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The present invention relates generally to
cutting inserts for rotatable milling cutters, and more
particularly to a replaceable cutting insert having a
plurality of mutually offset cutting portions with
helically-shaped cutting edges for cutting straight
sidewalls.

A milling cutter typically includes a
cylindrical body having a plurality of recesses formed in
its outer surface for receiving replaceable cutting
inserts. Each cutting insert has at least one cutting
edge which engages the workpiece to perform the milling
operation. When designing cutting inserts for milling
cutters, it is desirable to reduce cutting forces
experienced by the cutting edge of the insert. Reduction
of cutting forces will reduce wear and breakage of the
insert and increase tool life. Lower cutting forces also
reduce the horsepower requirements for milling
operations. The magnitude of such cutting forces is
largely determined by the geometry of the cutting insert,
and its orientation with respect to the workpiece.

In most rotary milling cutters, the inserts
are formed with a straight cutting edge. To reduce the
cutting forces experienced by such a straight edge, the
cutting insert is typically mounted so that it is
inclined at an angle relative to the axis of rotation.
Such an axial inclination is referred to as an axial rake
angle, and corresponds to the angle A in figure 7, where
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that it is axis. This variation results in an undesirable convex
curvature in the side surfaces of the cuts made by the
10 cutter. The larger the axial rake angle, the greater
will be the curvature in the side surfaces of the
resulting cuts. Additionally, for inserts tilted at an
axial rake angle, the cutting load forces, and thus the
energy requirement for cutting, are proportional to the
15 length of the cutting edge due to the effect of such
axial tilting on the angle between the cutting edge and
the surface being cut. The top face of the insert is also
important for cutting efficiency. One such feature of
the top face is the angle formed by the rake surface of
20 the insert relative to the workpiece. Such an angle is
known as the radial rake angle and is illustrated as the
angles c¢l, ¢2 and ¢3 in Figures ¢ through 11,
respectively. When the radial rake angle is positive,
the edge of the insert cuts the workpiece by way of a
25 shaving action. When the radial rake angle is negative,
the edge of the insert cuts the workpiece by way of a
scraping action that is substantially less efficient than
a shaving action. As the length of the cutting edge
increases, more of the cutting edge tends to be oriented
30 at a negative radial rake angle with respect to the
workpiece, which causes the cutting force 1loads to
increase. Such increased loads are contrary to the goals
of decreasing cutting force loads whenever possible to
reduce the risk of tool breakage, reducing wear on the
35 insert, and reducing the energy requirements needed for
the cutting cperation.
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di sposed at the sane radial distance fromthe
To reduce such cutting forces, it has been
known to use a plurality of cutting inserts with
relatively short cutting edges in lieu of a single insert
with a single long cutting edge. The inserts are
-3 arranged so that the short cutting edges overlap. While
such an arrangement significantly reduces cutting forces,
the cutting inserts must be precisely aligned with one
another in order to produce a smooth cut.
Clearly there is a need for a cutting insert
10 that is capable of producing cuts with smooth, straight
side edges even when operated at substantial axial rake
angles that does not require the use of deep,
structurally weakening recesses in <the tool body.
Idéally, the cutting edge of such an insert should engage
15 the workpiece at a positive radial rake angle throughout
substantially all its length to minimize cutting forces
and insert wear. Finally, it would be desirable if such
an insert could more effectively break up the metal chips
that result from the cutting action to enhance the
20 overall efficiency of the tool employing the insert.
SUMMARY OF THE INVENTION
The present invention is a cutting insert
particularly designed for use in rotatable cutting tools,
such as rotary milling cutters and drills. The insert
25 includes a polygonal insert body having a planar bottom
face, a top face, and plurality of side faces extending
between the top and bottom faces. A cutting edge is
defined at the intersection of the top face with at least
one of the side faces for engaging the workpiece and
30 removing chips from the workpiece. The cutting edge
includes at least two offset edge portions which are
connected by a transition edge portion. The transition
edge portion is disposed at an obtuse angle with respect
to the offset edge portions.
35 The cutting edge of each of the edge portions
and the transition edge portion is disposed on a
cylindrical envelope defined by the rotation of the
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edge portion spreads the chip segments apart to effect a
10 thinning of the chip between the chip segments. Such

thinning produces localized work hardening of the chip
between the chip segments, which embrittles the chip and
renders chipbreaking easier.

In yet ancther aspect of the present

15 invention, the cutting edge of each of the offset
portions is inclined with respect to the base edge of the
insert. By inclining each of the cutting edges with

respect to the base edge, it is possible to achieve
higher axial rake angles without deeply recessing the

20 insert seats in the milling cutter, which in turn could
cause excessive structural weakening of the cutter body.

Based on the foregoing, it is an object of the
invention to provide cuts in workpieces with straight
sidewalls even when the inserts are canted at substantial

25 axial rake angles in the milling cutter body.

It is a further object of the invention to
provide a cutting insert for a rotary milling tool with
enhanced chipbreaking capabilities.

It is also an object of the present invention

30 to provide a cutting insert for a rotary milling tool
having a cutting edge that engages the workpiece at a
positive radial rake angle throughout its entire length
to reduce cutting forces and wear on the insert.

Another object of the present invention is to

35 provide a cutting insert for a rotary milling tool which
reduces the horsepower requirements for milling
operations as compared to prior art cutting inserts.
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-3- To reduce such cutting forces, it hagcPR8&kmisis
known to use a Bfmrzﬁlty of cutting inserts with relatively short
cutting edges in lieu of a single insert _5e with a single long cutting
edge. The inserts are 5 arranged so~that the short cutting edges
overlap. Wile such an arrangenent significantly reduces cutting
forces,

Other objects and advantages of the present
invention will become apparent from "a study of the
following description and the accompanying drawings which
are merely illustrative of such invention.

Figure 1 is an perspective view of a milling
cutter using the cutting insert of the present invention;
Figure 2 is a perspective view of the cutting
insert of the present invention:;
10 FPigure 3 is a side elevation view of the
cutting insert of the present invention:
Figure 4 is a top plan view of the cutting
insert of the present invention:;
Figure S5A is a cross-sectional view of the
15 cutting insert of the present invention taken through the -
V-V of Figure 4;
Figure 5B is an enlargement of the section
enclosed in the dotted circle in Figure 5A;
Figure 6 is a diagrammatic illustration
20 showing the cutting edge of the insert on a cylindrical
envelope defined by the rotation of the cutting edge
about the axis of the rotary milling tool:
Figure 7 is a side elevational view of the
cutting insert shown in silhouette:
25 Figure 8 is an elevational view of a milling
cutter showing the cutting insert mounted thereon:
Figures 9 through 11 are fragmented cross-
sectional views taken through lines IX-IX, X-X, and XI-
XI, respectively, of Figure 8, and
30 Figure 12 is a top plan view of the cutting
insert during a milling operating showing the production
of a chip from the workpiece.

Refernng now to the drawings, and

35 particularly to Figure 1, there is shown a rotary milling
cutter indicated generally by the numeral 10. The
milling cutter 10 is rotatable about a longitudinal axis
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present 1nventlon. The cutting insert 20 comprises a
generally polygonal insert body manufactured from a hard,
wear-resistant material such as one of a number of
refractory coated cemented carbide materials, which are
well known in the art.

