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SYSTEM AND METHOD FOR SIMULTANEOUSLY FILLING CONTAINERS OF
DIFFERENT SHAPES AND/OR SIZES

TECHNICAL FIELD

[0001] The systems and methods described below generally relate to a track system and

methods for transporting at least one container to one or more unit operation stations.

BACKGROUND

[0002] High speed container filling systems are well known and used in many different
industries. In many of the systems, fluids are supplied to containers to be filled through a series
of pumps, pressurized tanks and flow meters, fluid filling nozzles, and/or valves to help ensure the
correct amount of fluid is dispensed into the containers. These high speed container systems are
typically systems that are configured to only fill one type of container with one type of fluid. When
a different container type and/or different fluid is desired from the system, the configuration of the
system must be changed (e.g., different nozzles, different carrier systems, etc.) which can be time
consuming, costly, and can result in increased downtimes. To provide consumers with a diverse
product line, a manufacturer must employ many different high speed container systems which can

be expensive and space intensive.

[0003] These high speed container filling systems are also typically incapable of providing
different containers and arrangements of containers in a package without manual handling of the

containers and/or packaging which can be time consuming, expensive, and frequently inaccurate.

[0004] Various patent publications disclose article handling systems (though not
necessarily container filling systems). These include: U.S. Patents. 6,011,508, Perreault, et al;
6,101,952, Thomton, et al.; 6,499,701, Cho; 6,578,495, Yitts, et al.; 6,781,524, Clark, et al.;
6,917,136, Thornton, et al.; 6,983,701, Thornton, etal.; 7,011,728 B2, 7,264,426 B2, Buttrick, Jr.;
Dewig, et al.; 7,448,327, Thornton, et al.; 7,458,454, Mendenhall; 8,591,779 B2, Senn, et al;
9,032,880; 9,233,800 B2, Senn, et al.; U.S. Patent Application Publications US 2015/0079220 A1
(now U.S. Patent 9,283,709 B2, Lindner, et al.) and US 2016/114988 A1l; and, EP Patent 1 645

340 B1. The search for improved high speed container filling systems has continued.
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[0005] Thus, it would be advantageous to provide a filling system and methods of filling
containers with an improved traffic control system. It would also be advantageous to provide a
filling system and a method of filling containers that are versatile and can fill different containers
with different fluids simultaneously. It would also be advantageous to provide a filling system
and a method of filling containers that allows for on-demand fulfillment of orders without

requiring manual packing.
SUMMARY

[0006] In accordance with one embodiment, a system is provided which comprises a
plurality of containers for holding a fluent material, a plurality of vehicles for containers, and a
track system comprising a track on which container-loaded vehicles are propellable. The track
system comprises a primary transport portion that defines a primary path comprised of track that
forms a closed loop that is configured to permit at least one container-loaded vehicle to travel in a
holding pattern. The track system further comprises at least one secondary transport portion that
extends from the primary transport portion and defines a secondary path that intersects the primary
path at an ingress location and at an egress location. The system also comprises at least one unit
operation station disposed along a secondary transport portion configured to perform a container
treatment operation on at least one container or the contents thereof, of a container-loaded vehicle.
The plurality of container-loaded vehicles are independently routable along the track system to
deliver at least some of the containers to the at least one unit operation station for performing a

container treatment operation at least some of the containers.

[0007] In accordance with another embodiment, a system is provided which comprises a
plurality of first containers, a plurality of second containers, a track system, at least two unit
operation stations disposed along the track system, and a plurality of vehicles propellable along
the track system. Each of the plurality of first containers has a shape, and appearance, an opening,
and a volume for holding a fluent material. Each of the plurality of second containers has a shape,
an appearance, an opening, and a volume for holding a fluent material. One or more of the shape,
appearance, and the volume of each of the second containers is different from one or more of the
shape, appearance, and the volume, respectively, of each of the first containers. One or more of

the first containers and one or more of the second containers are disposed on respective vehicles,
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and the one or more first containers and second containers are empty at the time they first become
disposed on respective vehicles. The plurality of vehicles are routable along the track system to
facilitate simultaneous delivery of the first containers and the second containers to different unit

operation stations.

[0007a] In accordance with certain embodiments, there is provided a system as described
above in which one of the unit operation stations comprises a loading station that is configured to

facilitate loading of a first container and/or a second container onto one of the vehicles.

[0008] In accordance with yet another embodiment, a system is provided which comprises
at least one container for holding a fluent material, a track system, a plurality of unit operation
stations, and a plurality of vehicles propellable along the track system. The container has at least
one opening and at least one closure is provided for selectively sealing the opening(s) of the
container. One of the plurality of unit operation stations is disposed along the track system and
configured to dispense fluent material into a container. Each container is disposed on a respective
vehicle, and the plurality of vehicles are independently routable along the track system to deliver
at least one container and at least one closure to at least one unit operation station for applying a

closure onto a container.

[0009] In accordance with still yet another embodiment, a system is provided which
comprises at least one first container and at least one second container for holding a fluent material,
a track system, at least one unit operation station for dispensing fluent material disposed along the
track system, and a plurality of vehicles propellable along the track system. A first container and
a second container are disposed on the same or different vehicles. Each vehicle is independently
routable along the track system to deliver the first and second containers to the at least one unit
operation station. The first container and the second container receive one or more fluent materials
dispensed by one or more filling unit operation stations for dispensing fluent material, wherein the
filling unit operation stations are configured to dispense fluent material so that the first and second
fluent compositions in the first and second containers differ from one another. The first and second
fluent compositions may differ in one or more of the following ways. There is a difference in the
presence or type of at least one ingredient in the fluent composition in the first container and that

the fluent composition in the second container. In addition, or alternatively, the fluent
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compositions in the first and second containers have at least one common ingredient, and at least
one of the following relationships is present: (a) the difference in weight percentage of the same
ingredient in the two fluent compositions is greater than or equal to about 1.1 as determined by
dividing the weight percent of the ingredient that is present in the greater amount in the two fluent
compositions by the weight percent of the same ingredient that is present in the lesser amount in
the two fluent compositions; and (b) when the weight percentage of at least one of the ingredients
common to both the first and second containers is present in the two fluent composition in an
amount of at least 2%, and the difference of the weight percent of the same ingredient in the two

fluent compositions is greater than or equal to 2%.

[0010] In accordance with another embodiment, a system is provided which comprises a
plurality of containers for holding a fluent material, a track system, a plurality of unit operation
stations disposed along the track system, and a plurality of vehicles propellable along the track
system. Each container is disposed on one of the vehicles, and each vehicle is independently
routable along the track system to deliver the containers to at least one operation station. At least
some of the vehicles have associated therewith a unique route along the track system assigned by

a control system to facilitate simultaneous production of different finished products.

[0011] In accordance with yet another embodiment, a system is provided which comprises
a plurality of containers for holding a fluent material, a plurality of vehicles for containers, a track
system comprising a track on which container-loaded vehicles are propellable, a plurality of unit
operation stations disposed along the track system and configured to cooperate to create at least
one finished product. Each container is disposed on a vehicle, and the plurality of vehicles are
independently routable along the track system to deliver at least some of the containers to at least
one unit operation station. The system further comprises a control system comprising one or more
controller units which: receives demand for finished products to be made; determines a route for
a vehicle, where said route is determined based on a status of one or more unit operation stations;
and causes a vehicle to be propelled to progress along said determined route so as to create one or
more of said demanded finished products, and delivers one or more finished products to an

unloading station.

[0012] In accordance with still yet another embodiment, a method of producing different

fluent products on a single production line is provided. The method comprises the steps of: (a)
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providing a track system comprising a track on which container-loaded vehicles are propellable;
(b) providing a plurality of empty containers comprising a first container and a second container;
(c) providing a plurality of vehicles; (d) loading the first and second empty containers onto one or
two vehicles; and (e) simultaneously sending one of the container-loaded vehicles to a filling unit
operation station wherein a fluent product is dispensed into the first container and another one of
the container-loaded vehicles to a filling unit operation station where a different fluent product is

dispensed into the second container. Steps (a)-(c) may occur in any suitable order.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] It is believed that certain embodiments will be better understood from the

following description taken in conjunction with the accompanying drawings in which:

[0014] FIG. 1 is a schematic view depicting a track system having a track and a control

system, in accordance with one embodiment.

[0015] FIG. 1A is a schematic view of a track system having an alternative configuration.
[0016] FIG. 1B is a schematic view of a track system having another alternative
configuration.
[0017] FIG. 1C is a schematic view of a track system having another alternative
configuration.
[0018] FIG. 1D is a fragmented schematic view of a track system having another

alternative configuration.

[0019] FIG. 2 is an exploded isometric view depicting a vehicle for the track system of

FIG. 1 associated with a container.

[0020] FIG. 3 is a side view of the vehicle of FIG. 2.
[0021] FIG. 4 is an isometric view depicting a straight portion of the track of FIG. 1.
[0022] FIG. 5 is an isometric view depicting a curved portion of the track of FIG. 1.
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[0023] FIG. 6 is an isometric view depicting a transition portion of the track of FIG. 1.
[0024] FIG. 7 is an isometric view depicting a filling/capping station of the track of FIG.
1.

[0025] FIG. 8 is an enlarged schematic view of a secondary transport portion, in

accordance with another embodiment;
[0026] FIG. 9 is a schematic view of the control system of FIG. 1.

[0027] FIG. 10 is a flow chart depicting a Sequencing Phase of a control routine

implemented by the control system of FIG. 1, according to one embodiment.

[0028] FIG. 11 is a flow chart depicting a Demand Propagation Phase of the control routine

implemented by the control system of FIG. 1, according to one embodiment.

[0029] FIG. 12 is a flow chart depicting an Effective Route Identification Phase of the

control routine implemented by the control system of FIG. 1, according to one embodiment.

[0030] FIGS. 13A and 13B are flow charts depicting parts of a Route Ranking Phase of

the control routine implemented by the control system of FIG. 1, according to one embodiment.

DETAILED DESCRIPTION

[0031] Definitions

[0032] The term “capping”, as used herein, refers to applying any suitable type of closure

to a container, and includes but is not limited to applying a cap to a container.

[0033] The term “constraints”, as used herein as in “constraints on arriving at one or more
unit operation stations”, refers to limitations or restrictions on a vehicle arriving at one or more
unit operation stations. Examples of constraints on arriving at one or more unit operation stations
include: the infeed queue not being full; and requirements that one or more containers arrive

before one or more other containers in order to form a specific package.
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[0034] The term “container”, as used herein, refers to an article that is capable of holding
a material, such as a fluent material, and includes, but is not limited to bottles, unit dose pods,
pouches, sachets, boxes, packages, cans, and cartons. The containers can have a rigid, flexi-

resilient, or flexible structure in whole or in part.

[0035] The term “container-loaded”, as used herein, means having one or more containers

disposed thereon.

[0036] The term “container treatment operation”, as used herein, refers to one or more of
the following unit operations: (a) a filling operation station for dispensing fluent material into a
container; (b) a decorating operation; and (c) a capping operation. The term “container treatment
operation” does not include the operations of loading and/or unloading containers onto the
vehicles. When the term “container treatment operation” is said to be performed on a container-
loaded vehicle, it is understood that the operation can be performed on the container and/or its

contents, as appropriate.

[0037] The term “decoration”, as used herein, refers to a visual, tactile, or olfactory effect
applied by means of material deposition that is applied directly, or transferred to an article or by
transforming a property of an article, or combinations thereof. The article may include the
container and/or the closure. Examples of a material deposition that is applied directly to an article
include, but are not limited to applying a label to an article (labelling), and/or printing on an article.
An example of transforming a property of an article without transferring a material to the surface
of the article is imparting an image on the surface of an article by a laser. The term “decorating”,

as used herein, refers to the act of applying a decoration.

[0038] The term “different finished products”, as used herein, means differing in container
volume, container shape, container size, contained material volume or mass, contained ingredients,
contained fluent product composition, container or closure appearance, closure type, container
composition, closure composition, or other finished product attribute. The “appearance” of a
container (and a closure) refers to its color, and any decoration thereon including any label or label
contents thereon. When the finished products are described as differing from each other in one of
more of the foregoing properties, it is meant to include those differences other than minor

differences that are the result of variations within manufacturing tolerances.
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[0039] The term “different fluent products”, as used herein, means differing in at least one
property such as: state (e.g., liquid, solid, or non-headspace gas), differing amounts of one or more
states of matter in the fluent products, differences in ingredients, differing amounts of one or more
ingredients in the fluent products, observable properties (as perceived or measured by an observer
such as color, scent, viscosity), particle size of any solid particles, and other properties. When the
fluent products are described as differing from each other in one of more of the foregoing
properties, it is meant to include those differences other than minor differences that are the result
of variations within manufacturing tolerances. With respect to differences between two different
fluent products based on their respective ingredient(s), it means when one of the two fluent
products comprises an ingredient that is absent from the other fluent product. With respect to
differing amounts of at least one same ingredient in two different fluent products, it means when
the two different fluent products each contain the at least one same ingredient with a minimum or
greater difference based on weight, as determined by one or both of the following methods. Both
methods rely on knowledge of the proportion of said same ingredient in each different formula as
a weight percent of the total fluent product weight of the total amount fluent product(s) contained
with each fluent product’s respective container associated with their respective finished product.
Method 1 determines that two fluent products are different if the ratio of the weight percent of the
same ingredient in the two fluent products is greater than or equal to about 1.1 (and, thus, greater
than or equal to about 1.25) as determined by dividing the weight percent that is the greater of the
two fluent products by the weight percent that is the lesser of the two fluent products. Method 2
applies to when the weight percent of the same ingredients are each present in each of the fluent
materials is minimally equal to or greater than 2% (as expressed as a weight percent) and the
difference of the weight percent of the same ingredient in the two fluent products is about equal or
greater than 2%, or any integer % value up to and including 99%, as determined by subtracting the
weight percent that is the greater of the two fluent products by the weight percent that is the lesser
of the two fluent products. Different fluent products refer to the entirety of the weight sum of
fluent product(s) contained within a finished product wherein the fluent product(s) may be
contained within one or multiple fluent product-containing chambers. Non-headspace gas refers
to pressurized gas of which examples include: propellant gas such as for aerosol products and
pressurized gas for a sealed chamber to provide structural support or shape definition to a

container.
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[0040] The terms “disposed on” or “disposed thereon”, as used herein with reference to
the containers on container-loaded vehicles, means any of the following: held by, affixed to, or
otherwise coupled to in a removable manner. When the containers are described as being disposed
on the vehicles, the container(s) can be in any suitable orientation with respect to the vehicles
including, but not limited to: on top of the vehicles, underneath the vehicles, adjacent to one or
more of the sides of the vehicles, or (if there are more than one container disposed on a vehicle)

any combinations thereof.

