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(57) ABSTRACT

A carousel according to the mvention uses a number of
smaller, less expensive drive units at different locations along

the carousel path 1n place of a single larger drive unit of
comparable capacity. Closed loop control according to the
invention allows individual drives to be de-energized when
the power requirements do not demand their usage. When not
energized, the drives may be disengaged from the chain, such
as by way of a linear actuator as described hereafter. Benefits
of such a system include reduced mechanical costs, longer
drive life, better redundancy/higher availability, correct drive
power, lower energy use, closed loop system monitoring and
reduced collateral damage.

18 Claims, 8 Drawing Sheets
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CONVEYOR CAROUSEL WITH
DISTRIBUTED DRIVE SYSTEM

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application is a reissue of U.S. patent application Ser.
No. 12/128,868, filed May 29, 2008, now U.S. Pat. No. 7,621,
392, which claims priority of U.S. Provisional Ser. No.
60/932,126, filed May 29, 2007.

FIELD OF THE INVENTION

The present application relates to closed-loop conveyors,
particularly to those suitable for conveying baggage in an
airport environment.

BACKGROUND OF THE INVENTION

Airports presently use carousel style conveyors for both
baggage claim and sortation operations. A series of overlap-
ping plates or pallets overlie the chain and are supported by 1t
for movement along the top of a supporting frame. See for
example U.S. Pat. Nos. 4,650,066 and 4,476,974, Sortation
(make-up, racetrack) carousel operations are different from
claim (baggage reclaim carousel) operations. Sortation car-
ousels often operate 18 to 20 hours per day. Claim carousels
only operate intermittently, during baggage reclaim opera-
tions, until a predetermined time-out i1s reached. Known
designs for such carousels typically rely on a single large
drive unit that engages a drive chain. Multiple drives for a
single conveyor have been deployed when additional power
was needed due to the length of the carousel path and/or the
expected weight of objects transported. However, 1n such
known systems, no attempt has been made to control the
multiple drive units in something other than by means of basic
on/oil pushbutton controls.

Carousel conveyors currently in use are generally reliable
but require large expensive drive systems that waste energy
and result in downtime when there 1s a problem with the drive
assembly that requires repair or maintenance. Based on cur-
rent standards for carousel drive design, the redundancy
requirements (that insure system availability) result in exces-
stve HP capacity and energy consumption. A need persists for
a carousel conveyor suitable for airport [sues] uses that has a
longer life, consumes less energy, and can be controlled 1n a
manner that responds to the load, rather than in a simple
on-oif mode. The present invention addresses these needs.

SUMMARY OF THE INVENTION

A carousel conveyor system according to the invention
includes an endless conveyor support frame including one or
more endless support rails disposed along a generally ellipti-
cal carousel path. A friction drive chain 1s disposed on the
conveyor support frame for movement along the carousel
path. A pallet assembly including a series of overlapped pal-
lets 1s configured to {it over an upper surface of the conveyor
support frame. The pallet assembly includes a pallet support
assembly with wheels that support the pallets on the rails of
the conveyor support frame; and connectors securing the
pallet assembly to the drive chain for movement 1n unison
therewith. At least two Iriction drive units each include an
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clectric motor, and electrical disconnects are provided for
connecting and [disconnect] disconnecting each motor froma
source of electrical power. A friction drive wheel 1s positioned
for driving contact with the drive chain. The [rive] drive units
are located at spaced apart positions on the conveyor support
frame along the carousel path.

A controller 1s programmed with control logic for opera-
tion of the drive units and connected to receive signals that
indicate electrical load on the motor of that drive unit during
carousel operation and also connected to the disconnects 1n a
manner that 1s effective to turn the associated motor on or off
in response to a signal from the controller, wherein the control
logic takes an action 1n response to feedback comprising the
signals from each drive unit that indicate electrical current
being drawn by the motors. These and other aspects of the
invention are discussed further in the detailed description that
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings, wherein like numerals
denote like elements:

FIG. 1 1s a perspective view of a carousel according to the
imnvention;

FIG. 2 1s a schematic top view the carousel of FIG. 1;

FIG. 3 15 a perspective view of a drive umit according to the
invention;

FIG. 4 1s an underside perspective view of the drive unit of
FIG. 3;

FIG. 5 15 a perspective view of a drive chain according to
the invention;

FIG. 6 1s an enlarged perspective view of a link at the right
end of FIG. 5;

FIG. 7 a perspective view of a bushing shown in FIG. 6;

FIG. 8 1s a partial perspective view, with most conveyor
plates removed, of a carousel according to the invention;

FIG. 9 1s a cross sectional view through a carousel accord-
ing to the mvention;

FIG. 10 1s an enlarged view of Area A 1n FIG. 9; and

FIG. 11 1s an overhead view of the conveyor frame shown
in FIGS. 8 and 9.

