PREDICTING MAINTENANCE REQUIREMENTS FOR A VALVE ASSEMBLY

BACKGROUND

3601} Process hines include flow controls 1o regulate a flow of fhad. These flow controls
may incorporate numerous mechanical and electro-mechanical components. From time-to-
fime, one or more components may wear and/or fail, resulting 10 changes i operation of the
flow control. Ultimately, these changes may cause a flow of fluid in a process line to deviate

away from one or more desired process parameters.
SUMMARY

[6602] The subject matier disclosed herein relates generally to predicting maintenance

requirements and potential failure modes on a valve assembly.

3603} Some embodiments herein may incorporate elements and features, one or more of
the elements and features being interchangeable and/or combinable 1o various combinations,

examples of which may include:

[G004] A system that may inchide a management server having a processor with access to
executable mstructions, the executable instructions are configured to, when executed by the
management server, cause the management server to, acquire operating data that describes
operation of a valve assembly, calcolate one or more operating feature from the operating data,
the operating feature quantifving operation of the valve assemblv, calculate a maintenance
variable; compare the mamienance variable to a threshold criteria related to the operating
feature, the threshold criteria associating an operating patiern found in the operating data with
a fatlure mode on the valve assembly, select a maintenance task according to a relationship
between the mantenance varable and the threshold critena, the maintenance task related to

the failure mode, and generate an output conveying the maintenance task.

THELRY ¢ system also wherein the maintenance variable comesponds to a key

performance indicator that defines performance of the valve assembly.

3006} The svstem also wherein the executable instructions further configure the

management server to caloulate the key performance indicator using the operating data.



{3007} The system also wherein the threshold criteria comprises a maximum value for the

key performance indicator.

[0608] The system also wherein the maintenance variable includes a pattern coefficient that

modifies a value of the operating feature.

3609} The system also wherein the maintenance variable micegrates more than one of the

pattern coefficient and more than one of the operating feature.

(RO EH] The system also wherein the maintenance vanable takes the form of a hnear
cquation.
[6611] The systern also whercin the executable instructions further configure the

management server to calculate the maintenance variable in accordance with,
M= (X + CnXivn oo

wherein M is the maintenance vartable, Ci 1s a first pattern coefficient, X7 is a first
operating feature, Ci+n is a second pattern cocfficient, Xi=# is a second operating feature,

and # is an integer having consccutive values.

16612} The system also wherein the executable instructions further configure the
management server to receive data from a remote device, to incorporate the data into a training

set of data, and to calculate the pattern coefficient using the traiming set of data.

661 3] The svstem also wherein the executable instructions further configure the
management server to update the relationship between the maintenance variable and the

threshold criteria in accordance with the pattern coefficient.

[6614] A valve agsembly that may mchide a valve comprising a closure member that is
configured to move relative to a seat, and a valve positioner configured to, acquire operating
data that describes operation of a valve assembly, calculate one or more operating feature from
operating data defining operation of the valve assembly, the operating feature guantifying
operation of the valve assembly; calculate a maintenance vadable, compare the maintenance
variable to a threshold criteria related to the operating feature, the threshold criteria associating

an operating patiemn found in the operating data with a failure mode on the valve assembly,



select a maintenance task according to a relationship between the maintenance variable and the
threshold criteria, the maintenance task related to the fallure mode, and gencrate an output

conveying the maintenance task.

[6615] The valve assembly alsc wherein the maintenance variable corresponds to a key

performance indicator that defines performance of the valve assembly.

6616} The valve assembly also wherein the maintenance variable includes a pattemn

coefficient that modifies a value of the operating feature.

G817} The valve assembly also wherein the maintenance varnable integrates more than one

ot the patiermn coetficient and more than one of the operating feature.

3618} The valve assembly also wherein the valve positioner is further configured to

calculate the maintenance vanable in accordance with,
ﬁ’f = Cixi -+ (‘L'-H’lXi-H’l ey

wherein M is the maintenance variable, {7 is a first patiemn coefficient, X7 is a first
operating feature, Ci+n 15 a second pattern coefficient, Xi=# is a sccond operating feature,

and # is an integer having consecutive values.

[6019] A method that may include acquiring operating data that describes operation of a
valve assembly, calculating one or more operating features from the operating data, the
operating feature quantifving operation of the valve assembly, calcolating a maintenance
variable, comparing the maintenance variable to a threshold criteria related to the operating
feature, the threshold criteria associating an operating pattern found in the operating data with
a failure mode on the valve assembly, selecting a maintenance task according to a relationship
between the mainienance variable and the threshold criteria, the maintenance task related to

the failure mode; and generating an output conveying the maintenance task,

[6620] The method also wherein the maintenance variable corresponds to one or more

values for a kev performance indicator that defines performance of the valve assembly.

