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NEGATIVE FINISH TURNING INSERT WITH CHIP FORMING ARRANGEMENT

FIELD OF THE INVENTION

[001]  The subject matter of the present application relates to an insert for machining operations,
in particular a negative turning insert comprising a chip forming arrangement for finish depth
machining operations. More specifically the chip forming arrangement is optimized for machining

difficult to machine materials with high heat-transfer properties.

BACKGROUND OF THE INVENTION

[002]  This particular application relates to negative inserts, i.e. inserts having a peripheral
surface extending perpendicular to the rake surface(s) which it is connected too. It will be
understood that the entire focus of this application is chip formation, and, as known in the art,
negative inserts and non-negative inserts form different chips even if mounted in a tool to present
the same insert angle to a workpiece. Negative inserts are well known in the art and are categorized
with the letter “N” in ISO standards.

[003] More specifically, the chip forming arrangement is for finish-depth (hereinafter simply
“finish”) machining, which for the purposes of the present application, are considered to have a
depth of cut up to 2.5mm. At greater depths, the same chip forming arrangement is not expected
to provide the same beneficial performance, even if enlarged proportionately.

[004]  The chip forming arrangement subject the present application was comparatively tested
against several other designs, some of which were based off prior art chip forming arrangements,
which is discussed in detail hereinafter.

[005] It is an object of the present invention to provide a new and improved chip forming

arrangement.

SUMMARY OF THE INVENTION

[006]  The chip forming arrangement according to the subject matter of the present application
has been developed for an unusual purpose of performing optimally for machining both Inconel
and Titanium workpieces. Notably, even though both Inconel and Titanium have similar high heat
transfer properties, nonetheless have notably different properties when being machined. To

elaborate, out of the several designs tested, the claimed design performed worse than other designs
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at machining Inconel, and worse than some of the designs at machining Titanium, but better on
average than all of the designs (taking into account the factors of chip forming, tool life at
comparatively low depth of cut, tool life at comparatively high depth of cut) at machining both
materials.

[007]  In accordance with a first aspect of the subject matter of the present application, there is
provided a turning insert for comprising a chip forming arrangement including only a single v-
shaped groove. The groove being configured for finish depth machining of both Inconel and
Titanium work pieces.

[008] More precisely, the insert comprises: opposite first and second surfaces; a peripherally
extending peripheral surface connecting and extending perpendicular to the first and second
surfaces; a peripheral edge formed at an intersection of the peripheral surface and the first surface,
the peripheral edge having at least one corner comprising a corner radius; a cutting edge formed
along at least a portion of the peripheral edge, and extending along the corner radius as well as
first and second edge portions connected to and extending from different sides of the corner; a
bisector plane perpendicular to the first and second surfaces and bisecting the corner radius; a
bisector point defined at an intersection of the cutting edge and the bisector plane; a horizontal
plane perpendicular to the peripheral surface and intersecting the bisector point; a downward
direction directed perpendicularly from the horizontal plane towards the second surface; an upward
direction opposite to the downward direction; an inward direction directed into the insert from an
intersection of the bisector plane and the peripheral surface; and a chip forming arrangement
formed at the first surface, adjacent to the cutting edge, and consisting of a single, continuous v-
shaped groove extending on both sides of the corner radius, in a top view; the groove comprising:
a curved groove portion adjacent the corner radius, and two straight extension portions connected
to either side of the curved groove portion; a descending surface extending directly from the cutting
edge in a downward-inward direction to a lowest point of the groove; and an ascending surface
extending from the lowest point in an upward-inward direction to a highest point; wherein along
the bisector plane: the lowest point is a first horizontal distance D1 from the bisector point,
fulfilling the condition 0.50mm < D1 < 1.20mm; the lowest point is a first vertical distance H1
downward from the horizontal plane, fulfilling the condition 0.15mm < H1 < 0.30mm; and the
highest point is a second horizontal distance D2 from the bisector point, fulfilling the condition

1.10mm < D2 <1.70mm.
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[009] As will be shown below with reference to other designs tested, even similar appearing
chip forming arrangements behaved surprisingly differently when the specific location of the

elements above was changed even by small amounts.

