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(57)  Method for implementing an on-service diag-
nostics of an intelligent positioner (3) for pneumatic ac-
tuators (2), the method being provided with the following
steps:

a) identifying a sampling where a pressure difference
(APp) measured in the positioner (3) is substantially
equal to a pressure difference (APa) in the actuator (2)
and then it assumes the sampling as valid under condi-
tions of:

- low flow rate of the working fluid;

- low, constant or with negligible or almost zero accel-
eration speed of the actuator and the working fluid;

- reading received at a sufficiently time distance from
accelerations and/or high speed and/or high flow rate,

b) correctly storing the pressure difference (APp) mea-
sured in the positioner,

c) processing the data received to report alarms/warn-
ings and/or order decisions.
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Description

Technical Sector of the Invention

[0001] The presentinventionrelatestoamethod forimplementing an"on-service" diagnostics of a "smart" positioned for
pneumatic actuators.

Background art

[0002] Asisknown, acontrol valve regulates the flow of a fluid (for example: gas, steam, water or chemical compounds)
that flows through a circuit of any industrial and civil system. Such fluid is typically called a process fluid. The regulation of
such process fluid can occur by means of an actuator which, through the control fluid present in the actuator circuit,
provides the driving force necessary for opening or closing the control valve.

[0003] In the following description, reference will be made to a double-acting actuator with linear movement, with two
pressure chambers and without an elastic element. However, the description is also valid for angular movement and
single-acting actuators and with an elastic element, where instead of a pressure difference (AP), the pressure of achamber
is read and, if necessary, the elastic force in the different positions of the elastic element is known or detected during the
calibration).

[0004] Itis also known that either a control valve positioner (or another positioning device) is a device mounted upon the
actuator, which can manage the flow of the control fluid by means of a control strategy, processed by means of algorithms
managed by a microprocessor. More recently, the control valve positioners have been greatly improved, also due to the
use of digital devices, capable of monitoring the key variables and of implementing more complex control and data
recording algorithms.

[0005] The positioners currently available are provided with internal devices, for example with sensors, in order to read
the following quantities, with the least delay and with the greatest possible (real-time) frequency (the references are the
same as those which will be further used in figure 1, and are coincident between respective quantity and respective sensor
which measures it):

* requested position S of the actuator or set-point, the data being always available,

* current position Z of the actuator, the reading being always present,

* pressure P1 of connection to the first chamber of the actuator, the reading being present on the majority of
positioners,

* pressure P2 of connection to the second actuator chamber, if any, the reading being present on the majority of
positioners,

* supply pressure Pa, the reading being present on various positioners,

*sensor C which monitors the activation percentage of the device 4, which supplies or discharges a pneumatic flow to
the actuator chambers, the reading being present on various positioners,

*time interval between the readings (the reading being present on various positioners and in any case known through
a fixed cycle of the electronics E).

[0006] By mathematically processing and combining the previous values, other dimensions can be deduced, such as
speeds, accelerations, forces, position errors and so on.

[0007] The "smart" electronic positioners applied to the actuator have the ability to perform a self-calibration, by means
of which they assign values of 0% and 100% to the physical limits of the adjustment stroke.

[0008] During the self-calibration, the positioners perform a "tuning" of P. (proportional) or P.I. (proportional-integrative)
or P.I.D. (proportional-integrative-derivative) parameters, relating to the deviation between requested position (set point)
and current position.

[0009] Furthermore, during the self-calibration or subsequently through a specific test, the positioners can perform a
reading of the differential pressure (AP = P1-P2) in the two chambers of the actuator, towards the position and direction of
movement. As the force of a pneumatic actuator is proportional to the pressure difference (AP = P1-P2), itis possible to get
toareading and a storage of the force necessary to move the organ to be positioned in the different positions and directions
(the so-called "valve signature"). During the self-calibration (or another specific test), the valve must be moved in specific
positions and speeds (normally generated by internal routines of the positioner) and therefore it cannot be operating.
Therefore non-"on-service" tests are considered.

