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LIM WEIGHT SORTER

BACKGROUND

The invention relates generally to power-driven conveyors and more particularly to
conveyor belts with electromagnetically activated, article-supporting rollers diverting
conveyed articles from the main conveying direction.

Many production operations use weight measurements for quality control. For
example, a beverage-packing facility may weigh packed cases of multiple cans to ensure that
cases with leaking or improperly filled cans are rejected and removed from the production
line. Checkweighers consisting of a section of conveyor belt on a weigh scale are often used
to weigh cases. Positioned in the production line, the checkweigher can weigh only one case
at a time. Consecutive cases have to be separated by a gap or stopped from entering the
checkweigher belt when another case is being weighed. And many checkweighers require
the cases to be stopped for an accurate measurement. Starting and stopping the conveyors

and gapping cases slows production.

SUMMARY

One version of a conveyor embodying features of the inventions comprises a
conveyor belt advancing along a carryway path in a direction of belt travel. The conveyor
belt has rollers that are rotatable in a lateral direction transverse to the direction of belt
travel. A linear stator is situated adjacent to the conveyor belt in a roller-activation zone that
extends along the carryway path from a zone entrance to a zone exit. Each of the rollers,
acting as a rotor, forms with the linear stator a constant-torque linear-induction motor that
rotates the rollers in the lateral direction in the roller-activation zone. Objects conveyed on
the conveyor belt are propelled by the rotation of the rollers to exit the roller-activation zone
with a speed parallel to the lateral direction that is inversely proportional to the weights of
the objects.

Another version of a conveyor embodying features of the invention comprises a
conveyor belt advancing along a carryway path in a direction of belt travel. The conveyor
belt has rollers that are rotatable in a lateral direction transverse to the direction of belt
travel. A linear-motor stator is situated adjacent to the conveyor belt and produces a
traveling electromagnetic flux wave that travels in a direction transverse to the direction of

belt travel along the conveyor belt in a roller-activation zone that extends along the
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carryway path from a zone entrance to a zone exit. The rollers include electrically
conductive material in which eddy currents are induced by the traveling magnetic flux wave
as the rollers pass through the roller-activation zone. The eddy currents produce a reaction
electromagnetic field that interacts with the traveling magnetic flux wave to produce a
torque in the rollers that causes them to rotate in the lateral direction. The torque is constant
enough to cause the rollers in the roller-activation zone to accelerate with a constant enough
angular acceleration to move objects conveyed on the belt parallel to the lateral direction.
The lateral accelerations, speeds, and displacements of the conveyed objects are inversely
proportional to the conveyed objects” weights.

In another aspect of the invention a method embodying features of the invention for
conveying objects comprises: (a) conveying objects atop rollers on a conveyor belt advancing
in a direction of belt travel; and (b) activating the rollers passing through a roller-activation
zone by linear induction to rotate in a direction transverse to the direction of belt travel to

cause each object to move along a trajectory that depends on the object’s weight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of a portion of a sorter embodying features of the
invention;

FIGS. 2A-2D depict the sequence of diverting or conforming articles to a side of the
sorter of FIG. 1;

FIGS. 3A-3D depict the sequence of diverting a lighter, non-conforming article off a
side of the sorter of FIG. 1;

FIG. 4 depicts graphs of the acceleration, velocity, and lateral displacement as a
function of time for a conveyed article on the sorter of FIG. 1;

FIG. 5 is a plot of the trajectories of light and heavy articles conveyed on a sorter as in
FIG. 1;

FIGS. 6A and 6B depict two sequential isometric views of the sorter of FIG. 1 with a
sensor used to measure lateral displacement of a conveyed article; and

FIGS. 7A-7D depict sequential isometric views of a sorter as in FIG. 1 with multiple

roller-actuation zones.
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DETAILED DESCRIPTION

A portion of a weighing and sorting conveyor embodying features of the invention is
shown in FIG. 1. The conveyor 10 comprises a conveyor belt 12 having rows of rollers 14
rotatable on axes of rotation 16. In this example the axes of rotation 16 are parallel to a
direction of belt travel 18 so that the rollers 14, at their apexes, rotate in a lateral direction 20
perpendicular to the direction of belt travel 18. The rollers could alternatively be arranged
with their axes oblique to the direction of belt travel 18. In that case the rollers would rotate
in a direction transverse, although not perpendicular, to the direction of belt travel 18. In the
rest of this description, the rollers 14 are shown rotating in a lateral direction 20
perpendicular to the direction of belt travel.

