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A cutting insert for cutting, milling or drilling of metal, a tool holder and a tool

provided therewith

TECHNICAL FIELD

The present invention relates to a cutting insert for cutting, milling or drilling of
metal comprising a sensor for detecting a predetermined wear of the cutting insert
caused by operation thereof on a metal work piece, wherein the sensor comprises at
least two contact regions through which the sensor is connectable to external

measuring circuitry.

The invention also relates to a tool for holding a cutting insert according to the
invention, as well as a tool comprising a tool holder according to the invention and a

cutting insert according to the invention.

BACKGROUND OF THE INVENTION

In machining with exchangeable and/or indexable cutting inserts there is an increased
need to measure on-line the changes of condition that the cutting insert is subjected
too close to the cutting zone thereof during operation. On basis of such on-line
measurement of the condition of the cutting insert, decisions regarding altering of
operation parameters, exchange of cutting insert or repositioning of the cutting insert
in its holder can be taken. Time-requiring manual inspection of the condition of the
cutting insert can be avoided and, as a consequence thereof, an improved efficiency
and a more automated operation can be obtained. Furthermore, a precise on-line
measurement of the condition of the cutting insert, and correct measures taken in the
right time as a consequence thereof, will help to prevent damaging of the work piece

due to use of excessively worn cutting inserts or too high temperatures.

Prior art as disclosed in EP1186365B1 and EP 1095732B1 describes cutting inserts
in which a sensor for on-line measurement of the wear of the cutting insert comprises

an electric circuit formed by a conductive layer provided on the cutting insert, and
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wherein the electric circuit comprises at least two contact regions through which the
electric circuit is connectable to external measuring circuitry. A cutting insert holder
presents corresponding electrical contacts which are electrically connected to a
respective of the contact regions of the cutting inserts as the cutting insert is held in
an operative position by the tool holder. Connected to the contacts of the tool holder
there is provided measuring circuitry for measuring of a change of resistance of the
electric circuit caused by a predetermined wear of the cutting insert. The measuring
circuitry comprises means for generating an electric current in the electric circuit
provided on the cutting insert during operation thereof. A lead, or sensor line, of the
electric circuit is positioned on a clearance face of the cutting insert in close
proximity to a cutting edge of the cutting insert and extends along the cutting edge.
The lead of the electric circuit is positioned such that, upon a predetermined wear of
the cutting edge, the lead will be in engagement with the work piece, and the
resistance of the electric circuit as measured by means of said external measuring
circuitry will change. At a predetermined critical degree of wear of the cutting insert,
the lead will be cut, indicating that the cutting insert must be exchanged or be given
another position in the holder. On basis of the wear down of the lead and finally the
cutting off thereof, it is thus detected how far the wear of the cutting insert has
proceeded, and, depending thereon, measures such as exchange of the cutting insert

may be taken.

However, with the suggested solution as disclosed by EP1186365B1 and EP

1095732B1, the signal obtained in the external circuitry, indicating that the wear
down of the cutting insert has proceeded to a certain point, may not always be so
stable due to fluctuating engagement between the work piece and the lead of the

electric circuit of the cutting insert.

US4744241 discloses a method and an arrangement for detecting a wear limit or a
break in a cutting edge of a machine tool. At least two conductor paths are embedded
in the cutting material forming the cutting edge, one of the conductor paths being
part of a closed circuit and the other of the conductor paths being part of an open

circuit. A signal serving to break off the machining process is produced if either the
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conductor path of the closed circuit is interrupted or the conductor path of the open
circuit is closed by the creation of a conductive connection between the two
conductor paths. The conductor path of the closed circuit is arranged along the
cutting edge of the cutting insert so as to be interrupted by a crack propagating in a
region of a secondary cutting edge of the latter, as a result of a predetermined wear of
the cutting insert. However, in cutting processes, a conductive bridge may be formed
across a crack by particles of the material of the work piece or the coolant or by
particles of an electrically conductive cutting substance, so that, in spite of the fact
that the limit of permissible wear has been reached or a break in the cutting edge has
occurred, the signal for breaking off the machine is not initiated by any signal from
the interrupted closed circuit. In order to cope with that drawback US4744241
suggests the provision of the above-mentioned conductor path of an open circuit
which is positioned in parallel with and arranged to be electrically connected to the
conductor path of the closed circuit upon a predetermined degree of wear of the
cutting insert. Upon such interconnection, a signal for breaking off the machining
process is assumed to be initiated. However, since the conductor path of the closed
circuit is arranged so as to be interrupted by a crack, and might in fact be interrupted
by one or more such cracks at the moment when that conductor path is connected to
the conductor path of the open circuit, also this signal for breaking off the machining
process might not be initiated. The signal received from any of the circuits runs the
risk of being non-distinct since the conductor path of the closed circuit may be
interrupted by a crack but may be temporarily closed through the above-described
formation of a conductive bridge across the crack or cracks. It will thus be unclear
whether a predetermined wear of the cutting insert has occurred or not, and the

indication of the predetermined wear becomes unreliable.

