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(57) Abstract: Systems, methods, and user interfaces for controlling a bulk material baling system are provided. One embodiment of
the invention relates to a user interface for controlling components of a tying system, providing a wire odometer that determines and
displays real-time information on the use of consumables by the tying system, such as an amount of remaining wire. Embodiments of
the wire odometer simultaneously monitor and display an amount of remaining wire on a wire carrier, and a corresponding number
of straps remaining to be tied by the current wire carrier. Further embodiments of the user interface provide monitoring data and re -
maining-use expectancy indicators for individual system components. Additional embodiments of the user interface are configured
to control various features of components of a combination tying system that straps bailed material with alternate tying heads,
providing both wire strapping and plastic strapping capabilities.
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CONTROL USER INTERFACE FOR TYING SYSTEM

FIELD OF THE INVENTION

The present invention generally relates to a control user interface (UI) for a
tying system. In further embodiments, the invention is directed to a control system and/or
control Ul that determines and/or displays a number of straps remaining and a status of one or

more functions of a plastic and/or wire tying system during use.

BACKGROUND OF THE INVENTION

Traditional bulk-material baling systems, such as wire-tying systems,
incorporate a Programmable Logic Controller (PL.C) to control one or more components. For
example, the various components of a knotter assembly for gripping and twisting two wires
may be controlled, at least in part, by commands communicated through the PL.C. In addition
to receiving commands from an operator of the system, the PLC may also output data
regarding the operation of the device, such as error messages, cycle number, and the like, for
display on a control screen. However, challenges are presented by the limited number of
characters displayed on a screen coupled to the PLC, which provides a minimal amount of
control data for a user operating the device as well as limited real-time interaction with the
current operation of the tying system. In addition to the limitations of the PL.C’s minimal
screen display, current bulk-material baling systems provide limited insight into the use of
consumable materials during operation, and to the overall functioning and/or wearing of
individual parts of the system.

Accordingly, embodiments of the present invention introduce technology for
resolving the above-mentioned issues conventionally experienced when operating and

controlling bulk-material baling systems.

SUMMARY OF THE INVENTION

This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the detailed description. This summary is not
intended to identify key features or essential features of the claimed subject matter, nor is it

intended to be used as an aid in determining the scope of the claimed subject matter.
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Embodiments of the present invention relate broadly to innovative systems,
methods, and control UI’s for controlling one or more components of a bulk material bailing
system. For example, embodiments of the invention relate to a control system/UI for
controlling components of a tying system, providing real-time information on the use of
consumables by the tying system, and generating monitoring data and remaining-use
expectancy indicators for tying system components. In one embodiment, the Ul is configured
to control components of a wire-tying system, such as a knotter assembly described in U.S.
Patent Application Number 13/220,798, filed August 30, 2011 (Patent Application
Publication Number 2012/0012013), and U.S. Patent Number 8,397,632, issued March 19,
2013, which are hereby incorporated by reference in their entirety. In another embodiment,
the UI is configured to control components of a combination tying system that straps baled
material with alternate tying heads, providing both wire strapping and plastic strapping
capabilities. Turther, embodiments of the invention relate to a Ul coupled to a computing
device for controlling a tying system.

Embodiments of the innovative Ul include selection indicators (e.g., “buttons”
on a touch screen) that correspond to the relevant and/or available operations for controlling
the tying system, such as the corresponding relevant selection indicators for manual mode
and/or automatic mode. In some embodiments, the control system/Ul includes a “wire
odometer” that determines and displays how much wire is left on a wire carrier providing
wire to the wire-tying system (i.e., wire inventory data). As such, the innovative methods
include simultaneously monitoring and displaying an amount of remaining wire on a wire
carrier.

In embodiments, the UI provides indicators of remaining-use expectancy for
individual components in the tying system, such as the usage of high-wear parts based on the
individual “life expectancy” of each part. In a further embodiment, the control system for the
wire-tying device provides an email notification to a remote user. The email notification may
include system-monitoring data such as a notification of an error code with a time stamp,
high-wear parts usage information, and/or wire inventory data.

In one embodiment, the UI displays machine diagnostic data for
troubleshooting, which may include a graphical indicator of a location on the tying system
where an error is occurring. In a further embodiment, the UI is accessible remotely from a

computing device not directly coupled to the tying system such that the functioning of the
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tying system may be monitored and/or controlled remotely and relevant use data may be
remotely retrieved.

Accordingly, in one embodiment of the invention, a wire odometer user
interface for monitoring a wire-tying system is provided. The wire odometer user interface
includes: a carrier weight indicator; at least one strap count indicator; and an estimated length
indicator, wherein the estimated length indicator provides an indication of a calculated length
of remaining wire on a wire carrier coupled to the wire-tying system. In some embodiments,
the carrier weight indicator includes weight information manually entered by a user. In
further embodiments, the carrier weight indicator includes real-time weight information
received from a weighing apparatus coupled to the wire-tying system. In some aspects, the at
least one strap count indicator includes a first strap count indicator for a first user, and in
further aspects, it includes a second strap count indicator for a second user. As such, the
calculated length of remaining wire on a wire carrier coupled to the wire-tying system may be
determined based at least in part on: (1) the carrier weight indicator; (2) a wire gauge of the
wire on the wire carrier; and (3) a bale perimeter length for a bale size currently being
processed by the wire-tying system.

In another aspect of the invention, a user interface for controlling a bulk
material baling system includes a wire odometer display configured to present an amount of
remaining wire on a carrier coupled to the baling system, and a parts monitoring display
configured to present remaining use expectancy indicators corresponding to at least one part
coupled to the baling system. In some aspects, the amount of remaining wire is determined
based at least in part on 1) a carrier weight indicator, 2) a wire gauge of the remaining wire
on the carrier, and 3) a bale perimeter length. In further aspects, the remaining use
expectancy indicators are determined based at least in part on 1) an identified expectancy
corresponding to the at least one part, and 2) a cycle number.

In yet another embodiment, a method of determining an amount of remaining
wire on a carrier coupled to a wire-tying system is provided. The method includes: receiving
an indication of a carrier weight at a first time; receiving an indication of a bale perimeter
length; receiving an indication of a wire gauge; based on the indication of the carrier weight
at the first time, the indication of the bale perimeter length, and the indication of the wire
gauge, determining an amount of remaining wire on the carrier a the first time; and presenting
the determined amount of remaining wire on the carrier at the first time on a wire odometer

user interface. In some aspects, the method also includes receiving an indication of a carrier
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weight at a second time; based on the indication of the carrier weight at the second time, the
indication of the bale perimeter length, and the indication of the wire gauge, determining an
amount of remaining wire on the carrier at the second time; and presenting the determined
amount of remaining wire on the carrier at the second time on the wire odometer user
interface. In one embodiment, the determined amount of remaining wire is used to determine
a remaining strap count. In another aspect of the invention, the user interface for a baler
strapping system includes: a touchscreen; an electronic interface between the touchscreen and
a first strapping head on a baler; and an electronic interface between the touchscreen and a
second strapping head on the baler.

In a further embodiment of the invention, a Ul for a baler strapping system is
provided. The UI includes a touchscreen; an electronic interface between the touchscreen
and a first strapping head on a baler; and an electronic interface between the touchscreen and
a second strapping head on the baler.

In another aspect of the invention, a control system user interface for
controlling a wire-tying system is provided. The control system user interface includes: a
carrier weight indicator; a remaining wire length indicator; and a straps remaining indicator,
wherein the straps remaining indicator corresponds to a calculated number of straps
remaining on a wire carrier coupled to the wire-tying system.

In a further aspect of the invention, a user interface for controlling a bulk
material baling system is provided. The user interface includes: a wire odometer display
configured to present an amount of remaining wire on a carrier coupled to the baling system;
and a parts monitoring display configured to present remaining use expectancy indicators
corresponding to at least one part coupled to the baling system.

