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WELDLESS CONVEYOR BELT SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority under 35 U.S.C. § 119 to United States Provisional
Patent Application No. 63/406,222 filed on September 13, 2022, the entire contents of which
is incorporated herein by reference.

BACKGROUND

[0002] The present invention is direcled to conveyor belt sysiems and methods and, more
specifically, conveyor belt systems and methods with belts comprised of links that engage rods
in a weldless fashion.
[0003] A commonly used type of conveyor belt for carrying diverse products along both
straight and horizontally or helically curved paths is a grid conveyor belt. For example, a grid
conveyor belt includes a plurality of spaced transverse rods slidably interconnected by at least
two rows of U-shaped connecting links, i.e., the tension bearing members, disposed
respectively along the inner and outer edges of the rods. The connecting links are disposed in
a nested relationship relative to one another with slots being provided in the links in order to
slidably receive the transverse rods. Conventionally, the terminal ends of the transverse rods
are formed into enlarged heads or button heads, which retain the links on the rods. Welds are
then provided to secure the link to the head/rod, thereby preventing rotational movement of the
links on the transverse rods.
[0004] Grid conveyor belts of this type are advantageous over other types of belts because
of their ability to travel in straight line conveyor paths as well as in curved/helical conveyor
paths, thus making grid conveyor belts ideal for use, for example, on spiral cage conveyors.
However, there are extensive manufacturing costs associated with weld inspections, patch-
table rework, field services visits to make inspections and repairs, etc. For example, when a
belt is in need of repair due to breakage or maintenance, the presence of the button head ends
and welded ends requires the use of special tools, such as a grinder and bolt cutter. Moreover
welding is often required to repair an endless belt or to reconnect or splice two separate ends
of a belt. In addition, such welded belts cannot be used in applications where a plastic overlay
along the belt is needed or preferred due to the lammability associated with the plastic overlay.

[0005] Accordingly, there exists aneed for a weldless grid conveyor belt.

SUMMARY OF THE DISCLOSURE
[0006] Some embodiments provide a conveyor belt including a first lateral end, a second

lateral end, a plurality of rods, and a plurality of links. The plurality of rods are spaced apart
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from one another and each extends from the first lateral end to the second lateral end. The
plurality of links interconnect the plurality of rods and include a first link coupled to two
adjacent rods of the plurality of rods at the first lateral end. The first link includes a tail that
extends laterally outward past an outermost portion of the plurality of rods.

[0007] In some embodiments, a first rod of the two adjacent rods terminates with a hook,
where the hook extends through a slot of the tail. In some embodiments, the tail includes two
tail ends defining the slot therebetween. In some embodiments, the hook extends through a
trailing part of the slot, around claw portions of the tail ends, and back through a leading part
of the slot.

[0008] In some embodiments, the plurality of links further includes a second link coupled
to the two adjacent rods at the second lateral end. A mesh overlay can extend across the
plurality of rods between the first link and the second link and, in some embodiments, the mesh
overlay is a plastic mesh overlay.

[0009] Some embodiments provide a conveyor belt including a plurality of rods and a
plurality of links. The plurality of rods are spaced apart from one another, with each of the
plurality of rods including a first lateral end portion with a first hook that terminates at a tip.
The plurality of links interconnect the plurality of rods, and each of the plurality of links
includes a middle portion, an inner leg extending from the middle portion, an outer leg
extending [rom the middle portion, a [irst set of holes extending through the inner leg and the
outer leg, and a tail extending from the outer leg, where the tail includes a slot. A first rod of
the plurality of rods engages a first link of the plurality of links such that the first hook extends
through the first set of holes and the slot and the tip faces an outer surface of the outer leg.
[0010] In some embodiments, each of the plurality of links further includes a second set of
holes extending through the inner leg and the outer leg. The first set of holes are circular
through-holes and the second set of holes are slotted through-holes.

[0011] In some embodiments, the tail includes a trailing curved portion, an outer curved
portion, and a tip, where the slot extends from the tip into the outer curved portion. In some
embodiments, the tail further includes a hole extending through the trailing curved portion.
[0012] In some embodiments, the tail forms a tear-drop shape with a portion of the outer
leg.

[0013] In some embodiments, the slot is defined between two forked ends. In some
embodiments, the slot is defined between two clawed ends, where each of the two clawed ends
includes a claw portion that extends inwardly, and the first hook extends through a trailing part

of the slot, around claw portions, and back through a leading part of the slot.
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[0014] Some embodiments provide a method of forming a conveyor belt including sliding
arod through a first set of holes of a first link and a second set of holes of a second link so that
atip of the rod extends past an outer leg of the first link. The method also includes bending the
tip of the rod to form a hook and bending a tail of the first link that extends from the outer leg
back toward the outer leg until ends of the tail close around either side of the hook.

[0015] In some embodiments, the method also includes pulling the ends of the tail apart
from each other to close the ends around either side of the hook.

[0016] In some embodiments, bending the tail of the first link includes bending the tail
until a slot of the tail terminates above a trailing-most point of the first set of holes. In some
embodiments, bending the tip of the rod to form the hook includes bending the tip of the rod
until the tip faces an outer surface of the outer leg of the first link.

[0017] In some embodiments, the method also includes compressing a mesh overlay away
from the first link before bending the tip of the rod, and uncompressing the mesh overlay after
bending the tip of the rod.

[0018] The foregoing and other aspects and advantages of the present disclosure will
appear from the following description. In the description, reference is made to the
accompanying drawings that form a part hereof, and in which there is shown by way of
illustration one or more exemplary versions. These versions do not necessarily represent the

[ull scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] The following drawings are provided to help illustrate various features of non-
limiting examples of the disclosure, and are not intended to limit the scope of the disclosure or
exclude alternative implementations.
[0020] FIG. 1 illustrates a top-down view of a portion of a conveyor belt according to some
embodiments.
[0021] FIG. 2 illustrates an isometric view of the conveyor belt of FIG. 1.
[0022] FIG. 3 illustrates a top-down view of a portion of a rod, according to some
embodiments, of the conveyor belt of FIG. 1.
[0023] FIG. 4 illustrates a top-down view of a link, according to some embodiments, of the
conveyor belt of FIG.1.
[0024] FIG. 5 illustrates an isometric view of the link of FIG. 4.
[0025] FIG. 6 illustrates another isometric view of the link of FIG. 4.
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[0026] FIG. 7 illustrates another isometric view of a portion of the conveyor belt of FIG.
1.

