wo 20097113941 A1 I 10K O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g3 [} 1M1 I0PW0 1.0 00 0T A0 0 0
ernational Bureau V,& ‘ ) |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #

17 September 2009 (17.09.2009) WO 2009/113941 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B23C 5/22 (2006.01) B23B 27/16 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ éé’ gg’ gg’ gg’ gg > ]])31}({, 3\1\}[]’ gg’ gé’
PCT/SE2009/000131 EC. EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN.
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
11 March 2009 (11.03.2009) EZG II\I/IAKLISH\?I?\/I\I{/RI\/I[“)S( IIC/EY LI\I/J[ZL?\{IAMSGMI\]I)I 1\1\/#(1%
(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

0800576-1 13 March 2008 (13.03.2008) SE (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): SECO GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
TOOLS AB [SE/SE]; S-737 82 Fagersta (SE). ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, TR),
OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

(72) Inventor; and

(75) Inventor/Applicant (for US only): GUSTAVSSON,
Bjorn [SE/SE]; Kransvdgen 4, S-739 31 Skinnskatteberg
(SE).

(74) Agent: CARLSSON, Lars-Ake; Sandvik Intellectual
Property AB, S-811 81 Sandviken (SE).

(54) Title: MILLING INSERT FOR CHIP REMOVING MACHINING

[ S

-

4

()

N/

(57) Abstract: The present invention relates to a milling insert (1) for chip removing machining, the milling insert (1) having a
positive basic geometry, the milling insert (1) comprising at least three main cutting edges (H1-H3) and three associated minor
cutting edges (B1-B3), the milling insert (1) on the underside (L1) thereof being provided with at least two, mutually intersecting,
sets of rectilinear grooves/notches, said sets of grooves/notches defining essentially pyramidal projecting parts (P), said sets of
grooves/notches intersecting opposite side surfaces (S1-S6) of the milling insert (1). The invention also relates to a face milling
cutter that is equipped with milling inserts according to the present invention. Characteristic of the milling insert (1) according to
the present invention is that when the milling insert is seen a planar view the rectilinear direction (R1-R3) defined by each set of
grooves/notches forms a right angle with the tangent of a minor cutting edge (B1-B3).
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MILLING INSERT FOR CHIP REMOVING MACHINING

Background of the Invention

The present invention relates to a milling insert for chip removing
machining, the milling insert comprising at least three main cutting edges and three
associated minor cutting edges, the milling insert on the underside thereof being
provided with at least two, mutually intersecting, sets of rectilinear grooves/notches,
said sets of grooves/notches defining essentially pyramidal projecting parts, said sets
of grooves/notches intersecting opposite side surfaces of the milling insert. The
present invention also relates to a milling cutter that is equipped with a number of
milling inserts according to the present invention.

In WO 0200382, a face milling cutter is shown where the insert seat and the
underside of the milling insert are provided with parallel grooves, which co-operate
when the milling insert is mounted in the insert seat. The co-operating grooves are
used to adjust the location of the milling insert in the axial direction of the milling
cutter. In addition, a reliable locking of the milling insert in the insert seat is obtained.

In WO 99/00208, a tool coupling as well as a method for the connection of
two tool parts are shown. This tool coupling is characterized in that each one of the
connected surfaces comprises at least two sets of notches, the notches of one of the
sets being perpendicular to the notches of the other set. In addition, a first set of
notches in one of the surfaces delimits a second set of notches in the same surface,
while sets of notches in the second surface entirely intersect each other.

DE 3617119 shows a cutting insert for parting and grooving. WO 0047405
relates to a copy turning insert.

Objects and Features of the Invention

A primary object of the present invention is to provide a milling insert of the
kind defined by way of introduction, wherein the milling insert should be indexable in
the insert seat of the milling cutter body at the same time as it is adjustable in the
axial direction of the milling cutter body.
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Another object of the present invention is that the milling insert preferably
should be a milling insert having cutting edge areas of a superhard material, for
instance PCD or CBN.

At least the primary object of the present invention is realised by means ofa
milling insert having the features defined in the subsequent independent claim 1.
Preferred embodiments of the milling insert according to the present invention are
defined in the dependent claims.

