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ZNBERT FOR BALL NOSE END MILL
BACRGROUND OF THE INVENTTON

This invention generally relates to an insert
for a ball nose end mill, and is specifically concerned
with such an insert having sinusoidal undulations along
its cutting edge for reducing outting forces and
vibration and facilitating the breaking and removal of
chips.

Inserts for ball nose end mills are well known
in the prior art. Such inserts typically comprise an
integral body formed from a hard, wear resistant material
having at least one arcuate cutting surface that may be
quadrant-shaped. The end mill itself includes an
elongated cylindrical body having a shank portion for
attachment to a turning tool, and a hemispherically-
shaped end having a gquadrant-shaped seat for receiving
and mounting the insert. The portion of the cutting edge
nearest the tip of the hemispherically-shaped end crosses
over the axis of rotation of the end mill a short
distance to insure that the cutting edge of the insert
engages the workpiece along the axis of rotation of the
end mill body, thus allowing the end mill to perform a
plunge operation in a workpiece.

Such ball nose end mills have proven to be
highly versatile machine tools that are capable of
performing plunge-type cutting much 1like a drill, or
face~-type milling like a conventional milling head, or
even ramp~type machine operations that combine the
motions of both plunge and face-type cutting. However,
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PCT/ US96/ 01512 ° forces since the rotational speed of the edge is zero at
the axis, and very slow in the portion of the edge
adjacent to the axis. Some insert designers have
10 attempted to solve this problem by shaping the cutting
edge so that it falls short of traversing the axis of
rotation. Unfortunately, such a design necessarily
creates a small protrusion of uncut workpiece material at
the point where the axis of rotation of the end mill body
15 intersects the workpiece. While the unwanted protrusion
of uncut material is periodically broken off due to the
forces applied to it by the cutting operatibn, a small
rough spot along the axis of rotation can be created on
the surface of the cut.
20 stili other shortcomings include the
relatively higher cutting forces and vibrations
associated with the use of a prior art ball nose end mill
versus the use of a more conventional (but unfortunately
less versatile) milling cutter. The applicants have
25 observed that one of the causes of such higher cutting
forces and vibration is that all points of the cutting
edge of the inserts used in such end mills orthogonally
engage the workpiece at all times during the cutting
operation. While it is possible to reduce the cutting
30 forces and vibrations by mounting the insert at an angle
with respect to the axis of rotation of the cutter body
(thereby imparting an axial rake angle to the insert),
such a technigque requires the provision of relatively
deep insert seats, which in turn weakens the body of the
35 cutter. Additionally, such a tilted mounting of the
insert can produce an unwanted concavity in the sidewalls
of the cut made by the end mill, thus creating a
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that all points of eﬁﬁgc‘gun],mgembrittle the resulting foil 1like chips,
10 which can interfere with their expulsion from the chip-
expelling flute of the cutter body and thus interfere
with the cutting operation.
Clearly there is a need for an insert for use
in a ball nose end mill that is capable of producing
15 rounded cuts in a workpiece without the generation of
large stresses and frictional heat where the cutting edge
intersects the center line of the cutter. Ideally, such
a cutter should be able to cut a workpiece with lower
cutting forces and with less vibration than the inserts
20 of the prior art without the need for tilting the insert
at a substantial axial rake angle, thereby reducing power
requirements while increasing tool longevity. Finally,
it would be desirable if such an insert were capable of
imparting substantial embrittling forces to the chips
- 25 resulting from a cutting operation so that even very thin
chips formed from highly ductile metals will curl and
break into small pieces during a cutting operation.
SUMMARY OF THE INVENTTION
The invention is an insert for use in a bhall
30 nose end mill that overcomes or ameliorates all of the
aforementioned shortcomings associated with prior art
inserts.
The insert of the invention generally
comprises an insert body having a top surface, a bottom
35 surface, and at least one arcuate side surface, and at

least one arcuate cutting edge defined at the
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edge of the inserts used in such end mlls orthogonally engage the
wor kpi ece at all tines ducing the cutting..__ operation. . Wiile it is
pessi ble to reduce the cutting 30 forces and vi brations by nmounting the
insert at an angle with respect to the axis of rotation of the
cutter bodywgogmose(thereby inparting an axial rake angle tpe.rjglgg‘,dlgﬁert),
such a technique requires the provision of relatively eep I nsert
seats, which in turn weakens the body of theg35 cutter. Addi tionally,
such a tilted nounting of the i nsert can produce an unwant ed
concavity in the sidewalls of the cut nmade by the end mll, thus
creating a ' - 3- distortion in
the shape of thdnciudesweenplurakitye of sinusoidélkr undulatidnd.e | The
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The insert is particularly adapted for use in

an end mill body rotatable about an axis that has a shank

10 portion at one end for attaching the mill body to a
turning tool, and an insert seat at its other end for
mounting the insert such that an end portion of the
arcuate cutting edge rotates about the axis of rotation.
The profile of the cutting edge is arcuate, and designed

15 to make a hemispherically-shaped cut when rotated by an
end mill body. A portion of the arcuate cutting edge
crosses over the axis of rotation of the end mill body.
The undulations further serve to advantageously reduce
the substantial shear. forces that are generated in the

20 portion of the cutting edge that traverses the axis of
rotation.