[0010] Preferably, the first horizontal distance D1 fulfills the condition 0.70mm <D1 <1.10mm.

More preferable values are with a greater proximity to D1 = 0.85mm

[0011] Preferably, the vertical distance H1 fulfills the condition 0.20mm <H1 < 0.30mm. More

preferable values are with a greater proximity to H1 = 0.25mm

[0012] Preferably, the second horizontal distance D2 fulfills the condition 1.20mm < D2 <
1.60mm. More preferable values are with a greater proximity to D2 = 1.40mm. For the purposes
of the specification and claims, the second horizontal distance D2 may include curved and straight
portions of a single ascending surface, which participate in chip formation while machining using
finish conditions. The descending and ascending surfaces of the present design are configured to
be the only surfaces which participates in chip formation when machining at finish conditions.
This will be elaborated below in relation to different exemplary elements (land, cutting edge length

extending horizontally, transition relief surface to abutment surface).

[0013] Preferably, the second horizontal distance D2 i§ the largest distance compared to
comparative distances taken along planes other than the bisector plane. Preferably, the v-shaped
groove 1s widest along the bisector plane (i.e. having the greatest horizontal distance D2), and
becomes progressively narrower along at least a portion of the groove’s straight extension portions,

in a direction away from the curved groove portion.
[0014] Preferably, the chip forming arrangement is symmetric about the bisector plane.

[0015] Preferably, the ascending surface, along the bisector plane, extends in a smooth concave

manner.

[0016] Preferably, a majority of the descending surface, along the bisector plane, extends in a

straight manner.
[0017] Preferably, the highest point is located upward of the horizontal plane.

[0018] Preferably, the highest point is a second vertical distance H2 from the lowest point,
fulfilling the condition that H2 is equal to H1 + 0.05mm (H2 = H1 + 0.05mm).

-3-
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[0019] Preferably, the highest point is within 0.1 mm of the horizontal plane.
[0020] Preferably, the highest point is above the horizontal plane.

[0021] Preferably, the cutting edge has a circular radius. Specifically, preferably, an E-type
honed shape. Stated differently, the cutting edge can preferably be honed to be circularly radiused.

[0022] Preferably, the first vertical distance Hl can be the largest distance compared to
comparative distances taken along planes other than the bisector plane. Preferably, the v-shaped
groove can be deepest (i.e. having the greatest first vertical distance H1) along the bisector plane,
and becomes progressively shallower along at least a portion of the groove’s straight extension

portions, in a direction away from the curved groove portion.

[0023] Preferably the v-shaped groove is widest along the bisector plane (P1), and becomes
progressively narrower along at least a portion of the groove’s straight extension portions, in a

direction away from the curved groove portion.

[0024] Preferably, the cutting edge adjacent the chip forming arrangement extends parallel to the
horizontal plane. It will be understood that this feature, as with the other features above, only
relates to the working area that a finish-depth insert works at. Accordingly, more precisely, it can
be stated that the cutting edge adjacent the chip forming arrangement extends parallel to the
horizontal plane within a horizontal distance of 2.5mm from the bisector point. To elaborate,

further than that distance there is no relevance to the chip forming arrangement.

[0025] Preferably, the insert has one or more additional chip forming arrangement having the
same features but formed at a different location, e.g. the second surface. For example, at each
corner of the first and second surfaces there can be formed a chip forming arrangement having the

same features as the chip forming arrangement defined above.

[0026] It will be understood that the statement “a descending surface extending directly from the
cutting edge” should be understood as meaning that the descending surface, or stated differently
the chip forming arrangement, is devoid of a land. For the purposes of the specification and claims
a land is only considered such when it has a horizontal dimension of at least 0.lmm since a

dimension less than that is not expected to have significant detrimental effect on chip formation.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] For a better understanding of the subject matter of the present application, and to show
how the same may be carried out in practice, reference will now be made to the accompanying
scale drawings, in which:

Fig. 1A is a top view of an insert comprising chip forming arrangements in accordance

with the subject matter of the present application;

Fig. 1B is a side view of the insert in Fig. 1A;

Fig. 1C is an enlarged view of an encircled portion IC in Fig. 1A;

Fig. 1D is an enlarged view of an encircled portion ID in Fig. 1B;

Fig. 2A is a cross section taken along line B-B in Fig. 1C;

Fig. 2B is a cross section taken along line X-X in Fig. 1C; and

Figs. 3A-3G are cross sections taken along bisector lines of a comparative designs.