DETAILED DESCRIPTION

A carousel according to the mmvention uses a number of
smaller, less expensive drive units at different locations along
the carousel path 1n place of a single larger drive unit of
comparable capacity. Closed loop control according to the
invention allows individual drives to be de-energized when
the power requirements do not demand their usage. When not
energized, the drives may be disengaged from the chain, such
as by means of a linear actuator as described hereafter. Ben-
efits of such a system include reduced mechanical costs,
longer drive life, better redundancy/higher availability, cor-
rect drive power, lower energy use, closed loop system moni-
toring and reduced collateral damage.

For purposes of the invention “closed loop control” refers
to use of a programmable logic controller, computer or simi-
lar control device that directly or indirectly receives a signal
that indicates directly or indirectly the electrical load on the
motor of each drive unit at that moment, for example, a signal
from each drive motor that indicates the electrical current
draw by that motor. The controller operates the motors 1n
accordance with a programmed control scheme prescribed by
the system operator or designer. It may be desired, for
example, to routinely keep one or more drive motors disen-
gaged because the remaining motors are able to meet the
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needs of the carousel. This can be determined based on the
operating current load indicated for each drive motor. Under
light load conditions, for example, the feedback from each
drive motor indicates for example that only 2 of the 4 motors
provided are suilicient to operate the system. The controller
then selects and disengages two motors. During the period of
operation that follows, the controller continues to receive
teedback signals from each motor. In the event that the weight
on the carousel increases and the electrical load on one or both
of the two motors then 1n operation exceeds a predetermined
threshold, then the controller activates one of the inactive
motors so that the current load on all three of the active motors

1s at an acceptable level.

This 1s a simple example of closed loop control according
to the invention, wherein the control loop 1s established
between the motors and the controller and changes in the
condition of the motor(s) are monitored (preferably, continu-
ously) and result in command signals from the controller that
make adjustments to increase or decrease the level of opera-
tion of one or more of the motors (or take a motor out of
service) in a manner thatresponds to the measured load on the
motors and the programming of the controller. Other control
schemes may also be implemented wherein the action taken
does not depend directly on load signal measurements at that
moment, unless abnormal. The controller may, for example,
be programmed to take motors out of service according to a
sequence 1 order to balance out the useful lives of the motors.
While preprogrammed control schemes can be used, it 1s
preferred that a master control panel with a suitable user
interface such as a touch screen with buttons and menus be
provided allowing a user to program operation of the carousel
system as needed and monitor the current state of the system,
¢.g. see the motors available, running, current levels, operat-
ing modes and other information as requested such as total
run hours for each motor.

Referring to FIGS. 1-2, a carousel system 10 according to
one exemplary embodiment of the invention 1s a high capacity
motor driven conveyor system designed for handling of bag-
gage at either passenger claim areas or in baggage sorting
areas. The moving sloped surface of the carousel 11 permuts
convenient display and maximum accumulation of baggage,
as well as easy removal of baggage by passengers or baggage
handling personnel. As shown 1n FIG. 1 the layout of a car-
ousel 11 according to the invention 1s like that of known
carousel units, wherein a series of overlapping plates (pallets)
15 are secured to an underlying endless chain that carries the

pallets 15 along a endless (closed) path on a supporting frame
20.

Many airport carousels define an elongated, generally
clliptical path. “Generally elliptical” as used 1n the present
application refers to a conveyor path with two long sides
connected by rounded ends. The long sides are usually
straight and parallel and the rounded ends are often semicir-
cular, or may include straight segments. Other known con-
figurations 1nclude square or rectangular with rounded cor-
ners, circular, oval-shaped or the like and all can be
implemented according to the present invention.