[0010] Evenduringthe operation in operational control service, when the position requested to the valve comes from the
control system, AP, position, time being known, itis possible to process (that s, to calculate and record) the force generated
by the actuator, which was necessary to move the valve from point x1 to point x2, where 1 and 2 indicate all the positions
which were traveled by the actuator-valve assembly. By means of the above reading and by evaluating how the detected
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force data vary with respect to the initial data and how they vary over time, are the base used for evaluating the force
opposing the movement in the different positions and therefore for evaluating the internal friction of the components in a
relative motion between them. The friction and its variation is the most relevant indicator of the degradation of the
components in relative motion and of the ability or not of the valve to move itself according to the design.

[0011] The evaluation of the current friction permits to have an evaluation of the current state of the valve, whereas its
variation over time permits to perform analyses on the past and to make projections on the future state of the valve. Itis
important to underline that the analyses and projections can either easily be not truthful, or they are at most abundantly
approximate, if the detected data are affected by influences not due to the friction but to other causes.

[0012] The state of the art described above inevitably involves the following problems that distort the findings and the
consequent evaluations, especially in case of positioners operating in highly dynamic conditions. In fact:

1. The force or the pressure differential (AP) needed to overcome the friction, is not discriminated by the force used to
accelerate the masses. Thisis a very importantissue, as a positioning systemis all the better the more itis able to bring
the controlled organ to the required position without delay. It is therefore not desirable to have a low movement
dynamics to reduce the accelerations. In common cases, AP measured in acceleration is several times greater than
that due to the friction.

2. The friction force is not discriminated from the force generated by the controlled fluid passing through the valve. As
such force is not knowable by the positioner, as it is mainly a function of the pressure upstream and downstream the
valve and, therefore, it is variable over time, the positioners have no way of reading the forces generated by the fluid
controlled by the valve. This value can also likely be very significant.

3. Phase delay between the reading of force (AP) and position. The pressure sensors are inside the positioned whichis
connected to the actuator chambers through pipes of variable length and section, depending on the various
constructions, often spaced out by components such as on-off valves or flow amplifier valves (boosters). The
pressures that determine the actuator force are those presentinside the actuator chambers. During a variation phase,
there is therefore an inevitable delay between the value read inside the positioner and the effective value within the
actuator chambers. Such time lag must then be combined with the dynamics of the sensors and the electronic control
methodology. Therefore, there is no certainty of the value-time attributed to the variable read. The analysis of non-
contemporaneous data causes an unreal functional "image".

4.Incorrect pressure reading, due to the pressure drop between AP reading in the positioner and the actual value atthe
real point, at a certain distance from the positioner. As already mentioned, the presence of pipes and on-off valves
and/or of flow amplifier valves means that a pressure drop must be generated for such components to function. The
pressures that determine the force are those present inside the actuator chambers. The pressure drop in a pipe is
approximately proportional to the square of the flow within the pipe itself. The pressure read when the flow rate
delivered or discharged by the positioned is not negligible (non-negligible flow rate), is therefore distorted by the
pressure drop in the ducts between the positioner and the actuator. From the experience and the test campaign carried
out, the pressure detected inside the positioner and simultaneously within the actuator chambers, during the
movement and with high flow rates, is significantly different.

[0013] There is therefore a need to define a method that overcomes the drawbacks described.

Summary of the Invention

[0014] A scope of the presentinvention is achieved by means of a method for implementing an "on-service" diagnostics
of an intelligent positioner for pneumatic actuators.
[0015] In particular, the "on-service" diagnostics according to the present invention includes the following phases:

a) discriminating the conditions under which a pressure difference (APp) measured in the positioned is 'entitled’ to be
considered as substantially equal to a pressure difference (APa) in the actuator and therefore a valid reading,

b) archiving such data correctly

¢) processing the data received for reporting alarms/warnings and/or for ordering decisions.

[0016] These and other scopes and advantages are achieved, according to the invention, by a method forimplementing
an "on-service" diagnostics of an intelligent positioner for pneumatic actuators having the characteristics set forth in the
attached independent method claim.

[0017] Accordingto another scope, the method forimplementing an "on-service" diagnostics may be realized by means
of a computer program having the features set forth in the appended independent software claim.

