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A face milling tool and a tangential cutting insert therefore

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a face milling tool according to
the preamble of claim 1 and a tangential cutting insert for such a

face milling tool according to the preamble of claim 9.

BACKGROUND AND PRIOR ART

In face milling operations there is a demand to improve the
surface finish on the machined surface. In particular there is
such a demand within the automotive industry in connection with
face milling tools used for milling cylinder blocks and similar.
One important requirement for improving the surface finish and
extending the tool life in face milling is that of minimizing so
called axial run-out on the cutting inserts mounted to the tool
body. Such axial run-out is caused by deviations between the
axial positions on the cutting edges of the cutting inserts as a
result of the manufacturing tolerances of both the cutting inserts
and the seats of the tool body. The manufacturing tolerances of
the cutting inserts can be minimized by grinding the cutting
inserts. However, the axial run-out caused by manufacturing
tolerances of the seats for the cutting inserts is more difficult to
minimize/eliminate. Consequently, in spite of very good
tolerances on the cutting inserts due to grinding, it may be
necessary to adjust the milling tool due to inadequate

manufacturing tolerances of the seats in the tool body.
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Currently, there are many solutions aimed at minimizing or

eliminating the axial run-out.

US5667343 discloses one way of solving this problem by
providing a face milling tool with cassettes being adjustable in
the axial direction of the tool body. The cutting inserts are
mounted in seats on the axial front end of the cassettes and
each cassette is axially adjusted to minimize/eliminate the axial
run-out. However, the process of adjusting the cassette is time
consuming and the cassettes can subsequently be displaced by
the cutting forces or as a result of an inappropriate mounting of

the cassettes.

JP61038811 discloses another way of achieving high accuracy
cutting on a milling tool by providing an axial front end surface
of the tool body with a recessed guide groove for mounting
cutting inserts, wherein a bottom surface of the recessed guide
groove is forming an axial support surface for all the cutting
inserts. However, the manufacturing of the recessed guide
groove with the bottom surface is nevertheless associated with
such manufacturing tolerances that may cause axial run-out on

the cutting inserts.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a face milling
tool and a tangential cutting insert therefore that solves the
above mentioned problems with axial run-out caused by the

seats for the cutting inserts.
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This object is achieved by the face milling tool comprising the
features of claim 1.

The axial run-out of the seats on the axial front end surface of
the tool body is hereby easily minimized/eliminated due to the
flat and perpendicularly extending axial support surfaces being
situated axially foremost in the seats. Any deviations in the axial
position between the flat axial support surfaces can in this way
be minimized/eliminated by subjecting the seats on the axial
front end surface to a single flat grinding operation so that the
flat axial support surfaces become situated in a common plane
extending perpendicular to the central rotation axis. The
tangential cutting inserts with the flat axial contact surfaces
abutting the flat axial support surfaces of the seats will hereby
exhibit less axial run-out, since the flat axial support surfaces
are located in the same axial position. The flat axial support
surfaces may either be arranged flush with the axial front end
surface of the tool body around the annular track of the seats or
they may be arranged on protruding plateaus on the axial front
end surface of the tool body. The seat is also provided with the
recess forming out of round side support surfaces, wherein the
projecting member of the tangential cutting insert is forming the
out of round side contact surfaces abutting for rotationally
locking and supporting the tangential cutting insert in directions
perpendicular to the axial direction, more precisely in a radial
and tangential direction of the face milling tool. The “out of
round” side support/contact surface should hereby be regarded

in a wide sense as meaning surfaces that deviate from a circular
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design. Hence, the “out of round” side support/contact surfaces
include planar or curved surfaces formed to rotationally lock the
cutting insert in the seat as well as provide the necessary
rectilinear support in the directions (radial and tangential) being
perpendicular to the axial direction of the milling tool. A gap is
formed between the bottom surface of the recess and the
projecting member of the cutting insert in order to secure that
only the flat axial contact/support surfaces are abutting each
other to provide the precise axial support with

minimized/eliminated axial run-out.

The final axial run-out of the complete tool will essentially only
depend on the cutting insert tolerance related to the distance
between the cutting edge and the flat axial contact surface of
the insert. Accordingly, the milling tool of the present invention
reduces/eliminates the axial run-out of the seats and there is no
time consuming axial adjustment needed by the operator of the

face milling tool.

