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TECHNOLOGICAL FIELD

[0002] The technological field generally relates to conveyors, and more particularly to belt-.
15 on-belt drives for long conveyors for use in conveying bulk materials.

BACKGROUND

[0003] In the field of conveying bulk materials by endless-belt conveyors, it is desirable to
have as few separate flights as possible making up a conveying system, for reasons of
capital and operating cost as well as reliability. This is especially the case for conveyors that

20 runin tunnels from one level of an underground mine to the surface. In such conveyors,
transfer stations represent very substantial capital and operating costs, as well as the
locations of highest operational risk. The excavation, power, access, and ventilation costs
are often multiples of those in a surface drive or transter station.

[0004] A key limitation on the length or lift that can be achieved with a single conveyor flight
25 is the tensile strength of the conveyor belt. On long overland conveyors, the accumulation of
frictional losses together with the forces required to either elevate or lower the load
eventually builds to a point where the tension in the conveyor belt reaches a maximum
allowable lavel for the belt's tension-carrying members, dictating the limit on the length of the
conveyor. On conveyors that run on a substantial incline, the forces required to hold the belt

CA 2936553 2017-11-24
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and its load on the slope are the dominant forces that determine what distance ot slope the
conveyor can traverse before the tensile capacity of the belt is exceeded.

[0005] Further, in many of the major slope-conveyor projects to date, the flight lengths have
been limited by the tensile strength of the available steel-cord conveyor belts. The usable
strength of these belts is in turn limited by the fatigue strength of the splices between the
dozens of discrete belt lengths that typically make up one endless belt. As the static strength
of a steel cable belt increases, the fatigue strength of the splice (as a percentage of the
static strength) decreases. So with current splicing technology, there is an inherent technical
imit to the usable strength of steel cord belts. Therefore many major slope-belt projects have
been designed with multiple conveyor flights, each flight utilizing the highest-strength steel-
cord belt offered by the leading belt manufacturers. These flight length limitations imposed
by belt strength have existed tor as long as slope conveyor have been built, which is for
roughly the last century.

[0006] Turning to solutions for the flight length limitations, it has been axiomatic in conveyor
engineering that lower capital and operating costs are achieved when the required duty is
met by selecting a smaller number of high-capacity components, rather than a larger number
of lower-capacity components. So, for example, using two high-capacity drive trains would
usually be more attractive than employing three lower-capacity drive trains. Similarly, a
single conveyor that can handle 10,000 tons per hour i1s economically more attractive than
two parallel conveyors that can handle 5,000 tons per hour each.

|0007] Another possible approach to increase the maximum achievable length ot single
conveyor tlights is to provide discrete, relatively short belt-on-belt booster drives intermediate
the head and tail pulleys of a conveyor Iin the form of secondary or internal belt conveyors
that frictionally engage the underside of the main or carry belt. This type of arrangement Is
shown in Fig. 1. Fig. 2 shows a tension plot for the carry belt 102 of the conveyor system
100 of Fig. 1, where the tension in the carry belt 102 falls as the carry belt 102 passes over
each booster section or booster drive 104. In practice, the length of each internal belt 106 is
kept as short as possible so as not to incur excessive cost due to the duplication of belting.
As such, the length of each booster drive 104 comprises only a small fraction of the overall
length of the main conveyor 100. The length of the tension-transter segments 108 shown In

Fig. 2 would be much shorter and steeper in practice than suggested by Fig. 2.

[0008] The arrangement shown in Fig. 1 suffers from serious or fatal disadvantages.

Excessive slack belt can be introduced by the booster section 104 over-driving the carry belt
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102, which has led to catastrophic failures on long overland conveyors. In addition, it is
known iIn the field that belt-on-belt drives can reliably transfer no more than one horsepower
per longitudinal toot of belt-on-belt drive, which has made it counterintuitive to try and apply
belt-on-belt drives to slope conveyors as the slope portions consume high rates ot power.
Furthermore, each booster unit 104, situated remotely from the main conveyor's head or talil
locations 110, 112, requires a supply of power and a set of ancillary infrastructure, which
poses challenges for inspection, maintenance and safety practices and adds substantially to
the capital and operating costs of the conveyor system.

|0009] Another arrangement for applying belt-on-belt friction drives is shown in Fig. 3.
However, this arrangement is used to separate the wearing elements of the conveyor
system from the tension-carrying elements. The upper “carry” belt 202, which has a
relatively low level of tensile capacity, i1s optimized to economically absorb the wear and
impact involved in receiving and carrying the bulk material 204. The tension-carrying
function i1s provided by the second or internal belt 206 arranged internally to the upper belt
202. The head pulley 208 of the upper belt 202 may be a non-driven pulley, or supply only a
very small fraction of the total power required to drive the conveyor system 200. Almost all
of the power required to drive the conveyor system 200 is applied through the pulley 210 of
the inner belt 206. These types of conveyor systems do not enable the overall length of the

conveyor to be any longer than a conventional single-belt system.

[0010] It is therefore desirable to provide a conveyor system, in particular an improved
conveyor system implementing belt-on-belt drives, that addresses the above described

problems and/or that ofters improvements over existing belt-on-belt conveyor systems.

SUMMARY

[0011] Described herein are conveyor systems for conveying bulk materials and related

control systems.

[0012] In some examples of the conveyor system, at least one portion of the conveyor
system may traverse a continuous slope. The continuous slope may be sufficiently steep
such that tensile forces associated with overcoming the ettects of the continuous slope may
be several times larger per unit length of run than tensile torces per unit length of run due to
the main frictional resistance of the conveyor system. The conveyor system may include an
external belt and an internal belt. The external belt may detine a continuous loop. The
continuous loop may traverse the entire route of the conveyor system and be configured to

carry material load to be transported across the entire route. The internal belt may be
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positioned inside the continuous loop of the external belt and may traverse substantially the
entire route of the conveyor system. An upper side of the internal belt may be configured to
operably engage an underside of the external belt. The external belt and the internal belt
may be further configured so that each belt has approximately an equal amount of belt
tension as the other belt with respect to similar positions along substantially the entire length

of the conveyor system.

