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(57) Abrege/Abstract:
A tooth Is provided for a circular disc felling saw. The saw tooth may have a generally square pyramidal shape with tips at each of
the four corners. Each of the tips has an enlarged tip region where the tip Is stepped outward from the adjacent sides. The front
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face of the tip remains smoothly continuous. The enlarged, or built-out region extends rearwardly a greater distance than the lateral
step out distance, and the rearward build-out portion Is relieved on planes parallel to the main portions of the planar sides of the
pyramid. The tooth may have both leading and trailing cutting tips. Either one or both of the primary and secondary cutting tips may
Include a wear insert, such as a ceramic wear insert.



Abstract

A tooth is provided for a circular disc felling saw. The saw tooth may have a
generally square pyramidal shape with tips at each of the four corners. Each of the tips has
an enlarged tip region where the tip is stepped outward from the adjacent sides. The front
face of the tip remains smoothly continuous. The enlarged, or built-out region extends
rearwardly a greater distance than the lateral step out distance, and the rearward build-out
portion is relieved on planes parallel to the main portions of the planar sides of the pyramid.
The tooth may have both leading and trailing cutting tips. Either one or both ot the primary

and secondary cutting tips may include a wear insert, such as a ceramic wear 1nsert.
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Saw Tooth for Circular Saw

Field of the Invention

Background of the [nvention

[0002] Saw teeth for circular saws of the type mounted on a feller head for a tree felling
apparatus are known. U.S. Pat. No. 4,932,447, Morin, 1990, and U.S. Pat. No. 5,205,199,
MacLennan, 1993, represent saw teeth that have become well known in the industry. Morin
'447 and MacLennan '199 both teach a replaceable saw tooth with four sides. The teeth can

be rotated when the active cutting tips and edges become dull or worn.

[0003] Saw teeth wear relatively quickly and may become rounded or dull. This may cause
increased fuel consumption, decreased productivity, or poor cut quality, or all of them, and
may tend to result in a need for maintenance. The cutting tips do the majority of the cutting
of the tree fibers and even though the teeth may have large cutting tips, only a small area at
the end of the tip is used. As the tip wears it may tend to become rounded and the tooth body
immediately behind the end of the tip may then present the outermost part of the tooth.

[0004] Good design of saw teeth have the front or leading cutting edges of the tooth as the
widest part of the tooth so that the leading cutting edge can cut the tree fibers and the trailing
part of the tooth is tapered so that the tooth surface is relieved behind the leading cutting
edges so the trailing part of the tooth doesn’t contact the tree and cause friction and loss of
energy of the saw blade. Figures 1a — 1f, and, in particular Figures 1e and 1f, show a prior

art tooth in both new and worn conditions.

[0005] The width of the saw cut or dimension at the widest part of the leading cutting edge 1s
called the kerf. As conventional saw teeth wear, the leading cutting edges tend to become
rounded and the tooth body immediately behind the leading edge may then be the thickest
part of the tooth. See Figure 1f. When cutting with a dull conventional saw tooth as described
above, the narrower cutting tips cut an initial kerf and the thicker trailing tooth body has to be
pushed through the initial kerf of the tree as the blade feeds through the tree, pushing and

|
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tearing the tree fiber above and below the initial kerf to create a wider final kert equal to the
width of the trailing tooth body thereby causing increased friction and loss of blade energy.
This may tend to consume more energy, decrease machine productivity and produce a
rougher cut on the tree butt. A dull tooth may impose higher forces and stresses on the saw

blade than a sharp tooth.

[0006] Conventional four-sided rotatable saw teeth have cutting edges are planar (that lie in
one plane). See Figure 1a. While these conventional saw teeth are easy to manufacture, as
they wear the tend to become dull and rounded as described above. The width of the leading
cutting edge portion of the tooth body is worn thinner than the tooth body behind the leading
edge causing increased friction, inefficient cutting and excessive loss of blade energy which

results in more fuel being consumed.

Summary of the Invention

[0007] In an aspect of the invention there is a tooth assembly for releasable mounting to a
circular saw disc. The tooth has a generally square-pyramidal body with a mounting end and
a front end distant from the mounting end. At least one primary cutting tip 1s located at the
front end. The cutting tip is locally enlarged to extend proud of the adjacent substantially
planar sides of the tooth.

seat of a circular saw disc of a feller head, and when so mounted, the tooth is operable to cut
wood when driven in a direction of forward travel. The tooth has a body with a mounting

end and a front end distant from the mounting end. The body is wider at the front end than at
the mounting end. The body has at least a first cutting tip and a second cutting tip located at

the front end. The body is repositionable on the tooth seat by angular re-orientation about the
direction of forward travel. As viewed in the direction of forward travel, the first tip 1s

locally enlarged relative to the body generally transversely to the direction of forward travel.

[0009] In a feature of that aspect of the invention, the tooth body has a plurality ot sides
defining a generally pyramidal form between the front end and the rear end, the plurality of
sides including a first side and a second side, the first side lying in a first surface, the second
side lying in a second surface. The first surface and the second surface intersect along a tirst
line of intersection. The front end of the tooth defines a third surface. The first surface and

the third surface intersect at a second line of intersection. The second surface and the third
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surface intersect at a third line of intersection. The first, second, and third lines of
intersection extend away from the first tip. The body has a region of enlargement adjacent
the first tip. In the region of enlargement the third surface extends outwardly beyond the

second line of intersection and the third line of intersection.

[0010] In another feature, as seen parallel to the direction of forward travel, in the region ot
enlargement the third surface extends beyond the first surface a first projected distance. In
the region of enlargement the third surface extends beyond the second surface a second
projected distance. The enlarged region extends rearwardly from the third surface a rearward
distance parallel to the first line of intersection greater than twice any of (a) the first projected
distance; and (b) the second projected distance. In a further feature, the rearward distance 1s
in the range of 2 to 5 times the greater of the first projected distance and the second projected
distance. In still another feature, the tooth has a second enlarged region associated with the
second tip. The second vertex deviates rearwardly between the first and second tips. The
second vertex has a medial portion between the first and second tips at which the third
surface terminates at the second vertex. In still another feature, the tooth has a second tip
lying at a distant end of the second vertex. The enlarged region extends continuously
between the first and second tips along the second vertex. In yet another feature, the tooth
has an enlarged region at each the tip. In still another feature, the body has a secondary tooth
mounted rearwardly of the first tip. In still yct another feature, the second vertex extends
across the tooth from the first tip to the second tip; and the enlarged region associated with
the first tip extends along the second vertex a distance that is at least 1/8 of the overall arc

length of the second vertex.