Brief Description of the Drawings
Below, a preferred embodiment of the invention will be described, reference

being made to the appended drawings, wherein:

Fig. 1 shows a perspective view of a triangular milling insert according to the
present invention;

Fig. 2 shows a planar view of the milling insert according to Fig. 1;

Fig. 3 shows a view of the milling insert according to Fig. 2 in the direction of the
arrow lll;

Fig. 4 shows a view of the milling insert according to Fig. 2 in the direction of the
arrow 1V

Fig. 5 shows a view of the milling insert according to Fig. 2 in the direction of the
arrow V;

Fig. 6 shows a planar view of the underside of the milling insert according to Fig.
1;

Fig. 7 shows a perspective view of a milling cutter according to the present
invention;

Fig. 8 shows a side view of the milling cutter according to the present invention,
the use of the milling cutter as an end mill being particularly illustrated;

Fig. 9 shows a perspective view of the milling cutter, a plane coinciding with the
top surface of the adjacent milling insert having an extension
perpendicular to the plane of the paper;

Fig. 10  shows a view according to X-X in Fig. 9, the milling insert being removed,

Fig. 11 shows a view in the direction of the arrow Xl in Fig. 10;

Fig. 12  shows a perspective view of a quadratic milling insert according to the
present invention;

Fig. 13  shows a planar view of the milling insert according to Fig. 12;

Fig. 14  shows a view of the milling insert according to Fig. 13 in the direction of
the arrow XIV;

Fig. 15  shows a view of the milling insert according to Fig. 13 in the direction of
the arrow XV,



10

15

20

25

30

35

WO 2009/113941 PCT/SE2009/000131

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

3
16 shows a view of the milling insert according to Fig. 13 in the direction of

the arrow XVI;

17  shows a view of the milling insert according to Fig. 13 in the direction of
the arrow XVIi;

18  shows a planar view of the underside of the milling insert according to Fig.
12;

19  shows a perspective view of a milling cutter body intended to receive
milling inserts according to Figs. 12-18;

20 shows an enlarged component in Fig. 19;

21 shows a side view of a milling cutter equipped with milling inserts according to
Figs. 12-18,;

22  shows a section along XXII-XXII in Fig. 21; and

23 shows a side view in the direction of the arrow XXIII in Fig. 22.

Detailed Description of Preferred Embodiments of the Invention

The milling insert 1 according to the present invention shown in Figs. 1-6

has a triangular basic shape and is manufactured from pressed or injection-moulded
cemented carbide. By "cemented carbide", reference is here made to WC, TiC, TaC,
NbC, etc., in sintered combination with a binder metal such as, for instance, Co or Ni.
The milling insert 1 is preferably at least partly coated with layers of, e.g., AlOs, TiN
and/or TiCN. In certain cases, it may be justified that the cutting edges consist of
soldered superhard materials such as CBN or PCD.

The milling insert 1 according to the present invention may have a positive

basic geometry, i.e., a truncated pyramid and comprises three first plane or
cambered side surfaces S1-S3, which in the active state serve as clearance surfaces
in chip removing machining using the milling insert 1 according to the present
invention. In order to attain this function of the side surfaces S1-S3, these together
generally define the shape of a truncated cone. The milling insert 1 according to the
present invention also comprises three second plane or cambered side surfaces S4—
S6, which extend between the first side surfaces $1-S3. The second side surfaces
S4-S6 are also mutually conical and serve as clearance surfaces in chip removing
machining using the milling insert according to the present invention.

The milling insert 1 according to the present invention comprises a plane

top surface U1, which together with the first and second side surfaces $1-83 and
S4-S6 defines cutting edges. Thus, the intersection between the side surface S1 and
the top surface U1 defines a first main cutting edge H1, the intersection between the
side surface S2 and the top surface U1 defines a second main cutting edge H2, and
the intersection between the side surface S3 and the top surface U1 defines a third
main cutting edge H3.
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The intersection between the side surface S4 and the top surface U1
defines a first minor cutting edge B1, the intersection between the side surface S5
and the top surface U1 defines a second minor cutting edge B2, and the intersection
between the side surface S6 and the top surface U1 defines a third minor cutting
edge B3.

According to a preferred embodiment of the milling insert according to Figs.
1-6, the main cutting edges H1-H3 are straight while the minor cutting edges B1-B3
are cambered. However, within the scope of the present invention, it is conceivable
that the main cutting edges are cambered and that the minor cutting edges are
straight. In addition, straight and cambered main cutting edges and minor cutting
edges may be combined in all feasible ways.

The main cutting edge H1 may form a principally right angle with the
associated minor cutting edge B1, the main cutting edge H2 may form a principally
right angle with the associated minor cutting edge B2, and the main cutting edge H3
may form a principally right angle with the associated minor cutting edge B3.

