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CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No. 14/266,437
filed on 30 April 2014, the disclosure of which is incorporated herein, in its entirety, by
this reference.
BACKGROUND
[0002] Milling and grinding machines are commonly used in various applications
and industries, such as mining, asphalt and pavement removal and installation, and others.
Such machines may remove material at desired locations. In some applications, material
may be removed to facilitate repair or reconditioning of a surface. One example includes
removing a portion or a layer of a paved road surface to facilitate repaving. In some
instances, the removed material also may be valuable. For example, removed asphalt
may be reprocessed and reused. Similarly, in mining operations, removed material may
include valuable or useful constituents.
[0003] Conventional machines include cutting tools that may cut or grind target
material. Typically, such cutting tools arc mounted on a rotating drum assembly and
engage (e.g., cut and/or grind) the target material as the drum assembly rotates. Failure of
the cutting tools may, in turn, lead to the failure of the drum assembly and/or
interruptions in operation thereof.
[0004] Therefore, manufacturers and users of cutting tools continue to seck
improved cutting tools to extend the useful life of drum assemblies and/or reduce or
climinate interruptions in operation thercof.
SUMMARY
[0005] Embodiments of the invention are directed to cutting tool assemblies,
material-removing machines that include cutting tool assemblies, and methods of use and
operation thereof. In some embodiments, the cutting tool assemblies described herein
may be used in material-removing machines that may remove a target material, such as a
portion or a layer of a paved road surface. For example, a material-removing machine
may include a rotary drum assembly, and the cutting tool assemblies may be mounted to
or on the rotary drum assembly. Furthermore, as the material-removing machine rotates

the rotary drum assembly, the cutting tool assemblies may engage and cut, grind, or
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otherwise fail the target material, which may be subsequently removed (e.g., by the rotary
drum assembly of the material-removing machine).
[0006] In an embodiment, a cutting tool assembly is disclosed. The cutting tool
assembly is configured for mounting on a rotary drum assembly and removing a target
material. For example, the cutting tool assembly includes a support block having a
mounting end and a working end. The mounting end is sized and configured to attach to
the rotary drum assembly. In addition, the cutting tool assembly includes a cutting
element secured to the working end of the support block. The cutting element has a
working surface that includes a superhard material. Also, the cutting tool assembly
includes a shield secured to the working end of the support block. The shield is sized and
configured to protect at least a portion of the working end from abrasion and/or wear
during operation of the cutting tool assembly.
[0007] Additional or alternative embodiments may include another cutting tool
assembly for removing a target material. Such cutting tool assembly includes a support
block that has a mounting end and a working end. The mounting end is sized and
configured to attach to a material-removing machine. Moreover, the cutting tool
assembly includes a shield secured to the working end of the support block and sized and
configured to protect at least a portion of the working end from wear or abrasion. The
cutting tool assembly also includes a cutting element secured to the shield and having a
working surface that includes superhard material.
[0008] In an embodiment, a rotary drum assembly for removing a target material
is disclosed. The rotary drum assembly includes a drum body having at least one of any
of the disclosed cutting tool assemblies mounted thereto.
[0009] Features from any of the disclosed embodiments may be used in combination
with one another, without limitation. In addition, other features and advantages of the
present disclosure will become apparent to those of ordinary skill in the art through
consideration of the following detailed description and the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The drawings illustrate several embodiments, wherein identical reference
numerals refer to identical or similar clements or features in different views or
embodiments shown in the drawings.
[0011] FIG. 1A is an isometric view of a cutting tool assembly according to an

embodiment of the invention;
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[0012] FIG. 1B is an isometric view of a cutting tool assembly according to an
embodiment of the invention;

[0013] FIG. 2A is a cross-sectional view of a shield according to an embodiment
of the invention,

[0014] FIG. 2B is a cross-sectional view of a shicld according to another
embodiment of the invention;

[0015] FIG. 3A is a partial cross-sectional view of a cutting tool assembly

according to an embodiment of the invention;

[0016] FIG. 3B is a partial cross-sectional view of a cutting tool assembly
according to another embodiment of the invention;

[0017] FIG. 3C is a partial isometric view of a cutting tool assembly according to
yet another embodiment of the invention;

[0018] FIG. 3D is a cross-sectional view of a shield according to an embodiment
of the invention,

[0019] FIG. 4A is an isometric view of a cutting tool assembly according to an
embodiment of the invention,

[0020] FIG. 4B is a partial cross-sectional view of a cutting tool assembly
according to another embodiment of the invention;

[0021] FIG. 4C is a partial isometric view of a cutting tool assembly according to
yet another embodiment of the invention;

[0022] FIG. 4D is a partial isometric view of a cutting tool assembly according to
still another embodiment of the invention;

[0023] FIG. 5A is a partial cross-sectional view of a cutting tool assembly
according to another embodiment of the invention;

[0024] FIG. 5B is a partial isometric view of a cutting tool assembly according to

still yet one other embodiment of the invention;

[0025] FIG. 5C is a partial cross-sectional view of the cutting tool assembly of
FIG. 5B,
[0026] FIG. 5D is an isometric view of a shield with an attached cutting element

according to an embodiment of the invention;

[0027] FIG. 5E is a partial cross-sectional view of a shield attached to a support
block according to an embodiment of the invention;

[0028] FIG. 5F is a partial cross-scctional view of a shield attached to a support

block according to another embodiment of the invention;
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[0029] FIG. 6A is a partial isometric view of a cutting tool assembly according to
an embodiment of the invention;
[0030] FIG. 6B is a partial isometric view of a cutting tool assembly according to
another embodiment of the invention;
[0031] FIG. 7 is a partial isometric view of a cutting tool assembly according to
yet another embodiment of the invention;
[0032] FIG. 8A is a front view of a cutting tool assembly according to an
embodiment of the invention;
[0033] FIG. 8B is a side view of the cutting tool assembly of FIG. 8A;
[0034] FIG. 8C is a front view of a cutting tool assembly according to another
embodiment of the invention,
[0035] FIG. 8D is a side view of the cutting tool assembly of FIG. 8C;
[0036] FIG. 8E is an isometric view of a cutting tool assembly according to an
embodiment of the invention,
[0037] FIG. 8F is a front view of the cutting tool assembly of FIG. 8E;
[0038] FIG. 9A is a cross-sectional view of a cutting element according to an
embodiment of the invention,
[0039] FIG. 9B is a cross-scctional view of a cutting element according to
another embodiment of the invention;
[0040] FIG. 10A is an isometric view of a rotary drum assembly according to an
embodiment of the invention; and
[0041] FIG. 10B is a side view of a material-removing machine according to an
embodiment of the invention.

DETAILED DESCRIPTION
[0042] Embodiments of the invention are directed to cutting tool assemblies,
material-removing machines that include cutting tool assemblies, and methods of use and
operation thercof. In some embodiments, the cutting tool assemblies described herein
may be used in material-removing machines that may remove target material, such as a
portion or a layer of a paved road surface. For example, a material-removing machine
may include a rotary drum assembly, and the cutting tool assemblics may be mounted to
or on the rotary drum assembly. Furthermore, as the material-removing machine rotates
the rotary drum assembly, the cutting tool assemblies may engage and cut, grind, or
otherwise fail the target material, which may be subsequently removed (e.g., by the rotary

drum assembly of the material-removing machine).
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[0043] In an embodiment, the cutting tool assemblies may include one or more
superhard working surfaces that may engage the target material. As used herein,
“superhard material” includes materials exhibiting a hardness that is at least equal to the
hardness of tungsten carbide (i.e., a portion of or the entire working surface may have a
hardness that exceeds the hardness of tungsten carbide). In any of the embodiments
disclosed herein, the cutting tool assemblies and the cutting elements may include one or
more superhard materials, such as polycrystalline diamond, polycrystalline cubic boron
nitride, silicon carbide, tungsten carbide, or any combination of the foregoing superhard
materials. For example, a cutting element may include a substrate and a superhard
material bonded to the substrate, as described in further detail below. The superhard
material may form or define the working surface.

[0044] The cutting tool assemblies may include a support block. For example, the
working surface may be formed on or secured to the support block (e.g., the working
surface may be formed on a cutting element that is secured to the support block). In some
embodiments, the cutting tool assemblies may include a shield configured to protect at
least a portion of the support block from wear and/or abrasion that the support block may
otherwise experience during operation. In some embodiments, the shield may include
material that is harder and/or tougher (e.g., more abrasion resistant) than the material
from which the support block is made. Additionally or alternatively, the shield may be
removably attached to the support block. A removable shield may be removed and/or
replaced when suitable (e.g., after a certain amount of wear of the shield), thereby
maintaining appropriate integrity of the shield during operation and providing protection
to the support block.

[0045] In some embodiments, the support block may be shaped, sized, or
otherwise configured in a manner that may reduce wear thereof during operation and/or
may improve flow and/or efficiency of cuttings or failed material relative to the support
block. For example, the support block may be shaped in a manner that reduces drag
and/or engagement thereof with the target material. Furthermore, in alternative or
additional embodiments, the support block may be configured in a manner that reduces
contact of the support block with the failed material (e.g., as the failed material moves
past the support block). As described above, in some embodiments, the failed material
may be channeled away from the target material by the rotary drum assembly of the
material-removing system, as described in further detail below. Moreover, the cutting

tool assemblies may be secured to the rotary drum assembly and may come into contact
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with the failed material, for instance, as the failed material is moved by the rotary drum
assembly. In an embodiment, the support block of the cutting tool assembly may be
shaped and sized in a manner that minimizes or reduces contact of the support block with
the failed material during removal thereof, thereby extending useful life of the support
block and of the cutting tool assembly.