The insert body has a central opening 50
through which a securing screw (not shown) extends to
mount the insert to the support surface 18 of the milling
cutter 12. The insert includes a generally flat bottom
face 22, a top face 24, opposed side flanks 26, and
opposed end flanks 28. Both the side flanks 26 and end

flanks 28 are planar. The intersection of the side

flanks 26 with the top face 24 defines a pair of cutting
edges indicated generally by <the numeral 30. The
intersection of the end flanks 28 with the top face 24
define a pair of side edges 32.

The cutting edge 30 has a stepped
configuration. Each cutting edge 30 is broken into
offset edge portions 30a, 30b and 30c, and transition
edge portions 304 and 30e. The offset edge portions 30a,
30b, and 30c are inclined with respect to the bottom face
22 of the insert 20 at an average angle of approximately

5° as can be most clearly seen in Figures 3 and 7. By
angling the offset edge portions 30a, 30b, and 30c
relative to the base of the insert 20, it is possible to
obtain a relatively large axial rake angle "A" as shown
in Figure 7 without the need for providing deeply
recessed insert seats in the head portion 14 of the

Sheet Has Been Reilaced
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connected by a transition edge portion. The transition edge portion

i s_disposed at _an obtuse angle with respect ____to theoffset edge
portions. 35 The cutting edge of each of the edge portions

and the transition edge portion is disposed on a cylindri cal

envel ope defi he rotation of the WO 96/ 29
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about the axis of the mlling cutter, which_ gi ves each of the cutting
edges a helical curvature. The hel i cal curvature of each portion of
the cutting edge ensures a relatively snooth, straight sidewall

surface on

cutter. Such deeply recessed insert seats could cause

excessive structural weakening of the cutter body 12.
The offset edge portions 30a, 30b, and 30c are
connected by transition edge portions 30d and 30e. The
5 transition edge portions 304 and 30e are inclined with
respect to the bottom 22 of the insert 20 at an angle of
inclination that is much greater relative to the bottom
22 than it is with respect to the offset edge portions

30a, 30b, and 30c, i.e., 45° versus 5°. The transition

10 edge portions 30d and 30e form an obtuse angle "a" with
the offset edge portions 30a, 30b, and 30c {(as shown in
Pigure 7). That is, the included angle “a" between the
transition edge portion and its adjacent offset edge
portion is greater than 90°,

15 Figqure 7 schematically shows an insert 20 as
it is normally oriented with respect to both the center
line CL of the milling cutter 10, and a workpiece. The
trailing end of the offset edge portion 30a is spaced by
distance "x" from the leading edge of the offset edge

20 portion 30b as measured along the centerline CL of the
milling cutter 10. Offset edge portions 30b and 30c are
similarly spaced. Thus, when the cutting insert 20 is
mounted in a milling cutter 10, the offset edge portions
30a, 30b, and 30c do not overlap. A plane extending

25 perpendicularly from the center line intersecting one
offset edge portion will not intersect any other offset
edge portion. As a result, the transition edge portions
30d and 30e will be engaged in cutting a workpiece W
during the milling operation, as shown in Figure 12. The

30 offset edge portions 30a, 30b, and 30c will produce three
distinct chip segments during the milling operation. The
transition edge portions 304 and 30e will create grooves
between the three chip segments that will tend to divide
the chip and help to embrittle it, thereby rendering

35 chipbreaking easier.
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cutter 10. Each of the offset edge portions 30a, 30b,

10 and 30c form a part of a large-pitch helix which lies on

the surface of the cylindrical envelope. The three

helixes which correspond to the offset edge portions 30a,

30b, and 30c are all parallel to each other. That is,

the helix defined by each of the offset edge portions

15 30a, 30b, and 30c are equidistant from one another along

their entire length. The transition edge portions 304

and 30e are likewise defined by two parallel helixes 31a,

31b (as indicated in phantom). The helixes defined by

the transition edge portions 304 and 30e have a smaller

20 pitch than the helixes defined by the offset edge

portions 30a, 30b, and 30c. When the cutting edge 30 is

formed with such a curvature, the side surface produced
during machining operations will be flat.

Referring now to the top face 24 of the insert

25 20, shown best in Figure 4, it is seen that a land 34 is

formed adjacent to and parallel with the cutting edges

30. The land 34 ig divided into five land surfaces 34a,

34b, 34c, 344, and 34e. Each of the land surfaces 34a

through 34e is a continuously curved surface which

30 follows the contour of the cutting edge 30. These

surfaces may have a helical contour. The land surfaces

34a, 34b, and 34c are bounded on one edge by respective

offset edge portions 30a, 30b, and 30c of the cutting

edge 30, while the land surfaces 34d and 34e are bounded

35 on one edge by respective transition edge portions 304

and 30e. A plurality of rake surfaces 36a, 36b, 36c,

36d, and 36e decline downwardly from respective 1land
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surfaces 34a through 34e. The rake surfaces 36a through
36e are curved to blend with the land surfaces 34a
through 34e. Each of these surfaces may also have a

helical contour.
5 The side flanks 26 of the insert 20, shown
' best in Figure 3, include a generally planar 1lower
portion 38 and an upper portion 40 which is curved along
two different axes, as will be explained shortly. The
planar lower portion 38 facilitates mounting the insert
10 on the cutter body 12. The upper portion 40 is divided
into five relief surfaces 40a, 40b, 40c, 40d, and 40e.
The relief surfaces 40a through 40e are continuously
curved with respect to a cylinder defined around the
center line CL of the cutter 10 (as shown in Figure 6) to
15 provide a smooth transition from the planar lower portion
38 to the helical cutting edge 30. Each of these
surfaces may have a helical contour. As is best seen in
Figure 5B, the relief surfaces 40a through 40e are also
rounded with respect to the plane P (shown in phantom)
20 that extends over the lower portion 38. The provision of
such a radiused curvature just under the cutting edges
advantageously strengthens the cutting edges 30a through
30e by providing them with more support. The relief
surfaces 40a, 40b, and 40c are bounded on one edge by
25 respective offset edge portions 30a, 30b, and 30c, while
the relief surfaces 40d and 40e are bounded by respective
transition edge portions 30d and 30e of the cutting edge

30.

Each end flank 28 of the cutting insert 20 is
30 substantially planar. The end flank 28 forms a side edge
32 at an intersection with the top face 24 of the cutting
insert 20. The side edge 32 includes a generally
horizontal wiper portion 32a, and a downwardly sloping
portion 32b (Figure 4). A land surface 42 is formed in
3s the top face 24 of the insert 20 adjacent the side edge
32. The land surface 42 includes portions 42a and 42b
which are disposed adjacent the wiper portion 32a and
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SEVERAL FI GURES Figure 1 is an perspective view of a
ml.ling cutter using the cutting insert of the present invention;
Figure 2 is AwFdedapRt i ve view of the cutting i nsert QlrhissedisAsent

I nvention; 10 Figure 3 is a side elevation view of the
cutting insert of the present invention;, _,._ Figure 4 is a top
pl an view of the cutting I nsert of %%e present invention;

Figure 5A is a cross-sectional view of the 15 cutting insert of the
present invention taken through the V-V of Figure 4,

Figure 5B is an galawafdBft slbpih§ FUrtioR 32b ofeNthesaside’ b@ge day2t ed

circle in Figure 5A: 6 ,is a .di
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cutting insert npeintd alkengothe cutting edge 30 ## gsheen Oin hFigupe 18. are
fragmented crosspjgure 9 shows a section view of the insert taken along
line IX-IX in Figure 8. Figure 10 shows a section view
of the insert 20 taken along line X-X of Figure 8, while
10 Figure 11 shows a section view taken along line XI-XI of
FPigure 8, respectively. In Figqures 9 through 11, the
circular path followed by the cutting edge 30 of an
insert mounted with a rotary milling cutter rotating
about centerline CL is superimposed on different cross-~
15 sections of the insert 20.