In Fig. 6, a planar view is shown of the underside L1 of the milling insert 1
according to the present invention, the underside L1 being provided with a number of
pyramids P1 each one of which, in the shown triangular milling insert 1 according to
the present invention, comprises six facets. This is a consequence of three sets of
grooves/notches being arranged on the underside L1 of the milling insert.

The pyramids P1 arranged on the underside of the milling insert 1 may be
provided by grinding rectilinear grooves/notches on the underside of the milling
insert. In each grinding operation, a number of paraliel grooves are formed. In order
to provide the pyramids P1 shown in Fig. 6, three grinding operations are carried out,
the same generating three sets of rectilinear grooves. The rectilinear
grooves/notches of each set extend along the entire underside L1 of the milling insert
1, i.e., they intersect two opposite side surfaces S1-S6 of the milling insert 1. The
rectilinear direction R1, R2, R3 defined by each set of grooves forms a right angle
with the tangent T of an associated minor cutting edge B1-B3, see Fig. 6, when the
milling insert is seen a planar view. The tangent T connects to the cambered minor
cutting edge B1-B3 in the lowest point thereof when the minor cutting edge B1-B3
generates a horizontal work surface.

The milling insert 1 according to the present invention is provided with a
mounting hole O1 arranged centrally in the milling insert. The mounting hole O1
penetrates both the top surface U1 and the underside L1. The centre axis of the
mounting hole O1 has been given the reference designation C1-C1 in Fig. 1.

In Figs. 7-9, a milling cutter according to the present invention is shown, the
milling cutter comprising a milling cutter body 10 equipped with a number of milling
inserts 1 according to Figs. 1-6.
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The milling cutter body F has a number of insert seats 11, see particularly
Figs. 10 and 11, the insert seats 11 being provided with a set of rectilinear, parallel
grooves/notches. In that connection, it should be pointed out that the insert seats 11
only have one set of grooves/notches. In the embodiment ilustrated, the insert seat
11 is provided with an internally threaded fastening hole O1. The milling insert 1 is
clamped in the insert seat by means of a fixing screw 9, see Fig. 8, which extends
through the milling insert 1 and is in engagement with the fastening hole O1.
Thereby, the milling insert 1 assumes a correct position in the insert seat 11, though
an adjustment of the axial location of the milling insert 1 may be effected. Adjacent to
the insert seats 10, the milling cutter body is provided with wedges 12, against which
a first side surface S1-S3 of the milling insert 1 abuts. Adjusting screws 13 go
through the wedges 12 and are anchored in the milling cutter body 10 by means of a
threaded joint. By rotation of the adjusting screws 13, a position adjustment of the
milling inserts 1 is attained in the axial direction of the milling cutter, i.e., in a direction
parallel with the rotational axis C2—-C2 of the milling cutter, which is drawn in Fig. 8.
The rotational axis C2—C2 also defines the axial direction of the milling cutter. It is
exceptionally important that an adjustment with high precision can be effected in said
axial direction of the milling cutter.

By studying the underside L1 of the milling insert 1, it is realized that the
milling insert 1 can be indexed in three different positions in the insert seat 11,
wherein the position adjustment described above can be made for each position.
This is enabled by the fact that each set of grooves/notches intersects two opposite
side surfaces S1-S6 of the milling insert 1. Thus, the outwardly facing side surface
S1-S3 constitutes a clearance surface for the active main cutting edge H1-H3. The
side surface S1-S3 being in contact with the wedge 13 constitutes a support surface
for the milling insert 1.

As is seen from the right milling insert 1 in Fig. 8, the milling cutter is a so-
called end mill, i.e., it mills right-angled corners. This is indicated by the angle of 90°
marked in Fig. 8. In this connection, it should be pointed out that the horizontal line
defining the right angle constitutes a tangent or rectilinear extension of the active
minor cutting edge of the right milling insert 1 in Fig. 8.

In Figs. 12—18, an alternative embodiment of a milling insert 101 according
to the present invention is shown, the milling insert 101 having a quadratic basic
shape and may have a positive basic geometry. As for the material of the milling
insert 101, reference is made to what has been said above concerning the milling
insert 1. The milling insert 101 comprises four first plane side surfaces S101-5104,
which in the active state serve as clearance surfaces in chip removing machining
using the milling insert 101 according to the present invention. In order to attain this
function of the side surfaces $101-S104, these generally define the shape of a
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truncated cone. The milling insert 101 according to the present invention also
comprises four second plane side surfaces S1 05-S108, which are situated adjacent
to the first side surfaces S101-S104. The second plane or cambered side surfaces
S$105-S108 are also mutually conical and serve as clearance surfaces in chip
removing machining using the milling insert according to the present invention.