Moreover, the position of the crack or the wear down of the cutting insert cannot be

determined on basis of signals received from the above-mentioned circuits.

It is an object of the present invention to present a cutting insert that enables a more
precise and reliable detection of a predetermined wear of a cutting insert caused by

operation of the cutting insert on a metal work piece.
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SUMMARY OF THE INVENTION

The object of the invention is achieved by means of a cutting insert for cutting,
milling or drilling of metal comprising

- a sensor for detecting a predetermined wear of the cutting insert caused by
operation thereof on a metal work piece, wherein

- the sensor comprises at least two contact regions through which the sensor is
connectable to external measuring circuitry, the cutting insert being characterised in
that

- the sensor comprises at least two leads which are connected to a respective of the at
least two contact regions, wherein

- each lead presents a respective free end positioned such that, upon the
predetermined wear caused by the operation of the cutting insert on a metal work
piece, the free ends will be connected to each other by the metal work piece or by a

chip resulting from the operation of the cutting insert on the metal work piece.

The provision of a sensor defining an open circuit having at least two leads with a
respective free end, wherein the free ends are positioned so as to be electrically
interconnected by the metal work piece or the chip when predetermined conditions
are fulfilled, enables positioning of the leads such that the risk of any of these leads
being interrupted by a crack propagating from the region of the cutting edge of the
cutting insert is very small. A closed circuit without a free end, on the other hand,
will always have a part thereof which runs generally in parallel to the cutting edge,
and will therefore be more susceptible to interruption by a propagating crack, thereby

making such measurement unreliable.

According to one embodiment, the sensor is used for sensing wear of one of the
edges of a cutting insert. In a zone of the cutting insert in which wear in form of
cracks are likely to propagate from the cutting edge the free ends of the leads extend
with an angle to, possibly even generally perpendicularly to the cutting edge the wear

of which is measured by means of the sensor. In other words, in said zone or region
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the leads are non-parallel with the cutting edge for which the sensor is arranged to
measure wear. In said zone or region the leads may extend straight or in a curved
fashion. If they extend with a curvature, the tangent of each point of the curve will
intersect the cutting edge with an angle. The free ends of the leads may extend such
that they intersect the cutting edge or they may end at a predetermined distance from

the cutting edge.

The free ends are positioned with such a distance between each other and to the
cutting edge that they are directly contacted by the metal work piece or the chip and
electrically interconnected thereby. Based on the exact knowledge of the position of
the free ends it can be determined with great precision where on the cutting insert a
predetermined wear has occurred. The free ends of the leads may be covered by a
protective layer provided on top thereof or be exposed. They may be provided at
such depth under such a protective layer that they are contacted by the metal work
piece or a chip only upon a predetermined wear down of a layer that covers the leads.
If they are not covered by a protective layer, i.e. exposed on the surface of the cutting
insert, they should end at such a distance from the cutting edge that they are
contacted by the metal work piece or chip only upon a predetermined wear of the

cutting insert.

The leads may be provided as a thin layer on a substrate or underlying layer of the
cutting insert or be provided in any other suitable form, such as a wire or the like. In
this context, layer is not limited to layers covering a substantial part of a surface, but
includes also layers in the form of narrow stripes, strings or small regions provided

on a surface, which may cover only a minor part thereof.

According to one embodiment, the free ends of the leads are positioned such that the
tips thereof will be contacted by and interconnected by the metal work piece or a
chip thereof when the predetermined wear occurs. The leads may extend in the
direction of expected progression of wear on the cutting insert from the cutting edge
for which wear is measured by means of the sensor. The leads are thus positioned

such that, as the metal work piece or the chip continues to wear down the cutting
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insert it also continuously shortens the length of the leads in a direction from the tip
of free ends thereof, and thereby gradually reduces the electric resistance of the
circuit as the wear down progresses. The change of electric resistance of the circuit
including the leads can be registered by the above-mentioned external measuring
circuitry and be used as a measured indication of the progress of the wear down of
the cutting insert. In other words, not only recognition of the immediate occurrence
of a predetermined wear down is enabled with the suggested provision of leads, their

free ends and tips, but also the further progression of such wear down.

The external measuring circuitry can be arranged to register two defined situations,
for example a first situation wherein the free ends of the at least two leads are
disconnected and a second situation wherein the free ends are connected (by a work
piece or a chip). This can be done by sending an electric current through one of the
leads and measuring if the current flows through the associated other lead. As

discussed above, it is also possible to measure the electrical resistance in the leads.

According to one embodiment where the free ends are arranged to be interconnected
by a chip, two adjacent associated leads are arranged at a distance from each other
which is less than the smallest expected chip width. Thereby it is achieved that the
sensor of the cutting insert will function also when the cutting insert is operated with

small cutting depth.

