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THE SEGMENTS

(57) Segment (120) comprising a bond material
(121) that is at least one of sintered, pressed, and infil-
trated, and a plurality of diamond particles (122) being
arranged according to at least one predetermined parti-
cle pattern in the bond material (121), the diamond par-
ticles (122) having outer geometries being predominantly
composed of cubic faces including square and/or octa-
gonal faces and/or of octahedral faces including triangu-

SEGMENTS WITH ORIENTED DIAMOND PARTICLES AND TOOL INSERT EQUIPPED WITH

lar and/or hexagonal faces, wherein the outer geometries
have at least one axis of rotational symmetry, wherein the
segment has at least one direction of orientation and for
at least 50 % of the plurality of diamond particles (122),
the at least one axis of rotational symmetry of the dia-
mond particles (122) is oriented in at least one defined
angle with an accuracy of = 15° with respect to the at
least one direction of orientation.
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Description
Technical field

[0001] The present invention relates to a segment
according to the definition of claim 1 and to a tool insert
according to the definition of claim 29.

Background of the invention

[0002] Segments for tool inserts known from prior art
are composed of a bond material that is sintered, pressed
and/or infiltrated, and a plurality of diamond particles
arranged according to one or more predetermined par-
ticle pattern. The segments can be fabricated via powder
metallurgy, in which a green body is built up layer by layer
and then the green body is further processed by sintering,
by pressing and/or by infiltrating to form the final seg-
ment.

[0003] Diamond particles, the hardest abrasive mate-
rial currently known, are widely used on saws, drills, cut-
off grinders, and other abrasive power tools to cut, form,
and polish workpieces such as stone, concrete, asphalt,
etc. Despite recent advancements in the positioning of
diamond particles in defined locations within insert tool
segments, the orientation of each diamond (the relation-
ship betweenits principal crystal planes, faces and edges
and the cutting direction of the tool insert) remains ran-
dom.

[0004] The physical properties of diamonds are highly
directional, due to the different spacings between the
layers of atoms ("interatomic spacings") in different direc-
tions on different crystal faces. Consequently, the me-
chanical properties of diamond, such as hardness and
abrasion resistance, vary according to which crystal
plane is being acted upon and in which direction. Further-
more, diamond particles will cut with different face and
edge geometries according to their orientation with re-
spect to the cutting direction.

[0005] As the orientation of diamonds within insert tool
segments for abrasive power tools remains random,
diamond particles are currently not optimized for the
mechanical properties and cutting geometries that may
maximize efficiency for cutting, drilling, grinding, polish-
ing, etc.

Summary of the invention

[0006] Therefore, the presentinvention was created to
resolve the problems with the prior art as described
above, and the object of the present invention is to
provide a segment and a tool insert equipped with the
segments, which allow to improve the cutting behavior
and/or wear resistance.

[0007] The objectis achieved according toan aspect of
the invention by a segment characterized in that the
segment has at least one direction of orientation and
for at least 50 % of the plurality of diamond particles,
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the at least one axis of rotational symmetry of the dia-
mond particles is oriented in at least one defined angle
with an accuracy of +15° with respect to the at least one
direction of orientation.

[0008] The segment according to the invention com-
prises a bond material that is at least one of sintered,
pressed, and infiltrated and a plurality of diamond parti-
cles being arranged according to a predetermined par-
ticle pattern and bonded in the bond material. At least 50
% of the plurality of diamond particles are not only ar-
ranged according to the particle pattern, but those dia-
mond particles are additionally oriented in a defined
projection with respect to the at least one direction of
orientation of the segment.

[0009] The crystal structure and morphology of dia-
mond gives diamond particles different mechanical prop-
erties such as hardness and wear resistance, and differ-
ent cutting geometries depending on which crystal face is
being acted on and in which direction. Diamond particles
may be oriented in defined projections (such as cubic,
octahedral, or dodecahedral projections) in order to take
advantage of the particular mechanical properties of
those crystal planes. Diamond particles oriented in given
projections may then be given preferred angular orienta-
tions to achieve the desired mechanical properties and
cutting geometries.

[0010] The orientation of the least 50 % of the plurality
of diamond particles (so-called oriented diamond parti-
cles) is defined by means of the outer geometries of the
diamond particles. The diamond particles have outer
geometries which are predominantly composed of cubic
faces including square and/or octagonal faces and/or of
octahedral faces including triangular and/or hexagonal
faces, wherein the outer geometries have at least one
axis of rotational symmetry. Due to imperfections which
occur during growing of the diamond particles, the outer
geometries of the diamond particles may differ from their
perfect rotational symmetry. Nevertheless, for most dia-
mond particles of the plurality of diamond particles the
outer geometry and the corresponding axes of rotational
symmetry can be identified.

[0011] The segment may be fabricated via powder
metallurgy, in which a green body is built up layer by
layer and then the green body is further processed by
sintering, by pressing and/or by infiltrating to form the final
segment; known methods for further processing are for
example hot-pressing, free-form sintering, free-form sin-
tering with infiltrating, hot isostatic pressing, and subse-
quent heattreatments. The particle pattern is forexample
defined by a setting plate characterized by a defined
arrangement of apertures to receive diamond particles.
If the same type of setting plate is used, the particle
pattern are called to be the same, even though the
diamond particles may be arranged with an offset be-
tween particle layers.

[0012] Preferably, the least 50 % of the plurality of
diamond particles are oriented in the at least one defined
angle with an accuracy of =10° with respect to the atleast
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one direction of orientation. The smaller the cone of
inaccuracy, the higher is the advantage that can be taken
from the particular mechanical properties of the crystal
planes.

[0013] Preferably, the at least one direction of orienta-
tion is arranged parallel to a height direction of the seg-
ment, to a length direction of the segment, to a width
direction of the segment and/or to any other defined
direction of the segment. The preferred direction of or-
ientation may depend on the type of segment and the
application of the tool insert equipped with the segments.
[0014] In a preferred version, the plurality of diamond
particles include a first group of diamond particles having
outer geometries being predominantly composed of cu-
bic faces, and/or a second group of diamond particles
having outer geometries being predominantly composed
of octahedral faces, and/or a third group of diamond
particles having outer geometries being predominantly
composed of cubic faces and octahedral faces. The
plurality of diamond particles which are arranged accord-
ing to the at least one predetermined particle pattern
originate from a distribution of diamond particles; the
distribution includes a first group of diamond particles
having outer geometries being predominantly composed
of cubic faces, and/or a second group of diamond parti-
cles having outer geometries being predominantly com-
posed of octahedral faces, and/or a third group of dia-
mond particles having outer geometries being predomi-
nantly composed of cubic faces and octahedral faces.
[0015] Preferably, the first group of diamond particles
includes cubic particles having outer geometries being
predominantly composed of square faces, and/or the
second group of diamond particles includes octahedral
particles having outer geometries being predominantly
composed of triangular faces, and/or the third group of
diamond particles includes first cuboctahedral particles
having outer geometries being predominantly composed
of square faces and triangular faces, and/or second
cuboctahedral particles having outer geometries being
predominantly composed of octagonal faces and trian-
gular faces, and/or third cuboctahedral particles having
outer geometries being predominantly composed of
square faces and hexagonal faces.

[0016] The first group, second group, and third group
include all together five types of diamond particles which
differ in their perfect outer geometries. The crystal struc-
ture and morphology of diamond gives diamond particles
different mechanical properties such as hardness and
wear resistance, and different cutting geometries de-
pending on which crystal face is being acted on and in
which direction. Diamond particles may be oriented in
cubic, octahedral, or dodecahedral projections in order to
take advantage of the particular mechanical properties of
those crystal planes. Diamond particles oriented in given
projections may then be given preferred angular orienta-
tions to achieve the desired mechanical properties and
cutting geometries.

[0017] Preferably, for the first group of diamond parti-
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cles, the at least one axis of rotational symmetry includes
at least one first symmetry axis being substantially per-
pendicular to a cubic face and running substantially
through the center point of that cubic face and/or at least
one second symmetry axis running substantially through
two diagonally opposing corners of the outer geometry
and/or at least one third symmetry axis being substan-
tially perpendicular to an edge of the outer geometry,
running substantially through the center point of that
edge and substantially crossing the diagonally opposing
edge of the outer geometry.

[0018] For the cubic particles of the first group of dia-
mond particles, the perfect outer geometries are predo-
minantly formed as cubes, and the at least one axis of
rotational symmetry includes several symmetry axes
which are called first symmetry axes (opposing cubic
faces), second symmetry axes (diagonally opposing cor-
ners), and third symmetry axes (diagonally opposing
edges). The different axes of rotational symmetry allow
different projections and/or angular orientations of the
cubic particles with respect to the at least one direction of
orientation of the segment.

[0019] Preferably, for the second group of diamond
particles, the at least one axis of rotational symmetry
includes at least one first symmetry axis being substan-
tially perpendicular to an octahedral face and running
substantially through the center point of that octahedral
face and/or at least one second symmetry axis running
substantially through two diagonally opposing corners of
the outer geometry, and/or at least one third symmetry
axis being substantially perpendicular to an edge of the
outer geometry, running substantially through the center
point of that edge and substantially crossing the diag-
onally opposing edge of the outer geometry.