According to an embodiment of the face milling tool, the tool
body comprises a replaceable ring shaped member being
provided with the seats, wherein the replaceable ring shaped
member is mounted to the tool body to form an annular portion
comprising the seats on the axial front end surface of the tool
body. In this way the ring shaped member can form a spare part
for the face milling tool to be replaced in case any of the seats
are damaged or worn out. Furthermore, if a specific milling
operation would require an increased/decreased number of

seats/cutting inserts or if the milling operation requires for
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instance an uneven distribution (also known as differential pitch)
between the seats/cutting inserts, the ring shaped member may
hereby be replaced without replacing the entire tool body. The
ring shaped member (made of steel) is concentric with the
central rotation axis of the milling tool and may be screw
mounted onto the tool body. The ring shaped member is
provided with the annular track of seats in one of its axial end
surfaces with the flat axial support surfaces being ground flat by
the flat grinding wheel to minimize/eliminate axial run-out on the
flat axial support surfaces. The ring shaped member may be
mounted directly onto a flat face of the tool body or it may be
mounted in an annular recess/shoulder on the tool body formed
with axial and radial shoulder surfaces for supporting the ring

shaped member.

In another embodiment of the face milling tool, the tool body is
formed in one piece and the flat axial support surfaces of the
seats are situated axially foremost on the axial front end surface
of the one piece tool body. In other words, when the tool body is
formed in one piece, the flat axial support surfaces constitute
the axial end surfaces on the entire axial front end surface to
enable the single flat grinding operation for
minimizing/eliminating the axial run-out on the flat and

perpendicularly extending axial support surfaces.

In a further embodiment of the face milling tool, the side wall of
the recess is forming clearance spaces between at least two out
of round side support surfaces. The clearance spaces are

hereby arranged for housing portions of the circumferential side
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surface of the projecting member that extend between the at
least two out of round side support/contact surfaces. A stable
and predictable side support for the cutting insert is hereby
assured by only allowing the contact surfaces of the projecting
member and side support surfaces of the recess to abut each
other, whereby the rest of the circumferential side surface of the
projecting member runs clear from the side wall of the recess. It
is evident that the recess with the side wall (and bottom surface)
is required to exhibit a slightly larger dimension than the
projecting member to enable an insertion of the projecting
member into the recess. This embodiment however also requires
that the at least two out of round side support surfaces are
protruding from the side wall to form said clearance spaces

between said support surfaces.

According to an embodiment of the face milling tool, the out of
round side support surfaces in the side wall of the recess are
formed by two side support surfaces, wherein the circumferential
side surface of the projecting member is forming two out of
round side contact surfaces abutting the two side support
surfaces. In other words, the side support/contact surfaces
constitute exactly two surfaces so that a stable and determined
support for the cutting insert is achieved by three surfaces in
total (i.e. the flat axial support/contact surface and the two side

support/contact surfaces).

According to further embodiment of the face milling tool, the two
of round side support surfaces are facing each other and

mutually converging in a direction opposite to the direction of
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rotation of the tool body, wherein the two out of round side
contact surfaces extend to mutually converge in the same. In
this way the side support/contact surfaces provides a wedge
effect during milling whereby the cutting forces will act in the
direction of convergence to further push the two side
support/contact surfaces together. The angle between the
converging side support/contact surfaces may suitably be in the
range of 30° — 50°.

According to another embodiment of the face milling tool, the
tangential cutting insert is being mounted in the seat by means
of a screw, which is in engagement with a threaded hole in the
bottom surface of the recess, wherein the tangential cutting
insert comprises a screw hole extending axially through the
tangential cutting insert inside the projecting member. The
screw hole is hereby provided axially through the portion of the
cutting insert containing the most material, i.e. where the cutting
insert is thickest and exhibits relatively high mechanical
strength. The projecting member containing the screw hole may
preferably constitute a single and centrally located projecting
member on the back side of the cutting insert, wherein the flat
contact surface extend both in front and behind (as seen in the
rotational direction of the milling tool) of the centrally located
projecting member in order to provide a stable axial support to
the cutting insert in areas both behind and in front of the

projecting member containing the screw hole.