[0013] In some examples, approximately more than half the length of the conveyor system
may traverse the slope.

[0014] In some examples, a head pulley of the internal belt may be positioned close enough
to a head pulley of the external belt so as to minimize the risk of excessive belt sag in a

portion of the conveyor system between the two head pulleys.

[0015] In some examples, at least one of the external belt or the internal belt may carry
equal shares of the conveyor tension accrued over the course of the slope.

[0016] In some examples, the external belt and the internal belt may have substantial
longitudinal strength and substantially equal longitudinal elasticity.

[0017] In some examples, the external belt and the internal belt may have substantially
similar allowable tension ratings.

[0018] In some examples, the external belt and the internal belt may include steel-cord
belts.

[0019] In some examples, the external belt and the internal belt may have substantially
similar width dimensions.

[0020] In some examples, the internal belt may be configured to transition from a
substantially flat configuration to a substantially fully troughed configuration at a tail of the
iInternal belt to operably engage the external belt. The internal belt may be configured to
transition from the substantially fully troughed configuration to the substantially flat

configuration at a head of the internal belt to be operably disengaged from the external belt.

[0021] In some examples, a trough of the external belt may be configured to descend onto a
trough of the internal belt.
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[0022] In some examples, the external belt may form into a trough with steeper sides
proximate to the area of engagement.

[0023] In some examples, the conveyor system may further include a plurality of carry idlers.
The spacing between the carry idlers adjacent to the area of engagement may be greater

than the spacing between the other carry idlers.

[0024] In some examples, the conveyor system may further include a plurality of carry idlers.
The spacing between the carry idlers adjacent to the area of engagement may be less than

the spacing between the other carry idlers.

[0025] In some examples, the conveyor system may further include a support mechanism.
The support mechanism may facilitate at least one transition length of engagement or
disengagement of the external belt and the internal belt. The support mechanism may

Include at least one ot air-support panels, slider pads, or small-diameter idlers.

[0026] In some examples, the support mechanism may be supported from above such that
at least portions of lateral trough walls of the internal belt may be in close proximity to at
least portions of lateral trough walls of the external belt.

[0027] In some examples, the external belt may be flattened to facilitate engaging and/or
disengaging the internal belt.

[0028] In some examples, the conveyor system may further include a cover belt configured

to form an inverted trough to contain a material load on the flattened external beilt.

[0029] In some examples, the conveyor system may further include a control system. The
external belt may include a set of drive pulleys. The internal belt may include a set of drive
pulleys. The control system may control the torque of at least one of the set of drive pulleys
of the external belt or the set of drive pulleys of the internal belt to achieve substantially
equal load sharing by each belt.

[0030] In some examples, a drive of the inner belt may be at least partially controlled by

retference to the tension load supported by a head pulley of the external belt.

[0031] In some examples, a maximum tension carried by the internal belt may be equal to a
maximum tension carried by the external belt.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Fig. 1 shows a schematic elevation view of a belt-on-belt conveyor system.

[0033] Fig. 2 shows a graphic representation of tension tor the carry belt of the conveyor
system shown in Fig. 1.

[0034] Fig. 3 shows a schematic elevation view of another belt-on-belt conveyor system.
[0035] Fig. 4 shows a schematic elevation view of a first example of a conveyor system.

[0036] Fig. 5 shows an enlarged schematic view of the head portion of the conveyor system
shown in Fig. 4 at detail A.

[0037] Fig. 6 shows an enlarged schematic view of the tail portion of the conveyor system
shown In Fig. 4 at detail B.

[0038] Figs. 7a, 7b, 7c, 7¢’, 7d, 7d’, 7e, and 71 illustrate a first example of a configuration
that may facilitate engagement and disengagement of an external belt and an internal belt of
the conveyor systems as described herein.

[0039] Figs. 8a, 8b, 8c, 8d, and 8e Illustrate a second example of a configuration that may
facilitate engagement and disengagement of an external belt and an internal belt of the
conveyor systems as described herein.

DETAILED DESCRIPTION

[0040] Described herein are conveyor systems for conveying bulk materials and methods of
Implementing the systems. The conveyor systems may include an external belt and an

internal belt. Both the external and internal belts may span over terrain with one or more
sloped sections. The one or more sloped sections may be sufficiently steep such that tensile
forces associated with overcoming the ettects of the continuous slope may be several times
greater per unit length of run than tensile forces per unit length of run due to main frictional
resistance of the conveyor system. Further, the internal belt may be provided to run over
substantially the same length of the run as the external belt. The external and internal belts
may be configured to approximately equally share the tension that is accrued over the length
of the run, thereby relieving the external belt from all accruing all the tension that must be
carried by the conveyor belts. The external belt and the internal belt may have substantial
longitudinal strength and similar width dimensions. Also described herein are mechanisms
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that tacilitate the transitioning of the internal belt into the carry trough of the external belt. By
using the conveyor systems described herein, a longer conveying distance with one or more
sloped sections, which would usually require multiple conventionally constructed conveyors
each configured with high tension rating belts, may be traversed with a single conveyor
system using conventional tension rating external and/or internal belts. The conveyor
systems may also eliminate belt-to-belt transter equipment, which are often used in multi-
conveyor systems. The conveyor system may be utilized for conveying material either uphill
In the sloped sections or downhill in the sloped sections.

|0041] With reference to Figs. 4-6, a first embodiment of the conveyor system 300 is
described. Almost the entire length of the conveyor system 300 may run on a substantial
iIncline for transporting materials from one location to a different location, such as from a
lower level location to a higher level location. The conveyor system 300 may include an
external belt 302 and an internal belt 304. The internal belt 304 may be positioned to reside
Inside the continuous loop formed by the external belt 302 and to underlie a majority of the
length of the external belt 302. At a contacting interface 306 between an underside of the
external belt 302 and the top side of the internal belt 304, frictional shear between the two
surfaces may be utilized to transter tension from one belt into the other belt.

