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METHODS AND APPARATUS FOR MOLDING CONTROL

RELATED APPLICATIONS

The entire contents of U.S. Provisional patent application no. 62/856,833, filed June 4, 2019, U.S.
Provisional patent application no. 62/856,059, filed June 25, 2019, Patent Co-operation Treaty
(PCT) application no. PCT/CA2019/051205, filed August 29, 2019, PCT application no.
PCT/CA2019/051204, filed August 29, 2019, PCT application no. PCT/CA2019/051202, filed
August 29, 2019, and PCT application no. PCT/CA2019/051203, filed August 29, 2019, are

incorporated herein by reference.

FIELD

This relates to plastic molding, and more particularly, to control of flexible molding systems.

BACKGROUND

Many plastic molding systems are optimised for production of products in very large quantities.
Such systems typically involve complex, multi-cavity molds of fixed configuration for production

of multiple identical parts simultaneously in each molding cycle.

Successful operation of such processes typically requires extensive custom tooling. For example,
multi-cavity molds are custom designed and fabricated for each unique type of part to be produced.
Complex melt control mechanisms are required to melt and thermally control molding material,
and deliver molten material to each cavity. Molding material is therefore flowed through a fixed

conduit to a mold.

While these systems are capable of producing large volumes of products at relatively low per-unit
costs, they tend to be less cost-effective for smaller-quantity runs of products, and provide very
little flexibility, as product changes generally cannot be made without significant revision or

replacement of tooling.

Systems capable of producing multiple types of products or capable of efficient configuration

changes present control challenges.
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SUMMARY

An example molding system for forming plastic articles comprises: a plurality of process stations
each operable to receive an input unit and produce an output unit, the process stations comprising:
at least one melt dispensing station for dispensing molten molding material; and a plurality of
shaping stations each for forming molding material into a molded shape; wherein output units from
the at least one melt dispensing station are input units for the shaping stations a transport system
for selectively moving input and output units between ones of the process stations; a controller for
each of the process stations, operating the respective process stations according to a plurality of
operating conditions, the operating conditions defining the stations as ready to receive an input
unit, performing a process on an input unit, or ready to release an output unit; a supervisory
controller operable to track a current operating condition of each process station, define paths from
ones of the process stations ready to release an output unit, and ones of the process stations ready
to receive an input unit, and provide instructions for the transport system to move the input and

output units along the paths.

In some embodiments, the plurality of shaping stations are primary shaping stations, and the
molded shape is an intermediate molded shape and the process stations further comprise at least
one secondary shaping station, wherein output units from the primary shaping stations are input
units for the at least one secondary shaping station, the secondary shaping station operable to re-

shape articles in the intermediate molded shape into a final molded shape.
In some embodiments, the plurality of shaping stations comprise injection molds.

In some embodiments, the plurality of primary shaping stations comprise injection molds and the

plurality of secondary shaping stations comprise blow molds.

In some embodiments, the molding system is operable to concurrently produce plastic articles of

a plurality of types.
In some embodiments, the operating conditions are associated with a state of a station state model.

In some embodiments, the supervisory controller is configured to assign an operating state to each

of a plurality of types of plastic articles, according to a job state model.
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In some embodiments, the supervisory controller is configured to cause the operating stations to
transition between states of the station state model based on a transition between states of a job

state model.

In some embodiments, each state model is associated with a production operating mode, and
wherein the controller and the supervisory controller are configured with further state models for

automated execution of additional operating modes.
In some embodiments, the additional operating modes comprise a tooling change mode.

In some embodiments, each state model is implemented according to a packaging machine

language (PackML) standard.

In some embodiments, the system further comprises an enterprise control platform, the enterprise
control platform operable to receive production instructions over the internet and to direct

operation of the supervisory controller in accordance with the production instructions.

An example method of forming plastic articles comprises: operating a plurality of process stations
comprising stations for dispensing molten molding material and stations for forming molding
material into a molded shape, wherein the operating comprises providing operating status
communications from a controller, the communications identifying respective ones of the stations
as having produced an output part, and ones of the stations ready to receive an input part to be
processed; tracking an operating condition of each one of the plurality of process stations based
on the communications; defining a path for each output part to a station ready to receive the

respective input part to be processed; and moving each part along its respective route.

In some embodiments, the plurality of shaping stations are primary shaping stations, and the
molded shape is an intermediate molded shape and the process stations further comprise at least
one secondary shaping station, wherein output units from the primary shaping stations are input
units for the at least one secondary shaping station, the secondary shaping station operable to re-

shape articles in the intermediate molded shape into a final molded shape.

In some embodiments, the plurality of shaping stations comprise injection molds.
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In some embodiments, the method comprises concurrently producing plastic articles of a plurality

of types.

In some embodiments, the method comprises tracking an operating state of each one of the
plurality of process stations according to a station state model, wherein a set of possible operating

conditions are associated with each state of the station state model.

In some embodiments, the method comprises tracking a production status of a plurality of types

of plastic articles according to corresponding job state models.

In some embodiments, the method comprises causing a transition between states of the station

state model based on a transition between states of a job state model.

In some embodiments, the state model is implemented according to a packaging machine language
(PackML) standard.

An example method for use in molding articles comprises: moving each part of a plurality of parts
along a respective selected one of a plurality of possible paths through a plurality of available
process stations, wherein the process stations comprise dispensing stations and molding stations,
and each of the possible paths comprises a dispensing station and molding station; the selected one
of a plurality of possible paths selected by, at a controller: tracking an operating condition of each
of the process stations; selecting ones of the process stations capable of receiving a part for
processing; identifying ones of the plurality of parts capable of processing at the selected process

stations; assigning ones of the parts to ones of the process stations.

In some embodiments, the controller is a supervisory controller and wherein the tracking

comprises receiving reports from station controllers associated with the process stations.
In some embodiments, moving each part comprises moving along a track.

In some embodiments, the plurality of possible paths are for production of molded articles of a

plurality of different types.

In some embodiments, the assigning is based on allocation rules defining proportional allocation

of the process stations to the types of molded articles.
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In some embodiments, the allocation rules define production targets of the types of molded articles.
In some embodiments, ones of the process units are part of multiple the possible paths.

In some embodiments, the method comprises tracking cumulative production of each one of the

plurality of different types of articles.

In some embodiments, identifying ones of the plurality of parts capable of processing at the
selected process stations comprises identifying in-progress parts ready to be removed from process

stations based on the scanning.

In some embodiments, identifying ones of the plurality of parts capable of processing at the

selected process stations comprises identifying types of the in-progress parts ready to be removed.

In some embodiments, identifying ones of the plurality of parts capable of processing at the
selected process stations comprises cross-referencing the selected process stations and definitions

of the types of parts.

In some embodiments, the definitions of the types of parts comprise sets of process stations by

which parts of each type are produced.

In some embodiments, the molding stations comprise injection molding stations and blow molding
stations, and wherein each the process path includes a dispensing station, an injection molding

station and a blow molding station.

An example molding system for forming plastic articles comprises: a plurality of process stations
each operable to receive an input part and produce an output part, the process stations comprising:
at least one melt dispensing station for dispensing molten molding material; and a plurality of
shaping stations each for forming molding material into a molded shape; wherein output units from
the at least one melt dispensing station are input units for the shaping stations a transport system
for selectively moving input and output parts between ones of the process stations; a controller
operable to: track an operating condition of each of the process stations; select ones of the process
stations capable of receiving a part for processing; identify ones of the plurality of parts capable
of processing at the selected process stations; assign ones of the parts to ones of the process

stations.
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In some embodiments, the transport system comprises a track.

