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DESCRIPTION

BACKGROUND

[0001] The invention relates generally to protection monitoring systems, and more specifically,
to systems and methods for advanced alarm systems and/or protection monitoring systems.

[0002] US 5 870 317 A relates to interlocks enabling work on industrial equipment without
jeopardizing the safety of personnel. A routine tests interlocks by sensing a change of state of
an interlock.

[0003] Certain remote and/or on-site monitoring of industrial machinery, such as turbines,
generators, motors, and so forth, may Include receiving and responding to a number of
protection alarms and/or alarm alerts. One or more protection monitoring instrumentation
and/or or other protection monitoring devices may include user configurable functions that may
allow a plant operator, field technician, or instrumentation engineer, for example, to disable or
temporarily suspend one or more of the prescribed protection functions and/or operational
setpoints of the protection monitoring devices. However, If the prescribed protection functions
and/or operational setpoints are not promptly and systematically reengaged, the industrial
machinery (e.g., turbines, generators, motors, and so forth) may be susceptible to operating
under adverse conditions without the protection monitoring devices providing any alarm alerts
or other electronic notifications to plant maintenance and/or safety personnel. It may be useful
to provide more advanced alarm systems and/or protection monitoring systems.

BRIEF DESCRIPTION

[0004] Certain embodiments commensurate In scope with the claimed invention are
summarized below. These embodiments are not intended to limit the scope of the claimed
iInvention, but rather these embodiments are intended only to provide a brief summary of
possible forms of the invention. Indeed, the invention may encompass a variety of forms that
may be similar to or different from the embodiments set forth below.

[0005] In a first embodiment, a system Includes a machinery protection monitoring system.
The machinery protection monitoring system includes a memory configured to store a plurality
of alarm escalation rules associated with an operational protection function of an industrial
machine, and a processor communicatively coupled to the memory and configured to utilize
the plurality of alarm escalation rules. The processor is also configured to receive an indication
that the operational protection of the Industrial machine iIs at least partially suspended,
compare the measurement of the one or more operational parameters to at least one of the
plurality of alarm escalation rules, and generate an alarm signal based at least in part on
whether the at least one of the plurality of alarm escalation rules is satisfied. The alarm signal
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Includes an Indication of an adverse operational condition of the machinery protection
monitoring system.

[0006] In a second embodiment, a non-transitory computer-readable medium having code
stored thereon includes instructions to receive a measurement of one or more operational
parameters associated with an operation of an industrial machine, receive an indication that
the operational protection of the industrial machine is at least partially suspended, compare the
measurement of the one or more operational parameters to at least one of a plurality of alarm
escalation rules, and generate an alarm signal based at least in part on whether the at least
one of the plurality of alarm escalation rules is satisfied. The alarm signal includes an indication
of an adverse operational condition of the machinery protection monitoring system.

DRAWINGS

[0007] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,
wherein:

FIG. 1 1s a block diagram of an embodiment of an industrial system including one or more
Industrial machines, in accordance with the present embodiments;

FIG. 2 1s a diagram of an embodiment of the system of FIG. 1, including a machine protection
monitoring system, in accordance with the present embodiments; and

FIG. 3 Is a flowchart illustrating an embodiment of a process useful in detecting and disabling
user-invoked inhibit protection functions of the machine protection monitoring system of FIG. 2,

In accordance with the present embodiments.

DETAILED DESCRIPTION

[0008] One or more specific embodiments of the invention will be described below. In an effort
to provide a concise description of these embodiments, all features of an actual
Implementation may not be described In the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made to achieve the developers' specific
goals, such as compliance with system-related and business-related constraints, which may
vary from one implementation to another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming, but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for those of ordinary skill having the
benefit of this disclosure.
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[0009] When Introducing elements of various embodiments of the invention, the articles "a,"
"an,” "the," and "said" are intended to mean that there are one or more of the elements. The

terms "comprising,” "including,” and "having" are intended to be inclusive and mean that there
may be additional elements other than the listed elements.

