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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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zero cutiing 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 atypical 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.
6,168,927, U.S. Pat. 7,044,695, U.S. Pat. 5,632,578, 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. 1t also provides improved
performance and longer tool life.
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of each chip control groove and the arcuate surface, the arcuate surfaces being formed with
a face clearance angle under the cutfing 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" diamster 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
cuiting 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 tool body.
The tool bady further includes a fastener for attaching the cutting insert in the slot in a

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

including a chip controf groove thereon extending from a point at or near an axial center of
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The advantages of the present invention may be better understood by
20 reference to the drawings in which:

[0014] FIGURE 1is 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 ouiside the end milt;

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;

[06018] FIGURE 5 is a semi-transparent front view of a ball nose end mill insert
30 shown in Figure 4;

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

i0020] FIGURE 7 is a solid perspective rendering of the ball nose end mill insert
shown in Figure 4;
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constructed according to the present invention; [ 0015] FI GURE 2
is a sem -transparent sDEEALEBWEICRIPBONMOTHEBVENGONM bal | nose end
mll shown in Fiqure 1 with the retention screw shown in outside the
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insert 30 cph@idesiatyldad Rotkiolder 20 and83/8deabik Gty @oliisser 40 retained in an

e - L1 anpal 602318 ol MoSnofteP . 'l wER ol ba bASFAS B8 WBch)
20 has a larger diameter that is adapted to be mounted in the spindle of a machine tocl 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 too! 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.

[6026] 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.

5
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through a h t he
ot her si dePositivalataingas ingrsl 49dy position on the tool holder 20. The peripheral surface 45

includes a substantially V-shaped axial locating surface 46 at one end of the insert 40, and
arcuate surfaces 48 and 49 at an opposed end of the insert 40. Locating surface 46 is

20 preferably perpendicular to the retention surfaces 42 and 44. A flat surface 54 may be
located at the center of the V-shaped axial locating surface 46 so that positioning of the
insert 40 on the correspanding V-shaped locating surface 32 of the tool holder 20 is primarify
determined by the sides of the locating surfaces and allow for greater accuracy. As shown in
Figure 8, 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.

[0631] 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 cuffing 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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sem -transparent views and [P?ures hrou
the repl a@gt&ﬁl bgttorisiff BiReitiRyFort 9@%‘@5@8@["1 ﬁ‘h%%ﬁfQSt the axiplfgaiet of sottipgrendaies
opposed suistt amanead:dagedfalsabrt tietaedat fiopnths wxidlaester, Yath aérﬁbaﬂﬁancﬁmdzcﬁltalzy, to

B  aces. £ e g g B LA of BE Bl Shl SheIbler R s el ElRdraf
slot 22 jnt ﬂbﬁfémf”brmrcﬁ'ﬁt%? B*Ftb'ﬁe@se bettarmseof el tontioll Jeave 2R addd rehmst
si des sur Hacasl @dhter of cutting end of insert 40 and the vertical centerline of insert 40 (shown as A
in Figure 4) preferably does not exceed 5% of the 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 mili 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



drawn together by the screw 30 to securely contact the cutting insert
40 and thereby positively retain the insert 40 in position on the

tool hold 0 peri pheral surface 45 includes a s

V- shaped Si?g?IUfP%;le“ ng surface 46 at one end of the |E§§D§%h%ggoé%d
arcuat e surfaces 48 and 49 at an opposed end of the insert 40.
Locating surface 46 is 20 preferably perpendicular to the retention
surfaces 42 and 44. A flat surface 54 may be | ocated at the center of
t he V-shaped axial |ocating surface 46 so that positioning of the

insert 40 on the correspondi ng V-shaped | ocating surface 32 of the
t ool hot derariz@ai refepanicertarfigupe &l dhecfer slesdarioy atlshie@sirejesbkmbroumsi\kabpati ng

surfaces andeabl P bY veﬂfe%@% %Blnta“(%iro?ﬁé(ar tlﬁ%nﬁ?@f‘% hBude %.F( s%s dnl8g

angl ed surfaces of the axial |ocating surface 46 may In
chanf er ed %ag&ﬁ?teigalwttad’OEP@\/@n?t t'%?’%ﬁf’?fﬁe’ of the 0”“"[90?5@(5’]( thSPEF@“%‘U?GFtac es
50 and 52 49ayhbeizé ofcied fack dedravee angle Cakili vigy with tha cetingGdismderiohite daICHBE €

it aces o3 3dab oRagack e MBI o7z o 1 P88 P5
i ndi cat®d %ﬂﬁnsiﬁwh% range of do 49° @é?%ﬁl@@“%iﬂafeéewblspﬂ@ff@reaiﬂapanp%a@le @

const ant  Fhgréssival thereaseRara s s 1angbend80 80dishabasatbbis A hnds the
full length of side surfaces 50 and 52, fromthe opposing ends of the

arcuat e surf acl80¥8 andAxgate sidasas 48andr49iane Priefprably cBuldrovith eadiust agaaldo
ends of thgehQERb! Mﬂﬂn Shd ﬁé‘e@t AOTHSHANE e@c?of"t[?glnéeﬂ A0SR fé')ned E{ﬂ?r n?ﬂnﬁe

