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-1 MLLING CUTTER AND | NSERT FI ELD OF THE | NVENTI ON The preaggémbﬂxs i on
general | y webae884to 5 mlling cutters and cutting inserts eqq%anmmz
specifically mlling cutters and cutting inserts for three di mensi onal
mlling which include such steps as ranping, plunging, circle or helical

I nterpolating, facing, and end mlling, and require a ground~type 10
finished surface. BACKGROUND OF THE | NVENTI ON Machi ni ng gmmmmm' tal s
to formrough or finished end products has | ong been acc mmmmwmﬁng any
nunber of machining and/or cutting techniques 15 including m.el,id0.

turning, facing, boring, drilling, grinding, form ng, shaping) planing,

t hreadi ng, grooving, etc. Each of these machining and/or uttlng t echni ques
i nvol ves significantly different processes, CNC nachi nej{l’@ wmmfmm
cutting orientations and 20 angles, entry angles, | ead tting
forces, cutting surfaces and inserts, pitches, and nunerous*@pdhsr factors.
In addltlon each of these various nachlnlng and/ or cutting techni ques

provi des S|gn|f|cantly di fferent finishedlproduct in terms of 25 use,

shape, |l ook, quality, finish) surface texture, surface roughness or

snoot hness, stress and cracking paints, fatigue points, depth of cut,
uniformty of 2 0 AP R 2002MILLING CUTTER AND INSERT

FIELD OF THE INVENTION

) The present invention generally relates to
5 milling cutters and cutting inserts used thereon and
specifically milling cutters and cutting inserts for
three dimensional milling which include such steps as

ramping, plunging, circle or helical interpolating,

facing, and end milling, and require a ground-type

10 finished surface.

BACKGRQOUND OF THE INVENTION

Machining of various metals to form rough or
finished end products has long been accomplished using
any number of machining and/or cutting technigques

) 15 including milling, turning, facing, boring, drilling,
grinding, forming, shaping, planing, threading,
grooving, etc. Each of these machining and/or cutting
techniques involves significantly different processes,
CNC machines and holders, cutting orientations and

20 angles, entry angles, lead angles and cutting forces,
cutting surfaces and inserts, pitches, and numerous
other factors. In addition, each of these various
machining and/or cutting techniques provides
significantly different finished product in terms of

25 use, shape, loock, quality, finish, surface texture,
surface roughness or smoothness, stress and cracking
points, fatigue points, depth of cut, uniformity of



WO 991 28074 PCT/ US98/ Z4761 -2 cut, and nunerous others features. Fo} 0tAPRSN
reasons, tooling is generally technlque specific. Although mlling and
turni ng t owiosgezaemd the cutting inserts used therewith) are §6¥F€ﬁ9g’é‘§’6l
simlar 5 in general appearance, the two pracesses are different in mny
ways above and beyond the obvi ous dlfference inthat, in mlling, the
cutting insert generally noves and the workpiece is generally fixed while,
in turning, the workpiece generally noves and the cutting insert is 10
generally fixed. As is well known in the machining art, the art of mlling
versus turning ¢wvol a8é Bugarbugantherdi fratumest.actors thesecaemsonsenefits

and difficulties, oifnﬁ}iéiﬁgnéggiigaEbeHﬁmﬁh tgewgkl known 15 that cutting
ser

by each edge is Intermtte as nu g ges _are avail able on
the mi|ll and all sides ofAiRBough| mitéingt apd SvRRNAES %PPﬁsbhénﬂoﬁh@ ece at

all or 5Ub5tamé@&t’:ﬂn%‘%]—néé£‘§§ 486QUgherEwE B8, "hlki BOMRE9RBES s iAS 13" esul t,
each insert edge is ect to periodic |npacts during mlling as it

makes com act v&@fﬂ??@?%br%ﬁP%EEaan skReskwa Qﬁﬂcﬁééﬁédaaﬁrﬁﬁ&f@QQQQNL

and then rests ofdn#; Ixsaylgtabotréeaﬂ@XbeyaﬁaCEheTbbxrmhsaadf&esraa@ecqln
fatigue result fromthis C%fl'ng i pact _and hese arzaa few of the 25

difficulties eﬁgﬁﬂﬁte%%dm+ Wi b tﬁHFtépg ﬁB?eEﬁcgﬁﬁFEP Yi B°¥&Fni ng, or
are encount er ecand tshie hwearkpsees ﬁeggeﬁerhanytbexedawalmet iacegfnied as

I I ' i call
Subst ant | al |y Ui (HRATRL S0t Act o BRETYO RLRE: RHC: haPoRyF AU SPREZE io
conpl et éloy di f farreatakky Dixedsilys asdwele kaQWDrsnanhecmachnnsngFartthese
and other reasqng. Lhe Jeshom oo \yémg wz?ﬁ;ﬁg iALomyLLing is independent

frlom t he design of 1hser and edges ot her machi ning 35 such as
turni ng, bor|mflgnxﬁl¢¢@F1Et@lfﬁhEe@¢ fﬁ@t@nsreﬂ@ncﬁrugtstneﬁntsungd

technol ogy today; ¢S &, desdge to performas many mlling steps with the sane
mll as WO 99128074 -3 2 0 APR 2002 PCl1' 1US98/ 24761 possible, that is to
be able to perform as many?driihing APBW FAE ARNPosiF bi&: Wl LnRAWE ranpi ng,

circle nmter pO'tﬁié@quﬁ@fﬁ@%y%@cE@B@é'is ngnﬁ\éfrhltbén’éaﬂg rﬁhih Yarious
mlls on the market currenté%-atte %§¢ erfornlat st e of t hese
steps with an SMFSEIPT FILTF RTH 2GRS o%@ht??n?§ %ﬁ%le of one

of these mills sfdéﬁeaﬁ%é il Df aré Iﬁ@tfimrm:dﬁemaﬁemtk_asm@ ﬁcsrkbﬁeaae
ol uding 10 KEMmATEL 41 MR FPC L B b, 090 onpaghdet the T2 150
(1995). These REH.Jmﬂq spn‘mn&:ss on A a amgsult ungrechnihsert fedgenisl but
typicalby only fravdHe & QU@ SEpadd S0P U PEfng as it makes
contact with the workpiece, is stressed and heated
during cutting, and then rests and coocls until the next
impact. Thermal and mechanical fatigue result from
) this cycling impact and heat. These are a few of the
25 difficulties encountered in milling that are not
encountered in turning, or are encountered in such a
lesser degree that these are not recognized as
relevant. In contrast, turning typically involves a
continuous or substantially continucus contact and
30 heating thereby involving a completely different set of
design and use factors and concerns.

For these and other reasons, the design of
cutting inserts for milling is independent from the
design of inserts and cutting edges for other machining

35 such as turning, boring, slotting, etc. One of the
current thrusts in milling technology today is a desire
to perform as many milling steps with the same mill as



One of the current concerns in mlling is the 15 st€épped or wavy suﬂﬁ?ﬁ ﬁiﬁ
the mlled surface resulting fromcurrent technol ogy, specificall (2
areas of fae@omrsd7end milling. This stepped, uneven or ot her REGFSPYIE}Yu| ar
finish is typically a result of the type, pgsition and |location of the
cutting inserts. This 20 stepping is particularly relevant in attenpts at

allin-one mlls, that is mlls capable of three dinensional mlling,
i ncludi ng plunging, ranping, circle interpolating, facing, and end mlling
with the sane mlIl. 25 Cutting inserts that are not properly aligned al ong

the flutes of tPes®ibley |3ha% obs deoshehabieppPngerformeganpeny of h8Ei cal
mlls the insert 1Mzl e A ighesibpet ol houhbheg cuLyg iﬁgntfmfcgé the helix
I 30 Trregul a

and any m salignment results in_stepping or Other_ 3( , r fi1nish such
as a groove or BRSeFRIHAMI i nka¢ings #3@i apdymbid WBFdvi bt Ree EABA

adj acent insertgilhn addididis ®il1sneni fIserhsrkdat chavensipsientingt! Yo
rectangul ar confi %%ratl ons (that is flat cutting edges) wll
[

with |ong,
provi de stich st BFpHF™ & 'ﬁtﬁass%t%p%?%gogst%%%%eﬂtmst‘Hét}Fe R afB8 ar
configuration ofrekhat rReferd rauglyity sxtbssovsh nbigishl fAaeneiiepyerkpi ece

at or approaching th rners_af, t he VWO 074 -4 2.0, APR 2002
PCT/ USO8) 24761 PREeFts &%W%s%%gt%? e%%:; ﬁﬁ%m? noéotﬂjff%étgr%'ﬂtti ng
inserts that ha¥enammatal isiec-lpers plies yore ohgsclesedtim eUcsit t Pagestrface
(radi used cornegs a t S I uttin r enpye .excess
material 5 fr omgt' ﬁg%gﬁ%ﬁg@g %f%ér)\% ?#ﬁmw%?s‘g% ll%'%é o%f%%?%sut%?%%u?h%%rt)
t her eby L@usi ngKeahlagwsalAdtidrding Caraleg ¢ | 50t Usen spages s¢ sampped
surface i s of t eRguNdgeentan, . PRHLIE WA | e dhdd M had -l T ough,

. Th e because st

surface is desire is stepping 10 is unaccepta e ess points

form at each orPsBRECORNGHOY HiRsie vl bRy Elyeer by torl Btrpevide these

edges are oftenyugbh def isead. - FEHisHO Csréfte m | 1ing user to thereafter
finish mll the surface which is an additional time consum _nhg and

expense- addi ng step. 15 VARSO®RE ithf AEHERS IRRRETERNR Mieht B | ¥ cert ai n
specificigypes gteppeld g wetieh Af-fddd dh nidd inlidl 1D Sliriddes hradurd 10yt

to overcone this stepping,  althou it is believed that ne of thes

i mpr ovenent s hagﬁoﬁ‘eéﬁrﬁ%@\ﬁ d"&f%dg’ c'alﬁ%‘?fjaf%f-af =Yg %%ﬁzl'esa.s se
i nprovenents i nfaade anduetidngnitlie rfpurTicior nerepmsd r ectargular aildiwise
inserts as is sggwé 'hﬁgt_rh%igs?.%;fﬁ irseftséo%.rg:a%g. D rd AN AN 2 s 795.

Specifically, t ndirng € corners achieved in the prior’ art
results in a sipgsétiadi andefliogiatgarhe3he awitingsinssnison SThies of the

insert. Slhis si adi i o is r %es W_
surface 2\/\(/?t h wel ?égg??%eése%g%gg,l%}o% ser%rll%trjvgaglse @é??&i% vers%tet ese
single radii rotAdedecBiRdss &Fdtoris M lilfasanable @Hd¥@a y position and

align all 30 ofaikenkReeRlS mi1an6d, e dd1udE iy Athefir!r frdggpiey the mil
still cause the insert .to bite excessiye materi frcﬁm.t e wor kpi.ece during
mlling therebyStFEati AhGLs témlacfé“%ﬂ'ng“@nﬁ‘c %ﬁh’-%lﬁe*é%/s.

THe wavy surfaceame atnlilnprovenent over the undesirable stepped

25 Cutting inserts that are not properly aligned
along the flutes of the mill will provide such
stepping. For example, on helical mills the inserts
must be aligned to follow the curved contour of the
helix and any misalignment results in stepping or other

30 irregular finish such as a groove or lip where one
insert is radially outward further than adjacent
inserts. In addition, cutting inserts that have
substantially rectangular configurations (that is, with
long, flat cutting edges) will provide such stepping.

35 This stepping is caused by the rectangular
configuration cof the insert removing excessive material
from the workpiece at or approaching the corners of the



35 surface but still presents problens in many applications. Thus th;gqugmz
i nprovenents have either reduced the significance of this undesirable

st eppi Ng, woWwe2387428074 -5 2 0 APR 2002 PCT/ US98| 74761 or pPETIUR2323476bss
significant wavy finish that includes sonegpeaks and valleys but no or

m ni mal sharply defined steps. MIling users have indicated that in many
mlling applications this rough or sem-finished 5 surface is acceptable
with its wavy surface so long as the unacceptable stepping is elimnated
since it is the sharp edges of the step that are the significant stress

poi nts. For thisnseasdnthersby ypausingersepaashecdfecorEYapbpulcatting

Qther cutters r%ﬁ%é%@@ﬂtﬁ@ﬂ@%@@§d%ﬁOaEEFQ!ﬁet?E?iﬁﬁ!k?eégoggti dch cutters

are unique in application. These specialty cufters are r sSurface
fini shing only.emke¥e | Gut i eserf2ees (ARrB81RGEdc SpEBRES oFhRBNBKRAGND

plunging) faci ng-anels ebge kd1H0cudPin§ eXaBP! eepbveUsRcasEi Rhelikagicutter
tool is found on Pages 178-179 in Kennanetal's a No. 5040

