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CONVEYOR BELT FASTENER

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent App. No. 63/304,315,
filed January 28, 2022, which is hereby incorporated by reference in its entirety.

FIELD

[0002] This disclosure relates to conveyor belt fasteners and, more specifically, to conveyor

belt fasteners having upper and lower plates and loops connecting the plates.

BACKGROUND
[0003] Hinge-style belt splices are used to connect ends of a conveyor belt or belts, such
as for installing the conveyor belt or repairing a damaged section of the conveyor belt. One
type of hinge-style belt splice includes conveyor belt fasteners having fastener bodies with
upper and lower plates that are positioned on upper and lower surfaces of a conveyor belt end

and arcuate loops connecting the upper and lower plates of the fastener body.

[0004] During installation, fasteners are applied to both conveyor belt ends by driving
attachment members such as rivets or staples through apertures of the upper plates, through the
conveyor belt ends, and through apertures of the lower plates of the fasteners. Once the
fasteners have been applied to the conveyor belt ends, the conveyor belt ends are positioned
near one another such that the loops of the fasteners are interlaced and form an opening
defined by the interlaced loops. A hinge pin of the hinge-style belt splice is then advanced
through the opening of the interlaced loops to pivotally connect the conveyor belt ends. The
interlaced loops extend around the hinge pin and shift about the hinge pin as the conveyor belt
travels along the conveyor belt system, such as around head and tail pulleys of the conveyor

system.

[0005] The conveyor belt is under tension and imparts high loads on the splice, especially
in heavy-duty environments such as mining that utilize high belt speeds and convey heavy

material. Some prior hinge-style belt splices have loops that each have a constant cross-section
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throughout the entire the loop. The constant cross-section of the loops enables the greatest
flexibility in assembling the interlaced loops but can limit the strength of the fastener due to
contact stresses on the hinge pin, which damage the pin over the life of the splice. The constant

cross-section of the loops of these prior fasteners also can limit the strength of the loops.

[0006] These prior fasteners typically have a fastener body that is stamped or otherwise
formed from a base material to form a blank having plates and spaced, straight members
connecting the plates. The straight members are then bent to form the loop portions of the
fastener body. One known method to increase the strength of fastener loops is to thicken the
base material used to construct the fastener body, but thickening the base material increases
cost and tends to create issues in other areas of the splice. For example, features such as sharp
bends and coining operations are affected by increased material thickness. Further, the
fasteners of a splice should not protrude significantly above the conveyor surface to avoid
undesirable wear and potential damage arising from impact against other mechanical
components of the conveyor, such as conveyor belt cleaner blades. These considerations can

limit the acceptable base material thickness for many types of fasteners.
SUMMARY

[0007] In one aspect of the present disclosure, a conveyor belt fastener is provided
having a body with upper and lower plate portions and loop portions connecting the upper
and lower plate portions. The upper and lower plate portions have apertures to receive an
attachment member for securing the plate portions to an end of a conveyor belt. The body
has a lateral spacing between the flared loop portions configured to receive a loop portion
of a fastener secured to another end of the conveyor belt. Each loop portion includes
proximal portions adjacent the upper and lower plate portions, with each proximal portion
having a proximal lateral width. Each loop portion further includes a laterally enlarged
distal portion extending arcuately intermediate the proximal portions along the loop portion
for contacting the hinge pin. The laterally enlarged distal portion has a distal lateral width
larger than the proximal lateral width to provide a wide contact area between the loop
portion and the hinge pin. The wide contact area between the loop portions of the fastener

and the hinge pin spreads forces in the loop portions over a larger area of the loop portions
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and decreases peak stresses in the loop portions which improves the durability of the

fastener.

[0008] The present disclosure also provides a conveyor belt fastener including an
upper plate portion, a lower plate portion, and loop portions connecting the upper and lower
plate portions. The upper and lower plate portions have apertures to receive an attachment
member to attach the upper and lower plate portions to an end of a conveyor belt. The loop
portions have a spacing configured to receive a loop portion of another conveyor belt
fastener. The spacing varies in width between the loop portions as the loop portions extend
between the upper and lower plate portions. The loop portions include distal portions
having a narrowest portion of the spacing therebetween. The loop portions further include
proximal portions adjacent the upper and lower plate portions. The proximal portions have
a wider portion of the spacing therebetween that is wider than the narrowest portion
between the distal portions of the loop portions. The proximal portions of the loop portions
provide clearance for a distal portion of the loop portion of the other conveyor belt fastener
to be received between the proximal portions of the loop portions. In this manner, the wider
distal portions of the loop portions provide an enlarged contact area with a hinge pin while
the proximal portions of the loop portions provide clearance for a similarly wide distal

portion of the loop portion of the other conveyor belt fastener.

[0009] In another aspect of the present disclosure, a method is provided for
manufacturing a body of a conveyor belt fastener. The method includes forming an
elongate, flat fastener body from a base material. The forming operation may utilize, for
example, laser cutting or stamping the flat fastener body from the base material. The flat
fastener body includes plate portions and a pair of flat, flared loop portions having a lateral
spacing therebetween for receiving a loop portion of another conveyor belt fastener. The
flat, flared loop portions each have a proximal portion adjacent the plate portions and a
laterally enlarged distal portion intermediate the proximal portions along the flat, flared
loop portions. The proximal portions each have a proximal lateral width and the laterally
enlarged distal portions each have a distal lateral width larger than the proximal lateral

width.