of the side clear e 56 va he cutting dianeter of
the insert? Cérﬁﬂa” EF@%BFFQWDHSIP%E %{%‘Eﬂ? sfﬂe °§th?dﬁsf@t° @Pﬁ@" ol @afgnce
angl e 56 icppqritefide ald theBgrinding thedfadd. dearahica amgiearoribated tonvatieppskite Mtdrtion

ol o orlRacsil 8508 SRR oIpalyBIs BE NG ENRL Blngtho HeDBBAGAL

smal | er size Inserts. uate sur
r ear war d| yeiRRISMSHFRSED4R Ack4d) %?fqréh@' g1 e fage pledrpNcefanglpe are @raune gAisHe of

t he i nser tsudéeanslams 49 rﬁQBbdfbmfbﬁdvxtﬁla r&mjull;“omieﬁhﬁlléi@ﬁ titih ohB Qalf A8 @ickh ofS
nterl il ne sert

symretric ect to Ar cu

surf aces j%'l 'ﬁ?\e\# ecncrf)gu ert matyt|sﬁgbeg%f@8%'nﬁcogﬁe@t'%r@?ﬁﬁfsé @LELY ”?ir om

appr oxthratligisl groped lémcaqssaaenter of the cutting end of the insert 40 to
osite sides of the

D Ehde, oo 4683 o2, A R e eI P sthe
i nt er sect i46hsambmapdalathe ssnewf3@c @se hole 86 is typically chamfered at each end to prevent
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 cuiting tool insert 40 may also include & 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,Og, HfN, and
TiAIN, among others.

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

having the design generally shown in Figures 1-11, and wherein the cutting insert was made
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48 and 49 with the outward portions 63 of chip control grooves 62 and
64 formed in the 10retention surfaces on opposite sides of insert 40.
Chi p cont s 62 and 64 assist in breaking chip i ng
t he machi ﬁ‘?%‘g%@g‘g‘u on. [ 0033] Chip control grggg@éiﬁg%Oﬂﬂ
are formed in retention surfaces 42 and 44 at an angl e defined by the
bottom of the grooves. The bottons of the chip control grooves 62 and
64 preferably extend froma point on the retention surfaces 42 and 44
(shown as "Y in 15 Figure 5) at or near the ends of the arcuate
cutting surfaces 48 and 49 to a point at or near the axial center of
t he cutd i AigmanNg-39P® whisker reinfpresisemarmicaweretounied iF e prindl of aiMaisuse abl vy
the ends %rnt:é]@mi%trﬁébﬁﬁme%fxd L 16 Béer.rrﬁ iRt o at%m%ﬁee@@ ame@ﬂatéae@fnsst
t he axi al g}é ? ‘ittlnﬁF%n insert 40 are C%ﬁ? % %

di st ance R aghgne 2 & C'??éi"}‘fe\?@‘?% F|a9°uatﬁ&u FF 9ot &9, to
provi de a irsertgdcessidliprakb maskiodd 031 demetdnbolain @b’ sgeart ioclomaddwd PRaBeT t

whi ch strepaf @%ﬁesrs}%?sé ﬁé) ith 8 ShcBkest Hgé R}Sﬁ’nfgg\ra s WSsd S?JE 9 3@3%&\%%@

t he bottons cont ro grooves near est aXIa
cent er lbf f@&Pe W@”t%-rﬂfe?ﬁ rated §,0P4 ingh gfdeveldion, apd  genth 8@%‘1’{ %f,qq He T5¢
insert 40 sembewnmsnofuding ahiirgeit ads ofveizeo@hhigkatoasioned cextiean $% of

t he \M dt h p?%résgﬁe&lmﬁr%r ]L._m%m:ghéaciéﬂ gr}ﬁ% ﬁ&l&a}b o'aPRSle su}fgcefsngceg flﬁﬁ(?{ﬂ.@ﬁ from

"\ ance S
0. 008 f ormaghipedsa spiiabiaeing put ethe enrbef @ rechads crfllncpmjéﬂ& allosrﬂwctmesmﬁﬁée

bet Wleen t th&) hm{dupé’@nﬁzbm@bttaﬁg %&@&mpl’n@or FEROVRS s3I B8RY Mw@@ﬁﬁmtdta:ﬂe
axi a ent er CuU 1 N I.nNser ori zont a
o e or 11 e pSdorivtioh 5titeB Biey SdrsSitke b V6 e e frtet Hn BPeparhn
does not exdeed wild%ball nedecendimil hareéted byeSandyik CorombBhiatsingiasieancted cabide
pref er abl an%R?R'AZ‘i@FQ‘i]S@‘I.?:é 853 éhdQniPwittRAIBESS 36@ 4inBsR cé‘rBGe B?ahé P20A).

