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(54) SHREDDER FOR BIOMASS MATERIAL

(67) A shredder (1) for biomass material comprises
a single rotary member or two spaced rotary members
(10, 11) supported in a housing (12) having a cylindrical
wall (20) with a plurality of outward shear members (21,
22) spaced longitudinally and radially of the cylindrical
wall (20) so as to pass a cooperating element (27, 28,
41, 42, 185, 196) in a shearing action. The shear mem-
bers (21, 22) form ends of a support plate extending di-
ametrically through the wall (20) so as to provide struc-
tural support. Typically in the two drum system, a top
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grate member (27, 28) is mounted in the feed throat and
a bottom grate member (41, 42) is provided underneath
the plane of closest approach. Each of these grate mem-
bers provide shearing actions with the shear members
(21, 22) . The housing beneath the at least one rotary
member (10, 11) may include apertures (56) which se-
lectively allow passage of the biomass material to an out-
let of the shredder after shearing actions performed ther-
eon.
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Description

[0001] Thisinvention relates to a shredder for biomass
material which includes at least one rotary drum support-
ed in a housing with a cylindrical wall and a plurality of
outward shear members spaced longitudinally and radi-
ally of the cylindrical wall so as to pass between bars in
a shearing action.

[0002] Thearrangementofthe presentinventionis par-
ticularly but not exclusively useful to provide a shredder
of low speed and low power. The shredder may include
a single drum or a pair of cooperating drums where part
or all of the shearing action occurs between the shear
members and stationary bars supported by the housing.
[0003] A shredder like that disclosed in this specifica-
tion may also be suited for directly feeding a composting
machine. In order to facilitate continuous feeding of the
composting machine while the composter is operating,
the composting machine which comprises a rotary vessel
thus includes an input conveyor supported at a position
coaxial with the rotary vessel and a tubular support mem-
ber which defines one location at which the rotary vessel
is supported in its rotation about its axis. The input con-
veyor is held at a suspended position within the tubular
support member such that the tubular support member
is rotatable about the input conveyor.

BACKGROUND OF THE INVENTION

[0004] Rotary shredders are known in many designs
commonly used for shredding paper which requires little
power. The present arrangement s proposed for use with
biomass material such as tree cuttings, waste wood ma-
terials and similar combustible products which can be
shredded to provide feed for a furnace or can be com-
postable so as to be used in a composting process. Such
shredders are typically high speed with a high power re-
quirement so that the assembly is necessarily of high
cost taking it out of reasonable financial reach of individ-
ual farmers, home owners and small businesses who
want to have a dedicated shredder at their property to
provide fuel.

[0005] Furthermore, shredded biomass material is
suited for composting. Shredders may be arranged in
order to directly feed a composting machine. However,
typical constructions of composters may not be suited
for being continuously and directly fed by a composter in
a manner which allows uninterrupted operation of the
composter.

SUMMARY OF THE INVENTION

[0006] It is one object of the present invention to pro-
vide a shredder for biomass material which can be op-
erated at low power to enable use in an economical con-
struction.

[0007] According to an aspect of the invention there is
provided a shredder for biomass material comprising:
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at least one generally cylindrical rotary member
mounted for rotation about a longitudinal axis;

a housing within which said at least one rotary mem-
ber is mounted and defining a feed opening for re-
ceiving the biomass material;

said at least one rotary member having a cylindrical
wall defining a hollow interior with a plurality of shear
members projecting generally radially outwardly of
the cylindrical wall;

each shear member having a leading surface, a trail-
ing surface and first and second side surfaces;

the shear members being arranged in an array where
the shear members of the array are spaced longitu-
dinally and radially of the cylindrical wall;

the shear members being arranged in the array
thereof such that atleast some of the shear members
of said at least one rotary member pass respective
cooperating components in a shearing action be-
tween one of the side surfaces of said at least one
of the shear members and a surface of said respec-
tive cooperating component.

[0008] One important independent optional feature is
that the shear members are arranged in pairs with each
pair including an elongate structural member extending
through the hollow interior of the rotary member on each
end of which respective one of the pair is mounted.
[0009] Anotherimportantindependentoptional feature
is that the elongate structural members extend diamet-
rically through the rotary member.

[0010] Anotherimportantindependentoptional feature
is that the pair of shear members and the elongate struc-
tural member thereof are formed from an integral plate
with the leading surface of each shear member being
forming at one edge of the plate.

[0011] Anotherimportantindependentoptional feature
is that each of the shear members has a leading surface
which is concave in a direction longitudinally of the lead-
ing surface so as to tend to grasp and pull the biomass
material.

[0012] Anotherimportantindependentoptional feature
is that said at least one rotary member comprises first
and second generally cylindrical rotary members mount-
ed for rotation about parallel axes in opposed directions.
[0013] Typically said atleastone rotary memberis sup-
ported so as to define at a plane of closest approach with
a surface within the housing a space therebetween and
forming a throat on a feed side of the plane, the housing
defining said feed opening arranged such that the bio-
mass material fed into the feed opening enters the throat
to pass through the space.

[0014] Thus, for example, in the arrangement having
the first and second rotary members the plane contains
the axes of the rotary members and the space is defined
between the rotary members.

[0015] In another example, in an arrangement having
a single rotary member the space is defined between the
rotary member and a wall of the housing.
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[0016] Another important independent optional fea-
tures is that there is provided a plurality of bars carried
within the housing in fixed relation thereto at longitudi-
nally spaced positions relative to said axis of said at least
one rotary member such that said bars define the respec-
tive cooperating components acting in the shearing ac-
tion with the shear members of said at least one rotary
member.

[0017] Anotherimportantindependent optional feature
is that at least some of the bars are mounted on an upper
support member located in the throat so as to hold the
biomass material above the plane of closest approach
until the respective shear member grasps and pulls the
material past said at least some of the bars.

[0018] Anotherimportantindependent optional feature
is that the bars which are located on a common side of
the upper support member are spaced each from the
next by a distance greater than a thickness of the shear
members. Thus, the bars on the common side are posi-
tioned with spaces sufficient to allow the material to pass
through.

[0019] Anotherimportantindependent optional feature
is that the bars comprises first bars on one side of the
upper support member and second bars on the other
side of the support member with the first bars being lon-
gitudinally offset from the second bars.

[0020] Anotherimportantindependent optional feature
is that the bars include a front edge facing the leading
edges of the shear members which front edge is inclined
downwardly and outwardly from the support member to-
ward the wall of the first rotary member to better shear
with the front edge of the shear member as it passes.
[0021] Anotherimportantindependent optional feature
is that each of the bars has an endmost edge spaced
from the support member so as to lie immediately adja-
cent the wall of the rotary member.

[0022] Anotherimportantindependent optional feature
is that the bars are located at a height which is substan-
tially aligned with a tangent across the top of the walls of
the rotary members.

[0023] Anotherimportantindependent optional feature
is that the upper support member comprises a longitudi-
nal support beam positioned in the throat parallel to the
axes at a height such that the radially outermost edges
ofthe shear members pass the beam and so that a bottom
edge of the bars is at a height above the plane of closest
approach so as to leave a space underneath the bars in
the throat before the plane.

[0024] Anotherimportantindependent optional feature
is that each shear member on each of the rotary members
is spaced longitudinally to leave a space between each
shear member and the nexton the rotary member at least
equal to the thickness of one of the bars.

[0025] Anotherimportantindependent optional feature
is that at least some of the bars are mounted on a lower
support member located below the plane of closest ap-
proach.

[0026] Anotherimportantindependent optional feature

10

15

20

25

30

35

40

45

50

55

is that the bars mounted on the lower support member
are spaced by a distance substantially equal to a width
of the shear members.

[0027] Thus each shear member cooperates with two
of the bars mounted on the lower support beam which
are immediately on opposite sides of the shear member.
[0028] Anotherimportantindependentoptional feature
is that, in one arrangement wherein said at least one
rotary member comprises the first and second rotary
members, the bars mounted on the lower support mem-
ber comprise first and second bars each mounted so as
to cooperate with the first and the second rotary member,
respectively, the bars on the lower support member hav-
ing a thickness substantially equal to a thickness of the
shear members so that the first and second bars lie side
by side with side surfaces in contact.

[0029] Anotherimportantindependentoptional feature
is that the bars on the lower support member have an
upper edge extending upwardly and outwardly from the
support member toward the respective rotary member.
[0030] Anotherimportantindependentoptional feature
is that the upper edges of the bars on the lower support
member are arranged in side elevation to extend down-
wardly and inwardly in a V-shape to intersect at a central
apex.

[0031] Anotherimportantindependentoptional feature
is that the upper edges of the bars on the lower support
member are arranged to lie approximately in a radial
plane of the axis of the respective rotary member so as
to generate a shearing action with the shear members
of the respective rotary member as they pass the upper
edges.