[0041] The term “fast cycle”, with respect to stations, refers to inspection stations, such as
weighing stations, scanners (e.g., for scanning bar codes, QR codes, RFID codes, etc.), vision
systems, metal detectors, and other types of stations in which the task performed at such stations

are carried out in a minimal amount of time relative to at least some other unit operation stations.

[0042] The term “finished product”, as used herein, comprises a container, the fluent

material (or contents) therein, any decoration on the container, and the closure on the container.

[0043] The term “fluent product” (or “fluent material”), as used herein, refers to liquid
products, gels, slurries, flowable pastes, pourable solid products (including, but not limited to
granular materials, powders, beads, and pods), and/or gaseous products (including, but not limited

to those used in aerosols).

[0044] The term “holding pattern”, as used herein, means that at least one (empty) vehicle
or container-loaded vehicle travels past at least one point on a closed loop (of a main closed loop
or sub-loop) twice while traveling in the same direction without an intervening trip in the opposite
direction past said point. In addition, the term “holding pattern” means that the container-loaded
vehicle also does not unload a container in between passing through the point twice. Thus, a
typical operation of recirculating a vehicle to make a second product after using the vehicle to
make a first product would not be considered moving the vehicle in a holding pattern. When it is
said that a container is “empty”, the container will be considered to be empty even though it

contains atmospheric air therein.

[0045] The term “infeed queue”, as used herein, refers to an area where vehicles wait for

a unit operation station to become ready to receive the vehicles. The infeed queue can be expressed
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in terms of a length of track or a number of vehicles that can be queued in this area. Different unit
operation stations may either have the same or different infeed queue lengths. Therefore, the queue
lengths of some unit operation stations may be shorter or longer than the queue lengths at other
unit operation stations. The infeed queue can (if using the number of vehicles) range from O (if no
vehicles are able to wait in front of a given vehicle), up to hundreds of vehicles. In some cases,

the queue length may be between about 2-10 vehicles.

[0046] The term “inspection”, as used herein, may include any of the following: scanning,
weighing, detecting the presence or orientation of a container, or other types of inspection.
Inspections may be performed by weighing stations, scanners (e.g., for scanning bar codes, QR

codes, RFID codes, etc.), vision systems, metal detectors, and other types of stations.

[0047] The term “interface point”, as used herein, refers to a specific location on a
track. The interface point location is pre-selected, for the purpose of the product scheduling
controller. Exactly one interface point can be defined along the track between adjacent unit
operation station groups, such that it could be said that a unit operation station group has an
upstream interface point located between the unit operation stations of the unit operation station
group and the unit operation stations of an upstream unit operation station group, and that a unit
operation station group has a downstream interface point located between the unit operation
stations of the unit operation station group and the unit operation stations of a downstream unit
operation station group. As an example, the unit operation stations 86 of FIG. 1 comprise a unit
operation station group. This unit operation station group has an upstream interface point 12 (FIG.
1) and a downstream interface point I3 (FIG. 1). Elaborating on the same example, the unit
operation stations 88 of FIG. 1 comprise a second unit operation station group. The second unit
operation station group has an upstream interface point I3 (FIG. 1) and a downstream interface
point 14 (FIG. 1). Thusly, an interface point may serve as both a downstream interface point for a
first unit operation station group and an upstream interface point for a second unit operation station
group. Interface points need not (and often do not) correspond to the location of ingress or egress
switches. Interface points may be on either the primary transport path or the secondary transport
path(s).
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[0048] The term “joined to” as used throughout this disclosure, encompasses
configurations in which an element is directly secured to another element by affixing the element
directly to the other element; configurations in which the element is indirectly secured to the other
element by affixing the element to intermediate member(s) which in turn are affixed to the other
element; and configurations in which one element is integral with another element, i.e., one

element is essentially part of the other element.

[0049] The term “operation”, as used herein with respect to an activity that occurs at a unit

operation station, includes transformations and inspections.

[0050] The term “packaging”, as used herein, means a structure or material that is at least
partially disposed on or about a consumer product. “Primary packaging” means the container in
which the consumer product is in direct contact and includes its closure, pump, cap, or other
peripheral items. “Secondary packaging” means any additional materials that are associated with
the primary packaging, such as, for example, a container such as a box or polymeric sleeve that at

least partially surrounds, contains, or contacts the primary packaging.
[0051] The term “plurality”, as used herein, means more than one.

[0052] The term “propellable”, as used herein, means able to be propelled in any manner.
Vehicles can be propellable, for example, by gravity, or by a propulsive force which may be

mechanical, electrical, magnetic, or other form of propulsion.

[0053] The term “route”, as used herein, refers to an ordered list of unit operation stations
for a container-loaded vehicle to visit and operations to be completed at such unit operation stations

in order to create finished products.

[0054] The term “simultaneous”, as used herein, not only means something that starts at
the (exact) same time, but also something that may not start and/or end at the exact same time, but
which takes place during the same time frame. One or more of the following may be specified to
occur simultaneously in the systems and methods described herein: the routing of vehicles; the
delivery of different vehicles to unit operation stations; the carrying out of operations at the same

or different unit operation stations; and/or the process of (or any steps in the process of) creating a
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plurality of (the same or different) finished products in the same type of container or in different

types of containers.

[0055] The term “system”, as used herein with respect to the track, refers to a (single)
network on which one or more container-loaded vehicles can be routed to one or more unit
operations. The tracks and paths in a system will, therefore, typically be joined (at least indirectly)
to each other. In contrast, separate unconnected processing lines in the same building or facility,
or in a different building or facility, would not be considered to comprise a system. Thus, two
unconnected filling lines in the same building that are being operated to fill containers with

different fluids would not be considered to comprise a system.

[0056] The terms “transformation”, as used herein, includes physical, chemical, and
biological changes to a container and/or its contents. Examples of transformations include, but are
not limited to: loading, dispensing, filling, mixing, capping, sealing, decorating, labelling,
emptying, unloading, heating, cooling, pasteurizing, sterilizing, wrapping, rotating or inverting,
printing, cutting, separating, pausing to allow mechanical settling or mechanical separation or
chemical reaction, or etching. The term “transformation” does not include inspection of a

container and/or its contents.

[0057] The term “unique”, as used herein to modify the term “route”, means the number,
type, or sequence of unit operation stations or operations completed at the unit operation stations

differs from that of another container-loaded vehicle.

[0058] The term “unit operation station”, as used herein, means a location where the
container or its contents undergoes an operation which may be a transformation or an inspection.
The types of transformations defined above may each be carried out at separate unit operation
stations; or one or more transformations and/or inspections may be described as one operation that
is carried out at a single unit operation station. In one non-limiting example of the latter, the
transformations of uncapping, filling, and capping could be carried out at a single filling/capping

unit operation station.

[0059] All percentages and ratios are calculated by weight of the total composition, unless

otherwise indicated.
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[0060] In connection with the views and examples of FIGS. 1-9 (including FIGS. 1A to
1D), wherein like numbers indicate the same or corresponding elements throughout the views, a
track system 20 is shown in FIG. 1 to include a track 22 and a plurality of vehicles 24 that are
propellable along the track 22. The track system 20 can comprise any suitable type of system. In
some embodiments, the track system 20 can be a linear synchronous motor (LSM) based system
that facilitates propulsion of the vehicles 24 along the track 22 using electromagnetic force (EMF).
In other embodiments, the track system can be a system in which the vehicles are propelled in
some other manner, such as by individual servo motors. In the embodiment shown, however the

vehicles are propelled by a linear synchronous motor (LSM) based system.

[0061] One of the vehicles 24 is illustrated in FIG. 2 and is shown to include an upper
portion 26 and a lower portion 28 that are coupled together by a central rib 30. In one embodiment,
the upper and lower portions 26, 28 can be releasably coupled together with fasteners 32. The
upper and lower portions 26, 28 can be spaced from each other by the central rib 30. As illustrated
in FIG. 3, the upper portion 26 can include a wear surface or running surface 34 that is adjacent to
the central rib 30 and faces the lower portion 28. The lower portion 28 can include a magnet 36
that facilitates LSM propulsion of the vehicle 24 along the track 22. In one embodiment, the
magnet 36 can be a magnet array having a central magnet that is formed of a south pole and
sandwiched between two ends that are each formed as a north pole. It is to be appreciated that the
vehicles 24 can be any of a variety of suitable alternative arrangements for facilitating LSM
propulsion along a track system. Some examples of these alternative arrangements are described
in U.S. Patents 6,011,508; 6,101,952; 6,499.701; 6,578,495; 6,781,524; 6.917,136; 6,983,701;
7,448 327; 7,458 454 and 9,032,880.

[0062] A container 38 can be provided on the vehicle 24 for routing of the container 38
around the track 22 to facilitate filling of the container 38 with fluent material and/or performing
other operations on the container and/or its contents. The container 38 can define at least one
opening 40 for receiving and dispensing fluent material. When it is said that the container has an
opening 40, embodiments with multiple openings (such as multi-compartment containers with
separate closures or a single closure, press-tab vent and dispenser containers, and the like) are also

included. There can be multiple containers on a single vehicle, or on different vehicles.
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[0063] When there is more than one container on the track system 22, the containers 24
may be all of the same type or geometric form (that is, the containers are of the same size, shape,
appearance, and have the same volume), or any of the containers may differ from the other in one
or more of size, shape, appearance, or volume. When reference is made to the “shape” of a
container, it is understood that this means the exterior shape of the container. When reference is
made to the “volume” of a container, it is understood that this means the interior volume of the
container. The multiple containers can be identified as first, second, third, etc. containers. On the
track system at any given time, more than two containers may differ and/or hold fluent materials
that differ from other containers. In some embodiments, there may be 3, 4, 5, 6, 7, 8,9, 10, or
more, different types of containers, or groups of different types of containers (that may differ from
each other in container type and/or in the fluent materials contained therein) that are disposed along

the track system at any given time.

[0064] A closure 42 can be joined to the container to close the opening 40 until it is desired
to dispense the product from the container (that is, the closure “selectively seals” the opening).
Closures include, but are not limited to: caps, such as snap caps, threaded-screw caps, caps
comprising multiple parts like a hinge and top or a transition spout, glued-on caps (such as those
used on some laundry detergent containers with spouts), caps that serve metering functions like
oral rinse caps, pumps or triggers, and aerosol nozzles. The closures have a shape, a size, and
appearance. Similarly to the containers, the closures may all be of the same type, or any of the
closures may differ from others in one or more of shape, size, or appearance. The multiple closures

can be identified as first, second, third, etc. closures.

[0065] In one embodiment, as shown in FIG. 2, the container 38 can be releasably secured
to the vehicle 24 via a vacuum port 44 defined by the upper portion 26 of the vehicle 24. In such
an embodiment, when the container 38 is placed upon the upper portion 26 of the vehicle 24, a
vacuum can be drawn on the vacuum port 44 by drawing a vacuum on a primary port 46. When
the container 38 is provided over the vacuum port 44 and a vacuum is drawn on the vacuum port
46, the vacuum can secure the container 38 to the vehicle 24. The primary port 46 can include a
valve, such as a Schrader valve (not shown) that selectively fluidically isolates the primary port 46
from the vacuum port 44 such that once a vacuum is drawn on the container 38, the valve prevents

the vacuum from releasing until the valve is subsequently actuated. In one embodiment, an upper
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surface 48 of the upper portion 26 can be formed of an elastomeric or other similar material that
encourages an effective seal between the container 38 and the upper surface 48. It should be
understood that although part of the vehicle 24 is described herein as the upper portion 26, this
portion this portion of the vehicle comprises a retaining surface for the container, and need not
always be oriented upward. The retaining surface can be oriented in any suitable direction,
including downward (upside down) or sideways at any suitable stage of the processes described
herein. (Of course, a container with fluent material therein and its opening unsealed, will typically
not be conveyed in an upside down condition, but an empty container or a closed container could

be conveyed upside down or sideways.)

[0066] It is to be appreciated that containers, as described herein, can be any of a variety
of configurations and can be used across a variety of industries to hold a variety of products. For
example, any embodiment of containers, as described herein, may be used across the consumer
products industry and the industrial products industry, wherein said containers contain a fluent
product. The containers may be filled in one or multiple filling operations to contain, after partial
or complete intended filling, a portion, or multiple ingredients of, or all ingredients of, a finished

product. Finished products may in part or whole be flowable or fluent.

[0067] Examples of finished products include any of the following products, in whole or
part, any of which can take any workable fluent product form described herein or known in the art:
baby care products (e.g. soaps, shampoos, and lotions); beauty care products for cleaning, treating,
beautifying, and/or decorating human or animal hair (e.g. hair shampoos, hair conditioners, hair
dyes, hair colorants, hair repair products, hair growth products, hair removal products, hair
minimization products, etc.); beauty care products for cleaning, treating, beautifying, and/or
decorating human or animal skin (e.g. soaps, body washes, body scrubs, facial cleansers,
astringents, sunscreens, sun block lotions, lip balms, cosmetics, skin conditioners, cold creams,
skin moisturizers, antiperspirants, deodorants, etc.); beauty care products for cleaning, treating,
beautifying, and/or decorating human or animal nails (e.g. nail polishes, nail polish removers, etc.);
grooming products for cleaning, treating, beautifying, and/or decorating human facial hair (e.g.
shaving products, pre-shaving products, after shaving products, etc.); health care products for
cleaning, treating, beautifying, and/or decorating human or animal oral cavities (e.g. toothpaste,

mouthwash, breath freshening products, anti-plaque products, tooth whitening products, etc.);
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health care products for treating human and/or animal health conditions (e.g. medicines,
medicaments, pharmaceuticals, vitamins, nutraceuticals, nutrient supplements (for calcium, fiber,
etc.), cough treatment products, cold remedies, lozenges, treatments for respiratory and/or allergy
conditions, pain relievers, sleep aids, gastrointestinal treatment products (for heartburn, upset
stomach, diarrhea, irritable bowel syndrome, etc.), purified water, treated water, etc.; pet care
products for feeding and/or caring for animals (e.g. pet food, pet vitamins, pet medicines, pet
chews, pet treats, etc.); fabric care products for cleaning, conditioning, refreshing and/or treating
fabrics, clothes and/or laundry (e.g. laundry detergents, fabric conditioners, fabric dyes, fabric
bleaches, etc.); dish care products for home, commercial, and/or industrial use (e.g. dish soaps and
rinse aids for hand-washing and/or machine washing); cleaning and/or deodorizing products for
home, commercial, and/or industrial use (e.g. soft surface cleaners, hard surface cleaners, glass
cleaners, ceramic tile cleaners, carpet cleaner, wood cleaners, multi-surface cleaners, surface
disinfectants, kitchen cleaners, bath cleaners (e.g. sink, toilet, tub, and/or shower cleaners),
appliance cleaning products, appliance treatment products, car cleaning products, car deodorizing
products, air cleaners, air deodorizers, air disinfectants, etc.), and the like. Personal care products
include cosmetics, hair care, skin care, and oral care products, i.e., shampoo, soap, tooth paste for

human use.

