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(57) Abstract: Components of a conveyor system designed to facilitate tight transfer of products onto and off a positively-driven,
low tension conveyor belt. The conveyor system includes a tension amplifier in a returnway of a conveyor belt circuit for selectively
increasing tension in the conveyor belt prior to infeed without increasing the low tension in the returnway prior to the tension ampli-
fier. A positively-driven, low tension conveyor system (400) includes a tension amplifier (480) in a returnway of a conveyor belt cir -
cuit for increasing tension in the conveyor belt (460) prior to infeed without increasing the low tension in the returnway (450) prior
to the tension amplifier (480).
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POSITIVELY-DRIVEN, LOW TENSION TRANSFER CONVEYOR

FIELD OF THE INVENTION

[0001] The present invention relates generally to power-driven conveyor belts, and more
particularly to positively-driven, low tension conveyor belts that are driven as teeth engage
sprockets or sprocket-like drive pulleys.

BACKGROUND OF THE INVENTION

[0002]  Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

[0003] Flat conveyor belting is traditionally configured to move through a circuit in a
conveyor. The circuit includes a drive pulley, a carryway tension zone, a returnway tension
zone, an infeed and an outfeed. In many instances, the outfeed of the conveyor system also
serves as the drive pulley. In traditional configurations, the flat conveyor belt is driven through
the circuit by means of friction between the bottom surface of the belt and the drive pulley. In
order to create sufficient friction to drive the belt along the circuit, the belt must be pre-
tensioned.

[0004] FIG. 1 illustrates a conveyor 10 running a traditional, pretensioned, flat, friction-
driven conveyor belt 60 suitable for transferring products to and from the conveyor. The
conveyor includes a drive pulley 30 below the conveyor 10, thereby enabling small diameter
rollers in the infeed 21 and the outfeed 22. Small diameter rollers in the infeed 21 and outfeed
22 are desired when, for example, small product is desired to transfer smoothly between

conveyors.

[0005] As the flat, pretensioned, friction-driven, conveyor belt 60 moves in the direction of
arrow 62 from the infeed 21 to the drive pulley 30, it runs along a carryway tension zone 40, as
distinguished from a returnway tension zone 50, which extends from the drive pulley 30 to the
infeed 21.

[0006] The difference between the tension on the conveyor belt 60 at the beginning of the
returnway tension zone 50 and the tension on the belt 60 at the end of the carryway tension

zone 40 is referred to as the "tension differential,” and their ratio is referred to as the “tension
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ratio.” The maximum tension differential and the maximum tension ratio depend upon the
interplay between the coefficient of friction between the drive pulley 30 and bottom surface of
the conveyor belt 60 and the belt arc of wrap in radians around the drive pulley 30. The

maximum tension ratio can be calculated as follows:

;ﬂ = (COF xAW) where T represents belt tension, ToT represents the belt tension at
RT

the end of the carryway tension zone 40, TRT represents the belt tension at the beginning of
the returnway tension zone 50, COF represents the coefficient of friction between the bottom
surface of the belt 60 and the periphery of the drive pulley 30, and AW represents the arc wrap
of the belt in radians.

[0007] In order for the conveyor belt 60 to drive through the circuit of the conveyor 10 of
FIG. 1 with no product load, the conveyor belt 60 must be pretensioned. This pretension is
referred to as static tension, as opposed to dynamic tension. Pretension is the tension in the
conveyor belt 60 that is applied prior to the operation of the conveyor belt. This static tension
can be generated in different ways, but most frequently it is generated by extending the
effective circuit length beyond the natural length of the conveyor belt 60. The static pretension
is present in the conveyor belt prior to operation, when the belt is stationary, and also during
operation. Even when product load is added, the predominant tension in the belt 60 is
pretension. Therefore, the conveyor belt 60 has significant tension in the returnway tension
zone 50.

[0008] When product is conveyed along the carryway tension zone 40 of the conveyor 10,
the load is increased and, with it, the tension on the belt in the carryway tension zone. As the
belt returns through the returnway tension zone 50 of the conveyor, the tension on the belt is
reduced.

[0009] The maximum tension differential determines the amount of pretension that is
required to effectively drive a flat conveyor belt for a given maximum amount of product load.
When a flat conveyor belt is being driven without any product load, the actual tension
differential will be at the lowest point. The tension on the belt in the returnway tension zone will
be similar to the tension on the belt in the carryway tension zone. However, when product load
is added, the actual tension differential will increase. The higher the product load, the greater
the actual tension differential will become. Therefore, since the maximum tension differential
for a flat conveyor belt is limited by the practical limits of arc of wrap and the coefficient of
friction, pretension accounts for a significant portion of the tension in the belt at any given time,
and in fact is often the majority of the tension in the belt. The result is that when traditional flat
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conveyor belt is friction driven, the belt experiences high amounts of tension throughout the
length of the belt at all times.

[0010] An advantage of this inherently needed pretension is that, dependent upon the
flexibility of the material construction of the belt, the friction-driven belt can readily conform to
various transition geometries at the infeed and outfeed of the conveyor.

