
-
'l 

· WO 96/05544 PCT/US95/09872 

- 1 -

CURREBT-TO-PRBSSURB TRANSDUCER 
WITH SBLICTAILB, ADJVSTABLB XllPUT l'ILTBB 

Technical liald 
The present invention relates generally to 

5 current-to-pressure transducers and, more 
particularly, to a current-to-pressure transducer 
havinq a selectable, adjustable input filter. 

Baqkqrqun4 kt 
control systems, such as for controlling 

10 liquid or qas· 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 

15 transducer for controlling the process. 
In an open-loop process control system, 

the process controller supplies a 4-20 mA control 
signal to the C\lrrent-to-pressure transducer which 
converts the control si"gnal into an output pressure 

20 causing the actuator to operate the valve to control 
the process in. a predetermined manner. In contrast, 
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 
25 can be fed back to the process controller. The 

process controller then requlates its output siqnal 
continuously to maintain a minimal difference 
between the value of the sensed process parameter 
and an input command, called a setpoint or desired 

JO value for the sensed process parameter. 
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Xn 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 re~ponse in conjunction_ 

5 with a spring-and-diaphragm actuator. One such 
transducer is the Type 546 current-to•pressure 
transducer, manufactured by Fisher Controls -
International, Inc. This transducer is functionally 
similar in its response characteristic ~o a single-

10 pole, low-pass filterc-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-

15 diaphragm actuator. While these__:_transducers can be 
employed to operate actuators in the cl.osed-loop 
control of fast processes, the proportionaL qain of 
the process controller must-be reduced by re-tuning 
the process controller in order for these 

20 transducers to achieve the same degree o~ process 
loop damping as transducers having relatively - -
slower, first-order lag characteristics. In some 
instances, even after the controller is re-
tuned in an effort to achieve system-stability, the 

25 controlled process variable or-parameter still 
exhibits overshoot, or limit cycles: -(i.e. , small 
amplitude oscillations), or does not confo.rm as 
closeiy as desired-to the cominand·input·signal or 
setpoint and responds more slowly_ than is desired to--

30 a change in the setpoint. 
The foregoing problems arise, for -example, 

when the current.;to-pressure-transducer must be 
replaced due to aqinq or wear caused by constant 
exposure to vibration, !idverse thermal conditions, 

35 or ordinary wear, or simply-when a technological 

t ---
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upgrade of the transducer or other system components 
is desired. In such cases, changes in the response 
characteristic of the transducer and actuator from a 
first-order to a second-order lag characteristic can 

5 adversely affect process loop tuning and control. 

Spparv Of the Ipyention 
The present invention provides a current­

to-pressure transducer havinq a selectable, 
adjustable input filter which overcomes the problems 

10 described above. 
In accordance with one aspect of the 

present invention, an apparatus responsive to a 
control siqnal for developing a pressure includes a 
current-to-pressure transducer including means 

15 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 

20 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-

25 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 

30 resistor-capacitor network coupled to the 
operational amplifier. Alternatively, the filter 
may be a digital filter and may include calculating 
means for performing digital calculations to derive 
the dynamic input-to-output characteristic. 
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Preferably, the calculatinq means in the latter 
embodiment includes a micro~rocessor. 

In a system for controllinq a process 
havinq a process parameter, wherein ·the system 

5 includes detecting ••ans for ·detectinq .·the process 
parameter, a controller having means for receiving 
an input signal derived from.the detected process 
parameter and means for deriving a controller output 
signal which depends on the input·siqnal, a current-

10 to-pressure transducer responsive .·to ·the controller 
output siqnal for developing a pressure, a valve 
actuator responsive to the pressure developed by the 
transducer, and a valve responsive to the valve 
actuator for controllinq·theprocess, the present 

15 invention provid•s an improvement comprising a 
filter disposed intermediate the control siqnal and 
the current-to-pressure transducer, the filter 
havinq a dynamic input-to.o.oU:tput characteristic 
which substantially ensures that the gain_ of the 

20 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. The dynamic input-to-output characteristic 

25 of the filter has a user•adjustable time constant so 
· that the dynamic input-to-output·. characteristic may 
be varied. · PUrther, means are provided for 
selectively activating and deactivatinq the filter. 