DETAILED DESCRIPTION

[0028] Reference is made to Figs. 1A and 1B, illustrating a finish turning insert 10 for machining
operations. The insert 10 is typically made of extremely hard and wear-resistant material such as
cemented carbide.

[0029] The insert 10 can comprise opposite first and second surfaces 12, 14 and a peripherally
extending peripheral surface 16 connected to the first and second surfaces 12, 14. The first and
second surfaces 12, 14 in this non-limiting example are identical and so only the first surface 12
will be described.

[0030] The insert 10 comprises at least one corner 18A, 18B, 18C, 18D.

[0031] The insert 10 comprises at least one chip forming arrangement 20 associated with the
corner 18A and the first surface 12. Unless stated otherwise, the following description will only
be directed to one chip forming arrangement (i.e. the arrangement designated with the numeral
“20”), however, it will be understood that each corner of the insert 10, at either or both of the first
and second surfaces 12, 14 can have a corresponding chip forming arrangement.

[0032] In any case, in the present example the insert 10 has a corresponding chip forming
arrangement on each corner thereof and at both the first and second surfaces 12, 14 of each corner,

1.e. eight such arrangements. It will also be understood that the first surface 12 (and the second
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surface 14 in the example shown) is a rake surface, over which chips (not shown) cut from a cut
workpiece (not shown) flow.

[0033] It will be understood that the peripheral surface 16 constitutes a relief surface of the insert
10. As shown the peripheral surface 16 extends perpendicular to the first and second surfaces 12,
14. Stated differently, the insert 10 is a so-called negative insert.

[0034] Referring to Figs. 1C and 1D, the corner 18A can define a corner radius C. More precisely,
the corner radius Cis an arc-shaped portion along an inscribed circle I of the corner 18A in the top
view of the first surface 12.

[0035] Referring to Figs. 1A-1D, a peripheral edge 21 is formed between the first surface 12 and
the peripheral surface 16. A cutting edge 22 is formed along at least a portion of the peripheral
edge 21 and can comprise first and second sub-cutting edges 22A, 22B, and a third sub-cutting
edge 22C extending along the corner 18A and connected to the first and second sub-cutting edges
22A, 22B.

[0036] First and second connection points 24A, 24B (Fig. 4A) of the third sub-cutting edge 22C
and first and second sub-cutting edges 22A, 22B are located where the curvature of the corner 18A
transitions to the straight first and second sub-cutting edges 22A, 22B.

[0037] InFig. 1C, a bisector plane P1, which extends along line B-B is shown. The bisector plane
P1 is perpendicular to the first and second surfaces 12, 14 and bisects the corner radius C (i.e.
theoretically dividing the corner 18A into equal halves). The chip forming arrangement 20 can
preferably be symmetric about the bisector plane P1 as shown.

[0038] A bisector point P is theoretically defined at an intersection of the cutting edge and the
bisector plane P1.

[0039] An inward direction DI is defined directed into the insert 10 from an intersection of the
bisector blane B and the peripheral surface 16. > "

[0040] A horizontal plane H (Fig. 1D) extends perpendicular to the peripheral surface 16 and
intersecting the bisector point P. In the same figure it can be understood that the cutting edge 22
extends parallel with the horizontal plane H.

[0041] A downward direction DD is defined directed perpendicularly from the horizontal plane
H towards the second surface 14. An upward direction DU is defined in an opposite to the

downward direction DD.