In yet another aspect, embodiments of the invention are directed to a control
system for operating a material strapping device. The control system includes a control
system component having one or more processors and one or more computer storage media,
wherein the control system component: determines a number of straps remaining on a wire
carrier of the material strapping device, and identifies an amount of life remaining for at least

one part coupled to the material strapping device.
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BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawings, which form a part of the specification and
which are to be read in conjunction therewith, and in which like reference numerals are used
to indicate like parts in the various views:

FIG. 1 is an exemplary computing device for executing embodiments of the
present invention;

FIG. 2 is a exemplary control system for operating a material strapping device,
in accordance with an embodiment of the present invention;

FIG. 3 is a display screen of an exemplary control user interface for a wire
tying system, in accordance with an embodiment of the present invention;

FIG. 4 is a display screen of an exemplary control user interface for a wire or
plastic tying system, in accordance with an embodiment of the present invention;

FIG. 5A is a display screen of an exemplary control user interface with an
authorization window for user login, in accordance with an embodiment of the invention;

FIG. 5B is a display screen of an exemplary control user interface with a
language selection window for changing a display language, in accordance with an
embodiment of the invention;

FIG. 6 is a display screen of an exemplary control user interface presenting
machine parameters for a wire or plastic tying system, in accordance with an embodiment of
the present invention;

FIG. 7 is a display screen of an exemplary control user interface including a
run screen for a wire tying system, in accordance with an embodiment of the present
invention;

FIG. 8 is a display screen of an exemplary control user interface including a
run screen for a wire tying system, in accordance with an embodiment of the present
invention;

FIG. 9 is a display screen of an exemplary control user interface including a
run screen for a wire tying system, in accordance with an embodiment of the present
invention;

FIG. 10 is a display screen of an exemplary control user interface including a

malfunction display, in accordance with an embodiment of the present invention;
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FIG. 11 is a display screen of an exemplary control user interface including a
run screen for a wire tying system, in accordance with an embodiment of the present
invention;

FIG. 12 is a display screen of an exemplary control user interface including a
wire odometer display, in accordance with an embodiment of the present invention;

FIG. 13 is a display screen of an exemplary control user interface including a
maintenance summary display, in accordance with an embodiment of the present invention;

FIG. 14 is a display screen of an exemplary control user interface including a
run screen for a wire tying system, in accordance with an embodiment of the present
invention;

FIG. 15 is a display screen of an exemplary control user interface including a
maintenance monitoring display, in accordance with an embodiment of the present invention;

FIG. 16 is a display screen of an exemplary control user interface including an
input/output status display, in accordance with an embodiment of the present invention;

FIG. 17 is a display screen of an exemplary control user interface including a
flow meter monitoring display, in accordance with an embodiment of the present invention;

FIG. 18 is a display screen of an exemplary control user interface including a
fault screen display, in accordance with an embodiment of the present invention;

FIG. 19 is a display screen of an exemplary control user interface including a
troubleshooting display, in accordance with an embodiment of the present invention;

FIG. 20 is a display screen of an exemplary control user interface including a
troubleshooting display, in accordance with an embodiment of the present invention; and

FIG. 21 is a display screen of an exemplary control user interface including a
run screen for a plastic strapping system, in accordance with an embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

Generally, embodiments of the present invention relate broadly to innovative
systems, methods, and Uls for controlling one or more components of a bulk material bailing
system. Dor example, embodiments of the invention relate to a control system and/or control
UI for controlling components of a tying system, generating real-time information on the use

of consumables by the tying system, and providing monitoring data and remaining-use
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expectancy indicators for tying system components. In one embodiment, the control UI is
configured to control components of a wire-tying system, such as a knotter assembly for
gripping and twisting two wires. In another embodiment, the Ul is configured to control
components of a combination tying system that straps bailed material with alternate tying
heads, providing both wire strapping and plastic strapping capabilities.

Embodiments of the innovative control Ul include selection indicators (e.g.,
“buttons” on a touch screen) that correspond to the relevant and/or available operations, such
as the corresponding relevant selection indicators for manual mode or automatic mode. In
some embodiments, the control Ul includes a “wire odometer” that determines and displays
how much wire is left on a wire carrier providing wire to the wire-tying system (i.e., wire
inventory data). As such, the innovative system, method, and control Ul includes features
configured to simultaneously monitor and display an amount of remaining wire on a wire
carrier.

In embodiments, the control UI provides indicators of remaining-use
expectancy for individual components in the system, such as the usage of high-wear parts
based on the individual “life expectancy” of each part. In a further embodiment, the control
system for the wire-tying system provides an email notification to a remote user. The email
notification includes system-monitoring data such as a notification of an error code with a
time stamp, high-wear parts usage information, and/or wire inventory data.

In one embodiment, the control Ul displays machine diagnostic data for
troubleshooting, which may include a graphical indicator of a location on the tying system
where an error is occurring. In a further embodiment, the control Ul is accessible remotely
from a computing device not directly coupled to the tying system, such that the functioning of
the control system and corresponding tying system may be monitored and/or controlled
remotely and relevant use data may be remotely retrieved.

With reference initially to the exemplary system 10 of FIG. 1, a computing
device 12 is depicted for implementing embodiments of the invention. In one aspect,
computing device 12 may be used to execute one or more embodiments of the present
invention. Computing device 12 is but one example of a suitable computing environment and
is not intended to suggest any limitation as to the scope of use or functionality of
embodiments of the invention. Neither should the computing device 12 be interpreted as
having any dependency or requirement relating to any one component or any combination of

components illustrated.
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Embodiments of the invention may be described in the general context of
computer code or machine-useable instructions, including computer-useable or computer-
executable instructions such as program modules, being executed by a computer or other
machine, such as a personal data assistant or other handheld device. Generally, program
modules include routines, programs, objects, components, data structures, and the like, and/or
refer to code that performs particular tasks or implements particular abstract data types.
Embodiments of the invention may be practiced in a variety of system configurations,
including handheld devices, consumer electronics, general-purpose computers, more
specialty computing devices, and the like. Embodiments of the invention may also be
practiced in distributed computing environments where tasks are performed by remote-
processing devices that are linked through a communications network.

With continued reference to FIG. 1, the computing device 12 includes one or
more of the following devices, which may be directly or indirectly coupled, according to
embodiments of the invention: a memory 14, one or more processors 16, one or more
presentation components 18, one or more input/output (I/O) ports 20, one or more /O
components (22), and an illustrative power supply 24. In embodiments, one or more busses
may directly or indirectly couple one or more devices of the computing device 12. Although
the various blocks of FIG. 1 are shown with lines for the sake of clarity, in reality, these
blocks represent logical, not necessarily actual, components. For example, one may consider
a presentation component such as a display device to be an I/O component. Also, processors
have memory. The inventor hereof recognizes that such is the nature of the art, and reiterates
that the diagram of FIG. 1 is merely illustrative of an exemplary computing device 12 that
can be used in connection with one or more embodiments of the present invention.

14

Distinction is not made between such categories as “workstation,” “server,” “laptop,”
“handheld device,” etc., as all are contemplated within the scope of FIG. 1 and reference to
“computing device.”

The computing device 12 typically includes a variety of computer-readable
media. Computer-readable media may be any available media that is accessible by the
computing device 12 and includes both volatile and nonvolatile media, removable and non-
removable media. Computer-readable media comprises computer storage media and
communication media, computer storage media excluding signals per se. Computer storage

media includes volatile and nonvolatile, removable and non-removable media implemented

in any method or technology for storage of information such as computer-readable
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instructions, data structures, program modules, or other data. Computer storage media
includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVDs) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to store the desired information and that can be accessed by
computing device 12.

Communication media, on the other hand, embodies computer-readable
instructions, data structures, program modules, or other data in a modulated data signal such
as a carrier wave or other transport mechanism and includes any information delivery media.
The term “modulated data signal” means a signal that has one or more of its characteristics
set or changed in such a manner as to encode information in the signal. By way of example,
and not limitation, communication media includes wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic, RF, infrared, and other wireless
media. Combinations of any of the above should also be included within the scope of
computer-readable media.

The memory 14 includes computer storage media in the form of volatile
and/or nonvolatile memory. The memory 14 may be removable, non-removable, or a
combination thereof. Exemplary hardware devices include solid-state memory, hard drives,
optical-disc drives, and the like. The computing device 12 includes one or more processors
16 that read data from various entities such as the memory 14 or the I/O components 22. The
presentation component(s) 18 presents data indications to a user or other device. Exemplary
presentation components include a display device, speaker, printing component, vibrating
component, and the like.

The I/O ports 20 allow the computing device 12 to be logically coupled to
other devices including the I/O components 22, some of which may be built in. Illustrative
I/O components include a microphone; joystick; game pad; satellite dish; scanner; printer;
wireless device; a controller, such as a stylus, a keyboard and a mouse; a natural user
interface (NUI); and the like.