MIlin Ca% | og ( _
from 3995) . |n SEPMi R i WEKRISEH SLOREIF Srmbgﬁéﬁcﬁﬁgﬂiﬂ ngReeGRES 1Rg
needed to initigldexrtl)itherelipl €ausDhgowallbysa ranping, slotting or other
cutting device 20 for ml]in ut the d sire? area fromthe hole, before
such a finishing cutter i“€ LNGHEQ Eﬁﬁsmé'éﬁpgisﬁﬁfsti 13ndteBPEY% o the

operation as myudfdee nid |dftgercuines sept ebbeedpdrt Loubanyy appéhcat i ons a
rough or sem -finished. 25 rface is_n ffici,en ut the alternative of
usi ng mul tipl e Mt dtnﬁ%%*%??% Unﬁ%g%?églésfggs%%ﬁg'an %%s§£?88§8ﬁ5_
Theref o, it iis desaccdnmbie iverayse catraesrpobnts Hbrmildc seéephi og and as

ch wavi ness f t i ifﬁﬁgk ilte f Lke i oyl dj 30
mﬂl ling cutter Erb%ab% "{)l#i&er or EI%% ?‘ﬁ?gé %‘?ﬁ%ﬁg#%nﬁé rr#?ﬁ%ngggt Egtgs?s as
many of the neeflgestags ot bl edehtnedi ngThaapfexcepl Urgimgllingcl e or
helical interpojaling, {acdi %Qﬁ'ﬂr\iﬂg-t%cé‘uff@&@Vﬁﬂfﬂﬁ ggnghnues
to be sought by 35 mll users in various industries since such reduction or
conpl ete el i ni FdigriVah TR GRAFHNIRI ENAVERRSRS S #4dINE r2BER - t he

overal | 1kife of the netalyfnidy obustovereft § K& 082V -AMN 2897 4n,

PCT/ 1598/ 2476%:(—:-r6tabiyn rsepdeuccilI:nigc atr%eosr g 'rﬂfﬂ:’ué‘? S\Eél'?sgs’ ngzl.sgllxje and

milling, to diminish or attempt to overcome this
stepping, although it is believed that none of these
improvements have been provided on so called all-in-one
20 mills. These improvements include rounding the four
corners of rectangular cutting inserts as is shown in
the above referenced U.S. Patent No. 5,542,795.
Specifically, the rounding of the cormers as achieved
in the prior art results in a single radii defining the
25 transitions between sides of the insert. This single
radii rounding reduces or eliminates the stepped
surface with well defined edges, grooves, ridges, etc.
However, these single radii rounded cormners
and/or the inability to properly position and align all
30 of the inserts along the flute or other surface on the
mill still cause the insert to bite excessive material
from the workpiece during milling thereby creating a
wavy surface having smooth peaks and valleys. The wavy
surface is an improvement over the undesirablie stepped
35 surface but still presents problems in many
applications. Thus these improvements have either
reduced the significance of this undesirable stepping,



ot her undesirable forces working against the netal end product. In 20 APR 2002
conjunction with this, if such mlling cutter could perforn1a%%,o 261
substanti al W ®R80Bf the , 5 typical mlling, steps includi nd’ é‘rﬁﬂsﬁejﬁ
plunging, circle interpolation, facing and-end mlling, then significant
cost and tine reduction would al so be achieved. Finally, if all such
mlling steps could be achieved by one mlling cutter, the cutter nust have
a 10 reasonable Iife as these various steps involve different concerns and
factors including the subjecting of the cutter to |large axial, radial, and
tangential forceSt PBI¥iBRy3siREFt #AF5GSLFANSUNBRRY SAND SR FBEts ioC S
ILNVENTI ON 15 It &sSm@npehkschhvevalllehs butemd ot hEnimi Ghadipliypr oved
mlling tool and/o ,ingerts t hat a g.capable o%@three di mensj onal mlling
whi ch may i ncl URSSHRRANFEFPRG sYepdiBs ASeRs MGV aHgian: =k Tt 1t

hel i cal interpolmahypomilachggappldtatiend mhils rgpuyh 20 Semil-ddniciHdd ng.

It is further an ob%ective gfcthﬁﬁkﬁventiﬁp.%o Qrovid% ? @ Ilkpgﬁ}oo
and/or inserts tHat %?Sdbée §°3F 8qWaGF¥ AEE I in§ Zt- 3 East & DH1as
substantial |y i nphevenapeaktahilevakeppingntisolel iminatledofsiskceppitng g b
the form of edge o] d , . dlor, mni m. ine
mnimzing the d?%?g%cgagéfmégngﬁgeSgégkgh%gdagglEgeéghégiégﬂ%ﬁaﬁﬁ?gﬁﬁ;
obj ective of thepdimenti onFoo phosi deasom | RPEgtypel catgess hayer teadwe
mlls 30 with mypipal ive material biting of the workpiece. It is a
further ob'ectiV@%%? ?ﬁéﬁgﬁgéntion to provide such a mlling too

configurdd as a helical endther|cuttepsohpygopaep dexpRored2 tPCTREDNE24761

It,is further a i i L Nta Vi ch,i nproved
cu%ting insertsnﬁ%?%ﬁ&%g¥§eﬁ%d%??egﬁﬁgr%gggeggdagg ggg%ﬁgcﬁnare defi ned by

: g
multiple radii fRRPHPFRRIORng TRESEr §REFLROAYLELREERSE2FRsEPFs Shadace

snoot hi ng of f t hei pesksng nohle. workategs, 8Rdsa thate®E sFeWAoar eaphdle
m ni m zi ng excessive material._ renpval fromthe gog?ﬁieCE&that general ly
f

results in vall T3PIRT ¢ (PEWRPILIEAE ohpELPRVER e™tnvéh€ion™®0 to
provi de duich an exarpledofi shithgat 6Ohivhihgt vottgpesocol ieséotad panely at

I t I i i t t tiing.i is f
obj o6t i ve of R THVeNL TS (D BPolFaReCRBALH MharabdaChErtPHg ol Bhith ar
| east 15 two rovrash 129%] ng Imsappdjicahéonnsefteni @ dathlrow behey of f set
f the i t S,d t : WK~ fE : adi al

romtne inser %déh{éﬁ%ﬁ @%ﬁ;éé“ﬁ%ﬁné@d@ SﬁﬁvﬁﬂﬁEggﬂl ”Mri@ﬁ'ﬁehéﬂg,

per pendi cul ar pl ane ough e too t eferehce to t central
axi s. followed by a ramping, slotting or other cutting device
20 for milling out the desired area from the hole, before

such a finishing cutter is used. This adds significant
time and cost to the operation as multiple milling
cutters are needed.
In many applications a rough or semi-finished
25 surface is not sufficient, but the alternative of using
multiple milling cutters is undesirable for time and
cost reasons. Therefore, it is desirable to improve cn
the removal of all stepping and as much waviness from
the finished milled surface while still providing a
30 milling cutter capable of performing three dimensional
milling, that is as many of the needed steps as
possible including ramping, plunging, circle or helical
interpolating, facing and end milling.
Such improvement continues to be sought by
35 mill users in various industries since such reduction
or complete elimination of all stepping and waviness
will increase the overall life of the metal end product



O her objectives and advantages of the 20 present invention wll
apparent and obvious froma study of the follow ng descripti o‘;kﬁggn?z@ PR 2002
acconpanyi ny@M9&8Mgs which are nerely illustrative of such i

Accordingly, these and other objectives and-gb5 advantages are net by the
enbodi nents of the invention as sunmarized below. In a preferred enbodi nent
of the present invention, a mlling cutter for three dinensional mlling,
conprising of a plurality of cutting inserts, each of mhich i ncl udes front
and back 30 fac | east t Qpposi.ng _si de wal st tvvo pposi ng
end wal I s) radi 5%%&%‘8%&?5 Pﬁgﬁf’%geiéf“gn&tdé@aﬁ& et§' st one
cutting edge defd:ﬂeelraﬁndeswhbﬂeequh:casb@bmmgsaghﬁﬂmttﬁeam&mﬂd drind

conbi nati on of qne ai d,si d a di use r dj acent
t heret o, wherei np%%%ﬁ % Flg g %éa’ge‘s”:aé &z‘r. ried‘dft cl Li@'é' é"agr | at
portion between ¢1tteteadcoekd perﬁem ahér erewlbsﬁarrmalrla»dlalﬁecbﬁ:drhaers is

WO 99128474 _g_, . . a
radi i and%a mll |£PP%§§R“ZP?% gcg{égﬁ Faéégghgﬁfere?% % EJ:L\"(lil’%%tn(‘?abody

havi ng a pl ural |qyr©1e| nsmrpgéat:somheﬁesynat alngla endomé. L3finghe e al ity
cutting inserts é;?%:%fﬂ'éé‘mycéﬁét elal Bifle PekERE MG BadNRrt seals.
A mlling insert use tn m rersin a front and back face
general |l y opp05|4@F4ﬁwﬁwioth@%naé@YLeagtnEAos§§ §Fddl§edétﬁ@ﬁl§0u&@lh§ﬂn

two opposi ng e”%&?ﬂ@%drﬁﬁ'éﬁédeQREﬁéscthE'r”g £hRl dugicde walshs mard end
edges, and at 10 | east one m efined at an intersection between

said frort facez%ﬁﬁF?¢ﬁb%%n%¥ﬁ§tPgnthSBn¥a6F°§§lét§P§el%HPP§eand any

ragi used corner gifpfaeent tbeceras wher EhBrBirk! h.ﬁ&l@@gﬁgl &h@efshﬁg@dt:@.ng
include a flat %frtl on between_a ‘Ladl used, e ge g eac of the

radi used edges i¥ detT ned- BT at®l £aEFCa aﬁ\B r adf R BE DEQEﬂFﬁ’FI*G‘lI OF THE
DRAW NGS Fi gur e forsdhws\s possSobhet sinultaneolisage embodi ment of the pr esent

i nvention, the enbodi ment being an inproved cutting tool shown in this

drawing in 20 a helical emUMWMARY ND GBUEITS VOF hTHEPINVENT DMt I Ng i nserts
thereon; Figure 2 shows a side elevational view of the heltcal end ml| of

the Figure 1 with cutting jnserts_thereon.incl the i pproved cutting

i nserts &% the 25 present *%ve%t?%n 8 g} ©3° h%&g én¥F8g98Peggtlonal Vi ew
of the helical embvideé srhoumprmivédgmlengxcepﬂ. ahd/out ihagrtasehes are
removed; are capable of three dimensional milling which may

include such milling steps as ramping, plunging, circle
or helical interpolating, facing, and/or end milling ox
20 shoulder cutting.
It is further an objective of the invention
, to provide a milling tool and/or inserts that produce a
milled surface having at least one of substantially
improved peak and valley control, a lack of stepping in
25 the form of edges, grooves, ridges, etc., and/or
minimized waviness by minimizing the distance between
the peaks and valleys.
It is furthér an objective of the invention
to provide a milling tool and/or inserts that mills
30 with minimal excessive material biting of the
workpiece.
It is a further objective of the invention to
provide such a milling tool configured as a helical end
mill.



Figure 4 shows an isonetric view of one 30 enbodi nent of one of the Chlt tpkg
i nserts of the present invention as shown in Figure 1; Figure 5 showsl & &2

pl an vieM/QL é&g g?tting insert of Figure 4; Figure 6 shows gchaish@argl an
view of the"83"8fting insert of Figure 4; _ WD 99128074 g_ Z 0 APR 2002

PCT/ US981 24761 Figure 7 shows a side el evat{onal view of the cutti ng insert
of Figure 4; Figure 8 shows an end el evational view of the cutting insert
of Figure 4; 5 Figure 9 is a sectional view of the cutting insert of Figure
4 taken along line 9-9 in Figure 5; Figure 10 is a sectional view of the

cutting insert of Figure 4ctakefuzkoed ldMepildd: ¢ &f HHEL Jivdhoike ||
shows a fragnentary enl arged glan 10 view of a 1/ portion of the cutting

insert of FigureP4PTRYddreS¥INSABRECYRY SRt skt Whdthdid @modi ment

of one of the chbdipgetingerhersf ahle e@irsenihidly eftd adefinehawn in Figure
1; Figure 13 sho

Fi gure 14 shommmegPﬁ'gﬁFglpgﬁ g%gw\lxpgl:‘:lhqgl%ﬁ% Etg{ett: 4 IH']?:‘::{C%“ ge@%ﬁjﬁg g
Fi gure 1% showsimsetrte ehdvamoobhling edfofthehgerid iing dmserdrigiiddgure 12;
20 Fioune 18 ShNE 8ce1d SLoeLynaL ol P tn QU NG e o Pl aur e
along line 17- IMaterfajuremd¢Bal from the workpiece that generally
results in valleys.
It is further an objective of the invention
10 to provide such an improved milling tool with two types
) of inserts, namely at least one plunging insert and at
least one cutting insert.
It is further an objective of the invention
to provide such an improved milling tool with at least
15 two rows of cutting inserts, the inserts in each row
being offset from the inserts in the other row when
observed from any radial and perpendicular plane taken
through the tool with reference to the central axis.
Other objectives and advantages of the
20 present invention will become apparent and obviocus from
a study of the following description and the
accompanying drawings which are merely illustrative of
) such invention.
Accordingly, these and other objectives and
25 advantages are met by the embodiments of the invention
as summarized below. In a preferred embodiment of the
present invention, a milling cutter for three
dimensional milling, comprising of a plurality of
cutting inserts, each of which includes front and back
30 faces, at least two opposing side walls, at least two
opposing end walls, radiused corners joining said side
and end walls, at least one cutting edge defined at an
intersection between said front face and the
combination of one of said side walls and any radiused
35 corners adjacent thereto, wherein each of the cutting
edges is defined to include a flat portion between the
radiused corners where each of the radiused corners is



25 Figure 18 is a sectional view of the cutting insert of Figure 12 taken
along line 18-18 in Figure 13; Figure 19 shows a fragnentary enl arggd MW
view of a Ji99R8674i On of the cutting insert of Figure 12. 3PCVYRMBITHY is a
second enbodi nent of the cutting insert iQBEigs. 4-11; Figure 21 is a
second enbodi nent of the cutting insert in"Figs. 12-19; Figure 22 is a
third enbodi mnent of the 35 cutting insert in Figs. 12-19; Figure 23 is a
fourth enbodi ment of the cutting insert in Figs. 12-19; 2 0 APR 2002 WO
99/ 28074 PCT/ US98/ 24761 -10 Figure 24 shows a top plan view of an even
further enbodi deftirdd dne af ldmstuattwg radedt andf at el piergebbdiynwanti on
as shown in Figure % Fi gure ghoms a Bopmghgn vi§M/of %gt 5 anot her
embodi ment of &n&<B¥ ﬁ%ﬁa T TRERe ¢ 55 lB?e 8ﬂ¥ P vehEi 8n as shown
in Figure 1; Fipdural2fy ofa inssrofseaesi wserebpf afi jsasl4osbowfnghehe
vari ous design nstraipt g:. Figur LS |11 f tary_yiew of 10
t he pl unging eﬁgaﬁg%égg]ék$€a#¥ §Q%$§¥gaﬁ§eg?gh¥é§?g %%9$§8a§@i of
several Pnsert3easwounnk faforihdeliheercaseavati ghrmildingoissenct herover!l ap
caused by the g re one ' r QHPLNG..L S, S L1 h i nsert
32095/ fglgrlgigg, S HibE £8Lng! OHPLNG-b8: SAOINULE Nz20e

from anot her helica . I N phantom over t frrst group;, Figure
28 is a cross geaeradly aPrAfInGiceadh| telleby At piedst ctwo ndPPoshudi ng t he

stepping; . Figuige?¥diS A A0SO ERY Obp8ssHET 858 edges, radiused
corners joining said side walls and end edges, and at
10 least one milling edge defined at an intersection
) between said front face and the combination of one of
said side walls and any radiused corners adjacent
thereto, wherein milling edge is defined to include a
flat portion between a radiused edge where each of the

15 radiused edges is defined by at least a two radii.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an isometric view of one
embodiment of the present invention, the embodiment
being an improved cutting toocl shown in this drawing in

20 a helical end mill environment with improved cutting
inserts thereon;

) Figure 2 shows a side elevational view of the
helical end mill of the Figure 1 with cutting inserts
thereon including the improved cutting inserts of the