[0042] The external belt 302 may include a head pulley 308 and a tall pulley 310. The head
pulley 308, located proximate to the higher level location, may be powered, and thus may
serve as the drive pulley. However, in some embodiments the system may include a
separate drive pulley 309. The tail pulley 310, located proximate to the lower level location,
may or may not be powered. The head pulley 308 and the tail pulley 310 may be configured
to move/rotate the external belt 302 to carry materials 312 from the lower level location to
the high level location. As such, the external belt 302 may also be referred to as the carry
belt 302.

[0043] The internal belt 304 may include an internal belt head pulley 314, which may be
powered to serve as the drive pulley, and an internal belt tail pulley 316, which may or may
not be powered. Like the external belt 302 that may run the entire length of the conveyor
system 300, the internal belt 304 may be also run approximately the entire length of the
conveyor system. Accordingly, the internal belt tail pulley 316 may be positioned proximate
to the external belt tail pulley, and the internal belt head pulley 314 may be positioned
proximate to the head pulley 308 of the external belt 302. In some embodiments, the

internal belt may include a separate drive pulley 315.
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[0044] The conveyor system 300 may be configured in a manner such that during operation,
the upper side of the internal belt 304 may be configured to transition from a substantially flat
configuration to a substantially fully troughed configuration at the tail of the internal belt 304
to operably engage the underside of the external belt 302. The upper side of the internal
belt 304 may be further configured to transition from the substantially fully troughed
configuration to the substantially flat contiguration at the head of the internal belt 304 to
operably disengage the internal belt from the underside of the external belt 302. When the
iInternal belt 304 engages the external belt 302, the internal belt 304 may share the tension
load with the external belt 302, and thus relieve the head pulley 308 of a significant portion of
the tension that the load material 312 may impart to the external belt 302.

[0045] In some embodiments, the external belt 302 and the internal belt 304 may be
provided with separate return paths from their head pulleys 308, 314 to their respective tail
pulleys 310, 316. Such separate return paths may be achieved by providing two separate
levels of return idlers. The separate return idler paths allow the tensions in the two return belt

sections to distribute themselves in a similar manner to a single belt system.

[0046] In some embodiments, a take-up pulley may be positioned just downstream of the
last drive pulley in the drive set for each belt 302, 304. Each of these take-up pulleys may
have a short-stroke. The short-stroke may be no greater than one take-up pulley diameter
and/or may be approximately the same as any anticipated belt length inequalities between
the belts 302, 304. The tensions in these take-ups may be set at the minimum acceptable
T2 tension for the drive pulleys under full load. Under nominal 12 conditions, the
supplemental take-ups would be inactive by resting hard-up against a rigid stop. The take-
ups would only move off their rigid stops and become active if the local 12 tension fell to
some pre-determined minimum level. In other words, the take-ups would be inactive against
their respective hard stops for most conveyor conditions but would move actively to take up
excess |2 length if such a condition arose.

[0047] In some embodiments, the tail pulley 316 for the inner belt 304 may have a
somewhat smaller diameter than the tail pulley 310 of the carry belt 302. Such a
configuration may help to provide space for a second take-up carriage within the carry and
return belt runs. A winch or counterweight for the inner belt tail pulley serving also as a take-
up pulley 316 may be mounted to the rear of the outer belt tail pulley 310, or else off to the
side. In some cases, a single winch or counterweight may be used to tension both talil
pulleys 310, 316, further reducing the space requirement at the tails of the belts 302, 304. In
accordance with various embodiments, one or both tail pulleys 310, 316 may be operable as
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a tensioner pulley. For example, the tensioner pulley (which in some embodiments can be
tail pulley 316) for the inner belt 304 and the tensioner pulley (which in some embodiments
can be tail pulley 310) for the outer belt may be different pulleys.

[0048] To achieve the tension sharing function along the length of the conveyor, in some
examples, the internal belt 304 may be configured to approximately match the external belt
302 In both its width and in its tensile capacity per unit width. Moreover, both the external
belt 302 and the internal belt 304 may have substantial longitudinal strength, so that each
may share a pre-determined portion of the tension developed over the length of the entire
route. In a preferred embodiment, the external belt 302 and the internal belt 304 equally
share the tension load.

[0049] In some embodiments, the external belt 302 and the internal belt 304 may have
substantially similar allowable tension ratings. Both the external and internal belts 302, 304
may be high-strength steel-cord or steel cable belts in some embodiments. This is In
contrast to the internal drive belt 206 shown in Fig. 3, where the internal belt 206 is
configured to be the primary tension-carrying element over most or all of the conveyor
length, and the external belt 202 is configured as a low-cost, low-strength consumable belt.
This is also in contrast to the short belt-on-belt drives shown in Fig. 1 where the internal belt
106, though as wide as the external belt 102, is often a fabric-carcass belt with sufticient
flexibility to allow transition geometries that are not possible with steel-cord belts. Further, In
contrast to the other belt-on-belt conveyors shown in Figs 1 and 3, because the internal and
external belts 302, 304 are similar in length and construction, the internal belt 304 may be
advantageously swapped with the external belt 302 when the top cover of the external belt
302 Is worn out.

|[0050] In some examples, the drive (or drive set) for the internal belt 304 may be further
configured to provide a similar amount ot power as provided by the drive (or drive set) of the
external belt 302. In some examples, when the entire length of the conveyor system 300 is
carrying its nominal design load, the maximum steady-state tension in the internal belt 304
may be configured to approximate the maximum steady-state tension developed in the
external belt 302.

|0051] Various other techniques may further be utilized to tacilitate achieving approximately
equal tensions in the external and internal belts 302, 304 along the length of the conveyor at
different load conditions. For example, at the head of the conveyor, the drives for each belt

302, 304 may be controlled to inject essentially the same tension into each belt 302, 304 by
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means of motor torque control. To eliminate inaccuracies due to motor torque/speed curve
irreqularities or due to wear of pulley lagging or belt covers, the tensions in each belt 302,
304 can be measured by load cells under each head pulley 308, 314, and that signal can be
used to control torque input. In various embodiments, the load cells may be additionally or
alternatively located in drive pulleys (e.g. 309, 315).

|0052] As another example, both belts 302, 304 may have approximately the same
longitudinal stitfness so that signiticant differential elongation in response to load may be
minimized. Yet turther, the frictional intertace between the belts 302, 304 is high enough
that — for modest local inequalities of belt tension — each belt 302, 304 draws the other along
with it to achieve tension equilibrium.

