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CURRENT-TO-PRESSURE TRANSDUCER
CT, STAB FILT

Technical Field
The present invention relates generally to

- current-to-pressure transducers and, more

particularly, to a current-to-pressure transducer
having a selectable, adjustable input filter.

Background Art
' Control systems, such as for controlling
liquid or gas flow processes, typically include a
current-to-pressure transducer coupled to an
actuator which, in turn, is coupled to a valve which.
controls a process. An output signal from a process
controller is coupled to the current-to-pressure
transducer for controlling the process.

| In an open-loop process control systen,
the process controller supplies a 4~20 mA control
signal to the current-to-pressure transducer which
converts the control signal into an output pressure
causing the actuator to operate the valve to control
the process in a predetermined manner. In eontrast,
in a closed-loop process control system, a sensor
detects the value of a parameter of the process

"being controlled so that the value of the parameter
 can be fed back to the process controller. The

process controller then regulates its output signal
continuously to maintain a minimal difference
between the value of the sensed process parameter
and an input command, called a setpoint or desired
value for the sensed process parameter.
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~with a spring-and-diaphragm actuator. One such

In applications where the process to be -
controlled has ‘a small time constant, it is
desirable to employ a-.current-to-pressure transducer
having a slow first-order regponse in conjunction_

transducer is the Type 546 current-to-pressure
transducer, manufactured by Fisher Controls
International, Inc. This transducef is functionally
similar in its response cha:écteriStic to a single~-
pole, low-pass filter-with a large time constant.:
Other developments in transducer -

technology have given rise to transducers having _—

faster, second~order -low-pass filter characteristics
when connected to an actuator such as a spring-and-
diaphragm actuator. While these_transducers can be
employed to operate actuators in the closed-loop
control of'fast.proéesses, the proportional gain of
the process controller must be reduced by re-tuning
the process controller in order for these -—
transducers to achieve the same degree of process
loop damping as transducers:having relatively - .
slower, first-order ‘lag characteristics. 1In some
instances, even after the controller is re-

tuned in an effort to achieve system stability, the
controlled process variable or.parameter.still
exhibits overshoot, or limit cycles (i.e., small
amplitude oscillatiohé}, or does not conform as

' closely as desired to the command input signal or

setpoint and responds more slowly than is desired to--

a change in the setpoint. S e o
The foregoing problems arise, for -example,

when the current-to-pressure -transducer must be

replaced due to aging-br wear'¢aused-by constant

exposure to vibration; adverse thermal conditions,

or ordinary wear, or simply -when a technological
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upgrade of the transducer or other system components
is desired. 1In such cases, changes in the response
characteristic of the transducer and actuator from a
first-order to a second-order lag characteristic can
adversely affect process loop tuning and control.
Summary of the Invention

The present invention provides a current-
to-pressure transducer having a selectable,
adjustable input filter which overcomes the problems
described above.

In accordance with one aspect of the
present invention} an apparatus responsive to a
control signal for developing a pressure includes a
current-to-pressure transducer including means
responsive to the control signal for developing the
pressure and a filter disposed intermediate the
control signal and the current-to-pressure
transducer. The filter has a dynamic input-to-
output characteristic with an adjustable time
constant so that the dynamic input-to-output
characteristic may be varied. The apparatus also

- includes means for selectively activating and

deactivating the filter. Preferably, the filter
comprises an integral part of the current-to-
pressure transducer.

In one embodiment, the filter is a

" dominant, first-order lag filter and, preferably, is

a low—pass filter. The filter may include an
operational amplifier and may further include a
résistor-capacitor'network coupled to the
operational amplifier. Alternatively, the filter
may be a digital filter and may include calculating
means for performing digital calcula;ions to derive
the dynamic input-to-oﬁtput characteristic.
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Preferably, the calculating means in the latter
embodiment includes a microprocessor.

