TITLE Ball Nose End MII and Insert |INVENTORS Donald R Hughes, a United
States citizen, residing at 437 Randol ph Street, Meadville, Pennsylvani a
16433. Trwwoizsioke248iiggs, a United States citizen, residi rgrats2d6ss04hs t et ai |
Drive, Cochranton, Pennsylvania, 16314. CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] Not Applicable. STATEMENT REGARDI NG FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT [ 0002] Not Applicabl e. BACKGROUND OF THE | NVENTI ON
FI ELD OF THE | NVENTI ON [ 0003] The present invention is directed to cutting
tools and cutting inserts. Mire particularly, the present invention is
directgd to ball nose end mlls with h%el aceabl e cutting inserts.

DESCRI PTI ON OF THE | NVENTI ON BACKGRQU [F0004] Most manuf act ured products

contain one or nore component %a"mgé Bck Hﬁ”eaq“ldt?XSG chining, and often the
machi ni ng step or steps produce e conponents to very precise tol erances.

Machi ni ng, while one of the nost basic and inportant processes used in
manuf acturing nmetal products, also is one of the nore expensive. Thus, even
nodest inprovenents in the machi ni ngvpKNPORSS may Yi el d substantial cost

savi ngs. [0005] One of the basic machining processes is mlling. In
mlling, a form i $Pagekdr. dughes, n UnitebBlafEsetizert yediding atet3r RanddiplasStradtat i ng

cutting taedqvee p igg¢g. Endmilling is a particular type of mlling
t hat norna |§/’ ?’nv%)hlg\sls)e/rgnﬁ'e use of a relatively small dianeter cutting tool

with one or nore oudvd JIBiREILENIR thiSs ifithn, Raldng 0565 Rfletdl blive1g 1S a
parti cul a%qcﬁ“flﬁ% OE end| m.Illgﬁ that uses a cutter with a radiused or

arcuate ¢ g"“e gEsEvand 83k of the cutter. Ball nose end milling

cutters, commonly called "ball nose end mlls", are

CROSS-REFERENCE TO RELATED APPLICATIONS

15 [0001] Not Applicable.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

20

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0003] The present invention is directed to cutting tools and cutting inserts. More
particularly, the present invention is directed to ball nose end mills with replaceable cutting
25  inserts.

DESCRIPTION OF THE INVENTION BACKGROUND

[0004] Most manufactured products contain one or more components manufactured
by machining, and often the machining step or steps produce the components to very precise
tolerances. Machining, while one of the most basic and important processes used in

30  manufacturing: metal products, also is one of the more expensive. Thus, even modest

improvements in the machining process may yield substantial cost savings.

[0005] One of the basic machining processes is milling. In milling, a form is

generated in a workpiece by the action of a rotating cutting tool on the workpiece. End
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I deal for machining 3-dimensional forns in nolds and dies and for providing
a radiused or arcuate formin the workpiece. Ball nose end mlls may be
sol i d wi tWwocutwdezgiedges ground in the surface or be comreTruseanmsi4a3 use
repl aceabl e cutting inserts. The present invention relates to ball nose end
mlls that use replaceable cutting inserts. It is particularly useful when
applied to end mlls of that type that have an effective cutting di aneter
in the range of 3/8" to 1.0". As in other nachining processes, the design
of the cutting tool is critical to the efficiency by which nmaterial can be
renove ﬁn1the subst&nti uns a ent each year to

rk Thus I
researth B @gbse?/g%,\'ﬁ%‘qow&gﬂ ing b3t negng! 6’PV§R’F% er#‘ﬁ%ﬂ{‘?ﬂ ively me6] Bal | nose
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ace requently

cemented carbide re Facea e insert that nee

due t & ex@8&s PaM i WorkpisrR aRLeose iepd Ryl '@%’rf@rsé?i"l’ wﬂb@éﬁvq #rigag ArOUnth it
ceranm c chelbgHarolr becdiseatastoake ré’rﬁéﬁsbblgﬁbtﬁrﬁg idberfsOMhBtdsemamentsd m | 1ing

b b feed rate t t th
neat r eadtPed 't B Toke B P o % pliee s sl sy [Pt ng
oper at i orwheTitepplidddoesd ills pithatigesithat lwarad effbdiva xittihg disméter m@fﬁe nambabﬂ nose
end mll Sﬁ?’q tﬂbe K?fncbtffelr'%'cmgmﬁpﬁo gss%g t}'lg'ge 5f%e (%Fttd‘ltgq ol Oé?itlg%’l\'?gﬁet hought

to be in ficient to generate ['enéss of
ceranit valfciangphywhick matﬁﬂﬁ@anweméveﬁ @@‘et;b@mrl@lep@ Em@eswmmpalrsgmaﬁcb

cracki ng ghdhtidagh fetdd fesBREaRIEbVEIob ihHvaPSftRbitek fof AA0HAIng.N a typi cal
prior art ball nose end mll, an insert with a radiused or arcuate cutting

edge i s ret ai[0006]i nBalmoax ad milk tylpicatly fidve semamsaavahyégeadue fotthe €d¢tﬂ1htng t ool
body. The u?ﬁé {hlerplgack%%l opnl%ﬁorﬁ]thg%xttlge heeeld% LA 88?’%9 mgycgﬁgg Hb%@ dif ferent

means i ncl BP0 ¢l anp
or brazi @the@x@mm Obfher.wa of hignormzdy resnlttSIe pesmuhtuTe Mlear 4rivdulling echippirigaceabl e

;ng i?"é ga;rr%re%taﬂ&fef #h8 cidt %efg%twhlér s%gaer%&ﬁe uééfgf gfe%;y? t%lgﬁo%?eérgngoo 7ng 5

and U, S. tyeigally Bses%ew%ed cARddg feplaepAbls ingehihpigiPeRs todegpriAsed fcegnentiyrﬁpﬁoverrent
over the tpexdeEsidd \Iveérr(br bﬁ%@kaget IttHak QéBerbiffenddh EhdRiGhtGRAt 2BTafid S Aot bk Dsd2p! |
nose end arsnalnllrlmseﬁ materlal feor LSI nose eend milling because ceramic must be run at a high surface
feed rate to generate the heat required to plasticize the metal being cut during the machining
25 operation. The slow cutting speeds toward the axial center of a ball nose end mill and the
zero cutting speed at the center of the tool were thought to be insufficient to generate the
required heat. And the brittleness of ceramic was thought to make it more susceptible to

edge chipping and cracking during a ball nose end milling operation.

[0007] In a typical prior art ball nose end mill, an insert with a radiused or arcuate

30  cutting edge is retained in an axial slot at the end of a cylindrical cutting tool body. The
cutting tool insert may be held in place by a number of different means including a screw
which draws the sides of the slot together, a clamp or brazing. Examples of prior art ball
nose end mills that use replaceable inserts are shown in U.S. Pat. 5,782,589, U.S. Pat.
6,158,927, U.S. Pat. 7,044,695, U.S. Pat. 5,632,576, U.S. Pat. 6,231,275, U.S. Pat.

35 6,607,333, and U.S. Pat. 5,348,426. The present invention is a significant improvement over
the prior art in that it allows the use of ceramic inserts in ball nose end milling with effective
use of cutting edges to the axial center of the end mill. It also provides improved
performance and longer tool life.



use of cutting edges to the axial center of the end mll. It also provides
I mproved perfornmance and | onger tool |ife.[0008] The use of ceramc inserts
i s parti cwbaniopeadvyant ageous because ceram c general |y ra3/use@b/obanziness
and is relatively resistant to oxidation and, therefore, it will exhibit

| ow t ool wear at high cutting tenperatures. The faster the cutting speeds,
the higher the cutting tenperature. The properties of ceram cs all ow
ceram c cutting tools to be run at faster cutting speeds while maintaining
long tool life, thereby inproving the efficiency of the machining process.

