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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to machines for use in reducing various
materials, especially those obtained in a structural demolition process so that such materials
can be more conveniently transported from a demolition site. More particularly, this invention is
particularly useful in reducing railroad ties containing or contaminated with metal tie plates and
spikes.

BACKGROUND OF THE INVENTION

[0002] Material reducing machines are well-known for use in connection with the demolition of
a house or other structure. Such machines typically include a conveyor for moving debris such
as wood, siding, roofing materials and even appliances such as water heaters toward a
rotating drum having tools thereon which is contained within a housing having an anvil bar
located in close proximity to the free ends of the rotating drum tools. The tools of the rotating
drum carry material into contact with the anvil bar where it is broken into smaller pieces. Most
commonly, a plurality of screen sections are located adjacent to and downstream of the anvil
bar so that further rotation of the drum causes partially reduced material to be further reduced
by successive impacts of the tools of the rotating drum until it will pass through the apertures in
one or another of the screens.

[0003] US 5052630A describes a rotary chipper/shredder having a horizontally disposed rotary
shaft 40 that is mounted in frame 22. The machine has a top opening 32 for receiving material
to be shredded, and a bottom opening 34 through which shredded material is discharged. Top
opening 32 is at the twelve o'clock position (as shown in Figure 2) and bottom opening 34 is at
the six o'clock position. A plurality of small-diameter circular blades 50 and a plurality of larger
diameter circular blades 52 are mounted on shaft 40 in an alternating small-large-small
arrangement. Each blade is formed of flat steel plate, and each has four teeth that are equally
spaced around the periphery of the blade. Short, rectangular shear bars 58 and long,
rectangular shear bars 60 are located on side 36 of the frame and are arranged in a side-by-
side alternating relationship at the three o'clock position (as shown in Figure 2) so that each
small diameter blade 50 is aligned with a long shear bar 60 and each larger diameter blade 52
is aligned with a short shear bar 58. A second set of short, rectangular shear bars 58' and
long, rectangular shear bars 60' are located on side 38 of the frame at the nine o'clock position
(as shown in Figure 2) so that each small-diameter blade 50 is aligned with a long shear bar
60' and each larger diameter blade 52 is aligned with a short shear bar 58'. Because the shear
bars are rectangular and symmetrical, as shown in Figures 8 and 9, each of them can be
rotated about its X-X', Y-Y' and Z- Z' axes as the shearing edges wear to prolong its useful life.
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[0004] Known material-reducing machines may not be suitable for use in reducing all types of
materials, particularly if there is the possibility that an object which cannot be reduced, such as
a large dense metal component or fragment, or a railroad tie that contains metal tie plates and
spikes, can be introduced into the machine. Some machines include shear pins that will break
when an object that cannot be reduced is introduced, thereby allowing a portion of the machine
housing to pivot or otherwise move so as to enlarge the opening through which the object can
pass. In machines which include a shear pin, operator intervention is required when a pin
shears to get the machine back into operating order.

[0005] In addition, known material-reducing machines may not efficiently reduce fibrous
materials like roofing shingles, because it may require multiple impacts of such materials
against the anvil to provide acceptable reduction. Furthermore, some of the prior art machines
may fail to produce uniformly shaped smaller pieces. Some types of materials tend to break in
elongated shapes in the prior art machines, and these elongated shapes may be difficult to
handle or transport, and may therefore be generally undesirable. When these elongated
shapes are able to pass through the screen sections of the prior art machines along with more
uniformly sized particles, they may contaminate the resulting product with pieces of an
undesirable size. Finally, prior art machines are not readily adaptable to processing different
types of materials.

NOTES ON CONSTRUCTION

[0006] The use of the terms "a", "an", "the" and similar terms in the context of describing the
invention are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The terms "comprising”, "having",
"including" and "containing" are to be construed as open-ended terms (i.e., meaning "including,
but not limited to,") unless otherwise noted. The terms "substantially”, "generally" and other
words of degree are relative modifiers intended to indicate permissible variation from the
characteristic so modified. The use of such terms in describing a physical or functional
characteristic of the invention is not intended to limit such characteristic to the absolute value
which the term modifies, but rather to provide an approximation of the value of such physical or
functional characteristic. All methods described herein can be performed in any suitable order

unless otherwise specified herein or clearly indicated by context.

[0007] The use of any and all examples or exemplary language (e.g., "such as" and
"preferably"”) herein is intended merely to better illuminate the invention and the preferred
embodiments thereof, and not to place a limitation on the scope of the invention. Nothing in the
specification should be construed as indicating any element as essential to the practice of the
invention unless so stated with specificity.

[0008] Various terms are specifically defined herein. These terms are to be given their
broadest possible construction consistent with such definitions, as follows:
The term "material reducing machine" refers to a machine that is adapted to cut, chop, shred,
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break or otherwise reduce material into smaller pieces.

[0009] The terms "upper", "top" and similar terms, when used in reference to a relative position
or direction on or with respect to a material reducing machine, or a component or portion of
such a machine, refer to a relative position or direction that is farther away from the surface on
which the material reducing machine is placed for operation.

[0010] The terms "lower", "bottom" and similar terms, when used in reference to a relative
position or direction on or with respect to a material reducing machine, or a component or
portion of such a machine, refer to a relative position or direction that is nearer the surface on
which the material reducing machine is placed for operation.

[0011] The term "horizontal", when used in reference to a plane that includes the axis of
rotation of the rotor assembly of a material reducing machine, refers to a plane that is
generally parallel to the surface on which the material reducing machine is placed for
operation.

[0012] The term "front end" and similar terms refer to the end of a material reducing machine,
or a component or portion of such a machine, which is nearest the point at which material to be
reduced is introduced into the machine.

[0013] The terms "forward", "in front of', and similar terms, as used herein to describe a
relative position or direction on or in connection with a material reducing machine or a
component of such a machine, refer to a relative position or direction towards the front end of
the machine.