[0010] Present embodiments relate to a machinery protection monitoring system useful In
detecting user-invoked inhibition or a temporary suspension of certain protection functions of
the machinery protection monitoring system by way of alarm escalation rule-based functions.
Specifically, the protection monitoring system may generate and transmit signals to energize a
number of relays to indicate whether or not a fault (e.g., an electrical fault, a code related error,
or other error), or other adverse operating condition, on one or more industrial machines (e.g.,
compressor, turbine, and so forth) of an Industrial system has occurred. In certain
embodiments, the protection monitoring system may indicate whether or not the fault has
occurred based on, for example, a set of alarm escalation rules. For example, the set of alarm
escalation rules may Include a predetermined or user-configurable operational parameter
range that the industrial machine Is expected to operate within, a predetermined or user-
configurable time Iimit for the user-invoked inhibition or temporary suspension of the protection
functions, or determinable mode of operation the industrial machine iIs expected to operate
according thereto. In this way, the protection monitoring system may substantially reduce any
possibility of the protection functions of the protection monitoring system being inadvertently
left inhibited and/or temporarily suspended by the user, and, by extension, reduce any
possibility of the industrial machines of the industrial system operating while in an unprotected
state or under other adverse conditions.

[0011] With the foregoing In mind, it may be useful to describe an embodiment of an industrial
system, such as an example Industrial system 10 illustrated in FIG. 1. Indeed, while the
present embodiments may be discussed with respect to an illustration of a gas turbine system
(e.g., as lllustrated in FIG. 1), it should be appreciated that the industrial system 10 may, In
some embodiments, include a steam turbine system, a hydraulic turbine system, one or more
compressor systems (e.g., aeroderivative compressors, reciprocating compressors, centrifugal
compressors, axial compressors, screw compressors, and so forth), one or more electric motor
systems, industrial systems including, for example, fans, extruders, blowers, centrifugal pumps,
or any of various other industrial machinery that may be included in an industrial plant or other
Industrial facility. As will be further appreciated, the techniques discussed herein may be used
to monitor and protect any of the aforementioned industrial machinery, or any combination of
the industrial machinery.

[0012] As Illustrated In FIG. 1, the industrial system 10 may include a gas turbine system 12, a
monitoring and control system 14, and a fuel supply system 16. The gas turbine system 12
may Include a compressor 20, combustion systems 22, fuel nozzles 24, a turbine 26, and an
exhaust section 28. During operation, the gas turbine system 12 may pull air 30 into the
compressor 20, which may then compress the air 30 and move the air 30 to the combustion
system 22 (e.g., which may include a number of combustors). In the combustion system 22,
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the fuel nozzle 24 (or a number of fuel nozzles 24) may Inject fuel that mixes with the
compressed air 30 to create, for example, an air-fuel mixture.

[0013] The air-fuel mixture may combust In the combustion system 22 to generate hot
combustion gases, which flow downstream into the turbine 26 to drive one or more turbine 26
stages. For example, the combustion gases move through the turbine 26 to drive one or more
stages of turbine 26 blades, which may In turn drive rotation of a shaft 32. The shaft 32 may
connect to a load 34, such as a generator that uses the torque of the shaft 32 to produce
electricity. After passing through the turbine 26, the hot combustion gases may vent as exhaust
gases 36 Into the environment by way of the exhaust section 28. The exhaust gas 36 may
Include gases such as carbon dioxide (CO»5), carbon monoxide (CO), nitrogen oxides (NO,),

and so forth.

[0014] In certain embodiments, the system 10 may also include a machinery protection
monitoring system 38, a control system 40, a number of sensors 42, and a human machine
Interface (HMI) operator interface 44. The machinery protection monitoring system 38 may

receive data from the sensors 42. The machinery protection monitoring system 38 may output
alarm signals, operational information signals, or other notifications to the control system 40
and the HMI operator interface 44. As will be further appreciated, in response to the sensor 42
data, the machinery protection monitoring system 38 may also energize one or more relay
contacts based on the sensor data to generate an alarm signal indicative of, for example,
operational condition of the fuel system 16, the compressor 20, the turbine 26, the combustion
system 22, the exhaust section 28, or other components of the industrial system 10.