[0010] The method further includes bending the flat, flared loop portions of the flat
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fastener body into an arcuate configuration to orient one of the plate portions above the
other of the plate portions. Bending the flat, flared loop portions into the arcuate
configuration shapes the loop portions to be interdigitated with loop portions of another
fastener and receive a hinge pin through the interdigitated loop portions. The method may
include various other operations, such as coining of outboard ends of the plate portions,
forming apertures in the plate portions, and/or assembling one or more attachment members

with the fastener body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a perspective view of a fastener having a fastener body with an upper
plate portion, a lower plate portion, and flared loop portions connecting the upper and lower

plate portions;

[0012] FIG. 2 is a perspective view of the fastener bodies of two fasteners similar to

the fastener of FIG. 1 pivotally connected with a hinge pin;

[0013] FIG. 3 is a top plan view of interlaced loops of the fastener bodies of FIG. 2
showing the flared loop portions having wider, flared distal portions and narrower,
proximal portions to provide clearance for the flared distal portions of the adjacent loop
portions;

[0014] FIG. 4 is front elevational view of the fastener body of the fastener of FIG. 1

showing arcuate sides of the flared loop portions;

[0015] FIG. 5 is a cross-sectional view taken across line 5-5 in FIG. 1 showing cross
sections of the proximal portions of the loop portions and inner surfaces of the loops for
contacting the pin;

[0016] FIG. 6 is a cross-sectional view taken across line 6-6 in FIG. 1 showing cross-
sections of the wider flared distal portions of the loop portions that are laterally wider than

the cross-sections of the narrower proximal portions of the loop portions;

[0017] FIG. 7 is a side elevational view of the fastener body of the fastener of FIG. 1
showing a substantially uniform thickness of the fastener body from an inboard end of the

upper plate, along the flared loop, and to an inboard end of the lower plate;
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[0018] FIG. 8 is a plan view of a flat loop portion of an elongate, flat fastener body

prior to the flat loop portion being bent into an arcuate configuration;

[0019] FIG. 9 is a plan view of a rivet fastener having loop portions with flared distal
portions;
[0020] FIGS. 10A and 10B are top and bottom perspective views of a conveyor belt

fastener showing steel cables of a conveyor belt extending into a space between the upper

and lower plate portions of the fastener;

[0021] FIG. 11 is a cross-sectional view taken across line 11-11 in FIG. 10B showing a
crimp of the fastener secured to an end portion of one of the cables, the crimp abutting a

ferrule support of the fastener;

[0022] FIG. 12 is a top perspective view of the ferrule support of the fastener of FIG.
10A showing two vertical through openings in the ferrule support for receiving bolts of the

fastener; and

[0023] FIG. 13 is a bottom perspective view of the ferrule support of FIG. 12 showing
two horizontal through openings of the ferrule support for receiving the cables of the

conveyor belt.
DETAILED DESCRIPTION

[0024] Referring to FIG. 1, a fastener 10 is shown having a fastener body 12 with an
upper plate portion 14, a lower plate portion 16, and one or more arcuate loop portions 18
connecting the upper and lower plate portions 14, 16. The fastener body 12 has a unitary
construction and may be made of a metallic material such as steel. The fastener body 12
transfers loads between a conveyor belt end secured between upper and lower plate portions
14, 16 and a hinge pin 30 (see FIG. 2) received in an opening formed by the loop portions

18, as described further hereinafter.

[0025] The loop portions 18 are flared such as by having flared distal portions 60 that
are wider in a lateral direction 57 than proximal portions 64. The flared distal portions 60
widen the loop portions 18 laterally which is the direction that the hinge pin 30 extends. As
such, the flared loop portions 18 have a greater contact area with the hinge pin 30 over loop

portions 18 that are not flared. This allows the flared loop portions 18 to spread the contact
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forces with the hinge pin 30 during conveyor belt operation over a greater surface area. In
some embodiments, it has been found that the flared loop portions 18 reduce peak stress in
the loop portions 18 by thirty percent compared to loops of some prior fasteners that have a
uniform width or lateral dimension. By lowering peak stress and distributing forces over a
greater area, the durability of the loop portions 18 may be improved compared to loops

having uniform cross-sections throughout as in conventional fasteners.

[0026] As discussed above, the flared distal portions 60 reduces the contact stresses on
the hinge pin 30 by spreading the applied tension force or load over a larger area. This has a
meaningful impact on the life of the hinge pin 30. One common hinge pin 30 has a braided
steel cable construction. With use, the small wires that make up the braided cable may
wear and/or fracture due to contact forces applied by the non-flared loops of conventional
fasteners. Steel has a well-known non-linear relationship between applied stress and
fatigue life, so reducing the contact stress by only a small percentage suggest a possible

large increase in useful life of hinge pins 30 made of braided steel cable.

