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DESCRIPTION

Background of the Invention

[0001] This invention relates to a module for a modular conveyor belt which has a retainer for retaining a hinge rod in the module
and which enables a hinge rod to be retracted from the module without damaging the retainer.

[0002] A modular conveyor belt is a conveyor belt formed from a plurality of units (referred to as modules) pivotably connected to
each other end to end in series. Modular conveyor belts are popular in the product handling industry because the length of such
conveyor belts can be readily adjusted by varying the number of modules making up the conveyor belts. Furthermore, a modular
conveyor belt is easy to repair when worn or damaged by simply replacing any worn or damaged modules without it being
necessary to replace the entire conveyor belt.

[0003] The modules forming a modular conveyor belt are pivotably connected in series by elongated hinge rods which pass
through aligned bores formed in the modules. Various means have been employed to prevent the hinge rods from inadvertently
becoming detached from the modules during operation or handling of a modular conveyor belt. One commonly used system for
retaining a hinge rod employs a finger-like retainer having a fixed end secured to some portion of the module and a free end. The
retainer can flex about the fixed end between a position in which the free end extends across the path of axial movement of a
hinge rod disposed in the module to prevent retraction of the hinge rod from the module, and a position in which the free end of
the retainer is disposed out of the path of axial movement of the hinge rod to permit the hinge rod to be retracted from the
module.

[0004] When a modular conveyor belt equipped with such a retainer is being serviced and a technician desires to remove a
hinge rod from the conveyor belt, it is common for the technician to move the retainer between the two positions by exerting a
prying force on the retainer using a rigid member such as a screwdriver. This method of bending the retainer may not cause a
problem if the prying force is exerted near the free end of the retainer, but if the prying force is applied near the fixed end or near
the midportion of the retainer, the retainer can easily be subjected to stresses which exceed its design stress. As a result, the
retainer may undergo plastic deformation of an extent such that it cannot return to a position in which it prevents retraction of a
hinge rod, and it may even undergo structural failure, i.e., it may break. In either case, the retainer can no longer retain a hinge
rod in the conveyor belt.

[0005] EP0792822A1 describes a plastic module for a conveyor mat according to the preamble of claim 1, wherein the hinge pin
used to connect neighbouring modules together is retained within the interdigitated hinged eyes of said modules by bending a lip
shaped member across the end of the bore within which the hinge pin is retained.

Summary of the Invention

[0006] This invention provides a module for a modular conveyor belt according to claim 1 which can prevent a hinge rod retainer
from being damaged during the process of removing a hinge rod from the module.

[0007] The module for a modular conveyor belt includes a retainer which is bendable between a first position in which the
retainer prevents a hinge rod from being withdrawn from a bore of the module and a second position in which a hinge rod can
pass over the retainer to be withdrawn from the bore. The module further includes a stopper which can support at least a portion
of the retainer between its fixed end and its free end when the retainer is in its second position.

[0008] The stopper can support the retainer such that a prying force can be applied to the retainer opposite the stopper without
producing any substantial increase in bending stresses in the retainer. The dimensions of the stopper are selected such that the
stresses within the retainer when the retainer is supported by the stopper are within the design stress of the retainer. The design
stress of the retainer refers to a stress at which the retainer does not undergo structural failure, i.e., break, and at which any
plastic deformation of the retainer is of an extent that when a force pressing the retainer towards the stopper is released, the
retainer can return to a position in which the free end of the retainer can prevent a hinge rod from being withdrawn from the bore
in the module. As such, the stopper can prevent the retainer from being damaged by a technician during the process of removing
a hinge rod from the module, whereby the module can be used for long periods without needing to be replaced. According to
another form of the present invention, a module for a modular conveyor belt includes a retainer which is bendable about a fixed
end between a first position in which the retainer can prevent a hinge rod from being withdrawn from a bore in the module and a
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second position in which a hinge rod can pass over the retainer to be withdrawn from the bore and in which a stopper contacts a
bottom surface of the retainer at a point in a middle 50% of the length of the retainer without the retainer exceeding its design
stress.

[0009] According to yet another form of the present invention, a module for a modular conveyor belt includes a retainer which is
bendable about a fixed end of the retainer to move a free end of the retainer into or out of overlap with a bore of the module in a
radial direction of the bore, and a stopper opposing a bottom surface of the retainer. The retainer is able to contact the stopper at
a point in a middle 50% of the length of the retainer without the retainer exceeding its design stress.

[0010] According to another form of the present invention, a module for a modular conveyor belt includes a retainer which is
bendable about a fixed end of the retainer between a first position in which the retainer can prevent a hinge rod from being
withdrawn from a bore and a second position in which a hinge rod can pass over the retainer to be withdrawn from the bore. The
module includes a first surface movable with the retainer as the retainer bends between its first and second positions and a
second surface which opposes the first surface and contacts the first surface in a middle 50% of the length of the retainer when
the retainer is in its second position without the retainer exceeding its design stress.

