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MACHINING TOOL BLANK

Inventors: Anshul Singh
Andreas Haar

[1]TECHNICAL FIELD

[2]The invention which is the subject of this application relates to the formation of
machining tools and the method making machining tool blanks for the manufacture of
same, the tools provided with a machining tip and/or machining faces formed at least
partially by a suitable material containing abrasive polycrystalline diamond or cubic

boron nitride referred to respectively as PCD and PCBN.

[3]IBRIEF DESCRIPTION OF THE DRAWINGS

[4]FIG. 1 is a side plan view of an embodiment of a machining tool blank.

[SIFIG. 2 is a side view of an embodiment of a machining tool blank,

[6]FIG. 3 is a side plan view of an embodiment of a drill bit.

[7]FIG. 4 is a perspective view of an embodiment of a machining tool blank.

[8]FIG. 5 is a side review of an embodiment of a machining tool blank.

[9]HIG. 6 is a top view of the machining tool blank.
[10]FIGS. 7a-7d show embodiments of geometries of recesses of the machining tool blank.
[11]FIGS. 8a-8e show embodiments of geometries of radii of the machining tool blank.
[12]FIG. 9a is a side view of a profile of an embodiment of a machining tool blank.
[13]FIG. 9b is a side view of a profile of an embodiment of a machining tool blank.

[14]FIG. 10 is a perspective view of the as-sintered machining tool blank.
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[15]DETAILED DESCRIPTION

Before the present methods, systems and materials are described, it is to be understood
that this disclosure is not limited to the particular methodologies, systems and materials
described, as these may vary. It is also to be understood that the terminology used in the
description is for the purpose of describing the particular versions or embodiments only,
and is not intended to limit the scope. For example, as used herein and in the appended
claims, the singular forms ““a,” “an,” and “the” include plural references unless the
context clearly dictates otherwise. In addition, the word “comprising” as used herein is
intended to mean “including but not limited to.” Unless defined otherwise, all technical

and scientific terms used herein have the same meanings as commonly understood by one

of ordinary skill in the art.

[16]Unless otherwise indicated, all numbers expressing quantities of ingredients, properties
such as size, weight, reaction conditions and so forth used in the specification and claims
are to the understood as being modified in all instances by the term “about”.
Accordingly, unless indicated to the contrary, the numerical parameters set forth in the
following specification and attached claims are approximations that may vary depending
upon the desired properties sought to be obtained by the invention. At the very least, and
not as an attempt to limit the application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed in light of the number of

reported significant digits and by applying ordinary rounding techniques.

[17]As used herein, the term “about” means plus or minus 10% of the numerical value of the
number with which it is being used. Therefore, about 50% means in the range of 45%-

55%.

[18]FIG. 1 depicts a side plan view of machining tool blank. The machining tool blank may
be made of any suitable material such as tungsten carbide. The machining tool blank 2
has a body 4 including at least one end face 5. At least two recesses 6, 10, and/or 12, 14
are formed in end face 5. As shown in FIG. 1, first recess 6 extends from the at least one
end face 5 at an angle C of about 33°. Angle C may range from about 15° to about 60°. A

second recess 10 continues from said first recess 6 and extends from the end face 5 at an
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angle B of about 77°. Angle B may range from about 40° to about 90°. As shown in FIG.

1, the first recess 6 and the second recess 10 converge at first radius 3.

[19] As shown in FIG. 1, first recess 6 and second recess 10 form a first side recess 11. As
further shown in FIG. 2, first side recess 11 extends along at least one side of said blank
from axial center point § of the blank at an angle A of about 30°. Angle A may range

from about 0° to about 50°.

[20] In an embodiment, as shown in FIG.1, the blank 2 may further include a third recess 12
extending from end face 5 at an angle D of about 33°.  Angle D may range from about
15° to about 6(0°. A fourth recess 14 continues from third recess 12 and extends from the
end face 5 at an angle E of about 77°. Angle E may range from about 40° to about 80°.
Third recess 12 and fourth recess 14 converge at second radius 7. As shown in FIG. 1,
third recess 12 and fourth recess 14 form a second side recess 15. As further shown in
FIG. 2, second side recess 15 extends along at least one side of said blank from axial
center point 8 of the blank at an angle I of about 30°. Angle IF may range from about 0°
to about 50°. The aforementioned side recesses may be any shape and may be curved or
flare at the bottom of the recess. End portion 39 of side recess may be any shape.