Each carousel 11 of the invention contains two or more
friction drive assemblies 12 (depending on design require-
ments) to drive the carousel 11. According to a preferred form
of the invention, all carousels 11 employ at least 2 drive
modules 12 with the number depending on the length of the
path: 0-60 1t=2 drives (1 required, 1 redundant), 61-120 {t=3
drives (2 required, 1 redundant), 121-180 {t=4 drives (3
required, 1 redundant), 181-240 1t=5 drives (4 required, 1
redundant), 241-300 1t=6 drives (5 required, 1 redundant).
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FIG. 21llustrates a schematic carousel system 10 according,
to the invention. Six 2 horsepower motors 14 A-F are provided
with associated disconnect mechanisms 13 which are
switches that connect each motor 14 to its power supply.
Motors 14 have associated manual control stations 16
mounted nearby, such as on a horizontal arm suspended over
the conveyor path as shown. The interior space of the carousel
frame 20 1s sometimes enclosed by a housing and provides
one or more electrical outlets 17 and a suitable place to mount
an alarm 18 (flashing light and sound). For some carousel
applications an induction mechanism 19 i1s provided that
transports baggage onto the conveyor surface, and a photocell
21 can be used to detect baggage pieces on the carousel as
they pass by and may for example be positioned to detect
pieces that are too tall for downstream processing.

The system controller 22 that 1s connected to each of the
motors 14A-14F, for example, by means of a transducer that
generates a signal [the] #kat indicates the electrical current
draw of that motor, which signal 1s used by the closed loop
teedback scheme as described above. When the controller 22
needs to take a motor 14 out of service, a signal 1s generated
to an actuator of the associated disconnect 13 to connect or
disconnect the motor 14 from 1ts power supply.

Other sensors can be used to monitor [conditions other than
current load that can be used to implement closed loop feed-
back according to the invention to monitor] load, motor
health, and jam conditions, and these other sensors can be
used to implement closed-loop feedback according to the
invention. For example, a main chain speed sensor can be
used to determine the speed of the carousel relative to the
motor output. Should the speed start to drop, additional
motors would be engaged until the required speed 1s restored.
Should the speed drop a greater than a preset deceleration
rate, the system will assume a jam condition and stop. During
start-up operations, all motors will engage. After 30 seconds,
motors will sequentially disengage until a speed droop 1s
observed or there 1s only a minimum (typically one) motor
engaged.

Feedback for this control option 1s speed of the carousel
sensed by a pulse generating wheel 1n direct contact with the
surface of the main drive chain. Chain surface speed 1s con-
verted nto pulses whose period 1s observed by the logic
control using conventional means. The observation of the
period and difference 1n the period allows for direct calcula-
tion of the distance, speed, and acceleration of the carousel
chain, which the main controller then compares to preset
levels before taking an action such as described above.

Referring to FIGS. 3-11, the construction of airport carou-
sels and similar conveyors are widely known 1n the art and
implementation of a carousel system 10 according to the
invention can vary considerably, e.g. the drive chain can be of
the friction type as described below, could be sprocket driven,
or could be driven by a series of linear induction motors
(LIM’s). It will be further understood that 1n most figures the
external housing/enclosure of the carousel and all or part of
the conveyor pallet surface are omitted so that underlying
structures can be seen.

Drive units 12 1n this example use a shaft-driven friction
drive wheel 23 and opposing pressure rollers 24 on either side
of the conveyor drive chain 25 to transier drive motive forces
to the recirculating endless chain 25 which 1s made of a series
of pivotally connected chain links 26. The correct drive force
1s maintained to the chain 25 automatically with an acme-
screw type linear actuator 28 and a position switch. Actuator
28 moves the assembly of drive wheel 23, 1ts drive motor 14
(gearmotor or gear-reducer and motor) and supporting brack-
ets towards or away from the drive chain 25. Chain tensioning
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1s carried out using wrench-actuated eccentric bushings 27.
Connector pins 31 are set through rectangular end projections

32A, 32B of adjacent links 26 with bushing 27 set inside of

center projection 32B. Chain guide wheels 33 are mounted at
the bottom ends of pins 31.

Standard modular assemblies, consisting of inner and outer
tracks 36 A, 36B and transoms 37, are bolted together to form
the support structure (frame) 20 and guides for the chain 25
and pallets 15. Each pallet 15 has a support assembly 38 that
1s bolted to one or more of chain links 26 and a pair of wheels
39 that ride on tracks 36 A, 36B. Guide wheels 33 on chain 25
roll around carousel 11 between two additional guide tracks
36C, 36D on conveyor frame 20. Chain 235 1s tensioned by
rotating pins 31 180 degrees on any number of chain links 26.
Overlapping pallets 15 transport baggage or other items
around the carousel 11. Each pallet 15 1s clipped onto 1ts
pallet support assembly 38 by suitable fasteners such as high
strength plastic keys on the pallet undersides.