The side surface of the insert includes a
lower relief portion that terminates along the bottom
surface of the insert body, and an upper relief portion

25 that terminates at the undulating cutting edge. The
upper relief portion is blended between the undulating
cutting edge and the lower relief portion to provide at
least a minimum relief angle with the workpiece. Such a
combination allows the undulating cutting edge to make

30 accurately rounded cuts whose walls are substantially
free of unwanted striations or other undesirable tool
mark patterns.

The top surface of the insert body includes a
land portion disposed behind the cutting edge for

35 strengthening the edge. In the preferred embodiment, the

land portion is inclined between 5° and 10° with respect
to the plane of the top surface to impart a positive rake



European Pat ent Application Publication No. 0 504 608 teaches a
cutting insert for a ball _end-mll _jn which the_land wdth increases .
and the chi pbreaker width 15 decreases fromthe | eading portion to the
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forces Wi Rfefgd during cutting. However, such a desi gihdyiusdkibisert

to the sanme shortcomngs, i.e., heat generating shear forces at the
axi-s of rotation, as other prior art designsg.20 Clearly there
is a need for an insert for use in a ball nose end mlIl that is capable
of produci ng rounded cuts in a workpi ece without the generation of
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10 of the trough and uppermost point of the crest of each of
the undulations. Such dimensioning, in combination with
the positive rake angle imparted to the cutting edge by
the land portion, applies substantial curling forces to
chips produced by the cutting edge, which in turn tends

15 to work-harden them. Additionally, the crest and trough
portions of each of the undulations alternately apply
tensile and compressive forces to such chips, which tend
to further work-harden them by pleating them. The
combination of the curling and pleating forces results in

20 substantial chip embrittlement, which in turn causes the
chips to readily break into small pieces which are easily
expelled from the vicinity of the cutting operation by
the chip removing flutes in the mill.

25 Figure 1 is a perspective view of the insert
of the invention mounted in a ball nose end mill:

Figure’ 2 is an enlarged perspective view of
the insert of Figure 1 shown without the surrounding end
mill body:

30 Figure 3 is a cross-sectional side view of the
insert of Figure 2 taken along the line 3-3;

Figures 4A through 4C are enlarged cross-
sectional side views of the insert of Figure 2 taken
along the lines 3-3, 4B-4B, and 4C-4C, respectively:

35 Figure 5 is a perspective view of the insert
of Figure 1 illustrating how the forces applied to a
workpiece by the cutting edge of the insert generate a
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includes a plurality of sinusaigdal undul ations. The
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pleated chip in a fashion similar to that shown in Figure
6, and

Figure 6 is a cut away side view of the insert
and end mill illustrated in Figure 1 performing a cutting
operation on a workpiece.

DETAILED DESCRIPTION OF THE PREFERRED I

With reference to Figure 1, wherein 1like
pumerals represent like components throughout all .the
several figures, the invention is particularly adapted
for use in a ball nose end mill 1 having an elongated
body 3 that rotates about an axis A when performing a
cutting operation. The end mill body 3 includes a shank
portion 5 having a flat 7 which is detachably connectable
to a turning tool (not shown). The end mill body 3
further includes a generally hemispherically-shaped end
portion 9 having a seat 11 in the form of a recess that
is complementary in shape to the cutting insert 15 of the
invention. The insert 15 is secured in the seat 11 by
means of a mounting screw 17. A locking shoulder 18
interfits with an end recess present the insert 15 to
prevent the insert from moving rotatably with respect to
the mounting screw 17.

With respect now to Figures 2 and 3, the
insert 15 of the invention is comprised of an insert body
22 that is integrally formed from a hard, wear resistant
material such as tungsten carbide, although any number of
materials well known in the prior art may also be used
for this purpose. The insert body 22 includes a top wall
24 having a planar portion 26, and a planar bottom wall
28. The top and bottom walls 24 and 28 are
interconnected by means of a pair of opposing, arcuate
sidewalls 30. The insert body 22 further includes a pair
of opposing end recesses 32 that are complementary in
shape to the locking shoulder 18 of the end mill body 3
for securing the insert 15 in the seat 11 as previously
described.

an
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’ no more than 40% of the maximum thickness T of the insert
body 22. If the height h is much greater than 40% of the
thickness T, then the insert body 22 becomes excessively
15 weakened at the trough portions 40 of the undulations 36,
which could lead to the breakage of the insert 15. On
the other hand, if the height h is less than about 15% of
the insert thickness T, the cutting force and vibration
reducing advantages of the invention become substantially
20 impaired. ' In the preferred embodiment, the height h is
about 25% of the insert thickness T.
As shown in Figure 2, each cutting edge 34 is
arcuate along its length with respect to the center point
C of a circle having a radius R in which the center point
25 C is co-planar with the flat portion 26 of the top wall
24. As shown in Figure 3, each cutting edge 34 is also
arcuate along its width such that each edge 34 conforms
with the wall of a sphere S having the same center point
C. Such contouring advantageousiy allows the cutting
30 edge 34 to make a hemispherical cut in a workpiece while
utilizing the benefits provided by the undulations 36 in
the edge 34.
Each of the sidewalls 30 includes a lower
relief surface 42, and an upper relief surface 44. The
35 lower relief surface 42 is preferably inclined at an

angle "a" of between about 7° and 15° relative to a line
disposed orthogonally with respect to the planar portion
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could unduly weaken the cutting edge 34.