The exemplary conveyor belt 12 shown in FIG. 1 is a modular plastic conveyor belt
constructed of rows 22 of belt modules linked together at hinge joints 24 and driven
continuously by motor-driven drive sprockets or drums (not shown) in the direction of belt
travel 18 along an upper carryway path 26. The rollers 14 are cylindrical rollers that are
made of an electrically conductive material, such as aluminum or copper, or that contain
elements made of such a material. For a better grip on conveyed objects, the rollers 14 have a
high-friction outer surface, textured or coated with a high-friction material such as rubber,
an elastomer, or other resilient material.

A linear-motor stator 30 is situated proximate the conveyor belt 14 along a portion of
the carryway 26. In this example the stator 30 lies under the conveyor belt 14 along a portion
of the carryway 26 between the carryway and a lower returnway (not shown). The stator 30
is arranged to produce an electromagnetic flux wave that travels across the stator
perpendicular to the axes 16 of the rollers 14 and across the width of the conveyor belt 12 in
that portion of the belt directly above the stator. The traveling flux wave induces eddy
currents in the electrically conductive material of the rollers 14. The currents produce a
reaction magnetic field that interacts with the stator flux wave to cause a constant torque in
the rollers 14, which act as rotors to the stator 30 in a linear-induction motor, or LIM. The
torque causes the rollers to rotate in the lateral direction 20 at their apexes. The dimensions
of the stator 30 define the extent of a roller-activation zone 32 that extends across the width
of the carryway 26 from an entrance end 34 of the zone to an exit end 35 downstream. The
sorting conveyor also includes a side-off conveyor 36 such as a belt conveyor, a roller
conveyort, or a chute, receiving objects diverted off a side 38 of the belt 12 by the rollers 14
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activated as they pass through the roller-activation zone 32. A side rail 40 downstream of the
side-off conveyor 36 prevents objects from exiting the side 38 of the belt 12 immediately
downstream of the side-off conveyor 36.

The operation of the LIM-activated sorter 10 in a weight-based quality control
conveyor system is shown in FIGS. 2A-2D. In FIG. 2A an object, in this example a filled box
B, is shown entering the roller-activation zone 32 above the linear-motor stator 30. The
rollers 14 passing through the activation zone 32 on the conveyor belt 12 are rotated in the
lateral direction 20 by the stator’s flux wave. Because the torque of the rollers 14 generated
by the LIM stator 30 is generally constant, the acceleration of the rollers is also constant and
inversely proportional to the weight of the box B atop the rollers 14. The rollers 14 rotate
faster and faster as they proceed with the belt 12 through the activation zone 32. The rollers
14 accelerate the box B in the lateral direction 20 through the roller activation zone and push
it toward the side 38 as shown in FIG. 2B. Upon exiting the roller-activation zone 32, the
rollers supporting the box B reach a final speed vr at which they continue to coast, without
further acceleration, downstream of the exit end 35 of the zone, as shown in FIG. 2C, until
the box contacts the side rail 40 in FIG. 2D. So the rate of lateral displacement of the box B
increases in the roller activation zone 32 and remains constant downstream where the rollers
14, no longer activated, are allowed to coast.

FIGS. 3A-3D depict the operation of the weight sorter 10 with a non-conforming
underweight box B'. The motion of the underweight box B' in FIGS. 3A-3D differs from that
of the heavier box B in FIGS. 2A-2D in that it travels faster laterally. That’s because the
acceleration of the rollers and the lateral acceleration of the box are inversely proportional to
the box’s weight. So the lighter box B’ reaches the side 38 of the belt 12 at a position
upstream of where the heavier box B in FIG. 2D reaches the side rail 40. The side-off
conveyor 36 upstream of the rail 40 receives the rejected underweight box B' sorted off the
belt 12. In the sorters shown in FIGS. 2A-D and 3A-D, the boxes B, B' would normally enter
activation zone 32 at a specific lateral position, such as registered along the side 39 of the belt
12 opposite the side-off conveyor 36.

Graphs of the equations of motion of objects conveyed atop the rollers are shown in
FIG. 4. The time # represents the time, measured from time ¢ = 0, during which the object is
passing through the roller-actuation zone. That time period # depends on the speed of the
conveyor belt and the length of the activation zone along the carryway. In that time #;, the
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object is subjected to a constant acceleration 4, as indicated by the bottom graph. The
amplitude of the acceleration a is inversely proportional to the object’s weight. During that
time the lateral speed v of the object and of the rollers supporting the object increases
linearly with time ¢, as shown by the middle graph. The lateral displacement x of the object
increases with the square of the time variable ¢. Once the object exits the end of the roller-
actuation zone, i.e., for t > t, the acceleration drops to zero and the object coasts laterally at a
constant speed v. The object’s lateral displacement x downstream of the roller-actuation
zone increases linearly with time . The graphs of FIG. 4 depict the ideal case in which the
torque is constant on all the loaded rollers, the friction of the roller bearings is insignificant,
and the objects don’t slip on the outer surfaces of the rollers. Because the acceleration of a
heavier object is less than that of a lighter object, the speed vr the object reaches upon exiting
the roller-actuation zone is less for the heavier object. And like the acceleration, that speed vr
is inversely proportional to the object’s weight. Likewise, the lateral displacement x is
inversely proportional to the object’s weight and so a lighter object travels a greater lateral
distance in the same time as a heavier object. So the weight of an object can be determined
from its final speed vy, its displacement x, or its acceleration 4.