[0011] According to still another form of the present invention, a method of removing a hinge rod from a conveyor belt module
includes applying a force to a retainer of the module to bend the retainer from a first position in which the retainer lies across a
path of axial movement of the hinge rod to a second position in which the retainer lies outside a path of axial movement of the
hinge rod and in which a bottom surface of the retainer contacts an upper surface of a stopper opposing the bottom surface of
the retainer at a point in a middle 50% of a length of the retainer without the retainer exceeds its design stress, and moving the
hinge rod in its axial direction to pass the hinge rod over the retainer.

[0012] According to yet another form of the present invention, a modular conveyor belt includes a plurality of modules connected
in series, with at least one of the modules being a module according to the present invention.

Brief Description of the Drawings

[0013]

FIG. 1 is a top plan view of an embodiment of a module for a modular conveyor belt according to the present invention.
FIG. 2 is a bottom plan view of the module of FIG. 1.

FIG. 3 is an elevation of one of the widthwise ends of the module of FIG. 1.

FIG. 4 is an enlarged bottom plan view of the left widthwise end of the module of FIG. 2 when the free end of the retainer is in a
position in which it can block the path of a hinge rod.

FIG. 5is an enlarged axonometric view of the retainer unit shown in FIG. 4 removed from the module.

FIG. 6 is an enlarged axonometric view of the left widthwise end of the module of FIG. 2 with the retainer unit removed from the
module.

FIG. 7 is an enlarged bottom plan view of the left widthwise end of the module of FIG. 2 when the retainer has been deformed to a
position in which it contacts the stopper.

FIG. 8 is a bottom plan view of the module of FIG. 2 when a hinge rod is being inserted into the module.
FIG. 9 is a bottom plan view of the module of FIG. 2 when a hinge rod is being removed from the module.

FIG. 10 is a bottom axonometric view of a plurality of rows of a modular conveyor belt comprising modules similar to the module of
FIG. 2.

Description of Preferred Embodiments

[0014] FIGS. 1 and 2 are top and bottom plan views, respectively, of an embodiment of a module 10 for a modular conveyor belt
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according to the present invention. As long as the module 10 has a retainer which can be flexed between a position in which it can
prevent retraction of a hinge rod from the module and a position in which it permits a hinge rod to be retracted from the module,
there are no particular restrictions on the shape of the module. For example, it can have the same overall shape as a wide variety
of existing modules for modular conveyor belts. As such, the shape of the module 10 shown in FIGS. 1 and 2 is merely one
example of many possible shapes. The illustrated module 10 has the same overall shape as that of a Series 800 Perforated Flat
Top 295 module sold by Intralox, L.L.C. of Harahan, Louisiana. This module 10 has a generally rectangular outer periphery as
viewed in plan and includes first and second lengthwise ends and first and second widthwise ends. In this description, the
lengthwise direction of the module 10 (shown by arrow 11 in FIG. 1) is parallel to the direction in which the module 10 travels
when it is part of a conveyor belt, and the widthwise direction of the module 10 (shown by arrow 12 in FIG. 1) is perpendicular to
the lengthwise direction 11.

[0015] Each lengthwise end of the module 10 is equipped with at least one bore 14 for receiving a hinge rod by which the module
10 can be pivotably connected to a similar module. Although a single bore is sufficient to pivotably connect a module to another
module, a module will typically have a plurality of aligned bores spaced in the widthwise direction of the module in each of its
lengthwise ends. In this embodiment, the bores 14 are formed in a plurality of finger-like projections 13 (referred to below as
"hinge eyes", which is a commonly-used term for such projections) formed along the lengthwise edges of the module 10. Adjoining
hinge eyes 13 are separated from each other by a space 15 into which a hinge eye of an adjoining module can be inserted when
two modules are being connected end to end to form part of a modular conveyor belt.

[0016] As shown in FIG. 1, the module 10 has a top surface 16 which extends between the lengthwise ends of the module 10 and
which is used to support objects atop the module 10. Depending upon the objects which are to be transported and the
environment of use, the top surface 16 may include drainage openings 17 through which liquids or gas can pass between the top
and bottom sides of the module 10. The top surface 16 of the illustrated module 10 is substantially planar, but like many
conventional modules, it may instead have members extending upwards from it, such as cones, rollers, nubs, or ribs for
supporting objects so that the top surface is not completely flat to prevent adhesion of the objects to the top surface of the
module, to reduce or increase friction, or to provide ventilation, for example.

[0017] The illustrated module 10 has a shape generally resembling a block from which the hinge eyes 13 extend outwards in the
lengthwise direction of the module 10, with the gaps 15 between adjoining hinge eyes 13 extending over a relatively small portion
of the length of the module 10. However, a grid-like structure in which the gaps between adjoining hinge eyes extend close to the
lengthwise center of a module (like, for example, the structures of the Series 900 open grid or flush grid modules sold by Intralox,
L.L.C.) can also be employed.