[0014] The terms "back end", "rear end" and similar terms refer to the end of a material
reducing machine, or a component or portion of such a machine, which is farther from the front
end of the machine, component or portion thereof.

[0015] The terms "rearward", "behind", and similar terms, as used herein to describe a relative
position or direction on or in connection with a material reducing machine or a component of
such a machine, refer to a relative position or direction towards the rear end of the machine.

[0016] The term "leading", as used herein in connection with a cutting tool that is mounted on
the rotor assembly of a material reducing machine, or in connection with a shear block or
breaker block that is a part of the breaker assembly of a material reducing machine, refers to
the outer edge of the cutting bit of the cutting tool that approaches the shear block or breaker
block of the adjacent breaker assembly as the rotor assembly rotates, or to the outer edge or
surface of the shear block or breaker block of the breaker assembly that is first encountered by
material carried by the cutting tools that are mounted on the adjacent rotor as the rotor
assembly rotates.

[0017] The term "long", as used herein to describe cutting tools that are mounted along the
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length of the rotor assembly, refers to the cutting tools having a longer outward radial
projection from the axis of rotation than the "short" cutting tools.

[0018] The term "short", as used herein to describe cutting tools that are mounted along the
length of the rotor assembly, refers to the cutting tools having a shorter outward radial
projection from the axis of rotation than the "long" cutting tools.

[0019] The term "downstream", as used herein to describe a relative position on or in
connection with a material reducing machine, refers to a relative position in the direction of the
movement of material to be reduced through the machine.

[0020] The term "upstream"”, as used herein to describe a relative position on or in connection
with a material reducing machine, refers to a relative position in a direction that is opposite to
the direction of the movement of material to be reduced through the machine.

SUMMARY OF THE INVENTION

[0021] The invention comprises a material reducing machine comprising: (a) a frame; (b) a
rotor assembly which is mounted for rotation about an axis of rotation with respect to the
frame, said rotor assembly comprising: (i) a periphery; (ii) a length; (iii) a plurality of short
cutting tools that are arranged in rows which extend across the length of the rotor assembly,
with a plurality of rows being spaced around the periphery of the rotor assembly, wherein each
of the short cutting tools comprises a cutting bit with a leading edge that is spaced outwardly
from the periphery of the rotor assembly by a short cutter distance; (iv) a plurality of long
cutting tools that are arranged in rows which extend across the length of the rotor assembly,
with a plurality of rows being spaced around the periphery of the rotor assembly, wherein each
of the long cutting tools comprises a cutting bit with a leading edge that is spaced outwardly
from the periphery of the rotor assembly by a long cutter distance that is greater than the short
cutter distance of each of the short cutting tools; (c) means for rotating the rotor assembly with
respect to the frame in a rotational direction; (d) a material input device for conveying material
to be reduced towards the rotor assembly, said material input device being arranged so that
the short cutting tools and the long cutting tools on the rotor assembly make initial contact with
material to be reduced in an upward direction; (e) a breaker assembly that is located adjacent
to the rotor assembly, said breaker assembly comprising: (i) a back plate (ii) a plurality of shear
blocks, which are mounted on the backplate and each of which is spaced so as to be aligned
with a short cutting tool; characterized in that the leading surface of each of the shear blocks
comprises any one of: a slide angle of greater than 100°, a slip angle that is within the range of
80°-100°, an anvil angle that is within the range of 50° - 80°, or a catch angle that is within the
range of 40° - 50°, when measured from a horizontal plane that includes the axis of rotation of
the rotor assembly ; and there is provided a plurality of said back plates that can be
interchanged depending on the types of materials being processed .

[0022] In a preferred embodiment of the invention, the breaker assembly includes a plurality of
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breaker blocks. The shear blocks extend towards the rotor assembly a greater distance than
the optional breaker blocks, and the cutting tools on the rotor assembly and the shear blocks
and breaker blocks are arranged so that the long cutting tools are aligned with the breaker
blocks and the short cutting tools are aligned with the shear blocks.

[0023] The shear blocks may therefore be configured differently in order to accommodate
different materials being processed or different operating conditions. In one embodiment, the
shear blocks may have a beveled leading edge, an angled leading edge or a flat leading edge.
The shear blocks may have an outer surface that is interrupted by notches or grooves, or the
outer surface may be smooth. In other embodiments of the invention, each of the shear blocks
has an outer surface that is curved to describe an arc that is generally parallel to the arc
described by the leading edge of the short cutting tool with which it is aligned. The shear blocks
are mounted on the back plate of the breaker assembly, which allows an operator to maintain a
plurality of back plates that can be easily and quickly interchanged, depending on the types of
materials being processed.

[0024] In addition, the breaker blocks of the preferred embodiment may be configured
differently in order to accommodate different materials being processed or different operating
conditions. In some embodiments of the invention, the breaker assembly includes breaker
blocks having an outer surface and a leading edge that forms a right angle or an approximate
right angle with the outer surface. In other embodiments of the invention, the breaker blocks
have a leading surface that gradually increases to a point of maximum outward projection from
the back plate and a trailing surface that gradually decreases from the point of maximum
outward projection.

[0025] In some embodiments of the invention, an anvil is mounted upstream of the breaker
assembly, and in other embodiments, there is no anvil. In some embodiments of the invention,
the anvil is a part of the breaker assembly, and the breaker blocks are attached to the anvil.

[0026] In a preferred embodiment of the invention, a resistance and biasing mechanism is
provided between the frame and the pivot shaft on which the pivot arm and the bypass arm
carrying the breaker assembly are mounted. In this embodiment of the invention, a resistance
and biasing mechanism is also provided between the frame and the bypass arm.

[0027] In order to facilitate an understanding of the invention, the preferred embodiments of
the invention are illustrated in the drawings, and a detailed description thereof follows. It is not
intended, however, that the invention be limited to the particular embodiments described or to
use in connection with the apparatus illustrated herein. Various modifications and alternative
embodiments such as would ordinarily occur to one skilled in the art to which the invention
relates are also contemplated and included within the scope of the invention described and
claimed herein.