As is shown in Fiqures 4A through 4C, the
cutting edge 34 intersects with the upper relief surface
44 as it ascends from the trough portion 40 to the crest
portion 38 of the undulations 36. The upper relief
surface 44 is, in effect, blended between the spherical
cutting edge 34 and the lower relief surface 42 to
provide a relief angle fj;-f3 between the cutting edge 34
and the sidewall of the insert 15 while preserving the
spherical profile of the edge 34. Figure 4A illustrates

he

y

15
th

t
h

t he

the case where the cutting edge 34 intersects the trough -

portion 40 of the undulations 36. In this case, there is
almost no upper relief surface 44, and a relatively wide
relief angle fl'is provided by the lower relief surfacé
42. However, in the case of Figure 4B where the cutting
edge 34 intersects an intermediate portion between the
crest 38 and trough 40 portions, an upper relief surface
44 interconnects the bottom edge of the cutting edge 34
with the upper edge of the lower relief surface 42, and
provides a relief angle £3. In this figure, h;
illustrates the height of the spherical cutting edge 34,
while h; illustrates the height of the upper relief
surface 44, where h; + hy is egual to h. Figure 4C
illustrates the case where the cutting edge 34 intersects
the crest portion 38 of an undulation 36. Here, the
length hy of the upper relief surface 44 is maximized,

- and equals the height h of the undulations 36. As is

35

evident in the drawings, the upper relief surface 44
continues to provide a relief angle £3 to the cutting
edge 34. In all cases, the relief angle is at least 3°.
With specific reference again to Figure 3, the
top wall 24 includes a narrow land 46 disposed
immediately behind the cutting edge 34. The land 46
advantageously strengthens the cutting edge 34, thereby



15 to work-harden them Additionally, the crest and trough
portions of each of the undulations alternately apply. tensile and
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pleating f ults in 20 substantial chip enbrittl .ch in
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Immediately disposed behind the land 46 is a

10 chip curling groove 48. The groove 48 is essentially
arcuate in cross-section, having a rounded bottom wall

50, a rounded front wall 52, and a rounded rear wall 54.

The rounded rear wall 54 terminates in a straight back

wall 56 that is orthogonal with respect to the planar

15 portion 26 of the top wall 24. The front and rear walls
" 52, 54 of the groove 48 are disposed at angles "d" and

"e" with respect to the planar portion 26 of the top wall

24, which encourages chips produced by the cutting edge

34 to curl as they slide over the top wall 24 of the

20 insert 15. In the preferred embodiment, both angles d

and e are preferably between about 20° and 30° from the

plane of the top surface 24. Since these walls are

arcuate, these angles are determined from a 1line

tangential with the outer edges of the front and rear
25 walls 52,54.

Disposed directly in the center of the insert
body 22 is a bore 58 for receiving the previously-
mentioned mounting screw 17. The bore 58 includes a
shank portion 60 and a head portion 62 for receiving the

30 shank and head of the mounting screw 17, respectively.

Figures 5 and 6 illustrate how the cutting
insert 15 of the invention operates when mounted in the
seat 11 at the hemispherical end portion 9 of an end mill
body 3 and rotated about an axis A of rotation. A small

35 segment 67 of the cutting edge extends over the axis of
rotation A so that all portions of the rounded cut 64 are
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' advantageous reductions in cutting forces, heat, and

10 vibration result from the fact that the cutting edge 34

does not initially cut the workpiece 66 simultaneously

along the same line. 1Instead, the crest portion 38 of

the undulations 36 form leading portions of the cutting

edge that engage the workpiece 66 first, while the trough

15 portions 40 provide trailing portions of the edge 34.

Additionally, these undulations 36 advantageously produce

metal chips 68 having embrittling pleats 70 therein. Aas

is shown in Figure 5, such pleating is caused by the fact

that the crest portion 38 of each undulation 36 tends to

20 spread the chip outwardly during the cutting operation,

thereby creating a thinned portion 71, while the trough

portion 40 of each wundulation 36 tends to create

compressed portion 72 in the chip 68. The generation of

such pleats 70 with alternately thinned and compressed

25 portions 71 and 72, in combination with the curling

forces applied to the chips 68 as a result of the

positive rake andgle of the land 46 and the provision of

the chip curling groove 48, effectively embrittle even

very fine chips, which in turn allows them to be broken

30 up and easily expelled out of the flute 19 present in the
hemispherical end portion 9 of the end mill body 3.

While this invention has been described with
respect to a specific embodiment, various additions,
modifications, and variations of this invention will

35 become evident to persons skilled in the art. All such
modifications, additions, and variations are within the



mat eri al such as tungsten carbide, although any nunber of material s

well known in_the prior _art may_al sg be used for this pucpase The.
i.nsert body 22 includes a top wall 24 having a planar portion 26,
and a planar bottomwall 30 28. The top and bottom walls 24
and 28 ar -interconnected by neans of a pair of o i cuate
sidewal | s 3&0%%13% nsert body 22 further includes a pair Mﬁjsﬂﬁggfr.ﬁr

. opposing end recesses 32 that are conpleneniayy in shape to the
| ocki ng shoul der 18 of the end m || body 3 3 for securing the insert
15 in the seat 11 as previously descri bed. WO 96/ 30150
PCT/ US96/ 01512 -7-

The insert body 22gigpéudes thiBaiinvehtion, whi@Fpoisng.imitddxahly Gyt tthe
edges 34 defined at e i tion between the arcuate sidewalls
30 and the top °lglﬂﬂjﬁpgﬁfﬁed EE%%E%Utting edge 34 includes at |east two