[0011]  However, there are two significant disadvantages to the inherently needed
pretension of a friction-driven, flat conveyor belt. The first disadvantage of using the high belt
tensions is that misalignment of any component in the conveyor causes large forces to off-

track the belt, causing damage to both the conveyor and the belt.

[0012] A second disadvantage is that the flat conveyor belt 60 tends to stretch as
pretension is applied. In order to limit the amount of stretch in the conveyor belt while
maintaining flexibility, fabrics and cords are added to restrict the stretch and enable the belt to
operate under high tensions. However these fabrics and cords are a serious harborage point of
bacteria and possible pathogens in food processing applications. The common off-tracking of
the belt further causes edge fray promoting the exposed fabrics to wick foreign contaminates
into the belt where bacteria colonies can grow.

[0013] Inrecent years, a new style of conveyor belting has emerged to counter these and
other disadvantages of traditional flat conveyor belts. For example, a positively-driven, low-
tension conveyor belt, such as the ThermoDrive® belt available from Intralox, L.L.C., is driven
through positive engagement of teeth on the bottom surface of the belt with a sprocket or
sprocket-like pulley, instead of pure friction. A positively-driven conveyor belt has a
dramatically higher maximum tension differential between the carryway tension zone and the
returnway tension zone and therefore the level of pretension is dramatically reduced. US
Patent Number 7,850,562, entitled "Low Friction, Direct Drive Conveyor Belt,” the contents of
which are incorporated herein by reference, discloses a method under which such a belt can
be driven with no pretension requirements at all. When utilizing the technology described in US
Patent Number 7,850,562, the tension ratio is theoretically infinite. Yet even without this
technology, the maximum tension differential is significantly higher for positively-driven, low-
tension, toothed conveyor belts than for traditional, friction-driven, flat, conveyor belting and
thus the level of pretension required is low for positively-driven conveyor belts.
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[0014]  There are two significant advantages of reducing pretension in a positively-driven
conveyor belt. First, the tracking problems associated with misalignment in the conveyor are
reduced or even removed. Further, because the pretension is so low, many belts are
constructed with no fabric reinforcements at all, which improves food safety and hygiene in
food processing applications.

[0015]  An example of a flexible, endless, positively-driven, low tension conveyor belt
suitable for implementing an illustrative embodiment of the invention is shown in FIG. 2. An
endless conveyor belt 160 in a typical installation moves around two cylindrical belt-guiding
members, illustrated, as sprockets 112 and 114, through a circuit. A first sprocket 114 may be
a drive sprocket for driving the conveyor belt, while the second sprocket may be an idle, a
driven or slave sprocket 112. The drive sprocket 114 also functions as transition geometry in
the outfeed of the conveyor. The belt 160 has an outer surface 111 serving as an article-
conveying surface and an inner surface 122 serving as a drive surface. The inner surface 122
includes drive elements, illustrated as teeth 126, preferably spaced equidistantly from each
other along the inner driven surface 122. The teeth 126 engage grooves 116 spaced around
the circumference of the sprockets 112, 114 to move the belt. The upper span (carryway) 140
of the belt will travel in the direction of arrow 115. The flexible belt 160 wraps around the
sprocket 114 and around one or more return rollers, or shoes or drums, in the return path
(returnway). The conveyor belt 160 operates at low tension, resulting in substantial catenary
sag (not shown) in the returnway tension zone 150. The sprocket in the infeed 112 is of a
larger diameter so that the positively-driven, toothed, low-tension, conveyor belt 160 can
properly conform to the sprocket in the infeed end of the conveyor.

[0016] The belt is made of a resilient material, such as a thermoplastic polymer, an
elastomer, or a rubber, and is flexible along its length.

[0017]  To transfer products between two endless conveyor belts, the belts must be placed
close together to minimize the gap between the conveyor belts at the transfer point. Small
nosebars, shoes or other structure are usually used at the transfer locations to allow the ends
of the belts to be placed in close proximity to each other.

[0018] A disadvantage of positively-driven, toothed, low tension, conveyor belting is that
without sufficient tension in the belt it does not readily conform around transition points at the
infeed that are smaller than the arc of natural curvature in the belt as it transitions around the
infeed. Small transfers in ThermoDrive® and other low-tension, positive drive endless
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conveyor belts are often difficult, because the lack of tension prevents the belt from conforming

to a small nosebar or other infeed structure.

[0019] FIG. 3Ais a simplified schematic cross-sectional representation of a conveyor 200
running a positively-driven, toothed, low-tension, conveyor belt 260, through a conveyor circuit
in which small diameter cylindrical members are used at the infeed and outfeed. The conveyor
circuit includes a carryway 240 and a returnway 250. Smaller diameter sprockets 211, 231 are
used in the infeed 210 and outfeed 230 to facilitate transfer of products onto and off the
conveyor belt 260. However, problems arise when the sprocket 211at the infeed 210 is smaller
in diameter than the arc of the natural curvature of the belt 260 as it transitions around the
infeed 210, as shown in FIGS. 3A and 3B. The result of this smaller diameter sprocket in the
infeed 210 is that the conveyor belt 260 protrudes beyond the plane of the belt circuit creating
a ridge 262 along the width of the conveyor belt 260 at the infeed 210, which makes transfer of
product onto the belt difficult.

