4 APR 2005 -1 M LLING CUTTER FI ELD OF THE I'NVENTI ON The present invegu#%;
relates generally to netal cutting tools and nore particularly to hél# 105
cutting tools such as end mlls and face mlls. Specifically, the present
invention relates toa mlling cutter including nultiple flutes having
inserts wherein the axial rake angle oflthe inserts varies between each
flute and within each flute. 10 BACKGROUND OF THE | NVENTI ON 15 -Helical end
mlls and face mlls are well known in the industry. Conventional helical
end mlls include those shown on pages 182-216 in Kennanetal's MIIling
Cat al og No. 5040, copyright 1995. elical mlIl that has been in
use for years is a helical mll %ﬁgﬁékﬁﬁgkﬁﬁ ing edge of each insert is
axially spaced apart fromthe cutting edge of the next adjacent insert and
where the inserts in each helFIEE eOBITHRHONENTICH t hat two or nore rows 20
are necessary to produce one conplete or "all effective" cutting edge. Such
a design is shown by th&heKpmaapetalinfedefjorerdbatdes Heéhephl BpdedM [ 1S, as

shown on pag 1e_a referenced M| tal og. . One, of the
disadvantages%§%%§u§&t§g§99g8¥gstﬁg Fﬁg“Zga¥%%%Q?%§§¥?t?%h%}l$%%st one
hel i x nustSei tdwtibg ¢bods giufherenentemgl hsoandffseé¢ mbWwdsd and t hus

i ncapabl e of i1.Lk0g. i S.J r t tagger the
inserts in eaé%gﬁgngél&ghsgq%e §F§?95|§ﬁ§%hgﬁén ?ﬁ%%??g %@eggenerally not
the same and tHddimat BGtent dnchangeabeltinle Feuybeei hgvihe Ammefasture and
inventory of mydreRl tRS@hdi%1 ThkSe a3kag0ekednbel hxe.apd ghheesconventional

between each flute and within each flute.

10 BACKGROUND OF THE INVENTION

‘Helical end mills and face mills are well
known in the industry. Conventional helical end mills
include those shown on pages 182-216 in Kennametal's
Milling Catalog No. 5040, copyright 1995.

15 One form of helical mill that has been in use
for vears is a helical mill where the cutting edge of
each insert is axially spaced apart from the cutting
edge of the next adjacent insert and where the inserts
in each helix are staggered such that fwo or more rows

20 are necessary to produce cne complete or “all
effective” cutting edge. Such a design is shown by the
Kennametal 0 degree Lead--Hellcal End Mills, as shown
on page 188 of the above referenced Milling Cataleg.
Cne of the disadvantages of such design is that the

25 lead insert in at least one helix must either be of a
different length or offset inward and thus incapable oI
face milling. This is a result of the need to staggexr
the inserts in each helix. Cocnsequently, all of the
inserts are generally not the same and thus not

30 interchangeable, thus requiring the manufacture and
inventory of multiple inserts.

These staggered helix and other ceonventional
mills are sufficient for their intended purposes and

thus many cutting processes; however, further



. mlls are sufficient for their intended purposes and thus many cut téi gggz 200
processes; however, further 4 -APR 2005 -2 inprovenents in the design and

effectiveness of a helical mll is desired. One such solution is described
in US. Patent No. 5,083,887. In this_solution, the cutting inserts 5 are
di sposed in a helical array in which the cutting edge of each insert, with
respect to the cutting tool, is spaced in the circunferential direction
fromthe seat of the next adjacent insert and is in overlapping
relationship in the axial direction with the cutting 10 edge of the next

adj acent i nsembroanaiehbe faditakl yeseéxhenddngif€dges vehaeachsi asert are in

overlapping .rel.ation.with the radi.ally extending edges of the adjacent
i nserts, sucﬁﬁﬁﬁgﬁ tW%%guPFiﬁ 5656 ‘of all of the inserts in any one flute
define a continuous, nome ¥hchntedinopbedlscdesiorddddd ol . st.e@pedne