[0011] In a further feature, any tip of the tooth includes a wear insert mounted thercto, the
wear insert conforming to any associated enlarged region. In still another feature, the tooth
has four the tips each having a respective enlarged region associated therewith, and the body
is substantially square in cross-section perpendicular to the direction of forward travel. In a
further feature the tooth has secondary teeth mounted in respective trailing positions
rearwardly of each of the tips. In still another feature the enlarged region 1s rearwardly

relieved on planes parallel to respective planes of the first and second surfaces. In a further

feature each of the first and second projected distances is at least 1/16”.

[0012] In still another feature, or combination of features, of that aspect of the invention, the

tooth body has a plurality of sides defining a generally pyramidal form between the front end

and the rear end, the plurality of sides including a first side and a second side, the first side
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lying in a first surface, the second side lying in a second surface. The first surface and the
second surface intersect along a first line of intersection. The front end of the tooth defines a
third surface. The first surface and the third surface intersect at a second line of intersection.

The second surface and the third surface intersect at a third line of intersection. The first,
second, and third lines of intersection extend away from the first tip. The body has a region
of enlargement adjacent the first tip. In the region of enlargement the third surface extends
beyond the first surface a first projected distance that is at least 1/16”. In the region of
enlargement the third surface extends beyond the second surface a second projected distance
that is at least 1/16”. The enlarged region extends recarwardly from the third surface a
rearward distance parallel to the first line of intersection a distance in the range of 2 to 5
times each of (a) the first projected distance; and (b) the second projected distance. There 1s
a respective vertex that extends between each adjacent pair of tips, each vertex deviates
rearwardly between that pair of tips; and each vertex has a medial portion between 1ts
associated tips at which the third surface terminates such that, when viewed toward the tront

face along the dircction of forward travel the tooth has a crenelated appearance.

[0013] In another aspect of the invention there is a rotatable saw blade tooth for use on a
forestry feller buncher saw blade. The tooth is mountable to a tooth scat of the saw blade.
When mounted on the tooth seat, the tooth is movable in a direction of forward travel as the
saw blade turns, so as to cut a tree. The saw blade tooth has a tooth body having a generally
square pyramidal shape including a front end, a rear end, and first, second, third and fourth
sides lying in respective first, second, third and fourth planes. The rear end has a mounting
removably engageable with the tooth seat and rotatable about the direction of forward travel
to a plurality of different seating orientations. Each of the first, second, third, and fourth
sides is substantially trapezoidal in shape and tapers in width from the front end to the rear
end. A first tip is formed at the meeting of the first and second sides and the front end. A
second tip is formed at the meeting of the second and third sides and the front end. A third
tip is formed at the meeting of the third and fourth sides and the front end. A fourth tip 1s
formed at the meeting of the fourth and first sides and the front end. The front end is
rearwardly sloped away from each of the first, second, third, and fourth tips. The tooth body
has a central axis of symmetry extending longitudinally the direction of forward travel. A
first transverse axis lies in a plane perpendicular to the first and third sides. A second
transverse axis lies in a plane perpendicular to the second and fourth sides. The first and
second transverse axes are perpendicular to the central axis of symmetry and detine a cross-
sectional plane of the tooth body. Each of the first, second, third, and fourth tips has an

associated first, second, third and fourth region of local enlargement. The first region of

CA 2770289 2018-10-31



10

15

20

235

30

35

local enlargement includes material that extends transversely proud of (i.e., beyond) the first

and second plancs.

[0014] In a feature of that aspect of the invention, a secondary cutting tooth is mounted in a
trailing position with respect to each of the tips. In another feature, each of the enlarged
regions has a forward face smoothly continuous with the front end of the tooth body. In still
another feature, each of the enlarged regions cxtends at least one eighth of the tip-to-tip

distance across the tooth and at least twice as far rearwardly in the direction along the central

axis of symmetry.

[0015] In a combination of features of that aspect of the invention, each the region of
enlargement extends beyond the associated pair of first, second, third, and fourth planes a
projected distance that is at least 1/16”. The enlarged region extends rearwardly a rearward

distance in the range of 2 to 5 times the projected distance. There is a respective vertex that

respective associated pair of tips. Each vertex has a medial portion between its associated
tips at which the third surface terminates such that, when viewed toward the front face along

the direction of forward travel the tooth has a crenelated appearance.

[0016] These and other aspects and features of the invention may be understood by

considering the accompanying illustrations and the detailed description provided herein

below.

Brief Description of the Drawings

[0017] Figure 1a is a section of sharp prior art tooth, as the tooth cuts a tree, looking toward
the front ot the tooth;

[0018] Figure 1b is a view looking downward on the tooth of Figure 1a as it cuts the tree;

[0019] Figure 1¢ shows the tooth of Figure 1a in a worn condition, from the same view as
Figure 1b;

[0020] Figure 1d is a simplified view of a typical prior art tooth, in profile;

[0021] Figure 1e shows a view of the tooth of Figure 1d cutting cross-wise into a tree;

(0022] Figure 1f shows the tooth of Figure 1e in a worn condition;

[0023] Figure 2a is a perspective view of an example of a saw tooth according to an aspect
of the present invention;

(00241 Figure 2b is a top view of the tooth of Figure 2a;

|
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[0025] Figure 2c¢ is a front view of the tooth of Figure 2a;

[0026] Figure 2d 1s a view of on section "2d-2d" of Figure 2¢;

[0027] Figure 2e shows an enlarged front view detail of the tooth of Figure 2d;

[0028] Figure 2f shows an enlarged side view detail of the tooth of Figure 2d,;

[0029] Figure 3a is a side view detail of the tooth of Figure 2a in a worn condition;

[0030] Figure 3b is a side view detail of the prior art tooth of Figure 1a in a worn condition;

[0031] Figure 3¢ is a front view detail of the tooth of Figure 2a in a worn condition;

[0032] Figure 3d is a front view detail of the prior art tooth of Figure 1a in a worn condition;

[0033] Figure 4a is a perspective view of an alternate embodiment tooth to that of Figure 2a;

[0034] Figure 4b is a different perspective view of the tooth of Figure 4a;

[0035] Figure 4c¢ is a side view of the tooth of Figure 4a;

[0036] Figure 4d is a front view of the tooth of Figure 4a;

[0037] Figure 5a is a side view of an alternate embodiment of saw tooth to that of Figure 2a;

[0038] Figure 5b is a side view detail of a further alternate embodiment to the saw tooth ot
Figure 2a;

[0039] Figure 5S¢ is a front view detail of a further alternate embodiment of the saw tooth of
Figure Sb;

[0040] Figure 5d is a side view detail of a further alternate embodiment to the saw tooth of
Figure 2a; and

[0041] Figure Se is a front view dectail of a further alternate embodiment of the saw tooth of
Figure 3d.

