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A CUTTING INSERT

FIELD OF THE INVENTION

The present invention relates to a cutting insert to be
used in a cutting tool for chip reméving operations such as,
for example, milling, drilling and turning and, in
particular, for a combined face and periphery milling
specifically required for machining of shoulders, _
particularly, right-angled shoulders, slots and the iike.

BACKGROUND OF THE INVENTION

With a cutting insert mounted in a milling cutter for
use in the above specified cutting operations, the cutting
action is usually performed by the insert peripheral cutting
edge disposed on a periphery of the milling cutter
substantially co-directionally with a rotary axis thereof and
by an adjoining portion of the insert frontal cutting edge
disposed at a front face of the cﬁtter generally transversely
to the rotary axis, which portion is often called a "wiper"
portion and is prepared so as to generate a flat base surface

- of a machined workpiece with a high surface quality.

As it is clearly desirable, from the economical point of

'View, that a cutting insert is provided with a maximum number

'~ of cutting edges which can be readily indexed into position

25

30

35

as and when required, there have been designéd inserts of a
substantially square shape and four cutting edges each
capable of operating as both a peripheral énd a ffontal
cutting edge. Such inserts have a 90° symmetry rotational
around the insert central axis in a predetermined, either
clockwise or counterclockwise direction, whereby the insert
cutting edges can be'indexed_for_use in a respectively handed
cutter tool. | o '

~ Each cutting edge of the cutting insert of the above
kind usually comprises a main portion and at least one
secondary portion such that when, the cutting edge operates
as a peripheral cutting edge, its main portion is used as a
major cutting edge to mill an uprising wall of a machined
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shoulder and, whén the cutting edge operates as a frontal
cutting edge, its secondary portion functlons as a wiper to
wipe a base of the machined shoulder.

For such inserts to be capable of machining right-angled
shoulders, there have to be ensured that an effective angle
of the cutting corner is substantially 90°. On the other
hand, there has to always provided a sufficient end cutting
clearance angle between an inactive portion of the frontal
cutting edge and the base of the machined shoulder and there
has to be ensured that a deviation from straightness of the
upright wall of the shoulder machined'by”the peripheral
cutting edge does not exceed an acceptable value.

cutting inserts of this type, which generally satisfy
the above restrictions, are disclosed, for example, in US
4,632,607, US 5;199,827 and'US'5,382;118. E

In US 4,632,607, a'cuttinq'insert is of a geherally
square shape and has four identical cutting edgés; Each
cutting edge consists of main and secondary successive
portions, the sédondary portion of each cutting edge, as seen
in a plan view of the insert, protruding with respect to the
main portion of Which it forms an extension. The insert has

‘four identical corners, each adjoining main and secondary

portions of two adjacent cutting edges, which portions define
therebetween an angle of 90°. During'a cutting operation,
the main portion of a peripherally disposed cutting edge is
used as a major cutting edge for a peripheral cutting and the
associated secondary portlon of a frontal cutting edge

functions as a wiper.
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Us 5, 199 827 discloses a cuttlng insert having a
generally square_shape and four identical cutting edges.
Each cutting edge comprises a main edge portion and a
secondary edge portion, the main edge portion extending
slightly angularly with respect to the associated secondary
edge portion. The insert has identical corners each of which
joins main and secondary edge portions of adjacent cutting
edges, a real angle therebetween being slightly greater than
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90°. The 1nsert is mounted in a cutter body so as to obtain
in a workplece an effective angle of 20°. )

US 5,382,118 discloses a cutting lnsert having a
substantially square shape and four identical cutting edges
each comprising a central cutting edge portion and first and
second lateral cutting edge portions disposed at both sides
of the central cutting edge portion. The insert has four
identical corners, each corner joining first and second
lateral cutting portions of adjacent cutting edges. Each of
the three cutting edge portions of each cutting edge'is
inclined with respect to the base in a specific manner so
that the cutting edge, as seen in a front view, has convex-
concave shape. During a cutting operation, the first lateral
portion and the central portion of a peripheral cutting edge
define a major cutting edge and machine an uprising wall of a
workpiece shoulder, while the second lateral portion of a
frontal cutting edge functions as a wiper and machines a base
of the shoulder; |

It should be understood that, in all cutting inserts
described above, insert corners are asymmetrlcal w1th respect
to their bisector lines, in consequence with which the
cutting inserts can be provided either as right-handed or as
left-handed to be used with respectively handed cutter

_bodles.