ADVANTAGES OF PREFERRED EMBODIMENTS OF THE INVENTION
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[0028] Among the advantages of a preferred embodiment of the invention is that it provides a
material reducing machine that breaks and reduces materials into uniformly sized pieces. Still
another advantage of a preferred embodiment of the invention is that it provides such a
machine which operates with greater efficiency than prior art devices. Still another advantage
of a preferred embodiment of the invention is that it provides such a machine that can process
materials that are incapable of reduction without damaging the machine or stopping its
operation. Yet another advantage of a preferred embodiment of the invention is that it provides
a material reducing machine that may be readily modified, by changing the breaker assembly,
to allow for processing of different types of materials and for operation within a wide range of
speeds. Another advantage of a preferred embodiment of the invention is that it allows the
material reducing machine to operate effectively at slower speeds, reducing fuel consumption,
wear and noise levels. Other advantages and features of this invention will become apparent
from an examination of the drawings and the ensuing description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The presently preferred embodiments of the invention are illustrated in the
accompanying drawing drawings, in which:

Figure 1 is a schematic illustration of a material reducing machine having a breaker assembly
including shear blocks comprising an anvil angle and breaker blocks having an outer surface
and a leading edge that forms a right angle with the outer surface.

Figure 2 is a perspective view of the breaker assembly shown in Figure 1.

Figure 3 is a perspective view of a first alternative embodiment of the breaker assembly of the
material reducing machine illustrated in Figure 1.

Figure 4 is a top view of the embodiment of the breaker assembly of the material reducing
machine illustrated in Figure 3.

Figure 5 is a perspective view of a second alternative embodiment of the breaker assembly of
the material reducing machine illustrated in Figure 1.

Figure 6 is a schematic view of a material reducing machine having a breaker assembly with a
plurality of shear blocks that are configured to form a preferred slide angle, illustrating the
breaker assembly in the closed position.

Figure 7 is a schematic view of a material reducing machine having a breaker assembly with a
plurality of shear blocks that are configured to form a preferred slide angle, illustrating the
breaker assembly in the open position.

Figure 8 is a schematic view of a material reducing machine having a breaker assembly with a
plurality of shear blocks that are configured to form a preferred slip angle, illustrating the
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breaker assembly in the closed position.

Figure 9 is a schematic view of a material reducing machine having a breaker assembly with a
plurality of shear blocks that that are configured to form a preferred slip angle, illustrating the
breaker assembly in the open position.

Figure 10 is a schematic view of a material reducing machine having a breaker assembly with
a plurality of shear blocks that that are configured to form a preferred slip angle, showing the
inner radius of the shear blocks and the radii of the arcs of rotation of the leading edges of the
short and long cutting tools mounted on the rotor assembly.

Figure 11 is a schematic view of a material reducing machine having a breaker assembly with
a plurality of shear blocks that that are configured to form a preferred anvil angle, illustrating
the breaker assembly in the closed position.

Figure 12 is a schematic view of a material reducing machine having a breaker assembly with
a plurality of shear blocks that that are configured to form a preferred anvil angle, illustrating
the breaker assembly in the open position.

Figure 13 is a schematic view of a material reducing machine having a breaker assembly with
a plurality of shear blocks that that are configured to form a preferred catch angle, illustrating
the breaker assembly in the closed position.

Figure 14 is a schematic view of a material reducing machine having a breaker assembly with
a plurality of shear blocks that that are configured to form a preferred catch angle, illustrating
the breaker assembly in the open position.

Figure 15 is a schematic view of a material reducing machine having a breaker assembly with
a plurality of breaker blocks that have a leading surface which gradually increases to a point of
maximum outward projection from the back plate and a trailing surface that gradually
decreases from the point of maximum outward projection, showing the inner radius of the
breaker blocks and the radii of the arcs of rotation of the leading edges of the short and long
cutting tools mounted on the rotor assembly.

Figure 16 is a schematic illustration of a material reducing machine, including a breaker
assembly comprising a plurality of shear blocks, each of which is attached to the back plate,
and each of which comprises an inner surface that is curved to describe an arc that is
generally parallel to the arc described by the cutting bit of the short cutting tool with which it is
aligned, and an anvil to which a plurality of breaker blocks are attached.

Figure 17 is a perspective view of a portion of the material reducing machine shown in Figure
16.

Figure 18A is a front view of the anvil assembly that comprises a portion of the material
reducing machine shown in Figures 16 and 17.

Figure 18B is a side view of the anvil assembly shown in Figure 18A.
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Figure 18C is a perspective view of the anvil assembly shown in Figures 18A and 18B.

Figure 19A is a front view of the back plate and shear blocks that comprise a portion of the
material reducing machine shown in Figures 16 and 17.

Figure 19B is a perspective view of the back plate and shear blocks shown in Figure 19A.

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION

[0030] A first embodiment of the invention is illustrated in Figure 1. As shown therein, material
reducing machine 20 includes a generally horizontal material input device such as input
conveyor 21. Conveyor 21 is adapted to move material to be reduced in the direction indicated
by arrow 22 toward rotor assembly 23. In other embodiments of the invention (not shown in the
drawings), the material input device may comprise a chute, and it may be placed with respect
to the rotor assembly other than a generally horizontal orientation.