' - In a system for'controllingfa process
having a process parameter, wherein the system
includes detecting-means fo:-detectingithé process
parameter, a controller having means for receiving
an input signal derived f:omﬁthe-detected process
parameter and means for dériving-afcontroller output
signal which depends on the iﬁputwsignal; a current-
to-pressure transducer responsive to the controller
output signal for de?eloping'a préssure, a valve
actuator responsiVe-té the pressure developed by the
transducer, and a valve responsive to the valve
actuator for controllinqﬁthéfﬁrocésgi-the present
invention provides an improvement comprising a
filter disposed intermediate the control signal and
the current-to-pressure transducer, the filter
having a dynamic ihput-to-outbut=chara¢teristic-
which substantially ensures that the gain of the
system is small encugh to substantially maintain the
stability of the-bfétem and large enough to enable
the process parameter to be adjusted to
substantially cdmpensate~fbr load variations in the
process. The dynanmic iﬁput-to-butput.characteristic
of the filter has a user-adjustable time constant so

‘that the dynamic input-to~output”characteristic may

be varied. ' Further, means are provided for

" selectively activating and deactivating the filter.

The features of this invention which are
believed to be novel are set forth with
particularity in the appended claims.. The invention
may be best understood by reference to the following
description taken in conjunction with the
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accompanying ‘drawings, in which like reference
numerals identify like elements in the several -
figures and in which:

Fig. 1 is a block diagram illustrating a
process control loop in which the transducer of the
present invention is used;

Fig. 2 is a block diagram illustrating a
current-to-pressure transducer having a selectable,
adjustable input filter in accordance with the
present invention; .

Fig. 3 is a schematic diagram illustrating
an analog embodiment of the input filter of Fig. 2;
and

Fig. 4 is a schematic block diagram -
illustrating a digital embodiment of the input
filter of Fig. 2.

esc Pre () >diments _
Referring initially to Fig. 1, a process
control system 20 includes-a current-to-pressure
transducer 22 coupled to a valve actuator 24 which,
in turn, is coupled to a valve 26 which controls a
process 28. The process 28 may be a flow process, a
ligquid pressure process, or a small-volume gas
pressure process, or any other desired process. A
process controller 30 supplies a 4-20 mA control
signal 32 to the current-to-pressuré transducer 22

" to control the process 28.

The process control system 20 may be an
open-loop or a closed-loop system. In a closed-loop
system (shown in Fig. 1), a sensor 34 operates to
detect the value of a process parameter 36, such as
a flow rate or pressure, a temperature, a liquid
level, a specific gravity, or any other desired
parameter. The detected value of the parameter 36

PCT/US95/09872
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is coupled to an inverting input of a summer 38
which computes a diffe:enee_go:between:an input -
command signal or setpoint 42 and a signal 44
representing the value of the parameter 36 as

detected by the sensor 34. 3In an open-loop process

control system 20 (not showh), the sensor 34 and the
summer 38 are omitted,.and the input command signal
or setpoint 42 is coupled directly to the process
controller 30 to control the process 28 in a

predetermined manner (i.e., wherein ‘the controller ‘
input is not~responsive-to the value of the detected
process parameter 36). _

" Referring now to Fig. 2, the current-to-
pressure transducer 22 has an input 48 (which
typically is either a 4-20 mA current signal or a 1-
5 V voltage signal and which, in either case, is-:
proportional to the 4-20 mA control signal 32) and a
pressure output 54. The current-to-pressure. .
transducer 22 also includes a transducer S0 having
an input 52. The pressure output 54 of the current-
to-pressure transducer 22 is coupled directly to an
output 55 of the transducer 50.

The input. 52 of the transducer 50 is
coupled to a signal selector 56 which is operable to
select either of two input-signals.te be coupled to

- the input 52 of the transducer 50. More

particularly, the signal selector 56 operates to
select either a filtered signal 58, which is
filtered by an input filter 60, or an unfiltered
signal 62, which is simply the input 48 to the
current-to-pressure transéuce: 22. In other words,
the signal selector 56 is operable to select or de-
select the filtering function of the filter 60 so
that the currentfto-pressure.transducer 22 can be
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operated with or without the selectable, adjustable
input filter 60.

Referring now to Figs. 1 and 2, in
installations where the dynamics of the process 28
are dominant in the control system 20, the signal
selector 56 is operated to de-select the input
filter 60 (i.e., to couple the unfiltered signal 62
to the input 52 of the transducer 5$0) inasmuch as
the dominant, first-order filter is not required in
such installations. 1In other installations, where
the dynamics of the process 28 are not dominant, the
signal selector 56 is operated to select the input
filter 60 (i.e. to couple the filtered signal 58 to
the input 52 of the transducer 50) so that the

_filter 60 may be adjusted to achieve stability of

the process control system 20.