Aspects of the subject matter described herein may be described in the general
context of computer-executable instructions, such as program modules, being executed by a
computing device 12. Generally, program modules include routines, programs, objects,
components, data structures, and so forth, which perform particular tasks or implement

particular abstract data types. Aspects of the subject matter described herein may also be
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practiced in distributed computing environments where tasks are performed by remote-
processing devices that are linked through a communications network. In a distributed
computing environment, program modules may be located in both local and remote computer
storage media including memory storage devices. In embodiments, the system may include a
database (not shown) configured to provide storage of and/or access to one or more items of
data via the network.

Turning now to FIG. 2, embodiments of the invention include an exemplary
system 26 for generating and/or executing a control system user interface for a wire tying
system. In one aspect, the exemplary control system 28 for operating a material strapping
device is provided in accordance with an embodiment of the present invention. As shown in
the example of FIG. 2, the control system 28 includes one or more authorization components
30, one or more monitoring components 32, one or more troubleshooting components 40, one
or more maintenance components 42, one or more wire odometer components 44, one or
more display components 46, and/or one or more communication components 48. It will be
understood by those of ordinary skill in the art that the components and modules illustrated in
FIG. 2 are exemplary in nature and in number, and should not be construed as limiting. Any
number of components and/or modules may be employed to achieve the functionality
described herein. For example, any number of computing devices 12 embodying one or more
features of a control system 28 may be employed by the wire tying system within the scope
of embodiments hereof. Further, components and/or modules may be located on any number
of computing devices 12. Each component and/or module may comprise a single device
and/or interface or multiple devices and/or interfaces cooperating in a distributed
environment. Further, multiple components and/or modules may include the various
components of control system 28 that collectively perform the tasks of embodiments of the
invention. For example, multiple devices arranged in a distributed computing environment
may collectively provide the monitoring component 32 features described herein. In another
example, the monitoring component 32 may be provided on a single server, a cluster of
servers, or a computing device, such as the computing device 12, remote from one or more of
the remaining components. In some instances, the control system 28, or at least a portion of
components included therein, is provided at the computing device 12. Other components
and/or modules not shown may also be included within the system 26.

In some embodiments, one or more of the illustrated components and/or

modules may be implemented as stand-alone applications. In further embodiments, one or
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more of the illustrated components and/or modules may be implemented via a computing
device (e.g., the computing device 12), as an Internet-based service and/or as a module within
the control system 28. The phrase “application” or “service” as used herein may broadly
refer to any software, or portions of software, that run on top of, or access storage locations
within, a computing device 12 and/or multiple computing devices 12.

It should be understood that this and other arrangements described herein are
set forth only as examples. Other arrangements and elements (e.g., machines, interfaces,
functions, orders, and/or groupings of functions) can be used in addition to, or instead of,
those shown, and some elements may be omitted altogether. Further, many of the elements
described herein are functional entities that may be implemented as discrete or distributed
components or in conjunction with other components, and in any suitable combination and
location. Various functions described herein as being performed by one or more entities may
be carried out by hardware, firmware, and/or software. For instance, various functions,
including the functions described below with respect to the control system 28, may be carried
out by a processor executing instructions stored in memory.

Returning to the exemplary components of control system 28 in FIG. 2, the
authorization component 30 may be configured to determine access rights and/or controls for
a particular user based on a login, such as the login depicted in FIG. 5SA. In one aspect, an
authorization component determines, based on a user’s input user name and/or password,
whether the user is authorized to run the control system, alter any features of the control UI,
manipulate various functions of the different control components, and the like.

In further embodiments, the monitoring component 32 may include a feed
component 34, a tension component 36, and a knot component 38. As such, various
components and/or combination of components associated with the monitoring component 32
may be configured to monitor a status of one or more activities of a wire tying system, such
as a status of a wire being fed through the system, a status of the tensioning of such wire, and
the status of a knotter feature applied to such wire strap, based on data received and/or
accessed by the feed component 34, the tension component 36, and/or the knot component
38.

In the example of FIG. 2, a troubleshooting component 40 of the control
system 28 may be configured to determine a location of a fault within a wire tying system,
identify one or more possible causes of a detected fault within a tying system, direct a user to

a particular part causing an error/fault, and the like. Similarly, the maintenance component
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42 may be configured to provide an indication to a user of a particular maintenance status of
one or more features of a wire tying system that may affect the user’s operation of the control
system 28. In further embodiments, the wire odometer component 44 may be configured to
generate and/or determine an amount of remaining straps for tying with a current wire carrier
coupled to the wire tying system, based on a weight of the carrier and a usage of the wire
during sequential cycles of strapping. For example, the wire odometer content generated by
wire odometer component 44 may be displayed as part of a run screen UI (as part of a straps
remaining indicator) and/or via a wire odometer display, such as the wire odometer discussed
below with reference to FIG. 12.

Control system 28 may further include a display component 46 for displaying
one or more features of the control system 28 to a user via a control UL, such as a touchscreen
control Ul on a presentation component 18 of a computing device 12. In one embodiment,
the display component 46 is configured to generate one or more control Ul’s for presentation
on a touchscreen device coupled to a wire tying system. As such, the touchscreen device may
receive controls via the control Ul for presentation to an operator of the wire tying system. In
further embodiments, the control system 28 includes a communication component 48
configured to communicate one or more items of data to an external component, such as a
remote control component (e.g., a supervisor’s computing device in a remote location from
the wire tying system). As such, one or more of the features provided by the control system
28, such as the wire odometer features of wire odometer component 44, the troubleshooting
features of troubleshooting component 40, and/or the maintenance features of the
maintenance component 42, may be remotely retrieved and/or controlled via at least the
communication component 48.

With reference now to FIG. 3, a display screen of an exemplary control user
interface (UI) 50 for a wire tying system is provided in accordance with an embodiment of
the present invention. In one embodiment, the UI 50 includes a startup display 12 having a
wire-mode selection indicator 54. As used herein, a “selection indicator” refers to an
indicator of a user selection and/or a button or selectable icon on a display screen for user
interaction with the control system via the UL. For example, for an exemplary startup display
52 having a touch-screen surface, each selectable indicator is a virtual “button” for user
selection.

With continued reference to FIG. 3, the startup display 52 includes a language

selection indicator 56 for receiving an indication from a user to change a display language on
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the UI 50, a programmable logic controller (PL.C) version indicator 58 for indicating a most
recent version of the PLC associated with the control UI, a human machine interface (HMI)
indicator 60 (i.e., touchscreen version indicator) for indicating a most recent version of the
HMI software, a login indicator 62 for initiating a log-in process with the control system, and
an inactive maintenance indicator 64 to indicate whether a user is logged into the control
system as a system operator or as a maintenance user. In some aspects, the PLC version
indicator 58 provides an indication of one or more items of information associated with the
PLC of a tying system, while the HMI version indicator provides an indication of one or
more items of information associated with the HMI of the touchscreen UI.

In various embodiments of the invention, as illustrated in FIG. 4, the control
system components, methods and/or user interfaces of the present invention may be used to
control a wire-tying system, a plastic-tying system, and/or a combination tying system that
couples a baling mechanism to a two-headed tying system providing a wire strapper and a
plastic strapper. As such, the UI 66 of FIG. 4 includes a startup display 68 having both a
plastic mode selection indicator 70 and a wire mode selection indicator 72. In response to
selection of either the plastic mode selection indicator 70 or the wire mode selection indicator
72, a user may then select the enter command 54 to proceed with either plastic or wire
strapping. In one embodiment, the startup display 52 may include multiple enter command
54 indicators, which correspond to multiple wire-tying machines configured to interact with
the control UI and/or control system.

Upon selection of the login indicator 62, such as via selection of login
indicator 62 on the startup display 76 of Ul 74 in FIG. 5A, an authorization window 78 is
provided for user login. In one aspect of the invention, various features of the control system
may be activated and/or deactivated based on one or more control features associated with a
particular user (i.e., the user identified from an authentication process via login indicator 62.
For example, a key code input in response to selection of the login indicator 62 may provide
access to enter the control system in a maintenance mode. As shown in FIG. 5A, the
exemplary authorization window 78 may include a user login input 80, a password input 82, a
change password indicator 84, and/or a completion indicator 86. In one aspect of the
invention, a particular user having particular login credentials may utilize the authorization
window 78 to grant access to specific features of the control system of the present invention.
In some aspects, a corresponding indicator of a particular user may be provided as part of the

UI 74, such as an indicator of a controls system operator, a maintenance operator, and/or a
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technician in association with the login input 80 identity. As such, the control UI 74 may be
configured to include one or more user-specific items of content. In one embodiment, a
control system user may enter a password via the login indicator 62 and enable the entering
of a variety of settings, such as re-setting values within one or more settings of the control UL
In other embodiments, a user entering the control Ul via a particular username and password
(i.e., a pre-set key), a particular set of pre-determined values may be populated throughout
various control UI’s of the control system.