Examples of geometries of end portions are shown in FIGS. 7a-7c.

[21]Also shown in FIGS. 8a-8e,. the geometries of radius 3 and radius 7 are shown.
Examples of geometries include sickle-shaped, flat, curved, triangular, square,

rectangular, zig-zag, etc. and combinations thereof.

Although a blank having from two to four recesses has been described, additional
recesses may be present. Further, although the recesses are described as converging at a
radius, alternatively, the recess may be continuous without a radius as shown in FIG. 5.
FIG. 5 shows blank 30 having at least one recess 34. Additionally, recess 36 may be
present. The recesses 34, 36 may form one continuous recess or may be two separate
recesses that do not connect (not shown). Optionally, a cavity (not shown) may be
present, to join to separate recesses. In an embodiment, as shown in FIG. 6 a cavity 13
may be made in the blank 2. The cavity may be any shape and serves to join recesses 6

and 12.
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[22]Although cylindrical blanks have been described and shown, it is possible that the
machining tool blanks have other shapes such as rectangular, triangular, hexagonal,

octagonal, etc.

[23]Fig. 4 illustrates the perspective view of blank 2 of Figs. 1 and 2. In Fig. 4, machining
tool blank 2 has body 4 including at least one end face 5. In IMig. 4, first recess 6, second

recess 10 radius 3 and third recess 12 are shown. Cavity 13 joins recesses 6 and 12.

[24]To form the machining tool blank, and in turn the machining tool, the blank 2 is first
machined to remove the material from which the blank is made into the required form
including the formation of the recess portion(s). Typically, the recesses are provided in a
location such that the PCD or PCBN material subsequently formed therein will be
located to form at least part of the subsequently formed machining end face(s) of the tool

in order to obtain the benefit of the PCD or PCBN material used.

[25]The machining tool blank 2 may be formed from carbide such as tungsten carbide or
other materials of similar hardness. A mass of abrasive particles, e.g., polycrystalline
diamond (PCD) or polycrystalline cubic boron nitride PCBN, of a mean size of about 0.1
micron to about 200 microns may be used to fill the recess(es). Optionally, optionally,
binder materials such as alcohols, or any other binder material that may be used in the art
may be added to the abrasive particles to form a slurry. The abrasive particles/slurry is
packed into the recess(es) so as to at least partially fill the recess(es) of the blank. In
embodiment, the recess(es) may be completely filled or even overfilled with abrasive

particles/slurry.

[26] After the PCD or PCBN powder or PCD or PCBN slurry is placed in the recess(es),
high pressure and high temperature are applied to form the powder/slurry into the form of
the recess(es). The material from which the blank is made effectively fuses the PCD or
PCBN material to the blank. The PCD or PCBN material that has been fused to the blank

acts as an integral part thereof.

[27]The blank containing PCD or PCBN powder or slurry may be subjected to pressures of
about 45 Kbar to about 75 Kbar and temperatures of about 1200°C to about 1600° C for

approximately about 1 to about 50 minutes. Apparatus and techniques for such sintering
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are disclosed in U.S. Pat. Nos. 2,941, 248; 3,141,746; 3,745,623; and 3,743,489 which are
herein incorporated herein by reference. When the abrasive mass is fully sintered, with
the particles bonded directly to each other and to the carbide by the sintering process, the
blank is removed from the press. As shown in FIG. 10, the resultant composite sintered
abrasive blank is made up of a cemented carbide cylinder 40 with a at least one vein of
fully sintered abrasive particles 41 imbedded in and extending across one end of the blank

thereof.

[28]FIG. 3 depicts a machining tool 24 made from the machining tool blank as described
herein. Blank 2 is bonded to shank 43 may any means including, but not limited to
brazing or bonding. In FIG. 3, blank 2 is bonded to shank 43 at bond line 40. The tool is

then machined to form the final tool 24.