The milling insert 101 according to the present invention comprises a plane
top surface U101, which together with the first and second side surfaces $101-S104
and S105—S108 defines cutting edges. Thus, the intersection between the side
surface S101 and the top surface U101 defines a first main cutting edge H1 101, the
intersection between the side surface $102 and the top surface U101 defines a
second main cutting edge H102, the intersection between the side surface $S103 and
the top surface U101 defines a third main cutting edge H103, and the intersection
between the side surface 104 and the top surface 101 defines a fourth main cutting
edge 104.

The intersection between the side surface S105 and the top surface U101
defines a first minor cutting edge B101, the intersection between the side surface
S106 and the top surface U101 defines a second minor cutting edge B102, the
intersection between the side surface S107 and the top surface U101 defines a third
minor cutting edge B103, and the intersection between the side surface 108 and the
top surface 101 defines a fourth minor cutting edge B104.

As for whether the main cutting edges and the minor cutting edges are
straight or cambered, reference is made to what has been said above in the
description of the milling insert according to Figs. 1-6.

Such as is indicated in Fig. 13, adjacent main cutting edges 101-104 and
minor cutting edges B101-104 form an angle a with each other, wherein, in an
exemplifying and not limiting purpose, it can be mentioned that a suitable value of
this angle a is about 2°. This angulation guarantees that there is a clearance for a
main cutting edge H101-H104 being next to an active minor cutting edge B101-
B104. Correspondingly, said angulation also guarantees that there is a clearance for
a minor cutting edge B101-B104 being next to an active main cutting edge H101-
H104.

In Fig. 18, a planar view is shown of the underside L101 of the milling insert
101 according to the present invention, the underside L101 being provided with a
number of pyramids P101 each one of which, in the shown triangular milling insert 1
according to the present invention, comprises six facets.

The pyramids P101 arranged on the underside of the milling insert 101 may
be provided by grinding rectilinear grooves/notches on the underside 101 of the
milling insert. In each grinding operation, a number of parallel grooves are formed. In
order to provide the pyramids P101 shown in Fig. 18, two grinding operations are
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carried out, the same generating two sets of rectilinear grooves. Thus, the pyramids
P101 comprise four facets. The rectilinear grooves/notches of each set extend along
the entire underside L1 of the milling insert 1, i.e., they intersect two opposite side
surfaces S101—S108 of the milling insert 101. The rectilinear direction R101, R102
defined by each set of grooves forms a right angle with the tangent of an associated
minor cutting edge B101-B104, as seen in planar view of the underside L101 of the
milling insert, see Fig. 18.

The milling insert 101 according to the present invention is provided with a
mounting hole 0101 arranged centrally in the milling insert. The mounting hole 0101
penetrates both the top surface U101 and the underside L101. The centre axis of the
mounting hole 0101 has been given the reference designation C1-C1 in Fig. 12.

In Fig. 19, it is shown a miiling cutter body 110, on which milling inserts 101
according to the present invention are to be mounted. In Fig. 20, the component in
Fig. 19 encircled by means of the circle B, is shown on a greater scale. The enlarged
component consists of an insert seat 111, this insert seat 111 being provided with a
set of rectilinear grooves/notches extending in the axial direction of the milling cutter.

In Fig. 21, a milling cutter according to the present invention is shown, i.e.,
the milling cutter body 110 is equipped with a number of milling inserts 101 according
to Figs. 12—18. Each one of the milling inserts 101 is clamped in the insert seat by
means of a fixing screw 109, see Figs. 21 and 22, which fixing screw 109 extends
through the milling insert 101 and is in engagement with the fastening hole O101.
Thereby, the milling insert 101 assumes a correct position in the associated insert
seat 111, though an adjustment of the axial location of the milling insert 101 may be
effected. Adjacent to the insert seats 111, the milling cutter is provided with wedges
112, against which a first side surface $101-5104 of the milling insert 101 abuts.
Adjusting screws 113 go through the wedges 112 and are anchored in the milling
cutter body 110 by means of a threaded joint. By rotation of the adjusting screws
113, a position adjustment of the milling inserts 101 is attained in the axial direction of
the milling cutter, i.e., in a direction parallel with the rotational axis of the milling
cutter, which has an extension in the axial direction of the milling cutter. It is
exceptionally important that an adjustment with high precision can be effected in said
axial direction of the milling cutter.

