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DESCRIPTION

[0001] The invention relates to machine monitoring, and more specifically to systems and methods for sensor-level machine
monitoring.

[0002] High-speed, multi-bearing machines, such as those used in oil refineries, oil extraction platforms, power generation
stations, and the like, may include rotating elements like rotors, shafts, and bearings. Generally, these rotating elements rotate at
high speeds and may cause vibrations in the machine. There is a defined threshold level to which the variations in vibrations are
acceptable. However, if the vibrations increase beyond the threshold level, the machine may be susceptible to various faults, such
as machine imbalance, machine misalignment, machine bearing failure, machine bearing instability, machine thrust bearing
failure, machine rub, shaft imbalance, shaft crack, machine mounting anomaly, or fluid induced instability. These various faults
may cause temporary or permanent damage to the machine. Thus, to prevent occurring of these faults, the various physical
quantities related to the machine, such as vibrations may be monitored in real time or near-real time, to identify the occurrence of
a fault and/or to determine a fault type. Various techniques have been proposed to monitor the machine in real time or near-real
time to determine the occurrence and/or identify which faults may be occurring in the machine.

[0003] A conventional technique for real time or near-real time monitoring of a machine and to identify and/or determine faults is
provided by a system which includes multiple sensors, a monitoring rack, and a personal computer ("PC"). The multiple sensors
are placed in the vicinity of the high speed rotating elements of the machine. These sensors sense the various physical
quantities, such as vibrations, occurring in the high speed rotating elements. These sensors generate the sensed data based on
the measurements of various such physical quantities and send the sensed data to the monitoring rack, which aggregates and
conditions the sensed data. The monitor rack further generates alarms to protect the machine from damage. The monitor rack
then sends the aggregated data to the PC for determination of the faults in the machine using software-based analysis.

[0004] However, the above-described conventional system requires a large amount of hardware to monitor the machine in real
time or near-real time. Moreover, high costs are generally involved in installing, calibrating, operating, and maintaining the monitor
rack, the PC, and the analysis software. Thus, it is desirable to minimize the hardware requirements and the associated cost of
determining the fault in the machine.

[0005] Discenzo Fred M et al entitled: "Intelligent Sensor Nodes Enable a New Generation of Machinery Diagnostics and
Prognostics" concerns intelligent systems and infrastructure for the detection and diagnosis of faults, such as mechanical faults in
rolling element bearings using vibration and temperature data. It describes a multi-agent approach comprising remote
autonomous intelligent sensors that monitor system components, which, when an excessive vibration or temperature level is
observed, relay information regarding degraded operation to a central information system. Specific data on abnormal operation
may also be exchanged with neighbouring smart sensor nodes.

[0006] Karl M. Reichard et al: "Application of sensor fusion and signal classification techniques in a distributed machinery
condition monitoring system", Proceedings of SPIE, vol 4051, 3 April 2000 (2000-04-03), pages 329-336, XP 055063161,
ISSN:0277-786X, DOI:0.1117/12.381646 describes system architecture, data fusion, and classification algorithms employed in a
distributed, wireless bearing and gear health monitoring system and the role and integration of prognostic algorithms to predict
future system health.

[0007] Accordingly, there is a need for a system that provides monitoring of the machine and determination of faults with
minimized hardware requirements. There is a further need for systems and methods for sensor-level machine monitoring.

[0008] The present invention resides in a system and method for monitoring a machine as defined in appended claims 1 and 11.

[0009] Other embodiments, aspects, and features of the invention will become apparent to those skilled in the art from the
following detailed description, the accompanying drawings, and the appended claims.

[0010] Having thus described the invention in general terms, reference will now be made to the accompanying drawings, which
are not necessarily drawn to scale, and wherein:

FIG. 1 is a schematic representation of an example prior art system for monitoring a machine.

FIG. 2 is a schematic representation of an example system for monitoring the machine, in accordance with one embodiment of the
invention.
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FIG. 3 is a flowchart illustrating one example method for monitoring the machine, in accordance with one embodiment of the
invention.

[0011] lllustrative embodiments of the invention now will be described more fully hereinafter with reference to the accompanying
drawings, in which some, but not all embodiments of the invention are shown. Indeed, the invention may be embodied in many
different forms and should not be construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisfy applicable legal requirements. Like numbers refer to like elements throughout.

