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REMOTELY CONTROLLING A HYDRAULIC SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates generally to performing an action.

[0002] The present invention will be described with particular reference to remotely
performing a hydraulic tuning action in respect of a system comprising a hydraulic

circuit.

[0003] However, it will be appreciated that the invention is not limited to this particular
field of use, it may be used in respect of other systems, and for performing one or

more actions, and for additional and/or alternative purposes.

BACKGROUND

[0004] Any discussion of the background art throughout the specification should in no
way be considered as an admission that such background art is prior art, nor that such
background art is widely known or forms part of the common general knowledge in the

field in Australia or worldwide.

[0005] All references, including any patents or patent applications, cited in this
specification are hereby incorporated by reference. No admission is made that any
reference constitutes prior art. The discussion of the references states what their
authors assert, and the applicant reserves the right to challenge the accuracy and
pertinence of the cited documents. It will be clearly understood that, although a
number of prior art publications are referred to herein, this reference does not
constitute an admission that any of these documents forms part of the common

general knowledge in the art, in Australia or in any other country.

[0006] A hydraulic circuit is a system comprising an interconnected set of discrete
components that transport liquid. The purpose of this system may be to control where
fluid flows or to control fluid pressure. As one example, hydraulic machinery uses
hydraulic circuits, in which hydraulic fluid is pushed, under pressure, through discrete
components such as hydraulic pumps, pipes, tubes, hoses, hydraulic motors,
hydraulic cylinders, and so on, to move a load.
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[0007] Figure 1 of the drawings depicts an example of existing hydraulic machinery 10
comprising a hydraulic circuit 12.

[0008] In order to function as designed, hydraulic circuits and their individual
components require initial and regular adjustments to set up the circuit for its intended
function and over time to adjust for the condition of the individual components that can
affect the performance of the circuit. The performance of such adjustment actions may
be referred to as hydraulic tuning of the circuit.

[0009] These adjustments are traditionally performed by trained technicians or
mechanics using hand tools 14, as depicted in Figure 2, for example, and hydraulic
testing equipment (including flow meters 16, as depicted in Figure 3, and pressure
gauges 18, as depicted in Figure 4, for example) and are often performed in hazardous
locations surrounded by multiple high-pressure hydraulic circuits, inside moving
machinery, and with ambient temperatures often exceeding 60°C. Undertaking such
work, in such an environment, is both unpleasant and dangerous for the technicians

involved.

[0010] Particularly, and with reference to Figure 5 of the drawings, an adjustment of a
valve 20 (i.e. a valve adjustment action) of a hydraulic circuit is currently made by the
technician unlocking an adjusting screw lock nut 22 of the valve 20, physically rotating
an adjusting screw 24 inside a body 26 of the valve 20 with an appropriate hand tool
(such as a wrench) while monitoring a pressure guage/flow meter that is operably
attached to the circuit being adjusted.

[0011] The adjusting screw 24 is turned until the circuit is at the desired pressure or

flow rating, as depicted in Figure 6 of the drawings.

[0012] In order to confirm that a hydraulic pump/circuit is performing as designed or
intended, hydraulic flow testing is required. To achieve this, a hydraulic flow testing
action is performed in which a hydraulic flow meter 28, as depicted in Figure 7 of the
drawings, is operably installed in the circuit by the technician, receiving hydraulic input
via an input port 30 and providing hydraulic output via an output port 32. A loading
valve 34 of the hydraulic flow meter 28 is operable to allow the technician to artificially
increase the upstream pressure in the circuit. In this manner, the hydraulic flow meter
28 facilitates verifying the operation and integrity of the hydraulic components of the
circuit being tested upstream while providing pressure and hydraulic flow readings to
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the technician (via an hydraulic pressure test point 36 and oil flow and temperature
signal 38 of the hydraulic flow meter 28 operably connected to an appropriate

indicating device 40).

[0013] As depicted in Figure 8, manually increasing the pressure in the hydraulic circuit
by using the loading valve 34 often situates the technician near high pressure hydraulic
circuits, high ambient temperatures and high noise environments inside operating
equipment, thereby posing a significant risk to the health and safety of the technician.

[0014] A particular example of the hereinbefore described traditional (manual) method
of valve control and associated issues will now be described with reference to Figures
22A to 22F of the drawings.

[0015] Large mining machines, such as Excavators/Loading Shovels 210, as depicted
in Figures 22A to 22C, use a number of high-pressure hydraulic rams or cylinders to
operate a digging arm 212 thereof. Typically, all of the hydraulic cylinders are
controlled by Hydraulic Spool Valves (which may also be referred to as Directional
Control Valves or DCVs) implemented as part of an appropriate hydraulic system
control circuit, examples of which are depicted in Figures 22D and 22E.

[0016] Periodically, the hydraulic system of the machines requires tuning that involves
a technician manually adjusting Spool Valve Circuit Reliefs (an example of which is
depicted in Figure 22F) positioned down in a control or pump room of the
Excavator/Loading Shovel 210 to ensure or seek optimal operation thereof.

[0017] Some of the issues associated with this method of tuning include:

e it being a potentially hazardous operation for the technician as the
control/pump room contains the hydraulic system (which may be
running/operating up to 5000 PSI through the pumps/valves thereof). If
a malfunction occurs, the technician may be seriously injured (by burns

and/or hydraulic injection, for example);

e discomfort for the technician involved in the operation due to conditions

of high heat/temperature and poor ventilation in the control room;

e it being a tedious process requiring the technician to access the control
room to perform tuning and check the status of the hydraulic system; and
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e it being a time consuming process and providing no access to live data
from the hydraulic system.

[0018] Prior to the present invention, the only way to tune the valves and pumps on
this type of machinery is by manually adjusting each spool valve using appropriate
tools, as hereinbefore described.

[0019] This requires the technician to physically enter the control/pump room to make
the necessary adjustments, increasing their exposure to potential risks/discomforts
including risk of hydraulic incident and heat exposure.

[0020] Once the adjustments are made, the technician needs to test them by

accessing a driver’'s cab of the Excavator/Loading Shovel 210.

[0021] Accordingly, the traditional method of tuning such machines is dangerous, time

consuming, and inefficient.
[0022] It is against this background that the present invention has been developed.

SUMMARY OF THE INVENTION

[0023] Embodiments of the present invention seek to overcome, or at least ameliorate,
one or more of the disadvantages of the prior art, or to provide the consumer with a

useful or commercial choice.

[0024] Other advantages of embodiments of the present invention will become
apparent from the following description, taken in connection with the accompanying
drawings, wherein, by way of illustration and example, a preferred embodiment of the

present invention is disclosed.

[0025] According to a first broad aspect of the present invention, there is provided a

system for performing an action, the system comprising:
a tool operable to perform at least the action;
a controller;
storage storing electronic program instructions for controlling the controller; and
an input means;

wherein the controller is operable, under control of the electronic program

instructions, to:
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receive input via the input means;

process the input and, on the basis of the processing, control the tool to perform
the action.

[0026] Embodiments and implementations of the above described aspect, and those
aspects described below, may incorporate one or more of the following optional

features.

[0027] Optionally, the action is performed on, in respect of, in association with, and/or
in relation to, an other system, which may comprise at least one hydraulic circuit.

[0028] Optionally, the tool may be part of an interface for operably coupling the system
to the other system.

[0029] Optionally, the input comprises details. The details may comprise data and/or
information of, associated with, and/or related to: the tool; the action to be performed,;
and/or the other system.

[0030] The data and/or information may be obtained by one or more of retrieving,
receiving, extracting, and identifying it, from one or more sources, which may include

the tool and the other system.

[0031] The processing of the input may comprise an analysis of the details, in which
case the controller may be operable, under control of the electronic program
instructions, to control the tool on the basis of the analysis.

[0032] Optionally, the system comprises a display for displaying a user interface, and
the controller is operable, under control of the electronic program instructions, to
generate an output on the basis of the processing, and communicate the output via
the display.

[0033] The tool may comprise at least one actuator, which may be part of an actuator
system or a set of actuators.

[0034] The input means may comprise at least one sensor, which may be part of a
sensor system or a set of sensors. Individual sensors within the set of sensors may be
operable to monitor, sense and gather or measure sensor data and/or information
associated with and/or relating to one or more characteristics, properties and/or
parameters of one or more of the system, the action to be performed, the other system,
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and the surrounding environment, or components, systems or devices associated

therewith or coupled thereto.

[0035] Individual sensors within the set of sensors may comprise: a hydraulic pressure

sensor; a hydraulic flow sensor; and a temperature sensor.
[0036] The action may be performed remotely from a user of the system.

[0037] Optionally, the input comprises user instructions which are input by a user via
the input means. The user instructions may comprise a command to perform the
action, in which case the controller is operable, under control of the electronic program

instructions, to perform the action according to the received user instructions.
[0038] In an embodiment, the electronic program instructions comprise software.

[0039] Optionally, the system is implemented in a device. The device may be a mobile
communication device, in which case it may comprise a smartphone,
notebook/tablet/desktop computer, or portable media device, having the software
installed thereon. The software may be provided as a software application
downloadable to the device.

[0040] Optionally, operations performed by the system occur automatically, without

requiring human intervention.

[0041] According to a second broad aspect of the present invention, there is provided
a method for performing an action, the method comprising:

storing electronic program instructions for controlling a controller; and
controlling the controller via the electronic program instructions, to:
receive input via an input means; and

process the input and, on the basis of the processing, control a tool operable to
perform at least the action, to perform the action.

[0042] According to a third broad aspect of the present invention, there is provided an
actuator for use with the system according to the first broad aspect of the present
invention, and/or the method according to the second broad aspect of the present
invention, as hereinbefore described.

[0043] According to a fourth broad aspect of the present invention, there is provided a

sensor for use with the system according to the first broad aspect of the present
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invention, and/or the method according to the second broad aspect of the present
invention, as hereinbefore described.

[0044] According to a fifth broad aspect of the present invention, there is provided a
computer-readable storage medium on which is stored instructions that, when
executed by a computing means, causes the computing means to perform the method
according to the second broad aspect of the present invention as hereinbefore
described.