[0032] Anotherimportantindependentoptional feature
is that at least some of the bars are mounted on the hous-
ing to one side of said at least one rotary member.
[0033] Anotherimportantindependentoptional feature
is that the housing locates a plurality of apertures angu-
larly of said respective cooperating components in a ro-
tational direction of said at least one rotary member so
that in movement in said rotational direction the shear
members first pass the respective cooperating compo-
nents and then over the apertures, the apertures being
sized in a manner so as to selectively allow passage of
the biomass material to a discharge outlet after said
shearing action.

[0034] The apertures are suited for cooperation with a
plurality of the shear members of the respective rotary
member in a shearing action as the shear members pass
over the apertures. That is, the biomass material which
becomes lodged in the apertures that is too large to pass
therethrough is sheared as the respective shear member
passes over those apertures.

[0035] Ifthe biomass materialiis notsized so as to pass
through the apertures the biomass material may be cir-
culated back to the throat by the shear members so as
to pass by the respective cooperating components in a
subsequent shearing action.

[0036] Anotherimportantindependentoptional feature
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is that the apertures are located at spaced positions along
the length of the respective rotary member.

[0037] Anotherimportantindependent optional feature
is thatthere is provided a plurality of elongate protrusions
along an inner surface of the housing that respectively
project towards the respective rotary member.

[0038] Typically the protrusions are oriented parallel
to the axes of the rotary members and disposed at spaced
positions intermediate groupings of the apertures.
[0039] Anotherimportantindependent optional feature
is that the shredder comprising the at least one rotary
member, such as that having the single rotary member
or the first and second rotary members may be used in
combination with a composting machine, which is directly
fed by the shredder, for composting the biomass material.
[0040] As such the shredder is used for reducing the
biomass material from a first size received at an inlet of
the shredder to a smaller second size discharged from
the discharge outlet of the shredder.

[0041] Typically the composting machine is located at
a distance from the shredder within a common process-
ing facility.

[0042] Anotherimportantindependent optional feature
is that the composting machine includes:

arotary vessel arranged for rotation about a horizon-
tal longitudinal axis that has a cylindrical vessel wall
and first and second end walls respectively carrying
firstand second openings, the first and second open-
ings respectively defining an inlet for receiving the
biomass material in the rotary vessel and an outlet
for discharging the biomass material from the rotary
vessel;

a tubular support member extending outwardly from
the first end wall, outside of the rotary vessel, and
along the horizontal longitudinal axis so as to be co-
axial with the cylindrical vessel wall, the tubular sup-
port member being rotatably carried for supporting
the rotary vessel in its rotation about the horizontal
longitudinal axis at a first location which is closer to
the first end wall than to the second wall;

a second support member spaced from the tubular
support member along the horizontal longitudinal ax-
is and toward the second end wall so as to define a
second location closer to the second end wall than
to the first end wall at which the rotary vessel is sup-
ported in its rotation about the horizontal longitudinal
axis;

a plurality of agitating members extending inwardly
from an inner face of the vessel wall which are ori-
ented in a manner so as to encourage movement of
the biomass material which is received in the rotary
vessel towards the outlet thereof;

a driving arrangement arranged for driving rotation
of the rotary vessel about its horizontal longitudinal
axis;

a distance conveyor operatively coupling the shred-
ding machine and the composting machine that is
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arranged to transfer the biomass material from the
outlet of the shredding machine across said distance
to the composting machine, the distance conveyor
including (i) a tubular conveyor housing, (ii) a con-
veying member received in the housing for advanc-
ing the material within the tubular conveyor housing,
and (iii) a drive assembly for driving the conveying
member;

the composting machine further including an injector
assembly at the inlet of the rotary vessel that is ar-
ranged for inputting the biomass material transferred
by the distance conveyor from the shredding ma-
chine into the rotary vessel through the inlet thereof
with the tubular support member being rotatable
about the injector assembly, the injector assembly
including:

an injecting conveyor comprising (i) a tubular
injector housing, (ii) an injector conveying mem-
ber spanning at least a full length of the tubular
injector housing, and (iii) a drive assembly for
driving the injector conveying member;

the injector conveyor being disposed along the
horizontal longitudinal axis of the rotary drum
and received in the tubular support member with
an inner end located at or adjacent the first end
wall and a gap formed circumferentially around
an intermediate portion of the injector housing
and radially between the injector housing and
the tubular support member, the injector con-
veying member being arranged for advancing
the biomass material toward and through the in-
let of the rotary drum in an input direction along
the horizontal longitudinal axis of the rotary
drum.

[0043] According to another aspect of the invention
which is independent of any aspect thereof described
hereinbefore there is provided a shredder for biomass
material comprising:

at least one generally cylindrical rotary member
mounted for rotation about a longitudinal axis;

a housing within which said at least one rotary mem-
ber is mounted and defining a feed opening for re-
ceiving the biomass material;

said at least one rotary member having a cylindrical
wall defining a hollow interior with a plurality of shear
members projecting generally radially outwardly of
the cylindrical wall;

each shear member having a leading surface, a trail-
ing surface and first and second side surfaces;

the shear members being arranged in an array where
the shear members of the array are spaced longitu-
dinally and radially of the cylindrical wall;

the shear members being arranged in the array
thereof such that atleast some of the shear members
of the first rotary member pass respective cooperat-
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ing components in a shearing action between one
of the side surfaces of said at least one of the shear
members and a surface of said respective cooper-
ating component;

wherein the shear members are arranged in pairs
with each pair including an elongate structural mem-
ber extending through the hollow interior of the rotary
member on each end of which respective one of the
pair is mounted.

[0044] One important independent optional feature is
that the elongate structural members extend diametrical-
ly or transversely through the rotary member. The ar-
rangement of elongate structural members defining the
shear members on the ends provides a weight reduction
of the drum thus reducing the mass required for the outer
cylindrical wall.

[0045] Anotherimportantindependent optional feature
is that each of the shear members has a leading surface
which is concave in a direction longitudinally of the lead-
ing surface so as to form a hook portion which tends to
grasp and pull the biomass material though the throat.
[0046] Anotherimportantindependent optional feature
is that the pair of shear members and the elongate struc-
tural member thereof are formed from an integral plate
with the leading surface of each shear member being
forming at one edge of the plate. The plate can then be
relatively narrow in width and thus relatively lightin weight
and is held in its position within and through the rotary
drum by the wall of the drum and thus forming a simple
light weight construction.

[0047] Anotherimportantindependent optional feature
is that the cylindrical wall is imperforate, thatis itis a solid
continuous wall forming a cylindrical drum. However oth-
er types of outer wall can be provided which have holes
or have a structure other than a drum.

[0048] Anotherimportantindependent optional feature
is that the cylindrical wall is open at the ends for light
weight construction as the ends do not cooperate with
the biomass material.

[0049] Anotherimportantindependent optional feature
is that each shear member is spaced both longitudinally
and angularly of its next adjacent shear member. That is
the shear members are not side by side but staggered
to avoid high pulses of power which occur if shear mem-
bers shear at the same time.

[0050] Anotherimportantindependent optional feature
isthatin one arrangement, the atleast one rotary member
comprises first and second rotary members mounted for
rotation about parallel axes in opposed directions, the
first and second members being supported so as to de-
fine, at a plane of closest approach containing the axes
of the rotary members, a space therebetween and form-
ing a throat on a feed side of the plane. The housing
defines the feed opening which is arranged such that the
biomass material fed into the feed opening enters the
throat to pass through the space. The shear members
are preferably arranged in the array such that the shear
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members of the first rotary member do not cooperate in
a shearing action with the shear members of the second
rotary member, that is they are angularly offset.

[0051] Anotherimportantindependentoptional feature
is that there is provided a top grate member in the throat
including a support member in the form of a beam ex-
tending along the throat generally parallel to the axes. A
plurality of first bars extend at right angles to the support
member at spaced positions along the support member
for cooperation in a shearing action with a plurality of the
shear members of the first rotary member and a plurality
of second bars extend atright angles to the support mem-
ber at spaced positions along the support member for
cooperation in a shearing action with a plurality of the
shear members of the second rotary member.

[0052] Anotherimportantindependentoptional feature
is that the first bars are longitudinally offset from the sec-
ond bars so that they can cooperate with the shear mem-
bers of the first and second rotary members which are
also longitudinally offset.

[0053] Anotherimportantindependentoptional feature
is that the first and second bars are spaced each from
the next by a distance greater than a thickness of the
shear members so that they are positioned with spaces
sufficient to allow the material to pass through.

[0054] Anotherimportantindependentoptional feature
is that the bars include a front edge facing the leading
edges of the shear members which front edge is inclined
downwardly and outwardly from the support member to-
ward the wall of the first rotary member to better shear
with the front edge of the shear member as it passes.
[0055] Anotherimportantindependentoptional feature
is that each of the bars has an endmost edge spaced
from the support member so as to lie immediately adja-
cent the wall of the rotary member.

[0056] Anotherimportantindependentoptional feature
is that the bars are located at a height which is substan-
tially aligned with a tangent across the top of the walls of
the rotary members.