5 " undul ations 36, and nore preferably between three and



five undul ati ons,

I ncl udes a crest p
make up a single,
enbodi nent, each
and a"pl'tﬂﬂﬁmno
36 is no nD
body 22. If the he
T, then the insert
portions 40 of the
of the insert 15.
about 15% of

as best seen in Figure 2. Each undul ation
ortion-38.and.a.trough .__ portion 40FHYEHBET Gi9StBEEN
si nusoi dal wave. In the preferredgppLACED
of the 10 undul ations 36 has th SaHe Iuc..uu

- Preferably the height h of each of ?@? tlons
re t han 40% of the maxi mumthickness T o he |nse
ight h is much greater than 40% of the thlckness

body 22 becones excessively 15
undul ati ons 36,

On t he ot her
the ins '

weakened at the trough
whi ch could lead to the breakage
If the height h is less than

reduci ng advant ages of the |nvent|o

In the gsﬁeemaedeea
thlcknes
arcuate
circle h a

with the flat port

each cutting edge 34 is al so

edge 34 conforns
poi nt C.

b

Such contouring a
edge 34 to make a hem spheri cal
the benefits provided by the
Each of the sidewalls 30 inc

hand,
~cutting force and vibration
mbpla:l:edre nt, ﬂ“

\?ﬁ bstantially 20 I mpai r ed.
gure 2,

about 25% of the insert
each cutting edge 34 is
th mnth respect to the center point C of a
R in which the center point 25 C is co-planar
ion 26 of the top wall 24. As shown in Figure 3,
arcuat e=®®vong its width such that each
with the wall of a sphere S having the sanme center

| LQqws the cutting 30
cutmmfle utilizing
ndq&@I%ﬂ§E§t3§oknuse in a 31°085e éﬁp mil

des a surface

H

upper relief surfad@F4haking ayzrounded crt ina @'Pr’§a$?‘%ﬁzé’y4fef“9"|§1“éf@|‘%&ﬁ y

i nclined at an
5

10

15

20

25

therefrom when rotated about an axis, comprising:

an insert body including a top wall, a bottom
wall, an arcuate side wall, and an arcuate cutting edge
defined at an intersection between said top and side
walls, said arcuate cutting edge including a plurality of
sinusoidal undulations for reducing cutting forces,
reducing vibration, and enhancing the breaking and
removal of chips from a workpiece.

2. The insert described in claim 1, wherein
an end portion of the cutting edge of said insert crosses
said axis of rotation, and said sinusoidal undulations
reduce shear forces on said insert end portion during a
cutting operation.

' 3. The insert described in claim 1, wherein
said side wall of said insert body includes a lower
relief portion, and an upper relief portion disposed
between said lower relief portion and said cutting edge,
and the profile of said cutting edge follows the contour
of a sphere for preventing the generation of tool marks.

4. The insert described in claim 3, wherein
the profile of said upper relief portion provides a
relief angle.

5. The insert described in claim 4, wherein

said relief angle is at least 3°.

6. The insert described in claim 4, wherein
said top wall includes a planar portion, and said lower



angle "a" of between about 7[err] and 15[err] relative to a line

- disposed orthogonally with respect _to the planar portian SHEEMﬁ
96/ 30150 PCT/ US96/ 015] JH’S - BEEN

- 8- 26 of the top wall 24. A smaller angle mgh of REFMCED

that the cufg, ge 34 can engage a workpi ece w thout [ erence
fromthe si é%‘é\g%ﬁ 0, ”“‘I“m"ﬂ"ﬁt"ﬁ“lmngl e could und'tﬁlil %/s\'/e% e1 t he
cutting edge 34. 5 shown,ihLd Figures 4A through 4C, the
cutting edge 34 interséct§ wtH tHe dpper re[ll ef surface 44 as it
ascends fromthe trough portion 40 to the crest portion 38 of the
undul ati ons 36. The upper relief surface 44 is, in effect, blended
bet ween the spheri afdlis® portibn s ﬁi@s’iﬁeaﬁdllhﬁsl DneYined iatf aswelidee 42
to provide a relief angle fl-f3 begweent uttin

and the sidewal | ofandle Pfsk g?&“vﬁh‘?‘% gﬁ’é gpectgﬁ?nér plape

pr of | | e of the edgebxaﬁaggshgyreo%id Iplahagtpsrtion. t he case where the
cutting edge 34 intersects tt}? tr%ghinsert described in claim 1, wherein
5 said top wall further includes a land portion disposed

behind said cutting edge for strengthening said edge.

8. The insert described in claim 7, wherein
said top wall includes a planar portion, and said land
portion is inclined between 5° and 10° with respect to

10 said planar portion of said top wall to impart a positive
rake angle to said edge.

