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Vikadiagnostiikka tarjotaan hyodyntamalla sisaanrakennettua, seurannalla varustettua venttiilikokoonpanon fyysisen osan digitaalista
kaksosta (211) venttiilin asennoittimen (2) mikroprosessorijarjestelmassa (21). Digitaalinen kaksonen koostuu lukuisista
simulaatiomalliparametreista, joista ainakin yksi on vikoihin liittyva simulaatiomalliparametri. Digitaalinen kaksonen (211) vastaanottaa
ohjaussignaalin (26), joka edustaa vahintaan osaa venttillikokoonpanon todellisesta ohjauksesta, ja tuottaa simuloidut mittaukset, jotka
liittyvat simuloidun ohjauksen tulokseen. Digitaalinen kaksonen (211) vertaa simuloituja mittauksia todellisiin mittauksiin, jotka liittyvat
todellisen ohjauksen tulokseen jaljittaakseen virheen venttiillikokoonpanon simuloidun toiminnan ja todellisen toiminnan tulosten valilla,
jotta voidaan saataa vikoihin littyvaa simulaatiomalliparametria siten, etta virhe pienenee. Vikoihin liittyva simulaatiomalliparametri liittyy
tiettyyn fyysiseen vikaan venttiilikokoonpanon fyysisessa 0sassa, ja se voidaan havaita ja tunnistaa simulaatiomalliparametrin saadetyn
arvon avulla.



Fault diagnhostics is provided utilizing an embedded tracking digital twin (211) of a physical part of a valve assembly in a microprocessor
system (21) of the valve positioner (2). The digital twin comprises a plurality of simulation model parameters which include at least one
fault-related simulation model parameter. The digital twin (211) receives a control signal (26) representing a real control of the at least
part of the valve assembly, and generates simulated measurements relating to the result of the simulated control. The digital twin (211)
compare the simulated measurements with real measurements that relate to the result of the real control, so as to track an error
between the results of simulated operation and the real operation of the valve assembly to adjust the fault-related simulation model
parameter in a sense that the error is decreased. The fault-related simulation model parameter relates to a specific physical fault in the
physical part of the valve assembly, and it is detectable and identifiable based on the adjusted value of the simulation model parameter.
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VALVE POSITIONER AND DIAGNOSTIC METHOD

FIELD OF THE INVENTION

The invention relates to control valves, and particularly to diagnostics

of control valves using valve positioners.

BACKGROUND OF THE INVENTION

Actuators are frequently used as mechanisms to introduce motion or
control motion. It is operated by a source of energy, typically electric current, hy-
draulic fluid pressure, or pneumatic fluid pressure, and converts that energy into
motion of a target mechanism, such as into movement of a closure element of a

control valve.

A control valve is generally used for a continuous control of a liquid or
gas flow in different pipelines and processes. In a processing industry, such as oil
and gas, mining, pulp and paper and chemical industries, different kinds of control
valves installed in a plant's pipe system control material flows in the process. A
material flow may contain any fluid material, such as fluids, liquors, liquids, gases
and steam. The operation of a control valve involves positioning its movable or
closing part (e.g. the plug, ball or disc) relative to the stationary seat of the valve.
The control valve is usually connected with an actuator whose purpose is to accu-
rately locate the closing element of the valve in a position dictated by a control sig-
nal. The actuator moves the closing element of the valve to a desired position be-
tween fully open and fully closed positions. The actuator may be a pneumatic or a
hydraulic cylinder-piston device, for example. The actuator, for its part, is usually
controlled by a valve positioner, also called as a valve controller, for controlling the
position of the closing element of the control valve and thus the material flow in
the process according to a control signal from a process controller. A position sen-
sor (such as a potentiometer) feeds a signal representing the actual valve position
to the positioner. In this way the actuator can be positioned along its stroke in pro-
portion to the control signal. Hence the positioner operates as a feedback control-

ler.
One of the newer devices that offer improved performance of control

valves is so-called “smart” positioner or a digital valve controller. One example of a
smart positioner is the Neles NDX valve controller sold by Metso Corporation. A
smart positioner is a microprocessor-based electronic positioner with internal
logic capability which derives benefit from digital programming to obtain im-

proved positioning performance. An advantage of the smart positioner is that it
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may be programmed to use a position control algorithm to achieve better dynamic
response. Further, the smart positioner may use 2-way communications protocols
such Hart, Foundation Fieldbus etc. to communicate with a process control system.
This type of communication can be used also to enter new control settings or con-

figurations remotely after installing a smart positioner.

In addition to the primary purpose of controlling automated valves in
the process industry, digital valve controllers may have various additional features
that are useful for plant operation. One of the most important additional features
is valve diagnostics. The diagnostics needs are simple: plant managers want to
know for how long the valve is expected to operate, and if it is going fail, we should
tell what part needs service or replacement. So far, no digital valve controller on
the market can provide this information. Instead, although digital valve controllers
are able to provide various Kkind historical trends and diagnostics reports for sub-
sequent analysis, experienced service experts are needed to analyse such diagnos-

tics reports. Still, valve diagnostics data is difficult to interpret even for experts.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a method and an appa-
ratus for implementing the method.

The object of the invention is achieved by a valve positioner and a
method recited in the independent claims. The preferred embodiments of the in-
vention are disclosed in the dependent claims.

An aspect of the invention is a valve positioner for a valve assembly,
wherein the valve assembly comprises a valve positioner, a control valve, a pneu-
matic valve actuator, a pressure sensor adapted to measure a pneumatic actuator
pressure and a position sensor adapted to measure a valve position of the control
valve, and wherein the valve positioner comprises a microprocessor system con-
figured to store and run an embedded valve control and diagnostics software in-
cluding

an embedded valve controller configured to receive a setpoint position
and at least the measured valve position and to control the valve position of the
control valve, utilizing the pneumatic valve actuator,

an embedded tracking digital twin of at least one physical part of the
valve assembly, wherein the embedded tracking digital twin comprises a plurality

of simulation model parameters, the plurality of simulation model parameters in-
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cluding at least one fault-related simulation model parameter that relates to a spe-
cific physical fault in the at least one physical part of the valve assembly,

wherein the embedded tracking digital twin is configured to receive a
control signal representing a real control of the at least part of the physical valve
assembly from the embedded valve controller and to provide atleast one simulated
measurement result representing a simulated result of a control action in real-time
during operation of the valve assembly,

wherein the embedded tracking digital twin is configured to track an
error between the at least one simulated measurement result and at least one cor-
responding real physical measurement result, and to adjust a value of the at least
one fault-related simulation model parameter of the embedded tracking digital
twin in a sense that the error is decreased, in real-time during operation of the
valve assembly, and

wherein the specific physical fault in the at least one physical part of the
valve assembly is detectable and identifiable based on the adjusted value of the at
least one simulation model parameter.

In an embodiment, the at least part of the valve assembly comprises one
or more of the control valve, the pneumatic valve actuator, a pneumatic pre-stage
in the valve positioner, a supply pressure inlet, a pneumatic output stage in the
valve positioner, and any combination thereof.