crfecti ve' it R CA tigh IPniEid: SoLETrire I [ rrs (SRR ||
provi des & h@lliecaiis?m@aﬁ |iln @sihﬁg"i@aﬂyagmyt yipe wificlGhenserdtiand needi ng
For i mpr oved 81 125 P BT IRY WISHSS™ (1 B s el (e doubl &
flute "all effecimaced im e iawumisnerdiglhdlistest ipntirmeshe strive for
even better SJacs: Zhd idl:ahidga IMOURRIe GUILING A0 Wyedllce
vi brations, reduced hamering, reduced chattering, nore econom ca
cutters, nor&HhtaineiEin 16 £h9 Ghgerl 1RSI Futiers, thearsi o si npl i stic
desi gns fior eagiLromnthd asd&f adpdactiygand dnsefte repiacengnt. 30
Accordingly, it is_an object of the present invention to provide an
inproved\heli%%ﬁeWﬁ443 %éﬁﬁﬁ each insert are 1in overlapping

relation with the radially extending edges of the

adjacent inserts, such that the cutting edge of all of

the inserts in any one flute define a continuous, non-

15 interrupted, cutting line of stepped configuration.

This solution has become known as single flute “all-
effective” milling.

Although this single flute “all effective”
mill provides a helical end mill using only one type of

20 insert and needing only cne flute for “all effective”
cutting, the industry continues to strive for improved
“all effective” milling whether it be single flute or
double flute “all effective.” In particular, the
industry continues teo strive for even better surface

25 finishing, smoother cutting action, reduced vibrations,
reduced hammering, reduced chattering, wmore econcmical
cutters, more durable cutters, longer lasting cutters,
and more simplistic designs for easier and faster
manufacture and insert replacement.

39 Accordingly, it is an object of the present
invention to¢ provide an improved helical mill, such as
an end mill or face mill. It is a further objective of
the present invention to provide such an improved
helical mill which provides for “all effective”

35 cutting. It is a further objective of the present
invention to provide such an improved helical mill

which includes non-uniform flutes and/or insert seats



an end mll or face mll. It is a further objective of the present 4APR7%5
i nvention to provide such an inproved helical mlIl|l which provides for "all
effective” 35 cutting. it is a further objective of the present invention
to provide such an inproved helical mll which includes non-uniformflutes
and/or insert seats 4 APR 2005 -3 on the _fl.utes including differing rake
angl es between flutes and between the inserts along a single flute. It is
further an objective of the present invention to provide sonme or all of the
following in 5 conparison to the current mlls: better surface finishing,
snoot her cutting action, reduced vibrations, reduced hamrering, reduced
chattering, noroe etendittals icmmmﬂﬁxnglﬁﬂﬁfahﬂn@bhekmu&tﬁgkesIhmuymeﬂ asting

cutters, |less ﬂ% %%pgxp@r b%%na%éq})tr%hact&lére'ru% %litotdg;%} n laecefﬁeuho sinplistic

designs for easier an ster ure * SUMVARY
AND OBJECTS OF THE | NVENEItON s Brimfier arhelpjesgeante |crwéfrta Q@rasint es to a

cutting ool 1 oloyellieildho o KRGS o &0 U 08 gl £ diclaides a tool

body having an outer Str fac ereon a central "axi's and at
| east a fir&t anrpagdcond Spithd igupreni anilnl g he hafter ssuffaqe Each flute

i ncl udes a. pl urglof 6f '%&ﬁzéﬁﬁé&{@&ﬂ@e&@d%nt%éﬂ@déé@ 2 Rl 4 ake

angl e, wherein the axj al' rake 20 a e of " the 1 nserts varies etmeen flutes
and Wi thin eacfeduqrck hammer s eﬁf?@ac%@m'f‘#@%eﬁm%em%@ a@cqrm@caeiinm eis

sel ectively Vardxﬂ@@“%ﬁ@%&f&@l’éﬁ&j@&cﬁs of1odde- t pok & dOF
st agger ed seque tial eatin 25 matrj x. BRI EF DESCR| PTI OF THE DRAMVNGS
The above, frsafso TROWE B AR EIRP during cutting, and more

10 simplistic designs for easier and faster manufacture
-and insert replacement.