Detailed Description

[0042] The description that follows, and the embodiments described therein, are provided by
way of illustration of an example, or examples of particular embodiments of the principles of
the present invention. These examples are provided for the purposes of explanation, and not
of limitation, of those principles and of the invention. In the description, like parts are
marked throughout the specification and the drawings with the same respective reference

numerals. The drawings are not necessarily to scale and in some instances proportions may

have been exaggerated in order more clearly to depict certain features of the invention.

[0043] It may be helpful to identify co-ordinate systems that may aid in understanding the
present invention. At the largest level, there may be a cylindrical polar co-ordinate system, in
which the axial, or x-direction is defined by the axis of rotation of a feller buncher disc saw

blade. The circumferential direction is that through which angles, angular velocity, and
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angular accelerations, (typically .theta.,0 , .omega. ®, and .alpha.ot) may be measured, most
often from an angular datum, or angular direction, in a plane perpendicular to the axial
direction, and a radial direction. The radial direction is defined in the plane to which the axial
direction is normal, extending away from the axial centerline of the disc. At a more local
scale, that of an individual tooth, there may be an x direction, defined as being the distance in
the direction of advance of the tooth into the wood that it is cutting, that direction being,
instantaneously, the circumferential direction of the disc, and the velocity being the angular
velocity at that radius. The y-direction is the perpendicular direction, namely the direction of
advance into the tree of the axis of rotation of the disc on which the tooth is mounted. The z-
direction is the mutually perpendicular direction, across the width of the cutting face of the

tooth, which, for a straight, upstanding tree is also, approximately, the vertical axis.

[0044] Figures 1a — le shows a prior art tooth P20 with sharp outermost front cutting tips
P22 and P24 in the process of cutting portions of a tree A20. The kerf of a new tooth with a
rearwardly tapering body and rearward clearance in the kerf is shown in Figure le. The
width of the kerf is shown as Wk. The trailing part of the tooth is tapered (1.e., rearwardly
narrowing) along a rearward relief angle, indicated at P25. The tree fiber or chips being cut
are indicated as A22 and A24. Tooth P20 has four cutting tips at the front end ot the tooth.
The two outermost cutting tips P22 and P24 at the front end do the majority of the cutting of
the tree fibers. Although tooth P20 has relatively large cutting tips, only a small area at the
end of the tip tends to be used. As the tip wears, as shown in Figure 1f, it has a tendency to
become rounded as at P23 and the tooth body immediately behind the end of the tip becomes
the outermost part of the tooth as at P27. It may tend to contact the tree before the dull or the
rounded cutting tip. The worn cutting tips may then tend to cut an initial kerf, as indicated by
W23, that is narrower than the trailing part of the tooth body. The final kerf, as indicated by
W27, is a rough-cut caused by pushing the wider tooth body through the initial kerf. This
may result in greater friction, and in a tendency to tear tree fibers instead of cutting them with
a shearing action. Figure 1b shows tooth P20 from above, with sharp outermost front cutting
tip P22 shearing the tree fibers, perhaps relatively cleanly, with cutting chips A22 and A24
turning into (and out of) gullet P26. Figure 1c¢ shows the prior art tooth P20 in a worn
condition with a dull or rounded outermost front cutting tip P22 making contact with tree
A20 along the unsharpened outside face, as at P28, rather than on the intended edge of the
dulled leading edge portion P30. The original profile of the sharp cutting tip P22 1s shown 1n
dashed line, which corresponds to the shape of the tooth as shown in Figure 1b. Of course,
when the tips in question become dull, the machine may be stopped, and the teeth rotated

about their longitudinal axis (i.e., the axis parallel with the instantaneous tangent defining the
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direction of advance of the tooth into the wood as it cuts) to present the remaining newly
sharpened teeth to the wood that is to be cut. If the two radially outermost (relative to the
feller disk blade 22) teeth are worn, then the tooth, being a rotatable tooth, can be rotated 180
degrees about the longitudinal axis to present the two (formerly) radially innermost tips. It 1s

desirable for the tooth tips to last a fair length of time before it is necessary to rotate the teeth.

[0045] Figure 2a is a perspective view of an embodiment of tooth or tooth assembly, referred
to as tooth 20 for mounting on a disc saw blade 22 (Figure 1b). Tooth 20, and the other
embodiments of teeth herein, may be taken as having a steel body of such steel composition
as is customary for feller-buncher saw teeth. Saw blade 22 has the general form of a disc, and
is mounted to be driven about an axis of rotation in the direction indicated by arrow A"
Tooth 20 has a body 24 that has lateral sides 26, 28, an outer side 30, an inner side 32, a
mounting end, stop, abutment, or shoulder 34; a front, or cutting end 36. A shank 38 may
extend from the mounting end or shoulder 34 in a direction away from cutting end 36, and
may seat in a corresponding accommodation, or socket, in blade 22. To the extent that tooth
20 is symmetrical about both its vertical and horizontal central planes, as indicated in Figure
2¢, it is arbitrary which sides are designated as lateral, inner, or outer. Being symmetrical,
tooth 20 may be installed on blade 22 in any of four orientations, and may be rotated

accordingly when the various tips become worn.