[0018] Further preferred and/or particularly advantageous embodiments of the invention are described according to the
characteristics set forth in the attached dependent claims.
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Brief Description of the Drawings

[0019] The invention will now be described with reference to the attached drawings, which illustrate a non-limiting
example of its implementation, in which:

- figure 1is a diagram of the system which is the object of the implementation of an "on-service" diagnostics, according
to an embodiment of the present invention, and

- figure 2 is a flow chart of a method for implementing the on-line diagnostics for the system in figure 1.

Detailed description

[0020] Withreference tofigure 1, according to an absolutely non-limiting embodiment of the presentinvention, a control
system 10is applied to avalve 1, forregulating a process fluid. The valve 1is acomponent of aknown type and comprises a
shutter and a sealing seat. The system 10 comprises an actuator 2, a positioner 3, a plurality of sensors (for example, a
pressure sensor P1, P2, Pa and/or a sensor C and/or a position sensor Z) and a controller 5, provided with an analysis
software. The controller 5 can be a "stand alone" component, as well as it can be integrated into the positioner 3, as in the
case here described. The positioned also comprises a flow rate/pressure distributor device 4, configured to move a
working fluid to and from the actuator 2 and the sensor C monitors the activation percentage of the device 4.

[0021] The actuator 2, by an exemplary and not limiting way, is double-acting. As is known, this means that the actuator
control stem, the organ which imparts a force to the valve shutter, isimmersed between two chambers in which the relative
pressures are balanced and a net force acts on the control stem, which is transmitted to the valve shutter. Naturally, with
appropriate considerations on pressures and forces, the invention can also be implemented with single-acting actuators,
having only one pressure chamber and where the balance of the forces occurs between a force related to the pressure
present in the pressure chamber and a resistant force, for example an elastic force, just as the invention can also be
extended to double-acting actuators, provided with an elastic reaction element. The invention is applicable both to
actuators with linear motion and to actuators with rotary motion.

[0022] The positioner 3 is a component which determines the "behavior" of actuator 2 by regulating the pressure acting
within the pressure chambers of the actuator 2 itself. The logical connection with the actuator 2 is achieved by means of
feedback from the position sensor Z of the position of the actuator itself. Based on the feedback on the position of actuator
2, the positioner 3, by means of the device 4, is able to vary the pressure in the two chambers 21, 22 of the actuators 2
(pressure measured by respective pressure sensors P1, P2) in order to position the valve shutter 1 where it is required
(required position S or set-point) . If the valve 1 is closed, therefore if the shutter is in contact with the seat, the positioner 3
can modulate the seat/shutter contact force by varying the pressure within the chambers of actuator 2.

[0023] Inorderto solve the above-mentioned problems and those related to the state of the art, according to the present
invention the Applicant has processed the following observations, tests and methodological considerations.

1) A positioning system is better the more it is able to bring the controlled organ to the required position S, without any
delay, and the speed of change of the required position is an external control. There is therefore a functional need for
the positioner, downstream of each request, for changing its position from x1 to x2, so tending to generate the
maximum acceleration (therefore, the maximum force and the maximum pressure difference AP) possible towards x2
(the so-called first phase or phase A). The only desired and managed limit of phase A is due to the system’s ability to
control the deceleration (decrease orinversion of the force and the pressure difference AP), once in the vicinity of x2, to
correctly and progressively reach x2 (the so-called second phase or phase B). For the reasons mentioned above, the
final part of phase B occurs without any significant acceleration. Therefore, the first phase (phase A), if the required
movement is not minimal, generally results in insignificant readings, whereas the data detected in the final part of the
second phase (phase B) are significant, which involves an approach to the final position x2 atlow speed, progressively
decreasing and/or interspersed with short pauses until reaching zero speed.

2) The fluid passing through the valve generates a force that depends on the valve position and on the pressure
upstream and downstream of the valve. In fact, with the same valve position and pressure upstream and downstream
of the valve, the force generated by the fluid in the valve can be considered constant. The positioned is constantly
informed of the valve position but it has no information on the pressures. The fluid thrust can therefore be considered
almost constant only for measurements made at positions very close to each other, both in the linear distance of
position Zand in the time distance. In other words, the forces generated by the process fluid can be considered equal in
two samplings therefore only if these are performed at a negligible time distance.