SUMVARY OF THE. | | ON [[0009] .Accordin 0 one aspect, the present

i nventaly on progqoggt/EiHeuﬁe &°'8 G['F??(Stsi'%%aé'g UEaI’"éSIaQ‘é?nga:QFPU%%%C@“ P

conpri si ngenaradiptigs higic hardnesg ahove relpphadedsistahisib aritiatiinl and f thedefar« titarit ihon

surf aces. ah g ' : | S ' 0 | QL oo t her eon
ext endi ngeﬁﬁjg%“éf%%%d{gg?léﬁcj)gtﬁ-@gt?hg%ag%% alﬁgg%#%rt IS;eo th%es pg%(%y%gth'ggﬁr angl e
rel ati ve 1 Cetheg teripalatuse nther prepertigscof seraiicsRiiew cergmic cuttingtivnls toibecluigles a
per i pher aastgtéihtiMgRpb&sWHIE niataikiMgI1ch§ it QRereby hidrihg tMEEHEEALY R fhe

peripheral surface includes a |locating surface at a fiIrst end thereof and
t wo a?%ua’f‘%‘ﬁwgfﬁeﬁs'at an opposed, second end thereof. The arcuate
surfaces extend rearwardly from approxi mately the axial center of the
second end and are positi oneBUMNARYpOEITHE INVENEION t he insert symetrically
with respect to the centerline of the insert. The arcuate surfaces each

i ncl ude an ar 99991 RcreEdinggo @By askect thesrresentinyantion Bioviges @ Haideeiewingor t i on of
each chi pn&eiTbr Pballdoe®¥rd MMEoPRsiAY & BadyEInSUdiRPRR opbSRdalubstattRIG YT aces

bei ng for d.vvitu{q a face cle rancrgalcan Lﬁe under the cutti ng edges. [0010] In
certain r{g%-mi'cfnrﬁ PFRY- %%ﬁ'bfﬁt‘?@ﬂ? gurgee frfpludes, @ Chip GOntrR 8ropve BePKE"¥ES t he
presemt drasTa psinta or héxe ah agiel @hteaviihe @odynglaa aﬁglegéletarsitoleie)axianednee’:t%els In a
directio r ' : r. of . nd. . For exanmple. the clearance
angl e ma;{h% ﬁ%@egé‘%h%?@m@%r 'Qﬁg‘ﬁ%a‘.éﬁ”‘f’ h%glrszjﬁégejgl mg%feotwfdgggt'dgrfuﬁﬁ@se in the
range of vBefein the pedpheral grnfans inpliglee addcandsuriacaat wiitgfl anddifierdd ahdtwa 0. 5"

di anmet er #&Qté@drﬂaces[é?gﬂr_oﬁﬂ:osé@,(:ﬁélﬁgﬂ%dttﬁer@%ﬁlg%gc@é@%ﬁﬁace&@ teRf €Sent

i nvention provides a unique b _nose end or material renoval,
wher ei n tREWBIREY A PPRRET A N} comar of éha secersl ensiang asmeosdtionad e ng i nsert
mountmd sppositelsidet 6f thb tise® eymmetryally Wia réspett tb @dycehiefing @the dzeAX RS | Y
positi Oneagcuate surfaces each include an arcuate cutting edge at the intersection of the outer portion
of each chip control groove and the arcuate surface, the arcuate surfaces being formed with

a face clearance angle under the cutting edges.

[0010] In certain non-limiting embodiments of the cutting insert according to the
25  present disclosure, the face clearance angle progressively increases in a direction toward the
axial center of the second. For example, the clearance angle may increase from an angle in
the range of 2° to 10° to an angle in the range of 5° to 20°, or from an angle of 6.5° to an
angle of 10° for a 0.5" diameter end mill.

[0011] According to another aspect, the present invention provides a unique ball

30  nose end mill for material removal, wherein the end mill includes a cylindrical tool body and a
cutting insert mounted securely to the tool body. The tool body includes an axially positioned
slot in one end of the tool body, wherein the slot includes a locating surface to accurately
position a cutting insert mounted in the slot relative to an axial centerline of the tooi body.
The tool body further includes a fastener for attaching the cutting insert in the slot in a

35 desired position relative to the axial centerline of the tool body. The cutting insert includes a
body including two opposed substantially flat retention surfaces, each retention surface

including a chip control groove thereon extending from a point at or near an axial center of
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slot in one end of the tool body, wherein the slot includes a |ocating
surface to accurately position a cutting insert nounted in the sl ot

rel ati ve wo 2am/mz24é1al centerline of the tool body. The t @alr/useay/obuss her
includes a fastener for attaching the cutting insert in the slot in a
desired position relative to the axial centerline of the tool body. The
cutting insert includes a body including two opposed substantially flat
retention surfaces, each retention surface including a chip control groove
thereon extending froma point at or near an axial center ofthe body at an

I | ati to th al nt f th d t furth | ud
2" ber bhelaboditAnaaop B HvRgS FReEl IS HEREY o e sed e b e
per i pher aperipberblrdacajoiningdise ol reteatidnregirfacesf \alcerenattheme‘nph@'bl srfded inGlogf and
two ar cua) BosihARes b dfsraefmeFe%fiamstmng&afe%{f%&%fa?gf prasEy AEHR S
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i ncl ude an arcuate cut e at the 1 ntersec oute ortion of
each thi ghesriiele githripee Wet%ﬁ%iaéﬁ%faﬁ%% eagh fnglge ap ﬁacuaﬁecquama egwtah%s

bei ng f orineeedfidntof thefres pehueﬁbeéubﬁ cﬂ@@bﬁtrdﬂ@ﬁ‘)@fle érﬁ’@théutdubﬂécbuﬁﬁl@eﬂ»e [0012] In
certain ngn ccording to the

present di St th%gttﬁagescllg%%g fgf"%e;‘f‘%%caegg?@'fe%raﬂ‘fe ?r}qgose 'E'Sﬁ@”ﬁ“?l%%‘?‘ Sprogressivel y
increases in podby emideRsin EPHV?TEﬂné BGb&dihahts ?letﬂé BAi r?crse%ﬁgﬂﬁlgact%ﬁ%mig':g the

exanpl e, the cl ear ance an I ncrease froman an ange of 2
to 10 to RIFSeAhgF@osure: fh?ecleraame aaglesfth@ cpiing theert premeaﬁveih@p@asﬁs iBa5 to an

angl e1of dicidArtodard e’ axﬂzll @éFﬁérQﬁ s&ddd Bhd.!| ForBRbriahle BRSEBhRBAL M didmajiE DRAW NGS
[0013] The adv esent i nvention may be better understood by
ref er encé“‘ir‘c;)asteﬁ "H%‘i%g E”?erfa&?ﬁ 9 19 o 1aen an arange gf °4p20% & an
enbodi mendn aviglesof BaP to arosrgleasid ONfiot & 0G0 Hianetee bagimalccor ding to the present
invention; [0015] FIGURE 2 is a sem -transparent side view of the

enbodi nent of a ball nosggr ﬁgﬂDgg&h,qu@,qu @% gW th the retention
FI QU

screw shown in outside the end mli [ 0016 is a sem -transparent

front vi ew of [oohy eTHedivaMAGesaf thR Phédent iIRRSBioe ey BE bbtter AMEIstobd by gure 1,

I[ggérqo Fl&e I%%cetotﬁegraWIngs_lr;[Jv nspar ent top view of a ball nose end mll

[0014] FIGURE 1 is a top view of an embodiment of a ball nose end mill constructed
according to the present invention;

[0015] FIGURE 2 is a semi-transparent side view of the embodiment of a ball nose

end mill shown in Figure 1 with the retention screw shown in outside the end mill;

25 [0016] FIGURE 3 is a semi-transparent front view of the embodiment of a ball nose
end mill shown in Figure 1;

[0017] FIGURE 4 is a semi-transparent top view of a ball nose end mill insert as
used in the embodiment shown in Figure 1;

[0018] FIGURE 5 is a semi-transparent front view of a ball nose end mill insert
30 shown in Figure 4;

[0019] FIGURE 6 is a semi-transparent side view of a ball nose end mill insert
shown in Figure 4;

[0020] FIGURE 7 is a solid perspective rendering of the ball nose end mill insert

shown in Figure 4;



used in the enbodi nent shown in Figure 1; [0018] FIGURE 5 is a

sem -transparent front view of a ball nose end ml| insert shown in Figure
4; [0019]wbl2@dRI62A1i s a sem -transparent side view of apoalus20emsosend m | |
insert shown in Figure 4; [0020] FIGURE 7 is a solid perspective rendering
of the ball nose end m Il insert shown in Figure 4;[0021] FIGURE 8 is an
additional solid perspective rendering of the ball nose end mll insert
shown in Figure 4 , shown slightly rotated in position relative to Figure 8
; [0022] FIGURE 9 is an additional solid perspective rendering of the bal

nose epnd mill | r .in Figure 4. [0023] FIGURE 10 is an additional
sol i d per specl[éqr}i]er Eﬁiﬂfg\g{f aé‘fadfjﬁg"agé?'ld %@éc%ﬁde'?ﬂefmg piaeball na3e®Rd i n