[0015] In certain embodiments, the HMI operator interface 44 may be executable by one or
more computer systems (although not illustrated), which may be used by a plant operator to
Interface with the industrial system 10 via an HMI operator interface 44. Accordingly, the HMI
operator interface 44 may Iinclude various input and output devices (e.g., mouse, keyboard,
monitor, touch screen, or other suitable input and/or output device) such that a plant operator
may provide commands (e.g., control and/or operational commands) to the machinery
protection monitoring system 38 or the control system 40 and to receive operational
Information from the machinery protection monitoring system 38, the control system 40, or
directly from the sensors 42. Similarly, the control system 40 may be responsible for controlling
one or more final control elements coupled to the components (e.g., the compressor 20, the
turbine 26, the combustors 22, the load 34, and so forth) of the industrial system 10 such as,
for example, one or more actuators, valves, transducers, and so forth.

[0016] In certain embodiments, the sensors 42 may be any of various sensors useful In
providing various operational data to the machinery protection monitoring system 38 including,
for example, pressure and temperature of the compressor 20, speed and temperature of the
turbine 26, vibration of the compressor 20 and the turbine 26, CO» levels In the exhaust gas

36, carbon content in the fuel 31, temperature of the fuel 31, temperature, pressure, clearance
of the compressor 20 and the turbine 26 (e.g., distance between the compressor 20 and the
turbine 26 and/or between other stationary and/or rotating components that may be included
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within the Iindustrial system 10), flame temperature or intensity, vibration, combustion dynamics
(e.g., fluctuations In pressure, flame intensity, and so forth), load data from load 34, and so
forth. In some embodiments, the machinery protection monitoring system 38 may use the data
received from the sensors 42 to generate one or more alarm signals according to an alarm
escalation mechanism to indicate a fault or other adverse operating condition of one or more
components (e.g., the compressor 20, the turbine 26, the combustors 22, the load 34, and so
forth) of the Industrial system 10. Thus, In one embodiment, the machinery protection
monitoring system 38 may be programmably retrofitted with instructions to indicate a fault
(e.g., an electrical fault, a code related error, or other error) or other adverse operating
condition.

[0017] Turning now to FIG. 2, which Illustrates a detailled embodiment of the machinery
protection monitoring system 38. As generally discussed above, the machinery protection
monitoring system 38 may include any device useful in providing continuous, online monitoring
and protection of the compressor 20, the turbine 26, the combustors 22, or other components
of the Industrial system 10. In one embodiment, the machinery protection monitoring system
38 may be enclosed inside, for example, a finished cabinet, such that the machinery protection
monitoring system 38 may be panel mounted (e.g., near the compressor 20, the turbine 26, or
other machinery that may be monitored by the monitoring system 38) or retrofitted as a
standalone and/or integrated system. As further depicted, the machinery protection monitoring
system 38 may Include an electronic board 46, which may further include a processor 48 that
may be operatively coupled to a memory 50 to execute instructions for carrying out the
presently disclosed techniques. These Instructions may be encoded In programs or code
stored In a tangible non-transitory computer-readable medium, such as the memory 50 and/or
other storage. The processor 48 may be a general purpose processor, system-on-chip (SoC)
device, an application-specific integrated circuit (ASIC), or some other processor configuration.

[0018] In certain embodiments, the processor 48 may receive the sensor 42 data (e.g.,
pressure and temperature of the compressor 20, speed and temperature of the turbine 26,
vibration of the compressor 20 and the turbine 26, CO, levels in the exhaust gas 36, carbon

content Iin the fuel 31, temperature of the fuel 31, temperature, pressure, clearance of the
compressor 20 and the turbine 26, flame temperature or intensity, vibration, and combustion
dynamics of the combustion system 22, load data from load 34, and so forth), and may use the
sensor 42 data as part of one or more protection functionalities to monitor and protect the
operational health of, for example, the fuel system 16, the compressor 20, the turbine 26,
combustion system 22, the exhaust section 28, or other components that may be included In
the Industrial system 10. For example, in one embodiment, the machinery protection
monitoring system 38 may be a Bently Nevada 3500 Series Machinery Monitoring System ™,
avallable from General Electric Co. of Schenectady, New York.