-6 -
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[0042] As best shown in Fig. 1C, at the corner 18A, the chip forming arrangement 20 comprises
only a single, continuous v-shaped groove 28 extending on both sides of the corner radius C. To
elaborate, a v-shape is shown when viewed in a top view (Fig. 1C). Similar to the cutting edge 22,
the groove 28 comprises two straight extension portions 28A, 28B extending along adjacent first
and second sub-cutting edges 22A, 22B, and a curved groove portion 28C adjacent to the third
sub-cutting edge 22C.

[0043] As seen in Fig. 2A, in cross-section, the groove 28 comprises a descending surface 30
extending directly from the cutting edge 22 and an ascending surface 32.

[0044] Referring to Fig. 2A, it is shown that the descending surface 30 extends in both the
downward direction DD and the inward direction DI (also called a downward-inward direction) to
a lowest point 34 of the groove 28 (i.e. considered the lowest point which is closest to the bisector
point P), and the ascending surface 32 extends from the lowest point 34 in both the upward
direction DU and the inward direction DI (also called a upward-inward direction) to a highest point
36. The highest point 36 is the last portion of the chip forming arrangement 20 which participates
in chip formation even though there is a transition portion 38 located between an abutment surface
40 and the highest point 36. To elaborate the transition portion 38 has no chip formation function
and is therefore disregarded for the description of the chip forming arrangement 20.

[0045] Notably the descending surface 30 extends directly in the downward-inward direction and
not initially in the inward direction DI as exemplified by elements 38A and 38B in Figs. 3F and
3G. Stated differently, the present chip forming arrangement 20 is devoid of a land. Having said
that, elements 38A and 38B are also not considered lands for the purpose of the present application
because, even though they extend in the inward direction DI, they lack sufficient size to
significantly affect chip formation, such size being considered 0.1mm and larger. In other words,
for purposes of the present application, a structure adjacent a cutting edge cannot be considered a
“land” unless it is at least 0.1mm or larger. As shown, until proximity to the lowest point 34, the
descending surface 30 extends in a straight manner.

[0046] The lowest point 34 is a first horizontal distance D1 from the bisector point P, along the
bisector plane P1. In this preferred embodiment condition D1 is 0.85mm.

[0047] The highest point 36 is a second horizontal distance D2 from the bisector point P, along
the bisector plane P1. In this preferred embodiment the second horizontal distance D2 = 1.40mm.

Notably, in Fig. 2B, the comparative distance D2’ equals 0.94mm. Similarly, in all other sections
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it is also true that D2 is larger than a comparative distance. Thus it will be understood that the
second horizontal distance D2 is the largest distance compared to comparative distances (D2’
being the exemplified comparative distance). Restated, the v-shaped groove 28 is widest along
the bisector plane P1. Furthermore, the v-shaped groove 28 can preferably become progressively
narrower along at least a portion of the groove’s straight extension portions 28A, 28B, in a
direction away from the curved groove portion 2C.

[0048] The abutment surface 40 is a third horizontal distance D3 from the bisector point. In this
preferred embodiment D3 = 1.84mm.

[0049] The lowest point 34 is a first vertical distance H1 downward from the horizontal plane H.
In this preferred embodiment HI = 0.25mm.

[0050] The highest point 36 is a second vertical distance H2 from the lowest point 34. In this
preferred embodiment H2 = 0.30mm.

[0051] A third vertical distance H3 is defined upward from the horizontal plane to the abutment
surface 40. In this preferred embodiment H3 = 0.10mm.

[0052] A fourth vertical distance H4 is defined upward from the horizontal plane to the lowest
point of a transition portion 38 (which extends between the highest point 36 and the abutment
surface 40). In this preferred embodiment H4 = 0.05mm. Nonetheless, it will be understood that
the transition portion 38 is optional.

[0053] For the sake of completeness, the values in Fig. 2B are: D1° = 0.47mm; D2’ = 0.94mm,;
D3’ =1.32mm; H1’ = 0.2mm; H3” 0.1 = mm; H4* = 0.04mm; and H2> = H1” + H4* = 0.24mm.
Thus it will be understood that the first vertical distance H1 (= 0.25mm) is the largest distance
compared to comparative distances (H1” = 0.20mm being the exemplified comparative distance).
[0054] The chip forming arrangement 20 described above was developed and performed best
overall against several comparative similar designs, the bisector sections of which are shown in
Figs. 3A to 3G. The comparative values of which are shown in the table below.