Brief Dasqrh1;ion .· of • 1;ha prawipqi 

30 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 

t 
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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 
5 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 havinq a selectable, 
adjustable input filter in accordance with the 

10 present invention; 
Fiq. 3 is a schematic diaqram illustrating 

an analog embodiment of the input filter of Fig. 2; 
and 

Fiq·.. 4 is a schematic block diagram 
15 illustratinq a diqital embodiment .of the input 

filter of Fiq. 2. 

Description of th• Pref erre4 '!'o4illents 
Referring initially to Fiq. l, a process 

control system 20 includes-a current-to-pressure 
20 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 
liquid pressure process, or a small-volume qas 
pressure process, or any other desired process. A 

25 process controller 30 supplies a 4-2~ :mA control 
signal 32 to the current-to-pressure 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 
30 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 qravity, or any other desired 
parameter. The detected value of the parameter 36 
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is coupled to an inve,rting input of a summer 38 
which computes a diff erf!!llce 40 between an input 
command signal or setpoint 42 and a signal 44 

representinCJ the val~e e>f th~ parameter 36 as 
5 -detected by the sensor. ~•· ·In an open-loop proc;:ess 

control system 20 (not shown), 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 ccmt:rol the process 28 in a 

10 predetermined manner (i.e., wherein the controller 
input is not responsiye, to the value of the detected 
process.parameter 36). 

Referring now to Fig. 2, the current-to­
pressure transducer 22 ha• an input 48 (which 

15 typically is either a 4~20 mA current signal or a 1-
5 v voltaCJe signal and which, in either case, is·. 
proportional to the 4-20 1DA control signal 32) and a 
pressure output 54. Th1t current•to.,.pressure. 
transducer 22 also includes a transducer 50 having 

20 an input 52. The.pressure output 54 of the current­
to-pressure transducer 22 is coupled directly to an 
output 55 of the trans4ucer· so. 

The input.52of the transducer 50 is 
coupled to a signal selector 56 which is operable to 

25 select ei.ther of two input signals to be coupled to 
the input 52 of the tran~d\icer so. More 
particularly, the siqna~ s•lector 56 operates to 
select either a filtered signal 58, which is 
filtered by an input fiiter 60, or an unfiltered 

30 siqnal 62, which is simply the input 48 to the 
current-to-pressure transducer 22. In other words, 
the signal selector 56 is operable to select or de­
select the f ilterinCJ function of the filter 60 so 
that the current-to-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 

5 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 50) inasmuch as 
the dominant, first-order filter is not required in 

10 such installations. In 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 

15 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 

20 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 

25 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 

30 positive input terminal 66, a negative input 
terminal 68, and an output terminal 70 at which the 
operational amplifier 64 produces an output siqnal. 
The output .signal is fed back from the output 
terminal 70 to the negative input terminal 68. A · 

35 resistor 72 is coupled between the input 48 and the 
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positive input terminal 66 of the operational 
amplifier 64. In a~dition, a capacitor 74 is 
coupled between the po~itive input terminal 66 of 
the operational· amplifier 64 and a ground terminal 

5 76. 

10 

15 

The resistan~• and capacitance values of 
the resistor 72 and the capacitor 74, respectively, 
may be chosen to obtain a time constant for the 
input filter 60 having.whatever value is needed for 
the process control sy-·1:-em 20 to be stable. Of 
course, ·the value of the time constant will depend 
on the characteristics Qf·all of the·dominant lags 
present in the process 9ontrol system 20 as will be 
evident to those·of ordinary skill in the art. 

In addition, as an alternative to the use 
of the above-descri~ slc;Jrial selector 56 as a means 
for selecting and deselecting the filter 60, the 
filter 60 can be effectiyely deselected by choosing 
resistance and capacitance values for the resistor 

20 72 and the capacitor 74, respectively, so that the 
time constant for-the filteJ:' 60 is very small or 
zero. In other words, tliereaistance of the 
resistor 72 should be small or nearly zero and, in 
any event, much less t)lan the input impedance of the 

25 operational amplitier 64.selected tor the 
application. The capacitor should be.of a hiqh­
quality, low-leakage type (e.g., fabricated of 
tantalum or qeramic materials) and should not be 

· sufficiently large to load the input 48 during 
30 transients. 