[0027] In one embodiment, the fastener 10 is configured to be secured to a conveyor
belt end having steel cables embedded therein. The fastener 10 may include crimps that are
secured to the steel cables and abut a stop block 20 of the fastener 10. The fastener 10 may
further include a bolt 22 and a nut 24 that extend through apertures or openings 26 of the
upper and lower plate portions 14, 16 to secure the upper and lower plate portions 14, 16 to
the conveyor belt end. The bolt 22 has an end portion that extends proud of the upper plate
portion 14 and is removed after installation of the fastener 10 on a conveyor belt end. The
body 12 may also include openings 28 in the upper and lower plate portions 14, 16 that
receive another bolt and nut assembly to further secure the upper and lower plate portions
14, 16 to the conveyor belt end. The fastener is similar in many respects to the fasteners
discussed in U.S. Patent No. 11,022,197, which issued on June 1, 2021, the entirety of

which is hereby incorporated by reference herein.

[0028] Installing a splice between a pair of conveyor belt ends using fasteners 10
includes trimming rubber from cables of the conveyor belt ends, mechanically securing the
fasteners to cables of the conveyor belt ends, interdigitating the loop portions 50, 52 of the
fasteners 10, and advancing a hinge pin through the interdigitated loop portions 50, 52. The
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installation further includes pouring a quick-cure polymer onto the fasteners 10 and
exposed sections of the cable to embed the splice. The quick-cure polymer embeds the
fasteners 10, cables, and hinge pin to protect the splice and keep the components of the
splice securely assembled while being sufficiently flexibly resilient to allow the so-formed
splice to allow the fasteners 10 to pivot about the hinge pin during conveyor belt operation,

particularly as the belt travels about the head and tail pulleys of the conveyor belt system.

[0029] Regarding FIG. 1, the upper plate portion 14 has an opening 15 that permits
quick cure polyurethane poured onto the upper plate portion 14 to flow into the opening 15
and into the space between the upper and lower plate portions 14, 16. When the
polyurethane hardens, there is a column of polyurethane extending in the opening 15 and
connecting the polyurethane above and below the upper plate portion 14. The engagement
between the column of the polyurethane and the side surfaces of the opening 15 forms a
mechanical attachment point between the polyurethane and the fastener 10. Similarly, the
upper plate portion 14 has side recesses or notches 17, 19 that cooperate to form openings
with corresponding notches of adjacent fasteners when the fasteners 10 are installed side-
by-side on a conveyor belt end. The quick cure polyurethane flows into the openings of the
side-by-side fasteners 10 formed by the cooperating notches 17, 19 and into the spacings
between the upper and lower plate portions 14, 16 of the side-by-side fasteners 10. Once the
polyurethane hardens, the polyurethane extending in the openings formed by the notches
17, 19 engage the upper plate portions 14 of the side-by-side fasteners which provides
additional mechanical attachment points for the polyurethane and the fasteners. When the
upper layer of cured polyurethane above the upper plate portions 14 is subjected to a force
that tends to pull the polyurethane away from the upper plate portions 14, such as due to a
damaged conveyor belt cleaner, the polyurethane columns extending in the openings 15, 17,
19 mechanically resists the upper polyurethane layer from pulling away since the
polyurethane columns are attached to the polyurethane below the upper plate portions 14. In
this manner, the polyurethane columns extending in the openings 15, 17, 19 operate as
anchors to mechanically resist the polyurethane layer on the upper plate portions 14 from
pulling away from the upper plate portions 14. The openings 15, 17, 19 and polyurethane

extending therein thereby improve the durability of the splice formed using the fastener 10.
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[0030] Referring to FIG. 2, two fastener bodies 12, 12A are shown pivotally connected
to the hinge pin 30 with the other components associated with the fastener bodies 12, 12A
removed for clarity. The flared arcuate loop portions 18 of the fastener bodies 12, 12a
secured to opposing conveyor belt ends are interlaced with one another, and the hinge pin

30 is inserted through the opening formed by the interlaced loop portions 18.

[0031] Referring to FIG. 3, the fastener body 12 includes loop portions 40, 42 and
openings 44, 46. The fastener body 12A includes arcuate loop portions 50, 52 and recesses
54, 56. Each of the arcuate loop portions 40, 42, 50, and 52 include the curved and flared
distal portion 60 with a maximum lateral width 62 and a straight and narrow proximal or
inboard portion 64 with a minimum lateral width 66 that is less than the maximum lateral
width 62. The flared distal portion 60 of the loop portion 50 provides increased material to
absorb loading from the hinge pin 30 as well as increased surface area to contact the hinge
pin 30 which reduces peak stress concentrations in the hinge pin 30. The difference in the
lateral widths 62, 66 forms recess portions 70, 72 of the recesses 54, 56 that are enlarged to
provide clearance for the flared distal portion 60 of loop portions 18 received in the recess
portions 70, 72 as the fastener bodies 12, 12A pivot about the hinge pin 30. The loop
portions 18 are contoured at the narrowest and widest points thereof to create sufficient
clearance to permit pivotal movement of the fastener bodies 12, 12A secured to opposing
belt ends about the hinge pin 30 and allow the splice including the fasteners 10 to travel
around the smallest pulley diameter specified for the fasteners 10, hinge pin 30, and

conveyor belt.