[0012] Disclosed are methods and systems for monitoring a machine and consequently determining faults occurring in the
machine. According to an embodiment of the invention, multiple sensors are placed in the vicinity of the different rotating
elements of the machine. Each sensor includes a processor for measuring vibrations occurring in rotating elements of the
machine. The sensors further generate sensor data that corresponds to at least one of the machine conditions. The generated
sensor data from some or all of the sensors may be aggregated on at least one of the sensors. Subsequently, the processor
associated with the sensor (on which the sensor data is aggregated) analyzes the sensor data, including the aggregated data
also acquired, and consequently determines the faults occurring in the machine. The sensor may further communicate the
determined fault to a host of the machine for remedial purposes.

[0013] Fig. 1 is a schematic representation of a prior art system 100 for monitoring a machine 102. In the prior art system 100 of
FIG. 1, the machine 102 is a multi bearing machine train, which may include high speed rotating elements such as rotors, shafts,
and bearings. The machine 102 may be an electrical or non-electrical rotating machine. The machine 102 may be utilized for
various applications in oil refineries, oil extraction platforms, and power generation stations, for example. Being equipped with high
speed rotating elements, the machine 102 is prone to various faults, such as, but not limited to, machine imbalance, machine
misalignment, machine bearing failure, machine bearing instability, machine thrust bearing failure, machine rub, shaft imbalance,
shaft crack, machine mounting anomaly, fluid induced instability, and specific electrical machine faults, such as air gap
excursions, shorted rotor bars, loose rotor bars, axial float/magnetic-center excursions, or phasing anomalies. One or more of
such faults may occur due to an increase in vibrations of the high speed rotating elements above a threshold level. The threshold
level may be a defined vibration level below which the vibrations in the machine 102 are tolerable and may not cause any fault.
Thus, to measure such faults in the machine 102, sensors 104a-h are placed in the vicinity of the high speed rotating elements.
The sensors 104a-h are devices that measure a physical quantity, such as vibrations, and convert the measurement into an
electrical signal that may be used for various types of analyses. A number of sensors such as sensors 104a-h may be used for
measuring various physical quantities. The different types of sensors that may be used are a vibration sensor, a temperature
sensor, a pressure sensor, a position sensor, an accelerometer, a flow sensor, a level sensor, a density sensor, a material
composition sensor, or an electrical power characterization sensor, for example. Electrical power characterization sensors may
measure motor or generator phase current, phase voltage, and the like. The number of sensors used in such application is not
restrained and any number of sensors may be used to measure the various physical quantities. In the prior art system 100 of FIG.
1, sensors are used in pairs to measure the variations in the vibrations occurring in the machine 102 due to high speed rotating
elements.

[0014] As shown in the prior art system 100, the sensors 104a-h send the sensed signal to a monitor rack 106 via a transmission
medium 108. The transmission medium 108 between the sensors 104a-h and monitor rack 106 may be a wired connection. The
monitor rack 106 is hardware module that monitors the output of the sensors 104a-h. The output of the sensors 104a-h is the
sensed signals. The sensed signal is in the form of electrical signals of varying amplitude and frequencies. The monitor rack 106
further aggregates the sensed signals received from each of the sensors 104a-h. The monitor rack 106 process the sensed
signals from all the sensors and subsequently measures the amount of vibrations in the high speed rotating elements of the
machine 102. The monitor rack 106, on the basis of the measured vibration, is operable to generate an alarm if the variation in
vibrations of the high speed rotating elements is beyond a predefined threshold limit. The monitor rack 106 may send the alarm to
either the machine 102 operators (not shown in FIG. 1) to switch off or otherwise alter the operation of the machine 102. The
monitor rack 106 may send signals to a control system (not shown in FIG. 1) to switch off or otherwise alter the operation of the
machine 102. Also, the monitor rack 106 may condition the signal (sensed data signal) so that the signal may be analyzed to
monitor the machine's 102 health and thus the machine's 102 fault can be determined. After adjustments to the machine 102 are
made, the monitor rack 106 may send the sensed signal derived from the sensors 104a-h to an analyzing module 110 over a
communication link 112 to analyze the fault in the machine 102.

