cleara,tlnce cg&lrfa,ce having a variable cl earance angle (due to the nature of a

coni cal"edehiemFidedigh feed miling syt A angi s cemp eeiingGedget miay@_eedlges)
ool R gl M PRE e AR AR PR BB PLARATAETOR, oo
poi nt @ttiryetbes 51115 Ssere tredwpyface6502d LUEWEX, SHéd IHODAETR 1AEIED nfhLee at
t he tog f ce ma xt en i downpard and inward to the twi sted prinary curved
convex 8'@1@?&} R(e éaa\é 'Cﬁ‘éﬁPaﬁt%ggé%{aq%obdh@ww@éso bsivesglutiypeddiesyl y, in
at | easi thensotiA tadd1b 62, uchHCAitIRG bag¥iten H’reexample. Now referring to
Figures 13(b)-(c), wherein Figure 13(b) is a front-side view and Figure 13(c) is a top
20 view of milling insert 500, since cutting edges 511-513 on the top face 501 may be
identical and the bottom face 502 may be identical to the top face 501, only a pair of
representative cutting edges, such as the cutting edge 511 (between the nose comers
505 and 508) at the top face 501 and the corresponding cutting edge 521 at the bottom
face 502, are described in detail below.
25 [0090] In more detail and as shown in Figures 13(a)-(c), the cutting edge
511 at the top face 501 comprises a secondary convex cutting edge region 511a, a
primary substantially straight cutting edge region 511b, and a primary convex cutting
edge region 511c. Similarly, the cutting edge 521 at the bottom face 502 comprises a
primary convex (as seen from a top view) cutting edge region 521a, a primary
30 substantially straight cutting edge region 521b, and a secondary convex (as seen from a

top view) cutting edge region 521¢. The convexity of cutting edges 511a, 511c, 521a,

35



cutting edge 411 at the top face 401 is presented on a tool holder to be
used in a mlling operation, the first primary conical peripheral surface
432 wi t h wanoel2e2émegat i ve cl earance angl es may be usedPCorScutii4agit o any
specific depth of cut, while the second primary conical peripheral surface
431 with variabl e positive cl earance angl es may be 30used for ranpi ng when
there is a need or desire for such a mlling operation. Correspondingly,

when t tin dge 421 at .the bottomface 402 is presented on a WO
2012/ o%ﬁ‘%’%ﬁ%@%%ﬁ%ﬂ@ﬁ flogor tRBIViRY of thepailirgetnser 200wisuEh ag tbater at i on,
i.e., thewbdhtrgure i ' ot c & rforning a
T L1 ng operat Lo LR Saco e R o PR iR 2L Lo BB AN,
vari ab%ﬁ@@féﬁdiﬂﬁée Syslgmmey helgteslucriatdeedsiedehtures of tHengiilling BersgEEEi fi ¢

dept h | i i cal _peripheral surface 432 with
Svar i ab b opeat o R BT PR K0 58he P kbieLaminn firox e 1<
neetl oligisad nethborirtsalahidalarplehirEsonsianaidonle 888 Y @ukefilfY AbakBoo,

e

further illustrate_another exenplary non-limtin bodi ment "o

doubl e28Fud% SRR Figdie 159 ay XN elane isipgervided sheyeingha Yt axieds dolimeai onal
vi ew ofyita td ' | i b el ' 500, compri Si .center
ol & 10503 Ao are 2o R gl 6oL BAReRRRIE Acbeso e Sodld € ERK e
or neafMay heleavaidalappovtivatdlnd @05RYreday Hidrouse emdedismtivas or hBarly op and

b 502 i flat f flat f ith
onant ot FER AR e Ror Bl R A I Galomitae RampEp rmachags d Eigiier s
08 SOB(aiheSanamysubedraly dnd oLl BEROLIhcl By Hatth e ded

hi gh feed 'IIing insert 500, and a conplete clttin ovi ded
bet weel282piacet 853 yd) el By bolunededdysan angled surfate &R, artche tateragebting hr ee

502 oy bes denl e o L e BT . o B B Fer S SSwe oo iy

502 may be | I ca near
al so bangled eurface GEAgNayibesised dswesbatirirackagrl hiRdatesalcddafingG4td 559 e

521, f | e. f [ to Fi 13(b) - ,  Wh F 3(b
e (PoA SEPRER AURES ARG darees o) imiacars Bouk ebexstmpiel In atgoasicam
5008, sd i ' 5 i be.id | cal d
Che bottom ace SeFTiRe BRRet, Ayl pa78s abdlBt SEMGTEL Ry o

r epr estbatvasn ahautiddgosthpes S0glagheas Atditionally, ngacrget 5Ad etiRIdRBAL, the
cdge SIEPRREEN, B TarRleriiing 1 os 881 qddneiaaaee Het Y besishtyA880090] | n-
mor e dhRAIYD duifteds. FNaMelhttEHE &St bPhe(SHimal ali fbBP5 5 H8ar the top
face 501, as represented by one of its boundaries 541, may be twisted or rotated about
20 point W by an angle A_twist. The angle A_twist may be measured from a reference line
543, which represents the position of the boundary 541 if it were not twisted.
Correspondingly, the position of the primary planar facet 534 near the bottom face 502
may be twisted or rotated by the same angle A_twist from the dotted line 543 to one of
its boundaries 542 which, subsequently, may be co-linear with the boundary 541, as
25 indicated by the reference line 544.
[0091] Now referring to Figure 13(c), a top view of milling insert 500 is
shown. As mentioned above, the cutting edge 511 (see also Figures 13(a)-(b)) may
comprise cutting edges 511a, 511b, and 511c¢, at or near the top face 501 (see Figure
13(a)), and the cutting edge 511 may be formed between nose corner 508 located at
30 point H and nose corner 505 located at point N. The primary substantially straight

cutting edge region 511b may intersect at point J with reference line 562. Reference
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511 at the top face 501 conprises a secondary convex cutting edge region
511a, a primary substantially straight cutting edge region 511b, and a
primary cwover/euteti ng edge region 511c. Simlarly, thePcutuszoig/oedge 521 at
the bottom face 502 conprises a primary convex (as seen froma top view
cutting edge region 521a, a primary 30substantially straight cutting edge
regi on 521b, and a secondary convex (as seen froma top view) cutting edge

D05l 0INECrRERTES T rnidla®! Aahid L5 TEd istengsuino sl Bipertoathe oglevi ew
of the ArimdéxngT h@é@één@?ceﬁ?@ﬁc@tﬁnb"é@geﬁ@%% ILER J)‘Z%grb%o%&rﬁ?ﬁg?& &y b&igarml e.