By studying the underside L101 of the milling insert 101, it is realized that
the milling insert 101 can be indexed in four different positions in the insert seat 111,
wherein the position adjustment described above can be made for each position.
This is enabled by the fact that each set of grooves/notches intersects four, pair-wise
opposite, side surfaces $101-8108 of the milling insert 1. Thus, the outwardly facing
side surface S101-S104 constitutes a clearance surface for the active main cutting
edge H101-H104. The side surface $101~S104 being in contact with the wedge 113
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constitutes a support surface for the milling insert 101. The at least three main cutting
edges H1-H3 and H101-H104 may be cambered. Also the at least three minor
cutting edges B1-B3 and B101-B104 may be cambered.

The number of grooves/noiches of each set of the embodiments described
above should only be seen as examples. Thus, within the scope of the present
invention, the number of grooves/notches of each set may be more and fewer than
what has been shown in the figures. Obviously, however, the number of
grooves/notches of each set of the milling insert 1; 101 has to be equal and also that
this number is equal to the number of grooves/notches of the insert seat, in which the
milling insert 1; 101 is to be mounted.

The disclosures in Swedish patent application No. 0800576-1, from which
this application claims priority, are incorporated herein by reference.
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Claims

1. A milling insert (1; 101) for chip removing machining, the milling insert (1;101)
comprising at least three main cutting edges (H1-H3; H101-H104) and at least three
associated minor cutting edges (B1-B3; B101-B104), the milling insert (1; 101) on
the underside (L1; L101) thereof being provided with at least two, mutually
intersecting, sets of rectilinear grooves/notches, said sets of grooves/notches
defining essentially pyramidal projecting parts (P1; P101), said sets of
grooves/notches intersecting opposite side surfaces (S1-S6; $101-S108) of the
milling insert (1; 101),characterizedin that when the milling insert is seen a
planar view the rectilinear direction (R1-R3; R101-R102) defined by each set of
grooves/notches forms a right angle with a minor cutting edge (B1-B3; B101-B104)
or the rectilinear extension thereof or a tangent to the minor cutting edge.

2. The milling insert (1; 101) according to claim 1, ¢ haracterizedinthatthe
milling insert (1; 101) has a centre hole (O1; 0101).

3. The milling insert (1) according to claim 1 or 2, ¢ haracterizedinthatthe
milling insert (1) has three main cutting edges (H1-H3), three minor cutting edges
(B1-B3) as well as three sets of grooves/notches on the underside (L1) of the milling
insert (1).

4. The milling insert (101) according to claim 1 or 2, ¢ haracterizedinthatthe
milling insert (101) has four main cutting edges (H101-H104), four minor cutting
edges (B101-B104) as well as two sets of grooves/notches on the underside (L1 01)
of the milling insert.

5. The milling insert according to any one of the preceding claims,
characterize dinthat the at least three main cutting edges (H1-H3; H101-
H104) are straight.

6. The milling insert according to any one of the preceding claims,
characterizedinthatthe at least three minor cutting edges (B1-B3; B101-
B104) are cambered.

7. The milling insert according to any one of claims 1-4andB,characterized
in that the at least three main cutting edges (H1-H3; H101-H104) are cambered.
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8. The milling insert according to any one of claims 1-5and 7, characterized
in that the at least three minor cutting edges (B1-B3; B101-B104) are straight.

9. A face milling cutter for chip removing machining, the milling cutter comprising a
milling cutter body (10; 110), the milling cutter body (10; 110) comprising a number of
insert seats (11; 111), the insert seats (11; 111) having grooves/notches that extend
parallel with the rotational axis (C2—C2) of the milling cutter, the milling cutter
comprising a number of milling inserts (1; 101) that are mounted in the insert seats
(11; 111), the milling cutter comprising wedges (12; 112) adjacent to the insert seats
(11; 111) for the adjustment of the milling inserts (1; 101) in the axial direction of the
milling cutter, each one of the milling inserts (1; 101) comprising at least three main
cutting edges (H1-H3; H101-H104) and three associated minor cutting edges (B1—
B3; B101-B104), characterize dinthat each one of the milling inserts (1; 101)
on the underside (L1; L101) thereof is provided with at least two, mutually
intersecting, sets of rectilinear grooves/notches, said sets of grooves/notches
defining essentially pyramidal projecting parts (P1; P101), that said sets of
grooves/notches intersect opposite side surfaces (S1-S6; S101-S108) of the milling
insert (1, 101), and that when the milling insert is seen a planar view the rectilinear
direction (R1-R3; R101-R102) defined by each set of grooves/notches forms a right
angle with a tangent of a minor cutting edge (B1-B3; B101-B104).
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