[0046] FIG. 1A illustrates an embodiment of a cutting tool assembly 100. For
example, the cutting tool assembly 100 includes a support block 110 and a cutting
element 120 secured to the support block 110. More specifically, in some embodiments,
the support block 110 may include a working end 111 and a mounting end 112 (i.e., the
working end 111 may be configured to engage and fail the target material). The cutting
element 120 may be mounted or secure to the support block 110 at the working end 111
thereof.

[0047] As described below in further detail, the cutting element 120 may include
a superhard working surface 121. The superhard working surface 121 may be sized and
configured to engage, cut, scrape, or otherwise cause the target material to fail. For
example, the superhard working surface 121 may include a cutting edge that may define
at least a portion of the perimeter of the superhard working surface 121. Particularly, the
cutting edge may facilitate entry or penetration of the cutting element 120 into the target
material and subsequent failing and/or removal thereof.

[0048] In some embodiments, the superhard working surface 121 may include a
chamfered periphery. In other words, a chamfer may extend from at least a portion of the
superhard working surface 121 to a peripheral surface of the cutting element 120. As
such, the chamfer may form two or more cutting edges (e.g., a cutting edge formed at the
interface between the working surface 121 and the chamfer and another cutting edge
formed at the interface between the chamfer and the peripheral surface of the cutting
element 120).

[0049] In some embodiments, the superhard working surface 121 may include
superhard material. As used herein, “superhard material” includes materials exhibiting a
hardness that is at least equal to the hardness of tungsten carbide (i.e., a portion or the
entirc working surface may have a hardness that exceeds the hardness of tungsten
carbide). In any of the embodiments disclosed herein, the cutting assemblies and the
cutting elements may include one or more superhard materials, such as polycrystalline
diamond, polycrystalline cubic boron nitride, silicon carbide, tungsten carbide, or any

combination of the foregoing superhard materials. For example, a cutting element may
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include a substrate and a superhard material bonded to the substrate, as described in
further detail below.

[0050] In some embodiments, the superhard working surface 121 may be formed
or defined by a superhard table that may be attached to a substrate. In an embodiment,
the substrate may be attached to the support block 110 and/or to shield (described below
in further detail). Alternatively, the superhard table may be attached directly to the
support block 110 and/or to the shield. Moreover, in some embodiments, the support
block 110 and/or the shield may form the substrate (e.g., the support block 110 and/or the
shield may include suitable material for bonding the superhard table thereto, such as
tungsten carbide).

[0051] In an embodiment, the superhard table may comprise polycrystalline
diamond and the substrate may comprise cobalt-cemented tungsten carbide. Furthermore,
in any of the embodiments disclosed herein, the polycrystalline diamond table may be
leached to at least partially remove or substantially completely remove a metal-solvent
catalyst (e.g., cobalt, iron, nickel, or alloys thercof) that was used to initially sinter
precursor diamond particles to form the polycrystalline diamond. In another
embodiment, an infiltrant used to re-infiltrate a preformed leached polycrystalline
diamond table may be leached or otherwise have a metallic infiltrant removed to a
selected depth from a working surface. Moreover, in any of the embodiments disclosed
herein, the polycrystalline diamond may be un-leached and include a metal-solvent
catalyst (e.g., cobalt, iron, nickel, or alloys thereof) that was used to initially sinter the
precursor diamond particles that form the polycrystalline diamond and/or an infiltrant
used to re-infiltrate a preformed leached polycrystalline diamond table. Examples of
methods for fabricating the superhard tables and superhard materials and/or structures
from which the superhard tables and elements may be made are disclosed in U.S. Patent
Nos. 7,866,418; 7,998,573; 8,034,136, and 8,236,074; the disclosure of each of the
foregoing patents is incorporated herein, in its entirety, by this reference.

[0052] The diamond particles that may be used to fabricate the superhard table in
a high-pressure/high-temperature process (“HPHT)” may exhibit a larger size and at least
one relatively smaller size. As used herein, the phrases “relatively larger” and “relatively
smaller” refer to particle sizes (by any suitable method) that differ by at least a factor of
two (e.g., 30 pm and 15 um). According to various embodiments, the diamond particles
may include a portion exhibiting a relatively larger size (e.g., 70 um, 60 um, 50 pm, 40
pm, 30 um, 20 pm, 15 pm, 12 pm, 10 pm, 8 um) and another portion exhibiting at least
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one relatively smaller size (e.g., 15 pm, 12 pm, 10 pm , 8 pm, 6 um, 5 pm, 4 pm, 3 pm, 2
um, 1 um, 0.5 um, less than 0.5 um, 0.1 pm, less than 0.1 um). In an embodiment, the
diamond particles may include a portion exhibiting a relatively larger size between about
10 pm and about 40 um and another portion exhibiting a relatively smaller size between
about 1 um and 4 pm. In another embodiment, the diamond particles may include a
portion exhibiting the relatively larger size between about 15 pum and about 50 um and
another portion exhibiting the relatively smaller size between about 5 pm and about 15
pm. In another embodiment, the relatively larger size diamond particles may have a ratio
to the relatively smaller size diamond particles of at least 1.5. In some embodiments, the
diamond particles may comprise three or more different sizes (e.g., one relatively larger
size and two or more relatively smaller sizes), without limitation. The resulting
polycrystalline diamond formed from HPHT sintering the aforementioned diamond
particles may also exhibit the same or similar diamond grain size distributions and/or
sizes as the aforementioned diamond particle distributions and particle sizes.
Additionally, in any of the embodiments disclosed herein, the superhard cutting elements
may be free-standing (e.g., substrateless) and/or formed from a polycrystalline diamond
body that is at least partially or fully leached to remove a metal-solvent catalyst initially
used to sinter the polycrystalline diamond body.

[0053] As noted above, the superhard table may be bonded to the substrate. For
example, the superhard table comprising polycrystalline diamond may be at least partially
leached and bonded to the substrate with an infiltrant exhibiting a selected viscosity, as
described in U.S. Patent Application No. 13/275,372, entitled “Polycrystalline Diamond
Compacts, Related Products, And Methods Of Manufacture,” the entire disclosure of
which is incorporated herein by this reference. In an embodiment, an at least partially
leached polycrystalline diamond table may be fabricated by subjecting a plurality of
diamond particles (e.g., diamond particles having an average particle size between 0.5 um
to about 150 um) to an HPHT sintering process in the presence of a catalyst, such as
cobalt, nickel, iron, or an alloy of any of the preceding metals to facilitate intergrowth
between the diamond particles and form a polycrystalline diamond table comprising
bonded diamond grains defining interstitial regions having the catalyst disposed within at
least a portion of the interstitial regions. The as-sintered polycrystalline diamond table
may be leached by immersion in an acid or subjected to another suitable process to
remove at least a portion of the catalyst from the interstitial regions of the polycrystalline

diamond table, as described above. The at least partially leached polycrystalline diamond
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table includes a plurality of interstitial regions that were previously occupied by a catalyst
and form a network of at least partially interconnected pores. In an embodiment, the
sintered diamond grains of the at least partially leached polycrystalline diamond table
may exhibit an average grain size of about 20 um or less. Subsequent to leaching the
polycrystalline diamond table, the at least partially leached polycrystalline diamond table
may be bonded to a substrate in an HPHT process via an infiltrant with a selected
viscosity. For example, an infiltrant may be selected that exhibits a viscosity that is less
than a viscosity typically exhibited by a cobalt cementing constituent of typical cobalt-
cemented tungsten carbide substrates (e.g., 8% cobalt-cemented tungsten carbide to 13%
cobalt-cemented tungsten carbide).

[0054] Additionally or alternatively, the superhard table may be a polycrystalline
diamond table that has a thermally-stable region, having at least one low-carbon-
solubility material disposed interstitially between bonded diamond grains thereof, as
further described in U.S. Patent Application No. 13/027,954, entitled “Polycrystalline
Diamond Compact Including A Polycrystalline Diamond Table With A Thermally-Stable
Region Having At Least One Low-Carbon-Solubility Material And Applications
Therefor,” the entire disclosure of which is incorporated herein by this reference. The
low-carbon-solubility material may exhibit a melting temperature of about 1300 °C or less
and a bulk modulus at 20 °C of less than about 150 GPa. The low-carbon-solubility, in
combination with the high diamond-to-diamond bond density of the diamond grains, may
enable the low-carbon-solubility material to be extruded between the diamond grains and
out of the polycrystalline diamond table before causing the polycrystalline diamond table
to fail during operations due to interstitial-stress-related fracture.

[0055] In some embodiments, the polycrystalline diamond, which may form the
superhard table, may include bonded-together diamond grains having aluminum carbide
disposed interstitially between the bonded-together diamond grains, as further described
in U.S. Patent Application No. 13/100,388, entitled “Polycrystalline Diamond Compact
Including A Polycrystalline Diamond Table Containing Aluminum Carbide Therein And
Applications Therefor,” the entire disclosure of which is incorporated herein by this
reference.

[0056] In additional or alternative embodiments, the cutting tool assembly 100
may include a shield 130, which may be sized and configured to protect the support block
110 from abrasion, damage, wear, ¢tc., during operation of the cutting tool assembly 100.

In some embodiments, the shield 130 may be secured to the working end 111 of the
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support block 110 below the cutting element 120. For example, the shield 130 may be
fastened, brazed, or otherwise selectively (e.g., removably) secured to the support block
110. Alternatively, the shield 130 may be non-removably secured to the support block
110 and/or may be integrated therewith.