[0045] According to a sixth broad aspect of the present invention, there is provided a
computing means programmed to carry out the method according to the second broad
aspect of the present invention as hereinbefore described.

[0046] According to a seventh broad aspect of the present invention, there is provided
a data signal including at least one instruction being capable of being received and
interpreted by a computing system, wherein the instruction implements the method
according to the second broad aspect of the present invention as hereinbefore
described.

[0047] According to an eighth broad aspect of the present invention, there is provided
a device for performing an action comprising a system according to the first broad
aspect of the present invention as hereinbefore described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Notwithstanding any other forms which may fall within the scope of the present
invention, in order that the invention may be more fully understood and put into
practice, preferred embodiments of the invention will now be described, by way of
example only, with reference to the accompanying drawings, in which:

[0049] Figure 1 depicts an example of existing hydraulic machinery comprising a

hydraulic circuit;

[0050] Figures 2 depicts examples of existing hand tools;

[0051] Figure 3 depicts an example of an existing flow meter;
[0052] Figure 4 depicts an example of an existing pressure gauge;

[0053] Figure 5 depicts an example of a valve of a hydraulic circuit;
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[0054] Figure 6 depicts an example of a conventional adjustment action being
performed on a valve of a hydraulic circuit;

[0055] Figure 7 depicts an example of an existing hydraulic flow meter;

[0056] Figure 8 depicts an example of a conventional hydraulic flow testing action
being performed using an existing hydraulic flow meter;

[0057] Figure 9 depicts an embodiment of a system for performing an action in
accordance with aspects of the present invention, arranged according to a first

operational set up;

[0058] Figure 10 depicts the embodiment of the system of Figure 9 arranged
according to a second operational set up;

[0059] Figure 11 depicts a schematic diagram of components of a control system of
the embodiment of the system of Figure 9;

[0060] Figure 12 depicts a simplified system diagram of the system of Figure 9

communicating with remote devices;

[0061] Figure 13A depicts a perspective view of a valve actuator tool of the system of
Figure 9;

[0062] Figure 13B depicts a perspective view to the valve actuator of Figure 13A,
exploded to show coupling to a reaction arm thereof;

[0063] Figure 13C depicts a perspective view of the valve actuator of Figure 13A

having an alternative reaction arm;

[0064] Figure 13D depicts a perspective view of the valve actuator of Figure 13A

having an alternative reaction arm;

[0065] Figure 13E depicts a side view of the valve actuator of Figure 13C;
[0066] Figure 13F depicts an end view of the valve actuator of Figure 13C;
[0067] Figure 13G depicts a top view of the valve actuator of Figure 13C;

[0068] Figure 13H depicts a perspective view of the valve actuator of Figure 13C,

exploded to show coupling to the reaction arm thereof;

[0069] Figure 13l depicts a perspective view of the valve actuator of Figure 13A,

having an alternative reaction arm;
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[0070] Figure 14A depicts a perspective view of a valve actuator of the system of
Figure 9 operably connected, in a fitted or mounted position, to a valve adjustment

point of a hydraulic pump;

[0071] Figure 14B depicts another perspective view of the valve actuator of the
system of Figure 9 operably connected, in a fitted or mounted position, to a valve
adjustment point of a hydraulic pump;

[0072] Figure 15A depicts an exploded perspective view of components of the valve

actuator of Figure 13A;

[0073] Figure 15B depicts another exploded perspective view of components of the

valve actuator of Figure 13A;
[0074] Figure 16A depicts a profile of a spline of the valve actuator of Figure 13A,;

[0075] Figure 16B depicts a table of specifications of the spline of the valve actuator
of Figure 13A;

[0076] Figure 17A depicts a square drive of the valve actuator of Figure 13A;

[0077] Figure 17B depicts a table of standard size and dimensions for square tool

drives;

[0078] Figure 18 depicts specifications for bearings of the valve actuator of Figure
13A;

[0079] Figures 19A, 19B, and 19C depict specifications for a ball detent plunger of
the valve actuator of Figure 13A;

[0080] Figures 20A, 20B, and 20C depict specifications for spring plungers of a spline
reaction arm attachment of the valve actuator of Figure 13A;

[0081] Figure 21A depicts an exploded isometric view of components of a flow meter

of the system of Figure 9;
[0082] Figure 21B depicts a plan view of components of the flow meter of Figure 21A,;

[0083] Figure 21C depicts a section view of components of the flow meter of Figure
21A;

[0084] Figure 21D depicts an elevation view of components of the flow meter of Figure
21A;
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[0085] Figure 21E depicts a side view of components of the flow meter of Figure 21A;

[0086] Figures 22A, 22B, and 22C depict examples of existing large mining

Excavators/Loading Shovels;

[0087] Figures 22D and 22E depict examples of hydraulic system control circuits of
the Excavators/Loading Shovels of Figures 22A, 22B, and 22C;

[0088] Figure 22F depicts an example of Spool Valve Circuit Reliefs of the hydraulic

system control circuits;

[0089] Figure 23 depicts a schematic diagram of the interworking relationship of
embodiments of a control box, flow meter box, and valve actuator(s) of an embodiment

of the system of Figures 9 and 10;

[0090] Figure 24 depicts a schematic diagram of the embodiment of the control box
of Figure 23;

[0091] Figure 25 depicts a schematic diagram of the embodiment of the flow meter
box of Figure 23;

[0092] Figure 26 depicts a perspective view of an example embodiment of the flow
meter box of Figure 23 without a covering portion in place;

[0093] Figures 27 depicts a perspective view of an example embodiment of the flow
meter box of Figure 23 with a covering portion in place;

[0094] Figure 28 depicts a schematic block diagram of an example of a set of valve
actuators of Figure 23 deployed in a room or other space housing one or more pumps;

[0095] Figure 29 depicts an example of a Main Menu Page screen of a user interface
generated and displayed via a display of a mobile communication device of the system

of Figures 9 and 10;

[0096] Figure 30 depicts an example of a Setup Menu Page screen of the user
interface generated and displayed via the display;

[0097] Figure 31 depicts an example of a Tuning Menu - Circuit Page screen of the

user interface generated and displayed via the display; and

[0098] Figure 32 depicts a flow chart of a program sequence of actions performed by
a software app of the system of Figures 9 and 10.
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DEFINITIONS

[0099] The following definitions are provided as general definitions and should in no
way limit the scope of the present invention to those terms alone, but are put forth for
a better understanding of the following description.

[0100] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by those of ordinary skill in the art to
which the invention belongs. It will be further understood that terms used herein
should be interpreted as having a meaning that is consistent with their meaning in the
context of this specification and the relevant art and will not be interpreted in an
idealized or overly formal sense unless expressly so defined herein. For the purposes
of the present invention, additional terms are defined below. Furthermore, all
definitions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or
ordinary meanings of the defined terms unless there is doubt as to the meaning of a
particular term, in which case the common dictionary definition and/or common usage

of the term will prevail.

[0101] For the purposes of the present invention, the following terms are defined
below.

[0102] The articles “a” and “an” are used herein to refer to one or to more than one
(i.e. to at least one) of the grammatical object of the article. By way of example, "an

element” refers to one element or more than one element.

[0103] The term “about’ is used herein to refer to quantities that vary by as much as
30%, preferably by as much as 20%, and more preferably by as much as 10% to a
reference quantity. The use of the word ‘about’ to qualify a number is merely an

express indication that the number is not to be construed as a precise value.

[0104] Throughout this specification, unless the context requires otherwise, the words
“‘comprise”, “comprises” and “comprising” will be understood to imply the inclusion of
a stated step or element or group of steps or elements but not the exclusion of any

other step or element or group of steps or elements.

[0105] Any one of the terms: “including” or “which includes” or “that includes” as used

herein is also an open term that also means including at least the elements/features
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that follow the term, but not excluding others. Thus, “including” is synonymous with

and means “comprising”.

[0106] In the claims, as well as in the summary above and the description below, all
transitional phrases such as “comprising,” “including,” “carrying,” “having,”

N1

‘containing,” “involving,” “holding,

» o

composed of,” and the like are to be understood
to be open-ended, i.e., to mean “including but not limited to”. Only the transitional
phrases “consisting of” and “consisting essentially of” alone shall be closed or semi-

closed transitional phrases, respectively.

[0107] The term, “real-time”, for example “displaying real-time data,” refers to the
display of the data without intentional delay, given the processing limitations of the
system and the time required to accurately measure the data.

[0108] The term. “near-real-time”, for example “obtaining real-time or near-real-time
data” refers to the obtaining of data either without intentional delay (“real-time”) or as
close to real-time as practically possible (i.e. with a small, but minimal, amount of delay
whether intentional or not within the constraints and processing limitations of the of the
system for obtaining and recording or transmitting the data.

[0109] Although any methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present invention, preferred
methods and materials are described. It will be appreciated that the methods,
apparatus and systems described herein may be implemented in a variety of ways
and for a variety of purposes. The description here is by way of example only.

[0110] As used herein, the term “exemplary”’ is used in the sense of providing
examples, as opposed to indicating quality. That is, an “exemplary embodiment” is an
embodiment provided as an example, as opposed to necessarily being an
embodiment of exemplary quality for example serving as a desirable model or
representing the best of its kind.

[0111] The various methods or processes outlined herein may be coded as software
that is executable on one or more processors that employ any one of a variety of
operating systems or platforms. Additionally, such software may be written using any
of a number of suitable programming languages and/or programming or scripting tools,
and also may be compiled as executable machine language code or intermediate code

that is executed on a framework or virtual machine.
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[0112] In this respect, various inventive concepts may be embodied as a computer
readable storage medium (or multiple computer readable storage media) (e.g., a
computer memory, one or more floppy discs, compact discs, optical discs, magnetic
tapes, flash memories, circuit configurations in Field Programmable Gate Arrays or
other semiconductor devices, or other non-transitory medium or tangible computer
storage medium) encoded with one or more programs that, when executed on one or
more computers or other processors, perform methods that implement the various
embodiments of the invention discussed above. The computer readable medium or
media can be transportable, such that the program or programs stored thereon can be
loaded onto one or more different computers or other processors to implement various

aspects of the present invention as discussed above.