In some embodiments, the input and output parts are movable along a plurality of possible paths

for production of molded articles of a plurality of different types.

In some embodiments, the controller is operable to assign ones of the parts to ones of the process
stations based on allocation rules defining proportional allocation of the process stations to the

types of molded articles.

In some embodiments, the allocation rules define production quantity targets of the types of

molded articles.
In some embodiments, ones of the process units are part of multiple the possible paths.

In some embodiments, the controller is operable to track cumulative production of each one of the

plurality of different types of articles.

In some embodiments, the controller is operable to identify ones of the plurality of parts capable
of processing at the selected process stations by cross-referencing the selected process stations and

definitions of the types of parts.

In some embodiments, the definitions of the types of parts comprise sets of process stations by

which parts of each type are produced.

In some embodiments, the molding stations comprise injection molding stations and blow molding
stations, and wherein each the process path includes a dispensing station, an injection molding

station and a blow molding station.

In some embodiments, the controller is a supervisory controller, wherein the supervisory controller
is operable to track an operating condition of each of the process stations based on reports received

from controllers associated with the process stations.

BRIEF DESCRIPTION OF DRAWINGS

In the figures, which depict example embodiments:



10

15

20

25

WO 2021/237339 PCT/CA2021/050671

FIG. 1 is a schematic diagram of a molding system,;

FIG. 2 is a top plan view of the molding system of FIG. 1;

FIG. 3 is a side view of the molding system of FIG. 2;

FIG. 4 is a schematic view of the molding system of FIG. 1;

FIG. 5 is a schematic view of components of a control system of the molding system of FIG. 1;

FIG. 6 is a block diagram showing components of a supervisory control layer of the control system

of FIG. 5;

FIG. 7 is a table depicting a data structure at the supervisory control layer of FIG. 6, for identifying

possible product varieties;

FIG. 8 is a table depicting a data structure at the supervisory control layer of FIG. 6, for identifying

possible station configurations;

FIG. 9 1s a table depicting data at the supervisory control layer of FIG. 6, for tracking station status

information,;

FIG. 10 is a table depicting data at the supervisory control layer of FIG. 6, for station allocation;
FIG. 11 is a table depicting data at the supervisory control layer of FIG. 6, for tracking carriers;
FIG. 12 is a table depicting data at the supervisory control layer of FIG. 6, for tracking production;

FIG. 13 is a table depicting data at the supervisory control layer of FIG. 6, for tracking in-progress

articles;

FIG. 14 is a schematic diagram depicting relationships between state models of the control system

of FIG. 6;

FIG. 15 is a schematic diagram depicting states of a state model of the control system of FIG. 6;
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FIG. 16 is a schematic diagram depicting a sequence of steps in a state of the state diagram of FIG

15; and
FIG. 17 is a flow chart depicting a process for routing parts through the system of FIG. 1.

DETAILED DESCRIPTION

FIG. 1 schematically depicts an example plastic molding system 100 for producing plastic molded
articles. As described in further detail below, plastic molding system 100 is capable of molding

articles through a sequence of processing operations.

Plastic molding system 100 includes a plurality of process stations. The stations include groups
of stations that are each operable to perform the same type of processing operation. Specifically,
the depicted embodiment comprises a plurality of dispensing stations 102, a plurality of shaping
stations 104, a plurality of secondary shaping stations 106, and a plurality of conditioning stations

108.

Each of the dispensing stations 102 is operable to perform a dispensing operation, namely,
producing an output of molding material for use in subsequent operations. Each of the shaping
stations 104 is operable to perform a primary shaping operation. For example, each station 104
may include an injection mold for performing an injection molding operation. Each one of shaping
stations 106 is operable to perform a secondary shaping operation. For example, each one of
shaping stations 106 include a blow mold for re-shaping an injection molded article into a finished

shape.

Each station is operable to receive an input unit, and perform a process operation on the input unit
to produce an output unit (collectively, “parts”). Input parts to dispensing stations 102 are empty
vessels for receiving molding material. Output parts from dispensing stations 102 are vessels filled
with molding material. Input parts to shaping stations 104 are filled vessels from dispensing
stations 102 and output parts from shaping stations 104 are parts molded into an intermediate
shape. Input parts to shaping stations 106 are the intermediate-shaped parts output from shaping
stations 104, and output parts from shaping stations 106 are re-shaped into finished articles.

Intermediate-shaped parts from shaping stations may be processed at conditioning stations 108
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prior to re-shaping at shaping stations 106. Conditioning stations 108 may, for example, add heat

to the intermediate-shaped parts, to create desired conditions for reshaping.

In an example, dispensing stations 102 comprise extruders for producing a flow of molten plastic
molding material such as PET from a solid (e.g. pelletized) feedstock; shaping stations 104 are
injection molding stations for producing blanks known as preforms to be subsequently re-shaped
into containers such as beverage containers; and shaping stations 106 are blow molding stations

for re-shaping the preforms.

In some embodiments, dispensing stations 102 are operable to dispense a range of possible
molding materials. For example, the dispensing stations may output molding materials having
different colours, compositions, or other properties. Dispensing stations 102 may be configured
to output molding material in discrete quantities, which may be referred to as doses. Likewise,
different shaping stations 104 and different shaping stations 106 may include molds of different
sizes or shapes. Collectively, system 100 may be capable of concurrently producing molded
articles of a number of different types, with each specific type of article corresponding to a
combination of a type and quantity of molding material from a dispensing station 102, a shape and
size of an injection molded article from a shaping station 104, and a shape and size of a finished
article from a shaping station 106. Different types of articles would travel along different paths
through system 100, with paths being defined by stations through which they pass.

Other embodiments may include more or fewer stations and carry out molding processes with
more or fewer process steps. For example, some molding processes may include only a single
molding step, or may include more than two molding steps. Alternatively or additionally, plastic
molding system 100 may include stations for other operations. For example, plastic molding

system 100 may include stations for post-molding operations such as container filling, labelling or

capping.
The process stations of plastic molding system 100 are connected by a transport subsystem 110.

Transport subsystem 110 selectively connects stations to one another. Transport subsystem 110 is
configurable to move molding material and in-progress or finished parts through any possible

process paths through molding system 100.
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As depicted, transport subsystem 110 includes a track defining a longitudinal axis of molding

system 100.

FIGS. 2, 3 and 4 depict an example physical layout of plastic molding system 100. As depicted,
transport subsystem 110 of molding system 100 includes a track 112. In progress and completed

molded articles are movable along track 112 between stations of molding system 100.

In the depicted embodiment, track 112 defines a loop. The loop is arranged vertically, with an
upper track section 112-1 and a lower track section 112-3. Movable elevators 114 are positioned
at ends of track 112 and are operable to shuttle parts between track sections 112-1, 112-2. Other
embodiments may include tracks of different configurations. For example, some embodiments
may include tracks defining a horizontal loop or tracks that do not define a loop, such as linear

tracks.

The track 112 may comprise an array of electromagnets extending along its length. The track may
be arranged in segments, each having a scale and an encoder output sensor extending along its
length. The controller provides control voltages to the electromagnets of the track segments and

is connected to the encoder output sensor.

Transport subsystem 110 includes carriers operable to hold parts for movement along track 112.
In the depicted embodiment, the carriers include molding material carriers 116 and preform

carriers 118.

Carriers 116, 118 are movable along the length of track 112 by selective operation of the
electromagnets in the track. In addition, the encoder at each track segment is able to precisely
detect the position of the carriers along the track. Accordingly, the position of each individual
carrier 116, 118 may be monitored and a carrier 116, 118 may be accurately sent to any arbitrary

position along track 112.