Figures 9 through 11 show the following
angles:

by = radial rake angle of the rake surface:;

cxy = radial rake angle of the land surface;

20 and

dyx = relief angle.

The rake angle by is the angle between the
rake surface and a reference plane RP measured in a plane
perpendicular to the axis of centerline CL and that

25 extends between the centerline axis CL and a point along
the cutting edge where the measurement is being taken.
The rake angle cy is the angle between the land surface
and the reference plane RP. As will be discussed, the
rake and land surfaces may be curved. Under these

30 circumstances, a best fit straight line over each curved
surface will be sufficient for determining the radial
rake angles.

The relief angle dy is defined as the angle
formed between a line perpendicular to the reference

35 plane RP and a line extending from the cutting edge
downwardly along the relief surface 40. Since the relief
surface is curved, then the relief angle will be measured



sectional views taken through lines IX-1X, X-X, and Xl - X,

respectively, of Figure 8, and 30 ___Figure 12 is_a top plan
view of the cutting insert during a mlling operating show ng the
producti on of a chip fromthe workpi ece. DETAI LED
DESCRI PTI ON o 941 REVERAL FI GURES ' Ref er ri ngerossewisiat 0

t he dr awi ngs, and 35 particularly to Figure 1, there 1s shown a
rotary mlling cutter indicated gen! rally by the numeral 10. The
mlling cutter 10 is rotatabl e about a |ongitudinal axis

- 6- CL. The rotary mlling cutter 10 includes a shank

portion 12 adapted to be nounted on a machi ne tool (not shown) and a

cutting head porgdci d4lirdCekténditg NBRsh the citiingoredye i denviedls

plurality of cirgquierglli 3eiYer surface 40 which is tangent to the
) relief surface at the cutting edge.

As can be clearly seen in Figures 9 through

5 11, the rake angles by and cy increase from the leading

' portion of the cutting edge shown in Figure 9, to the
trailing portion of the cutting edge, shown in Figure 11.
In the preferred embodiment, the rake surface angle by
increases 38% from the leading end of the cutting edge to

10 the trailing end, while the land surface angle increases
34% between these ends. The relief angle dy increases a
similar proportion from the leading end of the cutting
edge to the trailing end.

Figure 12 illustrates a sketch of a cutting

15 insert of the present invention being used to remove a
chip from the workpiece. In this Figure, the insert is
mounted on a cylindrical milling cutter 10 so as to
perform a milling opération. The cutting edge 30 of the
insert 20 engages the workpiece W and shears material

20 from the workpiece W to form the chip C. As can be
further seen, the offset edge portions 30a, 30b, and 30c
of the cutting edge 30 produce a chip comprising three
relatively narrow chip segments. During the cutting
process, the transition edge portions 30d and 30e of the

25 cutting edge 30 tend to spread the narrow chip segments
apart to thin or weaken the chip between the segments.
In certain materials, the thinning of the chip may result
in the chip segments being separated completely into
three smaller chips.

30 In view of the foregocing, it will be readily
apparent that the cutting insert 20 of the present
invention will reduce the cutting forces experienced by
the cutting edge during milling operations, and
consequently reduce horsepower requirements. Reduction

35 of the cutting forces will also lead to longer tool life
and smoother finished surfaces.



5 spaced recesses 16. Each recess 16 includes a support surface
18 on which a cutting insert 20 i.s.nounted. Referring now
to Figures 2 through 5, there is shown a cutting insert 20 produced
in accordance with the present invention. The cutting insert 20
conprises a 1@, qenghgperally polygonal insert body manufact ur ggrpsssmsshard,
wear -resi stant nmaterial such as one of a nunber of refractory coated
cemrented carbide materials, which are vveII known in the art.

The insert body has a central openi ng 50 1% t hrough which a securing
screw (not shown) extends to nount the insert to the support surface
18 of the mlling cutter 10. The insert includes a generally flat
bott om face 22, a tamnef apgeddnt opinvantisndembyanksf 2Gcoursd, be
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nurmeral  30. Taearacteristmegrsemlomof tilmeaﬂﬂoﬁl anks fReW tgrelskatt op

face 24 deflne a ir of si es 32

Carti e olige | axpoashedts’ Slel $heRRESTe % eol ke, considerea I an1

cutting edge 30 |Ee$DQFF§§n agntidlustrativeg f spd anfe pestrigtiveoandoplind

30c, and transiti ghanges conﬁﬂﬁevﬂ%ihoﬂﬁe3ﬂdaﬁﬂﬂg39ﬂd eqiivel nge

Pg{;tel ons 30a, of %b aggglngeo‘f gix'ngda'zneed:.\'\ﬁn thgeESQ%CtbLO é&era ttom
therein.



30 22 of the insert 20 at an average angl e of approxi mately

5[err] as can be nost clearly seen_in Figures_ 3 and 7. By _| f N
the offset edge portions 30a, 30b, and 30c relat{ve tqg RopRise
of the insert 20, it is possible to obtain a rel ati vel v

rake angle " Awosensiiy\n 35 in Figure 7 without the negigyprds8énisis

provi ding deeply recessed insert seats |n the head portion 14 of

t he V\D 96/ 29172 -

PCT/ US96/ 01513 : -7- cutter. Such -
deeply recessed insert seats coul d cause excessive st rThistShéedtas Been Replace

weakeni ng of the cutter body 12. The offset e
30a, 30b, and 30c are ""

WHAT I8 CLAIMED I8t

1. A cutting insert for use in a rotary
milling tool comprising:

(a) an insert body including a bottom

5 face, a top face, and a side face extending between the
top and bottom faces;

(b) a stepped cutting edge defined at the
intersection of the top face and the side face for
engaging and cutting a workpiece and removing a chip

10 therefrom, said stepped cutting edge including at least
two offset edge portions, each of which creates a chip
segment, and

(c) means for engaging and cutting the
workpiece and for creating a thinned chip portion between

15 the chip segments created by said offset edge portions to
facilitate the breaking of said chip segments, including
a transition edge portion Jjoining the offset edge
portions. _
2. The cutting insert according to claim 1
_ 20 wherein the offset edge portions are curved such that the
. offset edge portions 1lie on the surface of a
| circumscribing cylinder defined by the rotation of the
_ cutting edge about the axis of the milling tool.
, . 3. The cutting insert according to claim 2
' 25 wherein the offset edge portions are helical.
4. The cutting insert according to claim 3

vherein the offset edge portions are parallel to one
another.