[0020] To resolve these drawbacks, users of positively-driven, toothed, conveyor belting
have resorted to adding more pretension than is required to drive the belt, in order to achieve
the desired conformation around the infeed roller, thus minimizing the tracking benefits and
non-fabric-reinforced sanitary benefits that could otherwise be achieved in a non-pretensioned
belt.

[0021]  The amount of pretension required to maintain belt conformity to specific transition
geometries at the infeed is greater than the amount of pretension required to achieve belt
conformity at the infeed when the belt is installed. This is because when product load is added
and the tension differential increases, the added tension on the belt in the carryway tension
zone results in some amount of conveyor belt elongation. This additional belt length is
generally found in the returnway tension zone, resulting in a tension in the belt as it encounters
the infeed that is lower than the pretension initially applied. To maintain belt conformity around
small transition geometries at the infeed by means of pretension, the toothed, positively driven
conveyor belt will often be pretensioned beyond the pretension level required to drive the
conveyor belt.

SUMMARY OF THE INVENTION

[0022] The present invention provides a positively-driven, low tension conveyor system that
facilitates transferring articles onto and off the conveyor belt at the ends of the conveyor. The

conveyor system includes a tension amplifier to dynamically increase tension along a select
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portion of the belt and may include a small infeed member, such as a rotatable, toothed
nosebar. The selective increased tension along only a portion of the belt, preferably only while
the belt is running, allows the belt to conform to the nosebar or other small infeed member of
any geometry, facilitating transfers.

[0023] According to one aspect of the invention, a conveyor system comprises a positively-
driven, low tension conveyor belt trained around belt-guiding members to form a circuit having
a carryway, an infeed, an outfeed and a returnway. The conveyor system also includes a drive
for positively driving the conveyor belt through the circuit, and a tension amplifier located in the
returnway for increasing tension in a first section of the circuit between the tension amplifier
and the carryway, while the returnway of the conveyor belt between the drive and the tension

amplifier remains substantially untensioned.

[0024]  According to another aspect, a method of conforming a positively-driven, low tension
conveyor belt to an infeed member that is smaller than a natural arc of the conveyor belt is
provided. The method comprises the steps of running the conveyor belt through a circuit
comprising a carryway having an infeed and an outfeed and a returnway below the carryway
using a drive, and increasing tension in the conveyor belt along a first section of the circuit
using a tension amplifier in the returnway without increasing tension along the returnway of the
circuit prior to the tension amplifier, and releasing the tension added by the tension amplifier at
the drive, so that a second section of the circuit between the drive and the tension amplifier

remains substantially untensioned.

[0025] According to a further aspect, a conveyor system comprises a positively-driven, low
tension conveyor belt trained around an infeed belt-guiding member and an outfeed belt-
guiding member to form a circuit having an infeed, a carryway, an outfeed and a returnway
below the carryway. The conveyor system also includes a tension amplifier disposed in the
returnway for dynamically increasing tension in a first section of the circuit between the tension
amplifier and the infeed without adding static tension to the conveyor belt, while the returnway
of the conveyor belt between the tension amplifier and the outfeed remains substantially

untensioned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] One or more preferred embodiments of the invention will now be described, by way
of example only, with reference to the accompanying drawings in which:
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[0027]  FIG. 1 illustrates an endless flat conveyor belt of the prior art;

[0028] FIG. 2 is a simplified schematic cross-sectional representation of a conveyor running
a positively-driven, toothed, low-tension, conveyor belt of the prior art;

[0029] FIG. 3Ais a simplified schematic cross-sectional representation of a prior art
conveyor running a positively-driven, toothed, low-tension, conveyor belt in which the infeed
section of the conveyor utilizes a cylindrical member that is smaller in diameter than the arc of

the natural curvature of the belt;

[0030] FIG. 3B is an enlarged view of the cross-sectional representation of the ridge along
the width of the belt at the infeed shown in FIG. 3A;

[0031] FIG. 4 is a side view of a positively-driven, low tension conveyor belt system having

a tension amplifier according to an illustrative embodiment of the invention;

[0032] FIG. 5is an isometric view of the positively-driven, low tension conveyor belt system
of FIG. 4 at an infeed end;

[0033] FIG. 6A is an isometric view of nosebar of the conveyor belt system of FIGS. 4 and
3;

[0034] FIG. 6B is an end view of the nosebar of FIG. 6A;

[0035] FIG. 6C is a cross-sectional of the nosebar of FIG. 6A;

[0036] FIG. 7A illustrates a disc brake coupled to a set of sprockets in the returnway of the
conveyor of FIGS. 4 and 5;

[0037] FIG. 7B is a close-up view of the disc brake of FIG. 7A;

[0038] FIG. 7C is a front view of the disc brake and sprockets of FIG. 7A;

[0039] FIG. 8Ais a schematic cross-sectional view of a positively-driven, low tension

conveyor belt system having tension amplifier according to another embodiment of the

invention;
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[0040] FIG. 8B is an enlarged view of the tension amplifier of FIG. 8A.