In an embodiment, the embedded tracking digital twin is configured to
receive the control signal from the embedded valve controller and to provide a sim-
ulated measured valve position and/or a simulated measured pneumatic actuator
pressure in real-time during operation of the valve assembly, and the embedded
tracking digital twin is configured to track an error between the simulated meas-
ured valve position and the measured valve position and/or an error between the
simulated measured pneumatic actuator pressure and the measured pneumatic ac-
tuator pressure, and to adjust a value of the at least one fault-related simulation
model parameter of the embedded tracking digital twin in a sense that the error is
decreased, in real-time during operation of the valve assembly.

In an embodiment, the control signal representing the real control of
the at least part of the physical valve assembly includes an electrical control signal
to a prestage and/or one or more of the at least one real physical measurement
result.

In an embodiment, the at least one real physical measurement result

relating to the result of the real control in the at least part of the physical valve
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assembly may include one or more of: the measured valve position, the measured
actuator pressure, a further measured actuator pressure, a measured supply pres-
sure, a measured pilot pressure from a pneumatic prestage, a measured control
position of a pneumatic output stage, a valve temperature, and a process pressure).

In an embodiment, the valve assembly further comprises a pressure
sensor adapted to measure a pneumatic supply pressure, and wherein the embed-
ded tracking digital twin is configured to receive the measured pneumatic supply
pressure and to utilize it in adjustment of the plurality of simulation model param-
eters.

In an embodiment, the microprocessor system of the valve positioner
and/or a remote computing entity is configured to detect and identify the specific
physical fault in the at least one physical part of the valve assembly when the ad-
justed value of the at least one fault-related simulation model parameter reaches a
predetermined threshold value or a predetermined deviation.

In an embodiment, the microprocessor system of the valve positioner
and/or a remote computing entity is configured to predict a future trend of the ad-
justed value of the at least one fault-related simulation model parameter over the
time, and to predict a remaining operation time until the adjusted value of the at
least one fault-related simulation model parameter reaches a given limit value or a
given deviation limit.

In an embodiment, the microprocessor system of the valve positioner
and/or a remote computing entity is configured to predict a remaining useful life-
time of the at least one physical part of the valve assembly.

In an embodiment, the plurality of simulation model parameters in-
cludes a plurality of fault-related simulation model parameters which relate to a
plurality of different specific physical faults in the in the at least one physical part
of the valve assembly.

In an embodiment, the at least one fault-related simulation model pa-
rameter represents a specific physical characteristic of the at least one physical
part of the valve assembly, such as a physical dimension or a friction, and wherein
the value of the specific physical characteristic is related to a specific physical fault.

In an embodiment, the at least one fault-related simulation model pa-
rameter is related to one or more of following specific physical characteristics: a
valve friction, a cross-sectional size of a pneumatic air supply, a cross-sectional size
of a pilot pressure inlet, a cross-sectional size of an actuator pressure leakage hole,

a valve friction, a bearing friction, a backlash, fatigue, erosion, wear.
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Another aspect of the invention is a valve assembly comprising a control
valve, a pneumatic valve actuator, a pressure sensor adapted to measure a pneu-
matic actuator pressure, a position sensor adapted to measure a valve position of
the control valve, and a valve positioner according to any embodiment.

A further aspect of the invention is a diagnostic method in a valve posi-
tioner of a valve assembly, comprising

measuring a pneumatic actuator pressure of a pneumatic valve actuator
of the valve assembly,

measuring a valve position of a control valve of the valve assembly,

running an embedded valve controller in real-time in a microprocessor
system of the valve positioner

controlling, by the embedded valve controller, the pneumatic actuator
pressure of the pneumatic valve actuator and thereby the valve position of the con-
trol valve based on a setpoint position and the measured valve position inreal-time
during operation of the valve assembly,

running an embedded tracking digital twin of at least one physical part
of the valve assembly in the microprocessor system of the valve positioner,
wherein the embedded tracking digital twin comprises a plurality of simulation
model parameters, the plurality of simulation model parameters including at least
one fault-related simulation model parameter that relates to a specific physical
fault in the at least one physical part of the valve assembly,

receiving, by the embedded tracking digital twin, a control signal repre-
senting a real control of the at least part of the physical valve assembly from the
embedded valve controller and to provide at least one simulated measurement re-
sult representing a simulated result of a control in real-time during operation of
the valve assembly,

generating, by the embedded tracking digital twin, at least one simu-
lated measurement result representing a simulated result of a control action in
real-time during operation of the valve assembly,

tracking, by the embedded tracking digital twin, an error between the
at least one simulated measurement result and at least one corresponding real
physical measurement result in real-time during operation of the valve assembly,
and

adjusting, by the embedded tracking digital twin, a value of the at least
one fault-related simulation model parameter of the embedded tracking digital

twin in a sense that the error is decreased, in real-time during operation of the
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valve assembly, wherein the specific physical fault in the at least one physical part
of the valve assembly is identifiable based on the adjusted value of the at least one

simulation model parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 shows a schematic block diaphragm of an exemplary process
automation system;

Figure 2 illustrates an exemplary physical valve assembly wherein a
pneumatic actuator operates a process valve under control of a valve positioner;

Figure 3 illustrates a basic block diagram of an exemplary microcontrol-
ler-based smart valve positioner wherein valve diagnostics according to embodi-
ments of the invention may be applied,;

Figure 4 shows a schematic block diagram of an exemplary intelligent
valve controller wherein valve diagnostics according to embodiments of the inven-
tion may be applied;

Figure 5 illustrates an example of a digital twin concept according to the
Invention;

Figure 6 shows a basic functional block diagram of a microprocessor
system of a valve positioner according to exemplary embodiments;

Figure 7 shows illustrative trends of physical values of fault-related sim-
ulation model parameters;

Figure 8 shows an example of updating a fault-related simulation model
parameter in real time during operation; and

Figure 9 illustrates an example of predicting a remaining useful lifetime.

EXAMPLE EMBODIMENTS OF THE INVENTION

Figure 1 shows a schematic block diaphragm of an exemplary process
automation system wherein the principles of the invention may be applied in a
valve positioner. The control system block 5 generally represents any and all con-
trol room computer(s)/programs and process control computer(s)/programs as
well as databases, which may be interconnected by a factory LAN 4, in the automa-
tion system. There are various architectures for a control system. For example, the
control system may be a Direct Digital Control (DDC) system or Distributed Control
System (DCS), both well known in the art. It should be appreciated that the type or
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architecture of the automation system is not relevant to the present invention.

In the example of Figure 1, a control valve assembly comprising a pro-
cess valve 1 and a positioner 2 and an actuator 3 may be connected to a process to
control the flow of a substance in a process pipeline 7. Figure 2 shows a side view
of an exemplary physical valve assembly and its components a process valve 1, a
positioner 2 and an actuator 3. Material flows of a process or process pipeline may
be controlled in a processing industry, such as oil and gas, mining, pulp and paper,
and chemical industries. The material flow may contain any fluid material, such as
fluids, liquors, liquids, gases and steam. Although only one controlled process valve
assembly is shown in Figure 1, an automation system may, however, include any
number of field devices, such as control valve assemblies, often hundreds of them.
Figure 2 illustrates a mechanical structure of an exemplary control valve assembly
and its physical components: a pneumatic actuator 3, a control valve 1, and a valve
positioner 2. An example of a control valve 1 is Neles® Finetrol eccentric rotary
plug valve from Metso Corporation. An example of a valve positioner 2 wherein
embodiments of the invention may be applied is Neles® NDX valve controller man-
ufactured by Metso Corporation. An example of an actuator 3 is Quadra-Powr® X
series pneumatic actuator from Metso Corporation. However, it is to be understood
that, beyond the novel valve diagnostics, the type and implementation of the con-
trol valve assembly is not relevant to the present invention. As used herein, the
term “control valve” also includes an on/off type shutoff valve.