25 present invention;

Figure 3 shows a side elevational view of the
helical end mill shown in Figure 2 except the cutting
inserts are removed;

Figure 4 shows an isometric view of one

30 embodiment of one of the cutting inserts of the present
invention as shown in Figure 1;

Figure 5 shows a top plan view of the cutting
insert of Figure 4;

Figure 6 shows a bottom plan view of the

35 cutting insert of Figure 4;



after one helical grouping of the present invention~has 20 passed; Figure
30 is a cross section of the surface of Figure 29 after a second stag@@M@&Z%Z

hel ical gr HK}%" as mlled the surface; Figure 31 shows thepdt/osmsirarki
surface w 5 snooth bl ends; and Figure 32 shows the finished surface
where the flats or crowns of the inserts Ra@7e further reduced the val | eys.
Simlar or like nunerals are used to point 30 out simlar or |ike elenents
in related drawi ngs. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now to
t he drawi ngs, the present invention is shown in Figs. 1-3 as an inproved

mlling cutter and indicafegdygener ghb¥sby ByeRr ah At i3Ra3P94kli 63l Iohe t he
present invention as shown Tn WD 99/ 28074 -11 PCTI US98/ 2476~ ~ ASR 2002

Figs. 1-2 is t FHG5ARDVEREPTT | PhgF L9¥F8r 410 including a nilling body 11

with inproved cutting insefdwsrd?2sagiowd anneady eQbvhBeoaBDOFiBRNLE the

di sclosed in Figs. 4-27,inc udin t he noginal variations in Figs. 20-23 S

i ndi cated as 1FUCHLAG lngert oI "EIquiq 4504 the nore drastic variations

in Figs. 524 and 25 indi capguns $nserassaeliand130Qpwabtachedcubengig0. The

improved mlling cutter dy 11 |s_epbodied _as,a_heligal _epd mll _which

i ncl udes the pl §§3P%§§%%E§%v£dt%5??iﬁ °Rg %ﬁ?grgégi BIgaﬁHﬁeasﬁlunging
insert 12 and general m |IFigqwgre ns@ris d4séotivaapi ndewcbEckhei Bhetpalcat i ng,
facing and end.mJling. . These | npr i S angd_ re.designed for
Use in any typdBHeTH 197 Mg APt hongriaen BErhbchIa A he h BeSarE S
helical end mill 15 enbodfigure 1h showsi anfregmenbaryfenhargedcppan

describeg bel owy, e Do) iyehle 1l | of NCAUCENG L OUET LADBERDoENBEEL S PY
of fsetting, staggering or_ other nethods are al so~designed for use on other
types of mlls. 20 MIIifiaune ek2 bogwa 1aBsipesetshowiiew Ffgangtherof an

el ongated and QepRiAlmenCYdf Nshd Cat @E@p@utibﬁ%nlhkéfgscaft@ﬁeb{a%s&t
conprises a shank 16 and a gﬁﬁd 18, The shank 16 is configured so as to be

capabl e of i nséfieEF IR & ANTHY W tHtF T Relspi ndl e of

Figure 13 shows a top plan view of the
15 cutting insert of Figure 12;
Figure 14 shows a bottom plan view of the
cutting insert of Figure 12;
Figure 15 shows a side elevational view of
the cutting insert of Figure 12;
20 Figure 16 shows an end elevational view of
the cutting insert of Figure 12;
Figure 17 is a sectional view of the cutting
) insert of Figure 12 taken along line 17-17 in
Figure 13;
25 Figure 18 is a sectional view of the cutting
ingert of Figure 12 taken along line 18-18 in
Figure 13;
Figure 19 shows a fragmentary enlarged plan
view of a ¥ portion of the cutting insert of Figure 12.
30 Figure 20 is a second embodiment of the
cutting insert in Figs. 4-11;
Figure 21 is a second embodiment of the
cutting insert in Figs. 12-19;
Figure 22 is a third embodiment of the
35 cutting insert in Figs. 12-19;
Figure 23 is a fourth embodiment of the
cutting insert in Figs. 12-19;



25 a mlling machine (not shown) as is well known in the art. The shagk\PREN(?
be of any shape or design so as to be capable of this insertion and
securing. Syefbopgsisgns i nclude but are not limted to V-flan@PET/USBR4761

shell m 1l mount, and Wl don shank. 30 The ggad 18 is generally a .
cylindrical or substantially cylindrical Bo y or shaft extending axially
fromthe shank 16 to an end face 20 thereby defining an exterior surface 22
t her ebet ween. The exterior surface 22 of the head IS preferably includes 35
a plurality of helical grooves 24 and 26 (two grooves in the enbodi nent
shown al t hough ot her nunbpiguet hel ist@iws)roavgs pllah cdriwei alrekeyrn t he

i nvention). 99] 28074, -12 2 0 ARR 2002 [1 US98/ 24761 Eac roove 24
and 26 is prefe %5?9e5u?@ﬁ%bm?ﬂé oft @ﬂeoroi)gqeaccé‘l ZED 1&%@%%6@“90‘5}6
spiral manner tpresentebisehtaont he aembwinde FHiguresuhstantially the shank

16. More specifically, eagh_groo i_ncl udes 5 i.r . Qf opposing faces,
specifically a | eading fagégg§8aé§ 3%’?‘% % rtfgon E?Zé‘”adgea’e?‘.%ns’ﬁ& a carved
out fluté area dhetkbeet embodasehestfsomean din thieg.cud tifige insaditsy fAdhe?8

and trailing f i i gt.er, t di,al 'y nost inward
portion of theaﬁf%%%ngs%ﬁgé&g%gf ?tﬁi'rs\g%g&lgg?\ier%%ﬁv}éhaped cross section
to the flute), or alternaFigerg, 26siissasiamw of tthe Engert @fbd¥gs.ade 32
may connect theg)eafdh 29 gRd5EablisNge5268S cotsadelisni ng a general Iy
U shaped cr ossessectl oh to the flut e).(_a 1§%Each' I,egdi ng face 28 and trailing
face 30 spirals al ong t heF&uERi 8FAsaEf dcBodi fijes Eragrpnfasy s emn@®f30 at

any crogg sect igq@l%.p@h?linéhgﬁgoaf_i sigubsicaniiical lay fnadi _gadgg;t he central
agl s of the substantialTy_cylindrical shank 16. The traili n% 20 face 30 of
edch groove 24 and 26 incFid¥E®a2dr o§pPnyi6l PhsELVET3L AR§SEES
respectively, amwhon® frodri ghe lnelherne thafigsuettsocantadsaeanthler ailing
faces are generally. sta ere(gv\ﬁl ogﬁ th(ﬁ Ioré i'gﬂ di_nal ax'hs of _the shank 16
to assure no Clﬁ\f?%]ga%a% Pt wBén ' fis8rfg3%2s EFePBFe,eHVSa el i cal

groupi ngs of i npesupsind andsBéwaswsthgger edsassufecmnenethert hed icatlt i ng
flute. best kp_Fig:.3 | r ce.wi.th of the features
of the @%venti Mp‘#ﬁ?%ljh %If/ %ﬁglgﬁ?ﬁl ggg?ngg?t %é'\ga?%sgggﬁgfe | ocat ed al ong
each 30 trailing face 30 Bd@uxee28paged SpaFs §§C§9_9Ee¢>§ aoswhitelreprovi de a
rigid surface agai Nsd W'&hpﬁf@rs_ QEtmgggeghgtvihge;hgsgggégmﬁ,.r est for
supporting an insert andal‘p_ro Ibiting twst of thé insert. Each cutting
insert seat 38 includes FHPUFREi A9 FEg242TRFEHSECESORNPEaBEURERESA4

therein. On eaclrsddeopd l?é‘Pbcéyggﬂaub§ng val kag peesEachiplehbechugss42

i ncl udegoa | on iatsusdei!élgl sl ot or pocket 48 therein extending inward

Figure 30 is a cross section of the surface

of Figure 29 after a second staggered helical grouping
) has milled the surface;
Figure 31 shows the finished surface with the
25 smooth blends; and

Figure 32 shows the finished surface where
the flats or crowns of the inserts have further reduced
the valleys.

Similar or like numerals are used to point

30 out similar or like elements in related drawings.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, the present
invention is shown in Figs. 1-3 as an improved milling
cutter and indicated generally by numeral 10.
35 Specifically, the present invention as shown in



~ 0 APR 2002 -13 into the lug and between the vallé S 46 on each side
g y & 75 apr a0

t he | ug. u,aoa&zﬁ ance wth one of the features of the |nver|i¢-p0593m
i nsert has P50 formed therein. 5 The rail) as best shown in Figs.

7-10 and 15-18, is an elongated rib extenﬂl%g | engt hwi se al ong a back face
52 of the insert. The rail generally has chanfered edges and typically
corresponds alnost identically in size and shape to the slot 48 as the

tol erances of the fit 10 within the slot are critical. The tol erances of

both the slot anggaii- @rfsotﬂgl%?xpEH\rQB AR1NAGE eLchet! €h, 13T 1ML A%
t ol erances betmeen one to an opposi ng outer edge of the

edge
insert. (The ac®ifet H@W&Yoh% B%tBnémﬁiaﬁﬁ@ecﬁFt&ﬁglh§§?Ft5r&PIQQQj%ﬁII

15 are given be{ﬂWénW@fr@hé &badimbana aast:maséasmhamgsand preferred
enbodi nent extends, the full or subs ntlallg full gngth 8 he back face
of the insert atPEFLIAFOWIE|HORFPEL ¥araatigngndn1713%ne Pa%ér of the 20

insert o the eifbitHdfeadess as2 destet bedibel ow apdnoae, dahai theonxb'maeues to
t he out er nost %i bottom face 51 of th? rail .. The rg%l.Sg.fu t i ncl udes a
dnéredneh

pair of opposedHES sPEII ehdP g Bef 188N EheP sﬁFfaces t hat
extend fromthensesrs 200 anudfiees astdebedi bedrbebow THeeimpdesed3

transition intg,ine botiomiace 3y ai pooledogdags,3o, waleh gie ggneral |y

bet ween 1 and §§' nor e pre y approxi na er he r ai
and sl ot desi gmmrﬁely wiiich nind¢hedgs behef panyadity nﬂrrbreprgvedesugnsng

ncl udi g, for JalANcendiales gnoplnblBgt abbartnid) as BehentiNo

5,542, 7 However IS Cri esl gn_provide a_secure seat
tO)prOthIt ra@PdI%ﬁﬁ|%ﬂﬁ%ﬁkﬁa%%u?@rSBa@EéHEat§156%¢t+@%$ﬁ©°bﬁt#ﬁ€ i nsert.

Each of the seaa:id rAGei&es ral:pyiﬁ ng THéQét 1§%§Bvé‘§ 1AS&Fts1220Rnd4
Specifically, on the WO 991 28 APR 2002 PCTNS98174761
14 are designed or use 1n any type of milling although
are only shown in the Figs. in a helical end mill

15 embodiment. In addition, several of the concepts
described below on the helical mill including
overlapping inserts by offsetting, staggering or other
methods are also designed for use on other types of
mills.

20 Milling cutter body 11 as best shown in
Fig. 3 is of an elongated and generally cylindrical
shape. The milling cutter body 11 comprises a shank 16
and a head 18. The shank 16 is configured so as to be

) capable of insertion and securing within the spindle of

25 a milling machine (not shown) as is well known in the
art. The shank may be of any shape or design so as to
be capable of this insertion and securing. Such
designs include but are not limited to V-flange, taper,
shell mill mount, and Weldon shank.

30 The head 18 is generally a cylindrical or
substantially cylindrical body or shaft extending
axially from the shank 16 toc an end face 20 thereby
defining an exterior surface 22 therebetween. The
exterior surface 22 of the head 18 preferably includes

35 a plurality of helical grooves 24 and 26 (two grooves
in the embodiment shown although other numbers of
helical grooves are contemplated by the invention).



back face 52 of each insert is the corresponding conplinentary integrall

y
formed rail 50 that mates with the slot 48. After the rail 50 is seata”cﬂcAPRZUUZ

mated in t MO 2BO748, the insert is tightly secured to the SPET/YSWRIREL a
fastener 54 (shown in Fig. 2) such as an ajpen or torx screw that passes

t hrough a clearance hole 56 in the cutting insert 12 or 14 and threads into
the threaded hole 44. The cl earance hole 56 includes a tapered counterbore
56A which is engaged by a 10 correspondi ng tapered surface on the head of
the | ocking fastener 54) thereby allowng the insert to be tightly secured
to the seat 38 BRCH fEro@ee ettrand phshasPysRAREDPd Yagaitnsntehehieaper ed

count erbore 56Axddride Smppséaend $SHOMNheREaPapbh QL ;kghi LQUPI Ngs
of inserts 34 and 36.is shOV\gﬁ%The hel i ca<la grgupi ngggigigg ﬁ%gem%gagh%r"oupi ng
n

as it includes BFHEH LAY neRgehdFal 2/ FPi fybeypatiaddyt he2 and 14
(or 12', 12 " khank 14. 1MMowvs $ies€ifhedlDe) ovhenThecBeki ¢ak1gBRUPLNY 36 is
a foll ower grog}pg’}g \é%i ch onl%%idgcl udes 20 ggne%ﬁ# mlling type inserts 14
(or 14')7° As d&ESCEYT e FRE TR CTPUANELCRI LK Bnecdfingefpeat d8es of
the invention, ande d e ilsing fafackdi gedimpingsaacarseéagesrediythat is in
any given cros ctJ e thr h_the shank 16, the inserts 25 on
groupi ng 34 ov%ﬁ%%pteglgét}aéﬁe "Ze[rjearblﬁfg g’#{gﬁ %\%w%nani ’E';lgheBn‘i dTRecirBRiBg one
of the inserts fiagegReuping B3R idsing frest Ihonway bgitheri isestseeevard t he
end face 20 intELg ; e th ggggg' y, be any , overlap, it
is preferred tﬁglte_trr??lgyéﬁ}l]ap 'S qu?"?)anlis su is%%n??a'f%/ ‘ﬁi‘ﬂgioﬁ?‘lﬁf an
insert +® groupefidnipcor FEnEgRH Ihhd/spmred 4A0ras asect iemotdethénsert in

the other groupinge36 @r 3 cdresecidMe! v | ERbd s 14 Lyl eferabl e that
tﬂe m d point of any given insert is \ég'ntaesre bert?é)\/\‘/lé%nlﬂtlhtelJ“T§nIIsD Ts'if the

adj acent hel i cBRSS5E§CSUF I Fidds IEGH dhtleeadiendeznd puski kinyi fgces t he

mlled surface(thiiss deramniarpidngederdiaggeriskhpsd hestsshawn i R g. 27
where a porti OEhgtg? inﬁerts) of one q%go APREBZOOZ V\¢§99/ 280:,7%l td
PC f1US981247617¢15*H&F/cal grouping is shown with a portion (one insert)

from anladj acent hel i cal Egituilieagiisko\Bade) 28 dded drd18si @ A4 ofg t he one

groupi ng. Plungjt pe,insert 12 is _hest sh inb5 Figs. 12-19 while
general- mlli n%bggég%t 3%2955 t%’gsteﬁtﬁ&h?ri ﬁuﬁ?&%e gz-ziﬂh%?ese@ql'hserts are
preferably arréaged28uendt Rat athanynorossd selamigine ipwserd thedeyn 1 , 12"
, 12" ', 200, . ri el.awL.i_s prefer.abl.y. us s the | ead

i nsert on |eadsﬁ§$}:§§?”_‘%§i& 3%%?‘%3 §§ )E N ec%nr;' r%lnga’%lﬁfs@?st%ﬁ (or 14', as
descri bed bel ofjbatanpiatévablyindsdcad fsdlandnwdss .i nivet sran liemyd hel i cal

groupi ng 34 ang efher i Bgert s08B A ql lical. groupihg 36
(see Figs. 1-2 éééNoﬁgl Eﬁgiaggxi gggﬁhlg%i ghgeggegﬁgg%g]%g%quﬁ l'i cal
t

groupi ng 36 asl??l%rB efnB8E PAseFESPREFENRLIYhAS ishowme ion&igd.odest to the
end face 20, iwhefésehel oAgetydi Bal hyjaeward raad 1tks fARksuged to plunge as
best shown in Firgé 21 Thi.s_I ongi t.udi nal Ig i nyard .positi ﬁni ng is provided to
syppl y the needed" 20 %Yaﬁé@??ﬁ ed,3hPRFi GBea leped trdiPade d xRS I0dd the f ace.
It is however skamignigetiot hasurbenbneatting2gapd bétaeenusablkerisn ot her
roupi ng.