[0046] When seen from in front, as in Figure 2¢, and from above as in Figure 2b, the
intersection of the front end 36 with the lateral sides 26, 28 and the outer side 30 form two
cutting tips 40, 42 at the outermost radius 45 (i.e., on the outermost circumferential periphery
of a saw blade 22). Tips 40, 42 may be designated as upper and lower, or first and second
cutting tips. Lateral sides 26, 28 extend from cutting tips 40, 42 toward inner side 32 at which
there are a further two cutting tips 44 and 46. Inner portion 48 of the front end 34 1s angled
toward the direction of rotation of the disc as indicated at angle .beta. 3 (apparent) and may,
optionally, be joined to the outer portion 50 of front end 36 with a radius, as at 52, to
encourage a relatively smooth flow of chips from the cutting tips to the adjacent gullet P26 of
the disc saw blade 22. True angle .beta. B is seen in Figure 2d, and may be in the range of 35
to 55 degrees, and, in one embodiment, may be about 45 degrees. Both the inner and outer
tangential portions 48, 50 of front end 36 lying to either side of radius 52 may be angled, and,
while the angles may not be equal, in one embodiment they are equal, or substantially equal,
both being angle .beta. B. The inner side 32 of the tooth body may abut the radially outwardly
facing circumferentially extending portion of blade 22 adjacent gullet P26, and, given the

planar relationship of the two parts, may tend to act as a seat on the disc to prevent rotation.
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Shank 38 may seat in a female socket formed in lug 56 of blade 22, lug 56 defining the radial
extremity of the disc portion of blade 22. Shank 38 may be shorter than the circumfterential
extent of lug 56, and may be threaded internally, such that it may receive a threaded fastener

58, such as a cap screw, and may be secured in place accordingly.

[0047] Figures 2a to 2f show tooth 20 in detail, as uninstalled. The intersection of front end
36 with the lateral sides 26, 28 and the outer side 30 form the two cutting tips 40, 42 at
outermost radius Ry of saw blade 22. Outer side 30 may itself be centrally relieved as at 60,
having a valley shape between two flank portions 62, 64 that are angled as at angle
.gamma.y, as seen in Figurc 2¢, and in which the leading edges of those flank portions are
rearwardly relieved or raked at angles .phii, yi1, and .phi2, y2, which may be equal in
magnitude, as seen best in Figure 2b. In this geometry there are four cutting edges 66, 68, 70
and 72, 66 and 72 being the leading cutting edges of faces or sides 26, 28 respectively, and
edges 68 and 70 being the upper and lower leading edges of portions 62 and 64 of radially
outer side 30. In addition to the inward, rearwardly running cutting tip rake angle as at y1 and
y2, tips 40, 42 are also rearwardly relieved on external side 30. Further still, lateral sides 26,
28 may be rearwardly relieved in the direction of circumferential motion, as indicated by

rake angle lambdai, A1 and lambdas, A2 It may be convenient for A1 and A2 to be equal.

[0048] In this embodiment there is a tooth assembly, (e.g., tooth 20), for a cutting saw blade
22. The tooth assembly is releasably mounted to the periphery of a circular saw disc by
fastener 58. Tooth 20 includes a body that may diverge in the circumferentially forward
direction (on relief angles A1 and A2 as seen looking in the radial direction as 1n Figure 2b),
one outer side 30, that diverges circumferentially forwardly (or longitudinally forwardly, as

may be) on relief angle, and one inner side 32. The intersection of the front end 36 with the
lateral sides and the outer side form two cutting tips 40, 42 and four cutting edges 66, 68, 70,

and 72, the front end 36 being concave, with a cylindrical shank 38 attached to the mounting
end 34 of the tooth body 24 extending generally along a tangential axis to the disc (the x-axis
in terms of the tooth), the shank being threaded to provide a fitting in the nature of an
attachment, or attachment means, by which to secure tooth 20 to the circular saw disc.
Similarly, the intersection of the front end with the lateral sides and the inner side 32 form
two cutting tips 44, 46 and four cutting edges 76, 78, 80, and 82. When tips 40 and 42 are
worn, tooth 20 may be extracted, and rotated 180 degrees, to present tips 44 and 46 to the

material to be cut.
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[0049] It may be noted that the corners 40, 42, 44, 46 of tooth 20 have the form of being
crencllated when viewed from the front. That is, while the front face surfaces remain smooth
on either a planar or continuously curved surface without a step changed in profile, the tips at
the corners are built up, or stepped outwardly, on both the side face and top face, as at 84 and
86. This is achieved by not machining the side faces down as far. Note that the tace 84 (or
86, as may be) stands outwardly, or proud, of face 26 (or 32 as may be) in a parallel plane
thereto, by some offset distance, or raised distance, d¢. It has the same reward relief angle, be
it A1 or A2. The width of the step, or raised, or proud, portion 88, indicated by numeral 90,
may be something on the order of one quarter to one half the half-width distance from the tip
to the tooth center-line. This can be expressed as the front or leading cutting edge of the
tooth being on two planes, the first plane being that of the center section of the tooth, which
is on the same plane as the tooth body, and which is lower than the corner portions by the
offset distance dt, as shown in Figure 2e. The travelwise, or rearward extent of the raised
portion, dl, may be of the order of 2 to 5 times the thickness, d¢. For example, in a tooth with
a nominal overall width measured from tip to tip on a new tooth of 2 inches to 2 1/2 inches,
d¢ may be of the order of 1/16 — 1/8 inches, and d/ may be of the order of % to ' inches, and
may be comparable in size to the width 90 of the stepped portion 88, perhaps lying in the
range or 2/3 of that width to the same as that width. The physical significance of these ratios
is that the force on the cutting edge, which is applied eccentrically at the outermost edge of
the cutting tip, creates a bending moment in the tooth body generally, and in the built-up tip
specifically. It is not desirable to have a cutting tip that is a shallow cantilevered beam.

When the depth of the built-up portion in the direction of advance is great relative to the size
of the outward step, the area of the enlargement placed in shear is large relative to the step,
and, because the built-up portion is deeper, the bending moment 1s reacted over a greater

depth of section. The combined effect may tend to lessen the internal stresses in the tooth,

and may also give it, in effect, more body to be worn away by friction over time. In one
example, as illustrated in tooth 92 of the embodiment of Figure 5a, the built-up portion 94
extends fully peripherally about all four sides of the tooth. It is thought that tooth 20 may

have a self-sharpening feature or tendency in operation.