According to a further embodiment of this face milling tool, the

screw hole has a centre axis being displaced from a geometrical
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centre of the projecting member to provide a sole mounting
orientation of the tangential cutting insert in which the position
of the centre axis of the screw hole in relation to the out of
round side contact surfaces correspond to the position of a
centre axis of the threaded hole in relation to the out of round
side support surfaces. In this way it is only possible to mount
the cutting insert in one specific or intended orientation in the
seat, making it’s impossible to mount the cutting insert in a

wrong/non-intended orientation in the seat of the tool body.

The object of the invention is also achieved by the tangential

cutting insert comprising the features of claim 9.

The tangential cutting insert is provided with the corresponding
features so that the flat axial support surfaces of the seats can
be situated axially foremost and extend in a perpendicular plane
to minimize/eliminate the axial run-out of the seats. More
precisely, the projecting member with the circumferential side
surface forming out of round side contact surfaces makes it
possible to rotationally lock and support the tangential cutting
insert in radial and tangential directions of the tool body via the
out of round side support surfaces being recessed in relation to
the flat axial support surfaces. The axial run-out contribution
from the tangential cutting inserts are also easily managed by
grinding the flat axial contact surface on the back side and/or
the cutting edge with its axial clearance surface on the front
side to minimize/eliminate deviations in the axial distance
between the cutting edges and the flat axial contact surfaces on

the tangential cutting inserts.
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According to an embodiment of the tangential cutting insert, the
circumferential side surface of the projecting member is forming
a polygon in a cross section perpendicular to the axial direction,
wherein the out of round side contact surfaces are formed along
the sides of the polygon. In a further embodiment, the polygonal
cross section is square or triangle, which may comprise either
straight or arched side surfaces. Preferably the cross section
formed by the circumferential side surface is a circular triangle
such as a Reuleaux triangle, which will result in a relatively
small yet strong cross section being able to carry large cutting
forces, while rotationally locking and supporting the tangential

cutting insert.

In a further embodiment of the tangential cutting insert, the
screw hole is extending axially through the tangential cutting
insert from the axial front side to the axial back side, wherein
the screw hole is extending inside the projecting member and
mouths in an axial back end surface of the projection member.
As mentioned above the screw hole is hereby provided axially
through the portion of the cutting insert containing the most
material where the cutting insert is thickest and exhibits
relatively high mechanical strength. The projecting member
containing the screw hole preferably constitute a centrally
located projecting member on the back side of the cutting insert,
wherein the flat contact surface extend both in front and behind
(as seen in the rotational direction of the milling tool) of the

centrally located projecting member in order to provide a stable
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axial support to the cutting insert in areas both behind and in

front of the projecting member containing the screw hole.

In a further embodiment of the tangential cutting insert, the
screw hole has a centre axis being displaced from a geometrical
centre of the projecting member to provide a sole mounting
orientation of the tangential cutting insert defined by the position
of the centre axis of the screw hole in relation to the out of
round side contact surfaces. As previously mentioned it is in this
way only possible to mount the cutting insert in one specific or
intended orientation in the seat, making it’s impossible to mount
the cutting insert in a wrong/non-intended orientation in the seat

of the tool body.

According to another embodiment of the tangential cutting
insert, the cutting edge comprises a wiper edge and a main
cutting edge, wherein the main cutting edge is inclined in
relation to the wiper edge and extending at an entering angle of
at most 10°. Such a shape on the cutting edge is particularly
suitable when face milling engine blocks, since it results in a
high surface finish on the machined surface exhibiting a
minimum of burrs, scratches and fritter. The relatively low
entering angle is also beneficial in allowing high feed milling
resulting in higher productivity. The cutting edge may hereby be
formed in a tip made of PCD or CBN material, which is brazed
onto the tangential cutting insert (of cemented carbide). Such
PCD and CBN material is particularly suitable when face milling
in aluminium material, which is increasingly being used for

producing relatively light and strong engine blocks.
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In a further embodiment of the tangential cutting insert, the
wiper edge and the main cutting edge is forming a continuously
arched cutting edge. In this way the cutting edge is forming a
smooth transition between the wiper edge and main cutting edge
without sharp corners that may either break/chip or scratch the
machined surface. Hence, it provides a strong cutting edge and
a high surface finish. Providing a strong cutting edge is
particularly important when using brazed tips of PCD or CBN
material, which is a relatively hard and brittle material compared
to cemented carbide. The radius of curvature of the wiper edge
is typically larger than the radius of curvature of the main cutting
edge. Furthermore, the radius of curvature of the main cutting

edge may vary along its extension.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will in the following be described by means of

example with reference to the appended drawings, in which:

Fig. 1 is a perspective view of a face milling tool according
to a first embodiment of the present invention;

Fig. 1a is a front end view of the face milling tool according to
the first embodiment;

Fig. 1b is a side view of the face milling tool according to the
first embodiment;

Fig. 1c  is an exploded view of the face milling tool according

to the first embodiment;
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is an enlarged portion of the face milling tool showing
a seat and a tangential cutting insert to be mounted in
the seat;

is an exploded view of the seat with the tangential
cutting insert;

is a front view of a face milling tool according to a
second embodiment of the present invention with two
cross sections A-A and B-B of the tangential cutting
insert mounted in the seat;

is a perspective axial front side view of a tangential
cutting insert of the present invention;

is a perspective axial back side view of the tangential
cutting insert;

is another perspective axial back side view of the
tangential cutting insert;

is an axial back side view of the tangential cutting
insert;

is a front side view toward a rake face of the
tangential cutting insert:

is an axial front side view of the tangential cutting
insert;

is a back side view of the tangential cutting insert;

is a longitudinal side view of the tangential cutting
insert;

is a longitudinal side view of the tangential cutting

insert.
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

Figs. 1 - 1c discloses a first embodiment of a face milling tool 1
for chip removing machining according to the invention. The
face milling tool comprises a tool body 2 being rotatable around
a central rotation axis C1 in an intended direction of rotation R.
The tool body 2 comprises an envelope surface 3 being
concentric with the central rotation axis C1 and an axial front
end surface 4 extending transverse the central rotation axis C1.
The axial front end surface 4 comprises several seats 5 in which

a plurality of tangential cutting inserts 10 are mounted.

In the first embodiment a replaceable ring shaped member 2a is
provided with the seats 5, wherein the replaceable ring shaped
member 2a is mounted to the tool body 2 to form an annular
portion/track of seats 5 on the axial front end surface 4 of the
tool body. The ring shaped member 2a is concentric with the
central rotation axis C1 of the milling tool 1 and mounted by
means of screws 2b onto the tool body 2 to form the annular
portion/track of seats 5 on the axial front end surface 4 of the
tool body 2. The ring shaped member 2a is mounted in an
annular shoulder of the tool body being formed with axial and
radial shoulder surfaces 2c, 2d for supporting the ring shaped

member 2a.

Figs. 2 and 2a discloses the seat 5 and different views of the
tangential cutting insert to be mounted therein. The seat

comprises several support surfaces 5a, 5b, 5c¢ for rotationally
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locking and supporting the tangential cutting insert 10. One of
the support surfaces is a flat axial support surface 5a for
supporting the tangential cutting insert 10 in an axial direction
A1 defined by the central rotation axis C1 of the tool body. The
flat axial support surfaces 5a are extending perpendicular to the
central rotation axis C1 and are situated axially foremost in the
seats 5. The flat axial support surfaces 5a of the seats are
arranged flush with the axial front end surface 4, wherein the
seat 5 is provided with a recess 6 in relation to the flat axial
support surface 5a. The recess 6 comprises a bottom surface 6a
and a side wall 6b. The side wall 6b is forming out of round side
support surfaces 5b, 5c for rotationally locking the tangential
cutting insert 10 and supporting the tangential cutting insert 10
in directions perpendicular to the axial direction A1 (in radial
and tangential directions of the face milling tool). More
precisely, the out of round side support surfaces 5b, 5c in the
side wall are formed by two (planar) side support surfaces 5b,
5¢, which face each other and mutually converge in a direction
opposite to the direction of rotation R of the tool body 2. The
angle between the converging side support surfaces is in this

specific embodiment 34°.

The tangential cutting insert 10 comprises an axial back side 11
having a flat axial contact surface 12 abutting the flat axial
support surface 5a of the seat. The back side of the tangential
cutting insert comprises a projecting member 13 extending
axially from the flat axial contact surface 12. The projecting
member 13 comprises a circumferential side surface 13a

forming out of round side contact surfaces 13b, 13c for abutting
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the out of round side support surfaces 5b, 5¢c. More precisely,
the out of round side contact surfaces are formed by two planar
side contact surfaces 13b, 13c that extend to mutually converge
in the direction opposite to intended direction of rotation R of
the tool body 2 (i.e. in the same manner as the side support
surfaces 5b, 5c). The angle between the converging side contact

surfaces is in this specific embodiment 34°.