[0019] In certain embodiments, although not lillustrated, the electronic board 46 of the
machinery protection monitoring system 38 may Iinclude a number of respective monitors for
monitoring respective operating inputs and/or outputs. The respective monitors may each
occupy respective slots In a rack of the protection monitoring system 38. The processor 48
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may provide user-adjustable protection and/or control setpoints for each of a number of input
and/or output channels of the protection monitoring system 38, and generate and transmit
alarm signals to one or more relays 52, 54, and 56. The alarm signals may also be passed to
one or more front-panel Iindicators 64, 66, and 68 (e.g., light-emitting diodes (LEDs)),
facilitating, for example, plant operator or technician observation. In one embodiment, the
processor 48 may provide proportional 4 to 20 millamp (mA) outputs for each of the number of
channels of the protection monitoring system 38 via the relays 52, 54, and 56 to the control
system 40. Based on these outputs, the control system 40 may provide outputs to transducers
or other final control elements (e.g., valves, actuators, etc.).

[0020] In certain embodiments, the protection monitoring system 38 may be programmed or
configurable (e.g., performed via the processor 48 and the memory 50) to support a number of
protection functions, and to be responsive to a number of detected operating conditions of the
Industrial system 10. For example, In certain embodiments, the machinery protection
monitoring system 38 may Include a fault detection and management system useful In
detecting (e.g., via sensors 42), isolating (e.g., tripping one or more final control elements that
may be coupled to the compressor 20 or the turbine 26), and monitoring and/or compensating
for one or more adverse operating conditions of the industrial system 10 (e.g., speed,
temperature, pressure, vibration, flow, fuel consumption, power production, clearance).

[0021] However, In some embodiments, one or more sets of protection and/or monitoring
functions may be temporarily inhibited or suspended by, for example, plant personnel (e.g.,
operators, technicians, engineers, contractors, and so forth) servicing one or more
components (e.g., the compressor 20, the turbine 26, the combustors 22, the load 34, and so
forth) of the Industrial system 10. The one or more sets of protection and/or monitoring
functions may also be temporarily inhibited by, for example, plant personnel manually placing
the protection monitoring system 38 In an inhibit mode (e.g., during start-up or the transient
operational state of the turbine 26 or during a time in which a component associated with the
turbine 26 may be In disrepair), and then inadvertently leaving the protection monitoring
system 38 In the inhibit mode. To aid in maintaining the protection monitoring of the industrial
system 10, it may be useful to provide certain procedures that may be implemented.

[0022] For example, In certain embodiments, it may be useful to program and/or configure
(e.g., via the processor 48 and the memory 50) the protection monitoring system 38 to
automatically control the inhibition or temporary suspension of the protection functions by way
of alarm escalation rule-based functions. Specifically, the processor 48 may generate and
transmit alarm signals to the relays 52, 54, and 56) to indicate whether or not a fault (e.g.,
electrical fault, code related error, or other error) has occurred based on, for example, the one
or more alarm escalation rule-based functions. In certain embodiments, the relays 52 (e.qg.,
ATTENTION relay 52), 54 (e.g., USER INHIBIT relay 54), and 56 (e.g., PROTECTION
FAULTED relay 56) may include, for example, single-pole double-throw (SPDT) relays, double-
pole double-throw (DPDT) relays, or any electronic relay devices that may be energized based
on control signals received from the processor 48 to operate (e.g., close and/or open)
respective contacts 58, 60, and 62 to perform one or more control actions (e.g., signal an
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alarm, an alert, or other notification via the control system 40, the HMI operator interface 44, or
the panel indicators 64, 66, and 68).

[0023] In certain embodiments, as previously discussed, the protection monitoring system 38
may provide indications of whether or not a fault has occurred based on, for example, the one
or more alarm escalation rule-based functions. The alarm escalation rule-based functions may
Include one or more sets of iterative alarm escalation rules (e.g., stored in the memory 50) that
may be predetermined or adjustable (e.g., user-configurable), and may be based on, for
example, machine speed (e.g., compressor 20 speed, turbine 26, and so forth), machine mode
of operation (e.g., turbine 26 trip multiply mode of operation), a predetermined or adjustable
timing sequence (e.g., timer), or other similar operational characteristic. For example, in one
embodiment, the protection monitoring system 38 may Include alarm escalation rules
according to a predetermined operational parameter range (e.g., speed range, a pressure
range, a temperature range, a vibration range, a flow range, a frequency range, a clearance
range, and so forth). Specifically, the protection monitoring system 38 may be programmed or
conditioned to generate an alarm signal, or a number of alarm signals according to the alarm
escalation level, when one or more components of the industrial system 10 is operating outside
of the predetermined operating parameter range.