| : Y : i itself i de of
poaLl e |0 CHFecOry Cinadh@RLDg SEBYibERCLE 43508 9 AR, YD

It is further recognized € use~o i
combi nati on me3S bRt}BIengdt §psune anel eAfetboiveandthnongj ituten helical end

mlls. It is also recognygedetbatnyahi @hi g O se. | may be used.
In the displayed enbodi nent %?L' Flégs. 4- 11,?9§Ot %i %gai %rslergggé%alagcg
appr oxi mat el y et 2@l @f the features of the invention, a plurality

of cutting insert seats 38 are located along each

30 trailing face 30 and are spaced apart by spacers 40
which provide a rigid surface against which the short
edges of the inserts may rest for supporting an insert
and prohibiting twist of the insert. Each cutting
insert seat 38 includes a mounting lug 42 with a

35 threaded hole 44 therein. On each side of each lug 42
is a valley 46. Each of the lugs 42 includes a
longitudinal slot or pocket 48 therein extending inward



30 general shape and includes a front or top surface 60, a pair of'tapered
side surfaces 62 and 64, a pair of tapered end surfaces 66 and 68;2@M@Rﬁﬂﬁe
surface or back face 52, and the integrally forned rail 50 extending
outward fromthe base surface 52. The top,35 surface 60 includes
principally four edges, nanely a pair of oOpposed and spaced apart |ong
edges 70 and 72 2 0 APR 2002 WD 99/28074 PCT/ US98/ 24761 -16and a pair of
opposed and spaced apart short edges 74 and 76. At |east one of the edges
70,72,74,76 is a cutting edge, and preferably at |least the two |long 5 edges
70 and 72 are twntoibgeetigesantiebebyealnl dwienyatlieyvisndér tont @dud isidexabi e. I n
an al ternative.enbpdiment, the cutting inserts are generally square and
thus all of the edges are the sane length and are preferably each a cutting
edge thereby all ow ng fofncaappedente widdxasiel ofy tée tfieativrss tof Gltrer

shapes of inseftseR¢ 540Nt £AR! ahedrinebidiang ganeialdopridd an@lear, i nserts.
In contrast, cutting Insert 12 is_approxinmately oval in general shape, as

best shdwn in BB FFasl, 125 10est| fhrye €8 fRES ndert? 8RS dftththg lisnsErt 12
includes a fromofgate® subfageeBBing Paingtoivilapenethssiadesw frages B2 and
84, a pair of tép red. endsurfaces 86.§nd 88, hge g%%£ zyrf ce or back face
52, and the i MegrafI 3 $oted FAFI T80 leBEESdPAgY0 = SESm $Hase
surface 52. Thend opysicédnte 806rreepbudds prlmocitpaldentiawl lgddes,sinarely a
pair of opposed an c r{,Long.edge 0 d i r af opposed
and spaced apgyy95%%$$96§§e§9§4ggﬁ§ gé.g%t%Fgagga%%%%gggtﬁg g%ﬁé;%t

90, 92, 94, 96 | swat2bnctite i soedgee amdtprefler aflhy & llegasicesheft wetdlong
edges 90 and 92,ar g sut1h A0 gdg9es Lhepehy akl oy B the sinserd, tahe.,

i ndexable. In an alternative enboglnﬁnt, the cutting inserts are generally
round and thustsl3rofthfcteligeangre PRéEWSaRe oRénglecard dhe medflertabl y each

a 30 cutting egdgesphesehy ahtew Bagbobrcenel! eheektdexaliHd ta-tfalt he insert.
Once again, other shapes of inserts are cqontenpl ated as descri bed gbove. In
accordance wi t$rBFeS 691 % he p?Pﬁc?ﬁﬁWpﬁéaP r &8 &Psﬁﬁg'iﬁﬁéii%ﬂ#) of the
two cutitg ng 3%eslgesvdR, Belew.)nsert 14 and 90,92 on insert 12 are defined
By 2 {1t m dsectlon and,2 LRuoveq 9L LRSI SALN L SARD S hereo
preferred embodiment extends the full or substantially
full length of the back face of the insert as best
shown in Figs. 7, 9, 15 and 17. The taper of the
20 insert on the end surfaces as described below in more
detail continues to the outermost or bottom face 51 of
the rail.
The rail 50 further includes a pair of
opposed sides 53 extending between the tapered end
25 surfaces that extend from the insert end surfaces as
described below. The sides 53 transition into the
bottom face 51 at angled edges 55 which are generally
between 1° and 89°, and more preferably approximately
40° to 50°.
30 The rail and slot design may alternatively be
of any of a number of designs including, for instance,
the design of the rails in U. S. Patent No. 5,542,795.
However, it is critical that such design provide a
secure seat to prohibit radial motion and assure
35 accurate positioning of the insert.
Each of the seats 38 receives a cutting

insert such as insert 12 or 14. Specifically, on the



-17 2 0 APR 2002 PCT/ US98/ z4761 edge 70, 72, 90, 92 into an adjacen& Zﬂ%%
74, 76, 94, 96. Specifically in contrast to the prior art in which ! 002
edges are p[aslogHsgsly entirely fromone edge to another, these BEH¥§I¥IMEtlude a
flat or crown portion, 5 nanely flat 100 924gdges 70 and 72, and flat- 104
on edges 90 and 92. On insert 14 as best shiown in Fig. 5, the flats 100 are
on the long sides 70 and 72 in between rounded or radiused corners 110.
Simlarly on insert 12 as best shown in Fig. 13, the flats 104 are 10 on
the long sides 90 and 92 in between rounded or radiused corners 108. This
crown or flat pb@akdéacaeSEraE adeantiagest REisr sthe tdurxrddmdndimgti ons when

cutting o, milcghba e nsalis, hebh by 0t hetrieio oty Wherall W drovdigo o

nmore fini shed ang" enera ana surface. provides an
accurate and unth@rﬁisurﬂace AEOﬁrmhhehradldéwenmrﬁaad&ﬁqummatﬁﬂcﬁnthe

rail during nanyg?cgygg gbncghgthggggthgntqﬁpkﬁ?é (g&we éﬂgved

surface is generall y not acécurate POSSi rail position,
size and Shape lugcfRtbrap &3staBernsér tishowcdmafdd o@dt iBirwiashian t he

seat of the mlijfngntgel tbhcg&éﬁahhae bagswf:a%utgﬂ‘ i SHaradde
accordance wth another of the principal 25 features ™of the invention, the

rounded or radiRRER EérhBrEhEOBUEEHnﬁlen&FEtdéPlﬁ@dlﬁyamﬂaqhﬁﬂq § Qi ng

in each corner desnghaehiedt heveved. se@heoeléhrantzler HolleAdigusi il 10l NG i Nt O
a second curved sectlgn of a second radlﬁ Specifically as best shown in

Fig. 11, 30 eactPR$TEdadPuREeEPOTRsafp ¥ 1IERcR§IEEIFREhAY f the | ong

flat 10Q0 a fi réérﬁé'ép@ﬂd&ﬁgtt@peiéa shrgatier 8h tad headardt e hal f of a
second curved é-ctlon

1 .Sh d t
Tehorh Chan s e ey Earbinde 4T AFRE2ELY ) adl 0B Bl thE ATEeHD LR o
1/ quadrant of timglerlyl2ecuréddes Dhe babkt B8 abethenga%tamek054 a fourth
curved section a 0 fift ed
section 120 of ﬁ&§h§g §$¥£#§g62£€é¥§§F2§g?4e§EE?%é9§§f%$gf% %? #%é%th
radi us of a shorter deterhmnthg_¢mhgdhmenan8hhwnbhpné padirusf AReldaadsul t
of this onstrgg%hag %ggcgfcyﬁgépﬁs:ggfagg %ereg ggogétenq%éfggyf% qadlused

cor ner toar corner wt at t efween. THi S i's best shown
in Figs. 11 andrir5pgci4italtye lerd guevPhpTeagedt7angrydes Hoshdefined

fromthe Sharpﬁ%ﬁﬁ&ﬂh Uéﬂ@dg§§€fépnmiiﬂlﬁé @9§eCQh58EtE|QQd%%d'ﬁ4)&ﬁﬁ
first nore smeeplng ggrved sectlon 1;2 b|§22331£25 below) . The helical

grouping 36 is a follower grouping which only includes
20 general milling type inserts 14 (or 14').

As described above and in accordance with one
of the features of the invention, the inserts in
adjacent groupings are staggered, that is in any given
cross sectional plane through the shank 16, the inserts

25 on grouping 34 overlap and preferably start and end in
the mid-section of one of the inserts in grouping 36 as
is best shown by the inserts toward the end face 20 in
Fig. 2. Although this staggering may be of any
overlap, it is preferred that the overlap is from

30 substantially mid-point of an insert in grouping 34 or
36 with the spacer 40 adjacent another insert in the
other grouping 36 or 34, respectively. Basically, it
is preferable that the mid pcint of any given insert is
centered between the inserts in the adjacent helical

35 grouping as this provides the best peak shaving on the
milled surface. This overlapping or staggering is best
shown in Fig. 27 where a portion (two inserts) of one



10 the long flat 100 bl ended into another first nore sweeping curv?ﬁ R 2002
section 112 bl ended into another sharp second curved section 114 a JW

adj acent cevgnezsoThi s general sharp radiused portion, sweepiMI/VSi§Rd%dd
portion and flat scheme is repeated on thejgutting 15 edges of the other
insert also, and nore specifically the long cutting edges 90.and 92 are
defined fromthe .. sharp fifth curved section 120 at one corner bl ended
into the fourth nore sweeping curved section 118 blended into the long flat
104 bl ended into another 20 fourth nore sweeping curved section 118 bl ended
into anot her shhepifiit Broupiad $6cishowti20 & arpem)entormriteserthe
repeating of th a i Fguﬂl in
insert 12 of ZSEE?‘“ an %\&ﬁge&ﬁg\gl rq?gqtlh%lf g}%ovm nggoe ge coslr{g?{r.&ﬁd(?t?el o?ﬂjé%%und
its periphery, PPRa OEOQf §ﬂéeﬁpﬁggéeﬂpé@99ectlon 118, | ess sweeping or

sharper corner curved sechigRgiag, cgpat h@lrsé&sslﬁ\&esemer& HIRGRET £ Or ner
curved section 120, another sweepi ng curved _section 118, 30 another flat

104, stil anotﬁéﬁsswé@p|1ﬁgWB&PﬁeGeE@EPlloﬁ’lﬂ-ﬂﬁ-ngsﬂr}qerénd-ﬁhérs IR&EE sweepi ng

or sharper cornghowHryadrsgsti @R1120, Théfseallﬁidée:l’td e PYRAUrubIgF sharper
corner curved section %20 g ﬁ ég nother S curved sectlon é}B to
Sygh; fp

reach the flat 35%20HHEFe ErﬁﬁPHS NG Fnsgaty 14 n
repeating of thE2fla12'$meeprng radbussoandash@mmdmmteﬁsbﬁ&h&ﬂe1Qﬂ i nsert
14 of Figs. 4-1 fings.th APR 2 2 99nso~a -19
Pcr ~rs9sna~6~ c%ﬁg??u%§?8nu§F8uﬁﬁ %gg ﬁ@ﬁf &g%§ r1ngcurved
section 142, sharpupdngeRdcwhudd me&ﬂnng 1n$erashdﬂt(bkau4lozasanother

sharp corner cusuedre6chi 00144, a0g! Becravesniia oy ved saagtian. 112

arlot her fl at 510 ano SWeepi Ng curv Sec S |IIanother
sharp corner cu¥M%Gr§§c©noheai4hehmgahe9r9h9nngléﬂ 202, ayepraﬁethkﬂysharp

corner curved S@&éfpnlﬂéér@ngnyfélﬁeaegeheiw%s@'g&Feg %eg%egn 112 to

reachflat 102 where th description started er e i ments of
cutting insertsFi3§and-3k- ar@ocE%PQEbF%té658§tsﬁéwﬁslﬁeﬁﬁeé on the

20-25. Spegi f i café:ylo@@iatHeh@abogwaﬁingf3sna§r thd4cuseghowhi Ankegt 20 as
i nsert 14 mherggan addlt onal aglusedeﬁtlon eXISti aloa each _radi used
corner 110. 151 ns®T¥e92 FRRFub®stBR 308i £F8REFt0Ft hfdSBlr $8Fe 28ectiSon