[0018] A modular conveyor belt is typically driven along a path by a plurality of drive sprockets which drivingly engage with the
lower surface of each module in the conveyor belt. A module 10 of a conveyor belt according to the present invention is not
limited to use with any particular type of drive sprocket, so various shapes can be employed for the lower surface of the module
10 in accordance with the type of drive sprocket to be employed. The illustrated module 10 is of the so-called center-driven type
in which a drive sprocket transmits a drive force to the module 10 at a point between the lengthwise ends of the module.
Alternatively, it may be a hinge-driven type in which a drive force is transmitted to the module in the vicinity of the hinge rods
connecting adjoining modules, or a center and hinge-driven type, which is hinge-driven when moving in a first direction and
center-driven when moving in the opposite direction. A drive sprocket for use with the module 10 of FIG. 1 typically has a plurality
of teeth separated by spaces, with each tooth having a notch formed therein. As shown in FIG. 3, which is an elevation of a
widthwise end of the module 10 of FIG. 1, the lower surface of this module 10 has a downward projection 18 at approximately
midway along the length of the module 10 and extending in the widthwise direction of the module 10. This projection 18 can
engage with the notches in the teeth of a drive sprocket. Typically a plurality of drive sprockets are mounted on a common drive
shaft and spaced from each other along the length of the drive shaft, i.e., in the widthwise direction of the conveyor belt. The
drive shaft is rotated by a suitable drive mechanism, examples of which are well known to those skilled in the art.

[0019] There are no restrictions on the dimensions of the module. As an example, a typical Series 800 Perforated Flat Top 295
module on which the illustrated embodiment is based has a length (defined as the distance between the axes of the bores 14 at
one lengthwise end of the module and the axes of the bores 14 at the other lengthwise end of the module) of 2 inches and a
height of 5/8 inches. The width of the module depends upon the particular use of the module, with 5 to 12 inches being examples
of common widths.

[0020] As shown in FIG. 2, at one of its widthwise ends, the module 10 includes a flexible finger-like retainer 31 for retaining a
hinge rod in the bores 14 in the hinge eyes 13. When a single module is intended to extend across the entire width of a conveyor
belt, it is also possible for a module 10 to have a retainer 31 at each of its lengthwise ends. In some modules, such as in modules
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described by U.S. Patent No. 6,499,587, the disclosure of which is incorporated by reference, a retainer is integrally formed with
adjoining portions of the module by injection molding. In other modules, such as in modules described by U.S. Patent No.
7,255,227, the disclosure of which is incorporated by reference, a retainer can be separately formed from the adjoining portions
of the module and attached to the module by suitable means, such as bonding, rivets, screws, or interfitting parts: Either of these
arrangements can be employed for a retainer 31 of a module according to the present invention. In the present embodiment, the
retainer 31 is part of a retainer unit 30 which is separately formed from the rest of the module 10. Forming the retainer unit 30
separately from other portions of the module 10 enables the retainer 31 to be made from a different material from the rest of the
module 10 and can facilitate manufacture of the retainer 31.

[0021] The structure of the retainer unit 30 is best shown in FIGS. 4 and 5. FIG. 4 is an enlarged bottom plan view of a portion of
the module 10 of FIG. 2 when the retainer 31 of the retainer unit 30 is in a position in which it extends across the path of axal
movement of a hinge rod and can prevent a hinge rod from being withdrawn from the module 10, and FIG. 5 is an enlarged
axonometric view of the retainer unit 30 removed from the module 10. The retainer unit 30 includes a base 34 and the retainer
31. The retainer 31 includes a fixed end 32 which is secured to the base 34 and a free end 33 which is closer to the widthwise
center of the module 10 than is the fixed end 32. The retainer 31 can be flexed about its fixed end 32 between a position in which
the free end 33 of the retainer 31 overlaps the bores 14 in the hinge eyes 13 in the radial direction of the bores 14 sufficiently far
that the free end 33 extends across the path of movement of a hinge rod disposed in the bores 14 and can prevent a hinge rod
from being retracted from the bores 14, and a position such that a hinge rod can be inserted into or removed from the bores 14 in
the hinge eyes 13 by passing over the top of the retainer 31. When no external force is acting on the retainer 31, its natural
shape is such that it assumes a position, such as the position shown in FIG. 4, in which it prevents retraction of a hinge rod from
the module 10. Like other portions of the module 10, the retainer unit 30 may include drainage openings 36 for fluids.

[0022] The retainer unit 30 is housed in a cavity 19 formed in one of the hinge eyes 13 at a widthwise end of the module 10. The
cavity 19 opens onto the bottom surface of the module 10 and extends at least partway through the thickness of the module 10.
The shape of the cavity 19 in this embodiment is selected so as to closely surround the base 34 of the retainer unit 30 on three
sides and to extend parallel to and in close proximity to the upper surface of the retainer 31 at the upper end of the cavity 19
when the retainer 31 is in a position in which it prevents retraction of a hinge rod from the bores 14. The height of the cavity 19
measured in the lengthwise direction of the module 10 from the lower wall to the upper wall 20 of the cavity 19 (which extends
alongside the upper surface of the retainer 31) increases from the fixed end 32 towards the free end 33 of the retainer 31. The
cavity 19 need not have this shape, but giving the cavity 19 a height which decreases from the free end 33 towards the fixed end
32 of the retainer 31 makes it more difficult to insert an object (such as a screwdriver) into the cavity 19 near the fixed end 32 of
the retainer 31 and thereby makes it more difficult to apply a shearing load to the retainer 31 in this location. In the state shown in
FIG. 4, the upper surface of the retainer 31 is substantially parallel to the upper wall 20 of the cavity 19 where they oppose each
other.