[0024] For example, In certain embodiments, the protection monitoring system 38 may include
an alarm escalation rule to automatically shift (e.g., increase or decrease depending on the
specific application) normal operating protection and/or control setpoints for compressor 20
and/or turbine 26 vibrations (e.g., between approximately 3 mils of vibration and 6 mils of
vibration), turbine 26 speed (e.g., between approximately 5,000 revolutions per minute (rpm)
and 17,500 rpm), compressor 20 pressure (e.g., between approximately 1000 pounds per
square inch (psi) and 18,000 psi), turbine 26 and exhaust section 28 temperature (e.g.,
between approximately 300° C and 600° C), combustors 22 flame intensity, air 30 to fuel 31
ratio (AFR), and so forth, to compensate for certain transient operating conditions (e.g., during
start-up or commissioning of components of the compressor 20 or the turbine 26).

[0025] Specifically, during ignition or commissioning of the turbine 26 (e.g., during start-up or
the transient operational state of the turbine 26), for example, the programmed protection
setpoints of the protection monitoring system 38 may be temporarily adjusted (e.g., manually
by a plant operator or automatically) to allow the turbine 26 to transition from the transient
operating conditions during ignition or commissioning to the steady-state normal operating
conditions. Specifically, these technigues may be performed to allow the turbine 26 to pass
through the speed that may be the same as the structural resonance of the turbine 26. In such
an embodiment, If the processor 48 of the protection monitoring system 38 determines that the
turbine 26 Is operating outside of the predetermined speed range, the processor 48 may
generate an attention signal (e.g., a signal to relay 52 and indicator 64) and a user Inhibit
alarm signal (e.g., a notification that plant personnel has temporarily suspended a protection
function of the protection monitoring system 38), and may then escalate to generating a
protection faulted alarm signal (e.g., a notification that a fault or other adverse operating effect
has occurred) when the processor 48 determines after some period of time that the turbine 26
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has been operating outside of the predetermined speed range.

[0026] In other embodiments, the protection monitoring system 38 may indicate whether or not
a fault has occurred based on a timer (e.g., user-configurable time limit expressed In hours,
minutes, seconds, and so forth) alarm escalation rule. For example, upon detection that an
Inhibit protection function has been enabled (e.g., due to a possible fault or due to manual
Inhibition or temporary suspension of the protection function performed by plant personnel),
the protection monitoring system 38 may Initiate a countdown timer or count-up timer, for
example. If the protection function Is not reengaged within the specified time period, the
processor 48 of the protection monitoring system 38 may indicate that a fault (e.g., electrical
fault, code related error, or other error) has occurred via the relay 56 and panel indicator 68.
Additionally, in another embodiment, the protection monitoring system 38 may indicate whether
or not a fault has occurred based on a mode of operation escalation rule. For example, the
processor 48 may indicate that a fault has occurred based on whether a trip multiply function
(e.g., a temporarily increased in magnitude of the control setpoints by a predetermined integer
factor) of the protection monitoring system 38 has been activated.

[0027] Specifically, as discussed above, upon detection that an inhibit protection function has
been enabled (e.g., due to a possible fault or due to manual inhibition or due to manual
Inhibition or temporary suspension of the protection function performed by plant personnel),
the protection monitoring system 38 may automatically transmit a signal to energize the relay
52 and attention Iindicator 64 and the relay 54 and the user Inhibit relay Iindicator 66.
Particularly, the relay 52 and the attention indicator 64 may, in some embodiments, represent a
first level of the escalation process. For example, the relay 52 and the attention indicator 64
may be energized to alert a plant operator or engineer (e.g., via the HMI| operator interface)
that either inhibit function has been Invoked, or that some other event or action by plant
personnel has occurred at the protection monitoring system 38. Similarly, the relay 54 and the
user inhibit relay indicator 66 may be energized may be specifically indicate that a protection
Inhibit function has been enabled. For example, in certain embodiments, the processor 48 may
transmit a signal to energize the relay 54 to indicate an inhibition of a rack alarm inhibit, a
special alarm inhibit, a channel bypass, an alert inhibit, a danger inhibit, trip multiply mode of
operation, and so forth.