G021} The method also wherein the maintenance variable includes a patiern coctficient

that modifies a value of the operating feature.
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6622} The method also further comprising: calculating the maintenance vanable in
accordance with,
M = CiXi + Cl',-FTle'-.F‘n

wherein A 1s the mamtenance vartable, (7 18 a first pattern coefficient, X7 is a first
operating feature, {7+ is 3 second pattern coefficient, Xi=n is a second operating feature, and

71§ an infeger having consecutive values

6023} The method also further comprising recetving data that defines the maintenance
task that 1s performed on the valve assembly, mcorporating the data into a traming set of data,
and updating the first pattern coefficient and the second pattern coefficient in accordance with

the training set of data.
BRIEF DESCRIPTION OF THE DRAWINGS
(6024} Reference is now made briefly to the accompanying drawings, in which:

[3625] FIG. 1 depicts a schematic diagram of an exemplary embodiment of a system that

ig configured to predict fatlure modes on a valve assembly;

10626} FIG. 2 depicts a flow diagram of an exemplary embodiment of a method for

predicting failure modes on a valve assembly:

[6627] FIG. 3 depicts a plot of data that may resolt from mmplementation of the method of
FIiG. 2;

[0028] FIG. 4 depicts a plot of data that may result from implomentation of the method of
Fiz. 2,

6629} FIG. 5 depicts a schematic diagram of an example of the system of FIG. 1

16834 FIG. 6 depicts a perspective view of an example of the valve assembly of FIG. 5,

and

16031} FIG. 7 depicts an exploded assembly view of a valve positioner on the valve

assembiy of FIG. 6.



3632} FIG. 8 depicts a schematic diagram of an example of a terminal device for use to

receive data input for use in the system of FIGS. 1 and 5.

[6633] Where applicable hike reference characters designate identical or corresponding
components and units throughout the several views, which are not to scale unless otherwise
indicated. The embodiments disclosed herein may include elements that appear in one or more
of'the several views or in combinations of the several views. Moreover, methods are exemplary
only and can be modified by, for example, reordering, adding, removing, and/or altering the

individual stages.

DETAILED DESCRIPTION

6634} The discussion that follows describes embodiments of methods that may facilitate
preventive maintenance on valve assemblies operating 1n the field. The embodiments can
ancover patierns m operating data that relate to certain root cause or failure modes for these
devices. In turn, the embodiments can predict the onset of problems particular to one or more
ot the valve assemblies. This prediction can tnigger an alert and/or other indicator o instruct
an end user (e.g., a technician) to perform one or more maintenance and/or service-oriented
tasks to avert the potential issues and/or problems. To further improve predictive quality, the
embodiments can “learn” from past analysis and/or repair (and mamtenance) functions by
mecorporating features to update information that relates to the root cause or failure modes,
often m real-time and/or at the time of service by the end user. This feature can improve the
initial identification of maintenance tasks to avoid unnecessary service calls and/or to more
accurately diagnose potential problems n the subject devices. Other embodiments are within

the scope of the disclosed subject matter.

THEERY FIG. | depicts a schematic diagram of a svstem 100 that is configured to predict
maintenance requirements on a valve assembly. The system 100 can include a valve assembly
102 with a valve positioner 104 that can regulate operation of the device. The valve positioner
104 can couple with a process controller 106 that is often part of a larger, distributed control
systern {or, “DCS svstem™). The svstem 100 can also have a management server 108 that
commuiricates with the process controller 106 and, in some cases, with the valve positioner
104. Each of the valve posttioner 104 and management server 108 can include a processor 110

and amemory 112, Executable instructions |14 may be stored on the memory 1172 1o the form

(v



of computer programs (¢.g., firmware, software, etc.) that configure the respective device 1o
enable certain operations and/or functions. In one implementation, the process controller 106
can issue commands to the valve positioner 104 that may correspond with process parameters
on a process line 116, The valve positioner 104 can, 1n tumn, process these commands to effect

operation of a valve 118 to modulate flow through the valve assembly 102

[B036] At a high level, the system 100 can be configured to monttor operation of the valve
assembly 102 to pre-empt tfaitures that might disrupt operation of the process line 116, As
noted herein, these configurations can associate patterns in the operating data with a root cause
or failure mode that might occur on the valve assembly 102, Use of the system 100 can issue
an alert that can serve to provide an end user {e.g., plant or process owner) with information

that 18 sufficient to perform a particular maintenance task that relates to the failure mode.

G037} The systern 100 may leverage a “training set” of data to properly indicate the
mainfenance necessary 1o avoid faitlure of the valve assembly 102, This training set may
aggregate data from prior and/or contemporaneous operation of the valve assembly 102 and
related devices on the process line 116 {or, even, across multiple process lings, facilities, and
factorics). The data may correlate information about operation of one or more devices (¢.3.,
valve assembly 102) with mantenance records and like annotations that describe and/or define
a problem{s) and a corrective action{s} that were necessary to remediate such problem(s) on

the corresponding device.

