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57 ABSTRACT

A bulk material handling system includes a bulk material
handling apparatus to convey bulk material and a bulk mate-
rial handling accessory to aid the bulk material handling
apparatus in conveying the bulk material. The bulk material
handling accessory includes a controller having one or more
sensors. The controller generates a control signal to adjust
operation of the bulk material handling accessory based upon
at least one status signal of the one or more sensors. The
controller also generates the control signal in accordance with
a status signal to control signal response pattern defined by
system parameter values. The system parameters include a
minimum value to define a minimum level of the control
signal associated with fail-safe operation and a maximum
value to define a maximum level of the control signal associ-
ated with stable operation the bulk material handling acces-

sory.
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BULK MATERIAL HANDLING SYSTEM AND
CONTROL

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/824,103, filed Aug. 31, 2006, and
U.S. Provisional Application No. 60/885,084, filed Jan. 16,
2007.

BACKGROUND

[0002] Bulk material handling apparatus are used in con-
nection with the storage and movement of bulk materials such
as grain, sand, gravel, coal and the like. Bulk material han-
dling apparatus include primary apparatus and secondary or
accessory apparatus. Primary apparatus include conveyors,
conveyor transfer points, transter chutes, bins, silos, hoppers,
associated structures and the like. Accessory apparatus
include conveyor belt cleaners, air cannons, industrial vibra-
tors, belt tracking devices and the like that are used in com-
bination with primary bulk material handling apparatus. For
example, accessory apparatus such as air cannons and indus-
trial vibrators are used in combination with primary apparatus
such as transfer points, transfer chutes, bins, silos and hoppers
to facilitate and control the flow of bulk material through the
primary apparatus and improve the performance of the pri-
mary apparatus. Similarly, secondary apparatus such as con-
veyor belt cleaners are used in combination with primary
apparatus such as conveyors to improve the performance of
the primary apparatus.

[0003] In some cases, such as in the combination of an
industrial vibrator with a transfer chute, the accessory appa-
ratus is adapted to create vibrations and to transfer vibrations
to the primary apparatus to induce the flow of bulk material
through the primary apparatus. In other cases, such as in the
combination of a conveyor belt cleaner with a belt conveyor,
vibration of the belt cleaner accessory apparatus with respect
to the belt conveyor primary apparatus is preferably reduced
or eliminated.

[0004] Conveyors include an endless belt for moving bulk
materials from one location to a second location. As the bulk
material is discharged from the conveyor belt, a portion of the
bulk material often remains adhered to the belt. Conveyor belt
cleaners having one or more scraper blades are used to scrape
the adherent material from the belt and thereby clean the belt.
The scraper blades of a conveyor belt cleaner are typically
attached to a cross shaft that extends transversely across the
width of the conveyor belt. The conveyor belt cleaner may
include one or more tensioning devices that bias the scraper
blades into engagement with the conveyor belt with a force
that provides a scraping pressure between the scraper blade
and the belt. The scraping edge of each scraper blade wears
during use due to its scraping engagement with the moving
conveyor belt. Tensioners move the scraper blades as the
scraper blades wear to maintain the scraper blades in biased
scraping engagement with the conveyor belt.

[0005] In order to obtain adequate performance from the
conveyor belt cleaner, the scraper blades are biased into
scraping engagement with the conveyor belt with a selected
amount of force to generate a desired scraping or cleaning
pressure between the scraper blade and the belt, and that the
scraper blades be disposed at a selected cleaning angle with
respectto the belt depending upon operating conditions. If the
scraper blades are biased against the conveyor belt with an
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excessive amount of force, this may result in excessive wear
to the scraper blades, may cause damage to the conveyor belt,
and may cause the tip of the scraper blade to develop an
excessively high temperature due to the friction generated
between the scraper blade and the moving conveyor belt. If
the scraper blades are biased against the conveyor belt with
too small of a force, the scraper blades may not effectively
clean the conveyor belt.

[0006] Inaddition, the scraper blades may vibrate or chatter
against the conveyor belt, thereby potentially damaging the
conveyor belt cleaner and/or the belt, and decreasing cleaning
efficiency. Scraper blade chatter may be caused by uneven-
ness of the conveyor belt, such as sagging of the belt, defects
in the belt, or splices in the belt, and by frictional forces
generated between the scraper blade and the moving belt.
Chatter typically decreases as scraping pressure increases.
Absent chatter, cleaning efficiency generally increases as
scraping pressure increases up to the limit where the belt
cover strength is exceeded. Thus, the cleaning angle of the
scraper blades and the force at which the scraper blades
engage the conveyor belt effect vibration or chatter of the
scraper blades against the conveyor belt cleaner as well as the
cleaning efficiency.

[0007] Moreover, every primary and secondary apparatus
has a design mass and therefore a characteristic vibration
frequency. The characteristic frequency is affected by rotat-
ing or moving components such as the belt, gear boxes,
motors plus changes that occur over time with the apparatus
such as quantity of bulk material conveyed or stored, wear and
corrosion or by unwanted buildup of bulk solids in the form of
fugitive materials such as carry back, spillage and dust.
Changes in the characteristic frequency of an apparatus can
be an indication of a change in its mechanical condition or its
operating efficiency.

SUMMARY

[0008] The present invention may comprise a system, appa-
ratus and/or method that may have one or more of the follow-
ing features and/or steps, which alone or in any combination
may comprise patentable subject matter.

[0009] A bulk material handling system may include a bulk
material handling apparatus to convey bulk material and a
bulk material handling accessory to aid the bulk material
handling apparatus in conveying the bulk material. The bulk
material handling accessory may include a controller having
one or more sensors. The controller may generate a control
signal to adjust operation of the bulk material handling acces-
sory based upon at least one status signal of the one or more
sensors. The controller may also generate the control signal in
accordance with a status signal to control signal response
pattern defined by a plurality of system parameter values. The
plurality of system parameters may include a minimum value
and a maximum value. The minimum value may define a
minimum level of the control signal associated with fail-safe
operation and the maximum value may define a maximum
level of the control signal associated with stable operation of
the bulk material handling accessory.

[0010] The controller of the bulk material handling system
may initiate a protective action based upon a predetermined
relationship of the at least one status signal to a lower thresh-
old and an upper threshold. In particular, the controller may
initiate the protective action if the at least one status signal
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exceeds the upper threshold, or if the at least one status signal
lies between the upper threshold and the lower threshold for at
least a defined delay period.

[0011] The bulk material handling apparatus may include a
bulk material conveyor, and the bulk material handling acces-
sory may include a bulk material cleaner to scrape bulk mate-
rial from the bulk material conveyor. The bulk material han-
dling apparatus may also include one or more bins, and the
bulk material handling accessory may include one or more air
cannons to move the bulk material along the bins. Further, the
bulk material handling apparatus may include a chute, and the
bulk material handling accessory may include one or more
vibrators to move the bulk material through the chute.
[0012] Another bulk material handling apparatus may
include a bulk material conveyor comprising a belt to convey
bulk material, a scraping member to scrape bulk material
from the belt of the bulk material conveyor belt, a damper
coupled to the scraping member, and a controller to generate
the control signal of the damper based upon the status signal.
The bulk material handling apparatus may further include
another scraping member to scrape bulk material from the
belt of the bulk material conveyor belt, and another damper
coupled to the another scraping member.

[0013] The bulk material handling system may further
include a positioning mechanism to position the scraping
member with respect to the belt of the bulk material conveyor.
The bulk material handling system may also include a tem-
perature sensor to generate a temperature signal indicative of
temperature of the belt, the bulk material, and/or the scraping
member.

[0014] The scraping member may have a movement sensor
associated therewith. The movement sensor may generate a
status signal indicative of movement of the scraping member.
Similarly, the another scraping member may have another
movement sensor associated therewith. The another move-
ment sensor may generate another status signal indicative of
movement of the another scraping member.

[0015] The damper may dampen movement of the scraping
member based upon a control signal generated by the con-
troller. The another damper may dampen movement of the
another scraping member based upon another control signal.
[0016] The controller may generate the control signal in
accordance with a status signal to control signal response
pattern defined by a plurality of system parameter values. The
plurality of system parameters may include a minimum value
and a maximum value. The minimum value may define a
minimum level of the control signal associated with fail-safe
operation of the scraping member and the maximum value
may define a maximum level of the control signal associated
with stable operation the scraping member.

[0017] The controller may further initiate a protective
action based upon a predetermined relationship of the status
signal to a lower threshold and an upper threshold. In particu-
lar, the controller may initiate the protective action if the
status signal exceeds the upper threshold, or if the status
signal lies between the upper threshold and the lower thresh-
old for at least a defined delay period.

[0018] Thecontroller may generate signals that resultin the
position mechanism retracting the scraping member away
from the belt of the bulk material conveyor in response to the
status signal indicating unacceptable movement of the scrap-
ing member. The controller may also generate signals that
result in the position mechanism retracting the scraping mem-
ber away from the belt of the bulk material conveyor in
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response to the temperature signal indicating the temperature
of'the belt, the bulk material, and/or the scraping member has
left a specified range.

[0019] The controller may generate another control signal
for the another damper based upon the another status signal,
and may initiate a protective action based upon the status
signal and the another status signal indicating movement of
the scraping member and the another scraping member differs
by an amount that exceeds a threshold amount.

[0020] The controller may include an auxiliary controller
physically coupled to the scraping member, another auxiliary
controller physically coupled to the another scraping mem-
ber, and a master controller communicatively coupled to the
auxiliary controller, the another auxiliary controller, and the
positioning mechanism. The auxiliary controller may include
the movement sensor and may generate the control signal for
the damper. Similarly, the another auxiliary controller may
include the another movement sensor and may generate the
another control signal for the another damper. The master
controller may generate one or more position signals based
upon the status signal and the another status signal to cause
the position mechanism to position the scraping member and
the another scraping member with respect to the belt.

[0021] A bulk material handling method is also provided.
The bulk material handling method comprises generating a
status signal indicative of movement of a scraping member as
the scraping member removes bulk material from a belt of a
bulk material conveyor. The method also includes generating
a control signal based upon the status signal and a status
signal to control signal pattern, and damping the movement of
the scraping member based on the control signal.

[0022] The method may further include generating dis-
placement error data from the status signal that is indicative of
adisplacement error of the scraping member in relation to the
belt of the bulk material conveyor, generating a cost value
from the displacement error data, and adjusting parameters
that define the status signal to control signal pattern in
response to the cost value having a predetermined relation-
ship to a threshold amount.

[0023] The method may also include generating error data
from the status signal that is indicative of an error of the
scraping member in maintaining contact with the belt of the
bulk material conveyor, generating a cost value based upon
frequency components extracted from the error data, and
adjusting parameters that define the status signal to control
signal pattern in response to the cost value having a predeter-
mined relationship to a threshold amount.

[0024] Further, the method may initiate a protective action
if the status signal exceeds an upper threshold or if the status
signal lies between the upper threshold and a lower threshold
for at least a defined delay period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention described herein is illustrated by way
of'example and not by way of limitation in the accompanying
figures. For simplicity and clarity of illustration, elements
illustrated in the figures are not necessarily drawn to scale.
For example, the dimensions of some elements may be exag-
gerated relative to other elements for clarity. Further, where
considered appropriate, reference labels have been repeated
among the figures to indicate corresponding or analogous
elements.

[0026] FIG.1isapartially exploded view ofa conveyor belt
cleaner according to the present disclosure.
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[0027] FIG. 2 is a partial perspective view of the conveyor
belt cleaner of FIG. 1.

[0028] FIG.3isa frontelevation view ofthe cleaner mecha-
nism of the conveyor belt cleaner.

[0029] FIG. 4 is a end view taken along line 4-4 of FIG. 3.
[0030] FIG.5 is a cross-sectional view taken along line 5-5
of FIG. 3.

[0031] FIG. 6 shows the conveyor belt cleaner as shown in

FIG. 5 but with the deflector shroud removed.

[0032] FIG. 7 shows the conveyor belt cleaner with a
scraper blade in engagement with the conveyor belt at a
positive rake cleaning angle.

[0033] FIG. 8 shows the conveyor belt cleaner with a
scraper blade in engagement with the conveyor belt at a
negative rake cleaning angle.

[0034] FIG. 9 is an exploded side elevation view of the
conveyor belt cleaner.

[0035] FIG. 10 is a top view of the main frame of the
conveyor belt cleaner.

[0036] FIG. 11 is a rear elevation view of the main frame.
[0037] FIG. 12 is a cross sectional view taken along line
12-12 of FIG. 11.

[0038] FIG.13isatop view of the upper mounting member
of the main frame.

[0039] FIG.14is a front elevation view of the upper mount-
ing member of the main frame.

[0040] FIG. 15 is an end view of the upper mounting mem-
ber of the main frame.

[0041] FIG. 16 is a front elevation view of the center shaft
of the main frame.

[0042] FIG.17 is a bottom view of the center shaft.
[0043] FIG. 18 is an end view of the center shaft.

[0044] FIG. 19 is a front elevation view of the pivot shaft.
[0045] FIG. 20 is an end view of the pivot shaft.

[0046] FIG.21isasideelevation view of the pivot bushing.
[0047] FIG. 22 is a end view of the pivot bushing.

[0048] FIG. 23 is a top view of an end pivot cap.

[0049] FIG. 24 is a side elevation view of the end pivot cap.
[0050] FIG. 25 is a plan view of a center pivot cap.

[0051] FIG. 26 is a side elevation view of the center pivot
cap.

[0052] FIG. 27 is a perspective view of the arm of the

conveyor belt cleaner.

[0053] FIG. 28 is a top view of the arm.