[0020] Forthe octahedral particles of the second group
of diamond particles, the perfect outer geometries are
predominantly formed by triangular faces, and the at
least one axis of rotational symmetry includes several
symmetry axes which are called first symmetry axes
(opposing octahedral faces), second symmetry axes
(diagonally opposing corners), and third symmetry axes
(diagonally opposing edges). The different axes of rota-
tional symmetry allow different orientations of the octa-
hedral particles with respect to the at least one direction
of orientation of the segment.

[0021] Preferably, for the third group of diamond par-
ticles, the at least one axis of rotational symmetry in-
cludes atleast one first symmetry axis being substantially
perpendicular to a cubic face and running substantially
through the center point of that cubic face and atleastone
further first symmetry axis being substantially perpendi-
cular to an octahedral face and running substantially
through the center point of that octahedral face and/or
at least one second symmetry axis running substantially
through two diagonally opposing corners of the outer
geometry and/or at least one third symmetry axis being
substantially perpendicular to an edge of the outer geo-
metry, running substantially through the center point of
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that edge and substantially crossing the diagonally op-
posing edge of the outer geometry.

[0022] For the cuboctahedral particles of the third
group of diamond particles, the perfect outer geometries
are predominantly formed by cubic faces and octahedral
faces, and the at least one axis of rotational symmetry
includes several symmetry axes which are called first
symmetry axes (opposing cubic faces or opposing octa-
hedral faces), and/or second symmetry axes (diagonally
opposing corners), and/or third symmetry axes (diagon-
ally opposing edges).

[0023] Preferably, for the second cuboctahedral parti-
cles, the at least one third symmetry axis is substantially
perpendicular to an edge defined by adjacent octagonal
faces, and for the third cuboctahedral particles, the at
least one third symmetry axis is substantially perpendi-
cular to an edge defined by adjacent hexagonal faces.
[0024] Preferably, the at least 50 % of the plurality of
diamond particles are oriented in at least one defined
projection with respect to the at least one direction of
orientation of the segment. By orienting the diamond
particles atleast partially in atleast one defined projection
with respectto the atleast one direction of orientation, the
cutting behavior and/or the wear resistance of the seg-
ment can be adapted to specific requirements.

[0025] Preferably, the atleast one defined projection is
selected from a cubic projection, an octahedral projec-
tion, and a dodecahedral projection. The crystal structure
and morphology of diamond gives diamond particles
different mechanical properties such as hardness and
wear resistance, and different cutting geometries de-
pending on which crystal face is being acted on and in
which direction. Diamond particles may be oriented in
cubic, octahedral, ordodecahedral projections in order to
take advantage of the particular mechanical properties of
those crystal planes. Diamond particles oriented in given
projections may then be given preferred angular orienta-
tions to achieve the desired mechanical properties and
cutting geometries.

[0026] In a first preferred version, the diamond parti-
cles are oriented in a cubic projection, wherein, for dia-
mond particles of the first group and third group, a first
symmetry axis being substantially perpendicular to a
cubic face and running substantially through the center
point of that cubic face is oriented in the at least one
defined angle with respect to the at least one direction of
orientation of the segment, and for diamond particles of
the second group, a second symmetry axis is oriented in
the at least one defined angle with respect to the at least
one direction of orientation of the segment.

[0027] In a second preferred version, the diamond
particles are oriented in an octahedral projection, for
diamond particles of the first group, a second symmetry
axis is oriented in the at least one defined angle with
respect to the at least one direction of orientation of the
segment, and for diamond particles of the second group
and third group, a first symmetry axis being substantially
perpendicular to an octahedral face and running sub-
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stantially through the center point of that octahedral face
is oriented in the at least one defined angle with respect to
the at least one direction of orientation of the segment.

[0028] In a third preferred version, the diamond parti-
cles are oriented in a dodecahedral projection, for dia-
mond particles of the first group, a third symmetry axis is
oriented in the at least one defined angle with respect to
the atleast one direction of orientation of the segment, for
diamond particles of the second group, a third symmetry
axis is aligned with the at least one direction of orientation
of the segment, and for diamond particles of the third
group, asecond symmetry axis or a third symmetry axisis
oriented in the at least one defined angle with respect to
the at least one direction of orientation of the segment.

[0029] Preferably, for the first cuboctahedral particles
of the third group, a second symmetry axis is oriented in
the at least one defined angle with respect to the at least
onedirection of orientation of the segment, for the second
cuboctahedral particles of the third group, a third sym-
metry axis is oriented in the at least one defined angle
with respect to the at least one direction of orientation of
the segment, and for the third cuboctahedral particles of
the third group, a third symmetry axis is oriented in the at
least one defined angle with respect to the at least one
direction of orientation of the segment.

[0030] In a preferred version, the plurality of diamond
particles includes a first number of the diamond particles
and a second number of the diamond particles, and the
segment comprises atleast one first section composed of
the bond material and the first number of the diamond
particles and at least one second section composed of
the bond material and the second number of the diamond
particles. By dividing the segment in at least one first
section composed of the bond material and the first
number of the diamond particles and in at least one
second section composed of the bond material and the
second number of the diamond particles, the cutting
behavior and/or the wear resistance of the segment
can be adapted to specific requirements of the different
sections.

[0031] The first section can have at least one first
predetermined particle pattern and/or at least one first
defined projection for the first number of the diamond
particles, and/or at least one first angular orientation of
the diamond particles in the first defined projection, and
the second section can have at least one second pre-
determined particle pattern and/or at least one second
defined projection for the second number of the diamond
particles and/or atleast one second angular orientation of
the diamond particles in the second defined projection.

[0032] Preferably, the segment comprises one first
section and two second sections, the first section being
arranged between the second sections in any defined
direction of the segment. By dividing the segmentin afirst
section and two second sections, a sandwich structure
can be created which allows to adapt the cutting behavior
and/or the wear resistance to specific requirements. To
adapt the cutting behavior and/or the wear resistance of
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the different sections, the predetermined particle pattern
and/or the defined projection of the diamond particles in
the predetermined particle pattern and/or the angular
orientation of the diamond particles in the defined projec-
tion can be varied.

[0033] Preferably, the segment comprises at least two
first sections and/or at least two second sections, the first
and second sections being arranged according to a
regular pattern in the segment. By dividing the segment
in at least two first section composed of the bond material
and the first number of the diamond particles and/or in at
least two second section composed of the bond material
and the second number of the diamond particles, the
cutting behavior and/or the wear resistance of the seg-
ment can be adapted to specific requirements of the
different sections.

[0034] In a preferred version, the at least one prede-
termined particle pattern includes at least one first pre-
determined particle pattern, and the first number of the
diamond particles is arranged according to the at least
one first predetermined particle pattern, and the at least
one predetermined particle pattern includes at least one
second predetermined particle pattern, and the second
number of the diamond particles is arranged according to
the at least one second predetermined particle pattern.
The second predetermined particle pattern may be dif-
ferent from the first predetermined particle pattern or may
be identical to the first predetermined particle pattern.
The particle pattern may be defined by a setting plate
characterized by a defined arrangement of apertures to
receive the diamond particles. If the same type of setting
plate is used, the particle pattern are called to be iden-
tical, even though the diamond particles may be arranged
with an offset between adjacent particle layers.

[0035] Preferably, the first number of the diamond
particles is at least partially oriented in a first defined
projection with respect to the at least one direction of
orientation. To adapt a behavior of the at least one first
section, such as wear resistance, the predetermined
particle pattern and/or the first defined projection of the
first number of the diamond particles in the first prede-
termined particle pattern can be varied. The second
number of the diamond particles may be randomly or-
iented (no defined projection) or may be arranged in a
second defined projection, and in that second projection
oriented in a second angular orientation.

[0036] Forthe diamond particles that are oriented in a
defined projection with respect to the at least one direc-
tion of orientation, their angular orientation in the defined
projection can be varied by rotating the outer geometry
about the symmetry axis that is oriented with respect to
the at least one direction of orientation. The cutting
behavior of a diamond particle may be dependent of
the angular orientation, wherein an edge leading orienta-
tion or a tip leading orientation may be preferred angular
orientations. The tip leading orientation may lead to
ploughing effects with increased normal forces and de-
creased cutting forces, and the edge leading orientation
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may result in thicker chips and higher cutting forces
indicating an enhanced material removal rate. Similarly,
by varying the angular orientation the directional me-
chanical properties of diamond may also be exploited
to optimize cutting behavior.

[0037] Preferably, the first defined projection is se-
lected from a cubic projection, an octahedral projection,
and a dodecahedral projection. By orienting the first
number of the diamond particles at least partially in a
cubic, octahedral, or dodecahedral projection, the cutting
behavior and/or the wear resistance of the first section(s)
can be adapted to specific requirements. Whereas the
first number of the diamond particles is at least partially
oriented in the first defined projection, the second num-
ber of the diamond particles may be randomly oriented or
at least partially oriented in a second defined projection
with respect to the at least one direction of orientation.
[0038] In a first preferred version, the second number
of the diamond particles is randomly oriented. By orient-
ing the second number of the diamond particles randomly
(no defined projection), diamond particles may be easily
incorporated into sections of the segment where the
optimal mechanical properties and cutting geometries
facilitated by oriented diamond are not required.