9. The insert described in claim 7, wherein
said top wall includes a chip curling groove behind said
land portion.

15 10. The insert described in claim 9, wherein
said groove includes a bottom wall, and front and rear

walls that are inclined between 15° and 30° with respect
to the planar portion of said top wall.
11. The insert described in claim 10, wherein
20 said groove further includes a back wall that intersects
with said rear wall and which is orthogonal with respect
to said planar portion of said top wall.
12. . An insert for use in a ball nose end mill
for making a rounded cut in a workpiece by removing chips
25 therefrom when rotated about an axis, comprising:
an insert body including a top wall, a bottom
wall, an arcuate side wall, and an arcuate cutting edge
defined at an intersection between said top and side
walls, said cutting edge including a plurality of
30 sinusoidal undulations for reducing cutting forces and
vibration and enhancing the breaking and removal of
chips, each undulation including a crest portion and a
trough portion, said edge having at least two undulations
having the same period and amplitude.
3s '13. The insert described in claim 12, wherein
a height difference between the crest and trough portions

“iili‘iiﬂ‘:i’iitﬁili“tﬁ?il:




15 portion 40 of the undulations 36. |In this case, t S

al nrost no upper relief surface 44 _and a relatively wd THIS—SHEF'TQ*A@EE
angle f1 is provided by the lower relief surface 42 "RE‘ﬂ_iﬁfED q”ue
case of Figure 4B where the cutting——_ edge 34 i nt elsects—a:

I nt er medi at nb crest 38 and trou ons, an
upper relie gﬁ? gdge ?,mn klﬂﬁ@ﬁw nects the bottom eg‘f}é' Séi cutting
edge 34 W th the*upper:_ he l.qyer relief surface 42, and
provides a relief angle I'n “this flgure hi iIIustrates
t he height of the spherical cuttlng edge 34, 25 while h2 illustrates the
hei ght of the upper relief surface 44, where hl + h2 is equal to h.
Figure 4C i 6f usdchatofs salid undelations tisebetwéem abange 234 ianaeasec]'g S
the crest portion I | ength h2 o

t he upper relief sﬁ?fﬁeeﬂé%filagﬂnggm ze g og 'Hféems Q'g'qual s the hei ght h of

the undul ations 36. As is 4. The,in Reext | ébGFa%\PnE)%a Re2 rupbeTeLR| | ef
surface 44 an rénd) pestion pod ihke catt bhy cddgengifeshddt inddr enrossag

edge 34. In gll cagpgy éﬁférgk @LE?QQ&? 'ém?tsﬁggsglﬁqégfaallqndq%ztlons

Wth specific reference again to
includes a narroVPd“F% eat f&i"?ﬁﬁs@ﬂ said insewt. ang &W@Rl dyring a
cutting edge 34. cutteingopetftion. advant ageousl y strengthens the

cutting edge 34, thereby 35, «qne insert described in claim 12, wherein
said side wall of said insert body includes a 1lower
10 relief portion, and an upper relief portion disposed
between said lower relief portion and said cutting edge,
and said cutting edge follows the contour of a sphere
for preventing the generation of unwanted tool marks.
16. The insert described in claim 15, wherein
15 the profile of said upper relief portion provides a
relief angle.
'17. ‘The insert described in claim 16, wherein
said relief angle is at least .3°.
18. An insert for use in a ball nose end mill
20 for making a rounded cut in a workpiece by removing chips
therefrom when rotated about an axis, comprising:
an insert body including a top wall, a bottom
wall, an arcuate sidewall having a lower relief portion
and an upper relief portion, and an arcuate cutting edge
25 defined at an intersection between said top and said
upper relief portion of said side wall, said cutting edge
including a plurality of sinusoidal undulations for
reducing cutting forces and vibration and enhancing the
breaking and removal of chips, each undulation including

30 a crest portion and a trough portion, said edge having at
least two undulations having the same period and
amplitude,

wherein the profile of the cutting edge
follows the contour of a sphere.
a5 19. The insert described in claim 18, wherein
said insert includes two opposing arcuate cutting edges,
and is indexable. ’”'

Sheet Has Been Replaced

i I I
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-9- . increasing the | ongevity:of :the insert 15 In the .
preferred enbodi nent, the land 46 is disposed at a rake angle "b" of
bet ween about 5[err] and 10 with respect to the pl anar portion 26 of
the top surface 24. Such a positive 5 rake angle helps_to r ce
cutting foﬁ%@gaﬂvﬂﬁnsuring that the cutting edge 34‘5&%@4ﬁ$

wor kpi ece 66 (shown in . Figure 5) by a slicing action, as opposed to
a scraping action. ' | medi ately di sposed behind the
land 46 is a 10 chip curling groove héq The groove 48 is essentially
arcuate in cross-section, having a roundg¢d ‘bottom wal | 50, a rounded
front wall 52, and a rounded rear wall 5%. The rounded rear wall 54
termnates in a straight back wal b 56 that is orthogonal wth

respect to the planar 15 portion 26 of the top wall

24. The front and

rear walls 52, 54 of the groove 48 are di sposed at angles "d" and

we" with respect to the planar portion 2
encour ages chi ps produced by t® 7
slide over the top wall 24 of the

enbodi nent, both angles d §
and 30 fromthe pl ane o

arcuate, these angles are deter
outer edges of the front and re:
'_/‘
18-
3
T =~

@7t op wal | 24, which
34 to curl as they
In the preferred

bet ween about 20[err]
Since these walls are
tangential with the



25 wal | s 52, 54. Di sposed directly in the center of the
i ngert —body—22—+s—a-bore 58 far receiving the previously-

mehti oned nounting screw 17. The bore 58 includes a shank portion
60 and a head portion 62 for receiving the 30 shank and head of the
mounti ng scr®@9%Be1spespecti vel y. Figures 5 and 6
illustrate how the cutting I nsert 15 of the inventi BFFT’G’S%"EH@S when
nounted in the seat 11 at the hem spherical end portion 9 of an end
m | body 3 and rotated about an\g)gs A of rotation. A small 35
segnent 67 of the cutting edge extends ovér the axis of rotation A