It is the object of the present invention to provide a
new cutting insert suitable for mounting on both right-handed.
and left-handed cutter bodies, in which an insert corner has
a mirror symmetry with respect to a bisector line thereof.

SUMMARY OF THE INVENTION
_ In accordance with the present 1nventlon there is

provided an exchangeable cutting insert adapted for mounting
in a cutter tool body, '

said cuttlng insert being a substantlally prismoidal
body having a planar base and an upper surface with rake
portions merging with side £lanks of the 1nsert at least at
two cutting edges deflnlng therebetween an insert corner, the
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insert corner hav1ng a blsector plane perpendlcular to the
base of the insert; ; : '

each cuttlng edge compriSing-a central portion and first
and second lateral portions sloping with'respect to said base
of the insert, Sald corner being associated’ with adjoining
first and second lateral portlons of the adjacent cuttlng
edges; S ' - S
each cutting edge being capable of operating, when the

‘insert is mounted in the tool, as a peripheral cutting edge

having a cutting length defined by the first lateral portion
and the central portion thereof, and as ‘a frontal cutting
edge directed transversely to an adjacent peripheral cuttlng
edge and having a cuttlng length defined by the second
lateral portlon thereof;

characterlsed in that

said central portlons of the cuttlng edges define
therebetween a first plane parallel to said base and said
adjoining first and second lateral portions have equal
lengths and define therebetween a second plane inclined with
respect to said base plane and perpendlcular to said blsector
plane so that said insert corner and said cutting edges have

a geometry of a mlrror symmetry with respect to sa1d bisector

plane.

The cutting insert according to the present invention is
preferably adapted for mountlng in a rotary cuttlng tool in
such a manner that said second lateral portlon of the insert

'front cuttlng edge is dlsposed 1n a plane hormal to a rotary

axis of the tool, thereby serv1ng as a wiper, and said
central portion of the insert per1phera1 cutting edge 1s
orlented so that, durlng rotation of the 1nsert around the
rotary axls, it constitutes a generator which sweeps a
substantially cyllndrlcal envelope.

In one embodlment of the present 1nventlon, said second
plane defined by said ad301n1ng first and second lateral
portlons of the cuttlng edges slopes towards the 1nsert base
in the dlrectlon of the respectlve insert corner, when viewed
from the center of the insert. In another embodiment of the
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present invention, said second planegsggpes in an opposite
sense, i.e., away from the insert basgg, -

In both embodiments of the preSenﬁrinvention, the insert
may have any required number of insert corners. When
howevér, the insert is to be used in machining of right-
angled shoulders or the like, the insert has a basic square
shape with four cutting edges and four corners and 90°
rotational symmetry, both clockwise and connterclockwise,
around a central axis of the insert. '

BRIEF DESCRIPTION OF THE DRAWINGS
~ For a better understanding of the present invention and

to show, by way of examples only, how the séme may be carried
out in practice, reference will now be made to the
accompanying drawings, in which

Fig. 1 is a perspective view of a cutting insert
according to a first embodiment of the present invention;

Fig. 1a is a view illustrating a corner portion of a
cutting insert similar to that of the insért shown in Fig. 1,

according to a second embodiment of the present invention;

Fig. 2 is a side elevation of the cutting insert shown

in Fig. 1;
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Fig. 3 is a plan view of the cutting insert shown in
Fig. 1; | | |

Fig. 4 is a view orthogonal to a bisector plane 0~-0 of a
corner portion of the cutting insert shown in Fig. 3;

 Fig. 5 and 6 are cross-sectional views along the
respective lines V-V, and VI-VI of the cutting insert shown
in Fig. 3; | | o '

Fig. 7 is a top view of a cutting insert according the
second embodiment of the present invention illustrated in
Fig. 1la; '