Addi tignally, a three-dinensional Cartesian or an e system may
hel p t ePAIECEAL BOSLFREEA SPBANGIthe asfiaaamé primary sybstastially SedighFauttieganpl e,

. ) 3 .  ded i the X axis |
a1 anedoP reyRH b The i osRL AR BuliBoBi s (e BT L et gt Bed

mi | §i ngrienseferen@icirdad55aand eeay 4l8o BegtormetB{io bR X dRIBREpHMARF OVi ded

wherein %I}e Y axis .i C(ﬁ.l i ngar with the reference |ine 561, V\Ei ch ‘may

bi sect “t RacaigPestinRist % 9dR GPECRITId exanchierndiaeriinoss cepperddimat el y 120
degr eeMa&ﬁeMbﬁéﬁly@Wef irﬂé@%uttﬂ\%rgdg‘r‘?gr:egﬂfn el%1'1%65%53'1gaflic??ﬁ)}lélgg)b%dges per

each top and bottom face, for "exa shown I'h ure the
pri mar §XRigEed Ryithe apovedisayissed egiatione()d 1 1 pgespedilély. rBinikeynhe pri mary

| 3 j . d b | ed r f 552 d
P oo apofesontitiy BB sl B cHhindd'BE A Sode AR A Saittinne. (1A Cordhael v,
i niovar bottsmdate §0awahthe bit@irfRUoat afieht Aka| 1P a8s&HMe R %ée%%gfjﬁﬁ/etzos i ting

face anc{ the lateral seating face 551 may be at an ang an 90

deglr eeSUIRY ERgeBPIONRE cHuiclFmaydeisignticalita cattingeedge ol Sehdotierent, t he
and o BvgRPRu ek Sl e oS kit o208 (I 0 L8l TR,

enbodi @dgr regidre Sahi), anlddha@eimarpl@ohaéﬁbaﬂting%%fgieﬂ@gfo&lc&ﬁﬁvrﬂ&ﬁ' nidiepd op face
501 g, egﬁ%aﬁl i %hélé | ess t han ?0 de%rees. In any event, the position of the
pri mar%a & CHUKGedgeragintt 51 Heand glsodangsntito iarer isigresencidleifne of
its boka @@ﬁ\@spy.541, may be tw sted or rotated about 20 point Wby an angle
& wi st. The angl e Atwist nay be neasured froma reference |ine 543, which
represent s [0A82posi t i fouthsr retesribg tmBiguye 581c)i Since theVeaxi®mawhs tehnear

Corre |n he.position of the primr | anar facet 534 near the
bot t oﬁ\ﬁ&ﬁg@ee %5%9’?‘5@1 6%9&533?@9&0‘9‘&@8?‘ @ét‘pﬁ%" Yoradiagnenese oprErs.r om
the dauchchd howe SdkdetP505ana 508! ForkadndRE | B 8dwi 'reﬁtiﬁgéﬁﬁégwégﬁ _may

be co-linear with the boundary 541, as 25i ndi cated®by t i ne
544, [IYePRGFCUENGPHgR degion At the toplface 50 1ardbp corresparfiding lcutting édyert 500
i s,sh : I e, the cutting edge 511 (see al so Figures

1§ga) ?}(A@W%né@g@%ﬁgﬁ%ggméung edges 511a, 511b, and 511c, at or near the
top face 5Q1f4c#@1 Elgyneetd3(a)), and the cutting edge 511 may be forned

bet ween no'ﬁi corner 508 |l ocated at 30point H and nose corner 505 | ocated at
poi nt N. THe-BeetRdryDstasetQiti al Iy straight cutting edge region 511b may
intersect g twgﬁn_:tAme&é;h reference |ine 562. Reference

radius of convex cutting edge region 521a = radius of convex cutting edge region
25 511c¢; and

radius of convex cutting edge region 521c¢ = radius of convex cutting edge region
511a.

[0093] Now referring to Figure 13(b), a representative peripheral side
surface (from one of the three identical or nearly-identical peripheral side surfaces),

30 extending from the top face 501 to the bottom face 502, may comprise the following four
regional peripheral side faces:
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WD 2012/ 021261PCT/ US2011/ 044431 |line 562 may have an angle of AtwOl with
the reference |ine 561 bisecting the angle A ndex. The secondary convex
cutting esgeordgizmm 51lla nay be connected to both the agCaamsatiifoesisl cor ner
508 and the adjacent primary substantially straight cutting edge region
511b. The primary convex cutting edge region 511lc may be tangent to 5
inner reference circle 555, and may al so be connected to both the adjacent
primary sub region 511h and the adjacent

i all trai ght tti d
nose corner ﬁsjggt Ial\/ﬁ?%%%ﬁ%‘&: nisA %telﬁ'lgﬂgf?ﬁégﬁé% BAGERNENG E@Fb% BAMary 511b,
and 511c may al sguRedeEREs TetindYeddiersVS1 il SCiesed fé@@ebh@&ﬁaﬁggt}mgéﬂ,

respectively. Simlarly, the corresponding points as deternined t
above- di scussed &geRNdBNSU(vER)CqYBX cattinthedde wdion 63he ahte BER B dacde

ined t th t | i he 0 ry,convex ,cuttin dge
egi on 5210 (ahi Shereepo PAERERLETa bCu T RGP B et Suided B
prifary subst ant {klbnygisg rtcabgbthecp‘etiblggraeé@g §Lﬁgic@§1_e5t%iabir(g/%mhh€&1%btsbe g
i tical t tti i 511b), and the primary convex cutting edge
regi on 521a (whi EHMBASOBE! HUSIRH 4P 20U ALY Hip eoRfeonagr G403 os RAtoml so
tangent to innerigcgfmyence circle 555), 15respectively. [0092] Furt her

referring to Figure 13(c), since the Y axis nmay be co-linear with the |ine
561 whi ch biiigect 8 firHeramyy@lanarrmetachbdonteet)t3@S melrabenop faxses5enr ners, such