[0113] The terms “program” or “software” are used herein in a generic sense to refer
to any type of computer code or set of computer-executable instructions that can be
employed to program a computer or other processor to implement various aspects of
embodiments as discussed above. Additionally, it should be appreciated that
according to one aspect, one or more computer programs that when executed perform
methods of the present invention need not reside on a single computer or processor,
but may be distributed in a modular fashion amongst a number of different computers

or processors to implement various aspects of the present invention.

[0114] Computer-executable instructions may be in many forms, such as program
modules, executed by one or more computers or other devices. Generally, program
modules include routines, programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract data types. Typically the
functionality of the program modules may be combined or distributed as desired in

various embodiments.

[0115] Also, data structures may be stored in computer-readable media in any suitable
form. For simplicity of illustration, data structures may be shown to have fields that
are related through location in the data structure. Such relationships may likewise be
achieved by assigning storage for the fields with locations in a computer-readable
medium that convey relationship between the fields. However, any suitable
mechanism may be used to establish a relationship between information in fields of a
data structure, including through the use of pointers, tags or other mechanisms that
establish relationship between data elements.
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[0116] Also, various inventive concepts may be embodied as one or more methods, of
which an example has been provided. The acts performed as part of the method may
be ordered in any suitable way. Accordingly, embodiments may be constructed in
which acts are performed in an order different than illustrated, which may include
performing some acts simultaneously, even though shown as sequential acts in

illustrative embodiments.

[0117] The phrase “and/or’, as used herein in the specification and in the claims,
should be understood to mean “either or both” of the elements so conjoined, i.e.,
elements that are conjunctively present in some cases and disjunctively present in
other cases. Multiple elements listed with “and/or” should be construed in the same
fashion, i.e., “one or more” of the elements so conjoined. Other elements may
optionally be present other than the elements specifically identified by the “and/or”
clause, whether related or unrelated to those elements specifically identified. Thus,
as a non-limiting example, a reference to “A and/or B”, when used in conjunction with
open-ended language such as “comprising” can refer, in one embodiment, to A only
(optionally including elements other than B); in another embodiment, to B only
(optionally including elements other than A); in yet another embodiment, to both A and
B (optionally including other elements); etc.

[0118] As used herein in the specification and in the claims, “or” should be understood
to have the same meaning as “and/or’ as defined above. For example, when
separating items in a list, “or” or “and/or” shall be interpreted as being inclusive, i.e.,
the inclusion of at least one, but also including more than one, of a number or list of
elements, and, optionally, additional unlisted items. Only terms clearly indicated to the
contrary, such as “only one of’ or “exactly one of,” or, when used in the claims,
“consisting of” will refer to the inclusion of exactly one element of a number or list of
elements. In general, the term “or” as used herein shall only be interpreted as
indicating exclusive alternatives (i.e. “one or the other but not both”) when preceded

” o

by terms of exclusivity, such as “either,” “one of,” “only one of,” or “exactly one of.”
“Consisting essentially of,” when used in the claims, shall have its ordinary meaning

as used in the field of patent law.

[0119] As used herein in the specification and in the claims, the phrase “at least one”,
in reference to a list of one or more elements, should be understood to mean at least

one element selected from any one or more of the elements in the list of elements, but
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not necessarily including at least one of each and every element specifically listed
within the list of elements and not excluding any combinations of elements in the list
of elements. This definition also allows that elements may optionally be present other
than the elements specifically identified within the list of elements to which the phrase
“at least one” refers, whether related or unrelated to those elements specifically
identified. Thus, as a non-limiting example, “at least one of A and B” (or, equivalently,
“at least one of A or B,” or, equivalently “at least one of A and/or B”) can refer, in one
embodiment, to at least one, optionally including more than one, A, with no B present
(and optionally including elements other than B); in another embodiment, to at least
one, optionally including more than one, B, with no A present (and optionally including
elements other than A); in yet another embodiment, to at least one, optionally including
more than one, A, and at least one, optionally including more than one, B (and

optionally including other elements); etc.

[0120] For the purpose of this specification, where method steps are described in
sequence, the sequence does not necessarily mean that the steps are to be carried
out in chronological order in that sequence, unless there is no other logical manner of

interpreting the sequence.

[0121] In addition, where features or aspects of the invention are described in terms
of Markush groups, those skilled in the art will recognise that the invention is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

DESCRIPTION OF EMBODIMENTS

[0122] It should be noted in the following description that like or the same reference

numerals in different embodiments denote the same or similar features.

[0123] In Figures 9 and 10, there is depicted a first embodiment of a system 110 for
performing an action in accordance with aspects of the present invention, arranged

according to a first operational set up and a second operational set up, respectively.

[0124] In the embodiment described, the action is performed on, in respect of, in
association with, and/or in relation to, an other system 112, which may be referred to

as a second system, comprising a hydraulic pump 114.
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[0125] As will be described in further detail, the system 110 is operable to allow a
technician 116, being a user or operator of the system 110, to perform a plurality of
actions or operations comprising hydraulic system testing and adjustments on, or in
respect of, the hydraulic pump 114. That is to say, to conduct hydraulic tuning of the
hydraulic pump 114.

[0126] Particularly, the system 110 implements a hydraulic tuning (or flow control)
system allowing hydraulic circuit tuning without the technician 116 having to physically
be present at the site of the hydraulic circuit (for example, without having to be within
the control/pump room of a machine such as an Excavator/Loading Shovel). The
system 110 of the embodiment enables the technician 116 to make actions such as
valve and pressure adjustments, whilst also being able to monitor hydraulic flow rate,
temperature(s) and pressure(s), remotely (for example, from the driver’s cab of the
Excavator/Loading Shovel instead of the control/pump room). The system 110 of the
embodiment achieves this through a custom software application, operated on a tablet
computer or similar device, which allows the technician 116 to make valve adjustments

while visualising corresponding pressure and temperature changes “on the fly”.

[0127] It will be appreciated that the invention is not limited in regard to the other
system on, or in respect of which, the action is to be performed, and in alternative
embodiments may be used in respect of systems other than hydraulic pumps, and for
performing actions for additional and/or alternative purposes.

[0128] In the embodiment, the system 110 is provided under the trade mark
HYDRATUNE™,

[0129] The system 110 comprises an electromechanical product comprising of a

number of integrated components.

[0130] Particularly, as depicted in Figures 9 and 10, the system 110 comprises a
plurality of components, subsystems and/or modules operably coupled via appropriate
circuitry and connections to enable the system 110 to perform the functions and
operations herein described. The system 110 comprises suitable components
necessary to interface with the hydraulic pump 114 and receive, store and execute
appropriate computer instructions such as to implement a method for performing an

action in accordance with embodiments of the present invention.
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[0131] Particularly, and as shown in Figures 9, 10, and 11, the system 110 comprises
a tool 118 operable to perform at least the action; a control system implemented via
computing means 120 which in the embodiment is based on Arduino™ technology
and comprises a controller 122 and storage 124 for storing electronic program
instructions for controlling the controller 122, and information and/or data; input/output
means 126 for receiving input, and also providing output; and a source 128 for
providing energy to power the system 110; all housed within a container or housing.

[0132] In embodiments of the invention, the energy source 128 comprises a 24V
CAT™ Jump Start Receptacle, and/or 24V battery(s), connectable to provide power
as required via appropriate hardware such as power cable(s) and alligator battery
clips, for example.

[0133] In embodiments of the invention, the input/output means 126 comprises any
data acquisition equipment, technology, and/or components as may be appropriate
and/or required for the implementation.

[0134] In the embodiment, the housing 130 has the form of a control system and power
supply case (in combination with the components housed therein thereby providing
what may be referred to as a “control box” 131).

[0135] As will be described in further detail, the controller 122 is operable, under
control of the electronic program instructions, to: receive input via the input/output
means 126; process the input and, on the basis of the processing, control the tool 118
to perform the action.

[0136] The input/output means 126 comprises such components and circuitry as may
be required, operably connected, to facilitate the operations described, including
connectors for Wi-Fi, power (12V/24V), RJ45 data, and control/power cables, that may
be provided so as to be accessed externally of the control system and power supply
case 130.

[0137] As will be described in further detalil, the tool 118 forms part of an interface 132
for operably coupling the system 110 to the other system (being the hydraulic pump
114 in the embodiment) to be acted upon.

[0138] Particularly, in the embodiment, the controller 122 is operable, under control of
the electronic program instructions, to: receive input from the interface 132 (via the
input/output means 126), the input comprising one or more details of the hydraulic
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pump 114; process the input to conduct an analysis of the hydraulic pump 114;
generate an output, on the basis of the analysis, for controlling the interface 132 to
perform the action on the hydraulic pump 114; and communicate the output, via the
input/output means 126, to the interface 132 to control the interface 132 to perform the
action on the hydraulic pump 114.

[0139] Particularly, in the embodiment, the controller 122 is operable to control and

run applications for hydraulic tuning of the hydraulic pump 114.

[0140] In embodiments of the invention, the input comprises details. The details may
comprise data and/or information of, associated with, and/or related to: the tool 118;
the action(s) to be performed; and/or the system to be acted on (being the hydraulic
pump 114 in the embodiment). The data and/or information may be obtained by one
or more of capturing, retrieving, receiving, extracting, and identifying it, from one or
more sources, which may include the tool 118 and the system to be acted on. The one
or more sources of data may reside on the storage 124, and/or elsewhere, remote
from the system 110.

[0141] The controller 122 comprises processing means in the form of a processor.

[0142] The storage 124 comprises read only memory (ROM) and random access
memory (RAM).

[0143] The system 110 is capable of receiving instructions that may be held in the
ROM or RAM and may be executed by the processor. The processor is operable to
perform actions under control of electronic program instructions, as will be described
in further detail below, including processing/executing instructions and managing the

flow of data and information through the system 110.