* [ L L} S *



connected by transition edge portions 30d and 30e. The 5
poftions 30d and 30e ar e _i rittis ShesslHasiRebn Replaced r espect. 10 t he

the insert 20 at an angle of I ion that is nuch
relative to the bottom wWith respect tot
portions Ob, and C,

sition edge

I.e., [err] versus 5[ errpernusdsBists
transition 10 edge portions 30d and 30e form an obtuse angle "a" with
the offset edge portions 30a, 30b, and 30g4gas shown in Figure 7).
That is, the included angle "a" between the transition edge portion
and its adjacent offset edge portion is greater than 90[err]. 15
Figure 7 schematically shows an insert 20 as it is normally oriented

Wi th respect to both the ceoterThe cuttingeifdert adeording g ceddim 40,

and a wor kpi ece. . E@i ! j e f f @?Er 150 ais
spaced by o ?teéﬁcghex{; r.oirﬁ}t%ﬁ‘egﬁggdpégefé geﬁ%nﬁeﬁ%eo s%{j g‘éég 20
portion 30b as mddedr ethe| damnsibiewntedas nportion means lies pion | ke
cutter 10. O f setsuidaeepost i @S ciPbumdsribingal ylinder aefihéd | byspered.

{he of foet Bdge HETALIE SF tné eising gage ThGTIne"adid gh WL Fokag)
ext endi ng 25 puidddngi tabbsly fromthe center line intersecting one
of fset edge portion will net intReseatteny fhSert Ohés6fding to 6UdEm 5
DO 2 L e i Sy RS 14YAn° G AR means 1o 10805207 30¢ W1

7. The cutting insert according to claim 2

10 wherein the side face of the insert adjacent the cutting

edge includes a continuously curved relief surface

adjacent each of the offset edge portions.

8. The cutting insert according to claim 2

wherein the top face includes a continuéusly curved rake
15 surface adjacent each of the offset edge portions.

9. The cutting insert according to claim 1
wherein the offset edge portions of the cutting edge are
disposed at an angle relative to the bottom face of the
insert for increasing an axial rake angle of the edge

20 portions relative to an axis of rotation.

10. A cutting insert for use in a milling
tool that rotates about an axis, comprising:

(a) an insert body including a bottom
face, a top face, and a side face extending between the

25 top and bottom faces;

(b) a stepped cutting edge defined at the
intersection of the top face and the side face for
engaging a workpiece and removing a chip therefrom, said
stepped cutting edge including at least two offset edge

30 portions spaced apart from one another which produce
distinct transversely spaced chip segments during a
cutting operation, said offset edge portions being
longitudinally spaced to avoid overlapping during a
milling operation; and

35 (c) means for engaging and cutting the
workpiece and for creating a thinned chip portion between
the chip segments created by said offset edge portions to

10
pl ane

A



during the mlling operation, as shown in Figure 12. The 30 of fset edge
I ()

poftions 30a, 30b, and 30c slsheePriRWdsRebde@e___ di sting

during the mIling operation ransition edge po Dq

30e will create grooves !Im M&"Lﬂ three chip segneht )
tend to di vi g, the ch enbrittle it, theg,elpmsmgigrlng
35 chi pbreaﬁ%’g easi er. WO 96/ 29172

PCT/ US96/ 01513 -1 - 8- As
Is best seen in Figure 6, each of the offset edge portions 30a, 30b,
and 30c, and the transition edge portions 30d and 30e has a helical

facilitate the breaking of said chip segments including a
transition edge portion joining the offset edge portions,
the -transition edge portion having an axial rake angle

less than 90° such that cutting occurs continuously along

5 the entire length of the cutting edge during milling
operations. _

11. The cutting insert according to claim 10
wherein the offset edge portions are curved such that the
offset edge portions 1lie on the surface of a

10 circumscribing cylinder defined by the rotation of the
cutting edge about the axis of the milling tool.

12. The cutting insert according to claim 11
wherein the offset edge portions are helical.

13. The cutting insert according to claim 12

15 wherein the offset edge portions are parallel to one
another. .

14. The cutting insert according to claim 211
wherein the transition edge portion means is curved such
that the transition edge portion means lies on the

20 surface of a circumscribing cylinder defined by the
rotation of the cutting edge about the axis of the rotary
milling tool.

15. The cutting insert according to claim 14
wherein the transition edge portion means is helical.

25 16. The cutting insert according to claim 11
wherein the side face of the insert adjacent the cutting
edge includes a 'co'ntinuously curved relief surface
adjacent each of the offset edge portions, and wherein at
least a portion of the relief surface between said

30 cutting edge and said side face is rounded for
reinforcing the strength of the cutting edge.

17. The cutting insert according to claim 11
wherein the top face includes a continuously curved rake
surface adjacent each of the offset edge portions.

35 18. The cutting insert according to claim 10
wherein the offset edge portions of the cutting edge are

, disposed at an angle relative to the bottom face of the

[
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curvature in order to insure—a-substantially flat 5 machi surface

al ong the sidewal | of theTh(%u§ egroduced by the cutter 1OTHISH8HEET HAS BEEN

cutting edge 30 lies on envel ope defi ne by tREPLACED

rotation of the cutt l”' E ut the centerline tre

m l-ling wokid »10. E et edge portions 30?(:1‘/3%&!01
urface

and 30c forma part of a large-pitch helix which lies on

of .the cylindrical envel ope. The three hel i xes whi ch correspond to
the offset edge portions 30a, 30D, ah8~30c are all parallel to each
other. That is, the helix defined by each of the offset edge portions
15 30a, 30b, and 30c are equidistant from one anot her al ong their

Go i hed oty poertangir | Sibréastngotl) Wailirake andltfl SSLRE bepk o S¢
Lo o P Fuions"Fel i e ptnls 3

The helixes defi “Eh"eet L feid; s, s 30d and 30e have
a smaller 20 pitch thad®.t h#haelcutsingddbbdededordinge toofébaim 2tige

portions 30a, 30Rneiin30¢ rxﬁmtbsksutahb&e edbea?»(}aka surfacfeoriﬂai ¥ith
such a curvature, the side surfac«i ggg %‘g IGWQ maf I,nin

operations %ill Hee¥ief; angle of sa n48% 13t dnerrapege 24
of the insert 25 from@ lehding =ost a rtrEu.gunge ehd jof saideceuttimg edgkand 34

i's formed adj acent tyg_an il gt h u n dge 30.
The land 34 is divided. int oz(bflvg Iarﬁ rfaces 34a fo:? ke %g g %ﬁ'lmgm

and 34e. Each oft%e Yhatgretakes &b %an axis, comprising.
(a) an insert body including a bottom

10 face, a top face, and a side face extending between the
top and bottom faces:

(b) a stepped cutting edge defined at the
intersection of the top face and the side face for
engaging and cutting a workpiece, and including at least

15 two offset edge portions, each of which creates a chip
segment, and each of which are convexly curved such that
said edge portions lie on the surface of a circumscribing
cylinder defined by the rotation of the cutting edge
about the axis of the milling tocl, and

20 (c) wmeans Joining the offset edge
portions for engaging and cutting the workpiece and for
creating a separate, thinner chip segment between the
chip segments created by the offset edge portions for
facilitating the breaking of all of said chip segments

25 including a substantially straight transition edge
portion, said transition edge portion intersecting said
offset edge portions in an obtuse angle.