According to one such embodiment, the cutting insert has two adjacent cutting edges
which are connected by a nose edge which defines a segment of a circle having a
radius r, and, at least in an area in which the free ends of the leads will be connected
to each other by the metal work piece or by a chip resulting from the operation of the
cutting insert on the metal work piece in case the predetermined wear occurs, the
distance between adjacent free ends of said at least two leads is less than the radius r,
also defined as the nose radius. One of the cutting edges is the cutting edge
associated to the sensor, and towards which the free ends of the leads are directed for
the purpose of being interconnected by a chip or a metal work piece as this cutting

edge is used during operation of the cutting insert and wear on the cutting insert is
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caused as a result thereof. The leads are arranged at a distance from each other which
is approximately the nose radius. These two leads should extend towards the cutting
edge very close to the nose, and preferably with a maximum distance from the nose
corresponding to the nose radius. This is advantageous because cutting inserts
usually are operated with cutting equal to or depths larger than the nose radius. It is
thus ensured that the width of cut chips will be larger than the distance between the

two leads during all normal operations.

According to one embodiment, the distance between adjacent free ends of said at
least two leads in said area is less than 1 mm. Thereby, also when the cutting insert is
operated with very small cutting depth, it is ensured that a chip would be sufficiently

wide to interconnect the leads.

According to one embodiment, at least in the region of the free ends of the sensor,
the sensor is covered by a protective layer forming an electric insulation thereon.
Thereby, the risk of having unintentional interconnection of the leads or having
fluctuating signals indicating changes of the electric resistance of the closed circuit
caused by, for example, unintentional fluctuating motion of chip or generation of a
bridge between said lead by the coolant or by particles of an electrically conductive

cutting substance may be avoided.

According to one embodiment, in a region extending from a tip of the free end of at
least one of the leads and a predetermined distance along the lead towards the contact
region connected to that lead, the lead presents a higher resistance per length unit
than in the remaining parts of the lead. As wear caused by the metal work piece or
the chip progresses, the free end of the lead is also worn down. As, during operation
of the cutting insert, the free end of the lead is worn down by the metal work piece or
the chip, the resistance of the circuit is reduced. This difference in electric resistance
is measured by means of the external measuring circuitry. Thus, a certain change in
resistance will correspond to a certain reduced length (wear) of the leads, which in
turn corresponds to a certain wear of the cutting insert. Since the resistance of the

leads in a region extending from a tip of the free end towards the contact region
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presents a higher resistance per length unit than the remaining parts of the lead, the
change of electric resistance becomes relatively large for a predetermined wear
progression. Accordingly, a more clear indication of the wear progression is

obtained. It is possible to arrange each or some of the free ends with such a section of

higher resistance.

Advantageously, the lead or leads have a distance with such higher resistance per
length unit that corresponds to the length of the area of suspected wear. The distance

can correspond to the length of acceptable wear.

According to one embodiment, in the region presenting a higher resistance per length

unit than the remaining parts of the lead, the lead has a reduced cross section.

According to one embodiment, the cutting insert is, in the region of the lead
presenting a higher resistance per length unit than the remaining parts of the lead, the
lead has a reduced width. In embodiments where the leads are provided as a
conductive layer, the leads may have the reduced width in the plane of the
conducting layer forming the lead. Such reduction of the cross-section of the lead can
be accomplished by means of laser cutting of the layer, either before application of a
protective and electrically insulating layer on top of the leads or after such

application.

According to one embodiment, the sensor comprises more than two contact regions
and more than two leads, each lead being connected to a respective associated
contact region, wherein the free end of one of the leads is positioned so as to be
connected to any of at least two other leads by a metal work piece or a chip thereof
depending on which predetermined wear that is obtained as a result of the operation
of the cutting insert on the metal work piece. On basis of the knowledge of the
position of the respective free ends, and on basis of which free ends that are
contacted and interconnected by the metal work piece or a chip thereof, a more
precise picture of the progressing wear down of the cutting insert may be obtained.

An external measuring circuitry should be arranged so as to register which free ends
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are interconnected, and the machining operation should be controlled with regard

thereto.

According to one embodiment, there is provided a solid electric insulator between
the leads. Thereby, the risk of having an unintended electric short cut between the
leads is reduced compared to the alternative design in which there is open space

between the leads. A solid electric insulator may also be a better insulator than air,

which will alternatively be the medium occupying an open space between the leads.

According to one embodiment wherein at least in the region of the free ends of the
sensor, the sensor is covered by a protective layer forming an electric insulation, the
solid insulator is a part of the protective layer. In such a case, the leads can be formed
by means of a laser cutting operation applied onto an electrically conducting layer
provided on a substrate of the cutting insert and the protective layer is subsequently
applied onto the conducting layer, i.c. onto the leads, thereby also filling the gap, or
open space, generated between the leads as a result of the laser cutting operation.
Typically the protective layer is applied by means of a deposition process such as

physical vapour deposition, PVD, or chemical vapour deposition, CVD.

According to one embodiment, the protective layer essentially consists of alumina.
Alumina has the advantage of being a material often chosen as an outer layer of a
cutting insert because of its physical properties. Its high electrical resistivity also

contributes to the choice thereof as a solid insulator between the leads.