The trajectories of heavy and light objects along the carryway of a conveyor as in
FIGS. 1-3 is shown in FIG. 5, which is an overhead view of the trajectories of objects on a
conveyor belt advancing in the direction of belt travel 18. Lateral displacement is given by
the horizontal axis x; displacement in the direction of belt travel is given by the vertical axis
y. The belt is considered to advance in the direction of belt travel at a constant speed. The
roller-activation zone’s entrance end 34 coincides with the x axis. The exit end 35 is indicated
by the dashed line. The solid-line trajectory 42 represents the trajectory of a heavy object.
The dashed-line trajectory 44 represents the trajectory of a light object. The horizontal
distance d between the two trajectories 42, 44, representing the difference between their
lateral displacements x, at a given distance y» from the entrance end 34 of the roller-
actuation zone is a measure of the difference in the weights of the heavy and light objects. In
the roller-activation zone the objects follow a parabolic trajectory, for which x o y2.
Downstream of the roller-activation zone, the trajectories are linear and x « y. Because the
trajectories show the lateral displacement x at any measurement position y» along the

carryway path, the weight of an object can be determined from its trajectory.
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FIGS. 6A and 6B show a non-stop checkweigher 46 comprising a stator 30 forming a
roller-activation zone 32 through which a roller-top conveyor belt 12 advances continuously.
A sensor 48, such as a laser range finder or any sensor system whose output can be used to
determine the lateral displacement, lateral speed, or lateral acceleration of a box B, is shown
positioned at the side of the conveyor belt 12. The stator 30 causes the rollers to rotate and
push the box B in the lateral direction 20 as the conveyor belt 12 advances in the direction of
belt travel 18 through the roller-activation zone 32. From the box’s lateral motion as it
advances through the roller-activation zone 32, the output 50 of the sensor 48 can be used to
determine the box’s weight from its lateral acceleration, speed, or displacement in moving
from one side of the belt 12 to the other as shown by the progression from FIG. 6A to FIG.
6B.

The weighing and sorting functions can be combined as shown in the system of
FIGS. 7A-7D. The weighing and sorting system 52 uses a first stator 30 in an upstream
roller-activation zone 32 with a sensor 48, as in FIGS. 6A-6B, to determine the weight of the
box B and move it in the lateral direction 20 as the conveyor belt 12 advances in the direction
of belt travel 18. The weighing function is shown in the sequence from FIG. 7A to FIG. 7B. In
FIGS. 7C and 7D the box is sorted off the side 38 of the belt 12 in the lateral direction 20 and
onto a discharge conveyor 36 by activated belt rollers 14 passing through a downstream
roller-activation zone 32' formed by a downstream stator 30'. Heavier boxes not moved far
enough in the lateral direction 20 to be sorted off onto the discharge conveyor 36 would
continue down the conveying line for further processing.

Although the invention has been described in detail with respect to a few preferred
versions, other versions are possible. For example, the sensor used could be a visioning
system that computes the objects” weights from the lateral acceleration, speed, or
displacement derived from the objects” trajectories. In all the versions described, the
conveyed objects ride directly on belt rollers that include electrically conductive material to
act as the rotors of linear-induction motors. But the electrically conductive belt rollers do not
have to contact the conveyed objects directly. Instead, the electrically conductive rollers
could be used to drive one or more object-supporting belt rollers to move the objects
laterally across the belt. And a series of roller-activation zones formed by a series of stators
along the carryway could be used to sort objects of different weights off the side of the belt
at a number of discharge points at spaced apart positions along the carryway with the

6
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lighter objects sorted off upstream of the heavier objects. So, as these few examples suggest,
the scope of claims is not meant to be limited to the details of the exemplary versions used to

describe the invention.
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What is claimed is:

1.