Track 112 and carriers 116, 118 may be those manufactured by Beckhoff Automation GmbH &
Co. KG under the trademark XTS.

10
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Molding material carriers 116 are operable to transport molding material to be used at shaping
stations 104. Specifically, as depicted, at dispensing stations 102, molding material is melted and

transferred in molten form to vessels 120, also referred to as material transport units.

Vessels 120 are configured to maintain the molding material in its molten configuration during
transport. For example, vessels 120 may be insulated to limit loss of heat and may include active
heating elements. The active heating elements may be externally powered and may have exposed
electrical conducts to receive power from corresponding contacts along track 112. Such power
transmission may occur continuously or only at discrete locations along track 112 or when the

vessels are positioned at some of the process stations.

Molding material carriers 116 are designed to selectively receive and retain (e.g. interlock with)

vessels 120.

Preform carriers 118 are designed to selectively receive and retain in-progress parts for transport
to subsequent stations. Specifically, as depicted, molten molding material is molded into an
intermediate shape at shaping stations 104. The preform carriers are shaped correspondingly to
the intermediate shape. A plurality of intermediate shapes may be possible and the preform carriers
may be configured to accommodate all of the possible intermediate shapes. In an example, the
intermediate shapes are preforms for being formed in a secondary shaping operation into a bottle
or other container. Possible intermediate shapes may correspond to final bottle specifications,

such as physical size and shape, wall thickness or the like.

As schematically depicted in FIG. 4, transport subsystem 110 may further include transfer devices
for moving parts between individual stations and track 112. For example, a set of robotic swappers
122 is positioned proximate shaping stations 104 for moving vessels 120 onto and off of track
section 112-1. Each swapper 122 is operable to simultaneously handle up to two vessels 120 in
respective nests. A vessel 120 that is filled with molding material may be picked up from track
112 in a first nest. A vessel 120 that has been voided of molding material may be picked up from
a shaping station 104 in a second nest. The vessels 120 may then be interchanged. That is, the

filled vessel may be placed in shaping station 104 and the voided vessel may be placed on track

112.

11
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A second set of robotic swappers 124 is positioned proximate shaping stations 106 for transferring
parts that have been formed into an intermediate shape from shaping stations 10 to preform carriers
118 on track section 112-2. Robotic swappers 124 may be single-axis or multi-axis robotic arms

with end effectors operable to selectively grasp an intermediate shape.

Details of a suitable example transport subsystem are disclosed in patent cooperation treaty

application no. Patent Co-operation Treaty (PCT) application no. PCT/CA2019/051205.

In some embodiments, molding system 100 may be part of a larger production facility. In such
embodiments, the production facility may include multiple instances of molding systems 100,
which may or may not be configured identically to one another. The molding system 100 may
be part of a facility housed in a single building at a single location, or across multiple buildings at

multiple locations.

FIG. 5 is a block diagram depicting physical organization of an example control system 200 for
operating a production facility including molding system 100. As shown, the control system 200
is configured in layers. The tiers include an enterprise platform layer 202, a supervisory control

layer 204 and a station control layer 206.

The station control tier 206 includes a plurality of control modules, each of which generally
controls operation of a single station of a molding system. For example, the depicted control
modules 207-1, 207-2,...207-10 are responsible for controlling the dispensing stations 102,
shaping stations 104 and shaping stations 106 of molding system 100. Station control tier 206
may further include control modules which control subsystems of molding system 100 that are not
part of discrete stations. For example, the depicted control module 207-11 controls operation of

transport subsystem 110.

Each control module may include one or more programmable logic controllers (PLCs) coupled to
individual actuators and sensors within the station. For example, actuators controlled by a PLC at
a dispensing station 102 may include actuators for extruder screw rotation; barrel heating; gate
opening and closing, and the like. Actuators controlled by a PLC at a shaping station 104 may
include mold opening and closing, core movement, mold material injection, gate opening and

closing, and the like.

12
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In the depicted embodiment, the PLCs are implemented as virtualized PL.Cs running on industrial
computers. Suitable industrial computers are Beckhoff GmbH series C6930 PCs based on multi-
core intel CPUs and Microsoft Windows 10 operating system. Virtualized PLCs may be
implemented in the Beckhoft TwinCAT 3 PLC runtime.

As will be apparent to skilled persons, stations of molding system 100 may be operated in defined
cycles. That is, upon commencing a production operation, the control module of a station may
cause a defined sequence of operations to be performed. In general, the operations occurred in a
fixed order and each operation takes place in a fixed period of time. The control modules of station
layer 206 are configured to output messages comprising operational data. The operational data
includes, at least, an identification of a process step being carried out, or an identification of an
idle status if no process step is being carried out. As will be described in greater detail,
identification of a process step likewise identifies or can be used to infer whether the station is
capable of accepting a part for processing. Other operational data provided by the control module
may include information for determining when a processing step will be concluded. For example,
the data may include any of the time at which a current process step was initiated, the time elapsed
since the step was started, or the time remaining in the step. The control modules may further be
configured to report an operating mode and an operating state, such as a state defined in accordance
with the Packaging Machine Language standard defined by International Society of Automation
standard ISA-TR88 (hereinafter referred to as “PackML”). The station control modules are further
configured to receive commands from the supervisory controller to transition into a new state and
mode, to adjust operating parameters, and to apply any of a plurality of pre-defined parameters for

processing of parts.

The control modules 207 of station layer 206 may additionally or alternatively include other
control devices. For example, each control module may include a traditional (physical) PLC rather
than a virtualized PLC. In some examples, terminals with user interfaces may be provided at
stations to allow human operators to observe operational data, input instructions and the like. This
may be referred to as a human machine interface (HMI). Hardware buttons or other controls may
be connected to the control modules 207 and positioned in close proximity to the corresponding
station. Such controls may allow for an operator to quickly and conveniently access a manual

control mode

13
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The control modules of station layer 206 may be interconnected with supervisory control layer 204
by way of one or more networks. The networks may include an EtherCAT Automation protocol
(EAP interface) for PLC real-time communications, as well as an internet protocol (IP) or other
suitable network, which may be used for non-real-time sensitive communication. The networks

may include wired (e.g. Ethernet) and wireless (e.g. IEEE 802.11 Wi-Fi) connections.

Supervisory control layer 204 includes a supervisory controller 205. The supervisory controller
interfaces with control modules of station layer 206 in order to direct and coordinate station
operations, manage configuration of stations and to direct production of articles, e.g. to fulfill
orders. Supervisory controller 205 may be implemented in a suitable industrial PC such as a
Beckhoff GmbH CX2072 based on a multi-core intel CPU and Microsoft Windows 10 operating
system, which may include a virtualized PLC implemented using the Beckhoff TwinCAT 3 PLC

runtime.

The supervisory controller 205 is operable to receive and interpret messages, such as status
messages, from each of the control modules 207 of station layer 206. In an example, sending of
messages may be initiated by the control modules. For example, messages may be sent in response
to initiation or completion of a processing step, or on a periodic basis. Alternatively or
additionally, the supervisory controller 205 may periodically poll the controller 205 at each station

within molding system 100 and interprets and forms operating instructions based on the responses.

The supervisory controller 205 also implements a human machine interface (HMI) or operator
interface functionality, which may include a graphical user interface presented to the operator on
one or more display panels, which may be touch sensitive. The HMI may also be equipped with

hardware buttons or other manual controls for specific functions.

Supervisory control layer 204 is interconnected with enterprise platform layer 202 by way of a
network. The network may be a local-area network (LAN) or a wide-area network such as the

internet.