[0031] Rotor assembly 23 comprises a plurality of generally circular rotor plates, one of which,
plate 24, is shown in Figure 1. Because of its generally circular rotor plates, rotor assembly has
a generally cylindrical periphery 26. Rotor assembly 23 is adapted to rotate in a clockwise
rotational direction, as shown in Figure 1, about its axis of rotation 28. Rotor assembly 23
comprises a plurality of short cutting tools comprising short tool holders 30 with cutting bits 32
mounted thereon and a plurality of long cutting tools comprising long tool holders 34 with
cutting bits 36 mounted thereon. The cutting tools are arranged in rows that extend across the
length of the rotor assembly (i.e., across the width of the frame of the machine), and rows of
cutting tools are spaced around the periphery of the rotor assembly. Because of the location of
input conveyor 21 with respect to rotor assembly 23 and the direction of rotation of rotor
assembly 23, the cutting tools on rotor assembly 23 will make initial contact with material being
introduced by the input conveyor in an upward (or up-cutting) direction. Consequently, as the
rotor assembly is rotated, the tools will carry material from conveyor 21 upwardly and into
engagement with a breaker assembly that is located adjacent to the rotor assembly. The
leading edges of cutting bits 32 of the short cutting tools mounted on rotor assembly 23 define
an arc that is spaced outwardly from periphery 26 by a short cutter distance. A portion 38 of
this arc is shown in Figure 1. Similarly, the leading edges of cutting bits 36 of the long cutting
tools mounted on rotor assembly 23 define an arc that is spaced outwardly from periphery 26
by a long cutter distance which is greater than the short cutter distance. A portion 40 of this arc
is also shown in Figure 1. As shown in Figure 1, it is preferred that the short cutting tools be
arranged in rows that are parallel to axis of rotation 28, which rows extend all the way across
the length of the rotor assembly. Similarly, it is preferred that the long cutting tools be arranged
in rows that are parallel to the axis of rotation, which rows extend all the way across the length
of the rotor assembly. It is also preferred that alternating rows of short cutting tools and long
cutting tools be spaced equally around the periphery of the rotor assembly, so that each row of
long cutting tools is adjacent a row of short cutting tools.
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[0032] Material reducing machine 20 also includes a breaker assembly that is located adjacent
to the rotor assembly. The breaker assembly includes a curved back plate 42 with a plurality of
shear blocks 44 and breaker blocks 46 arranged across the width of the machine on the side
of back plate 42 adjacent to rotor assembly 23. In some embodiments of the invention, such
as, for example, the embodiment shown in Figures 19A and 19B, the back plate includes a
plurality of apertures through which reduced material may pass. The shear blocks extend from
the back plate towards the rotor assembly a greater distance than the breaker blocks, and the
cutting tools on the rotor assembly and the shear blocks and breaker blocks on the back plate
are arranged so that the long cutting tools are aligned with breaker blocks 46 and the short
cutting tools are aligned with shear blocks 44. Furthermore, it is also preferred that the cutting
tools of the rotor assembly and the shear blocks and breaker blocks of the breaker assembly
are arranged so that at least one short cutting tool 30 passes over a shear block 44 with which
it is aligned, and at least one long cutting tool 34 passes between a pair of adjacent shear
blocks 44 and over the breaker block 46 with which it is aligned. More particularly, as shown in
Figures 1 and 2, it is preferred that the short cutting tools and the long cutting tools are spaced
along the length of the rotor assembly, and the shear blocks and the breaker blocks are
spaced along the back plate in such a manner that all of the short cutting tools pass over the
curved outer surfaces 48 of shear blocks 44, and the long cutting tools pass between adjacent
shear blocks 44 and over the breaker blocks 46. The leading edges 50 of shear blocks 44 are
beveled, as best shown in Figure 2. Back plate 42 is a part of bypass arm 52, which is adapted
to pivot about pivot axis 54 when non-crushable material encounters the breaker assembly.

[0033] Figures 3 and 4 illustrate a second embodiment of the breaker assembly. As shown
therein, the breaker assembly includes curved back plate 42 with a plurality of shear blocks
144 and breaker blocks 46 arranged across the width of the machine on the side of back plate
42 that would be adjacent to rotor assembly 23 if this breaker assembly were substituted for
the one shown in Figures 1 and 2. In that event, shear blocks 144 would extend from back
plate 42 towards the rotor assembly a greater distance than breaker blocks 46, and the cutting
tools on the rotor assembly and the shear blocks and breaker blocks on the back plate would
be arranged so that the long cutting tools would be aligned with breaker blocks 46 and the
short cutting tools would be aligned with shear blocks 144. In this embodiment of the invention,
the short cutting tools would pass over the curved outer surfaces 148 of shear blocks 144, and
the long cutting tools would pass between adjacent shear blocks 144. The leading edges 150
of shear blocks 144 are angled.

[0034] A third embodiment of the breaker assembly is illustrated in Figure 5. As shown therein,
the breaker assembly includes curved back plate 42 with a plurality of shear blocks 244 and
breaker blocks 46 arranged across the width of the machine on the side of back plate 42 that
would be adjacent to rotor assembly 23 if this breaker assembly were substituted for the one
shown in Figures 1 and 2. In that event, shear blocks 244 would extend from back plate 42
towards the rotor a greater distance than breaker blocks 46, and the cutting tools on the rotor
and the shear blocks and breaker blocks on the back plate would be arranged so that the long
cutting tools would be aligned with breaker blocks 46 and the short cutting tools would be
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aligned with shear blocks 244. In this embodiment of the invention, the short cutting tools
would pass over the curved outer surfaces 248 of shear blocks 244, which surfaces include a
plurality of notches 249. The long cutting tools would pass between adjacent shear blocks 244.
As shown in Figure 5, the leading edges 250 of shear blocks 244 are flat.

[0035] Material reducing machine 20 includes compression roller 56 having ribs 58.
Compression roller 56 is mounted on pivot arm 60, which is mounted for rotation on pivot shaft
54. Bypass arm 52 is also mounted for rotation on pivot shaft 54 in front of pivot arm 60 (as
viewed in Figure 1), so that the bypass arm may pivot on pivot shaft 54 independently of pivot
arm 60. Collar 62 is provided on pivot shaft 54 so that a first resistance and biasing
mechanism, such as spring 66, may be mounted between the frame 67 of machine 20 and
collar 62 to provide for limited upward elastic movement of the pivot shaft to minimize the risk
of damage or breakage of pivot shaft 54 caused by forces generated during operation of the
reducing machine. The weight and placement of pivot arm 60 and compression roller 56 cause
the compression roller to urge material on conveyor 22 downwardly and towards rotor 24.