[0054] FIG. 29 is a side elevation view of the arm.

[0055] FIG. 30 is a bottom view of the arm.

[0056] FIG. 31 is a rear elevation view of the arm.

[0057] FIG. 32 is a front elevation view of the arm.

[0058] FIG. 33 is a side elevation view of the scraper blade.
[0059] FIG. 34 is a front elevation view of the scraper blade
of FIG. 33.

[0060] FIG. 35 is a cross sectional view of the damper.
[0061] FIG. 36 is a perspective view of the linear actuator

mechanism of the rotational positioning mechanism.

[0062] FIG. 37 isaside elevation view of the controller box.
[0063] FIG.38isarearelevation view of the controller box.
[0064] FIG. 39 is a cross sectional view taken along line

39-39 of FIG. 37.

[0065] FIG.40 is aperspective view of the deflector shroud.
[0066] FIG. 41 is a top view of the deflector shroud.
[0067] FIG. 42 is a side elevation view of the deflector
shroud.

[0068] FIG. 43 is a rear elevation view of the deflector
shroud.
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[0069] FIG. 44 is a front elevation view of a mounting
mechanism of the conveyor belt cleaner.

[0070] FIG. 45 is a side elevation view of the mounting
mechanism.
[0071] FIG. 46 is a side elevation view of a support bracket

of the mounting mechanism.

[0072] FIG. 47 is a cross sectional view taken along line
47-47 of F1G. 46.

[0073] FIG. 48 is a side elevation view of a bushing of the
mounting mechanism.

[0074] FIG. 49 is a plan view of the bushing of the mount-
ing mechanism.

[0075] FIG. 50 is an end view of the pivot arm.

[0076] FIG. 51 is a side elevation view of the pivot arm.
[0077] FIG. 52 is an end view of the adjustment collar.
[0078] FIG. 53 is a side elevation view of the adjustment
collar.

[0079] FIG. 54 is a top plan view of the support bracket for

the rotational positioning mechanism.

[0080] FIG. 55 is a side elevation view of the support
bracket of FIG. 55.

[0081] FIG. 56 is a diagram illustrating the geometrical
arrangement of the cleaner mechanism.

[0082] FIG. 57 is a block diagram illustrating a bulk mate-
rial handling system that may utilize the conveyor belt cleaner
depicted in FIGS. 1-56.

[0083] FIG. 58 is a block diagram illustrating a bulk mate-
rial handling controller of the bulk material handling system
in regard to the conveyor belt cleaner depicted in FIGS. 1-56.
[0084] FIG. 59 is a block diagram illustrating a master
controller of the bulk material handling controller.

[0085] FIG. 60 is a block diagram illustrating an auxiliary
controller of the bulk material handling controller.

[0086] FIGS. 61-64 show various status signal to control
signal response patterns suitable for controlling bulk material
handling accessories such as a conveyor belt cleaner.

[0087] FIG. 65 is a flowchart of an embodiment ofa method
of configuring system parameters of the control signal pat-
terns depicted in FIGS. 61-64.

[0088] FIG. 66 depicts a flowchart of an embodiment of a
safety response method suitable for a bulk material handling
accessory such as a conveyor belt cleaner.

[0089] FIG. 67 depicts a graph showing bulk material load-
ing effects on arm displacement of a belt cleaner.

[0090] FIG. 68 depicts cable connections of an embodi-
ment of a bulk material handling system.

DETAILED DESCRIPTION

[0091] The following description describes techniques of
controlling accessories for a bulk material handling system.
In the following description, numerous specific details such
as logic implementations, opcodes, means to specify oper-
ands, resource partitioning/sharing/duplication implementa-
tions, types and interrelationships of system components, and
logic partitioning/integration choices are set forth in order to
provide a more thorough understanding of the present inven-
tion. It will be appreciated, however, by one skilled in the art
that the invention may be practiced without such specific
details. In other instances, control structures, gate level cir-
cuits and full software instruction sequences have not been
shown in detail in order not to obscure the invention. Those of
ordinary skill in the art, with the included descriptions, will be
able to implement appropriate functionality without undue
experimentation.
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[0092] References in the specification to “one embodi-

ment”, “an embodiment”, “an example embodiment”, etc.,
indicate that the embodiment described may include a par-
ticular feature, structure, or characteristic, but every embodi-
ment may not necessarily include the particular feature, struc-
ture, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when
aparticular feature, structure, or characteristic is described in
connection with an embodiment, it is submitted that it is
within the knowledge of one skilled in the art to effect such
feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

[0093] Embodiments ofthe invention may be implemented
in hardware, firmware, software, or any combination thereof.
Embodiments of the invention may also be implemented as
instructions stored on a machine-readable medium, which
may be read and executed by one or more processors. A
machine-readable medium may include any mechanism for
storing or transmitting information in a form readable by a
machine (e.g., a computing device). For example, a machine-
readable medium may include read only memory (ROM);
random access memory (RAM); magnetic disk storage
media; optical storage media; flash memory devices; and
others.

[0094] Bulk Material Handling System

[0095] Referring now to FIG. 57, a bulk material handling
system is depicted. The bulk material handling system may
comprise a bulk material handling apparatus 4, a bulk mate-
rial handling accessory 6, and a user interface 8. The bulk
material handling apparatus 4 and bulk material handling
accessory 6 may comprise various combinations of bulk
material devices. For example, the bulk material handling
apparatus 4 may comprise one or more bins and the bulk
material handling accessory 6 may comprise one or more air
cannons for moving the bulk material through, along or down
the bins. Similarly, the bulk material handling apparatus 4
may comprise a chute and the bulk material handling acces-
sory 6 may comprise one or more vibrators for moving the
bulk material through, along or down the chute. Further, the
bulk material handling apparatus 4 may comprise a bulk
material conveyor and the bulk material handling accessory 6
may comprise a cleaner to scrape, peel, or otherwise clean a
conveyor belt of the bulk material conveyor. Other combina-
tions of bulk material handling apparatus and bulk material
handling accessories are contemplated.

[0096] Thebulk material handling accessory 6 aids the bulk
material handling apparatus 4 in handling bulk material. For
example, the bulk material handling accessory 6 may com-
prise cleaning blades that scrape, peel, or otherwise detach
remnants of bulk material from a conveyor belt of the bulk
material handling apparatus 4. In such an embodiment, the
bulk material handling accessory 6 aids the bulk material
handling apparatus 4 by preventing the bulk material from
accumulating upon the conveyor belt of the bulk material
handling apparatus 4 and potentially obstructing movement
of'the conveyor belt through the bulk material handling appa-
ratus 4.

[0097] The bulk material handling accessory 6 may com-
prise a controller 12 with sensors 10 for determining charac-
teristic signals that can be related to the operating character-
istics of the bulk material handling accessory 6 and/or the
bulk material handling apparatus 4. The sensors 10 may com-
prise motion sensors such as, for example, accelerometers to
detect vibrations or other types of movement of the bulk
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material, the bulk material handling apparatus 4, the bulk
material handling accessory 6, and/or a component of either
the bulk material handling apparatus 4 or one of its accesso-
ries 6. Further, the sensors 10 may comprise temperature
sensors such as, for example, infrared sensors to detect or
measure temperature of the bulk material, the bulk material
handling apparatus 4, the bulk material handling accessory 6,
and/or acomponent of either the bulk material handling appa-
ratus 4 or one of its accessories 6.

[0098] The controller 12 of the bulk material handling
accessory 6 adjusts the operation of the bulk material han-
dling accessory 6 based upon the signals of the sensors 10.
Further, the controller 12 may receive signals from the user
interface 8 and may further adjust operation of the bulk mate-
rial handling accessory 6 based upon the signals received
from the user interface 8.

[0099] The user interface 8 may comprise various combi-
nations of input/output devices such as, for example, LCD
displays, LED displays, CRT monitors, flat panel displays,
printers, keyboards, keys, buttons, mice, and the like in order
to present information to a user and receive input from a user.
As depicted, the user interface 8 is coupled to the controller 12
of the bulk material handling accessory 6. The coupling may
be implemented via wired and/or wireless technologies that
enable the user interface 8 to be positioned remotely from the
bulk material handling accessory such as, for example, an
RS-232, an RS-422, or an RS-485 serial interface; an IEEE
802.3 (Ethernet) networking interface; an IEEE 802.11
(WiFi) interface; and other interconnect technologies that
permit remote positioning of the user interface 8. Similarly,
the coupling may be implemented via wired and/or wireless
technologies that enable the user interface 8 to be positioned
nearby or locally to bulk material handling accessory such as,
for example, Universal Serial Bus (USB) interconnects, IEEE
1394 (FireWire) interconnects, PS/2 mouse and keyboard
connectors, IEEE 802.15.1 (Bluetooth) interconnect, and
other interconnect technologies that permit local positioning
of the user interface 8. While the above associates certain
interconnect technologies with “remote” or “local” position-
ing of the user interface 8, many of the above listed intercon-
nect technologies are capable of supporting both “remote”
and “local” user interfaces 40 despite being better suited for
one or the other. Further, the above listed interconnect tech-
nologies are merely illustrative and some embodiments may
utilize interconnect technologies not specifically listed above.
[0100] Further details of the bulk material handling system
are presented below in regard to an embodiment where the
bulk material handling apparatus 4 comprises a bulk material
conveyor having a conveyor belt and where the bulk material
handling accessory 6 comprises a conveyor belt cleaner with
cleaning blades. However, one skilled in the art should appre-
ciate that the following teachings in regard to the conveyor
belt cleaner and conveyor belt embodiment are applicable to
other embodiments of the bulk material handling system such
as a chute with vibrator embodiments and a bin with air
cannon embodiments.

[0101] Conveyor and Conveyor Belt Cleaner

[0102] FIGS.1-56 depict mechanical aspects of an embodi-
ment of the bulk material handling system where the bulk
material handling apparatus 4 comprises a bulk material con-
veyor 78 comprising a conveyor belt 82 having an outer load
carrying surface 84 and where the bulk material handling
accessory 6 comprises a conveyor belt cleaner 80. The con-
veyor belt cleaner 80 may be a secondary conveyor belt
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cleaner as generally shown in FIGS. 7 and 8 wherein the
conveyor belt cleaner 80 is adapted to scrape adherent mate-
rial from the surface 84 of a portion of the belt 82 that is
moving in a generally linear direction as shown by the arrows.
The conveyor belt cleaner of the present disclosure may also
be used as a primary conveyor belt cleaner adapted to scrape
material from the surface 84 of a portion of the belt 82 that is
moving in a rotational manner in engagement with the head
pulley of the conveyor. Multiple primary and/or secondary
conveyor belt cleaners can be used on the same conveyor belt
as operating conditions and requirements for cleaning dictate.

[0103] The conveyor belt cleaner 80 includes a cleaner
mechanism 86 and one or more mounting mechanisms 88 A-
B. The cleaner mechanism 86 includes a main frame 92
including a cross shaft 94 having a generally linear central
longitudinal axis 96. The cross shaft 94 extends generally
linearly between a first end 98 and a second end 100. The
cross shaft 94 may include a single unitary member, or as
shown in FIG. 1 the cross shaft 94 may include a plurality of
members or segments. As shown in FIG. 1, the cross shaft 94
includes a center shaft 102 extending between a first end 104
and a second end 106. Mounting members 108, such as gen-
erally planar plates, including one or more peripheral aper-
tures are respectively attached to the first end 104 and the
second end 106 of the center shaft 102. The cross shaft 94 also
includes stub shafts 110A and B. Each stub shaft 110A-B
extends between a first end 112 and a second end 114. A
respective mounting member 116, such as a generally planar
plate, including one or more peripheral apertures is mounted
to the first end 112 of each stub shaft 110A and B. The stub
shaft 110A is adapted to be removably attached to the firstend
104 of the center shaft 102 with fasteners, such as bolts and
nuts, that extend through the apertures in the mounting mem-
bers 108 and 116. The stub shaft 110B is similarly adapted to
be removably attached to the second end 106 of the center
shaft 102 by fasteners that extend through the apertures in the
mounting members 108 and 116. The stub shaft 110A is
adapted to be removably mounted to the mounting mecha-
nism 88 A, and the stub shaft 110B is adapted to be removably
mounted to the mounting mechanism 88B. The center shaft
102 and stub shafts 110A and B may be formed from rectan-
gular or square tubing as shown in FI1G. 1, round tubing, solid
members, or other structural components.

[0104] The center shaft 102 may have a different cross-
sectional configuration or size, such as a different width,
height, wall thickness and the like, than the stub shafts 110A
and B. The stub shafts 110A and B may remain a uniform size
to facilitate mounting to the mounting mechanisms 88A-B,
while the size of the center shaft 102 may be varied to take
into account particular operating conditions such as the width
of'the conveyor belt and thereby the length of the center shaft
102 between the ends 104 and 106. Consequently, a smaller
size center shaft 102 may be used with relatively narrow
conveyor belts and a larger size center shaft 102 may be used
in connection with wider conveyor belts to minimize deflec-
tion and to accommodate increased bending stresses. The
connections between the stub shafts 110A-B and the center
shaft 102 also enable the center shaft 102 to be removed from
the stub shafts 110A and B while the stub shafts 110A-B
remain mounted to the mounting mechanisms 88A-B.