Fi gure 4; malintse[tGOAW inFHigHRE, shbwh Slightly eddated inqroaitiors rlidtide fiefFigprest i ve renderi ng
of the ball nose end mlIl insert shown in Figure 4, showi ng an end of the

i nsert. DETAI [1922DESGRIRETY ENnERdTpEI NVERTIpEMiVE 0O REBTINg bidhg ballswse endivent i on
provi des @ inddRsAMGHin¥dre #Ose end m 1l that uses a novel replaceable
cutting insert. The inproved ball nose end m |l of the present invention

can be best upubespt BIGIRE/10 iekalaatitéha solitperspecive rdidbiimPofemRllingsdéndshown i n
Figur$€ 1 @hroagﬂ 1L.Fﬁhguaes 1 through 3 show a ball nose end m Il 10 of
the preseMlMSFEEAPYLR HHLE 4@ ¥pri ses a cylindrical tool holder 20 and a
repl aceabl e ¢ hing | N " e I ne end
of tool ol dofP 38l IHieBE LNE 3k sadofaPhatkijRol A B Rl i imestind'T) P0G
a | arger wiliwetshowmiatiquse 4dhpvind anendef theinsedd in the spindle of a nmachine
tool where it is rotatably driven about the |ongitudinal axis. Chip flow
gul lets 26 may be provi DETAREDAHSCRIRTIONPOE TAG INVENSIGN t he outer surface

of the forward portion 28 of the tool holder 20. A threaded screw 30
ext ends t hr ouff9238] hbteeprgsent inMentior prayisles Ao intreveRiat noseendgnit ghabfiseskee s ot

22, 1t hs ougRledeNAtRibleuttifg ifsBit & he ARpdRh BdMtrBs@edd hARFEH é)lﬂ&,le t ifventigh t he
ot her side of the tool Eo'éer sl ot %2 to secure the i1nsert ﬁo In the tool
hol der 20°@ByPedeaiinagrsiond by pyiereneado sheras-imitingrmiodimant shquwrie Fighresd def i ni ng
the sl ot tBugiwget higlires N tikolFHHowl 1K1 rloSe BRY Mill0DMhel pledeRtin@rtion that
comprises a cylindrical tool holder 20 and a replaceable cutting tool insert 40 retained in an
axial slot 22 at one end of tool holder 20. The rearward portion 24 of tool holder 20 typically
20 has a larger diameter that is adapted to be mounted in the spindle of a machine tool where it
is rotatably driven about the longitudinal axis. Chip flow gullets 26 may be provided axially on
opposing sides in the outer surface of the forward portion 28 of the tool holder 20. A
threaded screw 30 extends through a hole 31 in the tool holder 20 on one side of the slot 22,
through a hole in the insert 40 and into a threaded hole 33 on the other side of the tool holder
25 slot 22 to secure the insert 40 in the tool holder 20 by drawing the opposite sides of the

forward portion 28 defining the slot 22 together in a manner that is well known in the art.

[0026] The bottom of the slot 22 has a substantially V-shaped locating surface 32

(indicated by dotted lines in Figure 3) positioned with the line “L” (see Figure 2) forming the
lowest region of the V-shaped surface intersecting the axial centerline “C” of the tool holder

30 20. With reference to Figure 3, the angle @ between the intersecting sides of the V-shaped
axial locating surface 32 is preferably about 110°. As seen in Figure 2, the locating surface
32 is preferably perpendicular to the axial centerline “C” of the tool holder 20. The axial
locating surface 32 is constructed to allow precise location of the insert 40 axially and relative
to the axial centerline “C” on the forward end 28 of the tool holder 20.

35 [0027] V-shaped locating surface 32 may include two surfaces extending at an

angle to one another from a centrally located flat surface.
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[0026] The bottom of the slot 22 has a substantially V-shaped | ocating
surface 32 (indicated by dotted lines in Figure 3) positioned with the |line
"L" (see Woguroae2d11f or mi ng the | owest regi on of the V-shkapaseaniace
intersecting the axial centerline "C' of the tool holder 20. Wth reference
to Figure 3, the angle O between the intersecting sides of the V-shaped
axial locating surface 32 is preferably about 110. As seen in Figure 2 ,
the locating surface 32 is preferably perpendicular to the axial centerline
"C' of the tool holder 20. The axi al Iocati ng surface 32 is constructed to
al I ow precise tjon,.of ser and rel ative to the axial
centerfine " C[dogﬁfl h%caf'?ﬁ%g{;fie éﬁﬁ'aﬁ a¥ﬁ°t ‘F{ ﬁf‘ | SYegI23 &P vgrted Y§hane: v- shaped
| ocat i ng which aatén Ghjumetjoni withl susbendimventaryr shapessuetateotling ghsatt taacoanr@le t o one
anot her f E]gﬁtl‘f‘ee&wnglAsgnlrﬁ&ﬁg?gthya%al c,set"rllgr%f)ﬁe oo?%o%er %t Iaci]?ffsurfoa ce 32

may have ‘ot sha
conj unct i ARG %&Pf@ﬁi@wpidﬁ'e?ﬂ iashapsddp etpvide réauired dﬂar‘ah@smalmwfr&eo:uamgur ately

posi tion fhge fridbsk h@gA)hﬁlsh%feE of @heﬁ\hélg%ort th;then@Y L8 ro@ﬁi@& ﬁ{thggoo (Qelto

hol der. The end of forward P t1on a ed to

provi d& rdEG W@@”E‘Pr@eﬂraé[r'f’@éé otthe ‘é‘!“"!ﬂ/@’\dr"éé "@ﬁf“?"thﬁ 'welth\@wnms@maMo AXi al
hol es or chan Q ovided in the ool | de 0Oto

di rect cool anib%&ér & ‘a\re?%?%’:h %re £RE {EﬂFP?rﬁat P ?VW ﬂg‘fo%ghét s wel |
known i n soliévigws of m@mceﬁblgumrewamy tuttngdbol Grsart @0.s ert 40 molsipes @opbsed ews and
Fi gures f way cuttin
fool | noet P a0l nddoiBhihnShiaqieits 23 48 ork et BRY ARERG Y LB VRLT L i on
sur f aces "gEntigngsuriacesa @e setertion sHdzags 48 and 4¢ are4slapiet! to qmg;aghelde euréaces ofn

surf ages. thér Eﬂalrsﬁit entn tﬁé‘foﬁk‘érﬁ ?Sﬁﬁn 42 oﬁl’ﬂg tcﬂ)‘ﬂh@l&& D9aRh e §|&éses'[}9§&‘§
surfaces xial slot 2 forward portion 28 of the too hoI der

20 when t‘:ﬁ%""% oge ersf?}'rth%ﬁ‘ﬁgwépéo ?Frcé{(fv’nlY oLt e Fue st ‘@:‘F"&/V‘%fﬁ ¥o securely
contact trositicaly tetm@thenseﬁmompmdntohm@tbw rmfér 2o. va{eyperrugﬁ@alrsutrfb@ sgmsert 40

t 20 T 45 | ncl
subst ant 1oGn0 o' ORsh AR DS b ol RaSFTa B a8/ oo ot % et A B o or
40, and aﬂf@@m wirfigoesf 4card! 498t andpptBedendof topipesred0. elmtatirg duifece 4isier t 40.
f
Locgf’lidﬂ'g ﬁ&éﬁa@ﬁ%afb@nﬂéuIﬂrtgif%rréehty%nos%lrfgCat eccjalhh%r QIaE gﬁ{a‘&@%@ @Q surtaces

surface he V- shaped
axi al | ocefetsdpt eraentes oitbe é’cﬁh?maxtﬁbhcetir@rwﬁgcecﬁfi %orféatmslé@rtmg@f then t he

correspo ﬁﬁbeﬁglo\én&ﬁ@@ﬁfésb&ﬂ&bl\ﬂgwa%lécﬂ foRsihgariade 326 tHeoBbI HoRleA S |s%9m'aﬁly

rimril i des of the | ocating surfaces and all ow for
gr eat er X ggqﬂlgg y §§ g%a\gﬁﬁe‘np ipcat?ng surfaces and a?ow for greater accuracy. As shown in
Figure 9, the angled surfaces of the axial locating surface 46 may include chamfered edges

25 47 to prevent chipping.

[0030] Side surfaces 50 and 52 may be located between locating surface 46 and the

arcuate surfaces 48 and 49 in the preferred embodiment.

[0031] Side surfaces 50 and 52 are formed with a side clearance angle B, indicated
in Figure 4. Side clearance angle B preferably is a constant angle. Side clearance angle B
30  preferably extends the full length of side surfaces 50 and 52, from the opposing ends of the
arcuate surface 48 and 49 (shown as “Y” in Figure 5) to the outward ends of the locating
surface 46 (shown as “X” in Figure 5). The size of the side clearance angle 56 may vary with
the cutting diameter of the insert and is preferably in the range of 2° to 10°. Side clearance
angle 56 is preferably 6.5° for a 0.5” diameter ball nose end mill insert. Side surfaces 50 and

35 52 may be shortened or eliminated in smaller size inserts.