0 f I the followng.relati onshi ps nmay
2>S<i Qfsgetcalregﬁrz fzg’?‘%&}qﬁg bga%{ear?@ég %ﬁﬁgge gﬁg qngpa Paé%@w%%'% g ¥ r espondi ng
cuttt i ng edge 20r @@inpenditulther mmurfgv\v%ﬁz angleIBss oLsﬁ@ﬂ@/tlgés thdn 6@ 68HR®s to

Dfacet01 = D facet02; A twOl = At ;. _ radi us of convex cutting
edge region 521ahe 1PRHGRSBT) akpvpdkeityal maiddiegelane SOnezBBUNg framdheadi us

Si1a. 1 0003] Now T ar ek hata ity shaighy R adle RUMEN: BV R IRDoPiR FEF o1 ae
surface (from ortlewafd theevirtuabmiddle pldreabs®rancesortesponanighe alsepend pher al
o oot et ne TR AR el Sl By oo ol s
2052/ 021261PCT/ U203 kh@rdrsttace 554 and a lateral seating face 553 (perpendicular or
forming an angle less or slightly less than 90 degrees to the bottom face
502) below the virtual middle plane 550, extending from the primary
substantially straight cutting edge region 521b at the bottom face 502
toward the virtual middle plane 550; additionally, in the case that the
20 lateral face 551 is perpendicular to the top face 501 and the lateral face
553 is perpendicular to the bottom face 502, the two lateral seating faces
551 and 553 may merge into one common lateral face seating for both top
face 501 and bottom face 502, and in embodiments where the lateral face
551 forms an angle less or slightly less than 90 degrees to the top face
25 501 and the lateral face 553 forms an angle less or slightly less than 90
degrees to the bottom face 502, the two lateral seating faces 551 and 553
may intersect at the virtual middle plane 550 and form a folded common
lateral face for seating both top face 501 and bottom face 502;
(iify  a second primary conical peripheral surface 531 extending from the
30 secondary curved convex cutting edge region 511a at the top face 501
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(i) a first primary conical peripheral surface 532 extending fromthe
primary curved convex cutting edge region 511c at the top face 501 toward
t he secomaanyixizeed convex cutting edge regi on 521c at pCnashativensf ace
502, which is adjacent to a secondary conical peripheral surface 538
5(bel ongi ng to anot her peripheral side surface) extending fromthe nose
corner 505 at the top face 501 toward the nose corner 536 at the bottom

face 502; (ii) a,first, primar | anar surface (or, facet) 533 near the top

face 501, truncaf%\%argfhgrpr%@%ecg‘r‘ée&??%véawn adaer%@'e%&?@eaétth@.&%ta% 551
10( per pendi cul ar ffge 5@¥:rdny an angle less or slightly |ess than 90 degrees
to the top face 501) above the virtual mddle plane 550, extending fromthe
pri mary sub&Vhnt eRecpndargastical @eriphawm! sugace 830 @xteiimg front the nage f ace 501

bl anar surface (o0 Pacery£34 M 2R BuRRbiy BRRe ag o s dfebotan) o
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2052/ (rd&&.6 Bl ; 9%@5 i iJvar [ edge
region 521a a{érﬂiﬁéﬂ%%ﬁ@%ﬁﬁ% ig{g OZEICgE%e@H\%% ésﬁerfég% arygggﬁ%gﬁ%geclﬁ her al
sur f ac®@nsgcte aifescribesmhdve, mayeform a positive clearancecairfae 8hgih the t op

be sean PR EPETRAT R hery eltFensoseagens syrarasomed by " ™

two twisted convex cutting edges) ranging from zero (0) degrees at the nose corner 508
located at point H to a maximal positive value at the primary straight cutting edge region

20 511b located at point J. Further, the secondary curved convex cutting edge region 511a
at the top face may be extended downward and inward to the twisted primary curved
convex cutting edge region 521a at the bottom face.

[0095] Accordingly, when the cutting edge 511 at the top face 501 is

presented on a tool holder to be used in a milling operation, the first primary conical

25 peripheral surface 532 with variable negative clearance angles may be used for cutting
to any specific depth of cut while the second primary conical peripheral surface 531 with
variable positive clearance angles may be used for ramping when there is a need or
desire for such a milling operation. Correspondingly, when the cutting edge 521 at the
bottom face 502 is presented on a tool holder to be used in a milling operation, the

30 second primary conical peripheral surface 531 with variable negative clearance angles

may be used for cutting to any specific depth of cut, while the first primary conical
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provided by Figure 13(c), the first primary conical peripheral surface 532,
as mat hematically constructed and descri bed above, may form a negative

cl ear anceweunfzarechavi ng a vari abl e cl earance angl e (duecrastoie/onaBure of a
conical clearance i O surface formed by two tw sted convex cutting edges)
ranging from approximately zero (0) degrees at the nose corner 505 |ocated
at point Nto a nmaxi mal negative value at the primary straight cutting edge

i ) at.ed oint M Further, th rimgry curved convex cutting
cage r eaoesl $EEEe Brp MRlbarkinls eyt ek R T S e RAL BB R
twi st edheeaherBisya AEEY 6FdESIRY Br stidhtd MdliR§eper@Bhon 521c at the bottom
15face. Simlarly, the secon i coni cal peripheral surface 531, as

d r
mat henat i cal999&8onst r fiiguseas éﬁéﬁ%&lég?'ﬁébé@ amgher ncnwrrﬁtmgre@bpdﬁmmt\? a f
I : ; I : Labl e . . t nat.ure of a
coni cap oy Eaad ik B AR gk T Eh R PE Bef R M ot kguliBatsen
r angi n§O0 iltustragrdin(Biyutksgt e (Gtartchée swibedcatiover ebddpt] sdshed thadt tik®icotting t o

i iti I he pri trai ght cutting edge regi 20511b
oat clods RIS @ of PRuCRaEaRiadyy yBota Bl oBA B tuithg e

regi onrdpldieal HeediWihd A6S: B8NP B8 dRNABLLBMaNR D RRBY redi
a at t tom T ace.