There are various alternative ways to arrange the interconnection be-
tween the control system and field devices, such as control valves, in a plant area.
In Figure 1, the field /process bus 6 generally represents any such interconnection.
Traditionally, field devices have been connected to the control system by two-wire
twisted pair loops, each device being connected to the control system by a single
twisted pair providing a 4 to 20 mA analog input signal. More recently, new solu-
tions, such as Highway Addressable Remote Transducer (HART) protocol, that al-
low the transmission of digital data together with the conventional 4 to 20 mA an-
alog signal in the twisted pair loop have been used in the control systems. The
HART protocol is described in greater detail for example in the publication HART
Field Communication Protocol: An Introduction for Users and Manufacturers,
HART Communication Foundation, 1995. The HART protocol has also been devel-
oped into an industrial standard. Examples of other fieldbuses include Foundation
Fieldbus and Profibus PA. However, it is to be understood that the type or imple-

mentation of the field/process bus 3 is not relevant to the present invention. The
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field /process bus 6 may be based on any one of the alternatives described above,
or on any combination of the same, or on any other implementation.

A basic block diagram of an exemplary microcontroller-based smart
valve positioner, such as positioner 2, is illustrated in Figure 3. Figure 4 shows a
more detailed schematic block diagram of an exemplary intelligent valve controller
2. The exemplary positioner 2 may include a microcontroller unit 21 having an
electrical control output 26, and a pneumatic unit 23 /25 that may take in the elec-
trical control signal 26 and convert it to a pneumatic actuator pressure pl at an
actuator port C1 that may be connected to a single-acting actuator pressure supply
line 33. In the example of Figure 4, the valve positioner 2 is configured to control a
double-acting pneumatic actuator 3, and therefore illustrated to have two actuator
ports C1 and C2 connected to an actuator 3 over actuator pressure supply lines 33
and 34, respectively. An actuator pressure sensor P1 may be arranged to measure
the pneumatic pressure at the actuator port C1 and to provide a measured actuator
pressure plmeas Signal, as illustrated in Figure 3. A further actuator pressure sensor
P> may be arranged to measure the pneumatic pressure p2 at the actuator port C2
and to provide a further measured actuator pressure pZmeas signal, when a double-
acting actuator 3 is operated. A supply pressure sensor PS may be arranged to
measure the pneumatic supply pressure sp at the supply port SP and to provide a
measured supply pressure spmeas Sighal. The pneumatic unit may comprise a pre-
stage 23 and an output stage 25. The prestage 23 may perform an electric-to-pres-
sure (I/P) conversion of the electrical control signal 26 into a pneumatic control
signal 24, a pilot pressure, which is sufficient to control the output stage 25. The
supply port S of the output stage 25 may be connected to an external supply air
pressure S. The output stage 25 may amplify the small pneumatic pilot signal into
a larger pneumatic actuator pressure outputs 33 and 34 at the actuator ports C1
and C2 to move diaphragm pistons 32 of the actuator 3. A position sensor 22 may
be provided to measure the position of the actuator 3 or control valve 1, and pro-
vide a measured valve position (valve opening) hness signal to the microcontroller
system 21. For example, the position sensor 22 may be arranged to measure the
rotation of a shaft 31 of the actuator 3, which rotation represents the valve position
or opening. A microcontroller system 21 may control the valve position according
to a control algorithm run in the microcontroller system 21. It should be appreci-
ated that a specific control algorithm used is not relevant to the present invention.
In the exemplary valve positioner 2 illustrated in Figure 3, the control is performed

by an embedded valve controller software module 210 which is stored and run in
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the microcontroller system 21. To that end, the embedded valve controller module
210 may receive an input signal (a set point hsy), which may be received over a
process/fieldbus 7, such as 4-20 mA pair and HART, connected to a connector 27,
as illustrated in Figure 4. The embedded valve controller module 210 may further
receive the measured valve position hmeas from the position sensor 22, and one or
more of the measured actuator pressure plmess from an actuator pressure sensor
P1 and the further measured actuator pressure pZmeas from the further actuator
pressure sensorP;. Further, the embedded valve controller module 210 may re-
ceive the measured supply pressure spmeas from supply pressure sensor PS. Based
on the setpoint and measurements, the embedded valve controller module 210
may control the value of the electrical control signal 26 to achieve a desired control
action. The positioner 2 may further contain a Local User Interface (LUI) 20 con-
nected to the microcontroller 21. The microcontroller 21 may display any infor-
mation on a display of the local user interface 20, and receive commands and pa-
rameters from a keypad or buttons of the local user interface 20. The positioner 2
may be powered from a 4-20 mA loop or fieldbus. It should be appreciated that the
illustrated valve positioner is merely an example and the type or implementation
of a valve positioner 2, beyond valve diagnostics, is not relevant to the present in-
vention.

An aspect of the invention is to create a diagnostics or prognosis plat-
form that is able indicate and identify which part of the valve assembly has failed
or will fail next.

According to an aspect of the invention, new fault diagnostics may be
provided by a utilizing an embedded tracking digital twin of at least one physical
part of a valve assembly in a microprocessor system of the valve positioner. The
embedded tracking digital twin comprises a plurality of simulation model parame-
ters which include at least one fault-related simulation model parameter. A fault-
related simulation model parameter relates to or is representative of a specific
physical fault in the at least one physical part of the valve assembly. By running an
embedded tracking digital twin (i.e. a tracking simulation model) of at least one
physical part of a valve assembly in real-time inside a valve positioner, and by con-
sidering various faults in the virtual domain using fault-related simulation model
parameters, reliable on-line fault detections, fault identifications, and even predic-
tions about valve faults, can be made. Simulations, fault detections and fault pre-

dictions can be made inside a valve positioner or controller or in a remote compu-
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ting entity or distributed between a valve positioner and one or more remote com-
puting entity.

Generally, a digital twin is a (digital) virtual model of a physical asset in
the physical world. A simulation-based digital twin concept incorporates the phys-
ical asset (e.g. product or process), a simulation model (models) and connections
that facilitate communications between the two. According to embodiments of the
invention, the digital twin may include a simulation model that has been developed
to duplicate the current condition of the physical asset, by incorporating fault-re-
lated simulation model parameters into the simulation model.

In embodiments of the invention, the physical asset may include at least
part of the valve assembly, such as one of a physical control valve, a physical pneu-
matic valve actuator, a physical pneumatic pre-stage in a valve positioner, a pneu-
matic output stage in a valve positioner, a supply pressure inlet, or any combina-
tion thereof. An example of a digital twin concept according to is illustrated in Fig-
ure 5.