[0032] Arcuate surfaces 48 and 49 extend rearwardly from approximately the axial

center of the cutting end of the insert 40 and are positioned on opposite sides of the insert
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Figure 9, the angled surfaces of the axial |ocating surface 46 may i ncl ude
chanf ered edges 47 to prevent chipping. [0030] Side surfaces 50 and 52 may
be | ocat esiolretvuseni1l ocati ng surface 46 and the arcuate earfime@s/od@iand 49
in the preferred enbodi nent. [0031] Side surfaces 50 and 52 are fornmed with
a side clearance angle b, indicated in Figure 4. Side clearance angle b
preferably is a constant angle. Side clearance angle b preferably extends
the full length of side surfaces 50 and 52, fromthe opposing ends of the
arcuat e surface 48 and 49 (shown as "Y" in Figure 5) to t he outward ends of

t he | t 46 "X ure I ze of the side
cl Sarg 2e| ﬁﬁbfi%réc ﬁh&‘?se%f& %P%ﬁ?’i%’ée ?:fLSIP‘? 'f‘ﬁ%‘ do‘rﬁ“h;é? Y 38?3 ?é%”q 15iBelYdend s
pr ef er abl gutting euges FfaaargieﬁOoﬁhléh etxtenﬂ(fronﬁmmhmmhaaly mmmb@ita db bhei caittipg eheer abl y

6.5 for aof(t)he5 fferSlM rfa %édecfl g/ec%’nnoggr % cfeggg%eilly 0 and 52

may be shortened or m na sma Ier Clat e
sur f aces BgeriAN The Céﬁdﬂ@ﬁ@ﬂﬁséé@ndﬁﬂlape fornasd %t[ﬂmmbers&at!qasybf@ﬂqeetaxmrtacesent er of

the cuttifuarng wh tﬁ&&twmeaoh.oﬂge@eﬁcr@a&naelsgrédve@eﬂaﬁwe%nﬂﬁ 4 ihGhsi des of
the i nsert?e%m*ret ri cal respec centerli ne e I nsert.

Arcuat® d8 %b%"fa%esawpﬂgslﬁeﬁaeaeémem‘&9 righiR BRjWe! ygoves $2604 RAREHStdXt end

f r om apprirsakiretsblpg féried alitig] thé efakRihingbpéagorcut ting end of the insert 40 to
the side surfaces 52 and 50 respectively on opposite sides of the cutting

insert 40. ThE9083t t Chig cedpbgrob®siacing B4 arefofmediv detattionlserfaces @2 sed 4 ans  of

arcuate Séhrd(ng%ecﬁaﬂﬁ% mqe 6&0‘% %ﬂhé gl% \Qéét YRE ot ééf%'egch@pgc&lftro FeIbR S Qt r Ol

grooves 62 a orned ion sur aces onh 'op e SI
i nsert 4GNdEHinEeably PW“@)F@B\%@"’GQ” étme@nﬂ%seyrfgtzesﬂﬁ Etﬁlﬂéél($wn(ﬁ$|“}5”slnf or ned

durings t f’lﬁgd’f@ﬁﬁét%’r HQarQIi@érﬁfs'o@ﬂme af&@%uﬂ%'s@ﬁﬁé@hé th 8% RPY fSinteR oPiishy 64 are
f or med |3g‘_[ég)g§nt on surfaces defined by the bottom of

t he groo (MBIt et”ﬂé’f @ﬁ?%“%@ﬁ?‘?"&)?s &' W%‘éfe &b %rﬁf?rqu the &P abl y
ext end f rabthesboftomne bf tha chib eonite gmbvesmzsammf@uereétahaaﬂal%nt(esbmumng%nd o in

Figure 5 h he,.ar Le Lyt .surfaces. 4 an 49 to
a gm nt Q?S%h 4%n ré;fr%@%tﬁ&eagr)}%{;&&gﬁ)c fréorﬁt a%ﬁ'g Tl &tb C@“%?”‘f*?%'é?’f al %( shown
as "Z" i rprevidpe ¢ighly. thickesfsectimblay thelasiaberiter of themebwtobrstremg‘tharisehmlhsqm cont rol

groovgs 63&%990 ﬁ{4 THEAisBRte Bél@e&ﬁtl@gagﬁgfkt @f&:ﬁ@ecoﬁiﬂ%ycﬁg\ei&g?@j ?z‘ ljﬂesa%stt 40 are

| ocated a short distance fromt

hor i zont &M g¥ial center ofwhigiag andiefiinperti4) anithecerticakaeniesine of '”?%4%@!79% é%ﬁt er of
t he i nseri FighieG) prefdratslg bt bXiRed BRAIFthe width of the insert. The width of the insert

is the distance from “Y” to “Y” as seen in Figure 5. That distance is preferably about 0.008”
for a 0.5" diameter ball nose end mill insert. The distance between the bottoms of chip

25  control grooves 62 and 64 nearest the axial center of cutting end of cutting insert 40 and the
horizontal centerline of cutting insert 40 (shown as B in Figure 4) preferably does not exceed
10% of the width of the insert. That distance is preferably about 0.016” for a 0.5” diameter
ball nose end mill insert.

[0034] The chip control grooves 62 and 64 are preferably formed with planar side
30 walls 63 and 65. The angle between side walls 63 and 65 will preferably be in the range of
80° to 150° and is preferably 131.5° for a 0.5” ball nose end mill insert. The bottoms of chip
control grooves 62 and 64 are preferably formed as a small radius, typically 0.05", to provide
strength. The outer side walls 63 of chip control grooves 62 and 64 may also be slightly
concave to provide somewhat sharper cutting edges and assist in curling and breaking the

35 machined chips.

[0035] Arcuate surfaces 48 and 49 are formed with a face clearance angle under
cutting edges 58 and 60. An example of the face clearance angle is indicated generally as

“@" in Figure 10. As depicted in the embodiment shown in the appended figures, and with
7



at that point. The distance between the bottons of chip control grooves 62
and 64 nearest the axial center of cutting end of insert 40 and the

verti cal wenvavdéesa1e of insert 40 (shown as A in Figure #rTarsedenaiiy does
not exceed 5% of the width of the insert. The width of the insert is the

di stance from"Y" to "Y' as seen in Figure 5. That distance is preferably
about 0.008" for a 0.5" dianeter ball nose end mll insert. The distance
bet ween the bottons of chip control grooves 62 and 64 nearest the axial
center of cutting end of cutting insert 40 and the horizontal centerline of
cutting inser sho n Figure 4 referably does not exceed 10%
of t hedi RSP T qﬁénﬁeﬁ We%%%faa?g?%me@)%f@ep@efe&% Y jrogisseivey. 016" for a
0. 5" di anetreasesdiom oneselueratia point “Y as@miear the 83| of Tcarcitites ety 48 arﬁf@OVGS 62
and 64 ar Ly B [ he. angl e
ot ween soabEaf Ble 3 BaMidh & pnp B33l 8% Bird ol o B %9 MRt 1o 150
and i s pr43 eihalsizg of e fag dearange@ngle Qb\allllvarma\stb thenciittinigldiametierenf the bBH@odr0t t ONs
of chip C&ﬂtrﬁlﬁhncg{)r@%\‘éﬁy iR&eand 1%th Q—Lﬁwg_l_ lﬁftl'férr‘apée"offf’fd'ﬁfj fﬂ?‘ﬁ pgﬂﬁwv ﬁr adi us,

typically 0.0 rovide stren outer side wal

contrél RGeS e rarmf GL° tansP” 2t B‘bs'tﬁé “4} iFgeferablyciha fasesiaamnge angle sorrewhat

shar per cgibdresiiveBda@SasaB tromSess°ab 10.0° for loi 5N Qiafatbr BEIPAddeGd e nachi ned
chips. [0035] Arcuate surfaces 48 and 49 are formed with a face cl earance
angl e under c[086lng ediyesatd8uréatds 68 and\iv ane prgitrablg tirdune with@eadileegquanioe angl e
is indic " QA r I ment
shown | n e SRSUALY pBneell a0’ fhet Mtlitad By e ab 1l b BBy TR, ™2

t he face %tiEHpRisdiisethegyirace rpmepaitierblYy Otbpmﬂéggﬁ the Ingert tearosiior &Y™ fondfnﬁ one

val uejat o‘—prQie@ﬁde ‘ahd tifEn d?’ﬁdlﬂ??ﬁe f&&@gl@d?%e%gl%@@néﬁ%&vgr PB%?éteﬁt%nand 49

to a greater value at a at _the axial center of the cutting end

of the cUUTPFRS 4270dAe- Zbgch*ﬂéo'gfok%r%‘fes@ﬁé”f’§6§‘9dlb§&r%ﬂ*i’€émaﬁ§l%PPEPP\VWPI vary
with the rehtiongiridiesmt=pl 4afbetoheorel the s cRIafhndd bhglédste RFRING! ARJudte

f I t h
angl o 1 n VHESP AR08 BB g AiaTedl S siter Bl haffhe wapef "
cl ear ancehaingére Themubing &ssit wely\alsorberferamdsn & convesitidnat wessthglopeatiomand 5"

di ameser mpahl, NASE e [0036] Arcuate surfaces 48 and 49 are
preferably CIIKCU arn \?\%tsﬁ?ya radi us equal to one half the width of the insert