Fig. 2b discloses a front view of a face milling tool 1 according
to a second embodiment of the present invention with two cross
sections A-A and B-B of the tangential cutting insert 10 mounted
in the seat 5. The second embodiment of the face milling tool 1
differs from the first embodiment only in that the tool body 2 is
formed in one piece. Hence, the tool body 2 does not have
replaceable the ring shaped member 2a. The flat axial support
surfaces 5a of the seats 5 are situated axially foremost on the

axial front end surface 4 of the one piece tool body 2.

In cross sections A-A and B-B it can be seen thata gap 7 is
provided between the bottom surface 6a of the recess 6 and an
axial back end surface 13d of the projecting member 13. In other
words, the axial extension of the projecting member 13 is less
than the axial extension (depth of) the recess 6 to ensure that
the projecting member 13 is out of contact with the bottom
surface 6a of the recess and that only the flat axial
support/contact surfaces 5a, 12 are abutting each other for a

well-defined axial support of the tangential cutting inserts 10.
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The side wall 6b of the recess 6 is furthermore forming
clearance spaces 8 between the two side support surfaces 5b,
5c (see also Figs. 2 and 2a). Hence, the side support surfaces
5b, 5c are protruding from the side wall 6b of the recess 6,
wherein the clearance spaces 8 are housing portions of the
circumferential side surface 13a of the projecting member 13
that extend between the two side contact surfaces 13b, 13c to
ensure that only the side support/contact surfaces 5b, 5¢, 13b,
13c are abutting each other. A well-defined rotational and
radial/tangential support for the cutting insert 10 is hereby
achieved as the clearance spaces 8 ensure that the rest of the
circumferential side surface 13a of the projecting member 13 is
out of contact with the remaining portions of the side wall 6b of
the recess 6.

The tangential cutting insert 10 is mounted in the seat 5 by
means of a screw 20 being in engagement with a threaded hole
9 in the bottom surface 6a of the recess 6. The tangential
cutting insert is provided with a screw hole 19 extending axially
through the tangential cutting insert from the axial front side 14
to the axial back side 11. The screw hole 19 is extending inside
the projecting member 13 and mouths in the axial back end
surface 13d of the projection member 13. The tangential cutting
insert 10 is mounted by screwing the screw 20 into the threaded
hole 9 in the bottom surface 6a of the recess so that the flat
axial contact surface 12 and the side contact surfaces 13b, 13c
are pressed against the flat axial support surface 5a and the
side support surfaces 5b, 5c respecitvely. The distances

between a centre C2 of the screw hole 19 and the side contact
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surfaces 13b, 13c may hereby be slightly larger than the
distances between the centre C3 of the threaded hole 9 and the
side support surfaces 5b, 5¢c so that the screw 20, being made
of steel, provides a spring bias due to its elasticity pressing the
side contact surfaces 13b, 13c¢ against the side support surfaces
5b, 5c¢. In other words, the centre axis C2 of the screw hole 19
and the centre axis C3 of the threaded hole are slightly offset
(typically by fractions of a millimetre) to provide the spring bias

of the mounting screw 20.

Furthermore, the centre axis C2 of the screw hole 19 is
displaced from a geometrical centre G of the projecting member
13 to provide a sole mounting orientation of the tangential
cutting insert 10 in which the position of the centre axis C2 of
the screw hole in relation to the two side contact surfaces 13b,
13c correspond to the position of a centre axis C3 of the
threaded hole 9 in relation to the two side support surfaces 5b,
5c. More precisely, the sole mounting orientation is such that
the tangential cutting insert 10 have a rake surface 16 with
cutting edge 18 facing the direction of rotation R. In other
words, the tangential cutting insert cannot be mounted to face in

the wrong/non-intended direction of rotation of the tool body.