[0032] With reference to FIG. 4, the loop portion 50 has opposite side surfaces 80, 82
that extend between and to outboard laterally extending surfaces 84, 86 of the upper and
lower plate portions 14, 16. The side surfaces 80, 82 of the loop portion 50 taper apart from
one another such that the opposite side surfaces 80, 82 have a first width 90 at a portion 92
along or near an upper run of the loop portion 50, a second width 94 therebetween at a
lower portion 96 along or near a lower run of the loop portion 50, and a third width 98
therebetween at a midpoint 100 of the arc or curve of the loop portion 50 that is larger than
the first and second widths 90, 94, which are the same. In other words, the loop portion 50

gradually widens as the loop portion 50 extends away from one of the upper and lower plate
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portions 14, 16 until the loop portion 50 reaches its farthest distal point at which it has its
greatest width whereupon the loop 50 starts to taper back down and get narrower as the

loop portion 50 extends toward the other of the upper and lower plate portions 14, 16.

[0033] Regarding FIG. 5, the loop portion 50 has a cross-section 110 at the proximal
portion 64, the cross-section 110 being parallel to the thickness of the loop portion 50.
Stated differently, the cross-section 110 is perpendicular to the inner and outer surfaces
119, 121 of the loop portion 50 at the proximal portion 64. The cross-section 110 has a
width 112 and a thickness 114. The thickness 114 extends between inner and outer surfaces

119, 121 of the loop portions 50.

[0034] Regarding FIG. 6, the loop portion 50 has a cross-section 120 parallel to the
thickness of the loop portion 50 at the midpoint 100. Stated differently, the cross-section
120 is perpendicular to the inner and outer surfaces 119, 121 at the midpoint 100. The
cross-section 120 has a width 122 that is greater than the width 112 of the proximal portion
64 and a thickness 124 that is similar to the thickness 114 of the proximal portion 64. The
larger width 122 at the midpoint 100 of the loop portion 50 provides more material in the
loop portion 50 to increase the cross-sectional area of the loop portion 50 where the loop
portion 50 experiences the highest stress at the interface with the hinge pin 30. The wider,
flared distal portions 60 thereby reduce stress in the loop portions 18 and engage the hinge
pin 30 over a larger surface area which more evenly distributes loading from the loop

portions 18 along the hinge pin 30.

[0035] Regarding FIGS. 6 and 7, because the flared distal portions 60 of the loop
portions 18 have a similar thickness 124 to the thickness 114 of the proximal portion 64, the
fastener body 12A (and fastener body 12, which is identical) may have a thickness 130 of
the upper plate portion 14 that is substantially the same as: (1) a thickness 132 of the
proximal portion 64; (2) a thickness 134 of the flared distal portion 60; and (3) a thickness
136 of the lower plate portion 16. The thickness 132 is equivalent to the thickness 114 in
FIG. 5 and the thickness 134 is equivalent to the thickness 124 of the cross section in FIG.
6. The similar thicknesses 130, 132, 134, 136 permit the fastener body 12 to be formed
from a base material having a uniform thickness. Further, for a given thickness of the

fastener body 12, the loop portions 18 may be stronger than a fastener having non-flared
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loops due to the wider lateral width 122 at the midpoint 100 of the loop portions 18. In one
embodiment, the upper plate portion 14 has an inboard end 140 and the lower plate portion
16 has an inboard end 142. The plate body 12 has substantially the same thickness
throughout the fastener body 12 all the way from the inboard end 40 of the upper plate
portion 14, along the upper plate portion 14, the loop portion 50, and the lower plate portion
16, and to the inboard end 142. It is intended that the phrase substantially the same
thickness is intended to encompass a thickness of the fastener body 12 that is +/- 5% of an

average thickness of the fastener body 12.

[0036] The fastener body 12 may initially have a flattened configuration once the
fastener body has been formed from the base material to provide the geometry for the loop
portions 18 and associated recesses (e.g., recesses 44, 46, 54, 56). As shown in FIG. 8, an
initial fastener body 160 has an initial plate portion 162 and an initial loop portion 164. The
fastener body 160 is flat and lacks any apertures and the loop portion 164 has not yet been
bent into an arcuate shape. The loop portion 164 has an initial flared distal portion 166, an
initial proximal portion 168, and an initial proximal portion 169. The proximal portion 168
has side surface portions 170, 172 and the proximal portion 169 has side surface portions
171, 173. In one embodiment, the side surface portions 170, 171, 172, 173 are flat, the side
surface portions 170, 172 extend parallel to each other, and the side surface portions 171,
173 extend parallel to each other. The flared distal portion 166 includes curved side surface
portions 174, 176. The sides of the loop portion 164 are smooth and lack sharp transitions

that could operate as stress risers.