Enterprise platform layer 202 comprises one or more servers 203 and may serve as a data
repository for operational data required for production of articles using molding system 100. For

example, as described in greater detail below, each station is capable of numerous possible

14
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configurations and numerous types of articles can be produced using different combinations
thereof. Master data structures listing such possibilities may be maintained as part of enterprise
platform layer 202 and at any given time, only a subset of data may be copied to supervisory
control layer 204 and station layer 206. For example, data may be stored in a master database at
enterprise layer 202 and subsets of data may be written to memory at supervisory control layer 204
or at stations of station layer 206. The data copied may, for example, be only data relating to

configurations that are possible with tooling physically available for installation.

Enterprise platform layer 202 also directs and monitors production by molding system 100.
Specifically, orders defining production requirements may be input or received at enterprise
platform layer 202. The production requirements may include, for example, types and quantities
of articles required, and time at which the articles are required. Based on the production
requirements, enterprise platform layer 202 can schedule production of specific types and
quantities, and send instructions to supervisory control layer 204 to cause production according to
the schedule. In some embodiments, enterprise platform layer 202 communicates with supervisory
control layers 204 of multiple molding systems and can schedule and direct production by each of

the molding systems.

In some embodiments, enterprise platform layer 202 is interconnected with supervisory control
layers 204 of a plurality of different molding systems. In such embodiments, enterprise platform
layer 202 may request configuration information for each molding system, to determine which
systems are capable of producing articles of the desired types and in the desired quantities.
Production scheduling may involve distributing production instructions based on the capabilities

and current production scheduled.

In some embodiments, enterprise platform layer 202 provides an interface for outside users such
as customers to input instructions and monitor production. For example, users may access
enterprise platform layer 202 through the interface to place production orders, or to retrieve data

on production progress, or the like.

The interface may be provided to by way of a wide-area network (WAN) such as the internet. For
example, users may interact with enterprise platform layer 202 through a website or mobile

application or by calls to one or more APIs forming part of facility layer 202.
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FIGS. 6-13 depict features of supervisory control layer 204 in greater detail.

FIG. 6 depicts example functional components of supervisory control layer 204. As shown,
supervisory control layer 204 provides supervisory control and coordination within molding
system 100. Supervisory control layer 204 includes an SKU management unit 210, a station
management unit 212, a routing unit 218, a production tracking unit 214 and a carrier tracking unit

216.

SKU management unit 210 maintains a record of types of molded articles capable of being
produced by molding system 100. Each unique molded article may be referred to as an SKU. As
noted, each unique article type corresponds to a unique set of processing steps performed to
produce the molded article. For example, each unique combination of a type and amount of

molding material; intermediate shape and final shape defines a SKU.

As shown in FIG. 7, SKU management unit maintains a data structure 220 defining possible
SKU’s. The data structure 220 has a record for each SKU and the records contain values in a

“material type” field 222, an “intermediate shape” field 224, and a “final shape” 226.

As used herein, the term “data structure” refers to a set of data referenced to perform a described
function. The described data structures may be contiguous, such as data stored in a table of a
database, or data stored at a range of memory addresses. Alternatively or additionally, data
described or shown in the figures as contiguous may distributed. For example, data depicted as
being stored in a table may alternatively be stored in multiple tables at different locations.
Likewise, data may be distributed across multiple memory locations or ranges of memory
locations. Described data structures may be stored in a database and may be loaded into memory
at runtime. Manipulations of the data structures described herein may be performed as

manipulations of data in memory, manipulations of databases or their contents, or both.

A first record 220-1 of data structure 220 defines a SKU “200 ml red”, indicating a red bottle of
200 ml capacity. The record has a value of “red” in the material type field 222, a value of “12g”
in the intermediate shape field 224, indicating that the intermediate shape is that corresponding to
a bottle preform 12 g in mass, and a value of “200 ml” in the final shape field 226, indicating that

the finished shape is that corresponding to a bottle 200 ml in volume. Similarly, a second record
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220-2 defines a SKU “200 ml green” and has the same values as record 220-1, except that the
value in material type field 222 is “green”. A third record 220-3 is for a SKU of “300 ml green”
and has material type, intermediate shape and final shape values of green, 16 g and 300 ml,
respectively. A fourth record 220-4 is for a SKU of “300 ml red” and has material type,
intermediate shape and final shape values of red, 16 g and 300 ml, respectively. A fifth record
220-5 is for a SKU of “250 ml blue” and has material type, intermediate shape and final shape
values of blue, 14 g and 250 ml, respectively.

In the depicted example, data structure 220 has a fixed size of eight records, three of which are
unused. Data structure 220 may have fixed size in order to fit within memory constraints of a
PLC. However, data structure 220 may have substantially any number of records, subject to
capacity of the medium in which the data structure is stored, and in some embodiments may not
have a defined size or maximum size. Optionally, the records in data structure 220 may be a subset

of records from a corresponding master data structure stored as part of enterprise layer 202.

Referring again to FIG. 6, station management unit 212 tracks a set of possible configuration
options for the stations of molding system 100, as well as the current configuration of each station

and the operating status of each station.

As noted, each station of molding system 100 is capable of a plurality of configurations. For
example, any dispensing station 102 may be configured to dispense any one of a plurality of
molding materials. Possible molding materials may vary, for example, in colour, composition,
dispensing conditions such as temperature, or the like. Similarly, any shaping station 104 or
shaping station 106 may be configured with any of a plurality of different molds, for producing
parts of different shapes, weights, markings, or the like. The configuration of a particular station

is defined at least partly by the tooling installed at the station.

As shown in FIG. 8, station management unit 212 maintains a data structure 230 which defines
configuration possibilities for each type of station. As depicted, data structure 230 includes a first
set of options 230-1 listing possible molding material types that may be used at a given dispensing
station. In the depicted example, three material types are shown, namely, green PET, red PET and

blue PET. Other possible material characteristics that may be varied include material type, such
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as PET, PP and HDPE, polymer grades, viscosity, recycled polymer content and functional

additives such as UV blockers or AA scavengers.

In some embodiments, material types defined in data structure 230 may correspond to detailed
material specifications, recorded in another data structure (not shown). The material specifications
may define, for example, mixing parameters such as base polymer and additive feed rates. The
specifications may be maintained at supervisory control layer 204 and sent as processing

instructions to dispensing stations 102,

Data structure 230 further includes a second set of options 230-2 listing mold options available for
use in shapers 104. Each mold option corresponds to a specific mold design for producing a
possible intermediate part shape. In some embodiments, shapes may be identified based on the
mass of the resulting part. For example, as depicted, set 230-2 includes 12 g, 14 g and 16 g shapes.
Additionally or alternatively, shapes may be identified based on geometric characteristics.
Identifiers in set 230-2 may correspond to more detailed shape specifications maintained at

enterprise layer 202. The specifications may be used to define parameters in molding operations.

Data structure 230 further includes a third set of options 230-3 listing mold options available for
use in shapers 106. Each mold option corresponds to a specific mold design for producing a
possible final part shape. In some embodiments, the final shapes may be containers such as bottles
and the final shapes may be identified based on the volume of the resulting container. For example,

as depicted, set 230-3 includes 200 ml, 250 ml and 300 ml options.

FIG. 9 depicts a further data structure 236 maintained by station management unit 212. Data
structure 236 records current configuration and operating status information for each station of
molding system 100. As noted, data depicted in data structure 236 may exist as a single contiguous
data structure, or it may be distributed across a plurality of locations, such as a plurality of database

tables or memory address ranges.