so that all portion f L he rQunded cut 64 are WO 96/ 30150
PCT/ US96/ 0l 512 F?Q g -10- engaged by
ile

the cutting edge 34. e anmount of shear forces and heat
gener.ated in the vicinity of the edge segnent 67 are higher than in
ot her parts of the edge i d %Gto the fact thedal he rotational speed

of the /// 2 oa
‘s 32
s~ W ‘ —"7
' ~
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5 edge is zero at this point, the undul ations 36 reduce the

shear forces and the_heat by |lowering the cutting forces _—all_along.
the edge 34, and by further reducing the vi bration associated with
the cutting operation. These advant ageous reductions in cutting
forces, heat, and 10 vibration result fromthe fact that the cutting
edge 34  WOBMSL ot initially cut the workpi ece 66 si nEFVUFSRINE

along the sane line. Instead, the crest portion 38 of t he

undul ations 36 form | eading portions of the cutting edge that engage

t he wor kpi ece 66 first, while the trougl'?/I’S portions 40 provide trailing
portions of the edge 34_° *4  Additionally, these undul ati ons 36

advant ageously produce i éP_cths 68 hqying enbrittling pleats 70
therein. As is omn‘ such %f? i s caused by the
fact t hat _&he ‘ —of—eactr I att on, 36 jends to 20
spread the chip out Auy i \ Upeapﬁran - t her eby
creating a thinned p8’rt|vn 7 Sty porth-40 of each

undul ation 36 tends to crg
The generation of
conpressed 25 portions 71.08
forces applied to the ch|§§ 618 postt ve rake
angle of the land 46 and t the chip cutLing groove
48, effectively enbrittle eve AN ine chips, which in turn all ows
themto be broken 30 up anpheaskly-expell ed out of the flute 19 present
in the hem spherical end portion 9 of the end m Il body 3.

VWhile this invention has bgen d.eg_‘uﬁe_g W th respect to a specific
enbodi nent, various additt nodi fications, and variations of this
invention wll 35 beCQQELGV|dent td persons skllled inthe art. All
such

Ry tion 72 in"the chip 68.
fnately thipged and
lon with th urling

FIG. 4B

FIG. 4A




nodi fications, additions, and variations are within the

12— — VWHALIS GA MD LS. , 1. A
ball nose end mll (1) having an end m || body (3) rotatable about an
axis A for making a rounded cut in a workpi ece (66) by renmoving chips

(68) therefygdbay N9 5 an insert (15) nounted on an end%gﬁ}ogﬂgi |
" an

body (3) that i ncludes a top wall (24), a bottom wall arcuate

side wall (30), and an arcuate cutting edge (34) defined at

i ntersection between said top and side \WJS (24, 30), wherein the

| nprovenent is conprised of: 10 said arcuate cutting edge (34)

having a profile that follows the contour of a,s-pheigfor preventing

t he generation of tool nerks, and an end porAion that Crosses over

said axis of rotation, said edge (34) includi ng/a A+ \
\




-

o ' ' ' ’ B Fefuci NG 'ﬁﬁ'shear
: pturality of sinusoidal undul ati ofs* (86)=ﬁor B9 |
i cutting forces and reduci ng Vi br atdH e fisiehod < ™ 63 kT ecg” and said end

' portion of said insert (15), and for - enhanC|ng the br eaki.ng amd r enoval
5 of" chips (68) froma morkplece (:66) . = ' ..20 The end m |
(1) described in claim1, 20 wherein sara-5|de wal I (30) of said insert

body (22) ludes a lower relief portion (42), and an upper relief.
portion (44) dfiéﬁﬁgg igBt wden e | ehrper ebfef Hhert i out whén?) aanc:masi d
cutting edge (Bépispherical profiBe idhge&iFedl!! (1) described in claim

2, 25 wherein a profil 0 sai u relief portion (44)
provides a relief angle. Fin Rly the ggpll‘FﬁBténd‘W‘Fl noted dhatriseme in

claim 3, whpsertssafar r euichf leanl eSDSeatcih‘Bﬁéi's3dq[ Ono::Na Ielffect)lvlﬂ_ély The
el udes a bl anae Eorty omid 2 chiph ol Rah® drnl Raifain, cutripoor
sai d side mall°?3§§tl°nsfs Henee nedif asughr 8l cuttamglie aisede thoe dimpdleiéint
S[err] and 15[&rtline-cut plunge operation in a highly ductile material,
the insert used in the cutter may not effectively embrittle
the resulting foil 1like chips, which can interfere with
10 their expulsion from the chip-expelling flute of the cutter
body and thus interfere with the cutting operation.
European Patent Application Publication No. 0 504
608 teaches a cutting insert for a ball end-mill in which
the land width increases and the chipbreaker width
15 decreases from the leading portion to the trailing portion
of the insert cutting edge to better withstand the forces
produced during cutting. However, such a design is subjec£
to the same shortcomings, i.e., heat generating shear
forces at the axis of rotation, as other prior art designs.
20 Clearly there is a need for an insert for use in
a ball nose end mill that is capable of producing rounded
cuts in a workpiece without the generation of large
stresses and frictional heat where the cutting edge
. intersects the center line of the cutter. Ideally, such a
25 cutter should be able to cut a workpiece with lower cutting
forces and with less vibration than the inserts of the
prior art without the need for tilting the insert at a
substantially axial rake angle, thereby reducing power
requirements while increasing tool longevity. Finally, it
30 - would be desirable if such an insert were capable' of
" imparting substantial embrittling forces to the chips
resulting from a cutting operation so that even very thin
chips formed from highly ductile metals will curl and break
into small pieces during a cutting operation.
35 ' SUMMARY OF THE INVENTION _
The invention is an insert for use in a ball nose

end mill _Eaggnmgxg;ggmasewor ameliorates all of the
- [REPLACEMENT SHEET|
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- 13- with respect to a plane orthogonal to said planar portion