[0015] The analyzing module 110 of the system 100 further analyzes the sensed data derived from the sensors 104 to determine
.the fault in the machine 102 by executing different types of algorithms.
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[0016] As shown by the system 100 of the FIG. 1, a large amount of hardware is required to monitor the vibrations at the monitor
rack 106 using the sensed data and to subsequently determine a fault by the analyzng module 110. Moreover, high costs are
generally involved in installing, calibrating, operating, and maintaining the monitor rack 106, the analyzng module 110, and the
software to analyze the sensed data. Thus, the hardware requirements and the cost of determining fault in the machine 102 can
be reduced considerably, if the capabilities of the monitor rack 106 and the analyzing module 110 can be achieved at the level of
sensors 104a-h.

[0017] Fig. 2 is a schematic representation of a system 200 for monitoring the machine 102, in accordance with one embodiment
of the invention. In one example embodiment of the invention, a pair of a first sensor 202a and a second sensor 202b is placed in
vicinity of the high speed rotating elements of the machine 102. Similarly, in one example embodiment, a number of other pairs of
sensors 202c-d, 202e-f, and 202g-h may also placed in the vicinity of the same or different high speed rotating elements of the
machine 102. The sensors 202a-h include processors 204a-h having associated memory respectively integrated therewith. For
simplicity, when referring to "first sensor," "second," or "sensors," any or all of possible sensors included in embodiments of the
invention may be referred to. In example embodiments, the sensors 202a-h, including processors 204a-h, may be smart digital
sensors. A smart digital sensor may have numerous capabilities. For example, a smart digital sensor may be capable of storing its
own information; simplifies installation, set-up, and calibration of traditionally complex machine sensing techniques, essentially
allowing them to operate as "plug and play" sensors. Further, smart digital sensors may be able to embed and execute algorithms
or instructions within themselves. In another example, a smart digital sensor may have field device descriptor capabilities, whereby
the sensors store and are operable to communicate data containing information about the sensor and its properties. Smart digital
sensors may also communicate the health and/or integrity of the machine and/or devices connected to or associated with the
machine. Further, smart digital sensors may be capable of supporting various types of field devices 209 connected to the
machine 102, for example by monitoring and/or communicating commands. Moreover, a smart digital sensor is capable of
accepting data from other sensors, for example other smart digital sensors, and process that acquired data within itself. For
example, the first sensor 202a may acquire data from the second sensor 202b and subsequently analyze the data. In another
embodiment, the first sensor pair 202a-b may acquire data from one or more of the other sensor pairs 202c-d, 202e-f, and/or
202g-h. In yet another embodiment, one or more of the sensors may communicate local control instructions directly to the field
devices 209 connected to the machine 102, for example actuators, valves, or other mechanical, electromechanical, or electronic
control mechanisms operable to alter the operation of the machine. In one example embodiment, the first sensor 202a may
include a Programmable Logic Device ("PLD"). Examples of programmable logic devices may be a Field Programmable Gate
Array ("FPGA"), an Application-Specific Integrated Circuit ("ASIC"), a microprocessor, a Digital Signal Processor ("DSP"), or a
Complex Programmable Logic Device ("CPLD"). An FPGA is a type of logic chip that can be programmed to perform different
tasks and an ASIC is a chip designed for a particular application. A microprocessor may incorporate all of the functions of a
Central Processing Unit ("CPU") on a single Integrated Circuit ("IC"). A DSP may be a specialized microprocessor designed
specifically for digital signal processing. A CPLD contains multiple PLD blocks whose inputs and outputs are connected together.

[0018] Referring again to FIG. 2, the first sensor 202a and the second sensor 202b are operable to generate sensor data based
on various machine 102 conditions. This sensed data may be an indication of the machine 102 condition. Hereinafter, the
"sensed data" may be interchangeably referred to as an "indication of the machine condition." The machine 102 conditions may
be based on various physical behavior of the machine 102 such as, but not limited to, vibrations, temperature, pressure, position,
acceleration, flow, density, levels, and material compositions. In one example embodiment, the sensors 202a-h may sense the
vibrations of the high speed rotating elements of the machine 102. However, it is appreciated that various sensors can be used to
sense different machine behavior. The different kinds of sensors that may be used are, but not limited to, vibration sensors,
temperature sensors, pressure sensors, position sensors, accelerometers, flow sensors, level sensors, density sensors, or
material composition sensors.