40. The cuttipgsgnd ofinddneo H’é%%rtﬁroﬂé’n ﬁ@é’G@Sosflth@EQ)\nmd Beir&oPHedhseitr cul ar

radi used rface fro ositi Y". on side of the insert to position
"Y' on t H@L{o accommoda{’n tﬁe screw%O The hole 66 |s typlcally chamfered at each end to plpevent
chipping.
[0038] Insert 40 is preferably made of a whisker reinforced ceramic material,

25  preferably WG-300® whisker reinforced ceramic manufactured by Greenleaf Corporation of
Saegertown, Pennsylvania. WG-300® whisker reinforced ceramic has a composition
generally described in U.S. Patent No. 4,961,757, the entire disclosure of which is hereby
incorporated herein by reference. The cutting tool insert 40 may also be constructed from
any of a variety of materials such as, for example, carbide (ground or unground), cermet

30 (carbide / ceramic), cubic boron nitride, ceramic, and polycrystalline diamond, among others.
The cutting tool insert 40 may also include a coating. If a coating is used, it may comprise
one or more layers of material that may be deposited on the cutting tool insert 40 by any of a
variety of known methods. Typical coating materials include TiC, TiCN, TiN, Al;Os, HfN, and
TiAIN, among others.

35 [0039] Ball nose end mills according to the present disclosure have been
successfully used to mill both tool steel and a high temperature alloy. Ball nose end mills

having the design generally shown in Figures 1-11, and wherein the cutting insert was made
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opposite side and then grinding the face cl earance angles oriented toward
opposite retention surfaces 42 and 42. The chip control grooves 62 and 64
may be grwondiose4ai1t he appropriate retention surfaces 42carus2epd/obefinre or
after the face clearance angles are ground. Arcuate surfaces 48 and 49 may
be formed with a radius somewhat | arger than one half the width of the
insert. The cutting insert nay also be forned in a conventional pressing
operation and finish ground if necessary. [0037] Insert 40 has a through
hol e 66 positioned toward the rear of the insert 40 to accommobdate the

scre 0 Th i chanfered at each end to prevent

chi p\pl)vl %?&%1%"3?4@48 Cegﬁé AN madeSn the spindk efre Meseor ced
ceramc n@ﬂ&ai rallling praehiee ahd ysedfe BEEM)testBits lbvarivas sheebs and fzed e One

manuf act on aeger t own enns

W& gOO( Lguwﬁ ep{mﬁ'ﬁéﬂu r?gagr cgg{aggélgérﬁ" Q:cer?agle% %gen%%%a acﬁ%ﬂ L%F‘f gpgdescr | bed
in US. Paseetrﬂucmsfuﬂy 1969h MBFhinadae3 atiamater hlesio lads uqtear@bloommecu\e ofPWdoadby

| ncor por aged @éﬁ'&r@wo@s ﬁgmﬁ%%ex@erh%%& b Ah o 338bdd 6 &9 i&%uﬁi\c%o be

constructed from an variety of materia

car bi §& (‘gPiEEREINYIe, aFRﬁdda‘ﬁd’f 0. Oeém%per(rem'tmoaeavd aPiheTopt oféwloc

nitride, géﬁfeasmucamn mandduﬁ@bwfsmmaé bﬂﬁe@bd@mwdskeafm&cé&&%ﬁ.c anél8 cuttl ng
tool insert nﬁd al so inclyde a coq ?’H’a ‘H%t fkL!‘Jsed it may
conpri se pd?%eﬁv pEegsiadpce arW@PP I°n ?rc‘r‘ﬂi?/s ¢ ‘6’??? o 8Nt he
cutting troadhined sepiral4drirgycuaimtheéndofaand etaye of Inkoneim esibi (raednedsy o 43al

coati ng T T I g

ot hers. r%%%i‘&léglg 'ﬂ%ggg&te'ﬁlrgd'ﬁ:serﬁ ‘%h@l it cdéplf oty ﬁ}gép %wf%mrgesugwgé @fg‘c"ﬂe(%rgre have
been Huccespepdpl 1Qkutfacefent pdr mintey whinblis Q\IGééVe times fasthr tyan therspeecht ur e

al | oy. Badche?&ﬁdﬁtf?é"ﬁ’alMo'sé%n@ﬁMi'rﬂ&két@@b;?ig&\cgﬁk @ﬁ%éﬁlulsl}ﬁgéilgmntbacgr’o@@res 1-1
1, and wherein the cutt ef rom W& 300(T) whi sker reinforced

ceranic, RRerdRABIA é801|3ﬁ" C(f]ﬁ%eeném"hwwé%mg Wi &krt-dns@e it s3rhife giape PABAachi ne
and used Tre eRperintynfal EAS inillaEinsvedl mora thaPUBs SRRSASH AR rhé&i8i0n 8¢ #8n ok¥e such

end mll in cl ear.anc le on the a te f aces of
the cuttithg ?r"géﬂﬁq'”% C@ ?Pa‘f' s Weﬁ&é‘%ﬁ%ﬁ%ﬁc@p@‘g ﬁl’?dz;\ff?é’?é"reaho g in a5
squar2 blexp&rinmentie catfer P@@ rarogila speekdf 1 Hrsdrfassfeelfpeb ikt adeddratemf dttlexes.

The end 3“‘!6‘%4‘5?ﬁ‘ah“@er Ficpip &%upéfolozgﬂor%%{ AGR oL nalRin Myt € _a Teed

rate of tion cut o 0". The
recommended speed of 200 surface feet per minute, t e recommended feed rate of 88

inches per minute, and a depth of cut of 0.020". The chips from machining operations using
end mills as described herein were easy to control and handle. It was unexpected that a ball

25 nose end mill with a ceramic insert could perform the tests cuts without excessive wear,
chipping, or fracturing.

[0040] Although the foregoing description has necessarily presented only a limited
number of embodiments, those of ordinary skill in the relevant art will appreciate that various
changes in the articles and methods and other details of the examples that have been

30 described and illustrated herein may be made by those skilled in the art, and all such
modifications will remain within the principle and scope of the present disclosure as
expressed herein and in the appended claims. For example, although the present disclosure
has necessarily only presented a limited number of end mill and cutting insert embodiments
according to the present disclosure, it will be understood that the present disclosure and

35 associated claims are not so limited. Those having ordinary skill will readily identify
additional designs and may design and build additional designs along the lines and within the
spirit of the necessarily limited number of embodiments discussed herein. It is understood,

therefore, that the present invention is not limited to the particular embodiments disclosed or
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same end m Il including an insert nade of WG 300(r) whi sker reinforced
ceram c and a progressively increasing face clearance angle on the arcuate
surface swocemgfoedily rough nachi ned a spiral facing cut pcm/ush@oesdidnf a rod
made of | nconel 718 alloy (hardness of 43 Rc) wi thout significant cutting
insert chipping or wear. The spiral facing cut was machined at a speed of
1,100 surface feet per mnute, which is over five tinmes faster than the
speed achieved with a ball nose end m || marketed by Sandvi k Coromant using
a cenented carbide insert (RA216F -13013S-053 end m |l with RA216F-13 30
E-L ingsert in car rade, P20A). The experi nment al renoved nore
Chan 055, BeAPeraiEh O <o P Bteaiod I sougancaizatiom dip ara R o pHRSRE A The
Sandvi k i stepe bf mamdloexmhetemcﬂhéppimm Iamﬂlafsbaabpmaétechewoedplemddnent al

cutter f rf t a f.eed, rate of
S14 + nenad tidih it BaARRT Abetnatdto B dARRAE A B8 Wi bRl BRI 2L DL
run at twoaécmmestpb@raofof 200 surface feet per m nute, the
recommended feed rate of 88 inches m nute, and a depth of cut of