- (26). 6. The end-m Il (1) described in claim]l,

. wherein said top wall (24) further includes-a |land porti.on 5,. (46)
di sposed behind said cutting edge (34) --for - strengthening said
edge (34). 7. The end ml43a<1) described in claim 6,
wherein said top wall (24) includes a planar portion (26), and said
| and portion (36premenhiPnedd $henkeonDigs r |asgrEiaied r Wit  Bnieny egpdct
to said planarjpgeitgn (26) of said top wall (24) to inpart a positive

rake angle to sai d edge 434)~ . 8. The end m || 1) .

described in claim 6, The JREPEEnCSaFhet dpvRALLoM FENeraliye SORPERSSS

curling groovean irééwl) Hﬁy vzl d aop parifaee ,( 46)bottem surface, a%d
escribed _in

The end m | ) |.ai, m, 8, wher ein sai.d _aroove (48

el udes & ot Lo EEFT RO FreRnGe s lag, apeadhy i) o aeetsaPrRa rE Chpte
are inclined betutténg edgéSkdefihedn@t3titer rinterseceipmcbetweehethkarap
portion (26) o aj I 4). 20 10. The end m ||
(1) descri bed %ﬁac%g?ﬁ1%?£f§b¥%hé¥%§n said groove (48) further includes a
back wal |l (56) that intersects with said rear wall (54) and which is
orthogonal with respect to said planar portion (26) of said top wall
(24). 25 11. A ball nose end mlIl (1) having an end m |l

AMENDED SHegT



body (3) rotatable about an axis A for making a rounded cut in a

wor kpi ece (66) by renoving chips (.68) therefron1haV|ng an insert (15)
mounted on an end of said end m || body- (3) sai d |nsert (i5) i ncl udi ng
a'top wall (24), a bottomwall 30 (28), an arcuate side wal k+{30), and an
arcuate cutting edge (34)*uef|ned at an intersection between said top
(24) -14- i f

wal | s, wherei ,!l!m““*“‘m"l{!ﬂém' |s conpri sed of : REPLA@MEE )
cutting edge il e that foll ows thelcontour of a
sphere for preventing the 5 generation of tool marks, aphd (B MAU199Fr t or‘u
t hat crosses over said axis of rotath&‘A sai d ed el(34) including R
plurality of sinusoidal undul ations (36) for both redugit Shear
cutting forces and vibration bet wygRrar8oEKRIARD €86) and said end
portion of said insert (15), and- for enhancrng

1. A ball nose end mill (1) having an end mili

'body (3) rotatable about an axis A for making a rounded cut

in a workpiece (66) by removing chips (68) therefrom having

5 an insert (15) mounted on an end of said mill body (3) that

includes a top wall (24), a bottom wall (28), an arcuate

side wall (30), and an arcuate cutting edge (34) defined at

an intersection between said top and side wvalls (24,30),
wherein the improvement is comprised of:

10 said arcuate cutting edge (34) having a proflle
that follows the contour of a sphere for preventing the
generation of tool marks, and an end portion that crosses
over said axis of rotation, said edge (34) including a
plurality of sinusoidal undulations (36) for both reducing

15 shear cutting forces and reducing vibration between a
workpiece and said end portion of said insert (15), and for
enhancing the breaking and removal of chips (68) from a
workpiece (66).

2. The end mill (1) described in claim 1,
20 wherein said side wall (30) of said insert body (22)
includes a lower relief portion (42), and an upper relief
portion (44) disposed between said lower relief portion

(42) and said cutting edge (34). '
3. The end mill (1) described in claim 2,

25 wherein a profile of said upper relief portion (44)
provides a relief angle. _

4, The end mill (1) described in clalm 3,
wherein said relief angle is at least 3°.
5. The end mill (1) described in claim 3,

30 wherein said top wall (24) includes a planar portion (26),
and said lower relief portion (42) of said side wall (30)
is inclined at a relief angle of between about 5° and 15°

AMENDED SHEET



10 the breaking and renoval of chips, each undul ation (36) i ncluding a
crest pg;iggguﬁgglfgggﬂg,Ljough portion: (40), said edge (34) haV|ng at
least t fons (36) *"with - the sanme period an éﬁﬁ

The EMCrlbed inclaimil, 15 EEAhe 3
d| fferenc gmgw “ “‘ \ (38) and troug sl

—portlons fleach of:

sai d undu 36)5|s . between about 20% and {35% of g g9k Xi

t hi ckness of the insert (15). 3.1 ofeténd mlll \(1)
described in claim1l, 20 wherein said side wall I ngert
(15) i ncludes a lower relief portion (42), an

portion (44) disposed between said | ower fgl ef pdrti 2) and said
cutting edge (34). 14. The énd nill (1) described in claim
13, 25 wherei R PLebLle +&f LA | t 4

provi des a reldl;ll ?% a plafte Hggﬁég$ﬁ§ie§ SQ?F b?%?aé ééFF%eﬂ I n
claim 14, Gﬁ%}eln said relief angle Is at least 3[err]. WO
96/ 30150 _ PCT/ US96/ 01512

6. The end mill (1) described in claim 1,

wherein said top wall (24) further includes a land portion

5 (46) disposed behind said cutting edge (34) for
strengthening said edge (34).