[0019] In one embodiment of the invention, sensors 202 a-h sense machine conditions from the high speed rotating elements of
the machine 102 and/or sense electrical power characteristics, such as phase current or phase voltage. For example, to sense
variations in the vibration of the high speed rotating elements of the machine 102, the first sensor 202a and the second sensor
202b may be positioned orthogonal (90 degrees) to each other in a plane perpendicular to a centerline of the machine 102. In
another example embodiment of the invention, however, the first sensor 202a and the second sensor 202b may be positioned in
a plane perpendicular to the centerline of the machine 102 at angles other than the 90 degrees. Known calibration techniques
may be applied to account for various sensor positions with respect to the machine.

[0020] Further, the sensors 202a-h are coupled to each other via a communication trunk 206. In one example embodiment, the
communication trunk 206 may be a digital, bi-directional, multi-drop, serial-bus communication network used to link isolated field
devices, such as controllers, transducers, actuators, and sensors. The bi-directional capability of the communication trunk 206
supports communication of the sensed data among the sensors 202a-h at the same time. Further, the communication trunk 206
provides a high-speed and time-critical transmission of the sensed data.
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[0021] In one example embodiment, the communication trunk 206 may be based on "FOUNDATION Fieldbus" standard. The
"FOUNDATION Fieldbus" standard provides for a digital, serial, two-way communications system that may serve as a base-level
network in a plant or factory automation environment, for example. In another example embodiment of the invention, the
communication trunk 206 may be based on the Process Field Bus ("PROFIBUS") standard. The "PROFIBUS" is a standard for
field bus communication in automation technology. Variants of the "PROFIBUS" standard may be used to operate sensors and
actuators via a centralized controller in production technology and to monitor measuring equipment via a process control system
in process engineering. Further, both the "FOUNDATION Fieldbus" and the "PROFIBUS" standards are based on an Open
System Interconnection ("OSI") network communication model. The "OSI" model is a logical framework for standards for the
network communication. The "OSI" model is an abstract description for layered communications and computer network protocol
design. The "OSI" model, as generally described, may divide network architecture into multiple layers, for example seven layers
which, from top to bottom, may be the Application, Presentation, Session, Transport, Network, Data-Link, and Physical Layers.
Implementation of these or similar standards and similar automation communication techniques, such as DeviceNet or any other
smart digital architecture, used in conjunction with the sensors 202a-h provide the ability to sense, process, analyze, and/or
communicate data on and between the sensors, as described herein.

[0022] Further, in one example embodiment, when the sensors 202a-h have generated the sensed data, at least one, e.g., the
first sensor 202a or the first and the second sensors 202a-b, among the sensors 202a-h may aggregate data from one or more
of the other sensors 202b-h. The first sensor 202a may receive the data over the communication trunk 206.

[0023] In one example embodiment, if the first sensor 202a senses the variation in vibrations above a threshold level from any of
the aggregated sensed data, then the first processor 204a will communicate this variation to a host system 208 over the
communication trunk 206. In an example embodiment, the host system 208 may be a management or an advisory system that
provides advisory information about the machine 102's health and faults to an operator of the machine 102. For example, the
host system 108 may display or otherwise transmit information to an operator of the system, to another management or advisory
system, record conditions in machine logs for subsequent analysis and reporting, and the like. In another example embodiment,
the host system 208 may be a host controller operable to alter the operating behavior of the machine 102, such as to prevent the
machine 102 from incurring or otherwise minimizing the occurrences of any kind of damages due to variations in the vibration
above the threshold level. A host controller may perform different control actions to prevent the machine 102 from incurring or
otherwise minimizing the occurrences of any kind of damages or faults. The different control actions may include, but not limited
to, adjusting control of the machine 102, generating an audio or visual alarm or alert or notification, transmitting or communicating
the sensed data or other control signals to an ancillary machine, or any other control system. Further, adjusting controls of the
machine 102 may include, but not limited to commands to stop or trip the machine 102, commands to reduce load of the machine
102, commands to reduce the speed of the machine, and commands to send communication to the ancillary machine or any other
control system. As used herein, the terms "host system" and "host controller" may be used interchangeably