A



through 34e is a continuously curved surface which 30 foll ows the

contour of the cutting edge 30. _These —surfaces may _have a helical _.
contour. The land surfaces 34a, 34b, and 34c are bounded on one edge
by respective of fset edge portions 30a, 30b, and 30c of the cutting
edge 30, whil wgdgpeizand surfaces 34d and 34e are bounded 35 RissdAIS1acdoe
by respective transition edge portions 30d and 30e. ﬂl urality of
rake surfaces 36a, 36b, 36c, 36d, and 36e decline downwardly from
respective | and WO 96/ 291721/8

PCT/ US95/ 01513 - 9- surfaces 34a

t hrough 34e. The rake surfaces 36aér'lrough




36e are curved to blend with the |land surfaces 34a t hrough 34e. Each
of 1hese surfaces may also have a helical contour. 5 _The
side flanks 26 of the insert 20, shown best in Figure 3, include a
general ly planar | ower portion 38 and an upper portion 40 which is
curved al ong woegndpyp di fferent axes, as will be expl ained sp&%% 1€
pl anar | ower portion 38 facilitates nounting the insert 10 cutter
body 12. The upper portion 40 is divided into five relief surfaces
40a, 40b, 40c, 40d, and 40e. The rél ef surfaces 40a through 40e are
conti nuously curved with respect a cylinder defined around the
center line CL of the cutter 10 (as shown in Figure 6) to 15 provi de a
snooth transition fromthe planar | ower portion 38 to the helical
cutting edge 30. Each of these surfaces may have a helical contour.
As is best seen in Figure 5B, the relief surfaces 40a through 40e are
al so rounded ¢y h respect to the plane P (shown in phantom 20

t hat extends over the )ower portion 38. The provision of such a

radi used curvature jusf under th ti ngedges @nt ageously
strengthens the cuttind edgggg30 oug 8Ooy pYoviding themwith
nore support. The relief s®BOHBCES L 40 and/ 40c are bounded on
one edge by 25 respecti ve\of f sat edge port|ons 3|a, B80b, and 30c, while
the relief surfaces 40gme—4Qe_arfe poyhded by respectgve

o ‘ =17 2
40 ‘, \‘-{‘;%I

28 Y ' 2@
38 === 1 i
F ‘ 26
40d 40b 40e40c¢ 22

FIG. 3




transition edge portions 30d and 30e of the cutting edge 30.
Each_end flank 28 of the cutting insert 20 is 30____substantially planar
The end flank 28 fornms a side edge 32 at an intersection with the
top. face 24 of the cutting i nsert 20. The side edge 32 includes
a generally wooegnefy@i zontal wiper portion 32a, and a down hosoddiSB N9
portion 32b (Figure 4). A land surface 42 is formed in 35 the top face

24 of the insert 20 adjacent the side edge 32. The land surface 42
i ncl udes portions 42a and 42b ng%P are di sposed adj acent the w per
portion 32a and WD 96/ 2917

PCT/ US96/ 01513 -10-




downwardly sl oping portion 32b of the side edge 32 respectively.

Rake surfaces 44a and 44b incline dowmwardly fromthe land ——
sarfaces 4Za and 42b. Referring now to Figures 8 through
11, the 5 radi al rake angles and relief angle are shown at sel ected
points along_the cutting edge 30 as shown in Figure 8. CTEEgEsIsEs Shows
a section vi XPW e insert taken al ong line I X-1X i nP Fi guresgs.
Figure 10 shows a section view of the insert 20 taken along line X-X
of Figure 8, while 10 Figure 11 Shg%? a section view taken along |ine
Xl - Xl of Figure 8, respectivel y* In Figures 9 through 11, the
circular path followed by the cutting edge 30 of an i nsert nounted
with a rotary mlling cutter rotating about centerline CL is
superinposed on different cross- 15 sections of the insert 20.

Figures 9 through 11 show the foll ow ng angl es: bx
= radi al rake angl e -of the rake surfage; clerr] =radia
rake angl e of the | and surface; 20 » and dierr] =relief
angl e. ' The ralgL | ¢ b[err] is the angle between the

rake surface and a reference plane
perpendi cul ar to the axis of centerline

30e

Ered in a plane
and t hat

30b

3200 30d

FIG. 7




25 extends between the centerline axis CL and a point al ong t he
cutting edge where the neasurenent_is being taken. The_rake angl e

c[err] is the angle between the | and surface and the reference pl ane

RP.. As will be discussed, the rake and | and surfaces may be curved.

Under these hLrcunstances, a best fit straight line O\, Q&B rved
o ’

surface mﬁIIBg% su%??cient for determning the radial rake ana es.

The relief angle d[err] is defined as the angle formed between a

| i ne.perpendicular to the reference BSP?, pl ane RP and a |ine extending

from the cutting edge downwar d éélong the relief surface 40. Since

the relief surface is curved, then the relief angle will be neasured
WD 96/ 29172 PCT/ US95/ 01513

FIG.9  \|
\\' 349
360 y

-11-

FIG. IO

cL 36b
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RPB 40D }




froma line extending fromthe cutting edge downwardly al ong the
relief surface 40 which_is tangent_to the relief surface at the
cutting edge. As can be clearly seen in Figures 9 through 5
11, .the rake angles bx and c[err] increase fromthe |eading portion
of the cutti ngyfggnggsshown in Figure 9, to the trailing ' t he
cutting edge,aghomg"?n Figure 11. In the preferred enb sﬁL
rake surface angle b[err] i ncreases 38% fromthe | eading end of the
cutting edge to 10 the trailing end, ’wplle the | and surface angle
i ncreases 34% bet ween t hese end§? The relief angle d[err] increases
a simlar proportion fromthe | eading end of the cutting edge
to the trailing end. Figure 12 illustrates a sketch of a
cutting 15 insert of the prese |nvfntion bei ng used to renove a
chip fromthe workpiece. In this Frbu ythe insert is nmounted on a
cylindrical mlling cutter 10 so as t% ; performa mlling operation.
The cutting edge 30 of the insé&%LZO engages the workpi ece Wand

[

shears material 20 fromthe workp Wto formthe chip C. As can be
further seen, the offset edge po 9a, _30b, and 30c of the
cutting edge 30@qroduce a chip c S%ec

.L;:“""‘"—'—- . ) b3

ons

/ ; FIG.H

/;‘;

||n / c
s 1 30e
f : 30b
7 N2 w
- 30a _-)

FIG |2



rELativer narrow chi p segnents. BEULLQQ—Lh&—CuLLLDg X
transition edge portions 30d and 3P&HIY SHEET H&S BEENCutt i ng -edd

spread the narrow chip segnments dﬁﬁ[AQE@ thin or weaken}

rocess, the

bet ween gﬁlse1§e N.CE _,;boy mmater—ats—the t hi nni n
may res }g,ﬂz‘ﬂﬁ'hé se,gngnt‘s beingyseparated conpletely into

three sma Ier
readily
i nvention will

edge during mlling opgrati and . ent|y reduce
hor sepower requirenments. f dU@tFBﬁt§§g lns@Fttﬁgngut ?Egu¥%r&83qmqqt3£¥u)

chip In view of the foregoing, it wll be

apparent t hat the cutting insert 20 of the present

: laced

Il

I

reduce the cutting WHATeISCKDATMENC IS :by the cutting

| ead to | onger mibling ﬁmol havingnéns nmserdy Hady siredl wlirfigp@e hottom face WO