[0027] FIG. 8 illustrates an isometric outside view of a portion of the conveyor belt of FIG.
1.

[0028] FIG. 9 illustrates an isometric view of a portion of a conveyor belt including links
according to some embodiments.

[0029] FIG. 10 illustrates an isometric view of one of the links of the conveyor belt of FIG.
9

[0030] FIG. 11 illustrates a method of forming a conveyor belt according to some
embodiments.

[0031] FIG. 12 illustrates bottom-up views of partially constructed and fully constructed
links in accordance with the method of FIG. 11.

[0032] FIG. 13 illustrates a bottom-up view of a portion of a conveyor belt, according to
some embodiments, relative to an example drive bar.

[0033] FIG. 14 illustrates a top-down view of a link according to some embodiments.
[0034] FIG. 15 illustrates an isometric view of the link of FIG. 14.

[0035] FIG. 16 illustrates an isometric view of a link according to some embodiments.
[0036] FIG. 17 illustrates an isometric view of a portion of a conveyor belt including the
link of FIG. 16.

[0037] FIG. 18 illustrates a top-down view of a portion of the conveyor belt of FIG. 17.

DETAILED DESCRIPTION

[0038] Some embodiments provide a conveyor belt including a plurality of rods and a
plurality of links configured to lock the rods to the links without welding. For example, the
links according to some embodiments can lock the rods in place in a weldless manner to prevent
side-to-side movement as well as inhibit rotation of a rod relative to the links, which can keep
the conveyor belt flat during expansion and collapse. Additionally, a weldless configuration
allows for manufacturing the conveyor belt, in some applications, with a plastic mesh overlay
without the concerns that are generally associated with welding near plastic pieces.
Furthermore, the links, according to some embodiments, provide a favorable line or area
contact surface for contact with a spiral rotating drum in order to effectively drive the conveyor
belt forward with very low tension.

[0039] Accordingly, FIGS. 1 and 2 illustrate a portion of a conveyor belt 10 according to

some embodiments. As shown in FIGS. 1 and 2, the conveyor belt 10 can include a plurality
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of rods 12 coupled together by a plurality of links 14. More specifically, the rods 12 are
generally spaced apart and aligned in a row along a single plane (e.g., a plane of travel, along
a'Y-axis as illustrated in FIG. 1) and the links 14 can interconnect adjacent rods 12 along lateral
ends thereof. For example, FIGS. 1 and 2 illustrate a first lateral end 16 of the conveyor belt
10, corresponding to first lateral end portions 18 of the plurality of rods 12. Though not shown,
it should be noted that the conveyor belt 10 can include an opposite, second lateral end
substantially identical to, but a mirror image of, the first lateral end 16. Accordingly, discussion
herein with respect to the first lateral end 16 of the conveyor belt 10 and first lateral end portions
18 of the rods 12 can also apply to the second lateral end of the conveyor belt 10 and second
lateral end portions of the rods 12, respectively.

[0040] In operation, the conveyer belt 10 can be driven by one or more drive bars 20
(illustrated in FIG. 13). More specifically, the drive bars 20 can engage one or both lateral ends
16 of the conveyor belt 10 to positively drive the conveyor belt 10 along the plane of travel. In
some applications, the conveyor belt 10 can be driven in a spiral cage system (not shown), in
which an internal rotating drum includes the drive bars 20, which contact one lateral end 16 of
the conveyor belt 10 to drive the conveyor belt 10 through friction and traction. In other
applications, the conveyor belt 10 can be driven in straight-running applications, in which drive
wheels/sprockets engage the conveyor belt 10 (e.g., rods 12) from above or below to drive the
conveyor bell 10 through [riction, traction, and/or direct drive engagement.

[0041] When being driven, the links 14 can engage the rods 12 in a way to couple the rods
12 together and allow the rods 12 to move relative to one another along the plane of travel.
This can provide a smooth movement of the conveyor belt 10 and also reduce tension during
turns/side-flexing. For example, when the conveyor belt 10 is turning, such as during rotation
in a spiral cage configuration, the rods 12 can move closer to each other along the first lateral
end 16 (e.g., along an “inside” of the turn), while the rods 12 can maintain their spacing or
move further apart from each other along the second lateral end (e.g., along an “outside” of the
turn). Furthermore, as discussed in additional detail below, the links 14 can engage the rods 12
in a way to prevent, substantially prevent, or reduce rotation of the rods 12 that could cause
“tenting” of the conveyor belt 10 during travel, in which one or more links 14 rotates outside
of the plane of travel.

[0042] Turning now to the rods 12 of the conveyor belt 10, as shown in FIGS. 1, 2, and 3,
each rod 12 can include the first lateral end portion 18, a second lateral end portion (not shown),
and a middle portion 22 between the first lateral end portion 18 and the second lateral end

portion. As noted above, any description of the first lateral end portion 18 can also apply to the
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second lateral end portion and, thus, for brevity, only the first lateral end portion 18 may be
discussed below. Accordingly, still referring to FIGS. 1-3, two links 14 can engage arod 12 at
the first lateral end portion 18. When assembled, the links 14 can be substantially fixed at the
first lateral end portion 18 such that the links 14 do not extend into the middle portion 22, as
described in more detail below. The middle portion 22 may be free of any material, such that
the conveyor belt 10 is a rod-only construction, or may include a mesh overlay construction, in
which a metal, plastic, composite, etc. mesh overlay (such as mesh overlay 25, illustrated in
FIGS. 15 and 16) extends across and/or between the rods 12 along the middle portions 22
thereof, or afiller construction, in which metal, plastic, composite, etc. filler rods or strips (not
shown) extend across and/or between the rods 12 along the middle portions 22 thereof.
Additionally, in some embodiments, the rods 12 can comprise metals, such as stainless steel or
another metal, plastics, composites, or any other suitable materials.