[29]In an embodiment, the end face may be machined to contain a chamfer, FIG. 9a, or a
plurality of chamfers, see FIG. 9b. The blank may be machined either before or after

filling the recess(es) with PCD or PCBN and sintering to create the alternative profiles.

[30]1t has been found that machining tool blanks fabricated as detailed above, exhibit
decreased cracking during high pressure, high temperature processing of the blank.
Further, an increased production yield has been observed. Based on models, machining
tool blanks having multiple recesses fabricated from the design depicted in FIG. 9a

exhibit 60% less stress (leading to defects) compared to blanks containing a single recess.

[31]The end face of the blank in which the recess is provided can be of any required form
depending on the subsequent tool to be formed. For example, if the tool to be formed is a
twist drill the end face may have a conical shape and typically the angle of the bottom
surface of the recess and the slope of the bottom face of the element will match that of the
top face. 'The top face of the element which is formed may match the angle of the conical
tip of the blank due to the pressing action of the forming apparatus which can be a
conventional mould press for this purpose. The angle of the conical tip is dependent upon
the specific purpose for the tool but one common angle is 118 degrees. If the tool to be
formed is a recess drill or end mill as opposed to a twist drill no conical tip will be

formed.
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[32]In some instances, it is possible that the blank may be provided with an integral shank.
The blank as described above may be connected to a shank portion which may be formed
of another material such as a suitable cemented carbide, a ceramic, an elemental metal or
alloy depending upon the specific requirements for the tool. In order for the blank to be
joined to the shank portion to form the machining tool one option is to perform a brazing
operation or other suitable joining operation. The shank can be made of any suitable

material such as carbide, steel or steel alloy.

[33]The blank, once formed, may be joined to the shank to form the machining tool by
brazing and can be machined prior to attachment to the body shank portion such that the
flutes and machining faces are formed therein. The blank then may be attached to the
shank and the remaining required flutes then formed in the shank. Alternatively, the
blank is first joined to the shank and the machining faces then formed in blank and the
shank as it is easier from a manufacturing standpoint to align the machining faces and

flutes formed.

[34]Cutting tools, end mills, brad points and dental tools, i.e., dental burs may also benefit
from the design as described with modifications as necessary. FFor example, an end mill
may have an angle C of between about (° to about 60°, a brad mill may have an angle C
of any negative angle measurement to 0° and a dental bur may have an angle C of from

about 60° to about 90°.
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Equivalents

[35]Although the invention has been described in connection with certain exemplary
embodiments, it will be evident to those of ordinary skill in the art that many alternatives,
modifications, and variations may be made to the disclosed invention in a manner
consistent with the detailed description provided above. Also, it will be apparent to those
of ordinary skill in the art that certain aspects of the various disclosed example
embodiments could be used in combination with aspects of any of the other disclosed
embodiments or their alternatives to produce additional, but not herein explicitly
described, embodiments incorporating the claimed invention but more closely adapted for
an intended use or performance requirements. Accordingly, it is intended that all such
alternatives, modifications and variations that fall within the spirit of the invention are

encompassed within the scope of the appended claims.
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CLAIMS

1. A blank for use in forming a machining tool comprising:

a body comprising at least one end face ; and

at least two recesses formed in said at least one end face comprising a first recess
wherein said first recess extends from the at least one end face at an angle C of about
15° to about 60° and a second recess continuing from said first recess extending from

the at least one end face at an angle B of about 40° to about 90°.

2. The blank according to claim 1, wherein said first recess and said second recess

converge at a first radius.

3. The blank according to claim 2, wherein said first recess and said second recess

form a first side recess.

4. The blank according to claim 3, wherein said first side recess extends along at
least one side of said blank from an axial center point of said blank at an angle A of

greater than 0° to about 50°.

5. The blank according to claim 4, wherein said blank further comprises a third
recess extending from the at least one end face at an angle of about 15° to about 60°
wherein a fourth recess continuing from said third recess extending from the at least

one end face at an angle of about 40° to about 80°.