Preferred specifications for the conveyor carousel 11 are:

Mimimum elevation: 16 inch—arrivals carousels, 28

inch—sort/make-up carousels

Maximum static load: 200 pounds/foot

Maximum live load: 125 pounds/foot

Standard speed: 90 feet/minute (0.5 m/sec)

Finish: 304 stainless steel, 303 stainless steel, or powder-

coat painted hot rolled steel

Wheels: 4 inch (100 mm) outer diameter polyurethane with

sealed-for-life precision ball bearings.

Travel direction: counterclockwise or clockwise

lemperature range: 35° F. to 120° F.

Track: Standard length modules between 934 inches (250

mm) and 11734 inches (2980 mm)

Curves are available 1n: 30°, 45°, or 90° modules, outside
radius standard at 84 inches (2130 mm) 22.5° modules, inside
radius standard at 256 1inches (6500 mm ). Chain: made using,
die cast aluminum links with maintenance free eccentric sin-
tered bushings and hardened steel pins. The pallets are stain-
less steel or black plastic slats available 1n 1400 mm or 1 600
mm lengths.

Bumper: High impact strength polymer with interlocked

design to prevent pinch points

Pallet Support Assembly: formed steel channel supported

by low noise urethane wheels
Drive type: Friction drive wheel imparts drive force to side

of chain links

Standard drive size: 2 HP gearmotors or motor and reducer

combination

Drive capacity in chain length: 60 feet at 125 Ibs./it of

baggage load

Low noise: <65 dBA.

Electro-mechanical linear actuators used 1n sortation carou-
sels according to the imvention will not normally be supplied
to the claim carousel, 1.e., the drive wheel 23 of an 1nactive
drive unit can be allowed to remain 1n contact with the drive
chain in some applications. The control scheme for a claim
carousel need only accommodate the mechanical loss of any
one mechanical drive assembly.

Sortation carousels according to the invention will have
multiple control stations 16. Control stations 16 are typically
located both on the perimeter of each sortation carousel 11
and within the eye (horseshoe, 180 degree curve) of each
sortation carousel 11, adjacent to the unit drives 12. Each
sortation carousel 11 has two modes of operation, normal and
maintenance. The mode of operation 1s selected using a series
of selector switches on the motor control panel (MCP)
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located within each sortation carousel, e.g. as part of control-
ler 22. These switches may be presented as part of a touch
screen display of the MCP.

There 1s a system level selection switch whereby the entire
carousel system 10 (comprising the carousel 11 and its asso-
ciated controls, however configured) 1s either in normal
operations or maintenance operations. During normal opera-
tions, the carousel control switch must be in the “AUTO”
position. The carousel may be under system level control
during normal operations and subject to system and local
RUN, STOP, and EMERGENCY STOP commands. For
maintenance operations, the carousel control switch must be
in the “MAINT” position. During maintenance operations,
the system 1s restricted from system level control and 1s under
local control only.

Each mechanical drive assembly 12 has a set of associated
selector switches to control 1ts operations. These selector
switches allow the drive motors and linear actuator motors to
be placed into NORMAL, and BYPASS modes. In normal
mode, the start pushbuttons located around the perimeter of
the sortation carousel are used to start the sortation carousel.
Once started, all the associated subsystems are subject to
auto-stopping. In starting the system, all drive motors are

identified as NORMAL or BYPASS and all linear actuators
are 1dentified as NORMAL or BYPASS. Drive motors that
are 1dentified as NORMAL are engaged (if not engaged prior
to the last shut-down event) by retracting the linear actuators
for 5 seconds. This allows the actuator to achieve the desired
drive pulley input force via spring deflection and a limait
switch. All motors are soft-started.

During normal operations, all motors are engaged for 30
seconds after startup. The controller 22 (PLC) determines
which operational motor has the lowest operational hours and
labels 1t as the primary motor (internal code). The PLC moni-
tors the current draw of all motors. Any motor runming above
its preset current draw limit 1s removed from system opera-
tion and a fault i1s registered, if all other motors are registering,
normal readings. Any current draw spike after the 30 second
start-up period will be treated as a jam, and all motors will be
shutdown.