As depicted, data structure 236 includes 10 records corresponding to dispensing stations 102,
shaping stations 104 and shaping stations 106 of molding system 100. Records 236-1 and 236-2
correspond to dispensing stations 102, records 236-3 through 236-8 correspond to shaping stations

104 and records 236-9 and 236-10 correspond to shaping stations 106.
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Each record of data structure 236 includes an enabled field 238 containing a value indicating
whether the corresponding station is enabled for operation, and a tooling field 240 indicating the
tooling configuration currently installed at the corresponding station. Values in tooling field 240

correspond to values defined in data structure 230.

Operation of molding system 100 and of stations within molding system 100 may be controlled by
modelling each station and the overall system as a state machine. Each state machine may be
implemented within the controller of the respective device. That is, each station and the system as
a whole may be regarded as operating in any one of a plurality of discrete states, each of which is
associated with a specific defined sequence of operating steps. In the depicted example, states are
defined in based on the Packaging Machine Language (PackML) standard defined by International
Society of Automation standard ISA-TR88. As will be described in greater detail, each piece of

equipment may have multiple modes, each of which has an associated state model.

Each record of data structure 236 includes a mode field 242, indicating the mode in which the
corresponding station is operating. Possible modes may include tooling change, in which tools are
automatically removed from or installed to stations; mold set, in which tooling may be manually
installed and specific maintenance operations may be conducted; manual, in which an operator
manually initiates actions, primarily for troubleshooting; dry cycle, in which the station is operated
without melt or in-progress parts; and production, in which parts are produced. Each record further
comprises a state field 243, identifying the operating state of the station. Possible states are

described in greater detail with reference to FIG. 16.

Each record of data structure 236 further includes a series of fields relating to current part
production status of the corresponding station. Specifically, each record includes a job field 244
identifying a part to be produced or being produced at the station. In the depicted example, the
part is identified by a pointer to a record of data structure 220 (FIG. 7). Alternatively, field 244
may include the SKU. Each record of data structure 236 further includes a serial number field
246, populated with the serial number assigned to the part, if present, and a completion status field
248, indicating whether the station is ready to act on a “make” instruction to commence processing

of a part..
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Each record of data structure 236 further includes two swapper status fields 250, 252, indicating
status of swappers associated with the corresponding station. Swapper status field 250 indicates
whether an associated swapper 122 is in the process of transferring a vessel 120 out of an
associated dispensing station 102 or into an associated shaping station 104 and swapper status field
indicates whether an associated swapper 124 is transferring a part in an intermediate shape out of

an associated shaping station 104 or into an associated shaper station 106.

Station management unit 212 may associate stations of molding system 100 into groups of
stations having like configuration. For example, all dispensing stations 102 configured to dispense
a given molding material may be assigned to a common logical grouping. Likewise, all shapers
104 configured to produce parts of a given intermediate shape may be assigned to a common

logical grouping. Such groupings may be referred to as dispatch groups.

As shown in FIG. 9, each record of data structure 236 includes a dispatch group field 253
identifying a group to which the corresponding station is assigned. For example, record 236-1
corresponds to a dispensing station configured for dispensing green molding material and is
assigned to dispatch group 1. Record 236-2 corresponds to a dispensing station configured for
dispensing red molding material and is assigned to dispatch group 2. Records 236-3, 236-4 and
236-5 correspond to shapers 104 configured to produce 12 g preform shapes and are assigned to
dispatch group 3. Records 236-6, 236-7 and 236-8 correspond to shapers 104 configured to
produce 16 g preform shapes and are assigned to dispatch group 4. Records 236-9 and 236-10
correspond to shapers 106 configured to produce 200 ml and 300 ml final shapes, respectively,

and are assigned to dispatch groups 5 and 6, respectively.

Each record of data structure 236 further includes a station ID field 255, containing a unique

identification number identifying the corresponding station.

Molding system 100 may be configured to produce multiple SKUs simultaneously. In such cases
an allocation factors may be assigned to each SKU. The allocation factors may be considered to
represent a portion of the available production resources assigned for production of each SKU.
For each SKU, separate allocation factors may be defined for dispensing stations 102, shaping

stations 104, and shaping stations 106.
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In some examples, allocation factors may be integer values corresponding to physical stations.
That is, a value of “1” may be assigned to indicate that a single station is dedicated to the SKU and
avalue of “2” may be assigned to indicate that two stations are dedicated to the SKU. For example,
if two SKUs of different materials are being concurrently produced in a molding system having
two dispensing stations, each SKU may be assigned a dispensing station allocation factor of “17,

indicating that one of the two dispensing stations is assigned for production of that SKU.

In other examples, allocation factors may not correspond to assignment of a physical device solely
to production of a single SKU. For example, if three SKUSs are being concurrently produced, one
of a first colour and two of a second colour, and two dispensing stations are available, a dispenser
allocation factor of “1” could be assigned to the SKU of the first colour, while an allocation factor
of “0.5” could be assigned to each of the SKUs of the second colour. Such allocation factors would
indicate that the output of a dispensing station set up to dispense material of the second colour

would be split between two SKUs. Thus, resources may be shared in production of multiple SKUs.

Allocation may be done based on dispatch groups, rather than individual stations. That is, the
combined output of an entire dispatch group may be divided according to allocation factors of

SKUs using that dispatch group, rather than assigning individual machines to SKUs.

FIG. 10 depicts an example data structure 260 maintained by station management unit 212 to track
allocation of stations to SKUs. FIG. 10 depicts example allocation factors for SKUs in molding

system 100.

Data structure 260 comprises a plurality of records, each corresponding to an SKU. Record 260-
1 corresponds to SKU “200 ml red”, as defined in record 220-2 of data structure 220 (FIG. 7).
Record 260-2 corresponds to SKU “200 ml green”, as defined in record 220-2 of data structure
220, and record 260-3 corresponds to SKU “300 ml green”, as defined in record 220-2 of data

structure 220.

Each record has a first field 262 indicating whether the SKU is enabled, i.e., whether the SKU is
being actively produced. Each record further includes fields 264, 266, 268 containing SKU
specifications defined in the corresponding record of data structure 220, or references to the

corresponding fields of data structure 220. Each record further includes allocation factor fields
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270, 272, 274, respectively containing allocation factors for dispensing stations 102, shaping

stations 104 and shaping stations 106.

In the depicted example the total of allocation factors in fields 270, 272 and 274 is the same as the
number of active stations of each respective type. That is, records 260-1, 260-2, 260-3 have
dispensing station allocation factors 270 of 1, 0.5 and 0.5 respectively, which corresponds to the
two dispensing stations 102 available in molding system 100. Thus, the allocation factors may be
interpreted as meaning that one dispensing station 102 is dedicated to record 260-1, i.e. “200 ml
red”, and another dispensing station is split between records 260-2 and 260-3, i.e. 200 ml and 300
ml green SKUSs. Similarly, shaper 104 allocation factors in fields 272 are 2, 1 and 3, reflecting a
total of six available shaping stations 104. However, as will become apparent, allocation factors

need not be normalized in this manner and may simply define resource allocations proportionally.

Referring again to FIG. 6, carrier tracking unit 216 maintains a data structure 280 containing a list
of vessel carriers 116 and preform carriers 118 within molding system 100. As shown in FIG. 11,
each carrier is represented by a record with fields identifying a unique identification value for the
carrier (carrier ID), the type of carrier (i.e. vessel or preform), the position of the carrier along
track 120, the destination of the carrier (if any), identified by a station ID, and a serial number of

the part in the carrier (if any).

Production tracking unit 214 maintains data structures 282, 284, tracking completed and in-

progress parts.