Figs. 3 to 3h disclose different views of the tangential cutting
insert 10. The tangential cutting insert comprises an axial
direction A2 coinciding with both the centre axis C2 of the screw
hole 19 and the axial direction A1 of the face milling tool 1. The
tangential cutting insert 10 comprises the axial back side 11

having the flat axial contact surface 12 extending perpendicular
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to the axial direction A2. The projecting member 13 on the axial
back side 11 is extending axially in relation to the flat axial
contact surface 12. The projecting member 13 comprises the
circumferential side surface 13a forming the out of round (in this
case planar) side contact surfaces 13b, 13c to rotationally lock
and support the tangential cutting insert in directions being
perpendicular to the axial direction A2 (i.e. in the radial and
tangential direction of the face milling tool). The circumferential
side surface 13a of the projecting member 13 is hereby forming
a polygon in a cross section perpendicular to the axial direction
A2. More precisely, the polygon has the form of a convex
circular triangle (a Reuleaux triangle) with the two planar side
contact surfaces 13b, 13c being formed along two convex sides
of the convex triangular cross section. As can be seen, the back
side 11 is hereby provided with a single and centrally located
projecting member 13, wherein the flat contact surface 12
extend both in front and behind (as seen in the rotational
direction of the milling tool) of the centrally located projecting
member 13. The projecting member 13 comprises a tapering
shape in the axial extension away from the flat axial contact
surface 12 to the axial back end surface 13d of the projecting
member 13, wherein the axial back end surface 13d is a planar

surface.

An axial front side 14 of the tangential cutting insert 10 is
forming an axial clearance surface 15 opposite to the flat axial
contact surface 12. A peripheral side surface 17 is hereby
extending between the flat axial contact surface 12 and the axial

clearance surface 15, wherein a rake face 16 is arranged in the
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peripheral side surface 17 and a single cutting edge 18 is
formed at the intersection between the rake face 16 and the
axial clearance surface 15. A positive axial clearance angle a is
provided by the axial clearance surface 15 sloping toward the
flat axial contact surface 12 as it extends from the cutting edge
18 (see in particular Figs. 3g and 3h). The sloping axial
clearance surface is necessary to provide an axial clearance
behind the cutting edge when face milling, since the flat axial
support/contact surface 5a, 12 is extending perpendicularly to
the axial direction A1, A2. The axial clearance surface 15 is
hereby sloping in the entire extension along a longitudinal side
view of the tangential cutting insert (see Figs. 3g and 3h). The
most significant clearance angle a is however provided directly
behind the cutting edge 18 to provide the necessary axial

clearance behind the cutting edge 18.

The cutting edge 18 comprises a wiper edge 18a connected to a
main cutting edge 18b (see in particular Figs. 3d and 3f). The
main cutting edge 18b is inclined in relation to the wiper edge
18a and is extending at an entering angle of at most 10°. As can
be seen, the wiper edge 18a and the main cutting edge 18b is
hereby forming a continuously arched cutting edge 18, wherein
the radius of curvature of the wiper edge 18a is larger than the
radius of curvature of the main cutting edge 18b. Furthermore,
the tangential cutting insert of the present embodiment is made
of cemented carbide and is provided with a brazed tip of PCD or
CBN material, which tip is forming the cutting edge 18 and a

portion of the rake surface 16 and the clearance surface 15.
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Incorporating such a tip of PCD or CBN is a particularly useful

when face milling in aluminium.

As previously mentioned the invention makes it possible to
manage any deviations in the axial position between the flat
axial support surfaces by subjecting the seats 5 on the axial
front end surface 4 to a single flat grinding operation so that the
flat axial support surfaces 5a become situated in a common

plane extending perpendicular to the central rotation axis C1.

The final axial run-out of the milling tool also depends on the
insert tolerances. As also previously mentioned the axial run-out
contribution from the tangential cutting inserts 10 are also easily
managed by grinding the flat axial contact surface 12 on the
back side 11 and/or the cutting edge 18 with its axial clearance
surface 15 on the front side 14 to minimize/eliminate deviations
in the axial distance between the cutting edges 18 and the flat
axial contact surfaces 12 on the tangential cutting inserts 10.
The wiper edge 18a of the embodiment is hereby situated axially
foremost (or furthest away from the flat axial contact surface 12)
on the axial front side 14 of the tangential cutting insert 10 (the
main cutting edge 18b is forming a setting angle in relation to
the wiper edge 18a). The axial run-out of the cutting insert is
hereby easily managed (i.e. minimized/eliminated) by grinding
the cutting insert 10 to minimize/eliminate the variations in
distances between the flat axial contact surface 12 and the
wiper edge 18a of the tangential cutting insert 10. No other
insert tolerances will contribute to the final axial run-out of the

face milling tool.
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The embodiment is specifically developed for face milling of so
called bi-metal engine blocks (where some parts are of
aluminium and other parts are of cast iron). It hereby reduces
problems of scratches, burrs of in the machined aluminium parts
and flaking/frittering of the cast iron edges in the bi-metal
engine block. However, the present invention is applicable in
face milling in general, whereby improvements in the surface
finish can be achieved by reducing/eliminating the axial run-out

on the milling tool.