[0043] Referring still to FIGS. 1-3, at the first lateral end portion 18, the rod 12 can
terminate with a hook 24. In other words, the rod 12 can include the hook 24 at its first lateral
end portion 18. The hook 24 can be a “J-hook,” including a “J” shape, in which the rod 12 is
bent about 180 degrees such that atip 26 of the rod 12 lies substantially parallel with the middle
portion 22 and faces toward the other lateral end (e.g., along the X-axis in FIG. 3). In other
embodiments, the rod 12 may be bent less than or more than 180 degrees. For example, the rod
12 may be bent about 90 degrees such that the tip 26 of the rod 12 lies substantially
perpendicular to the middle portion 22 (e.g., forming an “L” shape, where the tip 26 faces the
plane of travel along the Y-axis in FIG. 3). In another example, the rod 12 may be bent more
than 180 degrees such that the tip 26 of the rod 12 faces the middle portion 22 or part of the
first lateral end portion 18. Accordingly, in various embodiments, the hook 24 can be formed
by the rod 12 being bent about 90 degrees, about 180 degrees, greater than about 90 degrees,
greater than about 180 degrees, between about 90 degrees and about 180 degrees, or between
about 180 degrees and about 360 degrees. As discussed below, the rod 12 is preferably
configured (e.g., bent at the tip 26) to cooperate with the interlocking features of a particular
link 14 construction.

[0044] Turning now to the links 14 of the conveyor belt 10, as shown in FIGS. 1, 2, and 4-
6, each link 14 can be substantially “U-shaped,” including an inner leg 28, an outer leg 30, a
middle portion 32 between the inner leg 28 and the outer leg 30, and a tail 34 extending from
the outer leg 30. Each link 14 can further include a first set of holes 36, a second set of holes
38, and a slot 40. When assembled into the conveyor belt 10, as shown in FIGS. 1 and 2, the

outer leg 30 is positioned along the first lateral end 16 of the conveyor belt 10, while the inner
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leg 28 is positioned inward from the first lateral end 16 of the conveyor belt 10. In some
embodiments, all components of the link 14 (e.g., the inner leg 28, the outer leg 30, the middle
portion 32, and the tail 34) can be formed as one integral piece. For example, the link 14 can
be formed as a single, integral piece, with the holes 36, 38, and slot 40 punched/formed through,
and bent to form the U-shape and the tail 34. In other embodiments, one or more components
of the link 14 can be formed separately and coupled together. Additionally, in some
embodiments, the link 14 can comprise metal, such as stainless steel or another metal. In other
embodiments, the link 14 can comprise plastics, composites, or any other materials suitable to
meet particular application requirements.

[0045] As further described below and best shown in FIGS. 7 and 8, each link 14 can be
configured to engage two rods 12 and to lock/restrain one of the rods 12 to the link 14 without
welding. For example, in some embodiments, by locking the rod 12 to the link 14, the rod 12
and link 14 can be coupled together, the rod 12 can be prevented/inhibited from sliding laterally
relative to the link 14 (e.g., side-to-side in a direction transverse to a direction of travel of the
conveyor belt 10, such as perpendicular along the X-axis in FIG. 1), and/or the rod 12 can be
prevented/inhibited from rotating relative to its longitudinal axis (e.g., relative the X-axis in
FIG. 1, which would cause undesired tenting of the conveyor belt 10).

[0046] With further reference to FIGS. 4-6, in some embodiments, the middle portion 32
can be substantially flat or curved. Furthermore, the inner leg 28 and the outer leg 30 can each
extend from the middle portion 32 at an angle, a curve, or steps so that a distance between the
inner leg 28 and the outer leg 30 is shorter at proximal ends 42 of the legs 28, 30 nearest to the
middle portion 32 compared to at distal ends 44 of the legs 28, 30 furthest from the middle
portion 32. In this configuration, a middle portion 32 of one link 14 can slide into a space 46
defined between the inner leg 28 and the outer leg 30 of an adjacent link 14 such that the links
14 are disposed in a nested relationship relative to one another. This nested relationship allows
asingle rod 12 to extend through the first set of holes 36 of one link 14 (e.g., “Link A” in FIG.
7) and the second set of holes 38 of an adjacent link 14 (e.g., “Link B” in FIG. 7) to couple the
links 14 together.

[0047] More specifically, the first set of holes 36 can extend through the inner leg 28 and
the outer leg 30 near distal ends 44 thereof. That is, as shown in FIGS. 5 and 6, the first set of
holes 36 can include a first hole 36A extending through the inner leg 28 and a second hole 36B
extending through the outer leg 30. The first hole 36A and the second hole 36B can each include
a cross-section shaped and sized to generally match a cross-section of a rod 12, thus allowing

a first rod 12 to slide through the first set of holes 36 in a first direction (e.g., along the X-axis
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of FIG. 1) while substantially preventing/inhibiting the first rod 12 from moving relative to the
link 14 in a second direction transverse to the first direction (e.g., perpendicularly along the Y-
axis) and a third direction transverse to the first direction (e.g., perpendicularly along the Z-
axis). Accordingly, in some embodiments, the first set of holes 36 can be considered a circular
through-hole extending through the link 14.