[0053] The belts 302, 304 may preferably be mated before the loading point so that each
belt 302, 304 can immediately start to carry an equal share of the tension load. Then, as the
belts 302, 304 traverse a slope, they are called on by gravity and frictional resistance to add
tension at the same rate so that at any particular location along the conveyor, neither belt
302, 304 is significantly more loaded than the other. An additional benefit of mating the belts
302, 304 prior to the loading point is that the double layer ot belt 302, 304 at the loading
point provides more wall stability, penetration resistance, and cushioning for material loads
deposited onto the external belt 302. Both belts 302, 304 may also be substantially the
same length, so that the peak tension reached in the two belts 302, 304 at their head pulleys
308, 314 is substantially the same.

[0054] Additional methods and/or mechanisms may be implemented (1) to prevent slack belt
accumulating between the drive pulley 315 of the internal belt 304 and the drive pulley 309
of the external belt 302, and (2) to facilitate transitioning and mating between the internal
and external belts 302, 304.

[0055] To prevent slack belt accumulating torward of the drive pulley 315 of the internal belt
304, especially for steep conveyors, in some examples, closely-spaced carry idlers may be
provided in the segment between the head pulley 314 of the internal belt 304 and the head
pulley 308 of the external belt 302 to give improved support to any slack belt that does arise.
In some examples, a variable-frequency drive (“VFD”) control system may be used to keep
the speeds of the drive pulleys 309, 315 for the internal and external belts 302, 304

sufficiently close to each other. However, even without closely-spaced carry idlers or VFD
control system, the risk of the booster drive pushing slack belt ahead of it and causing
excessive sag may be negligible by locating the head pulley 314 of the internal belt 304

10
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close to the head pulley 308 of the external belt 302. This is because the short distance set
between the internal belt head pulley 314 and the external belt head pulley 308 may facilitate
behavior such that the external belt 302 is pulled over the external belt head pulley 308
before too much “pushed forward” belt accumulates between the head pulleys 308, 314. In
addition, the return portion of the external belt 302 lying on the downhill slope may also
provide a constant and substantial tension for the external drive pulley 309 in the downhill
direction, thus tending to accelerate the pulley 309 if tension in the uphill direction drops,
thus pulling the “extra” belt, if any, over the external drive pulley 309.

|0056] To provide a transition or a transition length for the inner belt from its flattened profile
at a tail pulley of the inner belt to the troughed profile in contact with and supporting the
troughed external belt, several mechanisms may be implemented. In some examples, such
mechanisms may be required to allow gradual transitions of the external and/or internal belts
between a flattened profile and a troughed profile when both the external and internal
conveyor belts may be high-strength steel-cord belts. Such mechanisms may also provide
sufficient support for the central and lateral portions of the troughed external belt to contain
the carried material in a troughed belt, even while the internal belt is brought into contact
with the underside of the external belt. Similar mechanisms may also be provided near the

head pulley of the internal belt, where separation of the two belts may be facilitated.

[0057] With reference to Figs. 7a, 7b, 7c, 7¢’, 7d, 7d’, 7e and 71, a first example of a
configuration that may facilitate the engagement and disengagement of the external and the
Internal belts with each other 1s described. Fig. 7a shows a lateral elevation view of a
transition portion of a conveyor system 400 where the trough of the internal belt 402 may
rise onto the trough of the external belt 402 so that the external belt 402 and the internal belt
404 may engage each other. The internal belt lateral trough portions may support the
external belt lateral trough portions. Figs. 7b, 7c, 7d, and 7e show transverse section views
of the conveyor system 400 at different locations along the transition portion. A similar
arrangement may be provided in another transition portion of the conveyor system 400
where the external belt 402 and the internal belt 404 may disengage each other.

[0058] Fig. 7b shows a transverse section of the external belt 402 carrying a material load
406 at a location upstream ot the transition region (the internal belt 404 is omitted from this
view). At this location, the external belt 402 may be supported by a set of carry idlers. The
set of carry idlers may be a set of standard idlers that may include a central idler 410 and at
least two wing or lateral idlers 412. The wing idlers 412 may support the trough at a first
angle, such as a standard troughing angle, for the carry side of the conveyor 400.
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[0059] Fig. 7c shows a transverse section of the external belt 402 and the converging
iInternal belt 404 at a location 414 as they approach the point 416 (Fig. 7a) where the two
belts 402, 404 will come into contact. Fig. 7¢’ is a lateral elevation of the same idler station,
showing a short length of the assembly. Leading up to this idler station, the wing idlers 412
may be configured to carry the external belt 402 in a steeper trough than at the preceding
standard idler stations. In some examples, the wing idlers 412 may be mounted to brackets
418 that may be supported from above. Mounting the wing idlers 412 to the brackets 418
supported from above may tacilitate the still-tflattened internal belt 404 converging on the
underside of the external belt 402. In addition, the wing idlers 420 used at this station may
be of a smaller running surtace diameter than those employed at a standard idler station.
Furthermore, in order to allow convergence between the two belts 402, 404 while still
providing vertical support for the external belt 402 and its load 406, the central idler 422 of
each idler set in this area may be configured to have a smaller running surtace diameter
than that used in standard central idlers 410.

[0060] Fig. 7d shows, In transverse section, a station at the point 416 where the still-
flattened internal belt 404 has been brought up to mate with the underside of the external
belt 402. The internal belt 404 at this station may be deflected and supported by a bend
pulley 424. In Fig. 7d’, the path 426 of the internal belt 404 in coming off its tail pulley 428 is
llustrated by the dashed outline.