[0144] In the embodiment, electronic program instructions for the system 110 are
provided via a single standalone software application (app) or module which may be
referred to as a hydraulic tuning app. In the embodiment described, the app is
marketed under the trade mark HYDRATUNE™ and can be downloaded from a
website (or other suitable electronic device platform) or otherwise saved to or stored
on storage 124 of the system 110.

[0145] The system 110 also includes an operating system which is capable of issuing
commands and is arranged to interact with the app to cause the system 110 to carry
out actions including the respective steps, functions and/or procedures in accordance
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with the embodiment of the invention described herein. The operating system may be
appropriate for the computing components of the system 110.

[0146] As depicted in Figure 12, the system 110 is operable to communicate via one
or more communications link(s) 134, which may variously connect to one or more
remote devices 136 such as servers, personal computers, terminals, wireless or
handheld computing devices, landline communication devices, or mobile
communication devices such as a mobile (cell) telephone. At least one of a plurality of
communications link(s) 134 may be connected to an external computing network

through a telecommunications network.

[0147] In the embodiment described, the remote devices 136 include a mobile
communication device 138 owned and/or operated by the technician 116. In the
embodiment, the mobile communication device 138 comprises computing means such
as a personal, notebook or tablet computer such as that marketed under the trade
mark IPAD® or IPOD TOUCH®by Apple Inc, or by other provider such as Hewlett-
Packard Company, or Dell, Inc, for example, or other suitable device. In alternative
embodiments, the mobile communication device 138 may comprise a smartphone
such as that marketed under the trade mark IPHONE® by Apple Inc, or by other
provider such as Nokia Corporation, or Samsung Group, having Android, WEBOS,
Windows, or other Phone app platform.

[0148] In the embodiment described, communication between the mobile
communication device 138 and the control system components of the system 110
contained within the control system and power supply case 130, including the
generation, transmission and receiving of commands and signals, is implemented via
Wi-Fi or wired Ethernet IP signal (via LAN cable as appropriate), the input/output
means 126 comprising such components and circuitry as necessary and operably
connected to facilitate such operation.

[0149] Electronic instructions or programs for the computing components of the
system 110 can be written in any suitable language, as are well known to persons
skilled in the art. In embodiments of the invention, the electronic program instructions
may be provided as stand-alone application(s), as a set or plurality of applications, via
a network, or added as middleware, depending on the requirements of the

implementation or embodiment.
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[0150] In embodiments of the invention, the software may comprise one or more
modules, and may be implemented in hardware. In such a case, for example, the
modules may be implemented with any one or a combination of the following
technologies, which are each well known in the art: a discrete logic circuit(s) having
logic gates for implementing logic functions upon data signals, an application specific
integrated circuit (ASIC) having appropriate combinational logic gates, a
programmable gate array(s) (PGA), a field programmable gate array (FPGA) and the
like.

[0151] The computing means can be a system of any suitable type, including: a
programmable logic controller (PLC); digital signal processor (DSP); microcontroller;
personal, notebook or tablet computer, or dedicated servers or networked servers.

[0152] The processor can be any custom made or commercially available processor,
a central processing unit (CPU), a data signal processor (DSP) or an auxiliary
processor among several processors associated with the computing means. In
embodiments of the invention, the processing means may be a semiconductor based

microprocessor (in the form of a microchip) or a macroprocessor, for example.

[0153] The storage can include any one or combination of volatile memory elements
(e.g., random access memory (RAM) such as dynamic random access memory
(DRAM), static random access memory (SRAM)) and non-volatile memory elements
(e.g., read only memory (ROM), erasable programmable read only memory (EPROM),
electronically erasable programmable read only memory (EEPROM), programmable
read only memory (PROM), tape, compact disc read only memory (CD-ROM), etc.).
The respective storage may incorporate electronic, magnetic, optical and/or other
types of storage media. Furthermore, the respective storage can have a distributed
architecture, where various components are situated remote from one another, but
can be accessed by the processing means. For example, the ROM may store various
instructions, programs, software, or applications to be executed by the processing
means to control the operation of the system 110 and the RAM may temporarily store

variables or results of the operations.

[0154] The use and operation of computers using software applications is well-known
to persons skilled in the art and need not be described in any further detail herein

except as is relevant to the present invention.
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[0155] Furthermore, any suitable communication protocol can be used to facilitate
connection and communication between any subsystems or components of the
system 110, and other devices or systems, including wired and wireless, as are well
known to persons skilled in the art and need not be described in any further detall

herein except as is relevant to the present invention.

[0156] Where the words “store”, “hold” and “save” or similar words are used in the
context of the present invention, they are to be understood as including reference to
the retaining or holding of data or information both permanently and/or temporarily in
the storage means, device or medium for later retrieval, and momentarily or

instantaneously, for example as part of a processing operation being performed.

[0157] Additionally, where the terms “system”, “device”, and “machine” are used in the
context of the present invention, they are to be understood as including reference to
any group of functionally related or interacting, interrelated, interdependent or
associated components or elements that may be located in proximity to, separate
from, integrated with, or discrete from, each other.

[0158] Furthermore, in embodiments of the invention, the word “determining’ is

understood to include receiving or accessing the relevant data or information.

[0159] The mobile communication device 138 comprises a display 140 for displaying
a user interface, and the controller 122 is operable, under control of the electronic
program instructions, to generate an output on the basis of the processing, and to
communicate the output via the display 140.

[0160] In the embodiment of the invention, the display 140 and the user interface are
integrated in a touchscreen 142. In alternative embodiments these components may
be provided as discrete elements or items.

[0161] The touchscreen 142 is operable to sense or detect the presence and location
of a touch within a display area of the mobile communication device 138. Sensed
“touchings” of the touchscreen 142 (by the technician 116, for example) are inputted
to the mobile communication device 138 as commands or instructions and
communicated to the controller 122 of the system 110. It should be appreciated that
user input means is not limited to comprising a touchscreen, and in alternative
embodiments of the invention any appropriate device, system or machine for receiving

input, commands or instructions and providing for controlled interaction may be used,
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including, for example, a keypad or keyboard, a pointing device, or composite device,

and systems comprising voice activation.

[0162] Input to the system 110 may also be received via at least one sensor which is
part of a sensor system or a set of sensors 144 of the system 110, and may be
considered to comprise part of the input/output means 126. Individual sensors within
the set of sensors 144 are operable to monitor, sense, and capture or otherwise gather
or measure sensor data and/or information associated with and/or relating to one or
more characteristics, properties and parameters of the system 110, the surrounding
environment, the action(s) to be performed, or components, systems or devices
associated therewith or coupled thereto, such as for example, the hydraulic pump 114,
as will be described in further detail.

[0163] For example, the set of sensors 144 is operable to sense and gather sensor
data relating to a state of the system 110 and/or a state of the environment surrounding
the system 110.

[0164] In the embodiment described, the set of sensors comprise a sensor in the form
of a hydraulic pressure transducer 146, operably connected to receive power supply
and communicate with the control system components of the system 110 contained
within the control system and power supply case 130, via a power and control cable

or lead 148 leading to the input/output means 126 thereof.

[0165] Particularly, the hydraulic pressure transducer 146 is operable to take hydraulic
pressure readings from a hydraulic circuit (of the hydraulic pump 114) being adjusted,
and communicate the readings to the control system components of the system 110
contained within the control system and power supply case 130 via the lead 148 and
appropriate electronics. The system 110 is then operable to communicate the readings
to the mobile communication device 138, allowing for pressure feedback to the
technician 116 via the touchscreen 142.

[0166] Alternative embodiments of the invention may comprise additional and/or
alternative sensors in the set of sensors 144, including, for example, a hydraulic flow
sensor and/or a temperature sensor, and/or other sensors as may be appropriate for
the implementation of the invention and the action(s) being performed.

[0167] One or more sensors of the set of sensors 144 may be integrated with, or
operably coupled to, the system 110.
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[0168] The controller 122 is operable, via execution of applications such as the app,
to collect and process inputs pertinent to the analysis being conducted and the action
to be performed, including operating commands input by the technician 116 via the
user interface 142 and input arising from sensors of the set of sensors 144.

[0169] The system 110 comprises operably connected/coupled components
facilitating performance and operations as described, including appropriate computer
chips (integrated circuits), transceiver/receiver antennas, and software for the sensory

technology being used.

[0170] As hereinbefore described, the system 110 is operable to allow a technician
116 to perform hydraulic system testing and adjustments actions or operations on, or
in respect of, the hydraulic pump 114.

[0171] To achieve this, in the embodiment, tool 118 is a first tool of a plurality of tools,
comprising: a universal hydraulic valve actuator 150 (which may also be referred to as
a valve turning motor); and a remote hydraulic flow meter 152.Together, the actuator
150 and the flow meter 152 form the interface 132 operably coupling the system 110
to the hydraulic pump 114.

[0172] The actuator 150 allows the technician 116 to remotely actuate hydraulic
system valves of the hydraulic pump 114.

[0173] Referring to Figures 13A to 15B, in the embodiment, the valve actuator 150
comprises a drive or driving means in the form of a closed loop gear reduction stepper
motor 154 designed and operable to allow fitment or mounting to any corresponding
hydraulic valve adjustment point (such as a valve adjustment point 156 provided on a
valve body 158 of a valve 160 of the hydraulic pump 114, or to a spool valve relief that
requires adjustment, for example) by utilising a square drive output 162 provided with
square drive socket tooling 164.

[0174] In the embodiment, the valve actuator 150 is provided with a removable splined
reaction arm 166 or bracket operable for and allowing the valve actuator 150 to be
firmly mounted to any hydraulic valve body by mounting various shaped reaction arms
or brackets (i.e. replacing one reaction arm or bracket with another, as appropriate) to
suit the application.