[0041] FIG. 9A is a schematic cross-sectional view of a positively-driven, low tension
conveyor belt system having tension amplifier according to another embodiment of the

invention.

[0042] FIG. 9B is an enlarged view of the tension amplifier of FIG. 9A;

[0043] FIG. 10 shows another embodiment of a tension amplifier suitable for use in a

conveying system including a positively-driven, low tension conveyor belt;

[0044] FIG. 11 shows another embodiment of a tension amplifier suitable for use in a

conveying system including a positively-driven, low tension conveyor belt;

[0045] FIG. 12Ais a side view of an infeed portion of a conveyor system including a tension

amplifier according to another embodiment of the invention;

[0046] FIG. 12B is an isometric view of the infeed portion of FIG. 12A;

[0047] FIG. 12C is an isometric view of the tension amplifier of FIG. 12B;

[0048] FIG. 12Dis an exploded view of the tension amplifier of FIG. 12C; and

[0049] Fig. 13 is a chart showing the exponential growth of amplification due to the
increased arc of wrap of the conveyor belt under various coefficients of friction.

DETAILED DESCRIPTION

[0050] The present invention provides a system for facilitating transfer of products to and
from positively-driven, low tension endless conveyor belts by dynamically increasing tension in
a portion of the belt. The present invention provides a tension amplifier and method for
dynamically amplifying tension at a select and limited region of a positively-driven, low tension
conveyor belt prior to the infeed of the conveyor to enable the conveyor belt to conform to an
infeed member, such as a nosebar, roller, sprocket or shoe of any geometry, that is smaller
than the natural curvature of the belt. The present invention will be described below relative to
an illustrative embodiment. Those skilled in the art will appreciate that the present invention
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may be implemented in a number of different applications and embodiments and is not
specifically limited in its application to the particular embodiments depicted herein.

[0051] FIGS. 4 and 5 illustrate a positively-driven, low tension conveyor belt system 300
having tight transfer geometry according to one embodiment of the invention. The conveyor
belt system includes a tension amplifier for sufficiently amplifying tension in the returnway of
the conveyor belt prior to the infeed to enable the belt to achieve a required transition around
any geometry in the infeed, while simultaneously allowing the tension in the belt in the
returnway zone prior to the point of amplified tension to remain at low tension. The conveyor
belt system includes a base 310 and a positively-driven, low tension conveyor belt 360, such
as the ThermoDrive® belt available from Intralox, L.L.C., the Cleandrive positive drive belt
available from Habasit AG, the Gates Mectrol PosiClean® positive drive belt available from
Gates Mectrol, the Volta SuperDrive™ and other positive drive belts available from Volta
Belting and other positively-driven, low tension conveyor belts known in the art. The invention
is not limited to these belts, and may be implemented with any suitable positive-drive, low
tension conveyor belt. The illustrative conveyor belt has a smooth outer surface substantially
free of discontinuities and an inner surface with a plurality of teeth at a given belt pitch. The
conveyor belt 360 conveys products along a carryway in the direction of arrow 363 and returns
along a returnway below the carryway. The conveyor belt may be conventionally trained
around belt-guiding members, illustrated as driven sprockets 332 in the returnway, drive
sprockets 334 at the outfeed and a nosebar 350 at the infeed of the carryway.

[0052] The first set of driven sprockets 332 is located in the returnway of the conveyor belt,
and the second set of drive sprockets 334 is mounted at an end of the carryway for driving the
conveyor belt. A passive, toothed nosebar 350 is mounted at an end of the conveyor opposite
the second set of sprockets. The nosebar 350 forms a guide structure for guiding the conveyor
belt. In the illustrative embodiment, the nosebar is located at the infeed end of the conveyor
and the drive sprockets 334 are located at the discharge end of the conveyor.

[0053] The nosebar 350 is mounted on and is freely rotatable about a shaft 351 connected
to the base 310 at a first end. Roller bearings 354 facilitate rotation of the nosebar 350 about
the shaft 351. The nosebar 350 has a relatively small diameter, smaller than the arc of the
natural curvature of the belt 360. The small radius of the nosebar allows a smaller gap
between two conveyor belts or between the conveyor belt and another device.



29 Nov 2016

2013334571

-10 -

[0054] A tension amplifier, illustrated as a braking device 380 coupled to the driven
sprockets 332 in the returnway, applies tension to the belt prior to infeed to allow the conveyor
belt to wrap around the relatively small-diameter nosebar 350. A tension amplifier, such as a
braking device 380, allows the belt 360 to conform to the nosebar 350 in the transfer region by
applying select tension to only a portion of the conveyor belt 360, as described below. The
braking device 380 of the illustrative embodiment is described below with respect to FIGS.
7A-7C.