[0023] The cavity 19 may extend all the way through the thickness of the module 10 to enable the retainer 31 to be accessed
from either the top or bottom of the module 10. In the illustrated example, the cavity 19 extends only partway through the
thickness of the module 10 so as to provide a smoother surface on the top of the module 10 and avoid the possibility of objects
which are being transported by the module 10 catching on the retainer 31 or falling into and collecting in the cavity 19.

[0024] The free end 33 of the retainer 31 is preferably shaped so that if a hinge rod is pressed against the free end 33 from the
right side in FIG. 4, the force of the hinge rod will press the retainer 31 against the upper wall 20 of the cavity 19 rather than
downwards towards the base 34 of the retainer unit 30. When the retainer 31 is pressed against the upper wall 20 of the cavity
19, the free end 33 of the retainer 31 continues to block the path of a hinge rod.

[0025] The base 34 of the retainer unit 30 acts as a support for the retainer 31 and makes the retainer 31 easier to handle and
install in the module 10 by providing a portion which is easier to grasp than the retainer 31. It also provides a large surface area
for joining the retainer unit 30 to the cavity 19 of the module 10. In the present embodiment, the base 34 has a simple rectangular
shape as viewed in plan. Such a shape is easy to manufacture and enables the cavity 19 for housing the retainer unit 30 to also
have a simple shape which is easy to manufacture. However, the base 34 is not restricted to any particular shape. A few examples
of other possible shapes for the base 34 as viewed in plan are a circular, oval, or nonrectangular polygonal shape.

[0026] As stated earlier, when a technician is servicing a modular conveyor belt and removing a hinge rod from a conventional
conveyor belt module equipped with a retainer, it is common for the technician to insert a screwdriver or similar object between
the retainer and an adjoining surface of the module and exert a prying force on the retainer to move the free end of the retainer
out of the path of movement of the hinge rod. If the force is applied to the midportion of the retainer between its fixed and its free
end and the midportion is not supported from below in some way, the resulting stresses applied to the retainer can exceed the
design stress of the retainer and make it impossible for the retainer to return to a position in which it extends across the path of
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movement of a hinge rod. Therefore, the illustrated module 10 is equipped with a stopper 35 for restricting the amount of bending
deformation that the retainer 31 can undergo to an amount such that the stresses in the retainer 31 when deformed by this
amount are within the design stress of the retainer 31. When the retainer 31 has been bent about its fixed end 32 by the
prescribed amount, the stopper 35 can support the retainer 31 at at least one point in the midportion of the retainer 31, i.e., in the
middle 50% of the length of the retainer 31 and resist further bending deformation of the retainer 31.

[0027] The length of the retainer 31 as defined here is the distance measured along the bottom surface of the retainer 31
between the free end 33 and the point closest to the fixed end 32 where a line normal to the lower surface has a component
extending in the lengthwise direction of the module (in the vertical direction in FIG. 4) towards the remote lengthwise end of the
module 10. Referring to FIG. 4, the length of the illustrated retainer 31 is the distance between point P1 near to the fixed end 32
and point P2 at the free end 33 of the retainer 31. The middle 50% of the length is a region centered between points P1 and P2
and having a length which is 1/2 the length of the retainer.

[0028] The middle 50% of the length of the retainer 31 is the region where a prying force is most likely to be applied to the
retainer 31, so it is preferable that the stopper 35 can support the retainer 31 at at least one point in the middle 50% of the
length. However, the stopper 35 is not limited to being disposed in the middle 50% of the length of the retainer 31, and it may
extend over the entire length of the retainer 31 or even further.

[0029] The stopper 35 can have any shape which enables the stopper 35 to firmly support the retainer 31 and particularly the
midportion of the retainer 31 so as to limit the amount of bending deformation of the retainer 31 to a prescribed amount. There
may be a single stopper, or a plurality of stoppers may be used in combination to support a retainer 31 at different locations along
its length. In this embodiment, a single stopper 35 is provided opposite the bottom surface of the retainer 31, and the bottom
surface of the retainer 31 can move into and out of contact with the top surface of the stopper 35. Alternatively, one or more
stoppers may be secured to the bottom surface of the retainer 31 opposing the base 34 of the retainer unit 30 and move together
with the retainer 31 into and out of contact with the top surface of the base 34.