16038} In one implementation, the system 100 can be configured to interrogate the data in
the training set.  Such configuration can identify, cither generally or with specificity, a
predictive pattemn in the data that 1s likely to give rise to and/or is related to and/or corresponds
with the problern. The system 100 can generate a prediction in the form of, for example, one
or more coefficients for an equation that effectively relates the predictive pattern with the
corrective action that may be useful to pre-empt the problem. The gystem 100 can be
configured to use these coefficients {and, also, the equation) to analvze operating data from the
valve assembly 102 in real-time. This analysis may find patterns that match, or are
substantially similar to, the predictive pattern and, in turn, provide appropriate alerts and/or
actions to perform maintenance before the falure condition manitests on the valve assembly

102,



3039} FIG. 2 depicts a flow diagram of an exemplary embodiment of a method 200 that
can leverage the predictive equation o perform real-time analysis of operating data on the valve
assembly 102, This diagram outlines stages that may embody the executable instructions 114
for one or more computer-implemented methods and/or programs. In FIG. 2, the method 200
can inchude, at stage 202, acquiring operating data that describes operation of a valve assembly .
The method 200 can also include, at stage 204, calculating one or more operating features that
relate to the operating data to quantify operation of the valve assemblv. The mcthod 200 may
also include, at stage 206, comparing a mamtenance variable to a threshold criteria, each related
to the one or more operating features, the threshold criteria associating an operating pattern
found in the operating data with a failure mode on the valve assembly. The method 200 can
also melude, at step 208, deternuning whether the mauienance variable satisfies the threshold
criteria. If the threshold critenia are satisfied, then the method 200 can nclude, at stage 210,
selecting a maintenance task aceording to a relationship between the maintenance variable and
the threshold criteria, the maintenance task related to the fallure mode and, in one example, at
stage 212, generating an oufput conveving the maintenance tasks. On the other hand, if the
threshold cniteria are not satisfied, then the method 200 can continued at stage 202 to continue
to acquired operating data. The stages in method 200 noted above, or generally herein, may be

altered, combined, omitted, and/or rearranged 1n some embodiments,

[G044] At stage 202, the method 200 may acquire operating data that describes operation
of the valve assembly 102 (FIG. 1), The operating data can comprise values for certain
operating parameters, for example, setpoint (SP), position (P}, and actuator pressure {(AP),
among others, Values for the operating parameters mayv be collected and/or aggregated over
time {t} as one or more datascts. In one implementation, the operating data and/or the datasets
can be stored and/or placed n a reposttory {¢.g., a queue, a database, a bufter, ctc.) for use
and/or as part of the method 200. 1t follows then that the method 200 may mclude one or more
steps for accessing the repository 1o retrieve and/or obtain one or more pieces of the operating

data for use in the prevailing stages, as discussaed below.



{3041 An example of a repository of operating parameters is shown as Table 1 below.
B [ \ P £p

TABLE 1
Pataset N P AP t {sec)
Sh SP1 Pl AP} i
52 SP2 P2 AP2 2
S3 SP3 P3 AP3 3
S4 SP4 P4 AP4 4

16042} The operating parameters of Table 1 are arranged as datasets (51, 82, 83, §4) that
relate to operation of a single valve assemblies. Moving from the left to right in the Table 1,
cach of the datasets provides values for setpoint {(SP), actuator pressure (AP}, position (P}, and
tme (t}). This disclosure contemplates that there 15 a wide range of other operation parameters
that may be ncluded in cach dataset m accordance with the concepts disclosed herein. In
operation, the system 100 (FIG. 1) may obtamn the operating data directly from the valve
assembly 102 (FIG. 1) or via an intermediary component, €.g., the management server 108
(F1G. 1). The method 200 may mchude steps for sampling the operating data according to one

or more sampling parameters {(e.g., a sample time, sample size, etc.).

3043} At stage 204, for example, the method 200 may use the operating data to calculate
(or determine) one or more operating features. In one mmplementation, the operating feature
may assume onc or more values for a key performance indicator ("KPIs™) that is useful to
define performance of the valve assembly 102, Examples of key performance indicators may
define values for friction, spring range, lag, stick-slip, and like indicators of performance. The
method 200 may include one or more stages for mathematically calculating the values from the
operating data, for example, using the values for the operating parameters shown in Table 1
and discussed herein. In other implementations, the operating features may correspond with a
time-based trend or like operational tendency {(or movement} that can be observed in the
operating data.  Such time-based trends may be useful to identify changes in one of the

operating parameters {¢.g., setpoint {5P)) over time; in another example, the time-based trend



may quantify changes m the value of one or more kev performance indicators as the values for

the kev performance indicator relates to the operating parameters.

{0044} At stage 206, for example, the method 200 can compare the maintenance variable
to the threshold criteria. The method 200 can also include one or more stages for calculating
the maintenance variable. Generally, the maintenance variable may assume a vanety of values
that relate to and/or that describe operation of the valve assembly 102 (FIG. 1), In one

implementation, the maintenance variable may correspond with Equation (1} below,
M=X, Equation (1)

wherein M is the mamtenance variable and X is an operating feature. As noted above, the
operating feature X may be assigned a value that correlates with one or more KPls, trends, and
like indicators of the operation of the valve assembly 102 (FIG. 1). For trends, the value for
the operating feature X may quantify a relative measure for the performance of the particular

operating feature. Examples of this relative measure can identify direction (e.g.

P

up and/or
down), scale (¢.g., increasing and/or decreasing}, and incidence {¢.g.. present and/or absent),
among many others. These relative measures may use any metric that is suttable to quantify
the trend including, for example, binary meirics that use 0 {(¢.g., for down and/or downward
directions m trend of the operating feature) and 1 {e.g., for up and/or upward directions in the

trend for the operating feature).