[0050] In the illustrations of Figures 3a, 3b, 3¢, and 3d the inventor provides 1llustrations of
how tooth 20 may tend to work in operation as compared to a conventional tooth as shown 1n
Figure 1a. In Figure 3b, the outline of prior art tooth P20, as unused, 1s indicated by P20,
with tip P22’ as new. After a time tooth P20 is worn to a condition indicated by the outline
of P20”, with the front tip worn to the condition indicated at P22”. The front face of the

tooth has been worn back, as has the side face. The worn cutting tip 1s shown as being
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narrower than the broader region rearwardly thereof, indicated at P27. The difference in height
between P22” and P27 is indicated as dR. In Figure 3a, tooth 20 1s shown in its unused
condition at 40°, 46°. Initially tooth 20 cuts as before. However, after a time the corners begin
to wear away, wear tending to be greater at the corners than along the center of the cutting
edge. This will tend to result in a tooth that begins to approach the shape of a normal,
generally square tooth. During this time the leading portion of tooth 20 may still remain larger
than, and then latterly be comparable in size to, the trailing, relieved portion 96 that tollows
immediately behind, as suggested by the worn profile and items 40”, 46” and 88”. The time
period until the corners wear down may be delayed and friction rubbing of the body of tooth 20
more generally during operation may be reduced. The difference in height between the worn
tip 40”, 46”, as may be, and the highest point of the edge, indicated by 88” (taken as being the
height difference between the worn front cutting tip and the widest part of the trailing tooth
body), is indicated as dr, with dr being shown as smaller than dR. This effect 1s further shown
in Figure 3¢ in both the y and z directions, with the 20 (unused) and 20 (worn) profile lines
being compared to a P20 (worn) line. The unused cutting edges 86” and 88’ wear inward to the

worn lines 86" and 88”’.

[0051] As noted above, the outer front two cutting tips are susceptible to damage from 1mpact
when the teeth strike objects such as rocks and other debris during the felling of trees. This
damage can destroy or dull the outer front two cutting tips such that they are no longer sharp
and are no longer the outermost parts of the tooth. This may result in inefficient cutting and
may require the replacement or rotation of the tooth. However, the stepped-out portions 88 of

leading face 36 of the present tooth 20 may be combined with a secondary trailing cutting tip
such as item 90 in my co-pending US Patent Application 12/524,902 filed as PCT / CA 2008 /

000066 January 11, 2008 and now shown in US Publication US 2010 / 0011934 published
January 21, 2010, behind, or shielded by, the front cutting tip 40. Such an embodiment of

tooth, 98, with the trailing cutting tip identified as 100 is shown in Figures 4a to 4d. In some
instances of unintentional contact with objects, outermost front cutting tip 40 may be damaged
and secondary cutting tip 100 may be left intact and in an undamaged condition. This allows
the cutting to continue by way of the secondary cutting tip without having to replace or rotate
the tooth as soon as might otherwise be the case. To that extent tooth 98 may tend to be
somewhat more tolcrant of impact with objects such as rocks and other debris during the
felling of trees than it might otherwise be. As indicated in the embodiment ot Figure 3d, the
trailing tooth, or secondary cutting tip 102 may also be further built up by an amount
corresponding, roughly, to the outward build-up of tips 40, 42, 44 and 46, namely distance df
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in both the radial and vertical directions. The contrasting embodiment 1s seen in Figure Se.
[f the old secondary tooth height h2 was determined as the rearward spacing of the secondary
tooth, dx, multiplied by the tangent of the relief angle A1 of the plane of the face 32 (or 24 as
may be) of the tooth body, the new secondary tooth depth hiez may be approx. hz + dt. (
More rigourously the projection of dt = dt(Sin yi1)/Sin(y1- h1). Where M 1s small the
difference between numerator and denominator is small, particularly when w1 is close to 90

degrees.) A larger secondary tip may tend to have longer life.

[0052] Tips 90, 92, 94 and 96 may be made of steel, or they may be made of, or include,
ceramic inserts, such as tungsten carbide. Such an embodiment of tooth 120 1s shown 1n my

co-pending application, noted above.

[0053] As noted above, shank 38 may extend from the mounting end or shoulder 34 1n a

direction away from cutting end 36, and may seat in a corresponding accommodation, or

in Figure 2¢, and from above as in Figure 2b, the intersection of the front end 36 with the flat
lateral sides form four front or primary cutting edges 41. The intersection of the four forward
curved surfaces 86 and the four flat intermediate surfaces 87 and adjacent flat surfaces 89
form four intermediate or secondary cutting edges 103. There are eight curved surtaces made

by the milling cutter, joining the flat lateral sides to the eight flat intermediate surfaces.

[0054] The recessed front or cutting end 36 is angled toward the direction of rotation of the
disc as indicated at angle B (beta). The front end 36 may have a radius such as may
encourage a relatively smooth flow of chips from the cutting tips to the gullet (e.g. P26) of
the disc. Angle B (beta) may be in the range of 35 to 55 degrees, and, in one embodiment,

may be about 45 degrees. The recessed front may also be accomplished by milling four flat
faces at an angle B (beta). Tooth 20 may have a concave recess on front end 36, which 1s
turned on a lathe. Alternatively, in other embodiments there may be four flat, angled faces
similar to the front face of a Quadco beaver (T.M.) tooth.

[0055] Wear plates, or inserts, may be added to encourage longer life of the cutting edges on
the leading face of the tooth in abrasive conditions. The wear plates may be made of a
hardened material such as tungsten carbide and brazed, soldered or otherwise suitably
secured to the seats of the body of tooth. When seen from the direction of advance of the
tooth into the wood, the wear plates may generally follow the shape of, or may have a torm

consistent with, the enlarged, built-out tips of the body of the tooth described herein.
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[0056] As the tooth wears, due to the multi planes, there 1s a smaller height difference
between the worn front cutting tip and the widest part of the trailing tooth body. This may

tend to result in less friction and more efficient cutting. See Figures 3a — 3d.

[0057] In the embodiments described, as compared to conventional teeth, more material 1s
placed at the outer corners that do the majority of the cutting work. This may tend to make
the tooth last longer and cut more efficiently. The outer corners of the teeth do the most
cutting and wear faster than the center part of the leading cutting edge therefore by having
the outer corners of the leading cutting edges on a higher (wider) plane, the outer corners of
the leading cutting edge will tend to wear down to the approximate shape of a new
conventional tooth thereby providing self sharpening of the leading cutting edge and longer,

more efficient tooth lite.

[0058] Expressed somewhat differently, the outward stepping from the planes of the tooth
body more generally permits widening of the tooth without lengthening the tooth along the
taper. Lengthening the tooth is not desired since it may tend to increase the bending forces

on the mounting bolt or shank.

[0059] As described in the context of the embodiment of Figures 4a to 4d, the enlarged
leading edge tips can also be employed with the trailing or secondary tooth concept of the
previous invention (WIPO Patent Application W0O/2008/092239) to be enhanced thereby
increasing tooth life. The height of the sccondary cutting tips is limited by height of leading
cutting edge or kerf. This is because if the height of the secondary cutting tip was higher

(wider) than the leading cutting edge, the secondary cutting tip would be re-cutting tree fibers
and cut less efficiently. Thus larger, outwardly stepped cutting tips can be used with or

without secondary cutting tips. Also, as noted, as the invention wears the tooth may tend
longer to retain cutting tips at the corners of the tooth that are wider than the middle of the

tooth, which may tend to result in less friction and more efficient cutting.