Referring now to Fig. 3, the input filter
60 is now described in more detail. Initially, it
should be noted that while the filter 60 is
described below in connection with an analog
circuit, it will be readily apparent to those
skilled in the art that the filtering function may
also be achieved by digital means such as a
microprocessor suitably programmed to calculate the
same input-to-output characteristic as would be
generated by the equivalent analog filter 60 shown
in Fig. 3. | _

‘ As shown in Fig. 3, the input filter 60
includes an operational amplifier 64 having a
positive input terminal 66, a negative input
terminal 68, and. an output terminal 70 at which the
operational amplifier 64 produces an output signal.
The output signal is fed back from the output
terminal 70 to the negative input terminal 68. A -
resistor 72 is coupled between the input 48 and the
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positive input terﬁinal 66 of theioperational'
amplifier 64. 1In addition, a capacitor 74 is
coupled between the'poéitive:input ‘terminal 66 of
the operational amplifier 64 and a ground terminal
76. ' : .

The'resistance and capacitance values of
the resistor 72 énd'the*oapacitor 74, respectively,
may be chosen tO'obtain'a'tine constant for the
input filter 60 havzng whatever value is needed for
the process control system 20 to be stable. Of
course, the value of the time constant will depend
on the characteristios of all of the dominant lags
present in the process control system 20 as will be
evident to those of o:dinary skill in the art.

In addition, as an alternative to the use
of the above-described signal selector 56 as a means
for selecting and deséléctlng the filter 60, the
filter 60 can be effectivolyfdéselected by choosing
resistance and oapacitanoe'valneé for the resistor
72 and the capacitor 74;':espéctively, so that the
time constant for the filter 60 is very small or
zero. In other words, the resistance of the
resistor 72 should be smgll or neérlj-:éfo and, in
any event, much less than the input impedance of the
operational amplifier Gl'séleoted for the .
application. The capacitor should be of a high-
quality, low-leakage type (e.g., fabricated of

' tantalum or ceramic materialSj and should not be

sufflclently large to load the input 48 during
transients. ' -

In an analog emhodiment, the resistance
and capacitance values may be selected simply by
coupling'resiétive and capacitive elements having
the desired values into the filter 60.
Alternatively, in a digital embodiment, a user-
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defined paramefer may be set to a value
corresponding to the desired time constant for the
filter 60 simply by suitably programming the dzgltal
filter (i.e. in either software or firmware
programming, as desired). In addition, in the
digital embodiment, another user-defined parameter
may be used to select and de-select the filter 60,
thereby providing, in the digital embodiment, the
same functionality as is provided by the signal
selector 56 in the above-described analog embodiment
of the filter 60.

Of course, it will be readily apparent to
those skilled in the art that the filter function of
the filter 60 may be provided by any other analog or
digital, electrical or mechanical means instead of
the op-amp/RC circuit described above and shown in
Fig. 3. In any casé, what is important is that the
filter 60 have a dynamic input-to-output
characteristic which substantially ensures that the
gain of the process control system 20 (Fig. 1) is
small enough to substantially maintain the stability
of the system 20 and large enough to enable the:
process parameter 36 (Fig. 1) to be adjusted to
substantially compensate for load variations in the
process 28 (Fig. 1). Further, regardless of the
type of filter 60 used in the transducer 22, the
dynamic input-to-~output characteristic of the filter

" 60 should have a time constant which is adjustable

to enable variation of the dynamic input-to-output
characteristic as described above. Thus, when a
current-to-pressure transducer 22 is installed in a
process control system 20, the gain of the input
filter 60 is increased to adjust the input-to-output
characteristic of the filter 60 while maintaining
the stability of the process control system 20.

PCT/US95/09872
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Referring now to Fig. 4, the digital
embodiment of the filter 60 includes a
microprocessor 78 and calculating means such as a
program 80 adapted to be executed by the
microprocessor 78 to iﬁplémant-the dynamic input-to-
output characteristic bf the filter 60 by deriving
an output bit stream 82 (which may be either
parallel or serial) from an input bit stream 84
(which also may be either parallel or serial). To
those of ordinary skill in the art, it is a
straightfofward mattet to develop the program 80 to
perform the calculations reéquired to implement the
digital embodiment of the filter 60. - The digital
filter 60 also includes a'usef-defined parameter 86