[0048] The second set of holes 38 can extend through the inner leg 28 and the outer leg 30
near proximal ends 42 thereof. More specifically, as shown in FIGS. 5 and 6, the second set of
holes 38 can include a first hole 38A extending through the inner leg 28 and a second hole 38B
extending through the outer leg 30. As shown in FIG. 6, the first hole 38 A and the second hole
38B can each include a cross-section shaped and sized to include a width W1 generally
matching a diameter of the rod 12, and a length L1 larger than the diameter of the rod 12. For
example, referring to FIG. 4, in some embodiments, the length L1 of the second set of holes 38
can be less than or equal to about half of a length L2 of the legs 28, 30. Furthermore, in some
embodiments, as shown in FIGS. 5 and 6, the second set of holes 38 can extend from proximal
ends 42 of the inner and outer legs 28, 30 into the middle portion 32. Thus, a second rod 12
can slide through the second set of holes 38 in the first direction (e.g., along the X-axis), can
slide along the second set of holes 38 in the second direction (e.g., along the Y-axis, parallel to
a movement direction of the conveyor belt 10), and can be prevented from moving relative to
the link 14 in the third direction (e.g., along the Z-axis or about the X-axis). Accordingly, in
some embodiments, the second set of holes 38 can be considered a slotted through-hole
extending through the link 14.

[0049] Additionally, as shown in FIGS. 4-6, the tail 34 can extend from the distal end 44
of the outer leg 30 in a direction away from the inner leg 28 and curve back toward the inner
leg 28, terminating adjacent to or touching an outer surface 48 of the outer leg 30. In this
manner, the tail 34 can form a tear-drop shape with the outer leg 30 when viewed from the top
down, such as in FIGS. 1 and 4. More specifically, for example, the tail 34 can include a first
curved portion 50 (e.g., a trailing curved portion), a second curved portion 52 (e.g., an outer
curved portion), and a tip 54. In some embodiments, as shown in FIG. 4, an overall length of
the tail L3 (e.g., from the first curved portion 50 to the tip 54) can be less than or equal to about
half of the length L2 of the outer leg 30. Furthermore, in some embodiments, the tail 34 can
extend along a portion of the length L2 of the outer leg 30, but may not reach the second set of
holes 38. For example, as shown in FIG. 4, the second set of holes 38 (as indicated by length
L1) can be separated from the tail 34 by a distance D1.
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[0050] As shown in FIG. 5, in some embodiments, the slot 40 can extend from the tip 54
toward the second curved portion 52. For example, the slot 40 can extend from the tip 54 and
terminate above a trailing-most point 56 of the first set of holes 36. However, in some
embodiments, the slot 40 can extend from the tip 54 and terminate level/in-line with the first
set of holes 36. Additionally, in some embodiments, the slot 40 can include a width generally
matching a diameter of the rod 12. With this configuration, as shown in FIGS. 1, 2, 7, and 8,
the slot 40 can receive the hook 24 of the first rod 12. More specifically, the slot 40 can extend
along enough length to permit the first rod 12 to extend through the slot twice (e.g., the hook
24 can extend through a trailing part of the slot 40 and curve back through a leading part of the
slot 40).

[0051] Additionally, as shown in FIGS. 2 and 53-8, in some embodiments, the tail 34 can
include a hole 58 (e.g., a “relief hole™) in the first curved portion 50. As shown, the relief hole
58 can be positioned from the first set of holes 36 in a trailing direction. In some embodiments,
during formation of the link 14, e.g., when the tail 34 is bent into position, the relief hole 58
can provide relief to help minimize distortion of the second hole 36B in the outer leg 30 and
maintain proper pitch of the first set of holes 36 to ensure the rod 12 can easily slide through
the first set of holes 36. Additionally, in some embodiments, as shown in FIGS. 1 and 2, the
relief hole 58 can also provide clearance for an adjacent hook 24 when the lateral end 16 of the
conveyor bell 10 collapses and the links 14 nest into each other.

[0052] Referring back to the slot 40 of the tail 34, as noted above, the slot 40 can receive
the hook 24 of the first rod 12. That is, the slot 40 can be configured to permit the first rod 12
to extend through or engage the slot 40 twice due to the curvature of the hook 24. Generally,
through engagement with the hook 24, the slot 40 can prevent or substantially prevent/inhibit
the first rod 12 from sliding laterally through the first set of holes 36 and from rotating. More
specifically, with respect to lateral sliding, the rod 12 cannot slide in a first lateral direction
(e.g., “inward” movement toward the opposite lateral end of the conveyor belt 10) due to the
tip 26 of the hook 24 abutting the outer surface 48 of the outer leg 30. Furthermore, the rod 12
cannot slide in a second lateral direction (e.g., “outward” movement away from the opposite
lateral end of the conveyor belt 10) due to a curved edge 60 of the hook 24 contacting the tail
34 along the second curved portion 52. Accordingly, the rod 12 can be locked in both first and
second lateral directions via the hook 24, the tail 34, and the outer leg 30. As a result, no
additional features are needed, for example, adjacent the inner leg 28, to maintain the rod 12 in
position so that the link 14 does not extend into the middle portion 22 of the rod 12. With

respect to rotation, the rod 12 cannot rotate about the X-axis due to the tail 34 being positioned
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along either side of the hook 24. That is, as best shown in FIG. 8, the tip 54 of the tail 34
includes two forked ends 62 that define the slot 40 therebetween. The forked ends 62 can, thus,
“close around” either side of the hook 24 in order to prevent rotational movement of the hook
24 within the slot 40.

[0053] Additionally, as shown in FIG. 8, the tail 34 can include an overall width
substantially equal to a width of the outer leg 30. However, in some embodiments, the tail 34
and, more specifically, the forked ends 62 may be tapered such that the tip 54 has a width less
than the width of the outer leg 30. In some applications, this tapering can help prevent the
forked ends 62 from extending above or below the plane of the conveyor belt 10 (e.g., if they
are bent outward too far away from the hook 24) and snagging on materials. Additionally,
referring back to FIGS. 1, 2, and 8, as noted above, the rod 12 can be bent to form the hook 24
so that the tip 26 of the rod 12 faces the outer surface 48 of the outer leg 30. In this manner, the
cut end of the rod 12 (i.e., the tip 26) is substantially protected from catching or snagging on
parts, such as drive bar caps (not shown).