[0068] As further examples, any embodiment of containers, as described herein, may
contain products or product elements to be used across additional areas of home, commercial
and/or industrial, building and/or grounds, construction and/or maintenance. As further examples,
any embodiment of containers, as described herein, may contain products or product elements to
be used across the food and beverage industry. As still further examples, any embodiment of
containers, as described herein, may contain products or product elements to be used across the

medical industry.

[0069] It is to be appreciated that the containers (e.g., 38) can be formed of any of a variety
of suitable materials, such as, for example, a polymeric composition. The polymeric composition
can be formed (e.g., molded into various articles such as containers, formed into one or more pieces
of film that are joined together to form a container, or otherwise formed) into products and product
packaging. In some cases (such as to form bottles), the composition may be extrusion blow molded

or injection molded. Typically, high density polyethylene (HDPE) is extrusion blow molded and
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polyethylene terephthalate (PET) is injection stretch blow molded. A completely assembled
container may comprise one or more elements which include, but are not limited to a container, a

closure, a nozzle, and/or a handle.

[0070] The vehicles 24 can be configured to accommodate certain of the container types.
As such, different vehicle types can be provided on the track 22 to allow for simultaneous routing
of different container types along the track 22. The vehicles 24 are also not limited to conveying
containers. In some cases, the vehicles 24 can be used for other purposes which may include, but
are not limited to: delivering raw materials to a unit operation station; and delivering tools such
as changeover tools and the like to various locations around the track system. For example, a

vehicle may be used to carry a tool that removes labels from a decoration unit operation station.

[0071] Referring again to FIG. 1, the track 22 can be formed by a plurality of straight
portions 50a, a plurality of curved portions 50b, and a plurality of transition portions 50c. One of
the straight portions 50a is illustrated in FIG. 4 and is shown to include a pair of rails 52a that are
coupled with a base 54a. The base 54a can include a running surface 56a and a plurality of
conductive propulsion coils 58a disposed beneath the running surface 56a. The conductive
propulsion coils facilitate routing of the vehicles along the track 22 in a direction of travel. Each
conductive propulsion coil defines a common axis and comprises a conductor having one or more
turns that are disposed about the common axis. The respective common axes of the plurality of
conductive propulsion coils may be substantially parallel with one another and substantially
orthogonal to the desired direction of travel. The plurality of coils 58a can be mounted on an
underlying substrate 60a, which in some embodiments can be a printed circuit board (PCB). The
plurality of coils 58a can be electrically coupled with a power source (not shown) that can facilitate
energization of the power coils 58a to propel the vehicles 24 along the track 22. The propulsion
coils 58a may be disposed on at least one of the opposing sides of the magnet of a vehicle to
facilitate propulsion of the vehicle along the track system. A control system 62 (FIG. 1) can control
the energization of the coils 58a to control the propulsion of the vehicles 24 along the track 22. In
one embodiment, each coil 58a can be electrically coupled to a transistor (e.g., a MOSFET or
IGBT) which is coupled with an output of an “H-bridge”. The control system 62 can control the
propulsion of each of the vehicles 24 along the track 22 through operation of the H-bridge which

controls the amount and direction of current in each coil 58a. Hall effect sensors (not shown) can
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be distributed along the base 54a to facilitate detection of the magnetic field produced by the
vehicles 24 on the track 22. The control system 62 can be in electrical communication with the
Hall effect sensors to facilitate selective control of various propulsion characteristics of the

vehicles 24 (e.g., speed, direction, position).

[0072] Each rail 52a can have an upper portion 64a and a side portion 66a that cooperate
together to form an L-shape when viewed from the end. Each of the rails 52a are coupled at the
side portions 66a to the base 54a with fasteners 68a. When each vehicle 24 is provided on the
track 22, the upper portions 64a of each of the rails 52a can extend into the space between the
upper and lower portions 26, 28 of the vehicle 24 such that the wear surface 34 of the upper portion
26 of the vehicle 24 can ride on the upper portion 64a of the rails 52a. In alternative embodiments,
the wear surface can have wheels extending therefrom, and the wheels can travel over the upper
portion 64a of the rails 52a. The side portions 66a of each of the rails 52a can extend along opposite
sides of the lower portion 28 of the vehicle 24. During operation of the vehicles 24 along the track
22, the rails 52a can facilitate guidance of the vehicles 24 along the running surface 56a while
suspending the vehicle 24 above the running surface 56a enough to allow the vehicles 24 to be

magnetically propelled along the track 22.

[0073] Referring now to FIG. 5, one of the curved portions 50b is illustrated, which is
similar to, or the same as in many respects as the straight portion 50a illustrated in FIG. 4. For
example, the curved portion 50b can include a pair of rails 52b that are coupled with a base 54b.
The base 54b can include a running surface 56b and a plurality of coils (not shown) that are
disposed beneath the running surface 56b. However, the curved portion 50b can be angled by

about 90 degrees to facilitate turning of the vehicles 24 along the track 22.

[0074] Referring now to FIG. 6, one of the transition portions 50c is illustrated, which is
similar to, or the same as in many respects as the straight portion 50a illustrated in FIG. 4. For
example, the transition portion 50c can include a plurality of rails 52¢ that are coupled with a base
54c¢. The base 54c¢ can include a running surface 56¢ and a plurality of coils (not shown) that are
disposed beneath the running surface 56¢c. However, the transition portion 50c can have a straight
portion 70c and an angled portion 72c¢ that facilitate routing of the vehicles 24 in different

directions. In one embodiment, the transition portion 50c can include a flipper member 74 that is
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pivotable between a retracted position (shown in FIG. 6) and an extended position (not shown).
When the flipper member 74 is in the retracted position, a passing vehicle 24 will travel along the
straight portion 70c of the transition portion 50c. When the flipper member 74 is in the extended
position, a passing vehicle 24 will be routed from the straight portion 70c to the angled portion
72¢. The control system 62 can be in electrical communication with the flipper member 74 to
facilitate selective control of the routing of passing vehicles 24 to either the straight portion 70c or
the angled portion 72¢. It is to be appreciated that any of a variety of suitable alternative ingress
switches and/or egress switches can be employed to facilitate selective routing of a vehicle between
the straight portion 70c and the angled portion 72c. Some examples of these alternative
arrangements are described in U.S. Pat. No. 9,032,880 and U.S. Pat. Pub. No. 2007/0044676.

[0075] Referring again to FIG. 1, the track 22 can include a primary transport portion 76
and at least one (alternatively, a plurality of) secondary transport portions 78 that are provided
around, and extend from, the primary transport portion 76. The primary transport portion 76 can
define a primary path P1 for the vehicles 24. Each of the secondary transport portions 78 can
define a secondary path P2 for the vehicles 24 that is intersected by the primary path P1 at an
ingress location 80 and an egress location 82. The vehicles 24 can enter and exit each of the
secondary transport portions 78 at the associated ingress and egress locations 80, 82, respectively.
The vehicles 24 can travel clockwise or counter-clockwise around the primary transport portion
76 and the secondary transport portion(s) 78. In some embodiments, it is possible for some of the
vehicles 24 to travel clockwise, and some of the vehicles to simultaneously travel counter-
clockwise for a portion of their routes or vice versa, but care must be taken so travel in opposing

directions does not result in a collision between the vehicles.

[0076] Each of the secondary transport portions 78 can have disposed therealong one or
more unit operation stations of any of the types of unit operation stations described in the above
definition of “unit operation stations” (and the definitions of transformation and inspection
included therein). There can be any suitable number of unit operation stations. Generally, there
will be two or more unit operation stations (e.g., 2, 3,4, 5, ... up to 100, or more). The unit
operation stations may be in any suitable arrangement along the secondary transport portions 78.

The unit operation stations can be arranged with a single unit operation station along one or more
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of the secondary transport portions, or a group of unit operation stations along one or more of the

secondary transport portions.

[0077] FIG. 1 shows one non-limiting embodiment of an arrangement of unit operation
stations on the secondary transport portions 78. In the embodiment shown in FIG. 1, each of the
secondary transport portions 78 comprises one of a plurality of container loading stations 84, a
plurality of combined filling/capping stations 86, a plurality of decorating stations 88, or a plurality
of unloading stations 90 (e.g., collectively “the unit operation stations™). In this embodiment, each
of the unit operation stations 84, 86, 88, 90 located at a particular secondary transport portion 78
can be disposed along different unit transport segments 91 that are arranged in parallel. The
vehicles 24 can be selectively routed among the secondary transport portions 78 to facilitate

bottling of fluent material within a plurality of the containers 38.

[0078] For example, when the vehicle 24 is empty (i.e., devoid of a container 38), the
vehicle 24 can first be routed to one of the container loading stations 84 where an empty container
38 is loaded onto the vehicle 24. The vehicle 24 can then route the empty container 38 to one of
the filling/capping stations 86 where it is filled with fluent material and sealed with one of the
closures 40. The vehicle 24 can then route the container 38 to one of the decoration stations 88 to
have a decoration applied thereto, and can then route the container 38 to one of the unloading
stations 90 where the filled container 38 can be removed from the vehicle 24 for loading into

packaging.

[0079] It is to be appreciated that there can be significantly more vehicles 24 on the track
22 than are illustrated in FIG. 1. There can also be significantly more vehicles 24 than unit
operation stations 84, 86, 88, 90. Each of the vehicles 24 are independently routable along the
track 22 to facilitate simultaneous delivery of at least some of the containers 38 to different ones
of the unit operation stations 84, 86, 88, 90. The unit transport segments 91 in the embodiment
shown in FIG. 1 can have the appearance of rungs on a ladder. The unit transport segments 91 can
have a length that is sufficient enough to simultaneously accommodate a plurality of vehicles 24.
The different unit transport segments 91 can have the same lengths, or alternatively, different
lengths. As such, multiple vehicles 24 can be queued on the unit transport segments 91 awaiting

delivery to the associated unit operation station 84, 86, 88, 90. Of course, vehicles can also wait
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on the side rails of the ladder like structures, but in some cases, this may lead to vehicles blocking

other vehicles from reaching downstream unit transport segments 91.

[0080] When the vehicles 24 are not stationed at one of the unit operation stations 84, 86,
88, 90, at least one (or more, e.g., 2, 3,4, 5, ... up to 100, or more) of the vehicles 24 can
continuously circulate around the primary transport portion 76, thus bypassing the secondary
transport portions 78 while waiting to be diverted thereto. The primary path P1 can be in the form
of a closed loop to facilitate the circulation of the vehicles 24. The primary path P1 may also be
described as circuital or continuous. The primary path P1 can be of any suitable configuration.
Suitable configurations for the primary path P1 include, but are not limited to: circular paths,
elliptical paths, or in a path that comprises both linear portions and curvilinear portions. Non-
limiting examples of the latter types of paths include: race track configured paths, generally
rectangular paths with rounded corners (as shown in FIG. 1), and other closed loop paths. The
primary path P1, of course, is not closed to vehicles entering or leaving the primary path, since it
does have ingress and egress portions for container-loaded vehicles to be diverted therefrom onto

the secondary paths P2.

[0081] In some cases, as shown in FIG. 1A, the primary path P1 may further comprise one
or more sub-loops 77 that are disposed inside of the main closed loop of the primary transport
portion 76, and form a path between portions of the main closed loop. The sub-loop 77 may form
a path between opposing portions of the main closed loop 76. However, sub-loops 77 may
altermatively form a path between non-opposing portions of the main closed loop 76. There are,
of course, ingress and egress portions to the sub-loop(s). The sub-loops 77 provide a path for at
least some of the container-loaded vehicles to recirculate without traveling completely around the

closed loop of the primary path P1.

[0082] There can be any suitable number of secondary paths P2 (e.g., 1,2, 3,4, 5, ... up
to 100, or more). In some cases, a single secondary path having a ladder configuration (described
below), with two rungs may be sufficient. Generally, there will be two or more secondary paths
(at least one for filling and one for unloading). When there is more than one secondary path P2,
these can be referred to as first, second, third, etc. secondary paths. Similarly, the ingress locations

for the secondary paths may be referred to as a first ingress and egress location for the first
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secondary path; a second ingress and egress location for the second secondary path, etc. Although
as shown in FIG. 1, the different secondary paths 78 all have a single type of unit operation station
disposed therealong, this is not a requirement. In other embodiments, the types of unit operation
stations disposed along one or more different secondary paths 78 may differ. In addition, in some

cases a single type of unit operation station can be disposed along more than one secondary path.

[0083] The secondary paths P2 can be of any suitable configuration. The secondary paths
P2 may be of the same configurations as each other, or of different configurations. If there are
more than two secondary paths P2, two of the secondary paths may have the same configuration,
and at least one secondary path may have a different configuration. Suitable configurations for
the secondary path P2 include, but are not limited to: linear paths, curvilinear paths, or in a path

that comprises both linear portions and curvilinear portions.

[0084] There are virtually an unlimited number of possible secondary transport portion
(and secondary path) configurations. FIGS. 1A to 1D show several of these. An example of a
linear path is one such as secondary transport portion 78A shown in FIG. 1B in which the
secondary path P2 forms a linear segment that is joined to the primary path P1 at a combined
ingress/egress location. The container-loaded vehicle can depart from the primary path P1 to enter
such a secondary path P2, and then can re-trace its movement along the linear secondary path P2
to re-enter the primary path P1. Non-limiting examples of secondary paths that comprises both
linear portions and curvilinear portions include the generally rectangular paths with rounded
corners (as shown in FIG. 1). Such secondary paths may appear to have a ladder configuration in
plan view. There can be any suitable number of rungs on the ladders (e.g., 1, 2, 3, 4, 5, or more).
The secondary path ingress and egress locations 80 and 82 may be spaced apart as shown in FIG.
1, or in other cases the same (not spaced apart on the primary path) as shown on secondary

transport portion 78E in FIG. 1C.

[0085] The secondary paths P2 may be in any suitable location relative to the primary path
P1. One or more secondary paths P2 may extend outward outside of the closed loop of the primary
path P1 as shown in FIG. 1. In other cases, as in the case of secondary transport portion 78F shown
in FIG. 1C, one or more secondary paths P2 may be located inside of the closed loop of the primary
path P1. In other cases, as in the case of secondary transport portions 78G and 78H shown in FIG.
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1C, one or more portions of a secondary path, such as 78H, may extend outside of a secondary
transport portion (and if desired, form a ladder off of any side or portion of the same). Further,
although in the embodiment shown in FIG. 1, in which the primary path P1 is a generally
rectangular path having four sides with rounded corners, and there is one branch of secondary
paths P2 on each of the sides of the primary path P1, in other cases, there may be a different
arrangement. For example, as shown in FIG. 1A, there can be more than one secondary path P2
extending from one or more of the sides of the primary path P1. In some cases, there may be one

or more sides of the primary path P1 with no secondary paths P2 extending therefrom.