insert. [Q034] The chip control grooves 62 are Ere erab
formed wi t'he 6?‘%%’?5‘?”@5 ‘?5’8 rahremereE e iR §- 56‘5“"01*]?8 %'i“éta BsRR AN Q"’E‘de
wal | s 63 ajudridsdf the lilme pTied Saralik ynsbe shiowet! becetsivegthipping 806d flamk Welr. amd | s

prefer E’{Pl yexé‘éﬁeﬁgl (t,uc&Er Was ggé at epeﬁ:’glid qusﬁno%[l?aer a%e{t érrmﬁlfté c? fgéberag%ﬁ‘ Iift{m

of chip con rooves are

radi us, typheapsr W'Dif‘i)ﬁ"’d a depeth ploryf efd c?’é’r Jﬁ@ﬁﬁndﬂﬂ"@ﬁﬁw%ﬁu%?td@ vvaI s 63
of Chijp CQQ&Men@é@@é@@ oG R0iEacE de B naﬂuﬁ@ tibﬁe&inhr@éﬁdlad’fe@@@@&f@m 0
provi de so at shar per " in.cur

D okl e THEREOES: (IR, RES a S0k oF e SRR, SIS HBRb 3 Bl isifle™Bing.
49 are f oramedilsias Hescriberchereih wane@ﬁasetoamgt%angimaewecmwasmlge@dgte@thsi& katid

60 Ano£X ajEd éhquFuilbvﬁl?af:éﬁﬁnc%s%ﬁ%@@&ﬁer%ﬂﬁkr%tés‘%s sndligRbedcaenelall y as
"On in Figure depicted in enbodi ment shown in the appended

figures, WPW tcﬁ fraf't”””g

[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 articies 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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WO 2010/ 062411PCT/ US2009/ 050413 5particul ar reference to Figure 5,
the face clearance angle O preferably progressively increases from
one val ue 28108 '4ﬁt “Y" at or near the ends of the argeft}‘ﬁwﬁ%g‘]gﬁes
48 and 49 10 a greater value at a position "r at the axial center of
the cutting end of the cutting insert 40. The size of the face

cl earance angle O will vary with the cutting dianeter of the ball
nose end mll and preferably increases froman angle in the range of
2 to 10 at a position "Y' to 10 an angle in the range of 5 to 20 at
position "Z". Preferably, the face clearance angle O progressively

i ncr eases PGosRPrBedan, pot i intesdecitopoger mudipations thgiare witis e erreind and,

[ 0036] Ar cubge sTudia@asord8s @dﬁdecﬂ% 186 Blaifise it oybeGippRbibRE byMhobe skilled

radi us equa ne hal f t Wi r i

tQ f the.insert 40. The cytting.end
of the + ndiie PR EoABEe seblhethass o e stmbRUmERE Phovk Pipot erfo O £
sur f ace f rigpadioentvesanceyt themoione side of the insert to position "Y"
on the 15 opposite side and then grinding the face cl earance angl es
oriented towar §0%Bpodie Bxamples Riss e%’ﬂﬁ’?‘%g'@éntﬁ@eﬂFFH'”QF'E?E'PH@“%f"
cont r ollo grepesiftsimp2mantetidné ofthy ethBodinesn dt ¢antbe abreciaip trapthe atsnples are
retention; X - Of, Lo .
ot es ar dignsAfihatyrcf Biipscds BEL M Suciordidh8 hyhedty hBaR, Ko BaAAN Sppeg
radi us sorfRERPRACIS|Chihgexarmpiesis/arpdniprplef tq Inat g sroRe ofthe Resciifpslempodimgats.

cutting insert al,s e forned.in.a conventional. pressing .
operat on and BB of LGRS shGrTiroc g s IEOY SR ISR I e men
t hr ough hdisge B&enpiveilifi¢doin dustrapemeledenththat avareleyhnttidtres dlams emdersihding of the

acconmpglat gadolfheRE! Wile SmindtHe, BPbFLREs bidriPbiRé didmenia HeehiRd nizhy €ach
end to prevent  chi bp. 0 8]Insert 40 ref er apl

t m.%o IS y made of a
whi sker  r dNPBRE&FIRIBYESAre WRERWD K) the arisang becayss ey daEotfaaifals aRaieker
r ei nf or cedindexsantiag sfairedaledineats, byiséaseienbfeath €chrimues sinotprofided herein.
Saegertown, Pennsyl vania. WG 300(r) whi sker reinforced ceram c has a
conposition 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 al so be constructed from
any of a variety of materials such as, for exanple, carbide (ground
or unground), cernmet 30(carbide / ceramc), cubic boron nitride,
ceram c, and polycrystalline dianond, anong ot hers.
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The cutting tool insert 40 may al so include a coating. If a coating
is used, it may conprise one or nore |layers of material that may be
deposited on the cutting tool insert 40 by any of a variety of known
nmet hods. Typical coating materials include TiC, TiCN, TiN, Al 203,
HfN, and Ti AIN, anmong others. 35[0039]Ball nose end mlls according
to the present disclosure have been successfully used to mll both
tool steel and a high tenperature alloy. Ball nose end mlls having
t he design generally shown in Figures 1-11, and wherein the cutting
insert was made 5 from WG 3000 Mhlék&{ éelnforced ceramc, were
mounted in the spindle of a Matsura vem¥|cal mlling machi ne and used
to performtest cuts at various speeds and feed rates. One such end
m |l including a constant clearance_angle on the arcuate surfaces of