[0039] Inasecond preferred version, the second num-
ber of the diamond particles is at least partially oriented in
a second defined projection with respect to the at least
one direction of orientation. By orienting the second
number of the diamond particles at least partially in a
second defined projection, the cutting behavior and/or
the wear resistance of the second sections can be
adapted to the specific requirements. The cutting beha-
vior and/or the wear resistance can be adapted by means
of a predetermined particle pattern and/or a defined
projection of the diamond particles in predetermined
particle pattern and/or an angular orientation of the dia-
mond particles in the defined projection.

[0040] The second defined projection may be different
from the first defined projection or may be identical to the
first defined projection, wherein the angular orientation of
the diamond particles may differ between the first and
second defined projection. The cutting behavior and/or
wear resistance of different sections of a segment can be
adapted to specific requirements by using different pre-
determined particle pattern and/or different defined pro-
jections and/or different angular orientations of the dia-
mond particles in a defined projection.

[0041] Preferably, the second defined projection is
selected from a cubic projection, an octahedral projec-
tion, and a dodecahedral projection. By orienting the
second number of the diamond particles at least partially
in a cubic, octahedral, or dodecahedral projection, the
cutting behavior and/or the wear resistance of the second
section(s) can be adapted to specific requirements.
[0042] Preferably, the first and second defined projec-
tions are both selected from a cubic projection, or both
selected from an octahedral projection, or both selected
from a dodecahedral projection. By orienting the first
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number and second number of the diamond particles in
the same type of projection (cubic or octahedral or do-
decahedral projection), the cutting behavior and/or the
wear resistance of the different sections can be adapted
by means of the angular orientation of the diamond
particles in the first and second defined projections.
[0043] Preferably, the first defined projection and the
second defined projection differ in an angular orientation
of the diamond particles with respect to the at least one
direction of orientation. By using different angular orien-
tations for the diamond particles of the first defined pro-
jection and the second defined projection, the cutting
behavior and/or the wear resistance of the different sec-
tions can be adapted to specific requirements.

[0044] Preferably, the angular orientation of the dia-
mond particles in the first and second defined projections
differ by half of the rotational symmetry angle of the
corresponding symmetry axis that is oriented with re-
spect to the at least one direction of orientation. By using
angular orientations for the diamond particles in the first
and second defined projections that differ by half of the
corresponding rotational symmetry angle, the diamond
particles may be oriented in edge leading orientations or
in tip leading orientations. The tip leading orientation may
lead to ploughing effects with increased normal forces
and decreased cutting forces, and the edge leading
orientation may result in thicker chips and higher cutting
forces indicating an enhanced material removal rate.
Similarly, by varying the angular orientation the direc-
tional mechanical properties of diamond may also be
exploited to optimize cutting behavior.

[0045] In a preferred version, the plurality of diamond
particles includes a first number of the diamond particles,
a second number of the diamond particles, and a third
number of the diamond particles, and the segment com-
prises at least one first section composed of the bond
material and the first number of the diamond particles, at
least one second section composed of the bond material
and the second number of the diamond particles, and at
least one third section composed of the bond material
and the third number of the diamond particles.

[0046] By dividing the segment in a first section com-
posed of the bond material and the first number of the
diamond particles, a second section composed of the
bond material and the second number of the diamond
particles, and a third section composed of the bond
material and the third number of the diamond particles,
the cutting behavior and/or wear resistance of the seg-
ment can be adapted to specific requirements. The first
section can have at least one first predetermined particle
pattern and/or at least one first defined projection of at
least a part of the first number of the diamond particles
and/or a first angular orientation of the diamond particles
in the first defined projection, the second section can
have at least one second predetermined particle pattern
and/or atleast one second defined projection of atleast a
part of the second number of the diamond particles
and/or a second angular orientation of the diamond par-
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ticles in the second defined projection, and the third
section can have atleast one third predetermined particle
pattern and/or at least one third defined projection of at
least a part of the third number of the diamond particles
and/or a third angular orientation of the diamond particles
in the third defined projection.

[0047] Preferably, at least 80 % of the plurality of dia-
mond particles that are arranged according to atleastone
predetermined particle pattern are oriented in the at least
one defined angle with an accuracy of =15° with respect
to the at least one direction of orientation. The higher the
amount of diamond particles oriented in defined projec-
tions, the higher is the advantage that can be taken from
the particular mechanical properties of the crystal planes.
[0048] Preferably, the least 80 % of the plurality of
diamond particles are oriented in the at least one defined
angle with an accuracy of =10° with respect to the atleast
one direction of orientation. The smaller the cone of
inaccuracy, the higher is the advantage that can be taken
from the particular mechanical properties of the crystal
planes.

[0049] According to a further aspect of the present
invention, there is provided a tool insert, comprising a
base body configured to connectthe tool insert to a power
tool, and including a connection surface, and two or more
segments according to the invention, wherein the seg-
ments are connected to the connection surface. A tool
insert comprising two or more segments according to the
invention has the advantage that the cutting behavior
and/or the wear resistance of the tool insert can be
adapted to the requirements by means of the segments.
[0050] Preferably, the tool insert is configured as core
bit, saw blade, cutting disk, or grinding cup wheel. Tool
inserts configured as core bit, saw blade, cutting disk, or
grinding cup wheel for abrasive power tools can benefit
from segments according to the invention.

[0051] Preferably, the two or more segments include
first segments and second segments that are different
from the first segments. The first and second segments
may be arranged alternating in a circumferential direction
of the connection surface or being arranged in any reg-
ular or unregular pattern on the connection surface. By
using first segments and second segments that are dif-
ferentfrom the first segments, the cutting behavior and/or
wear resistance of the tool insert can be adapted to
different requirements by means of the segments.
[0052] Preferably, the tool insert further comprises at
least one additional segment connected to the connec-
tion surface. The segments according to the invention
and the additional segments may be arranged alternating
in a circumferential direction of the connection surface or
being arranged in any regular or unregular pattern on the
connection surface. By using segments according to the
invention and using additional segments, the cutting
behavior and/or wear resistance of the tool insert can
be adapted to different requirements by means of the
different types of segments.
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Brief Description of the drawings

[0053] The aspects of the invention are described or
explained in more detail below, purely by way of example,
with reference to working examples shown schematically
in the drawing. Identical elements are labelled with the
same reference numerals in the figures. The described
embodiments are generally not shown true in scale, and
they are also not to be interpreted as limiting the inven-
tion. Specifically,
FIGS. 1A, B show a first exemplary version of a tool
insert according to the present inven-
tion configured as core bit (FIG. 1A) in-
cluding a core barrel and a plurality of
segments (FIG. 1B),

FIGS. 2A, B show a second exemplary version of a
tool insert according to the present in-
vention configured as blade (FIG. 2A)
including a steel blade and a plurality of
segments (FIG. 2B),

FIG. 3 shows a third exemplary version of a
tool insert according to the present in-
vention configured as grinding wheel,
FIGS. 4A-E show five different types of diamond
particles having outer geometries com-
posed of cubic faces and/or of octahe-
dral faces called cubic particle (FIG.
4A), octahedral particle (FIG. 4B), first
cuboctahedral particle (FIG. 4C), sec-
ond cuboctahedral particle (FIG. 4D),
and third cuboctahedral particle (FIG.
4E),

FIGS. 5A, B show the diamond particles of FIGS.
4A-E in a cubic projection (FIG. 5A) in
a first angular orientation of 0° (FIG. 5A)
and a second angular orientation of 45°
(FIG. 5B),

FIGS. 6A, B show the diamond particles of FIGS.
4A-E in an octahedral projection in a
first angular orientation of 0° (FIG. 6A)
and a second angular orientation of 60°
(FIG. 6B),

FIGS.7A, B show the diamond particles of FIGS.
4A-E in dodecahedral projection in a
first angular orientation of 0° (FIG. 7A)
and a second angular orientation of 90°
(FIG. 7B),

FIGS. 8A, B illustrate the orientation of the symme-
try axis of a diamond particle to a direc-
tion of orientation of the segment,
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FIGS. 9A, B show a first exemplary version of a seg-
ment according to the presentinvention
in a top view (FIG. 9A) and in a side
view (FIG. 9B),

FIGS. 10A-C  show a second exemplary version of a
segment according to the present in-
vention in a top view (FIG. 10A), in a
first side view (FIG. 10B), and in a sec-
ond side view (FIG. 10C), and

FIGS. 11A-C  show a third exemplary version of a
segment according to the present in-
vention in a top view (FIG. 11A), in a
first side view (FIG. 11B), and in a sec-
ond side view (FIG. 11C).

Detailed Description

[0054] Reference will now be made in detail to the
present preferred embodiment, an example of which is
illustrated in the accompanying drawings. It is to be
understood that the technology disclosed herein is not
limited in its application to the details of construction and
the arrangement of components set forth in the following
description orillustrated in the drawings. The technology
disclosed herein is capable of other embodiments and of
being practiced or of being carried out in various ways.
[0055] Thterm "diamond particles" refer to particles of
either natural or synthetic crystalline diamonds. The term
"predetermined particle pattern” refers to a non-random
particle pattern of the diamond particles that is identified
prior to construction of atool insert, and which individually
places or locates each diamond particle in a defined
relationship with the other diamond particles, and with
the configuration of the tool insert.