As shown in FIG. 12, data structure 282 contains a count of completed parts for each SKU. As
shown in FIG. 13, data structure 284 contains a record for each in-progress part in molding system
100. Each record contains a serial number, a SKU, a station ID of the station the part is located at

(if any), a carrier ID, and a value identifying the next destination of the part.

In the depicted example, the next destination of the part is defined as the dispatch group to which
the part will travel after a current processing step is completed. As described above, the sequence
of process steps for a particular SKU is defined in data structure 220 (FIG. 7). The dispatch group
to which a part will travel is the dispatch group corresponding to the next station type in the

sequence. For example, record 284-1 of data structure 284 is for a part with serial number 00001
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of SKU “200 ml red”. Part 00001 is located at a dispensing station 102 with station ID 0003. As
defined in record 220-1 of data structure 220 (FIG. 7), 200 ml red articles require a 12 g
intermediate (preform) shape. Accordingly, the next destination for part 00001 is a shaping station
104 configured for 12 g molding. As recorded in data structure 236 (FIG. 9) such stations are part
of dispatch group 3. Accordingly, the next destination field identifies dispatch group 3.

Molding system 100 and components thereof may be controlled according to a state model. That
is, state models may be defined which characterize operation of molding system 100 and its
components. The models may be used to coordinate operation of stations. For example, the state
models may be used to monitor and co-ordinate start-up and shut-down of stations, fault correction
and the like. Likewise, the state models can be used to determine when individual stations are

capable of receiving parts for processing.

FIG. 14 shows state model components. As shown, a system state model 300 is defined to describe
operation of the overall molding system 100, a station state model 302 is defined to describe
operation of each station, and a job model 304 is defined to describe status of jobs at molding
system 100. For example, a job model 304 is defined to describe production status of each SKU.
A job model 304 may also be defined to described non-production functions, such as maintenance

functions, automated tooling changes, and set-up functions.

The status of state models 300, 302, 304 are linked. Messages containing commands and status
information may be exchanged, and state transitions in the system model 300, station models 302

and SKU models 304 may prompt state transitions in other models.

In some examples, state machines 300, 302, 304 are implemented based on the Packaging Machine

Language (PackML) standard defined by International Society of Automation standard ISA-TR88.

FIG. 15 depicts an example state diagram based on the PACKML standard ISA-TR88 and
applicable to models 300, 302, 304. As depicted, 17 states are defined in each model. Each state
includes a defined sequence of operations, which may repeat cyclically, and defined conditions for

transitioning from one state to another.

As depicted, each state model includes a plurality of main states, as well as transitional states

between the main states. The main states include an idle state 310, in which the machine is ready
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to produce parts and awaits an instruction to commence production, an executing state 312, in
which parts are produced, a stopped state 314, in which parts are not produced, but the machine is
not ready to produce parts, and suspended and held states 316, 318 in which production of parts is

paused, awaiting instructions to resume.

As noted, each state of state models 300, 302, 304 has an associated fixed sequence of actions that
is performed in the state. The sequence of actions defines a plurality of sub-states, with sub-states

corresponding to completion of actions in the sequence.

FIG. 16 depicts a simplified example sequence of actions executed at a dispensing station 102 in

executing state 312 of state model 302.

On entering execute state 312, a report is provided to a control device of supervisory control layer
204, confirming that the dispensing station 102 is in the execute state. The report indicates that
the dispensing station is ready to execute a dispensing sequence upon receiving an empty vessel
120 and an instruction from supervisory controller 205. A vessel 120 is then placed into the
dispensing station 102 from the adjacent swapper 122. The vessel 120 is positioned such that an
inlet opening of the vessel mates to an outlet nozzle of the dispenser. The dispenser is activated
to produce molding material, e.g. by rotating an extruder to melt the molding material, and an
actuator opens the inlet of vessel 120. Molding material is transferred to the vessel 120, e.g. in a
stream, and the stream is cut, and production of molding material is then stopped by stopping
extruder rotation. The vessel inlet is then closed by an actuator. A report is then provided to a
control device of supervisory control layer 204 indicating that a part is ready to be removed from
the station. This may be referred to as a “part ready” sub-state. Swapper 122 then engages and

retracts the vessel 120 out of dispensing station 102.

Once vessel 120 is retracted out of dispensing station 102, the dispensing station is ready to accept
another vessel 120 to be filled. Accordingly, a report is provided to a control device of supervisory
control layer 204 indicating that the dispensing station is ready for another vessel. This may be
referred to as an “awaiting part” sub-state. The dispensing station remains in the awaiting part
sub-state until another vessel 120 is received and an instruction is received from supervisory

controller 205, at which point the sequence of actions is repeated.
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Based on the current state of dispensing station 102, the sequence of steps being executed by the
dispensing station is known to the control device of supervisory control layer 204. Moreover, as
a result of status reporting by dispensing station 102, it is known when the dispensing station is in
specific sub-states in which the dispensing station interacts with other components of molding
system 100, namely, when a part is ready to be removed from the station and when the station is

ready receive a new part.

Further details of operation of example dispensing stations 102 and shaping stations 104, 106 are
described in PCT patent application no. X, the contents of which are incorporated herein by

reference.

Execute states 312 in state models 302 for each of shaping stations 104, 106 likewise include
reporting status in sub-states which call for interaction with other parts of molding system 100. In
each execute state 312 the stations issue status reports that include at least an indication of a “part
ready” sub-state at which a part is ready to be removed from the station, and an “awaiting part”
sub-state at which the station is awaiting a further part for processing. The supervisory controller
issues an instruction to the station defining at least a type of part (e.g., SKU) to be produced next
and a subsequent destination to which the part is to be sent. Processing parameters may be included

with the instruction or may be determined by the process station based on the type of part.

In the depicted embodiment, reports corresponding to sub-states of stations are sent by the stations
immediately upon reaching the respective sub-states. That is, a report is sent in response to the
first polling event after the sub-state is reached. Alternatively, reports may be sent in response to

polling by the control device of the supervisory control layer 204.

Optionally, a plurality of modes may be defined, each mode having its own set of state models
300, 302, 304. The states available in each mode may be the same as those shown in FIG. 15 or a
sub-set thereof. However, the sequence of steps associated with each state may vary from mode
to mode. For example, modes may include production, maintenance and tooling change modes

and steps performed in the “execute” state of each mode may differ.

States and modes of stations may be independent of one another. For example, during normal

production operation of molding system 100, a subset including one or more stations may be
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transitioned into a hold state without interrupting operation of other stations. Likewise, one or
more stations may be transitioned to a stopped state, then from a production mode to a tooling

change mode without interrupting operation of any other stations.

Stations may also inherit states and modes from system state model 300 and job state models 304.
For example, movement of molding system 100 from an idle state to a starting state, then an
execute state of state model 300 may automatically cause each station of molding system 100 to
likewise progress through the same states. In addition, movement of an job state model 304 from
an execute state, to a complete state and then an idle state on completion of a production run may
cause one or more stations to progress through the same states, if the station is not being used for

production of any other SKUs.

FIG. 17 depicts an example routing process 400 performed by the controller 205 of supervisory
control layer 304 to define paths for parts though molding system 100.

Routing decisions are made by assigning parts to stations of each dispatch group in sequence. At

block 402, a dispatch group is selected.