twisted primary curved convex cutting edge region~52 ' t
[ 0095] Attadr dhatg payieeihred suchiseconfasygebstantially straghioputfiag ed§e tegisns

b dinamlljn eration, the first
B; iezgp §/§ﬁ(::i’oér)12|rbc§rl](5 gg%@r ﬁb%gég}f&seu }@i‘ﬁ”ﬁ@ﬁ'oﬂnﬁw"\;’éﬁqg& ¥t ﬁé%ﬂqtk}_e cl ear ance
angl esL n2nyd_Hacets ede barezwhtihtagabile C@ﬂmfgsélﬁjé. f igndteplehopffadaiboMidyend he
second pringry conical peripheral surface 531 with variable positive
cl ear a’ﬁ’@@’“‘ggﬁF €y ydendical ijthediotioamingeyb G dhetenriiecalse thiep segondamyesi re f or

h ] } e At : i , tti A ; t the
Dot t ons ey R G RS, Rk s e BB bR Y ey
oper at ¢witing ebge 36giooddd @ theabgtt@oiacab0penvr phamale. sThdratme534 sbivh in

dept PSR SRR Y T B i bl L oo 8 Speer e
cl ear anbe andl oo oy e ey e Bl R e ¢ o
such PN sipsipdiedy isbaight cotsiordge gidMbh)b, (byeddridasy caveandtingr
ron 88l GRS T by 095l s B 56l
between two adjacent nose corner 605 and 608. The convexity of cutting edges 611a
and 611c can be appreciated from a top view of the milling insert 400, such as that
20 shown in Figure 14(b), for example. Each secondary substantially straight cutting edge
region may form a secondary planar surface (or facet) by extending downward, for
example. Specifically, the secondary substantially straight cutting edge region 621 at
the top face 601 may form at least a portion of the secondary planar surface (or facet)
641 and the secondary substantially straight cutting edge region 631 at the bottom face
25 602 may form at least a portion of the secondary planar surface (or facet) 646.
[0097] In various embodiments, the addition of the secondary substantially
straight cutting edge region 621 to the cutting edge 611 may improve the surface finish
of a side wall of a workpiece being machined by one or more cutting inserts 600, for
example. This may be achieved by constructing a secondary substantially straight
30 cutting edge region 622 at an adjacent cutting edge on the same top face 601 such that

the secondary substantially straight cutting edge region 622 is oriented approximately
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5500 illustrated in Figures 13(a)-(c) and descri bed above, except, at

| east, that the cutting edge 611 further conprises an optional secondary
subst ant iaDI2g1282e®iI ght cutting edge regi on 621 bet ween wPrh@/usesie/o¢asner 608
and the secondary convex cutting edge region 61la. There may be three such
secondary substantially straight cutting edge regions 621, 622 and 623 on
the top face 610, dinensionally indicated by the Iength 10L_2nd facet, one

on each_j.ndexabl e tting edge., Si.nce the top.face 601 may be identical or
near | yBFbﬂéﬁ}oﬁccugz%r tf)_(C)tH? e _tsg'ﬁ?tlagé'@ﬁ%ﬁté?'gpf]%‘t‘tgnﬁreéigﬁIr§8'°@h€f1e127 fdb8ndar y

Subst ant ol 1y o7 2?8??1&%?1‘%?%%8?% O oo g TR STRREAPER S for
exanpl BIMaR:pubgaptiallyssterghircutingedae eedian 9! 1beaan be perpenpliedgeto thiet h t he

cut ti ngniefae 161590 18 hto%rf ace as a lbrepresentative exanple, may
conprise a primary convex cutting edge region 611c, a primary substantially

strai ght cuf@d98j edgeAcegidimglydterriag s&EQEay(£paMedneWws thé threed@ertRai on
61la, and alsecogd%ral sgbstan ially strajght cutting edge region 621
bet weefl’ PR AECREEHPerpEE TR SidrsutrnssLidhe GattingHased APBaY exteng fram e

edges c880 164 16e 6BRORELIABBH0EC hAk ¢tk u?%ﬁ?i?{b ;{ngr‘éw(ia@% r;%g.gngkl l'ing

insert 400, such as that 20shown in Fi ach
secondaepPhripksidafacas: v fust sgagndaguplenagsedass (ardaceth 64@ynehothe hots@oondar y

I ; t endi d, .f l e. Specifically,
Phe sozoadit? BBl R Aot B PR BB R e o e e oo 6.
faoe 6@tetjeA4f meanthe thehaie G0N $dcdMdYrirhAE FesANElatacePlop et SEAS ARy (OF

facet) 641 and the secondary substantially straight cutting edge region 631

alt t hetNBRAAM fareb3 gnsesriid RréPafYRoNieal Perighpe sudace P42ha sesonthdar y
| i i :
pl anarseuyrafepkfar 5¢&ld (o%%%c?t()iGM neﬁgﬂﬁﬁgﬁjﬁ f%ﬁ% @OH%ﬁﬂ%"%e%ébgggé $c2mct:aggl ‘o

addition of the secondary su nti al cut

t he cuperipfgpraldnefa@®163vay i nprove the surface finish of a side wall of a
wor kpi ece (tﬁi gﬁ rrachiged g% i)ne or. nore cutting inserts 600, for exanple.
This may bdV32R] eved BFUBHM Gettringren-indngriphodimantant tha sipglerhandast 30

cufst i N0 BMSBIdROH A G AR el f@«nhigﬁjfé@@miﬁliﬁgtatré ﬂgssrﬂnfb‘ﬂcﬁgreﬁrheTﬁg%gﬁé’-p. face