Figure 6 shows a basic functional block diagram of an exemplary micro-
processor system of a valve positioner, such as the microprocessor system 21 of a
valve positioner illustrated in the examples of Figures 3 and 4. The microprocessor
system 21 may be configured to store and run an embedded valve controller soft-
ware module 210 and an embedded tracking digital twin software module 211. The
embedded valve controller software module 210 may be, for example, similar to
the embedded valve controller software module 210 described above with refer-
ence examples of Figures 3 and 4.

In embodiments, the embedded valve controller may receive a setpoint
position and the measured valve position and output a control signal to control the
pneumatic actuator pressure of the pneumatic valve actuator and thereby the valve
position of the control valve. In exemplary embodiments illustrated in Figure 6, the
embedded valve controller software module 210 may receive a set point hg, for
valve position, a measured valve position (valve opening) hmess, and a measured
actuator pressure plmess (Optionally the further measured actuator pressure
P2meas. , particularly in the case the actuator 3 is a dual-acting actuator). Further,
the embedded valve controller module 210 may receive the measured supply pres-
sure Spmeas. Based on the setpoint and measurements, the embedded valve control-
ler module 210 may control the value of the electrical control signal 26 to achieve
a desired control action in the physical valve assembly in accordance with a control

algorithm or method employed in a specific application.
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In embodiments, the embedded tracking digital twin may be configured
to receive same controls and control actions as those provided by the embedded
valve controller to a physical pneumatic actuator and/or a physical control valve,
and in response to the controls and control actions, to generate at least one simu-
lated measurement result (representing a simulated result of a control action) cor-
responding to at least one real physical measurement result measured from the
physical pneumatic actuator and/or the physical control valve. In exemplary em-
bodiments illustrated in Figure 6, the embedded tracking digital twin module 211
may receive a control signal representing a real control of the at least part of the
physical valve assembly, and one or more real measurements relating to the result
of the real control in the at least part of the physical valve assembly. Such a control
signal may include the electrical control signal 26, and/or one or more the real
measurements. The real measurements relating to the result of the real control in
the at least part of the physical valve assembly may include one or more of the
measured valve position (valve opening) hmeas , the measured actuator pressure
plmeas(Ooptionally also the further measured actuator pressure pZmess), and the
measured supply pressure spmeas, @ measured control pressure (e.g. a pilot pres-
sure) from the prestage, a measured control position of a pneumatic output stage
(e.g. spool position) and/or any other real measurements xsim that may be useful
(e.g. temperature or a process pressure). Based on the real control and the real
measurements, the embedded tracking digital twin module 211 may generate one
or more simulated measurement results (representing a simulated result of the
real control), such as a simulated valve position hsim, a simulated actuator pressure
plsim (optionally also a further measured actuator pressure p2sim), a sSimulated sup-
ply pressure spmeas, @ sSimulated control pressure (e.g. a pilot pressure) from the
prestage a simulated control position of a pneumatic output stage (e.g. spool posi-
tion) and/or any other simulated measurements Xsim that may be useful (e.g. a valve
temperature or a process pressure). For example, for a simulation model of a phys-
ical valve only, a real control inputted to the simulation may be the measured actu-
ator pressure plmeas (Optionally also the further measured actuator pressure
P2meas), as illustrated by a broken line in Figure 6, and the simulated result of the
control may be a simulated valve position hsim , As another example, for a simula-
tion model of a pneumatic output stage only, a real control inputted to the simula-
tion may be the measured pilot pressure and the simulated result of the control
may be the simulated actuator pressure plmeas (optionally also a further simulated

actuator pressure pZsim), In the exemplary embodiments of Figure 6, the simulated
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measurements may be generated by a simulation block 212 of the embedded track-
ing digital twin that incorporates a simulation model or simulation models of at
least part of a physical valve assembly, such as a simulation model of a physical
valve 1, a pneumatic prestage, a pneumatic output stage, a supply pressure inlet
and/or a pneumatic actuator 3,.

The simulation model 212 comprises a plurality of simulation model pa-
rameters which include at least one fault-related simulation model parameter. A
fault-related simulation model parameter may relate to or be representative of a
specific physical fault in the at least one physical part of the valve assembly. In em-
bodiments, there may be a plurality of fault-related simulation model parameters
which relate to a plurality of different specific physical faults in physical part or
parts of the valve assembly. In embodiments, the at least one fault-related simula-
tion model parameter represents a specific physical characteristic of the at least
one physical part of the valve assembly, such a physical dimension or a friction, and
the value of the specific physical characteristic is related to a specific physical fault.
In embodiments of the invention, the at least one fault-related simulation model
parameter may be related to one or more of following specific physical character-
istics: a valve friction, a cross-sectional size of a pneumatic air supply, a cross-sec-
tional size of a pilot pressure inlet, a cross-sectional size of an actuator pressure
leakage hole, a valve friction, a bearing friction, a backlash, fatigue, erosion, wear.

In embodiments, the embedded tracking digital twin may track an error
or difference between the at least one simulated measurement result representing
a simulated result of a control action (such as the simulated measured valve posi-
tion and/or the simulated measured pneumatic actuator pressure), and the at least
one corresponding real physical measurement result (such as the measured valve
position and/or the measured pneumatic actuator pressure), and adjust a value of
the atleast one fault-related simulation model parameter of the embedded tracking
digital twin in a sense that the error or difference is decreased, in real-time during
operation of the valve assembly. In exemplary embodiments illustrated in Figure
6, the embedded tracking digital twin module 211 may be provided with a tracking
and model parameter update block 213 that may receive one or more simulated
measurement results (representing a simulated result of the real control), such as
the simulated valve position hgin, the simulated actuator pressure plsim (optionally
also the further measured actuator pressure pZsim), the simulated supply pressure
SPmeas, the simulated control pressure (e.g. a pilot pressure) from the prestage, the

simulated control position of a pneumatic output stage (e.g. spool position) and/or
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any other simulated measurements xsim that may be useful (e.g. a valve tempera-
ture or a process pressure), from the simulation block 212. The tracking and model
parameter update block 213 may the measured valve position (valve opening)
hmeas, and the measured actuator pressure pmeas (Optionally also the further meas-
ured actuator pressure pmeas). The tracking and model parameter update block 213
may compare the simulated and measured values to track an error or difference
between the results of simulated operation of the digital twin and the real opera-
tion of the physical asset. As the simulation model is built in a manner that includes
one or more fault related simulation model parameters, the tracking and model pa-
rameter update block 213 is able to consider or test whether the error or difference
in the simulated and real operation is due to one or more of these fault-related sim-
ulation parameters. In the case it is determined that the error or difference can be
decreased by adjusting or updating value or values of one or more of the fault-re-
lated simulation model parameters, the model parameters in the simulation model
in the simulation block 212 may be updated accordingly. As each fault-related sim-
ulation model parameter may be related to or representative of a specific physical
fault in the physical valve assembly, the change in the value of the fault-related sim-
ulation model parameter may be indicative of existence or development of the spe-
cific physical fault. Therefore, existence of the specific physical fault and/or predict
the development of the specific physical fault in the valve assembly can be detected.
Thus, by considering various faults in the virtual domain, reliable on-line predic-
tions about valve assembly faults can be provided. In embodiments, the embedded
tracking digital twin 211 may store history and/or trend of values of the fault-re-
lated simulation model parameters in a memory of the microprocessor system 21
in real time or at predetermined longer intervals, such as once an hour, once a day,
once a week, etc. In embodiments, the history and/trend data may be analysed in
the microprocessor system 21, preferably in the embedded tracking digital twin.
The microprocessor system, preferably the embedded tracking digital twin 211.
may store and/or generate fault alarms and reports on faults in the valve assembly
based on values of the fault-related simulation model parameters in a memory of
the microprocessor system 21. In embodiments, the microprocessor system, pref-
erably the embedded tracking digital twin 211, may be configured to detect and
identify the specific physical fault in the at least one physical part of the valve as-
sembly when the adjusted value of the at least one fault-related simulation model
parameter reaches a predetermined threshold value or a predetermined deviation.