[0024] According to the invention, the first processor 204a may communicate a control action directly to a field device 209 for
controlling the machine 102 locally, for example instead of or in addition to communicating commands to a host controller or host
system 208. In one example embodiment, the first sensor 202a may communicate the variation to both the host system 208 and
the field device 209, however. The field device 209 may be any local control device, such as any mechanical, electrical, or
electromechanical device operable to adjust or otherwise alter any aspect of machine operation. Examples field devices 209
acting as a local control device may be, but not limited to, control valve actuators, inlet guide vane actuator, air louver actuator,
bypass valve actuator, fuel control actuators, fuel temperature actuators, lube oil actuators, product flow actuators, or product
flow temperature controls. For example, in response to measurements sensed by the sensors 202a-h, the one or more processor
204a-h may determine one or more control actions responsive to or effecting machine parameters, such as, but not limited to, fuel
flow, temperature, bearing temperature, bearing vibration, and/or product inlet/outlet temperature, for example. The field device
209 may then control the machine 102 locally.

[0025] Referring again to FIG. 2, one or more of the processors 204a-h may include a digitally configurable algorithm to analyze
the sensed data. In one example embodiment, the digitally configurable algorithm may be downloaded in the memory of the
processor, such as the first processor 204a. In another example embodiment, the digitally configurable algorithm may be
embedded in the memory of a programmable logic device. The processors 204a-h may utilize the digitally configurable algorithm
to analyze the sensed data, optionally including the aggregated data from other sensors, and thus to determine faults or other
behavior occurring in the machine 102. In example embodiments, the sensed data may be analyzed by a frequency domain
analysis, a time domain analysis, or a filtered frequency analysis, for example. The frequency domain analysis may be performed
using a Fast Fourier Transform ("FFT"). The FFT converts a time domain representation of the signal sensed by the smart digital
sensor into a frequency domain representation. The time domain analysis may include analyzing vibration waveforms, orbit shape
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of the rotating element, DC offset in the sensed data, position of the rotating elements, absolute phase angle, synchronous,
and/or non-synchronous analysis. The filtered frequency analysis may include selecting and analyzing parts of the sensed data
based on frequency filters. Using at least one of these, or any other analysis methods, on the sensed data, the first processors
204a-h may be able to determine different types of faults or other conditions occurring in the machine 102. Example fault types
may be, but not limited to, machine imbalance, machine misalignment, machine bearing failure, machine bearing instability,
machine thrust bearing failure, machine rub, shaft imbalance, shaft crack, machine mounting anomaly, and fluid induced
instability. Further, the processors 204a-h may communicate the determined faults to the host system 208.

[0026] Further, in one embodiment of the invention, the one or more of the processors 204a-h may generate a characterization
of the sensed data. The characterization of the sensed data may include, but not limited to, an orbit shape of machine, a full
spectrum of machine, a filtered spectrum of machine, a rotor position, a precessional direction, phase angles, or filtered
frequency vibration amplitudes. Subsequently, the processors 204a-h may communicate the sensed data characterization to the
host system 208 via the communication trunk 206.

[0027] Referring again to FIG. 2, in one example embodiment, the second sensor 202b and the first sensor 202a are both smart
digital sensors. Since, both the first processor 204a and the second processor 204b analyze their respective data, the system
200 may be operably implemented as a redundant and/or distributed system. In the redundant or distributed system, both the first
processor 204a and the second processor 204b can sense and analyze their own data and the data collected from other sensors
202a-h over the communication trunk 206. Further, it will be apparent that there could be multiple smart digital sensors (like the
first sensor 202a and the second sensor 202b) in the system 200, such as sensors 202c-h, and the multiple smart digital sensors
may analyze each other's data to provide additional redundancy and/or distribution of sensing tasks.

[0028] FIG. 3 is a flowchart illustrating one example of a method 300 for monitoring the machine, according to an embodiment of
the invention. Provided is a flow chart illustrating an example of monitoring health of a machine by the sensor.

[0029] The example method begins at block 302. At block 302, multiple sensors are installed in the vicinity of high speed rotating
elements of the machine. Each sensor is provided with a processor that includes instructions to sense the machine conditions. It
is apparent that various sensors can be used to sense various machine conditions. Example sensors that may be used are, but
not limited to, a vibration sensor, a temperature sensor, a pressure sensor, a position sensor, an accelerometer, a flow sensor, a

level sensor, a density sensor, a material composition sensor, or an electrical power characterization sensor, for example.