[0061] Fig. 7e shows an idler station at a location 430 (Fig. 7a) yet further along the
transition portion, where now the lateral portions of the external belt 402 may be supported
by small-diameter wing idlers 432, and the lateral portions of the internal belt 404 may be
carried closer to the mating position by wing idlers 412, which may be standard-diameter
idlers. Each of the small-diameter wing idlers 432 may include a belt-supporting idler
cylinder 434. The belt-supporting idler cylinder 434 may have a very much smaller diameter
than a standard idler. In order to allow a close convergence of the lateral portions of the
internal belt 404, the idler cylinder 434 may be cantilevered from a mounting boss assembly
436, which may in turn be supported from an overhead bracket. To help ensure that the
small-diameter idlers 432 have enough strength for their duty, such idlers may be closely
spaced to reduce the load on any individual idler cylinder 434. In some examples, a longer
idler spacing may be allowed at some points in the transition/mating segment. Additional
local design details may be implemented to address any potential issues otherwise
associated with longer idler spacing.
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[0062] In order to reduce impact loads on the cantilevered idler cylinder 434, the idler boss
assembly 436 may be provided with a resilient suspension mechanism that may allow the
idler cylinder 434 to detlect out of the path of protrusions from the under-surtace of the
external belt 402. With reference to Fig. 71, an air-slider panel or a slider pad 438 may be
used to support the lateral walls of the external belt 402 where the lateral walls of the two
belts are converging on each other, and the lateral space for the belt supporting mechanism

may be limited. The air-slider panel or slider pad 438 may also minimize local belt sag.

[0063] Fig. 7e also shows by the dashed lines the ultimate trough profile 444 of the external
belt 402 when the lateral portions of the external belt 402 and internal belt 404 are mated
and the external belt 402 may return to its standard troughing angle. From this it may be
seen that — for both the external belt 402 and the internal belt 404 — only a relatively small
amount of change in the angles at which they are supported may remain to be eftected
before the lateral portions of the two belts 402, 404 are mated. Since the corresponding belt-
length for the remaining transition may be relatively short, the lateral portions of the external
belt 402 may hang unsupported by any wing idlers as the steepness of the carry trough Is
relaxed, until the point where they may be supported by the lateral portions of the converging
internal belt 404.

[0064] With reference again to Fig. 7a, at the location 408 betore the external belt 402 and
the internal belt 404 may engage, the carry idler sets may be spaced at a predetermined
distance L1 from each other. The distance L1 may be selected to optimize the economics
and/or operation of the overall conveyor system. The distance L1 may be selected based on
any other suitable consideration. In the transition region, it may be convenient to change the
spacing between idler sets in order to tacilitate the engagement of the external belt 402 and
the internal belt 404. In some examples, at the location 414 where the external belt 402 and
the internal belt 404 approach the point 416 where the two belts may come into contact
and/or at the location 440 where the partially troughed lateral portions ot the internal belt 404
turther approaches the lateral portions of the external belt 402, the longitudinal spacing L2,
L3 between the wing idlers may be greater than the longitudinal spacing L1 at location 408.
Such greater spacing may allow sufticient space for the approach of the internal belt 404
towards the external belt 402 without idlers interfering in the narrowing space between the

two belts.

|0065] With reference to Figs. 8a, 8b, 8c, 8d, and 8e, a second example ot a configuration
that may facilitate the engagement and disengagement of the external and the internal belts
with each other is described. Fig. 8a shows a lateral elevation view of a transition portion of
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a conveyor system 500 where the external belt 502 and the internal belt 504 may engage
each other. Fig. 8b, 8c, and 8d show transverse section views of the conveyor system 500
at different locations along the transition portion. Note that the idlers supporting the
underside of the external belt 502 and the converging internal belt 504 have been omitted
from Figs. 8b, 8c, and 8d.

|0066] With reference to Fig. 8a, an endless cover belt 506 may be used to contain the
material carried on the external belt 502 so that the external belt 502 may be flattened in the
transition region to be more easily mated with the internal belt 504. The cover belt 506 may
be held in tension above the external belt 502 by a tail bend pulley 508 and a head bend

pulley 510. The cover belt 506 may include a “carry” portion 506a facing the material load
and a “return” portion 506b. The “carry” portion 506a may be guided by inverted idler sets
512 so as to form a constraining tunnel over the material carried by the external belt 502,
while the trough of the external belt 502 may be guided into a shallower profile by its lateral
idlers 514. The internal belt 504 may be guided by lateral idlers 516 into a partially-troughed
form so as to engage the external belt 502 at a point where the internal and external belts
502, 504 are troughed to a similar degree. As the engaged pair proceeds further
downstream, the lateral idlers 516 supporting the internal belt 504 may gradually return the
pair of belts to the degree of troughing designed for the main length of the conveyor’s run.
During this transition, the inverted idler sets 512 may guide the cover belt 506 into a
progressively steeper trough so as to continue to contain the material load carried on the
external belt.

[0067] Fig. 8b shows a transverse sectional view of the external conveyor belt 502 carrying
its load of material 518 at the location of the tail bend pulley 508 of the cover belt 506. The
location of the tail bend pulley 508 may be at a predetermined distance upstream from the
mating zone between the external belt 502 and the internal belt 504. At the head end of the
cover belt 506, the head bend pulley 510 may be mounted above the external belt 502 in a
similar manner to provide for the return of the cover belt 506. The cover belt 506 may be
tensioned between its tail and head bend pulleys 508, 510 with an appropriate degree of
tension to facilitate the forming an inverted trough of the cover belt 506. |n some examples,
the cover belt 506 may be driven by its contact with the external belt (described below) so
that the tail and head bend pulleys 508, 510 of the cover belt 506 may be undriven pulleys.