[0057] Anotherimportantindependentoptional feature
is that the support member comprises a longitudinal sup-
port beam positioned in the throat parallel to the axes at
a height such that the radially outermost edges of the
shear members pass the beam and so thata bottom edge
of the bars is at a height above the plane of closest ap-
proach so as to leave a space underneath the bars in the
throat before the plane.

[0058] Anotherimportantindependentoptional feature
is that each shear member on each of the rotary members
is spaced longitudinally to leave a space between each
shear member and the next on the rotary member at least
equal to the thickness of one of the bars.

[0059] Anotherimportantindependentoptional feature
is that there is also provided a bottom grate member un-
derneath the plane of closest approach including a sup-
port member extending parallel to the axes between the
first and second rotary members, a plurality of bars ex-
tending at right angles to the support member at spaced
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positions along the first support member for cooperation
in a shearing action with a plurality of the shear members
of the first rotary member and a plurality of second bars
extending at right angles to the support member at
spaced positions along the support member for cooper-
ation in a shearing action with a plurality of the shear
members of the second rotary member.

[0060] Anotherimportantindependent optional feature
is that the first and second bars of the bottom grate mem-
ber are spaced by a distance substantially equal to a
width of the shear members so that each shear member
cooperates with two of the bars which are immediately
on opposite sides of the shear member.

[0061] Anotherimportantindependent optional feature
is that the first and second bars of the bottom grate mem-
ber have a thickness substantially equal to a thickness
of the shear members so that the first and second bars
lie side by side with side surfaces in contact.

[0062] Anotherimportantindependent optional feature
is that the first and second bars of the bottom grate mem-
ber have an upper edge extending upwardly and out-
wardly from the support member toward the respective
rotary member.

[0063] Anotherimportantindependent optional feature
is that the upper edges of the first and second bars of
the bottom grate member are arranged in side elevation
to extend downwardly and inwardly in a V-shape to in-
tersect at a central apex.

[0064] Anotherimportantindependent optional feature
is that the upper edges of the first and second bars of
the bottom grate member are arranged to lie approxi-
mately in aradial plane of the axis of the respective rotary
member so as to generate a shearing action with the
shear members of the respective rotary member as they
pass the upper edges.

[0065] Anotherimportantindependent optional feature
is that the housing locates a plurality of apertures below
the rotary members and outwardly of the support member
of the bottom grate that are sized in a manner so as to
selectively allow passage of the biomass material to a
discharge outlet of the shredder.

[0066] Anotherimportantindependent optional feature
is that the apertures are located at spaced positions along
lengths of the respective rotary member for cooperation
with a plurality of the shear members of the respective
rotary member in ashearing action as the shearmembers
pass over the apertures.

[0067] Anotherimportantindependent optional feature
is thatthere is provided a plurality of elongate protrusions
along an inner surface of the housing that respectively
project towards one of the rotary members. Typically the
protrusions are oriented parallel to the axes of the rotary
members and disposed at spaced positions intermediate
groupings of the apertures.

[0068] Anotherimportantindependent optional feature
is that the rotary members rotate at less than 10 rpm.
[0069] Anotherimportantindependent optional feature
is that the rotary members rotate at rate so as to require
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less than 10 HP to drive rotation.

[0070] According to another aspect of the invention
which is independent of any aspect thereof described
hereinbefore there is provided a shredder for biomass
material comprising:

at least one generally cylindrical rotary member
mounted for rotation about a longitudinal axis;

a housing within which said at least one rotary mem-
ber is mounted and defining a feed opening for re-
ceiving the biomass material;

said at least one rotary member having a cylindrical
wall defining a hollow interior with a plurality of shear
members projecting generally radially outwardly of
the cylindrical wall;

each shear member having a leading surface, a trail-
ing surface and first and second side surfaces;

the shear members being arranged in an array where
the shear members of the array are spaced longitu-
dinally and radially of the cylindrical wall;

the shear members being arranged in the array
thereof such that atleast some of the shear members
of the first rotary member pass respective cooperat-
ing components in a shearing action between one
of the side surfaces of said at least one of the shear
members and a surface of said respective cooper-
ating component;

wherein the housing locates a plurality of apertures
angularly of said respective cooperating compo-
nents in a rotational direction of said at least one
rotary member so thatin movementin said rotational
direction the shear membersfirst pass the respective
cooperating components and then over the aper-
tures, the apertures being sized in a manner so as
to selectively allow passage of the biomass material
to a discharge outlet after said shearing action.

[0071] According to another aspect of the invention
which is independent of any aspect thereof described
hereinbefore there is provided a shredder for biomass
material comprising:

firstand second generally cylindrical rotary members
mounted for rotation about parallel axes in opposed
directions;

the members being supported so as to define at a
plane of closest approach containing the axes of the
rotary members a space therebetween and forming
a throat on a feed side of the plane;

a housing within which the rotary members are
mounted and defining a feed opening for receiving
the biomass material arranged such that the biomass
material fed into the feed opening enters the throat
to pass through the space;

each of the rotary members having a cylindrical wall
defining a hollow interior with a plurality of shear
members projecting generally radially outwardly of
the cylindrical wall;
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each shear member having a leading surface, a trail-
ing surface and first and second side surfaces;

the shearmembers being arrangedin an array where
the shear members of the array are spaced longitu-
dinally and radially of the cylindrical wall;

wherein there is provided a top grate member in the
throat including a support member extending along
the throat generally parallel to the axes, a plurality
of first bars extending at right angles to the support
member at spaced positions along the support mem-
ber for cooperation in a shearing action with a plu-
rality of the shear members of the first rotary member
and a plurality of second bars extending at right an-
gles to the support member at spaced positions
along the support member for cooperation in a shear-
ing action with a plurality of the shear members of
the second rotary member.

[0072] One important independent optional feature is
that the first bars are longitudinally offset from the second
bars.

[0073] Anotherimportantindependent optional feature
is that the first and second bars are spaced each from
the next by a distance greater than a thickness of the
shear members.

[0074] Anotherimportantindependent optional feature
is that the bars of the first plurality include a front edge
facing the leading edges of the shear members which is
inclined downwardly and outwardly from the support
member toward the wall of the first rotary member and
the bars of the second plurality include afrontedge facing
the leading edges of the shear members which is inclined
downwardly and outwardly from the support member to-
ward the wall of the second rotary member.

[0075] Anotherimportantindependent optional feature
is that each of the bars has an endmost edge spaced
from the support member so as to lie immediately adja-
cent the wall of the rotary member.

[0076] Anotherimportantindependent optional feature
is that the bars are located at a height which is substan-
tially aligned with a tangent across the top of the walls of
the rotary members.

[0077] Anotherimportantindependent optional feature
is that the support member comprises a longitudinal sup-
port beam positioned in the throat parallel to the axes at
a height such that the radially outermost edges of the
shear members pass the beam.

[0078] Anotherimportantindependent optional feature
is that a bottom edge of the bars is at a height above the
plane of closest approach so as to leave a space under-
neath the bars in the throat before the plane.

[0079] Anotherimportantindependent optional feature
is that each shear member on each of the rotary members
is spaced longitudinally to leave a space between each
shear member and the nexton the rotary member at least
equal to the thickness of one of the bars.

[0080] According to another aspect of the invention
which is independent of any aspect thereof described
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hereinbefore there is provided a shredder for biomass
material comprising:

firstand second generally cylindrical rotary members
mounted for rotation about parallel axes in opposed
directions;

the members being supported so as to define at a
plane of closest approach containing the axes of the
rotary members a space therebetween and forming
a throat on a feed side of the plane;

a housing within which the rotary members are
mounted and defining a feed opening for receiving
the biomass material arranged such that the biomass
material fed into the feed opening enters the throat
to pass through the space;

each of the rotary members having a cylindrical wall
defining a hollow interior with a plurality of shear
members projecting generally radially outwardly of
the cylindrical wall;

each shear member having a leading surface, a trail-
ing surface and first and second side surfaces;

the shear members being arranged in an array where
the shear members of the array are spaced longitu-
dinally and radially of the cylindrical wall;

wherein there is provided a bottom grate member
underneath the plane of closest approach including
a support member extending parallel to the axes be-
tween the first and second rotary members, a plu-
rality of bars extending at right angles to the support
member at spaced positions along the first support
member for cooperation in a shearing action with a
plurality of the shear members of the firstrotary mem-
ber and a plurality of second bars extending at right
angles to the support member at spaced positions
along the support member for cooperationin a shear-
ing action with a plurality of the shear members of
the second rotary member.

[0081] One important independent optional feature is
thatthe first and second bars of the bottom grate member
are spaced by a distance substantially equal to a width
of the shear members so that each shear member coop-
erates with two of the bars which are immediately on
opposite sides of the shear member.

[0082] Anotherimportantindependentoptional feature
is that the first and second bars of the bottom grate mem-
ber have a thickness substantially equal to a thickness
of the shear members so that the first and second bars
lie side by side with side surfaces in contact.

[0083] Anotherimportantindependentoptional feature
is that the first and second bars of the bottom grate mem-
ber have an upper edge extending upwardly and out-
wardly from the support member toward the respective
rotary member.