[0028] In certain embodiments, the processor 48 of the protection monitoring system 38 may
then escalate, for example, when an escalation rule Is satisfied, in which the processor 48 of
the protection monitoring system 38 may transmit an signal to the relay 56 and the protection
faulted indicator 68 to indicate the presence of a fault (e.g., electrical fault, code related error,
or other error) on one or more components of the industrial system 10 such as the compressor
20, the turbine 26, or other components of the turbine system 10. The processor 48 of the
protection monitoring system 38 may transmit one or more alarm signals to the relays 52, 54,
and 56 to initiate one or more actions such as, for example, signaling an alarm, generating an
alert, or generating some other notification via the control system 40, the HMI| operator
Interface 44, or the panel indicators 64, 66, and 68. In this way, the protection monitoring
system 38 may substantially reduce any possibility of the protection functions of the protection
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monitoring system 38 being inadvertently left inhibited and/or temporarily suspended, and, by
extension, may reduce any possibility of components (e.g., the compressor 20, the turbine 26,
the combustors 22, the load 34, and so forth) of the industrial system 10 operating while in an
unprotected state or under other adverse conditions.

[0029] Turning now to FIG. 3, a flow diagram i1s presented, illustrating an embodiment of a
process /0 useful in automatically signaling that protection functions of the machine protection
monitoring system 38 has been Inhibited or temporarily suspended according to an alarm
escalation mechanism utilized, for example, the processor 48 depicted in FIG. 2. The process
/0 may Include code or instructions stored In a non-transitory computer-readable medium
(e.g., the memory 50) and executed, for example, by the one or more processors 48 included
In the protection monitoring system 38. The process 70 may begin with the processor 48
receiving (block 72) an indication that one or more protection functions have been inhibited or
temporarily suspended. For example, one or more sets of protection and/or monitoring
functions may be temporarily inhibited or suspended by, for example, plant personnel (e.g.,
operators, technicians, contractors) that may be servicing one or more components (e.g., the
compressor 20, the turbine 26, the combustors 22, the load 34, and so forth) of the industrial
system 10.

[0030] The process 70 may then continue with the processor 48 generating (block 74) an
alarm as an indication that one or more protection functions have been inhibited or temporarily
suspended. For example, the processor 48 may generate a signal to energize the relay 52 and
attention indicator 64 and the relay 54 and the user inhibit relay indicator 66 to indicate via the
control system 40 and/or the HMI operator interface 44, for example, a rack alarm inhibit, a
special alarm inhibit, a channel bypass, an alert inhibit, a danger inhibit, trip multiply mode of
operation, and so forth. The process 70 may then continue with the processor 48 determining
(block 76) an occurrence of fault operating conditions based on one or more alarm escalation
rules. For example, the processor 48 may determine whether a fault has occurred based on,
for example, machine speed (e.g., compressor 20 speed, turbine 26, and so forth), machine
mode of operation (e.g., turbine 26 trip multiply mode of operation), based on a predetermined
or adjustable timing sequence (e.g., timer), or other similar operational characteristic.

[0031] The process 70 may then continue with the processor 48 generating (block 78) a
protection faulted alarm signal when one or more of the alarm escalation rules are satisfied.
For example, the processor 48 may generate a signal to energize the relay 56 and the
protection faulted indicator 68, indicating via the control system 40 and/or the HMI operator
Interface 44, for example, that one or more components of the turbine system iIs operating In
an unprotected and/or unmonitored state. The process /0 may then conclude with the
processor 48 generating (block 80) and transmitting a signal as an indication to perform one or
more control actions (e.g., by way of a transducer, actuator, valve, and so forth) to, for
example, respond to the fault operating conditions and/or to automatically reengage the
protection functions of the protection monitoring system 38 previously inhibited. In this manner,
the protection monitoring system 38 may substantially reduce any possibility of the protection
functions of the protection monitoring system 38 being Inadvertently left inhibited and/or
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temporarily suspended, and, by extension, reduce any possibility of components (e.g., the
compressor 20, the turbine 26, the combustors 22, the load 34, and so forth) of the industrial
system 10 operating while in an unprotected state or under other adverse conditions.