At block 404, controller 205 determines status of stations in the dispatch group based on reports
from the control module 207 of each station. Data structure 236 (FIG. 9) is updated based on the
responses received. Specifically, control modules 207 send reports to controller 205 when the
corresponding station is reader to receive a “make” command to commence processing of a part.
Values in completion status field 248 are updated to reflect stations which are ready begin
processing. Likewise, control modules 207 send a “make done” message when processing of a
part is completed, indicating that the part can be removed and the station is ready to receive a new
part. Values in job field 244 are updated to reflect stations capable of receiving a new part for
processing. As depicted, values of job field are set to 0. In the example of FIG. 9, records 236-4,
236-5 respectively indicate that shaping stations 104 with station IDs 0004 and 0005. Records
236-1, 236-6 and 236-9 respectively indicate that dispensing station 102 with station ID 0001,
shaping station 104 with station ID 0006 and shaping station 106 with station ID 0009 are ready

to receive a new part for processing.
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At block 406, controller 205 determines the number of stations in the dispatch group that are ready
to accept a part for processing. In the example of FIG. 9, dispensing station 102 with station ID
0001 belongs to dispatch group 1, shaping station 104 with station ID 0006 belongs to dispatch
group 4 and shaping station 106 with station ID 0009 belongs to dispatch group 5. Accordingly,

each of dispatch groups 1, 4 and 5 has an available capacity of one station.

At block 408, based on the “make done” reports received from station controllers 207, and
corresponding values of serial number field 246, controller 205 identifies serial numbers of parts

ready to be removed from stations.

The identified serial numbers are looked up in data structure 284 (FIG. 13) and those serial
numbers which have a value in “next dispatch” field 285 corresponding to the selected dispatch
group are selected as candidate parts to use the available capacity. In the example of FIG. 13,
serial numbers 00001 and 00002 have value 5 in next dispatch field 285, corresponding to dispatch
group 5. Accordingly, those parts are both candidates to use the one available station in dispatch

group 5.

At block 410, the available capacity is allocated according to defined rules. In an example, if
multiple candidate parts are available at the same time, controller 205 attempts to allocate capacity
first based on priority of SKUs and second based on when the parts were ready, on a first-in-first-
out basis. That is, if the candidate parts are of multiple different SKUs, allocation priority is based
on allocation factors 270, 272, 274 defined in data structure 260 (FIG. 10). If there are multiple
candidate parts of a single SKU, allocation may be determined based on the time the candidates

were ready.

In an example, controller 205 may attempt to maintain cumulative production of SKUs in
proportion to their allocation factors. As shown in FIG. 10, the 200 ml red and 200 ml green SKUs
have allocation factors of 1 and 0.5, respectively. Thus, controller 205 may attempt to maintain

cumulative production at a ratio of 2:1.

In the depicted example, the candidate part with serial number 00001 is of the 200 ml red SKU
and the candidate part with serial number 00002 is of the 200 ml green SKU. Data structure 282
(FIG. 12) shows that cumulative production of the 200 ml red SKU is less than double that of the
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200 ml green SKU. Accordingly, controller 205 would allocate the available capacity to the 200
ml green SKU and would instruct transport subsystem 110 to move the candidate part with serial

number 00001 to the open shaping station 106.

At block 412, controller 205 determines if there are more dispatch groups and, if so, returns to
block 408 to allocate the other groups. Dispatch group selection may proceed in random order, or
in numerical order based on the number assigned to the dispatch group, or in an order according
to the amount of available capacity, or according to the order of part processing, i.e. groups of
dispensing stations 102, followed by groups of shaping stations 104, followed by groups of shaping
stations 106.

In the depicted example, dispatch group 1, corresponding to a dispensing station 102, has
available capacity. Because dispensing stations 102 do not receive in-progress parts from other
stations, candidate parts need not be identified. Rather, controller 205 selects an idle vessel 120

and instructs transport subsystem 110 to move the selected vessel to the open dispensing station

102.

Although dispensing stations do not receive in-progress parts from other stations, allocation rules
may still be applied, and allocation decisions made at dispensing stations influence utilization of
subsequent stations. For example, if two SKUs of the same colour are concurrently in production,
allocation factors may be applied as described above to determine which of the SKUs will be
produced. Once an SKU has been assigned for production at an open dispensing station 102, a

serial number is assigned and a corresponding row is created in data structure 282 (FIG. 12).

If no candidate parts are available to use the open capacity of a particular dispatch group, the open

station or stations will remain idle until a candidate part is ready.

Once allocation and routing are complete for all dispatch groups with available capacity, at block
414, controller 205 updates the cumulative production data structure 282 to reflect newly-

completed production.

In some embodiments, transit time of a new part may be taken into account in identifying a
station’s readiness to accept a new part. For example, a station may be identified as ready for a

new part prior to removal of the previous part. A new part may then be supplied to the station just
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in time as the previous part is completed and removed. Because stations execute defined sequences
of steps, and those steps generally have fixed duration, the time at which a station becomes ready
for a new part may be reliably predicted. In another example, an indication that a station is ready
to accept a new part for processing may initiate a countdown timer for sending a part to the station.
the delay or lead time may be explicitly defined when the station indicates readiness to receive a

part, or it may be preset.

In some embodiments, control system 200 can be extended to integrate process stations of
additional types. Controllers may be provided for each additional station to control internal
operation of the process station. The controllers may be interconnected with supervisory control
layer 204. Supervisory controller 204 coordinates operation of the additional station with
operation of dispensing stations 102 and shaping stations 104, 106. Supervisory controller 204
provides an interface for such integration. That is, a controller of an additional station can be
integrated provided that it conforms to a station state model as described herein and is operable to
send and status messages and receive instructions related to operating conditions. Examples of

additional stations that may be integrated include article inspection, labelling and printing stations.

When introducing elements of the present invention or the embodiments thereof, the articles “a,”

(13

an,” “the,” and “said” are intended to mean that there are one or more of the elements. The terms
2% ¢

“comprising,” “including,” and “having” are intended to be inclusive and mean that there may be

additional elements other than the listed elements.

The term "comprise", including any variation thereof, is intended to be open-ended and means

"include, but not limited to," unless otherwise specifically indicated to the contrary.

When a set of possibilities or list of items is given herein with an "or" before the last item, any one
of the listed items or any suitable combination of two or more of the listed items may be selected

and used.

The above described embodiments are intended to be illustrative only. Modifications are possible,
such as modifications of form, arrangement of parts, details and order of operation. The examples
detailed herein are not intended to be limiting of the invention. Rather, the invention is defined by

the claims.
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WHAT IS CLAIMED IS:

A molding system (100) for forming plastic articles, the system comprising:

a plurality of process stations each operable to receive an input unit and produce an output unit,

the process stations comprising:
at least one melt dispensing station (102) for dispensing molten molding material; and
a plurality of shaping stations each for forming molding material into a molded shape;

wherein output units from said at least one melt dispensing station are input units for

said shaping stations

a transport system (100) for selectively moving input and output units between ones of said

process stations;

a controller (207) for each of said process stations, operating the respective process stations
according to a plurality of operating conditions, the operating conditions defining the stations
as ready to receive an input unit, performing a process on an input unit, or ready to release an

output unit;

a supervisory controller (204) operable to track a current operating condition of each process
station, define paths from ones of said process stations ready to release an output unit, and ones
of said process stations ready to receive an input unit, and provide instructions for said transport

system (110) to move said input and output units along said paths.

The molding system of claim 1, wherein said plurality of shaping stations are primary shaping
stations (104), and said molded shape is an intermediate molded shape and said process stations
further comprise at least one secondary shaping station (106), wherein output units from said
primary shaping stations are input units for said at least one secondary shaping station, said
secondary shaping station operable to re-shape articles in said intermediate molded shape into

a final molded shape.