[0084] Anotherimportantindependentoptional feature
is that the upper edges of the first and second bars of
the bottom grate member are arranged in side elevation
to extend downwardly and inwardly in a V-shape to in-
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tersect at a central apex.

[0085] Anotherimportantindependent optional feature
is that the upper edges of the first and second bars of
the bottom grate member are arranged to lie approxi-
mately in aradial plane of the axis of the respective rotary
member so as to generate a shearing action with the
shear members of the respective rotary member as they
pass the upper edges.

[0086] Anotherimportantindependent optional feature
is that the housing locates a plurality of apertures below
the rotary members and outwardly of the support member
of the bottom grate that are sized in a manner so as to
selectively allow passage of the biomass material to a
discharge outlet of the shredder.

[0087] Anotherimportantindependent optional feature
is that the apertures are located at spaced positions along
lengths of the drums for cooperation with a plurality of
the shear members of the respective rotary member in
a shearing action as the shear members pass over the
apertures.

[0088] Anotherimportantindependent optional feature
is thatthere is provided a plurality of elongate protrusions
along an inner surface of the housing that respectively
project towards one of the rotary members. The protru-
sions are oriented parallel to the axes of the rotary mem-
bers and disposed at spaced positions intermediate
groupings of the apertures.

[0089] According to a further aspect of the invention
which is independent of any aspect thereof described
hereinbefore there is provided a shredder for biomass
material comprising:

at least one generally cylindrical rotary members
mounted for rotation about a longitudinal axis;

a housing within which said at least one rotary mem-
ber is mounted and defining a feed opening for re-
ceiving the biomass material;

a plurality of parallel bars carried on the housing at
longitudinally spaced positions along said axis;
said at least one rotary member having a cylindrical
wall defining a hollow interior with a plurality of shear
members projecting generally radially outwardly of
the cylindrical wall;

each shear member having a leading surface, a trail-
ing surface and first and second side surfaces;

the shearmembers being arrangedin an array where
the shear members of the array are spaced longitu-
dinally and radially of the cylindrical wall;

the shear members being arranged in the array
thereof such that atleast some of the shear members
of the first rotary member pass respective ones of
said bars in a shearing action between one of the
side surfaces of said at least one of the shear mem-
bers and a surface of said respective bar.

[0090] One important independent optional feature is
that there is a single rotary member in the housing and
the bars are arranged on the housing at one side of the
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rotary member such that rotation of the rotary member
acts to carry the biomass material against the bars in the
shearing action.

[0091] Anotherimportantindependentoptional feature
is that each of the shear members has a leading surface
which is concave in a direction longitudinally of the lead-
ing surface so as to tend to grasp and pull the biomass
material.

[0092] Anotherimportantindependentoptional feature
is that the shredder comprising the at least one rotary
member, such as that having the single rotary member
or the first and second rotary members may be used in
combination with a composting machine, which is directly
fed by the shredder, for composting the biomass material.
[0093] According to yet another aspect of the invention
which is independent of any aspect thereof described
hereinbefore there is provided a composting system for
biomass material comprising:

a shredding machine for reducing the biomass ma-
terial from afirst size received atan inlet of the shred-
der to a second size discharged from an outlet of the
shredder that is smaller than the first size;

a composting machine located at a distance from
the shredder that includes:

arotary vessel arranged for rotation about a hor-
izontal longitudinal axis that has a cylindrical
vessel wall and first and second end walls re-
spectively carrying first and second openings,
the first and second openings respectively de-
fining an inlet for receiving the biomass material
in the rotary vessel and an outlet for discharging
the biomass material from the rotary vessel;

a tubular support member extending outwardly
from the first end wall, outside of the rotary ves-
sel, and along the horizontal longitudinal axis so
as to be coaxial with the cylindrical vessel wall,
the tubular support member being rotatably car-
ried for supporting the rotary vessel in its rotation
about the horizontal longitudinal axis at a first
location which is closer to the first end wall than
to the second wall;

a second support member spaced from the tu-
bular support member along the horizontal lon-
gitudinal axis and toward the second end wall
so as to define a second location closer to the
second end wall than to the first end wall at which
the rotary vessel is supported in its rotation
about the horizontal longitudinal axis;

a plurality of agitating members extending in-
wardly from an inner face of the vessel wall
which are oriented in a manner so as to encour-
age movement of the biomass material which is
received in the rotary vessel towards the outlet
thereof;

a driving arrangement arranged for driving rotation
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of the rotary vessel about its horizontal longitudinal
axis;

a distance conveyor operatively coupling the shred-
ding machine and the composting machine that is
arranged to transfer the biomass material from the
outlet of the shredding machine across said distance
to the composting machine, the distance conveyor
including (i) a tubular conveyor housing, (ii) a con-
veying member received in the housing for advanc-
ing the material within the tubular conveyor housing,
and (iii) a drive assembly for driving the conveying
member;

the composting machine further including an injector
assembly at the inlet of the rotary vessel that is ar-
ranged for inputting the biomass material transferred
by the distance conveyor from the shredding ma-
chine into the rotary vessel through the inlet thereof
with the tubular support member being rotatable
about the injector assembly, the injector assembly
including:

an injecting conveyor comprising (i) a tubular
injector housing, (ii) an injector conveying mem-
ber spanning at least a full length of the tubular
injector housing, and (iii) a drive assembly for
driving the injector conveying member;

the injector conveyor being disposed along the
horizontal longitudinal axis of the rotary drum
and received in the tubular support member with
an inner end located at or adjacent the first end
wall and a gap formed circumferentially around
an intermediate portion of the injector housing
and radially between the injector housing and
the tubular support member, the injector con-
veying member being arranged for advancing
the biomass material toward and through the in-
let of the rotary drum in an input direction along
the horizontal longitudinal axis of the rotary
drum.

[0094] The injector assembly allows biomass material
to be introduced into the rotary vessel of the composting
machine as the rotary vessel is rotated about its horizon-
tal longitudinal axis, thereby providing an automated
composting system which can be continuously fed with
source material such as biomass material without inter-
rupting rotation of the rotary composting vessel.

[0095] One important independent optional feature is
that in one arrangement, the tubular support member ex-
tends inwardly from the first end wall in a direction to-
wards the second end wall and there is provided one or
more bracing members spanning between the tubular
support member and the rotary vessel for rigidifying con-
nection therebetween.

[0096] Anotherimportantindependent optional feature
is thatin one arrangement, the one or more bracing mem-
bers comprises a plurality of gusset plates each of which
has a first edge connected at an outer face of the tubular
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support member and a second edge connected at the
first end wall.

[0097] Anotherimportantindependentoptional feature
is that in one arrangement, the driving arrangement in-
cludes a drive sprocket having a central opening so as
to be received over the tubular support member at a lo-
cation thereon externally of the rotary vessel such that
the injector conveyor passes through the central opening
of the drive sprocket.

[0098] Anotherimportantindependentoptional feature
is that at least one of the distance conveyor and the in-
jector conveyor may further comprise a plurality of elon-
gate cutter bars extending along a length of the housing
of the respective one of the tubular housings at circum-
ferentially spaced positions about an inner face thereof
for further reducing size of the biomass material as it
passes through the respective one of the conveyors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0099] Preferred embodiments of the invention will
now be described in conjunction with the accompanying
drawings in which:

Figure 1 is a vertical cross-sectional view of a first
embodiment of shredder according to the present
invention using two parallel rotary drums where a
number of shear members and protrusions are omit-
ted in each of the rotary drums for convenience of
illustration and showing only those of the shear mem-
bers which are in shearing action at the point of clos-
est approach of the rotary drums.

Figure 1A is the same vertical cross-sectional view
of the shredder as that of Figure 1 and showing only
those of the shear members which are in shearing
action with the upper grate member.

Figure 1B is the same vertical cross-sectional view
of the shredder as that of Figure 1 and showing only
those of the shear members which are in shearing
action with the bottom grate member.

Figure 2 is a cross-sectional view along the lines 2-2
of Figure 1.

Figure 3 is a cross-sectional view along the lines 3-3
of Figure 1.

Figure 4 is a cross-sectional view along the lines 4-4
of Figure 1.

Figure 5 is a first isometric view of the shredder of
Figure 1 that also schematically illustrates the pro-
trusions in Figure 1 with a crisscross pattern to dis-
tinguish the rails.

Figure 6 is a second isometric view of the shredder
of Figure 1 that also schematically illustrates the pro-
trusions in Figure 1 with a crisscross pattern to dis-
tinguish the rails.

Figure 7 is a vertical cross-sectional view of a second
embodiment of shredder according to the present
invention using a single rotary drum which cooper-
ates with shear bars carried on one side wall of the
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housing.

Figure 8 is an isometric view of the embodiment of
Figure 7.

Figure 9 is a side elevation view of a system of
processing biomass material according to the
present invention.

Figure 10 is a side elevation view of a rear end of
the biomass material processing system of Figure 9
where a portion of a wall of each of a rotary vessel
and extension tube is omitted in order to illustrate
internal components thereof.