116 with the sankfsetli Lsngsttidindll gt inwavyddandechusnndt2uséad aoresult

each radi used ﬁgyﬂ@ﬂrlgglgg%fdgﬁothe flggé (Emee?bg% %§§éé§gﬁ§$c gceélz

t hesecond (shar®p ved 2etri a4t ant@thé th
section 116. Thenwinad ppesiveoningdi ssprovadedonoi suphly sher neaded on each

T4’ ChERD: [ GANEELA CObEIPLasTE hOPS . £l BRRA! b Sl aCRLIEGEE 1"
curved contour 3?oh@5%%%?¥ﬁ%u¥%@@9%bé?¢oﬁ%aElhhéanﬁ§§F§ 13 éﬂdfiénﬁ*e

sweepi ngcur ved ($£2041 &Nen 1d6noR 1H68F Lodd’ 119\“@3.BﬁéreﬂEQQtaEnéreﬁphﬁ?ebtr 12
is shown inFig. 21 as sert %?m%énsert 12' is the_sane gS|n ert 12 except

Dort flats 108%ArE% cPV%Fb n3BY h8TSHBHBTcur YEd1SeEFFBReE20 al ong
ort edges 94r%tdgﬁﬁtéd”&ﬁ&ﬁ ehbodseenf ohei hasertd212sahn@yori DaFlig. 22
as |nsert 12" I.nsert, 12"

nsert 12' t_an adglt 8nal
Svcent ndScuverlirie it 1 M MR A +IP e aa HEEhng REP
108. 35Speci fi caldty, jwstt hom due Liseall comaiemi1D8. i nttudesal bef nactyngi gsedepi ng)

(sweepi ngy curved® S apeds Br e SRS e sl (e ST
In the displayed embodiment of Figs. 4-11,
cutting insert 14 is approximately rectangular in
30 general shape and includes a front or top surface 60, a
pair of tapered side surfaces 62 and 64, a pair of
tapered end surfaces 66 and 68, the base surface or
back face 52, and the integrally formed rail 50
extending outward from the base surface 52. The top
35 surface 60 includes principally four edges, namely a
pair of opposed and spaced apart long edges 70 and 72



-20 section 122. Basically, the flats 104 and 106 are connected by thOAPR 2017
mul tiple radhygesdreorner 108 with a sharp center curve 120 sEBRAAUSPHTBY
sweepi ng curves 118 and 122. 5 Yet anothegl%qbodinent of insert 12 is-shown
in Fig. 23 as insert 12 " '. Insert 12" ° is the sane as insert 12 except
an additional sweeping curved section 122 as described in the preceding
paragraph is added. 10 Additionally, nore drastically nodified 1

enbodi ments are al so contenpl ated. One such enbodinment is shown in Fig. 24
as insert 200. &ndent p207 iof mppodidd ethdlspaged apsetr tshirthedgesor4

i ndexabl e. InseLt429@ is a conbination of plunging insert 12 and 15 milling
insert 14. Specifrcally, insert 200 is a conbination.of one.end of insert
12 with one end of insert At4leagt emeadf/dihe adges nderi2 200 Mayideaany

combi nation of L0eekhy Lagel?andlfrefodidly add okt Ihe )cif fongsul L. the

insert 200 has plungin eatures due to nore rounded corners 208

whil e al s havi A§98Et 78r aficni’2h 3R89 IGUTF P mraasesthrrehy ahoving bhe

corner 210 propepkbes eb bke ioldesarard. IRedHd iLAlddhad NALdmp QP Men s hown
in Fig. 24 includes four edges, nanet¥%tmo | ong edges 204 and two 25 short

edges 206. The FBRgCBEGLEIERSEX GG US GRANETE Wi iSBIBF S IBD Thits

section 207 threggbha ewgeR Ager &tiel $RtheS Q&rich 20 WOyt Fekd sty 209
t hrough a sweepi ng radi used sect.i on a.sharp ragdiused section 211.

10 to
The short edges®268 &xFBhG 3§ F88GReERSHEIY SRS P G211 or
207/ 208,1 adependingexpbnlvbet bér the instehe .m IdoHyy entpE) of plasgisg end
222, respectivel The,.detail s .of the ed%Fs i_ncl gbnﬁﬁyhe fl.ats and

ragi used corner§¥%aﬁoﬁgegﬁ aBthﬁgc Hg&g‘déE%Wﬁr (ﬁﬁq%ﬁhag'and
specifically 35imsgrog.t he enbodi nents shown in Figs. 4-11 or 20 for the

mlling end 220 and any of_t [ : jN..Fi.gs.. 12-19 or 21-23
for the plunging end _222.]jrrl ngg%%goﬁﬁgf?‘%ogﬁfﬁﬁtz&%zl CT/ US98/ 24761 An
addi ti onal variappopxsharasEr ovadoins gehemali shEpg, 25 PesStnshawrBOd as a

non-i ndgxabl e inpest 9&-@9[ef§iﬂimgrd%%iQﬁe(%ngé&Qt1Q@U@Jt%i%§ﬁtenp!at?d
and wel |l understood by one of skill in the 5 art). Oy insert 300, mlling
end 320 is the SeFRrBs1228N6AUARSeR LXODL REWEPEr SURILARE 89 edd PRAX s an

angl ed or transygpseef! yngengutéaeesd0d2r andek 4t han pa isubst @apedlddy end :
per pendi cul ar pl ungi ng face_t Egg | ong tudln%E axl s A as Ln egg 2 in the
previously 10 d@%ﬁg?%%ﬁ ?ﬁsans, rnEBﬁd%ﬁﬁelf, fAce 0 g@ﬁ. TAFE afgle is a
and in the di spmayedhenbndegeallisfdraktheadgh 50 exyendingl catweaesls t han 1
to overz%p or Zgrom the base surface 52. The top surface 80 includes
principally four edges, namely a pair of opposed and
spaced apart long edges 90 and 92 and a pair of opposed
and spaced apart short edges 94 and 96.
) At least one of the edges 90,92,94,96 is a
25 cutting edge, and preferably at least the two long
edges 90 and 92 are cutting edges thereby allowing the
insert to be indexable. In an alternative embodiment,
the cutting inserts are generally round and thus all of
the edges are the same length and are preferably each a
30 cutting edge thereby allowing for complete indexability
of the insert. Once again, other shapes of inserts are
contemplated as described above.
In accordance with one of the principal
features of the invention, each of the two cutting
35 edges 70,72 on insert 14 and 90,92 on insert 12 are
defined by a flat mid-section and a rounded or radiused
corner at each end thereof that transitions the



On face 302, one of the radiused corners is 15 the sane or siml aé as on
insert 200 and is indicated on Fig. 25 as 207 and 208. At the int psAeDo?tZOazn
of this rqgg%ﬁ sgorner~208 with axis A an angled flat 304pcs/usediaied

whi ch extends to smal |l er radiused corner P This corner 307 arcs through
sweepi ng section 308 into 20 flat 209. The Construction of the edges of the
inserts is based on the concept that the flats are flat |ines or edges that
area parallel to or substantially parallel to the correspondi ng axis, that
is the long 25 flats are parallel to the |longitudinal axis and the short
flats, if any, earg% pm,al'rzj 90, the inaesuar adjaxeatct Bdgei g4perpenducul ar to
t he Iongitudin | or _sweeping,curv sections _in.,e

radi used corne (| n ]rélcfaloiz]ﬂyli%,c‘ﬁg,ra%EZ)y'angedBFéPﬁl AL By Y!glﬁh

radi us of an artheMesicp=d hez:eserﬁdmhsepdi aehtotelprefaom oaeostigedecof the
insert and al on 9pp a .5 _the tral pgi nt for.

det er m ni ng théa%é’%g‘ef orO%“{'%]gé(% Ve g‘é]é{llagngacfiiggeﬁf &8 PBﬂgP‘PFé%"Ps a

poi nt al 6ng thelamedn»svﬁa]rae 50 sonuedgee 30 ahd 7aseand IlhatSBOshont or
sharp curved s j { u rner dj )

determ ned by %grda%]ﬁ%d a secg&h ‘gquge ermg t%eggégt l?-g 0| nt $

second arc - thep fA\IZR-QOUEO \ir®opn sthzg b@FGUSQG#§4761anQ27BSlnnS| de of t he
insert at a poiga it ﬁmaéi@soé%a&mgéa tbghatkl mng §§.m5?£§rf‘91 ent

|l ong arc into one of another adjacent |ong_arc, an adjacent short™f or
anot her adj acedfs§Ad t1%ras k@%es%?%ppé Bigt hé%oﬁ%@rﬁ%@?%nlgﬁe%r?l cs is

shown i moFig. 26 't%eamcﬁ?a%ﬁé’é eslo fohamb2 AR bAEREEni Soshe¥m & the
enbodi ment di spl ayed |[1 24 where the flats and radii are indicative of

t He abovedescri e 198ert is | and it has a 10 | ongitudi nal
(major) axis J and secondrHis nefowmxes Klag fhevedds Mebetd® insert is of a
mlling design iI t he ot rend ngi n A long_ or
sweepi ng curvef a(?r?% ex] ST on %%hgg?ttg‘én?‘ghﬁg%d‘g%igo?ut‘f‘ublw nsRrt .
These secti onsnﬂiﬂlaroéﬂe:‘hmegmbadcsehefrsbxdeo'oherhensengsttmierebyam s J by an
arc R (only sh i i i t om
center ggl nt S Vq'hralq’%enazrnq%(% ?%gs%gec? %\%éiﬁ y% régé%ﬂgl I ne ?élé Al ong
the long edges S@fcoﬂ’lh'b it tflathanecides sa%I@%@éirﬁ%yaQ@ laIFJprQNh mate the

arc's intersectd Q¥ Md Eddie JANH &Xi GetePMihONghé! BéSadiodGr & Ke R is al so
sliced away by sharply rounded corners provide transitions into the side or

short edges W E@fils QTN MaTHH ARG oUFRIcEL RSP nelRe | S¥eAT10R0F ike afpt her
rounded corner gelohi % I&ﬁ&e%ﬁ ahaf ity i9upsieshsDIVefiot SadBupakiy for

pl ungi n The shar un q_‘ﬁcorn s Ul and U2 are a ul t of smal | arcs
Extondi 28" {1 omPRIRIBLAD G P 3R AR TLETIATIRSIRT i 17 ent
curvature to transiitdadn ssedthHeoningert i ddeucase bécdticon phintgimoclend, to
round of f the %%a‘é“%'fe d)ﬂu. ;t%ré‘ééf chﬂIéancé’aé@eeds&ffae% ext end

outward fromt outer e Thsert=to 1 hdrcate tre scope of each of
t he sections. Aizdshii.g. 26A shows t he design adjustnent needed to add a

gllat WL to the plunging E?L'Hjaf é}%é‘ltwﬁh fgﬁhégl@f %@lﬁﬁ{]ﬁﬁ%ﬁc Gto
). One exanple of an actual 1nsert of this enbodinent (as_s In Fig.
26) is a8 fol | dgatupes of the invention, the rounded or radiused

corners 108 and 110 are defined by two radii resulting

in each corner being a first curved secticn of a first

radius blending into a second curved section of a

second radius. Specifically as best shown in Fig. 11,

30 each % quadrant of insert 14 includes cne-half of the
long flat 100, a first curved section 112 of a first
radius, and one-half of a second curved section 114 of
a second radius of a shorter determining length than
the first radius. Similarly as best shown in Fig. 19,

35 each Y% quadrant of insert 12 includes one-half of the
long flat 104, a fourth curved section 118 of a third

radius, and one-half of a fifth curved section 120 of a



2 0 APR 2002 -23 insert | is an insert with an overall |ength al OZ@AEF%UZ
axis J of 1,588 0.00039 inch and an overall wdth along the axis

0.952 0. 0%@% 2% addi tion, the height of the total insert POTASERI6K ai l
is 0. 483 t0 B 0°495 inch while the hei ght without the rail is 0.202 -
0.00039 inches. The rail is 0.196 inches Wi ée and has rounded outer edges
(55 in Figs. 7-10 and 15-18) at a 45 angle with transition inner edges of a
0.015 radius that transition fromside 53 to base 52 in Figs. 7-10 10 and
15-18. The taper of the sides (whereby the sides on insert | are identical

to those on insebusth? radd ubd o Maneinordie A ritith i i, L &Bytn tihserthé4 and
for 82, 84, 86, g %2 H&sert 12) is 25 all around the insert. The hole in
the center of th&> EPCHEs a 15 0.431 to 0.447 inch dianeter at the rail
and tapers out to a 0.591Ats0a0 x@&@nlitneadt dlhorg cmnstaa.rctt:fmthncslmrface of

the insert. The_s i fi f t.h tt| gg% f ol WS, The ] T
are 0.483 inch |nBI%§ % (r%d 7@(222;# pérﬁglel q}o eac H‘ler n%eé;x?%rﬁé]%m

each side5of eath &l a'adIuaIedng:ot:hnercm:utll’nga el arl‘emtm:mer@ curtieisetsi ons
Pwhicharedef' ReChiH0 C f b ine RL with
the flat T. The Plggegéf %lhl S exatr"‘r'pller%1 ag I%ter d%oc': %61 yJZéI‘Jl nches 25
away on m nor agustKnete§9ﬁ§t79 and éﬁt@mﬁ;dﬁfknﬂdrﬁ¥QMwﬁh¢ ghaxte case of

I d N, & h I
pl ungi ng en U%Bmﬁ?i‘é"%‘é&'v@ge%%‘ég @'15145@@ tor@“i':&:‘rﬁiis'btl'e‘?ﬁﬁad M sharply

curved section arc formng line Gwth a radius of
0.444 inch ext eﬁbf—‘nélﬁfﬁénﬂ‘ﬁé’ﬁnﬁwﬁepﬂﬁgt [FRITAE T BEEFOMIYLS R anfpd inte

Swes\lﬁl nﬁl@ur\éef E’hézlgaggeua]gndobr @Ql%lnﬂe@nirit@ %ﬁ&&u\c?:siﬁrrg% nsﬁtgé/ed ﬁec ion
| C I S erl ne al C ormn I ne IuUs O I.NC
l)tendl ng from 58%91%9 FRrvede seEdQR 115& bﬁﬁ@%ﬁéﬁﬁ RO IWHAF P at T
and sweepi ng cusgg¥esnB, caivaadsbetman 1audr aes i add asteditp ceneas, Ulthadwl U2

be snmooth and at the ; grsecti n_of dt he ar.cs desfl nedl the%%){‘g " 2 0 APR
2002 W O 99/ 28073 PER+ USH8F B4 78T 1RE PO 6&5&/ WS %% 8%
manuf act ur ed ofpmstabnsanﬂ &3ast sehgmahulsextelpealtrwemmleeqmuﬁmg:tur ed of

carbi de, Speci L §og5ath! ERe0b-he SEALL-c ga's%de Bl 4340 And sReCI( i C

exanpl es of 5 the car de’inc Rénharet al e I nserts may
. al so be coated méngoagycuf-t@hg RAGRS @@aﬁﬁﬁg@%ﬁé‘ecdﬁfllﬁ@dtéémmcﬁl‘& known

in the art. Diffgrept repbadigeobs abcthen ab 3@ ane b3AoOHIMMI A ed

under the invention:
into the fourth more sweeping curved section 118

blended into the long flat 104 blended into another

20 fourth more sweeping curved section 118 blended into
another sharp fifth curved section 120 at an adjacent
corner.