In embodiments, the microprocessor system, preferably the embedded tracking
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digital twin 211, be may configured to predict a future trend of the adjusted value
of the at least one fault-related simulation model parameter over the time, and to
predict a remaining operation time until the adjusted value of the at least one fault-
related simulation model parameter reaches a given limit value or a given deviation
l[imit. In embodiments, at least part of the fault detection and identification, fault
alarms, fault reporting, the fault prediction, and other diagnosis or prognosis rou-
tines may be performed by a remote computing component in a process control
system or a maintenance monitoring system, such as a process computer or a
maintenance monitoring computer, based on the values of the fault-related simu-
lation model parameters. In embodiments, execution of at least part of the fault
detection and identification, fault alarms, fault reporting, the fault prediction, and
other diagnosis or prognosis routines may be distributed among the microproces-
sor system of the valve positioner and a remote a remote computing component in
a process control system or a maintenance monitoring system.

Figure 7 shows illustrative trends of physical values of fault-related sim-
ulation model parameters mpl, mp2, mp3, and mp4. In the example, the physical
values of parameters mp1l and mp3 increase with time from the initial value. Ex-
amples of fault-related physical simulation model parameters whose increasing
value may indicate or predict a specific physical fault include a valve friction and a
bearing friction. An increasing valve friction may indicate a sticky valve and wear-
ing of a valve seat. A change in the bearing friction may indicate damaged bearings
in the valve assembly. In the example, the physical values of parameters mp2 and
mp4 decrease with time from the initial value. Examples of fault-related physical
simulation model parameters whose decreasing value may indicate or predict a
specific physical fault include a cross-sectional area of an air supply and a pilot
pressure inlet diameter of a pneumatic pre-stage of a valve positioner. They may
indicate a gradual blocking of the air supply or the pilot pressure inlet due to dirt
or some other reason. As the fault can be readily detected or predicted by means of
the digital twin concept of the invention, , and the positioner or a remote device
analyzing the fault-related physical simulation model parameters can tell and iden-
tify the fault component or part, necessary service actions can be made immedi-
ately or scheduled to be made at an appropriate time by the maintenance personnel
without need to analyse various reports. In the example, the necessary service ac-
tions may be to clean the air supply inlet or pilot pressure inlet, or replacement of
bearings or a valve closure/seat.

Now exemplary operation of an embedded tracking digital twin 211 is
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discussed by means of an example illustrated in Figure 8. In Figure 8, the embedded
tracking digital twin 211 may track an error or difference between the simulated
pneumatic actuator pressure psim (dashed line) and the measured pneumatic actu-
ator pressure pmeas (Solid line). During normal operation of the valve assembly,
such as within the time period t1-t2, the simulated actuator pressure psim follows
quite accurately the measured pneumatic actuator pressure pmeass, 1.€. the trend
lines substantially overlap. The tracking and model parameter update block 213
observes the simulated and measured values are substantially equal, i.e. there is no
error, difference or deviation and no need to adjust any of the simulation model
parameters. In Figure 8 a single fault-related parameter, a leakage hole diameter,
is shown as an example of a plurality of simulation model parameters that may be
utilized in the simulation model. The leakage hole diameter may relate to an air
leakage in the pneumatic actuator 3, for example due to a hole in an actuator mem-
brane and/or a leakage over an actuator piston, etc. The leakage hole diameter may
represent a cross-sectional size of a single “virtual” hole for the total air leakage
that may be a combination of multiple leakages in the actuator 3. In the case the
only fault is the hole in the actuator membrane, the diameter of the “virtual” leak-
age hole will be substantially equal to that of the real hole in the actuator mem-
brane. In the example of Figure 8, tracking and model parameter update block 213
does not adjust any of the simulation model parameters, and also the leakage hole
diameter is substantially unchanged during the time period t1-t2.

However, during a fault in the valve assembly, the simulated actuator
pressure psimand the measured pneumatic actuator pressure pmeas begin to diverge,
such as shortly after time instant t2 in Figure 8. This due to that the simulation
model 212 of the physical valve assembly still simulates the unfaulty valve assem-
bly and not the actual faulty valve assembly. The tracking and model parameter
update block 213 detects the divergence (error, difference, deviation) and begins
in real time to determine an updated value for one or more fault-related simulation
model parameters of the embedded tracking digital twin in a sense that the error
or difference is decreased. In the example of Figure 8, during the timer period t2-
t3, the tracking and model parameter update block 213 gradually increases the di-
ameter of the leakage hole in the simulation model so that the simulated pneumatic
actuator pressure psim and the measured pneumatic actuator pressure pmeas CON-
verge and finally overlap the time instant t3. The situation is stabilized and no fur-

ther updating of simulation parameters will be needed during the time period t3-
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t4. The increased physical value of the fault-related parameter “Leakage hole diam-
eter” directly indicates a leakage fault in the pneumatic actuator 3. The specific
fault-related parameter also gives clear maintenance-relevant information, a phys-
ical diameter of the leakage hole. This information or measure can be utilized to
determine how severe the fault is, e.g. whether the fault requires immediate ser-
vice, or to predict the remaining useful lifetime of the actuator 3 until the next
maintenance action shall be scheduled. It should be appreciated that the periods
t1-t2, t2-t3, and t3-t4 can be very long periods of time, such as hours, days, weeks,
months or years, in relation to the real time update of parameters that may be mul-
tiple times per second, for example.

Figure 9 illustrates an example of predicting a remaining useful lifetime.
The past values of the fault-related simulation model parameter (the leakage hole
diameter in this example) create a historian trend of the development of the fault.
In embodiments, the microprocessor system 21, preferably the embedded tracking
digital twin 211 may, based on the past behavior of the fault or the parameter, sim-
ulate the future trend of the fault-related simulation model parameter over time,
e.g. until the value of the fault-related simulation model parameter reaches a given
l[imit value or a given deviation limit, or until the detected and identified specific
fault reaches a given limit level. In embodiments, the microprocessor system 21,
preferably the embedded tracking digital twin 211 may, based on the past behavior
of the fault or the parameter, interpolate the future trend of a fault-related simula-
tion model parameter mathematically. It should be appreciated that, depending on
the specific fault in question, the time period past-to-present and the remaining
useful lifetime can be very long periods of time, because the value of the fault-re-
lated simulation model parameter (such as friction of a valve) may change very
slowly over the time until a limit is reached.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The inven-
tion and its embodiments are not limited to the examples described above but may

vary within the scope of the claims.
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CLAIMS