Further, in one example embodiment, the sensors may be installed in pairs in the vicinity of high speed rotating elements. In one
example method, a first sensor and a second sensor in the sensor pair are placed orthogonally (90 degrees) to each other in a
plane perpendicular to the machine's centerline. In another example method, the first sensor and the second sensor may be
positioned in a plane perpendicular to the centerline of the machine 102 at angles other than the 90 degrees.

[0030] Following block 302 is block 304, in which a communication trunk is provided. The communication trunk is in
communication with sensors installed at the machine. The communication trunk is coupled to each sensor and is operable to
communicate the sensed data between the sensors.

[0031] Following block 304 is block 306, in which one or more of the sensors installed on the machine senses the machine
conditions. The machine conditions are based on the various physical machine behaviors and conditions, such as, but not limited
to, vibrations, temperature, pressure, position, acceleration, flow, density, levels, material compositions of machine throughput,
and/or electrical power characteristics, such as phase current or phase voltage, of the machine.

[0032] Following block 306 is block 308, in which each sensor generates the sensor data associated with the machine condition.
Each sensor senses the variations in the physical machine behaviors and conditions associated with the machine and
corresponding to that variation generates electrical signal which forms the sensed data.

[0033] Following block 308 is block 310, in which a first processor in one of the sensor executes a set of instructions to analyze
the sensed data generated by each of the sensors installed at the machine. The instructions may be in the form of digital
configurable algorithm which may be embedded or downloaded into memory of the processor. In one example method, the
processor first aggregates the sensed data from all the sensors over the communication trunk. After aggregating the data from all
the sensors, the first processor analyzes the data, such as by: frequency domain analysis, time domain analysis, and/or filtered
frequency component analysis, for example. The frequency domain analysis which may be performed using FFT. The FFT
converts a time domain representation of the sensed data by the smart digital sensor into a frequency domain representation.
Time domain analysis may include analyzing vibration waveforms, orbit shape of the rotating element, DC offset in the sensed
data, position of the rotating elements, absolute phase angle, and/or synchronous and non synchronous analysis. Filtered
frequency analysis may include selecting and analyzing parts of the sensed data based on frequency filters.
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[0034] In one aspect of an example method embodiment, the second sensor and the first sensor are smart digital sensors.
Therefore, both the first processor and a second processor included in the second sensor analyze their respective data,
providing a method of analyzing machine conditions using a redundant and/or a distributed system. In this case, both the first
processor and the second processor sense and analyze their own data and the data collected from the other sensors over the
communication trunk. Further, it will be apparent to a person of ordinary skill in the art that there could be multiple smart digital
sensors and the multiple smart digital sensors may analyze each other's data.

[0035] Following block 310 is block 312, in which the first processor executes a set of instructions to generate a characterization
of the sensed data. The characterization of the sensed data may include, but is not limited to, an orbit shape of machine, a full
spectrum of machine, a filtered spectrum of machine, a rotor position, a precessional direction, phase angles, and/or filtered
frequency vibration amplitudes.

[0036] Following block 312 is block 314, in which the first processor executes a set of instructions to determine faults in the
machine. Various faults that could be determined may be, but are not limited to, machine imbalance, machine misalignment,
machine bearing failure, machine bearing instability, machine thrust bearing failure, machine rub, shaft imbalance, shaft crack,
machine mounting anomaly, fluid induced instability, and specific electrical machine faults, such as air gap excursions, shorted
rotor bars, loose rotor bars, axial float/magnetic-center excursions, or phasing anomalies, for example. It is appreciated, however,
that the fault types will differ depending upon the type of machine and/or the machine characteristics and behavior being sensed.

[0037] Following block 314 is block 316, in which the machine fault is optionally communicated to a host system or a host
controller to facilitate the host system to take a control action. The fault is communicated to the host system over the
communication trunk. In an example method, the host system is management or advisory system that provides advisory
information about the machine's and faults to an operator of the machine.

[0038] Following block 316 is block 318, in which the processor optionally transmits control actions to a field device for controlling
any aspect or aspect(s) of the machine operation locally. In one example, the processor may transmit one or more control actions
to the field device over the communication trunk. In one embodiment, the no additional analysis is necessary at the field device
level before controlling the one or more aspects of machine operation.