According to one embodiment, the free ends of the leads are located on a rake face of
the cutting insert in an area susceptible to be subjected to crater wear caused by chips
removed from a metal work piece during operation of the cutting insert on the metal
work piece. According to one such embodiment, the free ends of the at least two
leads 9—-14 are located in an area between the associated cutting edge and a chip

breaker.
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According to one embodiment, the free ends of the leads are located not more than
0.3 mm from a cutting edge defined by an intersection between the rake face and a
clearance face of the cutting insert. This is advantageous because in normal operation
this corresponds to area where chips are formed and thus in constant contact with
cutting insert. In a corresponding area at clearance surface, the work piece may come

into contact with the cutting insert as the edge wears down.

According to one embodiment, in the area susceptible to be subjected to crater wear,
the leads extend with an angle in a direction towards to the associated cutting edge of
which corresponding crater wear is to be measured. In said area, the leads extend
with an angle in the range of 45°-135, or 65°-105°, or 85°-95° relative said cutting
edge. If the leads are curved, the tangent of each point along said curve will intersect
the cutting edge with an angle within the above-defined ranges. Thus, the leads
extend in a direction of expected wear propagation and the risk of a crack that

propagates from the cutting edge cutting a lead is small.

According to one embodiment, in the area susceptible to be subjected to crater wear,
the free ends of the leads extend generally with the same distance to each other, for

example in parallel with each other.

According to one embodiment, the contact regions are located on a clearance face of
the cutting insert, wherein said clearance face is a face that intersects the rake face. In
particular for an indexable cutting insert, which comprises a sensor according to the
invention for each active cutting edge thereof, such a design is favourable. Each
sensor may have its set of contact regions disposed on a separate clearance face such
that, for each operative position of the cutting insert in a holder, the contact regions
of the sensor associated to the cutting edge to be used is connected to corresponding

contacts in the holder.

According to one embodiment, the cutting insert comprises a rake face and at least
one clearance face intersecting the rake face, wherein the free ends of the leads are

located on the clearance face in an area close to a cutting edge of the cutting insert, in



10

15

20

25

30

WO 2016/202569 PCT/EP2016/062206

11

which area the cutting insert it susceptible to be subjected to wear caused by a metal
work piece during operation of the cutting insert on the metal work piece. According
to one embodiment, in the area in which the cutting insert it susceptible to be
subjected to wear caused by the metal work piece, the leads extend with an angle to
the most adjacent cutting edge of the cutting insert in a direction towards said cutting
edge. In said area, the leads extend with an angle in the range of 45°-135, or 65°-
105°, or 85°-95° relative said cutting edge. The free ends of the leads may also
extend in parallel with each other in said area. According to yet another embodiment,
the free ends of the leads are located not more than 0.3 mm from the most adjacent
cutting edge defined by an intersection between the rake face and a clearance face of

the cutting insert.

According to one aspect, the invention relates to a tool holder for holding a cutting
insert as defined hereinabove or hereinafter, the tool holder being characterised in
that it presents electrical contacts which are electrically connected to a respective of
the contact regions of the cutting inserts as the cutting insert is held in an operative

position by the tool holder.

According to another aspect, the invention relates to a tool for the cutting, milling or
drilling of metal, comprising a tool holder as defined hereinabove or hereinafter and
a cutting insert as defined hereinabove or hereinafter, the tool being characterised in
that it comprises measuring circuitry for measuring of a change of resistance of the
electric circuit caused by the predetermined wear of the cutting insert, the measuring
circuitry being connected to the sensor of the cutting insert through the contacts of

the tool holder.
Further features and advantages of the present invention will be presented in the
following detailed description of embodiments of the invention, with reference to the

annexed drawing.

BRIEF DESCRIPTION OF THE DRAWINGS
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Embodiments of the invention will now be presented with reference to the annexed

drawing, on which:

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

invention,

Fig. 2 is a perspective view of a second embodiment of a cutting insert according to

the invention,

Fig. 3 is a perspective view of a third embodiment of a cutting insert according to the

invention,

Fig. 4 is an enlarged view of a rake face of the cutting insert shown in fig. 1,
Fig. 5 is an enlarged view of a portion of the rake face shown in fig. 5,

Figs. 6a and 6b are perspective views from different angles showing a first
embodiment of a tool according to the invention equipped with a tool holder
according to the invention and a cutting insert according to the invention,
Figs. 7a and 7b are perspective views from different angles showing a second
embodiment of a tool according to the invention equipped with a tool holder

according to the invention and a cutting insert according to the invention,

Figs. 8a, 8b and 8c are cross sections of part of a cutting insert according to the

invention, according to one embodiment, and

Figs. 9a and 9b are cross sections of a part of a cutting insert according to the

invention, according to another embodiment.

DETAILED DESCRIPTION OF THE INVENTION

PCT/EP2016/062206
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Fig. 1 shows a cutting insert 1 for cutting of metal. The cutting insert 1comprises a
sensor 2 for detecting a predetermined wear of the cutting insert 1 caused by
operation thereof on a metal work piece, wherein the sensor 2 comprises an open
electric circuit formed by parts of an electrically conductive layer forming part of the
cutting insert 1. Though not shown in fig. 1, the cutting insert is provided with a
protecting and electrically insulating layer on top of the electrically conductive layer.
However, in order to facilitate the disclosure of the sensor design, the protecting

layer is not shown in the figure.