601 such that the secondary substantia straig utt1ng edge regi on 622
i s orihanded dpiresidest @ltiing INDes 1240 Ba 26 kPGTH SB2&1Ar D dHa43s, pedpeagbeul ar to

t he prj ar, ubstantjally straight cutti edge region 611b of the current
cutti n%d%c%%ﬁgffnﬂspﬁﬂ"%?{@?éﬂ@e r &'9} @Q}Eﬁg ﬁBgléf@rt'.O%ISn ”s‘ﬁéabeemﬁﬁfﬁmﬁit s, the
pri martaswesiraséntaddatriptioRneHit i ' rR)

per peno_l?cul arr to the r”g?g?rgir}hgg%tgétgw gﬁgﬁsgoﬁ'ﬁgﬁdcgﬁ Eggﬁ%oégf‘ﬁcn}:so?fdtlh ﬁgl Yy,

r ef er rdisgjoswerplpyaat tuprayidingg cless uniderstendihgdbeiicdérarictiniat oertaieaadpects

i ti I I f f .t ttd i t ,600 t

From CFBE AR Rr 085 ALOKBITE AR dFesy. el Tishrse g would

f ol | owiotGerregicgsaly togacimags a|be‘$ﬂed©n8éﬁ‘s¢§hdiﬁ? of frid diggeansamayRipar surface
(or facet) 646 near the bottomface 602, a Tirst primary conical peripheral

sur f ad¥e$ery,in grdgritersirppliftdhg depariptionsur f ace (or 10 facet) 644 near the top

face 601, nd prd f or. facet) 645 near. the bpttom
face ooz, 18RI PrImBIE MR oRHh RRFa e it Ao imedl 6 the
secondisgfoqrarmae nevedserily toscrivreeiored bnaediordinant skl frage HONill, apdna
secondary. coni cal peripheral surface 637.
25 considering the foregoing description, recognize that many modifications and variations
of the disclosure may be employed. All such variations and modifications of the
disclosure are intended to be covered by the foregoing description and the following

claims.
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[ 0099] Accordingly, certain non-limting enbodi nents of the single-handed

15doubl e-sided cutting inserts for high feed mlling are described herein.
The si nglweo 2heidembidoubl e-si ded cutting inserts nay be @CTRisovm/o0gi4zes and
shapes, and nay be adapted for conventional use in a variety of drilling

applications. It will be understood that the present description may
illustrate only those aspects of the enbodi nents of the disclosure rel evant

to progiz!gh?gggq!céIﬁfﬁg:ggderstandi ng thereof, and that certain aspects
20woul those of ordinary skill in the art. Therefore, such
aspects as would not be necessary to facilitate a better understandi ng of
the disclosure may not be present in order to sinplify the description.

[ 00100} Furt ) it L pggh: A : Hhodj ts_ af the
i 5ol osur e AreiE iR ARGl TR HREhy8L GBS, Foll ' he
art wi toyblasite®settingiinkart ogmphisinfor egoi ng descri ption, recogni ze that nany

modj ficatiopns and . vatiations of the disclosure may. be enployed. Al such
vargl ations and B dPY ?accfft??)q@ b&gtophgacecﬁeg@'r%tggﬁ)é( %}é@iah%%@cﬂ)?@’?f’be cover ed
by the foregoi ngadieast thiée 88n@Xcitheg babbewhngchl &gk top¥d bottom faces,.
2012/ 021261PCT/ US2011/ 044431 WHAT IS CLAIMED I S: 1. A doubl e-sided cutting

i nser t ¥V EARYVex Pitlingprgg havingatvesstauetvag cottifgsedamiagiatubl e- si ded
tting i t LS00 bt t ted b
Crtuar o o pfagasthide ndZ Boks bASAAY SAidRL M £ SR 28R, 2eth, L ach

of sai moseoporard comeaimgf taoes!, saddconvanmeing edtjesgaretige having at | east a
curved cutting edge region; , c. at |least three nose corners on each of
sal’d top antt botRORRFHBERE Peripfierabaide SHFfRees euieneia igmieashadf seid tProand ex
cut t i ngotesaeacesPidl@irlal ddk Jidne L ReN ' igxLendi ng
fromeach of said top %no? b_ottoﬁfad%?ﬁc?i@?‘&%)iﬂ%%%ﬁ%d eBBﬁéﬁe, each
peri pheral side isurfazérat@tiprargicagical peripheral safdde ettepdingdrom @aqrirnaty

P e ! A AL A B R T S BB A o
edge regi orcuated abAvIOt it fedge regivfl f SARFBOROMIThERdhd a second primary
15 conical peripheral surface extending from a secondary curved convex cutting
edge region at said top face toward a twisted primary curved convex cutting edge
region at said bottom face;
ii. a first primary planar surface extending from a primary substantially
straight cutting edge region at said top face to a virtual middle plane, and a
20 second primary planar surface extending from a primary substantially straight
cutting edge region at said bottom face toward a virtual middle plane, wherein
both said first and second primary planar surfaces are truncated by at least a
common lateral face which is one of perpendicular or at an angle that is less than
90 degrees to both said top and bottom faces; and
25 iii. a secondary conical peripheral surface extending from a nose

corner toward said virtual middle plane.

2. The double-sided cutting insert of claim 1 wherein each of said top and bottom
faces is provided with one of a chip breaker geometry, a flat face geometry, or a flat

30  face geometry with chamfer at peripheral cutting edges.



15coni cal peripheral surface extending froma secondary curved convex
cutting edge region at said top face toward a twi sted primary curved convex
cutting esgeoragimn at said bottom face; ii. a fiPpCItUSpotiLat4g1 pl anar
surface extending froma primary substantially straight cutting edge region
at said top face to a virtual mddl e plane, and a 20second primary planar
surface extending froma primary substantially straight cutting edge region

t id bot d i rtyal, m.ddl e pl ane, rein both said first
Tha ceond pHEAd T b clufhq'losbt Bt cBif & AR SR gl Srichiep Bt Ban
| at er afadeade siMyle-hahgednetref s40e pRBEIiGH ar or at an angle that is less than

90 degrees to both said top and bottom faces; and 25iii.a secondary conical
peri pheral surface extending froma nose corner toward said virtual mddle

pl ane. 42. Th?h%%@'b?@-?iidée%uﬁwgtpih@&nigg(%]?a% Llngldhm L wherei n each of said

top and bottom aces i S provi Wi th one of a chip breaker geonetry,

a fiat face geonetry, each af baidttop@Ghadetigeo faies)is singhe-bhagé@in tle gahépher al
cutting edges.t. %D 2812./ 021261PCT/ US2011/ 044431 3. The doubl e-sided cutting
insert of cfatRESTRAECRi n each of said top and bottom faces is

si ngl e- handed i npt he §é‘é¥‘?s§iidrc%¢1§/b?%uttﬂwg él'd‘&e Q,«pmgk @bﬁl‘?ﬁggs %%ﬂr{\%@ insert of

claim1 wherein: 5a.each of sai p and bottomtaces 1s single-"handed in

the sanme cuS¢Rsigniiplyetraigh; cuttingedos saion ireemediatet $aig cadgel duttingedge
conprises a.pfl ially rai ght cutting edge region internediate
said cur vedre?:ﬁf%@% Séﬂg@%%@ﬁk ar@[ sai d nose corner; and 10c. each said

petd pheral side surf aeach Haiitjh:@!riphermrsic@&@d@ﬂuﬁhél/c@rh?ﬁ@és banmhagxt endi ng
fromsaid primary substantially straight cutting edge toward said virtual

m ddl e pl anglangr fapghextsnging leorasaid peimaRy subsaniialyrstegightraudtinghedes n each of
said top angwRedsam virtual middle plane.