[0175]In the embodiment, the valve actuator 150 comprises the following

components:
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the stepper motor 154 with built in encoder operable for and to allow closed
loop control;

planetary gear reduction contained in a planetary housing 168;

an output shaft 170 with standard square drive (being 3/8 inch in the
embodiment, but may be different in other embodiments, such as "4 or Y2 inch, for
example) to provide the square drive output 162 to allow use of standard square drive
tooling (such as the socket tooling 164);

a notched reaction spline 172 (30-spline in the embodiment) operable for and

allowing mounting and indexing of various reaction arms 166 to suit the application;

a backing plate 174 operable for and to ensure that the reaction arm 166 is

correctly installed on the reaction spline 172;

output bearings 176 operable for and to handle additional side loading created

by mounting the valve actuator 150 by the output shaft 170; and

a ball detent 178 provided on the reaction arm 166 operable for and to secure
it in position on the reaction spline 172.

[0176] The valve actuator 150 is operably connected to receive power supply and
communicate with the control system components of the system 110 contained within
the control system and power supply case 130, via a power and control cable or lead
180 leading to the input/output means 126 thereof.

[0177] In embodiments of the invention, the valve actuator 150 may be implemented
by taking an off the shelf closed loop stepper motor/encoder with integrated planetary
gear box and modifying it by providing the following replacement components:
replacement output shaft for planetary gearbox with a 3/8” square drive and ball detent
for use with standard 3/8” square drive tooling; replacement gearbox end plate with a
30-tooth spline and ball detent to allow attaching and indexing of a reaction element;
and various shapes of reaction elements with matching 30-tooth spline to allow

universal mounting of the valve actuator in multiple configurations.

[0178] Particularly, in embodiments of the invention, the valve actuator 150 may be a

tool comprising a modified version of the Nema™ 23 stepper motor/gearbox series,
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and may be designed with a modified output shaft 170 with a 3/8” square drive 162
(square drive output instead of keyway coupling) for standard tooling and a modified
bearing housing 169 with a 30-spline 172 profile (external) to work with the reaction
arm 166. The external spline profile allows for operable coupling with the
interchangeable reaction arm 166, which may be made specific for each intended use.
In embodiments, the valve actuator 150 tool may be certified for safe use with the
largest combination of 47:1 gearbox with 1.2 Nm stepper (max output: 56.4 Nm). In
embodiments, the following relevant Australian Standards may be met: AS1170 —
Minimum design load on structures; AS4100 — Steel structures; and AS1664 —

Aluminium structures.

[0179] Referring to Figures 16A and 16B, in the embodiment, the spline profile
comprises a circular external spline incorporated into the bearing housing 169 and an
internal circular spline on the reaction arm 166. For both parts, the spline profile
extends the entire thickness of the component, advantageously allowing for ease of

manufacture.

[0180] Such a spline profile may ensure a tight fit and good torque transfer, for
example: ANSI B92.1 — Major diameter fit, flat root.

[0181] Referring to Figures 17A and 17B, the standard size and dimensions for
American square tool drives per ASA B5.38, used in embodiments of the invention,

™1
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[0182] Referring to Figure 18, in the embodiment, the bearings 176 were designed
alongside the output shaft 170. The bearings 176 are required to sleeve over the
output shaft 170, which exceeded the original bearing internal diameter (as a
consequence of the modification). Taking the minimum shaft outside diameter of
12.7mm, the next bearing size to suit this was selected, for the embodiment, as
follows: SKF,
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[0183] Due to an increased output shaft 170 diameter (as a consequence of the
modification), a new circlip 179 was required as part of the modification. The

corresponding  circlip  specified in the embodiment is: D1400-0150.

[0184] Due to an increased output shaft 170 diameter (as a consequence of the
modification), a new curved spring (wave) washer 181 was required. Some suitable

wave washers to suit an M15 include, for example:

* https:/www.minibearings.com.au/store/item/w0159t022003w3c/

* https:/lwww.alibaba.com/product-detail/carbon-steel-elastic-wave-spring-
washer_60806889691.html?spm=a2700.7724857.normalList.37.6185500dMllgsq

« https://www.aliexpress.com/item/free-shipping-100pcs-M6-304-Stainless-
Steel-Spring-Washer-Split-Lock-Washers/

[0185] Due to the change in curved spring washer, the inside diameter of the bearing
shim washer 183 needs to be updated accordingly. Due to the unique sizing, the
washer was custom made to the following specifications, in the embodiment: ID =
23.5mm; OD = 36.9mm; T = 0.125mm.

[0186] Four top screws 185 attaching the bearing housing 169 to the planetary
gearbox are able to be retained. These may be, for example, of specification: M4x10
Cylindrical Flanged Socket Head Cap Screw.

[0187] Referring to Figures 19A, 19B, and 19C, in the embodiment, for a 3/8" square
drive, as per ASA B5.38 specifications, the ball plunger is required to be a maximum
of @4mm. Suitable ball plungers may meet the following specifications:

‘ ; =514/ Body:
ANSI 305 stainless steel. Standard execution: AISI 420C hardened stainless steel ball,
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AlSI 631 stainless steel spring.

[0188] Referring to Figures 20A, 20B, and 20C, the spline reaction arm attachment
comprises a plurality of spring plungers. In the embodiment, three spring plungers 187
are utilised in this regard to seek to ensure that the assembly stays together. Suitable
spring plungers may meet the following specifications:
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Threaded body: AISI 303 stainless steel, screwdriver slotted head. Standard
execution: Hardened stainless steel ball, stainless steel spring. Internal hexagon.

[0189] Referring to Figures 21A to 21E, in the embodiment, the flow meter 152
advantageously improves on the conventional flow meter (28 in Figure 7) design by
being operable for and allowing remote actuation of loading valve assembly (34 in
Figure 7) thereof. Additionally, the flow meter 152 is operable and allows for hydraulic
pressure, temperature and flow signals to be captured and transmitted electrically
allowing an operator of the flow meter 152 (such as the technician 116) to be
positioned at a remote, and safe or at least less hazardous, location whilst the
hydraulic flow testing is being performed.

[0190] In the embodiment, the flow meter 152 is provided as a portable unit (which

may be referred to as a “flow meter box”) and comprises the following components:

a conventional flow meter such as described hereinbefore under the heading
“‘BACKGROUND?’. This may be, for example, an “off the shelf” flow meter provided by
WEBTEC CTR/LTR (and comprising components operable to sense and provide
hydraulic flow and temperature electrical signals and an integral loading valve to
restrict flow through a hydraulic circuit, when coupled thereto, raising the pressure
thereof);

a power source for those components of the unit requiring power in the form of

a battery (not shown);

a drive or driving means in the form of a stepper motor 182 with built in encoder
operable for and to allow closed loop control;

a worm drive reduction gear set 184 operable for and set to drive an input shaft
186 of, and actuate, the loading valve, the loading valve input shaft 186 being operable
for and splined to match the worm drive reduction gear set 184 (and replacing an
original input shaft for the loading valve);

a sealed gearbox housing 188, closed by a cover plate 190, operable for and
to protect the worm drive gear set 184;

a hydraulic pressure transducer or sensor (not shown) operable for generating

and transmitting a pressure signal;
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a standard turbine type hydraulic flow meter housing 192 containing the

conventional flow meter;
a turbine pulse output for transmitting hydraulic flow rate;
a thermocouple output for transmitting hydraulic temperature; and

a sealed enclosure 194, fabricated from sheet metal in the embodiment, with
carry handles 196 for carrying the flow meter 152 unit or box.

[0191] In the embodiment, the enclosure 194 houses the battery, the stepper motor
182, and an electronic control system (not shown), based on Arduino technology™ in
the embodiment, for controlling operation of the flow meter 152. In this regard, the
electronic control system of the flow meter 152 is operable to facilitate communication
with the control system components of the system 110 contained within the control
system and power supply case 130, the communication comprising transmitting
hydraulic flow, temperature, and pressure signals to the controller 122 and receiving
stepper motor control signals from the controller 122. To facilitate this, in the
embodiment, the enclosure 194 houses external connectors to power and control the
flow meter 152 unit, such as, for example, RJ45 data connections, W-Fi antenna, and

12/24V power connection, operably interconnected as appropriate.

[0192] The closed loop stepper motor/encoder 182, gearbox housing 188, and gears

of the gear set 184 form a drive unit for driving the replacement input shaft 186.

[0193] In embodiments of the invention, the system may comprise a plurality of
individual valve actuators 150, for example as a set, with a respective lead 180 running
out from the control system and power supply case 130 to each individual valve

actuator 150 of the plurality of valve actuators 150 to operably connect thereto.

[0194] In such embodiments, the set of sensors 144 may comprise a plurality of
individual pressure transducers 146 (one for each valve actuator 150 in the system
110) operable for and to take pressure readings from each circuit being adjusted, a
respective lead 148 running out from the control system and power supply case 130
to each individual pressure transducer 146 of the plurality of pressure transducers 146
to operably connect thereto, allowing for pressure feedback to touchscreen 142 of the
mobile communication device 138, as hereinbefore described.
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[0195] The hydraulic pressure monitoring implemented by the live display of a group
of system pressures to the technician 116 via touchscreen 142 of the mobile
communication device 138 allows for accurate setting of hydraulic system pressures
with the hydraulic flow meter 152 and valve actuators 150.

[0196] In a particular embodiment, six individual pressure transducers 146 may be
provided (which may be of type TE M529D, for example) with test couplings fitted.

[0197] The controller 122 may comprise a sampling system, operable to sample the
signals received from the individual pressure transducers 146 in such an embodiment.

[0198] The system 110 is operable, to present, via the touchscreen 142, a sequence
of navigable electronic pages, screens and forms to the technician 116 using the
mobile communication device 138, allowing for the inputting or capture of information
and/or data, including instructions and commands pertinent to operation of the system
110, to enable the technician 116 to control the system 110 and perform actions as

described herein.

[0199] All data and information collected is distributed within the system 110 for use

as described herein.