[0056] FIGS. 1A, B show a first exemplary version of a
tool insert according to the present invention configured
as core bit 10. The core bit 10 comprises a base body
formed as core barrel 11, a cutting section 12 including a
plurality of segments, and a connection end 13.

[0057] The cutting section 12 includes a first number of
first segments 14 and a second number of second seg-
ments 15 that can be different from the first segments 14.
The first segments 14 and second segments 15 can both
be segments according to the present invention, or only
the first segments 14 or the second segments 15 are
segments according to the present invention. By using
different segments according to the invention or by com-
bining segments according to the invention and addi-
tional segments, the cutting behavior and/or wear resis-
tance of the tool insert can be adapted to different re-
quirements by means of the different types of segments.
[0058] In the exemplary version shown in FIG. 1A, the
first segments 14 and second segments 15 are arranged
in an alternating manner. Alternatively, the first segments
14 and second segments 15 can be arranged in any
regular or non-regular pattern at the connection surface
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16 of the core barrel 11.

[0059] AsshowninFIG. 1A, the core barrel 11 and the
cutting section 12 are formed as one-piece and the first
and second segments 14, 15 are fixed, e.g., by brazing,
soldering, welding, or the like as well, to a connection
surface 16 of the core barrel 11. Alternatively, the core
barrel 11 and the cutting section 12 may be formed as two
pieces that can be connected via a removable connec-
tion.

[0060] AsshowninFIG. 1A, the core barrel 11 and the
connection end 13 are formed as two pieces that are
connected via a threaded joint 17, wherein a female part
ofthe threaded jointis connected to the core barrel 11 and
a male part of the threaded joint is connected to the
connection end 13. Alternatively, the core barrel 11 and
the connection end 13 may be formed as one-piece.
[0061] Inthe exemplary version shown in FIG. 1A, the
first segments 14 and second segments 15 have a similar
outer shape 18 that is shown in FIG. 1B. The segments
14, 15 have a height between an upper face UF and a
lower face LF in a height direction 21, a width between a
first side face SF1 and a second side face SF2 in a width
direction 22, and a length between a first end face EF1
and a second end face EF2 in a length direction 23.
[0062] As different workpieces to be processed, such
as concrete, granite, stone, marble, and the like, have
different natures, the bond material and diamond parti-
cles used for the segments should also be different.
When the workpiece to be processed is hard, the bond
material should be softer to let the new diamond particles
be exposed more easily and participate in processing,
and, when the workpiece to be processed is soft, the
bond material should be harder to hold the diamond
particles longer to extend the service life of the segments.
[0063] FIGS. 2A, B show a second exemplary version
of a tool insert according to the present invention config-
ured as diamond blade 30 that can be used with diamond
wall saws, cut-off grinder, etc. The diamond blade 30
comprises a base body formed as steel blade 31, a
cutting section 32 including a plurality of segments,
and a tool holder 33.

[0064] The cutting section 32 includes a first number of
first segments 34, a second number of second segments
35, and a third number of third segments 36. In the
exemplary version shown in FIG. 2A, the first segments
34 and second segments 35 are both segments accord-
ing to the present invention, and the third segments 36
are not segments according to the presentinvention. The
first segments 34, second segments 35, and third seg-
ments 36 are arranged in FIG. 2A in an alternating
manner along a circumferential direction of the steel
blade. Alternatively, the first segments 34, second seg-
ments 35, and third segments 36 can be arranged and
connected to the steel blade 31 in any regular or non-
regular pattern.

[0065] In the exemplary version shown in FIG. 2A, the
first segments 34, second segments 35, and third seg-
ments 36 have a similar outer shape 38 that is shown in
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FIG. 2B. The segments have a height between an upper
face UF and a lower face LF in a height direction 41, a
width between a first side face SF1 and a second side
face SF2 in a width direction 42, and a length between a
first end face EF1 and a second end face EF2 in alength
direction 43.

[0066] FIG. 3 shows a third exemplary version of a tool
insert according to the present invention configured as
grinding wheel 50. The grinding wheel 50 comprises a
base body formed as cup wheel 51, a cutting section 52
including a plurality of segments, and a tool holder 53.
[0067] The cutting section 52 includes a first number of
segments 54 according to the present invention and a
second number of additional segments 55 that differ from
the present invention. The segments 54 and additional
segments 55 can be arranged in two circularly formed
rows, e.g., the segments 54 in a first outer row and the
additional segments 55 in a second inner row, or the
segments 54 and additional segments 55 can be ar-
ranged in any regular or non-regular pattern.

[0068] The segments according to the present inven-
tion that are used for the tool inserts 10, 30, 50 are
composed of a bond material that is at least one of
sintered, pressed, and infiltrated, and of a plurality of
diamond particles being arranged according to at least
one predetermined particle pattern in the bond material.
The diamond particles that are used for the segments
according to the present invention can be classified in a
first group of diamond particles having outer geometries
being predominantly composed of cubic faces, in a sec-
ond group of diamond particles having outer geometries
being predominantly composed of octahedral faces, and
in a third group of diamond particles having outer geo-
metries being predominantly composed of cubic faces
and octahedral faces. The term "cubic faces" sum-
marizes square faces and octagonal faces, and the term
"octahedral faces" summarizes triangular faces, and
hexagonal faces.

[0069] FIGS. 4A to E show five different types of dia-
mond particles having outer geometries. The diamond
particles have outer geometries which are predominantly
composed of cubic faces including square and/or octa-
gonal faces and/or of octahedral faces including triangu-
lar and/or hexagonal faces, wherein the outer geometries
have at least one axis of rotational symmetry.

[0070] Due to imperfections which occur during crys-
tallographic growth of the diamond particles, the outer
geometries of the diamond particles may differ from their
perfect rotational symmetry. Nevertheless, for most dia-
mond particles of the plurality of diamond particles the
outer geometry and the corresponding axes of rotational
symmetry can be identified.

[0071] The axes ofrotational symmetry include several
symmetry axes which are called first symmetry axes
related to opposing faces, second symmetry axes related
to diagonally opposing corners, and third symmetry axes
related to diagonally opposing edges. The different sym-
metry axes allow different orientations of the diamond
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particles with respect to the at least one direction of
orientation of the segment.

[0072] FIG. 4A shows a diamond particle 60 of the first
group of diamond particles having an outer geometry
being predominantly composed of cubic faces, the dia-
mond particle of FIG. 4A is called "cubic particle". The
outer geometry of the cubic particle 60 is composed of six
square faces 61, which are arranged in three pairs of
opposing square faces 61.

[0073] The cubic particle 60 has a plurality of axes of
rotational symmetry including six first symmetry axes 63,
four second symmetry axes 64, and six third symmetry
axes 65. The first symmetry axes 63 are defined to be
substantially perpendicular to one of the square faces 61
and run substantially through the center point 66 of that
face 61, the second symmetry axes 64 are defined to run
substantially through two diagonally opposing corners
67A, 67B, and the third symmetry axes 65 are defined to
be substantially perpendicular to an edge 68A, run sub-
stantially through the center point 69 of that edge and
cross substantially the diagonally opposing edge 68B.
[0074] For cubic particles 60 with perfect outer geo-
metry, the first symmetry axes 63 of two opposing square
faces and the third symmetry axes 65 of two diagonally
opposing edges are coaxially aligned. Due to imperfec-
tions of the outer geometry, which occur during growing of
the cubic particles 60, the first symmetry axes of two
opposing square faces and the third symmetry axes of
two diagonally opposing edges may have a parallel offset
or can be inclined to each other.

[0075] FIG. 4B shows a diamond particle 70 of the
second group of diamond particles having outer geome-
tries being predominantly composed of octahedral faces,
the diamond particle of FIG. 4B is called "octahedral
particle". The outer geometry of the octahedral particle
70 is composed of eight triangular faces 72, which are
arranged in four pairs of opposing triangular faces 72.
[0076] The octahedral particle 70 has a plurality of axes
of rotational symmetry including first symmetry axes 73,
second symmetry axes 74, and third symmetry axes 75.
The first symmetry axes 73 are defined to be substantially
perpendicular to one of the triangular faces 72 and run
substantially through the center point 76 of that face 72,
the second symmetry axes 74 are defined to run sub-
stantially through two diagonally opposing corners 77A,
77B, and the third symmetry axes 75 are defined to be
substantially perpendicular to an edge 78A, run substan-
tially through the center point 79 of that edge and cross
substantially the diagonally opposing edge 78B.

[0077] For octahedral particles 70 with perfect outer
geometry, the first symmetry axes 73 of two opposing
triangular faces and the third symmetry axes 75 of two
diagonally opposing edges are coaxially aligned. Due to
imperfections of the outer geometry, which occur during
growing of the octahedral particles 70, the first symmetry
axes of two opposing triangular faces and the third sym-
metry axes of two diagonally opposing edges may have a
parallel offset or can be inclined to each other.
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[0078] FIGS. 4C to E show diamond particles of the
third group of diamond particles having outer geometries
being predominantly composed of cubic faces and octa-
hedral faces. The diamond particles differ in the type of
the cubic faces and/or in the type of the octahedral faces.
[0079] FIG. 4C shows adiamond particle 80 of the third
group of diamond particles having an outer geometry
being predominantly composed of square faces 81 and
triangular faces 82, the diamond particle 80 of FIG. 4C is
called "first cuboctahedral particle". The outer geometry
of the first cuboctahedral particle 80 is composed of six
square faces 81, which are arranged in three pairs of
opposing square faces, and of eight triangular faces 82,
which are arranged in four pairs of two opposing trian-
gular faces.