The molding system of claim 1 or claim 2, wherein said plurality of shaping stations comprise

injection molds.
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The molding system of claim 2, wherein said plurality of primary shaping stations (104)
comprise injection molds and said plurality of secondary shaping stations (106) comprise blow

molds.

The molding system of claim 1 or claim 2, wherein said molding system is operable to

concurrently produce plastic articles of a plurality of types.

The molding system of claim 5, wherein said operating conditions are associated with a state

of a station state model (302).

The molding system of claim 6, wherein said supervisory controller (204) is configured to
assign an operating state to each of a plurality of types of plastic articles, according to a job

state model.

The molding system of claim 6, wherein said supervisory controller (204) is configured to
cause said operating stations to transition between states of said station state model (302) based

on a transition between states of a job state model (304).

The molding system of any one of claims 6 to 8, wherein each said state model (302, 304) is
associated with a production operating mode, and wherein said controller (207) and said
supervisory controller (204) are configured with further state models for automated execution

of additional operating modes.

The molding system of claim 9, wherein said additional operating modes comprise a tooling

change mode.

The molding system of any one of claims 6 to 10, wherein each said state model (302, 304) is

implemented according to a packaging machine language (PackML) standard.

The molding system of any one of claims 1 to 11, further comprising an enterprise control
platform, said enterprise control platform operable to receive production instructions over the
internet and to direct operation of said supervisory controller in accordance with said

production instructions.

A method of forming plastic articles, comprising:
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operating a plurality of process stations comprising stations for dispensing molten
molding material (102) and stations for forming molding material into a molded shape, wherein
said operating comprises providing operating status communications from a controller (207),
said communications identifying respective ones of said stations as having produced an output

part, and ones of said stations ready to receive an input part to be processed,

tracking an operating condition of each one of said plurality of process stations based

on said communications;

defining a path for each output part to a station ready to receive the respective input

part to be processed; and
moving each part along its respective route.

The method of claim 13, wherein said plurality of shaping stations are primary shaping stations
(104), and said molded shape is an intermediate molded shape and said process stations further
comprise at least one secondary shaping station (106), wherein output units from said primary
shaping stations are input units for said at least one secondary shaping station, said secondary
shaping station operable to re-shape articles in said intermediate molded shape into a final

molded shape.

The method of claim 13 or claim 14, wherein said plurality of shaping stations comprise

injection molds.

The method of any one of claims 13 to 15, comprising concurrently producing plastic articles

of a plurality of types.

The method of any one of claims 13 to 16, comprising tracking an operating state of each one
of said plurality of process stations according to a station state model (302), wherein a set of

possible operating conditions are associated with each state of said station state model.

The method of claim 17, comprising tracking a production status of a plurality of types of

plastic articles according to corresponding job state models (304).

The method of claim 18, comprising causing a transition between states of said station state

model (302) based on a transition between states of a job state model (304).
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The method of any one of claims 17 to 19, wherein each said state model (302, 304) is

implemented according to a packaging machine language (PackML) standard.

. A method for use in molding articles comprising:

moving each part of a plurality of parts along a respective selected one of a plurality of possible
paths through a plurality of available process stations, wherein said process stations comprise
dispensing stations (102) and molding stations, and each of said possible paths comprises a

dispensing station and molding station;

said selected one of a plurality of possible paths selected by, at a controller (204):
tracking an operating condition of each of said process stations;
selecting ones of said process stations capable of receiving a part for processing;

identifying ones of said plurality of parts capable of processing at the selected process

stations;
assigning ones of said parts to ones of said process stations.

The method of claim 21, wherein said controller is a supervisory controller (204) and wherein
said tracking comprises receiving reports from station controllers (207) associated with said

process stations.

The method of claim 21 or claim 22, wherein said moving each part comprises moving along

a track (112).

The method of any one of claims 21 to 23, wherein said plurality of possible paths are for

production of molded articles of a plurality of different types.

The method of claim 24, wherein said assigning is based on allocation rules defining

proportional allocation of said process stations to said types of molded articles.

The method of claim 25, wherein said allocation rules define production targets of said types

of molded articles.

The method of any one of claims 24 to 26, wherein ones of said process units are part of

multiple said possible paths.
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28. The method of any one of claims 24 to 27, comprising tracking cumulative production of each

one of said plurality of different types of articles.

29. The method of any one of claims 21 to 28, wherein identifying ones of said plurality of parts
capable of processing at the selected process stations comprises identifying in-progress parts

ready to be removed from process stations based on said scanning.

30. The method of claim 29, wherein identifying ones of said plurality of parts capable of
processing at the selected process stations comprises identifying types of said in-progress parts

ready to be removed.

31. The method of claim 30, wherein identifying ones of said plurality of parts capable of
processing at the selected process stations comprises cross-referencing said selected process

stations and definitions of said types of parts.

32. The method of claim 31, wherein said definitions of said types of parts comprise sets of process

stations by which parts of each type are produced.

33. The method of any one of claims 21 to 31, wherein said molding stations comprise injection
molding stations (104) and blow molding stations (106), and wherein each said process path
includes a dispensing station (102), an injection molding station (104) and a blow molding

station (106).
34. A molding system for forming plastic articles, the system comprising:

a plurality of process stations each operable to receive an input part and produce an output part,

the process stations comprising:
at least one melt dispensing station (102) for dispensing molten molding material; and
a plurality of shaping stations each for forming molding material into a molded shape;

wherein output units from said at least one melt dispensing station are input units for

said shaping stations

a transport system (110) for selectively moving input and output parts between ones of said

process stations;

a controller (204) operable to:
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track an operating condition of each of said process stations;
select ones of said process stations capable of receiving a part for processing;
identify ones of said plurality of parts capable of processing at the selected process stations;
assign ones of said parts to ones of said process stations.
The system of claim 34, wherein said transport system comprises a track (112).

The system of claim 34 or 35, wherein said input and output parts are movable along a plurality

of possible paths for production of molded articles of a plurality of different types.

The system of claim 36, wherein said controller (204) is operable to assign ones of said parts
to ones of said process stations based on allocation rules defining proportional allocation of

said process stations to said types of molded articles.

The system of claim 36, wherein said allocation rules define production quantity targets of said

types of molded articles.

The system of any one of claims 36 to 38, wherein ones of said process units are part of multiple

said possible paths.

The system of any one of claims 37 to 40, wherein said controller (204) is operable to track

cumulative production of each one of said plurality of different types of articles.

The system of any one of claims 34 to 41, wherein said controller (204) is operable to identify
ones of said plurality of parts capable of processing at the selected process stations by cross-

referencing said selected process stations and definitions of said types of parts.

The system of claim 41, wherein said definitions of said types of parts comprise sets of process

stations by which parts of each type are produced.

The system of any one of claims 34 to 42, wherein said molding stations comprise injection
molding stations (104) and blow molding stations (106), and wherein each said process path
includes a dispensing station (102), an injection molding station (104) and a blow molding

station (106).
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44. The system of any one of claims 34 to 43, wherein said controller is a supervisory controller
(204), wherein said supervisory controller is operable to track an operating condition of each
of said process stations based on reports received from controllers (207) associated with said

process stations.
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Carrier Number | Type | Position | Destination | Part S/N
101 Preform 0001
102 Vessel 0002
FIG. 11
282
‘“~a | Canier Number | Quantity
200ml red 27
200ml green 16
300ml green 30
FIG. 12
285
284 \
‘“~a | Serial Number SKU Station Carmier | Next Dispatch
00001 200mired | 0003 (null) 3
00002 200migreen | 0004 (nul) 3

FIG. 13
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