SUMMARY AND OBJECTS QOF THE INVENTION

Briefly, the present invention relates to a
cutting tocl for cutting a workpiece. The cutting tool
15 includes a tocol body having an cuter surface thereon
and a central axis therein and at least a first and
second spiraling flute in the outer surface. Each
flute includes a plurality of inserts secured therein
to define an axial rake angle, wherein the axial rake
20 angle of the inserts varies between flutes and within
each flute.
In a preferred embodiment, the axial rake
angle is selectively varied arcund the circumference of

the toolbody to form a staggered seguential repéating
25  matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as other features and
advantages of the invention, will become apparent through
consideration of the detailed description in comnecticn

30 with the several drawings in which:

FIG. 1 is a perspective view of a helical end
mill with multiple flutes having inserts seated therein
where inserts in adiacent flutes are at differing axial

rake angleg;



advant ages of the invention, will becone apparent through consider &t hithIi6f
"the detailed description in connection 30 with the several draw ngs in
which: FIG 1 is a perspective viewof a helical end mlIl with nmutiple
flutes having inserts seated therein where inserts in adjacent flutes are
at differing axial rake angles; 4 APR 2005 -4 FIG 2 is a side view of the
helical end mlIl 5 10 of Fig. 1; FIG 3 an end view of the helical end mll
of Fig. 1; and FIG 4 is a two dinensional projection of the top faces of
the inserts taken fromthe helical first, second and third flutes to show
the differing axial rake angle between flutes and inserts. DETAILED

DESCRI PTI ON OF THE | NVENTICON 2 Ref e r3 e tolavheo Uredns ingd. iwiledr eind Imiike
reference chargeterp designate like elements, there is shown a helica

cutting tool 10, such as an end mll, face mll, or any other known mll.
It will be appreciatediiat Jaladhotgh Yhewiohdhs dreliisadesnd dd U wfl5
relation to a phtipl eyfd uted helical end mll, the inventive concept of

differing rake angles both along a single flute and between two or nore
flutes is Sapplicabl e td ¥ost? ahy dubrabfenersiomy twoliedsiahevn the FIG 1,
the helical engopifdcdd oR0ndiCigesca t9RLn bOLYY 12 angk & shank 4  The
shank 14 is con %ggred sQ as. to. be cagable of insertion and securing
within a spi ndPe°HF 231 | 134 or L BEREr CRuFRPHgEnered i S immtakifown) as is
\Q/ell known in threathgldhestebanktldcaByahe ohs@nys shape or design so as to
e

DETAILED DESCRIPTION QF THE INVENTION

10 Referring to the drawings wherein like

reference characters designate like elements, there is
shown a helical cutting tool 10, such as an end mill,
face mill, or any other known mill. It will be
appreciated that although the invention is described in
15 relation to a multiple fluted helical end mill, the
inventive concept of differing rake angles both along a
single flute and between two or more flutes is
applicable to most any suitable cutting teol.
As shown in FIG. 1, the helical end wmill 10
20 includes a tool body 12 and a shank 14. The shank 14
-is configured sc as to be capable of insertion and
securing within a spindle of a milling or other cutting
machine (not shown) as is well known in the art. The
shank 14 may be of any shape or design so as to ke
25 capable of this insertion and securing. Such designs
iﬂclude, but are not limited to, V-flange, taper, shell
mill mount, and Weldon shank. Obviously, should the
mill instead be a face mill, then no shank exists as is
well known in the art.
30 The tool body 12 is a substantially
cylindrical body with a central axis CA. The tool
body 12 extends axially from the shank 14 to an end
face 18 thersby defining an exterior surface 18
therebetween. The exterior surface 18 of the tocl body
35 12 preferably includes a plurality of helical grooves.

it will be appreciated that mest any number of helical



25 capable of this insertion and securing. Such designs include, puprans
not limted to, V-flange, taper, shell mll nount, and Wl don shank. ,
Qovi ously, should the mll instead be a face mll, then no shank exists as
is well known in the art. 30 The tool body 12 is a substantially
cylindrical body with a central axis GA-The tool body 12 extends axially
fromthe shank 14 to an end face 16 thereby defining an exterior surface 18
t her ebet ween. The exterior surface 18 of the tool body 3S 12 preferably
includes a plurality of helical grooves. it will be appreciated that nost
any nunber of helical 4 APR 2005 -5 grooves nmay be forned in the tool body
12. The over@rPoveersaechs vEcrmesy ih R tackimwly Rél.i cdlhegcoeres. 20 and