[0080] The first cuboctahedral particle 80 has a plur-
ality of axes of rotational symmetry including first sym-
metry axes 83A, 83B and second symmetry axes 84.
Since symmetry axes that are related to diagonally op-
posing edges do not align with major diamond crystal
directions, those axes are not used for the orientation of
first cuboctahedral particles 80.

[0081] The first symmetry axes 83A are defined to be
substantially perpendicular to one of the square faces 81
and run substantially through the center point 86A of that
face 81, and the firstsymmetry axes 83B are defined to be
substantially perpendicular to one of the triangular faces
82 and run substantially through the center point 86B of
that face 82. The second symmetry axes 84 are defined
to run substantially through two diagonally opposing
corners 87A, 87B.

[0082] For first cuboctahedral particles 80 with perfect
outer geometry, the first symmetry axes of two opposing
square or triangular faces are coaxially aligned. Due to
imperfections of the outer geometry, which occur during
growing of the first cuboctahedral particles, the first sym-
metry axes of two opposing square or triangular faces
may have a parallel offset or can be inclined to each other.
[0083] FIG.4D shows adiamond particle 90 of the third
group of diamond particles having an outer geometry
being predominantly composed of octagonal faces 91
and triangular faces 92, the diamond particle of FIG. 4D is
called "second cuboctahedral particle". The outer geo-
metry of the second cuboctahedral particle 90 is com-
posed of six octagonal faces 91, which are arranged in
three pairs of opposing octagonal faces 91, and of eight
triangular faces 92, which are arranged in four pairs of
two opposing triangular faces 92.

[0084] The second cuboctahedral particle 90 has a
plurality of axes of rotational symmetry including first
symmetry axes 93A, 93B and third symmetry axes 95.
Since symmetry axes that are related to diagonally op-
posing corners do not align with major diamond crystal
directions, those axes are not used for the orientation of
second cuboctahedral particles 90.

[0085] The first symmetry axes 93A are defined to be
substantially perpendicular to one of the octagonal faces
91 and run substantially through the center point 96A of
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that face 91, and the first symmetry axes 93B are defined
to be substantially perpendicular to one of the triangular
faces 92 and run substantially through the center point
96B of that face 92. The third symmetry axes 95 are
defined to be substantially perpendicular to an edge 98A,
run substantially through the center point 99 of that edge
and cross substantially the diagonally opposing edge
98B.

[0086] For second cuboctahedral particles 90 with
perfect outer geometry, the first symmetry axes of two
opposing octagonal or triangular faces and the third
symmetry axes of two diagonally opposing edges are
coaxially aligned. Due to imperfections of the outer geo-
metry, which occur during growing of the second cuboc-
tahedral particles, the first symmetry axes of two oppos-
ing octagonal or triangular faces and the third symmetry
axes of two diagonally opposing edges may have a
parallel offset or can be inclined to each other.

[0087] FIG. 4E shows a diamond particle 100 of the
third group of diamond particles having an outer geome-
try being predominantly composed of square faces 101
and hexagonal faces 102, the diamond particle of FIG. 4E
is called "third cuboctahedral particle". The outer geo-
metry of the third cuboctahedral particle is composed of
six square faces, which are arranged in three pairs of
opposing square faces, and of eight hexagonal faces,
which are arranged in four pairs of two opposing hexa-
gonal faces.

[0088] The third cuboctahedral particle 100 has a plur-
ality of axes of rotational symmetry including first sym-
metry axes 103A, 103B and third symmetry axes 105.
Since symmetry axes that are related to diagonally op-
posing corners do not align with major diamond crystal
directions, those axes are not used for the orientation of
third cuboctahedral particles 100.

[0089] The first symmetry axes 103A are defined to be
substantially perpendicular to one of the square faces
101 and run substantially through the center point 106A
of that face 101, and the first symmetry axes 103B are
defined to be substantially perpendicular to one of the
hexagonal faces 102 and run substantially through the
center point 106B of that face 102. The third symmetry
axes 105 are defined to be substantially perpendicular to
an edge 108A, run substantially through the center point
109 of that edge and cross substantially the diagonally
opposing edge 108B.

[0090] For third cuboctahedral particles with perfect
outer geometry, the first symmetry axes of two opposing
triangular or hexagonal faces and the third symmetry
axes of two diagonally opposing edges are coaxially
aligned. Due to imperfections of the outer geometry,
which occur during growing of the third cuboctahedral
particles, the first symmetry axes of two opposing trian-
gular or hexagonal faces and the third symmetry axes of
two diagonally opposing edges may have a parallel offset
or can be inclined to each other.

[0091] FIGS. 5A, B show the diamond particles 60, 70,
80, 90, 100 of FIGS. 4A to E in a cubic projection in a first
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angular orientation (FIG. 5A) and a second angular or-
ientation (FIG. 5B).

[0092] The cubic projection of the diamond particles is
defined with respect to a direction of orientation of the
segment; in the exemplary version shown in FIGS. 5A, B,
the direction of orientation is oriented perpendicular to
the plane of projection.

[0093] In the cubic projection, for diamond particles of
the first group (cubic particle 60) and diamond particles of
the third group (first, second, and third cuboctahedral
particles 80, 90, 100), a first symmetry axis 63, 83A, 93A,
103A that is substantially perpendicular to a cubic face
61, 81, 91, 101 and runs substantially through the center
point 66, 86, 96, 106 of that cubic face 61, 81, 91, 101 is
oriented to the direction of orientation of the segment, and
for diamond particles of the second group (octahedral
particle 70), a second symmetry axis 74 is oriented to the
direction of orientation of the segment.

[0094] FIG. 5A shows the diamond particles 60, 70, 80,
90, 100 of FIGS. 4A to E in a first angular orientation,
which is defined as 0°, and FIG. 5B in a second angular
orientation, which is defined as 45°. The first and second
angular orientation differ by a rotational angle of 45°
about that symmetry axis of the diamond particles that
is aligned to the direction of orientation.

[0095] FIGS. 6A, B show the diamond particles 60, 70,
80, 90, 100 of FIGS. 4A to E in an octahedral projectionin
afirstangular orientation (FIG. 6A) and a second angular
orientation (FIG. 6B).

[0096] In the octahedral projection, for diamond parti-
cles of the first group (cubic particle 60), a second sym-
metry axis 64 is oriented to the direction of orientation of
the segment, and for diamond particles of the second
group (octahedral particle 70) and diamond particles of
the third group (first, second, and third cuboctahedral
particles 80, 90, 100), a first symmetry axis 73, 83B, 93B,
103B that is substantially perpendicular to an octahedral
face 71, 81, 91, 101 and runs substantially through the
center point of that octahedral face is oriented to the
direction of orientation of the segment.

[0097] FIG.6A shows the diamond particles 60, 70, 80,
90, 100 of FIGS. 4A to E in a first angular orientation,
which is defined as 0°, and FIG. 6B in a second angular
orientation, which is defined as 60°. The first and second
angular orientation differ by a rotational angle of 60°
about that symmetry axis of the diamond particles that
is aligned to the direction of orientation.

[0098] FIGS. 7A, B show the diamond particles 60, 70,
80, 90, 100 of FIGS. 4A to E in an octahedral projectionin
afirstangular orientation (FIG. 7A) and a second angular
orientation (FIG. 7B).

[0099] In the dodecahedral projection, for diamond
particles of the first group (cubic particle 60), a third
symmetry axis 65 is oriented to the direction of orientation
ofthe segment, for diamond particles of the second group
(octahedral particle 70), a third symmetry axis 75 is
oriented to the direction of orientation of the segment,
and for diamond particles of the third group (first, second,
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and third cuboctahedral particles 80, 90, 100), a second
symmetry axis or a third symmetry axis is oriented to the
direction of orientation of the segment.

[0100] FIG. 7A shows the diamond particles 60, 70, 80,
90, 100 of FIGS. 4A to E in a first angular orientation,
which is defined as 0°, and FIG. 7B in a second angular
orientation, which is defined as 90°. The first and second
angular orientation differ by a rotational angle of 90°
about that symmetry axis of the diamond particles that
is aligned to the direction of orientation.

[0101] FIGS. 8A, B illustrate the orientation of the
symmetry axis of a diamond particle to a direction of
orientation 111 of the segment. FIG. 8A shows a first
cuboctahedral particle 80 with its first symmetry axis 83B
and FIG. 8B shows an octahedral particle 70 with its
second symmetry axis 74.

[0102] The first symmetry axis 83B and the second
symmetry axis 74 are oriented in an angle ¢ with an
accuracy of =15° with respect to the direction of orienta-
tion 111. The direction of orientation 111 can be arranged
parallel to a height direction, a width direction, a length
direction, and/or any other defined direction of a seg-
ment.

[0103] Preferably, the least 50 % of the plurality of
diamond particles are oriented in the at least one defined
angle ¢ with an accuracy of =10° with respect to the
direction of orientation 111. The smaller the cone of
inaccuracy, the higher is the advantage that can be taken
from the particular mechanical properties of the crystal
planes of the diamond particles.