[0200] The technician 116 as user is able to navigate, including progressing to and
returning from, the generated electronic screens and pages via execution of respective
navigation interface element buttons provided thereon. Particularly, navigation bars
are provided having interface element buttons via which the technician 116 can control
the system 110 to perform actions. In the described embodiment, such actions include:

e remote monitoring of hydraulic flow, oil temperature and pressure from the
flow meter 152;

e remote adjustment of the flow meter loading valve in order to test hydraulic
circuits by restricting pump flow and raising circuit pressure;

o profiling of hydraulic pump flow and pressure output as load is increased;

e automatic tuning of the hydraulic pump 114 to a manufacturers specification
by storing pressure/flow/adjustment profiles and utilising the remote hydraulic
valve actuators 150 (i.e. valve actuator tuning) to make pump control
adjustments while monitoring the flow and pressure output of the hydraulic

pump 114;
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e automatic tuning of the hydraulic pump 114 to an operators specification by
utilising the remote valve actuators 150 (i.e. valve actuator tuning) to make
pump control adjustments while monitoring the flow and pressure output of the
hydraulic pump 114;

e remote monitoring of hydraulic pressure in circuits to be adjusted with the
remote valve actuators 150;

e independent control of each remote valve actuator 150;

e automatic tuning of the hydraulic circuit to an operators specification by
utilising the remote valve actuator 150 (i.e. valve actuator tuning) while
monitoring the pressure of the circuit being adjusted;

e automatic tuning of hydraulic circuits to a manufacturers specification by
storing pressure/adjustment profiles and utilising the remote valve
actuator/pressure monitoring system;

o live flow meter tuning;

e valve circuit pressure visualisation; and

e visualisation of pressure, flow rate, and/or temperature.

[0201] The control system components of the system 110 housed in the control system
and power supply case 130 are operable to send/receive data from the hydraulic flow
meter 152, valve actuator 150 and hydraulic pressure monitor provided by sensors of
the set of sensors 144 in order to provide these functions via the touchscreen 142 of

the mobile communication device 138.

[0202] In embodiments of the invention, one or more of the described, and additional
and/or alternative operations performed by the system 110, occur automatically,

without requiring human intervention.

[0203] The above and other features and advantages of the embodiment of the

invention will now be further described with reference to the system 110 in use.

[0204] By utilising the information supplied to the control system components of the
system 110 housed in the control system and power supply case 130 by sensors of
the set of sensors 144 of the system 110, the control system is operable to
automatically tune hydraulic pumps and circuits based on variables provided by the
technician 116 operating the system 110. In this way, the system 110 facilitates
automatic tuning of hydraulic pumps and circuits.
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[0205] Figure 9 depicts a first operational set up of the system 110 of the embodiment
in which the valve actuator 150 of the system 110 is mounted to a hydraulic pump
adjustment point of the hydraulic pump 114 and is being controlled by the technician
116 from a remote location via the touchscreen 142 of the mobile communication
device 138 in order to make pump adjustments. A hydraulic pressure transducer 146
is placed in the hydraulic circuit being adjusted to allow monitoring of the circuit
pressure and provide feedback for use by the system 110.

[0206] In implementations where only the valve actuator 150 and hydraulic pressure
transducer 146 are connected to a circuit, the technician 116 can provide the system
110 the desired circuit operating pressure as an input and allow the system 110 to
continuously make live adjustments with the valve actuator 150 until the desired

parameters for operation of the hydraulic pump 114 have been reached.

[0207] Figure 10 depicts a second operational set up of the system 110 of the
embodiment, which may be referred to as a full or complete setup, with the valve
actuator 150 mounted to a hydraulic pump adjustment point of the hydraulic pump
114, a hydraulic pressure transducer 146 on the hydraulic circuit being adjusted to
provide pressure feedback, and the flow meter 152 operably installed on the pump
delivery line to send hydraulic flow pressure and temperature information to the control
system and allow remote operation of the flow meter loading valve to test pump and

circuit efficiency.

[0208] In implementations having the flow meter 152 added into the system 110,
hydraulic pump and valve performance can be automatically adjusted by providing the
desired circuit parameters (flow rate/pressure, for example, in the embodiment) as
input to the system 110 and allowing it to make live adjustments to the flow meter
loading valve to test system performance and to the system valves to seek to ensure
operation of the hydraulic pump to the provided parameters.

[0209] The embodiments of the invention hereinbefore described can be improved,
modified, and/or implemented with one or more features and/or components of further

embodiments, now described.

[0210] It can be appreciated that the system 110 comprises four main components,
being (1) the control box 131 (i.e. the control system and power supply case of the
housing 130 in combination with the components housed therein), (2) the flow meter
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152 unit or box, (3) a set of one or more (six or seven in the embodiment) valve

actuators 150, and (4) the app installed on the mobile communication device 138.

[0211] Figure 23 depicts a schematic diagram of (1), (2) and (3) of these components
showing their interworking relationship in an embodiment of the invention, whilst
Figure 24 depicts a schematic diagram of (1) of these components alone, and Figure
25 depicts a schematic diagram of (2) of these components alone.

[0212] As hereinbefore described, the control box 131 ((i.e. the control system and
power supply case of the housing 130 in combination with the components housed
therein), is operable to interface with motors of the set of valve actuators 150 and
sensors of the set of sensors 144 to give control and send sensor information and/or
data to the technician 116 via the app installed on the mobile communication device
138.

[0213] Example components with which the system 110 may be implemented in

embodiments of the invention include the following:

e Control box 131 Main processor (MCU)

e 4-20mA RX module

o~ y A o oy
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e Thermistor RX circuit
e Connectors

Motors

7x 12Pin Deutsch DT Series connectors

7x Metal ITT Cannon style connectors (min 10pin)
Flow meter box

12-15pin

1x Metal ITT Cannon style connectors
Pressure sensors

M12 Female 4pin Chassis Socket - RS Stock No. 7%
24VDC Power In
WiFi antenna
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IP65 UF.L to SMA bulkhead 250mm - 336318-12

SMA dust cap with chain - 3-1
Lan port

IP65 RJ45 Chassis Socket - N

IP65 RJ45 Line plug - NES

IP65 Spring-loaded cover - §

e Cable assembly’s

Motor loom
1x 4-Core 18AWG
1x 6-Core Shielded 22-18AWG
Flowmeter box loom
1x 12to16-Core Shielded 22-18AWG
Pressure sensors
3m Phoenix Contact M12 4-Pin M to F PUR Cable assembly
PT# - - No shielding
PT# - it {1 - Braided shielding
24VDC power
1x 2-Core 16t08AWG

o Battery back up

2x 12V gel cell batteries

e Battery charger

e Enclosure

Pelican if

i Protector Case (with No foam) or similar size
e Tablet PC
Senter S917, PAD-HGF

[0214] As hereinbefore described, the flow meter 152 is operable to monitor and

control main pressure flow into the control valves.

[0215] Example components with which the flow meter 152 may be implemented in

embodiments of the invention include the following:

e Turbine flow meter block

-2y

o
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cye

Webtec CTR/LTR Turbine flow meter with loading valve. Part #L T800R-FN

oo
Ha i

,,,,
s
7
Pl
o
4
i
P
s
]
.
;]




WO 2020/163901 -34- PCT/AU2020/050103

e Flow RPM sensor

Webtec LTR Series sensor
Has Frequency Output - 20-2000 Hz Sinusoidal AC signal
Signal voltage range is 30mV to 10V (Non Linear)
Flow rate signal requires linearization calibration at set points

e Temperature sensor

Webtec LTR Series sensor
Sensor is a NTC thermistor (is inside the RPM sensor)

e Flow RPM to 4-20mA Signal Converter

Status &
Cynergy3

e Stepper motor

1x NEMA 23 stepper Motor model 23H&
Attached to custom 15:1 gearbox

e Pressure sensor

1x TE Model TE

M12 4-Pin connecto
4-20mA output is a 2-wire configuration

e Absolute encoder

1x POSTAL FRABA magnetic encoder Part#: UCR-ACHES-0413-VESE-ZRW
4-20mA output is a 3-wire configuration

e Cable assembly’s

Motor loom

1x 4-Core 18AWG

1x 6-Core Shielded 22-18AWG
Flowmeter box loom

1x 12to16-Core Shielded 22-18AWG

e Enclosure
Pelican 1480 Protector Case (with No foam) or similar size
e Connectors

Motors
1x 12Pin Deutsch DT Series connectors
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1x Metal ITT Cannon style connectors (min 10pin)
Flowmeter box sensors (all 4)
1x (12-15pin)
[0216] Figures 26 and 27 depict, respectively, perspective views of an example
embodiment of the flow meter 152 without and with a covering portion of the flow meter
152 unit or box in place.

[0217] As hereinbefore described, embodiments of the universal valve actuator 150
comprise stepper motors mounted onto custom brackets, that are then mounted and
operably connected onto each individual valve adjustment point 156 via a custom
made motor shaft adapter.

[0218] Figure 28 depicts a schematic block diagram showing an example of an
implementation of this in a room or other space housing one or more pumps (for

example, a control or pump room of the Excavator/Loading Shovel 210).

[0219] Example components with which the universal valve actuator 150 may be

implemented in embodiments of the invention include the following:

e Stepper motor

6x NEMA 23 stepper Motor model &3t
Gearbox is 15:1

e Pressure sensor

6x TE Model TE MA200

M12 4-Pin connector
4-20mA output is a 2-wire configuration

e Cable assembly’s

Motor loom
1x 4-Core 18AWG
1x 6-Core Shielded 22-18AWG
Pressure sensors
3m Phoenix Contact M12 4-Pin M to F PUR Cable assembly
PT# - _- No shielding
PT# - 1 - Braided shielding

e Connectors

Motors
12pin Deutsch DT Male receptacle PT# - DT G4-12PA-0C815




WO 2020/163901 -36- PCT/AU2020/050103

Metal ITT Cannon style connectors (min 10pin)

[0220] In embodiments of the invention, the navigable electronic pages, screens and

forms that the app of the system 110 is operable to generate and display via the

touchscreen 142 of the mobile communication device 138 include: a Main Menu Page

310, a Setup Menu Page 410, and a Tuning Menu — Circuit Page 510, as depicted in

Figures 29, 30 and 31, respectively.