3) The pressure sensors read values inside the positioned at an undefined distance and in an undefined duct
connected to the actuator chamber. The phase delay that can be reduced with high dynamic electronic detection
systems cannot be eliminated in the case of significant dynamics of the pressure difference AP. The dynamics of
pressure variation in the chambers depends on the combination of the volume variation and/or the injected/exhausted
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flow rate. To have a credible reading of the value AP from which to derive the force exerted by the actuator, it is
therefore necessary to consider the values read with rapid position movements (rapid volume variation at high speed)
and rapid pressure variations (rapid force variations, high accelerations) as being insignificant.

4) For the same reason related to the positioning of the sensors, the pressure drop depends on the flow rate passing
through the duct itself. The pressure drop in a duct tends to 0 as the flow rate tends to 0. To have a reading of the
pressure difference that is credible with respect to the value present in the actuator chambers (the only position thatis
actually relevant for this type of analysis) and from which to derive the force exerted by the actuator, it is therefore
necessary to consider significant only the values read with slow position movements and with sufficiently low flow
rates supplied/discharged by the positioner.

[0024] The combination of considerations as in points 1)-4) leads to making credible and usable only those data
obtained under the following conditions:

- lowspeed, either constant or with negligible accelerations or, better yet, almost equal to zero. These values are easily
knowable and/or deducible since the position-time pairs are read continuously,
- low flow rate delivered/discharged by the positioner and low dynamics of pressure variation.

[0025] It is therefore advantageous (if not necessary) to have knowledge of the activation percentage of the device
4,which supplies or discharges a pneumatic flow to the actuator chambers, by means of the sensor C. Knowing the flow
capacity of the device (CV) atany given momentand combining it with the pressures read upstream and downstream of the
device (pressure P1, P2 in the first and second actuator chamber, supply pressure Pa) this gives an excellent
approximation of the value of the flow rate passing between the positioner and the actuator chambers.

[0026] Therefore, in order to ensure the above considerations it is necessary to:

1) implement the value discrimination in the positioner. In fact, by delegating it to external devices this would resultin a
partial vision due to communication limitations with consequent reduced accuracy. The intent is to have a positioned
that has diagnostic capabilities, without the need for additional instrumentation.

2) such feature requires a ’significant’ calculation capacity in the positioner (which is usually a low-power device and
cannot use powerful microprocessors) both for the mathematical calculations and for the frequency with which the
data are detected and the calculations performed (loop time).

3)storing the data in the positioner’s memory, in order to discriminate where (position), when (timestamp) and in what
direction(UP movement, towards valve closing, or DOWN movement, towards valve opening), using the "historical"
data.

[0027] The position mustbe read accurately both to ensure a correct attribution of 'where’ and to quickly discriminate the
movements.

[0028] The timestamp’is afundamental element. It happens that the valve moves only in one direction allowing to store
‘force’ samples in various positions but only in a specific direction. Subsequently, it can happen that the valve moves in the
opposite direction on the same positions. The evaluation of the correctness of the 'friction’ sample (which in order to
exclude the forces coming from the valve fluid must assume that the forces are unchanged and therefore they reasonably
must assume a temporal correlation) requires that the UP and DOWN samples of a particular position are at a short time
distance.

[0029] The direction serves to discriminate how the forces are to be taken into account (the friction as such always
opposes the direction of movement, other forces are independent of it, for example, the weight of the masses to be moved).
[0030] 4) knowing the main quantity (AP between actuator chambers) and the quantities used to discriminate its
reliability (speed of movement, flow in the pipes)

[0031] The measurement of AP, as already explained, can be falsified’ by pressure losses on the pipes (or other
intermediate elements such as boosters) and accelerations, consequently it is necessary to correlate it to the speed of
movement (therefore excluding the accelerations) and to the quantity of air supplied (flow in the pipes and pressure
losses).