[0057] In some embodiments, the shield 130 may include abrasion and wear
resistant material. More specifically, material of the shield 130 may be more abrasion
and/or wear resistant than the material of the support block 110. In some instances, the
shield 130 may include material that is harder than the material of the support block 110.
For example, the support block 110 may include steel, such as stainless steel or similar
material, which may have hardness of about 15 HRC to 65 HRC, while the shield 130
may have a hardness of cemented tungsten carbide or harder (e.g., tungsten carbide, cubic
boron nitride, diamond, and the like). In another example, the support block 110 may
comprise steel (e.g., annealed or tempered steel) and the shield 130 may comprise harder
steel, such as heat-treated or hardened steel. In one or more embodiments, the support
block 110 may be manufactured from powdered material, such as powdered matrix
materials (e.g., by compressing such materials into a shape desired for the support block
110 and heating the compressed material in a manner that bonds the matrix together), as
described in further detail in U.S. Patent Nos. 8,047,260; 4,484,644; 5,090,491; and
6,089,123. Disclosures of each of the above-referenced patents are incorporated herein in
their entireties by this reference. In an embodiment, the matrix or green body may be
sintered by infiltrating a binder, such as copper, silver, alloys thereof, ctc.

[0058] Furthermore, as noted above, the shield 130 may be removable and/or
replaceable. As such, in some instances, the shield 130 also may be sacrificial. In other
words, any suitable material for the shicld 130 may be sclected based on intended
replacement of the shield 130 (e.g., the material for the shield 130 may be selected based
on cost thereof). Consequently, in some embodiments, the shield 130 may include
materials that have lower hardness and/or abrasion resistance than the material of the
support block 110. Suitable material for the shield 130 may include rubber, plastic, etc.
As the shield 130 wears (e.g., beyond usable state), the shield 130 may be replaced with
another shield 130. Replacement of the shicld 130 may prevent damage or wear of the
support block 110. In any event, the shield 130 may protect the support block 110 from
damage, thereby extending useful life thereof as well as of the cutting tool assembly 100.
[0059] As described above, in some embodiments, the shield 130 may be secured

to the support block 110 at the working end 111 thereof. In one embodiment, the shield
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130 may be brazed to the support block 110. In one embodiment, the shield 130 may be
secured near the cutting element 120 and may protect or shield a portion of the cutting
element 120 that secures the cutting element 120 to the support block 110. Likewise, the
shield 130 may shield at least a portion of the working end 111 of the support block 110
that facilitates attachment of the cutting element 120 to the support block 110. For
example, the support block 110 may include at least a partial pocket or recess that may
secure the cutting element 120. The shield 130 may abut the cutting element 120 and/or
such pocket or recess in the working end 111 of the support block 110 in a manner that
protects attachment of the cutting element 120 to the support block 110.

[0060] It should be appreciated that in some instances, an unprotected recess or
other location securing the cutting element 120 to the support block 110 may be exposed
to abrasion and wear, which may result in loosening, dislodging, or detachment of the
cutting element 120 from the support block 110. Accordingly, protecting at least near the
location of the attachment of the cutting element 120 to the support block 110 may
facilitate continuous attachment thereof during operation of the cutting tool assembly 100,
thereby increasing the useful life of the cutting tool assembly 100.

[0061] Generally, the shield 130 may have any shape, size, and configuration
suitable for protecting the support block 110 and/or the cutting element 120 of the cutting
tool assembly 100, which may vary from one embodiment to the next. In some
embodiments, the shield 130 may have a substantially planar shielding face 131, which
may generally face in the same direction as the superhard working surface 121 of the
cutting element 120. For example, the shield 130 may be configured as a plate that may
be attached to the support block 110. In additional or alternative embodiments, the
shiclding face of the shicld 130 may have any suitable configurations and may be
nonplanar, interrupted, formed from multiple segments, and the like. Moreover, the
shield 130 may protect other faces and/or arcas of the support block 110 (e.g., the shield
may at least partially wrap around the working end 111 of the support block 110).

[0062] In an embodiment, the shielding face 131 of the shield 130 may be
approximately flush or planar with one or more faces of the support block 110 (e.g., the
shiclding face 131 may be flush with a front face 113). Alternatively, however, the
shielding face 131 of the shield 130 may protrude beyond one or more faces of the
support block 110. For example, the shielding face 131 of the shield 130 may protrude
beyond the front face 113 of the support block 110.
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[0063] In some embodiments, the shield 130 may be shaped in a manner that
accommodates close positioning of the shield 130 to the cutting element 120. For
example, as described below in further detail, the cutting element 120 may have an
approximately cylindrical shape. In some embodiments, to accommodate the cylindrical
shape of the cutting element 120, the shield 130 may have a corresponding cutout or
notch formed therein, which may approximate the exterior shape of the cutting element
120. Consequently, at least a portion of the cutting element 120 may be surrounded by or
adjacent to the shield 130, which among other things may protect the connection or
attachment between the cutting element 120 and support block 110.

[0064] In some embodiments, the working end 111 of the support block 110 may
be tapered. For example, the working end 111 of the support block 110 may exhibit a
generally pyramidal shape, a generally frustoconical shape, a generally conical shape, or
any other generally tapered shape, having a wider portion thereof located near and/or
attaching to the mounting end 112 of the support block 110. In an embodiment, the
cutting element 120 may be secured to a narrower portion of the tapered working end
111. The taper of the working end 111 may reduce otherwise undesirable contact of the
support block 110 with the target material, thereby reducing drag and wear of at least a
portion of the support block 110 that moves through the target material.

[0065] In at least one embodiment, the support block 110 also may include a
transition radius 114 that may extend between a tapered portion of the working end 111
and the mounting end 112. The radius 114 may produce a smooth transition between the
peripheral surface of the mounting end 112 and a peripheral surface of the tapered portion
of the working end 111. It should be appreciated, however, that in additional or
alternative embodiments, the support block 110 may include any number of suitable
shapes that may facilitate attachment of the cutting element 120 as well as engagement of
the cutting element 120 with the target material.

[0066] While the cutting tool assembly 100 is described above as including the
cutting element 120 that has an approximately cylindrical shape, it should be appreciated
that the cutting element may have any number of suitable shapes, which may be
configured to engage, fail, and remove the target material, and which may include any
number of cutting edges and/or working surfaces thereon. FIG. 1B, for example,
illustrates a cutting tool assembly 100a that includes a cuboid cutting element 120a
secured to a support block 110a. Except as otherwise described herein, the cutting tool

assembly 100a and its materials, elements, or components may be similar to or the same
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as cutting tool assembly 100 (FIG. 1A) and its respective materials, elements and
components. For example, the cutting tool assembly 100a may include a shield 130a
secured to the support block 110a, which may be similar to or the same as the shield 130
of the cutting tool assembly 100 (FIG. 1A).

[0067] Any of the cutting tool assemblies described herein may include one or
more cutting elements, each of which may have any suitable shape and size. Suitable
shapes for a cutting element include but are not limited to arcuate, oval, and polygonal.
Moreover, the cutting tool assembly may include any number of cutting elements secured
to a support block, and the cutting elements may have any number of suitable
orientations, which in some instances may facilitate indexing of the cutting tool assembly.
In other words, as one or more of the cutting elements of the cutting tool assembly wear
and/or become unusable, the cutting tool assembly may be indexed or reoriented (e.g.,
rotated) in a manner that provides another cutting element for engagement with the target
material.

[0068] As described above, the shield may have any number of suitable shapes
and may connect or attach to the support block in any number of suitable ways. FIG. 2A
illustrates one embodiment of a shield 130’ that has a plate-like configuration. More
specifically, the shicld 130° includes an approximately planar shiclding face 131° that
may be aligned with a face of a support block. Moreover, the shield 130 includes a
mounting post 132°, which may be secured within a recess in a support block. For
example, the support block may include a recess sized and/or shaped to correspond with
the mounting post 132°. Particularly, in an embodiment, the mounting post 132° may be
press-fitted, welded, soldered, brazed, combinations thereof, or otherwise secured within
a recess (e.g., in a manner that secures the shield 1307) to the support block.

[0069] In some embodiments, the shield may be fastened to the support block.
FIG. 2B illustrates one example of a shield 130 that is configured for attachment to the
support block with one or more threaded fasteners. Specifically, the shield 130” may
include a threaded hole 132”, which may accept a threaded shaft such as a screw or bolt
that may secure the shield 130 to the support block. It should be appreciated, however,
that in additional or alternative embodiments, the shield 130” may include a threaded
male member that may pass into or through the support block and may be fastened
thereto. Furthermore, the shield 130” may be used in combination with other methods of
attachment and/or attachment elements or structures, which may secure the shield 130 to

one or more portions of the cutting tool assembly (e.g., to the support block).
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[0070] For example, the support block may include a through hole or opening and
the threaded male member may pass through such opening and may be secured to the
support block with one or more nuts. In some instances, the support block may include a
threaded hole and the threaded male member of the shield may be screwed into the
threaded hole in the support block. In any event, the shield may be fastened to the
support block with any number of suitable fasteners that may allow removal and/or
replacement of the shield, as described above.