[0030] The stopper 35 may be part of or formed separately from the retainer unit 30. As shown in FIG. 6, which is an enlarged
axonometric view of one of the widthwise ends of the module 10 of FIG. 2 with the retainer unit 30 removed, in this embodiment,
the stopper 35 is formed separately from the retainer unit 30 and extends upwards from the floor of the cavity 19 which houses
the retainer unit 30. The stopper 35 may be formed integrally with the floor of the cavity 19, such as by molding, or it may be
separately formed from the cavity 19 and then secured to the floor of the cavity 19 by any convenient method, such as by
ultrasonic welding. The retainer unit 30 can be inserted into the space in the cavity 19 between the bottom surface of the stopper
35 and the lower wall of the cavity 19 and secured to the inside of the cavity 19, such as by ultrasonic welding, a press fit, a snap
fit, etc. The floor of the cavity 19 may have drainage openings 17 which fluidly communicate with the drainage openings 36
formed in the base 34 of the retainer unit 30 when the retainer unit 30 is inserted into the cavity 19. Forming the stopper 35
separately from the retainer unit 30 as in this embodiment makes it easier to form the retainer unit 30, since there is more space
between the base 34 of the retainer unit 30 and the bottom surface of the retainer 31, particularly near the fixed end 32 of the
retainer 31, than if the stopper 35 were formed integrally with the base 35 or the retainer 31, and this additional space facilitates
injection molding of the retainer unit 30.

[0031] Instead of the stopper 35 being secured to the floor of the cavity 19, it may be mounted on the retainer unit 30. For
example, the stopper 35 may be formed separately from the retainer unit 30 and then secured to the top surface of the base 34
of the retainer unit 30 either before or after the retainer unit 30 is inserted into the cavity 19. However, forming the stopper 35
integrally with the floor of the cavity 19 makes it unnecessary to perform an additional step of securing the stopper 35 to the
retainer unit 30.

[0032] The stopper 35 may support the retainer 31 in a variety of ways as long as it can provide support at least in the middle
50% of the length of the retainer 31. For example, it may support the retainer 31 at a single point in the middle 50% of the length
of the retainer 31, at a plurality of discrete points spaced from each other along the length of the retainer 31 and including at
least one point in the middle 50% of the length of the retainer 31, in one or more continuous regions along the length of the
retainer 31, or at a combination of one or more discrete points and in one or more continuous regions. A region of continuous
contact between the stopper 35 and the retainer 31 provides more uniform support for the retainer 31 by the stopper 35 than
does a region of noncontinuous contact. Preferably the stopper 35 can continuously contact the retainer 31 over at least 10% of
the length of the bottom surface of the retainer 31 between the fixed end 32 and the free end 33 of the retainer 31. The stopper
35 can be still more uniformly supported if the stopper 35 can continuously contact the retainer 31 over at least 50% of the length
of the bottom surface of the retainer 31 between the fixed end and the free end of the retainer 31. In the present embodiment, the
stopper 35 can be in continuous contact with the retainer 31 over the entire length of the stopper 35, which corresponds to
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approximately 75% of the length of the retainer 31.

[0033] When the top surface of the stopper 35 and the bottom surface of the retainer 31 are intended to be in continuous
contact over a portion of their lengths, the opposing regions which are intended to be in continuous contact preferably have
complementary contours. For example, if one surface is convex, the opposing surface may be concave with the same contour as
the convex surface, or both opposing surfaces may have straight line contours extending parallel to each other when the retainer
31 and the stopper 35 contact each other. In the present embodiment, the bottom surface of the retainer 31 has a straight line
contour in an unbent state (such as in the state shown in FIG. 5) over a portion of its length, and the top surface of the stopper
35 likewise has a straight line contour which is complementary to that of the bottom surface of the retainer 31 over a region
beginning at its left end in FIG. 4. Near its free end 33, the bottom surface of the retainer 31 has a concave contour. At its right
end, the upper surface of the stopper 35 has a convex contour which is complementary to the concave contour of the retainer 31.

[0034] There is no restriction on the overall length of the stopper 35. The stopper 35 may extend all the way to the fixed end 32
of the retainer 31, but as in the present embodiment, a gap may be left between the fixed end and the left end of the stopper 35
to facilitate insertion of the retainer unit 30, for example. There may likewise be a gap between the right end of the stopper 35 and
the free end 33 of the retainer 31. Alternatively, it is also possible for the stopper 35 to extend to or beyond the free end 33 and
have a recess for receiving the free end 33.

[0035] The height of the stopper 35 as measured in the lengthwise direction of the module 10 from the base 34 of the retainer
unit 30 can be constant or vary over the length of the stopper 35 as measured in the widthwise direction of the module 10. In the
illustrated embodiment, the upper surface of the stopper 35 has a slight linear taper, with the height of the stopper 35 slightly
decreasing in a linear manner from the end of the stopper 35 closest to the fixed end 32 of the retainer 31 towards the opposite
end of the stopper 35.

[0036] There are no restrictions on the material of which the retainer 31 is made as long as it is capable of repeatedly bending
into and out of the path of axial movement of a hinge rod. For example, plastic, metals, and combinations thereof can be
employed, and the same materials as have been proposed in the past for retainers of conveyor belt modules are suitable in the
present invention. The retainer 31 and the base 34 of the retainer unit 30 may be formed integrally with each other, or they may
be separately formed and then attached to each other by a suitable method. When they are formed of the same material, it is
often desirable to integrally form the entire retainer unit 30 as a single body by injection molding.