[0055] Referring to FIGS. 6A-6C, the nosebar extends from a first end 353 to a second end
354 and includes a plurality of teeth about its perimeter. The nosebar includes an axial opening
352 for receiving the shaft 351 (shown in FIG. 4) about which the nosebar 350 rotates. The
illustrative nosebar 350 includes five teeth 355a-355e, though the invention is not limited to five
teeth. Recesses 356 between the teeth receive drive elements on the drive surface of the
conveyor belt 360. The illustrative teeth 355 are larger than the recesses 356 and have curved
edges.

[0056] In one embodiment, multiple nosebars may be mounted in series on a shaft with
braces therebetween.

[0057] Referring back to FIGS. 4 and 5, the conveyor system 300 further includes a tension
amplifier, illustrated as a braking device 380, for dynamically applying tension to select
portions of the conveyor belt. The illustrative braking device 380 is a disc brake, shown in
detail in FIGS. 7A-7C. The braking device may alternatively comprise a friction brake,
hydraulic motor, electric motor, magnetic particle brake, weight, rollers or other suitable device.
The braking device 380 allows the belt to conform to the small-diameter nosebar 350 or other
belt-guiding member. The braking device 380 dynamically increases tension in the belt to
create a returnway amplified tension zone 322 in the conveyor belt circuit, extending between
the infeed end of the carryway 340 and the braking device 380, to ensure that the belt wraps
around the nosebar 350. This increased tension remains in the conveyor belt 360 through the
carryway tension zone 340. The illustrative braking device 380 adds belt tension through these
zones to any tension that already exists in the belt. As the belt transitions from the drive pulley
334 into the returnway tension zone 345 the conveyor belt is relieved of this dynamically
inserted tension and is able to relax.

[0058] The braking device 380 is connected to a shaft 390 upon which the series of driven
sprockets 332 are mounted. The illustrative braking device comprises a disc brake. The disc
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brake dynamically applies tension to the returnway amplified tension zone 322 between the
nosebar 350 and the driven sprockets and through the carryway 340 by slowing the shaft 390
to apply drag to the belt only in those regions, while the returnway tension zone 345 remains
under little to no tension.

[0059] The illustrative tension amplifier 380 dynamically increases tension in the select
portion of the belt circuit only when the drive sprockets are driving the belt, causing the belt to
move through the circuit. When the conveyor belt is stationary, the tension amplifier imparts no
additional tension. When the conveyor belt is stationary, only static tension, which is always
present in the belt regardless of movement, such as pretension, is present in the belt and the
tension amplifier 380 does not increase belt tension.

[0060] FIG. 8A illustrates a conveyor 400 having a positively driven, low tension conveyor
belt 460 and including a tension amplifier 480 according to another embodiment of the
invention. The conveyor 400 runs a positively-driven, toothed, low-tension, conveyor belt 460
through a circuit. The conveyor includes a small belt-guiding member 411, such as a sprocket,
roller, nosebar, or static shoe at the infeed 410, a small belt-guiding member 421, such as a
sprocket, roller, nosebar or static shoe at the outfeed 420, a drive sprocket 430 below the
carryway 440, and a tension amplifier 480 located in the returnway 450. The tension amplifier
creates a returnway amplified tension zone 490 between the carryway tension zone 440 and

the returnway tension zone 450 when the conveyor belt is running.

[0061]  Fig. 8B is an enlarged view of the tension amplifier 480 in Fig. 8A. The cylindrical
member 411 at the infeed 410 is very small in diameter and the conveyor belt 460 cannot
naturally conform to the periphery of the sprocket at the infeed 410 with the low tension
desired in the conveyor belt 460 in the returnway tension zone 450. In the present invention,
the tension amplifier 480 functions to multiply any tension already present in the conveyor belt
460 before the tension amplifier 480. The tension amplifier creates a returnway amplified
tension zone 490, which is between the returnway tension zone 450, where the tension is
required to be low, and the infeed 410, where the tension is required to be sufficiently high to
conform to the periphery of the small belt-guiding member 411 in the infeed 410. The tension
amplifier 480 dynamically increases tension in the belt in the returnway amplified tension zone
490 of the conveyor belt circuit, extending between the infeed end of the carryway 410 and the
tension amplifier, to ensure that the belt wraps around the small belt-guiding member 411. This
increased tension remains in the conveyor belt 460 through the carryway tension zone 440. As
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the belt transitions from the drive pulley 430 into the returnway tension zone 450, the conveyor
belt is relieved of this dynamically increased tension and is able to relax.

[0062] Preferably, the tension amplifier dynamically inserts tension into the selected portion
of the belt circuit when the conveyor belt is operating, adding no additional tension (static
tension) to the conveyor belt when the conveyor belt is stationary. Thus, when the conveyor
belt is stationary, only static tension is present.