[0071] Also, the location and/or orientation of the shield on the support block may
be achieved in any number of suitable ways. Moreover, in addition to or in lieu of
fastening the shield to the support block, the shield may be secured by at least a portion of
the support block. For example, as shown in FIG. 3A, a cutting tool assembly 100b may
have a support block 110b that includes a pocket 115b that may secure shicld 130b
therein. For example, the pocket 115b may orient and/or position the shield 130b relative
to the support block 110b. Except as otherwise described herein, the cutting tool
assembly 100b and its materials, elements, or components may be similar to or the same
as any of the cutting tool assemblies 100, 100a (FIGS. 1A-1B) and their respective
materials, elements and components. For example, the shield 130b may be similar to or
the same as any of the shiclds 130, 130a (FIGS. 1A-1B).

[0072] In some embodiments, the pocket 115b may at least partially secure the
shield 130b to the support block 110b. For example, the pocket 115b may include an
undercutting portion, such as an angled side 116b. In an embodiment, the angled side
116b may form an acute angle with a back side 117b of the pocket 115b. Likewise, the
shicld 130b may have a corresponding tapered or beveled side that may contact the
angled side 116b of the pocket 115b. As such, the angled side 116b may restrain the
shield 130b from lateral movement (e.g., outward, away from the back side 117b).

[0073] In an embodiment, the pocket 115b may be defined by two opposing
angled sides such as the angled side 116b and in angled side 118b. For example, the
angled side 118b may form an obtuse angle relative to the backside 117b of the pocket
115b. Accordingly, the shield 130b may be inserted into the pocket 115b by sliding along
the corresponding angled sides 116b, 118b. Furthermore, in some instances, the angled
side 116b may be approximately parallel to the angled side 118b.

[0074] In an embodiment, the pocket 115b may be a partially open pocket. For
example, the pocket 115b may be defined only by the backside 117b and opposing angled
sides 116b, 118b. In other words, the pocket 115b may have open sides generally
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orthogonal to the opposing angled sides 116b, 118b. Thus, without additional restraint,
the shield 130b may be unrestrained from movement within the pocket 115b along
directions generally parallel to the opposing angled sides 116b, 118b and along the back
side 117b. In alternative or additional embodiments, however, the pocket may be
enclosed by three, four, or any suitable number of sides, which may restrain the shield
130b from movement within the pocket. In some embodiments, the support block may be
formed around the shield, so as to mechanically lock the shield and/or bond the shield to
the support block.

[0075] Also, as mentioned above, the shield 130b may be secured to the cutting
tool assembly 100b with one or more fasteners, such as a threaded fastener 140b. For
example, the support block 110b may include an opening 119b that may allow the
threaded fastener 140b to pass therethrough. Hence, the threaded fastener 140b may pass
into the pocket 115b and may be threaded into the shield 130b, thereby securing the
shield 130b to the support block 110b and/or within the pocket 115b.

[0076] The cutting tool assembly 100b also may include a cutting element 120b
secured to the support block 110b. In at least one embodiment, the cutting element 120b
may have a superhard working surface 121b. For example, the cutting element 120b may
include a superhard table 122b that may be bonded or otherwise secured to a substrate
123b. Similar to the cutting tool assembly 100 (FIG. 1A), the superhard working surface
121b and/or the cutting edge forming the perimeter thereof may engage and fail the target
material. In some instances, the superhard working surface 121b may be substantially
planar. In some embodiments superhard working surface 121b also may include a
chamfer or radius that at least partially extends about or surrounds the superhard working
surface 121b.

[0077] In an embodiment, the superhard working surface 121b may be oriented at
a nonparallel angle relative to a longitudinal centerline 10b. For example, the plane in
which the superhard working surface 121b lies may form an acute angle with the
longitudinal centerline 10b, such as an acute negative angle 160b. Moreover, as
described below in more detail, the cutting tool assembly 100b may attach to a rotary
drum assembly in a manner that the longitudinal centerline 10b is approximately aligned
with the center of rotation of the rotary drum assembly. In alternative embodiment, the
longitudinal centerline 10b may be misaligned with the center of rotation of the rotary
drum assembly. In any event, in an embodiment, the cutting tool assembly 100b may be

secured to the rotary drum assembly in a manner that the superhard working surface 121b
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has a positive rake angle (i.e., measured counterclockwise from longitudinal centerline
10b). It should be appreciated, however, that this disclosure is not so limited. In some
instances, the superhard working surface 121b may have a negative rake angle (i.e.,
measured clockwise from longitudinal centerline 10b).

[0078] As described above, the shield and the corresponding pocket may have any
number of suitable configurations and sizes, which may vary from one embodiment to the
next. FIG. 3B illustrates a cutting tool assembly 100c that includes a pocket 115¢, which
secures a shield 130c¢ to the support block 110c. More specifically, the pocket 115¢ may
include opposing angled sides 116¢, 118c which may form acute angles relative to a
backside 117c. In some examples, the acute angles formed between the angled sides
116¢c, 118c and the backside 117¢ may be approximately the same. Alternatively, the
respective angles formed between the backside 117¢ and the angled sides 116¢, 118¢c may
be different from each other. Except as otherwise described herein, the cutting tool
assembly 100c and its materials, elements, or components may be similar to or the same
as any of the cutting tool assemblies 100, 100a, 100b (FIGS. 1A-1B, 3A) and their
respective materials, elements and components.

[0079] The shield 130c may have corresponding angled or beveled sides that may
at least partially contact one or more of the angled sides 116¢, 118c¢ of the pocket 115¢.
The angled sides 116c, 118c of the pocket 115¢ may cooperate with the corresponding
angled sides of the shield 130¢ and may restrain movement of the shield 130¢ within the
pocket 115¢. In particular, angled sides 116¢, 118c may prevent or limit movement of the
shield 130c out of the pocket 115¢ (e.g., in a direction away from the back side 117c). In
some examples, the pocket 115¢ may have at least one open side that may allow the
shield 130c to slide into the pocket 115¢ (e.g., along the angled sides 116¢, 118¢).

[0080] It may also be desirable to provide a shield that may be quickly and/or
casily removed and replaced. For example, FIG. 3C illustrates a cutting tool assembly
100d that includes a removable shield 130d secured to a support block 110d (e.g.,
removable shield 130d may elastically deform around support block 110d). Except as
otherwise described herein, the cutting tool assembly 100d and its materials, elements, or
components may be similar to or the same as any of the cutting tool assemblies 100, 100a,
100b, 100c (FIGS. 1A-1B, 3A-3B) and their respective materials, elements and
components. For example, the cutting tool assembly 100d may include a cutting element
120d secured to the support block 110d in a manner similar to the cutting element 120 is

secured to the support block 110 (FIG. 1A).
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[0081] In some embodiments, the shield 130d may at least partially wrap around
or cover the support block 110d. For example, the shield 130d may cover two or three
sides of the support block 110d. As such, the shield 130d may protect multiple sides of
the support block 110d, thereby extending the useful life of the cutting tool assembly
100d. Additionally or alternatively, the shield may cover all of the sides of the support
block 110d (e.g., wrapping all four sides of the support block 110d).

[0082] Furthermore, as noted above, the shield 130d may snap or mechanically
lock about the support block 110d. As the shield 130d wears by a certain amount (e.g.,
beyond a useful state), the shield 130d may be removed from the support block 110d and
replaced. While the particular shape and size of the shield 130d may vary from one
embodiment to the next, it should be appreciated that, generally, the shield 130d may fit
snugly about the support block 110d. Hence, the shape and size of the internal portion of
the shield 130d may approximate the shape and size of at least a portion of the peripheral
surface of the support block 110d.

[0083] FIG. 3D illustrates one embodiment of the shield 130d. More specifically,
the shield 130d may have tapered walls that form shielding faces 131d. For example, the
shield 130d may include tapered walls 132d that may form the inner and outer peripheral
surfaces of the shicld 130d. The inner peripheral surface of the shicld 130d may
approximate the outer peripheral surface of the support block that secures the shield 130d.
In an embodiment, the inner peripheral surface may correspond with the angled walls of
the support block. Embodiments also may include inner peripheral surface shaped and
sized to at least partially wrap around support blocks of other various shapes and sizes.
[0084] The shield 130d also may include snap-on features that may secure the
shicld 130d to the support block. For example, the shield 130d may include snap-on
features 133d that may extend from opposing portions of the walls shielding face 131d.
The shield 130d may include flexible and resilient material that may allow the snap-on
features 133d to be deflected away from and retracted toward their original positions.
Consequently, the walls 132d and/or the snap-on features 133d may be moved outward
such that the inside of the shield 130d may accept a corresponding portion of the support
block. After the support block has been inserted into the shicld 130d (or the shield 130d
placed about the support block), the walls 132d and/or the snap-on features 133d may
retract toward their original positions, thereby securing the shield 130d to the support
block.
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[0085] Conversely, embodiments also may include a shield that is permanently
secured or attached to the support block. For example, FIG. 4A illustrates a cutting tool
assembly 100e that includes a shield 130e permanently secured to a support block 110e.
Except as otherwise described herein, the cutting tool assembly 100e and its materials,
elements, or components may be similar to or the same as any of the cutting tool
assemblies 100, 100a, 100b, 100c, 100d (FIGS. 1A-1B, 3A-3C) and their respective
materials, elements and components.

[0086] In an embodiment, the shield 130e may include one or more of hardfacing,
a coating, or plating that may at least partially surround the support block 110e. For
example, the hardfacing may be a suitable wear resistant cobalt alloy (e.g., a cobalt-
chromium alloy). As another example, the hardfacing may be a commercially available
CVD tungsten carbide layer (currently marketed under the trademark HARDIDE®),
which is currently available from Hardide Layers Inc. of Houston, Texas. For example,
the tungsten carbide layer may be formed by physical vapor deposition (“PVD”), variants
of PVD, high-velocity oxygen fuel (“HVOF”) thermal spray processes, welding process,
flame-spraying process, or any other suitable process, without limitation. The shield 130e
may be located on at least a portion of at least one side of a working end 111e of the
support block 110¢. In at least one embodiment, the shield 130e may be located on
portions of all of the sides of the working end 111e. In any event, the shield 130e may
protect the underlying material of the support block 110e against wear and abrasion,
thereby extending useful life thereof.