[0036] A second resistance and biasing mechanism, such as spring 68, is mounted between
the frame of the machine and rear end 70 of bypass arm 52 and adapted to urge the breaker
assembly towards rotor assembly 23. Material that is conveyed by input conveyor 22 to rotor
assembly 23 will be carried by the rotor into contact with the breaker assembly, where it may
be broken into smaller pieces by contact between the short cutting tools on rotor assembly 23
and the leading edges 50 and the upper surfaces 48 of shear blocks 44 and/or by the long
cutting tools on the rotor assembly and the leading edges 72 and the outer surfaces 74 of
breaker blocks 46. In the embodiments of the invention illustrated in Figures 1-5, breaker
blocks 46 of the breaker assembly have an outer surface 74 and a leading edge 72 that forms
a right angle or an approximate right angle with the outer surface.

[0037] As the material is carried past the breaker assembly by the cutting tools on rotor
assembly 23, continued rotation of the rotor assembly causes partially reduced material to be
further reduced by successive impacts of the cutting tools of the rotor assembly until it will pass
through the apertures in one or another of screen sections 76, 78 or 80 and fall onto output
conveyor 81 for removal from the machine in the direction indicated by arrow 82. Material that
does not pass through any of the screen sections on a first pass may be carried by the cutting
tools on the rotor assembly into contact with the breaker assembly again.

[0038] The invention allows for operation of the material reducing machine at a wide range of
rotational speeds. More particularly, the rotor assembly of the invention may be rotated about
its axis of rotation at a rate within the range of 50-1000 RPM. The lower end of this range is
outside the range at which conventional machines can be effectively operated. When the back
plate of the invention is provided with apertures through which reduced material may pass
(such as is shown in Figures 19A and 19B), the invention allows for removal of one or more of
screen sections 76, 78 and 80, so that some or all of the reduced material will pass through the
apertures in the back plate and fall onto output conveyor 81. However, when some or all of the
screen sections are removed, it is desirable that a deflector plate 79 be installed along the
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length of rotor assembly 23 to deflect reduced material passing through the apertures in the
back plate, thereby protecting output conveyor 81, especially when the output conveyor
comprises a belt that can be torn or cut by reduced material.

[0039] Included within the scope of the invention are shear blocks that can be formed in
various configurations depending on the nature of the materials being processed by the
material reducing machine, as well as on the operating conditions and parameters of the
machine. Figures 6 and 7 illustrate a portion of material reducing machine 100 having rotor
assembly 123 on which are mounted short cutting tools 130 and long cutting tools 134.
Machine 100 also includes a breaker assembly that is located adjacent to the rotor. The
breaker assembly includes a curved back plate 142 with a plurality of shear blocks 344 and
breaker blocks (not shown) arranged across the width of the machine on the side of back plate
142 adjacent to rotor assembly 123. Shear blocks 344 include a leading surface 372. Each of
the shear blocks extends from the back plate towards the rotor assembly a greater distance
than the breaker blocks, and the cutting tools on the rotor assembly and the shear blocks and
breaker blocks on the back plate are arranged so that the long cutting tools 134 are aligned
with the breaker blocks and the short cutting tools 130 are aligned with shear blocks 344. Back
plate 142 is a part of bypass arm 152, as is anvil 153, and the bypass arm is adapted to rotate
about pivot shaft 154. In the embodiment of the invention illustrated in Figures 6 and 7, the
leading surfaces of the shear blocks comprise a slide angle of greater than 100°, preferably
about 115°, when measured from a horizontal plane that includes the axis 128 of rotation of
rotor assembly 123. Shear blocks of this configuration present minimal resistance to the flow of
materials within the machine, and they may be employed when it is anticipated that oversized
materials are included among easily reducible materials on the input conveyor. When shear
blocks including leading surfaces comprising a slide angle are employed and an object that
cannot be reduced encounters the breaker assembly, the force of the impact of the object on
the breaker assembly, either alone or in combination with the added impact forces imparted to
the object by the tools on rotating rotor assembly 123, will cause bypass arm 152 to pivot on
pivot shaft 154 from the closed position shown in Figure 6 to the open position shown in Figure
7. This will allow the oversized object to fall out of the machine onto the output conveyor. Then,
when the oversized object has cleared the breaker bar assembly, the opening force is
removed, and a spring (similar to spring 68 of machine 20) may apply a biasing force to move
bypass arm 152 from the open position shown in Figure 7 to the closed position shown in
Figure 6.

[0040] Figures 8 and 9 illustrate a portion of material reducing machine 200 having rotor
assembly 223 on which are mounted short cutting tools 230 and long cutting tools 234.
Machine 200 also includes a breaker assembly that is located adjacent to the rotor assembly.
The breaker assembly includes a curved back plate 242 with a plurality of shear blocks 444
and breaker blocks (not shown) arranged across the width of the machine on the side of back
plate 242 adjacent to rotor assembly 223. Each of shear blocks 444 has a leading surface 472
and a trailing surface 476. Shear blocks 444 extend from the back plate towards the rotor a
greater distance than the breaker blocks, and the cutting tools on the rotor and the shear
blocks and breaker blocks on the back plate are arranged so that the long cutting tools 234 are
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aligned with the breaker blocks and the short cutting tools 230 are aligned with shear blocks
444. Back plate 242 is a part of bypass arm 252, which is adapted to rotate about pivot shaft
254. In the embodiment of the invention illustrated in Figures 8 and 9, the leading surfaces 472
of the shear blocks comprise a slip angle that is within the range of 80° - 100°, preferably
about 90°, when measured from a horizontal plane that includes the axis 228 of rotation of
rotor assembly 223. Shear blocks of this configuration present greater resistance to the flow of
materials within the machine than do shear blocks that include leading surfaces that comprise
a slide angle, and they may be employed when it is anticipated that a mixture of non-reducible
objects and reducible materials will be conveyed towards the rotor on the input conveyor.
When shear blocks including leading surfaces that comprise a slip angle are employed and an
object that cannot be reduced encounters the breaker assembly, the force of the impact of the
object on the breaker assembly, either alone or in combination with the added impact forces
imparted to the object by the tools on rotating rotor assembly 223, will cause bypass arm 252
to pivot on pivot shaft 254 from the closed position shown in Figure 8 to the open position
shown in Figure 9. This will allow the non-reducible object to fall out of the machine onto the
output conveyor. Then, when the non-reducible object has cleared the breaker bar assembly,
the opening force is removed, and a spring (similar to spring 68 of machine 20) may apply a
biasing force to move bypass arm 252 from the open position shown in Figure 9 to the closed
position shown in Figure 8.