[0060] In another embodiment, the tooth may be non-planar or multi-planar. For example 1n
the embodiment of Figures Sb and Sc¢ a tooth 120 has stepped out corners 122 the protrude
proud of the planes of the respective side faces, but rather than employing a linear cutting
edge of a planar cutter side wall, tooth 120 employs serrations 124 on the leading cutting
edge. The serrated edge can be only at the outer corners of the front cutting edge or all along

the front cutting edge.
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[0061] The tooth may have pointed corners of the lcading cutting edge as shown 1n Figures
2a — 2f, or may employ chamfered or radiused corners. The enlarged corner tips can be used
with or without the features of the previously describes teeth of WIPO Patent Application
W0/2008/092239 as shown in Figures 4a — 4d. The teeth herein may be used with any shape
front faces such as curved or concave or flat faces or any combination of the two. The teeth
herein may be used with carbide hardened steel or carbide teeth or hardened inserts, e.g.,
carbide inserts. For example, in Figure Sa there is a tooth 130 that has a carbide insert or
inserts 132 that extend proud of the tapered trailing faces 134, 136, 138, by a step distance
dt. The stepped-out tips are identified as 140. As noted above, in this instance the cutting
edge of the enlarged portion may be extended along the complete leading cutting edge as
shown at 142 in Figure 5a, to result in a stepped or multi-plane body, in which the cutting
edge is in a stepped out plane, as at 144, and the respective trailing parts or faces of the tooth

are on respective other planes, as at 146, tapering rearwardly as in the other examples.

[0062] In each of the embodiments described herein, the initial or base geometry of the tooth
body is of a truncated tapering section. The body tapers from a broad front at the leading or
cutting edge of the tooth, to a narrowed rear, or trailing, end at which the tooth body seats on
the feller-buncher blade tooth holder. This is so whether the tooth has a shank or not. Most
often the tapered body has the form of a squat, square-sectioned pyramid, though this need
not necessarily be so. The body has a plurality of teeth, most usually four, but possibly as
few as two or three, and perhaps more than four teeth, and has one means or another to
permit the tooth body to be rotated about the axis defined by the direction ot advance of the
tooth. The sides of the tapering body are typically planar, (although this need not necessarily
or precisely be the case), and, given the tapering nature of the body, are generally trapezoidal

in shape. The front of the tooth may be curved on a surface of curvature such as a paraboloid
or other body of revolution, or the leading faces of the tips may be substantially flat, typically

generally triangular, and angled rearwardly and away toward the center of the tooth.

[0063] When viewed from in front, each tip of the tooth body has first and second adjacent
flanks, those flanks being defined by the line of intersection of the leading face of the tooth
with the planes (or such other tapering surface as may be) of the sides of the body, the tip

being at the intersection of those lines. The corner of the tooth where two adjoining side

faces meet may be chamfered or radiused.

[0064] The flanks of the tooth, and hence the tip itself, are each built-out, or enlarged, or
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bulge outwardly, in a direction normal to the respective side faces of the tooth. If the
direction of travel is the x-direction, and the tooth has a pyramidal cross-section in which the
y-direction is parallel to two sides of the tooth, and the z-direction 1s parallel to two other
sides of the tooth, the corners are built-up, or enlarged, or bulge, or are “oversized” in both
the y and z directions at each tip, beyond the locus at which the surface of the main portion of
the respective sides would otherwise meet the surface of the front face of the tooth. The
body or bulk of the enlarged tip portions extends rearwardly, and has an outer face that 1s
parallel to the taper of the tooth body more generally. The enlarged portion has an extent in
the rearward direction that is greater than, and possibly quite substantially greater than, the
step in the tooth profile as viewed from the front of the tooth. In the embodiments described,

the step in the tooth does not diverge from, or interrupt, the continuity of the forward surface

of the tooth, be it planar or on a curvature.

[0065] Expressed differently, the tooth has a body with a mounting end and a front end
distant from the mounting end. The body 1s wider at the front end than at the mounting end.
The tooth body has a four sides defining a generally pyramidal form between the front end
and the rear end. The first side lies in a first surface, the second side lies in a second surface.
The first surface and the second surface intersect along a first (possibly imaginary 1n part)
line of intersection. The front end of the tooth defines a third surface. The first surtace and
the third surface intersect at a second constructed line of intersection. The second surface
and the third surface intersect at a third constructed line of intersection. The body has at least
a first cutting tip and a second cutting tip located at the front end. The first, second, and third
construction lines of intersection may intersect at, and extend away from, the theoretical
point of the first tip (i.e., if neither radiused nor chamfered). The body has a region of
cnlargement adjacent the first tip. In the region of enlargement the third surface extends

outwardly beyond the second constructed line of intersection and the third constructed line of
intersection. As seen parallel to the direction of forward travel, in the region of enlargement
the third surface extends beyond the first surface a first projected distance. In the region of

enlargement the third surface extends beyond the second surface a second projected distance.
In a symmetrical tooth, as shown, these distances are equal, although that need not
necessarily be so. The enlarged region extends rearwardly from the third surtace a rearward
distance parallel to the first constructed line of intersection greater than twice any of (a) the
first projected distance; and (b) the second projected distance. The vertex, or (theoretical)
linc of intersection of each planar side and the front face (which may be formed on a body of
revolution) extends on an arc or curvy, or generally V-shaped line across the tooth from the

first tip to the second tip. The enlarged region associated with the first tip extends along the
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second vertex a distance that is at least 1/8 of the overall arc length of the line, or expressed
differently, at least % of the way to the centerline of the tooth, and possibly as much as half

way to the centerline. Each of the first and second projected distances may be at least 1/16”.