5. The double-sided cutting insert of claim 4 wherein each of said top and bottom

15 faces is provided with chip breaker geometry.

6. The double-sided cutting insert of claim 4 wherein:
a. each convex cutting edge further comprises a secondary
substantially straight cutting edge region intermediate said primary substantially
20 straight cutting edge region and said nose corner; and
b. each said peripheral side surface further comprises a secondary
planar facet extending from said secondary substantially straight cutting edge

toward said virtual middle plane.

25 7. The double-sided cutting insert of claim 1 wherein each primary conical
peripheral surface associated with said top face extends outwardly and toward said
virtual middle plane at a first angle relative thereto, and each primary conical peripheral
surface associated with said bottom face also extends outwardly and toward said virtual
middle plane at said first angle relative thereto.

30
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15faces is provided with chip breaker geonmetry. 6. The doubl e-sided cutting
insert of claim4 wherein: a. each convex cutting edge further
conpri seswa?2eonmbary substantially straight cutting ed@eTnsgéion4d431
internediate said primary substantially 20strai ght cutting edge region and
sai d nose corner; and b. each said peripheral side surface further
conpri ses a secondary planar facet extending fromsaid secondary

subst agti al straight cutting edge . towar aid virtual K m ddl e pl ane.

257. Thg' douh-%g-&squgle%s'gﬁf%ﬁu&t qg'H§38t°f8?a”@I ng HeISarRiSAILSRMAN 'ﬁfffr?Fconi cal
per i pheudhcs l¢fbaned @sy_samamg pertidhsSer shid aBjalcarep&ird snsisrightrupgidby and
toward said virtual mddle plane at a first angle relative thereto, and
each p?ﬁ“ﬁ%’%ﬁ-coni cal peripheral surface associated with said bottom face
al so extends outwardly and toward said virtual mddle plane at said first
angle relative thereto. 30 WD 2012/021261PCT/ US2011/ 044431 8. The

doubl e¥9si dedhe ubublegsidad euttingf insériofrchimiBewhereit @abh saidcarammpnateasler al
surface i.s forned b ryncatin rtions of said adjacent pairs of

per i ph@?%ﬁ‘c%f)e(ﬁ@'%?%/ 3%8’3.0?@9?&%@0 ?Q-Cgtt@@oe 'ieidl'f@“-i nsert of claim8
wherein each said comon | ateral surface term nates short of each said
curved cutting edge region. 10.The doubl e-sided cutting insert of claiml
f ur t hetO.conph¢ sioHgle-sided cutting insert ehskairoriefupthat eamposingach of sai d top and

bottom faces, sajd 10 defining a ane ner al erpendi cular to
said virtual ni d%‘l ep 4algé(;gtaéfahnedg lahea'dn 8?%/{%?8%%08&?&& %%IFO&” %‘fﬁ%ﬁaldit eral
sedting surplateau defirmey afplgengendilayly pefmeridtal @ sz vituaR higde! Rah&shd han

90 degrees to sajid plateau. 11. The doubl e-sided cutting insert of claiml
wherei n each nos corWE?r%ﬁﬁP'ﬂ sakl gammon lateral seating surface is one of

generally perpendicular or at an angle less than 90 degrees to said plateau.

11. The double-sided cutting insert of claim 1 wherein each nose corner comprises at

15 least one of a circular arc, a series of circular arcs, and a multi-segment spline curve.

12. The double-sided cutting insert of claim 1 wherein each said curved cutting edge
region has a radius which is at least two times the radius of the largest circle that may
be inscribed on said top or bottom face of said double-sided cutting insent.

20
13.  The double-sided cutting insert of claim 1 wherein each said curved cutting edge
region has a radius which is at least four times the radius of the largest circle that may

be inscribed on said top or bottom face of said double-sided cutting insert.

25 14, The double-sided cutting insert of claim 1 further comprising chip breaking

geometry provided on each of said top and bottom faces.
15. The double-sided cutting insert of claim 1 wherein said top face is a mirror image

of said bottom face about said virtual middle plane.
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| Sl east one of a circular arc, a series of circular arcs, and a

mul ti-segnent spline curve. 12. The doubl e-sided cutting insert of claiml
wher ei n esiohlropdi2tkécur ved cutting edge regi on has a radi esTse@h/oss3nt | east
two tines the radius of the largest circle that may be inscribed on said
top or bottom face of said double-sided cutting insert. 20 13. The

doubl e-sided cutting insert of claim1l wherein each said curved cutting
edge regi on-has, a.radi us ich.is at |eas our tinmes the radius of the

| ar gesﬁgci r (-:]le‘g q%e'ﬁﬁtfj)db‘ﬁﬂ{"?%lf‘rsﬁﬂéﬁ CJfH"%L? BJ"{[#@;S COMRSIsItDLAIP fraalgngsai d
doubl egebrtryqtblided dréssH of 2Aid 4o BRdBRMBhErSEded cutting insert of claim
1 further conprising chip breaking geonetry provided on each of said top

and bottom faces. 15. The doubl e-sided cutting insert of claim1l wherein

said t fage.l LA~ Lk [ ttom.f aboyt said vj.rtual
ddl o 61 ane o35 Rlp TR Be R o B bR Do BN Rt Plee
cutii nfrtheseotnwiseslaileast Hnewftahesrtion i ahssiifses B orbiée ok b ParASSIAEARY a

provi dedlon each, of . said top and bottom faces. 17. The doubl e-si ded

cut ti ngY'FE8INEHE SRING tHYewher ei n each sai d convex cutting edge 5furt her
conprises at |least one of a portion of an ellipse, a portion of a parabol a,
and a nulti-segnment spline curve. 18. The doubl e-sided cutting insert of
cl ai m 18- whébeideuhte-sidadcuting iveen e cimt i, whezdigeatdemgirdneesorves anttirdar y

subst agfi fraiaght j dae region . positioned 10 adjacent to one of
the nogéé%lo:@r@g?%égﬁ ggﬁﬁéé/n%ﬁ{%afﬁwgy&?r afgg‘@_cé‘g@@n%&eyre@m&s'%‘ﬂ?q ng edge
regl onadjac&’s tora ofl thehoseorsyistaA18 £&4EDEMIb e of the secondary convex

cutting edge regions.