the cutting inseft suteedapseepd iyl halerphemayas the PRASIIRCOMBIiEIngn

a 5" squareatg,gﬁ)ﬁdﬁcgpg,@ﬂ 95dfg&nbgghgsteel (hardness of 55 Rc) with no
indexes The was run as a speed of 1,300 surface 10 feet per
m nute, a feed rat eamaxeelixomsnmﬂd %eﬁrmrcmcﬂnmfdhe temidpody ckaid Blodf cut

whi sker r ei nf or cBASEGRHeolng S BBl B PR e Rind Fisd Hhbdnted
cl ear ian](c:e angl e jrthe isbrt]akmumaﬁswleﬁ@%m Sﬂemefeémerﬂmero@ttgh’conifi?dmly)mda
spira acing cut in the e ro e o 718 a

(hardness of 43 Rcp ﬁﬁ@ﬁ@ﬁ&”?ﬁ@ﬁh’f@@aﬁ‘ﬂ eSS ﬁ%@?&'”&ﬁ’eﬁ?ﬂeﬂgm&#‘o”
wear. The spiral ofiaf 4 FMGVAS tHEGRianeshtBHindf the RREBoY; ahdl00
surface feet per mnute, which is over five tinmes faster” than the
speed achi ea&ttinctinsert pamprisioge end mil | narketed by Sandvi k Cor onmant
RA16F 15 30 E-L | Ae H03byeSPpb ik st itk Elintin durtheeB,
m |l renoved noreadthaterttion suuimoeumcricd!lngmr@xmed)ral'ol|gm¢\est9etdwe>cbemdmg

Bt e B 1% SR SR RS S PR

surface feet per @ dieenterfop@k bade aptl 414 inches per m nute and a
depth of cut of 0.020". The Sandvi K cutter was run at the reconmended
speed of 200 surfadePerpbergsuriacainiaing the werianianmafacesdhepespberas
i nches per m NUt gyt Qc!edinélugwtzplogg zﬁiguﬁécde atogﬁ Jﬁ%&@b%émrcuate
machi ni ng operations usin erern were ‘eas
control and handbefadds alsm appespe c4antnt legukd therlmf extending rearwardly from

approximately the axial center of the second end and positioned on

opposite sides of the insert symmetrically with respect to the axial center
of the insert, the arcuate surfaces each including an arcuate cutting edge
at the intersection of an outer portion of a 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 from an angle in the range of 2° to 10° to an angle in the range of 5° to 20°.
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25 nose end mll with a ceramic insert could performthe tests cuts
W t hout excessive wear, chipping, or fracturing. [0040] Al though the
foregoi ng description has necessarily presented only a Iimted nunber

of enbodi ments, those of ordinary skill in the relevant art wll
appreciate that various changes in the articles and net hods and ot her
details of the exanples that have been 30 described and illustrated

herein may be e t hose jn_the art such

Toa T car ofte w1 ke PKAPSE Gnd RThOFHiaT2: WEp I therTacs SspeAe anee

Pr esenincih ek %naa'?lgﬁé(@fr@SG%daﬁﬁd@b%f%dfdrrh 6 BedrRRABOSH &Rl MS.

For exanpl e, although™t he present disclosure has necessarily only
presented a limted nunber of end mlIl and cutting insert enbodi nents
accordi ng tg theTRs BaRAbselbAG hABBF Qain B, thrlenbéaé%ﬂéﬁbfcbﬁﬁgl grdate the
present disclosure and 35associated clainms are not so |imted. Those
havi ngdefirichby gndmarisida wall padaniopterdide way. anfian inshileddnglehetwesd
may de qu i ¢ lines and within

t he splg?lg?no rﬁy&ﬁgEggge‘&r%”?;éi |@18?é'3&r§1u (Seb;.ltgo1 enbodi ments di scussed
her ei n. i s understood, therefore, that the present invention is

notlimtedtot t
2010/ 062411PCT/ U@%Q%'r bgﬁgﬁa Eﬁﬂ@ggbfﬁgt @there@'ﬁ%‘eg’d |a}s/,‘\8|en Awsen
cover imver Bnd atuterrsdd walls definimg ehchn chsbe:optmhgnopbe isaindthe canmee tnff131h@ for
i nventi csz ,,%s dﬁ;‘i ned by the clains. It will also be appreciated by

P damefen

t hose & t hat changes could be made to the
enbodi nents above w t hout departi ng fromthe broad i nventive concept

t hereof. [0041] ﬁ]ﬁ Ex | es @Ptled e |nae|nt ndeidtgo includ
Iustrate fot ent hapadnaed s paLAr i I ety if3ce includes
enbodi %Félét@rfabbs mtézﬁbma%@mdnh@@brfawa@d&@ér@@a@r@ﬁa@beﬁﬁ@qaosne

pr| mar i ldéa for yoses of illustration for those skilled in the art.
No par §I §|0£|th%1§ ing inserihgsye wherssin epegh sidgmyriase defiapea siflecriaadned
limt cope of the described enbodi nents. [0042]It is to be