[0104] FIGS.9A, B show a first exemplary version of a
segment 120 according to the present invention com-
posed of a bond material 121 that is at least one of
sintered, pressed, and infiltrated and a plurality of dia-
mond particles 122 in a top view (FIG. 9A) and in a side
view (FIG. 9B).

[0105] The segment 120 has an outer shape including
a height in a height direction 124, a width in a width
direction 125, and a length in a length direction 126.
The outer shape of the segment 120 is similar to the
segments 34, 35, 36 of the diamond blade 30 shown in
FIGS. 2A, B. Although, the outer shape of the segment
120 differs from the segments 14, 15 and segments 54,
the concept of orienting the diamond particles 122 with
respect to the direction of orientation is applicable to all
segments for abrasive power tools.

[0106] The bond material 121 is at least one of sin-
tered, pressed, and infiltrated, and characterized by at
least one feature selected from a chemical composition,
a powder morphology, and a degree of alloying. The
diamond particles 122 are selected from a distribution
of diamond particles, the distribution being characterized
by a particle size, a crystal perfection, a toughness and/or
a diamond growth morphology. The plurality of diamond
particles 122 includes at least one of the five types of the
diamond particles 60, 70, 80, 90, 100 shown in the FIGS.
4A to E having at least one axis of rotational symmetry
and having outer geometries being composed of cubic
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faces 61, 81, 91, 101 and/or of octahedral faces 72, 82,
92, 102.

[0107] The plurality of diamond particles 122 is divided
in three particle layers which are stacked in the width
direction 125 and called first, second, and third particle
layer. The segment 120 may be fabricated via powder
metallurgy, in which a green body is built up layer by layer
from a powdery or granular bond material and from the
plurality of diamond particles 122 and the green body is
further processed to form the segment 120 by sintering,
pressing, and/or infiltrating.

[0108] The diamond particles 122 of the first particle
layer are arranged according to a first predetermined
particle pattern and at least partially oriented in a first
defined projection, the diamond particles 122 of the
second particle layer are arranged according to a second
predetermined particle pattern and at least partially or-
iented in a second defined projection, and the diamond
particles 122 of the third particle layer are arranged
according to a third predetermined particle pattern and
at least partially oriented in a third defined projection.
[0109] In the exemplary version of FIGS. 9A, B, the
diamond particles 122 of the first, second, and third
particle pattern are arranged according to the same
particle pattern PP, and the first, second, and third de-
fined projection are a cubic projection PRO with respect
toadirection of orientation being the height direction 124.
The first, second, and third particle pattern can have an
offset in the height direction 124 and/or in the length
direction 126, as shown in FIG. 9A for the length direction
126.

[0110] To adapt the cutting behavior and/or the wear
resistance of the segment, the particle pattern PP, the
projection PRO of the diamond particles 122 in the par-
ticle pattern PP and/or the angular orientation AO of the
diamond particles 122 in the projection PRO can be
varied. Instead of one particle pattern, two or more par-
ticle pattern can be used to arrange the diamond particles
122. Instead of the cubic projection, the diamond parti-
cles 122 can be oriented in an octahedral projection or a
dodecahedral projection, and/or instead of the same
angular orientation, the diamond particles 122 can be
arranged in different angular orientations.

[0111] The side view of the segment 120 in FIG. 9B
shows the particle pattern of the first particle layer com-
prising 15 diamond particles 122 arranged in five col-
umns of three diamond particles 122. The number of
columns in a layer, and the number of diamond particles
122 in a column depends on the application of the tool
insert and the size of the diamond particles 122. The
particle pattern PP shown in FIG. 9B is simplified in order
to be able to illustrate the orientation of the diamond
particles 122 in the segment and shows a limited number
of enlarged diamond particles compared to practice.
[0112] FIGS. 10A-C show a second exemplary version
of a segment 130 according to the present invention
composed of a bond material 131 that is at least one of
sintered, pressed, and infiltrated and a plurality of dia-
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mond particles 132 in a top view (FIG. 10A), in a first side
view (FIG. 10B) and in a second side view (FIG. 10C).
[0113] The segment 130 has an outer shape including
a height in a height direction 134, a width in a width
direction 135, and a length in a length direction 136.
The outer shape of the segment 130 is similar to the
segments 34, 35, 36 of the diamond blade 30 shown in
FIGS. 2A, B. Although, the outer shape of the segment
130 differs from the segments 14, 15 and segments 54,
the concept of orienting the diamond particles 132 with
respect to the direction of orientation is applicable to all
segments for abrasive power tools.

[0114] Thebond material 131is atleastone of sintered,
pressed, and infiltrated, and characterized by atleastone
feature selected from a chemical composition, a powder
morphology, and a degree of alloying. The diamond
particles 132 are selected from a distribution of diamond
particles, the distribution being characterized by a parti-
cle size, a crystal perfection, a toughness and/or a dia-
mond growth morphology. The plurality of diamond par-
ticles 132 includes at least one of the five types of the
diamond particles 60, 70, 80, 90, 100 shown in the FIGS.
4A to E having at least one axis of rotational symmetry
and having outer geometries being composed of cubic
faces and/or of octahedral faces.

[0115] The plurality of diamond particles 132 is divided
in a first number N, of diamond particles 132 and a
second number N, of diamond particles 132. The seg-
ment 130 has a sandwich structure in the width direction
135 and comprises a first section §; composed of the
bond material 131 and the first number N, of diamond
particles 132, and two second sections S, composed of
the bond material 131 and the second number N, of
diamond particles 132.

[0116] By usingasandwich structure with afirst section
S, and two second sections S,, the cutting behavior
and/or the wear resistance of the segment 130 can be
adapted to specific requirements. To adapt the cutting
behavior and/or the wear resistance of the sections, the
predetermined particle pattern and/or the defined projec-
tion of the diamond particles 132 in the predetermined
particle pattern and/or the angular orientation of the
diamond particles 132 in the defined projection can be
varied.

[0117] The diamond particles 132 of the first section S,
are arranged according to a first predetermined particle
pattern PP and at least partially oriented in a first defined
projection PRO, (FIG. 10B), and the diamond particles
132 of the second sections S, are arranged according to
a second predetermined particle pattern PP, and at least
partially oriented in a second defined projection PRO,
(FIG. 10C).

[0118] In the exemplary version of FIGS. 10A-C, the
firstand second predetermined particle pattern PP, PP,
are identical and the first and second defined projections
PRO,, PRO, are cubic projections. The first number of
diamond particles 132 is arranged in the cubic projection
in a first angular orientation AO, (FIG. 10B), and the
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second number of diamond particles 132 is arranged
in the cubic projection in a second angular orientation
AO, (FIG. 10C). The first and second angular orienta-
tions AO4, AO, are defined with respect to the length
direction 136 of the segment 130.

[0119] The diamond particles 132 may be oriented in a
cubic, octahedral, or dodecahedral projection in order to
take advantage of the particular mechanical properties of
their crystal planes. Diamond particles oriented in a given
projection may then be given preferred angular orienta-
tions to achieve the desired mechanical properties and
cutting geometries.

[0120] FIGS. 11A-C show a third exemplary version of
a segment 140 according to the present invention com-
posed of a bond material 141 that is at least one of
sintered, pressed, and infiltrated and a plurality of dia-
mond particles 142 in a top view (FIG. 11A), in a first side
view (FIG. 11B) and in a second side view (FIG. 11C).
[0121] The segment 140 has an outer shape including
a height in a height direction 144, a width in a width
direction 145, and a length in a length direction 146.
The outer shape of the segment 140 is similar to the
segments 34, 35, 36 of the diamond blade 30 shown in
FIGS. 2A, B. Although, the outer shape of the segment
140 differs from the segments 14, 15 and segments 54,
the concept of orienting the diamond particles 142 with
respect to the direction of orientation is applicable to all
segments for abrasive power tools.

[0122] The bond material 141 is at least one of sin-
tered, pressed, and infiltrated, and characterized by at
least one feature selected from a chemical composition,
a powder morphology, and a degree of alloying. The
diamond particles 142 are selected from a distribution
of diamond particles, the distribution being characterized
by a particle size, a crystal perfection, a toughness and/or
a diamond growth morphology. The plurality of diamond
particles 142 includes at least one of the five types of the
diamond particles 60, 70, 80, 90, 100 shown in the FIGS.
4A to E having at least one axis of rotational symmetry
and having outer geometries being composed of cubic
faces and/or of octahedral faces.

[0123] The plurality of diamond particles 142 is divided
in a first number N, of diamond particles 142 and a
second number N, of diamond particles 142. The seg-
ment 140 has a sandwich structure in the width direction
145 and comprises a first section $; composed of the
bond material 141 and the first number N, of diamond
particles 142, and two second sections S, composed of
the bond material 141 and the second number N, of
diamond particles 142.