[0032] Technical effects of the present embodiments relate to a machinery protection
monitoring system useful in automatically controlling a user-invoked inhibition or temporary
suspension of certain protection functions of the machinery protection monitoring system by
way of alarm escalation rule-based functions. Specifically, the protection monitoring system
may generate and transmit signals to energize a number of relays to indicate whether or not a
fault or other adverse operating condition on one or more Industrial machines (e.g.,
compressor, turbine, and so forth) of an Industrial system has occurred. In certain
embodiments, the protection monitoring system may indicate whether or not the fault has
occurred based on, for example, a set of alarm escalation rules. For example, the set of alarm
escalation rules may Include a predetermined or user-configurable operational parameter
range that the industrial machine iIs expected to operate within, a predetermined or user-
configurable time limit for the user-invoked inhibition or temporary suspension of the protection
functions, or determinable mode of operation the industrial machine i1s expected to operate
according thereto. In this way, the protection monitoring system may substantially reduce any
possibility of the protection functions of the protection monitoring system being inadvertently
left iInhibited and/or temporarily suspended by the user, and, by extension, may reduce any
possibility of the Iindustrial machines of the industrial system operating while in an unprotected
state or under other adverse conditions.

[0033] This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled Iin the art to practice the invention, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the invention Is defined by 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
iteral language of the claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant i1s for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken In
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PATENTKRAYV
1. System til driftsbeskyttelse af en industrimaskine, hvilket system omfatter:
et maskinbeskyttelsesmonitoreringssystem (38), der omfatter:

en hukommelse (50), der er konfigureret til at lagre en flerhed af
alarmoptrapningsregler, som er knyttet til en driftsbeskyttelse af en
iIndustrimaskine (20, 22, 26);

en processor (48), der kommunikativt er koblet til hukommelsen (50) og er

konfigureret til at anvende tlerheden af alarmoptrapningsregler og konfigureret til at:

modtage en maling af en eller flere driftsparametre, der er knyttet til en
drift af industrimaskinen (20, 22, 26);

modtage en indikation af, at industrimaskinens (20, 22, 26)

driftsbeskyttelse mindst delvist er suspenderet;

sammenligne malingen af den ene eller flere driftsparametre med mindst

én af flerheden af alarmoptrapningsregler; og

generere et alarmsignal, der mindst delvist er baseret pa, hvorvidt den
mindst ene af flerheden af alarmoptrapningsregler er opftyldt, hvor alarmsignalet
omfatter en indikation af en ugunstig driftstilstand for

maskinbeskyttelsesmonitoreringssystemet (38).

2. System ifaglge krav 1, hvor flerheden af alarmoptrapningsregler omfatter et
hastighedsinterval, et trykinterval, et temperaturinterval, et vibrationsinterval, et
stramningsinterval, et frekvensinterval, et frigangsinterval eller en hvilken som

helst kombination deraf.

3. System ifglge krav 1, hvor processoren (48) er konfigureret til at detektere
et brugervalg som en indikation om midlertidigt at skifte en referencevaerdi for den
ene eller flere driftsparametre, der er knyttet til industrimaskinens (20, 22, 26) drift |

lobet af en opstartsperiode for industrimaskinen.
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4. System ifglge krav 1, hvor flerneden af alarmoptrapningsregler omfatter
en eller flere timer-mekanismer, der er konfigureret til at overvage en maengde

tid, hvor industrimaskinens (20, 22, 26) driftsbeskyttelse er suspenderet.

D. System ifglge krav 1, hvor flerheden af alarmoptrapningsregler omfatter

en driftsmodus for industrimaskinen (20, 22, 20).
6. System ifalge krav 1, hvor processoren (48) er konfigureret til at:

generere et opmaerksomhedsalarmsignal efter en modtagelse af indikationen
af, at driftsbeskyttelsen mindst delvist er suspenderet, hvor

opmaerksomhedsalarmsignalet omfatter en meddelelse;

generere et brugerspeaerrealarmsignal baseret mindst delvist pa et

karakteristikum for den suspenderede driftsbeskyttelse,;

sammenligne malingen af den ene eller flere driftsparametre med den

mindst ene af flerneden af alarmoptrapningsregler; og

generere et beskyttelsesfejlalarmsignal baseret mindst delvist pa, hvorvidt
den mindst ene af flerheden af alarmoptrapningsregler er optyldt, hvor
beskyttelsestejlalarmsignalet omfatter en indikation af en fejl som den ugunstige
driftstilstand.