Fig. 8 is cross-sectional view along the line VIII-VIII
of the cutting insert shown in Fig. 7;

rig. 9 is a side elevation of the cutting insert shown
in Fig. 7; ' |
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~ Fig. 10 is“a schematic side. view of a milling cutter
employing a cuttlng insert accordlng to the first embodlment-
thereof shown 1n Flgs. 1 and 2 to 6,

_ Fig. i1 1s schematlc perspectlve view of the cutting
insert as shown 1n Flg. 10 and of a shoulder machined in a
workplece by a mllllng cutter u51ng this insert;

Fig. 12 1s a view on an enlarged scale of a detail XII
of the machined shoulder shown in Fig. 11 with a contour of
the cutting insert imposed thereon; |

Fig. 13 is a schematlc side view of a milling cutter
employing a cuttlng lnsert accordlng to the second embodiment
thereof shown 1n Figs. 1la and 7 to 9; and _

Fig. 14 is schematlc perspective view of the cuttlng
insert as shown in Flg. 13 and of a shoulder machined in a
workplece by a mllllng cutter u51ng thls insert.

DESCRIPTION OoF PREFERRBD EMBODIHENTS

Descrlbed herelnbelow are two examples of indexable
cutting 1nserts for use 1n a mllllng cutter tool, according
to the present 1nventlon. The examples show two different
embodiments of the cuttlng insert of the present invention,
which are generally similar in shape and in the manner of
mountlng of the insert in the cutter body and Whlch differ
mainly in the geometry of thelr insert corners. Thus, Fig. 1
illustrates a cuttlng 1nsert I accordlng to the first
embodlment of the present 1nventlon, wh1ch is most suitable
for the machlnlng of relatlvely hard materlals and Fig. 1a
illustrates a corner portion of a cuttlng insert II according
to the second embodlment of the present invention, which is
more sultable for materzals requiring higher positive shear
angles.

As seen in Fig. 1 and spec1f1ca11y shown 1n Figs. 2 and

3, the cuttlng 1nsert I is a prlsm01dal body of a basic

square shape. The 1nsert is of a p051t1ye type and has a
planar base'l) and upper surface'2'and four side flanks 3
(only two being seen) extending upwardly and outwardly from
respective side edges 4 of the base 1. The insert has four
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4 'with the uppergsurfade 2 and defining;therébetween insert
corners 6 which are preferably rounded, as shown in Fig. 3,
but may also have facets. Each insert corner as well as
cuttlng edges associated therewith are de51gned with a mirror
symmetry with respect to a bisector plane 0-0 passing through
the bisector line of the corner perpendicularly to the base 1
of the insert. Thus, the insert has also a 90° rotational
symmetry, clockwise and counterclockwiSe, around a central
ax1s A thereof so that the four cuttlng edges 5 and insert
corners 6 are identical and can be equally used in cutting
operatlons for both right-handed and left—handed
appllcatlons. _

With reference to Fig. 2, each cutting edge 5 of the
cutting insert I comprises a central portion 5a extending
over a greater part of the length of the cutting edge 5 and
the first and second lateral portions 5b and S5c having equal
lengﬁhs and extending in opposite directions from the central
cuttlng portion Sa towards respective insert corners 6. Each
insert corner 6 lS associated with adjoining flrst and second

“lateral portions sb and 5c of the adjacent cutting edges 5.

The length of each lateral cutting edge portion including the
adjacent corner is relatively small. Thus, the length of the
central cutting pbrtion is generally about 40-60%'of the
entire length of the cuttiné edge which can be in a broad
range, e.g. in the range of 8 + 25 mm. For such lengths of
edge, each lateral cutting portion is_preferably about 2.4
mm. . | .
With reference to Figs. 2 and 4, it can be seen that the
central cutting édgé portions 5a of all the cutting edges 5
are parallel to the base 1 and lie in a common plane B. The

lateral cutting edgg'portions 5b and 5¢c of each cutting edge

5 slope downwardly towards the base 1 in a such a manner that

35

an imaginary plane C defined between each pair of the
adjoining first and second lateral cutting edge portions 5b
and 5¢ is directed angularly with respect to the plane B and
perpendicularly to the bisector plane 0-0. As seen in Fig.
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4, the plane C deflnes w1th the plane B an internal obtuse