[0086] FIG. 1A shows that a secondary path 78 (on the upper right portion of FIG. 1A) can
optionally be provided with a return loop 79. This secondary path 78 is shown in the form of a
ladder with an upper rung and a lower rung. In this case, the upper rung may be a conventional
rung in which vehicles can travel in the same direction (clockwise for example) as the travel of
vehicles on the primary path 76. Another rung, such as the lower rung, can provide a return loop
79 in which vehicles can travel back to the ingress leg of the ladder in the direction of the arrow.
This allows vehicles to be sent through more than one unit operation station on this particular
secondary path if desired. This also allows vehicles to be sent through one or more unit operation

stations more than once on this particular secondary path if desired.

[0087] FIG. 1B shows several other secondary path configurations. Secondary path 78B
is an example of a secondary path which is similar in function to secondary path 78A, but has a
curvilinear configuration. Secondary path 78C contains an additional leg which allows a vehicle
to be transported to an egress point that is downstream of the ingress point. A vehicle on secondary
path 78C will travel “head first” into the first leg of the secondary path, and then will travel “tail
first” when it reverses direction and travels along the second leg of this secondary path. Secondary
path 78D contains another additional (third) leg (beyond that of secondary path 78C) which allows
a vehicle to be reoriented and travel head first again along this third leg as it proceeds back onto

the primary path 76.

[0088] FIG. 1D shows another secondary path configuration. As shown in FIG. 1D, it is
possible for there to be multiple secondary paths that are nested or cascaded in parallel or in series

in any suitable manner.
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[0089] Circulating the vehicles 24 around the primary transport portion 76 can alleviate
congestion on the track 22 which can enhance the throughput of the track system 20. For example,
when a vehicle 24 is scheduled to be routed to the next unit operation station 84, 86, 88, 90 of its
sequence in the course of producing a finished product, and that unit operation station 84, 86, 88,
90 is occupied (i.e., due to other vehicles 24 occupying the unit operation station 84, 86, 88, 90),
the vehicle 24 can circulate around the primary transport portion 76 (i.e., in a holding pattern).
Once the scheduled unit operation station 84, 86, 88, 90 becomes ready to receive vehicles, the
vehicle 24 can then be diverted to the appropriate transport segment 91 of the scheduled unit
operation station 84, 86, 88, 90.

[0090] Itis possible that one or more types of unit operation stations could be located along
the primary transport portion 76. However, to alleviate congestion on the primary transport portion
76 and allow one or more of the vehicles 24 to continuously circulate along the primary path P1,
the primary transport portion 76 can be devoid of some or all unit operation stations (i.e., 84, 86,
88, 90), and the unit operation stations can instead be located at the secondary transport portions
78, as described above. Alternatively, the primary transport portion 76 may only have fast cycle
stations located along the same. The vehicles 24 are therefore diverted off of the primary transport
portion 76 to undergo the operations performed by the unit operation station 84, 86, 88, 90 and
thus do not interfere with the flow of traffic on the primary transport portion 76. (Of course, in
other embodiments, one or more unit operation stations can be located along the primary transport
portion 76, and other unit operation stations may be located on the secondary transport portions

78.)

[0091] Operating the track system 20 in this manner can allow for more efficient
production of filled containers than conventional container filling arrangements. As will be
described in further detail below, the control system 62 can coordinate operation of the track 22,
routing of each of the vehicles 24, as well as operation of each of the unit operation stations 84,
86, 88, 90 to efficiently and effectively fulfill an order of finished products. The control system
is, thus, in communication with the track 22, the vehicles 24, and the unit operation stations 84,
86, 88, 90. The coordination of the operation of these components can include, for example,
vehicle identification, vehicle scheduling, collision avoidance, route selection, outage reporting,
and the like.
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[0092] Each of the unit operation stations 84, 86, 88, and 90 in the embodiment shown in
FIG. 1 will now be more fully described. The container loading stations (or simply “loading
stations”) 84 can be configured to facilitate loading of an empty container (e.g., 38) and/or a
closure therefor onto a vehicle 24 located at the container loading station 84. Itis to be appreciated
that the container loading station 84 can comprise any of a variety of automated and/or manual
arrangements that facilitate loading of a container and/or a closure onto a vehicle. Loading can be
done manually, statically such as by a gravity feed chute with optional gate, or with a mechanical
motion device. Suitable mechanical motion devices include, but are not limited to: independently
actuatable automatic arms, pneumatic arms, robots, transfer wheels, and other mechanical moving
elements. In one embodiment, the container loading stations 84 can each include a robotic arm
(not shown) that retrieves the container 38 and/or a closure from a storage area and places the
container 38 and/or a closure on the vehicle 24. To facilitate grasping of the containers 38 and/or
closures, each robotic arm can have a robotic mandible, a suction end, or any of a variety of suitable
additional or alternative arrangements that enable grasping of the containers 38 and/or closures.
Once the container 38 and/or a closure are in place on the vehicle 24, a vacuum line (not shown)
can be inserted in the primary port 46 (FIG. 2) to draw a vacuum on the vacuum port 44 thereby
temporarily securing the container 38 and/or a closure to the vehicle 24. The vacuum line can then
be removed from the primary port 46, thereby allowing the associated valve (not shown) to close

to maintain the vacuum on the container 38 and/or a closure.

[0093] A filling unit operation station is used to dispense fluent material into at least some
of the containers. A filling unit operation station is not required to fill the containers to any
particular level (such as to a “full” level). The filling unit operation station can dispense any
suitable fluent material into the container. In some cases, the filling unit operation station can
dispense a composition into the container that comprises all of the ingredients of the finished
product. Alternatively, the filling unit operation station can dispense a base composition into the
container, and the container can be sent to another filling unit operation station to have other
ingredients added thereto in order to form a finished product. Thus, some filling unit operation
stations may only dispense portions of the finished product composition. Such portions include,

but are not limited to: water, silicone (such as for use as a conditioning agent, or the like), dyes,
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perfumes, flavors, bleach, anti-foam agents, surfactants, structurants, etc. If the ingredients are

separately added, they can be mixed together at any suitable unit operation station.

[0094] In addition, although some filling unit operation stations may only be configured to
dispense one type of fluent material, the filling unit operation stations are not limited to dispensing
only one type of fluent material (e.g., one color of dye, etc.). In some cases, one or more of the
filling unit operation stations can be configured to dispense different ingredients (such as through
a different fluent material supply and nozzle). For example, the same filling unit operation station
could dispense a green finished composition, a blue finished composition, and a red finished
composition; or, it could dispense a green dye, a blue dye, and a red dye. In such cases, at least
two different types of containers (e.g., a first, a second, a third, etc. container) may receive one or
more (or all) of the ingredients for their finished compositions from the same fluent material
dispensing unit operation station, or from the same type of fluent material dispensing unit operation

station.

[0095] A filling unit operation station may, therefore, comprise a plurality of
independently controllable nozzles for dispensing fluent material into the containers. Such
independently controllable nozzles may take a number of different forms. In some cases, a single
nozzle can be used to dispense more than one different fluent material. In other cases, filling unit
operation station may comprise a bank of nozzles which comprises a plurality of nozzles, each of
which may be configured to dispense the same or different fluent materials. In still other cases,
one or more nozzles can be movable upward and downward to accommodate containers of

different heights.

[0096] The combined filling/capping stations 86 can be configured to dispense fluent
material into containers 38 and to apply a closure to the containers 38 once they are filled. One
example combined filling/capping station 86 is illustrated in FIG. 7 and is shown to include a
filling portion 92 and a capping portion 94. The filling portion 92 can include a filler arm 96 which
can move vertically between a retracted position (FIG. 7) and an extended position (not shown).
The capping portion 94 can include a capping arm 98 that can move vertically between a retracted
position (not shown) and a capping position (FIG. 7). To begin filling the container 38, the vehicle
24 can be routed to the filling portion 92 with the empty container 38 located beneath the filler
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arm 96. The filler arm 96 can then be moved from the retracted position to the extended position
and into engagement with the opening 40 of the container 38. The filler arm 96 can then dispense
fluent material into the container 38. Once the fluent material has been dispensed, the filler arm
96 can stop dispensing fluid and can move back to the retracted position. The vehicle 24 can then
be routed to the capping portion 94 with the closure 42 positioned beneath the capping arm 98.
The capping arm 98 can then extend to the closure 42, grasp the closure 42, and then return to the
retracted position. The vehicle 24 can then move the opening 40 of the container 38 beneath the
capping arm 98. The capping arm 98 can move to the capping position and can screw, or otherwise
attach, the closure 42 to the container 38. The closure 42 may be removable or openable by a

consumer to access the contents.

[0097] In some embodiments, the closure 42 may be transported on the container 40. In
such embodiments, when the vehicle 24 arrives at the filling/capping station 86, the vehicle 24 can
first be routed to the capping portion 94. The capping arm 98 can remove the closure 42 from the
container 38 and can move to the retracted position while holding the closure 42. The vehicle 24
can then be routed to the filling portion 92 for filling of the container 38 with fluid. Once the
container is filled, the vehicle 24 can return to the capping station 94 where the capping arm 98
secures to the closure 42 to the container 38. In other embodiments, the closure 42 can be
transported to the filling/capping station 86 on the same vehicle as the container 38, but not on the
container (for example, on the same vehicle but adjacent to the container). In other embodiments,
the closure 42 can be transported to the filling/capping station 86 on a different vehicle (e.g., a
separate vehicle) from the vehicle transporting the container 38. When the closure is transported
on a vehicle, it can be held by vacuum (or in some other suitable manner) and sent to any of the
finished product unit operation stations, if desired. For example, it may be desirable to send the
closure 42 to a decoration station for decorating the closure. In yet other embodiments, the closure
42 might not be transported with the empty container 38, but instead can be provided to the
container 38 upon its arrival at the capping portion 94 (i.e., after the container 38 is filled with
fluent material). It is to be appreciated that the filling/capping stations 86 can include any of a
variety of additional or alternative automated and/or manual arrangements that facilitate filling and

capping of a container.
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[0098] An alternative embodiment of a secondary transport portion 1078 is illustrated in
FIG. 8 and is shown to include a plurality of filling/capping stations 1086 that are similar to or the
same as in many respects as the filling/capping stations 86 shown in FIGS. 1 and 7 and described
above. However, the filling/capping stations 1086 can be disposed along different unit transport
segments 1091 that are arranged in series along a primary transport portion 1076 of a track (e.g.,
22). It is to be appreciated that the other unit operation stations can additionally or alternatively

be disposed along different unit transport segments 1091 that are arranged in series.

[0099] The decoration stations 88 can be configured to facilitate labelling, printing, or
otherwise decorating the containers 38 (and optionally also doing the same to their closures). In
one embodiment, at least one of the decoration stations 88 can include a printer (not shown) that
prints labels for application to the containers 38. In such an embodiment, the printer can print the
label on a sticker that is on a backing substrate. A spooling assembly (not shown) can receive the
sticker and the backing substrate. When the vehicle 24 carrying the container 38 passes the
spooling assembly, the movement of the container 38 past the spooling assembly can facilitate
application of the sticker to the container 38. In other embodiments, the printer can print ink onto
a transfer component, and an adhesive can be applied onto the ink to form a composite structure.
The ink and adhesive composite structure can then be transferred from the transfer component onto
the container to form a label or decoration (without using a separate sticker). Such arrangements
can facilitate “on-demand” printing of labels whereby different labels can be printed for the
different types of containers 38 and/or fluids that are being carried by the vehicles 24. These labels
can include various types of decorations and product information such as, for example, characters,
graphics, branding, ingredients, SKU information, or other visual elements for when the container
38 is displayed for sale. If desired, the containers can even be personalized for and/or in response

to orders from retailers or from individual consumers.

[00100] The unloading stations 90 can be configured to facilitate removal of the filled
containers 38 from the vehicles 24. In one embodiment, each of the unloading stations 90 can
include a robotic arm (not shown) that retrieves the container 38 from each vehicle 24 for loading
into packaging (e.g., a store display or a shipping container). To facilitate grasping of the container
38, the robotic arm can have a robotic mandible, a suction end, or any of a variety of suitable

additional or alternative arrangements that enable grasping of the container 38. Once the container
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38 is removed from the vehicle 24, the vehicle 24 can be routed to the container loading station 84
to receive another empty container 38 for filling. It is to be appreciated that the unloading station
90 can include any of a variety of additional or alternative automated and/or manual arrangements

that facilitate unloading of a container into packaging.

[00101] In some embodiments, the containers 38 can be provided into packaging that is
designed to present the containers 38 for sale at a merchant. In such packaging, the containers 38
can be offered for sale individually or packaged with one or more other containers or products,
which together form an article of commerce. The containers 38 can be offered for sale as a primary
package with or without a secondary package. The containers 38 can be configured to be displayed
for sale while lying down or standing up on a store shelf, while presented in a merchandising
display, while hanging on a display hanger, or while loaded into a display rack or a vending
machine. When the containers 38 are for fluent product(s), they can be configured with a structure
that allows them to be displayed in any of these ways, or in any other way known in the art, as
intended, without failure. In some embodiments, the unloading stations 90 can facilitate packaging
(“bundling”) of different types of containers and/or fluent materials within the same packaging
without requiring manual handling of the containers 38 as is oftentimes required in conventional

operations.

[00102] The track system 20 can comprise any suitable number and/or type of inspection
station(s). For example, in FIG. 1, the track system 20 can include a first scanner 100 and a second
scanner 102 that are each configured to scan passing containers 38. The first scanner 100 can be
located between one of the ingress locations 80 and the filling/capping station 86 and can scan
each passing vehicle 24 to determine if the container 38 is present. The second scanner 102 can
be located between the decoration stations 88 and the unloading stations 90 and can scan each
passing vehicle 24 to determine whether the container 38 disposed thereon is ready for packaging

by the unloading stations 90.

[00103] If the container 38 is not ready for packaging by one of the unloading stations (such
as due to a defect in the contents and/or the container), the container can be unloaded at the
unloading station of its destination. In other cases, the vehicle with the container thereon can be

sent to an alternative unloading station. At the destination or alternative unloading station, one or
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more of the following actions can take place: the defect in the container and/or its contents can be
remedied; the container can be emptied and recycled; and/or the container and/or its contents can
be disposed of. The container is unloaded from the unloading station, and the vehicle becomes

ready for a new route assignment.

[00104] The first and second scanners 100, 102 can be any of a variety of scanners for
obtaining information from the vehicles 24 and/or the containers 38 such as, for example, an
infrared scanner. The first and second scanners 100, 102 can also be configured to facilitate

reading of a variety of data from the container 38 such as QR codes or UPC barcodes, for example.