[0037] Lines 180, 182 are shown in FIG. 8 extending between the side surface portions
170, 171 and 172, 173 to illustrate the increase in the base material in the flared distal
portion 166 over the proximal portions 168, 169 due to the tapered or outwardly bowed
profile of the flared distal portion 166. Specifically, the side surface portion 174 of the
flared distal portion 166 tapers outwardly from a juncture 184 with the flat side surface
portion 170. The side surface portion 174 has a concave section 186, a transition 188, a
convex section 194, an outermost peak 190 of the convex section 194, a transition 196, and
a concave section 197 that joins side surface portion 171 at juncture198 with the flat side

surface portion 171. The side surface portion 174 changes from concave to convex and

10
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back to concave at the transitions 188 and 196. The side surface portion 176 has the same
geometry as the side surface portion 174. The concave-convex-concave profile of the side

surfaces portions 174, 176 limits stress risers in the fastener body 160.

[0038] At the peak 190, the side surface portions 174, 176 extend outward a distance
192 from the lines 180, 182. The distance 190 provides a maximum width of the loop
portion 164 at a midpoint 202 of the loop portion 164. The maximum width of the loop
portion 164 at the midpoint 202 is equal to twice the distance 192 plus the width 203 of the
proximal portions 168, 169. The side surface portions 174, 176 of the loop portion 164
provide the widening profile of the loop portion 164 once the loop portion has been bent

(seee.g., FIG. 4).

[0039] In another embodiment, the side surface portions 170, 172 and 171, 173 of the
proximal portions 168, 169 are curved. For example, the side surface portions 170, 172 and
171, 173 of the proximal portions 168, 169 and the side surface portions 174, 174 of the
flared distal portion 166 may be portions of a sinusoidal shape that defines the opposite side
surfaces of the loop portion 164.

[0040] The flared loop portions described herein may be used in conjunction with
various types of fasteners. For example and referring to FIG. 9, a fastener 300 is shown that
has a fastener body 302 with an upper plate portion 304, a lower plate portion 306 (behind
the upper plate portion 304 in FIG. 9), and arcuate loop portions 308 connecting the upper
and lower plate portions 304, 306. The loop portions 308 are shown interlaced with loop
portions 310 of another fastener 300 secured to an opposite belt end with a hinge pin 312
extending through the opening formed by the interlaced loop portions 310. The fastener 300
is a rivet fastener that includes openings 314 in the upper and lower plate portions 304, 306
to receive rivets that secure the upper and lower plate portions 304, 306 to a conveyor belt

end.

[0041] Conveyor belt fasteners in accordance with the present disclosure may utilize
various types of attachment members for securing the conveyor belt fasteners to conveyor
belt ends. For example, a conveyor belt fastener in accordance with the present disclosure
may utilize one or more staples, one or more rivets, one or more screws, and/or one or more

bolts and nuts.

11
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[0042] With reference to FIGS. 10A and 10B, a fastener 400 is provided that is similar
in many respects to the fastener 10 discussed above. The fastener 400 includes a body 402
having an upper plate portion 404, lower plate portion 406, and loop portions 408, 410
connecting the upper and lower plate portions 404, 406. Like the loop proportions 50, 52
discussed above, each of the loop portions 408, 410 includes proximal portions 480, 482
(see FIG. 10B) and a laterally enlarged, arcuate distal portion 484. The laterally enlarged,
arcuate distal portions 484 provide a wide contact area between the loop portions 408, 410
and the hinge pin 470. The laterally enlarged, arcuate distal portions 484 of the loop
portions 408, 410 thereby reduce peak stress in the loop portions 408, 410 and provide
enhanced durability for the fastener 400.

[0043] The upper plate portion 404 includes apertures such as through openings 407,
409 and the lower plate portion 406 includes apertures such as openings 411, 413 vertically
aligned with the openings 407, 409. The openings 407, 409 and 401, 413 are sized to
receive bolts 414, 416. The bolts 414, 416 each include a head portion 420 having notches
422, 423 to engage tabs 424, 426 of the lower plate portion 406 to inhibit turning of the
bolts 414, 416. The bolts 414, 416 each include a shank portion 430 configured to be
threadingly engaged with a nut 432, 433 (see FIG. 11).

[0044] Regarding FIGS. 10A and 10B, the fastener 400 includes a stop 440 and
ferrules such as crimps 446, 447 that are secured to end portions 448, 449 of the cables 442,
444 In one embodiment, the stop 440 includes a stop body such as a ferrule support 450.
The ferrule support 450 has a stop surface 452 that is engaged by the crimps 446, 447 when
the cables 442, 444 are subject to tension forces in direction 460 during conveyor belt

operation.

[0045] The loop portions 408, 410 are configured to extend about a hinge pin 470. The
hinge pin 470 applies a load generally in direction 472 against loop portions 408, 410 due
to, for example, tension in the conveyor belt. The loop portions 408, 410 are able to pivot
around the circumference of hinge pin 470, such as when the splice including the fastener
400 travels over a pulley. The fastener body 402 may include one or more features 451,
such as notches, to identify one or more characteristics of the fastener 400 to an installer,

such as the size of the fastener 400. For example, the smallest fastener in a product line may
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have one notch, a medium fastener may have two notches, and the largest fastener may

have three notches.