[0041] Figure 10 illustrates the relationships between the radius Rt of the trailing surface 476

of shear blocks 444, the radius of the arc of rotation of the leading edges of the short cutting
tools Rg and the radius of the arc of rotation of the leading edges of the long cutting tools R

on the rotor assembly. In this embodiment of the invention, Rg is within the range of 0.90Ry -
0.995RT, and R|_is greater than 1.05Rt. Furthermore, Rg is within the range of 0.5R - 0.9R|.

[0042] Figures 11 and 12 illustrate a portion of material reducing machine 300 having rotor
assembly 323 on which are mounted short cutting tools 330 and long cutting tools 334.
Machine 300 also includes a breaker assembly that is located adjacent to the rotor assembly.
The breaker assembly includes a curved back plate 342 with a plurality of shear blocks 544
and breaker blocks (not shown) arranged across the width of the machine on the side of back
plate 342 adjacent to rotor assembly 323. Each of shear blocks 544 has a leading surface 572
and a trailing surface 576. Shear blocks 544 extend from the back plate towards the rotor
assembly a greater distance than the breaker blocks, and the cutting tools on the rotor
assembly and the shear blocks and breaker blocks on the back plate are arranged so that the
long cutting tools 334 are aligned with the breaker blocks and the short cutting tools 330 are
aligned with shear blocks 544. Back plate 342 is a part of bypass arm 352, which is adapted to
rotate about pivot shaft 354. In the embodiment of the invention illustrated in Figures 11 and
12, the leading surface of each of the shear blocks comprises an anvil angle that is within the
range of 50° - 80°, preferably about 65°, when measured from a horizontal plane that includes
the axis 328 of rotation of rotor 324. Shear blocks of this configuration present greater
resistance to the flow of materials within the machine than do shear blocks having leading
surfaces that comprise a slip angle, and they may be employed when it is anticipated that few
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non-reducible objects will be conveyed towards the rotor on the input conveyor. Shear blocks
having leading surfaces that comprise an anvil angle create resistance that is similar to that of
conventional anvils in material reducing machines. When shear blocks having leading surfaces
comprising an anvil angle are employed and an object that cannot be reduced encounters the
breaker assembly, the force of the impact of the object on the breaker assembly, either alone
or in combination with the added impact forces imparted to the object by the tools on rotating
rotor assembly 323, will cause bypass arm 352 to pivot on pivot shaft 354 from the closed
position shown in Figure 11 to the open position shown in Figure 12. This will allow the non-
reducible object to fall out of the machine onto the output conveyor. Then, when the non-
reducible object has cleared the breaker bar assembly, the opening force is removed, and a
spring (similar to spring 68 of machine 20) may apply a biasing force to move bypass arm 352
from the open position shown in Figure 12 to the closed position shown in Figure 11.

[0043] Figures 13 and 14 illustrate a portion of material reducing machine 400 having rotor
assembly 423 on which are mounted short cutting tools 430 and long cutting tools 434.
Machine 400 also includes a breaker assembly that is located adjacent to the rotor assembly.
The breaker assembly includes a curved back plate 442 with a plurality of shear blocks 644
and breaker blocks (not shown) arranged across the width of the machine on the side of back
plate 442 adjacent to rotor assembly 423. Each of shear blocks 644 has a leading surface 672
and a trailing surface 676. Shear blocks 644 extend from the back plate towards the rotor
assembly a greater distance than the breaker blocks, and the cutting tools on the rotor
assembly and the shear blocks and breaker blocks on the back plate are arranged so that the
long cutting tools 434 are aligned with the breaker blocks and the short cutting tools 430 are
aligned with shear blocks 644. Back plate 442 is a part of bypass arm 452, which is adapted to
rotate about pivot shaft 454. In the embodiment of the invention illustrated in Figures 13 and
14, shear blocks 644 have a leading surface 672 that comprises a catch angle that is within the
range of 40° - 50°, preferably about 45°, when measured from a horizontal plane that includes
the axis 428 of rotation of rotor assembly 423. Shear blocks of this configuration present
greater resistance to the flow of materials within the machine than do shear blocks having
leading surfaces that comprise an anvil angle, and they may be employed when it is
anticipated that only small non-reducible objects will be conveyed towards the rotor on the
input conveyor. When shear blocks having leading surfaces comprising a catch angle are
employed and an object that cannot be reduced encounters the breaker assembly, the force of
the impact of the object on the breaker assembly, either alone or in combination with the added
impact forces imparted to the object by the tools on rotating rotor assembly 423, will cause
bypass arm 452 to pivot on pivot shaft 454 from the closed position shown in Figure 13 to the
open position shown in Figure 14. This will allow the non-reducible object to fall out of the
machine onto the output conveyor. Then, when the non-reducible object has cleared the
breaker bar assembly, the opening force is removed, and a spring (similar to spring 68 of
machine 20) may apply a biasing force to move bypass arm 452 from the open position shown
in Figure 14 to the closed position shown in Figure 13.