The sensor 2 comprises a number of contact regions 3—8 through which leads 9-14
of the electric circuit is connectable to external measuring circuitry (indicated with
reference number 15 in figs. 6 and 7). The contact regions 3—8 are exposed and not
covered by any protective layer and are thus easily connectable to corresponding
contacts of an external measuring circuitry. The contact regions 3—8 and the leads 9—
14 have been generated by removal of surrounding portions of the electrically
conducting layer, typically by means of laser cutting, such that a pattern like the one

shown in fig. 1 is obtained.

The electric circuit is an open circuit, wherein the respective leads 9-14 are
interconnected with a respective of the contact regions 3—8. Each lead 9—-14 presents
a respective free end 16-21 positioned such that, upon the predetermined wear
caused by the operation of the cutting insert 1on a metal work piece, the free ends
16-21 of at least some of the leads 9—14 will be electrically interconnected to each
other by the metal work piece or by a chip resulting from the operation of the cutting

insert lon the metal work piece.

In the embodiment shown in fig. 1, the free ends 16-21 of the leads 9-14 are located
on a rake face 22 of the cutting insert 1 and are directed towards a cutting edge 23 of
the cutting insert 1. The cutting edge 23 is defined by an intersection between the
rake face 22 and a clearance face 24 of the cutting insert 1. The free ends 16-21 are
located in an area susceptible to be subjected to crater wear caused by chips removed

from a metal work piece during operation of the cutting insert 1 on a metal work
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piece. The free ends 16-21 of the leads 9—14 are located not more than 0.3 mm from
the cutting edge 23, typically in an area between a chip breaker (not shown) on the
rake face and the cutting edge 23. The maximum distance between adjacent free ends
16-21 in this area is less than the width of a chip to be formed. Therefore, the
maximum distance between adjacent free ends 16-21 in said area is less than the
nose radius of a nose edge connecting the cutting edge with an adjacent cutting edge.
Typically, the distance between adjacent free ends 16-21 in said area is less than 1
mm. Thus, upon operation of the cutting insert 1 by means of the most adjacent
cutting edge 23 towards which said free ends 16-21 are directed, at least some of
these free ends 16-21 will be interconnected by a chip from a work piece that is
worked on by the cutting insert 1 upon a predetermined wear of the cutting insert 1
caused by a chip removed from the work piece. Provided that the leads 9—14 are
connected to an external measuring circuitry as shown in fig. 7, and that there is an
electric potential difference between the leads, electrical interconnection may be used
as an indication of the predetermined wear on the cutting insert 1, and further

measures, such as exchange of the cutting insert, may be taken on basis thereof.

As can be seen in fig. 4, the free ends 16-21 of the leads 9-14 are generally parallel
in an end region thereof. In said end region, they are directed with an angle to the

most adjacent cutting edge 23 towards which they are directed.

Fig. 5 shows the end region of the free ends 16-21 in further enlargement. In a
region extending from a tip of each of the free ends 16-21 and a predetermined
distance along each of the leads 9-14 towards each of the contact regions 3-8, the
lead presents a higher electric resistance per length unit than in the remaining parts of
the lead. In the region presenting a higher resistance per length unit than the
remaining parts of the lead, the respective lead 9-14 has a reduced cross section. In
the region of the lead 9—-14 presenting a higher electric resistance per length unit than
the remaining parts of the lead, the lead 9—-14 has a reduced width in the plane of the
conducting layer forming the lead 9-14, resulting in the above-mentioned higher
electric resistance. As, during operation, wear of the cutting insert continues and

electrically interconnected free ends 16-21 in the above-mentioned region are worn
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down, the change in electric resistance of the sensor 2 will be relatively larger than if
no provision of higher electric resistance per length unit of the respective free end 9-
14 of the leads 9-14 would have been provided. In the region presenting a higher
resistance per length unit than the remaining parts of the lead, the respective lead 9—
14 has a width of 5Sum—-60um. In said remaining parts, the width of the lead is
100pum—1mm, preferably 100um—300um. If there is no region presenting a higher
resistance per length unit than the remaining parts of the lead, the lead width is in the

range of 10um—1mm, preferably 30um-300um

The free end 16-21 of each lead 9-14 may be electrically interconnected to more
than one other free end 16-21 of the leads 9-14. This means that that the sensor 2
comprises more than two contact regions 3—8 and more than two leads 9-14, each
lead being connected to a respective associated contact region 3—8, wherein the free
end 16-21 of one of the leads 9—-14 is positioned so as to be connected to any of at
least two other leads 9-14 by a metal work piece or a chip thereof depending on
which predetermined wear that is obtained as a result of the operation of the cutting
insert 1 on the metal work piece. Thus, by means of an external measuring circuitry,
it is determined which leads that are electrically interconnected and thus the
character of the wear. In the embodiments shown in fig. 1-3 the tips of the free ends
16-21 of the leads 9—14 are at the same distance from the most adjacent cutting edge
23. Embodiments in which there are more than two leads 9—14 and the tips of the
free ends 16-21 of the leads 9—14 are positioned at different distances from the
cutting edge 23 are also envisaged, thereby enabling further possibilities of detecting

the degree of wear down of the cutting insert 1.