3645] The maintenance variable may be calculated using a pattern coctficient that
modifies the value of the operating feature X Examples of this pattern coefficient may
correspond to the predictive pattern{s) that predict {or arc used to predict) fatlure modes that
may occur on the valve assembly 102, In one implementation, the maintenance variable may

correspond with Equation (2) below,
M=0x*X, Equation (2)

wherein (' is a patiern coefficient that modifies the operating feature X\ In another
implementation, the mamtenance variable may integrate more than one operating feature

and/or morg than one pattern coefficient, as shown in Equation {3) below:

M= Ci'Xi -+ {:iﬁ-n}(i-i-n ey Equaﬁon (3)



wherein M is the mamtenance vanable, Ci1s a first pattern coefficient, Xr 18 a first operating
feature, Ciin 13 a second pattemn coefficient, Xix 1s a second operating feature, and » can be an
integer having a consecutive value (e.g., |, 2, 3, ..} and, in some embodiments, » ¢an be 100
or more. The integration of multiple operating features (and pattern coefficients C5) may take
the form of a linear equation (as shown above); however, this disclosure does contemplate use
of the method 200 in which the integration is non-linear (¢.g., quadratic) and/or invariably more

complex.

3646} Values for the pattern coefficient € may be derived from one or more pattern
recognition and/or maching learing technigues {collectively, “pattern recognition technigues”™
or, simplv, “technigucs™). These technmiques may utilize probability and/or statistical
considerations to best associate patterns in data with a particular failure mode and/or operation-
related outcome. In one implementation, the method 200 mav lend itself to operation via one
or more neural networks and/or machine learming techniques that can autonomously aggregate
the operating data together with the maintenance data to predict the maintenance required based

on the data.

16647} Processes that implement the techniques may operate on a closed or “supervised”
data sample, which hercin can embody a traming set of data. As noted above, the training set
of data may include mformation that defines operation and maintenance of valve assemblies as
part of normal (or standard) maintenance procedures and/or field service operations. The
training set of data may arrange the mformation as one or more individual datasets, each with
various pieces of information that define operation of the valve assembly 102 (and/or a plurality
of valve assemblics). The mformation m the datasets can include values for operating
parameters and operating featurcs. Each of the datasets can also correlate the information with
entries that guantify a response to one or more faillure modes {or root cause of failure)
discovered during maintenance. The training set may be acquired and stored and/or retaining

in a repository {e.g., a queue, a database, a buffer, etc.).
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3048} An example of a repository of training set data is shown as Table 2 below.

TABLE 2
Operating Parameters Operating Features | Maintenance
Reguired?

Dataset SP P AP t(sec) Feature 1 | Feature 2 | O=No; I=Yes
Vil S§Pil Pil APl i Asl Bl 0
Vi2 SP2 P2 AP12 2 Al Bl 1
Vi3 SPi3 Pi3 AP3 3 Al Bl 1
Y4 SPi4 P4 AP4 4 Al Bil )
Y2l SPal P2l APzl 1 Aal Bal i
Va2 SP:2 P22 AP:2 2 Anl B:1 I
Va3 SP23 P23 AP:3 3 Anl B:1 I
Vo4 SPi4 P4 AP:4 4 Anl B:1 0

3649} The training sct data of Table 2 includes datasets that relate to operation of two

valve assembhies {¢.g., V1 and Vz). Moving from the lefi to right in the Table 2, each of the
datasets provide values for operating parameters (e.g., setpoint (5P}, actuator pressure (AP},
position (P}, and time (1)), values for operating features (¢ .z, key performance indicators), and
a binary indication {c.g., 0, 1) to associatc whether maintenance was required for the
wnformation n each dataset. The binary indication is useful herein to offer one implementation
of the embodiments; this disclosure contemplates that the techmques herem can use use other
mdications of varying level of sophistication from stmple (e.g., alphabetic, numeric, cte)) to

complex {¢.g., written sentences, natural language descriptors, etc.).

6058 The pattern recognition iechniques can define one or more algorithms that use the
information in the training set of data (¢.g., training set data of Table 2} to determine a value
for the pattern coefficient Ci. This value may be determined prior to execution of the method
200, although contemporaneous operation of such algorithms may also be realized with the

scope and content of the discussion herein. In one implementation, the algorithms of the pattern
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recognition technigues may be associated with vanous mathematical concepts that operate to
find the value(s) for the pattern coefficient(s) € that mimimize the eror of the maintenance
variable M that is computed using Equation (2} and like computations. These concepts include,
for example, the “method of steepest decent,” {or “gradient decent”™), “conjugate gradient
method,” and hike iterative functions and algorithms. In one implementation, the method 200
may include one or more stages for recciving and/or retrieving the value{s) for the pattern
cocfticient({s) (i from a repository and/or a storage memory. In other embodiments, the method
200 may include one or more stages for determining the value(s) for the pattern coefficient(s)
" and/or for updating the value(s) for the pattern coefficient(s) (', as desired. For apdating,
the stages of the method 200 may include one or more stages for writing data to the training
set of data (e.g., Table 7). This data may embody new entries into the training sct of data that
are collected during the lifetime operation of the valve assemblics {¢.g., Vi and V2). The
apdated information in the training set of data can enhance machine learning by expanding the
breadth of information that 1s avatlable for use to predict potential failures and/or potential
faiture root causes on the valve assemblics found on the process line 116 (FIG. 1) or, more

generally, in the field across multiple process lings, facilities, factorigs.