19. A milling tool system comprising:
a. a cutter body and at least one double-sided cutting insert; and
15 b. said at least one double-sided cutting insert comprising:
i. a top face and a bottom face separated by a virtual middle
plane;
ii. at least three convex cutting edges on each of said top and
bottom faces, each convex cutting edge having at least a curved cutting
20 edge region;
iii. at least three nose corners on each of said top and bottom
faces, each nose comer connecting two of said convex cutting edges; and
V. at least three peripheral side surfaces extending from each
of said top and bottom faces to said virtual middle plane, each peripheral
25 side surface comprising:
a first primary conical peripheral surface extending from a
primary curved convex cutting edge region at said top face toward
a twisted secondary curved convex cutting edge region at said
bottom face, and a second primary conical peripheral surface

30 extending from a secondary curved convex cutting edge region at
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a.a cutter body and at | east one doubl e-sided cutting insert; and 15b.said
at | east one doubl e-sided cutting insert conprising: a top face and a
bottom f awe 2B ed by a virtual m ddle plane; PCT/US2011/044431  at

| east three convex cutting edges on each of said top and bottom faces, each
convex cutting edge having at |east a curved cutting 20edge region;

iii. at least three nose corners on each of said top and bottom faces, each
nose corner connecting_t i d convex cuttin iv. at
| east three peripher agaQV@Bq ? Q%M'éﬁ?&lmﬁ“?’% "g%‘iﬁo'&‘fe’%%[ﬂtﬂngﬁﬁ’gﬁnd
bottom faces to said védibhak saiddsBtenPkae, each peripheral side surface
conpri si ng: a first pr| mary coni cal peripheral surface extending from
a primary curved convex cubtfirsigprsage plagaiosurtacesaitandiog fiam e provaryd a

tw sted secondary cur t._said botto

and a second prinary %gﬁ?tgg{%g}% é@ﬁr&ﬁt"g(ﬂgg%%gg@ggﬁ gﬁﬁﬁﬁa f‘??%iﬂ a"”?“aef
secondary curved convexddiatpiamg aﬂd!gﬁsewd)pnmtary M@nar surface extendmg from
2012/ 021261PCT/ US2011/ 044431 s ace toward a twisted primary curved

convex cutting edge r@di' HP?%SUEéﬁa@“BE\( piRiohhedting edigpgegion ateajd prliemr
surface extending frOch@ tBWbP@éW:rﬁ}Q?%IBBFe' @hhy, \ﬁﬁér%'ngBEthdéﬁ&'ﬂPQra?\%ge region

at said top face to a virtual 5mddle plane, and a pl anar
surface extending froﬁ@@m}#wrmaw leabamwﬁa@sleyrestturmagm bwat teatsgaexd)g&noagl on

at said bottomface t VII‘ ual mddle |nbth said first
and second primary pl @ﬁ@;fig%t 858 Jfich ‘?{E%PE 'JW\AQ éncﬂﬂ%n

| ateeral seating face teBkefar soemgréés ﬂ@%d!ﬁ%@lcpwpaénd)ﬂsot@émqac@@%% 10l ess
than 90 degrees to both said top and bottom faces; and a secondary

coni cal peripheral surface?8RERMANVGONICEhParipheyel &wfa@rextemamg feama vi rt ual
[)nogSI ﬁagl :?el eag'? o-rll-g?% c%‘%qjlegtgéﬁéeﬁ&b@gb {ncﬂ)l?pr[l gi \r’:ge;:: 3 Z?I ?e;gt t g:le
doubl e-si ded cutting insert, wherein
20.  The milling tool system of claim 19 wherein said cutter body has at least one
I5  cutting insert pocket for holding said at least one double-sided cutting insert, wherein
said at least one cutting insert pocket comprises:
a. a bottom support surface adapted to abut one of said top and
bottom faces of said double-sided cutting insert when such is secured in said
cutting insert pocket;
20 b. a pair of lateral support walls on said bottom surface, each adapted
to abut one of said common lateral seating surfaces of said double-sided cutting
insert;

21. The milling tool system of claim 20 further comprising said cutter body having a

25 plurality of said cutting insert pockets, each adapted to receive one of said double-sided
cutting inserts.

22.  The milling tool system of claim 19 wherein each of said top and bottom faces of
said cutting insert is provided with chip breaker geometry.
30
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said at |east one cutting insert pocket conprises: a.a bottom support
surface adapted to abut one of said top and bottomfaces of said

doubl e- siwecdorupiieng i nsert when such is secured in sai @CEASIING44486er t
pocket; 20b.a pair of lateral support walls on said bottom surface, each
adapted to abut one of said common |ateral seating surfaces of said
doubl e-sided cutting insert; 21. The mlling tool systemof claim20

furthep,co ising said cutter, bad aving a 25plurality of said cutting
insertbgbcﬂﬁg,m'ﬂggﬁoggﬁﬁ%@ Qf&?‘?f'gg%gr] WX"GB Be@Fﬁé%{isé' G Bt fages isng

i nsert single2Rand&®inddrhbrekfi®h system of claim 19 wherein each of said top
and bottom faces of said cutting insert is provided with chip breaker

geonetry. 30 WD 2012/021261PCT/ US2011/ 044431 23. The mlling tool system

of clabm ZZTH@W‘@%_B tﬁ'ﬁg&rﬁ %Tisoﬁicg‘ii'té‘gfg %g{%ﬁ: tom faces is single-handed in

sane direction g of claim 18 wherein: 5a.each of

said top and bot &aom f aaels of saigitoglagdhmnded fddestibeirkparBaftéd iMmtheddRet i ON;
b.each said canvex cutting edge further conprises a prinary substantially
st rai ght cu‘f‘t‘tﬁﬂg c@'&ﬁtéo'?'egi on internediate said curved cutting edge region

and sai d nose copner; o8&l shRcRIER Cﬁﬁingl é%%?koﬂp%@e?é@rﬂﬁ&yf urt her
conprises a primary planar facet extendindg fromsard primary substantially
strai ght custbstgntiallyestraoghtraiittisg edye regiam intechiédiael said curved cutting edge
region and said nose corner; and
10 C. each said peripheral side surface further comprises a primary
planar facet extending from said primary substantially straight cutting edge

toward said virtual middle plane.