[0124] The diamond particles 142 of the first section S,
are arranged according to a first predetermined particle
pattern PP, and at least partially oriented in a first defined
projection PRO, (FIG. 11B), and the diamond particles
142 of the second sections S, are arranged according to
a second predetermined particle pattern PP, and at least
partially oriented in a second defined projection PRO,
(FIG. 11C).
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[0125] In the exemplary version of FIGS. 11A-C, the
firstand second predetermined particle pattern PP, PP,
are identical and the first and second defined projections
PRO,, PRO, are octahedral projections. The first num-
ber of diamond particles 142 is arranged in the octahedral
projection PRO, in a first angular orientation AO, (FIG.
11B), and the second number of diamond particles 142 is
arranged in the octahedral projection PRO, in a second
angular orientation AO, (FIG. 11C). The first and second
angular orientations AO,, AO, are defined with respect to
the length direction 146 of the segment 140.

Claims

1. A segment (14, 15; 34, 35; 54; 120; 130; 140),
comprising:

= abond material (121; 131; 141) thatis atleast
one of sintered, pressed, and infiltrated, and

= a plurality of diamond particles (122; 132;
142) being arranged according to at least one
predetermined particle pattern (PP; PP, PP,)in
the bond material (121; 131; 141), the diamond
particles (122; 132; 142) having outer geome-
tries being predominantly composed of cubic
faces (61; 81; 91; 101) including square and/or
octagonal faces and/or of octahedral faces (72;
82; 92; 102) including triangular and/or hexago-
nal faces, wherein the outer geometries have at
least one axis of rotational symmetry,

characterized in that the segment has at least one
direction of orientation (111) and for at least 50 % of
the plurality of diamond particles (122; 132; 142), the
at least one axis of rotational symmetry of the dia-
mond particles is oriented in at least one defined
angle (@ * 15°) with respect to the at least one
direction of orientation (111).

2. The segment of claim 1, wherein the at least one
direction of orientation (111) is arranged parallel to a
height direction (21; 41; 124; 134; 144) of the seg-
ment, to a width direction (22; 42; 125; 135; 145) of
the segment, to a length direction (23; 43; 126; 136;
146) of the segment, and/or to any other defined
direction of the segment.

3. Thesegmentofany one of claims 1 to 2, wherein the
plurality of diamond particles (122; 132; 142) in-
cludes a first group of diamond particles (60) having
outer geometries being predominantly composed of
cubic faces (61), and/or a second group of diamond
particles (70) having outer geometries being predo-
minantly composed of octahedral faces (72), and/or
a third group of diamond particles (80; 90; 100)
having outer geometries being predominantly com-
posed of cubic faces (81; 91; 101) and octahedral

10

15

20

25

30

35

40

45

50

55

13

faces (82; 92; 102).

The segment of claim 3, wherein the first group of
diamond particles includes cubic particles (60) hav-
ing outer geometries being predominantly com-
posed of square faces (61), and/or the second group
of diamond particles includes octahedral particles
(70) having outer geometries being predominantly
composed of triangular faces (72), and/or the third
group of diamond particles includes first cuboctahe-
dral particles (80) having outer geometries being
predominantly composed of square faces (81) and
triangular faces (82), and/or second cuboctahedral
particles (90) having outer geometries being predo-
minantly composed of octagonal faces (91) and
triangular faces (92), and/or third cuboctahedral par-
ticles (100) having outer geometries being predomi-
nantly composed of square faces (91) and hexago-
nal faces (92).

The segment of any one of claims 3 to 4, wherein for
the first group of diamond particles (60), the at least
one axis of rotational symmetry includes at least one
first symmetry axis (63) being substantially perpen-
dicular to a cubic face (61) and running substantially
through the center point (66) of that cubic face (61)
and/or at least one second symmetry axis (64) run-
ning substantially through two diagonally opposing
corners (67A, 67B) of the outer geometry and/or at
least one third symmetry axis (65) being substan-
tially perpendicular to an edge (68A) of the outer
geometry, running substantially through the center
point (69) of that edge (68A) and substantially cross-
ing the diagonally opposing edge (68B) of the outer
geometry.

The segment of any one of claims 3 to 4, wherein for
the second group of diamond particles (70), the at
least one axis of rotational symmetry includes at
least one first symmetry axis (73) being substantially
perpendicular to an octahedral face (72) and running
substantially through the center point (76) of that
octahedral face (72) and/or at least one second
symmetry axis (74) running substantially through
two diagonally opposing corners (77A, 77B) of the
outer geometry, and/or at least one third symmetry
axis (75) being substantially perpendicular to an
edge (78A) of the outer geometry, running substan-
tially through the center point (79) of that edge (78A)
and substantially crossing the diagonally opposing
edge (78B) of the outer geometry.

The segment of any one of claims 3 to 4, wherein for
the third group of diamond particles (80; 90; 100), the
at least one axis of rotational symmetry includes at
least one first symmetry axis (83A; 93A; 103A) being
substantially perpendicular to a cubic face (81; 91;
101) and running substantially through the center
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point of (86A; 96A; 106A) that cubic face and at least
one further first symmetry axis (83B; 93B; 103B)
being substantially perpendicular to an octahedral
face (82; 92; 102) and running substantially through
the center point (86B; 96B; 106B) of that octahedral
face and/or at least one second symmetry axis (84;
94; 104) running substantially through two diagon-
ally opposing corners (87A, 87B; 97A, 97B; 107A,
107B) of the outer geometry and/or at least one third
symmetry axis (85; 95; 105) being substantially per-
pendicular to an edge (88A; 98A; 108A) of the outer
geometry, running substantially through the center
point (89A; 99A; 109A) of that edge and substantially
crossing the diagonally opposing edge (88B; 98B;
108B) of the outer geometry.

The segment of claim 7, wherein for the second
cuboctahedral particles (90), the at least one third
symmetry axis (95) is substantially perpendicular to
an edge defined by adjacent octagonal faces (91),
and for the third cuboctahedral particles (100), the at
least one third symmetry axis (105) is substantially
perpendicular to an edge defined by adjacent hex-
agonal faces (102).

The segment of any one of claims 3 to 8, wherein the
at least 50 % of the plurality of diamond particles
(122; 132; 142) are oriented in at least one defined
projection (PRO) with respect to the at least one
direction of orientation (111) of the segment.

The segment of claim 9, wherein the at least one
defined projection (PRO) is selected from a cubic
projection, an octahedral projection, and a dodeca-
hedral projection.

The segment of claim 10, wherein in a cubic projec-
tion, for diamond particles of the first group (60) and
third group (80; 90; 100), a first symmetry axis (63;
83A;93A; 103A) being substantially perpendicular to
a cubic face (61; 81; 91; 101) and running substan-
tially through the center point of that cubic face is
oriented in the at least one defined angle (¢ += 15°)
with respectto the atleast one direction of orientation
(111) of the segment, and for diamond particles of the
second group (70), a second symmetry axis (74) is
oriented in the at least one defined angle (® + 15°)
with respectto the atleast one direction of orientation
(111) of the segment.

The segment of claim 10, wherein in an octahedral
projection, for diamond particles of the first group
(60), asecond symmetry axis (64) is oriented in the at
least one defined angle (¢ = 15°) with respect to the
at least one direction of orientation (111) of the seg-
ment, and for diamond particles of the second group
(70) and diamond particles of the third group (80; 90;
100), a first symmetry axis (73; 83B; 93B; 103B)
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being substantially perpendicular to an octahedral
face (72; 82; 92; 102) and running substantially
through the center point of that octahedral face is
oriented in the at least one defined angle (® + 15°)
with respect to the atleast one direction of orientation
(111) of the segment.

The segment of claim 10, wherein in a dodecahedral
projection, for diamond particles of the first group
(60), a third symmetry axis (65) is oriented in the at
least one defined angle (¢ = 15°) with respect to the
at least one direction of orientation (111) of the seg-
ment, for diamond particles of the second group (70),
a third symmetry axis (75) is oriented in the at least
one defined angle (¢ = 15°) with respect to the at
least one direction of orientation (111) of the seg-
ment, and for diamond particles of the third group
(80; 90; 100), a second symmetry axis (84) or a third
symmetry axis (95; 105) is oriented in the atleast one
defined angle (@ * 15°) with respect to the at least
one direction of orientation (111) of the segment.

The segment of claim 13, wherein for the first cu-
boctahedral particles (80) of the third group, a sec-
ond symmetry axis (84) is oriented in the at least one
defined angle (¢ = 15°) with respect to the at least
one direction of orientation (111) of the segment, for
the second cuboctahedral particles (90) of the third
group, a third symmetry axis (95) is oriented in the at
least one defined angle (¢ = 15°) with respect to the
at least one direction of orientation (111) of the seg-
ment, and for the third cuboctahedral particles (100)
of the third group, a third symmetry axis (105) is
oriented in the at least one defined angle (® =
15°) with respect to the at least one direction of
orientation (111) of the segment.

The segment of any one of claims 1 to 14, wherein
the plurality of diamond particles (132; 142) includes
a first number (N) of the diamond particles and a
second number (N,) of the diamond particles, and
the segment comprises at least one first section (S)
composed of the bond material (131; 141) and the
first number of the diamond particles (132; 142) and
at least one second section (S,) composed of the
bond material (131; 141) and the second number of
the diamond particles (132; 142).

The segmentof claim 15, comprising one first section
(84) and two second sections (S,), the first section
(S4) being arranged between the second sections
(S,) in any defined direction of the segment.