Figure 11 is a side elevation view of a front end of
the composter of Figure 9 where some features are
omitted for clarity of illustration.

Figure 12 is an exploded view of a segmented oak
bearing employed in the composter of Figure 9.
Figure 13 is a perspective view of the segmented
oak bearing of Figure 12.

Figure 14 is an end view of the composter of Figure
9 looking towards the front end thereof, with an end
wall at a rear end of the composter and some other
features omitted in order to illustrate internal com-
ponents of the composter.

Figure 15 is a perspective view of a front portion of
the composter of Figure 9 with a distance conveyor
omitted for clarity of illustration.

Figure 16 is a side elevation view like of the com-
posting system like that in Figure 9 but showing a
front portion of the composting system where the
shredder and composter are operatively coupled by
a distance conveyor.

[0100] In the drawings like characters of reference in-
dicate corresponding parts in the different figures.

DETAILED DESCRIPTION

[0101] The shredder 1 of Figures 1 to 6 comprises first
and second generally cylindrical rotary members or
drums 10 and 11 mounted for rotation in a housing 12
where the drums are mounted on center drive shafts 13
and 14 driven for rotation by a conventional drive system
15 about parallel axes in opposed directions.

[0102] The drums are supported by the shafts on bear-
ing 16 on the housing so as to define at a plane P of
closest approach containing the axes of the rotary mem-
bers a space S therebetween and forming a throat on a
feed side of the plane P.

[0103] The housing 12 within which the rotary mem-
bers are mounted has an open top 18 defining a feed
opening 19 for receiving the biomass material where the
biomass material is fed either manually or by a suitable
conveyor into the feed opening and enters the throat 17
to pass through the space S. Suitable covers and guards
(not shown) may be provided at the open top to prevent
a fall into the feed throat causing personal danger.
[0104] Each of the rotary members 10, 11 has an im-
perforate cylindrical wall 20 defining a hollow interior with

10

15

20

25

30

35

40

45

50

55

10

a plurality of shear members 21, 22 projecting generally
radially outwardly of the cylindrical wall. The wall thus
forms a simple drum of steel with open ends at the hous-
ing. The shear members 21, 22 are arranged in a pair
including an elongate structural interconnecting member
23 extending diametrically through the hollow interior of
the drum. Where the drum is driven by a drive shaft, the
members 23 may be connected to the drive shaft 13 to
communicate drive force. However other drive arrange-
ments may be provided.

[0105] The shear members 21 and 22 and the inter-
connecting member are formed from a plate on each end
of which a respective one of the pair is formed. Thus the
plate has a constant thickness through the drum. As
shown the plate has a width W which is also constant
along its length up to the wall 20 which it meets at dia-
metrically opposed positions where the wall is welded to
the sides of the plate at the point of emergence though
the wall. That portion of the plate which is exposed out-
side the drum forms the shear members 21 and 22 with
a leading edge of the plate arranged to form the leading
edge of the shear member. Thus in one example (not
shown) each rotary member includes its own drive shaft
through which rotational forces on the rotary member are
applied and the elongate structural members 23 are con-
nected to the drive shaftto receive rotational forces there-
from.

[0106] InFigure 1 only one of the pairs is shown where
each shear member has a leading surface 24A, a trailing
surface 24B and first and second side surfaces 24C. The
pairs formed by the plates are arranged so that the shear
members are arranged in an array where the shear mem-
bers of the array are spaced longitudinally and radially
of the cylindrical wall.

[0107] As shown in Figure 1, the drums are arranged
so that, in the plane P, the shear members of one drum
are angularly offset from the shear members of the other
drum so that they are angularly spaced and out of phase
as they pass..

[0108] Each of the shear members 20, 21 has its lead-
ing surface 24A which is concave in a direction longitu-
dinally of the leading surface so as to form a hook with
an outermost point 24D tending to grasp and pull the
biomass material though the throat 17 and the plane P.
[0109] As best shown in Figures 1A and 3, there is
provided a top grate member 25 in the throat 17. The top
grate member includes a support beam 26 extending
along the throat generally parallel to the axes of the two
drums 11 and 12. The beam 26 is carried on the end
walls 12A of the housing 12 so as to span along the length
of the drums within the throat 17. The beam 26 has a top
surface 31 facing the material as it is fed into the throat
so as to provide a surface on which the material can sit.
The beam has two side surfaces 29 and 30 which con-
verge inwardly and downwardly to a center apex along
the bottom of the beam. In this way the beam is generally
triangular in cross-section with the two side walls ap-
proaching as close as possible to the outer edges of the
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shear members as they pass the beam. Thus the side
walls lie generally in a plane peripheral to the axis of the
adjacent drum.

[0110] The beam carries on one face 29 a plurality of
first bars 27 extending at right angles to the beam at
spaced positions along the beam 26 for cooperation in a
shearing action with a plurality of the shear members 221
of the first rotary drum 10. The beam 26 also carries a
plurality of second bars 28 extending at right angles to
the beam 26 at spaced positions along the beam for co-
operation in a shearing action with a plurality of the shear
members 222 of the second rotary member 11. As best
visible in Figure 3, the firstbars 27 are longitudinally offset
from the second bars 28. In this way the bar 27 cooper-
ates with one side face of the shear member 221 and the
bar 28 cooperates with the other face of the shear mem-
ber 222.

[0111] Alsoitcan be seen in Figure 3 that the first bars
27 are spaced each from the next by a distance greater
than a thickness of the shear members 221. In this way
there are spaces between the bars 27 at which no shear
member is located allowing enough space for the mate-
rial to be fed past the top grate into the throat. That is it
is not intended that the maximum shearing action occur
in the area of the top grate but instead the grate acts to
hold up the material to be fed until it can be grasped by
the hooked front surface of the shear members to be
pulled into the throat. This improves the feeding action,
acts as a pre-shredder for size reduction, and prevents
the material from merely dancing over the shear mem-
bers in the throat without a positive feeding action. The
bars 28 are also symmetrically spaced relative to the bars
27.

[0112] As best shown in Figure 1A, the bars 27 and 28
each have aleading edge 32, 33 facing the leading edges
24A of the shear members 221, 222 where the edges 32
and 33 are inclined downwardly and outwardly from the
beam 26 toward the wall of the adjacent rotary member
10 or 11. (Note that the edge 32 is not visible in Figure
1A but shown on Figure 1B.) In particular each of the
bars 27, 28 has an endmost edge or tip 34A spaced from
the beam 26 so as to lie immediately adjacent or as close
as possible to the wall 20 of the rotary member 10 or 11.
That is the leading edge has a length approximately
matching that of the shear member of the other drum.
Also the angle of the leading edge is approximately on a
radius of the associated drum.

[0113] The bars 27 and 28 have a top edge across the
top of the beam 26 so that they form a common top sur-
face of the grate. In the illustrated embodiment, the top
surface of the grate 25 is located at a height above a
tangent T across the top of the walls 20 of the rotary
members 10 and 11 but below the open top 18 such that
the biomass material fed into the open top may pass over
and across the top grate until the material is grasped by
the shear members of one drum or the other. Although
the biomass material is able to pass over top of the grate
25, the bars are located at a height which is aligned with
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the tangent T and the grate sits sufficiently deep within
the feed opening at a location in the throat to support the
biomass material generally above the throat and resist
jamming of the shear members in the space S between
the drums that may be caused by, for example, passing
an excessive amount of overly large pieces of the bio-
mass material through the space S at one time. In other
embodiments, the top surface of the grate 25 may be
located at a height below the tangent T so that the top
grate sits entirely in the throat. The bars 27 and 28 also
have a bottom edge 34B of the bars which is ata common
height with the bottom apex of the beam 26 and is at a
height above the plane P of closest approach so as to
leave a space underneath the bars in the throat 17 before
the plane P.

[0114] Referring now to Figures 1B and 4 there is pro-
vided a bottom grate 35 underneath the plane P of closest
approach including a square support beam 36 extending
parallel to the axes between the first and second rotary
members 10, 11.

[0115] The beam 36 has a top wall 37, a bottom wall
40 and two side walls 38, 39 so as to be symmetrically
located underneath the plane P. The beam is again lo-
cated so that an outermost point of the shear members
22 can pass by the beam close to the beam.

[0116] As visible in Figure 4, the beam carries a series
of bars 41 cooperating with the drum 10 and a series of
bars 42 cooperating with the drum 11. The bars are
formed of the same plate material as the shear members
so thatthe bars 41 are arranged in a row along the beam
and interleave with the bars 42 of the drum 11 leaving a
space between each bar 41 and the next substantially
equal to the width of the shear members of the drum 10.
Symmetrically the bars 42 are spaced by the bars 41 so
as to define spaces therebetween to receive the shear
members of the drum 11. The bars thus define a plurality
of bars 41 extending at right angles to the support beam
at spaced positions along the first support beam 36 for
cooperation in a shearing action with a plurality of the
shear members of the first rotary member 10 and a plu-
rality of second bars 42 extending at right angles to the
support beam at spaced positions along the support
beam for cooperation in a shearing action with a plurality
of the shear members of the second rotary member 11.
[0117] Thus the first and second bars 41, 42 have a
thickness substantially equal to a thickness of the shear
members 22 so that the first and second bars 41, 42 lie
side by side with side surfaces in contact. A suitable small
clearance is provided to allow the shear members to pass
though without binding or interference.