The invention is not limited to the embodiments described above
and shown in the drawings. Hence, the axial clearance surface
15 does not have to slope in its entire extension along the
longitudinal side view of the cutting insert. Instead it may only
slope a portion behind the cutting edge, wherein the remaining
axial clearance surface is for instance extending in parallel with
the flat axial contact surface. The tangential cutting insert of the
embodiment is a single sided cutting insert with a single cutting
edge arranged on the axial front side. However, the tangential
cutting insert may be double-sided with a single cutting edge
also on the back side of the tangential cutting insert. In this
case a portion of the axial clearance surface is necessarily
formed as the flat axial contact surface, so that the tangential
cutting insert can be turned over and mounted with the flat axial
contact surface on the axial front side against the flat axial
support surface in the seat when the cutting edge on the axial
front side is worn out. The cutting edge may also be formed on a

projecting member forming a projecting cutting head with one
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side carrying the cutting edge/rake face and opposite sides
comprising side contact surfaces for abutting the side support
surfaces of the seat. Such projecting member/cutting heads may
extend axially on both the front side and axial back side of the
tangential cutting insert, wherein the projecting member/cutting
head on the axial back side is recessed in the seat in the

mounted condition.
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CLAIMS

1. A face milling tool (1) for chip removing machining
comprising a tool body (2) being rotatable around a central
rotation axis (C1) in a direction of rotation (R), the tool body
comprising an envelope surface (3) being concentric with the
central rotation axis (C1) and an axial front end surface (4)
extending transverse the central rotation axis (C1), the axial
front end surface (4) comprising several seats (5) in which a
plurality of tangential cutting inserts (10) are mounted, each
seat (5) comprising several support surfaces (5a, 5b, 5c) for
rotationally locking and supporting the tangential cutting insert
(10) in the seat (5), one of the support surfaces (5a, 5b, 5c¢)
being a flat axial support surface (5a) for supporting the
tangential cutting insert (10) in an axial direction (A1) defined by
the central rotation axis (C1), characterized in that the flat
axial support surface (5a) is extending perpendicular to the
central rotation axis (C1) and situated axially foremost in the
seat (5), wherein each seat (5) is provided with a recess (6) in
relation to the flat axial support surface (5a), the recess (6)
comprising a bottom surface (6a) and a side wall (6b), the side
wall (6b) forming out of round side support surfaces (5b, 5c¢) for
rotationally locking and supporting the tangential cutting insert
(10) in directions perpendicular to the axial direction (A1), each
tangential cutting insert (10) comprising an axial back side (11)
having a flat axial contact surface (12) abutting the flat axial
support surface (5a) and a projecting member (13) extending
axially from the flat axial contact surface (12), the projecting

member (13) comprising a circumferential side surface (13a)
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forming out of round side contact surfaces (13b, 13c) abutting
the out of round side support surfaces (5b, 5¢), wherein a gap
(7) is provided between the bottom surface (6a) of the recess (6)
and the projecting member (13) of the tangential cutting insert
(10).

2. The face milling tool of claim 1, characterized in that the
tool body (2) comprises a replaceable ring shaped member (2a)
being provided with the seats (5), wherein the replaceable ring
shaped member (2a) is mounted to the tool body (2) to form an
annular portion comprising the seats (5) on the axial front end
surface (4) of the tool body (2).

3. The face milling tool of claim 1, characterized in that the
tool body (2) is formed in one piece and the flat axial support
surfaces (5a) of the seats (5) are situated axially foremost on

the axial front end surface (4) of the one piece tool body (2).

4. The face milling tool according to any one of the preceding
claims, characterized in that the side wall (6b) of the recess (6)
is forming clearance spaces (8) between at least two out of

round side support surfaces (5a, 5b).