22. Each grogyes20-ande 22i ks Dfefesabl ySHé%siﬂgl%c{]éele o d o sifface 18 in

a helical or spiral manner that 5 extends fromt face 16 to

subst anti al | §2t heE3RRNET34Ve E3@ 2P| £ at S gpeRf R S vk 2 A ngéndde | y

includes a paktefiocPppestndefagesn speeifignldy &bitLadiNedraee 48 and a

trailing face 30, .defining a 10 _carved out flute "area therebetween as best

shown in ° FI @8terdgnfrom gﬁ@ PBAMFRGS f 2E 285 Wk atE 3l i Ehace 30 may

ei ther intersgaghkatathe radially nost inward portion of the flute (thus
cross _section to the flute), or 15

defining a generally V-shaped.radi al
alternatively, a base FSEB EﬁglEﬁ n8EPYRe=f e my HRFPETFHYing faces (thus
defining a gemedadey b phapedf eppssisecthossiospdeificdE)y For a nore
States Patent SRBL8, §25%643, S ct: SRALConEREr o) 207 By Efertnce. | Each
| eadi ng T@ce 28 vegdi calts fdutcel ageanwhedebetwean as best shown in
: FIGS. 1 and 2. The leading face 28 and trailing
face 30 may either intersect at the radially most
inward péftion of the flute (thus defining a generally
V-shaped radial cross section to the flute), or
15 alternatively, a base face may connect the leading and
trailing faces (thus defining a generally U-shaped
cross section to the f£lute). For a more detailed
discussion of the helical groove reference is made to
United States Patent No. 5,913,644, incorporated herein
20 by reference.

Each leading face 28 spirals cutting inward
from the exteriocr surface 18 such that the face is
approximately radial tc the central axis of the
substantially cylindrical shank 14 as shown in FIG. 1

25 when viewed from any given radial plane. Such
spiraling may be either clockwise ox counter-clockwise.
In contrast, each trailing face 30 is actually a
plurality cof stepped seats 34.

_ An insert 38 is affixed to each seat 34 in

30 each groove 20 and 22. As shown in FIGS. 1 and 2, each
insert is affixed to each insert using a screw 39 with
a tapered head insertable through a correspondingly
tapered hole (not shown) in each insert and then
threaded inte a threzaded hole in the respective

35  seat 34. It is within the scove of the invention that

any known insert securing method and device may be used



fromthe exterior surface 18 such that the face is approximately radial to
the central axis of the substantially cylindrical shank 14 as showiPR AllFI G
1 25 when viewed from any given radial plane. Such spiraling my be either
cl ockwi se or counter-clockwi se. |In contrast, each trailing face 30 is
actually a plurality of stepped seats 34. An insert 38 is affixed to each
seat 34 in 30 each groove 20 and 22. 28" shown in FIGS. 1 and 2, each insert
is affixed to each insert using a screw 39 with a tapered head insertable
through a correspondingly tapered hole (not shown) in each insert and then
threaded into a threaded hole in the respective 35 seat 34. It is within the

scope of the.j 'o ko Lnse segu g t devi ce may
be used 4 A EFS%% Qli??ﬁ%sénMe F ¥%% gﬁ*&%ﬁ ?gcéhﬁ|§g§ QQQPﬁggart wi t hout
altering theltﬁvenguehe Iheenﬁsents may generally be of any known

construction, size, s@ggelngérggn$ég4 58hE00139 bgn%fag Sihhgqi nserts

securely and properl t he seat In the inten nner. Exanpl es of
such |nsert§°Pﬁ§FH§§1°ﬂho§éZ?ﬂséh@EEde§€rP@ééléﬁréégég $o13@nnashe above

referenced P&%@ﬂ@&@&@ksNglebu@glgaaﬁhogm&%w g exanakas hackude the ADKT
or LFEM/ster inserts 10 describ erein he seats 34 and the inserts 38

t her eon ar e th5odFERBAEE BABNETeppBURELERSt Rt SIITE LRSEFTS ARFL8Eemay  not
ci rcunf er entdralsley l%effl:apdebartlbedeahogta@eet g - 130w, ke aiiserts do

slightly overlap However, it i | earl thin the invention and fitting
of the om<aﬂﬁq5§§chP§§B£F5F§aih Fﬁ ééﬁ SERGL&LSy.  Each insert
- 38 includes atarpdast ioreuciet n:mg;se@tg*eo%mvstmma nrEleetk Because of the

nature 9% described therein.