Fig. 2 shows an alternative embodiment which differs from the one shown in fig. 1 in
that the contact regions 103—108 of the cutting insert 101 are located on a clearance
face 124, and that the leads 109—-114 thus extend differently from the free ends
thereof to the contact regions 103—108 compared to the embodiment shown in fig. 1.
In the embodiment shown in fig. 1, the contact regions 3-8 are located on the rake

face 22. The embodiment shown in fig. 2 also differs from that shown in fig. 1 in that
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it presents two sensors 102a and 102b on one and the same side of the cutting insert

101, in this case the rake face 122.

Fig. 3 shows yet another embodiment which differs from the embodiment shown in
fig. 2 in that it has corresponding sensors on opposite rake faces of a cutting insert
that is indexable by turning upside down. The contact regions 203-208 of one of two

sensors on the opposite rake face is shown in fig. 3.

It should be understood that the present invention also envisages embodiments in
which the sensors are provided on one or more of the clearance faces and in which
the contact regions of the sensors are either positioned on the clearance faces or on
the rake faces. Such embodiments are not shown on figures here but as to the design
and functionality of the leads, especially the free ends thereof, they follow the
principles disclosed hereinabove for the embodiments in which the sensors are
provided on the rake faces. The difference is that the free ends of the leads are
positioned in an area which is assumed to be subjected to wear caused by the work
piece rather than by a chip removed therefrom. In said area, the free ends of the leads
are directed towards the most adjacent cutting edge, the wear of which is to be
indicated by the sensor. In said area, the free ends may be generally parallel to each
other and extend with an angle to said cutting edge. Embodiments in which sensors
are provided both on the rake faces an on the clearance faces and which, thus,
enables simultaneous detection of wear caused by the work piece and the chip are

also envisaged.

Fig. 6a and 6b show a tool for the cutting of metal, comprising a tool holder 25
aimed for holding a cutting insert 1 according to the embodiment shown in fig. 1.
The tool comprises measuring circuitry 15 (only indicated in fig. 6b for reasons of
clarity) connected to the tool holder 25 for measuring of a change of resistance of the
electric circuit as defined hereinabove caused by a predetermined wear of the cutting
insert 1. The tool holder 25 has electrical contacts 2631 which are to be electrically
connected to a respective of the contact regions 3-8 of the cutting insert 1 as the

cutting insert 1 is held by the tool holder 25. Here the electrical contacts 26-31 are
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exposed on a lower side of a projection provided on the holder, such that they will be
in contact with the contact regions of the cutting insert once the latter has been
attached on the holder. The measuring circuitry 15 is connected to the electric circuit,
1.e. the sensor 2, of the cutting insert 1 through the contacts 26-31 of the tool holder
25. The cutting insert 1 has a through hole 32 in the rake face 22 and there is
provided a screw hole 33 in the holder 25, enabling fastening of the cutting insert 1

to the holder 25 by means of a screw 34.

Figs. 7a and 7b show a tool for the cutting of metal, comprising a tool holder 125
aimed for holding a cutting insert 101, 201, according to the embodiments shown in
figs. 2 and 3. In this exemplifying embodiment, the tool comprises a cutting insert
101 according to the embodiment disclosed with reference to fig. 2. The tool holder
125 has electrical contacts 126—131 which are to be electrically connected to a
respective of the contact regions 103—108 of the cutting insert 1 as the cutting insert
101 is held by the tool holder 125. The contacts 126—131 are provided on a support
surface on the tool holder 125 against which a clearance face of the cutting insert 101

bears when the cutting insert 101 is attached to the holder 125.

Alternatively, with a different positioning of the contact regions on the clearance face
124 of the cutting insert 101, the contacts on the tool holder 125 could be provided
on another support surface on the tool holder 125 against which another clearance

surface of the cutting insert 101 bears.

Figs. 8a—8 and 9a—9b show first and second embodiments of coating designs of a
cutting insert according to the invention. Before describing the specific embodiments
shown in figs. 8a—8c and 9a-9b the general principles of the coating design will be

discussed.

A cutting insert according to the present invention has a substrate, for example
cemented carbide, typically tungsten carbide with a cobalt binder, on which at least
one electrically conducting layer is applied, which will form the sensor or sensors of

the invention. The electrically conducting layer may be applied only on areas that



10

15

20

25

30

WO 2016/202569 PCT/EP2016/062206

18

will define the contact regions and the leads of the sensors, or it may be applied to a
more widespread area whereupon the contact regions and leads are cut or etched out
of that conducing layer. The conducting layer is not necessarily directly applied onto
the substrate. There may be one or more other layers provided between the
electrically conducting layer and the substrate. However, the layer nearest below the
electrically conducting layer should be electrically insulating. If the substrate is
electrically insulating, the electrically conducting layer could thus be applied directly
onto the substrate. On top of the electrically conducting layer, or at least on top of the
parts thereof that define or will define free ends of leads of the sensor, there may be
provided an electrically insulating protective layer, for example an alumina layer.
There may be further electrically conducting layers provided in the coating, as long
as they are electrically insulated from the electrically insulating layer that will define

said sensor.