Similarly, upon selection of the change language indicator 56 on the startup
display 76 of the UI 74 in FIG. 5B, a language selection window 78 may be presented to a
user of the control Ul for selection and/or changing of the control Ul features to one of
multiple different languages, as indicated by completion indicator 86. In some aspects, a
changed language indication received via selection window 78 corresponds to a changed
language presented on each control UI of the control system.

Turning now to FIG. 6, a display screen of an exemplary control UL 88
presenting machine parameters display 90 for a wire or plastic tying system is provided in
accordance with an embodiment of the present invention. In one aspect of the invention, one
or more features on the machine parameters display 90 may correspond to one or more
activated features of a wire tying and/or plastic/wire tying system, as provided by the tying
system manufacturer. Accordingly, in some embodiments, one or more of the machine
parameters display 90 features may be configured to remain inactive during use by a control
Ul operator, but may enable one or more selection options during manipulation by a
manufacturer technician and/or other manufacturer authorized entity. As shown in the
example of FIG. 6, in some embodiments, the machine parameters 90 may include machine
type content 92, part wear factor content 94, wire size content 96, hydraulic motor content 98,
slow feed value content 100, machine identification content 102, and/or strap count content
104. As discussed above, one or more features displayed on the machine parameters display
90 may be accessed remotely from a controller (e.g., supervisor or maintenance technician)
retrieving data regarding the particular wire tying system coupled to the particular control
system UL

With reference now to FIG. 7, a display screen of an exemplary control UI 106
including a run screen 108 for a wire tying system is provided in accordance with an
embodiment of the present invention. In one embodiment of the invention, a run screen 108

is presented in response to selection of an enter command 54, such as the selection indicator
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of enter command 54 in FIG. 4. In some embodiments, the exemplary run screen 108 of FIG.
7 includes one or more items of content relevant to operation of the tying system in a wire-
tying mode, as indicated by wire mode indicator 110, which may also identify the current
wire gauge 112. In some aspects, the mode indicator 110 provides an indication of the mode
selection received via the control Ul of FIG. 3 and/or FIG. 4. In some aspects, a mode
indicator may include an indication of either a wire mode selection or a plastic mode
selection.

In further embodiments, exemplary run screen 108 may include a manual
mode selection indicator 116, an off/reset selection indicator 118, an auto mode selection
indicator 120, a strap-remaining indicator 114 and a plurality of control features 122
associated with the control system for the wire tying device. In one embodiment, the
plurality of control features 122 includes a home selection indicator 124, a wire odometer
selection indicator 126, a maintenance selection indicator 128, a fault-status selection
indicator 130, and/or a help selection indicator 132. As will be understood, the plurality of
control features 122 on the exemplary run screen 108 may include additional and/or
alternative control features for various aspects of the wire tying system, in addition or in
alternative to those depicted in FIG. 7.

In one aspect of the invention, user selection of the home selection indicator
124 (e.g., a user contacting the touchscreen of the UI 106 at or around the home selection
indicator 124), returns a user of a control Ul to the initial home display screen, such as the
startup display 52 of the control UI 50 in FIG. 3 and/or the startup display 68 of the control
UI 66 in FIG. 4. In some aspects, the wire odometer selection indicator 126 may be used to
navigate to the wire odometer UI 183 discussed below with reference to FIG. 12. In further
embodiments, the maintenance selection indicator 128 may be used to navigate to a
maintenance monitoring Ul (such as the maintenance monitoring displays 208 and 276 of
FIGS. 13 and 15, respectively), while the fault-status selection indicator 130 may be used to
navigate to the fault screen display 356 of the control UI 354 in FIG. 18. Additionally, as
shown in the example of FIG. 19, a user may select the help selection indicator 132 to
navigate to the troubleshooting display 378 of FIG. 19.

As depicted in the exemplary run screen 136 of the control UI 134 in FIG. 8,
upon selection of the manual mode selection indicator 116, one or more additional control
features may be presented to a user. In one example, based on an indication of selection of a

manual wire tying mode, as indicated in FIG. 8 by manual selection indicator 138, multiple
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control features are presented on the touchscreen display of run screen 136. In the example
of HFIG. &, the control features presented in response to manual mode selection include a slow
feed control 140, a fast feed control 142, a ready indicator 144, a tension control 146, a knot
control 148, and a knot return control 150.

In some aspects of the invention, the manual controls for operation of the wire
tying system presented on run screen 136 correspond to the sequential operation of the wire
tying system. For example, in one embodiment, the slow feed control 140 controls an initial
slower feeding of a wire into a track of a bulk material baling machine (i.e., the track of the
wire tying system), while the fast feed control 142 controls the subsequent feeding that is
comparatively faster than the slower feeding into the same track. Once the wire is fully fed
into the track, in some embodiments, the ready indicator 144 illuminates to indicate that the
system is ready for tying (i.e., that the wire end has reached *“ wire home” around the track).
In embodiments, if no wire is present (i.e., no wire is present in the “wire home” position for
knotting), then the ready indicator 144 will not be illuminated. If the controls receives an
indication that the wire is correctly loaded into the track (i.e., in wire home), then the run
screen features will be configured to begin tensioning, and to complete the cycle/knotting
process. The wire may then be tensioned, in some embodiments, using the tension control
146. Having tensioned the wire, the wire may be knotted via knot control 148 and the knot
may be returned/released via the knot return control 150, according to some embodiments of
manual mode operation of the wire tying system via the run screen 136.

In some embodiments, a manual mode selection via manual mode selection
indicator 116 corresponds to a maintenance user logging in to access the control UL
Accordingly, with respect to safety precautions while performing maintenance on a wire-
tying system, a user logged in to manual mode for maintenance purposes may require a slow
feed feature (via slow feed control 140) followed by a fast feed feature (via fast feed control
142).

During operation of the wire tying system, via touchscreen controls from the
control UI of the present invention, an error message may be received by the system. As
such, as shown in FIG. 9, a display screen of an exemplary control UI 152 including a run
screen 154 for a wire tying system is presented in accordance with an embodiment of the
present invention. In the example of FIG. 9, the runs screen 154 may further include a safety
bypass indicator 160, a maintenance warning indicator 416, first, second, third, fourth, fifth

and sixth malfunction indicators 156, 422, 424, 426, 428, and 430, and/or a technician
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indicator 432. Additionally, in response to a maintenance warning being determined by the
control system and/or displayed by the control Ul the not ready indicator 158 may become
illuminated. In further embodiments, while a technician is logged into the system in response
to a maintenance error, such as a technician logging into the control system via the startup
display 76 of FIG. 5A, a technician indicator 432 may be included in the run screen 154,
while multiple warning indicators may be activated for viewing and/or troubleshooting. In
some aspects, based on a technician logging into the control UI 152, the strap count indicator
402 may be presented to the technician, for assisting with troubleshooting.

As shown in FIG. 9, one or more of the maintenance warning indicators are
presented in the context of the manual mode run screen 154 to provide an indication to a user
at a time of operation of an instance and/or identity of a malfunction related to the control
system and/or wire tying system. In one example, a user may select the malfunction indicator
156, in response to which the run screen 154 may display a particular part and/or location of
the malfunction, such as the malfunction display 166 of the control system UI 164 of FIG. 10.
In one aspect of the invention, the malfunction display 166 includes a textual indicator of a
malfunction 168, a graphical indicator of a malfunction 170, a set of one or more instructions
172 corresponding to the particular malfunction, and a return selection indicator 174 for
exiting the malfunction display 166 (and returning to the run screen 154 of control system UI
152).