6. The blank according to claim 5, wherein said third recess and said fourth recess

converge at a second radius.

7. The blank according to claim 6, wherein said third recess and said fourth recess

form a second side recess.

8. The blank according to claim 7, wherein said second side recess extends along at
least one side of said blank from an axial center point of said blank at an angle F of

greater than 0° to about 50°.
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9. The blank according to claim 5, wherein a cavity is located between said first

recess and said forth recess.
10. The blank according to claim 9, wherein said cavity is circular.

11. The blank according to claim 1, wherein said first recess extends from said at

least one end face at an angle of about 33°.

12. The blank according to claim 1, wherein said second recess continuing from the

first recess extends from said at least one end face at an angle of about 77°.

13. The blank according to claim 1, wherein said PCD or PCBN material is placed to
fill the recesses in the blank, the PCD or PCBN material then subjected to sufficient
pressure and heat to cause the powdered PCD or PCBN material to fuse with the

blank.
14. The blank of claim 1, wherein said body is a body of rotation.

15. The blank of claim 14, wherein said recesses have a width that ranges from

about 2% to about 30% of the diameter of the at least one end face of the blank.

16. The blank of claim 5, wherein said first recess, said second recess, said third

recess and said forth recess have a width of about 0.3 mm up to about 1.5 mm.

17. The blank according to claim 1, wherein the blank is formed of a carbide

material.

18. A method for forming a machining tool blank for a machining tool, the method

comprising the steps of:

forming a blank having a shape and in at least one of a first end face or a second end
face forming a first recess wherein said first recess extending from the at least one
end face at an angle of about 15° to about 60° and forming a second recess
continuing from said first recess 6 extending from the at least one end face at an

angle of about 40° to about 90°%;

filling the recesses at least partially with PCD or PCBN material; and
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applying high pressure and high temperature to said blank and said PCD or PCBN
material to fuse the PCD or PCBN with the blank forming a sintered blank.

19. The method of claim 18, wherein the shape is a cylindrical shape.

20. The method of claim 18, further comprising the step of providing a material

from the transition group of elements.

21. The method of according to claim 18, wherein said first recess and said second

recess converge at a first radius.

22, The method according to claim 18, wherein said first recess and said second

recess form a first side recess.

23. The method according to claim 22, wherein said first side recess extends along at
least one side of said blank from an axial center point of said blank at an angle of

about 5° to about 50°.

24. 'The method according to claim 21, wherein said blank further comprises a third
recess extending from the at least one end face at an angle of about 15° to about 60°
wherein a fourth recess continuing from said third recess extending from the at least

one end face at an angle of about 40° to about 80°.

25. The method according to claim 22, wherein said third recess and said fourth

recess converge at second radius.

26. The blank according to claim 25, wherein said third recess and said fourth recess

form a second side recess.

27. The blank according to claim 26, wherein said second side recess extends along
at least one side of said blank from an axial center point of said blank at an angle of

about 5° to about 50°.

28. The method according to claim 24, wherein a cavity is positioned between said

first recess and said third recess.

29. The method according to claim 28, wherein said cavity is circular.

10
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30. The method according to claim 18, wherein said first recess extends from said at

least one end face at an angle of about 33°.

31. The method according to claim 18, wherein said second recess continuing from

the first recess extends from said at least one end face at an angle of about 77°.

32. The method according to claim 18, wherein said PCD or PCBN material is
placed to fill the recesses in the blank, the powdered PCD or PCBN material then
being pressed and heated to a temperature sufficient to cause the powdered PCD or

PCBN material to fuse with the blank.

33. The method of claim 18, wherein said body is a cylinder of rotation.

34. The method of claim 33, wherein said recesses have a width that ranges from

about 2% to about 20% of the diameter of the end face of the blank.

35. The method of claim 24, wherein said first recess, said second recess, said third

recess and said forth recess have a width of about 0.7mm up to about 1.0mm.

36. The method according to claim 18, wherein the blank is formed of a carbide

material.