96/ 29172

10

15

20

25

30

(22), a top face (24), and ADC;F&Q@QQ{E{QESI%ZG) extending
between the top (24) and bottom (22) faces; and a stepped
cutting edge (30) defined at the intersection of the top
face (24) and the side face (26) for engaging and cutting
a workpiece and removing a chip therefrom, said stepped
cutting édge (30) including at least two offset edge
portions (30a,b,c), each of which creates a chip segment,
wherein the improvement is characterized by:
means for engaging and cutting the workpiece
and for creating a thinned chip portion between the chip
segments created by said offset edge portions (30a,b,c) to
facilitate the breaking of said chip segments, including a
transition edge portion (30d,e) joining the offset edge
portions (30a,b,c), said transition edge portion (30a, 30e)
intersecting said offset edge portions (30a,b,c) at an
obtuse angle (a).
| 2. The cutting insert (20) according to claim
1 wherein the offset edge portions (30a,b,c) are curved
such that the offset edge portions (30a,b,c) lie on the
surface of a circumscribing cylindef ‘defined by the
rotation of the cutting edge (30) about the axis of the
milling tool.
3. The cutting insert (20) according to claim
2 wherein the offset edge portions (30a,b,c) are parallel
to one another.
4. The cutting insert (20) according to claim
3 wherein the offset edge portions (30a,b,c) are parallel
to one another. '
5. The cutting insert (20) according to claim
2 wherein the transition edge portion (30b,c) means is

" curved such that the transition edge portion .(30a,b,c)

35

means lies on the surface of a circumscribing cylinder
defined by the rotation of the cutting edge about the axis
(CL) of the rotary milling tool.

Al
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s H
-12- The present invention may, of course,. be SRR

carried out in other specific ways than those herein'set . ~‘ferth w thout
departing fromthe spirit and essential . ;charactefistits: of’ the + »

i nventi on. The present 5 enbodi ments aré, ‘therefore’ to be
considered in all respects as illustLpglve and not restrictive and

al | changes com ng within the neani ng and equi val ency range of
tgg appended cl ai ms are igtendgHet cubtiagbriaeedt (20) ¥®Wriing to claim
insert (20) for3u gqq$%¥|§R%ﬁ%¥éﬂéié}é¥“@gaésportion (30a,b,&¥ mégﬁgniéng

- helical. .
7. The cutting insert (20) according to claim

5 2 wherein the side face (26) of the insert (20) adjacent
the cutting edge (30) includes a continuocusly curved relief
surface (40) adjacent® each of the offset edge portions
(30a,b,c). .

.8. The cutting insert (20) according to claim

10 2 wherein the top face (24) includes a continuously curved

| rake surface (36) adjacent each of the offset edge portions

(30a,b,c). _

9. The cutting insert (20) according to claim

1 wherein the offset edge portions (30a,b,c) of the cutting

15 edge (30) are disposed at an angle relative to the bottom

face (22) of the insert (20) for increasing an axial rake

angle (A) of the edge portions (30a,b,c) relative to an

axis of rotation (CL).

10. A cutting insert (20) for use in a milling

20 tool that rotates about an axis (CL), having an insert

body (20) including a bottom face (22), a top face (24),

and a side face (26) extending between the top (24) and

bottom (22) faces and a stepped cutting edge (30) defined

at the intersection of the top face (24) and the side face

25 (26) for engagihg a workpiece and removing a chip

therefrom, said stepped cutting edge (30) including at

least two offset edge portions (30a,b,c) spaced apart from

one another which produce distinct transversely spaced chip

segments during a cutting operation, said offset edge

30 portions (30a,b,c) being longitudinally spaced to avoid

overlapping during a milling operation wherein the
improvement is characterized by:

means for engaging and cutting the workpiece

and for creating a thinned chip portion between the chip

35 segments created by said offset edge portions (30a,b,c) to

facilitate the breaking of said chip segments including a

transition edge portion (30d,e) joining the offset edge

1R O MIENDED G




n{LIing tool having an insert body_includi-re ram f ace -
face (24), and a side face (26) ex}&Htf ﬁ@E@”HB@T}EEQ f he. top (2 ?Lé as eenRe

bottom (22) faces; and a stepped cutREPrhéCEBge (30), def i ned I ,
i ntersection of the top face (24y—amdThe side face (26) fo
and cutting a wor kpi ece and renoving axg8%# p therefrom said stepped

cutting edge (30) including at | east two offset edge 10 portions (30a, bc),
each of which geetitena ¢B0p,begheat, an obﬂhseehngﬂbe(hﬁpr¢hem&Maﬂsatlon

Corkp ece - Hdme portiop; (30d.e) HEA SR8 POk dnlil) (Y, s
segment s creat éthay Qai“dsﬁphséthaédgél%imq mcwmacgns}nugugsy piongi ttémee
the breaking Ofeﬁ@iﬂech&g&@gnset Shd Neh¥eiRg aedge t(39)S| 4hPInEdH 10K ON

(30d,e) joining the offset” edge portions™(30a,b,c), said transition
edge portiofi (RREFIPEINS. jntersecting said of fset edge portions
(30a, b,c) at an obt usp1 andlge (Gutt PNy insert (20%. accordiagt tbng:liariaert

(20) according cl ai.m, 1 ei.ne the offset edg ortiqps_(30a,hb
are curved tﬁcﬂLFﬁﬁfntﬁge ?&%&Ft(ﬂﬁé H9Y oH %P?Bgag %) ?' 8n°Pﬁg d
surface of a cisuxhrsthabi fipecydfifeabdy eﬁ@enpdrbyonbe(30aﬂhnqﬁllmeobntmhe

cutting edge ( f% e axi I I

The cutting inser ‘IZ)%) %@co?dlﬁlﬁ#%%i%&nén Azl}l eéréellon t 1ne 1y

portions (gga1nga¢gqnpﬁ¢athg|cutt1ng edge (30) about the ax1s (CL) of
the milling tool.

12. The cutting insert (20) according to claim
11 wherein the offset edge portions (30a,b,c) are helical.
13. The cutting insert (20) according to claim
15 12 wherein the offset edge portions (30a,b,c) are parallel
to one another.
14. The cutting insert (20) according to claim
11 wherein the transition edge portion (30d,e) means is
curﬁed such that the transition edge portion (30d4,e) means
20 lies on the surface of a circumscribing cylinder defined by
the rotation of the cutting edge (30) about the axis (CL)
of the rotary milling tool.
15. The cutting insert (20) according to claim
4 wherein the transition edge portion (30d,e) is helical.
25 16. The cutting insert (20) according to claim
11 wherein the side face (26) of the insert (20) adjacent
the cutting edge (30) includes a continuously curved relief
surface (40) adjacent each of the offset edge portions
(30a,b,c), and wherein at least a portion of the relief
30 surface (40) between said cutting edge (30) and said side
face (26) is rounded for reinforcing the strength of the
cutting edge. -
17. The cutting ihsert'(ZO) according to claim
11 wherein the'top face (24) includes a continuously curved
35 rake surface (36) adjacent each of the offset edge portions

(30a,b,c).