Turning now to the example of FIG. 11, a display screen of an exemplary
control UI 176 including a run screen 178 for a wire tying system is provided in accordance
with an embodiment of the present invention. In the example of FIG. 11, the auto mode
selection indicator 120 is selected, as indicated by selection indicator 180. In one
embodiment, in response to selection of the auto mode for strapping using the wire tying
system coupled to the control Ul 176, various features corresponding to the automatic
operation of the control system are populated on Ul 176. For example, the run screen 178 of
FIG. 11 includes a ready indicator 144 and a strap control 182. In the embodiment of FIG.
11, a user may proceed to automatically strap a baled material using wire tying system, once
the light of the ready indicator 144 is illuminated. In some aspects, the selection of strap
control 182 automatically controls and/or initiates the wire-tying system activation of each of
the steps associated with the slow feed control 140, fast feed control 142, ready indicator 144,

tension control 146, knot control 148, and knot return control 150.
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In further aspects of the invention, with a user and/or operator of the run
screen 178 logged into the control system, the number of straps remaining on the wire carrier
are indicated at strap remaining indicator 114. As such, in various embodiments of the
invention, a user operating a wire tying system via the run screen 178 may simultaneously
view the number of straps remaining on a current wire carrier via strap remaining indicator
114, while preparing to depress the strap control 182 during automatic wire strapping. In one
embodiment, a user may view additional maintenance, fault, troubleshooting and/or other
messages via the run screen 178 in context of the strap remaining indicator 114 and the strap
control 182. In further embodiments, the strap control 182 may be activated or inactivated
based on one or more indications presented on the run screen 178, such as an insufficient
remaining strap number indicated in strap remaining indicator 114, or a malfunction error
displayed as part of the run screen 178.

Referring next to FIG. 12, a display screen of an exemplary control Ul 184
including a wire odometer display 186 is provided in accordance with an embodiment of the
present invention. As shown in FIG. 12, the wire odometer display 186 may include a
current wire gauge 112 indicator, a carrier tag weight indicator 188, an estimated carrier
weight indicator 190, a length of carrier wire indicator 192, a strap remaining on carrier
indicator 194, a strap count since last preventative maintenance (P.M.) indicator 196, a strap
count A indicator 198, a strap count B indicator 200, one or more reset indicators 202 and
204, a wire usage indicator 206, a maintenance indicator 64, and a return selection indicator
174. As will be understood, one or more of the features included on the wire odometer
display 186 in the example of FIG. 12 may be changed, replaced, and/or removed without
departing from the scope of the invention. In one embodiment, the maintenance indicator 64,
when illuminated and/or active, indicates to a user that one or more features of the wire
odometer display may be activated that would otherwise be inactive for a system operator
without maintenance access.

In embodiments, the wire odometer display 186 is used to monitor an amount
of a remaining consumable material, such as an amount of wire and/or plastic used for tying
by a bulk material baling system. In one embodiment of the wire odometer display 186, a
method of monitoring and/or displaying the estimated number of straps remaining on a wire
carrier (i.e., the number of straps that may be tied using the current wire carrier coupled to a
wire strapping device, controlled by the control system and/or control UI of the present

invention) is based on a determination using, at least, the user-entered carrier tag weight via
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carrier tag weight indicator 188, the current wire gauge 112 (and corresponding number of
feet per pound of the particular gauge of material), the bale perimeter length of the bulk
material being tied, and a monitored measurement of the amount of wire consumed by the
system during tying.

In one embodiment, a user manually enters weight information into the carrier
tag weight indicator 188. This entered weight may then be used in conjunction with the wire
gauge and corresponding weight per foot of the wire gauge to determine an initial number of
feet on the wire carrier. With the known number of initial feet of wire, with each strap tied
from the wire carrier, a length of remaining wire is reduced based on the amount of wire
consumed, as shown in the length of carrier wire indicator 192. In some aspects, the
calculated remaining length of wire is divided by an estimated length of wire needed to tie a
strap using the wire tying system (e.g., an average length of wire used to tie a single wire
strap on a baled material). As such, the determined number of straps remaining on the carrier
is provided via the strap remaining on carrier indicator 194. In some aspects, the number
calculated via the wire odometer display 186 is then populated on one or more different
interfaces of the control system, such as the number of straps remaining indicator 114 of FIG.
7. In other words, a user may monitor the number of remaining straps available during
operation of the wire tying system by viewing the number of straps remaining 114 in context
of a run screen, such as the run screen 108 of FIG. 7. In some embodiments, the wire
odometer determination of a number of straps remaining on a current wire carrier may be
communicated to a remote device, such as a maintenance technician and/or supervisor
retrieving data from the control Ul, to coordinate the subsequent replacement of a wire carrier
during operation.

In further embodiments, a wire odometer of the control system and/or control
Ul includes a computing device coupled to the wire-tying system that determine the
calculated length of wire on the carrier for display in the length of carrier wire indicator 192.
Similarly, one or more components of a computing device of the control system may be
configured to determine the number of straps remaining on a carrier 194 for presentation to a
user.

In one embodiment, a control UI and/or control system coupled to a wire-tying
system determines the number of straps remaining for a particular wire carrier based on both
the determination of the amount of remaining wire on the carrier (e.g., carrier wire indicator

192) and the strap length for the wire-tying system. In some embodiments, the strap length is
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based on the addition of the bale perimeter length and an overlap amount (i.e., the extra
amount of wire used for knotting/tying the strap). As such, in some embodiments, the
estimated number of straps remaining on a wire carrier accurately represents, using the real-
time wire odometer features of control Ul 184 data, how many bales of material can be tied
before a replacement carrier of wire is needed.

In some aspects of the invention, a carrier weight is entered and the known
gauge for which the wire-tying system is currently configured is used to determine the length
of wire on the carrier. For example, based on the entered carrier weight and the known
gauge, a linear footage of the wire is determined. Further, with the number of inches per
cycle required by the wire-tying system, a determination of the number of remaining straps
on the carrier is made. In one aspect, the number of straps remaining depends on the inches
per cycle that the wire-tying system has been using per cycle, which may include the overall
number of inches consumed by each cycle (i.e., the inches of wire fed into the wire-tying
system minus the inches of wire removed from the system during tensioning).

In embodiments of the invention, a wire-tying system and/or bulk material
baling device coupled to the control system and/or control Ul may be configured to strap a
variety of different types of materials, such as bales of household trash and bales of cardboard
materials. In some aspects, each type of baled material has unique compression
characteristics. In other words, a wire strap used to tie a bale of soft-compression household
trash may have a different length than a wire strap used to tie a bale of hard-compression
cardboard materials. As such, embodiments of the invention include a tracking component
and/or monitoring mechanism for receiving an indication of an amount of wire that is going
through the track of the wire-tying system coupled to the control UL. In some embodiments,
to account for an actual size of an applied strap, the control system is configured to count the
amount of wire that enters the track for each cycle, and subtract from that amount the number
of inches of wire that came back out of the track during tensioning. In other words, the actual
length of used wire may be tracked, according to embodiments of the invention, for tracking
in real-time how much wire is left on a carrier. In some embodiments, while an initial
determination of the length of wire on a carrier is determined using the carrier weight and the
known gauge of wire, the real-time calculation of length of wire remaining on the carrier may
be based on the subtraction of the actual wire used from the starting amount of carrier wire.

In one embodiment, as shown in FIG. 12, the wire odometer display 186

includes monitoring data, such as the strap count since last PM indicator 196, strap count A
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indicator 198, and strap count B indicator 78. As such, a maintenance monitor may view
how many straps have been tied since a last preventative maintenance took place for a
particular strapping device. In some embodiments, based on an indication received from
strap count since last PM indicator 196, a user may determine that a next preventative
maintenance is due. In embodiments, the maintenance monitor features are password-
protected, such that the strap count may only be reset by an authorized user. Further, the wire
odometer display 186 of the control UI 184 includes an indicator/tracker for individual users
based on the number of straps tied by each user, using the strap count A indicator 198 and the
strap count B indicator 200. In some embodiments, strap count A indicator 198 and strap
count B indicator 200 are coupled to individual odometers monitoring the number of cycles
and/or straps performed by a first user (A) and a second user (B) respectively. In one
embodiment, the strap count A indicator 198 is used to display a number of straps tied by a
first user, while the strap count B indicator 200 is used to display a number of straps tied by a
second user. As such, the first user having a first shift can independently record a number of
straps tied using a tying system, separate from the second user having a different shift.
Additionally, both users may be authorized to reset the number of straps counted during
either shift, via the reset indicators 202 and 204.