0.020". The cH%d fr-B}‘?ler’fﬁ%‘ﬁieﬁP%eﬁﬁ%P%{?i”&%'”t?é‘p%toémtrﬁﬁelm?”% agéscri bed
her ei mo V\l&dfpémﬂ@ﬁnplénﬁbrﬁallbhé of theebbments.. It bin MeSppiaateetiete bkahples &al | nose

end ml| am c insert ormth t est uts . w t hout
excessi veV\{fB%erdap” ”@?P?Pd‘f”&?s pei @‘b‘ﬁaﬁj‘?rﬁ T’Wwfgﬂ tﬁﬁaﬁ- ﬁ'°?ﬁ'§'°‘l"6’r@§8‘ftng
descri pt | oraspecss oféveosamldsys/predsemteddo tmit weacbpanfurwbesumﬁwrentﬁodmadl ment s,

those of ordinary skill in the relevant art will appreciate that various
changes in t hB04£k i diisdo bgenderstonsidBatahriicyraseand geseivliensos therrmbeodimastses t hat

have beerhéd@%ééd Qﬁgnfée% illhét#é?éél&h&ﬂs hﬁf&‘ﬂeﬁel@%\ﬁt #aeamqfeumamm Bl 1 ed in
t he art and ications will remain within the principle and

scopeldf dlﬁ?eé‘é% H’?‘"‘?}I?'%T‘%@&rf@r PaLgP@ﬁf)Pfg‘ggr By oHer @'Fﬁ‘eaﬁd BFFPL{Sﬁé“aélkﬁpended
cl ai . Fmach&Wtthd:muquah aleougiiknbhe mpheaeahd Béc20sOBLY Bo htFadikseabatted y only

presente r nd m || tin

accor di ngczjl"}%e af?d%ggfe{%%?’%ag@c 55T lécuss'Pn\RAWCH hﬂﬁﬁ%sr'gf‘gobdo‘fn%&q"ef‘ﬂ% present
di scl osure and associated clains are not so limted. Those having ordinary
skill will readily identify additional designs and may design and build
additional designs along the lines and within the spirit of the necessarily
i mted nunber of enbodi ments discussed herein. It is understood,

therefore, that the present inventionis not limted to the particular
enbodi nents di scl osed orincorporated herein, but is intended to cover

nodi fications that are within the principle and
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scope of the invention, as defined by the clains. It wll also be

appreci ated by those skilled in the art that changes could be made to the
enbodi nenwe 2atwnsesii t hout departing fromthe broad i nveRrCIrvs2@o0s603

t hereof. [0041] The exanpl es presented herein are intended to illustrate
potential and specific inplenentations of the enbodinents. It can be
appreci ated that the exanples are intended primarily for purposes of
illustration for those skilled in the art. No particular aspect or aspects
of the exanples is/are intended to limt the scope of the described

enbodi rents. [0042] It is to be underﬁégﬁg that the figures and
descri%tions of the enbodi nents have°be sinplified to illustrate el enents
that are %ﬁ£ﬁ¥ag$m%%; a cl ear understanding of the enbodi ments, while
elimnating, Tor purposes of clarity, other elenents. Because nmany

machi ni ng t echni quesaaise ¥R hilkGMEleddd rdntal e ABhIPESAMRRgt hey do not

facilitate a better understanding of the enbodi nents, a diScussion of such
t echni ques i s@R¥NApcabiPCHRAYY IFEMBTITNGCLAI VS Wat is claimed is: 1. A ball nose

end mll for materiad axigyPesitionsd3pt Righe@nt bf Be Gl b@dyﬂéhi@sl@Mh&lMﬁdjﬁaL fj ool
e too] body,

bod i sing: ~axi al | iti d.slot [n . d .
D" oL A ok SIS oBL e 8581 S50l oSy
i nsert nount ed i @and redatiye &t araxiiad lckntedimelofrtpd @bl hoeelytamdan axi al centerline of

the tool body; and a%aét riﬁgﬁa&ﬁg %Ht@'@hhé& iﬁth%%‘i&t 'irrgdésrl}?(g F){)sit%orﬂ ag(Fﬁf slot in

a desired position axi al to the axial cen I'ne 0 he too
body; and a cutt PR¢relaiye ta the gnplraesierige ofthp depy bedye Brli ng t wo opposed

subst anti al | yatltahg inedrecdm®igingur f aces, each retention surface including a
chip control groove thereon extending froma pqgint at or near an axi al
centef’ of the body 2ROMMCHAGEEVS gﬂ’p&ﬁg‘?/%”btsﬁmw fighretentionssiriaresofadne body:;
and a peri pher al retentioagerfaoiimilutiihgtaehid suntrolajreédvieittidte Sudtaeieg, frohh@pgler | pher al
surface incl udi n%t@rnle

surfaces ot an oAbgsa el <Ee AR s whaRis B 5 e BRDet i
approxi mat el y t heodyx aad
a peripheral surface joining the two retention surfaces, the peripheral surface
20 including a locating surface at a first end thereof and two arcuate surfaces at an
opposed, second end thereof extending rearwardly from approximately the axial
center of the second end and positioned on opposite sides of the insert
symmetrically with respect to the centerline of the insert, the arcuate surfaces
each including an arcuate cutting edge at the intersection of outer portion of a
25 chip control groove and the arcuate surface, the arcuate surfaces being formed

with a face clearance angle under the cutting edges.

2. The tool of claim 1, wherein the face clearance angle progressively increases in
a direction toward the axial center of the second end.

3. The ball nose end mill of claim 2, wherein the face clearance angle increases
30 from an angle in the range of 2° to 10° to an angle in the range of 5° to 20°.

4. The ball nose end mill of claim 2, wherein the face clearance angle increases
from an angle of 6.5° to an angle of 10° for a 0.5” diameter end mill.
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center of the second end and positioned on opposite sides of the insert
symmetrically with respect to the centerline of the insert, the arcuate
sur f aces wachivmediwdi ng an arcuate cutting edge at the iPorarss@ons@m3 of
outer portion of a chip control groove and the arcuate surface, the arcuate
surfaces being fornmed with a face cl earance angl e under the cutting edges.
2 . The tool of claiml, wherein the face cl earance angl e progressively
increases in a direction toward the axial center of the second end. 3. The
ball nose end m |l of claim2, wherein the face cl earance angl e increases
fromap angle_in e range of 2 tp 10 to _an angle .in the range of 5 to 20.
4. The§1 bal Ig ndse é‘ﬂ‘& bﬁﬁl Pgseoef"ddﬁ"ﬁlP%laZm 1M8?r§i”r?ag41|8h'P Sﬁ'gmig@aYedﬁé’@f'”&Hgl e

i ncr easesbyfardnmemidarvgillend)fan 6utsr ¢ide wall, angthe indludkq ahgle batweh Saidirmersrer end
mill. ‘ﬂﬁ Rl w988 81, @8 lAfBPJtOC] 6“ m 1, wherein each chip control groove
IS deflne B |

y an 1nner Si an outer side wal I, and the included
angl e between said inner and outer side walls is in the range of 80 to 150.
6. The ball nése @mned bail hbseafndehimbioidim 5‘Mﬁﬁér§inﬂhé RElubdrangrtestnadgl the PAsMmeen

ange of T3pd Bl i eein e r Nl RRYa s MhE g ol SR Ca i 11 o

cl ai m0L, digkregtei endtrhit peri pheral surface includes side surfaces |ocated
bet ween the | ocating surface and the arcuate surface on opposite sides of
i de surface defines a side clearance

the cutting i ser wher ei

angl e. 8. ‘?’he bal ﬁhﬁggiﬁ%ﬁﬁ&"m"?"r“ a"EﬂaY"ﬂ’?r?'” thRsreherat $iFacs peludsssiteance
angl e i s surfatesdogatetigestvedenihd tncéﬂblg sBrfacElamditted drcunts surezied ofopposié sigesibim 8,
wherein t nose end mll is a
0.5" di ar%e er @qa rﬁﬁrd?’%rgqlg §b %g%@%lﬁ%@gs{a?cle]arag‘:e a?ﬁPZ wherei n the

peri pheral surface includes side surfaces |ocated between the |ocating

surface and tsle armbe dhiensseicha efibofhid FPABrtiR tisd S@Sci@dratideaangléti§ inge | Nsert
body 5|ea (3 %Lhrt,ace defining a side clearance angle. 11. The ball nose
end m fo wherein the side clearance angle is in the range of 2
to 10.

9. The ball nose end mill of claim 8, wherein the side clearance angle is 6.5° and
the ball nose end mill is a 0.5” diameter end mill.

10.  The ball nose end mill of claim 2, wherein the peripheral surface includes side
surfaces located between the locating surface and the arcuate surfaces on opposite sides of

20  the cutting insert body, each side surface defining a side clearance angle.

11.  The ball nose end mill of claim 10, wherein the side clearance angle is in the
range of 2°to 10°.

12.  The ball nose end mill of claim 11, wherein the side clearance angle is 6.5° for
25 a0.5" diameter end mill. '

13.  The ball nose end mill of claim 1, wherein the cutting insert is fabricated of at
least one material selected from the group consisting of carbide, cemented carbide, cermet,

cubic boron nitride, polycrystalline diamond, and ceramic.