[0118] In this first embodiment as illustrated, the bars
41 and 42 have an outer edge 48 which is flush with the
side walls 38, 39 of the beam 36. In other embodiments,
the bars 41 and 42 may have an arcuate outer edge 48
immediately following the wall 20 of the respective drum.
The bars have an upper edge 49 extending upwardly and
outwardly from the support beam 36 toward the respec-
tive rotary member 10, 11 and joining the outer edge 48
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to form a flat top tip 50.

[0119] Thus the upper edges 49 of the first and second
bars 41, 42 are arranged in side elevation to extend
downwardly and inwardly in a converging V-shape to in-
tersect at a central apex 51. Also the upper edges of the
first and second bars 41, 42 are arranged to lie approx-
imately in aradial plane of the axis of the respective rotary
member so as to generate a shearing action with the
shear members 22 of the respective rotary member 10,
11 as they pass the upper edges.

[0120] The housing 12 includes upper walls 51 each
which start at the open top 18 and taper inwardly towards
one another and a lower wall 52 which spans between
the upper walls and circumferentially about both drums
so as to provide a closed bottom 54 below the open top.
The lower wall 52 is spaced radially of the walls 20 of the
drums 10, 11 to permit passage of the shear members
therebetween. Furthermore, the lower wall 52 is contig-
uous with the top wall 37 of the bottom grate’s beam 36
and is raised at a location beneath the throat 17 and
space S between the drums 10 and 11 relative to the
portions of the lower wall beneath the drums so that the
material that is pulled through the bottom grate 35 and
which cannot be grasped by the leading edge of the re-
spective shear member tends to migrate towards lowest
points along the lower wall.

[0121] The lower wall 52 locates a plurality of grating
apertures 56 along the portions of the lower wall beneath
each drum 10, 11 and outwardly of the beam 36 of the
bottom grate. The grating apertures are located at
spaced positions along the lengths of the drums. The
grating apertures are sized in a manner so as to selec-
tively permit passage to a discharge outlet ofthe shredder
which is beneath the apertures those pieces of biomass
material which are appropriately sized for the end product
of the shredder. For example, the grating apertures may
be sized equal to or smaller than the distance between
an adjacent pair of the first or second bars of the bottom
grate. Thus, the biomass material passing over the grat-
ing apertures that is sized too large to pass therethrough
may be circulated about the respective drum so as to
pass through the top and bottom grates another time for
further size reduction. Additionally to having a screening
function, the grating apertures 56, which are rhombus-
shaped as better shown in Figures 5 and 6, may provide
further size reduction in addition to the grates by gener-
ating a shearing action with a plurality of the shear mem-
bers of the respective drum as they pass over the aper-
tures.

[0122] Elongate protrusions 58 are disposed along an
inner surface of the lower wall 52 of the housing at posi-
tions spaced angularly of one another. Each protrusion
projects inwardly toward one of the drums 10, 11. The
protrusions are oriented parallel to the axes of the drums
10, 11 and separate groupings of the grating apertures
56 which are arranged in rows parallel to the axes of the
rotary members so as to be at spaced positions interme-
diate such groupings of the grating apertures. The pro-
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trusions provide obstructions against the biomass mate-
rial to resist same from circling back to the feed openings
if the material is sufficiently sized to pass through the
apertures; however, the protrusions do not impede the
passage of the shear members. The protrusions may be
rectangular, for example square, in cross-section. In the
illustrated embodiment, the protrusions comprise elon-
gate rails which are secured at the inner surface of the
lowerwall 52. In other embodiments, the protrusions may
be formed in the lower wall 52.

[0123] The arrangement provided herein provides a
very effective shearing action on biomass material so
that the rotary members can rotate at less than 10 rpm
while pulling the materialinto the throat, through the plane
P and through the bottom grate 36. This provides sepa-
rate shearing actions which act to break up the material
effectively to form a suitable fuel material or for compost-
ing. The use of this slow rate of rotation combined with
the separate shearing actions allows the drive system to
have a power requirement of less than 10 HP to drive
rotation. Also the slow rate of rotation improves safety
as it is less likely to cause sparks from vigorous impact
with nails, rocks or the like.

[0124] The arrangement also provides a three stage
shredding machine for reducing the biomass material in
size from a whole state to a shredded or fragmented
state.

[0125] Turning now to the embodiment of Figures 7
and 8, there is provided a shredder 1’ for biomass mate-
rial which comprises a housing 18A and a single one of
the drums or rotary members previously described indi-
cated at 10A. The drum 10A includes the shear members
22 carried on the interconnecting members 23 and ex-
tending through the wall 20 of the drum.

[0126] In this embodiment there is a housing 18A with
a front vertical wall 181 parallel to a rear wall 182. A feed
chute 183 extending upwardly and rearwardly from the
rear wall 182 for loading biomass material. The feed
chute includes a hinged panel 184 at a top of the chute
allowing the user to lift the panel and insert materials to
be shredded. The housing has a length matching that of
the drum and a width arranged to receive only a single
drum within which the single drum is mounted under-
neath the feed opening defined by the feed chute 183 for
receiving the biomass material.

[0127] The front wall 181 carries at a height approxi-
mately at the axis of the drum a plurality of parallel bars
185 carried on a structural member 186 of the wall 181
of the housing at longitudinally spaced positions along
the axis of the drum. The bars are spaced by the width
of the shear members 21, 22 to allow them to pass be-
tween respective bars in a shearing action.

[0128] As previously described, the shear members
are arranged in an array where the shear members 21,
22 of the array are spaced longitudinally and radially of
the cylindrical wall 20. The shear members are arranged
such that at least some of the shear members of the
rotary member pass respective ones of the bars 185 in
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a shearing action between one of the side surfaces of
the shear members and a surface of the respective bar.
The bars 185 are supported on the wall 181 so as to
provide sufficient strength to accept the shearing action.
[0129] The single drum 10A carries a pair of divider
disks 188, 189 which separate a center shearing section
of the drum from end bearing sections 190, 191 where
the drum is supported on rollers 192 and is driven by a
gear wheel 193 at one end of the drum receiving drive
from a sprocket of a drive motor 194. The rollers 192 may
be substituted for bearings in other embodiments.
[0130] Thus in this embodiment there is a single rotary
member 10A in the housing 18A and the bars 185 are
arranged on the housing at one side of the rotary member
such that rotation of the rotary member 10A acts to carry
the biomass material against the bars 185 in the shearing
action bearing in mind that the leading surface 24A of
the shearing member has a leading surface which is con-
cave in a direction longitudinally of the leading surface
so as to tend to grasp and pull the biomass material and
acts as a hook to carry the material downwardly against
the bars 185.

[0131] A second set of bars 196, in a similar arrange-
ment to the first set of bars 185, is mounted on the rear
wall 182 to prevent material from falling behind the rear
of the drum.

[0132] Thedrive arrangement used for the single drum
where a gear wheel 193 is provided on the drum wall
beyond one end of the shearing action can also be used
in the double drum arrangement shown above.

[0133] The shredder of either one of the illustrated em-
bodiments is suited for use in conjunction with a com-
posting system which includes a composting machine or
composter 102 directly fed by the shredder for processing
biomass material. The shredder breaks up the biomass
material before that material is passed through the com-
poster. Such an arrangement is illustrated in Figure 9,
which shows the single drum shredder 1’ of the second
embodiment.

[0134] The composter 100 comprises a rotary vessel
102 which is arranged for rotation about a horizontal lon-
gitudinal axis R. There is also provided a rotary support
arrangement 104 for supporting the rotary vessel in its
rotation, and a drive assembly 106 arranged for turning
the rotary vessel about its horizontal longitudinal axis.
[0135] More specifically, the rotary vessel 102 has a
cylindrical vessel wall 102A, and first and second end
walls 102B and 102C. Each one of the end walls 102B,
102C carries an opening 109 and 110 therein. The first
opening 109 located in the first end wall 102B at a front
of the composter defines an inlet for receiving the bio-
mass material. At a rear of the composter, the second
opening 110 located in the second end wall 102C defines
an outlet for discharging the biomass material from the
rotary vessel.

[0136] A plurality of agitating members 112 are provid-
ed at spaced positions on an inner face of the vessel wall
102A so as to extend inwardly therefrom normal to a sur-
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face of the inner face. The agitating members 112 are
spaced in a staggered manner both circumferentially
about the vessel wall and longitudinally along this wall
so as to be spaced angularly and axially of one another.
In the illustrated arrangement, the agitating members
form a plurality of vanes 112, which are obliquely oriented
such thatthe vanes encourage movement of the biomass
material which is received in the rotary vessel towards
the outlet 110 of the vessel.