[00105] It is to be appreciated that the track system 20 can facilitate dispensing different
types of fluent materials into various types of different containers at the same time. (Of course,
the start time and finish time of dispensing into the different containers may, but need not, coincide

exactly. The dispensing into the different containers may only at least partially overlap in time.)

[00106] In addition, in some cases, one or more containers may not be filled with fluent
material that is used to make a finished product. For example, one or more containers may be used
to receive fluent material that is cleaned or flushed from one or more nozzles at a filling unit

operation station, and this fluent material can thereafter be disposed of or recycled.

[00107] As will be described in more detail below, the particular container types and fluent
materials provided for each vehicle 24 can be selected by the control system 62 to fulfill a
particular production schedule, and each vehicle 24 can be independently and simultaneously
routed along a unique route among the unit operation stations (such as 84, 86, 88, 90) to facilitate
loading and filling of the containers 38. The unique route for each vehicle 24 can be selected by
the control system 62 based, at least in part, upon the vehicle type (i.e., the type of container or
containers the vehicle 24 is configured to accommodate), the unique routes selected for the other
vehicles 24, and/or the type of finished product(s) needed by the unloading station 90 for
packaging, for example. It is to be appreciated that the track system 20 can facilitate filling of
different types of containers with different types of fluid more efficiently and effectively than
conventional arrangements. For example, conventional arrangements, such as linear motor filling
lines, typically only allow for filling of one type of container with one type of fluid at a time. As

such, individual systems are oftentimes required for each container and fluid being manufactured
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which can be expensive and time consuming. In addition, converting these systems to use a
different container and/or fluid can also be expensive and time consuming. The track system 20
can therefore be a solution that allows for manufacture of different types of filled containers less

expensively and in a less time consuming manner than these conventional arrangements.

[00108] It should be understood that the operations that take place at the different unit
operation stations may take the same amount of time, but often do not. These time periods may
be referred to as a first duration, a second duration, a third duration, etc. The first, second, third,
etc. durations can be the same, or one can be greater than the other(s). For instance, some unit
operation stations perform operations that are relatively fast compared to other unit operation
stations; some unit operation stations may be relatively slow; and, some unit operation stations
may carry out some operations that are relatively fast and some that are slower (e.g., a filling
station that can dispense one ingredient and that can also dispense a larger quantity comprising a
complete composition). Therefore, although FIG. 1 shows an equal number of filling/capping unit
operation stations and decoration stations, this is not required. Thus, the system may, for example,

have fewer of the relatively fast unit operation stations than the slower unit operation stations.

[00109] Itshould also be understood that the time it takes to create different types of finished
products from start to finish (throughput time) may be the same, or different for the different types
of finished products. The time it takes to create finished products may also be the same, or different
for the same types of finished products. The time it takes to create finished products can be
measured beginning at a starting point that occurs when an empty container arrives at a loading
station and ends at a destination point when the finished product is unloaded at an unloading

station.

[00110] Referring now to FIG. 9, the control system 62 can include a vehicle position
controller 104, a product scheduling controller 106, and a track system controller 108, that are
communicatively coupled with each other and can cooperate to facilitate producing finished
products. The vehicle position controller 104 can include a positioning module 110 and an anti-
collision module 112. The positioning module 110 can facilitate positioning of the vehicles 24 at
designated locations along the track 22. Each of the vehicles 24 can have a unique identifier

associated with it (uniqueness only needs to be relative to the other vehicles on the track) and with
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which the vehicle positioning module 110 can identify it. As will be described in further detail
below, the vehicle position controller 104 can receive desired location coordinates from the track
system controller 108 for the vehicles 24. The vehicle position controller 104 can move the

vehicles 24 along the track 22 based upon the location coordinates for each vehicle 24.

[00111] The control system 62 can be any suitable computing device or combination of
computing devices (not shown), as would be understood in the art, including without limitation, a
custom chip, an embedded processing device, a tablet computing device, a personal data assistant
(PDA), a desktop, a laptop, a microcomputer, a minicomputer, a server, a mainframe, or any other
suitable programmable device. In various embodiments disclosed herein, a single component can
be replaced by multiple components and multiple components can be replaced by a single
component to perform a given function or functions. Except where such substitution would not

be operative, such substitution is within the intended scope of the embodiments.

[00112] The computing device can include a processor that can be any suitable type of
processing unit, for example a general purpose central processing unit (CPU), a reduced instruction
set computer (RISC), a processor that has a pipeline or multiple processing capability including
having multiple cores, a complex instruction set computer (CISC), a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a programmable logic devices (PLD), and
a field programmable gate array (FPGA), among others. The computing resources can also include
distributed computing devices, cloud computing resources, and virtual computing resources in

general.

[00113] The computing device can also include one or more memories, for example read
only memory (ROM), random access memory (RAM), cache memory associated with the
processor, or other memories such as dynamic RAM (DRAM), static ram (SRAM), programmable
ROM (PROM), electrically erasable PROM (EEPROM), flash memory, a removable memory card
or disk, a solid state drive, and so forth. The computing device can also include storage media
such as a storage device that can be configured to have multiple modules, such as magnetic disk
drives, floppy drives, tape drives, hard drives, optical drives and media, magneto-optical drives
and media, compact disk drives, Compact Disk Read Only Memory (CD-ROM), Compact Disk
Recordable (CD-R), Compact Disk Rewriteable (CD-RW), a suitable type of Digital Versatile
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Disk (DVD) or BluRay disk, and so forth. Storage media such as flash drives, solid state hard
drives, redundant array of individual disks (RAID), virtual drives, networked drives and other
memory means including storage media on the processor, or memories are also contemplated as
storage devices. It can be appreciated that such memory can be internal or external with respect
to operation of the disclosed embodiments. It can be appreciated that certain portions of the
processes described herein can be performed using instructions stored on a computer-readable
medium or media that direct a computer system to perform the process steps. Non-transitory
computer-readable media, as used herein, comprises all computer-readable media except for

transitory, propagating signals.

[00114] Network and communication interfaces can be configured to transmit to, or receive
data from, other computing devices across a network. The network and communication interfaces
can be an Ethernet interface, a radio interface, a Universal Serial Bus (USB) interface, or any other
suitable communications interface and can include receivers, transmitters, and transceivers. For
purposes of clarity, a transceiver can be referred to as a receiver or a transmitter when referring to
only the input or only the output functionality of the transceiver. Example communication
interfaces can include wired data transmission links such as Ethemet and TCP/IP. The
communication interfaces can include wireless protocols for interfacing with private or public
networks. For example, the network and communication interfaces and protocols can include
interfaces for communicating with private wireless networks such as a WiFi network, one of the
IEEE 802.11x family of networks, or another suitable wireless network. The network and
communication interfaces can include interfaces and protocols for communicating with public
wireless networks, using for example wireless protocols used by cellular network providers,
including Code Division Multiple Access (CDMA) and Global System for Mobile
Communications (GSM). A computing device can use network and communication interfaces to
communicate with hardware modules such as a database or data store, or one or more servers or
other networked computing resources. Data can be encrypted or protected from unauthorized

acCeEss.

[00115] In various configurations, the computing device can include a system bus for
interconnecting the various components of the computing device, or the computing device can be

integrated into one or more chips such as a programmable logic device or application specific
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integrated circuit (ASIC). The system bus can include a memory controller, a local bus, or a
peripheral bus for supporting input and output devices, and communication interfaces. Example
input and output devices include keyboards, keypads, gesture or graphical input devices, motion
input devices, touchscreen interfaces, one or more displays, audio units, voice recognition units,

vibratory devices, computer mice, and any other suitable user interface.

[00116] The processor and memory can include non-volatile memory for storing computer-
readable instructions, data, data structures, program modules, code, microcode, and other software
components for storing the computer-readable instructions in non-transitory computer-readable
mediums in connection with the other hardware components for carrying out the methodologies
described herein. Software components can include source code, compiled code, interpreted code,
executable code, static code, dynamic code, encrypted code, or any other suitable type of code or
computer instructions implemented using any suitable high-level, low-level, object-oriented,

visual, compiled, or interpreted programming language.

[00117] Referring again to FIG. 9, to facilitate routing of the vehicles 24 along the track 22,
the vehicle position controller 104 can control operation of the plurality of coils 58a and the
transition portions 50c (e.g., the flipper members 74). The vehicle position controller 104 can also
prevent collisions between the vehicles 24 as they are positioned along the track 22. For example,
the vehicle position controller 104 can track the positions and/or speed of the vehicles 24 on the
track 22. If a vehicle 24 begins approaching another vehicle 24 in a manner that could cause a
collision, the vehicle position controller 104 can adjust the speed (increasing or decreasing the
speed) of the approaching vehicle 24 and/or the approached vehicle 24 to prevent a collision. Itis
to be appreciated that the vehicle position controller 104 can be an on-board controller that is
original to the track 22 and built together with the track 22. In one embodiment, the vehicle
controller 104 can be provided with the track from the manufacturer of the track 22 (e.g.,
MagneMotion, Inc. of Devens, MA, U.S.A)).

[00118] The product scheduling controller 106 can be configured to assign a container type
and fluent material type (e.g., a finished product) for each empty vehicle 24. The product
scheduling controller 106 can also be configured to assign a desired route that achieves the

assigned finished product. The track system controller 108 can be configured to route the vehicles
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24 around the track 22 and operate the unit operation stations 84, 86, 88, 90 based upon the finished

product and route assigned to the vehicles 24.

[00119] The control system 62 may be configured as a central assignment mechanism that
pre-assigns independent routes for the vehicles based on demand data. The control system 62:
receives demand for finished products to be made on the track system; determines a route for a
vehicle, wherein the route is determined based on a status of one or more unit operation stations;
and causes a vehicle to be propelled to progress along the determined route to create one or more
of the demanded finished products, and delivers the finished products to an unloading station. It
should be understood that these steps can be taking place in the above order, or in any order,
provided that at least some demand for finished products to be made is first received. Generally,
when there are multiple vehicles being routed, the control system can be performing such steps for
the different vehicles. These vehicles may be at different stages of going through these steps at
any given time (and the control system can be executing any of these steps for the various vehicles

at any given time).

[00120] The status of the unit operation station(s) can comprise: (a) the state of readiness of
a unit operation station (whether the unit operation station is broken down, or not); (b) one or more
capabilities of the unit operation station (that is, a description of the unit operation(s)); (c)
information concerning operations expected or scheduled to be completed at one or more unit
operation stations in the future (including the progress of other vehicles along their routes); (d)
information concerning the capacity utilization of the unit operation station (that is, how much of
its capacity is used relative to its full capacity, or conversely how often it is idle relative to its full
capacity); (e) information concerning the capacity utilization of other unit operation stations
(utilization of other unit operation stations (similar or dissimilar)); (f) information concerning the
availability of raw materials (e.g., fluent material(s), labels, etc.) to the unit operation station; and

(g) information concerning expected maintenance activities involving the unit operation station.

[00121] The determined route may, in some cases, have one or more constraints on arriving
at one or more unit operation stations before one or more other vehicles or after one or more other
vehicles. In other cases, the determined route may not have any constraints on arriving at one or

more unit operation stations before one or more other vehicles or after one or more other vehicles.
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The determined route is determined based on status information of a vehicle. Such status
information may include: the vehicle’s container-holding interface type, maximum velocity of the
vehicle, maximum acceleration of the vehicle, maximum container weight that can be held by the
vehicle, maximum container size, and any other relevant information about the vehicle. The
determined route can be selected from a subset of all possible routes, and more particularly is
selected from a set of all possible routes that will result in creating a demanded finished product.
The determined route is selected by comparing potential routes where such comparison takes into
account the utilization or capacity of one or more unit operation stations and the selected route

may be selected to best utilize the capacity of one or more unit operation stations.

[00122] The determined route may take into consideration the routes assigned to other
vehicles 24, including the extent to which the other vehicles have actually progressed along their
planned routes, so as to avoid congestion caused by excessive vehicles reaching a similar location

at a similar time, and so as to ensure vehicles will arrive in a desired sequence where appropriate.

[00123] The determined route may be determined using an algorithm (described as follows),
where the algorithm may comprise a recursive method so as to be applicable to a wide range of
track configurations and unit operation station configurations without requiring modifications to
the algorithm’s recursive method. The algorithm may implement a system where unit operation
stations demand partially or completely finished products from other unit operation stations so as
to enable the unit operation stations to contribute towards creating finished products specified in
the step of receiving demand for finished products to be made. The demand from the unit operation
stations may describe needed products and times when those products may be needed. (The
loading unit operation stations will, however, typically receive demand for vehicles, rather than
partially or completely finished products.) The demand from the unit operation stations makes it
possible for the route-determining algorithm to only consider routes connecting unit operation
stations with appropriate demand, substantially reducing the time and processing power required
to determine a route as compared to an algorithm that would evaluate the merits of every possible
way to route a vehicle along the track. Such an algorithm could solve the problem of determining
a best route from many possible ways to route a vehicle along a track (100 billion, 1 trillion, or
many more ways being possible in some embodiments) in a short period of time (e.g., less than

one second), or a very short period of time (100 milliseconds, 50 milliseconds, 5 milliseconds, or
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less in some embodiments). Such an algorithm may take the form of several embodiments, some

of which may also assign a quantity or priority to the demanded products at unit operation stations.

[00124] An example of the vehicle position controller 104, the product scheduling controller
106, and the track system controller 108 cooperating to create a finished product will now be
described. First, when the vehicle 24 is empty (either due to system start-up or being emptied at
the unloading station), the track system controller 108 can request, from the product scheduling
controller 106, the next finished product to be assigned to the vehicle 24. The product scheduling
controller 106 can assign a finished product to the vehicle 24 and can provide the desired route for
the vehicle 24 to take to complete the finished product. The track system controller 108 can then
provide coordinates to the vehicle position controller 104 that will route the vehicle 24 to one of
the container loading stations 84. The vehicle position controller 104 then routes the vehicle 24 to
the container loading station 84 (via the designated coordinates) and notifies the track system
controller 108 when the vehicle 24 has reached its destination. The track system controller 108
can then facilitate operation of the container loading station 84. After the container 38 is loaded
onto the vehicle 24, the track system controller 108 can provide coordinates to the vehicle position
controller 104 that will route the vehicle 24 to one of the filling/capping stations 86. The vehicle
position controller 104 then routes the vehicle 24 to the filling/capping station 86 (via the
designated coordinates) and notifies the track system controller 108 when the vehicle 24 has
reached its destination. The track system controller 108 can then facilitate operation of the
filling/capping station 86. After the container 38 is filled and capped, the track system controller
108 can provide coordinates to the vehicle position controller 104 that will route the vehicle 24 to
one of the decoration stations 88. The vehicle position controller 104 then routes the vehicle 24
to the decoration station 88 (via the designated coordinates) and notifies the track system controller
108 when the vehicle 24 has reached its destination. The track system controller 108 can then
facilitate operation of the decoration station 88. After the container 38 is decorated, the track
system controller 108 can provide coordinates to the vehicle position controller 104 that will route
the vehicle 24 to one of unloading stations 90. The vehicle position controller 104 then routes the
vehicle 24 to the unloading station 90 (via the designated coordinates) and notifies the track system
controller 108 when the vehicle 24 has reached its destination. The track system controller 108

can then facilitate operation of the unloading station 90. After the container 38 is removed from
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the vehicle 24, the track system controller 108 can request, from the product scheduling controller

106, the next finished product to be assigned to the vehicle 24.