The segment of claim 15, comprising at least two first
sections and/or atleast two second sections, the first
and second sections being arranged according to a
regular pattern in the segment.
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The segment of any one of claims 15 to 17, wherein
the at least one predetermined particle pattern in-
cludes at least one first predetermined particle pat-
tern (PP,), and the first number (N,) of the diamond
particles (132; 142) is arranged according to the at
least one first predetermined particle pattern (PP,),
and the at least one predetermined particle pattern
includes at least one second predetermined particle
pattern (PP,), and the second number (N,) of the
diamond particles (132; 142) is arranged according
to the at least one second predetermined particle
pattern (PP,).

The segment of any one of claims 15 to 18, wherein
the first number (N,) of the diamond particles (132;
142) is at least partially oriented in a first defined
projection (PRO,) with respect to the at least one
direction of orientation (111).

The segment of claim 19, wherein the first defined
projection (PRO,) is selected from a cubic projec-
tion, an octahedral projection, and a dodecahedral
projection.

The segment of any one of claims 18 to 20, wherein
the second number (N,) of the diamond particles is
randomly oriented.

The segment of any one of claims 18 to 20, wherein
the second number (N,) of the diamond particles
(132; 142) is at least partially oriented in a second
defined projection (PRO,) with respect to the at least
one direction of orientation (111).

The segment of claim 22, wherein the second de-
fined projection (PRO,) is selected from a cubic
projection, an octahedral projection, and a dodeca-
hedral projection.

The segment of any one of claims 22 to 23, wherein
the first and second defined projections (PRO;,
PRO,) are both selected from a cubic projection,
or both selected from an octahedral projection, or
both selected from a dodecahedral projection.

The segment of claim 24, wherein the first defined
projection (PRO,) and the second defined projection
(PRO,) differ in an angular orientation (AO,, AO,) of
the diamond particles (132; 142) with respect to the
at least one direction of orientation (111).

The segment of claim 25, wherein the angular or-
ientation (AO,, AO,) of the diamond particles (132;
142)in the first and second defined projections differ
by half of the rotational symmetry angle of the corre-
sponding symmetry axis that is oriented with respect
to the at least one direction of orientation (111).
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The segment of any one of claims 1 to 14, wherein
the plurality of diamond particles includes a first
number of the diamond particles, a second number
of the diamond particles, and a third number of the
diamond particles, and the segment comprises at
least one first section composed of the bond material
and the first number of the diamond particles, at least
one second section composed of the bond material
and the second number of the diamond particles,
and at least one third section composed of the bond
material and the third number of the diamond parti-
cles.

The segment of any one of claims 1 to 27, wherein at
least 80 % of the plurality of diamond particles (122;
132; 142) that are arranged according to at least one
predetermined particle pattern (PP) are oriented in
the atleast one defined angle (® = 15°) with respect
to the at least one direction of orientation (111).

A tool insert (10; 30; 50), comprising:

= a base body (11; 31; 51) configured to con-
nect the tool insert (10; 30; 50) to a power tool,
and including a connection surface (16; 37; 56),
and

= two or more segments (14, 15; 34, 35; 54;
120; 130; 140) according to any one of claims 1
to 28, wherein the segments (14, 15; 34, 35; 54;
120; 130; 140) are connected to the connection
surface (16; 37; 56).

The tool insert of claim 29, configured as core bit
(10), saw blade (30), cutting disk (30), or grinding cup
wheel (50).

The tool insert of any one of the claims 29 to 30,
wherein the two or more segments (14, 15; 34, 35)
include first segments (14; 34) and second segments
(15; 35) that are different from the first segments (14;
34).

The tool insert of any one of the claims 29 to 31,
further comprising at least one additional segment
(15; 36; 55) connected to the connection surface (16;
37; 56).



EP 4 506 102 A1

10

13—

11—~
UF
{
21~l EF1 | EF2
5
<—e—>
12—~ ! FIG. 1B

FIG. 1A

16



EP 4 506 102 A1

EF - EF2
EF1
| 5
SF1 LF



EP 4 506 102 A1

A\
Lo 3
% % L
IR
i
i

FIG. 3

18



EP 4 506 102 A1

65 60
64 688 °

19



EP 4 506 102 A1

FIG. 4E

FIG. 4D

20



EP 4 506 102 A1

5o X 63
)
(
61
FIG. 5A
y " ” 90 100

21



EP 4 506 102 A1

22



6 69

LN

N

61

EP 4 506 102 A1

23




EP 4 506 102 A1

80
¢
‘;‘ "7 150
82 Vi
W 111
81 81
82
i
|
r\/838

if\,74

24

FIG. 8A

FIG. 8B



EP 4 506 102 A1

122~ 1 >
FIG. 9A
126
-l PRO
4‘
124
”\ ] - 4574 ® ~03A ()
~ RN :
0 | w83A ® ~ 904
PP —~ ' e’/‘%:g» v i’%,i} hid
5> S ) o
- )
) \
12 121
FIG. 9B

25




134«1

PP —

134«1

PPy

EP 4 506 102 A1

FIG. 10A

PRO,
\

{

K ~103A
~B3A )

et
<

O
_n-93A
@

G 0

131

FIG. 10B

PRO,

132

FIG. 10C

26



EP 4 506 102 A1

140
145«{
@«;& @ -
ﬁ'r‘i 5__,; ) S S1
( 2
141

FIG. 11A

<—e—> PRO1
\
144 O . Ie.
”I C o D 108 O
O @ s
~ N & -
PPy —~ O {?‘; A
i @ o
<, o

142 111

146 PRO,
- - )
( {
144 ¢ 73 W RA03B O
/£ N 04 Z’}?ﬂ 838 {ﬁh MT}
xtz‘p & {\/ 93B
I T\/-/—E\ g } Cxi*)
PP, -~ é?’ o ﬁ%
VA &
<, .

142 141

FIG. 11C

27



10

15

20

25

30

35

40

45

50

55

EP 4 506 102 A1

9

Europaisches
Patentamt

European
Patent Office

Office européen
des brevets

EUROPEAN SEARCH REPORT

Application Number

EP 23 19 1021

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relev_ant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 5 453 106 A (ROBERTS ELLIS E [US]) 1-10, INV.
26 September 1995 (1995-09-26) 15-30 B24D5/06
Y * column 10, paragraph 2 - column 11, 11-14, B24D5/14
paragraph 2; figures 1-14,19-24,29-32 * 31,32 B24D7/06
* column 10, line 20 - column 11, line 16 B24D7/14
* B28D1/12
Y US 2006/073774 Al (SUNG CHIEN-MIN [TW]) 11-14
6 April 2006 (2006-04-06)
* paragraphs [0032], [0050] - [0054];
figure 1 *
Y WO 2018/080778 Al (3M INNOVATIVE 11-14
PROPERTIES CO [US])
3 May 2018 (2018-05-03)
* paragraphs [0106], [0109], [0131],
[0132], [0137], [0140], [0161],
[01l66], [0171], [0186], [0203],
[0210]; figures 11,12 *
A US 2009/094902 Al (HOU JIAXIANG [CA]) 15-18, ggﬁggfé‘é— F'E'-(ﬁ,sc)
16 April 2009 (2009-04-16) 21,27
* paragraphs [0024], [0035]; figures 1, B24D
2A-2C * B27B
————— B28D
Y KR 100 556 189 B1 (EHWA DIAMOND IND CO LTD| 31,32 C30B
[KR]; GENERAL TOOL INC [US])
6 March 2006 (2006-03-06)
* figures 2,8 *
1 The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
g Munich 31 January 2024 Kornmeier, Martin
; CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
pass E : earlier patent document, but published on, or
3 X : particularly relevant if taken alone after the filing date
I Y : particularly relevant if combined with another D : document cited in the application
bt document of the same category L : document cited for other reasons
E A technological background e et
Q O : non-written disclosure & : member of the same patent family, corresponding
o P : intermediate document document
w

28




EP 4 506 102 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 23 19 1021

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

31-01-2024
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5453106 A 26-09-1995 uUs 5453106 A 26-09-1995
uUs 5560745 A 01-10-1996
US 2006073774 Al 06-04-2006 CN 101039775 A 19-09-2007
EP 1793965 A2 13-06-2007
JP 2008514446 A 08-05-2008
KR 20070063570 A 19-06-2007
uUs 2006073774 Al 06-04-2006
uUs 2009186561 Al 23-07-2009
uUs 2012100787 A1l 26-04-2012
uUs 2013316629 Al 28-11-2013
WO 2006039413 A2 13-04-2006
WO 2018080778 Al 03-05-2018 BR 112019008286 A2 09-07-2019
CN 109890568 A 14-06-201°
EP 3532251 A1 04-09-201°
JP 7030803 B2 07-03-2022
JP 2019531913 A 07-11-201°
JpP 2022066244 A 28-04-2022
KR 20190062601 A 05-06-2019
uUs 2020016725 Al 16-01-2020
WO 2018080778 A1l 03-05-2018
US 2009094902 Al 16-04-2009 AU 2008291565 Al 23-06-2011
CN 101376234 A 04-03-2009
EP 2184134 Al 12-05-2010
us 2009094902 A1 16-04-200°
WO 2009026776 Al 05-03-200°
KR 100556189 Bl 06-03-2006 CN 101094742 A 26-12-2007
KR 100556189 B1 06-03-2006

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

29




	bibliography
	abstract
	description
	claims
	drawings
	search report