14.  The ball nose end mill of claim 13, wherein the cutting insert is fabricated of a
30  whisker reinforced ceramic material.
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12. The ball nose end m Il of claim11l, wherein the side clearance angle is
6.5 for a 0.5" dianeter end mll. 13. The ball nose end mll of claim]1,
wher ei n twe 20wtdee41g i nsert is fabricated of at | east onecwratsesmwmbossel ect ed
fromthe group consisting of carbide, cenented carbide, cernet, cubic boron
nitride, polycrystalline dianond, and ceram c. 14. The ball nose end mll

of claim13, wherein the cutting insert is fabricated of a whisker
reinforced ceramic material.15. The ball nose end m Il of claim13, wherein
t he whi sker reinforced ceramc material is W5 300(r) ceramc. 16. The ball
nose end mll  of 1, wherein nsert. further co i ses a coating
formed on at astCth Hgl @‘Eﬁefe%é"' Plféﬁaéﬁfm WRereifiNe whigher n&"%?}erﬁm!‘:l of claim
16, wher enatetidiés WGB00Becmmipr i ses at | east one material selected fromthe
group consisting of TiC, TiCN, TiN, Al203, H N, and Ti AIN. 18. The ball
nose end mll of claim?2, wherein the cutting insert is fabricated of at

| east one nat & i aITh'ééﬁlé'é?S@(?”ﬁM'h?ftql?é“dr‘ﬁﬁ&fe'&g'?%'ﬂﬁﬂ fHghesfcomprssis@ecoatinthent ed
car bi de, foiein,at Rabi shelarad théresl de, pol ycrystal line di anond, and ceramic.
19. The ball nose end m Il of claim 18, wherein the insert is fabricated of
a whisker reinforced ceramc material. 20. The ball nose end m Il of claim
19, wherein the wihskalnaseiend srilbeslaie lbnvheretatherdoaling comagse0d (gast ensr ani c. 2
1. They bahiteipsQested réh ke GFburtansBlingor THE &N, rTIN nﬁfN bnd tF'lAh‘her conpri ses
a coating fornmed on at | east one surface thereof .22 The ball nose end
mll of claim?2l1l, wherein said coating conpri ses at | east one materi al

sel ected fronf&he The balpnaseresi sl efglainh 2Twigreiith@N;uttifig i seAlii@Bricakdd\f abnd

Ti AN, 23aasfokdinbicRél sbiRERE frofQhe opﬁ‘&nsﬁgﬁ&oﬁa%l&g bém é@éérﬁnﬁ@g:e rRetP0dy

i ncluding two opposed substantially retention surtaces, dach Tetention
surface |°1‘1‘E'P19870H@'t%1deeHP'MC%%ﬂPWeOCF'a’Q?%@%d #9i@Pkon ext ending from a poi nt at
or near an axial center of the body at an angle relative to the axi al

center of thejdody;e gy deRAG i NS Hrvh%?é?n 11 UeRGs faBfcadlPor a&hHREL ON
surfaces, the periphera sur ace i ncl udi ng
15 relnforced ceram|c material.

20. The ball nose end mill of claim 19, wherein the whisker reinforced ceramic
material is WG-300® ceramic.

21.  The ball nose end mill of claim 18, wherein the insert further comprises a
20  coating formed on at least one surface thereof.

22.  The ball nose end mill of claim 21, wherein said coating comprises at least one
material selected from the group consisting of TiC, TiCN, TiN, Al,O3, HfN, and TiAIN.

23. A cutting insert for a ball nose end mill comprising:
a body including two opposed substantially flat retention surfaces, each retention
25  surface including a chip control groove thereon extending from a point at or near an axial
center of the body at an angle relative to the axial center of the body; and
a peripheral surface joining the two retention surfaces, the peripheral surface including
a locating surface at a first end thereof and two arcuate surfaces at an opposed, second end
thereof extending rearwardly from approximately the axial center of the second end and
30 positioned on opposite sides of the insert symmetrically with respect to the centerline of the

insert, the arcuate surfaces each including an arcuate cutting edge at the intersection of
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a locating surface at a first end thereof and two arcuate surfaces at an
opposed, second end thereof extending rearwardly from approxi mately the

axi al cenvenomfoesedie second end and positioned on opposi PeTdisdes/osf413 he
insert symretrically with respect to the centerline of the insert, the
arcuat e surfaces each including an arcuate cutting edge at the intersection
of outer portion of a chip control groove and the arcuate surface, the
arcuate surfaces being formed with a face cl earance angl e under the cutting
edges. 24. The cutting insert of claim23, wherein the face cl earance angle
rogressively increases i directjon toward_the axial center of the

g ec g nd e n‘ﬂ‘?er%’g.mo?ﬁga &P P?"H@??rﬁg\éer ?ndld?e gicuatasyace, jhe AEuAte IEAGeS L8NGl ear ance
angl e i nciomasiagithfa fane elearangd angienunidbethe aatfeg @dge2. to 10 to an angle in the
range of 5 to 20. 26. The cutting insert of claim24, wherein the face

cl earance angle increases froman angle of 6.5 to an angle of 10 for a 0.5"
di aneter end &f | .Theputting,ipsert,pfiqiainy 23nekarein e fapeslparance apglerRspgiessiyély chi p
control gheeaesirsa diedctitrebwan tae axigitehtef bfdle ¥&ohd 8@l an outer side wall, and
t he included angle between said inner and outer side walls is in the range
of 80 to 150. 28. The cutting insert of claim 27, wherein the included

angl e bet ween2?-he ThaREinGREebefidaim 2f dehafgin the faes ¢leararpeangle indiegses Hamr ol
groovey i San dhgleh® tHedagtR: @20 &31b° B 4rPingh i 1 raflgdomPeg 2@nd nill. 29. The
cutting insert of clalm 23, wherein the peripheral surface includes side
surfaces | ocated between the | ocating surface and the arcuate surfaces on
opposi t e si des.of Thiaeuting inpertoficaine 24, Wwedsin thefecsediearannerangiedesreases ficm
defines ansindR dt 6SRIPIH SR80 0P8 0.5T Bametdr Ehdghil nsert of claim 29, wherein
the side clearance angle is in the range of 2 to 10. 3 1. The cutting
insert of claim30, wherein the side clearance angle is 6.5 and the ball
nose end mll is a 0.5" dianeter end mll. 32. The cutting insert of claim
24, wherein t pet.l ] f ace i i | et ween
fhe 1ocating Surf ane AR radtycBee 2y Wil Badl o Ahthafite PUAHEINPY ¢
cutti by iandeier sepupll aphamodprrddesyall apkthg dfduded gngle g?@ée@F%@WQﬁﬁ:@dangl e. 33.
The cut t igugerisias alls Bfin hkdriGedtsobas® N the side clearance angle is in the
range of 2 to 10.

28.  The cutting insert of claim 27, wherein the included angle between the inner
and outer side walls defining each chip control groove is in the range of 131.5° for a 0.5”
diameter end mill.

20 29.  The cutting insert of ¢claim 23, wherein the peripheral surface includes side
surfaces located between the locating surface and the arcuate surfaces on opposite sides of

the cutting insert body, wherein each side surface defines a side clearance angle.

30.  The cutting insert of claim 29, wherein the side clearance angle is in the range
of 2° to 10°.

25 31.  The cuitting insert of claim 30, wherein the side clearance angle is 6.5° and the
ball nose end mill is a 0.5" diameter end mill.

32.  The cutting insert of claim 24, wherein the peripheral surface includes side
surfaces located between the locating surface and the arcuate surfaces on opposite sides of

the cutting insert body, each side surface defining a side clearance angle.

14



34. The cutting insert of claim33, wherein the side clearance angle is 6.5
for a 0.5" dianeter end mll. 35. The cutting insert of claim23, wherein
the cuttiwgQ 20reee411i s fabricated of at | east one materi acTask@owswdisrom t he
group consisting of carbide, cenmented carbide, cernet, cubic boron nitride,
pol ycrystal l i ne di anond, and ceram c. 36. The cutting insert of claim 35,
wherein the cutting insert is fabricated of a whisker reinforced ceramc
material. 37. The cutting insert of claim35, wherein the whisker
reinforced ceramc material is W5 300(r) ceramc. 38. The cutting insert of
claim23, wherein_the insert furth conprises a coating formed on at | east
one sutface t%l:ireafhgc gng pRert ﬁflf]l:ﬂat'm%’ ‘f"?‘%ngpfheo?d%‘?'%ﬂrﬁ’?%ﬁ??‘gl\ﬁ‘ﬁa'f‘éﬁ’%raﬂ%
coating c@ptoiwes at | east one material selected fromthe group consisting
of TIC, TiCN, TiN, AbG3, HN, and Ti AIN. 40. The cutting insert of claim
24, wherein the cutting insert is fabricated of at |east one materi al

sel ected fron?the 1§FSUENS Rt dficiaing 381 wheseip thesidederspce @nalainf-g&for der net |
cubi ¢ bor@mst didntetérdd npilbl ycryst al i ne di anond, and ceranic. 4 1. The cutting
insert of claim40, wherein the insert is fabricated of a whisker
reinforced ceramc material. 42. The cutting insert of claim4 1, wherein

t he whi sker r#¥nf dree&dttieeinasr of i &2 veerein thacutiing (nsprt isdpkrisiated of st leaste

cutting idheeddier sdléciddirdhf) thefiUpoRsittihg of BaBIdk, deridnRAcafRIEPELrRE cabioat i ng
formed o S ce thereof.44. The cutting insert of claim43,

gjat l'te§St ne rf
wher ei n 2 WHSTiPRYCYBAYNT §8L°0T APR58EM¥he naterial sel ected fromthe
group consisting of TiC, TiCN, TiN Al203, HN, and Ti AIN. 45. The cutting

insert of O ajdn 23ne WABHEhLer SR IRBE Uerdh tHehBtRl inde A RTbERLidIPqVes near est
the axial center of cutting end of insert are spaced fromthe vertical

cent er | i M&ISKET EREPTeefkeramipaifichnpunt t hat does not exceed 5% of the width
of the insert. 46. The cutting insert of Caim45, wherein the bottons of

the chip cont4pl ; : i . i ; f insert
7S Shupes o0 | M5EOUER, AR S 0, A ) BRI Al Ui LinE Nl
5 is WG-300® ceramic.