[0039] In another aspect of an example method embodiment, the host system is a host controller that is operable to generate a
control action for controlling the operation of the machine, such as to prevent the machine from any kind of faults due to variation
in the physical conditions above a threshold level. The host system or controller may generate various types of control actions
such as, but not limited to, adjusting control of the machine, generating an audio or visual alarm or alert notification, or
transmitting or communicating the sensed data and/or other control signals to an ancillary machine or any other control system.

[0040] Embodiments of the invention are described above with reference to block diagrams and schematic illustrations of
methods and systems according to embodiments of the invention. It will be understood that each block of the diagrams and
combinations of blocks in the diagrams can be implemented by program instructions or logic. These instructions may be loaded
onto one or more general purpose processor, or other programmable data processing apparatus, such as a general purpose or
special purpose computer, to produce machines such that the instructions which execute on the computers or other
programmable data processing apparatus create means for implementing the functions specified in the block or blocks. Such
instructions may also be stored in a processor-readable memory that can direct a programmable data processing apparatus to
function in a particular manner, such that the instructions stored in the processor-readable memory produce an article of
manufacture including instruction means that implement the function specified in the block or blocks.

[0041] While the invention has been described in connection with what is presently considered to be the most practical and
various embodiments, it is to be understood that the invention is not to be limited to the disclosed embodiments, but on the
contrary, is intended to cover various modifications and equivalent arrangements included within the scope of the appended
claims.

[0042] This written description uses examples to disclose the invention, including the preferred mode, and also to enable any
person skilled in the art to practice the invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope the invention is defined in the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to be within the scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if they include equivalent structural elements with insubstantial differences
from the literal languages of the claims.
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Patentkrav

1. System (200) til at overvage en maskine (102), omfattende:
en fgrste sensor (202a) omfattende en fgrste processor (204a);
en anden sensor (202b) omfattende en anden processor (204b); og
mindst en kommunikationsforbindelsesledning (206) i forbindelse med den
fgrste sensor (202a) og den anden sensor (202b), og funktionsdygtig til at
kommunikere sensordata mellem hver af den fgrste processor (204a) og
den anden processor (204b);
hvor den fgrste sensor (202a) og den anden sensor (202b) er
funktionsdygtige til at generere sensordata associeret med mindst en
maskintilstand; og
hvor den fgrste processor (204a) eller den anden processor (204b) er
funktionsdygtig til at:
analysere sensordata genereret af hver af den fgrste sensor (202a)
0g den anden sensor (202b);
bestemme mindst en maskinfejl baseret mindst delvist p& det
analyserede sensordata; og kendetegnet ved at den fgrste sensor
(202a) og den anden (202b) er funktionsdygtige til at
kommunikere mindst en styringshandling direkte til mindst en

feltindretning (209) associeret med maskinen (102).

2. Systemet (200) ifglge krav 1, hvor den fgrste processor (204a) eller den anden
processor (204b) er funktionsdygtige til at analysere sensordata genereret af hver
af den fgrste sensor (202a) og den anden sensor (202b) baseret pa mindst en af:
en maskinsfaereform, et maskinfuldspektrum, et maskinfiltreret spektrum, eller en

rotorposition.

3. Systemet (200) ifglge et hvilket som helst foregdende krav, hvor den mindst
ene maskinfejl omfatter mindst en af: en maskinubalance, en maskinfejlindstilling,
maskinlejehavari, en maskinlejeustabilitet, et maskintryklejehavari, en
maskingnidning, en akselubalance, en akselrevne, en maskinmonteringsanomali,
eller en fluidinduceret ustabilitet.
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4. Systemet (200) ifglge et hvilket som helst foregdende krav, hvor maskinen
(102) omfatter en rotationsmaskine og hvor den fgrste sensor (202a) og den
anden sensor (202b) omfatter et par vibrationssensorer positioneret i saerskilte
plan i forhold til hinanden.

5. Systemet (200) ifglge et hvilket som helst foregdende krav, hvor den fgrste
sensor (202a) og den anden sensor (202b) hver omfatter en smart digitalsensor.

6. Systemet (200) ifglge et hvilket som helst foregédende krav, hvor mindst en af
den fgrste sensor (202a) eller den anden sensor (202b) omfatter en
vibrationssensor, en temperatursensor, en tryksensor, en positionssensor, et
accelerometer, en strgmsensor, en niveausensor, en densitetssensor, eller en
materialesammensastningssensor.