Load-demand motor dropout is controlled as follows. Dur-
ing normal operation current monitoring, drive motors will be
disengaged as the load allows. If the current draw for all drive
motors 1s less than 75% of Full-Load Amps (FLA), then a
drive motor 1s disengaged from the main chain interface by
extending the linear actuator for 2.5 seconds and de-energiz-
ing the drive motor. The linear actuator 1s extended at the
same time the drive motor 1s de-energized. A signal 1s sent to
the system monitor. The drive motor disengaged 1s based on
an algorithm which attempts to best distribute the main chain
loading, 1.e. to avoid long spans of drive chain not 1n engage-
ment with a drive unit insofar as possible. The PLC will
continue to disengage drive motor assemblies until the aver-
age current draw on the remaining drive motors 1s at or above
75% of FLA.

During normal operations current monitoring, drive
motors will be engaged as the load demands. If the current for
all drive motors 1s greater than 90% of FLA, then a drive
motor 1s engaged from the main chain interface by energizing
the drive motor and retracting the linear actuator for S5 sec-
onds. This allows the actuator to achieve the desired drive
pulley mput force via spring deflection and a limit switch. A
signal 1s sent to the system monitor and the first drive motor 1s
restarted by the restart algorithm. The restart priorities are to
obtain system balance and to engage the lowest run-time
motors. The PLC will continue to engage drive motor assem-
blies until the average current draw on the remaining drive
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motors 1s at or below 90% of FLA. During normal operations,
if the STOP command 1s given (internally or externally), the
power 1s cut to all drive motors and actuators.

When a sortation carousel 1s 1n maintenance mode, all of
the associated start pushbuttons are set to BYPASS mode,
except for the START pushbutton located on the MCP. When
this START pushbutton 1s depressed, the carousel system
performs a normal start-up sequence with a delay and start-
warning alarm. Regardless of mode, the sortation carousel
can be stopped by any of the e-stops at the unit.

When the whole carousel 1s 1n maintenance mode, the
carousel may only be started by the START pushbutton on the
MCP. Pushing the START pushbutton will cause the alarm to
sound and all available drive motors and linear actuators to
engage normally. The PLC will continue to monitor current
draw to prevent overload conditions, but will not load balance
the drive motors as in normal operations. All the drive motor
and linear actuator selector switches should be 1n the NOR -
MAL position. Any drive motor selector switch in BYPASS
[with] will cause both the drive motor and linear actuator to
behave as BYPASS. Any linear actuator selector switch in
BYPASS will cause the actuator to extend (1f possible) and
allow the drive motor to run without engaging the main chain.

To test an individual drive motor, all other drive motor
selector switches should be set to BYPASS. The drive motor
may be tested with main chain engagement by leaving the
associated linear actuator selector switch in the NORMAL
position. The PLC will disable the drive motor should there be
excessive current draw (from a mechanical obstruction or
overload condition). The drive motor may be tested without
main chain engagement by placing the associated linear
actuator selector switch in the BYPASS position.

To test the linear actuator, the main selector switch should
be in MAINT. The MCP START pushbutton does not need to
be depressed to operate the linear actuators. When the linear
actuator selector switch 1s in NORMAL, the actuator should
be retracted due to the spring detlection that breaks the con-
tacts on the retract limit switch. When the actuator selector
switch 1s 1n DISABLE, the actuator should extend for a set
pertod of time, and may or may not reach its mechanical
over-travel clutch.

Although several embodiments of the present invention
have been described 1n the foregoing detailed description and
illustrated 1n the accompanying drawings, it will be under-
stood by those skilled 1n the art that the mvention 1s not
limited to the embodiments disclosed but 1s capable of numer-
ous rearrangements, substitutions and modifications without
departing from the spirit of the invention. A controller for
purposes of the mvention may be a single control unit that
operates the various components or two or more controllers
that work together. This and other modifications are within
the scope of the mvention as expressed in the appended
claims.