[0137] The composterincludes anaccessopening 114
in the vessel wall 102A that is covered by an openable
door 115 which closes the access opening during rotary
operation of the composter.

[0138] In order to be configured for rotation, the rotary
support arrangement 104 of the composter includes a
tubular support member 116 at one end of the vessel and
a second support member 118 closer to an opposing end
of the vessel than the end locating the tubular support
member.

[0139] In particular, the tubular support member 116
is located at the front of the rotary vessel. The tubular
supportmemberforms atube which is smallerin diameter
than the rotary vessel 102 and which is coaxially posi-
tioned with respect to the rotary vessel so as to lie along
its horizontal longitudinal axis R. A front portion 116A of
the tubular support members extends forwardly and out-
wardly from the first end wall 102B so as to reside outside
of the rotary vessel 102, and a rear portion 116B extends
rearward and inwardly from the first end wall 102B so as
to reside inside of the rotary vessel.

[0140] In the illustrated arrangement, the outside front
portion 116A of the tubular support member is rotatably
carried on a segmented oak bearing 120, which is held
just below the tubular support member in engagement
therewith by a raised frame member 122. The raised
frame member is part of a larger, overall frame 124 over
which most (if not all) of the components of the composter
100 are supported. The segmented oak bearing 120
comprises a plurality of stacked oak blocks 126 received
in a generally U-shaped receptacle 128 attached to the
raised frame member 122. The oak blocks when stacked
in a working configuration form an arc shaped groove
130 which cups the tubular support member 116 so that
the rotary vessel is supported in its rotation about the
horizontal longitudinal axis R by the tubular support mem-
ber, which is disposed at a first location which is closer
to the first end wall 102B than to the second end wall
102C. Moreover, the tubular support member includes a
pair of flanges 129 extending circumferentially about the
outer face of the outside front portion 116A of the tubular
support member. This pair of flanges 129 has a longitu-
dinal spacing therebetween which locates the segment-
ed oak bearing 120 and maintains alignment therewith
so thatthe composter is resisted from longitudinal shifting
during rotation.

[0141] The second support member 118 comprises a
pair of rollers 130 which rollably engage an outer face of
the vessel wall 102A as the rotary vessel rotates about
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its horizontal longitudinal axis R. The rollers 130 are
spaced longitudinally of the tubular support member 116
along the horizontal longitudinal axis R in a rearward di-
rection from the first end wall 102B to the second end
wall 102C as better shown in Figure 9. The second sup-
port member thus defines a second location which is clos-
er to the second end wall 102C than to the first end wall
atwhich the rotary vesselis supported in its rotation about
its horizontal longitudinal axis. Housing the rollers is a
generally U-shaped frame member (not shown) that is
supported on the overall frame 124 and which extends
about the vessel wall 102A.

[0142] With the rotary vessel thus supported for rota-
tion as described above, the rotary vessel must be rotat-
ably driven in order to mix the biomass material. The
drive assembly 106 comprises drive motors 131 opera-
tively coupled to a driving arrangement which transfers
motion of the motors into rotational motion which effects
turning of the rotary vessel 102. The driving arrangement
includes a drive sprocket 132 located at or adjacent the
front end of the rotary vessel. The drive sprocket has a
central opening 134 and is thus received over the front
portion 116A of the tubular support member. The drive
sprocket 132, the tubular support member 116, and the
rotary vessel 102 are all coaxial with respect to the hor-
izontal longitudinal axis R so as to share a common axis
of rotation. Furthermore, the drive sprocket 132 is at-
tached to the tubular support member 116, which is in
turn affixed to the rotary vessel, so that the drive motors
drivably engaging a belt or chain that in turn engages
teeth of the drive sprocket 132 are able to effect the ro-
tation of the rotary vessel.

[0143] Oneormorebracingmembers 136 are provided
at the inside of the rotary vessel so as to rigidly connect
the tubular support member 116 and the rotary vessel
102. Each bracingmember 136 spans between the inside
portion 116B of the tubular support member and the ro-
tary vessel. In the illustrated arrangement, the one or
more bracing members comprises a plurality of gusset
plates 136, each of which has a first edge 136A connect-
ed at an outer face of the tubular support member 116,
asecond edge 136B connected at the firstend wall 102B,
and a third edge 136C spanning generally between the
outer face of the tubular support member and the first
end wall. Additionally, the bracing members are spaced
angularly of one another in a uniform fashion so as to
support the connection between the tubular support
member and the rotary vessel at spaced positions along
the circumference of the tubular support member.
[0144] At the front end, the composter includes an in-
jector assembly 138 that is arranged for inputting bio-
mass material into the rotary vessel through its inlet 109.
Overall, the injector assembly is stationary such that it
does not rotate, and therefore a conveyor 140 of the in-
jector assembly is arranged so as to be held by upstand-
ing frame members of the overall frame 124 at a sus-
pended position within the tubular support member 116,
free of engagement with the rotatable tubular support
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member through which the injector assembly passes.
[0145] The injector assembly 138 comprises the injec-
tor conveyor 140, which includes a tubular housing 142
and a conveying member 144 received therein. The con-
veying member 144 is of a suitable form such as a screw
conveyor, delivering the biomass material along the hor-
izontal longitudinal axis R of the rotary vessel. Further-
more, the tubular housing 142 is typically fully enclosed
around its circumference. However, the tubular housing
may have one or more openings, as in the illustrated
arrangement where the tubular housing has a top open-
ing 146 for receiving biomass material dropped into the
injector assembly for subsequent transfer into the rotary
vessel 102.

[0146] The injector conveying member 144 and injec-
tor tubular housing 142 enclosing same are disposed
along the horizontal longitudinal axis R with inner ends
located at or adjacent the first end wall 102B. More par-
ticularly, the inner ends are located inwardly of an inner
end of the tubular support member 116 so as to extend
inwardly beyond the tubular support member in the illus-
trated arrangement.

[0147] Furthermore, a rotational clearance gap CG is
formed circumferentially around an outside of the tubular
housing 142 where the tubular housing lies in the tubular
supportmember. Thatis, an outer face of an intermediate
portion 146 of the injector housing 142 is spaced radially
of the tubular support member received over same so as
to circumferentially surround the housing, and this gap
CG exists radially between the intermediate portion 146
of the injector housing and the tubular support member
around a full circumference of the housing’s intermediate
portion.

[0148] Since the tubular support member 116 is open
atits inner end inside the rotary vessel, a suitable sealing
membrane 148 in the form of a gasket, like a diaphragm
seal, is disposed circumferentially around the injector
housing 142 between same and the tubular support
member thereby sealing the clearance gap G therebe-
tween. The sealing membrane 148 is made of a flexible
and stretchable material like rubber. The sealing mem-
brane provides a tight seal across the clearance gap CG
by stretching the membrane over the full circumference
of the injector housing 142 and clamping this membrane
to the tubular support member 116. Thus, the sealing
membrane rotates together with the rotary vessel while
in engagement with the outer face of the tubular injector
housing.

[0149] Turning to the injector conveyor in more detail,
the injector’s conveying member 144 is arranged, for ex-
ample by being sized and positioned in an appropriate
manner, such that a gap is formed circumferentially
around the screw conveyor between same and the tubu-
lar housing 142 of the injector assembly. In this gap, there
is provided a plurality of elongate cutter bars 150 lying
parallel to the horizontal longitudinal axis R. The cutter
bars extend along a length of the injector housing 142 at
circumferentially spaced positions about an inner face
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thereof, so as to be spaced angularly of one another.
These cutter bars 150 provide a shearing action along
the length of the housing 142 to reduce size of the bio-
mass material as the material passes through the injector
conveyor, being advanced by the injector conveying
member 144.

[0150] Adrive assembly 152 is provided with the injec-
tor assembly for driving the injector assembly’s convey-
ing member 144. The drive assembly 152 comprises a
drive motor 152A which is operatively coupled to the
screw conveyor 144 by a drive belt in order to drive axial
rotation of the injector assembly’s screw conveyor. As
such, in the illustrated arrangement, the drive assembly
of the injector assembly is separate from the drive as-
sembly for the rotary vessel 102. However, in other ar-
rangements, a common drive assembly may power both
the rotation of the rotary vessel and the injector assem-
bly’s conveying member.

[0151] Atthe rear end of the rotary vessel 102, an ex-
tension tube 154 is affixed to the second end wall 102C
of the rotary vessel so as to extend rearward and out-
wardly from the outlet 110 of the rotary vessel to a holding
tank 156 for storing the biomass material. The extension
tube carries agitating members 112 on its inner face, in
a similar fashion to those within the rotary vessel, so as
to encourage movement of the biomass material toward
the holding tank.