The repeating cf the flat, sweeping radius,
and sharp radius scheme results in insert 12 of

25 Figs. 12-19 having the following edge construction:
around its periphery, flat 104, sweeping curved section
118, less sweeping or sharper cormner curved section
120, another less sweeping sharper corner curved
section 120, another sweeping curved section 118,

30 another flat 104, still another sweeping curved section
118, still another less sweeping or sharper corner
curved section 120, yet another less sweeping or
sharper corner curved section 120, and yet another
sweeping curved section 118 to reach the flat 104 where

35 this description started. Similarly, the repeating of
the flat, sweeping radius, and sharp radius scheme on
insert 14 of Figs. 4-11 defines the following edge



10 The rail 50, or a design equivalent thereto suchH as any geonqquH{umbck
or extension that is not rotatable such as a square, any nmultiple fastener

such as t ghegwgr fasteners rather than the one fastener pé&ragosadvg: ot her
means forwg? ibI'ting rotation and 15 shifting of the insert, is also an

inportant feature of the invention. In coﬁﬂﬁﬁction with the inportance of
the rail design and its close tolerance to the slot 48, the seat 38 and
spacer 40 design further adds to the inproved finish mlling ability of the
i nvention. The 20 spacers 40 provide rigid surface against which the

inserts are suppokteguctioaddirbiol ikhe preatdia~af thed aido SQwiksad

insert 12 or 14 in the correspondi ng pocket "or Slot 48 on a correspondi ng
seat 38 furtherc4rvedef9eEifs pidhi FPRTE CQrMeFa RS |S/Hien He4midst i ng

25 or rotating sedienrihat 108, paaveher sharysRrimedWiRedlidddditn The
tapered fastener, 54 when ti ghtened down in the threaded hole 44 further

serves to secur%??heaFﬂEE?FgSHSSPﬁgﬁ P& TEN SERHY T iFRethedw tate

definingsof theldopai stHPLf anetRBraatedding lcud@ddisRicdicron 12 packeat 48
where the rail is on the, back surface of the insert far ama%;fron1the

b
cutting edges r¥NYVRASTt RRAEPi FPERRTTREVRS S8FESR ey SFu st
cutting edge anflldtheldndeyabl enohhernsibrpdgertleat canvled Beatsed fiar4,

cutting) from 35 ¢o c i t I %%@ rast..t.o_t prior_art where
often one of tHe d?%?n%né%égg ggeghéhgfgt e S|%%C§d§%%q§§n5§r§ﬁ%§ o]

62, 64, 82,84 ar£lsedl®d whﬁperthéﬁddeswﬁﬁggﬁgaoﬁﬁaJZEd. 2 0 APR 2002

PCT/ US9§/24761 secure thes{:%fréthg‘fﬂr s%oag%ﬁ@s' ori tct&gt‘l"n'gt 'i%%l?r‘i‘ét 4ing
eﬂges to stresses_and forces that_damage the cutting edge. “The defining of
the trailing fa&td3Dtiare FaBtePPARRREr @0 ShRET dAgFLgEi-n3I0-3%i-s of the

shank S at anys¥é6¥E£éQ§§yse§ﬁb@He§|éQb%ﬁEh@%tt%f|&%%%&pthﬁ RV ek of
the inserts as many, of the forces on_the [nsert durin lLing are

1g.m | .
per pendi cul ar t3d*t in%%r?sféﬁéeﬁﬁdlﬁﬁughﬁéﬁpéﬁd?@GP%PPFaQeEéﬂéééeﬁy t he
trailing face Hbréiderexoseesaiongudaca radsticed @owdat qenothe 10 outside

d f .the i t [ [ || ed .th il 5 t he fast 54.
Ororall 1the raiseRsi o, TRSPRAEF B8eadtikiPPRg PRCCTSRBsEVER Iy

. radially definetecamniboriléiewiske thespamer safiiohi bt the figsetf coanedy .
anel iorate the egcit{:%gr?:%fﬁl’. CXLSE] Pgswtlli‘gd 8¥8¥1a%gd%\égg'3@5rﬂgﬁé??.0' nsert

wi t hi x~ the pocC ereby el Tmnating or reducing thé poc
def ormati on foumtliudesethpei birart (veapinger curveki sgctionaflidg, thei sting,

etc. This in egkgﬁ%rgegﬁgggngggfg Breakagsnandssi gakf kpanthy40 | engt hens

i
the mlling tool . f deformation results in |nproperly
posi ti oREd i nserweemnghusurviadcarat&candl6r sTBBpERRHP| FERYS PHi s

prohi bition or gdinidédagéct SMCiE0PhLE EQtablAARdt BhSkhBE amdeObEer
nmovenent of the insert al so reduces ¢hi i.ng of .the 25_inserts. The
coupl ing of thEYHSRR RGBT ARveR ST cRar  HEeS EPSFIPHE - f aRLCCTBSEANELE O]

rzdially defi nedchsanell or4 tée use, othepaners fdatple2seoulél pehpknotkd,i nsert
Ih place with the new CULT 00105885 952 BE Y Qlirved contour from
25 sharp curved sectiocns 114 on insert 14 or from sweeping
curved sections 116 on insert 14’.

Another embodiment of insert 12 is shown in
Fig. 21 as insert 12’. Insert 12’ is the same as
insert 12 except short flats 106 are added in between

30 the sharp curved section 120 along short edges 94.

An even further embodiment of insert 12 is
shown in Fig. 22 as insert 12'’. Insert 12'’ 1s the
same as insert 12’ except an additional sweeping curved
section 122 is also added to each radiused corner 108.

35 Specifically, each radiused corner 108 includes the
fourth (sweeping) curved section 118, the fifth (sharp)

curved section 120, and the sixth (sweeping) curved



30 corners of a two radiused designed separated by flat sections provides a
unique mlling tool that perforns substantially if not all mlli n9297.APR 2?02
Y,

functions ‘88%9% yides a finished surface of a ground finiskcT@pesizd7sral

the mll 107rotates in the angular directi,gn as shown 35 by v whereby it i
capable of drilling in the z axis directié “(such as by plunging), mlling
inthe x or y axis directions (such as slotting), mlling in the x or WO

991 28074 PCT/ US98/ 24761 -2 6- 2 0 APR 2002 y direction as well as the z
direction (such as ranping), mlling in both the x and y axis direction
si rru: taneous: yse&gtzzlxﬁ Jizmd.er mﬁlf?ﬁldﬁﬁl)ly;,r e nglat\gi ;d)f lcé;]?dimerﬁ@éat :c ng
si mul t aneously, an r ovi,di both 5 face and. end,m i nj shed. surfaces
whi ch are of acPPﬁiesq%&f“ §a .lsTW&lJTﬁJIHal? sraoléj TR TR eieosgl‘?ﬁaﬁlgl Bnal
m || which al sehatevictester fdurhehad s wdpam tred hoyt swessinght ereés es58
risers (that is&% Z#Eface wi th desirable blending resulting in a ground

type 10 fi ni sh l'east between 8 and 32 rns, if not |ower) ) when using
a steel mll body with catdi cdeamhespamizbdiamdriiecf nEesartsuch bs &3dwn by

Kennanetal . The_c ep %?ag' above il, desi ener
use, trailing ﬁgch%aditz; I%;S/s g’e |r?l£,e'l'dz15 s:ha.n%slén{%r 2%: nt glréac |%n£%ﬁrface
away fromthe &8st tnsgrsddes expsptofars gediitsionmt Iwreringyeurerding i nsert

geomet 1 es of GEERgLS Wobh dovdidiineeehal Al divedddt:sy alaiepayg, hetei n on

h
a helical end m wever, it Is readily recognized By "one ©of “ordi nary
skill in the ap8d2d-that such concepts are readily applicable to all forns

of mllimg. The enbodi nenlddashawhalsyd helde drand dlly erpaldeof three
direnst onal 1 LLL0g_bcluding steps o il Tl g LS et o
surface of a gisusHoWwypearf ifligsh24NaEerioiserexaqd es Msamdijocand fd at
25 the oi zes. oFORAG R G e rdtie of HTe: (1 a0 a e rAeAS e dependi ng
30 upon the inseseravendl |issiazeocad naltd amseT tplamyieng Emsegrowd drype
omend S S B SRttty el e
m | | ed. surfacecasbdhawmicnn ofi gne3end3®iSgasemtcdld witdy icve ®nd defsi gns -
caused steppingnas $hqun i NATkGr28.ivEThS 488 Gl MRt Ryt s g h a
first cut as shown in Flg. 29 (one helical group has _ WO 99/28074°-27
combination of inserts 12, 127, 12'’, 12''’, 14
and 14'.) As a .result, the insert 200 has plunging
20 features due to the more rounded corners 208 while also
having better finish milling properties due to the flat
and corner 210 properties cof the other end.
) Specifically, insert 200 as shown in Fig. 24
includes four edges, namely two long edges 204 and two
25 short edges 206. The long edges 204 extend from a
relatively sharp radiused section 207 through a
sweeping radiused section 208 through a flat 209
through a sweeping radiused section 210 to a sharp
radiused section 211. The short edges 206 extend
30 between its respective corners of 211 or 207/208,
depending upon whether it is the milling end 220 or
plunging end 222, respectively. The details of the
edges including the flats and radiused corners may be
any of the above described embodiments and specifically
35 any of the embodiments shown in Figs. 4-11 or 20 for
the milling end 220 and any of the embodiments shown in
Figs. 12-19 or 21-23 for the plunging end 222.



2 0 APR 2002 PCTIU S98/24761 mlled) followed by a second offset cu 02RPR 2002
shown in F'gﬂ? ?3/% 4{3 second helical group has mlled the sanep&pik 61
thereby re ? a n a finished surface as shown in Fig. 31. The distance
bet ween the peaks and 5 valleys is reduced2ds shown by hl, h2 and h3. The
di stance hl is the distance between the peaks and valleys after one helical
grouping mlls while the distance h2 is the reduced di stance between the
peaks and valleys after a second helical grouping has mlled 10 the sane
surface. The use of Tlatsxonalie cauddingA20RS Jdi'ddhandaduosg Lhe distance
bet ween peaks and valleys as shown by h3. The staggered or offset inserts
with the two ra8hPwBoiReFiBavitRgas fingenth 3L ik dshdnsdigradyleles

snoot her fini shedsswtf ages aBétlpanANESgEX{d ¥ Rht A rigsult of the two
radii plus a flat ed%g congtructi on, each cuttinginsert is fully indexable

and thus has a FOREEMPLAFEDsPREe Rdre YRST RO LbIoR e Gt isHe Hegien i &he
provi ded.s Furt hgggpr e, ohhenkkgt 20 0SURfidde ny @HASS (AN SAGHE HfndreasUri ng
and nanufacturigg poi nt frog1£ﬂiqh the cutti insert is _manyfactured since
all nmeasur enent$<0nBBhiRPRET €807 ROVEYST o BHENSHRRuRRS: déndat &R can be
mor e accur at el yanatledf sentirhnsvelrae edgmgimac daear 392N riae ey tdtear adli used
edge used in priQ rt.designs. As _a.result, .the.tolerances qf the cutting
i nsert are sign??#igﬁPFia?h%r8558?n$ﬁ§ && @AuPﬁ&nﬁl§Fc§uifhggm?urther

di m ni shes or elonghatdésnaheaxakl| Ayast Hat epfdt @22r esultheopraviiddsdd, sur f ace
fromco etely r. iu i r by .qut ting,l,ess eri al

al ong tﬁgjniddl%g%%¥??%§ 6§g?ﬁggfn§§§}?§§§ﬁ;32ﬁiﬁ%rnéh?agoghowﬁﬁ%%gFﬁg.