7. Systemet (200) ifglge et hvilket som helst foregdende krav, hvor mindst en af
den fgrste processor (204a) eller den anden processor (204b) er yderligere
funktionsdygtige til at udfgre mindst en af en frekvensdomaeneanalyse, en
tidsdomaeneanalyse, eller en filtreret frekvensanalyse pa sensordataet genereret
af hver af den fgrste sensor (202a) og den anden sensor (202b).

8. Systemet (200) ifslge et hvilket som helst foregdende krav, hvor mindst en af
den fgrste processor (204a) eller den anden processor (204b) er yderligere
funktionsdygtige til at kommunikere den mindst ene maskinfejl til mindst en af et
veertssystem (208) eller en vartskontroller.

9. Systemet ifglge et hvilket som helst foregédende krav, hvor begge af den fgrste
processor (204a) og den anden processor (204b) er funktionsdygtige til at
analysere den mindst ene maskintilstand og bestemme den mindst ene

maskinfejl.

10. Systemet ifglge et hvilket som helst foregdende krav, omfattende:
en flerhed af sensorer (202), hver omfattende en processor (204), hvor
hver af flerheden af sensorer (202) er funktionsdygtige til at generere
sensordata associeret med mindst en maskintilstand;
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hvor mindst en sensor af flerheden af sensorer (202) er funktionsdygtige til
at modtage det genererede sensordata fra mindst en anden af flerheden af
sensorer (202) og hvor processoren af den mindst ene sensor er
funktionsdygtig til at:

aggregere det modtagne sensordata;

udfgre mindst en af en frekvensdomaneanalyse, en

tidsdomaeneanalyse, eller en filtreret frekvensanalyse pé det

aggregerede sensordata; og

bestemme mindst en maskinfejl baseret mindst delvist pa det

aggregerede sensordata.

11. Fremgangsmade til at overvége en maskine (102), omfattende:

at tilvejebringe en flerhed af sensorer (202), hver omfattende en processor
(204) omfattende instruktioner;

at tilvejebringe mindst en kommunikationsforbindelsesledning (206) i
forbindelse med flerheden af sensorer (202), og funktionsdygtig til at
kommunikere sensordata mellem hver af flerheden af sensorer (202);

at detektere, med hver af flerheden af sensorer (202), mindst en
maskintilstand;

at generere, med hver af flerheden af sensorer (202), sensordata
associeret med den mindst ene maskintilstand; og

at udfgre instruktionerne i mindst en processor af flerheden af sensorer
(202) til:

at analysere sensordataet genereret af hver af flerheden af sensorer (202);
bestemme mindst en maskinfejl baseret mindst delvist pa det mindst ene
sensordata; og kendetegnet ved at udfgre instruktionerne i mindst en
processor af flerheden af sensorer (202) til

at generere mindst en styringshandling reagerende pa bestemmelsen af
den mindst ene maskinfejl; og

at kommunikere den mindst ene styringshandling direkte til mindst en

feltindretning (209) associeret med maskinen (102).
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302 "\ Provide a plurality of sensors, each comprising a processor
comprising instructions
L2
Provide at least one communication trunk in
304 ] communication with the plurality of sensors, and operable
to communicate sensor data between each of the plurality
of sensors

¥

306

Sense, by each of the plurality of sensors, at least one
machine condition

¥

308 \!

Generate, by each of the plurality of sensors, sensor data
associated with the at least one machine condition

¥

310
\

Execute the instructions in at least one processor of the
plurality of sensors to analyze the sensor data generated
by each of the plurality of sensars

¥

312
\

Execute the instructions in the processor of at least one of
the plurality of sensors to generate a characterization of
the sensor data generated by each of the plurality of
Sensors

®

FIG. 3A
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¢

314 Execute the instructions in the processor of at least one of
N\ the plurality of sensors to determine at least one machine
fault based at least in part on the at least one sensor data

¥ -

316 ~ ! Optionally, communicate the at least one machine fault to »
\f atleast one host system or host controller to facilitate at
: least one control action :

318 \: Optionally, transmit at least one controi action from the
i processor directly to at least one field device.

FIG. 3B
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