A sensor could be formed by a contact region and its associated lead that are defined
by one electrically conducting layer and a contact region and its associated lead that
are defined by another electrically conducting layer in a coating comprising more
than one electrically conducting layer. Likewise, different sensors could be defined
by different conducting layers provided at different levels in a set of layers forming a

coating on the substrate.

Contact regions and leads of a sensor may be cut out by means of laser from an
electrically conducting layer before application of a protective layer thereon, or after
application of a protective layer thereon. If cutting out of the contact regions and
leads is performed before application of the protective layer, the protective layer
may, and should be applied such that it also occupies spaces formed around said
contact regions and leads, thereby electrically insulating the latter further from
surrounding parts of the conducting layer and/or from adjacent contact regions or
leads. Contact regions covered by the protective layer must be exposed by

subsequent removal of the protective layer covering them.
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Now, reference is made to fig. 8a—8c. The presented coating design could be used for
any of the embodiments of the cutting inserts 1, 101, 201 disclosed hereinabove. A
substrate of the cutting insert 1, 101, 201 is denoted 35. The substrate 35 may
comprise any material suitable for the purpose, such as cemented carbide, typically

tungsten carbide with a cobalt binder.

It is suggested that the sensor or sensors of the cutting inserts 1, 101, 201 are based
on the general coating design obtained by deposition of a functional wear resistant
CVD coating that is applied onto the substrate and forms part of the cutting insert.
Accordingly, on the substrate 35 there is provided an inner layer 36, typically
comprising Ti(C, N, O). Other compositions are also envisaged, such as those based
on Zr(C, N) or Hf(C, N).The thickness of the inner layer is in the range of 1um-—
15um.

On top of the inner layer 36 there is provided a thermal barrier layer 37, typically a-
Al,Os, possibly k-Al,Os. It is suggested to apply the thermal barrier layer 37 by
means of chemical vapor deposition. The thickness of the thermal barrier layer 37 is

in the range of 1um—15um.

On top of the thermal barrier layer 37, there is provided an electrically conducting
layer 38, typically comprising a suitable nitride and/or carbide such as TiN and/or
TiC. It is suggested to apply the electrically conducting layer 38 by means of
chemical vapor deposition. The thickness of the electrically conducting layer 38 is in

the range of 0.1um—5um.

Before application of an electrically insulating protective layer 41 on top of the
electrically conducting layer 38, laser is used for cutting out leads 39, 40 and contact

regions (not visible in fig. 8) from the conducting layer 38 (Fig. 8b).

After cutting out of the leads 39, 40 and the associated contact regions of the sensor
or sensors, the electrically insulating protective layer 41 is applied such that it covers

at least essential parts of the sensors, in particular the free ends thercof aimed to be
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interconnected by a metal work piece or a chip during operation of the cutting insert.
It is suggested to apply the protective layer 41 by means of chemical vapor
deposition, CVD, whereby the protective layer 41 totally covers the underlying
electrically conducting layer 38, including the leads and contact regions of the sensor
or sensors. The protective layer 41 also fills spaces between the leads, contact
regions and surrounding parts of the electrically conducting layer, which spaces were
generated as a result of the cutting out of the leads and the contact regions from the
electrically conducting layer. The protective layer 41 typically comprises k-Al,O3,
possibly a-Al;O3 and has a thickness in the range of 0.5um—10um. Other electrically
insulating and protective layers are off course also envisaged. For example, the

protective layer 41 may comprise ZrO,.

Figs. 9a and 9b show an alternative embodiment of a coating design and a method of
generating such a design. The cutting insert, which could be any of the cutting inserts
1, 101, 201 disclosed hereinabove with reference to figs. 1-3, comprises a substrate
42 onto which there is applied an inner layer 43 corresponding to the inner layer 36

disclosed with reference to fig. 8a—8b.

On the inner layer 43 there is provided a thermal barrier layer 44 corresponding to

the thermal barrier layer 37 disclosed with reference to figs. 8a—8b.

On the thermal barrier layer 44 there is provided an electrically conducting layer 45
corresponding to the electrically conducting layer disclosed with reference to figs.
8a—8Db.

On the electrically conducting layer 45, but before cutting out the leads and contact
regions of the sensor or sensors, there is provided a protective layer 48 which
corresponds to the protective layer 38 disclosed with reference to figs. 8a—8c. After
application of the protective layer 48, leads 46, 47 and contact regions (not visible in
figs. 9a and 9b) are cut out of the electrically conducting layer 45 by means of laser
cutting. Thereby, open spaces will remain between leads, contact regions and

surrounding electrically conducting layer 48.
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PATENT CLAIMS

1. A cutting insert for cutting, milling or drilling of metal comprising

- a sensor (2, 102a, 102b, 202a, 202b) for detecting a predetermined wear of the
cutting insert caused by operation thereof on a metal work piece,

- wherein the sensor (2, 102a, 102b, 202a, 202b) comprises at least two contact
regions (3-8, 103-108, 203-208) through which the sensor (2, 102a, 102b, 202a,
202b) is connectable to external measuring circuitry, characterised in that

- the sensor (2, 102a, 102b, 202a, 202b) comprises at least two leads (9-14, 109-114,
209-214) which are connected to a respective of the at least two contact regions (3-8,
103-108, 203-208),

-wherein each lead (9-14, 109-114, 209-214) presents a respective free end
positioned such that, upon the predetermined wear caused by the operation of the
cutting insert on a metal work piece, the free ends will be connected to each other by
the metal work piece or by a chip resulting from the operation of the cutting insert on

the metal work piece.