[0046] With reference to FIG. 11, the fastener 400 is shown connected to a conveyor
belt 500 having an upper cover 502, a lower cover 504, and a core 506 during installation of
the fastener 400 and before quick-cure polyurethane being poured onto the fastener 400.
The core 506 may include, for example, steel cables embedded in a polymer such as rubber.

In other embodiments the core 506 may include alternating layers of a polymer and a fabric.

[0047] The cable 444 extends in an outboard direction from the core 506, past an
inboard end 510 of the fastener body 402, through a through opening 522 of the ferrule
support 450, and into a through opening 514 of the crimp 446. The crimp 446 has a
sidewall or annular wall 516 extending about the through opening 514 and the cable end
portion 448 received therein. The cable 444 has an intermediate portion 520 extending in
the longitudinal through opening 522 of the ferrule support 450. The intermediate portion
520 of the cable 444 extends on one side of the bolts 414, 416 while the cable 442 also has
an intermediate portion that extends through another longitudinal through opening 526 (see

FIG. 12) on an opposite side of the bolts 414, 416.

[0048] With reference to FIGS. 11 and 12, the lower plate portion 406 has recessed
countersinks 530, 532 and the upper plate portion 404 has recessed countersinks 534, 536.
The countersinks 530, 532 and 534, 536 protrude into a gap or space 540 between the upper
and lower plate portions 404, 406 that receives the ferrule support 450.

[0049] Regarding FIG. 12, the ferrule support 450 has vertical through openings 550,
552 that receive the bolts 414, 416 and recesses 554, 556 for receiving the countersinks
534, 536 of the upper plate portion 404. The vertical through opening 550 is centered
between the longitudinal through openings 522 and 526 so that the intermediate cable
portions 520 extending therethrough are offset on either side of the bolt 416 extending
through the vertical through opening 550. The ferrule support 450 has an upper beveled
surface 560 (see FIG. 12) for engaging a lower projecting surface of the countersink 536

and an upper beveled surface 562 for engaging an underside of the countersink 534.

[0050] Regarding FIG. 12, the ferrule support 450 has lower beveled surfaces 570, 572

extending about recesses 574, 576 that receive the countersinks 532, 530 of the lower plate
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portion 406. The lower beveled surfaces 570, 572 engage upper surfaces of the countersinks

532, 530.

[0051] The ferrule support 450 is secured between the upper and lower plate portions
404, 406 via the engagement of the countersinks 530, 532, 534, 536 of the body 402 and the
beveled surfaces 554, 556, 570, 572 of the ferrule support 450. Further, the engaged nuts
432 and bolts 414, 416 clamp the upper and lower plate portions 404, 406 onto the ferrule
support 450 and fix the body 402 to the ferrule support 450.

[0052] Regarding FIG. 11, in one embodiment the fastener 400 includes washers 499
positioned between the countersinks 534, 536 and the ferrule support 450 along the bolts
414, 416. The washers 499 are made of a deformable material, such as a polymer such as
rubber. The washers 499 are engaged with threads of the bolts 414, 416 and keep the bolts
414, 416 connected to the fastener body 402 as a user is handling and installing the fastener
400. The washers 499 and head portions of the bolts 414, 416 each have larger outer
diameters than the through openings 407, 409, 411, 413 of the fastener body 402 that
receive the bolts 414, 416. The washers 499 keep the bolts 414, 416 in the through openings
407, 409, 411, 413 after insertion of the bolts 414, 416, such as at the manufacturer of the

fastener 400, and before installation of the fastener 400.

[0053] With reference to FIG. 12 and 13, the ferrule support 450 may include one or
more strut portions 580 that facilitate the flow of material to a wall portion 582 of the
ferrule support 450 during a molding operation. Specifically, the ferrule support 450 may
be formed by pouring liquid metal into a mold and the portions of the mold that form the
strut portions 580 permit liquid metal to flow throughout the mold.

[0054] With reference to FIG. 13, ferrule support 450 has a wall portion 584 that
extends between the cables 442, 442 and provides rigidity to the material of the ferrule
support 450 forming the through opening 552.

[0055] To install the fastener 400 on the cables 442, 444, the crimps 446, 447 each
have an initial, cylindrical configuration that permits the crimps 446, 447 to be slid onto the
end portions 448, 449 of the cables 442, 444. An installer uses a crimping tool to deform
the sidewall 516 of the crimps 446, 447 about the cables 442, 444 and frictionally engage
the crimps 446, 447 with wires of the cables 442, 444. The installer connects the ferrule
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support 450 to the cables 442, 444 before or after securing the crimps 446, 447 to the cables
442, 444,

[0056] The installer then positions the assembled cables 442, 444, crimps 446, 447 and
ferrule support 450 between the upper and lower plate portions 404, 406 of the fastener
body 402. Next, the installer assembles the bolts 414, 416 onto the fastener body 402 and
tightens down the nuts 432, 433 to clamp the upper and lower plate portions 404, 406 onto
the ferrule support 450 and tightly engage the countersinks of the upper and lower plate
portions 404, 406 with the recesses of the ferrule support 450.

[0057] With reference to FIG. 11, once the fastener 400 has been secured to the cables
442, 444, the installer removes portions 592 of the shank portions 430 of the bolts 414,
416 that project beyond the nuts 432, 433. For example, the installer may snap off the
excess portions 592 with a tool for this purpose to form an end of the bolts 414, 416 at
dashed line 594.