[0037] FIG. 7 is a view similar to FIG. 4 showing the state in which the retainer 31 is being been bent by an unillustrated member,
such as a screwdriver, about its fixed end 32 far enough to contact the top surface of the stopper 35. When the retainer 31
contacts the stopper 35, the retainer 31 has been bent sufficiently far from the position shown in FIG. 4 that a hinge rod can pass
over the top of the retainer 31 to be inserted into or retracted from the module 10 but at which the stresses in the retainer 31 are
within its design stress. It is possible for the amount of bending of the retainer 31 when it contacts the stopper 35 to be greater
than the minimum amount of bending of the retainer 31 needed for a hinge rod to pass over the retainer 31. In other words, when
the retainer 31 has been bent far enough for a hinge rod to pass over the retainer 31, there may still be a gap between the
retainer 31 and the stopper 35. However, when a technician is exerting a prying force on the retainer 31 to move the retainer 31
out of the path of a hinge rod in order to retract the hinge rod from the module 10, the technician will often bend the retainer 31
until it contacts the stopper 35 since it is difficult for the technician to precisely control the force which he is applying.

[0038] The deformation of the retainer 31 when it has been pressed into contact with the stopper 35 as shown in FIG. 7 may be
entirely elastic deformation, or it may include plastic deformation in a portion of the retainer 31 as long as the stresses producing
this deformation are within the design stress of the retainer 31, i.e., as long as the retainer 31 can automatically return to a
position in which the free end 33 of the retainer 31 overlaps the bores 14 in the radial direction and the free end 33 extends
across the path of movement of a hinge rod when a force pressing the retainer 31 towards the stopper 35 is released. In other
words, it is not necessary for the retainer 31 to return all the way to a position like that shown in FIG. 4 in order for the retainer 31
to function effectively and prevent retraction of a hinge rod.

[0039] The stopper 35 may be made sufficiently rigid to resist by itself the forces acting on it when the retainer 31 is pressed
against it by a prying force so as to prevent further bending deformation of the retainer 31. Alternatively, the stopper 35 may be
pressed against the base 34 of the retainer unit 30 and act in conjunction with the base 34 to resist the forces acting on a
retainer 31 pressed against the stopper 35. The stopper 35 may be so rigid as to undergo essentially no perceptible bending or
compression under the forces applied to it by the retainer 31 when the retainer 31 is pressed against it, so that when a portion of
the retainer 31 contacts the upper surface of the stopper 35, that portion of the retainer 31 is prevented by the stopper 35 from
undergoing substantially any further bending deformation. However, it is also possible for the stopper 35 to initially undergo a
certain amount of deformation when first contacted by the retainer 31, with the resistance to deformation of the stopper 35
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increasing as the stopper 35 deforms and eventually reaching a point at which the stopper 35 prevents any further bending
deformation by the retainer 31.

[0040] The stopper 35 may be formed of the same or different materials from the retainer unit 30. Since the stopper 35 will
typically undergo much less bending than the retainer 31, a wider range of materials may be suitable for the stopper 35 than for
the retainer 31.

[0041] There are no limitations on the material of which other portions of the module 10 are made, but most commonly, the other
portions of the module 10 will be formed as a single body by injection molding of plastic. Examples of plastics commonly used for
injection molding of conveyor belt modules include polypropylene, polyethylene, and acetals. Glass-filled polypropylene is
particularly suitable for the other portions of the module 10 (including the stopper 35) when the main structural portions of the
module 10 require good strength in a hostile environment. Injection-molded polypropylene, without glass reinforcement, has good
bending characteristics and is frequently suitable for the retainer unit 30.

[0042] FIG. 8 is a bottom plan view similar to FIG. 2 illustrating the process of installing a hinge rod 25 in the module 10. Typically
this process will be performed when two modules are disposed end to end in series, with the bores 14 in the rear lengthwise end
of one module aligned with the bores 14 in the front lengthwise end of the other module. However, for ease of understanding,
FIG. 8 shows only a single module 10. When no external force is acting on the retainer 31, it assumes a position like that shown in
FIG. 4, for example, in which the free end 33 of the retainer 31 overlaps the bores 14 in the hinge eyes 13 in the radial direction
of the bores 14. To install the hinge rod 25, the hinge rod 25 is first inserted into the lefthand side of the bore 14 which opens into
the left side of the cavity 19 which houses the retainer unit 30, and the hinge rod 25 is moved to the right and pressed against the
upper surface of the retainer 31. The retainer 31 is usually sufficiently flexible that when an axial force is applied to the hinge rod
25 by hand, the retainer 31 can bend downwards by a sufficient amount so that the free end 33 of the retainer 31 does not
obstruct the bores 14 in the hinge eyes 13 and the hinge rod 25 can slide over the top of the retainer 31 and be inserted into the
bores 14. It is possible for the bottom surface of the retainer 31 to contact the top surface of the stopper 35 as the hinge rod 25 is
being inserted, but since the amount of bending deformation of the retainer 31 at the time of insertion of the hinge rod 25 is well
controlled by the dimensions of the bores 14 and the hinge rod 25, it is possible for there to be a clearance between the retainer
31 and the stopper 35 at this time. The hinge rod 25 continues to be inserted into the bores 14 until it completely passes over the
retainer 31 and its left end moves to the right side of the free end 33 of the retainer 31. When the left end of the hinge rod 25 has
passed over the retainer 31, the retainer 31 springs back to a position, such as that shown in FIG. 4, in which the free end 33 of
the retainer 31 overlaps the bores 14 in the hinge eyes 13 in the radial direction of the bores 14 to block the axial movement of
the hinge rod 25, thereby retaining the hinge rod 25 inside the module 10.