Fig.2A | Fig. 3A | Fig. 3B | Fig. 3C | Fig.3D | Fig. 3E | Fig.3F | Fig. 3G
H1 0.25 0.05 0.14 0.09 0.04 0.14 0.07 0.09
H2 0.30 0.15 0.24 0.12 0.14 0.26 0.20 0.15
H3 0.10 0.10 0.10 0.10 0.10 0.12 0.13 0.06
D1 0.85 0.19 0.48 0.32 0.15 0.42 0.41 0.41
D2 1.40 1.69 1.87 0.51 1.30 1.89 1.53 2.01
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[0055] Explanatory notes regarding the table are below.

[0056] The second vertical distance H2 is not shown in all drawings but is calculated as the sum
of the first and third vertical distances H1, H3. Notably this calculation is not accurate for Figs.
2A and 3C and thus the distance is shown and provided.

[0057] Inthe examples shown in Figs. 3A and 3D, the chip will be formed by rolling along both
relatively shallow grooves, and hence the second horizontal distance D2 extends as far as shown.
By contrast, in Figures 2A and 3C chip formation already ends at the end of the initial ascent
surface (thus ending the functional area of the chip forming arrangement), hence the location of
the first vertical distance H1 is as shown. Accordingly, in Figs. 2A and 3C the sum of the first and
third vertical distances H1, H3 is not equal to the second vertical distance H2.

[0058] In Figs. 3A and 3D, dimensions are calculated from the first groove, even though there is
difficulty in the analogy because both double grooved arrangements which thus differ from the
claimed concept. In any case they have been provided to demonstrate that such designs were tested.
In any case, the height of the second groove in both examples is significantly less than 0.15mm,
which is the lower value of the claimed range.

[0059] Comparison of test results, taking into account the factors of chip forming (or control),
tool life at comparatively low depth of cut and high depth of cut, for both Inconel and Titanium
was carried out.

[0060] The present design (Fig. 2A) was significantly advantageous over the comparative design
in Fig. 3A, in all categories tested.

[0061] The present design (Fig. 2A) was significantly advantageous over the comparative design
in Fig. 3B, in the categories of tool life (machining Inconel at high depth of cut) and chip control
(machining Titanium).

[0062] The present design (Fig. 2A) was significantly advanta;geouS over the comparative design
in Fig. 3C, in the category of tool life (machining Inconel at high depth of cut).

[0063] The present design (Fig. 2A) wasv significantly advantageous over the comparative design
in Fig. 3D, in the categories of tool life (machining Inconel at high depth of cut) and chip control

(machining Titanium).

-9.
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[0064] The present design (Fig. 2A) was significantly advantageous over the comparative design
in Fig. 3E, in the categories of tool life (machining Inconel and Titanium at high depth of cut) and
chip control (machining Titanium).

[0065] The present design (Fig. 2A) was significantly advantageous over the comparative design
in Fig. 3F, in the categories of tool life (machining Inconel at low and high depth of cut) and chip
control (machining Titanium).

[0066] The present design (Fig. 2A) was significantly advantageous over the comparative design
in Fig. 3G, in the categories of tool life (machining Inconel at high depth of cut, and machining
Titanium at low and high depth of cut) and chip control (machining Titanium).

[0067] In summary, the present design had the best performance out of all of the designs for
machining Inconel at high depth of cut, and outperformed all other designs except one at chip
control of Titanium machining (performing a close second). While other values were often equal
to the comparative designs, or sometimes inferior, the overall average result of all of the criteria

mentioned was the highest for the present design.