[00125] In some embodiments, the track system controller 108 can deviate the vehicle 24
from the desired path (assigned by the product scheduling controller 106) to overcome certain
problems, such as a traffic jam, sequencing violation (sequencing is described below), and/or a
defect or reject condition (e.g., bottle missing, cap missing, cap misaligned, etc.). The deviated
path can be determined by the product scheduling controller 106 and/or the track system controller
108.

[00126] It is to be appreciated that the vehicle position controller 104, the product
scheduling controller 106, and the track system controller 108 can facilitate simultaneous routing
of the vehicles 24 around the track 22 such that the containers 38 are at various stages of
production. To facilitate effective and efficient simultaneous routing of the vehicles 24, the vehicle
position controller 104, the product scheduling controller 106, and the track system controller 108
can share information about the vehicles 24 and/or containers 38. For example, the track system
controller 108 can share, with the product scheduling controller 106, the positions of the vehicles
24, the production status of each container 38, and/or any route deviations. The product scheduling
controller 106 can share, with the track system controller 108, the finished product and route

assignments for the vehicles 24.

[00127] As described above, the product scheduling controller 106 can assign a container
type, a closure type, a fluent material type, a decoration type, and a route for each empty vehicle
24 identified by the track system controller 108. It is to be appreciated that although this
embodiment describes assignment of a container type, a closure type, a fluent material type, and a
decoration type, other embodiments may specify other finished product attributes. Other finished
product attributes may include values related to the dimensions of a container or any part or parts
thereof, values related to the mass of one or more parts of the product at one or more stages of
completion including the finished product, fill quantity or level, or additional attributes similar to
those previously or subsequently described such as a front label type and a back label type. Still
more other finished product attributes may include targets or acceptable ranges of values for any

one or more of the aforementioned finished product attributes or other finished product attributes.
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Furthermore, other finished product attributes may include parameters related to setup of unit
operation stations to be used during operating on the finished product specified (for example, bottle

height will dictate the height to which a filler nozzle will be adjusted).

[00128] One embodiment of a control routine implemented by the product scheduling
controller 106 in assigning a container type, a closure type, a fluent material type, a decoration
type, and a route for each empty vehicle 24 is generally illustrated in FIGS. 10, 11, 12, 13A, and
13B which will now be discussed. The product scheduling process can be separated into four
phases — a Sequencing Phase (FIG. 10), a Demand Propagation Phase (FIG. 11), an Effective Route
Identification Phase (FIG. 12), and a Route Ranking Phase (FIGS. 13A and 13B). Generally,
during the Sequencing Phase, production schedules can be assigned to each unloading station 90.
During the Demand Propagation Phase, unit operation stations are identified that have or will have
demand so as to contribute to one or more of the finished products specified by each unloading
station’s 90 production schedule. During the Effective Route Identification Phase, a plurality of
effective routes for the current vehicle 24 are identified based on the unit operation stations’
demand information. During the Route Ranking Phase, the best route and related finished product
can be selected from the plurality of effective routes that are generated during the Effective Route

Identification Phase.

[00129] Referring now to FIG. 10, the Sequencing Phase will now be discussed in greater
detail. First, a production order can be provided to the product scheduling controller 106 (step
200). The production order can include the quantity of packages that are desired and the types of
finished products that are to be provided in each package. Each package may include different
types and/or quantities of finished products. In describing the types of finished products that are
to be provided within a package, the production order may additionally specify sequencing
information. This sequencing information may either specify an explicit sequence of arrival of
products, or specify that the sequence of product arrivals for the package is unimportant, or specify
a combination thereof in which for example one or more first products must arrive before one or
more second products but in any sequence with respect to one or more third products. In one
embodiment, the production order can be generated from a customer order that is received at an
upstream computer system (e.g., from a procurement software program). The upstream computer

system can convey the production order to the product scheduling controller 106 which can then
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allocate packages to the unloading stations 90 for fulfillment (205). Packages are assigned to an
unloading station 90 in a specific sequence, thusly establishing a production schedule for each
unloading station 90. This sequence specifies the order of production of packages at each
unloading station 90, but does not specify the sequence of production of packages by the overall

track system 20.

[00130] To further explain using a specific example, if a production order describes
packages 1, 2, 3, 4, 5, and 6, packages may be assigned to a first unloading station 90 in the
sequence of 2, 1, 5, and packages may be assigned to a second unloading station 90 in the sequence
of 3, 6, 4, but the track system 20 may produce the packages in order 2, 1, 3, 5, 6, 4 or order 2, 3,
1,6,5,4ororder 3,6, 4,2, 1,5 or any other order that does not violate the package sequencing of
a particular unloading station 90. It should be noted that in the previously described specific
example, even though package production is described as a sequenced process, finished products
feeding multiple packages can be produced simultaneously, such that more than one package is in
the process of being produced at the same time, so the sequence described refers to the completion
of the process of producing a package, and it is possible that more than one package may be

completed at nearly the exact same moment in time.

[00131] Once at least one of the unloading stations 90 has been assigned a package, the
track system controller 108 can select a vehicle 24 for assignment of a route and associated finished
product thereto (the current vehicle). The vehicle 24 can be selected from among a plurality of
vehicles 24 on the track 22 (e.g., when the track system 20 is first initialized/started up) or when
the vehicle 24 has completed the previously assigned finished product (e.g., after leaving the
unloading station 90). Most typically, the selected vehicle is empty. In some cases, however, a
vehicle 24 may have aborted a previous route during route execution (e.g. because a unit operation
station breaks down), so that vehicle 24 may be selected for assignment of a new route even though
itis not empty. Once the vehicle 24 has been selected, the track system controller 108 can request,
from the product scheduling controller 106, the route and associated finished product that is to be
assigned to that vehicle 24. Each route request describes the type of vehicle and any operations
that have already been completed on that vehicle on a previous route that included loading a

container but did not include unloading the container.
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[00132] The Demand Propagation Phase (215) will now be discussed in greater detail and
with reference to FIG. 10 and the other drawing figures. In one embodiment, hereafter referred to
as the Assignment-Time Calculated Demand Embodiment, the Demand Propagation Phase (215)
is entered upon receiving the route request from the track system controller 108. In another
embodiment, hereafter referred to as the Pre-Calculated Demand Embodiment, the Demand
Propagation Phase (215) can be entered without waiting for a route request from the track system
controller 108, so that a route can be assigned in response to a route request from the track system
controller 108 in less time, because the Demand Propagation Phase (215) will have already been
completed. This is possible because the Demand Propagation Phase (215) does not depend on
having previously selected a vehicle 24 for route assignment. A disadvantage of the Pre-
Calculated Demand Embodiment is that it may require more computing overall, since the Demand
Propagation Phase (215) may be executed more times than needed. Although the events triggering
the Assignment-Time Calculated Demand Embodiment and the Pre-Calculated Demand
embodiment differ, the Demand Calculation process is the same and will next be described in

greater detail.

[00133] First, the product scheduling controller 106 can identify all of the finished products
that are needed next at each of the available (e.g. not broken down) unloading stations 90 to fulfill
the unloading station’s 90 production schedule in the order specified by the unloading station’s 90
production schedule, and establishes demand items corresponding to these products (300). These
demand items can be understood to describe the finished products that are currently assigned to
each unloading station 90 and which can next be loaded into the package without interfering with
the order of the overall package as defined by the production schedule, and where no vehicle 24
has already been assigned a route and associated finished product to thereby fulfill. The demand
items may also be partially finished products that have completed one or more, but not all, of the
steps in the process of creating the finished products, or empty vehicles (in the case of loading unit
operation stations). Thusly, it can be understood that demand items 300 comprise descriptions of

products which may be finished products or partially finished products.

[00134] Furthermore, each demand item also describes a time span. The time span
described by each demand item specifies the time range during which such a product should arrive

at the unit operation station, in this case the unit operation station being an unloading station 90.
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This time range ensures that the demand item does not describe a need for a product that would
arrive earlier than a prerequisite product, nor later than a postrequisite product. Through additional
processing to be described below, this time range can more generally be described as representing

a time range when the arrival of the described product would not violate any system constraints.

[00135] Each demand item is furthermore associated with a particular unit operation station,
such that it could be said that the unit operation station has one or more demand items, or that the
unit operation station has no demand items. Each demand item is furthermore associated with a
particular type of operation which would be performed at the associated unit operation station.
Once the product scheduling controller 106 has completed establishing all appropriate demand
items for each unloading station 90, the furthest downstream unit operation station group is
selected for demand propagation, hereafter referred to as the Unit Operation Station Group
Projecting Demand. The demand items associated with the Unit Operation Station Projecting
Demand now undergo a refinement (310) so as to not include any time during which the previously
scheduled vehicles 24 are expected to result in the Unit Operation Station Projecting Demand’s
infeed queue being at full capacity, wherein this refinement (310) may result in any of the
following: no modification to the demand items; splitting demand items into two or more
additional demand items wherein the additional demand items are identical to their original
demand item in all but time span; shortening the associated time spans by adjusting one or both of
the beginning or end times; or eliminating demand items altogether. Next, each of the demand
items associated with each of the unit operation stations in the Unit Operation Station Group
Projecting Demand is evaluated. The product scheduling controller 106 can then identify the
furthest downstream unit operation station group that is upstream of the Unit Operation Station
Group Projecting Demand (i.e., the unit operation stations a vehicle 24 might encounter
immediately before proceeding to a unit operation station in the Unit Operation Station Group
Projecting Demand), hereafter referred to as the Unit Operation Station Group Propagating

Demand.

[00136] Each unit operation may also have associated therewith a representation of a non-
existent unit operation (a virtual unit operation). Since not every container needs to receive a
treatment at every unit operation station, the virtual unit operation is merely a mechanism in the

computer program to allow the container to by-pass one or more unit operations, or to not have a
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treatment performed by such unit operation station. For example, if the containers provided into
the system comprise pre-labeled bottles, there will be no need for the container to be labeled at a

decoration station.

[00137] In the example of FIG. 1, the furthest downstream unit operation station group that
is upstream of the unloading stations 90 that have demand items can be the decoration stations 88.
The product scheduling controller 106 can then select one unit operation station from the Unit
Operation Station Group Propagating Demand, hereafter referred to as the Unit Operation Station
Propagating Demand. The product scheduling controller 106 can then determine whether the Unit
Operation Station Propagating Demand is currently available (315) or if it supports one or more
operations that will establish one or more attributes of the product described by the demand item
currently being evaluated (320). If the Unit Operation Station Propagating Demand is currently
unavailable or if it does not support one or more operations that will establish one or more
attributes of the product described by the demand item currently being evaluated, the evaluation
of this demand item being processed by the Unit Operation Station Propagating Demand is
complete. If the Unit Operation Propagating Demand is currently available and supports one or
more operations that will establish one or more attributes of the product described by the demand
item, the product scheduling controller 106 can calculate the time delay (330) which can be the
time it takes for the Unit Operation Station Propagating Demand to complete its operation on the
container (e.g., the operation time) in addition to the travel time from the Unit Operation Station
Propagating Demand to a downstream interface point on primary transport portion 76 in addition
to the travel time from an upstream interface point on primary transport portion 76 to the unit
operation station associated with the demand item. Thusly, the time span specified by the demand
item being evaluated having been offset by the above-described time delay (330) can be taken to

mean the time range during which the operation can begin at the unit operation station.

[00138] The interface points are advantageous, because they reduce the number of required
configurations that must be established and maintained by the product scheduling controller.
Without the interface points, the product scheduling controller must store a configuration for
expected travel time to move a vehicle from every unit operation station in a unit operation station
group to every unit operation station in an adjacently downstream unit operation station group.

For the track configuration shown in FIG. 1, considering only such configurations for unit
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operation stations 86, there being four unit operation stations 88 in the adjacently downstream unit
operation station group, each of the four unit operation stations 86 would require four expected
travel time configurations, totaling 16 expected travel time configurations. With interface points,
the product scheduling controller only stores configurations for expected travel time to the next
interface point, and from interface points to unit operation stations in the adjacently downstream
unit operation station group. Thus, in the example of the unit operation stations 86, only eight
configurations need to be stored, comprising four expected travel times to I3 (1 from each unit
operation station 86) and four expected travel times from I3 (1 to each unit operation station 88).
The benefits of using interface points are even greater on larger track systems. For example, if
there were 100 unit operation stations 86 and 90 unit operation stations 88, there would be 9,000
configurations required without interface points, but only 190 configurations required with

interface points.

[00139] A new demand item can then be created (340), where the new demand item is
associated with the Unit Operation Station Propagating Demand, has a time span specified as the
time span of the demand item being evaluated minus a time delay (330).The new demand item’s
described product is the product described by the demand item being evaluated minus the attribute
or attributes established by the operation to be completed at the Unit Operation Station Propagating
Demand. The new demand item’s time span will then undergo a first refinement (345) so as to not
include any time during which the previously scheduled vehicles 24 are expected to result in the
Unit Operation Station Propagating Demand’s infeed queue being at full capacity, wherein this
first refinement (345) may result in any of the following: no modification to the new demand item;
splitting the new demand item into two or more additional demand items wherein the additional
demand items are identical to the new demand item in all but time span; shortening the time span
by adjusting one or both of the beginning or end times; or eliminating the new demand item

altogether.

[00140] This first refinement (345) and the refinement (310) are useful, because they
accomplish avoiding demand during times when assigning a vehicle 24 to meet that demand would
result in exceeding the capacity of the Unit Operation Station Propagating Demand’s infeed queue.
This could cause vehicles 24 to block portions or all of track section (secondary transport portion)

78 and/or portions or all of track section (primary transport portion) 76. Furthermore, this first
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refinement can similarly refine the time span of the new demand item so as to avoid demand during
times when assigning a vehicle 24 to meet that demand would result in that vehicle 24 causing the
Unit Operation Station Propagating Demand’s infeed queue to exceed its capacity, wherein such
a capacity violation would be caused either directly by the arrival of that vehicle 24 or indirectly
by the cascading impact of previously scheduled but subsequently arriving other vehicles 24, and
where such capacity is represented by a configuration parameter associated with the Unit

Operation Station Propagating Demand.