understo "that the figures and descriptions of the enbodi nents

8. The ball nose end mill of claim 7, 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 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 a 0.5" diameter end mill.
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have been sinplified to illustrate elenents that are relevant for a
cl ear understanding of the 15 enbodinents, while elimnating, for
purposes of clarity, other elenents. Because many machi ni ng

techni ques are well known in the art and because they do not
facilitate a better understanding of the enbodi ments, a di scussion of
such techni ques is not provided herein. CLAIMS 1.A ball nose end

mll for majeri r val, the.end ml] ¢ rising.a cvlindrical al
body compr 1 King: e BEPNESs and i 8o i, GRERH et tbRE BReebBay
body, s#ledstsdrig matstiatigelasted ftovs #id g®uUpWohsBEng of sabideqcementsidrbide, a
cutting insert mpunted in the slot axially and relative to an axi al
cent erP?"ﬁ@toﬁit{'%QO'E%UF'"@@W?’VSWGJ‘E‘Q'rﬁa‘ﬂ?’é‘ﬁéﬁj’ {1t CYAMUChi ng a cutting
insert in the slot in a desired position axially and relative to the
axial centerline_of the tool body; and cutting insert conprjsi.ng:

a body i ncl iftti ng' t&BalbpprRseRd Eﬁ’géﬁ%lﬁ'f’? é?q\yh%rﬁmf%ﬁéi Q'BHG'EE?%EE ed
each rgfg%g%r%ﬁfo%@d cdrshiidhgefy chi p control groove thereon
extending froma point at or near an axial center of the body at an
angle relative to the axial center of the body; and a peri pheral

surface joi p5ng tREbhMRoEEERNHIPEF QHIN 48 SFhelchfihReLhiBRe BInfSded 36&mic

including a locating surface at a first end thereof and two arcuate
sur f acewterial @VWEp308@d:ergmisond end t hereof extending rearwardly from
approximately the axial center of the second end and positioned on
opposite sides of the insert symetrically with respect to the axial
center of th@ inEke ball nhee and vl ef dain Acwhewin he etinglinggridwiRarcuat e

cut L oo 8Eeah cbfind 8o 4080 lor@ Atk B ageE | On of @ chip

contro oove an € arcuate sur € arcuat e surfaces being
formed wth a face clearance angl e under the cutting edges.

2.
The tool of.¢lai I 3 r i
I nor eases. 1 s df eBe) Dot SR pf. 85 16T RhaRftyReEnd ORTTRss Kkt
3. Theohalhhatadsisetutedrirbin thE groa ooristivgesrfei@, TGN, flakeAkDearthh and

angl e 'gﬂgkeases froman angle in the range of 2 to 10 to an angle in

the ra of 5 to 20.

18.  The ball nose end mill of claim 2, 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.

19.  The ball nose end mill of claim 18, wherein the cutting insert is fabricated

of a whisker reinforced ceramic 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 cutting insert further

comprises a coating formed on at least one surface thereof.
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4. The ball nose end m Il of claim2, wherein the face cl earance
angl e increases froman angle of 6.5 to an angle of 10 for a 0.5"

di aneter end mll. 5. The ball nose end mll of claim1,
wherein each chip control groove is defined by an inner side wall and
an outer side wall, and an included angle between said inner and
outer side walls is in the range of 80 to 150. 6. The bal

nose end mll of claimb5, wherein the included angle between the

i nner and outer side walls defining each chip control groove is in
the range 022.131Tt ball nesedemd mill ahslaisr 2&ndhereln said coating gomTigeshat|ieast

o1 de st Beterif sl Tn B SRR odHaElas ey RonE i akens TN AR,

sur f acTiAdN. opposite sides of the cutting insert body, wherein each
side surface defines a side clearance angle. 8. The ball nose
end mll of claim7, wherein the side clearance angle is in the range
of 2 to 10.23. A cuflingTheerbialr la badisesershdilll copdprizirg: m 8, V\/nerei n t he
side cl earan e anclle is 6.5 and th@éball gse end ml|

di aneter end ﬁiﬂv fcluding two epposedesybsiantialy aterﬁEFWPmSUHPC%?r aﬁ%?hietention
wher ei g kiR .nemt:m.@ed éﬁ.p%hfrap@mb{?@ kesesn ék@ﬁdmarf&ﬁﬁ@spd.mﬁto@@heaﬁémeen

the | ocati ng surface and the arcuate surfaces 0On OppOSIte si des of
t he cugxiehepritersefithe body at aaehglsi retetivate deaxielfamtergppfahe bady;@nslar ance

angl e. I mgg ”2
side cl earanf& éh %E&i.@aadle O{Hﬁ%epggalg% HB&]; SEJI%E&] ﬁer %%1 %al I
nose eimdludingd a dﬂcachglsmféde at/\blﬁralendtthaesf ded thearcantesafagles dtanb. 5
fora05"d|amate C51&!_‘m'll. . . .
opposed, second end thereof extending rearwardly from approximately an axial center
of the second end and positioned on opposite sides of the cutting insert symmetrically
with respect {0 a centerline of the cutting insert, the arcuate surfaces each including an
arcuate cutting edge at the intersection of an outer portion of a chip control groove and
the arcuate surface, the arcuate surfaces being formed with a face clearance angle

under the cutting edges.