[0105] As shown in FIGS. 16-18, the center shaft 102
includes one or more generally circular apertures 118 extend-
ing through a first wall of the center shaft 102 and that are
generally equally spaced apart from one another along the
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longitudinal length of the center shaft 102 between the ends
104 and 106. The center shaft 102 also includes one or more
elongated slot-like apertures 120 that extend through a second
side wall of the center shaft 102 and that are generally equally
spaced apart from one another along the longitudinal length
of the center shaft 102 between the ends 104 and 106. Each
aperture 118 is associated with a respective aperture 120, such
that each pair of apertures 118 and 120 are located in the same
position with respect to one another relative to the length of
the center shaft 102 between the ends 104 and 106. The
apertures 118 and 120 provide communication with a cham-
ber 122 located within the center shaft 102. Each mounting
member 108 and 116 includes a large central aperture such
that a hollow passageway extends through the cross shaft 94
from the first end 98 to the second end 100 and that includes
the chamber 122.

[0106] As shown in FIG. 9, a plurality of cover plates 123
are removably attached to the center shaft 102 such that each
cover plate 123 respectively covers a slot-like aperture 120.
Each cover plate 123 may be removed from the center shaft
102 to provide access to the chamber 122 within the center
shaft 102. A cord grip connector 124 or alternatively a grom-
met is respectively attached to the center shaft 102 at each
aperture 118.

[0107] Themain frame 92 includes alower mounting mem-
ber 126, such as a bent plate, having a first end 128 connected
to the wall of the center shaft 102 that includes the slot-like
apertures 120 and a second end 130 located radially out-
wardly from the axis 96 with respect to the first end 128. The
lower mounting member 126 also extends longitudinally gen-
erally parallel to the axis 96 between a first end 132 and a
second end 134. The ends 132 and 134 extend outwardly
slightly beyond the locations of the slot-like apertures 120.
The lower mounting member 126 includes one or more
mounting tabs 136 attached to the second end 130. Each
mounting tab 136 includes an aperture 138 that extends
through the mounting tab 136 in a direction generally parallel
to the axis 196. The mounting tabs 136 are generally uni-
formly spaced along the length of the lower mounting mem-
ber 126 between the first end 132 and the second end 134,
with each mounting tab 136 in alignment with a respective
aperture 118 and slot-like aperture 120. Each of the apertures
138 in the mounting tabs 136 is located generally concentri-
cally about a generally linear axis 140 that extends through
each of the apertures 138. The axis 140 is generally parallel to
and spaced apart from the axis 96.

[0108] The main frame 92 also includes an upper mounting
member 144 that extends between a first end 146 and a second
end 148 and that is attached to the center shaft 102. The upper
mounting member 144 includes a base 150 that is connected
to the center shaft 102 generally diametrically from the lower
mounting member 126 with respect to the axis 96. The base
150 includes two outwardly extending legs 152 that are gen-
erally transverse to one another such that each leg 152 is
adapted to be attached to a respective wall of the tube that
forms the center shaft 102. The base 150 also includes a stem
154 that extends outwardly from the junction of the legs 152.
The base 150 is thereby generally Y-shaped. The stem 154 is
offset at an angle with respect to the legs 152 such that the
stem 154 is not disposed at an angle midway between the legs
152.

[0109] A plurality of cradles 156 are attached to the outer
end of the stem 154 and are generally equidistantly spaced
apart from one another along the length of the stem 154
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between the first end 146 and the second end 148 of the upper
mounting member 144. Each cradle 156 extends generally
parallel to the base 150 between a first end 158 and a second
end 160. Each cradle 156 includes an open-top and open-end
receptacle 162 formed by a generally semi-cylindrical inte-
rior wall 164. Each cradle 156 also includes a pair of spaced
apart and generally parallel flanges 166 that extend from the
first end 158 to the second end 160. The top surfaces of the
flanges 166 are generally planar and generally coplanar with
one another. Each flange 166 includes one or more apertures
extending therethrough. The semi-cylindrical wall 164 of the
cradle 156 is formed about a generally linear axis 168. As
shown in FIGS. 13 and 14, the receptacles 162 located at each
end 146 and 148 of the upper mounting member 144 are
approximately one-half the length of the receptacles 156
located in the center of the upper mounting member 144
between the end cradles 156. Each flange 166 in the end
cradles 156 includes one aperture, whereas each flange 166 in
the center cradles 156 includes two apertures. The axis 168
extends generally parallel to the axis 96.

[0110] An end cap 172, as shown in FIGS. 23 and 24, is
adapted to be removably attached to each end cradle 156 that
is located at the ends 146 and 148 of the upper mounting
member 144. The end cap 172 includes a open-bottom and
open-end receptacle 174 formed by a semi-cylindrical inte-
rior wall 176 extending about the axis 168. The end cap 172
includes a pair of spaced apart and generally parallel flanges
178 each of which includes one or more apertures. The bot-
tom surfaces of the flanges 178 are generally coplanar and are
adapted to mate with the flanges 166 of the end cradles 156,
such that the receptacle 162 of the cradle 156 and receptacle
174 of the end cap 172 form a generally cylindrical receptacle
or bore that extends through the cradle 156 and end cap 172
from the first end 158 to the second end 160 generally con-
centrically about and along the axis 168. The end caps 172 are
removably attached to the end cradles 156 by fasteners such
as bolts and nuts.

[0111] A center cap 180, as shown in FIGS. 25 and 26, is
adapted to be removably attached to each center cradle 156 of
the upper mounting member 154. Each center cap 180
includes an open-bottom and open-end receptacle 182
formed by a generally semi-cylindrical interior wall 184 that
extends about the axis 168. Each center cap 180 includes a
pair of spaced apart and generally parallel flanges 186, each
of which includes a plurality of apertures. The bottom sur-
faces of the flanges 186 are generally coplanar with one
another and are adapted to respectively mate with the top
surfaces of the flanges 166 of the center cradles 156. Each
center cap 180 is adapted to be removably attached to a center
cradle 156 by fasteners, such as bolts and nuts, such that the
receptacle 182 of the center cap 180 and the receptacle 162 of
the center cradle 156 form a generally cylindrical receptacle
or bore that extends through the center cradle 156 and center
cap 180 from the first end 158 to the second end 160 concen-
trically about and along the axis 168. The main frame 92,
including the cross shaft 94, lower and upper mounting mem-
bers 126 and 144, the caps 172 and 180, and other compo-
nents are preferably made from corrosion resistant materials
and may be made from metal such as stainless steel.

[0112] The cleaner mechanism 86 includes one or more
pivot shafts 190. Each pivot shaft 190 extends between and is
rotatably mounted to adjacent pairs of cradles 156 of the
upper mounting member 144. The pivot shaft 190 is generally
cylindrical and extends concentrically about and along the
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axis 168 from a first end 192 to a second end 194. The pivot
shaft 190 includes a generally cylindrical surface 196. The
pivot shaft 190 is preferably made from a corrosion resistant
material and may be made from metal such as stainless steel.
[0113] Each end 192 and 194 of the pivot shaft 190 is
adapted to be rotatably mounted to a respective cradle 156 by
abushing 200. The bushing 200 as shown in FIGS. 21 and 22
includes a generally cylindrical sleeve 202 having a generally
cylindrical outer surface, and a generally circular collar 204
attached to one end of the sleeve 202. The collar 204 extends
outwardly beyond the outer surface of the sleeve 202 thereby
forming a generally annular rim. A generally cylindrical bore
206 extends through the sleeve 202 and collar 204 along the
axis 168. The bore 206 has a diameter such that the end of the
pivot shaft 190 will closely fit within the bore 206 in rotating
engagement with the inner wall of the bushing 200 formed by
the bore 206. The bushing 200 may be formed from a friction
reducing material and may be formed from metal such as
oilite bronze.

[0114] The sleeve 202 of each bushing 200 is adapted to be
located within the receptacle 162 of a cradle 156 and is
removably retained therein by clamping engagement with the
end cap 172 or center cap 180. The collar 204 of the bushing
200 is positioned adjacent the end of the receptacle 162. The
first end 192 of a pivot shaft 190 extends into the bore 206 of
abushing 200 located in a first cradle 156, and the second end
194 of the pivot shaft 190 extends into the bore 206 of a
bushing 200 located in an adjacent cradle 156. The pivot shaft
190 thereby extends between a pair of adjacent cradles 156.
The pivot shaft 190 is adapted to pivot or rotate about the
central axis 168 with respect to the bushings 200 and cradle
156.

[0115] The cleaner mechanism 86 also includes one or
more scraping members 210. Each scraping member 210
includes an arm 212 and a scraper blade 214. The arm 212
extends between a first end 216 and a second end 218 along a
central longitudinal axis 220. The first end 216 includes a
generally cylindrical hub 222 that extends generally trans-
versely to the axis 220 between a first end 224 and a second
end 226. A generally cylindrical bore 228 extends through the
hub 222 from the first end 224 to the second end 226 along and
concentrically about the axis 168. The pivot shaft 190 extends
through the bore 228 of the hub 222 such that the first end 192
and second end 194 of the pivot shaft 190 each extend out-
wardly beyond the ends 224 and 226 of the hub 222 approxi-
mately an equal distance. The generally cylindrical surface of
the hub 222 formed by the bore 228 is sized to closely engage
the surface 196 of the pivot shaft 190. The hub 222 may be
coupled to the pivot shaft 190 such that the arm 212 and pivot
shaft 190 conjointly pivot with one another about the axis
168. The shaft 190 may be coupled to the hub 222 by a friction
fit therebetween or by a coupling member, such as a key or
weld. The pivot shaft 190 may also be integrally formed with
the arm 212. Alternatively, the arm 212 may pivot with
respect to the pivot shaft 190 about the axis 168.

[0116] The arm 212 includes a strut 230 having a first end
coupled to the hub 222 and a second end coupled to a mount-
ing member 232 that is located at the second 218 of the arm
212. As viewed in plan, as shown in FIG. 28, the strut 230
extends generally linearly along the axis 220. As viewed in
profile or elevation as shown in FIG. 29, the strut 230 is
generally S-shaped including a downwardly facing generally
concavely curved portion that extends from the hub 222, and
an upwardly facing generally concavely curved portion that
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extends from the downwardly curved portion to the mounting
member 232. The strut 230 includes a central ridge 234 that
extends from the hub 222 to the mounting member 232.
Opposing side walls 236A-B extend downwardly and out-
wardly from the ridge 234 to respective lower edges 238A-B.
Each lower edge 238A-B extends from the hub 222 to the
mounting member 232. A channel 240 is located in the bot-
tom wall of the strut 230 that extends from adjacent the hub
222 to the mounting member 232. The channel 240 separates
the bottom wall into respective spaced apart first and second
bottom wall portions 242A-B. The strut 230 includes a pair of
spaced apart ribs 244 A-B that extend along respective bottom
wall portions 242A-B, from a proximal end located adjacent
the hub 232 to a distal end 246 located generally at the bottom
end of the upwardly facing concave portion of the strut 230
and spaced apart from the second end 218 of the arm 212.
Each rib 244A-B includes one or more apertures 248A-B,
with each aperture 248A-B in each rib 244 A being aligned
with a respective aperture 248A-B in the rib 244B such that
the apertures are located coaxially with respect to one another
and generally parallel to the axis 168. The ribs 244A-B are
located inwardly from, and generally parallel to, the edges
238A-B as shown in FIG. 30 to thereby form a lip between the
ribs 244A-B and the edges 238A-B that extends along the
bottom wall portions 242A-B. The arm 212 includes a pair of
spaced apart lugs 252 A-B that are attached to and that project
downwardly and outwardly from the hub 222. A slot 254 is
located between the lugs 252 A-B that extends parallel to the
axis 168. The slot 254 is adapted to receive the stem 154 of the
base 150 of the upper mounting member 144 of the main
frame 92.

[0117] The mounting member 232 of the arm 212 includes
a bracket 258 having a base attached to the second end of the
strut 230. The bracket 258 extends upwardly from the base to
atip 260. The bracket 258 includes an interior surface 262 and
a spaced apart exterior surface 264. The interior and exterior
surfaces 262 and 264 are generally planar. The interior sur-
face 262 is located in a plane that is generally parallel to the
axis 168. The interior surface 264 is located more closely
adjacent to the first end 216 of the arm than the exterior
surface 264. One or more apertures 266 extend through the
bracket 258 from the interior surface 262 to the exterior
surface 264.

[0118] The mounting member 232 also includes a retainer
member 270, such as an upwardly extending finger or ledge,
that extends upwardly from the second end of the strut 230.
The retainer member 270 is located inwardly from the bracket
258, more closely toward the first end 216 of the arm 212 than
the bracket 258. The retainer member 270 extends upwardly
to a distal tip 272. A transverse slot 274 extends through the
mounting member 232 between the bracket 258 and the
retainer member 270. The slot 274 is open at its top end
between the tip 272 of the retainer member 270 and the
bracket 258, and at each end. The slot 272 forms an interior
wall on the retainer member 270 that is generally planar and
parallel to the interior surface 262 of the bracket 258. The slot
274 also forms a bottom wall 276 that may be generally
semi-circular as shown in FIG. 29, or that may be generally
planar or other configurations if desired. The tip 260 of the
bracket 258 is located outwardly from the bottom wall 276 of
the slot 274 a distance further than the tip 272 of the retainer
member 270 is located from the bottom wall 276. The length
of the retainer member 270 is thereby shorter than the length
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of the bracket 258. The arm 212 is preferably formed from
corrosion resistant materials and may be formed from metal,
such as stainless steel.

[0119] The scraper blade 214 of the scraping member 210
is adapted to be removably connected to the mounting mem-
ber 232 of the arm 212. Alternatively, the scraper blade 214
may be integrally formed with the arm 212. As shown in
FIGS. 33 and 34, the scraper blade 214 includes a base 280
having a bottom end 282 and a body 284 extending upwardly
from the base 280 to a scraping edge 286. The scraper blade
214 includes an interior surface 288 and a spaced apart exte-
rior surface 290 each of which extend from the bottom end
282 to the scraping edge 286, and from a first end 292 to a
second end 294 of the scraper blade 214. As shown in FIG. 33,
the interior surface 288 may be curved in a concave cylindri-
cal manner, such as in the shape of a segment of a circle. The
surfaces 288 and 290 are generally equally spaced apart from
one another. The scraper blade 214 thereby has a generally
uniform thickness between the interior surface 288 and exte-
rior surface 290. The base 280 includes one or more apertures
296 that extend from the interior surface 288 to the exterior
surface 290 and that are adapted to align with respective
apertures 266 in the bracket 258 of the arm 212. The scraper
blade 214 may be configured to provide a relatively constant
scraping angle with the conveyor belt 82 as the scraper blade
214 wears and is pivoted into continued engagement with the
belt 82 about the axis 96.

[0120] The scraper blade 214 has a thickness such that the
base 280 is adapted to fit closely within the slot 274 of the
mounting member 232 of the arm 212 with the interior sur-
face 288 of the base 280 located closely adjacent the interior
surface of the retainer member 270 and the exterior surface
290 located closely adjacent to the interior surface 262 of the
bracket 258. The bottom end 282 of the base 280 may be
curved in the form of a semi-circle to matingly engage the
bottom wall 276 of the slot 274 in the mounting member 232.
Alternatively, the bottom end 282 of the base 280 may be
generally planar, and the bottom wall 276 of the slot 274 may
be planar, for mating engagement. The scraping edge 286 of
the scraper blade 214 may be rounded in the general shape of
a semi-circle as shown in FIG. 33. Alternatively, the scraping
edge 286 may be generally planar. The scraping edge 286 may
comprise a wear-in tip as disclosed in U.S. Pat. No. 6,374,991
of Martin Engineering Company, which is incorporated
herein by reference. The scraper blade 214 is removably
connected to the mounting member 232 of the arm 212 by
fasteners that extend through the apertures 296 in the scraper
blade 214 and the apertures 266 in the bracket 258 of the
mounting member 232. The scraper blade 214 is thereby
removable and replaceable on the arm 212, such as for
example when the scraper blade 214 becomes worn or dam-
aged. Each scraping member 210 is individually selectively
removable and replaceable on the main frame 92 by removal
of the appropriate caps 172 and 180.

[0121] The fasteners that connect the scraper blade 214 to
the mounting member 232 prevent transverse movement of
the scraper blade 214 with respect to the bracket 258. Fric-
tional scraping forces applied to the scraping edge 286 of the
scraper blade 214 from engagement with the moving con-
veyor belt 82 are resisted at least in part by engagement of the
base 280 of the scraper blade 214 with the retainer member
270 of the mounting member 232. A frictional scraping force
applied to the scraping edge 286 by the moving belt 82
presses the exterior surface 290 of the scraper blade 214 into
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engagement with the tip 260 of the bracket 258, and will
attempt to pivot the bottom end 282 of the scraper blade 214
away from the interior surface 262 of the bracket 258, such
that the scraper blade 214 would pivot about the tip 260 of the
bracket 258. However, this pivotal movement of the scraper
blade 214 is prevented by engagement of the base 280 of the
scraper blade 214 with the interior surface 288 of the retainer
member 270 of the mounting member 232. The scraper blade
214 may be formed from metal, such as stainless steel, and
may include wear-resistant materials at the scraping edge 286
such as tungsten carbide or ceramic materials.

[0122] The cleaner mechanism 86 also includes one or
more damper mechanisms 302. Each damper mechanism 302
is associated with a respective scraping member 210. The
damper mechanism 302 includes a first end 303 and a second
end 305. Each damper mechanism 302 includes a damper 304
and may include a sensor enclosure or box 306. As shown in
FIGS. 37-39, the box 306 includes a generally rectangular
housing 308 that forms one or more internal chambers 310.
The box 306 also includes a removable and replaceable gen-
erally planar side panel 312 on each side of the box 306. The
side panels 312 are removably attached to the housing 308 to
provide selective access to the chambers 310. The side panels
312 are attached to the housing 308 in sealed engagement
such that the box 306 is substantially weather and water tight.
An end wall of the housing 308 includes an aperture 314 in
communication with the chambers 310. A cord grip member
316 is attached to the housing 308 in communication with the
aperture 314 such that one or more electrical cords or cables
may extend from a controller within the chambers 310 of the
housing 308 to the cord grip member 124 and chamber 122 of
the main frame 92. The cord grip member 316 maintains the
box 306 water tight.

[0123] A mounting tab 320 is attached to the top of the
housing 308 at the second end 305 of the damper mechanism
302. The mounting tab 320 includes a bore 322 that extends
therethrough along a central linear pivot axis 324. The mount-
ing tab 320 has a width between opposing side walls at each
end of the bore 322 that enables the mounting tab 320 to be
inserted between the ribs 244A-B of the arm 212, with the
bore 322 in coaxial alignment with a respective pair of aper-
tures 248A-B in each of the ribs 244 A-B. A fastener, such as
a bolt and nut, extends through the apertures 248 and bore 322
to thereby pivotally connect the damper mechanism 302 to
the arm 212 such that the damper mechanism 302 and arm
212 are pivotal with respect to one another about the pivot axis
324. The housing 308 also includes a mounting member 326
on the opposite side of the housing 308 from the mounting
member 320. The mounting member 326 includes a threaded
bore 328 that extends along a generally linear axis 330 and
that is in communication with the chambers 310.

[0124] The damper 304, as shown in FIG. 35, extends
between a firstend 334 and a second end 336. The damper 304
may comprise a combination gas spring and damper, such as
a magneto-rheological (MR) fluid damper, for example the
Model RD-1119 MR fluid damper as manufactured by Lord
Corporation. The damper 304 may be constructed and operate
as generally disclosed in U.S. Pat. No. 5,277,281, which is
incorporated herein by reference. The damper 304 includes a
generally cylindrical and tubular housing 338 forming an
internal fluid chamber 340. The housing extends from a first
end 342 to a second end 344. A mounting member 346 is
attached to the first end 342. A bore 348 extends through the
mounting member 346 along the axis 140. The mounting
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member 346 may include a pair of spaced apart ears through
which the bore 348 extends, such that a mounting tab 136 of
the lower mounting member 126 of the main frame 92 is
adapted to be received between the ears, and such that a
fastener may extend through the bore 348 of the mounting
member 346 and through the aperture 138 of the mounting tab
136 such that the damper mechanism 302 is pivotal with
respect to the main frame 92 about the pivot axis 140.

[0125] A diaphragm 350 is located within the housing 338
and separates the fluid chamber 340 from an accumulator
chamber 352 located at the second end 334 of the housing
338. The accumulator chamber 352 may include a pressur-
ized gas, such as nitrogen. The fluid chamber 340 includes an
MR fluid, such as a fluid consisting of carbonyl iron particles
suspended in silicone oil. The damper 304 includes a piston
354 having a piston head 355 located within the fluid chamber
340 and that includes a first side 356 and a second side 358.
The piston head 355 divides the fluid chamber 340 into sub-
chambers respectively located on each side of the piston head
355. The piston head 355 includes one or more fluid passages
360 that extend through the piston head 355 between the first
and second sides 356 and 358 which place the sub-chambers
of the fluid chamber 340 in fluid communication with one
another. Fluid passages may also be formed between the edge
of'the piston head 355 and the internal side wall of the housing
338 if desired. The piston 354 includes an electrical coil 362
wrapped around the piston head 355. The piston head 355 is
made of a magnetically permeable material.

[0126] The piston 354 includes a generally tubular shaft
364 having a first end 366 connected to the piston head 355
and a second end 368 that is threaded and located externally
of the housing 308. The second end 368 of the shaft 364 is
adapted to be inserted into the threaded bore 328 for rigid
connection to the mounting member 326 of the control box
306. The shaft 364 extends concentrically about and along a
linear axis 330. The shaft 364 extends through the second end
344 of the housing 338 and is sealed fluid tight thereto with a
seal 370. Electrical wires extend from the electrical coil 362
through the central bore within the shaft 364 and outwardly
from the second end 368, through the bore 328 and into
chamber 310 of the box 306 for connection to an auxiliary
controller 305.

[0127] The piston 354 is linearly slideable along the axis
330 with respect to the housing 338 in each direction along
the axis 330. As the piston 354 moves along the axis 330 with
respect to the housing 338 MR fluid will flow from a first
sub-chamber to a second sub-chamber through the fluid pas-
sages 360 to thereby allow sliding movement of the piston
354 with respect to the housing 338. The accumulator 352
accommodates MR fluid displaced by the insertion of the
shaft 364 into the fluid chamber 340 and thermal expansion of
the MR fluid. Selected variation in the magnetic flux gener-
ated by the electrical coil 362 provides a corresponding
change in the flow characteristics of the MR fluid. MR fluids
are able to change stiftness or viscosity over a very large
range. Controlling the flow characteristics of the MR fluid
thereby provides control over the ability of the piston 354 to
move along the axis 330 with respect to the housing 338 and
to thereby dampen vibrations resulting from vibratory forces
applied to the piston 354. Kinetic energy from the moving
conveyor belt 82 is transferred to the damper 304 through the
scraping member 210. The MR fluid in the damper converts
the kinetic energy into heat and transfers the heat to the
atmosphere. The damper 304 provides a relatively constant
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transfer of axial force between the first end 334 and second
end 336 regardless of the displacement of the piston 354 with
respect to the housing 338, and while dampening vibration of
the scraper blade 214 with respect to the belt 82. While the
control box 306 is shown in the drawings as connecting the
second end 368 ofthe piston 354 to the arm 212, if desired, the
second end 368 of the piston 354 may be pivotally connected
directly to the arm 212.

[0128] The scraping force with which each scraper blade
214 is biased into engagement with the conveyor belt 82 is
provided by the damper 304. Different pressures of the gas in
the accumulator chamber 352, and different volumes of the
accumulator chamber 352, will provide different force versus
displacement output curves. A damper 304 with a large accu-
mulator chamber 352 volume and a short piston stroke is
preferred such that the output force versus displacement
curve is relatively flat, whereby a relatively constant scraping
force and cleaning pressure is provided between the scraper
blade 214 and the belt 82. Different types of dampers 304,
with different gas pressures and/or different accumulator
chamber volumes, can be used as desired to provide a desired
scraping force and scraping pressure. The different types of
dampers 304 can be exchanged with one another in the
cleaner mechanism 86 to selectively change the scraping
force with which the scraper blades 214 engage the belt 82.
[0129] As stated above, the dampers 304 comprise magne-
torheological (MR) fluid dampers that contain MR fluid. The
MR fluid has a viscosity that is dependent upon a magnetic
field, thus the dampening eftect of the MR damper may be
adjusted by adjusting the magnetic field applied to the MR
fluid. In another embodiment, the dampers 304 comprise
electrorheological (ER) dampers that contain ER fluid. Simi-
lar to the MR fluid, the ER fluid has a viscosity that is depen-
dent upon an electric field, thus the dampening effect of the
ER damper may be adjusted by adjusting the electric field
applied to the ER fluid. While some embodiments utilize MR
fluid dampers or ER fluid dampers, those skilled in the art
should appreciate that the dampers 304 may comprise other
types of controlled dampers to achieve the desired controlled
dampening effect. If desired the damper 304 may include a
resilient biasing member, such as a mechanical coil spring,
that extends around the housing 338 and piston 354 with a
first end of the biasing member coupled to the housing 338
and a second end coupled to the piston 354.

[0130] The lugs 252A and B of the arm 212 are adapted to
engage the stem 154 of the upper mounting member 144 to
limit pivotal movement of the arm 212 about the pivot axis
168. The lugs 252A-B thereby limit the possible length of
stroke of the piston 354 of the damper 304, preventing over-
retraction of the piston 354 which could damage the dia-
phragm 350 and preventing over-extension of the piston 354
which could damage the seal 370.

[0131] Theupper mounting member 144 is designed so that
the scraper blades 214 can be either in-line, or offset and
overlapping. As shown in FIG. 1, all of the scraper blades 214
are located in-line with one another. If desired, the upper
mounting member 144 of the main frame 92 may be divided
into a plurality of segments wherein each segment includes a
first and second cradle 156 respectively at each end. Every
other mounting member segment is reversed end for end to
facilitate an offset and overlapping scraper blade arrange-
ment. Due to the offset of the stems 154, the cradles 156 of
every other mounting segment will be aligned with one
another, with one set of cradles being aligned along the pivot
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axis 168 and a second set of cradles 156 being aligned along
a parallel pivot axis that is spaced apart from and parallel to
the pivot axis 168. The parallel pivot axes may be offset from
one another a selected distance such as, for example, twenty-
five millimeters. A first set of every other scraping members
210 will thereby be aligned with one another, while a second
set of the remaining scraping members 210 will be aligned
with one another. The scraper blades 214 of adjacent scraping
members 210 are thereby offset with one another, such that
the scraper blades 214 may overlap one another along the
width of the belt. The width of the scraper blades used in the
offset position are preferably wider than the width of the
scraper blades used in the in-line position to provide overlap-
ping of adjacent scraper blades. Alternatively, the cradles 156
can be divided, with end caps 172 used in place of center caps
180, and the spacing of the individual mounting members 144
can be located closer to one another to provide overlapping of
adjacent scraper blades. The damper mechanisms 302 are
pivotally connected to the apertures 248A of the first set of
aligned scraping members 210, and the damper mechanisms
302 are pivotally connected to the apertures 248B of the
second set of aligned scraping members 210.

[0132] When the scraping members 210 are configured in
an offset and overlapping arrangement, the scraper blade 214
of each scraping member 210 may be pivotally mounted to
the mounting member 232, such as by a single fastener
extending through an aperture 226 and an aperture 296, such
that the scraper blade 214 is pivotal with respect to the arm
212 about a pivot axis that is generally transverse to the axis
168. The bottom end 282 of the blade 214 is spaced apart from
the bottom wall 276 of the slot 274 in the retainer member 270
when the blade 214 is in a centered position, such that the
blade 214 can pivot in either direction about the pivot axis
such as, for example, plus or minus five degrees before the
base 280 of the blade 214 engages the bottom wall 276 of the
slot 274. In this configuration, a wear-in tip should addition-
ally be provided at the corners formed by the scraping edge
286 and the ends 292 and 294 of the blade 214 to prevent
gouging of the belt 82 as the blade 214 adapts to the belt
surface 84.

[0133] The cleaner mechanism 86 also includes a deflector
shroud 374. As shown in FIGS. 40-45, the deflector shroud
374 includes a first side wall 376 and a mirror-image second
side wall 378. The first and second side walls 376 and 378 are
spaced apart and generally parallel to one another, and extend
between a front wall 380 and a rear wall 382. The first and
second side walls 376 and 378 also each extend between a
lower edge 384 and an upper edge 386. A passageway extends
through the deflector shroud 374 from an opening formed in
the top end of the deflector shroud 374 between the upper
edges 376 of the first and second sidewalls 376 and 378 to an
opening formed in the bottom end of the deflector shroud 374
between the lower edges 384 of the first and second side walls
376 and 378. Each side wall 376 and 378 includes a pocket
388 adapted to receive the damper 304 therebetween.

[0134] As shown in FIGS. 4 and 5, the damper mechanism
302 extends through the passageway in the deflector shroud
374 with the damper 304 located in the pockets 388. The
upper edge 386 of the first and second side walls 376 and 378
matingly engage the edges 238A-B of the strut 230 of the
scraper member 210 to form a seal therebetween. The deflec-
tor shroud 374 thereby substantially encloses the damper
mechanism 302, and totally encloses the box 306 and the
upper end of the damper 304, to prevent material scraped
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from the belt 82 by the scraper blade 214 from impacting on
or engaging these components. The deflector shroud 374 may
be made from an elastomeric material, such as urethane.

[0135] The mounting mechanisms 88A-B may be con-
structed generally as mirror-images of one another. The
mounting mechanism 88B is shown in FIGS. 44 and 45. Each
mounting mechanism 88A-B includes a linear positioning
mechanism 394 having a lower mounting bracket 396 and an
upper mounting bracket 398, such as angle irons. A vertical
leg of the mounting brackets 396 and 398 includes apertures
such that the vertical leg is adapted to be removably attached
to a stationary support structure. Each horizontal leg of the
mounting brackets 396 and 398 includes an aperture. A linear
actuator such as a threaded rod or shaft 400 having a central
linear axis 402 extends between the lower and upper mount-
ing brackets 396 and 398 and through the apertures in the
horizontal legs thereof. A pair of support nuts 404 are thread-
ably attached to the shaft 404, with a respective support nut
404 engaging the top surface of the horizontal leg of the
mounting brackets 396 and 398. A pair oflocking nuts 406 are
threadably engaged to the shaft 404, with a respective locking
nut 406 being located adjacent the bottom surface ofa respec-
tive horizontal leg of each of the mounting brackets 396 and
398. The locking nuts 406 may be selectively moved away
from the mounting brackets 396 and 398 such that the shaft
404 is selectively rotatable about the axis 402 in either a
clockwise or counter-clockwise direction as desired. The
locking nuts 406 may be engaged against the mounting brack-
ets 396 and 398 to thereby prevent rotation of the shaft 400
about the axis 402. The linear actuator 400 may alternatively
comprise an electrical, hydraulic or pneumatic actuator
respectively positioned at each end of the main frame 92.
[0136] The linear positioning mechanism 394 also includes
a support bracket 410. The support bracket 410 includes a
generally linear bore 412 that extends from the bottom end to
the top end of the support bracket 410 and that is adapted to
receive the threaded shaft 400. The support bracket 410 also
includes a passageway 414 that extends generally horizon-
tally and transversely to the bore 412 through the support
bracket 410 between opposite side walls. The passageway
414 includes a generally circular and concave receptacle 416
that is adapted to receive a generally circular bushing 418.
The bushing 418 includes a generally circular and convex
outer wall 420 that is adapted to rotatably engage and mate
with the receptacle 416. The bushing 418 also includes a
central bore 422 that is adapted to receive and matingly
engage a stub shaft 110A or B of the main frame 92 such that
the main frame 92 and the bushing 418 are conjointly rotat-
able about the axis 96 with respect to the support bracket 410.
The support brackets 410 of the mounting mechanisms
88A-B respectively receive and support the opposing ends of
the main frame 92 within the bushings 418. The support
brackets 410 and the cleaner mechanism 86 are selectively
moveable in a generally linear direction along the axis 402 of
the shafts 400 in either direction, upwardly or downwardly,
by appropriate lifting or lowering of the threaded shafts 400
about their respective axes 402 by means of nuts 456. If
desired electrically operated rotational actuators may be
operatively coupled to each shaft 400 to provide selected
rotation of the shafts 400 and thereby selective positioning of
the cleaner mechanism 86. Shaft 401 may be keyed to bore
412 to limit horizontal shifting of the assembly 80 relative to
the cross axis of conveyor belt 82.
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[0137] One or both mounting mechanisms 88A-B may
include a rotational positioning mechanism 428. The rota-
tional positioning mechanism 428 includes a collar 430, such
as a generally planar plate, including a central aperture 432
adapted to matingly receive a stub shaft 110A or B such that
the collar 430 and the main frame 92 are conjointly rotatable
with one another about the axis 96. The collar 430 also
includes a plurality of peripheral apertures and arcuate slots
434. The rotational positioning mechanism 428 also includes
a pivot arm 436. The first end 438 of the pivot arm 436
includes a generally circular central aperture 442 adapted to
receive the stub shaft 110A or B of the main frame 92. The
first end 438 also includes a plurality of peripheral apertures
444 spaced in a generally uniform manner about the central
aperture 442. The first end 438 of the pivot arm 436 is adapted
to be removably connected to the collar 430 by fasteners that
respectively extend through the peripheral apertures 434 and
444. The position of the pivot arm 436 with respect to the
collar 430 about the axis 96 may be adjusted by selectively
placing the fasteners within the slotted apertures 434 of the
collar 430. The second end 440 of the pivot arm 436 includes
an aperture 446 that is spaced apart from the central aperture
442.

[0138] The rotational positioning mechanism 428 also
includes a support bracket 450 having a bore 452 adapted to
threadably receive the threaded shaft 400 such that the sup-
port bracket 450 is located on shaft 402 by means of nuts 456
and supported by the shaft 400. The support bracket 450 also
includes a longitudinal threaded bore 452 extending inwardly
into the support bracket 450 generally transversely to the
central axis of the threaded bore 452. The support bracket 450
is threadably attached to the threaded shaft 400 spaced apart
from and below the bottom of the support bracket 410 of the
linear positioning mechanism 394. The central axis of the
threaded bore 454 extends generally perpendicular to the axis
402. One or more locking nuts 456 are threadably engaged to
the shaft 400 and are located above and below the support
bracket 410 and the support bracket 450 to selectively lock the
brackets in place with respect to the threaded shaft 400.

[0139] The rotational positioning mechanism 428 also
includes a linear actuator mechanism 460. The linear actuator
mechanism 460 includes a fluid cylinder 462 having a first
end 464 and asecond end 466. The fluid cylinder 462 includes
a housing 468 having an aperture 470 at the second end 466.
The aperture 470 extends along a generally linear axis 472.
An extendable and retractable linear ram 474 extends out-
wardly from the first end of the housing 468 to a distal end 476
having an aperture 478. The aperture 478 extends along an
axis 480 that is parallel to and spaced apart from the axis 472.
The ram 474 extends along a central longitudinal axis 482 that
extends from the first end 464 to the second end 466 of the
fluid cylinder 462. The longitudinal axis 482 is perpendicular
to the axes 472 and 480.

[0140] The second end 466 of the fluid cylinder 462 is
pivotally attached to the support bracket 450 by a fastener that
extends through the aperture 470 and into the threaded bore
454 of the support bracket 450. The fluid cylinder 464 is
thereby pivotal with respect to the support bracket 450 about
the axis 474. The first end 464 of the fluid cylinder 462, and
thereby the distal end 476 of the ram 474, is pivotally attached
to the second end 440 of the pivot arm 436 by a fastener that
extends through the aperture 478 and the aperture 446. The
fluid cylinder 462 is thereby pivotal with respect to the pivot
arm 436 about the axis 480. The distal end 476 of the ram 474
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may be selectively moved in either direction, extended or
retracted, with respect to the housing 462 along the axis 482
with respect to the housing 462.

[0141] The linear actuator mechanism 460 also includes an
electrical motor operatively connected to a fluid pump 484
that is in fluid communication with the fluid cylinder 462. The
electrical motor is in electrical communication with the aux-
iliary controllers 305 in the control boxes 306. The fluid pump
484 provides for the selective extension and retraction of the
ram 474. The fluid cylinder 462 and fluid pump 484 may be
hydraulically operated, or if desired may be pneumatically
operated. The linear actuator mechanism 460 may be oper-
ated on direct current (DC) voltage, such as at twenty-four
volts DC. The linear actuator mechanism 460 may be the Mini
Motion Package actuator as manufactured by KYB Corpora-
tion.

[0142] Asviewedin FIG. 45, simultaneous extension of the
rams 474 of the linear actuator mechanisms 460 of the mount-
ing mechanisms 88 A-B will pivot or rotate the pivot arms 436
and the cleaner mechanism 86 in a counter-clockwise direc-
tion about the axis 96. Retraction of the rams 474 will pivot
the pivot arms 436 and cleaner mechanism 86 in a clockwise
direction about the axis 96. Whether one or both of the mount-
ing mechanisms 88A and B include a rotational positioning
mechanism 428 may be determined based on the force output
of the linear actuator mechanism 460 and the width of the
conveyor belt 82. For example, only one mounting mecha-
nism 88A or B may include a rotational positioning mecha-
nism 428 when used in connection with belts up to approxi-
mately 1200 millimeters (48 inches) wide, whereas both
mounting mechanisms 88A and B may include respective
rotational positioning mechanisms 460 when used in connec-
tion with wider belts.

[0143] As shown in FIG. 7, the scraper blade 214 is dis-
posed at a positive cleaning or rake angle of approximately
forty-five degrees with respect to the surface 84 of the con-
veyor belt 82. A positive cleaning or rake angle, also known as
a peeling angle, is one wherein the scraper blade is slanted
into the direction of travel of the conveyor belt. As shown in
FIG. 8, the scraper blade 14 is disposed at a negative cleaning
orrake angle of approximately minus ten degrees with respect
to the surface 84 of the conveyor belt 82. A negative cleaning
or rake angle, also known as a scraping angle, is one wherein
the scraper blade is slanted in the same direction as the direc-
tion of belt travel. A zero rake cleaning angle is one where the
scraper blade is perpendicular to the surface of the belt 82.
[0144] The cleaning angle of the cleaner mechanism 86 can
be varied as desired between the aforementioned cleaning
angles by changing the mounting distance between the rota-
tional axis 96 of the main frame 92 and the surface 84 of the
conveyor belt 82. Appropriate rotation of the shafts 400 of the
mounting mechanisms 88A-B move the pivot axis 96 of the
cleaner mechanism 86 along a plane 488 that is generally
parallel to the central axes 402 of the shafts 400 toward the
surface of the conveyor belt 82. When the shafts 400 are
rotated in an opposite direction, the pivot axis 96 of the
cleaner mechanism 86 will move along the plane 488 in an
opposite direction away from the surface of the conveyor belt
82. The linear positioning mechanism 394 thereby allows
selective placement of the pivot axis 96 of the cleaner mecha-
nism 86 along the plane 488, such that the scraper blades 214
engage the surface 84 of the conveyor belt 82 at a desired
cleaning angle, such as anywhere between a positive rake
cleaning angle of forty-five degrees to a negative rake clean-
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ing angle of minus ten degrees. Other ranges of cleaning
angles may be used as desired. The cleaning angle of the
scraper blades 214 can be adjusted after installation of the
conveyor belt cleaner 80 to fine tune the cleaning angle to an
optimal cleaning angle, and to change the cleaning angle as
may be needed due to changes in belt speed, changes in the
conveyed material, or changes in other operational param-
eters. Such adjustment can be done manually or automati-
cally.

[0145] Once the cleaner mechanism 86 is located in its
desired mounting position along the plane 488, the linear
actuator mechanism 460 of the rotational positioning mecha-
nism 48 rotates the cleaner mechanism 86 about the axis 96.
Extension of the ram 474 of the fluid cylinder 462 will pivot
the pivot arm 436 and the cleaner mechanism 86 in a counter-
clockwise direction, as viewed in FIGS. 7 and 45, to rotate the
scraper blades 214 into engagement with the conveyor belt 82
such that the dampers 304 resiliently bias their respective
scraper blades 214 into engagement with the surface of the
conveyor belt 82 with a desired amount of force and scraping
pressure.