W s



Fa ol o

to one anot her. 4. TMETTutt Asett— (20) accordln to claim
30 3 wherein the offset edge portlms Hﬁfé W\S:ﬁEEIHe par al | el ‘s“ “ﬂi*l lace

apot her . 5. The cutftin EBbAGHIZO) iccarding to
wherein the transition edge portloﬁ~T%GH“‘T‘ﬁﬁaﬁ§‘Ti curved

the transition edge portion (30a,b,c) 35 nténrs |lies on the surface of ' a

circunscribing cylinder defined by the rotation of the cutting edge
about the axis (CL) oft8theThet surtiing iinpgemvl (20) according to claim
- 14- 10 where He%t'dﬁée%seé& &2 £ Q' G4, 19' |

wherein the tran5|t|oﬁ eg portion (30a, g ng f&ﬁ & cﬁ nbf tnd

7.  The cuttingCREEdng ?@@? é%@brﬂ?%gd%ﬁpe$% n?t “an angle (A) relatlve to
the bottom face (22) of the insert (20) for increasing an

5 axial rake angle of the edge portions relative to said axis
(CL) of rotation.

19. The cuttlng tool (20) accordlng to claim 11
wherein a radial rake angle (b) of a rake surface (36) and
a relief angle (c) of said cutting edge (30) substantially

10 increases from a leading and a trailing end of said cutting
edge (30).

20. A cutting insert (20) for use in a milling
tool that rotates about an axis (CL), having an insert body
including a bottom face (22), a top face (24), and a side

15 face (26) extending between the top (24) and bottom (22)
faces and a stepped cutting edge (30) defined at the
intersection of the top face (24) and the side face (26)
for engaging and cutting a workpiece, and including at
least two offset edge portions (30a,b,c), each of which

20 creates a chip segment, and each of which are convexiy
curved such that said edge portions (30a,b,c) lie on the
surface of a circumséribing cylinder defined by the
rotation of the cutting edge about the axis (CL) of the
milling tool; wherein the improvement is characterized by:-

25 means (30d,e) Jjoining the offset edge
portions, for engaging and cutting the workpiece and for
creating a separate, thinner chip segment between the chip
segments created by the offset edge portions (30a,b,c) for

facilitating the breaking of all of said chip segments

30 including a substantially straight transition edge portion
(30a,b,c), said transition edée portion (304, e)
intersecting said offset edge portlons (30a,b,c) in an
obtuse angle (a).
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5 2 wherein the side face (26) of. the insert (20) adjacent the cutting
edge (30) includes a continuously curved relief surfac ' _
each of the offset edge portions (30a, b, c). QW@EM&E%&T
cutting insert (20)- according to claim1l0 «=g-wherein the top face' (24)

i ncl udes a continuously curved rake surface (36) adjacent each of the
of fset edge portions (30a, b, c). 9. The cutting insert
(20) according to claim 1 wherein the offset edge portions (30ab,c) of
the cutting 15 egge (3Me apetdrgpasill rig akuttere 1¢l aincludes t ae shahkm

f 22) of the_i t 0) .f ' ' i al ke . . A, of
the edge port| onBOTESED, 85 PARRERY. EPo bR, BoubeR o d Mfening PRbF (RSS!
10. A cutting i nshownj2ahdf ar cutting head [porrish X4c0l Thatcuttingsheadut
an axi CL), L ' bgd i nc! udd ng.s '
(22)?“:1 tgp %aceg?ﬁ?,gn.aru gf]ig{cg.uge §e ?a)é%i%g%}i%it tagr\*d_in%liggtﬂ %g%}’%ﬁéf%%p
(24) and 5 bot spared2rergssesad®-a sEagheFecessi 4§ e‘d‘é-‘(% 3eFhRpart
at the jntersectisgpratet 1§ éRPVREAE d Zutting tisertd2of deemdbntedd) for

cUtT g edge (30) T nol ud: ngeSEETING| ey, tpus Brren, 2cRRECHER: PonthenBath o)
spaced apart froshown aneuttinmdiecinsért 2@ mrbdred in accordancecwithythe . -
spaced chip PEELBALS 19iVentdoR.CUt ithBY QR Aid Cinséft U290 'Ship s a

10 generally polygonal insert body manufactured from a hard,
wear-resistant material such as one of a number of
refractory coated cemented carbide materials, which are
well known in the art. _

The insert body has a central opening 50

15 through which a securing screw {(not shown) extends to
mount the insert to the support surface 18 of the milling
cutter 16. The insert includes a generally flat bottom
face 22, a top face 24, opposed side flanks 26, and
opposed end flanks 28. Both the side flanks 26 and end

20 flanks 28 are planar. ' The intersection of the side
flanks 26 with the top face 24 defines a pair of cutting
edges indicated generally by the numeral 30. The
intersection of the end flanks 28 with the top face 24
define a pair of side edges 32. '

25 The cutting edge 30 has a stepped
configuration. Each cutting edge 30 is broken into
offset edge portions 30'a, 30b and 30c, and transition
edge portions 30d and 30e. The offset edge portions 30a,
30b, and 30c are inclined with respect to the bottom face

30 22 of the' insert 20 at an average angle of approximately

5° as can be most clearly seen in Figures 3 and 7. By
ahgling the .offset edé_é portions 30a, 30b, and 30c
relative to the base of the insert 20, it is possible to
obtain a relatively large axial rake angle "A" as shown
35 in Figure 7 without the need for providing deeply
recessed insert seats in the head portion 14 of the
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30 portions (30a,b,c) being |ongitudi.nally spaced to avoid : M@T S“\:-ET‘

overlapping during a mlling operation wherein the I npro

characterized by: nmeans for engagi ng and cutting the
wor kpi ece and for creating a thinned chip,ortion between the chip 35
segnents created by said offset edge portions]%QOa,b,c) to facilitate
the breaking of said chip segnents including a transition edge portion
(30d,e) joining the offset edge I TMED IS: - 15-

portions (30a,b,c) at an obtuse angl € Y on edge portion
(30de) having an axial rakelangl & (#ytting inserkar{29Q[ &31 W$Rhifhat rotary
cutting occurs Cpr?&iilglli%gs‘t\éoil 83¢ihBCan in@Rit BoEYNIhE 1A ide aC Wit FRER

(30) during n1ll!n% oper ati ons. n 11.,$h¢ cuttlggslnseq%ﬁg¥g
according to claine2), 18 WRR efACthd 2 selNedfe DL FREY 3625h, & g
curved 5 between the top (24) and bottom (22) faces; and a stepped
cutting edge (30) defined at the intersection of the top

face (24) and the side face (26) for engaging and cutting

a workpiece and removing a chip therefrom, said stepped

cutting edge (30) including at least two offset edge

10 portions (30a,b,¢c), each of which creates a chip segment,

wherein the improvement is characterized by: _

means for engaging and cutting the workpiece

and for creating a thinned chip portion between the chip

segments created by said offset edge portions (30a,b,c) to

15 facilitate the breaking of said chip segments, including a

transition edge portion (30d,e) joining the offset edge

portions (30a,b,c), said transition edge portion (30.4, 30e)

intersecting said offset edge portions (30a,b,c) at an

obtuse angle (a). _

20 2. The cutting insert (20) according to claim
1 wherein the offset edge portions (30a,b,c) are curved
such that the offset edge portions (30a,b,c) lie on the
surface of a circumscribing cylinder defined by the
rotation of the cutting edge (30) about the axis of the

25 milling tool.