16051} Some cmbodiments of the method 200 may rely on observable trends in the
operating data. These observations mayv occur i liey of the algonthms and/or other
mathematically-based analysis that may coincide with the pattern recognition techniques. In
one tmplementation, the method 200 may include one or more stages for finding trends in the
operating data and/or operating features over a time period {¢.g., a day, a week, a month, etc.)
and associating the trend(s} to the mamtenance task. The trends may mdicate an increasing {or
decreasing} tendency in cerfain operations.  Such trends may, in twn, require certain
maintenance to occur that will stabilize the trend and/or to cause the trend to change direction

to return back to the nomunal and/or default level.

[G052] At stage 208, the method 200 can determine whether the calculated maintenance
variable satisfies the threshold critenia. The method 200 may nclude stages to identify the

greater than, less than, equal to, not equal to, stc.} between the

>

relative position {e.g.
maintenance variable and the threshold criteria.  Examples of the threshold criteria can be
useful to mdicate that a valve assembly {e.z, valve assembly 102} is in need of maintenance to

pre-empt a failure condition. These examples may include a maximum value and/or minimum



value, etther of which may be associated with the configuration of the maintenance vanable.
In one implementation, when the maintenance variable M embodies only the operating feature
X {as shown in Equation (1) above), the method 200 may employ the threshold criteria to
identify that the value for the mammtenance vanable exceeds the maximum value for, ¢.g., akey
performance indicator (KPI} and, thus, will detect the presence of the fathure modes associated

therewith.

[B053] The method 200 may also be configured with stages to equate the mamicnance
variable A7 with a threshold criteria 7C. Examples of the threshold eritenia 7C can be any
numeric value {c.g., 0 and/or 1) that is uscfol to differentiate the calculated value for the
maintenance variable M for purposes of identifving a maintenance task. In one
implementation, the method 200 may include one or more stages to compare the computed
maintenance variable M to the threshold critenia 7C.  This comparison ¢an identify a
relationship between these two values. The method 200 may, m turn, use this relationship to
wdentify a mamtenance task that is appropriate to address the problems associated with
maintenance variable M. In one implementation, values for the maintenance variable Af that
are greater than the threshold criteria 7C require a maintenance task and values for the
maintenance variable A4 that arc less than the threshold criteria 7C do not require a maintenance

task.

[B054] FIGS. 3 and 4 provide graphical representations to illustrate one implementation
ot the method 200 to wdentify the maintenance task. These graphical representations include a
plot of data to visualize operation of Equation (7} above to calculate the maintenance vanable
M and to understand the relationship of the value of the maintenance variable A with the
threshold criteria 7C. This relationship may determine the mamtenance task for a particular

valve assembly.

{6055] FIG. 3 depicts a plot for a generic implementation of the method 200 to analyze
two operating features Xu and Xo. The plot arranges calculated values for the mamienance
variable M in two groups of data {e.g., a first group 10 and a second group 20). The groups 14,
28 are separated by a threshold line T, itself embodying an error value determined for a given
combination of pattem cocetficients C; and (' and the actual value of the maintenance variable
M that result from operation of the patiem recognition technigues on the training set, as

discussed herein.



3056} FIG. 4 depicts a plot for a more specific implementation of the method 200 to
determine a maintenance task. This implementation uses operating features that define an
amplitade for stick-slip cycling (X1} and an amplitude for setpoint cycling (X2). In this
example, the threshold line T 15 useful to separate valve assemblies that require maintenance
{¢.g., first group 10} from valve assemblies that don’t require maintenance (¢.g., second group
203. Inthis particular exarapie, the threshold line T defines values for the threshold criteria TC
that can indicate that a particular combination of stick-slip X1 and setpoint cycling X2 is
wndicative of cvehing that occurs on the valve assembly itself (e.g., first group 10) or is

indicative of cycling that is the result of variations in the process {.g., second group 203,

16057} At stage 210, the method 200 can sclect an approprate maintenance task. Examples
of the mamntenance task may require an end user to, at least, test the valve assembly 102 (FIG.
1} to confirm the results of the predictive analysis. For the example of FIG. 4, the end user
may need to lubricate the valve assemblies that are identified in the first group 10. The
operating data of these valve assemblies indicates problems with valve cyvching, which in tum

can frustrate operation of the valve assembly to regulate flow of thud.

3658} At stage 212, the method 200 can generate the output. This output can embody an
alert of suitable composition (e.g., a message, an audible sound, etc.}. The alert may indicate
the problem(s} and/or corresponding maintenance task or solutions to the problemas with the
valve assembly 102. This alert mayv be directed at the end user {¢.g., a plant operator,
technician, ete.); for example, the alert may operate as an input to a collateral software program
that the end user utilizes to manage plant operation and/or device diagnostics. The nput may
cause the collateral software program to modify a user interface o solicit action {e.g., an input}
by the end user. Examples of the alert may require or solicit the end user to verify the fatlure
mode and/or to add additional annotations and/or notations as to any different finds that occur
apon phyvstical inspection and/or mamtenance of the valve assembly 102, These additions may
be included 1 the training set so as to update one or more of the pattem coefficients for use,
¢.g., n the Equations (2} or (3).