[0063] In one embodiment, the tension amplifier comprises one or more belt-wrapping
members, illustrated as rollers 470, 471, affixed perpendicular to the conveyor belt 460 within
the circuit of the belt, preferably in the returnway. The rollers 470, 471 are parallel to each
other and separated by a selected distance. The drive surface 422 of the conveyor belt 460
rides along outer peripheries of the rollers 470, 471. Because the rollers 470, 471 are
substantially resistant to the rotational movement of the conveyor belt 460, drag is created in
the conveyor belt 460. The drag created corresponds to the amount of arc of wrap 480, 481 of
the conveyor belt 460 around the rollers 470, 471.

[0064] The belt-wrapping members 470, 471 may have any suitable size, shape and form
suitable for inducing drag in a conveyor belt that wraps around the belt-wrapping member. In
the illustrative embodiment, the belt-wrapping members are cylindrical rollers, but the belt-
wrapping members may alternatively have an elliptical shape, a semi-circular shape, a
polygonal shape or any suitable geometric shape.

[0065] In one embodiment, optional wrap control rollers 440, 441 can be positioned
horizontally and vertically relative to the rollers 470, 471 to alter the amount of wrap 480, 481
the conveyor belt 460 has around the rollers 470, 471, thereby controlling the amount of drag
created in the amplified tension zone 490.

[0066] In another embodiment, not shown in FIG. 8B, the substantially cylindrical rollers
470, 471 may be substantially fixed by use of an external brake. The external brake may
function as a safety clutch that enables the substantially fixed rollers 470, 471 to selectively
rotate when the tension required to conform the belt to the geometry at the infeed 410 is
exceeded. The clutch releases the rollers 470, 471 if the multiplied tension is too high, given

the levels of incoming tension.
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[0067] In yet another embodiment, not shown in FIG. 8B, the substantially belt wrapping
members 470, 471 may include recesses or other geometry for engaging the teeth of the
conveyor belt 460.

[0068] In one embodiment, the wrap control rollers 440, 441 rotate along with the conveyor
belt 460.

[0069] In another embodiment, the wrap control rollers 440, 441 are fixed and resist the
rotational movement of the conveyor belt 460 thereby creating drag with the surface of the
conveyor belt 460 regardless of the profile of the belt surface.

[0070] A sensor or other device may monitor the tension amplifier 480 and—or the tension in
the conveyor belt 460 between the amplifier 480 and the infeed 410. The sensor may be
connected to a controller for controlling the positions of the rollers 470, 471 to alter the
effective arc of wrap in order to achieve the desired tension in the positively-driven conveyor
belt in the amplified tension zone 490 between the tension amplifier 480 and the infeed 410.

{30711 FIG. 9Ais a simplified schematic cross-sectional representation of a conveyor 500
running a positively-driven, toothed, low-tension, conveyor belt 560, with a belt-guiding
member 511, such as a sprocket, roller, nosebar or static shoe, at the infeed 510 and a tension
amplifier 580 disposed in the returnway 550 of the belt. The conveyor also includes a small
belt-guiding member 521, such as a sprocket, roller, nosebar or static shoe, at the outfeed 520
and a drive sprocket 530 below the carryway 540. The tension amplifier 580 creates a
returnway amplified tension zone 590 when the conveyor belt is running by multiplying tension
already in the belt prior to the tension amplifier. The returnway amplified tension zone 590
created by the tension amplifier extends between the carryway tension zone 540 and the
returnway tension zone 550. The tension amplifier 580 comprises a serpentine arrangement of
substantially fixed, belt-wrapping members, illustrated as rollers 572, 573, 574, 575, inserted
into the belt circuit, preferably in the returnway. The conveyor belt 560 serpentines through the
rollers 572, 57, 574, 575 to provide resistance and increase tension in the zone 590 by
multiplying the tension already in the belt as it enters the tension amplifier 580. This increased
tension remains in the conveyor belt 560 through the carryway tension zone 540. As the belt
transitions from the drive pulley 530 into the returnway tension zone 550, the conveyor belt is
relieved of this dynamically increased tension and is able to relax.
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[0072] FIG. 9B is an enlarged view of the tension amplifier 580 of FIG. 9A. In one
embodiment, the arc of the wrap 582, 583, 584, 585 of the belt around the rollers is determined
by the proximity of the two or more belt-wrapping members 572, 573, 574, 575 relative to each
other.

[0073] In one embodiment, the belt-wrapping members 572, 573, 574, 575 can be adjusted
relative to each other based upon a measurement of the tension being generated by the
tension amplifier 580. A sensor or other device may measure the tension and send signals to a
controller that controls the separation distance or position of the substantially cylindrical
objects 572, 573, 574, 575 in order to control the amount of tension in the conveyor belt
through the amplified tension zone 590.

[0074]  While the illustrative belt-wrapping members comprise substantially cylindrical
rollers, the belt wrapping members in the tension amplifier 580 may have any suitable
geometry for multiplying tension in a conveyor belt.