In one embodiment of the invention, the wire odometer display 186 may be
used to monitor an amount of tying material remaining on a carrier. In one embodiment, the
tying material may be either a wire or a plastic consumable material. As such, a baling
system may interchangeably incorporate a wire or plastic “tie” process for binding a bulk
material, which may be monitored by different features of the wire odometer. In one
embodiment, as described above, the features of the wire odometer display 186 may be used
to monitor the consumption of wire used to tie the baled bulk material, while in another
embodiment, the wire odometer may be used to monitor the consumption of a plastic material
used for tying. As such, various data items may be accessed by the control system and/or
wire-tying system to determine the corresponding remaining material amount. For example,
determinations by the wire odometer of FIG. 12 may be based at least in part on bale
perimeter length, starting length of a carrier of plastic tying material (e.g., linear footage),
starting weight of a carrier of wire tying material, current (real-time) weight of a wire carrier,
wire gauge, number of straps completed by the tying system (i.e., strap count), length of wire
consumed during strapping, an amount of overlap of the tying material during tying and/or

knotting, length of plastic material consumed during strapping, and/or other data received,
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determined, and/or displayed by the wire/consumable odometer. Additionally, such data
utilized by the wire/consumable odometer may be manually entered and/or automatically
determined. Por example, the carrier tag weigh may be entered by a user, while the length of
wire on the carrier is determined via calculation by the control system.

Turning now to FIG. 13, a display screen of an exemplary control UI 206
including a maintenance summary display 208 is provided in accordance with an embodiment
of the present invention. In the example of FIG. 13, the maintenance summary display 208
includes a twister pinion monitoring indicator 210, a cutter yoke insert 212, a cutter lever
insert 214, a pinch roll indicator 216, an exit track indicator 218, a wire stop indicator 220, a
wire separator indicator 222, a gripper lever indicator 224, a fixed gripper indicator 226, and
a guide finger spring indicator 228. In some aspects, each of the indicators 210, 212, 214,
216, 218, 220, 222, 224, 226, and 228 correspond to an approximate remaining life indicator
230, 232, 234, 236, 238, 240, 242, 244, 246, and 248, respectively. In some embodiments, a
particular part indicator may be associated with a particular number of cycles of expected
total “life” for that particular part. As such, in one example, the control system and/or control
UI may be configured to monitor the number of cycles strapped by the wire-tying system in
light of a known number of cycles for a particular component, such as the twister pinion. In
this example, the twister pinion component may have a particular expected number of cycles
for its lifespan, such as 240,000 cycles. As such, the corresponding approximate life
remaining indicator 230 associated with the twister pinion monitoring indicator 210 may
display a 50% life remaining indication for the twister pinion once the system has cycled
120,000 times. In other words, each of the approximate life remaining percentages monitored
and/or displayed by the control system are based on the corresponding component of the
wire-tying system, and may be configured to reduce at different rates based on the initial life
expectancy of the component and the number of cycles run by the system.

In some aspects of the invention, on one or more approximate life remaining
indicators may begin to flash at a threshold level of life expectancy. For example, once an
approximate life expectancy value 314 reaches 5%, the twister pinion monitoring indicator
and/or approximate life remaining indicator 314 may begin to flash. In further aspects, in
response to a triggered threshold level of approximate life remaining (i.e., 5% remaining), an
indication may be provided to a run screen that notifies the user of the particular part needing
to be replaced and/or reset, such as the maintenance warning 416 wrench provided on FIG.

14. In some embodiments, a maintenance warning is provided that, once selected, returns the
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user to a maintenance control UI, such as selection of the maintenance warning 416 returning
the user from the run screen 270 of FIG. 14 to the maintenance summary display 208 of FIG.
13.

Additionally, each of the approximate remaining life indicators on the
maintenance summary display 208 of FIG. 13 corresponds to a reset indicator 266, which in
some embodiments, may only be reset by an authorized user, such as a maintenance
technician. As further depicted in the maintenance summary display 208, the serial number
254 and model number 256 of the wire tying system may be indicated, along with a home
return indicator 258, an input/output (I/O) indicator 260, service contact information 262,
wire contact information 264, an off/reset action indicator 250, and a manual action indicator
252.

In one embodiment of the invention, the maintenance summary display 208 of
control UI 206 may be presented in response to selection of one or more of the maintenance
warning indicator 416, and the first, second, third, fourth, fifth and sixth malfunction
indicators 156, 422, 424, 426, 428, and 430, such as the maintenance warning indicators and
malfunction indicators presented in FIG. 9 during manual mode and/or FIG. 13 during
automatic operation. In the example of FIG. 13, the plurality of parts monitoring indicators
210, 212, 214, 216, 218, 220, 222, 224, 226, and 228 includes item information, description
information, and part number information. In further embodiments, the plurality of parts
monitoring indicators includes additional and/or alternative information regarding each part.
In one embodiment, each of the plurality of parts monitoring indicators 210, 212, 214, 216,
218, 220, 222, 224, 226, and 228 is associated with one or more items of content in a
troubleshooting resource, such as a troubleshooting display of FIG. 20. In one aspect, each of
the parts monitoring indicators is selectable, such that selection of a particular parts
monitoring indicator directs a user to a particular troubleshooting display of the
corresponding part, such as the display in FIG. 20.

In one embodiment, a wire-tying system (having a particular serial number
254 and model number 256) may be operating a plurality of parts, as exhibited by the
plurality of parts monitoring indicators. One of the parts may be exhibiting a decreased “life
expectancy” based on a comparison of 1) a calculated number of expected cycles for a
particular part and 2) a number of cycles run by the wire tying system. As such, for each
monitored part of the wire tying system, the controls system provides an indication of the

approximate life remaining for each part, which may be reset by a maintenance/technician
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once the part is replaced and the life expectancy is restored. In further embodiments, the
calculation of a life expectancy for an individual component of the wire-tying system may be
determined based on additional and/or alternative user-input and/or auto-detected factors. As
such, a warning and/or notification may be provided to a user, through one or more control
UIs of the control system, which identifies that a particular part is expected to soon exceed its
usable life based on the calculated life expectancy displayed on the control UI 206. In
embodiments, having received an indication that one or more parts are approaching a
threshold life expectancy (e.g., a 5% approximate life remaining for a particular part, based
on the part’s estimated number of expected cycles and the number of cycles run by the
system), or that one or more high-wear parts are worn and/or having problems, a user may
contact a manufacturer of the tying system using contact information 262, provide the tying
system’s serial number (254) and model number (256) so that the manufacturer can provide
the appropriate troubleshooting assistance for the particular worn part.

In further embodiments, a warning and/or notification may be provided to a
user through one or more control Uls of the control system identifying data determined as
part of the present invention. For example, a maintenance warning 416 may be provided as
part of the control UI 268 of FIG. 270, based on the number of cycles run by the system and a
corresponding diminished life expectance of one or more parts. In another example, a
warning may be provided as part of the FIG. 14 display screen of an exemplary control UI
268 including a run screen 270 for a wire tying system in automatic mode. In other words,
the not ready indicator 144 may alert a user that the number of straps remaining on the carrier
(via indicator 114) is insufficient to complete a threshold number of subsequent straps. For
example, a control system may be configured to alert a user when a minimum number of
straps remain, such that the user has sufficient time to retrieve and replace the wire carrier
during the operation of the device. In another embodiment, a warning may be generated
regarding a number of straps remaining (as indicated via strap-remaining indicator 114)
reaching a threshold number of straps for a particular carrier. In a further embodiment, a
warning and/or notification may be provided to a user through one or more user interfaces
regarding a determination of the wire odometer display 186, such as a notice displayed as part
of the control UI 184 of FIG. 12 that indicates the approximate length of wire remaining on
the carrier (i.e., the determination of carrier length indicator 192) is insufficient for tying a
threshold number of straps. In a further embodiment, a warning and/or alert may be

displayed as part of the run screen 108 of FIG. 7 when the estimated length of wire remaining
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on the carrier is approaching a threshold amount and/or the number of remaining straps
triggers an alert to refill/replace the wire carrier.

As shown in the example of FIG. 15, a display screen of an exemplary control
UI 274 may include a maintenance monitoring display 276 that is accessed by a technician, as
indicated by technician indicator 432. In one embodiment, the user accessing maintenance
monitoring display 276 may access a manual mode 252 for manipulating one or more of the
monitored components of the tying system. In embodiments, utilizing maintenance mode
252, the user may access a maintenance knot control 438, a maintenance knot return control
440, a slow feed value 442, and a slow feed adjuster 444. Upon selection of the I/O Status
indicator 260, a display screen of an exemplary control UI 290 including an input/output
status display 292 may be provided in accordance with an embodiment of the present
invention, as shown in FIG. 16.