37. A blank for use in forming a machining tool comprising:

a body comprising at least one end face; and

a plurality of recesses formed in said at least one end face comprising a first recess
wherein said first recess extends from the at least one end face at an angle of about
15° to about 60° and a second recess continuing from said first recess extending from
the at least one end face at an angle of about 40° to about 90° wherein said first
recess and said second recess converge at a first radius; wherein said first recess and

said second recess form a first side recess,

wherein said first side recess extends along at least one side of said blank from an

axial center point of said blank at an angle of about 5° to about 50°;

11
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40.

a third recess extending from the at least one end face at an angle of about 15° to
about 60° wherein a fourth recess continuing from said third recess extending from
the at least one end face at an angle of about 40° to about 80° wherein said third

recess and said fourth recess converge at second radius;

wherein said third recess and said fourth recess form a second side recess,

wherein said second side recess extends along at least one side of said blank from an

axial center point of said blank at an angle of about 5° to about 50°,

and a cavity positioned between recess and recess.

38. A blank for use in forming a machining tool comprising:

a body comprising at least one end face; and

at least one recess formed in said at least one end face and extending from the at

least one end face at an angle of about 15° to about 90°.

39. The recess of claim 51, wherein said recess is arcuate.

A method of forming a machining tool comprising the steps of:

forming a blank having a cylindrical shape and in at least one of a first end face or a
second end face forming a forming a first recess wherein said first recess extends
from the at least one end face at an angle of about 15° to about 60° and forming a
second recess continuing from said first recess extending from the at least one end

face at an angle of about 40° to about 90°;

filling the recesses at least partially with PCD or PCBN material;

applying high pressure and high temperature to said blank and said PCD or PCBN
material to fuse the PCD or PCBN with the blank forming a sintered blank;

joining the sintered blank to a shank to form the machining tool; and

machining the machining tool to form machining faces therein, the resulting

machining faces being at least partially formed of exposed PCD or PCBN material.

12
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41. The method according to claim 40, further comprising the step of providing a

material from the transition group of elements.

42. The method of according to claim 40, wherein said first recess and said second

recess converge at a first radius.

43. The method according to claim 40, wherein said blank further comprises a third
recess extending from the at least one end face at an angle of about 15° to about 60°
wherein a fourth recess continuing from said third recess extends from the at least

one end face at an angle of about 40° to about 80°.

44. The method according to claim 43, wherein said third recess and said fourth

recess converge at second radius.

45. The method according to claim 40, wherein a cavity is positioned between said

first recess and said second recess.

46. The method according to claim 45, wherein said cavity is circular.

47. The method according to claim 40, wherein said first recess extends from said at

least one end face at an angle of about 33°.

48. The method according to claim 40, wherein said second recess continuing from

the first recess extends from said at least one end face at an angle of about 77°.

49. The method according to claim 40, wherein said PCD or PCBN material is
placed to fill the recesses in the blank, the powdered PCD or PCBN material then
being pressed and heated to a temperature sufficient to cause the powdered PCD or

PCBN material to fuse with the blank.

50. The method of claim 40, wherein said body is a cylinder of rotation.

51. The method of claim 43, wherein said recesses have a width that ranges from

about 2% to about 20% of the diameter of the end face of the blank.

52. The method of claim 40, wherein said first recess said second recess, said third

recess and said forth recess have a width of about 0.7mm up to about 1.0mm.

13
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53. The method according to claim 40, wherein the blank is formed of a carbide

material.

54. A machining tool made by the method of claim 40, wherein said tool has a helix
angle of about 5° to about 50°, a chisel angle of between about 90° to about 180°, a
chamfer angle of between about 40° to about 60°, a chamfer length of between about

0.8 mm to about 2.4 mm and a single point angle of between about 60° to about 140°.

55. A machining tool made by the method of claim 40, wherein said tool has a helix
angle of about 5° to about 50°, a chisel angle of between about 90° to about 180°, a

chamfer angle of between about 40° to about 60°, a chamfer length of between about
0.8 mm to about 2.4 mm and a single point angle of between about 60° to about 140°

and a double point angle of 60 ° or less.

14
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