38.  The cutting insert of claim 23, wherein the insert further comprises a coating
formed on at least one surface thereof.

39.  The cutting insert of claim 38, wherein the coating comprises at least one
material selected from the group consisting of TiC, TiCN, TiN, Al.Os, HfN, and TiAIN.

20 40. The cutting insert of claim 24, wherein the cutting insert is fabricated of at least
one material selected from the group consisting of carbide, cemented carbide, cermet, cubic

boron nitride, polycrystalline diamond, and ceramic.

41.  The cutting insert of claim 40, wherein the insert is fabricated of a whisker
reinforced ceramic material.

25 42.  The cutting insert of claim 41, wherein the whisker reinforced ceramic material
is WG-300® ceramic.

43.  The cutting insert of claim 40, wherein the insert further comprises a coating

formed on at least one surface thereof.
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insert by about 0.008" and the insert has an effective cutting dianeter a
0.5". 47. The cutting insert of Claim24, wherein the bottons of the chip
control gwoausmiepdar est the axial center of cutting endpofi/ise@ensodas e
spaced fromthe vertical centerline of the insert by an anount that does
not exceed 5% of the width of the insert. 48. The cutting insert of Claim
47, wherein the bottons of the chip control grooves nearest the axial
center of cutting end of insert are spaced fromthe vertical centerline of
the insert by about 0.008" and the insert has an effective cutting dianeter

a 0.5" T t|n i nsert_of erein the bottons of the chip
cont r of groovgg ?é’g ing Wée'aﬁf%?'m 4§n\y€%re|81sa@h ‘E‘WQ@OE‘HHSG&fatieﬁété?“F are

spaced frmabatldﬂeelladedﬂ'onntﬂaégroemt:cﬂ“fslstlmgaofdfc,tTh(ENJhN%I&Oabemlandmmt t hat does
not exceed 10% of the width of the insert. 50. The cutting insert of Claim

49, wherein the bottons of the chip control grooves nearest the axial
center of cutf?ng BRGUERY I“ﬁ%‘éPftC'%.'F'bZ%WQE@H‘ the BeHAMFO! Hisr ShiRPNkP! aEeaYeer | i ne

gf t hf: [ deStS g a&hmdnteﬁof)dlﬁt{ntg%hd of iAgert ﬂ@%b&cdﬂ&ﬁmﬁtgz Qér&ﬁﬂbér\t@rhféﬁbﬁt%@&
i ameter a " e cutt] a erein the bottons
of the cHIpFd bdrﬁnraénouﬂ %8\/"@553 ?ggﬁdqﬁ%ﬁg tgﬁlwé& 8“H]‘? EFehf cutting end of

insert are spaced fromthe horizontal centerline of the insert by an anpunt
that dpes not s@xceapd chllg pPhert JSI‘ECIMShwﬁéreﬁ'xhﬁe b&ﬁ)ﬁfstoftr@%hlp-@b‘ﬁtr&l&rédveg i nsert

of Claimb5 1¥¥nere he % rra g ip . control rooves near est the
axi al cerﬂeé‘FeSb &yt ‘ieHEfr%“d‘ O¥ MR8 'P?er%ﬁr& SB%%E&EP”\‘%H? ¢ conienine Pt
cent er | i neseofbytabeuti MBS’ tindire dsedhadabdfiectiancltingaliansgerd 0.)as an effecti ve
cutting diameter a 0.5".53. The cutting insert of Caim23, wherein the
bottonms of the chip control grooves nearest the axial center of cutting end
of insert are*spad8fCiRmineeEof\daii Yarherginites botiomseif thetrbip gegtseligragyean
anount t hetrednns axialcehter eRdlittnYtenl of Rseridrdspadell flohethd D&l caishind6r thot t o

f the chi trol t nter of cutt d of
Tnser b artseuananio B Rei e B it Bt uhln (Rt Roefe Mnsert by an amount

t hat does not exceed 10% of the width of the insert. 54. The cutting insert

of O aim 53, sderghaclittiy hedd §aiRf47t WEerERitRe %Hs%trﬁrcﬂ@\e%ﬁtra%%o%é the
axi al center fLﬁCutt ng end of insert are spaced fromthe vertical

cent er | | MEAGF R AXIALLEREY offytting §0¢ opnsriisere shrped lamdbt Yestie! s3nterine fithe
control drsec\bgabodtd @St andtbe sedhacanéfesctiaf cutthgtdigngeta@adh &f i nsert are
spaced fromthe horizontal centerline of the insert by about 0.016"

49.  The cutting insert of Claim 23, wherein the bottoms of the chip control grooves
20  nearest the axial center of cutting end of insert are spaced from the horizontal centerline of

the insert by an amount that does not exceed 10% of the width of the insert.

50.  The cutting insert of Claim 49, wherein the bottoms of the chip control grooves
nearest the axial center of cutting end of insert are spaced from the horizontal centerline of
the insert by about 0.016” and the insert has an effective cutting diameter a 0.5”.

25 91.  The cutting insert of Claim 24, wherein the bottoms of the chip control grooves
nearest the axial center of cutting end of insert are spaced from the horizontal centerline of
the insert by an amount that does not exceed 10% of the width of the insert.

52.  The cutting insert of Claim 51, wherein the bottoms of the chip control grooves
nearest the axial center of cutting end of insert are spaced from the horizontal centerline of
30 the insert by about 0.016” and the insert has an effective cutting diameter a 0.5”.
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and the insert has an effective cutting dianeter a 0.5". 55. The cutting

i nsert of Claim24, wherein the bottons of the chip control grooves nearest
t he axi alwoentoas24afi cutting end of insert are spaced fr egrtuseoo9esidiisal
centerline of the insert by an anount that does not exceed 5% of the w dth
of the insert and the bottons of the chip control grooves nearest the axial
center of cutting end of insert are spaced fromthe horizontal centerline
of the insert by an anount that does not exceed 10% of the width of the

i nsert. 56. The cutting i nsert of Claimb55, wherein the bottons of the chip

Spaced from t A& vaPPeatrd BRI 8 (PRE b PhPRE 1 Beeey TR B G Ehd ¢ he
bot t ons oOfeatdastthe aiipl azm)tarpmuﬁgn@mdeslnwaarespacteldefrom(ﬂmI\/emeenteﬂenmﬁe ofubé i ng end

of insert; X L LTI Ny bnser about
0 oo PSP RSBl AP0 BT 8 g bG8 of
chip control grooves nearest the axial center of cutting end of insert are spaced from the

horizontal centerline of the insert by an amount that does not exceed 10% of the width of the
10 insert.

54.  The cutting insert of Claim 53, wherein the bottoms of the chip control grooves
nearest the axial center of cutting end of insert are spaced from the vertical centerline of the
insert by about 0.008” and the bottoms of the chip control grooves nearest the axial center of
cutting end of insert are spaced from the horizontal centerline of the insert by about 0.016”

15 and the insert has an effective cutting diameter a 0.5”.

55.  The cutting insert of Claim 24, wherein the bottoms of the chip control grooves
nearest the axial center of cutting end of insert are spaced from the vertical centerline of the
insert by an amount that does not exceed 5% of the width of the insert and the bottoms of the
chip control grooves nearest the axial center of cutting end of insert are spaced from the

20  horizontal centerline of the insert by an amount that does not exceed 10% of the width of the

insert.

56.  The cutting insert of Claim 55, wherein the bottoms of the chip control grooves
nearest the axial center of cutting end of insert are spaced from the vertical centerline of the
insert by about 0.008” and the bottoms of the chip control grooves nearest the axial center of

25  cutting end of insert are spaced from the horizontal centerline of the insert by about 0.016”

and the insert has an effective cutting diameter a 0.5”.
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