25.  The milling tool system of claim 24 wherein each of said top and bottom faces is

15 provided with chip breaker geometry.

26.  The milling tool system of claim 24 wherein:
a. each convex cutting edge further comprises a secondary
substantially straight cutting edge region intermediate said primary substantially
20 straight cutting edge region and said nose corner; and
b. each said peripheral side surface further comprises a secondary
planar facet extending from said secondary substantially straight cutting edge

toward said virtual middle plane.

25 27.  The milling tool system of claim 18 wherein each primary conical peripheral
surface associated with said top face extends outwardly and toward said virtual middle
plane at a first angle relative thereto, and each primary conical peripheral surface
associated with said bottom face also extends outwardly and toward said virtual middle
plane at said first angle relative thereto.
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25. The mlling tool system of claim?24 wherein each of said top and bottom
faces is 15provided with chip breaker geonetry. 26. The mlling tool

syst em ofwol2aizn2261wher ei n: a. each convexPcuiuszeg/oedge
further conprises a secondary substantially straight cutting edge region
internediate said primary substantially 20strai ght cutting edge region and
sai d nose corner; and b. each said peripheral side surface further
conpri sgs a~secaondar | anar facet tending fromsaid secondary
substa%?i al ﬂ?’%s’{‘\lﬁglgg%’?‘)w??ﬁ”nﬁ %igb% YNLEFCH SAIY CORMIR Wderal pealing
2527. Therfaté id foemed dy sydtiiyYorGdrd hPp&i i igai cal
peri pheral surface asysoci ate qjvm'th@sgﬁ%@?\ggﬁcgggpgﬁfgagéhﬁrﬁgg y and

t onar dSYEREEYirtual middle plane at a first angle relative thereto, and
each primary conical peripheral surface associated with said bottom face
al so extends outwardly and toward said virtual mddle plane at said first
ang! e P8l at iThe roiliigebol syalemWD cROAZO Ah26iRCRENSARL 36 RAtABAtAE! Jhging | | i ng

t ool SYs emt)?ig cla}i m 19 ereLn each said conmpn | ateral seating surface is
f or med %@aqer e ﬁ@séBth GRSN SR e d GUERERAGMIaHOf peri pheral si de
surfaces. 529.The mlling tool system of claim28 wherein each said common
| ateral seating surface termnates short of each said curved cutting edge

r egi on30:30. The Millinpitagl 2ystem of stadm 1 fustheir cod@risingt her conpri si ng:

a. at least one plate n ch . of said top.and bottom faces, said,

10pl at eau def i ni %‘g a %ﬁgﬁg %i%@‘ag?eflﬂlo%?%gr%is@m 9P al"lﬁﬁ]%%lf‘?i” F98RI% ddl e
pl &ne; and plateau définindargame géﬁ@raiﬁ?ip‘érﬁéﬁﬂi&ﬂaﬂ@@éi@birﬁ%@%i@@lesd{érﬁ&%d S
one of generally perpendicular or at an angle |ess than 90 degrees to said
pl at eau. b. wherein each said common lateral seating surface is one of

generally perpendicular or at an angle less than 90 degrees to said plateau.

31.  The milling tool system of claim 19 wherein each nose corner comprises at least

15 one of a circular arc, a series of circular arcs, and a multi-segment spline curve.

32.  The milling tool system of claim 19 wherein each said curved cutting edge region
has a radius which is at least two times the radius of the largest circle that may be
inscribed on said top or bottom face of said double-sided cutting insert.

20
33.  The milling tool system of claim 19 wherein each said curved cutting edge region
has a radius which is at least four times the radius of the largest circle that may be

inscribed on said top or bottom face of said double-sided cutting insert.

25 34.  The milling tool system of claim 19 further comprising chip breaking geometry

provided on each of said top and bottom faces.

35.  The milling tool system of claim 19 wherein said top face is a mirror image of said
bottom face about said virtual middle plane.
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31. The mlling tool system of claim19 wherein each nose corner conprises
at | east 150ne of a circular arc, a series of circular arcs, and a

mul ti - segworzbizapiieme curve. 32. The mlling tool system efCTaiSaiurioi@3nherein
each said curved cutting edge region has a radius which is at |east two
times the radius of the largest circle that may be inscribed on said top or
bottom face of said double-sided cutting insert. 20 33. The mlling tool

syste f chajim.; i ach sai urved cutting edge region has a
"aai us 2gni o eanih LB e SBL  Fureib bg rE pgEge SaeRe ¢ hat
may beprovided bacdach falatt foprard bd@érhaatéace of said doubl e-sided cutting
insert. 9534. The mlling tool systemof claim19 further conprising chip
br eaki ng geonetry provided on each of said top and bottom faces. 35.The

m | ling7too j er el La.tap f IS a. mrrofr i e of
sai d bgttorr)h_]ch g%:hzma Ot%{)l %La&:%drW vcgf%t’%}g\ f%%gf%h%iagﬁes_a:@ggn% Suttihg e rIRRer
2012/ 022PRTPEST AUB26L 016 44 431 rB6N offhe eitipisk| agotiom ofsy pheIpoMs, £ Pé i AR-

furthe LS chip breaking geonetry provided on each of said top and
botton%?@@gg{éékgg%ﬁ¥eniIIing tool system of claim 19 wherein each said

convex cutting edge further 5conprises at | east one of a portion of an
ellipse, a Eorti on of a parabola, and a nulti- segnent spline curve. 38.
The dod®i e- Sha&Qublersidag culting insert of chaim 189 wheteingitrieast dneasinveneuttiTy ex

Fegi on AerCTEReR” T Al SRBh Ul OF it Rl Elgedtsion R RS ant 1o
on® of adjaeestetommdaniythe orosexcotnibrisi 2@ adjgeeritasiopRsof the secondary convex
cutting edge regions.
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