7. The end mill (1) described in claim &,

wherein said top wall (24) includes a planar-porﬁion (26),

and said land portion (46) is inclined between 5° and 10°

10 with respect to said planar portion (26) of said top wall
(24) to impart a positive rake angle to said edge (34). _

8. The end mill (1) described in claim 6;
wherein said top wall (26) includes a chip curling groove
(48) behind said land portion (46).

15 | 9. The end mill (1) described in claim 8,
wherein said groove (48) includes a bottom wall (50), and
front (52) and rear (54) walls that are inclined between
15° and 30° with respect to the planar portion (26) of said
top wall (24). '

20 10. The end mill (1) described in claim 9,
wherein said groove (48) further includes a back wall (56)
that intersects with said rear wall (54) and which is
orthogonal with respect to said planar portion (26) of said
top wall (24).

25 _ 11. A ball nose end mill (1) having an end mill
body (3) rotatable about an axis A for making a rounded cut
in a workpiecé (66) by removing chips (68) therefrom having
an insert (15) mounted on an end of said end mill body (3),
said insert (15) including a top wall (24), a bottom wall

30 (28), an arcuate side wall (30), and an arcuate cutting
edge (34) defined at an intersection between said top (24)

AMENBED Sppey



of _each of said undul ations is between about 20% and 35% of the
maxi num t hi ckness of the insert. v : 14.. The insert described
l,n claim12, uhnm. n an_end port|on ‘of the cutti’ RQ» edge of said
sert crosse axi s.of rotation, and sai d S

| ,xs;mﬂ'ln

ondol atfons” | llljlll lﬂlﬂflllffﬂllﬂfﬂﬂ” For e O e R ey a2
wherein sard 5ide al [ of sald i nsert body inclu e%g\W

relief portion, and an upper relief porti-on di sposed
| ower relief portion and said cutting edge, an
follows the contour of a sphere foa_ preventing t he generation of
unwant ed tool marks. The insert eestriOed 1n claim
15, wherein 1 p I S f@{)ﬁer I o]

relief angle ana 41 t%j rﬁ'aﬁs, %lﬂe |nse?§§dié rgﬁ&hél n c% ¥bﬂ§%1§ed
wher ei n °f3°a| d relief angl e Is at |east 3. 18. An

insert for use in a ballsgiesecending! leddfe (3zjﬂorhaﬁmqﬁgaaprz@ﬂ(i@ €MAtin a

wor kpi ece by r i n therefrom wnhen rqtated about  an axi s,
conpri si ng: FATGNY e e copfquts e PE hBdy SPREFBdi A§Fa PBEVRRFINTa BBt om
wal |, an abcuajenerateiaal lothahoolg mardkmyerandlarefemdrpoobion thata@ﬂogﬁegpper

el PO L OB RS S CULRANE S80S PR Bang 1,

i nt ersecti on between sai nd-sal
side wal |, saummhutﬁgwdgénusmdalumdublahgoasm(@mhl foy mtlsme@mmg

gﬂdul ations fQhear cuttifGUEEFELS Wid RALFALIeR BEEWNER' A1V OFKAIEENPEEF! NT
© and said end portion of said insert (15), and for enhancing

10 . the breaking and removal of chips, each undulation (36)
including a crest portion (38) and a trough portion (40),
. said edge (34) having at least two undulations (36) with
the same period and amplitude. )
12. The end mill (1) described in claim 11,
15 wherein a height difference between the crest (38) and
trough (40) portions of each of said undulations (36) is
between about 20% and 35% of a maximum thickness of the
insert (15).
13. The end mill (1) described in claim 11,
2() wherein said side wall (30) of said insert bedy (15)
includes a lower relief portion (42), and an upper relief
portion (44) disposed between said lower relief portion
(42) and said cutting edge (34).
14. The end mill (1) described in claim 13,
. 25 wherein a profile of said upper relief portion (44)
provides a relief angle.

15. The end mill (1) described in claim 14,

wherein said relief angle is at least 3°.
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(54) Title: INSERT FOR BALL NOSE END MILL
(57) Abstract

An insert for usc in a ball nose end mill (1) is provided that includes an insert body
(22) having a top wall (24), a bottom wall (28) and at least one arcuate side wall (30). An
arcuate cutting edge (34) is defined at an intersection between the top and side walls that
includes a plurality of sinusoidal undulations (36) for reducing cutting forces, and vibration,
and enhancing the breaking and removal of chips removed from a workpiece (66) during a
cutting operation. An end portion (67) of the insert crosses the axis of rotation (A) when the
insert is mounted in the seat of an end mill body (3), and the undulations (36) reduce the
considersble shear forces applied 1o the cutting edge (34) at this location. The cutting edge
has a profile which follows the contour of a sphere to permit machining a rounded cut. The
side wall (30) of the insert body includes an upper relief portion (44) disposed directly under
the cutting edge, with a relief angle for preventing the undulations from making unwanted
striations or tool marks in the sidewalls of the rounded cut,