[00141] Upon completion of the first refinement (345), the set of any remaining of the new
demand item or additional demand items, hereafter collectively referred to as the Set of Remaining
Demand Items, can be understood to represent time spans when beginning the operation on the
described product would not violate any system constraints. The Set of Remaining Demand Items
is again time shifted, this time to adjust according to previously scheduled vehicles 24 so that the
resulting time spans represent time spans when arrival of the described product at the Unit
Operation Station Propagating Demand’s infeed queue would not violate any system constraints,
thusly taking into account time when a vehicle 24 would be waiting in the Unit Operation Station
Propagating Demand’s infeed queue prior to beginning the operation, which can be known based
on previously assigned routes to other vehicles 24 combined with vehicle 24 position information
shared from the track system controller 108 with the product scheduling controller 106. This time
shift applied to the Set of Remaining Demand Items marks the completion of the evaluation of this

demand item being processed by the Unit Operation Station Propagating Demand.

[00142] When the evaluation of this demand item being processed by the Unit Operation
Station Propagating Demand is complete (e.g. the Unit Operation Station Propagating Demand has
been found to either be unsuitable for this demand item or else new demand items were created
and refined), the product scheduling controller 106 can then proceed to evaluate this demand item
being processed by each of the other unit operation stations in the Unit Operation Station Group
Propagating Demand by the same process as was used to evaluate this demand item being

processed by the Unit Operation Station Propagating demand.

[00143] When the evaluation of this demand item being processed by each of the unit

operation stations in the Unit Operation Station Group Propagating Demand is complete, the
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product scheduling controller 106 proceeds to continue evaluating each demand item associated
with the Unit Operation Station Projecting Demand being processed by each of the unit operation

stations in the Unit Operation Station Group Propagating Demand.

[00144] When the evaluation of each demand item associated with the Unit Operation
Station Projecting Demand by each of the unit operation stations in the Unit Operation Station
Group Propagating Demand has been completed, the product scheduling controller 106 evaluates
each of the demand items associated with each of the other unit operation stations in the Unit
Operation Station Group Projecting Demand being processed by each of the unit operation stations
in the Unit Operation Station Group Propagating Demand. When this is completed, demand
propagation for the demand items associated with the unit operation stations in the Unit Operation
Station Group Projecting Demand is complete, and new demand items may have been created that
are associated with unit operation stations in the Unit Operation Station Group Propagating
Demand. Next, the Demand Propagation Phase continues with the product scheduling controller
106 selecting the Unit Operation Station Group Propagating Demand as the Unit Operation Station
Group Projecting Demand, and selecting the furthest downstream unit operation station group that
is upstream of the Unit Operation Station Group Propagating Demand as the Unit Operation
Station Group Propagating Demand, and similarly completing demand propagation for any
demand items associated with the new Unit Operation Station Group Projecting Demand. This
process repeats until the furthest upstream unit operation station group would be selected as the
Unit Operation Station Group Projecting Demand, at which point the Demand Propagation Phase

is complete.

[00145] In another embodiment of the Demand Propagation Phase, an additional demand
aggregation step may be executed in between processing demand for each unit operation station
group (e.g. each time a different unit operation station group is selected as the Unit Operation
Station Group Projecting Demand). The demand aggregation step will examine the demand items
associated with each unit operation station in the newly selected Unit Operation Station Group
Projecting Demand, and, after accounting for differences in travel time from an upstream interface
point, creates a set of new demand items based on this set of existing demand items, where the set
of new demand items describes time periods when products arriving at the interface point would

not violate any system constraints. In establishing the set of new demand items, duplicate time
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spans for similar products can be eliminated, and adjacent demand items can be merged, reducing
the number of demand items to process. This is advantageous to reduce the processing time
required to complete the Demand Propagation Phase. When such an additional demand
aggregation step is used, the set of new demand items is projected to the Unit Operation Station
Group Propagating Demand instead of the demand items associated with the Unit Operation
Station Group Projecting Demand, and the calculated time delay 330 does not factor in the travel
time from the interface point to the Unit Operation Station Projecting Demand, since this travel

time was already accounted for.

[00146] In yet another embodiment of the Demand Propagation Phase, demand items may
also specify a quantity of the described product. When these quantities are propagated with their
associated demand items, additional demand information is available to the subsequent phases of
the product scheduling process, which can help to better optimize production efficiency, and can
be used to assign more than one route without executing the Demand Propagation Phase in between
route assignments as would normally be required. This can be advantageous so as to reduce the

amount of computing the product scheduling controller 106 must perform.

[00147] The Effective Route Identification Phase will now be discussed in greater detail
with reference to FIG. 12. Upon receiving the route request 400 from the track system controller
108, the route request 400 including a description of the type of vehicle and state of assembly, the
product scheduling controller 106 can enter the Effective Route Identification Phase. Firstly, if
the Demand Propagation Phase has not already been completed as in the case of the pre-calculated
demand embodiment, the Demand Propagation Phase is now completed. A projected route time
is established as the time when the route request 400 was received by the product scheduling
controller 106. A current product type is established as the vehicle and state of assembly described
by the route request. For each unit operation station in the furthest upstream unit operation station

group, the iterative route identification process 405 is completed.

[00148] The iterative route identification process 405 starts with the product scheduling
controller 106 establishing a potential route buffer, and copying into it the contents of the previous
potential route buffer if one exists 410. The iterative route identification 405 process continues

with the product scheduling controller 106 modifying the projected route time by adding the time
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it takes to travel from an upstream interface point to the current unit operation station. The iterative
route identification process continues with the product scheduling controller 106 determining if
the current unit operation station has a demand item describing the current product type where the
associated time span includes the projected route time 415, where such a demand item is hereafter
referred to as the Relevant Demand Item. If a Relevant Demand Item does not exist, the potential
route buffer is deleted 420 and no further action is taken by this instance of the iterative route
identification process 405. If a Relevant Demand Item does exist, the iterative route identification
process 405 continues by adding information describing the current unit operation station and the

operation specified by the Relevant Demand Item to the potential route buffer 425.

[00149] If the current unit operation station is not part of the furthest downstream unit
operation station group 430, a new instance of the iterative route identification process 405 is
started for each unit operation station in the unit operation station group immediately downstream
of the unit operation station group to which the current unit operation station belongs, where the
new instances of the iterative route identification process 405 are provided with projected route
times that have been amended to add the time a vehicle would spend waiting at the current unit
operation station’s infeed queue during execution of this route wherein this time is based on
previously scheduled vehicles 24 and information shared from the track system controller 108, the
time a vehicle would spend undergoing the operation specified by the Relevant Demand Item at
the current unit operation station, and the travel time from the current unit operation station to a
downstream interface point. Likewise, the new instances of the iterative route identification
process are provided with this instance’s potential route buffer to copy into their new potential
route buffers. Likewise, the product type considered by the new instances of the iterative route
identification process are taken to be the product type considered by this instance of the iterative
route identification process, modified to include the one or more attributes established by the
operation specified by the Relevant Demand Item. If the current unit operation station belongs to
the furthest downstream unit operation station group, the potential route buffer is added to a list of

effective routes 435, which completes this instance of the iterative route identification process 405.

[00150] Once each instance of the iterative route identification process 405 has completed,
the list of effective routes comprises a list of all potential routes the vehicle 24 specified in the

route request 400 may be assigned, which is to say the list of all potential routes that will deliver
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a product to a package specified by the production order without violating any system constraints.
Once each instance of the iterative route identification process 405 has completed 440, the
Effective Route Identification Phase is complete and the Route Ranking Phase begins 445. In one
embodiment, the Effective Route Identification Phase would only continue as long as the number
of routes in the list of effective routes is less than a specified number. This would have the effect
of identifying no more than a specified number of routes, which can be beneficial to reduce the
worst-case processing time for the Effective Route Identification Phase, although this embodiment
does pose a risk of not identifying the best route as an effective route. The specified number of
routes may be a fixed number, or a number calculated based on parameters related to processor

utilization of the product scheduling controller 106.

[00151] The Route Ranking Phase will now be discussed in greater detail with reference to
FIGS. 13A and 13B. The Route Ranking Phase comprises first undergoing the Route Metric
Generation Sub-Phase and subsequently the Route Sorting Sub-Phase.

[00152] The Route Metric Generation Sub-Phase will now be discussed in greater detail.
First, the product scheduling controller 106 can calculate a weighting factor (510) for each unit
operation station group based on the utilization of each unit operation station within the unit
operation station group, where unit operation station groups that have less unused capacity will
yield larger weighting factor values. This weighting factor enables better production optimization
because it allows calculations subsequently described to prioritize optimizing capacity utilization
of the busiest unit operation stations. For each route in the list of effective routes, the product
scheduling controller 106 will perform the following calculations to identify a Queue Length (QL)
metric, an Unused Unit Count (UC) metric, a Nearly Starved Unit Count (NSC) metric, a Vehicles
Already Scheduled Count (VASC) metric, and a Non-Productive Time (NPT) metric. The QL
metric is related to the sum of infeed queue lengths at each unit operation station along the current
effective route at the time this vehicle 24 would arrive if this route is selected. The UC metric is
related to the number of unit operation stations along the current effective route that will have been
idle and starved for a specified period of time before this vehicle’s 24 arrival if this route is
selected. The NSC metric is related to the number of unit operation stations along the current
effective route that will become idle if not for the selection and execution of this route by this

vehicle 24. The VASC metric is related to the number of previously scheduled vehicles 24

Date Regue/Date Received 2020-04-16



50

scheduled to in the future arrive at the unit operation stations along the current effective route. The
NPT metric is related to the time this vehicle 24 would spend travelling or waiting at unit operation
station infeed queues along the current effective route. The product scheduling controller 106 can
initially set to zero each of a QL metric, a UC metric, an NSC metric, a VASC metric, and an NPT

metric.

[00153] For each unit operating station along the current effective route, the following
calculations are performed to update the route’s QL metric, UC metric, NSC metric, VASC metric,
and NPT metric. The product scheduling controller 106 can calculate a QL value (515) by
multiplying the weighting factor with the infeed queue length at the time the vehicle 24 is expected
to arrive at the unit operation station. The QL value can be added to the QL metric (520). The
product scheduling controller 106 can then calculate a UC value (525). If this unit operation station
has no other vehicles 24 scheduled for operations during a specified period of time immediately
preceding the expected arrival of this vehicle 24 at this unit operation station, the UC value is the
weighting factor. Otherwise, the UC value is zero. The UC value can be added to the UC metric
(530). The product scheduling controller 106 can then calculate a NSC value (535). If this unit
operation station will become idle if not for the arrival of this vehicle and its ensuing associated
operation, the NSC value is the weighting factor. Otherwise, the NSC value is zero. The NSC
value can be added to the NSC metric (540). The product scheduling controller 106 can then
calculate a VASC value (545) by multiplying the weighting factor with the number of previously
scheduled vehicles 24 scheduled to in the future arrive at the unit operation station. The VASC
value can be added to the VASC metric (550). The product scheduling controller 106 can then
calculate an NPT value (555) by multiplying the weighting factor with the sum of: 1) the travel
time from an upstream interface point on the primary transport portion 76 to this unit operation
station, 2) the time the current vehicle is expected wait in the infeed queue of this unit operation
station, and 3) the travel time from this unit operation station to a downstream interface point on
the primary transport portion 76. The NPT value can be added to the NPT metric (560). When
the QL metric, UC metric, NSC metric, VASC metric, and NPT metric have all been calculated
for all routes in the list of effective routes, the Route Metric Generation Sub-Phase is complete and

the product scheduling controller 106 begins the Route Sorting Sub-Phase.
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[00154] Referring to FIG. 13B, the Route Sorting Sub-Phase will now be described in
greater detail. The Route Sorting Sub-Phase will compare the metrics generated during the Route
Metric Generation Sub-Phase to identify the best route for the current vehicle 24 from the list of
effective routes identified in the Effective Route Identification Phase. Each route in the list of
effective routes is compared to the other routes in the list of effective routes on the basis of the
metrics generated during the Route Metric Generation Sub-Phase. A route with a smaller QL
metric is a better route 585. If the QL metrics are identical, a route with a higher UC metric is a
better route 595. If the QL and UC metrics are identical, a route with a higher NSC metric is a
better route 600. If the QL, UC, and NSC metrics are identical, a route with a higher VASC metric
is a better route 605. If the QL, UC, NSC, and VASC metrics are identical, a route with a lower
NPT metric is a better route 610. If the QL, UC, NSC, VASC, and NPT metrics are identical,

neither route is better than the other 615, so a route is arbitrarily selected.

[00155] Once the product scheduling controller 106 has identified the best route from the
list of effective routes, the specifics of the route are communicated to the track system controller
108 so as to enable the track system controller 108 to cause the vehicle 24 to move as specified by

the route and operate unit operation stations as specified by the route.

[00156] Numerous alternative embodiments of the Route Sorting Sub-Phase are possible.
One alternative embodiment of the Route Sorting Sub-Phase could compute an overall route score
for each route as the sum of the products of some or all of the QL, UC, NSC, VASC, and NPT
metrics and a weighting factor for each metric. This embodiment would take each metric into

account to degrees alterable by modifying the weighting factor associated with each metric.

[00157] So as to determine the best route for each vehicle, the route determination may
consider configurations for expected time required to travel along the track or expected time
required to complete operations. When the track system controller observes completion of a
vehicle’s movement along a portion of the track, it may automatically cause an update to a
configuration for expected time required to travel along that portion of the track, or a configuration
associated with the degree of variability in said time, for example a standard deviation of a set of
said times observed in the past. Likewise, when the track system controller observes completion

of an operation, it may automatically cause an update to a configuration for the expected time

Date Regue/Date Received 2020-04-16



52

required for that operation as that unit operation station, or a configuration associated with the
degree of variability in said time, for example a standard deviation of a set of said times observed
in the past. In this manner, the determination of a route can be self-optimizing, such that the route
determination step becomes more effective with each use without requiring manual effort, and
adapts to changes in track performance or unit operation station performance without manual

effort.

[00158] The foregoing description of embodiments and examples of the disclosure has been
presented for purposes of illustration and description. Itis not intended to be exhaustive or to limit
the disclosure to the forms described. Numerous modifications are possible in light of the above
teachings. Some of those modifications have been discussed and others will be understood by
those skilled in the art. The embodiments were chosen and described in order to best illustrate the
principles of the disclosure and various embodiments as are suited to the particular use
contemplated. The scope of the disclosure is, of course, not limited to the examples or
embodiments set forth herein, but can be employed in any number of applications and equivalent
devices by those of ordinary skill in the art. Rather it is hereby intended the scope of the invention
be defined by the claims appended hereto. Also, for any methods claimed and/or described,
regardless of whether the method is described in conjunction with a flow diagram, it should be
understood that unless otherwise specified or required by context, any explicit or implicit ordering
of steps performed in the execution of a method does not imply that those steps must be performed

in the order presented and may be performed in a different order or in parallel.