[0043] When it is desired to remove the hinge rod 25 from the module 10, as shown in FIG. 9, which is a bottom plan view of the
module of FIG. 2, a technician typically inserts a tool, such as a screwdriver 26, between the upper wall 20 of the cavity 19 and
the upper surface of the retainer 31 and exerts a prying force on the retainer 31 to flex it towards the base 34 of the retainer unit
30 to a position in which the retainer 31 no longer blocks the path of the hinge rod 25. With the retainer 31 held in this position by
the screwdriver 26, an axial force is applied to the right end of the hinge rod 25 to slide the hinge rod 25 to the left in the figure
until the left end of the hinge rod 25 is disposed above the free end 33 of the retainer 31. The screwdriver 26 can then be
removed from the cavity 19, and the hinge rod 25 can be pushed to the left in FIG. 9 until it is completely withdrawn from the
bores 14 while passing over the free end 33 of the retainer 31. When the right end of the hinge rod 25 has passed over the free
end 33 of the retainer 31, the retainer 31 automatically returns to a position (such as the position shown in FIG. 4) in which the
free end 33 of the retainer 31 overlaps the bores 14 in the module 10 in the radial direction.

[0044] When a technician is exerting a prying force on the retainer 31 with a screwdriver or other member, it is difficult for the
technician to carefully control the amount of force which he is applying to the retainer 31 or the exact portion of the retainer 31 to
which the force is being applied. In the absence of some support, the retainer 31 could easily be damaged by the prying force.
Therefore, when the retainer 31 has flexed at least far enough to enable a hinge rod 25 to be retracted from the bores 14, the
bottom surface of the retainer 31 contacts the upper surface of the stopper 35 at one or more points in the middle 50% of the
length of the retainer 31, and the retainer 31 is prevented by the stopper 35 from undergoing further bending deformation. As
stated above, the location and dimensions of the stopper 35 are such that the bending stresses which develop in the retainer 31
when the retainer 31 is supported by the stopper 35 are within the design stress of the retainer 31. If the technician increases the
prying force applied to the retainer 31 when the retainer 31 is supported by the stopper 35, since the retainer 31 is prevented by
the stopper 35 from undergoing further bending deformation, the increased prying force does not increase the bending stresses
in the retainer 31 and primarily results in an increase in compressive stresses acting in the thickness direction of the retainer 31,
which the retainer 31 can easily withstand without being damaged.
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[0045] If a technician exerts a strong axial force on the right end of the hinge rod 25 in order to try to remove the hinge rod from
the module 10 without first bending the retainer 31 downwards and out of the path of the hinge rod 25, contact between the left
end of the hinge rod 25 and the free end 33 of the retainer 31 will cause the retainer 31 to be pressed upwards against the upper
wall 20 of the cavity 19. In this state, the upper wall 20 of the cavity 19 will support the top surface of the retainer 31 and resist
further bending of the retainer 31. This contact between the retainer 31 and the upper wall 20 of the cavity 19 prevents the
retainer 31 from being damaged by bending under the force applied to it by the hinge rod 25.

[0046] A modular conveyor belt according to the present invention includes a plurality of modules connected end to end in
series, with at least one of the modules being a module according to the present invention. The conveyor belt may be composed
entirely of modules according to the present invention, or it may include other types of modules or other members in series with
one or more modules according to the present invention. Amodule according to the present invention can be incorporated into a
conveyor belt in the same manner as a conventional module having a retainer 31. As an example, FIG. 10 illustrates one way in
which a module according to the present invention can be incorporated into a conveyor belt. FIG. 10 is a bottom axonometric view
of a plurality of modules according to the present invention connected in series to form a portion of a conveyor belt. FIG. 10
shows two rows 40 of modules pivotably connected to each other by a hinge rod 25. In this example, each row 40 includes two
modules (a first or longer module 10A and a second or shorter module 10B) disposed side by side in the widthwise direction of
the conveyor belt. The two modules 10A, 10B in each row 40 have the same structure as the module 10 of FIG. 1 and differ from
each other primarily with respect to length. The first module 10Ain each row 40 is rotated by 180 degrees in the plane of the rows
40 of modules with respect to the second module 10B in the same row 40, and each module is rotated by 180 degrees in the
plane of the rows 40 of modules with respect to the corresponding module in the adjoining row 40. Namely, the orientation of the
first modules 10A varies by 180 degrees between consecutive rows 40, and the orientation of the second modules 10B likewise
varies by 180 degrees between consecutive rows 40. When the modules are formed by injection molding, the first and second
modules 10A and 10B may be separately formed from separate molds in separate molding operations. However, it may be more
economical to use a single mold corresponding to the first module 10A to mold a plurality of the first modules 10A and to then
obtain the second modules 10B by cutting some of the first modules 10A to a suitable length. Any number of similar rows 40 can
be connected in the same manner as shown in FIG. 10 to obtain a conveyor belt having a desired length. If the width of a row 40
needs to be greater than is capable of being provided by two modules disposed side by side, one or more additional modules can
be inserted into the center of a row 40 between the modules at the widthwise ends of the rows 40 to achieve a row having a
desired width. The modules at the center of a row 40 will typically not be equipped with a retainer.