/. System ifglge krav 1, hvor hukommelsen (50) er konfigureret til
programmerbart at kunne opgraderes med instruktioner, der omfatter flerheden

af alarmoptrapningsregler.

8. System ifaglge et hvilket som helst af de foregaende krav, hvor

processoren (48) er konfigureret til at:

modtage en indikation af en aktivering af en brugerkontrol, der er konfigureret
til at midlertidigt at deaktivere en beskyttelsesfunktion for
maskinmonitoreringsbeskyttelsessystemet (38), hvor beskyttelsesfunktionen er

konfigureret til at beskytte industrimaskinens (20, 22, 26) drift;

generere en fagrste alarmvarsling som reaktion pa indikationen;
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sammenligne malingen af den ene eller flere driftsparametre med mindst

én af en flerhed af alarmoptrapningsregler; og

generere en anden alarmvarsling baseret mindst delvist pa, hvorvidt den

mindst ene af flerheden af alarmoptrapningsregler er opfyldt.

9. System ifalge krav 8, hvor den fgrste alarmvarsling omfatter en
meddelelse om, at industrimaskinen (20, 22, 26) er | drift | en ubeskyttet tilstand,

og hvor den anden alarmvarsling omfatter en meddelelse om en fejl.

10. lkke-flygtigt computerlaesbart medium med computereksekverbar kode

lagret derpa, hvilken kode omfatter instruktioner om at:

modtage en maling af en eller flere driftsparametre, der er knyttet til en

drift af en industrimaskine;

modtage en indikation af, at industrimaskinens driftsbeskyttelse mindst

delvist er suspenderet;

sammenligne malingen af den ene eller flere driftsparametre med mindst

én af en flerhed af alarmoptrapningsregler; og

generere et alarmsignal baseret mindst delvist pa, hvorvidt den mindst ene
af flerheden af alarmoptrapningsregler er optyldt, hvor alarmsignalet omfatter en
iIndikation aft en ugunstig driftstilstand for et

maskinbeskyttelsesmonitoreringssystem ifaglge krav 1.

11. lkke-tlygtigt computerlaesbart medium ifalge krav 10, hvor koden omfatter
instruktioner med henblik pa at sammenligne malingen af den ene eller flere
driftsparametre med et hastighedsinterval, et trykinterval, et temperaturinterval, et
vibrationsinterval, et stramningsinterval, et frekvensinterval, et frigangsinterval eller en
hvilken som helst kombination deraf som den mindst ene af flerheden af

alarmoptrapningsregler.

12. lkke-flygtigt computerlaesbart medium ifglge krav 10, hvor koden omfatter
instruktioner med henblik pa at detektere et brugervalg som en indikation om

midlertidigt at skifte en referencevaerdi for den ene eller flere driftsparametre, der er
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knyttet til industrimaskinens (20, 22, 26) dritt | labet af en opstartsperiode for

iIndustrimaskinen.

13. lkke-flygtigt computerlaesbart medium ifglge krav 10, hvor koden omfatter
instruktioner med henblik pa at overvage en maengde tid, hvor industrimaskinens
(20, 22, 26) driftsbeskyttelse er suspenderet.

14. lkke-flygtigt computerlaesbart medium ifglge krav 10, hvor koden omfatter
instruktioner med henblik pa at generere alarmsignalet, nar maengden af tid, hvor
Industrimaskinens driftsbeskyttelse er suspenderet, overstiger et konfigurerbart

tidsrum.

15. lkke-flygtigt computerlaesbart medium ifglge krav 10, hvor koden omfatter
instruktioner med henblik pa at bestemme en driftsmodus for industrimaskinen

(20, 22, 26) som den mindst ene af flerheden af alarmoptrapningsregler.
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