In the example of FIG. 16, a series of inputs 294 and outputs 296 are presented
to a user. In one embodiment, inputs 294 include tying head inputs 298, safety inputs 300,
power input 302, and baler handshake indicators 304. In further embodiments, outputs 296
include status indicators 306, valve indicators 308, and status indicators 310. In one
embodiment, at least one of the inputs 294 is highlighted, such as input 316 indicating that
the particular input associated with power input 302 is being received by the control system.
In another embodiment, at least one of the outputs is highlighted, such as the output 318
indicating that the particular output of one of the status indicators 310 is being output by the
control system. In further embodiments, each of the outputs 296 may be forced by an
operator, such as by touching one of the outputs 296 on the I/O display 292. As such, for a
system component remaining inactive during operation, an operator may force the particular
output from the control panel during troubleshooting to determine if the particular system
component is able to produce the desired output. In further aspects, as shown in FIG. 16, the
manual mode operation 320 may be engaged, providing a slow feed 324, fast feed 326,
tension 328, knot 330, and knot return 332 controls to the user.

In some embodiments, the I/O display 292 may be used to verify the
“handshake” (i.e., communication link between) the control Ul/control system and the baling
machine. In some embodiments, if a particular valve is not operating correctly, the /O
display 292 may be utilized to force an output to control the particular vale. As such, a user
may then look to see if the valve has responded to the forced out put via the I/O display 292.

Similarly, if a particular light is not coming on when expected, such as the green light status
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is not illuminating when the wire is in wire home position, a user may touch the green status
light indicator on the outputs 296 portion of the control UI 290 to manually force an output.
In this example, if the light does not illuminate when the output is depressed via the control
UI 290, then a determination may be made that the green light bulb is burned out. If the
green light does illuminate upon depressing the output, then a determination may be made
that the wire home indicator output is not being communicated completely. In further
examples, one or more of the solenoid valves may be forced to come on when activated via
contacting of one or more of the valve indicators 308 on the I/O display 292 during
troubleshooting via the control UI 290. As such, in some embodiments of the invention, one
or more components of a wire tying system and/or baling machine may be coupled to one or
more monitoring and/or detection features associated with the control system/control Ul for
association with one or more corresponding inputs/outputs presented on an /O display 292.
As such, one or more features of the control Ul may be used to “test” one or more features of
the tying system.

In another embodiment, the I/O display 292 includes a flow meter/rpm
indicator 334, an R3 Bypass control 446, and an R2 Bypass control 448. In one embodiment,
upon selection of the flow meter/rpm indicator 334, a display screen of an exemplary control
UI 336 including a flow meter monitoring display 338 is provided, as shown in the example
of FIG. 17. The exemplary flow meter monitoring display 338 includes a fast tension control
340, a slow tension control 342, a rotation per minute (RPM) monitoring display 344, a flow
meter gallon per minute (GPM) monitoring display 346, an RPM indicator 348, and a flow
meter GPM 350. In some embodiments, during troubleshooting via the control system, a user
may monitor a number of gallons per minute flowing to the tying system to determine
whether an appropriate corresponding RPM is generated. In some embodiments, a wire-tying
system requires a particular number of gallons per minute of hydraulic fluid to be supplied to
it from the baler, while anything more or less than the particular amount will generate errors
(e.g., the system cycling too fast or too slow). In some aspects, between 10-14 gallons per
minute of hydraulic fluid are required by the system, while in further embodiments, 12
gallons per minute of hydraulic fluid are required. In some embodiments, a wire-tying
machine controlled by the control UI 336 may be running incorrectly, and a user may check
the flow meter monitoring display 338 to determine if the correct supply of hydraulic fluid is
being supplied based on how fast the hydraulic motor should be spinning. In one example,

with real-time monitoring, if the hydraulic motor is spinning at a corresponding correct RPM,
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the determination may be made that the correct number of gallons per minute of hydraulic
fluid is being provided to the system. In some aspects, based on the speed of the motor
(RPM), a user may access flow meter monitoring display 338 to determine the feed rate (i.e.,
flow meter GPM) that is being supplied to the wire-tying machine.

In further embodiments of the invention, as shown in FIG. 18, a display screen
of an exemplary control Ul 354 including a fault screen display 356 is provided in
accordance with an embodiment of the present invention. The fault screen display 356 may
include a number of indicators 358 associated with a fault screen listing 360, including a date
362, a time 364, and a fault indication 366 for a number of faults associated with the wire
tying system. In some embodiments, the fault screen listing 360 may be navigated using up
and down indicators 368 and 370. In one aspect, a threshold number of time-date stamped
fault indications 366 may be included in the fault screen listing 360 associated with a
particular wire-tying system and/or a particular control system for multiple wire-tying
systems.

Further, upon selection of the troubleshooting indicator 374, a control UI 376
having a troubleshooting display 378 may be presented to a user, as shown in FIG. 19. In
embodiments, the troubleshooting display 378 may include a troubleshooting indicator 380, a
PX5/PX6 fault indicator 382, an over tension fault indicator 384, a misfeed fault indicator
386, a knotter fault indicator 388, and a tension count fault indicator 390. Additionally, the
troubleshooting display 378 may be configured to provide a visual representation of a
troubleshooting manual 392, which may include various information such as an operating
manual, a replacement part list, a set of safety instructions, and the like. In some aspects, the
visual representation of a troubleshooting manual 392 is a searchable PDF image of one or
more items of resource content related to the wire tying device, such as a series of PDI
and/or scanned images of an operating manual, a replacement part list, and/or a set of safety
instructions. As further shown in FIG. 19, the searchable features of the troubleshooting
manual 392 may be accessed via various pairs of forward and backward advancing indicators
394, 396, and 398. In some aspects, one or more alarms from a run screen can be used to
access one or more troubleshooting “shortcut™ features of the troubleshooting display 378,
such as the troubleshooting indicator 380, the PX5/PX6 fault indicator 382, the over tension
fault indicator 384, the misfeed fault indicator 386, the knotter fault indicator 388, and the
tension count fault indicator 390. Additionally, in further embodiments, one or more of the

troubleshooting features of the troubleshooting display 378 may be accessed via one or more
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pages of the troubleshooting manual 392, such as a hyperlinked page of the troubleshooting
manual 392 that directs a user to the same content as the corresponding shortcut, such as the
over tension fault indicator 384.

In some embodiments, based on selection of one of the troubleshooting
indicators 380, 382, 384, 386, 388, and 390, an additional troubleshooting interface may be
presented to a user. Por example, in response to selection of the overtension fault indicator
384, a control UI 404 including a troubleshooting display 406 may be presented to a user, as
shown in FIG. 20. In some embodiments, the troubleshooting display 406 includes one or
more items of troubleshooting content 408, in context of a corresponding component image
410 and component indicator 412. In some aspects, a user may access the troubleshooting
display 406 based on selection of an error message on a run screen of the control UL In other
aspects, the troubleshooting display 406 of FIG. 20 is accessed via an error indicator on the
troubleshooting display 378 (e.g., the overtension fault indicator 384) and/or via one or more
hyperlinked items of content within the troubleshooting manual 392. As such, a user may
access the troubleshooting display 378 of FIG. 19 in response to a received indication from
the troubleshooting indicator 374 of the fault screen display 356 in FIG. 18. In further
embodiments, a user may access a control Ul depicting one or more component images 410
on a troubleshooting display 406 that corresponds to a selected fault indicator from fault
screen list 360 and/or corresponds to a selected item of content from the troubleshooting
manual 392.

Referring finally to FIG. 21, an exemplary control Ul including a run screen
display 418 for a plastic strapping system is provided according to an embodiment of the
present invention. In the example of FIG. 21, the run screen display 418 includes a plastic
mode indicator 420, an off/reset selection indicator 422, an auto selection indicator 424, a
ready status indicator 426, a strap/load selection indicator 428, a fault status selection
indicator 430, a help indicator 432, a strap count indicator 434, and a home indicator 436. In
some embodiments, various features of a plastic strapping odometer may be utilized to
provide a strap count for strap count indicator 434, which may include information regarding
a linear footage of plastic consumed during cycling of the strapping machine. Similarly,
various features of a troubleshooting manual and/or fault status listing may be accessed in
response to selection of the fault status indicator 430. In some aspects, the run screen display

418 may be configured to activate the automatic strapping of a plastic strap around a
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perimeter of a baled material, in response at least to a received indication of selection of the
strap/load indicator 428.