[0152] As an overall working composting system, a
shredder such as that indicated at 1’ is arranged to di-
rectly feed the composter 100, which then passes the
biomass material into the holding tank 156. The shredder
and composter are operatively coupled by a distance
conveyor 158 that is arranged to transfer the biomass
material from the outlet of the shredder to the composting
machine across the distance therebetween. As such, the
distance conveyor 158 comprises its own tubular con-
veyor housing 160 and a suitable conveying member
162, such as a screw conveyor, which is received in the
tubular conveyor housing 160 for advancing the material
within the conveyor housing 160. A drive assembly 164
is also provided with the distance conveyor in order to
drive the conveying member 162, such as in rotation
about its axis in the illustrated arrangement of the screw
conveyor. The distance conveyor has its own drive as-
sembly as the distance conveyor is standalone of the
shredder and the composting machine, through opera-
tion as part of the composting system, the distance con-
veyor cooperates with both the shredder and composter.
Forexample, arate at which the distance conveyor trans-
fers the biomass material is typically proportional to (i) a
rate at which biomass material is shredded in the shred-
der and (ii) a rate at which the injector conveyor 138 ad-
vances the biomass material into the rotary vessel 102.
[0153] Intheillustrated arrangement, the distance con-
veyor 158 is supported at each end thereof in an inclined
orientation with a lower end 158A beneath the outlet of
the shredder 1’ and an upper end 158B over an inlet of
the injector conveyor that is defined by the top opening
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146 in the injector tubular housing. The distance convey-
or is oriented at an incline because the shredder 1’ and
composting machine 100 are carried at different eleva-
tions with the shredder being a stationary unit and the
composting machine being a mobile unit carried in a port-
able trailer.

[0154] The distance conveyor 158 includes an inlet
chute 166 extending upwardly from the tubular housing
160 at its lower end so as to guide biomass material from
the outlet of the shredder into the conveyor housing. The
tubular housing is circumferentially enclosed alongits full
axial length so as to contain the biomass material within
the distance conveyor as it is transferred therealong, ex-
cept where the inlet chute 166 is located at the lower end
of the distance conveyor and an inlet chute 168 of the
injector conveyor meets the tubular housing 160 of the
distance conveyor to guide the biomass material thereto.
[0155] Additionally, the distance conveyor includes a
deflector 170 within the tubular housing 162 at its outlet.
The deflector forms a plate 170 which is obliquely orient-
ed relative to the axis of the conveying member 162 so
as to guide the biomass material downwardly into the
injector assembly’s inlet chute 168, over which the de-
flector is disposed.

[0156] As the biomass material is advanced axially
along the distance conveyor, a plurality of elongate cutter
bars 172 provided inside the tubular housing 162 of the
distance conveyor provide shearing surfaces against
which the conveyed biomass material may be further re-
duced in size after having passed through the shredder.
These cutter bars 172 of the distance conveyor are ar-
ranged in a similar manner as those 150 of the injector
assembly, being disposed parallel to the axis of rotation
of the distance conveyor’s conveying member 162 and
being spaced circumferentially about an inside face of
the circumferentially enclosed tubular housing of the dis-
tance conveyor.

[0157] At the outlet of the distance conveyor, the inlet
chute 168 of the injector assembly which extends up-
wardly from the tubular housing 142 thereof guides the
biomass material into the injector conveyor. The injector
conveyor’s conveying member 144 advances this mate-
rial axially along and the enclosing tubular housing, and
into the rotary vessel 102 of the composting machine.
[0158] The agitating members 112 of the rotary vessel
and the extension tube encourage the movement of the
biomass material through these elements and into the
holding tank 156 as the rotary vessel and extension tube
rotate about the horizontal longitudinal axis R. A scoop
174 disposed in the rotary vessel and affixed to the sec-
ond end wall 102C at the outlet 110 of the rotary vessel
helps the biomass material transition from the rotary ves-
sel into the diametrically smaller sized extension tube
154.

[0159] As better shown in Figure 10, the holding tank
156 includes an opening 176 in a side wall 177 through
which the extension tube 154 passes such that a length
portion of the extension tube is locatable in the holding
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tank. A sealing gasket 178 (schematically illustrated) is
provided at the opening 176 in the side wall so as to
circumferentially seal the opening around the extension
tube.

[0160] Also, an exhaust fan 180 (schematically illus-
trated) provided in the holding tank 156 induces airflow
through the rotary vessel 102 and extension tube 154 as
part of the composting process.

[0161] Note that the holding tank 156 is arranged so
as to be detachable from the extension tube. As such,
the holding tank is removable from the composting sys-
tem such as for transferring the composted biomass ma-
terial to another container or location.

[0162] Thus, the shredder is suited for accepting the
biomass material in a whole state in which the material
includes leaves, stems or stalks, and other parts of the
plant. The shredder shreds or fragments the biomass
material so as to reduce it in size from the whole state to
a fragmented state in which the biomass material is in a
particulate form relative to the whole state. That is, the
fragmented state of the biomass material comprises piec-
es which are smaller in size than the biomass material
in the whole state. Once in the fragmented state, a suit-
able conveyor 158 termed 'distance conveyor’ transfers
the biomass material in the fragmented state to the com-
poster 100 for composting. Typically, composters require
the biomass material to be sized less than a maximum
allowable size in order to fit into the machine, and the
shredder of either one of the illustrated embodiments is
suited for breaking up biomass material to fit such size
constraints of the composter.

[0163] Since various modifications can be made in my
invention as herein above described, and many appar-
ently widely different embodiments of same made within
the spirit and scope of the claims without department
from such spirit and scope, it is intended that all matter
contained in the accompanying specification shall be in-
terpreted as illustrative only and not in a limiting sense.

Claims
1. A shredder for biomass material comprising:

at least one generally cylindrical rotary member
mounted for rotation about a longitudinal axis;
a housing within which said at least one rotary
member is mounted and defining a feed opening
for receiving the biomass material;

said at least one rotary member having a cylin-
drical wall defining a hollow interior with a plu-
rality of shear members projecting generally ra-
dially outwardly of the cylindrical wall;

each shear member having a leading surface,
a trailing surface and first and second side sur-
faces;

the shear members being arranged in an array
where the shear members of the array are
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spaced longitudinally and radially of the cylindri-
cal wall;

the shear members being arranged in the array
thereof such that at least some of the shear
members of said at least one rotary member
pass respective cooperating components in a
shearing action between one of the side surfac-
es of said at least one of the shear members
and a surface of said respective cooperating
component.

The shredder according to claim 1 wherein the shear
members are arranged in pairs with each pair includ-
ing an elongate structural member extending
through the hollow interior of the rotary member on
each end of which respective one of the pair is
mounted.

The shredder according to claim 2 wherein the elon-
gate structural members extend diametrically
through the rotary member.

The shredder according to claim 2 or 3 wherein the
pair of shear members and the elongate structural
member thereof are formed from an integral plate
with the leading surface of each shear member being
forming at one edge of the plate.

The shredder according to any one of claims 1 to 4
wherein each of the shear members has a leading
surface which is concave in a direction longitudinally
of the leading surface so as to tend to grasp and pull
the biomass material.

The shredder according to any one of claims 1 to 5
wherein said at least one rotary member comprises
firstand second generally cylindrical rotary members
mounted for rotation about parallel axes in opposed
directions.

The shredder according to any one of claims 1 to 6
wherein said atleast one rotary member is supported
so as to define at a plane of closest approach with
a surface within the housing a space therebetween
and forming a throat on a feed side of the plane, the
housing defining said feed opening arranged such
that the biomass material fed into the feed opening
enters the throat to pass through the space, and
wherein there is provided a plurality of bars carried
within the housing in fixed relation thereto at longi-
tudinally spaced positions relative to said axis of said
atleast one rotary member such that said bars define
the respective cooperating components acting in the
shearing action with the shear members of said at
least one rotary member comprises.

The shredder according to claim 7 wherein at least
some of the bars are mounted on an upper support
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member located in the throat so as to hold the bio-
mass material above the plane of closest approach
until the respective shear member grasps and pulls
the material past said at least some of the bars.

The shredder according to claim 8 wherein the bars
which are located on a common side of the upper
support member are spaced each from the next by
a distance greater than a thickness of the shear
members.

The shredder according to claim 8 or 9 wherein the
bars comprises first bars on one side of the upper
support member and second bars on the other side
of the support member with the first bars being lon-
gitudinally offset from the second bars.

The shredder according to any one of claims 7 to 10
wherein at least some of the bars are mounted on a
lower support member located below the plane of
closest approach.

The shredder according to claim 11 wherein the bars
mounted on the lower support member are spaced
by a distance substantially equal to a width of the
shear members.

The shredder according to claim 11 or 12 wherein
the bars mounted on the lower support member have
a thickness substantially equal to a thickness of the
shear members so that the first and second bars lie
side by side with side surfaces in contact.

The shredder according to any one of claims 7 to 13
wherein at least some of the bars are mounted on
the housing to one side of said at least one rotary
member.

The shredder according to any one of claims 1 to 14
wherein the housing locates a plurality of apertures
angularly of said respective cooperating compo-
nents in a rotational direction of said at least one
rotary member so thatin movement in said rotational
direction the shear members first pass the respective
cooperating components and then over the aper-
tures, the apertures being sized in a manner so as
to selectively allow passage of the biomass material
to a discharge outlet after said shearing action.
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