'angle D whlch 1s, preferably,_sllghtly less than 180°, e.q.

about 176°. By v1rtue of such a de81gn, a complete
geometrlcal symmetry of the ad301n1ng flrst and second

"lateral portlons of the ad]acent cuttlng edges with respect

to the blsector plane 1s achleved. In addition, the insert
corner 6 is strengthened ' ' o
. ' It should be understood that for the purposes of the
111ustratlon, the relatlve angular lncllnatlons of the
cutting edge portlons are shown in the draw1ngs exaggerated
as compared with those obtalnlng w1th the real insert. 1In
practice, however, each cuttlng edge 5 is seen in a plan
projection of the insert such as Fig. 3, as a substantially
stralght line. -

As seen 1n Flg 3, the upper surface 2 of the insert
conprlses, adjacent each_cutt;ng edge_s, a land surface 9 and

a component rake surface 10 extending downwardly from the

land surface 9 in'the direction of the base 1 towards a
central planar surface 11 thereof which is parallel to the
base 1. As seen 1n Figs. 3, 5 and 6, portlons 9b and 9c of
the land surface 9 adjacent the respective first and second
lateral portlons 5b and 5¢ have a width larger and an angle
of inclination with respect to the base 1 smaller than a
portion 9a of the land adjacent the central portion 5a of the
cutting edge, whereby the area of the cutting edge adjacent
the insert corner is strengthened. Formed in the central:
surface 11 and'ektending through the insert is a
thoroughgoing bore 12 adapted to receive therein a suitable
clamplng screw for mountlng the 1nsert 1n the milling cutter.
As seen in F1g. 2, each 51de flank 3 of the insert
comprises an upper, rellef_flank surface 13, ‘a lower, insert
positioning surface 14 and an intermediate portion 15
therebetween. In'the'preferred embodiment of the present
1nventlon, the 1nsert s1de flank is preferably formed with a
central recessed portlon 17 extendlng substantlally from the
relief flank surface 13 downwardly towards the base 1 and
bounded on either s1de by a pair of flat sections 18. The
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recessed portlon 17 has a deSLgn descrlbed in a co-pendlng
Israel Patent Appllcatlon No. 113121,_enab1;ng the use of the
recess, when the insert is mounted in the cutting tool, for
support of the insert in an axial dlrectlon of the tool.

Figs. 7 td 9 show the second embodlment of a cuttlng
insert, according to the present invention, a corner portion
of which is illustrated in Fig. la. As seen, the cutting
insert II is a prismoidal body of a basic square shape and
has a planar base 1/, an upper_sdrface 2’ and four side
flanks 3’ intersecting the upper surface 2’ at four identical
cutting edges 5"defining therebetween four identical insert
corners 6’. Each insert corner as well as the cutting edges
associated therewith are designed with a mirror'symmetry with
respect to a bisector plane 0’-0’ passing through a bisector
line of the corner perpendicularly to the base 1’/ of the
insert. Thus, the insert has also a 90° rotational symmetry,
clockwise and eounterclockwise, around a ceﬁtral axie A’
thereof so that the four cutting edges 5’ and insert corners
6' are identical and can be equally used in cutting operation
for both rlght-handed and left-handed applications. _

Similarly to the cutting edge 5 of the insert I of the

first embodiment of the present invention, the cutting edge

5' comprises a central portlon 5’a extendlnq over a greater
part of the length of the cutting edge 5 and first and second
lateral portions 5’b and 5’c having equal lengths and
extending in the opposite directions from the central portion
5’a towards respective cutting co:nefs 6'.. Each cutting edge
6’ is associated with first and second lateral portions 5’b
and 5’c of two adjacent cuttlng edges 5.