[0087] It should be appreciated that hardfacing or other coating may be included
on any support block described herein, including support blocks that secure one or more
other shields. FIG. 4B illustrates a cutting tool assembly 100f that includes a support
block 110f with shields 130f, 131f protecting at least a portion of a working end 111f of
the support block 110f. Except as otherwise described herein, the cutting tool assembly
100f and its materials, clements, or components may be similar to or the same as any of
the cutting tool assemblies 100, 100a, 100b, 100c, 100d, 100e (FIGS. 1A-1B, 3A-3C,
4A) and their respective materials, elements and components. For example, the support
block 110f may be similar to or the same as the support block 110b (FIG. 3A).

[0088] Moreover, in at least one embodiment, the hardfacing or coating may
cover the uppermost portion or the top of the support block 110f, thereby forming the
shiclds 130f, 131f. Also, similar to the cutting tool assembly 100b (FIG. 3A) the support
block 110f may include a cutting element 120f secured to the support block 110f. As
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described above, in some examples, the cutting element 120f may include a chamfer 122f
that at least partially circumscribes a superhard working surface 121f.

[0089] Furthermore, the cutting element 120f may be secured in a pocket or
recess 112f. For example, the recess 112f may set the particular location and/or
orientation of the cutting element 120f relative to the support block 110f. Also, in an
embodiment, the shields 130f, 131f may at least partially surround and protect the recess
112f, thereby protecting the attachment of the cutting element 120f with the support block
110f during operation of the cutting tool assembly 100f. Moreover, one or more of the
shields 130f, 131f may extend over or at least partially cover a substrate 123f of the
cutting element 120f. Additionally or alternatively, the cutting tool assembly 100f may
include one or more gaps between respective shields 130f, 131f and the cutting element
120f (e.g., between the respective shields 130f, 131f and the substrate 123f of the cutting
element 120f).

[0090] While in some embodiments the support block may have a pyramid like or
trapezoidal shape, this disclosure is not so limited; the support block may have any
number of suitable shapes. For example, FIG. 4C illustrates a cutting tool assembly 100g
that includes a support block 110g a portion of which has an approximately conical shape.
Except as otherwise described herein, the cutting tool assembly 100g and its materials,
elements, or components may be similar to or the same as any of the cutting tool
assemblies 100, 100a, 100b, 100¢, 100d, 100¢, 100f (FIGS. 1A-1B, 3A-3C, 4A-4B) and
their respective materials, clements and components. In an embodiment, a working end
111g of the support block 110g may have an approximately conical shape. Moreover, the
approximate cone of the working end 111g may include an approximately spherical apex
or tip 112g.

[0091] In some embodiments, the cutting tool assembly 100g may include a shield
130g that may at least partially wrap around the working end 111g. For example, the
shicld 130g may include hardfacing, coating, and the like, which may be bonded or
otherwise secured or integrated with the support block 110g. Moreover, the cutting tool
assembly 100g may include a cutting element 120g secured to the support block 110g. In
particular, in at least one embodiment, the shield 130g may surround a portion of the
working end 111g of the support block 110g (e.g., the shield 130g may completely
surround a portion of the support block 110g adjacent to or surrounding the cutting

element 120g).
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[0092] In additional or alternative embodiments, the shield may include multiple
elements or components secured to or integrated with the support block. FIG. 4D
illustrates a cutting tool assembly 100h that includes multiple shield elements 131h,
which together form a shield 130h. Except as otherwise described herein, the cutting tool
assembly 100h and its materials, elements, or components may be similar to or the same
as any of the cutting tool assemblies 100, 100a, 100b, 100c, 100d, 100e, 100f, 100g
(FIGS. 1A-1B, 3A-3C, 4A-4C) and their respective materials, elements and components.

[0093] The shield elements 131h may be secured to the support block 110h in any
number of suitable ways including, but not limited to, brazing, press fitting, fastening, etc.
Moreover, the shield elements 131h may cover a portion of the support block, thereby
providing protection to such portion from wear and abrasion during operation of the
cutting tool assembly 100h. For example, the shield elements 131h may comprise any of
the superhard elements disclosed herein. In another embodiment, shield elements may
comprise cemented tungsten carbide. For instance, cobalt-cemented tungsten carbide,
which may be domed, flat, or otherwise shaped.

[0094] In some embodiments, the cutting element may be secured to the shield or
integrated therewith. Moreover, in some instances, both the shield and the cutting
clement secured thereto may be removable and/or replaceable, with may extend useful
life of the cutting assembly (i.e., by replacing the shield and the cutting element). For
example, FIG. SA illustrates a cutting tool assembly 100j that includes cutting element
120j secured to a shield 130j. Except as otherwise described herein, the cutting tool
assembly 100j and its materials, elements, or components may be similar to or the same
as any of the cutting tool assemblies 100, 100a, 100b, 100¢, 100d, 100¢, 100f, 100g, 100h
(FIGS. 1A-1B, 3A-3C, 4A-4D) and their respective materials, clements and components.
For example, a support block 110j may be similar to or the same as the support block
110b (FIG. 3A). In an embodiment, the shield 130j may be fastened to a support block
1105 with one or more threaded fastener 140;.

[0095] In some embodiments, the cutting element 120j may be brazed or
otherwise secured to the shield 130j. Consequently, the threaded fastener 140j may
secure both the shield 130j and the cutting clement 120 by fastening the shield 1305 to
the support block 110j. As described above, the shield 130j may include a shielding face
131 that may shield a front face of the cutting tool assembly 100j. Furthermore, in some
instances, the shield 1305 also may form a top portion of the cutting tool assembly 100j.
For example, the support block 110j may be truncated along a surface 111j, and the shield
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130j may extend from the surface 111j upward, to form the top portion as well as the top
of the cutting tool assembly 100;.

[0096] At least one embodiment, the cutting element 120j may include a
superhard working surface 121j that may have an approximately parallel orientation
relative to a longitudinal centerline 10j. As such, orienting the cutting tool assembly 100j
on a rotary drum assembly (see FIGS. 10A and 10B) in a manner that longitudinal
centerline 10j aligns a radius centered on the center or rotation of the rotary drum
assembly may orient the superhard working surface 121j in a manner that the superhard
working surface 121j has no rake angle. As noted above, however, the cutting tool
assembly 100j may have any suitable orientation on the rotary drum assembly, and the
superhard working surface 121j may have a negative or positive rake angle when the
cutting tool assembly 100j is secured to the rotary drum assembly.

[0097] It should be appreciated that the shield and the cutting element
combination may be secured to the support block in any number of suitable ways. For
example, FIGS. 5B and 5C illustrate a cutting tool assembly 100k that includes an
approximately conical shield 130k and cutting element 120k secured to or incorporated
with the shield 130k. Except as otherwise described herein, the cutting tool assembly
100k and its materials, clements, or components may be similar to or the same as any of
the cutting tool assemblies 100, 100a, 100b, 100c, 100d, 100e, 100f, 100g, 100h, 100j
(FIGS. 1A-1B, 3A-3C, 4A-4D, SA) and their respective materials, elements and
components. For example, the shape of the cutting tool assembly 100k may be similar to
or the same as the shape of the cutting tool assembly 100g (FIG. 4C). Moreover, as
described below in further detail, it should be appreciated that the shield may have any
suitable shape and/or size.

[0098] As shown in FIG. 5B, the combined shield 130k and cutting element 120k
may be secured to a support block 110k. For example, the cutting tool assembly 100k
may include a threaded fastener 140k that may fasten the shield 130k to the support block
110k. Moreover, the shield 130k may form a working end of the cutting tool assembly
100k. Furthermore, as shown in FIG. SC, the support block 110k and the shield 130k
may include corresponding locating features that may locate the shield 130k relative to
the support block 110k (e.g., concentrically with each other). For example, the locating
feature of the support block 110k may include a tapered protrusion 150k, which may have
the shape of a truncated cone, and which may be positioned within a corresponding recess

160k in the shield 130k. More specifically, the tapered protrusion 150k and the recess
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160k may have the same, similar, or different taper angles, such as to align the shield
130k relative to the support block 110k.

[0099] It should also be appreciated that the cutting tool assembly 100k may
include any suitable alignment feature, which may locate or orient the shield 130k relative
to the support block 110k. For example, the shicld may include a protrusion, while the
support block may include a corresponding recess. Furthermore, the shield 130k and the
support block 110 may include one or more recesses that may engage or accept one or
more dowels.

[00100] Alignment features may have any suitable shape and/or size. For example,
FIG. 5D illustrates another example of a suitable alignment feature included in a shield
130m. Except as otherwise described herein, the shield 130m and its materials, elements,
or components may be similar to or the same as any of the shields 130, 130a, 130b, 130c,
130d, 130e, 130f, 130g, 130h, 130j, 130k (FIGS. 1A-1B and 3A-5C) and their respective
materials, elements and components. In an embodiment, a cutting element 120m may be
secured to the shield 130m. Furthermore, the shield 130m may include a recess 160m
that may accept a corresponding protrusion of a support block. More specifically, the
recess 160m may accept a pyramid-shaped protrusion, which may align and/or orient the
shicld 130m relative to the support block. It should be appreciated that the multi-sided
shapes of the recess 160m and the corresponding protrusion of the support block may
facilitate axial orientation of the shield 130m relative to the support block about a
longitudinal centerline 10m.