3@9. I n additi oangi@eisver Ragpingtbe disgdaviedy eobodagents isveér t he vari ous
helic

al groovesy 24n808h 26t dndl, N89S rebnthiedisN@has tlhet_eeelséﬁle @ of ten 35

result on a mlled sufface fromcross sectionally aligning t inserts in
adj acent groove®T¥réafher than staggering them (The peaks forned by the

rounded WD 99128074 - 2808 BadPR388020RETHESYBL24261160ANELENRFONE i NSert
are shaved off anot her offset insert a result two radji and

. . As f the ty
flat insett const?utdPonandiThedst QSQQ%e&nFﬁ%r?QOi ﬁngdjlﬁcéﬁfilﬁéitie@al
]gyovas, ahsurfcﬂ:@epi%pwda@efiobyahﬁezmsl.l A §h_éhﬁhtéé‘§‘séf:t&ogr @!Inctcllﬁ)bépe
«finish rather than, the . typical -rough.or senm-tfinished stat ovi ded by
W1 g cutcer Sa8ees; sarier SPHORACR, B8k At cnBosUaLsRng RFORCE 5 32
rnms have easi | \déEenedchhevkdexbendsr e ssalherdratiansedbebween 8108 .peaks
and valleys (thqs: finl 0 S I h e .e_0 Ll ar
mll and i nser;thgj.’; Bgé%é%e%nwﬁeg#%%eggik%g,ghi ?“’?ggégﬁa%%%?k?ﬂa? otghg'lngﬁ l'ing
cutter 2O of tHelat e2@ht invention can be used to rapidly renove materi al

froma workpiece in a 15 shpotengpehat i8R 82 tHe BhbbingrCehteinkd s
capabl e of all fornms of mlling inclu rillin ungi n ranpi ng,

ding d , _ pl : g
circle interpolidikpsedie he aSorReeRE EgPFuEhFthétﬁi %‘ﬁsfgﬂél LdPeE. The
mlling cutter g8 edjped| €naf dPegepdirathelonal of Elibsgakecausg of the rail

rientation of the.traili

20 deston, the Ladiel priental S olLigathal Lo (ks AadgLhgppLearures
t her eby 2él i m natlatgs tdmee ppabd Ehel resuthenjohgitefiinal saxhs asndnshet
chi ppi ng, inse”éhé?tr?iétgfefgqggy,ig§gr£arallel to the transverse
axis that is perpendicular to the longitudinal axis.
The long or sweeping curved sections in each radiused
corner (including 112, 116, 118, 122) are determined by
30 a radius of an arc where the central point of the arc
is outside of the insert and along an opposing axis,
that is the central point for determining the arc for a
long curve section adjacent a long flat is a point
along the transverse axis outside of the insert. The
35 short or sharp curved sections in each radiused corner
(including 114, 120) are determined by a radius of a

second arc where the central point of this second arc



25 slippage and thus significant stepping or peaks/valleys, etc. TARd AR 2002
is therefore capable of withstanding the significant axial) 5@@5@#? nd
tangent i awad W28 on the m |l and inserts during mlling. R 6 t he
uni que geometry of the 30 inserts with the2eorners of a two radi used
configuration and being separated by flats significantly inproves the
surface finish to a ground type finish thereby elimnating the need for any
finish mlling or grinding. This occurs because the flat 35 portion of the
insert elimnates or,sign.ficantly aneliorates the valle enerally mlled
e (%5 5

nto the surfad i GERF ngPBFTEy BFI ApBPRG thEN AR TONE Be, SPTPR 2002
WO 991 28074 P@"Eidé‘z%/tzéa?:@élhﬁdmmd_; gfourxengajalc&@tsebwgs akre rmrte: Nl y
mll the surfac qﬁ ﬁ ent v?ntlon nmay, cours gg d out in
ot her speC|f|€ﬁ;ﬁﬂ9§ an ¢ %%%eggt PBFt AT5 - h@PeFﬂjﬁFFngF §§a from
the spirit andbrssenthedt adpzaeter shbresawet.t he invention, The pr esent
enbodi ngnts are, therefo ongi dere pect

; ; %:Qargslg 8)?1?3 gohgtgal%tl%ﬁ FPeR %Sltch lr‘ﬁaani ng

illustrdati ve and not res rlc I ve h anges—com ng
and equi val enchavwmgien 1B f 2ﬁelappanandgghaanedaiermatendén tiaseetenbr aced

t herein. gvgﬂb i ng ,C 10
for three dlnen5|oﬁgﬁgzoﬁlln aég%ﬁéﬁ#!gg F§a¥%d én Ehl ?ﬁng%%ﬁ%%gr :
i ncl udes a pl e iflaed %ﬁ@t#?@ﬁ%sé??s1F42C324Y65OéaéheoﬂbWNﬁch i ncl udes

front and baclydReeshdd desBbhs( SPhe iiﬁsE?@SEst W0a08P98! ResSide wal I's (62,
64), at |least two oppoigag end walls (66_ 68), radlused corners (108, 110)

10|n|né sai d JiAGipHi HrRieRY aatFsJ(8Bd gsFondt (mémsr) oAZisu&i ng

edge (70, 72, e HA nicbﬁieém@eﬂngéranlsnberaeﬁ&wmn egugegnsahd1kront face
(60, 80) and the conblnathgn of on aid ;éda s (62, 64 ) and any
t

radi used cor néfe ﬁ.(ﬂ)l%d? a%eﬂiuPﬂé es&ﬁ@reln each of the
cutting edges (70 72, 9,199 o8 sleéepeﬂgtauméaudecaléhap pRt Ekenocn100,

104) 15 between éqﬂ% d corner s ééo b R% ere, ach of the_radiused
corners (108g€ ? ‘ﬂ?ﬁ? 251 @hst"e thoSFhai i T1112, STT41C1Fs, 120)
wher ei &5t he plaxealddfiindd cont teach | asde t sf (4Re ldmgatedanahnggd5|d at | east

two groupings (34, 34 éH%%Eéﬁggg;}% ghong; she; okl ”92338§9dy (11), ‘and

where the cutting inser I'n each groupi ng are evenly
staggered in cdlatiiton thatheexrrnderfrohe? epynbeni Bopotné on Bh¢ insert is

aligned with &;$pace£A0)k hetygensi osghte @orihesagdiacend ﬂiOUDATBan
inserts when viewed in cross
the long edges of the insert, the arc R is sliced away

20 approximate the arc’s intersection with the minor axis
K by long flats T. The arc R is also sliced away by
sharply rounded corners provide transitions into the
side or short edges W (this very sharply rounded corner
is Ul), or into another rounded corner (this less

25 sharply rounded corner is U2 and is for plunging). The
sharply rounded corners Ul and U2 are a result of small
arcs extending from points D and F within the insert to
define sufficient curvature to transition sections (or
in the case of this plunging end, to round off the

30 whole end). A plurality of pairs of dashed lines
extend outward from the outer edge of the insert to
indicate the scope of each of the sections. Also,

Fig. 26A shows the design adjustment needed to add a
flat W1l to the plunging end (move point F to F1l, thus

35 altering arc G to G1).

One example of an actual insert of this
embodiment (as shown in Fig. 26) is as follows: The



25 section to the central axis; and a mlling body (11) with a central axis
therein, the ml|ing body (11) having a plurality of insert seats7(38R 2001
wher eby at | easr. one of the plurality 2 0 APR 2002 -31 cutting inserts
(12, 14) is securably seated in at | east-pme of the insert seats (38). 2.
The mlling cutter (10) of claim1, wherein said seats (38) include an
insert receiving 5 surface for engagi ng said back face (52) of one of said
inserts (12, 14), said insert receiving surface being substantially

radially oriented to the central axis. any cros ction of . said mlling
body (11) - 3. TRESHEI Fi 4§ B0t LEFCEOyiof GPaCHEE 2 Lo Msiat A kit i used
corner (108, 1aﬁis|ncbﬁde55aalargeoooadluacheehﬁomn(b&&raﬂﬂZhu&hﬂ1a smal | er

radi us section 1120 r %4£xlé ng g}%%bng gu%?g 2210% F@#ﬁ;ggieﬁ#{ther

conprising an |ns%9t venent o (4 ing
rel ati ve noveneaigbet @éenhheardtedt thagritnsactliading, IM)l airsd GAIB sEat s

(38). 5.5 The %'hb@gﬁgehtgﬁl%g)cpef hgh D %lftwomert RiSi s s Bd2 Adj al

novenent i nhi bifor ( ventlng radla anenen ween t he
cutting 20 |ns@r@@OQQZlHEhFSandTééléaséaﬂ§ (38P6 enches mide mpkdraer (10)

of clam 5 whergbnntbe radial eHBlé%m%B% '1Bh'Fli'gtsor 7( 42, At 1&-8)g) @l udes a
rail (50) extending outward fromthe back face (52) of each cuttl g i nsert

(12, 14) and a*25 eBPIBsPbARBI AFAEPSL1CAB) PR TeECR SRt @38)- Flor ¥ %i ng
said rail (ﬁoéthzt Eﬁgnglehbggf@futnt Qﬁdél@b ;ﬂfo WalemsR \Miﬁwgbth?a@d:‘ al
movenent_ i nhi bit urt ncl udes se urin ns or
securing the 3 n%ér%gclzThT4%aB§5|ﬁgt bﬁesé eref%'n$ﬁb Cf

cutter (10) ofom| ahsedtwieaeenitbeatachli ng b@dﬁe(tm)unyénnk¥1213ﬂdwa1|ty
of helical gropyes_(24, 2 t her t he _gr aqQv ( 6), 4 ncl udi ng the
plurality of sg%ts %@%}y ?%gegeg?é F§8 %§5 ggc%%inéée§%n&”an f#é%r
receiving surf&e 86r BéceB®i ng dnecut flAe ilsse@iSt’s all2 arbind gduh of the

surfaces includesea | ugrhe~RL1£05 10089109 +38 §PA%e Thsert has a

15 0.431 to 0.447 inch diameter at the rail and tapers out
to a 0.591 to 0.607 inch along or near the top surface
of the insert.

The specifics of the cutting edge are as

follows: The flats T are 0.483 inch in length and are

20 parallel tc each other and axis J. On each side of
each flat T along the cutting edge are sweeping curve
sections P which are defined by the intersection of
arc R as defined by line R1 with the flat T. The
line R1 in this example has a center point 15.24 inches

25 away on minor axis K at point S and extends to define
arc R. In the case of plunging end N, the sweeping
curve P is short and transitions into sharply curved
section U2 which is defined by arc forming line G with
a radius of 0.444 inch extending from point ¥. 1In the

30 case of milling end M, the sweeping curve P is longer
and transitions into very sharply curved section Ul
which is defined by arc forming line E with a radius of
0.119 inch extending from point D. It is critical that
the transitions between flat T and sweeping curves P,

35 and between curves P and sharp curves Ul and U2 be
smooth and at the intersection of the arcs defined

thereby.



2 0 APR 2002 -32 face (52) of one of said inserts, said insert rec@ilvAPR200
surfaces being substantially radially oriented to the central axis at any
cross sectwanosmsosaid milling body (11 ) . 5 11. The nilli iFEHBEA910)
of claim 10 wherein the back face (52) of _egch cutting insert (12, 14)

i ncludes a rail (50), and each lug (42) includes a corresponding slot (48)
for receiving one ef the rails (50) . 10 13. The mlling cutter (10) of
claiml1 wherein the plurality of cutting inserts (12, 14) includes at |east
one plunging insert (12) positioned approxi mate an end (20)-of the mlling
body (11) and at |east on@hfi MilAgbosyedn (tid)s fXaapdst ishaeendacthined The

mlling CUtter(iég%?9%%8%@E§Héswg%%%lea%miﬁ%ﬂEQEQQn RQHREr 5(-k08, 110) as

defined by two ra , i ncl udes a large radius _section (112, 118)
and a snal | radraruSeetsrd( 2facarbddenheS® Hq &*geried of &&& i on.

(112, 118) is idedet wegB108=€40k 0t B 240 4fd, atand( pecit@d) e&a%gq% ¢t the
smal | radius sectlonsﬁé1%4,,lzgh . 15. The mlling cutter (1 # of claim1l
wherein the cuttihCRRREEsiBFelgrodpdd MCS R FERRRURLALt acHE® groups

(34, 36) whereiihsdrteagsyeatsof behecdtedutlsing afgess( fe kRowd0, 92) on
each insert in each.helicaélé agtach d rog& I S substantig%_é¥ aligned with
the cutting eddtR@YHeEs 730996038319, FEeGHPALERE FRSYM &7 RRPRhAF thel i cal |y
attached group. 21. A ni|Difijerahteempbd)imeatst bfeehdOrdidessi aral aldd i ng,

including a plural.it f_cutti i nserts ch_of which includes front (60,
80) and back fa%"é’st?%féf?t% paddr B &66’82’?&8%% wall's (62, 64, 82, 84).
at | easflOtwo opposi ng endThel ¥81il660,68r 86de88pn egdiuvsédncotheret(cl08,

017 o L9, Sl 8 200 S5oRRE-el Lasch cLegst Batcfl b, SUR(T0, T2,

conbi nati on of weibbaisuchdeswal Bquase, any GuAPRP260£as88ner such
as two pins or fasteners rather than the one fastener
54, or any other means for prohibiting rotation and

15 shifting of the insert, is also an important feature of
the invention. In conjunction with the importance of
the rail design and its close tolerance to the slot 48,
the seat 38 and spacer 40 design further adds to the
improved finish milling ability of the invention. The

20 spacers 40 provide rigid surface against which the
inserts are supported. In addition, the seating of the
rail 50 on each insert 12 or 14 in the corresponding
pocket or slot 48 on a corresponding seat 38 further
serves to prohibit or at least ameliorate the twisting

25 or rotating action that is prevalent in inserts during
milling. The tapered fastener 54 when tightened down
in the threaded hole 44 further serves to secure the
inserts against movement during milling.

Now, the defining of the trailing face 30 and

30 rail 50 interaction in pocket 48 where the rail is on
the back surface of the insert far away from the
cutting edges removes the critical cutting edges (the
current outermost cutting edge and the indexable
innermost edge that could be used for cutting) from

35 contact with the mill in contrast to the prior art
where often one of the cutting edges or one of the side
edges comparable to 62,64,82,84 are used to support and



64, 82, 84) and any radiused corners (108, 110) adjdcent thereto, mﬁgﬁ
each of the cutting edges (70, 72, 90, 92) is defined to |ncludela

portion (40840434043 between the radi used corners (108, 110) PCmuseg24968th of
the radi used corners (108, 110) is defined,hy at least two radii) wherein
the cutting inserts (12, 14) are grouped into helically attached groups
(34, 36) wherein at |east one of the cuttinc edges (70, 72, 90, 92) on each
insert in each helically 10 attached group is substantially aligned with
the cutting edges (70, 72, 90, 92) of adjacent inserts in that helically
attached gr oup,sea:um'el ltheg nsdrt thexelbh subpect dhgakhe ¢checécal the

mlling body (% p%ya{é%%so'&&f aét!éé/sé’és 1§na NESELeSOALS (§§%a§€eéﬁ2y at.

| east one of t of cutting inserts Is secura I'n at
| east one of theltltn@@r tedgeat s Treg)de ki Iagr@flth%0§r®klM| fgceuB@add from

the back face (52} 30%k 18afaheit tedwgcﬁ@%ﬁgﬁmdfnsprsﬁfoaf“@ﬂeZQhé gt (48)

in each seat for receitving said rail (50)7 22. The m| E@cutter 10) of
clai m 213 wher 8tnagyi giyen SYBH) SeRIIRR 2hSP n3RFYeTF ki lengeBukhace for

engagi ng sai d hpaekehRCR( 2Re @néaecsnfaéachahy r@ﬁféﬁe kg s NSgrtnkecei ving
surface being 25 substant. al 15}/ r.adi aI or| ent to the central axis at any

cross section 6PS€Xd TG e PP cHIZT (tQ) the t ERSEIB) of

claim 21, wher ekBecagid fta;dﬂsuiﬁi';@fdhﬁfu.’(éﬁﬁy dddlivek | midesha ta4g8ingadi us
section (112, (’f% ggd a s %r radi us ecti.on, ' 24. The
)

mlling cutter f- CP§ WrsSi ?ﬂ%ﬂ%ﬂ%é%ﬁqg TRW%?%go?nEE?ts
(12, 14)0i ncl udessatiel edste ofnehs ungiexy iwisir i{d Qormsi 11 edesly apipe oxi mat e

q end (20) Offﬁéi gblgfggt$%d% %%%Eé%"% t 35 least one mlling insert
e

14) adj acent ing cutter (10) of claim2l1 where each
rad| used corner (108, 110yveasldef itied dnikt wiesiogn 0 FARR QY2 usSG radi i

i ncl ud | t 114,
120) “Wher & eachiPhEgEt: dacas cubstabbiart) AR AYULI thd ok e
flats (100, 104§eand SPEcErst BEChAwIL Qi LikgmsdtiqasHsl 1 lelmte %he The

mlilinggutter £40}igh, lca»l@c%ah e rwéiealqutrﬁdmnérﬁs%ft ST r¥ 6 g opped
into helically atf ached rougﬁt qua 36) e%ﬁgn at |l east one of the cutting
[

edges (70, 72, %9bRiB2fhenres §eﬂ?ﬁ?ﬁ?y Inifadda? 8 ixed4SAng t ached
group is subste.nélgbbkétaaegaeﬁ\awlwm thrrelitin nhedges dht Hro®0, 92) of

adj acent inserfs (12 13k;h0 1 haLNSHL AN ARSI OWii s in
effect reduces insert breakage and significantly

20 lengthens the milling tool life as pocket deformation
results in improperly positioned inserts and thus
inaccurate and/or stepped milling. This prohibition or
significant reduction in rotation, twisting and other
movement of the insert also reduces chipping of the

25 inserts.