The central cutting edge portions 5’a of all the cutting
edges 5/ lie in a common plane B’ parallel to the base 1’.
The lateral cutting edge portions 5’b and 5’c slope upwardly
from the base 1’ so that an imaginary plane C’ defined
between each pair of the adjoining first and second lateral
cutting edge portions 5’b and 5’c is directed angularly with

‘respect to the plane B’ forming therewith an internal angle

which is preferably slightly greater than 180°, e.g. 185°.
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rake surface 10’ of the insert is achleved whlch is
spec;flcally 1mportant for cuttlng materials requiring larger'
p051t1ve rake angles

As seen 1n Flgs. 8 and 9, upper and s1de relief flank
surfaces of the cuttlng 1nsert II are generally similar to
those of the cuttlng 1nsert I. Thus, ‘the insert upper
surface 2’ comprlses, adjacent each cuttlng edge 5’, a land
surface 9’ and a component rake surface 10/ extending
downwardly from the land surface 9 in the dlrectlon of the
base 1’. The 51de re11ef flank surfaces 3’ are of a positive
design and preferably have recesses 17' '

Reference Wlll now be made to Flgs. 10 to 12 of the
drawings, whlch lllustrate a dlsp031tlon of the cutting
1nsert I 1n accordance ‘with the flrst embodlment of the

'present 1nvention described above, 1n a mllllng cutter during

milling of a workplece W.

. Fig. 10 1llustrates the cuttlng insert I mounted on a
seatlng plane 14 of a perlpheral pocket 15 of a mllllng
cutter body 16. The cutter body has a rotary axis X and a
radlal reference plane 18 pas51ng through the rotary axis X
of the cutter body below the cuttlng edge 5 of the insert.

The seating plane 14 1s inclined w1th respect to the radial

reference plane 18 at a pos1t1ve ax1al 1nc11natlon angle Y
which is the true angle therebetween when they are seen in
the orthogonal pro;ectlon. It should be understood that such
inclination and the locatlon of_thezinsert cutting edges
above the reference_plane define the insert effective_axial
and radial cutting'rake angles with respect to the tool.

| As seen in Flg. 11, in order to machlne a right-angled
shoulder S in the workplece W, the cuttlng insert I is
mounted so that 1ts cuttlng edge 5 is oriented generally co-
dlrectlonally with respect to the rotary axis X and operates
as a perlpheral cuttlng edge and a cutting edge 50 d;sposed
generally_transversely to the rotary axis X operates as
frontal cutting edge.: The_insert is slightly_rotated on the
seating plane 14 clockwise about the insert central axis A so
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that the second lateral cutting edge SoffionSISC of the
frontal cutting.edge 50 is positioned in a plane normal to
the rotary axis X serving thereby as a wiper for wiping a
base 23 of the shoulder S. Furthermore, as seen in Fig. 12,
by virtue of the rotated position of the insert, there is
ensured a required clearance 30 between’' the inactive portion
5a of the front cutting edge 50 and the base 23 of the
machined shoulder S. The central portion 5a and the first
lateral portion 5b of the peripherai cutting edge 5
constitute a major cutting edge of the inéert, the central
portion 5a being driented so that, during rotation of the
insert around the axis X, it constitutes a generator which
sweeps an approkimately cylindrical envelope 20 of a radius R
to accordingly mill an upright wall 21 of the right-angled
shoulder S of the machined workpiece W. '

With the cutting insert being mounted as above, an
effective cutting corner obtained between the major cutting
edge constituted by the central portion 5a and the first
lateral portion 5b of the peripheral cutting edge 5, and the
wiper constituted by the second lateral portion 5c of the
frontal cutting edge 50, has an apparent magnitude of
substantially 90° enabling thereby a proper machining of the
right-angled shoulder S. It should be mentioned with
reference to Fig. 12 that the fact that, due to the specific
geometry of the insert corner 6, an'angle obtained in the
machined shoulder is slightly greater than 90° can be
disregarded in view of an extremely small, about 0.015 mm,

~deviation 26 of a surface machined by the portibn 5b from a
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general direction of the upright wall 21 of the shoulder S,
especially with the corner 6 of the insert being rounded.
Figs. 13 and 14 illustrate that'the manner in which the
cutting insert II according to the second embodiment of the
present invention is mounted in a milling cutter is identical
to that of the cutting insert I of the first embodiment.
Thus, the central portion 57a of the peripheral cutting edge
5’ and the second lateral pdrtion 5’c of the frontal cutting
edge 50’ form therebetween an apparent angle of substantially
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90° enabllng thereby a proper machlnlng of the rlght-angled
shoulder S. . -

Thus, with cgtting inserts designed according to the
present invention and positioned in a milling cutter in the
manher.desqribed“ébove, there is, on the one hand, ensured an
adequate end cutting clearance angle 30 between a non-active
portion of the'frontel cdtting edge and the base wall of the
machined shoulder and, on the other hand, provided that a
deviation from straightness of the uprising wall of the
machined shoulder does not exceed an accepted limit.

Though the preferred embodiments of the present
invention is described with the insert being mounted on a
rigthhand cﬁtter; it is clear that the insert can be used in
a left-hand eutter, as well.

With the cutter insert according to the present
invention having all cutting edges capable of use to an equal
measure in right-hand as well as left-hand tools, it should,
however, be clear that after the insert has once been
employed in a tool of one specific type and its active
cutting edge portions have been accordingly worn out, its
further use is limited to the tools of this type only.

The insert according to the present invention may have
features different from those described above and shown in
the accompanying'drawings. Thus, the insert may have other
number of indexable cutting edges and cutting corners. The
cutting edge poftions, in perticular, central portions may be
specificelly shaped, vary in height, be curved, e.g., convex
or conCave. The:angle:between the plane of the adjoining

_latefal portions of cuttihg edges and the insert base may

have values smaller or gfeater than those mentioned in the
preferred embodiments. The rake surface of the insert may be
provided with any suitable kind of chip forming means and the
side flanks may ‘have a design different from that described
in the preferred embodiment of the present.lnventlon.
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1. An exchangeable cutting insert adapted for mounting in a
cutter tool body['said cutting insert béing a substantially
prismoidal body having a planar base and an upper surface
with rake portions merging with side flanks of the insert at

‘least at two cutting edges defining therebetween an insert

corner, the insert corner having a bisector plane
perpendicular to the base of the insert;

each cuttihg edgé comprising a central portion and first
and second lateral portions sloping with respect to said base
of the insert, said corner being associated with adjoining
first and second lateral portibns of the adjacent cutting
edges; ' _ -
each cuttihg edge being dapable of operating, when the
insert is mounted in the tool, as a péripheral cuttihg edge
having a cutting length defined by the first lateral portion
and the central portion thereof, and as a frontal cutting
edge having a cutting length defined by'the second lateral
portion thereof;

~ characterised in that
~said central portions of the cutting edges define

therebetween a first plane parallel to said base and said
adjoining first and second lateral portions have equal
lengths and define therebetween a second plane inclined with
respect to said base plane and perpendicular to said bisector
plane so that said insert corner and said cutting edges have
a geometry of a mirror symmetry with respect to said bisector
plane.

2. A cutting insert according to Claim 1, wherein said
cutter tool is a rotary cutting tool, said insert being
adapted for mounting in the tool in such a manner that said
second lateral portion of the insert front cutting edge is
disposed in a plane normal to a rotary axis of the tool,
thereby serving as a wiper, and said central portion of the
insert peripheral cutting edge is oriented so that, during
rotation of the insert around the rotary axis, it constitutes
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a generator which sweeps a substantially_cylindricai
envelope. '

'_3. a cuttlng 1nsert accordlng to 01a1m 1, whereln said
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second plane deflned by said ad301n1ng first and second
lateral portlons of the cuttlng edges slopes towards the
insert base in the dlrectlon of the respectlve insert corner,

-when viewed from the center of the insert.

4. A cutting insert according to Claim 1, wherein said
second plane defined b, said adjoining first and second
lateral portions of . the cutting edées slopes away from the
1nsert base in the dlrectlon of the respective 1nsert corner,
when viewed from the center of the 1nsert.

5. A cutting insert according to Claim 1, wherein the

insert has a plurality of indexable cutting edges.
6. A cutting insert according to Claim 5; wherein'the
insert has a basic square shape, four cutting edges and a 90°

rotational symmetry, both clockw1se and counterclockw1se,
around the central axis of the tool.
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