[0221] Figure 32 depicts a flow chart of a program sequence of actions performed by

the app.

[0222] Use of embodiments of the system 110 may comprise one or more of the

following steps, actions and/or activities:

1.
2.

Installation and Integration

User arrives at machine to be worked on, such as Excavator/Loading Shovel 210.
User carries 3x protective cases up and into machine as appropriate:

a. 1x Control system box;

b. 1x Flowmeter box;

c. 1x Box containing motors (valve actuators 150), pressure sensors and

all connection cables.

User unpacks motors (valve actuators 150) whereby each is identical with no
identification markings.
User attaches up to 6x motors (valve actuators 150) onto each valve spool that
is to be adjusted using custom made brackets.
User unpacks motor control looms; whereby each loom has a label at each end
that:

a. range from 1-7.
User plugs each of the motor control looms into a motor that matches the order
they are installed in, i.e. from 1-6.
User unpacks the 6x pressure sensors.

a) a pressure sensor is installed into each cylinder valve port requiring

adjustment.

The following steps apply for the sensors:

1.

User unpacks M12 Male-Female pressure sensor cables; each cable has a
label at each end with a single number from 1-6.

User plugs each of the corresponding M12 sensor cables into each pressure
sensor that matches with the relevant adjustment motor loom number, i.e. 1-6.
User installs the flow meter inline between the hydraulic pump delivery line and
the control valve.
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4.

User unpacks the 2x flowmeter looms. Each loom has a label at each end with:
a. Flowmeter sensors (will only be 1x and will have black plugs and
different keyway).
b. ‘Flowmeter Motor’ or 7’ (7 will always correspond to the Flowmeter but
looms 1-7 will all be identical).
User then plugs in the 2x cable looms into the corresponding sockets on the
outside of flow meter 152 box.
User then runs all 14x connection cables out of pump room and back to the
control system box.
Each connection socket on the outside of the control system box will have a
label with:

a. Motor 1-7 (10pin sockets)
b. Pressure sensor 1-6 (M12 sockets)
c. Flowmeter (12 or 15pin socket)

User matches up the 14x cable loom ID labels with the corresponding socket
names and numbers then plugs each one in.
User then unpacks 1x of the 2x supplied 24V DC power cable and connects
one end into the control box 131 and:
a. The other end into a ‘CAT jump start receptacle’ somewhere on the
machine.
b. The other end onto a 24V battery point using Alligator clips.

10.User sets up WiFi antenna.

11.

a. User will remove dust cap from SMA connector located on the side of
the control box 131;
b. User then screws on WiFi antenna cable or whip antenna;
c. Antenna may be, for example, Omni Whip Antenna or Directional
Antenna on cable with magnetic base.
User then switches on control box 131 via a switch inside the control box 131.

12.0nce all 4x status lights inside the control box 131 are green, the control box

13.

131 is powered and user is ready to connect.
User then closes control box 131 lid to limit dust and dirt getting in.

Testing

. Once the control box 131 is powered on and all status lights display green, the

user is ready to connect

a. Follow the hereinbefore described “Installation and Integration” steps.
User stays with control box 131 and turns on the mobile communication device
138 and opens the app and connects to the control box 131.

a. Follow the hereinafter described “Connectivity Steps.”
Once connected, the app (via the touchscreen 144 of the mobile
communication device 138) is operable to show all available motors, pressure
sensors and flowmeter boxes that are set up and connected.

a. Follow the hereinafter described “Initial Setup” steps.
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4.

10.

w

User should check that the number of motors and sensors connected to the
system corresponds to those shown on the app.

a. A pressure sensor that is set up but not connected will show an error on

screen.

b. A pressure sensor that is reading 0 will just read 0 but not show an error.

c. In embodiments, an un-connected motor will show an error.
While the machine is off, the user should check that all motors are set up and
working correctly by going into the pump room thereof, then using the app to
move each motor clockwise (CW) and counter-clockwise (CCW) a few degrees
(as hereinafter described).
User should also check at the same time that, the name or number of the motor
they are adjusting in the app, matches with the same spool valve and motor on
the machine.
User should then check that flowmeter 152 box is working by adjusting the
motor CW and CCW a few degrees and seeing that the angle reading
generated and displayed on the touchscreen 144 also changes accordingly.

a. All sensors apart from temperature should also be reading 0.
Once user is happy with everything, they can leave the pump room and start
the machine.
User should check that the 6x pressure sensors are set up and connected
correctly by using the app to move each of the 6x motors CW and CCW a few
degrees.
Once user is happy with everything, they can move to the cab of the machine
and begin tuning activities.

Initial Setup

. User needs to connect all motors and sensors:

a. Follow the hereinbefore described “Installation and Integration” steps.

b. Note: care must be taken to connect everything into the correct location.
User opens the app and connects to the control box 131:

a. Follow the hereinafter described “Connectivity” steps.
Once connected, the user will be directed to the Main Menu Page 310 screen.
The user is provided with three option buttons via the Main Menu Page 310
screen, as follows: Open Blank Setup 312, Load Predefined Setup 314, and
Load Saved User Setup 316.

. Open ‘blank setup’

a. This is a blank set up with no names added and nothing selected. When
the user selects this option, they will be directed to the Setup Menu Page
410 screen.

b. The Setup Menu Page 410 screen displays:

i. 1x orange Flow Meter Box 412 at the top for operating and
displaying flow meter 152 details, including information and data.
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C.

d.

ii. 6x white Circuit Boxes 414 at the bottom for operating and
displaying tuning circuits and pressure sensors 1-6 details,
including information and data.

User activates the required circuits and/or flow meter 152 by pressing on
the corresponding RED Power Buttons 416. Once active or on, the
Power Buttons 416 will turn GREEN.

To add a Flow meter, the user must tap on the RED Power Button 416
in the orange Flow Meter Box 412. The stored flow meter box calibration
and setup data that was entered at factory into the control box 131 is
automatically entered and activated. In embodiments of the invention,
all flow meter box outputs are standard 4-20ma with the calibration
handled by converters in the box.

i. Note: only one ‘Flowmeter’ can be set up in embodiments of the
invention. Alternative embodiments may allow for more than one
flow meter to be set up.

e. To add a tuning Circuit, the user taps on the corresponding RED Power

f.

g.

h.

Button 416 in the white Circuit Box 414. When the Power Button 416 is
GREEN, the circuit corresponding thereto is on.
Circuits can be activated in any order the user desires.
User can input a ‘circuit description’ or name using a Circuit Description
Dropdown Box 418.
i. From there, the user can pick/select from a pre-set drop-down list
of names (for example, boom, stick, or bucket) as appropriate.
ii. Oruser can pick/select ‘Custom’ from the down list and input their
own name. This will be at the top of the list.
User can then specify whether a pressure sensor will be used by tapping
the corresponding On/Off Button 420 next to the Pressure Reading 422
display for the pressure sensor.
i. Inthe embodiment, pressure sensors can still be used even if the
circuit tune is tuned off.
Once user has activated and named all the circuits they require they can
then save this set up to the mobile communication device 138 and with
a custom file name (for example, BHP Custom CAT Digger #245).

6. Load ‘predefined setup’

a.

b.

C.

In the embodiment, the app has predefined circuit setups saved for
commonly serviced machines that when loaded will prefill and select
circuits for that machine.

When user enters the Load Predefined Setup 314 option, it will direct
them to a list of 10 common machines, e.g. CAT 6060.

Once user selects a machine they want, the app will then switch to the
Setup Menu Page 410 screen where the predetermined number of
circuits will be enabled and corresponding circuit names for that
particular machine added.
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d. User can then edit the circuits if needed and save as a custom user
setup.
7. Load ‘saved user setup’
a. The Load Saved User Setup 316 button will direct the user to the list of
custom user setups made.
i. These may be saved to memory such as a SD card on the mobile
communication device 138.
1. This will act as an additional backup in the event of
damage to the mobile communication device 138.
b. User finds and taps on the required file; app will then move to the Setup
Menu Page 410 screen.

e Advanced Settings

To get to advanced settings, the user taps on a Small Gear Device 318 in the
corner of the displayed screen. A generated and displayed Advanced Settings
Page screen shows:

1. 4-20mA RX check — These steps should be followed for calibration of all the 4-
20mA receivers inside the control box 131:

a. User will see a list that has pressure sensors 1-6 and flow meter 152
pressure, temperature, flow and valve rotation.

b. User clicks on the input they want to check.

c. A box will display asking them to disconnect sensors cables from the
control box 131 before tapping ‘Next’.

d. The screen should then display OmA, and if not, the user should tap a
‘zero sensor’ icon.

e. The user then taps next and a box will appear requesting to connect 4-
20mA simulator box.

f. User then plugs in 4-20mA simulator box to the input being tested and
taps next.

g. Next box says, ‘set simulator box to 1.00mA’. User tunes knob on
simulator box to 1.00mA.

h. App screen should show 1.00mA, if not user then then taps ‘set 1.00mA’.
Screen should show 1.00mA now.

i. Usertaps ‘Next’.

j.-  Steps ‘g to ‘I' should be repeated with the values 4mA, 8mA, 16mA and
20mA.

K. User then taps ‘Done’ to continue.

I.  App via the touchscreen 144 asks ‘Are you sure you want to save these
settings’ to which the user then taps ‘Yes’ or ‘No.’

m. User is directed back to Advanced Settings Page screen.

2. Sensor input calibration — This is used for adding calibration value offsets for
the pressure, temperature and flow sensors.
a. User will see a list of available sensors that have been set up.
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i. Follow the hereinbefore described “Initial Setup” steps.
3. System Voltages screen — in this the user can view the input voltage and
voltages on the control board.
a. This screen will show:
i. Input voltage = 24-30V.

ii. V5 Rail =5.00V.

iii. 3V3rail = 3.30V.

iv. User then taps ‘Ok’ and goes back to Advanced Settings Page
screen.