The seats 34 and the inserts 38 therecn are
pesitioned and stepped such that the inserts may or may .
not circuﬁférentially overlap. In the embodiments
shown, the inserts do slightly overlap. However, it is

15 clearly within the invention and fitting of the
objectives to separate the inserts circumferentially.

Each insert 28 includes at least one cutting
edge 40 as shown in FIG 1. Because of the nature of
the invention and the varying axial rake faces

20 providing “all effective” cutting as described in
detail below, the cutting edges 40 cf adjacent inserts
need not overlap although the actual inserts may or may
net. It is however contemplated by the invention that
the actual cutting edges could also overlap and as such

25 this is part of the invention.

The seats 34 each include a radial rake angle
and an axial rake angle. The radial rake angle is the
angle between the seat face 36 and the work surface.

It is the radial tilt of the seat 34 or the insert

30 seated thereon when viewed from an outer cutting edge
to inner edge and center axis perspective. With
respect to this invention, the inventive features work
regardless of the angle of the radial rake.

As shown in FIG. 4, the axial rake angle is

35 the axial tilt of the seat 34 and/cr the insert seated
thereon in an end-to-end manner. More particulariy,

the axial rake angle is the angle between the center



the invention and thé varying axial rake faces 20 providing "all effective"
cutting as described in detail below, the cutting edges 40 of adjagqﬂm 005
inserts need not overlap although the actual inserts may or rmay not'. |§ is
however contenplated by the invention that the actual cutting edges could
al so overlap and as such 25 this is part_of the invention. The seats 34
each include a radial rake angle and an axial rake angle. The radial rake
angle is the angle between the seat face 36 and the work surface. It is the
radial tilt of the seat 34 or the insert 30 seated thereon when viewed from
an outer cutting edge to inner edge and center axis perspective. Wth
respect to thasid miedieonodihéeddyweant iarel faaat wlesiawgrdearlegardd eds of the
angl e of the i r . own_in Fl 4 .the .axial rake angle is 35
the axial ti I‘%‘?%Ifﬂ{%eeaégeatoﬁfs‘gend?%sreﬁies%an%ee% th}sea %dseat%zrfaeco%g%eﬁ an
end-to-end nmanner. Mor Kgfeatding drd VE1Gt he, aXiaate riakeslaowgl eart s t he angl e
between the c 4 i f t qol y, 10 - | ane
parallel to t%géﬁgcluef t"@%}%g%gr%% %ﬁfgleléns toﬁ)s"@a&g% TR {V%ged%e:larl%/ rPa—ce 36.
Referring % o ErRriy roveand is shblwtancekanpl eawheregehaeky angles a., (. and
y. (wherein n,z i .\ aihu unmy - rly patterned
on a three-flﬂ%%%égﬁg?géﬁ %f%%%ﬂ%hs%%%éépégggﬁ%'?ﬂ%@ﬁ%ﬁ%%ﬁ?%ﬁgiIustrated
usi ng three aBgeeent. inventiaem ys 1hlentBRied ceSingt egrestdesles tomi | | be

appreci ated tpat a6y, anghes, + Ruober) Ot | ste8eANd; d0ypaf tiegn of angles and
flutes may be varied as _desired 1in accordance with the present invention.
Furthernore, 2PRESRaRECSfCRYE EBA BBSEPEneRUFPEHtObr LFBFEShaRded as wel | as
the helixi@ndphbeehgl bX 8883eB0knHayeutesb@aPnNbeava@nbingdguseangtg but my
be varied as the helix 15 pro%esges from Ehe cut%er facs t 0. t he maxi num

axi al 1 accordances wi Lhe presen 1lnvencion. urthermore,

the hand of cut can be either right or left handed as

4]

well as the helix and the helix dces not have to be con
a continucus angle but mey be varied as the helix
15 progresses from the cutter face to the maximum axial
depth of cut.
As shown in FIG. 4, the axial rake angle dng
(wherein n = the insert row and wm = flute column) in
helical groove 20, is different from the axial rake
20 angle Py {(wherein n = the insert row and m = flute
column) in helical groove 22 and is different from the
axial rake angle Yn, (wherein n = the insert row and m =
flute column) in helical grocove 24. The axial rake
angles Oap, Pan and Yan vary for each insert row n within
25 each flute column m, e.g. 22, 24 and 26. By varying
the rake angles Oum, Pun @nd Yom ©f insert to give an
approximate lead angle in each individual pocket and/or
each flute, the effect is a more homogenescus display cf
cutting edges as the inserts are presented to the
30 workpiece. It will be appreciated that this
homogeneity tends to distribute the impact of the
utting edges upon the workpiece mere irregularly,
thereby breaking up the harmonics. 1In addition to the
effect on harmonics, the present invention allows for
35 the influence of individual inserts cut length and
effective rake angle the result of change to pitch.