24,  The cutling insert of claim 23, wherein the face clearance angle

progressively increases in a direction toward the axial center of the second end.

25.  The cutting insert of claim 24, wherein the face clearance angle increases

from an angle in the range of 2° to 10° to an angle in the range of 5° to 20°.

26. The cutting insert of claim 24, wherein the face clearance angle increases

from an angle of 6.5° to an angle of 10° for a 0.5” diameter end mill.

27.  The cutting insert of claim 23, wherein each chip control groove is defined
by an inner side wall and an outer side wall, and an included angle between said inner

and outer side walls is in the range of 80° to 150°.
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13. The ball nose end m |l of claim1, wherein the cutting insert is
fabricated of at |east one material selected fromthe group
consi sting of carbide, cenented carbide, cernet, cubic boron nitride,

pol ycrystal l i ne di anond, and ceramc. 14. The ball nose end
mll of claim13, wherein the cutting insert is fabricated of a

whi sker reinforced ceramc material. 15. The ball nose end
mll of claim13, wherein the whisker reinforced ceramc material is
WG 300(r) ceramc. 16. The ball nose end m Il of claima1,

wher ei n t he28ut t Thegyculting insertefidaim Zohrareiedhe innbaddadande baveasrihat

| east f . her : T e 11.) clAd
16 wn Dy R0 G5 ARPAER dofimna saottfrip B0 gofERaPTF rlde e lar ik
t he graupscdiasietdrieng rafll. TiC, TiCN, Ti N, Al 203, H N, and Ti Al N.

18. The ball nose end m |l of claim?2, wherein the cutting insert is
fabricated of at |east one material selected fromthe group

consi sting 29. carhe detting émeemnt efcclaiar 23, deherei@rthe periphdxiat sirfscaninduties diele

| tal |l ine di d, ' 19. The bal | d
o1 CoitReaspeato frbresn oSSl tace aod the A el Suiaes S hprRoaIe
\mﬁi skegidegiop ey @:ﬁﬁr\)\%ﬁfséﬁi tibdg'g@vﬁéie% each side sufdce HBfn&Ph kid0S8araRee

Il of claim19, ereint whi sker reinforced ceramc material is
WG 300enYlecer ami c. 21. The ball nose end m Il of claim18,
wherein the cutting insert further conprises a coating formed on at
| east one surface thereof. 22. The ball nose end m || of

claim21, wherei hheaviding derarinef dairp49. yerain the side derrange anplglis in the
sel ect 0 group consisting of TiC, TiCN, TiN, Al 203, H N, and
Ti Al N. %Jer&frﬂ BQ%A' cutting insert for a ball nose end ml|

conpri si ng: a body including two opposed substantially flat
retention syjfacege cgﬁﬁg in’Tis'étrPSﬁdlé%H] §(¥’,rv3|‘?é}8in' Esil aga@negaﬂg@qg%@' and
groove thereon extendin roma pol nt’ at” or near an axial cénter of

t he bothe ball aoscaen mill islaad. 6V dianmetehendwiilal center of the body; and

a peripheral surface joining the two retention surfaces, the

peri pheral surface including a |ocating surface at a first end

t her eof and32wo &he gaitiog snaerbefadaint 24 whrppinstbd pesipbenatisenate inelude$ side

extending rearwardl.y.from,appraoxi nately an,,axial center of the second
ond anaURatRbERET o ESTL BB Rk FRRE feydiE Shifhef of 8805
symret sidealdf yherttitting eseettiodypeacte side aulfube definihie ¢idd tieagricaseigle. the
arcuat e surfaces each including an arcuate cutting edge at the

intersection of an outer portion of a chip control groove and the

arcuat e surBace, Théeuting iidert SLUAIACES, iedrain thefoitkdcluatance ahgless in the

cl earance angl e er the cutting edges.
range ofg?" to L%g g g

34. The cutting insert of claim 33, wherein the side clearance angle is 6.5° for

a 0.5” diameter end mili.

35.  The cutting insert of claim 23, 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.

36.  The cutiing insert of claim 35, wherein the cutiing insert is fabricated of a

whisker reinforced ceramic material.
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24. The cutting insert of claim23, wherein the face cl earance angle
progressively increases in a direction toward the axial center of the

second end. 25. The cutting insert of claim 24, wherein the
face cl earance angle increases froman angle in the range of 2 to 100
to an angle in the range of 5 to 20. 26. The cutting insert of

claim 24, wherein the face clearance angle increases froman angle of

6.5 to an .l eo‘ﬁ‘(e&: %lgtltiﬁg E'?,%rw%‘%fan%' %qﬁeﬁ‘eiﬁqge Whli ker ,'emforcedzceral:mce

cutting insert ereineac con groove’ti

def i nethatizhis WHe00®icdeawkt. | and an outer side vval |, and an i ncl uded

angl e between said inner and outer side walls is in the range of 80

to 1500. 28. The cutting insert of claim 27, wherein the

i ncl uded angt.e bHEisegting hserrofetaianB, aieeeinghe euttiay lissatefurthengorapddes

chip control groove is in the ra e of 131.5 for a 0.5" diameter end
Coalngg§ Sﬁg%f%