[0066] Still differently, the saw blade tooth has a tooth body having a generally square
pyramidal shape including a front end, a rear end, and first, second, third and fourth sides
lying in respective first, second, third and fourth planes. The rear end has a mounting
removably engageable with the tooth seat and rotatable about the direction of forward travel
to a plurality of different seating orientations. FEach of the first, second, third, and fourth
sides is substantially trapezoidal in shape and tapers in width from the front end to the rear
end. A first tip 1s formed at the meeting of the first and second sides and the tront end. A
second tip i1s formed at the meeting of the second and third sides and the front end. A third
tip 1s formed at the meeting of the third and fourth sides and the front end. A tfourth tip 1s
formed at the meeting of the fourth and first sides and the front end. The front end 1s
rearwardly sloped away from each of the first, second, third, and fourth tips. The tooth body
has a central axis of symmetry extending longitudinally the direction of forward travel. A
first transverse axis lics in a plane perpendicular to the first and third sides. A second
transverse axis lies in a plane perpendicular to the second and fourth sides. The first and
second transverse axes are perpendicular to the central axis of symmetry and define a cross-
sectional plane of the tooth body. Each of the first, second, third, and fourth tips has an
associated first, second, third and fourth region of local enlargement. The first region of
local enlargement includes material that extends transversely proud of (i.e., beyond) the first

and second planes.

[0067] Various embodiments have been described in detail. It will be appreciated that the

various features shown and described herein may be mixed and matched in such
combinations and in such manner as may be appropriate. Since changes in and or additions to
the above-described examples may be made without departing from the nature, spirit or

scope of the invention, the invention is not to be limited to those details.
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Claims

1. A saw tooth releasably mountable to a tooth seat of a circular saw disc of a feller
head, and when so mounted, said tooth being operable to cut wood when driven in a direction
of forward travel, said tooth comprising:
a body with a mounting end and a front end distant from the mounting end;
sald body having a pyramidal shape and being wider at said front end than at said
mounting end;
said body having at least a first cutting tip and a second cutting tip located at said
front end, and an intermediate edge portion therebetween;
said body being repositionable on the tooth seat by angular re-orientation about said
direction of forward travel; and as viewed from in front, looking rearwardly
along the direction of forward travel, said first cutting tip being stepped to
project outwardly relative to said intermediate edge portion, transversely to

said direction of forward travel.

2. The saw tooth of claam 1 wherein, as viewed from 1n front, said tooth has a

crenellated shape.

3. The saw tooth of claim 1 wherein said tooth has an enlarged region at each of said

first cutting tip and said second cutting tip.

4, The saw tooth of claim 1 wherein said body has a secondary cutting tip mounted

rearwardly of said first cutting tip.

5. The saw tooth of claim 1 wherein any cutting tip of said tooth includes a wear insert

mounted thereto, said wear insert conforming to any associated first region.

6. The saw tooth of claim 1 wherein:
said tooth body has a plurality of sides between said front end and said mounting end,
said plurality of sides including a first side and a second side, said first side
lying in a first surface, said second side lying in a second surface;
said first surface and said second surface intersecting along a first line of intersection;
said front end of said tooth defining a third surtace;
said first surface and said third surface intersecting at a second line of intersection;

said second surface and said third surface intersecting at a third line of intersection;
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said body having a first region adjacent said first tip; and
in said first region, said third surface extends beyond said first surface a first
projected distance that 1s at least 1/16";
in said first region said third surface extends beyond said second surface a second
projected distance that 1s at least 1/16"; and
said first region extends rearwardly from said third surface a rearward distance
parallel to said first line of intersection a distance in the range of 2 to 5 times
cach of
(a) said first projected distance; and
(b) said second projected distance; and said intermediate cutting edge deviates
rearwardly relative to said pair of first and second cutting tips; and

said tooth has a crenellated shape.

7. The saw tooth of claim 1 wherein said first cutting tip and said second cutting tip each
have the form of a corner that 1s stepped transversely outwardly of said pyramidal shape, and
said tooth has a notch between said corners, whereby said front end of said tooth has a

crenellated shape.

8. The saw tooth of claim 1 wherein: said pyramidal shape has a first side, a second side,
a third side and a fourth side; said first cutting tip 1s bordered by said first side and said
second side; and said first cutting tip stands outwardly beyond said first side and said second

side.

9. The saw tooth of claim 8 wherein: said tooth has a third cutting tip and a fourth
cutting tip; said second cutting tip 1s bordered by said second side and said third side; said
third cutting tip 1S bordered by said third side and said fourth side; said fourth cutting tip 1s
bordered by said fourth side and said first side; said second cutting tip stands outwardly
beyond said second and third sides; said third cutting tip stands outwardly beyond said third
and fourth sides; and said fourth cutting tip stands outwardly beyond said fourth and first

sides.

10.  The saw tooth of claim 8 wherein said first, second, third and fourth sides are

substantially planar.

11.  The saw tooth of claim 10 wherein there is a trailing cutting tip mounted to said body

rearwardly of said first cutting tip, said trailing cutting tip being bordered by said first side
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and said second side; and said trailing cutting tip also extends outwardly proud of said first

side and said second side.

12.  The saw tooth of claim 10 wherein there is a trailing cutting tip mounted rearwardly
of each of said first, second, third, and fourth cutting tips, and each said trailing cutting tip

stands outwardly of the respective two bordering planar sides of said pyramid shape.

13. A saw tooth releasably mountable to a tooth seat of a circular saw disc of a feller
head, and when so mounted, said tooth being operable to cut wood when driven in a direction
of forward travel, said tooth comprising:
a body with a mounting end and a front end distant from the mounting end;
said body being wider at said front end than at said mounting end;
sald body having at least a first cutting tip and a second cutting tip located at said
front end;
said body being repositionable on the tooth seat by angular re-orientation about said
direction of forward travel; and as viewed from in front, looking rearwardly
along the direction of forward travel, said first tip being stepped outwardly to
project from said body transversely to said direction of forward travel;
said tooth body having a plurality of sides defining a generally pyramidal form
between said front end and said mounting end, said plurality of sides
including a first side and a second side, said first side lying in a first surface,
said second side lying in a second surface;
said first surface and said second surface intersecting along a first line of intersection;
said front end of said tooth defining a third surface;
said first surface and said third surface intersecting at a second line of intersection;
a portion of said second line of intersection defining a cutting edge intermediate said
first and second cutting tips;
said second surface and said third surface intersecting at a third line of intersection,;
said body having a first region adjacent said first cutting tip; and
in said first region said third surtace extends outwardly beyond said second line of

intersection and said third line of intersection.

14.  The tooth of claim 13 wherein, as seen parallel to said direction of forward travel: in
said first region said third surface extends beyond said first surface a first projected distance;
in said first region said third surface extends beyond said second surface a second projected

distance; and said first region extends rearwardly from said third surface a rearward distance
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parallel to said first line of intersection at least twice any of (a) said first projected distance;

and (b) said second projected distance.