[0054] FIGS. 9 and 10 illustrate another link 14 according to some embodiments. The link
14 of FIGS. 9 and 10 can include substantially the same components as the link 14 of FIGS. 1,
2, and 4-8 and, thus, like components are numbered accordingly. However, the embodiment of
FIGS. 9 and 10 can include a tapered slot 64. More specifically, the tail 34 can include clawed
ends 66 that each have a claw portion 68. Each claw portion 68 can exiend inwardly toward
the opposite clawed end 66, thus forming the tapered slot 64. As a result, as shown in FIG. 9,
the hook 24 can extend through a trailing part of the slot 64, around the claw portions 68, and
back through or into a leading part of the slot 64.

[0055] As described above, the link 14 of the embodiments of FIGS. 1, 2, and 4-8 can
prevent arod 12 from sliding in the first lateral direction (e.g., “inward” movement toward the
opposite lateral end of the conveyor belt 10) due to the tip 26 of the hook 24 abutting the outer
surface 48 of the outer leg 30. The link 14 of the embodiments of FIGS. 9 and 10 can also
prevent a rod 12 from sliding in the first lateral direction due to the tip 26 of the hook 24
abutting the outer surface 48 of the outer leg 30, and further due to an inner curve 70 of the
hook 24 (also shown in FIG. 3) abutting surfaces of the claw portions 68 of the tapered slot 64.
Accordingly, the link 14 of the embodiments of FIGS. 1, 2, and 4-8 can be considered a “single-
lock™ link 14 due to the single locking surface preventing such lateral movement (i.e., the outer
surface 48 of the outer leg 30), while the link 14 of the embodiments of FIGS. 9 and 10 can be

considered a “double-lock™ link 14 due to the two locking surfaces preventing such lateral
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movement (i.e., the outer surface 48 of the outer leg 30 and the surfaces of the claw portions
68 of the tapered slot 64).

[0056] Turing now to FIG. 11, a method 80 of assembling a conveyor belt 10, according
to some embodiments, is provided. The method 80 can be executed using the link 14 of FIGS.
1, 2, and 4-8, the link 14 of FIGS. 9 and 10, the link 14 of FIGS. 14 and 15 (described below),
or the link 14 of FIGS. 16-18 (described below) in some embodiments, or another link not
specifically described herein. As shown in FIG. 11, generally, the method 80 can include:
initially forming links 14 with an open tail 34 at step 82; sliding a straight rod 12 into two links
14 at step 84; optionally compressing a mesh overlay 25 along the rod 12 away from the link
14 (if an overlay is desired for the particular application) at step 86; bending the rod tip 26 to
create a hook 24 at step 88; if compressed at step 86, un-compressing the mesh overlay 25
along the rod 12 at step 90; and closing the tail 34 around the hook 24 at step 92. It should be
noted that, while the steps of the method 80 are shown in a particular order in FIG. 11, in some
embodiments, the method 80 may not include all steps shown, may include additional steps
that are not shown, and/or may include certain steps in a different order. Additionally, in some
embodiments, some steps may be performed manually or automatically (e.g., via a machine).
[0057] More specifically, at step 82, links 14 can be initially formed. For example, in some
embodiments, a link 14 can be formed as a single integral piece, the sets of holes 36, 38 and
the slot 40 can be punched through the piece, and the piece can then be bent to form the U-
shape, creating the inner and outer legs 28, 30 and the middle portion 32. Furthermore, as
shown in FIG. 12, the tail 34 may be initially bent to form at least the first curved portion 50,
but not fully bent toward the outer surface 48 of the outer leg 30. In this manner, the tail 34
remains “open.” Alternatively, in some embodiments, the tail 34 may not be initially bent at
all, or may only be bent away from the outer leg 30 (e.g., so that the tip 54 faces away from the
outer leg 30). In any such embodiments, the tail 34 may be considered “open” when it is not
fully bent into its final position illustrated in FIGS. 1, 2, and 4-10.

[0058] At step 84, a straight rod 12 is slid through two nested links 14. That is, the rod 12
is slid through a first set of holes 36 of a first link 14 (e.g., “Link A” in FIG. 12) and a second
set of holes 38 of asecond link 14 (e.g., “Link B” in FIG. 12). At step 86, a mesh overlay (such
as mesh overlay 25 shown in FIGS. 15 and 16) may optionally be applied over the rod 12 and
compressed down the rod 12 away from the link 14. For example, the overlay can be
compressed away from the link 14 to permit better access to the rod 12 and the link 14 for one

or more of the remaining assembly steps, such as step 88.
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[0059] That is, at step 88, the tip 26 of the rod 12, extending out from the outer leg 30 of
the link 14, can be bent to create the hook 24. For example, the link 14 can be moved down the
rod 12 into part of the middle portion 22 (which may be free of the mesh overlay 25 due to the
compression at step 86), and the rod tip 26 bent to form the hook 24 so that the tip 26 faces the
outer surface 48 of the outer leg 30. Once the hook 24 is bent into shape, the link 14 can be
moved back to the lateral end portion 18 of the rod 12, e.g., until the rod tip 26 abuts or is
adjacent to the outer surface 48 of the outer leg 30. Additionally, the mesh overlay 25 can be
un-compressed back along the middle portion 22 of the rod 12 at step 90.

[0060] At step 92, the tail 34 can be closed around the hook 24, resulting in a completed
link and rod assembly, as shown in FIG. 12. In some embodiments, at step 92, the forked ends
62 or the clawed ends 66 of the tail 34 can be pressed toward the outer surface 48 of the outer
leg 30, e.g., such that the tail 34 rotates about the Z-axis at the first curved portion 50. For
example, with respect to the clawed ends 66, the tail 34 can be pressed toward the outer surface
48 with enough force to cause the clawed ends 66 to deform around the hook 24. Alternatively,
in some embodiments, the forked or clawed ends 62, 66 of the tail 34 can be pulled away from
each other (e.g., moving along a plane of the Z-axis) and then pressed toward the outer surface
48 of the outer leg 30. For example, the tail ends 62, 66 can be pulled away from each other to
clear the hook 24, pressed toward the outer surface 48 of the outer leg 30, and then pushed back
toward each other 1o lock around the hook 24.