[00159] The dimensions and/or values disclosed herein are not to be understood as being
strictly limited to the exact numerical dimensions and/or values recited. Instead, unless otherwise
specified, each such dimension and/or value is intended to mean the recited dimension and/or value
and a functionally equivalent range surrounding that dimension and/or value. For example, a

dimension disclosed as “40 mm” is intended to mean “about 40 mm”.

[00160] It should be understood that every maximum numerical limitation given throughout
this specification includes every lower numerical limitation, as if such lower numerical limitations
were expressly written herein. Every minimum numerical limitation given throughout this

specification will include every higher numerical limitation, as if such higher numerical limitations
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were expressly written herein. Every numerical range given throughout this specification will
include every narrower numerical range that falls within such broader numerical range, as if such

narrower numerical ranges were all expressly written herein.

[00161] The citation of any document is not an admission that it is prior art with respect to
any invention disclosed or claimed herein or that it alone, or in any combination with any other
reference or references, teaches, suggests or discloses any such invention. Further, to the extent
that any meaning or definition of a term in this document conflicts with any meaning or definition
of the same term in a document cited herein, the meaning or definition assigned to that term in this

document shall govern.

[00162] While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.

Date Regue/Date Received 2020-04-16



54

CLAIMS

What is claimed is:

1.

A system for filling different container types, said system comprising:

a plurality of first containers, each having a shape, an appearance, an opening, and a volume

for holding a fluent material;

a plurality of second containers, each having a shape, an appearance, an opening, and a

volume for holding a fluent material, wherein one or more of the shape, appearance, and the

volume of each of the second containers is different from one or more of the shape, appearance,

and the volume, respectively, of each of the first containers;

2.

a track system;
at least two unit operation stations disposed along the track system; and
a plurality of vehicles propellable along the track system, wherein:

one or more of the first containers and one or more of the second containers are
disposed on respective vehicles to form container-loaded vehicles, there being a plurality
of container-loaded vehicles, wherein the one or more of the first containers and the one or
more of the second containers are empty at the time they first become disposed on

respective vehicles; and

the plurality of container-loaded vehicles are routable along the track system to
facilitate simultaneous delivery of the first containers and the second containers to the same

or different unit operation stations;

wherein one of the unit operation stations comprises a loading station that is
configured to facilitate loading of a first container, a second container, or both a first

container and a second container onto one of the vehicles.

The system of Claim 1 wherein the track system is a linear synchronous motor system

wherein the vehicles comprise a magnet, and the vehicles are propellable along the track system

using electromagnetic force.

3.

The system of Claim 1, wherein the track system comprises:

a primary transport portion that defines a primary path that forms a closed loop; and
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a secondary transport portion that extends from the primary transport portion and defines
a secondary path that intersects the primary path at an ingress location and an egress location,

wherein:
the secondary transport portion comprises at least one unit transport segment; and
one of the unit operation stations is disposed along the at least one unit transport segment.

4. The system of Claim 3, wherein the only type of unit operation station disposed along said

primary transport portion comprises a fast cycle unit operation station.

5. The system of Claim 3 comprising at least one additional secondary transport portion that
extends from the primary transport portion and defines a secondary path that intersects the primary

path at an ingress location and an egress location, wherein:

the additional secondary transport portion comprises at least one unit transport segment;

and
one of the unit operation stations is disposed along the at least one unit transport segment.

6. The system of Claim 3, wherein the track system further comprises a plurality of unit

operation stations each disposed along one of the unit transport segments.

7. The system of Claim 1, wherein one of the unit operation stations comprises a filling unit
operation station configured to dispense fluent material into the first container, the second

container, or both the first container and the second container.

8. The system of Claim 7, wherein said filling unit operation station comprises a plurality of
independently controllable nozzles for dispensing fluent material into one or more of the first

container and one or more of the second container.

9. The system of Claim 8, wherein each of the plurality of independently controllable nozzles

is configured to dispense a different fluent material.

10. The system of Claim 8, wherein each of the plurality of independently controllable nozzles is

configured to dispense the same fluent material.
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The system of Claim 1, wherein the at least two unit operation stations comprise a plurality

of filling unit operation stations configured to dispense fluent material into the first container, the

second container, or both the first container and the second container.

12.

13.

device.

The system of Claim 1, wherein the loading station comprises a gravity feed chute.

The system of Claim 1, wherein the loading station comprises a mechanical motion

14. The system of Claim 13, wherein the mechanical motion device is selected from the group

congsisting of one or more independently actuatable automatic arms, one or more pneumatic arms,

one or more robots, transfer wheels, and combinations thereof.

15.

A method for simultaneously filling different types of containers, said method comprising

the steps of:

16.

(a) providing the system according to Claim 1;
(b) loading a first empty container on a vehicle to form a first container-loaded vehicle;

(c) loading a second empty container on a vehicle to form a second container-loaded

vehicle;

(d) sending said first container-loaded vehicle to a first filling unit operation station for

dispensing a fluent material into said first container;

(e) sending said second container-loaded vehicle to a second filling unit operation station

for dispensing a fluent material into said second container; and

(f) dispensing a fluent material into said first container, and dispensing a fluent material
into said second container, wherein said dispensing into said first and second containers

occurs simultaneously.

The method of Claim 15, wherein the first empty container and the second empty container

are loaded on different vehicles, and the first and second filling unit operation stations are the same

filling unit operation station, which filling unit operation station is configured for dispensing fluent

material into two or more containers at the same time.
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17.  The method of Claim 15, wherein the first empty container and the second empty container

are loaded on different vehicles, and the first and second filling unit operation stations are different.

18. The method of Claim 15, wherein said first and second containers are of different sizes.
19.  The method of Claim 15, wherein said first and second containers are of different shapes.
20. The method of Claim 18 or 19, wherein said first and second containers are filled with the

same fluent composition.

21. A method for simultaneously filling different types of containers, said method comprising

the steps of:
(a) providing the system according to Claim 1;

(b) loading a first empty container and a second empty container on the same vehicle to

form a container-loaded vehicle;

(c) sending said container-loaded vehicle to a filling unit operation station configured for

dispensing fluent material into two or more containers at the same time; and

(d) dispensing a fluent material into said first container and a fluent material into said
second container, wherein said dispensing into said first and second containers occurs

simultaneously.

Date Regue/Date Received 2020-04-16



PCT/US2017/050599

1/13

CA 03035537 2019-02-28

WO 2018/049104

406N 1 'DIA

|
L6—1"H o =2
==

I
|
1)

I[Pt
0
2 J
N
Vo]
o]
(o]
({p]

N

T ¥y
\ | K‘ I y; f _,_AL /
H*-28 drihi e 8.
it S
| = =)
“,f|u\_ éc

I\.‘mW 98 L —16

“Tdwmel e
g "
\H o8 02




CA 03035537 2019-02-28

WO 2018/049104 PCT/US2017/050599




CA 03035537 2019-02-28

WO 2018/049104 PCT/US2017/050599

3/13




PCT/US2017/050599

WO 2018/049104




CA 03035537 2019-02-28

WO 2018/049104 PCT/US2017/050599

vl li1y

26~ ’
24~ f
28"



PCT/US2017/050599

WO 2018/049104

52b

FIG. 6

(
54c¢




000000000000

CA 03035537 2019-02-28

7/13

AW
\\\\x
N\

\\\‘ S
WA\




PCT/US2017/050599

CA 03035537 2019-02-28

WO 2018/049104

9/01 . 901
/ 8 ‘DIA \
TeT] | _ |  Tol ] _ | | -

g
o 00} NOILV.LS NOILVLS 1601 NOILYLS 1601
N ONIddYD ONIddYD ONIddYD
9 /ONITTIA /ONITTI4 /ONITTIA
/ N N
9801 9801 9801

8101



CA 03035537 2019-02-28

WO 2018/049104 PCT/US2017/050599
9/13
<
1 Oi‘ SYSTEM CONTROLLER
VEHICLE POSITION CONTROLLER
ANTL- PRODUCT TRACK
POSITIONING COLLISION SCHEDULING SYSTEM
MODULE MODULE CONTROLLER | | CONTROLLER
7 7 106 108
110 112
FIG. 9
200~ RECEIVE
PRODUCTION ORDER
205~ ALLOCATE PACKAGE(S)
TO UNLOADING STATIONS
ENTER DEMAND
215-"| PROPAGATION PHASE

FIG. 10



CA 03035537 2019-02-28

WO 2018/049104 PCT/US2017/050599

10/13
FOR EACH AVAILABLE UNLOADING STATION

300 ESTABLISH DEMAND FROM THIS UNLOADING STATION FOR
™ THE FINISHED PRODUCT(S) NEXT NEEDED THAT DO NOT
ALREADY HAVE A VEHICLE ASSIGNED TO DELIVER THEM

!

310 ~| ELIMINATE DEMAND DURING TIMES WHEN THIS UNIT OPERATION
STATION IS EXPECTED TO HAVE A FULL INFEED QUEUE

FOR EACH DEMAND ITEM
FOR EACH UNIT OPERATION STATION IMMEDIATELY
, UPSTREAM OF THIS UNIT OPERATION STATION

Y

315 )
IS THIS UNIT NO
OPERATION STATION DO NOTHING

Y

AVAILABLE?

DOES THIS UNIT

OPERATION STATION SUPPORT AN
OPEATION THAT CONTRIBUTES TO

DO NOTHING

THIS DEMAND ITEM?

ESTABLISH DEMAND FROM THIS UNIT OPERATION STATION
FOR THE PARTIAL PRODUCT(S) REQUIRED FOR THE
OPERATION(S) THAT CONTRIBUTE TO DOWNSTREAM DEMAND

!

APPLY A TIME SHIFT TO THIS DEMAND TO ACCOUNT
FOR THE TIME IT TAKES TO EXECUTE THE OPERATION,
330 AND FOR THE TIME IT TAKES THE VEHICLE TO TRAVEL

FROM THIS UNIT OPERATION STATION TO THE
DOWNSTREAM DEMANDING UNIT OPERATION STATION

!

ELIMINATE DEMAND DURING TIMES WHEN THIS UNIT OPERATION
345 STATION IS PLANNED TO HAVE A FULL INFEED QUEUE

340

ARE THERE UNIT

OPERATION STATIONS UPSTREAM OF THIS UNIT DO NOTHING

OPERATION STATION?

FIG. 11




CA 03035537 2019-02-28

WO 2018/049104

11/13

400~ RECEIVE A REQUEST FOR A ROUTE
FOR A SPECIFIED VEHICLE TYPE

FOR EACH OF THE FURTHEST

PCT/US2017/050599

UPSTREAM UNIT OPERATION STATIONS ¢*

CREATE A NEW POTENTIAL ROUTE BUFFER. COPY
THE CONTENTS OF THE PREVIOUS POTENTIAL
410~  ROUTE BUFFER INTO THIS NEW BUFFER. (FOR
THE FURTHEST UPSREAM UNIT OPERATION
STATIONS, THIS WILL BE AN EMPTY BUFFER)

M5 DOES THIS

UNIT OPERATION STATION
HAVE DEMAND FOR THE TYPE OF VEHICLE/
PAYLOAD THIS VEHICLE/PRODUCT WILL BE AT
THE TIME WHEN THE VEHICLE WOULD
REACH THIS UNIT OPERATION
STATION?

405 -

ADD THIS UNIT OPERATION STATION, AND THE
OPERATION ASSOCIATED WITH THE DEMAND THIS

425 -]
VEHCLE MEETS, TO THIS POTENTIAL ROUTE BUFFER

ARE THERE ANY
UNIT OPERATION STATIONS
DOWNSTREAM OF THIS UNIT
OPERATION STATION?

430

420
/

DELETE THIS
POTENTIAL
ROUTE BUFFER

ADD THE ROUTE FROM

THIS POTENTIAL ROUTE

BUFFER TO THE LIST OF
VIABLE ROUTES

)
435

FOR EACH UNIT OPERATION STATION
IMMEDIATELY DOWNSTREAM OF THIS ONE

DONE WITH
THE ABOVE?

440
445 - ENTER ROUTE RANKING PHASE

FIG. 12




CA 03035537 2019-02-28

WO 2018/049104 PCT/US2017/050599

12713
500~ CALCULATE WEIGHTING FACTOR FOR
EACH UNIT OPERATION STATION GROUP
FOR EACH EFFECTIVE ROUTE
\
510~ \DENTIFY FURTHEST UPSTREAM UNIT OP STATION
v
515~ CALCULATE QL VALUE FOR UNIT OP STATION
520~ ADD QL VALUE TO QL METRIC
525~ GALCULATE UG VALUE FOR UNIT OP STATION
530~ ADD UC VALUE TO UC METRIC
535~ CALCULATE NSC VALUE FOR UNIT OP STATION
5401 ADD NSC VALUE TO NSC METRIC
545 CALCULATE VASC VALUE FOR UNIT OP STATION
5501 ADD VASC VALUE TO VASC METRIC
555 CALCULATE NPT VALUE FOR UNIT OP STATION
5601 ADD NPT VALUE TO NPT METRIC
DOWNSTREAM YES IDENTIFY NEXT
UNIT OP DOWNSTREAM  [—
STATION'S? UNIT OP STATION
N
570
DONE CALCULATING ROUTE
575" METRICS EOR THIS ROUTE

FIG. 13A



CA 03035537 2019-02-28

WO 2018/049104 PCT/US2017/050599

13/13
}85/\
ROUTE A'S QL
NO METRIC < ROUTE B'S YES
QL METRIC?

ROUTE AS UC
METRIC > ROUTE B'S
UC METRIC?

NO YES

ROUTE ASNSC
METRIC > ROUTE B'S
NSC METRIC?

NO YES

ROUTE A'S VASC
METRIC > ROUTE B'S
VASC METRIC?

YES

Y

605

ROUTE A'S NPT
METRIC < ROUTE B'S
NPT METRIC?

NO YES

A
Y

A J A

NEITHER ROUTE ANOR
ROUTE B IS BETTER ROUTE B IS BETTER ROUTE A IS BETTER
( / N
590 615 580

FIG. 13B






	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - CLAIMS
	Page 58 - CLAIMS
	Page 59 - CLAIMS
	Page 60 - CLAIMS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - DRAWINGS
	Page 64 - DRAWINGS
	Page 65 - DRAWINGS
	Page 66 - DRAWINGS
	Page 67 - DRAWINGS
	Page 68 - DRAWINGS
	Page 69 - DRAWINGS
	Page 70 - DRAWINGS
	Page 71 - DRAWINGS
	Page 72 - DRAWINGS
	Page 73 - DRAWINGS
	Page 74 - REPRESENTATIVE_DRAWING