mill. @ megin i eestage g t#eel-ai m 23, wherein the

peri pheral surface |ncludes side surfaces | ocated between the

| ocating sugfac and he. arcu su s on, opposite sides of the
ot e no%i mesd e e P RO RS el @ e ST P nS RRSFnd et iRl ledstone
cl ear apggerl9bRcted from thé@rouﬂ&r@?&hb@ﬂﬂ@sﬂd\l CﬁN CAIQON—&R! aHﬁ'EﬁﬁNn
the side clearance angle is in the range of to

cutting insert of claim 30, wherein the S|de clearance angle |s 6 5

and the bal kg, nosﬁh@aﬂitlff? idsertSofdl Sim™2 4, ditt¥Bihahe @Dflingiihdert is fabricaté®of at
The cutting insert of claim?24 wherein the peri pheral surface
i ncl udeastprrmaterial 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 cutting insert is fabricated of a

whisker reinforced ceramic material.

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 cutting insert further comprises

a coating formed on at least one surface thereof.

44.  The cutting insert of claim 43, wherein said coating comprises at least one
material selected from the group consisting of TiC, TiCN, TiN, Al203, HfN, and TiAIN.

45.  The cutting insert of claim 23, wherein bottoms of the chip control grooves
nearest the axial center of the second end of the cutting insert are spaced from a
vertical centerline of the cutting insert by an amount that does not exceed 5% of the
width of the cutting insert.
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surfaces | ocated between the | ocating surface and the arcuate
surfaces on opposite sides of the cutting insert body, each side
surface defining a side clearance angle. 33. The cutting
insert of claim 32, wherein the side clearance angle is in the range
of 2 to 10. 34. The cutting insert of claim 33, wherein the
side clearance angle is 6.5 for a 0.5" dianmeter end mll. 35.
The cutting insert of claim23, wherein the cutting insert is
fabricated of at | east one material selected fromthe group

consi sting #6. caflg a@ttlnﬁ@?ﬁ@ﬁ&@‘wlwm%ﬁ déhereiarthe bottensiaf thwelp cantrel de,
polyer ?ﬁ?&o%%g ' r&ll ?rf@)%ﬂe cu &rtﬁéﬂsgco end ?f %ﬁg cqu@ dﬁ%%r]i g@ﬁﬁés%gﬁom

of clarfm erein |ng T RSGrT rica

rei nf otmaewbrtlﬁlmhterhrm efrthalcutting insert by alﬁouﬂ[heoa’uarid ing dutiirey inserft hak ainm

35, wheﬁei ? i.sker rc‘ﬁl n%,,or ced ceramc material is WG 300(r)

cerani &' §etlve ol t”?%d' %% ng insert of claim23, wherein the

cutting insert further corrprl ses a coating forned on at |east one
nsert of ¢

sur face ther utt i im 38, wherein
The coot i mehEo The guttind Thssler QR 2AMIaTaR Ratioms erthE Bk saib oy fistyes
consi shiAgksPfhelagal cEnhfdN, ofThé\lseéNr%(é’nd &ifthe cafithg Th&drNare spaced Py aThe

cutting insert of claim?24, wherein the cutti ng insert is fabricated
of at Mewdisel eaneriae of iha insent by @BEMeWhibatcagsdas exesed 8% oighewidth of
car bi dg, &ﬁﬁﬁi % qcarbide, cermet, cubic boron nitride,

pol ycrysta e dianond, and ceramic. 41. The cutting insert
of claim40, wherein the cutting insert is fabricated of a whisker

reinforced ggranmyge EE&’% idert of clalw 47 3uh etk tﬁ@tbto!tteﬁs: dﬁ@@;félggcgﬁkref m

41, wherein the whi reinforced cé€ram c nateri a
cer ani grooves nearesd theT. amabmetrttermg‘ thasecmnd)éncd:b’éﬁhmcnm;ng/meemiare seced from

cuttin Yneéf é%fJeH{erpne of ek cu!ttlsn%smge lr)ogt (S 8b8*F anc? theX cutgmg lnselq has an

surfac
effective cutting diameter of 0.5".

49. The cutting insert of claim 23, wherein bottoms of the chip control grooves
nearest the axial center of the second end of the cutting insert are spaced from a
horizontal centerline of the cutting insert by an amount that does not exceed 10% of the

width of the cutting insert.

50. The cutting insert of claim 49, wherein the bottoms of the chip control
grooves nearest the axial center of the second end of the cutting insert are spaced from
the horizontal centerline of the cutting insert by about 0.016” and the cutting insert has

an effective cutting diameter of 0.5".