15.  The tooth of claim 13 wherein, as seen parallel to said direction of forward travel: in
said first region said third surface extends beyond said first surface a first projected distance;
In said first region said third surface extends beyond said second surface a second projected
distance; and said first region extends rearwardly from said third surface a rearward distance
parallel to said first line of intersection; and said rearward distance is in the range of 2 to 5

times the greater of said first projected distance and said second projected distance.

16.  The tooth of claim 13 wherein said tooth has a second region associated with said
second cutting tip; said second line of intersection deviates rearwardly between said first and
second cutting tips; and said second line of intersection has a medial portion between said
first and second cutting tips at which said third surface terminates at said second line of

intersection.

17. The tooth of claim 13 wherein said second line of intersection extends across said
tooth from said first tip to said second tip; and said first region associated with said first tip
extends along said second line of intersection a distance that is at least 1/8 of the overall arc

length of said second line of intersection.

18.  The tooth of claim 13 wherein said tooth has a third cutting tip and a fourth cutting
tip, each of said first, second, third, and fourth cutting tips having respective third and fourth
regions associated therewith, and said body 1s substantially square in cross-section
perpendicular to said direction of forward travel, and said first, second, third and fourth
cutting tips are spaced apart from each other such that, as viewed from said direction of

forward travel there are notches formed between respective pairs thereof.

19.  The tooth of claim 18 wherein said tooth has secondary cutting tips mounted in

respective trailing positions rearwardly of each of said first, second, third and fourth cutting

tips.

20.  The tooth of claim 18 wherein said first region is rearwardly relieved on planes

parallel to respective planes of said first and second surtaces.

CA 2770289 2019-02-08



21

21.  The tooth of claim 14 wherein each of said first and second projected distances is at
least 1/16".

22.  The tooth of claim 13 wherein said tooth also has a third cutting tip and a fourth

cutting tip; and said tooth has respective second, third and fourth regions at each of said first,
second, third, and fourth cutting tips, said first, second, third, and fourth cutting tips all

extending outwardly proud of said pyramidal shape.

23.  The tooth of claim 13 wherein saild body has a secondary cutting tip mounted

rearwardly of said first cutting tip.

24, The tooth of claim 13 wherein said second line of intersection extends across said
tooth from said first tip to said second tip; and said first region associated with said first tip
extends along said second line of intersection a distance that 1s at least 1/8 of the overall arc

length of said second line of intersection.

25.  The tooth of claim 13 wherein any tip of said tooth includes a wear insert mounted
thereto.
26. A rotatable saw blade tooth for use on a forestry feller buncher saw blade, and

mountable to a tooth seat thereof, and when mounted on said tooth seat, being movable 1n a
direction of forward travel as the saw blade turns, wherein said saw blade tooth comprises:
a tooth body having a generally square pyramidal shape including a front end, a rear

end, and first, second, third and fourth sides lying in respective first, second,
third and fourth planes;

said rear end having a mounting removably engageable with the tooth seat and
rotatable about the direction of forward travel to a plurality of different seating

orientations;
each of said first, second, third, and fourth sides being substantially trapezoidal in

shape and tapering in width from said front end to said rear end;

a first tip being formed at the meeting of said first and second sides and said front
end;

a second tip being formed at the meeting of said second and third sides and said front

end;
a third tip being formed at the meeting of said third and fourth sides and said front

end;
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a fourth tip being formed at the meeting of said fourth and first sides and said front
end:

said front end being rearwardly sloped away trom each of said first, second, third, and
fourth tips;

said tooth body having a central axis of symmetry extending longitudinally along said
direction of forward travel, a first transverse axis perpendicular to said central
ax1s of symmetry, said first transverse axis lying in a first plane bisecting said
first and third sides, and a second transverse axis lying in a plane
perpendicular to said central axis of symmetry, said second transverse axis
lying in a second plane bisecting said second and fourth sides;

each of said first, second, third, and fourth tips having an associated first, second,
third and fourth region; and

said first region including material extending transversely proud of adjacent regions
of said tooth in directions along said first and second axes such that said first
tip region bulges outwardly relative to said front end when said tooth 1is

viewed from 1n front.

27.  The rotatable saw blade tooth of claim 26 wherein a secondary cutting tip 1s mounted

in a trailing position with respect to each of said tips.

28. The rotatable saw blade tooth of claim 26 wherein each of said first, second, third,
and fourth regions has a forward face; and said respective forward faces and said front end of

said tooth body form one smooth, continuous, surface.

29. The rotatable saw blade tooth of claim 26 wherein each of said first, second, third,

and fourth regions extends at least one eighth of the tip-to-tip distance across said tooth and

at least twice as far rearwardly 1n said direction along said central axis of symmetry.

30. The rotatable saw blade tooth of claim 26 wherein:
each of said first, second, third and fourth regions extends beyond an associated pair

of first, second, third, and fourth planes a projected distance that 1s at least

1/16";
said first region extends rearwardly a rearward distance in the range of 2 to 5 times

said projected distance; and

CA 2770289 2019-02-08




23

there 1s a respective cutting edge that extends between each adjacent pair of said
cutting tips, each said cutting edge deviates rearwardly between its respective
pair of cutting tips; and

each said cutting edge has a medial portion between its associated cutting tips at
which said front end terminates such that, when viewed toward said front end

along said direction of forward travel said tooth has a crenelated shape.

31. A saw tooth releasably mountable to tooth seat of a circular saw disc of a feller head,
and when so mounted, said tooth being operable to cut wood when driven 1n a direction of
forward travel, said tooth comprising:
a body with a mounting end and a front end distant from the mounting end;
said body being wider at said front end than at said mounting end;
said body having at least a first cutting tip and a second cutting tip located at said
front end;
said body being repositionable on the tooth seat by angular re-orientation about said
direction of forward travel; and
as viewed from the front of the tooth looking rearwardly along the direction of
forward travel, said first cutting tip extending transversely proud of said front
end generally; and
said first cutting tip presents an outwardly serrated edge as viewed from the front of
the tooth.

32.  The tooth of claim 31 wherein said tooth also has a third cutting tip and a fourth
cutting tip and said tooth has respective first, second, third, and fourth regions at each of said
first, second, third, and fourth cutting tips, and each of said first, second, third and fourth

regions presents an outwardly serrated edge as viewed from the front of the tooth.

33. The tooth of claim 31 wherein said body has a secondary cutting tip mounted

rearwardly of said first cutting tip.
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