(13 2%
a

[0058] Uses of singular terms such as an,” are intended to cover both the singular

and the plural, unless otherwise indicated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “containing” are to be construed as open-ended
terms. It is intended that the phrase “at least one of” as used herein be interpreted in the
disjunctive sense. For example, the phrase “at least one of A and B” is intended to encompass
A, B, or both A and B.

[0059] While there have been illustrated and described particular embodiments of the
present invention, it will be appreciated that numerous changes and modifications will occur to

those skilled in the art, and it is intended for the present invention to cover all those changes

and modifications which fall within the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A conveyor belt fastener for being secured to an end of a conveyor belt, the conveyor
belt fastener comprising:

a body;

an upper plate portion of the body;

a lower plate portion of the body;

apertures of the upper and lower plate portions to receive an attachment member for
securing the upper and lower plate portions to the end of the conveyor belt;

loop portions of the body connecting the upper plate portion and the lower plate
portion, the loop portions configured to extend about a laterally extending hinge pin;

a lateral spacing of the body between the flared loop portions, the lateral spacing
configured to receive a loop portion of a fastener secured to another end of the conveyor belt;

proximal portions of each of the loop portions adjacent the upper and lower plate
portions, the proximal portions each having a proximal lateral width; and

a laterally enlarged distal portion of each of the loop portions extending arcuately
intermediate the proximal portions along the loop portion for contacting the hinge pin, the
laterally enlarged distal portion having a distal lateral width larger than the proximal lateral

width to provide a wide contact area between the loop portion and the hinge pin.

2. The conveyor belt fastener of claim 1 wherein each of the loop portions has a
maximum lateral width at a midpoint of the loop portion; and

wherein the laterally enlarged distal portions each have laterally spaced side surface
portions that taper toward one another as the side surface portions extend away from the

midpoint along the loop portion.

3. The conveyor belt fastener of claim 1 wherein each of the loop portions has a

maximum lateral width at a midpoint of the loop portion; and
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wherein the laterally enlarged distal portions each include laterally spaced convex side

surface portions at the midpoints of the loop portion.

4. The conveyor belt fastener of claim 3 wherein each of the laterally enlarged distal
portions includes pairs of laterally spaced concave side surface portions on opposite sides of
the convex side surface portions, each pair of concave side surface portions extending away

from the convex side surface portions along the loop portion.

5. The conveyor belt fastener of claim 1 wherein the loop portions include inner surfaces
for extending about the hinge pin, outer surfaces opposite the inner surfaces, and side surfaces
connecting the inner and outer surfaces;

wherein the proximal portions of each of the loop portions includes parallel, flat side
surface portions having the proximal lateral width extending therebetween; and

wherein the laterally enlarged distal portion of each of the loop portions includes
tapering side surface portions that taper laterally outward from the flat side surface portions of
the proximal portions as the tapering side surface portions extend away from the flat side

surface portions along the loop portion.

6. The conveyor belt fastener of claim 1 wherein the loop portions have inner surfaces for
extending about the hinge pin and outer surfaces opposite the inner surfaces; and
wherein the loop portions each have a thickness between the inner and outer surfaces

that 1s uniform throughout the loop portion.

7. The conveyor belt fastener of claim 1 the loop portions have inner surfaces for
extending about a hinge pin and outer surfaces opposite the inner surfaces; and

wherein each of the loop portions has a cross-section perpendicular to the inner and
outer surfaces of the loop portion that varies in cross-sectional area as the loop portion extends

between the upper and lower plate portions.
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8. The conveyor belt fastener of claim 7 wherein the laterally enlarged distal portion of
each loop portion has a cross-sectional area that is larger than a cross-sectional area of

proximal portions of the loop portion.

9. The conveyor belt fastener of claim 7 wherein the cross-section of each loop portion
has a lateral, width dimension that varies throughout the loop portion and a thickness

dimension perpendicular to the lateral dimension that is uniform throughout the loop portion.

10.  The conveyor belt fastener of claim 1 in combination with the attachment member,

wherein the attachment member comprises a rivet, a staple, or a bolt and nut.

11. The conveyor belt fastener of claim 1 wherein the body has a unitary, one-piece
construction.
12.  The conveyor belt fastener of claim 1 wherein the loop portions each have laterally

spaced side surfaces without stress risers.

13. The conveyor belt fastener of claim 1 further comprising:

a ferrule to connect to a conveyor belt cable;

a ferrule support configured to fit between the upper and lower plate portions of the
body, the ferrule support having a stop surface for engaging the ferrule and an opening sized to
permit the conveyor belt cable to extend therethrough; and

wherein the upper and lower plate portions of the body and the ferrule support have
mating portions configured to engage and inhibit pull-through of the ferrule support from

between the upper and lower plate portions.

14.  The conveyor belt fastener of claim 13 in combination with the attachment member,
the attachment member comprising a bolt and a nut;
wherein the ferrule support has an opening aligned with the apertures of the upper and

lower plate portions with the ferrule support between the upper and lower plate portions, the
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bolt configured to extend through the opening of the ferrule support and the apertures of the

upper and lower plate portions.