1. A valve positioner (2) for a valve assembly, wherein the valve assem-
bly comprises a valve positioner (2), a control valve (1), a pneumatic valve actuator
(3), a pressure sensor (P1, P2) adapted to measure a pneumatic actuator pressure
(P1meas, P2meas) and a position sensor (22) adapted to measure a valve position
(hmeas) of the control valve, and wherein the valve positioner comprises a micro-
processor system (21) configured to store and run an embedded valve control and
diagnostics software including

an embedded valve controller (210) configured to receive a setpoint po-
sition (hsp) and at least the measured valve position (hmeas) and to control the valve
position of the control valve (1), utilizing the pneumatic valve actuator (3),

an embedded tracking digital twin (211) of at least one physical part of
the valve assembly, wherein the embedded tracking digital twin (211) comprises a
plurality of simulation model parameters, the plurality of simulation model param-
eters including at least one fault-related simulation model parameter that relates
to a specific physical fault in the at least one physical part of the valve assembly,
wherein the at least one fault-related simulation model parameter includes a fault-
related simulation model parameter related to one of following specific physical
dimensions: cross-sectional size of a pneumatic air supply, a cross-sectional size of
a pilot pressure inlet, and a cross-sectional size of an actuator pressure leakage
hole, characterized in that

the embedded tracking digital twin (211) is configured to receive a con-
trol signal (26) representing a real control of the at least part of the physical valve
assembly by the embedded valve controller (210) and to provide at least one sim-
ulated measurement result (plsim, P2sim, hsim) representing a simulated result of a
control action in real-time during operation of the valve assembly,

the embedded tracking digital twin (211) is configured to track an error
between the at least one simulated measurement result and at least one corre-
sponding real physical measurement result, and to adjust a value of the at least one
fault-related simulation model parameter of the embedded tracking digital twin
(211) in a sense that the error is decreased, in real-time during operation of the
valve assembly, and

the specific physical fault in the at least one physical part of the valve
assembly is detectable and identifiable based on the adjusted value of the at least

one simulation model parameter.
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2. A valve positioner according to claim 1, wherein the at least part of
the valve assembly comprises one or more of the control valve (1), the pneumatic
valve actuator (3), a pneumatic pre-stage (23) in the valve positioner (2), a supply
pressure inlet (S), a pneumatic output stage (25) in the valve positioner (2), and
any combination thereof.

3. A valve positioner according to claim 1 or 2, wherein

the embedded tracking digital twin (211) is configured to receive the
control signal (26) from the embedded valve controller (210) and to provide a sim-
ulated measured valve position (hsim) and/or a simulated measured pneumatic ac-
tuator pressure (plsim, P2sim) in real-time during operation of the valve assembly,

wherein the embedded tracking digital twin (211) is configured to track
an error between the simulated measured valve position (hsim) and the measured
valve position (hmeas) and/or an error between the simulated measured pneumatic
actuator pressure (plsim, P2sim) and the measured pneumatic actuator pressure
(P1meas, P2meas), and to adjust a value of the at least one fault-related simulation
model parameter of the embedded tracking digital twin (211) in a sense that the
error is decreased, in real-time during operation of the valve assembly.

4. A valve positioner according to any one of claims 1-3, wherein the
control signal representing the real control of the at least part of the physical valve
assembly includes an electrical control signal (26) to a prestage and/or one or
more of the at least one real physical measurement result.

5. A valve positioner according to any one of claims 1-4, wherein the at
least one real physical measurement result that relates to the result of the real con-
trol in the at least part of the physical valve assembly, may include one or more of:
the measured valve position (hmeas), the measured actuator pressure (plmeas), a
measured second actuator pressure (pZ2meas), @ measured supply pressure (Spmeas),
a measured pilot pressure from a pneumatic prestage (23), a measured control po-
sition of a pneumatic output stage (26), a temperature, and a process pressure.

6. A valve positioner according to any one of claims 1-5, wherein the
valve assembly further comprises a pressure sensor (Ps)adapted to measure a
pneumatic supply pressure (spmeas), and wherein the embedded tracking digital
twin (211) is configured to receive the measured pneumatic supply pressure
(spmeas)and to utilize it in adjustment of the plurality of simulation model parame-
fers.

7. A valve positioner according to any one of claims 1-6, wherein the

microprocessor system (21) of the valve positioner (2) and/or a remote computing
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entity is configured to detect and identify the specific physical fault in the at least
one physical part of the valve assembly when the adjusted value of the at least one
fault-related simulation model parameter reaches a predetermined threshold
value or a predetermined deviation.

8. A valve positioner according to any one of claims 1-7, wherein the
microprocessor system (21) of the valve positioner (2) and/or a remote computing
entity is configured to predict a future trend of the adjusted value of the at least one
fault-related simulation model parameter over the time, and to predict a remaining
operation time until the adjusted value of the at least one fault-related simulation
model parameter reaches a given limit value or a given deviation limit.

9. A valve positioner according to any one of claims 1-8, wherein the
microprocessor system (21) of the valve positioner (2) and/or a remote computing
entity is configured to predict a remaining useful lifetime of the at least one physi-
cal part of the valve assembly.

10. A valve positioner according to any one of claims 1-9, wherein the
plurality of simulation model parameters includes a plurality of fault-related sim-
ulation model parameters which relate to a plurality of different specific physical
faults in the in the at least one physical part of the valve assembly.

11. A valve positioner according to any one of claims 1-10, wherein the
at least one fault-related simulation model parameter represents a specific physi-
cal characteristic of the at least one physical part of the valve assembly, such a phys-
ical dimension or a friction, and wherein the value of the specific physical charac-
teristic is related to a specific physical fault.

12. A valve positioner according to any one of claims 1-11, wherein the
at least one fault-related simulation model parameter is further related to one or
more of following specific physical characteristics: a valve friction, a bearing fric-
tion, a backlash, fatigue, erosion, wear.

13. A valve assembly comprising a control valve, a pneumatic valve ac-
tuator (3), a pressure sensor (P1, P2) adapted to measure a pneumatic actuator
pressure, a position sensor (22) adapted to measure a valve position of the control
valve (1), and a valve positioner as claimed in any one of claims 1-12.

14. A diagnostic method in a valve positioner of a valve assembly, com-
prising

measuring a pneumatic actuator pressure (plmeas, P2meas) 0f a pneumatic valve
actuator (3) of the valve assembly,

measuring a valve position (hmeas) of a control valve (1) of the valve assembly,
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running an embedded valve controller (210) in real-time in a microprocessor
system (21) of the valve positioner (2),

controlling, by the embedded valve controller (210), the pneumatic actuator
pressure of the pneumatic valve actuator (3) and thereby the valve position (h) of
the control valve based (1) on a setpoint position and the measured valve position
(hmeas) in real-time during operation of the valve assembly,

running an embedded tracking digital twin (211) of at least one physical part
of the valve assembly in the microprocessor system (21) of the valve positioner (2),
wherein the embedded tracking digital twin (211) comprises a plurality of simula-
tion model parameters, the plurality of simulation model parameters including at
least one fault-related simulation model parameter that relates to a specific physi-
cal fault in the at least one physical part of the valve assembly, wherein at least one
fault-related simulation model parameter includes a fault-related simulation
model parameter related to one of following specific physical dimensions cross-
sectional size of a pneumatic air supply, a cross-sectional size of a pilot pressure
inlet, and a cross-sectional size of an actuator pressure leakage hole, characterized
by

receiving, by the embedded tracking digital twin (211), a control signal (26)
representing a real control of the at least part of the physical valve assembly from
the embedded valve controller (210) and to provide at least one simulated meas-
urement result representing a simulated result of a control in real-time during op-
eration of the valve assembly,

generating, by the embedded tracking digital twin (211), at least one simulated
measurement result representing a simulated result of a control action in real-time
during operation of the valve assembly,

tracking, by the embedded tracking digital twin (211), an error between the at
least one simulated measurement result and at least one corresponding real phys-
ical measurement result in real-time during operation of the valve assembly, and

adjusting, by the embedded tracking digital twin (211), a value of the at least
one fault-related simulation model parameter of the embedded tracking digital
twin (211) in a sense that the error is decreased, in real-time during operation of
the valve assembly, wherein the specific physical fault in the at least one physical
part of the valve assembly is identifiable based on the adjusted value of the at least

one simulation model parameter.
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Patenttivaatimukset