[6059] As noted above, embodiments may be configured to evolve or “learn™ over time,
The method 200 may include, for example, one or more stages tor recctving data that defines
the maintenance task that is performed on the valve assembly. This new data may include the

additional annotations and/or notations that identify a maintenance task that 15 different from
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the maintenance task the stages onginally predicted using the stages set forth above. In turn,
the method 200 may mchude one or more stages incorporating the new data into the training
set {¢.g., Table 2} and relate the new data with operating parameters and/or operating features
that prevail at the time that the maintenance task occurs on the device. With respect to Equation
(33 above, the method 200 may further mclude one or more stages for updating the first pattern

coefficient and the second pattern coefficient in accordance with the training set of data.

3060} Over time these embodiments can aggregate data to better qualifyv the relationship
between the operating data (and operating features) and the maintenance task. These features
can more accurately diagnosis problems, effectively lowering costs of maintenance by avoiding
mmproper and/or dl-timed maintenance and scrvice calls to the process line. In practice, the
methods 200 may be useful to take advantage of the new data to explore and/or reassess
operating of devices with personnel in the field. For example, the method 200 may mclude
one or more stages for analyzing devices at a particular installation in accordance with the new
pattern coefficients and/or new relationships that are established between the maintenance tasks
and the operating features. These stages can allow the end user to identify valves not previously
diagnosed with a particular problem would now be considered problematic based on the new,
or “leamed” information. In one implementation, the method 200 may be configured with

stages tor automatically analyzing all devices based on changes in the training set of data.

G061 ] The discussion now turns to configurations for the devices and svstems that may
implement the method 100, FIGS. 35, 6, and 7 depict an example of a valve assembly 102
(FIGS. 5 and 6) and a system 100 (FIG. 5) that can employ the embodiments disclosed herein.
These examples can be useful to regulate process fluids in industrial process lines typical of
mdustrics that focus on chemical production, refining production, and resource extraction.
FIG. 5 illustrates a schematic diagram ofthe valve assembly as part of a process control system.
FIG. 6 shows a perspective view of the exemplary valve assembly, FIG. 7 provides an

cxploded assembly view of components ot the valve positioner.

3662} In FIG. 5, the valve positioner 104 can couple with an actuator 120 to operate the
valve 118. The valve 118 can include a stem 122, a closure member 124, and a seat 126, The
valve positioner 104 can also couple with a position sensor 128 that can be configured to
generate an mput signal. Examples of the position sensor 128 can include proximity sensors,

transducers {e.g., Hall Effect sensors), and bike devices. The management server 108 can be



configured to retrieve and process operating data that relates to operation of the valve assembly
102, These processes can generate outputs that are useful to perform device diagnostics that
define and dentify problematic operation of the valve assembly 102 during use on the process
hing 116, The management server 108 can be configured to run certain diagnostic and/or

operative software and programs for data analysis.

[B063] The system 100 can mclude a network system 130 that includes a network 132
Examples of the network 132 can transfer data, information, and signals by way of wired
protocols {¢.g., 4-20 mA, FOUNDATION® Ficldbus, HART® etc ) and/or wireless protocols,
many of which find use 1n a plant or factory automation environment. These protocols may
facilitate communication over the network 132 between the valve positioner 104, the process
controller 106, the management server 108, a termunal 134, and/or an external server 136,
During operation, the process controller 136 can execute one or more computer programs to
deliver a command signal to the valve positioner 104, The command signal may identify a
commanded position for the closure member 124, The valve positioner 104 can use the
commanded position to modulate the mstrument gas to the actuator 118 and, effectively, allow
the closure member 124 to move relative to the seat 126, As noted herein, foedback n the
assembly from the position sensor 128 can provide the valve posttioner 104 with the position
of the valve stem 122, This position corresponds with the location and/or position of the

closure member 124 relative to the seat 126.

[3664] Implementation of the method 200 and its embodiments may configure particular
components of the system 100 for particular functionality usehul to automatically identify and
derive alerts for maintenance. The valve positioner 104, for example, may mplement all of
the stages of the method 200 and can provide the necessary alerts on-board the valve assembly
102, In one implementation, the management server 108 may be configured to implement the
cmbodiments; in such configuration, the management server 108 may provide a control signal
(also, “input’) to the valve positioner 104 that comprises data that relates to the alert that may
instruct the valve positioner 104 to modulate operation of the valve 120 to avoid potential
problems and/or to pre-empt problems until proper maintenance occurs, as desired. In other
implementations, the valve positioner 104 and the management server 108, together and/or in
combination with other components of the systermn 100, can be configured to implement the

stages contemplated herein to update the calibration variable(s).
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3065} In the example of FIG. 6, the valve assembly 102 can mnclude a flind coupling 138
with a body 140 that has a first inlet/outlet 142 and a second inlet/outlet 144, The fluid coupling
138 can include components of the valve in the interior to the body 140 and, thus, these
components (e.g., the closure member 124 and the seat 126 of FIG. 3) are not shown in the
present view. This structure can modulate a flow of process fluid Fr between the miet/outlets

142, 144.