[00101] As noted above, the shield may have any suitable shape and/or size. In
some instances, as shown in FIG. 5D, the shield 130m may have a pyramid-like shape.
Furthermore, in some embodiments, the pyramid-like shield may include radii or fillets or
chamfers extending between adjacent sides thereof. Also, embodiments may include a
shield that has an approximately rectangular or cylindrical shape or other suitable shapes.
[00102] In some embodiments, the alignment feature also may include an
attachment mechanism, which may facilitate attachment of the shield to the support
block. In one example, the shield 130m may include a threaded hole 119m that may
accept and be secured by a threaded fastener. Additionally or alternatively, as shown in
FIG. 5E a shield 130n may include a recess 160n that has a channel 161n that may
facilitate securing the shield 130n to a support block 110n. Except as otherwise described
herein, the shield 130n and its materials, elements, or components may be similar to or

the same as any of the shields 130, 130a, 130b, 130c, 130d, 130e, 130f, 130g, 130h, 130,
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130k, 130m (FIGS. 1A-1B and 3A-5D) and their respective materials, elements and
components. For example, at least a portion of the recess 160n may have tapered walls,
similar to or the same as any of the shields 130k, 130m (FIGS. 5C-5D).

[00103] In an embodiment, the support block 110n may include a protrusion 150n
that may be shaped and sized to correspond with the shape and size of the recess 160n. In
some instances, the recess 160n and the protrusion 150n may include a straight or non-
tapered portion that may facilitate attachment of the shield 130n to the support block
110n. For example, the straight portion of the protrusion 150n may include one or more
features that may enter and/or may be secured within the channel 161n.

[00104] In an embodiment, an expandable or deformable eclement (e.g., a
semispherical, a hemispherical, or a ring-like element) may be positioned within or
engage the channel 161n. For example, an expandable element 170n, such as a split ring,
a snap ring, or circlip may be placed or positioned about the protrusion 150n. The
expandable element 170n may include resilient material and may be compressible about
the protrusion 150n. As such, the expandable clement 170n may be compressed as the
protrusion 150n enters the recess 160n and may at least partially expand toward the
uncompressed state after entering the channel 161n. When positioned within the channel
161n, the expandable clement 170n may secure the shicld 130n to the support block 110n.
[00105] As shown in FIG. 5F, in one or more embodiments, a shield 130p may
include a threaded portion that may be threaded to a corresponding portion of a support
block 110p, thereby securing together the shield 130p and the support block 110p.
Except as otherwise described herein, the shield 130p and its materials, elements, or
components may be similar to or the same as any of the shields 130, 130a, 130b, 130c,
130d, 130e, 130f, 130g, 130h, 1305, 130k, 130m, 130n (FIGS. 1A-1B, 3A-5E) and their
respective materials, elements and components. For example, the shield 130p may
include a recess 160p that may be similar to the recess 160n (FIG. SE).

[00106] In at Icast one embodiment, the recess 160p may include a threaded
portion 161p that may accept a threaded member that may secure the shield 130p to the
support block 110p. For example, the support block 110p may include a protrusion 150p
that may have a corresponding shape and size with the recess 160p. In particular, in an
embodiment, the protrusion 150p may include a threaded portion 151p that may be
threaded into the threaded portion 161p to secure the shield 130p to the support block
110p. It should be appreciated that the corresponding tapered portions of the recess 160p
and protrusion 150p may align the shield 130p relative to the support block 110p.
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[00107] In some instances, a securing mechanism may be included to prevent
unscrewing the shield 130p from the support block 110p during operation. For example,
a compressible or lock washer may be placed between the shield 130p and support block
110p. Additionally or alternatively, a thread-locking substance (e.g., LOCTITE®
THREADLOCKER) may be placed between the threaded portion 161p and the threaded
portion 151p. In any event, the threaded portions 151p, 161p may securely attach the
shield 130p to the support block 110p, such that the shield 130p may remain attached
together during operation of the cutting tool assembly.

[00108] As described above, cutting tool assemblies may include multiple cutting
elements or multi-faced cutting elements, which in some instances may facilitate indexing
the cutting tool assemblies in a manner that extends the useful life thereof. FIG. 6A
illustrates a cutting tool assembly 100q that may include a cutting clement 120q secured
to a support block 110q. Except as otherwise described herein, the cutting tool assembly
100q and its materials, elements, or components may be similar to or the same as any of
the cutting tool assemblies 100, 100a, 100b, 100c, 100d, 100e, 100f, 100g, 100h, 100j,
100k (FIGS. 1A-1B, 3A-3C, and 4A-5C) and their respective materials, elements and
components. For example, the shape of the cutting tool assembly 100q may be similar to
or the same as the shape of the cutting tool assembly 100d (FIG. 3C).

[00109] In an embodiment, the cutting element 120q may be a generally convex-
shaped strip of superhard material that includes superhard working surfaces 121q, 121q’.
More specifically, the superhard working surface 121q may face in a first direction, while
the superhard working surface 121q” may face in a second, different direction. In some
embodiment, the second direction may be opposite to the first direction. In one
embodiment, the cutting tool assembly 100q and the superhard working surface 121q may
be positioned and/or oriented in a manner that facilitates engagement of the superhard
working surface 121q with the target material during operation of the cutting tool
assembly 100q. As the superhard working surface 121q wears beyond a usable or
suitable state, however, the cutting tool assembly 100q or a portion thereof may be
reoriented, repositioned, or indexed in a manner that allows the superhard working
surface 121q° to engage the target material during the operation of the cutting tool
assembly 100q.

[00110] For example, the cutting tool assembly 100q may be rotated 180° (e.g.,
about a center axis thercof) to index the superhard working surface 121q’° into a cutting

position. It should be appreciated that a particular location and orientation of the
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superhard working surface 121q and of the superhard working surface 121q° may vary
from one embodiment to the next. In some instances, the superhard working surfaces
may be positioned at about a 90° angles relative to one another or at any other suitable
angle that may facilitate indexing of the cutting tool assembly 100q to place one or more
of the working services into cutting position. In any event, in some embodiments, during
the operation of the cutting tool assembly, as one or more of the working surfaces and/or
of the cutting elements wears beyond a useful state, the cutting tool assembly may be
rotated or indexed to place another superhard working surface into the cutting position.
[00111] In some embodiments, the cutting tool assembly 100q may include a shield
130q, which may be similar to or the same as any shield described herein. In some
embodiments, the shield 130q may have a shape of a truncated, two-sided pyramid. The
cutting element 120q may be attached to the shield 130q, which may secure the cutting
element 120q to the support block 110q. In one example, the shield 130q also may be
secured to the support block 110q. Alternatively, however, the shield 130q may be
removably and/or replicable secured to the support block 110q. As such, the shield 130q
may be loosened and/or detached from the support block 110q and indexed to place any
of the superhard working surfaces 121q, 121q’ into the cutting position.

[00112] In additional or alternative embodiments, as shown in FIG. 6B, a cutting
tool assembly 100r may include multiple cutting elements, such as cutting element 120r
and cutting element 120r’, each of which may include one or more superhard working
surfaces that may be indexed or selectively positioned into a cutting position. Except as
otherwise described herein, the cutting tool assembly 100r and its materials, elements, or
components may be similar to or the same as any of the cutting tool assemblies 100, 100a,
100b, 100c, 100d, 100e, 100f, 100g, 100h, 100;, 100k, 100q (FIGS. 1A-1B, 3A-3C, 4A-
5C, and 6A) and their respective materials, elements and components. For example, the
cutting tool assembly 100r may have a similar shape and/or size as the cutting tool
assembly 100q (FIG. 6A).

[00113] In some embodiments, the cutting elements 120r, 1201’ may be secured
to a support block 110r. Moreover, the cutting elements 120r, 120r’ may include
corresponding superhard working surfaces 121r, 121r’. In one example, the superhard
working surface 121r may face in opposing directions from the superhard working
surface 121r’. Alternatively, however, the superhard working surface 121r and the
superhard working surface 1211’ may be oriented relative to each other in any suitable

manner that allows indexing or selective positioning thereof, as described above.
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[00114] In an embodiment, the cutting tool assembly 100r may include multiple
shields, such as shields 130r, 130r’. More specifically, the shield 130r may protect the
support block 110r and the cutting element 120r when the cutting tool assembly 100r is
indexed or positioned in a manner that places the cutting element 120r into the working or
cutting position. Similarly, the shield 130r’ may protect the support block 110r and the
cutting element 120r” when the cutting tool assembly 100r is indexed or positioned in a
manner that places the cutting element 120r” into the working or cutting position.

[00115] As mentioned above, the cutting tool assembly may include any suitable
number of cutting elements as well as shield elements. As shown in FIG. 7, a cutting tool
assembly 100t may include multiple cutting elements 120t secured to a support block
110t. Except as otherwise described herein, the cutting tool assembly 100t and its
materials, clements, or components may be similar to or the same as any of the cutting
tool assemblies 100, 100a, 100b, 100c, 100d, 100¢, 100f, 100g, 100h, 100, 100k, 100q,
100r (FIGS. 1A-1B, 3A-3C, 4A-5C, and 6A-6B) and their respective materials, elements
and components. For example, the cutting tool assembly 100t may have a similar shape
and/or size as the cutting tool assembly 100q (FIG. 6A).