1. Venttiiliasennoitin (2) venttiilikokoonpanolle, jossa venttiili-
kokoonpano (2) kasittaa venttiiliasennoittimen, saatoventtiilin (1), pneu-
maattisen venttiilin toimilaitteen (3), paine-anturin (P1, P2), joka on sovitettu mit-
taamaan pneumaattisen toimilaitepaineen (p1meas, P2meas), ja asentoanturin (22),
joka on sovitettu mittaamaan saatoventtiilin venttiilinasennon (hmeas), ja jossa
venttiiliasennoitin kasittaa mikroprosessorijarjestelman (21), joka on konfiguro-
itu tallentamaan ja kayttamaan sulautettua venttiilin ohjaus- ja diagnostiik-
kaohjelmistoa, joka sisaltaa

sulautetun venttiilinohjaimen (210), joka on konfiguroitu vastaanot-
tamaan asetusarvoasento (hsp) ja ainakin mitattu venttiilinasento (hmeas) ja
ohjaamaan saatoventtiilin (1) venttiilinasentoa pneumaattista venttiilitoimilaitet-
ta (3) kayttamalla,

venttiililikokoonpanon ainakin yhden fyysisen osan sulautetun
seuraavan digitaalisen kaksosen (211), jolloin sulautettu seuraava digitaalinen
kaksonen (211) kasittaa useita simulointimalliparametreja, naiden useiden simu-
lointimalliparametrien sisaltaessa vahintaan yhden vikakohtainen simulointimal-
liparametrin, joka liittyy spesifiseen fyysiseen vikaan ainakin yhdessa venttiili-
kokoonpanon fyysisessa osassa, jolloin mainittu ainakin yksi vikaan liittyva simu-
lointimallin parametri liittyy yhteen tai useampaan seuraavista fysikaalisista di-
mensioista: pneumaattisen ilmansyoton poikkileikkauksen koko, pilot-paineen
tuloaukon poikkileikkauksen koko, toimilaitteen painevuotoaukon poikkileik-
kauksen koko,tunnettu siita, etta

sulautettu seuraava digitaalinen kaksonen (211) on konfiguroitu
vastaanottamaan ohjaussignaali (26), joka edustaa fyysisen venttiilikokoonpanon
ainakin osan todellista ohjausta sulautetulla venttiilinohjaimella (210), ja tuotta-
maan ainakin yhden simuloidun mittaustuloksen (p1lsim, p2sim, hsim), joka edustaa
ohjaustoiminnan simuloitua tulosta reaaliajassa venttiilikokoonpanon kayton ai-
kana,

sulautettu seuraava digitaalinen kaksonen (211) on Kkonfiguroitu
seuraamaan virhetta ainakin yhden simuloidun mittaustuloksen ja ainakin yhden
vastaavan todellisen fyysisen mittaustuloksen valilla tuloksen ja saatamaan sulau-
tetun seuraavan digitaalisen kaksosen (211) ainakin yhden vikakohtaisen simu-
lointimalliparametrin arvoa sellaiseen suuntaan, etta virhe pienenee, reaaliajassa

venttiilikokoonpanon kayton aikana, ja
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mainittu tietty fyysinen vika venttiilikokoonpanon ainakin yhdessa
fyysisessa osassa on havaittavissa ja tunnistettavissa vahintaan yhden simulaati-
omalliparametrin saadetyn arvon perusteella.

2. Patenttivaatimuksen 1 mukainen venttiiliasennoitin, jossa mainittu
ainakin osa venttiilikokoonpanosta kasittaa yhden tai useamman seuraavista,
saatoventtiili (1), pneumaattinen venttiilintoimilaite (3), venttiiliasennoittimen
(2) pneumaattinen etuaste (23), syottopaineen sisaantulo (5), pneumaattinen
ulostuloaste (25) venttiiliasennoittimessa (2) ja mika tahansa naiden yhdistelma.

3. Patenttivaatimuksen 1 tai 2 mukainen venttiiliasennoitin, jossa

sulautettu seuraava digitaalinen kaksonen (211) on Kkonfiguroitu
vastaanottamaan ohjaussignaali (26) sulautetusta venttiiliohjaimesta (210) ja an-
tamaan simuloitu mitattu venttiilin asento (hsim) ja/tai simuloitu mitattu pneu-
maattinen toimilaitepaine (p1lsim, p2sim) reaaliajassa venttiilikokoonpanon kayton
aikana,

sulautettu seuraava digitaalinen kaksonen (211) on konfiguroitu
seuraamaan virhetta simuloidun mitatun venttiiliasennon (hsim) ja mitatun
venttiiliasennon (hmeas) valilla ja/tai virhetta simuloidun mitatun pneumaattisen
toimilaitepaineen (plsim, P2sim) ja mitatun pneumaattisen toimilaitepaineen
(P1meas, P2meas) Valilla, ja saatamaan sulautetun seuraavan digitaalisen kaksosen
(211) ainakin yhden vikaan liittyvan simulointimalliparametrin arvoa siten, etta
virhe pienenee, reaaliajassa venttiilikokoonpanon kayton aikana.

4. Jonkin patenttivaatimuksen 1-3 mukainen venttiiliasennoitin, jossa
ohjaussignaali, joka edustaa fyysisen venttiilikokoonpanon ainakin osan todellista
ohjausta, sisaltaa sahkoisen ohjaussignaalin (26) etuasteeseen (23) ja/tai yhden
tai useamman mainituista vahintaan yhdesta todellinen fyysinen mittaustuloksis-
ta.

5. Jonkin patenttivaatimuksista 1-4 mukainen venttiiliasennoitin, jossa
mainittu ainakin yksi todellinen fyysinen mittaustulos, joka liittyy fyysisen
venttiilikokoonpanon ainakin osan todellisen ohjauksen tulokseen, sisaltaa yhden
tai useamman seuraavista: mitattu venttiiliasento (hmeas), mitattu toimilaitepaine
(P1meas), toinen mitattu toimilaitepaine (p2meas), mitattu syottopaine, mitattu pi-
lot-paine pneumaattisesta etuasteesta (23), pneumaattisen ulostuloasteen (26)
mitattu ohjausasento, lampotila ja prosessipaine.