Here the center point of the inserts leading edge is



~depth of cut. As shown in FIG 4, the axial rake angle a. (wherein

, 7 ke
insert rowand m= flute colum) in helical groove 20, is differen%qugﬁﬁ
the axial rake 20 angle P. (wherein n = the insert rowand m= flute

columm) in helical groove 22 and is different fromthe axial rake angle y.

(wherein n = the insert row and m = frife colum) in helical groove 24. The

axial rake angles a., Q and y. vary for each insert rown within 25 each
flute colum at, e.g. 22, 24 and 26. By varying the rake angles a., R and
la,,, of insert to give an approxinmate |lead angle in each individual pocket

and/or eachyfkyt ey f 1 Q S y ~Lutting
edges as the |n§e§?sé§r%&ﬁ%€§%n%gd FgEFQeB ggaggﬁgﬁgcgf ?ﬁ@.f$ﬁt 3

appr eci at ed PRAYEVER; sPerdngenbi EPet ¥AFY NG éP@@?l%ﬁt%h¢hbn$®$6%t of t he

cutting edge&hép@ﬂrhﬂﬁféﬁ\@éﬂﬁ@iQEedﬂQEQn'cér %@@h@éhyant%sm bheaking up the
harnmonics. I n add |t|€ éo the_ effect on harnonics resent 1 nvention
al l ows for 3537FRECFN+REEHRS SPIPAJAFEIGRE Fﬂ§é;tstéﬁte¥§%©¥h°%nd ef fective

rake angl® theingsuhk @ischapgebkewkichCltne HebeehbArcentercpgtat of the
i nserts IeadlngFﬁdge is 4 APR 2005 -8 | ocated on an eqaual |y spaced
arrangenent P& flutes. However, because of the varying angle of the

inserts, the C|rcunfemhethabedtstamqethebm&eﬁgaﬂlwmahnb& whthber inserts
| eadi ng edges not. _eq XGeptio in the di s e between the
aforenentlonegeggﬁfgﬁn gﬁﬁt§ns?ﬁ§ nge C@' %ﬁ &~artahf Sd%iff i

fir or without
over | appi ng tfoe |tmae|ft3§'lotmag| nf@%@@&nseﬁnaﬂautgementocahhéef elikaw ng

;Lgbﬁfslﬁ eLﬁgﬁ%JQﬂ%%rla ?ronlgﬁg&gf%%g%pﬁ&n%ﬂgr%faL%CGe & QQ&E iant

i rom the preceding flute’s cut.

: It will be appreciated that as a result, the
effective axial length Z1, 22, Z3 of the inserts also
varies between grooves inyersely te the axial rake

15 angle. More particularly, as shown in FIG. 4, row 1,
the effective axial length Z2 of insert in groove 24 is
longer than the effective axizl length Z2 of the insert
in groove 22 which is longer that the effective axial
length Z1 of the insert in groove 20, although the

20 insert dimensions including overall length L are
identical., Referring to row 2, the effactive axial
length Z2 of insert in groove 22 is longer than the
effective axial length Z1 of insert in groove 24 which
is longer than the effective axial length Z3 of the

25 insert in groove 20. The calculation of this effective
axial length is a gecmetric calculation where the
effective axial length of the insert is one side of the
triangle, the actual insert length is the longest side
of the triangle, and the axial rake angle is the

30 inclusive angle therebetween.