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

the cutting insert.
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44. The cutting insert of claim43, wherein said coating conprises at
| east one material selected fromthe group consisting of TiC, TiCN,

Ti N, Al 203, HfN, and Ti Al N. 45. The cutting insert of claim
23, wherein bottons of the chip control grooves nearest the axial
center of the second end of the cutting insert are spaced froma
vertical centerline of the cutting insert by an amount that does not
exceed 5% of the width of the cutting insert. 46. The cutting

insert of claim45, wherein the bottons of the chip control grooves
nearest theSaxi al heeuwffing insertofelaimchavhaseindhe batomstaf thrychinsentrolar e

spaced I t. t

0" 005" 915 O REBraF i 6ol Gt e AR phd B FirlhidiPetd GRickg Ren B

0.5" horizontaiébkntéfhme omhm audfirigiasert bpfabolbd. oM @4andvtiner aitiind bt ings @in
t he Chl& ctontr .00V r@ .est the axial center of the second end
of the®CRt'te %‘?'ﬁ"e T gt%ced froma vertical centerline of the

insert by an am)unt t hat does not exceed 5% of the wdth of the

cutting insgrt. . 48. Th ut ti i nsert of c , _Wherein

Che bott omsosr ” « Fee eind Jisftd i vt e oBrs e e i catifeL breges

the sengm@seie Hialldenter f bl NG GRY bf ABMsPEaRGIacedohea Veftidar 2l

centerline of the cutting insert by about 0.008" and the cuttin

i nsert C%i@”@ﬁ theeuttiog “’éﬁ@ﬁtblh@n areyet that dpegpngt exceed_5% ofithe Vﬂﬁ’g" of the

Cut { ! MBuRSFdorCln i Bihe SR BHD GRMP IRk WIEEH I 608 deher of the
es 0

grooves near est t e axl al center o e cuttin
i nser t secandsgrat efdtherooiting iheent asnsEdceddine al ianizootal taetedimetaf mlge mutgegt

hsar o8By 4 GyolBRaloes G iead 108 ol e et i chlfg ioiat "

bottons of the chip control grooves nearest the axial center of the

second end t cutt.ing insert .ar aced t he |zonta
conterl ine 8- t e bvirRdsehCdidaflSa,857e0 163 8GR of ke B3P Bho

i nsert ghafveameafdsttid s{ﬂaiccttiritéﬁ‘tg tioks agEdrer ernd oﬂcdihng insert are 5&ac®#om the
cutting insert of cl gl m 24, wherein bottons of the chip control

gr oove¥erigal canteriipg ohifiesfutiinghingert by a;?oeh@ﬂﬂﬁaa@m%bott%s Phiterghirir e

spaced i Rob\Rs FE&thé %Qfa%éﬁt@ﬁoﬂhets@%oﬁa‘ bhé %gtHé‘&ﬁﬁﬁ% Meefbre
anount that "does not exceed 10% of the wdth of the cutting iInsert

52. Thepatad frorg théderizordal eandening of thehetiiginses byetbioon.046” and thehi p
control a . r ¢Of 5 cutting end of the

i nsert “ar égiﬁésaezte@ae %@%ﬂﬁ?ﬁn’%hcg@ ;Jocri{%gﬁﬁ%eor@errl ne of the cutting
insert by about 0.016" and the cutting insert has an effective
cutting dia ter t f clai

wher ei n bot oﬁé %mﬁ% araslée rtc%fn %%%;@ﬁevrgsﬁ Bf?é%rgness{ﬁﬁﬁé: h%x(foj]t'%igm%g@s
of a cuea:ietsgtr@micmjfcehtw of tisesécomdeerapoicthd chittiogiasareats s;mcedémal i ne
of the c ser by an anou t hat does not exceed 5%

o it - stcabeeRe gt inelinEReet iy Sotmans R 958 e aroeshprpt e

gr ooveg,idif ¥t asd cﬂit’ﬂﬁ-‘g el arf%ietﬂb Qfott@fnst(fﬁhé @ﬁlﬁ%nﬁﬁﬂ% RovES Residst iHaCaxial
insert are sPaced roma horizontal centerline of The cutting iInsert
by an afilene’ thesrecaod snd @t thecewding pesicaretshaced from ahotizantalrenterine of
i nsert 0] (=195} |

bor t o Rt bV, fiYshh (el 50 hoeEbd o dr AL A h¥Bnting,
secondirmed. of cutting insert are spaced fromthe vertical centerline
of the cutting insert by about 0.008" and the bottons of the chip
control grooves nearest the axial center of the second end of the
cutting i nsébt aflke smngmsferrbmﬁcﬂdﬁm mmmnamathecbettbmsldfmbe okiptdoatrol
cutting_ insert b bout. d the ert. ha

o't ect BiRS anrearst dromiebserisr o e setSnd'end abfe i g 57 saased feam
claim @b vé!bﬂ@él&ieﬁté?mié @meﬁutﬂd@ﬂn%’t By @8BUT ®LOYT HRY B BRBNASH thBRhip

axial center of the second end of the cutting insert are spaced from
control grooves nearest the axial center of the second end of the cutting insert are
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56. The cutting insert of claim55, wherein the bottons of the chip
control grooves nearest the axial center of the second end of the
cutting insert are spaced fromthe vertical centerline of the cutting
i nsert by about 0.008" and the bottons of the chip control grooves
nearest the axial center of the second end of the cutting insert are
spaced fromthe horizontal centerline of the cutting insert by about
0. 016" spishd fiém e hbRgortaIrtertAs ofthe ittty ket by dbblfo $1BMBRE thed
o cutting insert has an effective cutting diameter of 0.5”.
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