[0061] In some embodiments, the above method 80 can be executed in an iterative manner,
such that the method steps are repeated for successive rods 12 and links 14, In other
embodiments, the above method 80 can be executed as a singular process for the entire length
of the conveyor belt 10, such that the method steps are completed for all rods 12 and links 14
at the same time. In yet other embodiments, the method 80 can be executed in an iterative
manner for set lengths of conveyor belt 10, such that the method steps are executed as a singular
process from multiple links 14 and rods 12 in the set length, and then repeated for another set
length. Additionally, one or more of the method steps may be reversed and/or repeated in order
to assemble one or more rods 12 and/or links 14 in a length of the conveyor belt 10. Moreover,
one or more of the method steps may be repeated to secure the links 14 and rods 12 on the
opposite side (e.g., the second lateral end) of the conveyor belt 10. For example, in some
embodiments, the method 80 may be executed along each end 16 of the conveyor belt 10
simultaneously. However, in other embodiments, each end 16 of the conveyor belt 10 may be

assembled separately.
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[0062] The method 80 of FIG. 11, according to some embodiments, does not include any
welding steps, thus producing a weldless conveyor belt 10. As such, the method 80 can be
executed, for example, during install or repair in or out of the field without the manufacturing
costs associated with welding equipment and technicians, weld inspections and hot-work
permits, patch-table rework, field services visits to make inspections and repairs, etc.
Additionally, because no welds are necessary, plastic mesh overlays can be used with the
conveyor belt 10 in some applications without the restrictions and limitations typically
encountered when welding near plastic materials.

[0063] Once the conveyor belt 10 is assembled, such as in accordance with the method 80
of FIG. 11, it may be used in a system, such as a friction-driven spiral cage system. For
example, as described above and shown in FIG. 13, one or more drive bars 20 of a spiral cage
syvstem driven by an internal drum (not shown) can engage the lateral end 16 of the conveyor
belt 10 to drive the conveyor belt 10 along a helical travel path. As shown in FIG. 13, during
operation, the tail 34 of each link 14 contacts the drive bar 20 along the second curved portion
52, that is, due to the tail 34 of each link 14 extending laterally outward past an outermost
portion of each rod 12 (such as the curved edge 60 of the hook 24). With this configuration,
the tail 34 can provide a larger surface, e.g., a line contact surface, for contacting the drive bar
20 compared to, for example, a point contact surface of a rod 12. A larger contact surface can
help more elfectively drive the conveyor bell 10 forward with lower tension compared (o a
point surface. And such larger contact surface can, in turn, further prevent potential tenting of
the conveyor belt 10.

[0064] Additionally, in some embodiments, the second curved portion 52 can be
substantially flattened along an outermost edge 72 of the link 14, thus fostering additional
contact surface area between the link 14 and the drive bar 20. For example, FIGS. 14 and 15
illustrate a link 14, according to some embodiments. Thelink 14 of FIGS. 14 and 15 can include
many of the same components as the link 14 of FIGS. 1, 2, and 4-8 (and, thus, like components
are numbered accordingly), but can further include a flattened outermost edge 72.

[0065] As another example, FIGS. 16-18 illustrate another link 14 according to some
embodiments. The link 14 of FIGS. 16-18 can include many of the same components as the
link 14 of FIGS. 1, 2, and 4-8 and the link 14 of FIGS. 9 and 10 and, thus, like components are
numbered accordingly. As shown in FIGS. 16-18, the tail 34 can extend from the distal end 44
of the outer leg 30 in a direction away from the inner leg 28 and curve back toward the inner
leg 28, terminating adjacent to or touching an outer surface 48 of the outer leg 30. However,

rather than forming a tear-drop shape with the outer leg 30, like the links 14 shown in FIGS. 1
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and 4, the tail 34 can form a square or rectangular shape with the outer leg 30 when viewed
from the top down, such as in FIG. 18. More specifically, for example, the tail 34 can include
a first portion 96 (e.g., a trailing portion), a second portion 98 (e.g., an outer portion), and a tip
54. As shown, rather than first and second curved portions 50, 52, as in the links of FIGS 1, 2,
and 4-10, the first portion 96 and the second portion 98 can be substantially flat. Furthermore,
the tip 54 can lie substantially parallel with the first portion 96, facing the outer leg 30.

[0066] Additionally, as shown in FIGS. 16-18, the slot 40 can extend from the tip 54 toward
the second portion 98, but not extend into the second portion 98. Furthermore, the tip 54 and,
thus, the slot 40 can be positioned forward (e.g., in the direction of travel) of a trailing-most
point 56 of the first set of holes 36. In some embodiments, the rod 12 may be bent about 90
degrees such that the tip 26 of the rod 12 lies substantially perpendicular to the middle portion
22 of therod 12 (e.g., forming an “L” shape), and can extend into and beyond the slot 40. More
specifically, the rod 12 may be bent so that the rod 12 extends completely through the slot 40
once, and the tip 26 of the rod 12 terminates outside of the slot 40. However, in some
embodiments, the rod 12 may be bent so that the rod 12 only partially extends through the slot
40, such that the tip 26 of the rod 12 terminates within the slot 40.