The coupling of the rail design, fastener
use, trailing face substantially radially defined
and/or the use of spacers to more securely hold the
insert in place with the new cutting insert geometry of

30 corners of a two radiused designed separated by flat
sections provides a unique milling tool that performs
substantially if not all milling functions and provides
a finished surface of a ground finish. Specifically,
the mill 10 rotates in the angular direction as shown

35 by v whereby it is capable of drilling in the z axis
direction (such as by plunging), milling in the x or vy
axis directions (such as slotting), milling in the x or



2 0 APR 2002 -35 27. Pmlling cutter (10) for three dinensional mlling,

i ncl udi ng Ya,oq] oME@Li ty of cutting inserts (12, 14) and a nil|ACTgUsBAY76111)
with a central axis therein, a shank (16) and a head (18) with an end face
(20), the nmilling body (11) having a plurad®ty of insert seats (38)20HPRBH
at | east one of the plurality cutting inserts (12, 14) is securably seated
in at [east one of the insert seats (38) and the plurality of cutting
inserts (12, 14) are arranged in at |east two groupings (39, 36)

ongi tudinal |y alane.dheidd ingn body €4d) - ghsceeien! 38dchnathat said

groupi ngs (34, “36) are even| %:fsta gered in relatigon to one another whereby
the insert of tl]@@PG-If{B al iyl bing nsirpathibhe1x) angi Hgavissdirecsioke end

face (20) has &;mhd-ReIddusty Ch:iﬁcﬁé'gﬁﬁérﬂblbté}s?gaESmB@ﬁ@ESﬁdt he end

face (20) and the insert closest to the end face t he adj acent
groupi ng when FidRe® iiMEGTRIL JtR? ofil Tyl FﬂEEEBﬁ%YaI aag, Broyhdiagy batd

insert of the Ff'a'éreaHrId/ éﬁd lnﬁm.extﬁu(ulahed%uﬂaaesnwmcﬂl stanpff gom t he end
face (20) has |ch s al | ace etvveen t he shank

(16) and the | thEﬁ ant 1[‘% ‘Ph e?‘nﬁ ‘PaE%m?;%eoF TR® adj acent

gr oupi ng when ‘ﬂll&m:l]dhaﬂf ofisl Segtilon abscbhprceﬂaéalaaﬁmshed shefakye a
m d- poi nt on a% '?nsgrt art fromthe ingert_cl 0 and th insert

most | di stant f Urabld $HES5F (TAPFES DTPRhste1e 45EaEE) 1o
aligned with aws.pacele(sgﬁjahiei vm]esndimglrssemlmmgn iﬂneaagl;:atmdlt tygpeupi ng of

TSR JEOCS 0 Bt AR 5 i o Lower

E.JA. ANSE. Ahl . Ayhan? ugisgAy .sAgelARA) ]l AROdy. WyEh M%rm PA(eAfed*r - 61 3?7CP_
{qu ga\ W ca] caiL_l]ag,?Lg] g_ ag‘%&}]%aﬂ@]gaﬂ,}ca]&ﬂ&@éggg] ca] ca] cal] ca] ca] ca
c

] ca] c*a] ca] c” c8ajc
V| &&&8&&1) N, , , - 34@ DAY A7 FRRCeptuaaal SIfvHred cakgealgajea] ¥aj ta cal ca

] ca] ca] ca] ca] aahaghca]fva@]tféaieqa]@s?é calf radgat£@d ofad £2 Bpl et cAdgal cal ca]
ca!l QD DEFFFFFGVGI N

N~NNUVV
ZP\[\W\ 197 dddeBH‘a\l]N?%FEa:] eé]t@aﬁac%ﬁk%‘} SHEERFR A YR T B R ca] ca
] ca] ca] ca] ca] cafigakgausal &) @ﬂd@dga]a:ﬁmm&} Qaif@eio&utﬂi:@d I i:hyéwsssssxx{{

{v{bj{rHytoje Z al ca ca calcalc
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30 upon the insert overall size and the insert angle.

The ground type finish is a result of the
overlapping inserts, rail that prohibits movement, and
the flat plus two radii design insert edge which
provides a milled surface as shown in Fig. 31.

35 Specifically, prior art designs caused stepping as
shown in Fig. 28. This design eliminates this with a

first cut as shown in Fig. 29 (one helical group has
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milled) followed by a second offset cut as shown in
Fig. 30 (a second helical group has milled the same
surface), thereby resulting in a finished surface as
shown in Fig. 31. The distance between the peaks and
5 valleys is reduced as shown by hl, h2 and h3. The
distance hl is the distance between the peaks and
valleys after one helical grouping mills while the
distance h2 is the reduced distance between the peaks
and valleys after a second helical grouping has milled
10 the same surface. The use of flats on the cutting
) edges further reduces the distance between peaks and
valleys as shown by h3. The staggered or offset
inserts with the two radii corner having a flat in
between corners provides smoother finished surfaces and
15 smoother extremes.

As a result of the two radii plus a flat edge
construction, each cutting insert is fully indexable
and thus has a longer life since more than one usable
cutting edge is provided. Furthermore, the flat

20 surface provides an accurate measuring and
manufacturing point from which the cutting insert is
manufactured since all measurements, machining,
cutting, and other manufacturing steps can be more
accurately made from this flat edge in comparison to

25 the radiused edge used in prior art designs. As a
result, the tolerances of the cutting insert are
significantly improved. The use of the flat surface
further diminishes or eliminates the valleys that often
result on a milled surface from completely curved or

30 radiused inserts by cutting less material along the
middle portion of the insert during milling (as shown
in Fig. 32). In addition, the overlapping or
staggering of inserts over the wvariocus helical grooves
24 and 26 diminishes or eliminates the peaks that often

35 result on a milled surface from cross sectionally
aligning the inserts in adjacent grooves rather than
staggering them. (The peaks formed by the rounded
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insert). As a result of the twoc radii and flat insert
construction and the staggered inserts in adjacent
helical grooves, a surface is produced by the mill 10
5 that is of a ground type finish rather than the typical
rough or semi-finished state provided by milling
cutters. Specifically, ground type finishes varying
from 8 to 32 rms have easily been achieved where rms is
the distance between the peaks and valleys (this finish
10 results using the above example or a similar mill and
) inserts).
Based on the foregoing, it 1s apparent that
the milling cutter 10 of the present invention can be
used to rapidly remove material from a workpiece in a
15 single operation as the milling cutter 10 is capable of
all forms of milling including drilling, plunging,
ramping, circle interpolation, etc. so as to be a true
three dimensional mill. The milling cutter is capable
of three dimensional milling because of the rail
20 design, the radial orientation of the trailing face,
and other features which secure the inserts from
rotation, twisting, and other movement thereby
eliminating the problems resulting therefrom such as
insert chipping, insert or mill breakage, insert
25 slippage and thus significant stepping or
peaks/valleys, etc. The mill is therefore capable of
withstanding the significant axial, radial, and
tangential forces on the mill and inserts during
milling. 1In addition, the unique geometry of the
30 inserts with the corners of a twc radiused
configuration and being separated by flats
significantly improves the surface finish to a ground
type finish thereby eliminating the need for any finish
milling or grinding. This occurs because the flat
35 portion of the insert eliminates or significantly
ameliorates the valleys generally milled into the
surface. The staggering or overlapping between the
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herein without departing from the spirit and essential

characteristics of the invention, The present
embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive and all
changes coming within the meaning and equivalency range
10 of the appended claims are intended to be embraced
) therein.
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WHAT IS CLAIMED TIS:

1. A milling cutter (10) for three
dimensional milling characterised in that the milling
cutter includes a plurality of cutting iserts (12, 14)

5 each of which includes front and back faces (80, 80,

52), at least two opposing side walls (€62, 64), at

least two opposing end walls (66, 68), radiused corners

(108, 110) joining said side (62, 64) and end walls

(66, 68), at least one cutting edge (70, 72, 90, 92)

10 defined at an intersection between said front face (60,
80) and the combination of one of said side walls (62,
64) and any radiused corners (108, 110) adjacent
thereto, wherein each of the cutting edges (70, 72, 90,
92) is defined to include a flat portion (100, 104)

15 between the radiused corners (108, 110) where each of
the radiused corners (108, 110) is defined by at least
a two radii (112, 114, 118, 120) wherein the plurality
of cutting inserts (12, 14) are arranged in at least
two groupings (34, 36) longitudinally along the milling

20 body (11), and where the cutting inserts (12, 14) in
each grouping (34, 36) are evenly staggered in relation
to one another, whereby a mid-point on any insert is
aligned with a space (40) between inserxts on the
adjacent grouping of inserts when viewed in cross

25 section to the central axis; and

a milliﬁg body (11) with a central axis

therein, the milling body (11) having a plurality of
insert seats (38) whereby at least one of the plurality
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wherein said seats (38) include an insert receiving
5 surface for engaging said back face (52) of one of said
inserts (12, 14), said insert receiving surface being
substantially radially oriented to the central axis at
any cross section of said milling body (11).
3. The milling cutter (10) of claim 1,
10 wherein each radiused corner (108, 110) includes a
larger radius section (118, 112) ané a smaller radius
section (120, 114).
4. The milling cutter (10) of claim 1
further comprising an insert movement inhibitor (42,
15 44, 48) for preventing relative movement between said
cutting inserts (12, 14) and said seats (38).
5. The milling cutter (10) of claim 2
further comprising a radial movement inhibitor (42, 44,
43) for preventing radial movement between the cutting
20 inserts (12, 14) and said seats (38).
6. The milling cutter (10) of claim 5
wherein the radial movement inhibitor (42, 44, 48)
includes a rail (50) extending outward from the back
face (52) of each cutting insert (12, 14) and a
25 corresponding slot (48) in each seat (38) for receiving
said rail (50).
7. The milling cutter (10) of claim 6
wherein the radial movement inhibitor (42, 44, 48)
further includes securing means (54) for securing the
30 insert (12, 14) against the seat (38).
10. The milling cutter (10) of claim 3
wherein the milling body (11) includes a plurality of
helical grooves (24, 26) therein, the grooves (24, 26)
including the plurality of seats (38), the seats (38)
35 each including an insert receiving surface for
receiving one of the inserts (12, 14), each of the

surfaces includes a lug (42) for engaging said back
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15. The milling cutter (10) of claim 1
wherein the cutting inserts are grouped into helically
attached groups (34, 36) wherein at least ocne of the

25 cutting edges (70, 72, 90, 92) on each insert in each
helically attached group is substantially aligned with
the cutting edges (70, 72, 90, 92) of adjacent inserts
in that helically attached group.

21. A milling cutter (10) for three

30 dimensional milling, including a plurality of cutting
inserts, each of which includes front (60, 80) and back
faces (52), at least two opposing side walls (62, €4,
82, 84), at least.two opposing end walls (66, 68, 86,
88), radiused corners (108, 110) joining said side and

35 end walls, at least one cutting edge (70, 72, 90, 92)
defined at an intersection between said front face (60,

80) and the combination of one of said side walls (62,
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a milling body (11) with a central axis
therein, the milling body (11) having a plurality of
15 insert seats (38) whereby at least one of the plurality
of cutting inserts is securably seated in at least one
of the insert seats (38); and
a rail (50) extending outward from the back
face (52) of each cutting insert and a corresponding
20 slot (48) in each seat for receiving said rail (50).
22. The milling cutter (10) of claim 21,
wherein said seats (38) include an insert receiving
surface for engaging said back face (52) of cne of said
inserts, said insert receiving surface being
25 substantially radially oriented to the central axis at
any cross section of said milling body (11).
23. The milling cutter (10) of claim 21,
wherein each radiused corner (108, 110) includes a
larger radius section (112, 118) and a smaller radius
30 section (114, 120).

' 24. The milling cutter (10) of claim 21
wherein the plurality of cutting inserts (12, 14)
includes at least.one plunging insert (12) positioned
approximate an end (20) of the milling body (11) and at

35 least one milling insert (14) adjacent thereto.
25. The milling cutter (10) of claim 21

where each radiused corner (108, 110) as defined by two
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adjacent inserts (12, 14) in that helically attached

group.
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milling, including a plurality of cutting inserts (12, 14)

and a milling body (11) with a central axis therein, a

shank (16) and a head (18) with an end face (20), the

milling body (11) having a plurality of insert seats (38)

whereby at least one of the plurality cutting inserts (12,

14) is securably seated in at least one of the insert seats

(38) and the plurality of cutting inserts (12, 14) are

arranged in at least two groupings (34, 36) longitudinally

along the milling body (11), characterized in that said

groupings (34, 36) are evenly staggered in relation to one

another whereby the insert of the plurality of inserts (12,

14) lying closest to the end face (20) has a mid-point

which is aligned with a space between the end face (20) and

the insert closest to the end face (20) of the adjacent

grouping when viewed in cross section to the central axis,

whereby the insert of the plurality of inserts (12, 14)

lying most distant from the end face (20) has a mid-point

which is aligned with a space between the shank (16) and

the insert most distant to the end face (20) of the

adjacent grouping when viewed in cross section to the

central axis, and whereby a mid-point on any insert apart

from the insert closest to and the insert most distant from

the end face of the plurality of inserts (12, 14) is

aligned with a space (40) between the inserts on the

adjacent grouping of inserts when viewed in cross section

to the central axis:



