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DUAL POWER MOTORIZED ROLLER
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. provisional patent application Ser. No.
61/143,621 filed January 9, 2009 by Carlson et al. and entitled DUAL POWER
MOTORIZED ROLLER, the complete disclosure of which is hereby incorporated herein by

reference.
BACKGROUND OF THE INVENTION

[0001] The present invention relates to conveying systems, and more particularly to
conveying systems employing one or more motorized rollers whose rotation assists in the
movement of articles through the conveying system.
[0002] Conveying systems for transporting articles that utilize a plurality of rollers for
transporting articles are well known. In some such conveying systems, or portions of
conveying systems, the articles being transported rest directly on top of the plurality of rollers
and are carried by the rollers as the rollers rotate. In other conveying systems, or portions of
conveying systems, the articles being transported rest on top of an endless belt that surrounds
a plurality of the rollers. In this latter case, the rotation of the rollers causes the endless belt
to rotate, thereby transporting the articles carried thereon. Regardless of the type of |
conveying system, or portion of a conveying system, it is common to include within one or
more of the rollers a motor that, when activated, causes the rollers to rotate. The rotation of
such a motorized roller may be coupled to one or more neighboring rollers by way of belts,
bands, or other structures, such that the rotation of the motorized roller causes the
neighboring rollers to rotate as well. Such motorized rollers may be used in virtually any
portion of a conveying system, such as on inclines, declines, turns, right angle transfers, and
other portions of a conveying system.

SUMMARY OF THE INVENTION

[0003] The present invention relates to conveying systems that include one or more

motorized rollers used to assist in the movement of articles along portions of the conveying
system. In some embodiments, the present invention provides improved motorized rollers
that are able to provide greater amounts of torque, and thereby move heavier articles, with
minimal, if any, change to the footprint of existing motorized rollers. In other embodiments,

motorized rollers with dual motors positioned inside are utilized to power right angle transfer
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assemblies. In still other embodiments, two quadrant control of motorized rollers with dual
motors is utilized, as well as negative speed commands when braking is desired during the
use of the two quadrant control.

[0004] According to one aspect of the invention, a conveying system for conveying
articles is provided. The conveying system includes a frame, a plurality of rollers supported
by the frame, a motorized roller, and a controller external to the motorized roller. The
plurality of rollers extend from one side of the frame to the other and are adapted to support
articles traveling on the conveying system. The motorized roller includes an outer cylindrical
shell, a first motor, and a second motor. The first and second motors are adapted to rotate the
outer cylindrical shell. The controller controls both the first and the second motors.

[0005] According to another embodiment, a method of conveying articles along a
conveyor having a conveying surface is provided. The method includes providing a plurality
of transverse divert members and a motorized roller. The transverse divert members are
adapted to change a direction of movement of the articles being conveyed. The motorized
roller includes an outer cylindrical shell that surrounds a first and second motor. The method
further includes coupling the motorized roller to the transverse divert members such that the
divert members are activated when the motorized roller rotates; sending a first speed
command having a first sign and magnitude to the first motor; and sending a second speed
command having a second sign and magnitude to the second motor, wherein the second sign
is opposite the first sign and the second magnitude is substantially equal to the second
magnitude.

[0006] According to still other embodiments, a belt may be provided in frictional contact
with an outer surface of the shell whereby rotation of the motorized roller activates the
plurality of transverse divert members. The motorized roller may be positioned underneath
the plurality of rollers at a location where the outer shell of the motorized roller does not
cothe into contact with any of the articles. The control of the first and second motors may
both be carried out in a two quadrant mode. The outer shell of the motorized roller may have
the same diameter and be constructed of the same material as each of the plurality of rollers.
A second motorized roller may be added that is adapted to rotate the plurality of rollers to
thereby transport articles positioned thereon. The second motorized roller may be oriented
with a longitudinal axis that is parallel to the first motorized roller. Either or both of the first
and second motorized rollers may be controlled to switch from a first speed to a slower,

second speed by the controller issuing negative speed commands to the motors until the
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second speed it attained. The transverse divert members may include a plurality of belts

adapted to selectively engage articles traveling on the conveyor.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a plan view of an illustrative conveying system according to one