[0044] Figure 15 illustrates a portion of material reducing machine 500 having rotor assembly
523 on which are mounted short cutting tools and long cutting tools. Machine 500 also includes
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a breaker assembly that is located adjacent to the rotor assembly. The breaker assembly
includes a curved back plate 542 with a plurality of shear blocks (not shown) and breaker
blocks 546 arranged across the width of the machine on the side of back plate 542 adjacent to
rotor assembly 523. The shear blocks extend from the back plate towards the rotor assembly a
greater distance than breaker blocks 546, and the cutting tools on the rotor assembly and the
shear blocks and breaker blocks on the back plate are arranged so that the long cutting tools
are aligned with breaker blocks 546 and the short cutting tools are aligned with the shear
blocks. Back plate 542 is a part of bypass arm 552, which is adapted to rotate about pivot shaft
554. Each of breaker blocks 546 has a leading surface 572 that gradually increases to a point
574 of maximum outward projection from the back plate and a trailing surface 576 that
gradually decreases from the point of maximum outward projection to the back plate. Figure 15
also illustrates the relationships between the radius Rg of the trailing surface 576 of the

breaker blocks, the radius of the arc of rotation of the leading edges of the short cutting tools
Rs and the radius of the arc of rotation of the leading edges of the long cutting tools R|_ on the

rotor. In this embodiment of the invention, Rg is less than 0.90Rg, and R is within the range of
0.9Rg - 0.995Rg.

[0045] Figures 16-19B illustrate a portion of material reducing machine 600 having rotor
assembly 623 on which are mounted short cutting tools 630 and long cutting tools 634. Rotor
assembly 623 comprises a plurality of generally circular rotor plates (shown in Figure 17), one
of which, plate 624, is also shown in Figure 16. Rotor assembly 623 is adapted to rotate in a
clockwise direction, as shown in Figure 16, about its axis of rotation 628. Short cutting tools
630 and long cutting tools 634 are arranged in rows that extend across the length of the rotor
assembly (i.e., across the width of the frame of the machine), and rows of cutting tools are
spaced around the periphery of the rotor assembly so that as the rotor assembly is rotated, the
tools carry material from conveyor into engagement with a breaker assembly that is located
adjacent to the rotor assembly. The leading edges of cutting bits 632 of the short cutting tools
630 mounted on rotor assembly 623 define an arc that is spaced outwardly from the periphery
of rotor assembly 623 by a short cutter distance. Similarly, the leading edges of cutting bits 636
of the long cutting tools 634 mounted on rotor assembly 623 define an arc that is spaced
outwardly from the periphery of the rotor assembly by a long cutter distance which is greater
than the short cutter distance. As shown in Figures 16 and 17, it is preferred that the short
cutting tools be arranged in rows that are parallel to axis of rotation 628, which rows extend all
the way across the length of the rotor assembly. Similarly, it is preferred that the long cutting
tools be arranged in rows that are parallel to the axis of rotation, which rows extend all the way
across the length of the rotor assembly. It is also preferred that alternating rows of short cutting
tools and long cutting tools be spaced around the periphery of the rotor assembly.

[0046] Material reducing machine 600 also includes a breaker assembly that is located
adjacent to the rotor assembly. The breaker assembly includes anvil 645 (also shown in
Figures 18A-18C) and a plurality of breaker blocks 646 arranged across the width of the
machine on the side of anvil 645 adjacent to rotor assembly 623. Each of these breaker blocks
has a leading surface 647 that forms an angle 6 that is within the range of 30° - 75°, preferably
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about 60°, when measured from a horizontal plane that includes the axis of rotation 628 of the
rotor assembly. The breaker assembly of this embodiment of the invention also includes
curved back plate 642 (also shown in Figures 19A and 19B), which is provided with a plurality
of apertures 643 (best shown in Figures 19A and 19B) through which reduced material may
pass. A plurality of shear blocks 644 are arranged across the width of the machine on the side
of back plate 642 adjacent to rotor assembly 623. The shear blocks extend from the back plate
towards the rotor assembly a greater distance than the breaker blocks, and the cutting tools on
the rotor assembly and the shear blocks and breaker blocks on the back plate are arranged so
that the long cutting tools 634 are aligned with breaker blocks 646 and the short cutting tools
630 are aligned with shear blocks 644. Each of shear blocks 644 has a curved outer surface
648 that is parallel to the arc described by the leading edge of the cutting bit 632 of the short
cutting tool 630 with which it is aligned. It is preferred that the cutting tools of rotor assembly
623 and the shear blocks 644 and breaker blocks 646 of the breaker assembly are arranged
so that at least one short cutting tool 630 passes over a shear block 644 with which it is
aligned, and at least one long cutting tool 634 passes between a pair of adjacent shear blocks
644 and over the breaker block 646 with which it is aligned. More particularly, as shown in
Figure 16, the short cutting tools 630 and the long cutting tools 634 are spaced along the
length of the rotor assembly 623, and the shear blocks 644 and the breaker blocks 646 are
spaced along the back plate 642 in such a manner that all of the short cutting tools pass over
the curved outer surfaces 648 of shear blocks 644, and the long cutting tools pass between
adjacent shear blocks 664 and over the breaker blocks 646. The components of the breaker
assembly of this configuration allow the machine to be operated with more "release" action but
with less stress. This permits the rotor assembly to be rotated at a rate within the range of 50-
1000 RPM, which includes rates that are too slow for efficient operation of conventional
machines. Operating the machine at the low end of this range reduces fuel consumption, wear
and noise levels.

[0047] Although this description contains many specifics, these should not be construed as
limiting the scope of the invention as defined in the appended claims but as merely providing
illustrations of the presently preferred embodiments thereof, as well as the best mode
contemplated by the inventors of carrying out the invention.

[0048] The material reducing machine may include:

1. (a) a pivot arm carrying a compression roller;

2. (b) a bypass arm on which the breaker assembly is mounted, which bypass arm carries
a resistance and biasing mechanism that is provided between the frame and a pivot
shaft on which the pivot arm carrying the compression roller and the bypass arm
carrying the breaker assembly are mounted;

3. (c) a resistance and biasing mechanism between the frame and the bypass arm.