15. A conveyor belt fastener comprising:

an upper plate portion;

a lower plate portion;

apertures of the upper and lower plate portions to receive an attachment member to
attach the upper and lower plate portions to an end of a conveyor belt;

loop portions connecting the upper and lower plate portions;

a spacing between the loop portions configured to receive a loop portion of another
conveyor belt fastener, the spacing varying in width between the loop portions as the loop
portions extend between the upper and lower plate portions;

distal portions of the loop portions having a narrowest portion of the spacing
therebetween; and

proximal portions of the loop portions adjacent the upper and lower plate portions, the
proximal portions having a wider portion of the spacing therebetween that is wider than the
narrowest portion between the distal portions of the loop portions to provide clearance for a
distal portion of the loop portion of the other conveyor belt fastener to be received between the

proximal portions of the loop portions.

16. The conveyor belt fastener of claim 15 wherein the spacing extends laterally between
the loop portions; and
wherein the loop portions each have a lateral width that varies as the loop portions

extend between the upper and lower plate portions.

17. The conveyor belt fastener of claim 15 wherein the spacing extends laterally between
the loop portions;
wherein the proximal portions of each loop portion includes a minimum lateral width

of the loop portion; and
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wherein the distal portion of each loop portion includes a maximum lateral width of the

loop portion.

18.  The conveyor belt fastener of claim 15 wherein the proximal portions of the loop
portions include flat side surface portions having the wider portion of the spacing extending

between the flat side surface portions.

19. The conveyor belt fastener of claim 18 wherein the distal portions of the loop portions

include tapered surface portions extending obliquely to the flat side surface portions.

20. The conveyor belt fastener of claim 15 wherein the loop portions have inner surfaces
for facing toward a hinge pin and outer surfaces opposite the inner surfaces; and
wherein the loop portions have uniform thicknesses between the inner and outer

surfaces as the loop portions extend between the upper and lower plate portions.

21. The conveyor belt fastener of claim 15 wherein the loop portions each have an inner
surface, an outer surface, side surfaces, and junctures connecting the inner, outer, and side

surfaces.

22.  The conveyor belt fastener of claim 21 wherein the side surfaces include flat side

surface portions and tapered side surface portions.

23. The conveyor belt fastener of claim 15 wherein the spacing between the loop portions
is configured to permit the distal portion of the other conveyor belt fastener to be advanced
downward or upward into the spacing between the proximal portions of the loop portions; and
wherein the narrowest portion of the spacing between the distal portions of the loop
portions is narrower than a maximum width of the distal portion of the other conveyor belt
fastener to inhibit advancing of the distal portion of the other conveyor fastener through the

narrowest portion of the spacing between the distal portions of the loop portions.
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24.  The conveyor belt fastener of claim 15 wherein the conveyor belt fastener includes a
unitary, one-piece body comprising the upper plate portion, lower plate portion, and loop

portions.

25. A system comprising the conveyor belt fastener of claim 15 in combination with the
other conveyor belt fastener; and

wherein the distal portion of the loop portion of the other conveyor belt fastener has a
maximum width that is larger than the narrowest portion of the spacing between the loop

portions.

26. A method of manufacturing a body for a conveyor belt fastener, the method
comprising:

forming an elongate, flat fastener body from a base material, the flat fastener body
having a longitudinal length and including plate portions and a pair of flat, flared loop portions
having a lateral spacing therebetween for receiving a loop portion of another conveyor belt
fastener, the flat, flared loop portions each having proximal portions adjacent the plate portions
and a laterally enlarged distal portion intermediate the proximal portions along the flat, flared
loop portions, wherein the proximal portions each have a proximal lateral width and the
laterally enlarged distal portions each have a distal lateral width larger than the proximal
lateral width; and

bending the flat, flared loop portions of the flat fastener body into an arcuate

configuration to orient one of the plate portions above the other of the plate portions.
27.  The method of claim 26 wherein forming the flat fastener body includes forming
tapered side surface portions of the flat, flared loop portions that extend obliquely to the

longitudinal length.

28.  The method of claim 26 wherein forming the flat fastener body includes forming a pair

of lateral side surfaces of each of the flat, flared loop portions; and
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wherein each lateral side surface includes concave surface portions and a convex

surface portion intermediate the concave surface portions along the loop portion.

29. The method of claim 26 wherein the flat, flared loop portions each have a maximum
width at the laterally enlarged distal portion thereof; and

wherein forming the flat fastener body includes forming tapered side surface portions
of each of the laterally enlarged distal portions that extend toward one another as the tapered

side surface portions extend away from the maximum width of the flat, flared loop portion.
30. The method of claim 26 wherein forming the flat fastener body includes forming the
flat, flared loop portions to have a thickness perpendicular to the longitudinal length and lateral

width that is uniform throughout the flat, flared loop portions.

31.  The method of claim 26 wherein forming the flat fastener body includes forming

apertures in the plate portions for receiving an attachment member.

32. The method of claim 26 wherein the base material comprises a sheet of material or a

strip of material.
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