3. The cutting insert (20) according to claim
2 wherein the offset edge portions (30a,b,c) are parallel

" to one another.
- The cutting insert (20) according to claim’

30 3 wherein the offset edge portions (30a,b,c) are parallel
to one another. '

5. The cutting insert (20) according to claim
2 wherein the <*ransition edge portion (30/4,é) means is
curved such that the transition edge portion (30a,b,c)

35 means lies on the surface of a circumscribing cylinder
defined by the rotation of the cutting edge about the axis

" (CL) of the rbtaryfmilling tool. '

I .
REPLACEMENT SHEET

O] o 2T NV ST




-

such that the of f set " edge portioﬁé‘(SOa,b,c) lie on the surface of a

circunsgribing cylinder defined by the 10 rotation of the ¢ i

(30)..about the axis (CL) of the mlling tool. ﬁtﬁMEgMﬁﬂﬂ$HﬁEf

cutting insert (20) according to claim 11lq,eherein the offset edge

portions (30a,b,c) are helical. 13. The cutting insert (20)

according to clai gb ol-% WRIE ) é)hea@féﬁeéb@@g@ Qﬂélé0@§)§39ﬁebtﬁ')an%r1€tlon
anot

par al | el to o cutting I nser

according to clai gdge EEFW&R#EJ?P@H%)thﬁﬁéPglGH éﬁi?%xﬁ ?NP?%%% éf ne&TS
i's curved suckpahatodhesiéinehat oguetddagd @ddurs (St jusesly 2Qonyi @e

on the surface of a circupsc i ng. C |nder defined b the rotatiq

the cutting _edge e Thot B th é% Xt’ utting P%@eyot‘%ﬂ rff‘ﬁ"}rf‘% ' 11ng
15. The cutti g ya@eghtaaab.accordlng to claim 14 wherein the

i noert (20) “agoordi ng to ol tn The Pitfifing Phsert, (20} adforalh§, € brdin
i nser according to c er Si de face

i nsert (;20) adjacmm‘whereinatnstoﬁgseugedesopqnﬁﬂqnﬁxx%D%oht¢huéyglFurved

curved relief a t éﬁﬁé] ff | @RS
(30a, b,c), and \/\herel n at tfzelg%? glfg%rg?l on Qf ?hzéé?g?ige (§©lg %28? ?geé ;H the
bet ween sai d cutt SHFEaRfe EF0) aanfiygu@ssrdbing cyddndes) definedy onFhe

reinforcing tfif stoeastibnofoft Nehe cutifdgnNedgeyq3o) about the axis (CL) of
the milling tool.
12. The cutting insert (20) according to claim
11 wherein the offset edge portions (30a,b,c) are helical.
13. The cutting insert (20) according to claim
15 12 wherein the offset edge portions (30a,b,c) are parallel
toc one another.
14. The cutting insert (20) according to claim
11 wherein the transition edge portion (30d,e) means is
curved such that the transition edge portion (30d,e) means
20 1lies on the surface of a circumscribing cylinder defined by
the rotation of the cutting edge (30) about the axis (CL)
of the rotary milling tool.
15. The cutting insert (20) according to claim
14 wherein the transition edge porticn (30d,e) is helical.
25 16. The cutting insert (20) according to claim
11 wherein the side face (26) of the insert (20) adjacent
the cutting edge (30) includes a continuously curved relief
surface (40) adjacent each of the offset edge portions
(30a,b,c), and wherein at least a portion of the relief
30 surface (40) between said cutting edge (30) and said side
face' (26) is rounded for reinforcing the étrength of the

cutting edge. _
17. The cutting insert (20) according to claim
11 wherein the top face (24) includes a continuously curved
35 rake surface (36) adjacent each of the offset edge portions
(30a,b,c).
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17. The cutting insert (20) accd}ding to claim - 11 wherein the top face
(24) <includes a continuously curved 35 rake surface (36) adJEREACEMENTCBHEET

the of fset edge portions (30a, b, c).
- 16- 18. The cutting insert (29% according to claim 10
wherein the offset edge portions (30a,b,c) of the cutting edge (3C) are

di sposed at an angle (A) rejgti vy cuttllhge 2P égggr@j_n%hgcl egg h

(20) for increasing an 5 axral rake angle flthe ed{qe portions relative
sai d axis (CL}Oofwherein oithie offset edge)ponkiorsi t(IRR @l t C£0) the

according to clai gudding ed/&@ ) aradiadpdsde @@g&ﬁ &RgLef (ﬁ‘rﬁéﬁa’é!ﬂbéa‘&%
(36) and areljef an %f I d cﬁg\tln e{ﬁ It_)s;;.xz_%ntlalsl 0.
i ncreases froma FBﬁdPﬁﬁ Sﬂd a Fré???n&f (iﬁﬁﬁ¥ ﬁ§° =URE %ég)
5 axial rake angle of the edge portions relative to said axis
(CL) of rotation.

19. The cutting insert(20) according to claim 11
wherein a radial rake angie (b) of a rake surface (36) and
a relief angle (d) of said cutting edge (30) substantially

10 increases from a leading and a trailing end of said cutting
edge (30). .

20. A cutting insert (20) for use in a milling
tool that rotates about an axis (CL), having an insert body
including a bottom face (22), a top face (24), and a side

15 face (26) extending between the top (24) and bottom (22)
' faces and a stepped cutting edge (30) defined at the
intersection of the top face (24) and the side face (26)

for engaging and cutting a workpiece, and including at
least two offset edge portions (30a,b,c), each of which

20 creates a chip segment, and each of which are convexly
curved such. that said edge portions (30a,b,c) lie on the
surface of a circumscribing cylinder defined by the
rotation of the cutting edge about the axis (CL) of the
milling tool; wherein the improvement is characterized by:

25 means (304,e) joining the offset edge
portions, for engaging and cutting the workpiece and for
creating a separate, thinner chip segment between the chip
segments created by the offset edge portions (30a,b,c) for
facilitating the breaking of all of said chip segments

30 including a_substantially straight transition edge portion
(30d, e), ‘said transition  edge portion (30d,e)
interéecting said offset edge portions (30a,b,c} in an

obtuse angle (a).
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20. A cueting.insert (20) for use in a mlling G B 4 G ot a s
an‘axis (CL), havipng an jnsert baody I ncl udi ng_a_bottom (23

face (24), and a side 15 face (26) extendi ng between t heRTHP (2£
faces and a stepped cutting edge (30) defidis gf~=)
i ntersection of the top face (24) and the side face (26)

and cutting a- jrece, and F.THSEHQE'&Q“’@“"’“ log@gizatiip Of f se |
potti ons (30a, Weaoh of s I ch 20 lnm@atlmga chi p segnent,

bot;t om (22)

t he T f TT DT Tg Tyt

the cu ??H’“%%Mﬁg&;;i s (CL) 2{

i mpr oveme s"ﬂ@'rﬂ?zacteri zed by: 25

the opH-set—edge pertens—Feor—leng .

for | efiRatuiia Apitfiddkaive: t hi sRREosHIBIP] B Dllpiies Biitbs\ROBR, DA, CR{UPPKR, MX, RU,
segneénfs created by the offset edge portipns (

the br e@ﬁW&F‘&Wsai dS Febrpagy 5l 30

straight transition edge portion (BOb, e);

porti opae i ntersecting said Fﬂbw >
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