3066} FIG. 7 depicts the valve positioner 104 in exploded form. As noted above, the valve
posttioner 104 can have components that generate the pneumatic signal to the actuator 118
The valve positioner 104 can have a plurality of positioner components {¢.g., a converter
component 146, a relay component 148, and a processing component 150).  The valve

positioner 104 can also have a housing 152, One or more covers (e.g., a first cover 154 and a

second cover 156) can secure with the bousing 152 to form an enclosure about the positioner
components 146, 148, 1530, This enclosure can protect the positioner components from
condiions that prevail in the environment surrounding the valve assembly 102, The valve
postioner 104 can also include one or more gavges (2.g., a first gauge 158 and a second gauge
160) that can provide an indication of the flow conditions {e.g., pressure, flow rate, etc ) of the
instrument gas that the valve positioner 104 uses to operate the valve in the valve assembly
102, In one example, operation of the positioner components 146, 148, 150 can maintain the
position of the valve members in the body 140 to modulate flow of the process fluid Fr across

the inlet/outlets 142, 144,

3667} Data may reside on a data source, often locally in one or more memories on the
valve positioner 104, although this disclosure also contemplates configurations in which the
data resides on the system 100, For example, the data source may integrate with the
management server 108 and/or as part of the external server 136, At the data source, the data
may be arranged as one or more data sets that include one or more data samples. The data sets
may be identified by an indicator (¢.g.. a date stamp, a time stamp, a date/time stamp, cic.) that
relates to the chronological time at which the data samples in the data set were gathered and/or
stored, e.g., in memory. For real-time use of the methods, the data samples may be read into a
buffer and/or hike configured storage mediun: that allows for ready access to the data samples

to afford the methods with chronoclogically relevant data, taking into consideration necessary
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data processing time-lag. In one embodiment, the methods may include one or more stages for

obtaining and/or retrieving the data from the data source.

[0068] FIG. 8 depicts a schematic diagram of an example of the terminal 134 that may be
used to capture information for use 1n the training set as noted berein. The terminal 134 may
assume a form factor 162, ¢.g., mobile and/or stationary. In one mmplementation, the form
factor can embody a tablet, smariphone, and/or like mmput device that the end user can carry in
the field to enter data and/or receive alerts. These devices can include a display 164 1o present
a user mterface 166 to the end user. The user mnterface 166 can include one or more fields,
typically a device identification tield 168, a display control field 170, and a data viewing and

entry field 172,

3069} At a high fevel, the user mnterface 166 provides a tool for the end user to capture
data that relates to operation of valve assemblies {and/or devices) in the field. The device
identification ficld 163 may provide one or more visual indications to identify these devices.
For granularity, the visual indications may include a serial number, image, and/or other
identifving information for a particular valve assembly. The mfommation on the user interface
166 may. in tumn, conform and relate to this particular valve assembly. In one implementation,
the user interface 166 can be configured to change the information in response to selection
from the end user, e.g., by clicking on an icon i the display control field 170, to select a
different valve assembly. This feature may be particularly useful to tailor the information
found in the data viewing and entry field 172, The field 172 may be configured to display
operating data values and operating features, whether in tabular format and/or graphical plots.
Trend graphs of these values over time may be helpful to improve diagnosis of problems and
to confirm maintenance tasks. In this respect, the field 172 may also be configured to receive
inputs from the cnd user with new data that relates to the maintenance tasks. This feature may
be beneficial for use by the end user to update the traming set, effectively capturing annotation
and/or notations about the maintenance task that the end user performs {or does not perform)
at the time of service. Agnoted above, this new data can help to facilitate “learning™ to improve

predictive behaviors of the embodiments disclosed herein,
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3870} In view of the foregoing, the embodiments herein can predict failure conditions on
a valve assembly. At least one exemplary technical effect 1s to provide an alert and/or

indication that can facilitate maintenance to avold fatlure of the device.

16871} The embodiments may be implemented oo any device where relevant data is present
and/or otherwise accessible. For example, the embodiments can be imeplemented as executable
wnstructions {(e.g., firmware, hardware, software, eic.) on the valve positoner. The valve
postioner can transmit the output of the embodiments to a distributed control system, asset
management systern, independent monitoring computing device {(e.g., a desktop computer,
laptop computer, tablet, smartphone, mobile device, etc). In another embodiment, the
embodiments can obtain data from a historian (e.g., a repository, memory, eic.}, and send to an
independent diagnostic computing device. The histonian is conventionally connected to the
asset management system or distabuted control system. The diagnostic computing device has
all the capabilities of the monitoring computer and, often, the additional capability to execute
exccutable mstructions for the embodiment to process the given data. In another embodiment,
the valve posttioner is configured to send data by wires or wirelessly to the diaguostic
computing device, as well as through peripheral and complimentary channels (¢.g., through

intermediate devices such as a DCS or may be connected directly to the diagnostic computer).

6872} {One or more of the stages of the methods can be coded as one or more executable
instructions {¢.g., hardware, firmware, software, software programs, ¢tc.). These executable
instructions can be part of a computer-implemented method and/or program, which can be
executed by a processor and/or processing device. The processor may be configured to execute
these executable instructions, as well as to process mputs and to generate outputs, as set forth
herein. For example, the software can ran on the process device, the diagnostics server, and/or
as software, application, or other aggregation of exccutable instructions on a separate computer,
tablet, laptop, smart phone, wearable device, and ke computing device. These devices can
display the user interface (also, a “graphical user interface”) that allows the end user to interact

with the software to view and input information and data as contemplated herein.