[0049] The material reducing machine may be adapted to be operated at a rate of rotation of
the rotor assembly within the range of 50-1000 RPM.
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Patentkrayv

1. Materialereducerende maskine (20), omfattende:
(a) en ramme;

(b) en rotorenhed (23), som er monteret til rotation omkring en rotationsakse
(28) i forhold til rammen, hvor rotorenheden (23) omfatter:

(i) en omkreds (26);

(i) en laengde;

(iii) en flerhed af korte skaereveerktgjer (30,32), der er anbragt i raekker, som
straekker sig pa tveers af laengden af rotorenheden (23), hvor en flerhed af
reekker er anbragt med indbyrdes afstand omkring omkredsen af rotorenhe-
den, hvor ethvert af de korte skeereveerktgjer (30,32) omfatter en skeereklinge
(32) med en forkant, der er anbragt med afstand veek fra omkredsen (26) af
rotorenheden med en kort skeereafstand;

(iv) en flerhed af lange skaereveerktojer (34,36), der er anbragt i reekker, som
straekker sig pa tveers af laengden af rotorenheden (23), hvor en flerhed af
reekker er anbragt med indbyrdes afstand omkring omkredsen (26) af rotoren-
heden, hvor ethvert af de lange skaereveerktojer (34,36) omfatter en skeere-
klinge (36) med en forkant, der er anbragt med afstand vaek fra omkredsen
(26) af rotorenheden med en lang skaereafstand, som er starre end den korte
skeereafstand af ethvert af de korte skaereveerktojer (30,32);

(c) middel til at dreje rotorenheden (23) i forhold til til rammen i en rotationsret-
ning;

(d) en materialeindgivningsindretning (21) til transport af materiale, som skal
reduceres, til rotorenheden (23), hvor materialeindgivningsindretningen (21) er
indrettet saledes, at de korte skaerevaerktojer (30,32) og de lange skeerevaerk-
tajer (34,36) pa rotorenheden (23) skaber indledende kontakt med materiale,
som skal reduceres, i en opadgaende retning;

(e) en knuseenhed, som er anbragt graensende op til rotorenheden (23), hvor
knuseenheden omfatter

(i) en bagplade (42;142;242;342;442:542;642)
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(i) en flerhed af klippeblokke (44;144,244;344,444,544,644), der er monterede
pa bagpladen (42;142;242;342; 442; 542; 642), og hvoraf enhver er anbragt
med afstand for at vaere pa linje med et kort skeereveerktgj (30,32);
kendetegnet ved, at:-

forfladen (372; 472;572,672) af enhver af klippeblokkene omfatter en hvilken
som helst af:

en glidevinkel p4 mere end 100°,

en forskydningsvinkel, som er inden for omradet af 80° - 100°,

en amboltvinkel, som er inden for omradet af 50° - 80°, eller

en fangevinkel, som er inden for omradet af 40° - 50°,

malt fra et horisontalt plan, der indeholder rotationsaksen (28) af rotorenheden
(23); og

der er tilvejebragt en flerhed af bagplader (42;142;242;342;442;542,642), som
kan ombyttes indbyrdes afhaengigt af de typer materialer, som skal behandles.

2. Materialereducerende maskine ifglge krav 1, hvor en flerhed af raekker af
lange skeereveerktgj (34,36) er anbragt med afstand omkring omkredsen (26)
af rotorenheden (23) for at adskilles fra flerheden af raekker af korte skeere-
veerktojer (30,32).

3. Materialereducerende maskine ifelge krav 1 eller 2, hvor:

(a) forkanten af skaereklingen (32) af hvert korte skaereveektgj (30,32) beskri-
ver en bue, nar rotorenheden (23) drejes i forhold til rammen;

(b) enhver af klippeblokkene har en udvendig flade, der er kurvet for at be-
skrive en bue, der er generelt parallel med den bue, som beskrives af forkanten
af skaereklingen (32) af det korte skeereveerktgj (30,32), hvormed den er pa

linje.

4. Materialereducerende maskine ifolge krav 1, 2 eller 3, hvor enhver af klip-
peblokkene (44;144;244) har en forkant (50;150;250) udvalgt fra gruppen be-
staende af affasede forkanter, vinklede forkanter og flade forkanter, og enhver

af klippeblokkene har en udvendig flade (48;148;248), som afbrydes af indhak
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(249) eller riller, eller den udvendige flade er glat.

5. Materialereducerende maskine ifolge et hvilket som helst af de foregaende
krav, hvor radius af den rotationsbue, som beskrives af forkanten af en skae-
reklinge (32) af et kort skaerevaerktoj (30,32) er inden for omréadet af 0,5 - 0,9
af radius af den rotationsbue, der beskrives af forkanten af skaereklingen (36)

af et tilgreensende langt skeereveerktoj (34, 36).

6. Materialereducerende maskine ifolge et hvilket som helst af de foregaende
krav, hvor knuseenheden indeholder en flerhed af knuseblokke (46;546;646),
hvoraf enhver er anbragt med afstand for at veere pa linje med et langt skaere-
veerktoj (34,36).

7. Materialereducerende maskine ifolge krav 6, hvor skaereveaerkigjerne
(30,32,34,36) af rotorenheden (23) 0g klippeblokkene
(44;144,244,344,444,544:644) og knuseblokkene (46;546,646) af knuseenhe-
den er anbragt séledes, at mindst ét kort skaerevaerktgj (30,32) passerer over
den klippeblok, med hvilken den er pa linje, og mindst ét langt skeerevaerkig|
(34,36) passerer mellem et par tilgraensende klippeblokket og over knuseblok-
ken, med hvilken det er pa linje.

8. Materialereducerende maskine ifolge krav 6 eller 7, hvor enhver af knuse-
blokkene (46) har en udvendig flade (74) og en forkant (72), som danner en
ret vinkel med den udvendige flade.
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