[0032] With reference to figure 2, the method for implementing an on-line diagnostics of an intelligent positioned 3 for
pneumatic actuators 2, and the algorithm, i.e. the computer program implementing the aforementioned online diagnostics
methodology, are therefore based on the following phases:

a) discriminating at S100 the conditions ("detection") in which a pressure difference APp measured in the positioner 3
is 'entitled’ to be considered substantially equal to a pressure difference APa in the actuator 2 and therefore to a valid
reading,

b) storing at S200 correctly the pressure difference APp measured in the positioner 3,
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c) processing at S300 the received data to signal alarms/warnings and/or order decisions.
[0033] The "detection” considers the pressure difference data APp valid in conditions of:

- low flow rate supplied/discharged by the device 4, therefore low speed of the driving fluid in the ducts between the
device 4 and the chambers 21, 22 of the actuator 2. Knowing the action/position of the spool group 4 which supplies or
discharges a pneumatic flow to the actuator chambers, instant by instant, the flow coefficient (CV) of the spool group is
known and combining it with the pressures read upstream and downstream of the same (pressure P1, P2 in the first
and second chamber of the actuator, supply pressure Pa), with excellent approximation the value of the flow rate of the
working fluid passing between the positioner 3 and the chambers21, 22 of the actuator 2, is obtained,

- low speed of the actuator 2 - valve 1 assembly, either constant or with negligible accelerations or, even better, almost
equal to zero. Such values can be easily known and/or deduced as the actuator position-time pairs are read
continuously,

- sampling values received at a sufficiently distant time interval from accelerations and/or high speeds and/or high flow
rates, in order to neutralize the possible error due to the dynamics/synchronism of reading/communication of the
Sensors.

[0034] Preferably, the time distance should be reduced between two successive samplings of a particular position in
both UP (e.g., towards valve closing) and DOWN (e.g., towards valve opening) travel directions.
[0035] This last condition can be better understood by means of some mathematical steps. Let be defined:

- Fa(x) the dynamic friction force at a point x,

- F(x*)the force required to move the actuator up to point x (first sampling) from a "smaller" position than x (for example,
more open valve),

- F(x) the force required to move the actuator up to point x (second sampling) from a position "greater" than x (for
example, valve more closed),

- Pm pressure upstream of the valve

- Pv pressure downstream of the valve

- Ff force of the process fluid which depends on the pressures upstream Pm and downstream Pv of the valve, in
particular Ff* is the force acting during the first sampling and Ff- is the force acting during the second sampling.

[0036] For the equilibrium of the acting forces it results:

F(x") = Fa(x) + Fft and F(x") = - Fa(x) + Ff~ (
a)

[0037] Combining the (1), we get:

2Fa(x) = F(x*) - Ff*t -F(x7) + Ff~ (b)

[0038] Ifthe twosamplings, i.e. the two passages through the pointx, are carried out ata shorttime interval, it is possible
to consider the pressures of the process fluid upstream Pm and downstream Pv of the valve, to be substantially constant
and therefore the forces of the process fluid Ff* , Ff- to be equal to each other and therefore we obtain:

F(x) = [F(x") - F(x7)1/2 (c)

[0039] Fromtherelation(c)itis possible to conclude thatthe dynamicfriction force ata pointx can be considered equal to
half the difference of the force (i.e. of the pressure) necessary to pass at x in the two directions of travel, only if the other
forces are substantially equal in the two samplings.

[0040] In addition to what is described above, a further evaluation of the functional state of the system can be made by
analyzing the static and dynamic friction value. The knowledge of the static friction/dynamic friction ratio and how it varies
overtime allows for a functional analysis and forecasts to be performed, establishing any attention and/or alarm thresholds
based on the value and/or its variation over time.

[0041] This data can be deduced with the methodology previously explained by knowing the force (AP) necessary to
start the movement and the minimum force (AP) to continue the movement. The values are considered credible for the
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conditions described above. In the conditions of very slow movement request, the motion occurs with a succession of
movements interspersed with pauses. In this situation, it is easy for the positioner to detect the AP necessary to start the
movement (force that overcomes the static friction resistance) and thatimmediately before the stop (force that overcomes
the dynamic friction resistance).