4. WiFi and LAN settings/options?
a. Change or edit WiFi password:
i.  This can only be done when connecting to the box via LAN, in the
embodiment.
b. Change or edit box Name
I. User can edit all or part of the box name that is shown in WiFi and
LAN.

e Connectivity

1. Once user starts the app it will automatically default to the WiFi connection
options.
2. WiFi
a. Once the app has loaded the screen will display the available control
boxes 131 in WiFi range in a list.
i. This screen also has a button to refresh WiFi searching, in the
embodiment.
b. User selects the box that has the same name or serial number of the
one they are using:
i. Name or serial number of control box 131 will be on a sticker on
top and inside box.
c. Once selected a pop-up box asks them to input a password or passkey?
i. Password or passkey will be on a sticker inside box, in
embodiments of the invention.
ii. If Password is lost, the user follows the hereinbefore described
‘Advanced Settings” steps.
d. Once the correct pass key is entered app screen will go to the Main Menu
Page 310 screen.
e. If user is having problem with WiFi connection, then a direct hard wire
connection can be made using LAN.

a. User must connect LAN/Ethernet cable from control box 131 to the
mobile communication device 138.

b. In the bottom corner of the ‘available control boxes 131 in WiFi range’
screen there will be a button called “Connect using LAN”.
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¢. When user taps on the “Connect using LAN” button, the app will go to a

new screen and display the control boxes 131 that it is able to connect
with.
i. This screen also has a button to refresh ‘search’.

d. User selects the box that has the same name or serial number of the
one they are using:

i. The name or serial number of control box 131 will be on a sticker
on top and inside the control box 131 in embodiments of the
invention

e. No password or passkey is needed, in the embodiment.
f. App screen will go to the Main Menu Page 310 screen.
e App use

1. From the Setup Menu Page 410 screen the user taps on the Start Tuning 424
button/box generated in the top right of the screen.

2. The Tuning Menu — Circuit Page 510 screen now opens. User will see,
generated and displayed via the touchscreen 138:

a. Centre Dial 512 — This shows the amount of valve/motor adjustment (i.e.

this will show current position relative to when the app was started) that
the user has made while using the app for the currently selected motor
of a respective valve actuator 150.

a. The adjustment amount will be stored for each motor until the
control box 131 is reset.

b. The name and description of the selected device is displayed
above the tuning Centre Dial 512.

c. Flow Meter Gauge Display 514 may have a scale from 0-100%
rather than 0-360°, in embodiments of the invention.

Device Overview 516 — This is the device list that is located on the left
side of the Tuning Menu — Circuit Page 510 screen. User can toggle
between Circuits they want to adjust by tapping on the desired circuit in
the device list.

a. Up to 7 devices will be displayed, along with their description and
real-time pressure readings, in the embodiment.

b. The flow meter readings will always be displayed regardless of
what device is selected, this located in the panel beneath the
device name and description.

E-Stop or Emergency Stop 518 button, operable for causing an
emergency stop of the system 110 once activated.

3. When a circuit is selected, the user can make adjustments to the circuit in the
following ways:

a. In increments, using the Adjustment Buttons 520 displaying
amount (degrees) and direction (CCW/CW).
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b. Holding the CCW Button 522 or CW Button 524 located either
side of the tuning Centre Dial 512.

c. The user can select the sensitivity or speed at which the tuning
dial adjusts with the Adjustment Sensitivity Buttons 526 (for
example, x1/2, x1, x2).

b. The tuning Centre Dial 512 displays the amount of valve
adjustment/rotation that the user has made since the app was started.

4. If the adjusting motor of a valve actuator 150 is stalled (i.e. the motor has tuned
the valve to a full off or on position and hit a hard stop or jammed up) then:

a. A pop-up box will be generated and displayed via the touchscreen 138
saying “Motor Stalled!” with a button saying “Reset”.

b. Inresponse, the user taps Reset - this will power cycle the stepper motor
driver for that specific motor.

c. The pop-up box will then disappear and the app will return to the Tuning
Menu — Circuit Page 510 screen.

d. User should then rotate the motor in the opposite direction to what made
it stall.

e. If they turn it the same way the box will pop up again.

[0223] It can be appreciated that the user can make real time adjustments to each
valve by simply pressing the CCW Button 522 or CW Button 524 in the app, all from

the comfort of the driver's cab, for example, in the case where the machine is an

Excavator/Loading Shovel 210.

[0224] It will be appreciated that the described embodiment of the invention provides

several advantages as highlighted and described earlier herein, including:
e providing a user with safer working conditions by mitigating nearly all risk;

e saving time by allowing a user to make adjustments to multiple hydraulic circuits

and test them straight away; and

e providing a better system overview by allowing a user to monitor and display all
readings from the hydraulic system on one screen.

It will be appreciated by those skilled in the art that variations and modifications to the
invention described herein will be apparent without departing from the spirit and scope
thereof. The variations and modifications as would be apparent to persons skilled in
the art are deemed to fall within the broad scope and ambit of the invention as herein

set forth.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A system for performing an action, the system comprising:

a tool operable to perform at least the action;

a controller;

storage storing electronic program instructions for controlling the controller; and
an input means;

wherein the controller is operable, under control of the electronic program

instructions, to:
receive input via the input means;

process the input and, on the basis of the processing, control the tool to
perform the action.

A system according to claim 1, wherein the action is performed on, in respect
of, in association with, and/or in relation to, an other system, the other system
comprising at least one hydraulic circuit.

A system according to claim 2, wherein the tool comprises part of an interface
for operably coupling the system to the other system.

A system according to claim 2 or 3, wherein the input comprises details, the
details comprising data and/or information of, associated with, and/or related
to: the tool; the action to be performed; and/or the other system.

A system according to claim 4, wherein the data and/or information is obtained
by one or more of retrieving, receiving, extracting, and identifying it, from one

or more sources, sources including the tool and/or the other system.

A system according to claim 4 or 5, wherein processing of the input comprises
an analysis of the details, and the controller is operable, under control of the
electronic program instructions, to control the tool on the basis of the analysis.

A system according to any one of the preceding claims, further comprising a
display for displaying a user interface, wherein the controller is operable, under
control of the electronic program instructions, to generate an output on the basis
of the processing, and to communicate the output via the display.
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A system according to any one of the preceding claims, wherein the tool
comprises at least one actuator, which may be part of an actuator system or a

set of actuators.

A system according to any one of the preceding claims, when dependent on
claim 2, wherein the input means comprises at least one sensor, which may be
part of a sensor system or a set of sensors, individual sensors within the set of
sensors being operable to monitor, sense and gather or measure sensor data
and/or information associated with and/or relating to one or more
characteristics, properties and/or parameters of one or more of the system, the
action to be performed, the other system, and the surrounding environment, or
components, systems or devices associated therewith or coupled thereto.

A system according to claim 9, wherein the at least one sensor comprises: a

hydraulic pressure sensor; a hydraulic flow sensor; a temperature sensor.

A system according to any one of the preceding claims, wherein the input
comprises user instructions which are input by a user via the input means, the
user instructions comprising a command to perform the action, the controller
being operable, under control of the electronic program instructions, to perform
the action according to the received user instructions.

A system according to any one of the preceding claims, wherein operations
performed by the system occur automatically, without requiring human

intervention.

A method for performing an action, the method comprising:

storing electronic program instructions for controlling a controller; and

controlling the controller via the electronic program instructions, to:
receive input via an input means; and

process the input and, on the basis of the processing, control a tool

operable to perform at least the action, to perform the action.

A method according to claim 13, wherein the action is performed on, in respect
of, in association with, and/or in relation to, an other system, the other system
comprising at least one hydraulic circuit.
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15. A method according to claim 14, wherein the tool comprises part of an interface
for operably coupling the system to the other system.

16. A method according to claim 14 or 15, wherein the input comprises details, the
details comprising data and/or information of, associated with, and/or related
to: the tool; the action to be performed; and/or the other system.

17. A method according to claim 16, wherein the data and/or information is obtained
by one or more of retrieving, receiving, extracting, and identifying it, from one

or more sources, sources including the tool and/or the other system.

18. A method according to claim 16 or 17, wherein processing of the input
comprises an analysis of the details, and the controller is operable, under
control of the electronic program instructions, to control the tool on the basis of
the analysis.

19. A method according to any one of claim 13 to 18, further comprising controlling
the controller via the electronic program instructions, to generate an output on
the basis of the processing, and to communicate the output via a display for
displaying a user interface.

20. A method according to any one of claims 13 to 19, wherein the tool comprises
at least one actuator, which may be part of an actuator system or a set of

actuators.

21. A method according to any one of claims 13 to 20, when dependent on claim
14, wherein the input means comprises at least one sensor, which may be part
of a sensor system or a set of sensors, individual sensors within the set of
sensors being operable to monitor, sense and gather or measure sensor data
and/or information associated with and/or relating to one or more
characteristics, properties and/or parameters of one or more of the system, the
action to be performed, the other system, and the surrounding environment, or

components, systems or devices associated therewith or coupled thereto.

22. A method according to claim 21, wherein the at least one sensor comprises: a

hydraulic pressure sensor; a hydraulic flow sensor; a temperature sensor.

23. A method according to any one of claims 13 to 22, wherein the input comprises

user instructions which are input by a user via the input means, the user
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instructions comprising a command to perform the action, the method
comprising controlling the controller via the electronic program instructions to

perform the action according to the received user instructions.

A method according to any one of claims 13 to 23, wherein operations
performed by the system occur automatically, without requiring human

intervention.

An actuator for use with a system according to any one of claims 1 to 12, and/or
a method according to any one of claims 13 to 24.

A sensor for use with a system according to any one of claims 1 to 12, and/or
a method according to any one of claims 13 to 24.

A computer-readable storage medium on which is stored instructions that, when
executed by a computing means, causes the computing means to perform a

method according to any one of claims 13 to 24.

A computing means programmed to carry out a method according to any one
of claims 13 to 24.

A data signal including at least one instruction being capable of being received
and interpreted by a computing system, wherein the instruction implements a
method according to any one of claims 13 to 24.
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