[0146] Retraction of the ram 474 of the fluid cylinder 462
will pivot the pivot arm 436 and cleaner mechanism 86 in a
clockwise direction as viewed in FIGS. 7 and 45 and thereby
disengages the scraper blades 214 from the conveyor belt 82.
The rotational positioning mechanism 428 may thereby dis-
engage the cleaner mechanism 86 from the conveyor belt 82
when the belt 82 reverses its direction of travel, or for pur-
poses of maintenance. The linear actuator mechanisms 460 of
the rotational positioning mechanisms 48 will rotate the
scraper blades 214 about the axis 96 into continuing scraping
engagement with the belt 82 as the scraper blades 214 wear
during use while maintaining a substantially constant clean-
ing angle and cleaning pressure. Position indicating sensors
such as magnetic switches may be used to limit the travel of
arm 436.

[0147] Each damper 304 respectively dampens vibration of
its associated scraper blade 214 with respect to the conveyor
belt 82 during operation. Each damper 304 is individually
controlled by a respective auxiliary controller 305 in its asso-
ciated box 306, such that dampening of each scraper blade
214 can be individually controlled. The dampening charac-
teristics of each damper 304 may be varied during operation
of the conveyor belt cleaner 80 to accommodate changes in
operating conditions. The operating condition of the acces-
sory bulk material handling apparatus, such as the conveyor
belt cleaner 80, air cannon, or industrial vibrator, and the
operating condition of the combination of these accessory
apparatus with a primary bulk material handling apparatus, is
determined by sensing and monitoring the vibration emitted
by the combination of the accessory and primary apparatus.
Changes in the emitted vibration are used to initiate control of
the accessory apparatus, such that the combination of the
accessory apparatus and the primary apparatus will operate at
an optimum level of performance.

[0148] The geometrical arrangement of the cleaner mecha-
nism 86 is generally illustrated in FIG. 56 in connection with
an X-Y rectangular coordinate system. The geometrical
arrangement of the cleaner mechanism 86 enables the cleaner
mechanism 86 to be used with the scraper blades 214 in
engagement with the belt 82 at positive, zero, or negative rake
cleaning angles “CA”. If the axis that determines the arc and
bias of the scraper blades 214 was located coaxial with the
axis 168, the cleaner mechanism 86 could only be used at
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positive rake cleaning angles, because raising the cleaner
mechanism 86 along the plane 488 for operation at a zero or
negative rake cleaning angle would create an interference
between the arm 212 and the belt 82 unless the scraper blade
engages the belt on the arc of a pulley. As shown in FIG. 56,
a virtual pivot axis 490 is provided that defines the curvature
and bias angle of the scraper blade 214. The virtual pivot axis
490 is spaced apart from and parallel to the pivot axis 168 and
is located above the pivot axis 168 between the pivot axis 168
and the belt 82. If the virtual pivot axis 490 was located on the
pivot axis 168, the bias angle of the scraper blade 214 would
be ninety degrees and would provide a constant cleaning
angle during wear. When the virtual pivot axis 490 is located
above the axis 168 the bias angle of the blade 214 is less than
ninety degrees and the cleaning angle remains approximately
constant (+5%) during wear using a scraper blade 214 formed
in an arc of a circle about the axis 490. Regardless of the
mounting height of the belt cleaner mechanism 86 along the
plane 488, or the degree of rotation of the belt cleaner mecha-
nism 86 about the axis 96, the geometrical arrangement of the
belt cleaner mechanism 86 will maintain a substantially con-
stant cleaning angle between the scraper blades 214 and the
belt 82.

[0149] Bulk Material Handling Controller

[0150] Referring now to FIGS. 58-60, one embodiment of
the bulk material handling controller 12 will be described. As
depicted, the controller 12 comprises a master controller 500
and one or more auxiliary controllers 305. While the control-
ler 12 may be implemented in a distributed manner as shown
in FIGS. 58-60, other embodiments may comprise a single
controller 500 without separate auxiliary controllers 305. In
such an embodiment, the sensors of the auxiliary controller
305 may be maintained with or near the components being
monitored but the logical components (e.g. processors) of the
auxiliary controller 305 may be eliminated with the single
controller 500 configured to perform the logical tasks of both
the master controller and the of auxiliary controllers. In yet
another embodiment, the bulk material handling controller 12
may comprise only auxiliary controllers 305 without having
a separate master controller 500. In such an embodiment, the
tasks of the master controller 500 may be distributed among
the auxiliary controller 305, assigned to a single auxiliary
controller 305, and/or some tasks of the master controller 500
may be eliminated. Further, to aid one skilled in the art in
understanding the construction and the operation of the bulk
material handling controller 12, the controller 12 is described
below in the context of controlling the belt cleaner mecha-
nism 86. However, those skilled in the art should appreciate
that the teachings regarding the bulk material handling con-
troller 12 may be readily applied to other bulk material han-
dling apparatus 4 and/or other bulk material handling acces-
sories 6.

[0151] Referring now to FIG. 58, the relationship between
components of the bulk material handling controller 12 and
components of a bulk material handling accessory such as the
belt cleaner mechanism 86 are depicted. As depicted, the
master controller 500 is coupled to positioning mechanisms
510 of the belt cleaner mechanism 86 such as, for example,
the linear positioning mechanism 394 and the rotational posi-
tioning mechanism 428. As such, the master controller 500, in
one embodiment, may generate control signals to adjust the
positioning of the bulk material handling accessory 6 in rela-
tion to the bulk material handler 4. For example, the master
controller 500 may generate control signals that cause the
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linear positioning mechanism 394 to move belt cleaner
mechanism 86 closer to the conveyor belt 82 or may generate
control signals that cause the linear positioning mechanism
394 to move the belt cleaner mechanism 86 further from the
conveyor belt 82. Similarly, the master controller 500 may
generate control signals that cause the rotational positioning
mechanism 428 to rotate the belt cleaner mechanism 86 in
relation to the conveyor belt 82. Via control signals to the
linear positioning mechanism 394 and the rotational position-
ing mechanism 428, the master controller 510 may adjust the
force exerted by the scrapper blades 214 upon the belt 82 as
well as adjust the angle at which the scrapper blades 214
contact the belt 82.

[0152] Each auxiliary controller 305 controls one or more
aspects of the bulk material handling accessory 6. In one
embodiment, each arm 212 comprises an auxiliary controller
305 that generates control signals which cause respective
dampers 304 to controllably dampen vibrations of its associ-
ated arm 212. In one embodiment, the auxiliary controller
305 generates the control signal based upon signals received
from its sensors such as the accelerometers 502 and the tem-
perature sensor 504. As explained above, the dampers 304
have a controllable dampening rate that is linear with respect
to the control signals received from the auxiliary controller
305. Thus, the auxiliary controllers 305 in one embodiment
may increase the dampening effect of its damper 304 by
increasing the current of the control signal to the damper 304
and may decrease the dampening effect of its damper 304 by
decreasing the current of the control signal to the damper 304.
However, other embodiments may utilize dampers 304 that
have controllable dampening rates that are non-linear with
respect to the received control signals, and the auxiliary con-
trollers 305 may generate the control signals to account for
the non-linear dampening rates.

[0153] A master supply block 520 is also depicted in FIG.
58. In one embodiment, the master supply block 520 receives
a power signal from a main power source and conditions
and/or transforms the received power signal to provide the
controller 12 and accessory 6 with appropriate power signals.
In one embodiment, the main power source supplies the mas-
ter supply block 520 with and AC power signal and the main
supply block 520 transforms the received AC power signal
into one or more DC power signals that are suitable for the
bulk material handling controller 12 and the bulk material
handling accessory 6.

[0154] The master supply block 520 may further generate a
status signal which may be used to provide the master con-
troller 500 with status information. In one embodiment, the
master supply block 520 may generate a status signal to
inform the master controller 500 of a power failure such as,
for example, the master supply block 520 receiving inad-
equate power from its main power source and/or the master
supply block 520 providing inadequate power to components
of the bulk material handling system. Moreover, the master
supply block 520 may comprise an alternate power source or
power reserve such as, for example, high power batteries or
supercapacitors that are capable of supplying sufficient power
for the bulk material handling controller 12 and bulk material
handling accessory 6 to execute a fail response in response to
the status signal informing the master controller 500 of a
failure of its main power source. For example, the power
reserves of the master supply block 520 may provide suffi-
cient power for the controller 12 and accessory 6 to safely
respond to a situation wherein the main power source pro-
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vides no power (e.g. black out) or insufficient power (e.g.
brown out). In one embodiment, the master controller 500
may generate control signals that result in the positioning
mechanisms 510 retracting the arms 212 from the belt 82 in
orderto prevent the arms 212 from damaging the belt 82 if the
master supply block 520 is unable to supply sufficient power
to operate the accessory 6.

[0155] Further details regarding cable connections between
components of the bulk material handling controller 12 and
components of a bulk material handling accessory such as the
belt cleaner mechanism 86 are depicted in FIG. 68. As shown,
each auxiliary controller 305 may be coupled to a connection
box 590 via ten (10) 18-gauge cables and each rotational
positioning mechanism 428 of the positioning mechanisms
530 may be coupled to the connection box 590 via three (3)
14-gauge cables. The master controller 500 may be coupled
to a linear positioning mechanism 396 of the positioning
mechanisms 530 by three (3) 14-gauge cables and to a power
plug by three (3) 18-gauge cables. The master controller 500
may be further connected to the auxiliary controllers 305 via
ten (10) 18-gauge cables that connect the master controller
500 to the connection box 590, and to the rotational position-
ing mechanisms 428 via five (5) 14-gauge cables that connect
the master controller 500 to the connection box. The connec-
tion box 590 appropriately interconnects the cables of the
master controller 500 with the cables of the auxiliary control-
lers 305 and the rotational positioning mechanisms 428 and
thus provides a central location for interconnecting such com-
ponents.

[0156] FIG. 59 depicts additional details regarding an
embodiment of the master controller 500. As depicted, the
master controller 500 in one embodiment comprises a pro-
cessor 540, a memory 542, one or more 1/O interfaces 544,
and a real time clock 546. The processor 540 generally man-
ages the other components of the master controller 500. To
this end, the processor 540 in one embodiment comprises
embedded firmware which the processor 540 executes to
perform various tasks. The processor 540 may be imple-
mented using a general purpose processor, a digital signal
processor, or a microcontroller which are available from
numerous manufactures such as Intel Corporation, Advanced
Micro Device, International Business Machines, Texas
Instruments, or the like. In one embodiment, the processor
540 comprises either TMS320LF2407 or TMS320F2806
digital signal processor marketed by Texas Instruments
though other processors may be used.

[0157] The memory 542 stores data for the master control-
ler 500. In particular, the processor 540 may read data from
the memory 542 and write data to the memory 542. In one
embodiment, the memory 542 comprises a removable
memory card having a capacity of at least 512 kilobytes. In
such an embodiment, the memory card may be removed in
order to archive its stored data for future reference and/or may
be removed for analysis by another computing device.
[0158] The one or more I/O interfaces 544 provide the
processor 540 with interfaces for exchanging data with exter-
nal devices such as the user interface 8, the auxiliary control-
lers 305, and the positioning mechanisms 510. In one
embodiment, the auxiliary interface 544 comprises an
RS-485 serial interface which couples the master controller
500 to the auxiliary controllers 305 in a daisy chain manner.
The auxiliary interface 305 may further comprise other wired
and/or wireless interface that may be used to operatively
couple the user interface 8, the auxiliary controllers 305, and
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the positioning mechanisms 510 to the master controller 500.
Such wired and/or wireless interfaces may include but are not
limited to the following: RS-232, RS-422, RS-485 and Con-
troller Area Network (CAN) serial interfaces; IEEE 802.3
(Ethernet) networking interfaces; IEEE 802.11 (WiF1i) inter-
faces; Universal Serial Bus (USB) interfaces; IEEE 1394
(FireWire) interfaces; PS/2 mouse and keyboard interfaces;
and IEEE 802.15.1 (Bluetooth) interfaces.

[0159] The real time clock 546 provides the processor 540
with a current time reference. The processor 540 may utilize
the current time reference to time stamp data received from
devices coupled to the I/O interfaces 544. The processor 540
may further utilize the real time clock 546 to synchronize
operation of the master controller 500 with other components
of'the bulk material handling system. In one embodiment, the
real time clock 546 comprises a M41TOMS6 real time clock
chip from ST Microelectronics.

[0160] FIG. 60 depicts additional details regarding an
embodiment of auxiliary controllers 305. Each of the auxil-
iary controllers 305 in the depicted embodiment comprises a
local power supply 550, one or more movement sensors 552,
one or more temperature sensors 554, one or more signal
interfaces 556, and a processor 558. The local power supply
550 receives power from the main supply block 520. The local
power supply 550 conditions and/or transforms the power
supplied by the main supply block 520 to provide components
of the auxiliary controller 305 with appropriate power sig-
nals.

[0161] The movement sensors 552 are generally operable
to detect movement of the auxiliary controller 305, the bulk
material handling apparatus 4, the bulk material handling
accessory 6, the bulk material, and/or a component of the
apparatus 4 or the accessory 6. To this end, the movement
sensor 552 may comprise sensors that detect changes in dis-
placement, changes in velocity, changes in acceleration, and/
or other indications of movement. In one embodiment, the
movement sensor 552 comprise a plurality of accelerometers
where one accelerometer measures acceleration of the arm
212 and another accelerometer measures gradient or tilt of the
arm 212.

[0162] The accelerometers of one embodiment have a very
small size, extended temperature range (operating range —55
...+125°C., with guaranteed specifications at least in the -40
...+100° C. range), and the capability of withstanding shocks
of'at least 2000 g. In particular, the accelerometers may com-
prise MEMS (Micro Electro Mechanical System) type which
typically are very small size and are capable of generating
gradient information with only a simple low pass filter. In one
embodiment, the accelerometers for measuring acceleration
comprise the ADXL.78 accelerometer, and the accelerometers
used for measuring the tilt comprise the ADXI[.322 acceler-
ometer both made by Analog Devices. Furthermore, in one
embodiment, the accelerometers are placed on the same
printed circuit board as the processor 558 and near analog
inputs of the processor 558. Furthermore, the accelerometers
are placed away from pulse width modulation outputs of the
processor 558 to reduce electric noise that may corrupt the
accelerometers signal.

[0163] The temperature sensor 554 generates an analog
measurement signal that is representative of temperature
sensed by the temperature sensor 554. In an embodiment, the
temperature sensor 554 has a measurement range of -40° C.
to +125° C. Furthermore, the temperature sensor in one
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embodiment comprises an AD7416ARM temperature sensor
from Analog Devices although other sensors may be used.

[0164] The signal interfaces 556 may receive measurement
signals from the sensors 552, 554 and condition such signals
such that they are in a form suitable for inputs of the processor
558. Assuming the sensors 552, 554 generate analog mea-
surement signals that are to be supplied to analog inputs of the
processor 558, the signal interface 556 may filter, amplify,
attenuate or otherwise adjust such measurement signals such
that conditioned measurement signals remain within an oper-
ating range of the analog inputs of the processor 558. Simi-
larly, if the analog measurement signals are to be supplied to
digital inputs of the processor 558, the signal interfaces 556
may filter, amplify, attenuate, digitize or otherwise adjust the
measurement signals such that the digitized values of the
measurement signals remain within an input range of the
processor 558. Likewise, the signal interfaces 556 may con-
dition control signals generated by the processor 558 such
that such control signals remain within operating ranges of
those components receiving the control signals. Again, such
conditioning may encompass filtering, amplifying, attenuat-
ing, and/or digitizing such control signals.

[0165] The processor 558 receives the conditioned mea-
surement signals from the sensors 552, 554 and provides an
output control signal to its respective damper 304 via a signal
interface 556. In one embodiment, the processor 558 com-
prises either TMS320LF2401 or TMS320F2801 digital sig-
nal processor from Texas Instruments although other digital
signal processors, general purpose processors, and/or micro-
controllers may be used. The processor 558 in one embodi-
ment comprises a data acquisition block 560, a digital filter
562, integrators 564, 566, a peak converter 568, an average
converter 570, and root mean square (RMS) converter 572, a
signal selector 576, a proportional-integral-derivative (PID)
controller 578, and a pulse width modulation (PWM) control-
ler 578. One skilled in the art should appreciate that many of
the functional components of the processor 558 may be
implemented as specialized hardware circuitry and/or soft-
ware executed by general purpose circuitry.

[0166] The dataacquisition block 560 receives conditioned
measurement signals from the sensors 552, 554 via the signal
interfaces 556 and converts such analog signals into digital
samples that are representative of the received signals. In one
embodiment, the data acquisition block 552, 554 receives
measurement signals from two accelerometers 552 and thus
generates two digitized signals therefrom. One digitized sig-
nal is representative of acceleration of the arm 212 and the
other digitized signal is representative of the tilt or gradient of
the arm 212.

[0167] The digital filter 562 receives the digital signals
from the data acquisition block 560 and further filters the
digital signal to remove the noise and limit the digital signal
to an particular bandwidth. In one embodiment, the digital
filter 562 is implemented with a low group delay that is
relatively constant within the operational bandwidth of 0 to
250 Hz. In particular, one embodiment of the digital filter 562
is implemented using a Remez exchange algorithm technique
in order to reduce control error resulting from delay intro-
duced by the digital filter 562 and other components of the
auxiliary controller 305. In one embodiment, the maximum
delay in the processing chain including the filter 562 is 13.7 us
in order to maintain control error introduced by control delay
at an acceptable level.
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[0168] The first integrator 564 in one embodiment receives
adigital signal from the digital filter 562 that is representative
of acceleration of the arm 212 and integrates the signal to
obtain a digital signal that is representative of velocity of the
arm 212. Similarly, the second integrator 566 in one embodi-
ment receives a digital signal from the first integrator 564 that
is representative of velocity and integrates the signal to obtain
a digital signal that is representative of displacement of the
arm 212. The peak converter 568, average converter 570, and
the RMS converter 572 each receives the digital signals from
the digital filter 562 and the integrators 564, 566 and gener-
ates output signals that respectively represent the peak values,
average values and RMS values of the received signals during
an analysis period. In one embodiment, the analysis period is
set to 0.5 seconds. However, the peak converter 568, average
converter 570 and RMS converter 572 in one embodiment
may be programmed with an analysis period between the
range of 50 microseconds to over 3 seconds.

[0169] The signal selector 574 receives the digital signals
from the digital filter 562, the integrators 564, 566, and the
converters 568. 570, 572 and selects signals of interest for the
PID controller 576. In one embodiment, the signal selector
574 represents a function implemented by software that
allows other software components of the auxiliary controller
305 to select signals for a control algorithm.

[0170] The PID controller 576 receives selected signals
from the signal selector and generates a digital control signal
based thereupon. In one embodiment, the PID controller 576
processes the selected signals based upon a control algorithm
designed to control the bulk material handling accessory 6 in
a desired manner. As will be explained below, the PID con-
troller 576 in one embodiment generates the control signal
based upon a damping control algorithm that attempts to
maintain the scraper blades 214 of arms 212 in contact with
belt surface 84 with an appropriate contact force which
reduces chatter and scraper blade induced damage to the belt
82.

[0171] The PWM controller 578 receives the digital control
signal and converts the digital control signal to an analog
control signal. In particular, the PWM controller 578 gener-
ates the analog control signal with a pulse having a width that
is proportional to the value of the digital control signal.
[0172] Damping Control

[0173] As mentioned above, the auxiliary controllers 305
control the dampening effect of the controlled dampers 304.
In particular, the auxiliary controller 305 in one embodiment
generates a control signal for its damper 304 based upon
measurement signals that are indicative of acceleration of the
arm 212. More specifically, the auxiliary controller 305 gen-
erates the control signal based upon a control algorithm that
attempts to maintain proper cleaning pressure between the
cleaning mechanism 86 and the conveyor belt 82, to reduce
effects of shocks induced by large belt defects, and to reduce
wearing effects on the belt 82, cleaning mechanism 86, and
other mechanical components.

[0174] During operation of the belt cleaning mechanism
86, the belt cleaner arm 212 does not precisely follow the
shape of the conveyor belt 82 due the inability of the belt
cleaning mechanism 86 to react instantly to changes in the
conveyor belt 82. Despite manufacturing intent, the surface
84 of the conveyor belt 82 is not completely even. The
unevenness of the belt 82 results in the distance between the
tips 260 of the scraper blades 214 and the belt 82 changing
since belt cleaning mechanism 86 is unable to react instantly
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to such changes in the belt 82. The distance between the tips
260 and the belt surface 84 is further influenced by belt sag,
major belt defects, and friction. Belt sags tend to induce
relatively slow motion (e.g. several Hz) of belt surface 84 and
the tips 260. However, major belt defects commonly induce
fast motion (e.g. tens or hundreds of Hz) of the tips 260 as a
result of the tips striking the major belt defects. Further, even
without major belt defects, friction between the tips 260 and
the belt surface 84 results in the tips 260 being pushed away
from the surface 84.

[0175] The controlled dampers 304 have a dampening
effect which may be represented by a damping coefficient c.
In one embodiment, the damping coefficient ¢ is linear with
respect to the current of the control signal applied to the
controlled dampers 304. Software of the auxiliary controllers
305 causes the processors 558 to select via the signal selector
574 from available status signals such as displacement sig-
nals, velocity signals, acceleration signals, peak signals, aver-
age signals, and RMS signals and determine the current of the
control signal to apply to the dampers 304 in order to obtain
a desired damping.

[0176] The status signal used by the auxiliary controllers
305 to control the dampers 304 may be one or more of the
status signals applied to the signal selector 574. In the one
embodiment, the auxiliary controllers 305 generate the con-
trol signals based upon the derived displacement signals.
However, those skilled in the art should appreciate that one or
more of the other status signals may be useful for other bulk
material handling apparatus 6 or other embodiments of the
belt cleaner apparatus 80. Further, it should be appreciated
that since displacement signal in the present embodiment is
calculated or derived from the acceleration signal, the dis-
placement signal may not correspond to the actual displace-
ment but rather a value proportional to the actual displace-
ment.

[0177] Through mathematical analysis and extensive
experimentation it has been determined that appropriate
results are achieved when the control signal and the status
signal exhibit the relationship depicted in FIGS. 61-64. One
skilled in the art will recognize that other shapes or profiles
are possible.

[0178] As shown in the examples in FIGS. 61-64, the
damping, as reflected by the control signal C, is dependent
upon the status signal. The control signal C has a minimum
value C, that corresponds to the minimum damping for a
fail-safe feature. The control signal C also has a maximum
value C, that corresponds to the maximum damping for a safe
and stable system. The minimum value C, and the maximum
value C, may be determined from datasheets of the dampers
304 and analysis of the bulk material handling system.
[0179] FIGS. 61-64 further depict system parameters S,,
S, S;, and S,. The system parameters S, S,, S;, and S,
correspond to values of the status signal such as acceleration,
velocity, or displacement. In one embodiment, the auxiliary
controller 305 controls the damping based upon a displace-
ment status signal and as such the system parameters S,, S,,
S;, and S, correspond to various displacement values. As
depicted, the displacement is plotted against the x axis
whereas the current of the control signal is plotted against the
y axis. As such, the O location on the x axis in one embodiment
corresponds to the belt cleaner mechanism 86 being in an
initial position with the scrapper blades 214 engaged with the
belt surface 84. Further, positive displacement values corre-
spond to the belt 82 pushing the scrapper blades 214 away
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thus resulting in mechanical energy being transferred from
the belt 82 to the cleaner arm 212. Conversely, negative dis-
placement values correspond to the belt 82 returning to its
initial position and the belt cleaner arm 212 releasing the
mechanical energy through the dampers 304, friction, etc. By
changing the system parameters, S|, S,, S;, and S,, various
levels of cleaning efficiency, blade wearing, and arm/frame
vibrations may be achieved.

[0180] In a practical installation, a technician sets the sys-
tem parameters S;, S,, S;, and S, based on experience, system
physical size, belt characteristics, and conveyed material
characteristics. A technician may analyze the system behav-
ior and change the coefficients S|, S,, S;, and S, in such a way
as to improve the parameters that are the most important for
that particular application at that time. For example, because
of heavy rains, conveyed material may become wet and
sticky. Therefore the technician may decide to temporarily
increase the pressure exerted by the scraper blades 212
against the belt surface 84. To achieve this goal, the technician
may increase the minimum value C, thus increasing the mini-
mum value of the control signal.

[0181] Additionally, the control signal plots need not be
symmetrical. In some instances, asymmetrical control signal
patterns may prove to be useful. The reason for this behavior
is that if the right side has a more shallow slope then the
mechanical energy absorbed from the external force is lower
since the coupling factor is lower. If the left side has a steeper
slope the mechanical energy dispersed to the environment is
higher since the coupling factor is higher. In one embodiment,
the manufacturer and later on the technician may choose the
control parameters C,, C,, S, S,, S;, S, with the goal of
reducing the spectral components in the displacement error.
By transferring a signal from the time domain to the fre-
quency domain (Fourier Transform) the energy content is
preserved. This is a direct consequence of the Wiener
Khintchine theorem (the power spectral density of a wide-
sense-stationary random process is the Fourier Transform of
the corresponding autocorrelation function). Therefore by
analyzing the displacement error spectrum in the frequency
domain, it is possible to select parameters that reduce the
error. To permit this selection of parameters, the bulk material
handling controller 12 may collect data and may execute the
configuration algorithm described below to determine the
control parameters for reduced displacement error.

[0182] Configuration of Damping Control

[0183] FIG. 65 depicts a method used by each of the aux-
iliary controllers 305 to configure system parameters C,, C,,
S, S5, S;, and S, that are used to generate control signals. In
block 602, the auxiliary controller 305 selects a first set of
values for the system parameters C,, C,, S|, S,, S5, and S,,.
For example, the auxiliary controller 305 may select the sys-
tem parameters as follows: S;=-2 mm, S,=-1mm, S;=0 mm,
S,=5 mm, C,=C,,., C,=C, ... In block 604, the auxiliary
controller 305 configures the auxiliary controllers 305 with
the selected parameters and collects data regarding the status
signals from the auxiliary controllers 305 for a configuration
cycle. In one embodiment, the auxiliary controller 305
records the displacement error x(t) over the configuration
cycle. Further, the configuration cycle in one embodiment is
defined as 1.5 seconds which is large enough to include at
least one full period of the excitation caused by sag of the belt
82. For one embodiment of the conveyor belt cleaner 80, belt
sag is the excitation with the largest period. Other excitations
such as friction or belt defect typically have a shorter period.
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However, it should be appreciated that for other embodiments
of the conveyor belt cleaner 80 or for other bulk material
accessories 6 a different configuration period may be selected
which accounts for the largest excitation period of interest.
[0184] The auxiliary controller 305 in block 606 calculates
a cost value from the collected data which provides a measure
of the effectiveness of the bulk material handling controller
12 when operating based upon the selected system param-
eters C,, C,, Sy, S,, S5, and S,. In one embodiment, the
auxiliary controller 305 for each displacement error x(t) com-
putes its discrete Fast Fourier Transform (FFT) £ [i] whereiis
the harmonic order. Then, the auxiliary controller 305 com-
putes for each £ (i) set the cost function defined as the root
means square contribution:

where n represents the number of relevant harmonics found in
f [i]. In one embodiment, the number of relevant harmonics is
55 times the excitation frequency. However, for ease of cal-
culation in a small embedded system n=64 being the smallest
power of 2 that is larger than 55.

[0185] In one embodiment, the auxiliary controller 305
attempts to select the system parameters C,, C,, S;, S,, S;,
and S, such that overall displacement error is reduced in order
to maintain the scraper blades 214 appropriately biased
against the surface 84 of the conveyor belt 82. However, it is
possible to design other configuration methods that attempt to
reduce the response time or the overshoot, thus configuring
the auxiliary controllers 305 to account for other aspects that
may be more important to operation of certain types of bulk
material handling accessories 6. For example, if the goal of
the configuration method is to reduce the overshoot, the cost
function may be replaced with a new cost function defined as:

Remax(xfillig . s

where max( ) is a function extracting the maximum from the
list of absolute values of the displacement error x.

[0186] The auxiliary controller 305 then records in block
608 the calculated cost value and associated set of selected
parameters C,, C,, S, S,, S5, and S,,. The auxiliary controller
305 then in block 610 decides whether to perform another
configuration cycle. In one embodiment, the auxiliary con-
troller 305 iterates through possible values for the system
parameters C,, C,, S;, S,, S;, and S, and elects to repeat
another configuration cycle if further possible values remain.
In another embodiment, the auxiliary controller 305 iterates
through possible values until either a specified cost value is
satisfied or until all values have been tested. For example, the
auxiliary controller 305 may be configured to stop once a set
of'parameters results in an error (cost) below a defined thresh-
old amount.

[0187] In block 612, the auxiliary controller 305 selects a
set of parameters C,, C,, S,, S,, S;, and S, based upon their
associated cost values R_[i]. In one embodiment, the auxiliary
controller 305 attempts to minimize the cost or displacement
error x(t) and as such selects the set of parameters C, C,, S,,
S,, S5, and S, associated with the smallest cost R [i]. How-
ever, it should be appreciated that for other cost functions or
other embodiments the auxiliary controller 305 may attempt
to maximize the cost value for some aspect of the bulk mate-
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rial handling accessory 6. In such an embodiment, the auxil-
iary controller 305 then may select the set of parameters C,,
C,, 8., S,, S5, and S, associated with the largest cost value.

[0188] While the auxiliary controllers 305 may execute the
method of FIG. 65 in order to initially set system parameters
C,, C,, S, S,, S;, and S, the auxiliary controller 305 may
also execute the method in response to other events. For
example, a technician may request the auxiliary controllers
305 to execute the configuration method when operating con-
ditions change. For example, a technician may request the
auxiliary controllers 305 to execute the configuration method
in response to a new conveyor belt, new conveyed material,
change in speed, change in humidity, etc. Moreover, the aux-
iliary controller 305 may periodically slightly change the
control parameters C,, C,, S, S,, S;, and S, to check ifa new
control set of parameters provides better results.

[0189] By running the configuration method in a simulation
environment such as the Scilab, Octave, or Matlab, it has
been determined that for the mechanical parameters used in
the simulations, the control parameters of C,=C,,, .., C,=C
S,=S,=-1 mm, S;=5 mm, S,=10 mm provide appropriate
results for one embodiment of the belt cleaner 80. As a result,
these values are used as a default control set in one embodi-
ment.

[0190]

[0191] A safety management method which may be
executed by the master controller 500 is depicted in FIG. 66.
While FIG. 66 depicts the method as a sequential series of
steps, those skilled in the art should appreciate that some
embodiments may execute the steps in a different order and
may execute certain steps in a parallel or pseudo-parallel
fashion. In block 630, the master controller 500 receives
movement signals from the auxiliary controllers 305 that
represent movement characteristics of the arm 212. For
example, the master controller 500 may receive from the
auxiliary controllers 305 one or more of the acceleration,
velocity, displacement, peak, average, and/or RMS status
signals.

[0192] The master controller 500 then in block 632 may
determine whether the movement of the arm 212 is acceptable
or whether some protective action is to be taken in order to
maintain safety. The following description is in regard to
making a determination based upon received acceleration
status signals. However, it should be appreciated that a similar
scheme may be used to make such a determination based
upon velocity, displacement, peak, average and/or RMS sta-
tus signals. In one embodiment, the master controller 500
basically defines three protection zones. An upper zone cor-
responds to acceleration values that are greater than a pro-
grammed upper threshold a,, ... A lower zone corresponds to
acceleration values that are lower than a programmed lower
threshold a,,,,. A middle zone corresponds to acceleration
values that fall between the upper threshold a,,,. and the
lower threshold a,,,,,,. [f the acceleration status signal indicates
acceleration in the upper zone, then the master controller 500
determines to take protective action and proceeds to block
642 in order to take such action. Conversely, if the accelera-
tion status signal indicates acceleration in the lower zone,
then the master controller 500 determines not to take protec-
tive action and proceeds to block 634 in order to determine
whether to take protective action based upon a temperature
status signal.

mind

Safety Management
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[0193] For accelerations that fall in the middle protection
zone, the master controller 500 triggers protective action in a
delayed manner with a delay defined as:

- K
t=ksoe"e,

where a represents the instantaneous acceleration, and k, and
k, are predetermined coefficients. In one embodiment, the
upper threshold, lower threshold, and coefficients are defined
as:a,, =500m/s*; a,,, =250 m/s>; k,=10000; and k =Y52. By
delaying response for accelerations falling in the middle
zone, the master controller 500 permits the bulk material
handling accessory 6 to have short time periods of accelera-
tions in the middle zone, but triggers protective action if
accelerations above the lower threshold remain for an

extended period of time.

[0194] In addition to the above three protection zones, a
technician may use the user interface 8 to define limits regard-
ing differences in acceleration, velocity, and displacement
between adjacent arms 212 ofthe belt cleaner 80. If the master
controller 500 determines that movement of adjacent arms
212 differs by an amount that exceeds the thresholds set by the
technician, then the master controller 500 may determine to
proceed to block 642 to take protective action. One reason the
arms 212 may experience different movement is that the
cleaner mechanism 86 may not be properly mounted thus
resulting in the arms 212 not being properly aligned to the
conveyor belt 82. Another reason is that the belt 82 may have
been damaged locally resulting in one auxiliary controller
305 sustaining significantly higher shocks. Regardless of the
cause, substantial differences in movement between the arms
212 is an indication of potentially unsafe operation of the belt
cleaner 80, thus prompting the master controller 500 to take
action.

[0195] Ifthe movement is acceptable, then the master con-
troller 500 in block 634 may receive temperature status sig-
nals from the auxiliary controllers 305 and may determine in
block 636 whether the temperature reported by the received
status signals is acceptable. In one embodiment, if the tem-
perature reported by an auxiliary controller 305 leaves a
specified range, the master controller 500 determines to pro-
ceed to block 642 to take protective action. A technician in
one embodiment may use the user interface 8 to set the tem-
perature limit according to the conveyor belt material, con-
veyed material, regulations, and other environment condi-
tions. For example in potentially explosive environments, the
temperature limit may be dictated by the flammability of that
particular environment.

[0196] Inblock 638, the master controller 500 may receive
status signals from the master supply block 520 and the local
power supplies 550 regarding the power supply capabilities
of'therespective units. The master controller 500 in block 640
may determine based upon the received status signals for the
power supplies whether to take protective action. In one
embodiment, the master controller 500 proceeds to block 642
to take protective action if any local power supply 550 is not
fully functional or the master supply block 520 fluctuates
outside of some safe limits.

[0197] In block 642, the master controller 500 takes pro-
tective action. In one embodiment, the master controller 500
generates control signals which cause the positioning mecha-
nisms 530 to retract the cleaner mechanism 86 with all arms
212 away from the belt 82. Further, the master controller 500
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may inform a technician via the user interface 8 regarding the
protective action taken and/or the cause of the protective
action.

[0198] In addition to the above protective measures, the
conveyor belt cleaner 80 in one embodiment comprises fur-
ther protective features. In particular, the dampers 304 of the
belt cleaner arms 212 in one embodiment are pre-biased at the
minimum damping value C,;. As a result, if bulk material
handling controller 12 fails, the damping automatically
switches to a low and safe value and stays that way until the
maintenance technician restores the fully operational state.
Further, pre-biasing protects the dampers 304 as such devices
may be destroyed by large swings if the damper coil is left
without power supply.

[0199] Activity Monitoring & Functional Data Storage
(AM&FDS)
[0200] The main controller 500 in one embodiment inter-

rogates each auxiliary controller 305 in order to obtain move-
ment, temperature and other status data therefrom. In one
embodiment, the main controller 500 periodically interro-
gates the auxiliary controllers 305 for such data. In another
embodiment, instead of interrogating each of the auxiliary
controllers 305, the auxiliary controllers 305 periodically
send the master controller 500 collected status information.
Regardless of how the master controller 500 obtains the data
from the auxiliary controllers 305, the master controller 500
in one embodiment maintains an activity log that includes the
operational values of each arm 212, time stamps such values
and corresponding parameters that have been used to operate
the arms 212. The corresponding parameters include the mea-
sured and derived values as described above and other values
like the range of safe operation for each safety feature.
[0201] The main controller 500 may store all this informa-
tion in memory 542 and makes such data available to local or
remote users via the user interface 8. When the local memory
542 is full, the main controller 500 may generally remove
older data to make room for newer data. However, certain data
which is deemed more important such as, for example, user
commands received via the user interface 8 may be kept for
longer periods for legal and safety reasons.

[0202] As previously described, each auxiliary controller
305 in one embodiment has the capability of measuring or
estimating through computations the following real-time val-
ues: acceleration, velocity, displacement, arm inclination
(tilt), and temperature. Further, each auxiliary controller 305
is capable to compute for each measured sample of accelera-
tion, velocity, and displacement the following values: aver-
age, peak, root mean square value. These values can be used
by the master controller 500 to monitor system activity and
make adjustments to the components.

[0203] The master controller 500 for example may deter-
mine the working status of each arm 212 based upon the arm
inclination. In particular, the master controller 500 may inter-
rogate each auxiliary controller 305 on a regular basis. There-
fore, the master controller 500 may maintain a log of arm
inclination data for each arm 212. The master controller 500
may maintain the logs such that the first arm inclination entry
for each arm 212 corresponds to an arm inclination reference
atthe time of installation. The master controller 500 may then
use the arm inclination data to measure wear of the belt 82
since as the belt 82 wears the angle or inclination of the arms
212 changes.

[0204] The master controller 500 may further monitor belt
loading and/or the composition of the conveyed material
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based upon status signals received from the auxiliary control-
lers 305. In particular, the master controller 500 may monitor
the displacement of each arm 212 and determine the loading
of the belt 82 based upon variation of the displacement. As
shown in FIG. 67, displacement of the arms 212 is indicative
of'the loading on the belt 82. As it could be seen from FIG. 67,
the initial displacement is near zero indicating an empty con-
veyor belt. Later on, the displacement shows increased values
indicating various degrees of loading. Moreover, the master
controller 500 may utilize this technique of monitoring the
displacement of the arms 212 as an indication of the belt
clogging.

[0205] Various features of the invention have been particu-
larly shown and described in connection with the illustrated
embodiment of the invention, however, it must be understood
that these particular arrangements merely illustrate, and that
the invention is to be given its fullest interpretation.

1-7. (canceled)

8. A bulk material handling apparatus, comprising

a bulk material conveyor comprising a belt to convey bulk
material,

a scraping member to scrape bulk material from the belt of
the bulk material conveyor belt, the scraping member
having a movement sensor associated therewith to gen-
erate a status signal indicative of movement of the scrap-
ing member,

a damper coupled to the scraping member, the damper to
dampen movement of the scraping member based upon
a control signal, and

a controller to generate the control signal of the damper
based upon the status signal.

9. The bulk material handling apparatus of claim 8,

wherein

the controller generates the control signal in accordance
with a status signal to control signal response pattern
defined by a plurality of system parameter values.

10. The bulk material handling system of claim 9, wherein

the plurality of system parameter values comprises a mini-
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mum value and a maximum value, the minimum value defin-
ing a minimum level of the control signal associated with
fail-safe operation of the scraping member and the maximum
value defining a maximum level of the control signal associ-
ated with stable operation of the scraping member.

11. The bulk material handling system of claim 8, wherein
the controller initiates a protective action based upon a pre-
determined relationship of the status signal to a lower thresh-
old and an upper threshold.

12. The bulk material handling system of claim 11, wherein
the controller initiates the protective action

if the status signal exceeds the upper threshold, or

if the status signal lies between the upper threshold and the
lower threshold for at least a defined delay period.

13. The bulk material handling system of claim 8, further

comprising a

positioning mechanism to position the scraping member
with respect to the belt of the bulk material conveyor,
wherein the controller generates signals that result in the
position mechanism retracting the scraping member
away from the belt of the bulk material conveyor in
response to the status signal indicating unacceptable
movement of the scraping member.

14.-20. (canceled)

21. A bulk material handling apparatus, comprising

a bulk material conveyor comprising a belt adapted and
configured to convey bulk material;

a scraping member adapted and configured to scrape bulk
material from the belt of the bulk material conveyor belt;

a controller adapted and configured to generate a control
signal;

a damper coupled to the scraping member, the damper
configured and adapted to dampen movement of the
scraping member toward and away from the belt in a
manner that is at least partially dependent upon the con-
trol signal, the damper also being adapted and config-
ured to bias the scraper member against the belt.
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