The mvention claimed 1s:

1. A carousel conveyor system, comprising;

an endless conveyor support {frame including one or more
endless support rails disposed along a generally ellipti-
cal carousel path;

a Iriction drive chain disposed on the conveyor support
frame for movement along the carousel path;

a pallet assembly including a series of overlapped pallets
configured to {it over an upper surface of the conveyor
support frame, including a pallet support assembly
including wheels that support the pallets on the rails of
the conveyor support frame; and connectors securing the
pallet assembly to the drive chain for movement in uni-
son therewith;
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at least two friction drive units each including an electric
motor, electrical disconnects for connecting and [dis-
connect] disconnecting each motor from a source of
clectrical power, and a friction drive wheel positioned
for driving contact with the drive chain, which drive
units are located at spaced apart positions on the con-
veyor support frame along the carousel path;

a controller programmed with control logic for operation
of the drive units and connected to receive signals that
indicate electrical load on the motor of that drive unit
during carousel operation and also connected to the dis-
connects 1n a manner that 1s efiective to turn the associ-
ated motor on or off 1n response to a signal from the
controller, wherein the control logic takes an action 1n
response to feedback comprising the signals from each
drive unit that indicate electrical current being drawn by
the motors.

2. The system of claim 1, wherein the control logic takes
action 1n response to feedback comprising signals from each
drive unit that indicate electrical current being drawn by the
motors.

3. The [apparatus] system of claim 1, wherein the action in
response to feedback comprises turning one of the drive unit
motors on or off.

4. The [apparatus] system of claim 1, wherein the action in
response to feedback comprises turning one of the drive unit
motors on 1n response to one or more feedback signals 1ndi-
cating an increase 1n load on the carousel requiring additional
drive force application to the drive chain.

5. The [apparatus] system of claim 1, wherein the action in
response to feedback comprises turning one of the drive unmit
motors ofl 1n response to one or more feedback signals 1ndi-
cating a decrease in load on the carousel requiring less drive
force application to the drive chain.

6. The [apparatus] system of claim 1, wherein the action in
response to feedback comprises turning all of the drive umit
motors ofl 1n response to one or more feedback signals 1ndi-
cating a jam condition has occurred on the carousel.

7. The [apparatus] system of claim 1, wherein at least one of
the drive units 1s redundant 1n that not all of the drive units
need to run at the same time 1n order for the carousel conveyor
to operate at a predetermined load.

8. A carousel conveyor system, comprising:

an endless conveyor support frame including one ov more
endless support rvails disposed along a carousel path;

a drive chain disposed on the conveyor support frame for
movement along the carousel path;

a pallet assembly including a sevies of pallets configured to
it over an upper surface of the conveyor support frame,
including a pallet support assembly including wheels
that support the pallets on the rails of the conveyor
support frame; and connectors securing the pallet
assembly to the drive chain for movement in unison
therewith;

at least two drive units each including an electvic motor,
electrical disconnects for connecting and disconnecting
each motor from a source of electrical power, and con-
figured to drive the drive chain, which drive units are
located at spaced apart positions on the conveyor sup-
port frame along the carousel path;

a controller programmed with control logic for operation
of the drive units and connected to receive signals that
indicate electrical load on the motor of that drvive unit
during carousel operation and also comnnected to the
disconnects in a manner that is effective to turn the
associated motor on or off in vesponse to a signal from
the controller, wherein the control logic takes an action
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in rvesponse to feedback comprising the signals from
each drive unit that indicate electrical current being
drawn by the motors.

9. The system of claim 8, wherein the control logic takes
action in vesponse to feedback comprising signals from each
drive unit that indicate electrical current being drawn by the
MOILoFs.

10. The system of claim 8, wherein the action in response to
feedback comprises turning one of the drive unit motors on or
off-

11. The system of claim 8, wherein the action in vesponse to
feedback comprises turning one of the drvive unit motors on in
response to one or more feedback signals indicating an
increase in load on the carousel vequiring additional drive
force application to the drive chain.

12. The system of claim 8, wherein the action in vesponse to
Jeedback comprises turning one of the drvive unit motors off in
response to one orv more feedback signals indicating a

decrease in load on the carousel vequiving less drive force
application to the drive chain.
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13. The system of claim 8, wherein the action in vesponse to
feedback comprises turning all of the drive unit motors off in

response to one or more feedback signals indicating a jam
condition has occurred on the carousel.

14. The system of claim 8, wherein at least one of the drive
units is redundant in that not all of the drive units need to run
at the same time in ovder for the carousel conveyor to operate
at a predetermined load.

15. The system of claim 8, wherein the at least two drive

10 units are each configured to drive the drive chain using a
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friction drive wheel.

16. The system of claim 8, wherein the at least two drive
units are each configured to drive the drive chain using a
sprocket.

17. The system of claim 8, wherein the at least two drive
units are each configured to drive the drive chain using a
linear induction motor.

18. The system of claim 8, wherein the conveyor path
includes rounded portions and straight portions.
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