If these effective axial lengths Z, which are
approximate the actual cutting length of each insert,
are projected intc a two dimensicnal view, they appear
as shown in FIG. 4. The differing axial rakes equate

35 to differing circumferential cutting lengths as shown
by the differences between 4Ca and 40b. The use of

multiple flutes with inserts positioned at different



it will be appreciated that as a result the effective axial |ength Zl Wéz
Z3 of the inserts also varies between grooves inversely to the axi alh Ré

15 angle. Mrre particularly, as shown in FIG 4, row 1, the effective axial
| ength Z-3 of insert in groove 24 is longer than the effective axial |ength
Z2 of the insert in groove 22 which is_khonger that the effective axial

| ength Z1 of the insert in groove 20, although the 20 insert dinensions
including overall length L are identical, Referring to row 2, the effective
axial length Z2 of insert in groove 22 is |longer than the effective axial

| ength Z1 of insert in groove 24 which 1is longer than the effective axial
length Z3 of theaz25rhRkserisiangradlecZBecthestatoutatd aeefudditheffective

axi al length eo I i the _effectl axi al length of
the insert |sk§n %ld§Eg%gfh8% %E#g%gﬁndﬂ@§é§g et uattTH %C? %E%gth i's the

| ongest side cofcttihg edgemgb€, adriadenhe laseaksrake angtkaprsitdhead3d i ncl usive
angl e t herebe hese f axia engk i

appr oxi mat e thﬂﬁg%FUgFa% ?? tﬁgl%ﬁ%&%%s é@agﬁg ggﬁegéafgh%$01é%%ed into a
two di mens? ongireyinew, atlhgsaEdppear:rO§§ §I¢@monndEEGtO4thé'h@lﬂf¢:femg ng axi al

rakes equate 33it9 differing circunferential cutting |engths as shown by
t he dlfferences]betmgén 40a and 40h. The use of multiple flutes with '

"inserts positioned at diffFepestiad APR1ZE0SL ¢.afki at ek iavan "al |

effective” CUtéﬂg]%&%%%nt e qey-dge SinPerKk Beg@ee0t h8h !EBH@"Q&' Qﬁé caused
by the cuttin qﬁ; of adjacent jnserts,  not Overl apping afe 'ed away
by the insertsH36% %ﬂnﬁgééﬁF”Flﬁﬁé”FﬁhtCB‘&FetﬁéﬂlQPFanéH FRecFBEe section

due to theodi fdefdGediicals.r akes.s he addahcangliesrot. as byyimagshbe any
50 and 52 whereby the benefits of this invention are
achieved so long as lines 50 and 52 do not overlap.
hélternatively, the inserts in flutes 20 and
24,'and in fluﬁes 22 and 26, could be differently
15 designed such that the seats 36 on the miil are
identical, while the inserts provide for the differing
axial rake angles. The invention only requires
different axial rake at the cutting edge so the
supplying of this axial rake may be based on the seat
20 angle, the insert design, or both. If it is provided
by the insert, the insert would then be thicker at cne
end with a smccoth thickness transiticn to a thinner
end.
In sum, the multiple flute end mill 10
25 provides feor “all effective” milling regardless of
overlap of cutting edges or actual insert bodies 1in a
given flute. An inventive feature is the varying of
the axial rake angles between fluctes and within the
same flute which, in effect, varies the effective axial
30 length of the inserts. By providing flutes with
inserts thereon of differing axial lengths, the inserts
are staggerad and prove “all effective” cutting.
As previously indicated, the inventive
feature of the invention of differing rake angles in
35 the flutes is applicable to helical end mills, as shown

in the figures, as well as face mills and other mills.



angl es between 0 degree and 90 degree. So long as the inserts in adjacent
flutes do not terminate in the same 10 cross sections. This is bedth éhwmh in
FIG 4 by lines 50 and 52 whereby the benefits of this invention are
achieved so long as lines 50 and 52 do not overlap. Alternatively, the
inserts in flutes 20 and 24, and in-f40utes 22 and 26, could be differently
15 desi gned such that the seats 36 on the mlIl are identical, while the
inserts provide for the differing axial rake angles. The invention only ;
requires different axial rake at the cutting edge so the supplying of this"

axi al rake ppy. be ased seal 20_ang| t he_insert design, or both. If
it is provi dlsb ﬁi&ﬁ%gi?h% %%itgagﬁ?ﬁ ?E% 'b%h?%lcker at one end
with a snnotplLhﬁtknekstmmhﬁsmdleﬂ,tmuahthénoenlc&hdtobh sodietshe nultiple
flute end mll 10 25.pro f tive'.mLLLn rdl ess of
overlap of cutting edag %#9@@ % lnseF?E %l%%reﬁnaaralggﬁgg?ute. An

i nventive featgrporsteﬂebyarqfﬁgenée the axi al rake angles between flutes
and within the sane t .ect ares ffective axial 30