6. Jonkin patenttivaatimuksista 1-5 mukainen venttiiliasennoitin, jossa
venttiilikokoonpano kasittaa lisaksi paineanturin (Ps), joka on sovitettu mittaa-

maan pneumaattinen syottopaine (Spmeas), ja jossa sulautettu seuraava digi-
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taalinen kaksonen (211) on konfiguroitu vastaanottamaan mitattu pneumaat-
tinen syottopaine (Spmeas) ja hyodyntamaan sitd mainittujen useiden simulointi-
malliparametrien saatamisessa.

7. Jonkin patenttivaatimuksen 1-6 mukainen venttiiliasennoitin, jossa
venttiiliasennoittimen (2) ja/tai etalaskentayksikon mikroprosessorijarjestelma
on konfiguroitu havaitsemaan ja tunnistamaan spesifinen fyysinen vika venttiili-
kokoonpanon ainakin yhdessa fyysisessa osassa, kun ainakin yhden vikaan liit-
tyvan simulointimalliparametrin saadetty arvo saavuttaa ennalta maaratyn
kynnysarvon tai ennalta maaratyn poikkeaman.

8. Jonkin patenttivaatimuksen 1-7 mukainen venttiiliasennoitin, jossa
venttiiliasennoittimen (2) ja/tai etalaskentayksikon mikroprosessorijarjestelma
(21) on konfiguroitu ennustamaan ainakin yhden vikaan liittyvan simulointimal-
liparametrin saadetyn arvon tulevan trendin ajan kuluessa, ja ennustamaan ja-
ljella oleva kayttoaika siihen asti, kunnes ainakin yhden vikaan liittyvan simuloin-
timalliparametrin saadetty arvo saavuttaa tietyn raja-arvon tai tietyn poikkeama-
rajan.

9. Jonkin patenttivaatimuksen 1-8 mukainen venttiiliasennoitin, jossa
venttiiliasennoittimen (2) ja / tai etalaskentayksikon mikroprosessorijarjestelma
(21) on konfiguroitu ennustamaan venttiilikokoonpanon ainakin yhden fyysisen
osan jaljella oleva hyodyllinen kayttoika.

10. Jonkin patenttivaatimuksen 1-9 mukainen venttiiliasennoitin, jossa
mainitut useat simulointimalliparametrit sisaltavat useita vikaan liittyvia simu-
lointimalliparametreja, jotka liittyvat useisiin erilaisiin fyysisiin vikoihin venttiili-
kokoopanon ainakin yhdessa fyysisessa osassa.

11. Jonkin patenttivaatimuksen 1-10 mukainen venttiiliasennoitin,
jossa ainakin yksi vikaan liittyva simulointimalliparametri edustaa venttiili-
kokoonpanon ainakin yhden fyysisen osan spesifista fyysista ominaisuutta, sel-
laista fyysista ulottuvuutta tai kitkaa ja jossa tietyn fyysisen ominaisuuden arvo
liittyy tiettyyn fyysiseen vikaan.

12. Jonkin patenttivaatimuksen 1-11 mukainen venttiiliasennoitin,
jossa mainittu ainakin yksi vikaan liittyva simulointimallin parametri liittyy yht-
een tai useampaan seuraavista fysikaalisista ominaisuuksista: venttiilin kitka,
laakerikitka, valys, vasyminen, eroosio, kuluminen.

13. Venttiilikokoonpano, joka kasittaa saatoventtiilin (1), pneu-
maattisen venttiilitoimilaitteen (3) , paine-anturin P1, P2), joka on sovitettu mit-

taamaan pneumaattisen toimilaitepaineen, asentoanturin (22), joka on sovitettu
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mittaamaan saatoventtiilin (1) venttiiliasennon, ja minka tahansa patentti-
vaatimuksen 1-12 mukaisen venttiiliasennoittimen (2)

14. Diagnostiikkamenetelma venttiilikokoonpanon venttiiliasennossa,
joka kasittaa

venttiilikokoonpanon pneumaattisen venttiilitoimilaitteen (3) pneu-
maattisen toimilaitepaineen (p1lmeas, PZ2meas) Mittaamisen,

venttiilikokoonpanon saatdéventtiilin (1) venttiiliasennon (hmeas) mit-
taamisen,

sulautetun venttiiliohjaimen (210) ajamisen reaaliajassa venttiiliasen-
noittimen (2) mikroprosessorijarjestelmassa (21),

pneumaattisen venttiilitoimilaitteen (3) pneumaattisen toimi-
laitepaineen ja siten saatoventtiilin (1) venttiiliasennon (h) saatamisen sulaute-
tun venttilliohjaimen (210) avulla asetuspisteasennon ja mitatun venttiilliasen-
non (hmeas) perusteella reaaliajassa venttiilikokoonpanon kayton aikana,

vahintaan yhden venttiilikokoonpanon fyysisen osan sulautetun
seuraavan digitaalisen kaksosen (211) suorittamisen venttiiliasennoittimen (2)
mikroprosessorijarjestelmassa (21), jolloin sulautettu seuraava digitaalinen
kaksonen (211) kasittaa useita simulointimalliparametreja, useita simulaatioita
malliparametrit, jotka sisaltavat vahintaan yhden vikaan liittyvan simulointimal-
liparametrin, joka liittyy tiettyyn fyysiseen vikaan venttiilikokoonpanon ainakin
vhdessa fyysisessd osassa, jolloin mainittu ainakin yksi vikaan liittyva simuloin-
timallin parametri liittyy yhteen tai useampaan seuraavista fysikaalisista dimen-
sioista: pneumaattisen ilmansyoton poikkileikkauksen koko, pilot-paineen tulo-
aukon poikkileikkauksen koko, toimilaitteen painevuotoaukon poikkileikkauksen
koko,tunnettu siita, etta

sulautettu seuraava digitaalinen kaksonen (211) vastaanottaa sulau-
tetulta venttiiliohjaimelta (210) ohjaussignaalin (26), joka edustaa fyysisen
venttiilikokoonpanon ainakin osan todellista ohjausta, ja tuottaa vahintaan yhden
simuloidun mittaustuloksen, joka edustaa ohjauksen simuloitua tulosta reaali-
ajassa venttiilikokoonpanon kayton aikana

sulautettu seuraava digitaalinen kaksonen (211) synnyttada ainakin
vhden simuloidun mittaustuloksen, joka edustaa ohjaustoiminnan simuloitua tu-
losta reaaliajassa venttiilikokoonpanon kayton aikana,

sulautettu seuraava digitaalinen kaksonen (211) seuraa virhetta aina-

Kin yhden simuloidun mittaustuloksen ja vahintaan yhden vastaavan todellisen
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fyysisen mittaustuloksen valilla reaaliajassa venttiilikokoonpanon kayton aikana,
]a

sulautettu seuraava digitaalinen kaksonen (211) saataa vahintaan
yvhden vikaan liittyvan simulointimalliparametrin arvoa siten, etta virhe pienenee
reaaliajassa venttiilikokoonpanon kayton aikana, jolloin venttiilikokoonpanon
ainakin yhden fyysisen osan spesifinen fyysinen vika on tunnistettavissa

vahintaan yhden simulointimalliparametrin saadetyn arvon perusteella.
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