5. The face milling tool according to any one of the preceding
claims, characterized in that the out of round side support
surfaces (5b, 5¢) in the side wall of the recess (6) are formed by
two side support surfaces (5b, 5c), wherein the circumferential

side surface (13a) of the projecting member (13) is forming two
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out of round side contact surfaces (13b, 13c) abutting the two

side support surfaces (5b, 5c¢).

6. The face milling tool of claim 5, characterized in that the
two out of round side support surfaces (5b, 5¢) are facing each
other and mutually converge in a direction opposite to the
direction of rotation (R) of the tool body (2), wherein the two out
of round side contact surfaces (13b, 13c) extend to mutually

converge in the same manner.

7. The face milling tool according to any of the preceding
claims, characterized in that the tangential cutting insert (10) is
being mounted in the seat (5) by means of a screw (20), which
is in engagement with a threaded hole (9) in the bottom surface
(6a) of the recess (6), wherein the tangential cutting insert
comprises a screw hole (19) extending axially through the

tangential cutting insert inside the projecting member (13).

8. The face milling tool of claim 7, characterized in that the
screw hole has a centre axis (C2) being displaced from a
geometrical centre (G) of the projecting member to provide a
sole mounting orientation of the tangential cutting insert (10) in
which the position of the centre axis (C2) of the screw hole in
relation to the out of round side contact surfaces (13b, 13c)
correspond to the position of a centre axis (C3) of the threaded
hole (9) in relation to the out of round side support surfaces (5a,
5b).
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9. A tangential cutting insert (10) for the face milling tool (1)
according to any one of the preceding claims, the tangential
cutting insert (10) having an axial direction (A2) coinciding with
the axial direction (A1) of the face milling tool, wherein the
tangential cutting insert (10) comprises:

- an axial back side (11) having a flat axial contact surface
(12) extending perpendicular to the axial direction (A2),

- an axial front side (14) forming an axial clearance surface
(15) opposite to the flat axial contact surface (12),

- a rake face (16) being arranged in a peripheral side surface
(17) extending between the flat axial contact surface (12) and
the axial clearance surface (15),

- a cutting edge (18) formed at the intersection between the
rake face (16) and the axial clearance surface (15), and

- a positive axial clearance angle (a) being provided by the
axial clearance surface (15) sloping toward the flat axial contact
surface (12) as it extends from the cutting edge (18),
characterized in that

the axial back side (11) comprises a projecting member (13)
extending axially from the flat axial contact surface (12), the
projecting member (13) comprising a circumferential side
surface (13a) forming out of round side contact surfaces (13b,
13c) to rotationally lock and support the tangential cutting insert

in directions being perpendicular to the axial direction (A2).

10. The tangential cutting insert of claim 9, characterized in
that the circumferential side surface (13a) of the projecting
member (13) is forming a polygon in a cross section

perpendicular to the axial direction (A2), wherein the out of
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round side contact surfaces (13b, 13c) are formed along the

sides of the polygon.

11. The tangential cutting insert of claim 10, characterized in
that the polygon being formed by the circumferential side
surface (13a) is a square or a triangle, preferably a circular

triangle such as a Reuleaux triangle.

12. The tangential cutting insert according to any one of claims
9 - 11, characterized in that a screw hole (19) is extending
axially through the tangential cutting insert from the axial front
side to the axial back side, wherein the screw hole (19) is
extending inside the projecting member (13) and mouths in an

axial back end surface (13d) of the projection member (13).

13. The tangential cutting insert of claim 12, characterized in
that screw hole has a centre axis (C2) being displaced from a
geometrical centre (G) of the projecting member to provide a
sole mounting orientation of the tangential cutting insert defined
by the position of the centre axis (C2) of the screw hole in

relation to the out of round side contact surfaces (13b, 13c¢).

14. The tangential cutting insert according to any one of claims
9 - 13, characterized in that the cutting edge (18) comprises a
wiper edge (18a) connected to a main cutting edge (18b), the
main cutting edge (18b) being inclined in relation to the wiper

edge (18a) and extending at an entering angle of at most 10°.



10

15

20

25

WO 2018/065129 PCT/EP2017/064753
28

15. The tangential cutting insert of claim 14, characterized in
that the wiper edge (18a) and the main cutting edge (18b) is

forming a continuously arched cutting edge (18).
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