‘for choosing a time constant for the filter 60 and a

user-defined parameterlsg'for'selecting and
deselecting the filter 60. As an optional
additional feature of the digital embodiment, the
program 80 may employ a default setting for the time
constant when the .user-defined parameter 86 is set

‘to zero and the user-defined parameter 88 is set to

select the filter 60. :

Réferring again to Pig. 2, the current-to-
pressure transducer 22 may optionally be equipped
with a filter 60 which-éannqt be de-selected, such

. as by the signal selector 56 described above, for

use in those installations in which the filter 60 is

‘always necessary (e.g., installations in which the

dynamics of the process 28 will never be dominant in
the process control system 20). '

' A transducer 22 having a selectable,
adjustable input filter 60 in accordance with the

' present invention:facilitatés relatively quicker.

response of the p;cngS'parameter-36-to'changes.in
the setpoint 42 than could be achieved by process
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control systems 20 employing prior=art, non-
filtering current-to-pressure transducers.

The foregoing description is for the
purpose of teaching those skilled in the art the
best mode of carrying out the invention and is to be
construed as illustrative only. Numerous
modifications and alternative embodiments of the
invention will be apparent to those skilled in the
art in view of this description. The details of the
disclosed structure may be varied substantially
without departing from the spirit of the invention,
and the exclusive use of all modifications within
the scope of the appended claims is reserved.

PCT/US95/09872
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‘What is claimed is:

‘l. Apparatus responsive to a control
signal for developing .a pressure, comprising:

a current-to-pressure transducer including
means responsive to the control signal for
developing the pressure; | '

-a filter disposed intermed;ate the control

" signal and the current-to-pressure transducer and

having a dynamic 1nput-to-output characteristic with -
a time constant which is ‘adjustable to enable
variation of the dynamic input—to-output
characteristic; and:

means for selectively acfivating and
deactivating the filter.

2. The aﬁparatus of claim 1, wherein the
filter comprises an integral part of the current-to-

pressure transducer.

3. The apparatus of claim 1, wherein the
filter is a dominant, first-order lag filter.

4. The apparatus of claim 1, wherein the
filter is a low pass filter.

5. The apparatus of'claim 1, wherein the

" filter includes an operational amplifier.

6. The apparatus of claim 5, wherein the
filter further includes a resistor-capacitor network
coupled to the operational amplifier.

O
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7. The apparatus of claim 1, wherein the
filter is a digital filter.

8. The apparatus of claim 7, wherein the
filter includes calculating means for performing
digital calculations to derive the dynamic input-to-
output characteristic.

9. The apparatus of claim 8, wherein the
calculating means includes a microprocessor.

10. In a system for controlling a process
having & process parameter, wherein the system
includes detecting means for detecting the process

- parameter, a process controller having receiving

means for receiving an input signal derived from the

-detected process parameter and deriving means for

deriving a controller output signal which depends on
the input signal, a curremt-to-pressure transducer
responsive to the controller output signal for

' developing a pressure, a valve actuator responsive

to the pressure developed by the transducer, and a
valve responsive to the valve actuator for
controlling the process, the improvement comprising:
a filter disposed'intermediate the control
signal and the current-to-pressure transducer, the

" filter having a dynamic input-to-output

characteristic which substantially ensures that the
gain of the system is small enough to substantially
maintain the stability of the system and large
enough to enable the process parameter to be
adjusted to substantially compensate for load
variations in the process; and '
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selecting means for selectively activating
and deactivating the filter;

wherein the dynamic input-to-output
characteristic of the filter has a time constant
which is adjustable to enable variation of the
dynamic input-to-oﬁtput-charécteristic.

_ 11. The system of claim 10, wherein the
filter comprises an integral part of the current-to-
pressure transducer.

12. .The system of claim.lo, wherein the
filter is a dominant, first-order lag filter.

'13. The system of claim 10, wherein the
filter is a low-pass filter.

14. The system of claim 10, wherein the
filter includes an operational amplifier.

15. The system of claim 14, wherein the
filter further includes a resistor-capacitor network

coupled to the operational amplifier. .

16. The system of claim 10, wherein the

filter is a digital filter.

17. The system of claim 16, wherein the
filter includes calculating means for performing
digital calculations to derive the dynamic input-to-
output characteristic. ' :

'18. The system of claim 17, wherein the
calculating means includes a microprocessor.

N