-10 -
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CLAIMS

A turning insert comprising:

opposite first and second surfaces;

a peripherally extending peripheral surface connecting and extending perpendicular

to the first and second surfaces;

a peripheral edge formed at an intersection of the peripheral surface and the first

surface, the peripheral edge having at least one corner comprising a corner radius;

a cutting edge formed along at least a portion of the peripheral edge, and extending
along the corner radius as well as first and second edge portions connected to and

extending from different sides of the corner;

a bisector plane P1 perpendicular to the first and second surfaces and bisecting the

corner radius;

a bisector point P defined at an intersection of the cutting edge and the bisector

plane;

a horizontal plane perpendicular to the peripheral surface and intersecting the

bisector point;

a downward direction directed perpendicularly from the horizontal plane towards

the second surface;
an upward direction opposite to the downward direction;

an inward direction directed into the insert from an intersection of the bisector plane

and the peripheral surface; and

a chip forming arrangement formed at the first surface, adjacent to the cutting edge,
and consisting of a single, continuous v-shaped groove extending on both sides of

the corner radius, in a top view;

the groove comprising:

-11 -
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a curved groove portion adjacent the corner radius, and two straight extension

portions connected to either side of the curved groove portion;

a descending surface extending directly from the cutting edge in a downward-

inward direction to a lowest point of the groove; and

an ascending surface extending from the lowest point in an upward-inward

direction to a highest point;
wherein along the bisector plane:

the lowest point is a first horizontal distance D1 from the bisector point, fulfilling

the condition 0.50mm < D1 < 1.20mm;

the lowest point is a first vertical distance Hl downward from the horizontal plane,

fulfilling the condition 0.15mm < HI1 < 0.30mm; and

the highest point is a second horizontal distance D2 from the bisector point,

fulfilling the condition 1.10mm < D2 < 1.70mm.

2. The insert according to claim 1, wherein the first horizontal distance D1 fulfills the condition

0.70mm < D1 < 1.10mm.

3. The insert according to claim 1 or 2, wherein the vertical distance HI fulfills the condition

0.20mm < H1 <0.30mm.

4. The insert according to any one of claims 1 to 3, wherein the second horizontal distance D2

fulfills the condition 1.20mm < D2 < 1.60mm.

5. The insert according to any one of claims | to 4, wherein the chip forming arrangement is

symmetric about the bisector plane.

6. The insert according to any one of claims 1 to 5, wherein the ascending surface, along the

bisector plane, extends in a smooth concave manner.

7. The insert according to any one of claims 1 to 6, wherein a majority of the descending surface,

along the bisector plane, extends in a straight manner.

8. The insert according to any one of claims 1 to 7, wherein the highest point is located upward of

the horizontal plane.
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9. The insert according to any one of claims 1 to 8, wherein the highest point is a second vertical

distance H2 from the lowest point, fulfilling the condition H2 = H1 + 0.05mm.

10. The insert according to claim 9, wherein the highest point is within 0.1mm of the horizontal

plane.

11. The insert according to any one of claims 1 to 10, wherein the second horizontal distance D2
is the largest distance compared to comparative distances taken along planes other than the bisector

plane.

12. The insert according to claim 11, wherein the v-shaped groove is widest along the bisector
plane (P1), and becomes progressively narrower along at least a portion of the groove’s straight

extension portions, in a direction away from the curved groove portion.
13. The insert according to any one of claims 1 to 12, wherein the cutting edge has a circular radius.

14. The insert according to any one of claims 1 to 13, further comprising an additional chip forming

arrangement having the same features but formed at the second surface.

15. The insert according to any one of claims 1 to 14, comprising a chip forming arrangement at
each corner of the first and second surfaces having the same features as the chip forming

arrangement defined in claim 1.

16. The insert according to any one of claims 1 to 15, wherein the cutting edge adjacent the chip

forming arrangement extends parallel to the horizontal plane.

17. The insert according to any one of claims 1 to 16, wherein the first vertical distance H1 is the
largest distance compared to comparative distances taken along planes other than the bisector

plane.

18. The insert according to claim 17, wherein the v-shaped groove is deepest along the bisector
plane (P1), and becomes progressively shallower along at least a portion of the groove’s straight

extension portions, in a direction away from the curved groove portion.

19. The insert according to claim 18, wherein the v-shaped groove is widest along the bisector
plane (P1), and becomes progressively narrower along at least a portion of the groove’s straight

extension portions, in a direction away from the curved groove portion.
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