2. A cutting insert according to claim 1, characterised in that it has two adjacent
cutting edges which are connected by a nose edge which defines a segment of a
circle having a radius, and that, at least in area in which the free ends of the leads (9-
14, 109-114, 209-214) will be connected to each other by the metal work piece or by
a chip resulting from the operation of the cutting insert on the metal work piece, the

distance between adjacent free ends is less than said radius.

3. A cutting insert according to claim 1 or 2, characterised in that, at least in the
region of the free ends of the sensor (2, 102a, 102b, 202a, 202b), the sensor (2, 102a,
102b, 202a, 202b) is covered by a protective layer forming an electric insulation

thereon.

4. A cutting insert according to any one of claims 1-3, characterised in that, in a
region extending from a tip of the free end of at least one of the leads (9-14, 109-114,
209-214) and a predetermined distance along the lead (9-14, 109-114, 209-214)
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towards the contact region connected to that lead (9-14, 109-114, 209-214), the lead
(9-14, 109-114, 209-214) presents a higher resistance per length unit than in the

remaining parts of the lead.

5. A cutting insert according to claim 4, characterised in that, in the region
presenting a higher resistance per length unit than the remaining parts of the lead, the

lead has a reduced cross section.

6. A cutting insert according to any one of claims 1-5, characterised in that the
sensor (2, 102a, 102b, 202a, 202b) comprises more than two of the contact regions
(3-8, 103-108, 203-208) and more than two of the leads (9-14, 109-114, 209-214),
cach lead being connected to a respective associated contact region, wherein the free
end of one of the leads (9-14, 109-114, 209-214) is positioned so as to be connected
to any of at least two other leads (9-14, 109-114, 209-214) by a metal work piece or a
chip thereof depending on which predetermined wear that is obtained as a result of

the operation of the cutting insert on the metal work piece.

7. A cutting insert according to any one of claims 1-6, characterised in that between
the leads (9-14, 109-114, 209-214) there is provided a solid electric insulator.

8. A cutting insert according to any one of claims 1-7, characterised in that the free
ends of the leads (9-14, 109-114, 209-214) are located on a rake face of the cutting
insert in an area susceptible to be subjected to crater wear caused by chips removed
from a metal work piece during operation of the cutting insert on the metal work

piece.

9. A cutting insert according to claim 8, characterised in that the free ends of the
leads (9-14, 109-114, 209-214) are located at most 0.3 mm from a cutting edge
defined by an intersection between the rake face and a clearance face of the cutting

insert.
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10. A cutting insert according to claim 8 or 9, characterised in that, in the area
susceptible to be subjected to crater wear, the free ends of the leads (9-14, 109-114,
209-214) extend with an angle to an adjacent cutting edge of the cutting insert, for

which cutting edge wear is measured by the sensor.

11. A cutting insert according to any one of claims & - 10, characterised in that, in
the area susceptible to be subjected to crater wear, the free ends of the leads (9-14,

109-114, 209-214) extend generally in parallel.

12. A cutting insert according to any one of claims 8-11, characterised in that the
contact regions are located on a clearance face of the cutting insert intersecting the

rake face.

13. A cutting insert according to anyone of claims 1-7, characterised in that it
comprises a rake face and at least one clearance face intersecting the rake face, and
that the free ends of the leads are located on the clearance face in an area close to a
cutting edge of the cutting insert, in which area the cutting insert it susceptible to be
subjected to wear caused by a metal work piece during operation of the cutting insert

on the metal work piece.

14. A cutting insert according to claim 13, characterised in that the free ends of the
leads are located not more than 0.3 mm from a cutting edge defined by an

intersection between the rake face and a clearance face of the cutting insert.

15. A tool holder for holding a cutting insert according to any one of claims 1-14,
characterised in that it presents electrical contacts which are electrically connected
to a respective of the contact regions (3-8, 103-108, 203-208) of the cutting inserts as

the cutting insert is held in an operative position by the tool holder.

16. A tool for the cutting, milling or drilling of metal, comprising a tool holder
according to claim 15 and a cutting insert according to any one of claims 1-14,

characterised in that it comprises measuring circuitry for measuring of a change of
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resistance of the sensor (2, 102a, 102b, 202a, 202b) caused by the predetermined
wear of the cutting insert, the measuring circuitry being connected to the sensor (2,

102a, 102b, 202a, 202b) of the cutting insert through the contacts of the tool holder.
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