[0042] From what has been described above, it is therefore possible to state that a sampling is considered valid if the
reliability threshold values for the following parameters are respected:

1. low flow rate of fluid delivered/discharged from the device 4

2. low actuator speed

3. time interval(At3) from high speeds and/or high flow rates and/or high accelerations
4. time interval (At4) from passing through the same point in UP and in DOWN.

[0043] To select the reliability threshold values, one proceeds as follows. Given the very wide variety of physical
characteristics and functional parameters of the actuator-valve assembly to which the positioner can be applied, the
values from 1 to 3 must be individually configurable by a "self-tuning" and possibly modifiable by an expert. During the "self-
tuning" the positioner can easily evaluate the flow rate it is supplying/discharging, it can know the actuator movement over
time and therefore it can investigate which flow rate generates a negligible AP and which speeds are generated in these
conditions by selecting the values 1 and 2. The value 3 is deduced by performing initially fast movements, which are then
brought back to conditions 1 and 2, verifying the delay necessary to read "stable" values. The time interval At3 must
therefore be greater than or equal to this time. The value 4 is instead a function of the type of valve and the controlled
process, it can be set manually by an expert and by default a short time interval At4 will be selected, also suitable for highly
dynamic processes.

[0044] In addition to the modes of implementation of the invention, as described above, it is to be understood that there
are numerous further variations. It is also to be understood that said modes of implementation are only exemplary and do
not limit either the scope of the invention, or its applications, or its possible configurations. On the contrary, although the
above description makes it possible for a skilled person to implement the present invention at least according to an
exemplary configuration thereof, it is to be understood that numerous variations of the described components are
conceivable, without thereby departing from the object of the invention, as defined in the appended claims, interpreted
literally and/or according to their legal equivalents.

Claims

1. Method for implementing an on-service diagnostic of an intelligent positioner (3) for a pneumatic actuator (2), the
positioner (3) including a flow/pressure distributor device (4) configured to move a working fluid to and from the
actuator (2), the method including the following steps:

a)identifying a sampling in which a pressure difference (APp) measured in the positioner (3) is substantially equal
to a pressure difference (APa) in the actuator (2) and therefore it assumes the sampling as valid in conditions of:

- low flow rate of the working fluid;

- low speed, constant speed or speed with negligible or almost zero accelerations of the actuator and the
working fluid;

-reading received at a time distance sufficiently distant from accelerations and/or high speed and/or high flow
rate,

b) correctly archiving the pressure difference (APp) measured in the positioner (3),
c) processing the data received to report alarms/warnings and/or to order decisions.

2. Method according to claim 1, in which phase a) considers the sampling as valid in conditions of reduced time distance
between two successive samplings of a particular position of the pneumatic actuator (2) in both travel directions.

3. Method according to claim 2, in which, in case of a reduced time distance between two successive samplings, the
dynamic friction force in a particular position of the pneumatic actuator (2) is equal to the half-difference of the forces
necessary to pass through the particular position in the two travel directions.

4. Method according to any of the previous claims, in which the sampling is considered valid if reliability threshold values
are respected for the following parameters:
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- low flow rate of delivered/discharged fluid by the device (4),

- low actuator speed,

- first time interval (At3) from high speeds and/or high flow rates and/or high accelerations,

- second time interval (At4) from passing through the same point in both travel directions.
System (10) for controlling a valve (1) regulating the flow of a process fluid, the system (10) comprising an actuator (2),
a positioner (3), a plurality of sensors (C, Z, P1, P2, Pa) and a controller (5) configured to carry out the method of
anyone of the preceding claims.

System (10) according to claim 5, wherein the controller (5) is integrated into the positioner (3) .

System (10) according to claim 5 or 6, wherein the positioner (3) includes a flow/pressure distributor device (4)
configured to move a working fluid to and from the actuator (2).

System (10) according to any of claims 5 to 7, wherein the actuator (2) is single-acting or double-acting.

System (10) according to claim 8, wherein the actuator has linear motion or rotary motion.

10. Computer program configured to implement the method according to any of claims 1 to 4.
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