[0067] With this configuration, as shown in FIGS. 16-18, the tail 34 of each link 14 extends
laterally outward past an outermost portion of each rod 12 (such as an outermost curved edge
60 of the hook 24). As a result, during operation, the tail 34 ol each link 14 contacts a drive bar
20 along the second portion 52. Furthermore, as the second portion 98 (corresponding to an
outermost edge 72 of the link 14) is substantially flat, the link 14 can provide additional contact
surface area that engages the drive bar 20, for example, compared to a curved outer edge 72.
[0068] It is to be understood that the disclosure is not limited in its application to the details
of construction and the arrangement of components set forth in the accompanying description
or illustrated in the accompanying drawings. Given the benefit of this disclosure, one skilled
in the art will appreciate that the disclosure is capable of other embodiments and of being
practiced or of being carried out in various ways. Also, it is to be understood that the
phraseology and terminology used herein is for the purpose of description and should not be
regarded as limiting. The use of “including,” “comprising,” or “having™ and variations thereof
herein is meant to encompass the items listed thereafter and equivalents thereof as well as
additional items. Unless specified or limited otherwise, the terms “mounted,” “connected,”
“supported,” and “coupled” and variations thereof are used broadly and encompass both direct
and indirect mountings, connections, supports, and couplings. Further, “connected” and

“coupled” are not restricted to physical or mechanical connections or couplings.
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[0069] As used herein, unless otherwise limited or defined, discussion of particular
directions is provided by example only, with regard to particular embodiments or relevant
illustrations. For example, discussion of “top,” “front,” “back,” “leading,” or “trailing” features
is generally intended as a description only of the orientation of such features relative to a
reference frame of a particular example or illustration. Correspondingly, for example, a “top™
feature may sometimes be disposed below a “bottom™ feature (and so on), in some
arrangements or embodiments. Further, references to particular rotational or other movements
(e.g., counterclockwise rotation) is generally intended as a description only of movement
relative a reference frame of a particular example of illustration. Additionally, as used herein,
unless otherwise defined or limited, directional terms are used for convenience of reference for
discussion of particular figures or examples. For example, references to top, bottom, upward,
downward, trailing, leading, or other directions, orientations, or positions may be used to
discuss aspects of a particular example or figure, but do not necessarily require similar
orientation or geometry in all installations or configurations.

[0070] In some implementations, devices or systems disclosed herein can be utilized or
installed using methods embodying aspects of the disclosure. Correspondingly, description
herein of particular features, capabilities, or intended purposes of a device or system is
generally intended to inherently include disclosure of a method of using such features for the
intended purposes, a method of implementing such capabilities, and a method of installing
disclosed (or otherwise known) components to support these purposes or capabilities.
Similarly, unless otherwise indicated or limited, discussion herein of any method of
manufacturing or using a particular device or system, including installing the device or system,
is intended to inherently include disclosure, as embodiments of the disclosure, of the utilized
features and implemented capabilities of such device or system.

[0071] As used herein, unless otherwise defined or limited, ordinal numbers are used herein
for convenience of reference based generally on the order in which particular components are
presented for the relevant part of the disclosure. In this regard, for example, designations such

s <

as “first,” “second,” etc., generally indicate only the order in which the relevant component is
introduced for discussion and generally do not indicate or require a particular spatial
arrangement, functional or structural primacy or order.

[0072] As used herein, unless otherwise defined or limited, the term “about™ or
“approximately” or “‘substantially” refers to variation in the numerical quantity that may occur,
for example, through tvpical measuring and manufacturing procedures used for conveyor belts

or other articles of manufacture that may include embodiments of the disclosure herein; through
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inadvertent error in these procedures; through differences in the manufacture, source, or purity
of the ingredients used to make the compositions or mixtures or carry out the methods; and the

5% ¢

like. Throughout the disclosure, the terms “about,” “approximately,” and “substantially” refer
to a range of values = 20% of the numeric value that the term precedes.

[0073] This discussion is presented to enable a person skilled in the art to make and use
embodiments of the disclosure. Given the benefit of this disclosure, various modifications to
the illustrated examples will be readily apparent to those skilled in the art, and the generic
principles herein can be applied to other examples and applications without departing from the
principles disclosed herein. Thus, embodiments of the disclosure are not intended to be limited
to embodiments shown, but are to be accorded the widest scope consistent with the principles
and features disclosed herein and the claims below. The accompanying detailed description is
to be read with reference to the figures, in which like elements in different figures have like
reference numerals. The figures, which are not necessarily to scale, depict selected examples
and are not intended to limit the scope of the disclosure. Skilled artisans will recognize the
examples provided herein have many useful alternatives and fall within the scope of the
disclosure.

[0074] Various features and advantages of the disclosure are set forth in the following

claims.
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CLAIMS

1. A conveyor belt comprising:

a first lateral end;

a second lateral end;

a plurality of rods spaced apart from one another and each extending from the first
lateral end to the second lateral end; and

a plurality of links interconnecting the plurality of rods, the plurality of links
including a first link coupled to two adjacent rods of the plurality of rods at the first lateral
end, the first link including a tail that extends laterally outward past an outermost portion of

the plurality of rods.

2. The conveyor belt of claim 1, wherein a first rod of the two adjacent rods

terminates with a hook, the hook extending through a slot of the tail.

3. The conveyor belt of claim 2, wherein the tail includes two tail ends defining

the slot therebetween.

4 The conveyor belt of claim 3, wherein the hook extends through a trailing part

ol the slot, around claw portions ol the tail ends, and back through a leading part ol the slot.

5. The conveyor belt of claim 1, wherein the plurality of links further includes a

second link coupled to the two adjacent rods at the second lateral end.

6. The conveyor belt of claim 5 and further comprising a mesh overlay extending

across the plurality of rods between the first link and the second link.

7. The conveyor belt of claim 6, wherein the mesh overlay is a plastic mesh

overlay.
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8. A conveyor belt comprising:
a plurality of rods spaced apart from one another, each of the plurality of rods
including a first lateral end portion with a first hook that terminates at a tip; and
a plurality of links interconnecting the plurality of rods, each of the plurality of links
including:
a middle portion,
an inner leg extending from the middle portion,
an outer leg extending from the middle portion,
a first set of holes extending through the inner leg and the outer leg, and
atail extending from the outer leg, the tail including a slot,
wherein a first rod of the plurality of rods engages a first link of the plurality of links
such that the first hook extends through the first set of holes and the slot and the tip faces an

outer surface of the outer leg.