[0068] Fig. 8c shows an idler station at a predetermined distance downstream from the
station of Fig. 8b. At this station, the cover belt 506 may be deflected downwards and
formed into an inverted trough by a series of idler sets 512, so that the edges of the cover
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belt 506 may rest against the exposed free edges of the carry surtace of the external belt
502. The cover belt 506 may be constructed to allow a short transition zone between a bend
pulley and a fully-troughed section of the cover belt 506. Theretore, a tabric belt with a nylon
or equivalent carcass may be used. Any other suitable carcass may be contemplated. Also,
the cover belt 506 may have sufficient transverse stiffness so that the cover belt 506 may
support itself in an inverted trough when resting on its edges and appropriately guided by

idlers 512 on its convex or outer surface.

[0069] Fig. 8d shows another idler station, yet further downstream from that of Fig. 8c. At
this location, the idlers 514 supporting the external belt 502 may be transitioned to a
configuration that may allow the trough of the external belt 502 to be shallower than before.
At the same time, the idler sets 512 may be configured to guide the cover belt 506 in such a
way as to maintain a contacting seal between the edge of the cover belt 506 and the surface
of the external belt 502. As the trough ot the external belt 502 has been made shallower, the
lateral walls of the cover belt 506 may take over the duty of containing the material load and

ensuring that the material load does not spill.

[0070] As the trough of the external belt 502 becomes flattened, it may become easier to
transition the internal belt 504 to mate with the underside of the external belt 502, which may
not require special idler configurations. Once the internal belt 504 and the external belt 502
are thus mated, the subsequent carry idler sets 516 may guide the mated internal and
external belt pair back into the fully-troughed profile, while the cover belt idler sets 512 may
allow the cover belt 506 to return to a tunnel form as shown in Fig. /¢, and thence released

to become flattened tor bending around the head bend pulley 510.

[0071] Further downstream from the head bend pulley 510 of the cover belt 506, the mated
external and internal belts 502, 504 may continue their run with belts formed In the
conveyor's standard trough, until the point where the internal and external belts 502, 504
may separate near the head of the conveyor 500. If the distance between the head pulley of
the internal belt 504 and that of the external belt 502 is sufficiently large that continued
lateral containment of the carried material must be maintained, then a cover belt
arrangement similar to the cover belt 506 described above may be installed at the head end
of the conveyor system 500. In that position, the cover belt may be applied to contain the
material on the external belt 502 while the external belt 502 may be flattened to facilitate
separation ot the external belt 502 and the internal belt 504. The cover belt may then further
contain the material until the external belt may be re-troughed for the remainder of its run to
its head pulley.
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[0072] The series of idler sets 512 for guiding the cover belt 506 may be configured with a
close longitudinal spacing in order to properly form and guide the cover belt 506. In the zone
where the edges of the cover belt 506 must contain the carried material 518, a series of idler
sets supporting the external belt 502 may also be configured with a close longitudinal
spacing, in order to minimize the belt sag between idlers and therefore minimize any gap
between the edge of the cover belt 506 and the surface of the external belt 502. In some
examples, as an alternative to close idler spacing, slider pads may be used to minimize local
sag. In some examples, the cover belt 506 may be configured with structures that may help
to ensure a good seal or contact between the cover belt 506 and the external belt 502.

[0073] Fig. 8e shows a transverse sectional view of an edge portion of the cover belt 506.
An edge member 520, such as a seal or contact member, may be provided along a portion,
or an entirety, of each of the two longitudinal edges of the cover belt 506. The edge member
520 may include a foot portion 522 and an attachment portion 524 for joining the foot portion
522 to the cover belt 506. The attachment portion 524 may be joined to the main carcass of
the cover belt 506 by a lap joint or any other suitable attachment method. In some
examples, the attachment portion 524 may have a C or reverse C shape cross section. The
thickness of the attachment portion 524 (i.e., the height of the C or reverse C shape cross
section) may be configured to be substantially the same as or similar to the thickness of the
cover belt 506. The open end of the C or reverse C shape of the attachment portion 524
may be configured to receive a portion of the main carcass 526 of the cover belt 506 and
joined thereto by adhesive, gluing, or any suitable method. The foot portion 522 of the edge
member 520 may have a dovetall cross section with the narrower side joined to the
attachment portion 524 and the wider portion forming a greater contact surface with the
external belt 502. The attachment portion 524 and/or the foot portion 522 may have any
other suitable cross section shapes.

[0074] The edge member 520 may be formed from a relatively soft elastomer or similar
material, so as to conform to any irregularities in the surface against which it may rest and to
ensure a good seal or contact therebetween. The edge member 520 may be further
configured to have sufficient flexibility to allow the contacting surface of the foot portion 522
to remain pressed against the surface of the external belt 502, even when each lateral
portion of the cover belt 506 may not be held perpendicularly to the plane ot each edge land
of the external belt 502. This flexibility may also allow the toot portion 522 to be detlected
without damage when the cover belt 506 may pass around a bend pulley.
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[0075] With reference again to Fig. 8a, at a typical location 528 upstream of the mating area,

the carry idler sets 514 may be spaced at a predetermined distance L4 from each other.

The distance L4 may be selected to optimize the economics and/or operation of the overall
conveyor system. The distance L4 may be selected based on any other suitable
consideration. In the mating region, to facilitate a close engagement of the edge of the cover
belt 506 and the surface of the external belt 502, it may be desirable to reduce the spacing
between lateral idler sets 514 in order to prevent undulation of the walls ot the external belt
502. For example, at location 530 and location 532 shown in Fig. 8a where the edges of the
cover belt 506 must contain the material load, the respective longitudinal spacing L5, L6
between the wing idlers may be smaller than the longitudinal spacing L4 at location 528 or
the longitudinal spacing L7 at location 534. In order to further support the external belt 502
without significant undulations in the area where the lateral walls of the internal and external
belts 502, 504 are closely approaching each other, idlers with cantilevered small-diameter
running cylinders 536 may be installed. Similar to the idler cylinders as described with
respect to the example shown in Fig. 7a, the small-diameter running cylinders 536 may be
conveniently supported from above.

|0076] For the conveyor systems as described herein, a longer transition length may be
iImplemented to allow the rates of transition of the external and/or internal belts in the mating
segment to be very gentle. This is because increased transition length may not increase the
overall length of the conveyor system as described herein. In other words, at the transition
there may be little penalty for a longer transition length. This is in contrast to the case ot a
conventional transition at the head or tail of a conveyor, where the transition length is usually
kept as short as possible in order to minimize the overall length of the conveyor or to reduce

the likelinood of material spillage.