[0047] In the arrangement shown in FIG. 10, one end of each hinge rod 25 is retained by a retainer 31A (having the same
structure as the retainer 31 shown in FIG. 4) of one of the first modules 10A, and the other end of the hinge rod 25 is retained by
a retainer 31B (having the same structure as retainer 31A) of one of the second modules 10B in the adjoining row 40. With this
arrangement, a hinge rod 25 can be inserted into or removed from the modules from either widthwise end of a conveyor belt.
However, it is also possible for there to be a retainer 31 according to the present invention at only one widthwise end of a row of
modules, as long as some other means is provided at the opposite widthwise end to prevent a hinge rod 25 from inadvertently
being withdrawn from that end of the row. In FIG. 10, each row of modules is connected to the adjoining row of modules by a
single hinge rod 25, but a plurality of hinge rods 25 may be disposed end to end, without being connected to each other, and
connect adjoining rows of modules.
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Patentkrav

1. Modul (10) til et moduleert transportband, og som omfatter en ferste og en
anden ende set i leengderetningen, og en ferste og en anden ende set i
bredderetningen, en gvre flade (16) til understgtning af en last, som er anbragt
mellem den ferste og anden ende set i laengderetningen, og den fgrste og
anden ende set i bredderetningen, en gennemboring (14) til optagelse af en
haengselstang (25), og som er tildannet ved enten den ene eller den anden
ende, set i laengderetningen, en holder (31), som har en fast ende (32) og en fri
ende (33), hvilken holder kan bgjes mellem en ferste stilling, hvor holderen kan
forhindre en haengselstang i at kunne traekkes ud af gennemboringen (14), og
en anden stilling, hvor en haengselstang kan passere over holderen for at kunne
treekkes tilbage fra gennemboringen (14), og et stoporgan (35), som kan
understgtte holderen (31) pa et sted ved de midterste 50% af laengden af
holderen, nar holderen befinder sig i sin anden stilling: og kendetegnet ved, at
den frie ende (33) af holderen (31) er naermere det breddemaessige centrum for
modulet (10) end den faste ende (32) af holderen (31).

2. Modul ifelge krav 1, hvor holderen (31) kan bevaeges i forhold til
stoporganet (35), sa at den bringes i berering med eller veek fra stoporganet.

3. Modul ifelge krav 2, hvor en haengselstang (25) kan traekkes tilbage fra
gennemboringen (14), idet den passerer over holderen (31), og dette nar

holderen befinder sig i en stilling, hvor holderen har en afstand fra stoporganet.

4. Modul ifglge krav 2, hvor holderen (31) og stoporganet (35) har over for
hinanden anbragte flader med komplementaere former.

5. Modul ifelge krav 2, hvor stoporganet (35) kontinuerligt kan bergre
holderen (31) over mindst 10% af holderens leengde, nar holdeorganet befinder
sig i sin anden stilling.
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6. Modul ifelge krav 2, hvor stoporganet (35) kontinuerligt kan bergre
holderen (31) over mindst 50% af holderens laengde, nar holderen befinder sig i

sin anden stilling.

7. Modul ifglge krav 1, hvor holderen (31) og stoporganet (35) er fremstillet af
forskellige materialer.

8. Modul ifglge krav 2, og som indeholder et hulrum (19), der kan
kommunikere med gennemboringen (14), og hvor stoporganet (35) er fastgjort

til et hul i hulrummet.

9. Modul ifglge krav 8, hvor stoporganet (35) ved stebning er udformet ud i ét

med hulrummets (19) gulv.

10. Modul ifglge krav 8, og som indeholder en holderenhed (30), som omfatter
holderen (31) og en basisdel (34), som er fastgjort til den faste ende (32) af
holderen, og hvor holderenheden (30) er installeret i hulrummet (19), idet

stoporganet (35) er anbragt mellem basisdelen (34) og holderen (31).

11. Modul ifglge krav 8, hvor hulrummet (19) har en hgjde, som er stigende fra
en fast ende (32) af holderen og hen mod en fri ende (33) af holderen, og hvor
hulrummet har en gvre veeg (20), som er i hovedsagen parallel med en gvre

overflade pa holderen, nar holderen befinder sig i sin fgrste stilling.

12. Modul ifglge krav 1, hvor stoporganet (35) kan understgtte holderen (31) i

sidstnaevntes anden stilling, uden at holderen undergar plastisk deformation.
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