[6673] The computing components (¢.g., memory and processor) can embody hardware
that meorporates with other hardware (e.g.. circeitry) to form a unitary and/or monclithic unit

devised to execute computer programs and/or executable mnstructions (e.g., in the form of



firmware and software). Exemplary cirenits of this type mclude discrete clements such as
resistors, transistors, diodes, switches, and capacitors. Examples of a processor include
microprocessors and other logic devices such as field programmable gate arrays ("FPGAS™)
and application specific mtegrated circuits ("ASICs"). Memory mcludes volatile and non-
volatile memory and can store executable instractions in the form of and/or incloding software
{or firmware} mstructions and configuration seitings. Although all of the discrete elements,
circuits, and devices function individually in a manuer that is generally understood by those
arfisans that have ordmary skill in the elecirical arts, it 1s thewr combination and integration nio
functional electrical groups and circuits that generally provide for the concepts that are

disclosed and described heremn.

16874} Aspects of the present disclosure mayv be embodied as a system, method, or
compuicr program product. The embodiments may take the form of an entirely hardware
embodiment, an entirely software embodiment (including firmware, sottware, ¢tc.) or an
embodiment combining software and hardware aspects that may all generally be referred to
herein as a "circuit,” "module" or "system." The computer program product may embody one

o1 more non-transitory computer readable medium(s) having computer readable program code

embodied thereon.

[B875] Computer program code for carrving out operations for aspects of the disclosed
subject matter may be written m any combination of one or more programming languages,
including an object onented programming language and conventional procedural programming
languages. Program code embodicd on a computer readable medinm may be transroitted using
any appropriate medium, including but not limited to wireless, wireling, optical fiber cable, RF,

¢te., or any suitable combination of the foregomg.

13676} Ag used herein, an element or function recited in the singular and proceeded with
the word “a” or “an” should be understood as not exchuding plural said elements or functions,
unless such exclusion is explicitly recited. Furthermore, references to “one embodiment” of
the claimed invention should not be interpreted as excluding the existence of additional

embodiments that also incorporate the recited features.
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6877} Thus written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention, mcluding
making and using any devices or systems and performing any mcorporated 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

literal language of the claims.
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CLAIMS

What is claimed is:
1. A method, comprising:

acquiring operating data that describes operation of a valve assembly on a process

line;

calculating amplitude for stick-slip cycling and amplitude for setpoint cycling from

the operating data;

calculating a maintenance variable, wherein the maintenance variable includes a
pattern coefficient that modifies a value of the amplitude for stick-slip cycling and the

amplitude for setpoint cycling;

comparing the maintenance variable to a threshold criteria related to the amplitude for
stick-slip cycling and the amplitude for setpoint cycling, the threshold criteria delimiting data
into two groups including a first group where a combination of stick-slip cycling and setpoint
cycling indicates that stick-slip prevails on the valve assembly and a second group where the
combination of stick-slip cycling and setpoint cycling indicates cycling of the valve assembly

that results from process variations occurring on the process line;
wherein the maintenance variable is calculated in accordance with,
M = CX; + CiinXisn

wherein M is the maintenance variable, Ci is a first pattern coefficient, Xi is
the amplitude for stick slip cycling, Ci+n is a second pattern coefficient, Xi=n is the

amplitude for setpoint cycling, and n is an integer having consecutive values;

selecting a maintenance task according to a relationship between the maintenance
variable and the threshold criteria, wherein the maintenance task related to stick-slip on the
valve assembly in response to the combination of stick-slip cycling and setpoint cycling is in
the first group that is indicative of cycling that occurs on the valve assembly itself;

using the maintenance task to maintain operation of the process line on which the

valve assembly is installed by,

generating an output in the form of an alert that corresponds with corrective

action to the valve assembly; and
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causing the valve assembly to modulate operation of the valve to change flow
through the valve assembly in response to a control signal that relates to the alert so as
to avoid a failure condition on the valve assembly that would disrupt operation of the

process line.

2. The method of claim 1, wherein the maintenance variable integrates more than

one of the pattern coefficient.

3. The method of claim 1, wherein the maintenance variable takes the form of a

linear equation.
4. The method of claim 1, further comprising:

updating the relationship between the maintenance variable and the threshold

criteria in accordance with the pattern coefficient.

5. The method of claim 1, wherein the maintenance variable includes a pattern
coefficient that modifies a value of the amplitude for stick-slip cycling and the amplitude for

setpoint cycling.

6. The method of claim 1, wherein the maintenance variable integrates more than
one of the pattern coefficient and more than one of the operating feature.

7. The method of claim 1, wherein the maintenance variable corresponds to one
or more values for the amplitude for stick-slip cycling and the amplitude for setpoint cycling

that defines performance of the valve assembly.
8. The method of claim 1, further comprising:

receiving data that defines the maintenance task that is performed on the valve

assembly;
incorporating the data into a training set of data; and

updating the first pattern coefficient and the second pattern coefficient in

accordance with the training set of data.
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