embodiment;
[0008] FIG. 2 is a sectional, elevational view of the conveying system of FIG. 1;
[0009] FIG. 3 is a plan view of a portion of a right angle transfer assembly of the
conveying system of claim 1;
[0010] FIG. 4 is a side, elevational view of the right angle transfer assembly of FIG. 1;
[0011] FIG. 5 is an end, elevational view of a motorized roller that may be used in the
conveying system of claim 1;
[0012] FIG. 6 is a sectional view of the motorized roller of FIG. 5 taken along the line
VI-VI,
[0013] FIG. 7 is a schematic diagram of a controller and associated components that may
be used to control the right angle transfer assembly of FIG. 1; and
[0014] FIG. 8 is a schematic diagram of the controller of FIG. 7.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0015] A conveying system 20 according to one embodiment is illustrated in FIG. 1.
Conveying system 20 may be part of a larger material handling system that may include
additional conveyor beds and conveying structures that are not illustrated in FIG. 1.
Conveying rsystem 20 includes a frame 22 having a first side 24 and a second side 26.
Conveying system 20 is'adapted to convey articles 40 in a direction of conveyance 28 from
an entry point 30 toward a right angle transfer assembly 32. Right angle transfer assembly 32
is adapted to transfer articles in both direction of conveyance 28 and a transverse direction
34. Stated alternatively, right angle transfer assembly 32 is adapted to deliver articles either
to a first discharge point 36 or a second discharge point 38, depending upon the desired
destination for a particular article 40. One or more additional conveyors, or other receiving
structures, (not shown) would typically be placed adjacent cach discharge point 36 and 38 to
receive the articles 40 and either accumulate them or transport them further throughout the
material handling environment.

[0016] Conveying system 20 includes a conveying surface 42 that may be defined by one
or more belts 44 or one or more rollers 46. In the embodiment illustrated in FIGS. 1 and 2,
conveying system 20 includes two sections of conveyor having two endless belts 44. Endless

belts 44 are supported by, and travel over the top edges of, rollers 46. The endless belts 44
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are in frictional contact with rollers 46 such that the movement of the rollers 46 causes the
movement of belts 44, thereby enabling articles 40 positioned thereon to be transported in the
direction of conveyance 28.

[0017] Right angle transfer assembly 32 also includes a plurality of rollers 46 that, when
driven, move an article positioned thereon toward first discharge point 36 (FIGS. 1 and 2).
Right angle transfer assembly 32 also includes a plurality of transverse divert members 48
that, in one embodiment, may comprise a plurality of belts 50 (FIG. 3). As is known to those
skilled in the art, transverse divert members 48 are moveable in a vertical direction 52 (FIG.
2) between a lowered position and a raised position. In the lowered position, transverse
divert members 48 do not come into contact with articles traveling on right angle transfer
assembly 32. In the raised position, transverse divert members 48 lift the article 40
positioned thereon off of the rollers 46 of assembly 32 such that the article disengages from
rollers 46. In this raised position, the movement of transverse divert members 48 will cause
the article 40 to move toward second discharge point 38. In operation, therefore, right angle
transfer assembly will maintain transverse divert members 48 in the lowered position when
the article traveling thereon is to be delivered to first discharge point 36, and will raise
transverse divert members 48 into the raised position when it is time to change the direction
of motion of an article 40 such that it moves toward second discharge point 38. The
mechanism for raising and lowering transverse divert members 48 and associated
components may take on a variety of different forms, as would be known to one of ordinary
skill in the art, and therefore need not be discussed further herein.

[0018] In the embodiment of right angle transfer assembly 32 shown in FIG. 1, the
movement of transverse divert members 48 is carried out by way of a first motorized roller 56
positioned underneath the conveying surface of assembly 32 (FIG. 4). The rotation of first
motorized roller 56 about its longitudinal axis causes a belt 60 to move. Belt 60 is reaved
around a plurality of wheels 62 (FIGS. 3 and 4) that place belt 60 in frictional contact with a
plurality of additional wheels about which belts 50 are reaved. Thus, the rotational motion of
first motorized roller 56 causes belts 50 (i.e. transverse divert members 48) to' move. First
motorized roller 56 is therefore activated when it is desired to move an article 40 transversely
off of transfer assembly 32 toward second discharge point 38.

[0019] In the embodiment of right angle transfer assembly 32 shown in FIG. 1, the
movement of rollers 46 is carried out by way of a second motorized roller 58 positioned
underneath the conveying surface of assembly 32. Second motorized roller 58 is in frictional

engagement with one or more bands 66 (FIG. 4) that loop around one or more of rollers 46.
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Bands 66 transfer the rotational motion of second motorized roller 58 to rollers 46. Second
motorized roller 58 is therefore activated when it is desired to move an article 40 on transfer
assembly 32 toward first discharge point 36.

[0020] A side, elevational view of first motorized roller 56 is shown in FIG. 5. First
motorized roller 56 includes an outer shell 70 and a longitudinal axis 72 about which
motorized roller 56 rotates. A cross sectional view of first motorized roller 56 is shown in
FIG. 6. In one embodiment, first motorized roller 56 includes a first motor 76 and a second
motor 78 positioned in an interior region 80 inside of shell 70. First motor 76 is positioned
adjacent a first end 82 of roller 56 and second motor 78 is positioned adjacent a second,
opposite end 84 of roller 56. Each motor 76 and 78 is in communication with a cable 86 that
supplies power to the motor, and which may also communicate feedback and other signals
from the connected motor back to a controller 90, as will be discussed in greater detail below.
When either of motors 76 and 78 receives power, it exerts a torque that causes outer shell 70
to rotate about longitudinal axis 72. The precise design of motors 76 and 78, along with the
manner in which they connect to outer shell 70, may be varied, as would be known to one of
ordinary skill in the art. In one embodiment, the motors 76 and 78 may be brushless, DC
motors. In such an embodiment, the motors 76 and 78 may be implemented as motor
cartridges manufactured by the Motor Power Company of Italy under the part number
A6800000110735. Such motor cartridges are manufactured for motorized rollers in which
the outer shell 70 includes a 50 millimeter outer diameter. It will be understood, of course,
that other motors, motor types, and motor cartridges may be used and that the diameter of the
outer shell 70 of motorized rollers 76 and/or 78 may be varied to other dimensions.

[0021] In one embodiment, first motorized roller 56 includes both motors 76 and 78 and
second motorized roller 58 includes only a single motor (which may be the same type of
motor as first and second motors 76 and 78, or it may be of a different type). In other
embodiments, second motorized roller 58 may include two motors and first motorized roller
56 may include only a single motor. In still other embodiments, both first and second
motorized rollers 56 and 58 may include two motors. In yet other embodiments, two motors,
such as motors 76 and 78, may be positioned inside of any one or more of the rollers 46 that
either come into direct contact with articles 40, or that support one of the belts 44 over which
the articles 40 travel.

[0022] The control of first motorized roller 56 may be catried out by way of controller 90
(FIGS. 7 and 8). Controller 90, in the embodiments shown in FIGS. 7 and 8, is a collection

of electronic components mounted on a printed circuit board 92. The form of controller 90
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may vary from that shown, and may take on any form or implementation suitable for carrying
out the functions described herein, as would be known to one of ordinary skill in the art. In
one embodiment, the electronic components mounted to circuit board 92 include a main
processor 94 and a plurality of motor controllers 96. Main processor 94 may be a
conventional-off-the-shelf (COTS) processor capable of being programmed to carry out the
functions described herein, either in software, firmware, or in any other suitable manner.
Motor controllers 96 may likewise be conventional-off-the-shelf motor controllers
implemented as integrated circuits. Processor 94 and motor controllers 96 may be
implemented in other forms.

[0023] One of the motor controllers 96 is in communication with one of the motors inside
of either first motorized roller 56 or second motorized roller 58. Another one of the motor
controllers 96 is in communication with another one of the motors inside of first motorized
roller 56 or second motorized roller 58. A third one of the motor controllers 96 is in
communication with yet another one of the motors inside of either first motorized roller 56 or
second motorized roller 58. The fourth motor controller 96 may be left unused if only three
motors, in total, are used amongst first and second motorized rollers 56 and 58. If, however,
both motorized rollers 56 and 58 both contain twd motors each, then the fourth motor
controller 96 may be used to control such fourth motor. In some embodiments, the third
motor controller may be left unused in addition to the fourth motor controller.

[0024] The particular motor controlled by a particular motor controller 96 is not material,
in at least one embodiment, as each of the motor controllers 96 are identical to each other and
“each of the motors used inside of motorized rollers 56 and 58 are also identical to each other.
If different types of motors are used with rollers 56 and/or 58, then it may be advisable to use
different types of motor controllers and match the appropriate motor to the appropriate motor
. controller. In some embodiments, controller 90 may include only two motor controllers 96
that are used to control first and second motors 76 and 78 inside of first motorized roller 56.
[0025] In the illustrated embodiment, each motor controller 96 controls its respective
motor by way of cable 86. That is, motor controller 96 sends the appropriate voltages and
electrical current to the controlled motor in order to cause the motor to operate at the desired
speed. In one embodiment, each cable 86 may include at least six separate wires: three power
supplies wires that each deliver power to the motor at three different phases (such as 120
degrees out of phase with respect to each other), and three feedback wires that deliver
position feedback signals to motor controller 96 from internal Hall-effect sensors positioned .

inside of the motors. Additional wires may also be included that either deliver additional
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signals to the motors, or return additional information back to motor controller 96 and/or
main processor 94. Such additional feedback information may include temperature readings
and/or other information.

[0026] Controller 96 may be in communication with other control elements of conveying
system 20 via a network 100 (FIG. 7). In the embodiment shown, network 100 is a
Controller Area Network (CAN) that connects controllers 96 with additional electronic
components of the overall conveying system 20. Such additional electronic components may
include one or more additional controllers that may send commands to controller 96
indicating when it should divert articles toward first discharge point 36 and when it should
divert articles toward second discharge point 38. Alternatively, the form of the information
and/or commands received over network 100 by controller 96 may be varied. Regardless of
the specific format of the information transmitted over network 100, controller 96 carries out
the control of first and second motorized rollers 56 and 58 in such a manner as to deliver the
articles 40 to the appropriate discharge points 36 and 38.

[0027] Controller 90 carries out the control of motors 76 and 78 (and also, in at least one
embodiment, the motor inside of second motorized roller 58) by sending from main processor
94 one or more speed commands to the respective motor controllers 96. The speed
commands from main processor 94, as mentioned above, may be based upon information
received over network 100. Each motor controller 96 receives the speed commands and
transmits the appropriate voltages and current over cables 86 to the respective motors to
cause the motors to operate at the commanded speed.

[0028] In the illustrated embodiment, the speed commands transmitted by main processor
94 to the respective motor controller 96 each include a sign and a magnitude. The sign
indicates the direction in which the motor should rotate, while the magnitude indicates the
speed at which the motor should rotate. Because the first and second motors 76 and 78
positioned inside of first motorized roller 56 are oriented in opposite directions—that is, cable
86 of first motor 76 in FIG. 6 extends out of the left end of motor 76 while cable 86 of second
motor 78 extends out of the right end of motor 78—the speed commands sent to the motor
controller 96 for first motor 76 have a sign that is opposite to the speed commands sent to the
motor controller 96 for second motor 78. Were the speed commands to have the same sign,
then first and second motors 76 and 78 would attempt to rotate outer shell 70 in opposite
directions, thereby causing motors 76 and 78 to work against each other. In one embodiment,
the magnitude of the commands sent to the motor controllers 96 for first and second motors

76 and 78 is the same, or substantially the same, for both motors.
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[0029] The control of the motors 76 and 78 may be carried out in a two quadrant mode,
as would be understood by one of ordinary skill in the art. Such two quadrant mode allows
the first and second motors 76 and 78 to essentially freewheel to a certain extent such that the
motors 76 and 78 do not exert torques that are opposed to each other. It is also within the
scope of several embodiments to utilize four quadrant control mode or a combination of both
two quadrant and four quadrant modes in the same controller 90.

[0030] The combination of two motors 76 and 78 inside of first motorized roller 56
produces a motorized roller that is capable of generating substantially twice as much torque
as motorized roller 56 would otherwise be able to generate were it to include only a single
one of motors 76 or 78. This enables conveying system 20—in particular, transverse divert
members 48—to move articles of greater weight. Further, this additional torque is
accomplished without increasing the footprint of motorized roller 56 or any of the other
components of conveying system 20. That is, a conveying system 20 that utilized a first
motorized roller 56 having only a single motor could be upgraded to include a second motor
without having to modify any of the physical construction of the conveying system apart
from the insertion of a second motor inside roller 56. This stands in contrast to the physical
modifications to the structure of such a conveying system that would likely have to be made
were the single motor inside of roller 56 replaced with a larger roller, or were additional
motorized rollers added to provide increased torque levels.

[0031] Second motorized roller 58 may also be controlled via a motor controller 96 that
acts in a two quadrant mode, or it may be controlled by a motor controller 96 that acts in a
four quadrant mode. If either of motorized rollers 56 or 58 are configured in a particular
embodiment to be controlled in a two quadrant mode, main processor 94 may be programmed
to brake either or both of the two quadrant controlled rollers 56 and/or 58 by issuing reverse
speed commands for a length of time sufficient to bring about the desired deceleration. That
is, if the motor inside of second motorized roller 58 is controlled in a two quadrant mode, for
example, and it was desired to change the current speed of motorized roller 58 to a slower
speed, main processor 94 would issue a speed command to the associated motor controller 96
that commanded motorized roller 58 to rotate in a direction opposite to its current direction of
rotation. This would result in the motor inside of motorized roller 58 applying a reverse
torque to outer shell 70. Main processor 94 would continue to apply this reverse speed
command until the speed of the motor inside of second motorized roller 58 had been reduced
to its desired slower speed. Upon reaching the desired slower speed, main processor 94

would terminate the reverse speed commands and transmit a speed command to the
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corresponding motor controller 96 directing it to run the motor for roller 58 at the desired
slower speed. The use of such reverse speed commands enables controller 90 to slow down
rollers 56 and/or 58 in a more responsive manner than might otherwise be possible,
particularly if a heavy article is applying a load to rollers 56 and/or 58 that includes
substantial inertia. Such reverse speed commands allow a braking force to be applied to
either of rollers 56 or 58 while utilizing two quadrant mode control, thereby providing control
of the respective motors in a manner that simulates, in some respects, four quadrant control.
[0032] In the embodiments illustrated, first and second motorized rollers 56 and 58 have
the same diameter, the same length, and are made of substantially the same material as each
other. Further, in the embodiments illustrated, first and second motorized rollers 56 and 58
have the same diameter, length, and outer shell 70 material as the rollers 46 used in other
parts of the conveying system 20. By using rollers with common dimensions and materials,
the number of parts necessary for constructing conveying system 20 is reduced, thereby
reducing the overall cost of building and implementing the system. Using common materials
and dimensions for rollers 56 and 58 also allows for the motorized rollers to be inserted into
other parts of conveying system 20, such as where any of the rollers 46 are positioned, or any
other location where a motorized roller would be desired. Such motorized rollers may
include one or two motors. When two motors are included, the motorized roller will be able
to generate additional torque within substantially the same space previously occupied by the
roller being replaced by the dual motor motorized roller. It will therefore be understood that
a dual motor motorized roller, such as first motorized roller 56, may be positioned in any
other location within conveying system 20 where it is desirable to include a motorized roller
having increased torque capabilities, as well as inside any other additional conveying
components (not shown) that might be used with conveying system 20 that utilize motorized
rollers. In other embodiments, the dimensions and/or materials of motorized roller 56 and/or
58 may be different from each other, and/or different from rollers 46.

[0033] Changes and modifications in the specifically described embodiments can be
carried out without departing from the principles of the invention which is intended to be
limited only by the scope of the appended claims, as interpreted according to the principles of

patent law including the doctrine of equivalents.
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What is claimed is:
1. A conveying system for conveying articles, said system comprising:

a frame having a first side and a second side;

a plurality of rollers supported by said frame and extending from said first side to said
second side, said plurality of rollers adapted to support the articles traveling on said
conveying system, each of said rollers adapted to rotate about a longitudinal axis;

a motorized roller, said motorized roller including an outer cylindrical shell, a first
motor positioned within said shell at a first end of said motorized roller, and a second motor
positioned within said shell at a second end of said motorized roller, said first and second
motors adapted to rotate said outer cylindrical shell; and

a controller external to said motorized roller, said controller adapted to control both

said first and said second motors.

2. The system of claim 1 further including:

a belt in frictional contact with an outer surface of said shell;

a plurality of transverse divert members adapted to change a direction of movement of
the articles on the conveyor, wherein said belt is coupled to said plurality of transverse divert
members such that rotation of said motorized roller activates said plurality of transverse

divert members.

3. The system of claim 2 wherein said motorized roller is positioned underneath said
plurality of rollers at a location where said outer shell of said motorized roller does not come

into contact with any of the articles.

4. The system of claim 1 wherein said controller is adapted to control both said first and

said second motors in a two quadrant mode.

5. The system of claim 1 wherein said controller is adapted to control said first motor in

a four quadrant mode and said second motor in a two quadrant mode.

6. The system of claim 1 wherein said outer shell has the same diameter and is

constructed of the same material as said plurality of rollers.

10
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7. The system of claim 1 wherein said plurality of rollers are each adapted to contact

said articles as said articles are conveyed by said conveying system.

8. The system of claim 1 wherein said controller is adapted to send speed commands of

equal magnitude but opposite sign to said first and second motors, respectively.

0. The system of claim 1 further including a second motorized roller, said second
motorized roller including at least one motor contained therein, said second motorized roller
adapted to rotate said plurality of rollers to thereby transport articles positioned on said

plurality of rollers.

10.  The system of claim 9 wherein the longitudinal axis of said motorized roller is

oriented parallel to a longitudinal axis of said second motorized roller.

11.  The system of claim 10 wherein said controller includes a two quadrant motor

controller adapted to control said second motorized roller.

12.  The system of claim 11 wherein said controller further includes a main processor
adapted to control said two quadrant motor controller, said main processor adapted to send a
negative speed command to said two quadrant motor controller when slowing a speed of said
second motorized roller from a first rotational speed to a second rotational speed, said main
processor terminating said negative speed command when said second rotational speed is

reached.

13.  The system of claim 1 wherein said controller includes:

a main processor;

a first motor controller in communication with said main processor and adapted to
control said first motor based upon speed commands received from said main processor;

a second motor controller in communication with said main processor and adapted to
control said second motor based upon speed commands received from said main processor;

wherein said main processor is adapted to send a negative speed command to said first
" and second motor controllers when slowing a speed of said motorized roller from a first
rotational speed to a second rotational speed, said main processor terminating said negative

speed command when said second rotational speed is reached.

11



WO 2010/080813 PCT/US2010/020234

14. A method of conveying articles along a conveyor having a conveying surface upon
which articles are conveyed, said method comprising:

providing a plurality of transverse divert members adapted to change a direction of
movement of articles being conveyed;

providing a motorized roller having an outer cylindrical shell surrounding a first

motor and a second motor;

coupling said motorized roller to said plurality of transverse divert members such that
said plurality of transverse divert members are activated when said motorized roller rotates; |

sending a first speed command having a first sign and a first magnitude to said first
motor; and

sending a second speed command having a second sign and a second magnitude to
said second motor, said second sign opposite said first sign, and said second magnitude

substantially equal to said second magnitude.

15.  The method of claim 14 further including:

providing a plurality of rollers adapted to transport articles;

providing a second motorized roller having a third motor, said second motorized
roller adapted to rotate said plurality of rollers when said third motor is activated,

sending a third speed command to said third motor in order to rotate said plurality of

rollers.

16.  The method of claim 15 further including controlling said third motor in a two

quadrant mode.

17.  The method of claim 16 further including sending a negative speed command to said
third motor in order to change a speed of said third motor from a first speed to a second

speed, wherein said first speed is higher than said second speed.

18.  The method of claim 15 wherein said motorized roller is positioned underneath said
plurality of rollers at a location where said outer shell of said motorized roller does not come

into contact with any of the articles.

12



WO 2010/080813 PCT/US2010/020234

19.  The method of claim 15 further including controlling both said first and said second

motors in a two quadrant mode.

20.  The method of claim 14 wherein said motorized roller is positioned in a location at

which said outer shell comes into contact with said articles.

21.  The method of claim 14 wherein said transverse divert members include a plurality of

belts adapted to selectively engage articles on the conveyor.

22, The method of claim 14 further including controlling said first motor in a four

quadrant mode and said second motor in a two-quadrant mode.

13
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