[0075] FIG. 10 is a simplified schematic cross-sectional representation of another
embodiment of the dynamic tension ampilifier of FIG. 9B, in which the belt-wrapping members,
illustrated as substantially cylindrical objects 572', 573", 574', 575', for wrapping a positively-
driven, low tension conveyor belt 560" are in closer horizontal proximity than in FIG. 9B,
resulting in a greater arc of wrap 586', 587', 588', 589'.

[0076] FIG. 11 illustrates another embodiment of a positively-driven, low tension conveyor
belt conveying system 600 including a tension amplifier according to another embodiment of
the invention. The tension amplifier 680 of FIG. 11 comprises a plate or rail system. The plate
or rail system comprises an upper member 681, comprising a plate or rail, disposed adjacent
to the drive surface of the conveyor belt 660 in the returnway and a lower member 682,
comprising one or more rails adjacent to the conveying surface of the conveying belt in the
returnway. The conveyor belt runs between the members 681, 682 under adjustable levels of
pressure, thereby inducing drag on the conveyor belt to selectively add dynamic tension to the
belt. In one embodiment, the rails may be v-shaped or otherwise shaped in the direction of the
drive and thereby also serve as a scraper to clean the belt. The dynamic tension creates a
tension amplified zone 690 prior to the infeed 611. The increased tension remains in the belt
through the carryway tension zone 640 to the drive pulley 630. As the belt transitions from the
drive pulley 630 into the returnway tension zone 650, the conveyor belt 660 is relieved of this
dynamically increased tension and is able to relax.
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[0077] FIG. 12A-12D illustrates a tension amplifier 780 for a positively driven, low tension
conveyor belt 760 according to another embodiment of the invention. The conveyor 700 runs a
positively-driven, toothed, low-tension, conveyor belt 760 through a circuit. The conveyor
includes a small belt-guiding member 711, such as a sprocket, roller, nosebar, or static shoe at
the infeed 710, and a tension amplifier 780 located in the returnway 750. A drive sprocket (not
shown) is located at another location in the circuit. The tension amplifier creates a returnway
amplified tension zone 790 between the carryway tension zone 740 and the returnway tension
zone 750 when the conveyor belt is running to help the belt 760 conform to the infeed belt-
guiding member 711.

[0078]  The tension amplifier includes a frame 781 for mounting the various components of
the tension ampilifier to the conveyor. The frame 781 comprises two opposing plates 782
connected by support beams 784. The support beams 784 extend along the length and width
of the frame. The tension amplifier includes a plurality of belt-wrapping members, shown as
rollers 770 and 771, are mounted to the frame 781 within the returnway of the belt. The drive
surface of the conveyor belt 760 rides along outer peripheries of the rollers 770, 771. The side
plates 782 include openings 783 for mounting the rollers 770, 771.

[0079] In the illustrative embodiment, each roller 770, 771 comprises a cylindrical member
772 having triangular mounting tabs 775 extending longitudinally along the top of the
cylindrical member. The cylindrical member 772 is inserted in a sleeve 773 having a
longitudinally extending protrusion 776 including a triangular opening for receiving the
triangular mounting tabs 775. The openings 783 in the side plates 782 include square
recesses for receiving the protrusions on the sleeve, preventing rotation of the rollers when

mounted.

[0080] The belt-wrapping members 770, 771 may have any suitable size, shape and form
suitable for inducing drag in a conveyor belt that wraps around the belt-wrapping member. In
the illustrative embodiment, the belt-wrapping members are cylindrical rollers with protrusions,
but the belt-wrapping members may alternatively have an elliptical shape, a semi-circular
shape, a polygonal shape or any suitable geometric shape.

[0081] In one embodiment, optional wrap control rollers 740, 741, 742, 743 can be
positioned relative to the rollers 770, 771 to control the amount of wrap the conveyor belt 760
has around the rollers 770, 771, thereby controlling the amount of drag created in the amplified
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tension zone 790. The position of the inside wrap control rollers 741, 742 may be variable to

allow for adjustment to the amount of wrap.

[0082] As shown, the top of each side plate 782 includes two sets of slots 787, 788
extending at angles. An inside wrap control roller 741, 742 is inserted into a slot from each set.
The position of each inside wrap roller is adjustable. As shown in FIG. 12D, each wrap control
roller 741, 742 includes an end cap 743 with flat sides configured to be received in a slot. The
configuration of the end cap 743 and slots prevent rotation of the wrap control rollers when
inserted.

[0083] The side plates 782 also include outer slots 789a, 789b for mounting the outer wrap
rollers 740, 743.

[0084] FIG. 13 is a chart showing the exponential growth of amplification due to the
increased arc of wrap of the conveyor belt under various coefficients of friction. As shown, the
tension amplification ratio generally increases with the effective arc of wrap of the conveyor
belt around a cylindrical member.