In some embodiments of the invention, a user of a wire-tying system
controlled by the control system having one or more of the control UI’s depicted in the above
figures may monitor, in real-time, one or more features of the system that potentially impact
the productivity, speed, and efficiency of the overall system. In some aspects, the user is
notified of a diminished number of straps remaining on a carrier, and therefore prompted to
replace the wire carrier in a timely manner. In further aspects, one or more features of the
control system may be remotely monitored to provide the retrieval of data, such as wire usage
data and/or maintenance data. In some aspects, a maintenance technician may retrieve wire
usage data and/or maintenance data remotely, without having to interact physically with the
wire-tying system and/or interact directly with the control UL. In some embodiments, a
touchscreen interface is provided for a wire (or plastic/wire) tying machine, providing wire
odometer features for monitoring a length of remaining wire on a carrier and the
corresponding number of straps remaining on a carrier, and also for providing
troubleshooting and/or maintenance monitoring features for parts life expectancy and/or error
messages during machine operation.

The present invention has been described in relation to particular
embodiments, which are intended in all respects to be illustrative rather than restrictive.
Alternative embodiments will become apparent to those skilled in the art to which the present
invention pertains without departing from its scope.

It will be seen from the foregoing that this invention is one well adapted to
attain the ends and objects set forth above, and to attain other advantages, which are obvious
and inherent in the device. It will be understood that certain features and subcombinations
are of utility and may be employed without reference to other features and subcombinations.
This is contemplated by and within the scope of the claims. It will be appreciated by persons
skilled in the art that the present invention is not limited to what has been particularly shown
and described hereinabove. Rather, all matter herein set forth or shown in the accompanying

drawings is to be interpreted as illustrative and not limiting.



WO 2015/034980 PCT/US2014/053986

230 -
CLAIMS
What is claimed is:
1. A control system user interface for controlling a wire-tying system, the

control system user interface comprising: a carrier weight indicator; a remaining wire length
5 indicator; and a straps remaining indicator, wherein the straps remaining indicator
corresponds to a calculated number of straps remaining on a wire carrier coupled to the wire-

tying system.

2. The control system user interface of claim 1, wherein the carrier
weight indicator is configured to receive weight information associated with the wire carrier,

10 wherein the received weight information is manually entered by a user.

3. The control system user interface of claim 1, wherein the remaining
wire length indicator comprises a length of remaining wire on the wire carrier based on a

length of wire consumed during strapping by the wire-tying system.

4. The control system user interface of claim 1, wherein the control
15  system user interface further comprises at least one strap count indicator, wherein the at least

one strap count indicator comprises a first strap count indicator for a first user.

5. The control system user interface of claim 4, wherein the at least one

strap count indicator comprises a second strap count indicator for a second user.

6. The control system user interface of claim 1, wherein remaining wire

20 length indicator comprises a calculated length of remaining wire on a wire carrier coupled to
the wire-tying system, wherein the calculated length is determined based at least in part on:

(1) the carrier weight indicator; (2) a wire gauge of the wire on the wire carrier; and (3) an

amount of wire consumed during tying by the wire-tying system.

7. The control system user interface of claim 6, wherein the carrier
25  weight indicator comprises a received indication of carrier weight input by a user based on a

carrier weight tag.
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8. The control system user interface of claim 6, wherein the wire gauge of
the wire on the wire carrier corresponds to a particular weight per foot for the wire based on a

wire material.

9. The control system user interface of claim 6, wherein the amount of
wire consumed during tying by the wire-tying system comprises a difference between an
amount of wire advanced into the wire-tying system during strapping and an amount of wire

removed from the wire-tying system during tensioning.

10. The control system user interface of claim 6, wherein the calculated
number of straps remaining on a wire carrier coupled to the wire-tying system is determined

via a wire odometer of the control system.

11. The control system user interfaced of claim 6, wherein the calculated
number of straps remaining on a wire carrier coupled to the wire-tying system is determined
based on the calculated length of remaining wire on a wire carrier coupled to the wire-tying
system and an average length of wire used for applying a single wire strap by the wire-tying

system.

12. A user interface for controlling a bulk material baling system, the user
interface comprising: a wire odometer display configured to present an amount of remaining
wire on a carrier coupled to the baling system; and a parts monitoring display configured to
present remaining use expectancy indicators corresponding to at least one part coupled to the

baling system.

13. The user interface of claim 12, wherein the amount of remaining wire
is determined based at least in part on 1) a carrier weight indicator, 2) a wire gauge of the
remaining wire on the carrier, and 2) an amount of wire consumed by the wire tying system

during strapping.

14. The user interface of claim 13, wherein the wire odometer further
comprises an indicator of a number of straps remaining, wherein the number of straps
remaining is determined based at least in part on 1) the determined amount of remaining wire

on the carrier, and 2) an average bale perimeter length.
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15. The user interface of claim 12, wherein the remaining use expectancy
indicators are determined based at least in part on 1) an identified expectancy corresponding

to the at least one part, and 2) a cycle number.

16. A control system for operating a material strapping device, the control
system comprising: a control system component having one or more processors and one or
more computer storage media, wherein the control system component: determines a number
of straps remaining on a wire carrier of the material strapping device, and identifies an

amount of life remaining for at least one part coupled to the material strapping device.

17. The control system of claim 16, wherein the control system determines
a number of straps remaining on a wire carrier based at least in part on an amount of

remaining wire on the carrier and an average bale perimeter length.

18. The control system of claim 17, wherein the amount of remaining wire
on the carrier is determined based at least in part on 1) a carrier weight indicator, 2) a wire
gauge of the remaining wire on the carrier, and 2) an amount of wire consumed by the wire

tying system during strapping.

19. The control system of claim 16, wherein identifying a life remaining
for at least one part comprises comparing a number of cycles run by the wire tying system to

an expected number of cycles associated with the at least one part.

20. The control system of claim 19, wherein in response to identifying the
life remaining for the at least one part, an alert is presented to a user corresponding to an
identified amount of remaining life for the at least one part that is at or below a threshold

level.
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International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
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CPC - B65B 27/12 (2014.11)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS.SEARCHED

IPC(8) - see extra sheet

Minimum documentation searched (classification system followed by classification symbols)

USPC -100/31, 32, 33.R; 140/93.6, 115; 700/275, 90, 17, 83; 702/182, 187, 189
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Y US 7,146,294 B1 (WAITKUS JR.) 05 December 2006 (05.12.20086) entire document 1-11
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“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

“T” later document published after the international filing date or priority
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the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when: the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.

because they relate to subject matter not requxred to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to pans of the intemnational application that do not comply with-the prescnbed requlrements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see extra sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. :

2. D As all searchable claims could be searched without effon justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:I As only some of the requlred additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. W No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-11 ’
Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

‘payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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continuation of Box lil: lack of unity

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid. .

Group |, claims 1-11, drawn to a control system user interface for controlling a wire-tying system.
Group I, claims 12-15, drawn to a user interface for controlling a bulk material baling system.
Group il, claims 16-20, drawn to a control system for operating a material strapping device.

The inventions listed as Groups |, Il and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the
Group | invention: a control system user interface for controlling a wire-tying system comprising: a carrier weight indicator as claimed
therein is not present in the invention of Groups Il and lIl. The special technical feature of the Group Il invention: a parts monitoring
display configured to present remaining use expectancy indicators corresponding to at least one part coupled to the baling system as
claimed therein is not present in the invention of Groups | or Ill. The special technical feature of the Group |Il invention: identifies an
amount of life remaining for at least one part coupled to the material strapping device as claimed therein is not present in the invention of
Groups lor Il.

Groups |, Il and Il lack unity of invention because even though the inventions of these groups require the technical feature of a control
system to determine a number of straps remaining on a wire carrier, this technical feature is not a special technical feature as it does not
make a contribution over the prior art. . .

Specifically, US 2004/0144264 A1 (DANIEL et al) 29 July 2004 (29.07.2004) teaches a control system to determine a number of straps
remaining on a wire carrier (wire control head 41 mounted to carriage 18 provides six straps, Paras. 35-36 and 39 and Fig. 8).

Since none of the special technical features of the Group |, Il or Ill inventions are found in more than one of the inventions, unity of
invention is lacking. '
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