[0077] There are many advantages of the conveyor systems described herein. First, there
IS negligible risk ot the internal belt pushing slack external belt ahead of it and causing
excessive sag. This is partly due to the proximity between the drive pulleys. Additionally,
the conveyor belt system overcomes the power consumption limitation regarding the belt-on-
belt conveyor shown in Fig. 1 (i.e., the industry rule of thumb of one horsepower of power
transfer per longitudinal foot regarding the power that can be input to the carry belt by a belt-
on-belt drive) because under most full-load conditions, there is sufficient interfacial friction
avalilable to transfer the load from the external belt to the internal belt. Furthermore, design
of the load transfer between the external belt and the internal belt may rely on much higher
coefficients of friction than can be assumed in the short booster drives of Fig. 1. This Is
because the great length of contact between the two belts allows load shedding from
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segments that may be wet and slippery to lengths with higher-than-average coefficients of
friction.

[0078] Moreover, the internal belt may be advantageously implemented in such a way that
the internal belt may equally share the tension load. In some examples, the tension needed
to carry the material load and the weight of the external belt on the slope, and a portion of
the main frictional resistance accrued by the external belt in riding on the internal belt, may
be transterred to the internal belt such that both belts carry approximately the same tension
load. This is in contrast to the booster belts 106 shown in Fig. 1, which are relatively short
and contigured to primarily relieve tension developed elsewhere along the route of the
external belt 102 rather than share the tension load accrued along the length of the
conveyor. As such, the strength requirement for the external belt may be reduced.

[0079] In addition to tension reduction and run-length increase, the configuration of the
conveyor system may also overcome issues associated with creep between the external and
internal belts due to differential elongation, which may be problematic for conventional belt-
on-belt drives. This is primarily because the belts are preterably ot the same longitudinal
stiffness and the belts accrue tension at the same rate. Therefore, elongation of the belts Is
equivalent along the lengths of the belts. This is also because the steel-cord belts preferably
used in these conveyor systems are much stiffer than the fabric belts traditionally used In
belt-on-belt drives. As such, for the same tension differentials, there 1s much less differential
elongation between the internal and external belts ot the conveyor systems. |n addition, the
Interface between the two belts will usually remain relatively clean, thus minimizing the
amount of wear that might result from creep. Moreover, the dynamic movement of the belts
over the idlers may continuously provide opportunities for local release and relaxation of
ditterent tensions between the two belts.

[0080] Unloading of the conveyor, short of manual unloading, in case of failure of either the
master or follower drive set will now be discussed.

[0081] It drive of the internal belt fails while the external belt is fully loaded, the external belt
may need to carry twice the rated tension if the internal belt extends over the conveyor’s
length, at least until the conveyor is partially unloaded. Since the external belt is configured
o have a static factor of safety of at least 2.5 against tensile failure of the belt or splice, there
IS enough available belt strength in the external belt to safely unload the conveyor.

However, the unloading may be gradually done at a reduced speed to allow for the external

belt drive to have sufficient torque and cooling to creep the belt upwards for at least short
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periods. For the case where the internal belt spans approximately the entire length of the
conveyor, the master or external belt drive may need to run slowly and apply about twice the
nominal torque that is applied when both the master drive and the follower or internal belt
drive are operating normally.

[0082] If the master drive fails when the external belt is fully loaded, the eftective average
coefficient of friction between the external and internal belts may still, or even be very likely
to, have sufficient capacity to prevent the internal belt from slipping against the external belt,
even when twice the nominal working tension is being transferred into the internal bel.
Similar to the static factor of satety for the external belt, the internal belt is also configured to
have enough static capacity to safely support the extra load. As such, for short periods, the
follower drive Is configured to have the capacity to exert twice its nominal full load torque to
allow the conveyor to be emptied as discussed above with respect to the master drive In
case of the follower drive’s failure.

[0083] The external belt and the internal belt may have substantial longitudinal strength
and/or substantially similar allowable tension ratings. The external belts and the internal
belts may include steel-cord belts or other suitable belts. The external belts and the internal
belts may have substantially similar width dimensions or may have different width
dimensions. The unloading mechanisms and related methods thereof described with
respect to the first example of the conveyor system may also be used with other conveyor
systems.

|0084] All directional reterences (e.q., upper, lower, upward, downward, left, right, leftward,
rightward, top, bottom, above, below, vertical, horizontal, clockwise, and counterclockwise)
are only used for identification purposes to aid the reader’'s understanding of the
embodiments of the present invention, and do not create limitations, particularly as to the
position, orientation, or use of the invention unless specitically set forth in the claims.
Connection references (e.q., attached, coupled, connected, joined, and the like) are to be
construed broadly and may include intermediate members between a connection of
elements and relative movement between elements. As such, connection references do not
necessarily infer that two elements are directly connected and in fixed relation to each other.

|0085] In some instances, components are described with reference to "ends" having a
particular characteristic and/or being connected with another part. However, those skilled in
the art will recognize that the present invention is not limited to components which terminate

Immediately beyond their points of connection with other parts. Thus, the term "end" should
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be interpreted broadly, in a manner that includes areas adjacent, rearward, forward of, or
otherwise near the terminus of a particular element, link, component, part, member or the
ike. In methodologies directly or indirectly set forth herein, various steps and operations are
described in one possible order of operation, but those skilled in the art will recognize that
steps and operations may be rearranged, replaced, or eliminated without necessarily
departing from the spirit and scope of the present invention. It is intended that all matter
contained in the above description or shown in the accompanying drawings shall be
interpreted as illustrative only and not limiting. Changes in detail or structure may be made
without departing from the spirit of the invention as defined in the appended claims.
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A long run conveyor system, at least a portion of the long run conveyor system traversing

a slope sufficiently steep such that tensile force associated with overcoming the effects of the

slope 1s greater per unit length than tensile forces per unit length of run due to main frictional

resistance of the conveyor system, the conveyor system comprising:

2.

an external belt defining a continuous loop. the continuous loop traversing the entire

route of the conveyor system and configured to carry a material load to be

an 1nternal belt positioned inside the continuous loop of the external belt and traversing
substantially the entire route of the conveyor system, an upper side of the internal
belt operably engaging an underside of the external belt, the external belt and the
internal belt each having an approximately equal amount of belt tension:

at least a first drive pulley comprising a first set of drive pulleys, the at least a first drive
pulley being in operative communication with the external belt and configured to
drive the external belt;

at least a second drive pulley comprising a sccond set of drive pulleys, the at least a
second drive pulley being in operative communication with the internal belt and
configured to drive the internal belt; and

a control system that controls a torque of at least one of the first set of drive pulleys or the
second set of drive pulleys to achieve substantially equal load sharing by each of

the external and internal belt.

The conveyor system of claim 1, wherein approximately more than half the length of the

external belt traverses a slope having a steepness such that the belt tension accrued due to the

slope per unit length of run is larger than the tension accrued due to friction.

{s2

The conveyor system of claim 1, further comprising:

a first head pulley in operative communication with the internal belt:

a second head pulley 1n operative communication with the external belt, wherein the first
head pulley 1s positioned close enough to the second head pulley so as to
substantially prevent belt sag in a portion of the external belt between the first and

second head pulleys.

21

CA 2936553 2018-08-21



W

10

15

20

235

30

4. The conveyor system of claim 1, wherein the external belt and the internal belt have
substantially equal longitudinal strength so as to enable the external belt and the internal belt to

carry approximately equal longitudinal tensions.

5. The conveyor system of claim 1, wherein the external belt and the internal belt have

substantially similar allowable tension ratings.

6. The conveyor system of claim 1, wherein the external belt and the internal belt comprise

steel-cord belts.

7. The conveyor system of claim 1, wherein the external belt and the internal belt have

substantially similar width dimensions.

8. The conveyor system of claim 1, wherein the internal belt is configured to at least one of
transition from a substantially flat configuration to a substantially fully troughed configuration at
a tail of the internal belt to operably engage the external belt, or to transition from the
substantially fully troughed configuration to the substantially flat configuration at a head of the

internal belt to operably disengage the external belt.

9. The conveyor system of claim 8, wherein a trough of the internal belt is adapted to and

supports a trough of the external belt.

10.  The conveyor system of claim 9, wherein a center of the trough of the internal belt

contacts the center of the trough of the external belt.

1. The conveyor system of claim 9, wherein lateral sides of the trough of the internal belt

extend up and support lateral sides of the trough of the external belt.

12. T'he conveyor system of claim 8, wherein the external belt forms into a trough with

steeper sides proximate to an arca of engagement.
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13.  The conveyor system of claim 8, further comprising a plurality of carry idlers, wherein a
spacing between consecutive carry idlers adjacent to an area of engagement is greater or less

than the spacing between the carry idlers that are not adjacent to the area of engagement.

14.  The conveyor system of claim 8, further comprising a support mechanism that facilitates
at least one transition length of engagement or disengagement of the external belt and the

internal belt, the support mechanism comprising at least one of air-support panels, slider pads, or

small-diameter idlers.

5. The conveyor system of claim 14, wherein the support mechanism is supported from
above such that at lcast portions of lateral trough walls of the internal belt are in close proximity

to at least portions of lateral trough walls of the external belt.

16. The conveyor system of claim 8, wherein the external belt is flattened to facilitate

engaging and/or disengaging the internal belt.

1’7, The conveyor system of claim 16, further comprising a cover belt configured to form an

inverted trough to contain a material load on the flattened external belt.

8. The conveyor system of claim 1, wherein a maximum tension carried by the internal belt

1s equal to a maximum tension carried by the external beit.

19. T'he conveyor system of claim 1, wherein the internal belt and the external belt have

separate tail pulleys.

20. The conveyor system of claim 1, wherein the internal belt and the external belt have

separate tensioning pulleys.

21. The conveyor system of claim 17, wherein the cover belt includes an edge member

having an attachment portion connected to a portion of at least one longitudinal edge of the cover
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belt, and further having a foot portion disposed opposite the attachment portion, the foot portion

being operable to contact and provide a seal against the external belt.

22. The conveyor system of claim 21, further comprising a plurality of carry idlers wherein a
spacing of consecutive carry idlers is smaller in an area along the external belt in which the cover
belt and the external belt are in sealing engagement with each other, than a spacing of
consecutive carry idlers in areas in which the external belt is not engaged with the cover belt so

as to create an improved seal between the external belt and the cover belt.

23. Along run conveyor system, at least a portion of the long run conveyor system traversing
a slope sufficiently steep such that tensile forces associated with overcoming the effects of the
slope 1s greater per unit length than tensile forces per unit length of run due to main frictional
resistance of the conveyor system, the conveyor system comprising:
an external belt defining a continuous loop, the continuous loop traversing the entire
route of the conveyor system and configured to carry a material load to be
transported across the entire route;
an internal belt positioned inside the continuous loop of the external belt and traversing
substantially the entire route of the conveyor system, an upper side of the internal
belt operably engaging an underside of the external belt:
at least a first drive pulley comprising a first set of drive pulleys, the at least a first drive
pulley being in operable communication with the external belt and configured to
drive the external belt:
at least a second drive pulley comprising a second set of drive pulleys, the at least a
second drive pulley being in operable communication with the internal belt and
configured to drive the internal belt, the external and internal drive pulleys further
configured to drive their respective belts such that each of the internal belt and the
external belt respectively has an approximately equal amount of belt tension; and
a control system that controls a torque of at least one of the first set of drive pulleys or the
second set of drive pulleys to achieve substantially equal load sharing by each of

the external and internal belt.
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