[0085] The use of a tension amplifier in the returnway of a positively-driven, low tension
conveyor belt allows the conveyor belt to conform to a member at an end of the conveyor belt
that is smaller than the natural arc of curvature of the conveyor belt by increasing tension in
only a portion of the conveyor belt circuit. The ability to only increase tension in the selected
zone while the conveyor belt is running, without increasing tension when the conveyor belt is
stationary, reduces wear, increases the life of the conveyor belt and improves tracking. Any
suitable means for selectively and dynamically increasing tension in a limited portion of a
conveyor belt circuit without increasing the near-zero tension of the conveyor belt in the

returnway tension zone prior to the tension amplifier may be used.

[0086] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of

“‘including, but not limited to”.

[0087]  Although the invention has been described with reference to specific examples it will
be appreciated by those skilled in the art that the invention may be embodied in many other

forms.
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[0088] The scope of the claims is not meant to be limited to the details of the described

exemplary embodiments.
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CLAIMS

1. A conveyor system, comprising:

a positively-driven, low tension conveyor belt trained around belt-guiding members to
form a circuit having a carryway, an infeed, an outfeed and a returnway;

a drive for positively driving the conveyer belt through the circuit; and

a tension amplifier located in the returnway for increasing tension in a first section of
the circuit between the tension amplifier and the carryway, while the returnway of the conveyor
belt between the drive and the tension amplifier remains substantially untensioned.

2. The conveyor system of claim 1, wherein the tension amplifier comprises a brake
connected to a sprocket in the returnway of the circuit.

3. The conveyor system of claim 1, further comprising a passive toothed nosebar at the
infeed of the circuit.

4. The conveyor system of claim 1, wherein the tension amplifier comprises a plurality
of belt-wrapping members disposed in the returnway and perpendicular to the circuit.

5. The conveyor system of claim 4, wherein the belt-wrapping members are

substantially resistant to rotational movement.

6. The conveyor system of claim 5, further comprising a brake for causing the belt-

wrapping members to resist rotational movement.

7. The conveyor system of claim 6, wherein the brake functions as a safety clutch that
enables the belt-wrapping members to rotate when the tension required to conform the
conveyor belt to an infeed member is exceeded.

8. The conveyor system of claim 5, wherein the belt-wrapping members are fixed to

prevent rotational movement.

9. The conveyor system of claim 4, wherein the conveyor belt wraps around the belt-
wrapping members to induce drag in the conveyor belt.

10. The conveyor system of claim 4, further comprising a frame for mounting the belt-

wrapping members.
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11. The conveyor system of claim 10, wherein the frame includes a plurality of slots for
adjusting the position of at least one of the belt-wrapping members.

12. The conveyor system of claim 1, wherein the tension amplifier comprises a rail
adjacent to a conveying surface of the conveying belt and an opposing plate or rail adjacent to
a drive surface of the conveyor belt for adding drag to the conveyor belt.

13. The conveyor system of claim 12, wherein the rail adjacent to the conveying surface
is v-shaped.
14. The conveyor system of claim 1, further comprising a sensor for monitoring tension

in the conveyor belt after the tension amplifier and a controller for adjusting the tension
amplifier based on the monitored tension.

15. A method of conforming a positively-driven, low tension conveyor belt to an infeed
member that is smaller than a natural arc of the conveyor belt, comprising the steps of:

running the conveyor belt through a circuit comprising a carryway having an infeed
and an outfeed, and a returnway below the carryway using a drive; and

increasing tension in the conveyor belt along a first section of the circuit using a
tension amplifier in the returnway without increasing tension along the returnway of the circuit
prior to the tension amplifier; and

releasing the tension added by the tension amplifier at the drive, so that a second
section of the circuit between the drive and the tension amplifier remains substantially

untensioned.

16. The method of claim 15, wherein the tension amplifier comprises a brake connected
to a shaft upon which driven sprockets are mounted in the returnway.

17. The method of claim 15, wherein the tension amplifier comprises a series of belt-
wrapping members disposed in the returnway and perpendicular to the circuit.

18. The method of claim 17, wherein the belt-wrapping members are substantially

resistant to rotational movement.

19. The method of claim 17, further comprising the step of braking the belt-wrapping

members to resist rotational movement.
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20. The method of claim 19, further comprising the step of allowing the belt-wrapping
members to rotate when the tension in the conveyor belt exceeds a select amount.

21. The method of claim 15, further comprising the steps of:
monitoring the tension in the first section; and

adjusting the tension amplifier based on the step of monitoring.

22. The method of claim 15, wherein the tension amplifier comprises a rail system in the
returnway.
283. A conveyor system, comprising:

a positively-driven, low tension conveyor belt trained around an infeed belt-guiding
member and an outfeed belt-guiding member to form a circuit having an infeed, a carryway, an
outfeed and a returnway below the carryway; and

a tension amplifier disposed in the returnway for dynamically increasing tension in a
first section of the circuit between the tension amplifier and the infeed without adding static
tension to the conveyor belt, while the returnway of the conveyor belt between the tension
amplifier and the outfeed remains substantially untensioned.

24. The conveyor system of claim 23, wherein the infeed belt-guiding member has a
diameter that is less than the arc of natural curvature of the conveyor belt.
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