| ength of the inserts. % Sﬁ%%%ﬁglﬁgg?ﬁgggg ¥ b?ngépgsgfhggeon of
differing amaaﬂrlﬁénguhsmt h@hensép@§lfacewgvaggéaedtanaephevelal | effective"
cutting. Asdprevicons! v tagheatedartheg pusnl kv sheatyrgqal the invention of
differing rake angles in 35 utes is applicable to ellcal end mlls,
as shown i gSEeathpducBsragseRdprigs PacEn® FnyeasdosthefBRills. 4 APR 2005
-10 1t is ahse2RRl ieRBkenkarkoah-chodies-arther, thame WrsAdi e it-pol

bodi es, such as coni cal tool bodi es. The docunents identified hereln are
her eby Pnc@ﬂﬂoﬁ&ﬁ@@cﬁﬁ @gfé}éﬁggratlve and not resgirictive and

all changes coming within the meaning and equivalency
range of the appended claims ars intended to be

embraced therein.



5 The present invention may, of course, be carried out in other specific
ways than those herein set forth without departing fromthe spirit -ah@dPR 7405
essential characteristics of the invention. The present enbodi nents are,
therefore, to be considered in 10 all respects as illustrative and not
restrictive and all changes coming w thin the meaning and equival ency
range of the appended clains are intended to be enbraced therein. 4 APR
2005 11 WHAT IS CLAIMED IS: 1. An all effective cutting tool for cutting a
wor kpi ece_conprising: a tool body having an outer surface thereon and a
central a&@%égwﬁﬁ%ﬁl EAh& i ncluding at least a first and second spiraling
flute in the outer surface, each flute including a plurality of inserts

secur ed t her i R, bPeirdald ORiAMXhAuhEY S AR CoollithE] okl Fake angl e

of the inserts varies betweén utes I neac ute 1o provide

si ngl e fl uteutesshriast fheteon gl acegnirdlpgis tRreimMing inludingey laagil firgfané begpmd 1 wher ei n
all" of th -'pﬁﬁﬁ . Lre t - ! at i utting
tool of c éﬂlarln l%t/\ilélﬁgel élulae?ﬁg 1(3)’5 Chbiglg%/m?@lﬁ@%%%égmglh%gg{ Sglgﬁregﬁr?dntggl?]ﬁl}?es,
wher ei n edadlre gpirialirikegndlb.otterdiaibe axifliralstapgls ebihn daerth viahies bptveeein Ahtes ake angl e.
4. The cutti.ng. I,: [ - .he inserts on the entire tool
body are &%Hﬁﬂ?%%%fﬂg%T&#ﬁgﬁ%%?@?ﬁ@%?ggﬁ%%wgéfﬁﬂ%m4 wherei n each insert has
an actual length longer than the cutting edge, and the actual |engths of
adj acent pnser the ¢uitirgnyol sf ¢lgihel #hatéie al of theinsertiohGhedneifeandlibady ate over | ap. 6.
The cuttiqﬁ togl of claim1l wherein the inserts each have a cutting edge and
the cutti®f'®tdges on adjacent inserts in any single flute do not
circunferentially overlap. 7. The cutting tool of claiml wherein the

inserts each hawecipbdliondamioehaad theh6ol bE&A thilighs AHSLpirlihe SR t S Wi th
differing axial rake angl es have diff;ring_cutting edge lengths. 8. The
cutting t SYrredeac spirpling Tiy p Hrstifecoagpad thirdodal 3G 1288 0f at | east three
adj acent inserts within each flute either progressively decrease then

increase qr i n%@@tﬁﬁngttgﬁ%f OB $a8&ein all of the inserts on the entire tool body are

tdentical.

s The cutting toot of claim 4 wherein each insert has an actual length longer than the
cutting edge, and the actual lengths of adjacent inserts in any single flute do not

circumferentially overlap.

6. The cutting tool of claim 1 wherein the inserts each have a cutting edge and the

cutting edges on adjacent inserts in any single flute do not circumferentially overlap.

7. The cutiing tool of claim 1 wherein the inserts each have a cutting edge and the

cutting edges on inserts with differing axial rake angles have differing cutting edge lengths.

8. The cutting tool of claim 1 wherein the axial rake angles of at least three adjacent

inserts within each flute either progressively decrease then increase or increase then decrease.