[00116] In at least one embodiment, the cutting clements 120t may include
corresponding superhard working surfaces 121t that may face approximately in the same
direction. For example, the superhard working surfaces 121t may be approximately
planar. Moreover, the superhard working surfaces 121t may lie an approximately the
same plane with one another (e.g., in a flat plane).

[00117] The superhard working surfaces 121t may be arranged on the support
block 110t in any number of suitable configurations. In some embodiments, the
superhard working surfaces 121t may be arranged in multiple rows. Furthermore, cach of
the rows may include different number of the superhard working surfaces 121t. In an
embodiment, the superhard working surfaces 121t may be arranged in a manner that
follows at least a portion of the outer contour of a front face 111t of the support block
110t.

[00118] As described above, in an embodiment, the cutting tool assembly 100t may
include multiple shield clements 131t (e.g., any superhard element disclosed herein) that
collectively may form a shield 130t. For instance, one or more shield elements 131t may
be polycrystalline diamond. Additionally or alternatively, one or more shield elements
131t may be cemented tungsten carbide (e.g., cobalt cemented tungsten carbide). The

shield elements 131t also may be arranged in multiple rows and may generally fill one or
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more surfaces of the support block 110t, in a manner that protects such surfaces. For
example, the shield elements 131t may be positioned on a slanted surface 112t of the
support block 110t, thereby protecting the slanted surface 112t.

[00119] As mentioned above, in some embodiments, the cutting tool assembly may
be shaped in a manner that reduces or minimizes wear of the support block during the
operation of the cutting tool assembly. As described below in further detail, the cutting
tool assemblies may be secured to a rotary drum assembly. Moreover, as the rotary drum
assembly moves the cutting tool assemblies through the target material and fails such
target material, the failed material may be passed through the rotary drum assembly and
may abrade the cutting tool assemblies. In some instances, cutting tool assemblies
located on the left side of the rotary drum assembly may be abraded on the right side
thereof and vice versa.

[00120] FIGS. 8A and 8B illustrate a cutting tool assembly 100u that includes a
support block 110u with working end 111u and a mounting end 112u. Except as
otherwise described herein, the cutting tool assembly 100u and its materials, elements, or
components may be similar to or the same as any of the cutting tool assemblies 100, 100a,
100b, 100c¢, 100d, 100e, 1001, 100g, 100h, 1005, 100k, 100q, 100r (FIGS. 1A-1B, 3A-3C,
4A-5C, and 6A-7) and their respective materials, elements and components. As shown in
FIG. 8A, in an embodiment, a cutting element 120u may be secured to the working end
111u of the support block 110u.

[00121] Additionally, the support block 110u may include a carve-out 180u that
may allow the failed target material to pass by the support block 110u without contacting
or with reduced contact with the support block 110u. For example, the cutting tool
assembly 100u may be secured on a left side of the rotary drum assembly and may
include a carve-out 180u on a right side of the support block 110u (as viewed from the
side of a superhard working surface 121u). The carve-out 180u may form the working
end 111u of the support block 110u. Particularly, in an embodiment, the working end
111u may have a smaller width than the mounting end 112u of the support block 110u.
Furthermore, in some embodiments, a side of the working end 111u may be oriented at a
non-orthogonal angle relative to a top face 113u of the mounting end 112u. For example,
the side of working end 111u may form an acute angle Y with an imaginary reference line

119.
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[00122] In some embodiments, the working end 111u may have a length L and
width W. For example, the length L may be greater than the width W by a factor (i.e., L
= factor X W) in one or more of the following ranges: between about 1.2 and 1.5; between
about 1.4 and 2; between about 1.6 and 3; and between about 2.5 and 5. It should be also
appreciated that the factor correlating length L to width W may be less than 1.2 or greater
than 5. Thus, as shown in FIGS. 8A-8F, the working end 111u constitutes an elongated
region of the cutting tool assembly 100u that extends from the mounting end 112u and the
width W of the working end 111u/elongated region is reduced/less relative to a width of
the mounting end 112u.

[00123] In any event, however, the carve-out 180u may allow the failed material to
pass by the support block 110u in a manner that may reduce or minimize contact of the
failed material with the support block 110u. Furthermore, as shown in FIGS. 8A and 8B,
in some embodiments, the cutting tool assembly 100u may include a shield 130u. For
example, the shield 130u may include hardfacing, protective coating, and the like.

[00124] As described above, the wear of the cutting tool assemblies mounted on
the rotary drum assembly may vary from one embodiment to the next. In some instances,
the cutting tool assemblies mounted on the right side of the rotary drum assembly (as
viewed from the front-facing side of the rotary drum assembly) may wear on the left side
of the cutting tool assemblies. FIGS. 8C and 8D illustrates a cutting tool assembly 100w
that may be secured on the right side of the rotary drum assembly. Except as otherwise
described herein, the cutting tool assembly 100w and its materials, elements, or
components may be similar to or the same as any of the cutting tool assemblies 100, 100a,
100b, 100c, 100d, 100e, 100f, 100g, 100h, 100, 100k, 100q, 100r, 100u (FIGS. 1A-1B,
3A-3C, 4A-5C, and 6A-8B) and their respective materials, elements and components.
For example, the cutting tool assembly 100w may be the same as the cutting tool
assembly 100u (FIGS. 8A and 8B), but may be a mirrored image thereof. Particularly,
the cutting tool assembly 100w may include a support block 110w that has a carve-out
180w on a left side therecof. Further, optionally, cutting tool assembly 100w may include
a shield, which may be configured according to any of the embodiments disclosed herein,
or combinations thereof.

[00125] In an embodiment, the support block 110w may have a working end that
has a length L that may be similar to or the same as length L of the support block 110u
(FIGS. 8A-8B). Also, in at least onec embodiment, the working end of the support block
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110w may form an angle v with the remaining portion of the support block 110w. In
some instances, the angle ¥ formed between the working end and the remaining portion of

the support block 110w may be similar to or the same as the angle ¥ formed between the
working end 111u and the remaining portion of the support block 110u (FIGS. 8A-8B).
[00126] In some embodiment, the cutting tool assembly may include multiple
carve-outs. For example, multiple carve-outs in the support block of the cutting tool
assembly may facilitate interchangeability of the cutting tool assembly, such that the
cutting tool assembly may be secured to either the left or the right side of the rotary drum
assembly. FIGS. 8E and 8F illustrate a cutting tool assembly 100x that may have a
support block 110x that includes opposing carve-outs 180x, 180x’. Except as otherwise
described herein, the cutting tool assembly 100x and its materials, clements, or
components may be similar to or the same as any of the cutting tool assemblies 100, 100a,
100b, 100c, 100d, 100e, 100f, 100g, 100h, 100§, 100k, 100q, 100r, 100u, 100w (FIGS.
1A-1B, 3A-3C, 4A-5C, and 6A-8E) and their respective materials, elements and
components. For example, the cutting tool assembly 100x may include a cutting element
120x that may be similar to or the same as the cutting element 120u (FIGS. 8A-8B).
Further, optionally, cutting tool assembly 100x may include a shield, which may be
configured according to any of the embodiments disclosed herein, or combinations
thereof.

[00127] In some embodiments, the carve-outs 180x, 180x’ may form a working
end 111x of the support block 110x that is thinner than a mounting end 112x of the
support block 110x. Particular, the carve-outs 180x, 180x’ may form the working end
111x that extends above the mounting end 112x of the support block 110x (e.g., extends
by a length L, which may be similar to or the same as length L of the working end 111u
of the support block 110u (FIGS. 8A-8B). In some instances, the support block 110x
may include one or more radii 200x that may extend between at least a portion of the
peripheral surface of the working end 111x and the mounting end 112x. In any event,
however, the carve-outs 180x, 180x’ may allow material failed and moved by the rotary
drum assembly to pass by the support block 110x with reduced abrasion (as compared
with a cutting tool assembly having a support block that does not include such carve-
outs).

[00128] In some embodiments, as shown in FIG. 8E, the working end 111x of the
support block 110x may include a seat 210x that may locate the cutting element 120x
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(FIG. 8F) relative to the working end 111x and to the support block 110x. In one
example, the cutting element 120x (FIG. 8F) may have a circular cross-section.
Accordingly, the seat 210x may have at least partially cylindrical or circular shape that
may match the cylindrical peripheral surface of the cutting element 120x (FIG. 8F).
[00129] As mentioned above, in some instances, the cutting element may be
removable and/or replaceable. Moreover, some cutting tool assemblies may include a
fastener that may secure the cutting elements to the support block. For example, the
cutting element 120x (FIG. 8F) may be secured to the support block 110x with a fastener
(not shown) that may pass through an opening 119x and may threadedly engage the
cutting element 120x, thereby securing the cutting element 120x to the support block
110x.

[00130] In some examples, the cutting element 120x (FIG. 8F) may be removed
and/or replaced. For instance, the fastener that may secure the cutting element 120x
(FIG. 8F) to the support block 110x may be unfastened from the cutting element 120x
(FIG. 8F), thereby providing for removal of the cutting clement 120x (FIG. 8F) from the
support block 110x. Furthermore, in at least one embodiment, the cutting element 120x
(FIG. 8F) and the seat 210x may be configured to allow indexing of the cutting element
120x (FIG. 8F).