9. The conveyor belt of claim 8, wherein each of the plurality of links further
includes a second set of holes extending through the inner leg and the outer leg, wherein the
first set of holes are circular through-holes and the second set of holes are slotted through-

holes.
10. The conveyor belt of claim 8, wherein the tail includes a trailing curved
portion, an outer curved portion, and a tip, the slot extending from the tip into the outer

curved portion.

11.  The conveyor belt of claim 10, wherein the tail further includes a hole

extending through the trailing curved portion.

12. The conveyor belt of claim 8, wherein the tail forms a tear-drop shape with a

portion of the outer leg.

13.  The conveyor belt of claim 8, wherein the slot is defined between two forked

ends.
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14.  The conveyor belt of claim 8, wherein the slot is defined between two clawed
ends, where each of the two clawed ends includes a claw portion that extends inwardly, and
wherein the first hook extends through a trailing part of the slot, around claw portions, and

back through a leading part of the slot.

15. A method of forming a conveyor belt, the method comprising:

sliding a rod through a first set of holes of a first link and a second set of holes of a
second link so that a tip of the rod extends past an outer leg of the first link;

bending the tip of the rod to form a hook; and

bending a tail of the first link that extends from the outer leg back toward the outer leg

until ends of the tail close around either side of the hook.

16.  The method of claim 15 and further comprising pulling the ends of the tail

apart from each other to close the ends around either side of the hook.

17. The method of claim 15, wherein bending the tail of the first link includes
bending the tail until a slot of the tail terminates above a trailing-most point of the first set of

holes.
18. The method of claim 15, wherein bending the tip of the rod to form the hook
includes bending the tip of the rod until the tip faces an outer surface of the outer leg of the

first link.

19. The method of claim 15 and further comprising compressing a mesh overlay

away from the first link before bending the tip of the rod.

20. The method of claim 19 and further comprising uncompressing the mesh

overlay after bending the tip of the rod.

19



PCT/US2023/032534

1/9

WO 2024/059066

_ _ L2
) e
a7\ % ,
| _/0 v: 2
A \\ ) ! !
| _/ﬂ “: >
\ / \\ V¢
¢l N—
W=
14l / \
_ N IL>

14! / \
_ N[~ ve .
a7\ k [ Ol
_ I il» oz
A\
¢l \
\ //|\\
14! / \
_ W vz




WO 2024/059066 PCT/US2023/032534

G_/ 70 22\

24

60

FIG. 3 .




WO 2024/059066 PCT/US2023/032534




WO 2024/059066 PCT/US2023/032534

14
LINK B\ 30—~ [o=_

)

NS
\'\




WO 2024/059066 PCT/US2023/032534

5/9

FIG. 10




WO 2024/059066 PCT/US2023/032534

6/9

TN @D

' /-82
FORM LINKS WITH OPEN TAIL

| 84
SLIDE STRAIGHT ROD THROUGH

FIRST SET OF HOLES OF LINK A,
SECOND SET OF HOLES OF LINK B

R 8
COMPRESS I\_/IESH OVERLAY

' f88
BEND ROD TIP TO CREATE HOOK

1

R 0
UN—COMPRESS_ MESH OVERLAY

1

CLOSE TAIL AROUND HOOK

END

FIG. 11



WO 2024/059066

PCT/US2023/032534

t 32 N 32
LINK A ¥~ LINK A R
28~ 28—~
48 48
' P y “ 26
/2 Y 54
12 —54 12
— ’
14 . 14/
LINK B X 1>*  LNK B 51 3%
12 54 12 20
i 52
34
50 FIG. 19 50 \34
18
0~ / /16
1ZE: 3 72 e 20
14‘\ - u
oY 2 24
E— S f——60
L) 172
14— — 24
12 34 |
Bt Y
)72
14‘\ L
}_ = ir/so ’_‘

FIG. 13



PCT/US2023/032534

WO 2024/059066

8/9




‘:.'Y.V.\%]IX%]I&“%:‘ 25

m|

il

VVVVV




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/032534

A. CLASSIFICATION OF SUBJECT MATTER
INV. B65G17/08

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B65G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X GB 1 066 905 A (SUPREME CONVEYOR BELT 1,5-9,
COMPANY) 26 April 1967 (1967-04-26) 12-16,18
A figures 1,3,4 4,11
X CN 101 910 676 A (CAMBRIDGE INTERNAT INC) 1-3,5-8,
8 December 2010 (2010-12-08) 10,12,
15,17,
19,20
A figures 8-11 4,11
X GB 1 311 769 A (BRITISH WEDGE WIRE CO LTD) 1
28 March 1973 (1973-03-28)
figures 1-4
X CN 111 670 152 A (CAMBRIDGE INT INC) 1
15 September 2020 (2020-09-15)
A figures 2,7,8 5

I:‘ Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 November 2023

Date of mailing of the international search report

01/12/2023

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Pedersen, Henrik

Form PCT/ASA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2023/032534
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 1066905 A 26-04-1967 NONE
CN 101910676 A 08-12-2010 CN 101910676 A 08-12-2010
EP 2220396 Al 25-08-2010
ES 2545084 T3 08-09-2015
PL 2220396 T3 30-11-2015
PT 2220396 E 09-10-2015
Us 2009145732 A1 11-06-2009
WO 2009073166 Al 11-06-2009
GB 1311769 A 28-03-1973 NONE
CN 111670152 A 15-09-2020 BR 112020015326 A2 08-12-2020
CN 111670152 A 15-09-2020
EP 3746379 Al 09-12-2020
Us 2019234485 Al 01-08-2019
Us 2021164539 Al 03-06-2021
WO 2019152339 Al 08-08-2019
ZA 202004688 B 30-03-2022

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