A conveyor comprising:

a conveyor belt advancing along a carryway path in a direction of belt travel, the
conveyor belt having a plurality of rollers rotatable in a lateral direction transverse to
the direction of belt travel;

a linear stator adjacent to the conveyor belt in a roller-activation zone extending along
the carryway path from a zone entrance to a zone exit;

wherein each of the rollers, acting as a rotor, forms with the linear stator a constant-
torque linear-induction motor that rotates the rollers in the lateral direction in the
roller-activation zone so that objects conveyed on the conveyor belt are propelled by
the rotation of the rollers to exit the roller-activation zone with a speed parallel to the
lateral direction that is inversely proportional to the weights of the objects.

A conveyor as in claim 1 further comprising a sensor making measurements of the

lateral acceleration, speed, or displacement of the conveyed objects at a sensor position

along the carryway downstream of the zone entrance of the roller-activation zone for
conversion of the measurements into object weights.

A conveyor as in claim 1 wherein the rollers are deactivated and allowed to coast upon

exiting the roller-activation zone.

A conveyor as in claim 1 further comprising one or more discharge points at spaced

apart positions along the carryway at which objects transfer off a side of the conveyor,

wherein the objects are sorted according to their weights.

A conveyor as in claim 4 comprising two or more discharge points and wherein the

lighter objects are sorted off upstream of the heavier objects.

A conveyor as in claim 4 wherein the lateral displacements of the heaviest objects on the

carryway are not great enough to transfer the heaviest objects off the side of the

conveyor.

A conveyor as in claim 1 comprising a series of linear stators defining a series of roller-

activation zones along the carryway.

A conveyor as in claim 1 wherein the rollers are in direct contact with the conveyed

objects.

A conveyor as in claim 1 wherein the conveyor belt further has object-supporting rollers

rotated by the rotating rollers.
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10.

11.

12.

13.

14.

15.

A conveyor as in claim 1 wherein the lateral direction is perpendicular to the direction of

belt travel.

A conveyor comprising:

a conveyor belt advancing along a carryway path in a direction of belt travel, the
conveyor belt having a plurality of rollers rotatable in a lateral direction transverse to
the direction of belt travel;

a linear-motor stator adjacent to the conveyor belt and producing a traveling
electromagnetic flux wave that travels in a direction transverse to the direction of
belt travel along the conveyor belt in a roller-activation zone extending along the
carryway path from a zone entrance to a zone exit;

wherein the rollers include electrically conductive material in which eddy currents are
induced by the traveling magnetic flux wave as the rollers pass through the roller-
activation zone, the eddy currents producing a reaction electromagnetic field that
interacts with the traveling magnetic flux wave to produce a torque in the rollers that
causes them to rotate in the lateral direction;

wherein the torque is constant enough to cause the rollers in the roller-activation zone to
accelerate with a constant enough angular acceleration to move objects conveyed on
the belt parallel to the lateral direction and wherein the lateral accelerations, speeds,
and displacements of the conveyed objects are inversely proportional to the
conveyed objects” weights.

A conveyor as in claim 11 further comprising a sensor measuring the lateral

displacements of the conveyed objects at a predetermined position along the carryway

downstream of the zone entrance of the roller-activation zone for conversion of the
lateral accelerations, speeds, or displacements into object weights.

A conveyor as in claim 11 wherein the rollers are deactivated and allowed to coast upon

exiting the roller-activation zone.

A conveyor as in claim 11 wherein the rollers rotate in the lateral direction at a constant

speed upon exiting the roller-actuation zone.

A conveyor as in claim 11 further comprising one or more discharge points at spaced

apart positions along the carryway at which objects transfer off a side of the conveyor,

wherein the objects are sorted off according to their weights.
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16.

17.

18.

19.

20.

21.

22.

23.

A conveyor as in claim 15 wherein the lateral displacements of the heaviest objects on

the carryway path are not great enough to transfer the heaviest objects off the side of the

conveyor.

A conveyor as in claim 11 comprising a series of linear-motor stators defining a series of

roller-activation zones along the carryway.

A conveyor as in claim 11 wherein the rollers are in direct contact with the conveyed

objects.

A conveyor as in claim 11 wherein the conveyor belt further has object-supporting

rollers driven by the rotating rollers.

A conveyor as in claim 11 wherein the lateral direction is perpendicular to the direction

of belt travel.

A method for conveying objects, comprising;:

conveying objects atop rollers on a conveyor belt advancing in a direction of belt travel;

activating the rollers passing through a roller-activation zone by linear induction to
rotate in a direction transverse to the direction of belt travel to cause each object to
move along a trajectory that depends on the object’s weight.

The method of claim 21 further comprising determining the weight of each object from

its trajectory.

The method of claim 21 further comprising sorting objects off a side of the conveyor belt

by weight with lighter objects sorted off upstream of heavier objects.

10
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