[00131] For example, the cutting element 120x (FIG. 8F) may be rotated (e.g.,
about a center axis thercof) to expose unused or unworn portions thereof to target
material. It should be appreciated that cutting clements may have any number of suitable
shapes. Hence, for instance, a square, triangular, cylindrical, or polygonal cutting
element may be rotated or indexed in a manner that exposes one or more unworn sides of
the cutting clement to the target material. Additionally or alternatively, the cutting
elements (e.g., the cutting element 120x (FIG. 8F)) may be indexed in a manner that
places an inward facing side thereof (i.e., the side facing the seat 210x) outward, toward
the target material.

[00132] While the cutting tool assemblies described above include cutting elements
having generally planar surfaces, this disclosure is not so limited. More specifically,
working surfaces of the cutting elements may vary from one embodiment to the next and
may depend, among other things, on target material intended to be failed thereby. For
example, FIG. 9A illustrates a cutting element 120y that includes a non-planar superhard
working surface 121y. It should be appreciated that the cutting element 120y may be

included in any of the cutting tool assemblies described herein.
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[00133] At least one embodiment includes the cutting element 120y that has a
convex, conical, or dome-shaped superhard working surface 121y. Moreover, the cutting
element 120y may include semi-spherical or generally rounded superhard working
surface 121y. The superhard working surface 121y may be formed by or on a superhard
table 122y that may be bonded to a substrate 123y. In some instances, at least a portion
of an interface 124y between the superhard table 122y and the substrate 123y may be
non-planar. For instance, at least a portion of the interface 124y may approximate or
follow the shape (or portion of the shape) of the superhard working surface 121y.
Alternatively, the interface between the superhard table and the substrate may be
substantially planar.

[00134] In some embodiments, the substrate may be approximately cylindrical
and/or may have an approximately uniform peripheral surface (e.g., the substrate may
have an approximately uniform or unchanging cross-sectional perimeter). Alternatively,
as shown in FIG. 9B, the substrate may include one or more steps. In particular, FIG. 9B
illustrates a cutting element 120z, which includes a superhard table 122z bonded to the
substrate 123z. More specifically, in an embodiment, the substrate 123z includes an
upper bonding portion 125z and a lower stem portion 126z, which may be attached to or
integrated with the bonding portion 125z.

[00135] In some instances, the bonding portion 125z may have an approximately
the same peripheral size and/or shape as the superhard table 122z. Furthermore, in an
embodiment, the stem portion 126z may have a different peripheral size and/or shape than
the bonding portion 125z (e.g., the stem portion 126z may have a smaller outside
diameter than the bonding portion 125z). It should also be understood that the cutting
clement 120z may be included in any of the cutting tool assemblies described herein.
[00136] FIG. 10A illustrates an embodiment of a rotary drum assembly 300, which
may include any number of cutting tool assemblies, such as cutting tool assemblies 100u,
100w. It should be appreciated, however, that the rotary drum assembly 300 may include
any of the cutting tool assemblies described herein or combinations thereof. In addition,
the rotary drum assembly 300 may include one or more conventional cutting tools (e.g.,
conventional tools that do not include a superhard working surface).

[00137] In an embodiment, the rotary drum assembly 300 includes a drum body
310 that may have an outer surface 320, which may have a substantially cylindrical shape.
It should be appreciated that the shape of the outer surface 320 may vary from one

embodiment to the next. For example, the outer surface 320 may have oval or other non-
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cylindrical shapes. In addition, the drum body 310 may be solid, hollow, or tubular (e.g.,
the drum body 310 may have a cored-out inner cavity or space). In any event, the drum
body 310 may have sufficient strength and rigidity to secure the cutting tool assemblies
100u, 100w and to remove material, as may be suitable for a particular application.
[00138] Similarly, a cutting exterior of the rotary drum assembly 300, which may
be formed or defined by the cutting tool assemblies 100u, 100w, may have an
approximate cylindrical shape. More specifically, superhard working surfaces of the
cutting tool assemblies 100u, 100w, collectively, may form an approximately cylindrical
cutting exterior. It may be appreciated that the particular shape of the cutting exterior
formed by the cutting tool assemblies 100u, 100w may depend on the shape of the
superhard working surfaces and on the orientation of the cutting tool assemblies 100u,
100w relative to the drum body 310, among other things.

[00139] Moreover, the cutting tool assemblies 100u, 100w may have any number
of suitable patterns and/or configurations on the drum body 310, which may vary from
one embodiment to the next. For example, cutting tool assemblies 100u, 100w may form
helical rows about the drum body 310, and such rows may wrap about the circumference
of the drum body 310. Furthermore, helical row(s) formed by the cutting tool assembly
100u may have a different orientation of the helix than the helical row(s) formed by the
cutting tool assembly 100w. In any event, the cutting exterior of the rotary drum
assembly 300 may rotate about the center axis of the drum body 310 to cut, grind, or
otherwise fail the target material by engaging the target material with the cutting tool
assemblies 100u, 100w.

[00140] Additionally, the helical arrangement may facilitate movement of the
failed material between the cutting tool assemblies 100u, 100w and removal thereof from
a worksite. Also, the rotary drum assembly 300 may include one or more paddles 330,
which may be located between the cutting tool assembly 100w and/or cutting tool
assembly 100u, as shown. The paddles 330 may facilitate transferring of the failed
material away from the worksite (e.g, to a conveyor belt in a material-removing
machine).

[00141] FIG. 10B illustrates an embodiment of a material-removal machine 400,
which may incorporate the drum assembly 300. Particularly, as the material-removal
machine 400 moves (e.g., in a direction indicated by an illustrated arrow), the drum

assembly 300 may rotate in a manner that produces material failure and/or removal.
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[00142] In some instances, the rotation of the drum assembly 300 and movement of
the material-removing machine 400 may produce conventional cutting motion, where
cutting tool assemblies engage the target material in the same direction as the direction of
the movement of the material-removal machine 400 (i.e.,, as shown in FIG. 10B).
Alternatively, the rotation of the drum assembly 300 and movement of the material-
removing machine 400 may produce a climb cutting motion, where the cutting tool
assemblies of the drum assembly 300 engage the target material in a direction opposite to
the movement of the material-removing machine 400. Furthermore, in some instances,
the material-removing machine 400 may engage material at a final or finished depth of
cut. Alternatively, the material-removing machine 400 may engage the target material at
an unfinished or partial depth, such as to achieve the finished depth after multiple passes.
In any case, rotation of the drum assembly 300 together with the movement of the
material-removal machine 400 may remove at least a portion of the target material.
[00143] In an embodiment, movement of the material-removal machine 400
together with the rotation of the drum assembly 300 may remove a portion of a pavement
20, thereby producing a cut surface 21. Removed pavement may be subsequently
recycled. Additionally or alternatively, the material-removal machine 400 may remove
material in any number of suitable applications, including above ground and underground
mining.

[00144] While various aspects and embodiments have been disclosed herein, other
aspects and embodiments are contemplated. The various aspects and embodiments
disclosed herein are for purposes of illustration and are not intended to be limiting.
Additionally, the words “including,” “having,” and variants thereof (e.g., “includes” and
“has™) as used herein, including the claims, shall be open ended and have the same
meaning as the word ‘“comprising” and wvariants thereof (e.g., “‘comprise” and

“comprises”).
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CLAIMS
We claim:
I. A cutting tool assembly configured for mounting to a material removing

machine, the cutting tool assembly comprising:

a support block having a mounting end and a working end, the mounting end
being sized and configured to attach to the material removing machine;

a cutting element secured to the working end of the support block, the cutting
element having a working surface that includes a superhard material; and

a shield secured to the working end of the support block, the shield being sized
and configured to protect at least a portion of the working end during operation of the
cutting tool assembly.

2. The cutting tool assembly of claim 1, wherein the shield is positioned at
least proximate to the cutting element.

3. The cutting tool assembly of claim 1, wherein the shield has one or more
of a higher hardness than the support block, a higher crosion resistance than the support
block, or a higher abrasion resistance than the support block.

4. The cutting tool assembly of claim 1, wherein the shield includes one or
more of a rubber, a plastic, a hardened steel, tungsten carbide, cubic boron nitride, or
diamond.

5. The cutting tool assembly of claim 1, wherein the shield includes one or
more of a hardfacing, a coating, or plating applied to at least a portion of the working end
of the support block.

6. The cutting tool assembly of claim 1, wherein the shield is removably
secured to the support block.

7. The cutting tool assembly of claim 6, wherein the shield is bonded, brazed,
threadedly fastened, or mechanically attached to the support block.

8. The cutting tool assembly of claim 1, wherein the shicld has an
approximately conical or an approximately pyramid-like shape.

9. The cutting tool assembly of claim 1, wherein the superhard material
includes polycrystalline diamond.

10. The cutting tool assembly of claim 1, wherein the working surface is
approximately parallel to a longitudinal centerline of the support block.

11. The cutting tool assembly of claim 1, wherein the working face is oriented

at a non-parallel angle relative to a longitudinal centerline of the support block.
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12.  The cutting tool assembly of claim 1, further comprising at least a second
cutting element secured to the support block, the at least a second cutting element having
a working surface that includes a superhard material.
13.  The cutting tool assembly of claim 12, wherein the working surface of the
5  second cutting element has a different orientation than the working surface of the cutting
element, and the cutting tool assembly is configured to be indexed in a manner that
selectively positions the working surface of the cutting element or the working surface of
the second cutting element.
14.  The cutting tool assembly of claim 1, wherein the support block and the
10 shield include corresponding locating features that locate the shield relative to the support
block.
15. A rotary drum assembly, comprising:
a drum body; and
at least one cutting tool assembly mounted to the drum body, the at least one

15  cutting tool assembly configured as any one of the cutting tool assemblies of claims 1-14.
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