In·an analoq embOdiment, the resistance 
and capacitance vaiues may be·selected simply by 
coupling resistive and capacitive elements having 
the desired values into the filter 60. · 

35 Alternatively, in a diqital ·embodiment, a user-
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defined parameter may be set to a value 
corresponding to the desired time constant for the 
filter 60 simply by suitably programming the diqital 
filter (i.e. in either software or firmware 

5 ~roqramming, 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 

10 selector 56 in the above-described analoq 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 

15 digital; electrical or mechanical means instead of 
the op-amp/RC circuit described above and shown in 
Fig. 3. In any case, what is important is that the 
filter 60 have a dynamic input-to:--output 
characteristic which substantially ensures that the 

20 qai~ 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 

25 process 28 (Fig. 1). Further, regardless of the 
type of filter 60 used in the transcfucer 22, the 
dynamic input-to~output characteristic of the filter 
60 should have a time constant which is adjustabla. 
to enable variation of the dynamic input-to-output 

30 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 maintaininq 

35 the stability of the process control system 20. 
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Referring now to Fig. 4, the digital 
embodiment of the filter 60 includes a 
microprocessor 78 anq· ~alc~latirig means such as a 
program 80 adapted to pe exequted by the 

s microprocessor 78 to impleme~t the dynamic input•to­
output characteristic ot the filter 60· by deriving 
an output bit stream $2 (wllich may be either 
parallel or serial) f?;"om an input bit stream 84 

10 

15 

(which also may be either parallel or serial). To 
those of ordinary skill in the art, it is a 
straightforward matter to develop the program so to 
perform the calculatiQns required to implement the 
digital embodiment of the filter 60. · ··The digital 
filter 60 ·also includes a·user-defined parameter 86 
for choosing a time.constant for the filter 60 and a 
user-defined parameter 88 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 

20 constant when the.user~defined parameter 86 is set 
to zero and· the user-defined parameter 88 is set to 
select the filter 60. 

Referring again to Fiq. 2, the current-to­
pressure transducer 22 aay optionally be equipped 

25 with a filter 60 which cannot be de-selected, such 
as by the siqnal selector 56 described.above, for 
use i~ those installations in which the filter 60 is 
always necessary (e.g., installations in which the 
dynamics of the process 28 will never be doainant in 

30 the process control system 20). 
A transducer 22·havinq a selectable, 

adjustable input filter :60 in ac·cordance with the 
present invention facilitates relatively quicker 
response of the process parameter 36 to·chanqes in 

35 the setpoint 42 than could be achieved by process 

c 
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control syst'E!lns 20 employing prior•art, non­
filtering current-to-pressure transducers. 

PCT/US95/09872 

The foregoing description is for the 
purpose of teaching those skilled in the art the 

s 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 

10 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. 
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What is claimed is: 

1. Apparatus r•sponsi ve to a control 
siqnal for 'developinq;a pressure, comprisinq: 

a current-to-pressure transducer including 
5 means responsive to th• control signal for 

developinq the· pressure;··· 
a filter disposed intermediate the control 

siqnal and the current•to-pressure transducer and 
having a dynamic input-to-e>utput characteristic with 

10 a time constant which is adjustable to enable 
variation of the dynamic input-to-output 
characteristic; and· 

means for selectively activatinq and 
deactivatinq the filter. 

15 2. The apparatus of claim 1, wherein the 
tilter comprises an integral part of the current-to­
pressure transducer. 

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

20 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 s, wherein the 
2·5 filter further includes a resistor-capacitor network 

coupled to the operational amplifier. 
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7. The apparatus of claim 1, wherein the 
filter is a diqital filter. 

8. The apparatus of claim 7, wherein the 
filter includes calculatinq means for performinq 

5 diqital calculations to derive the dynamic input-to­
output characteristic. 

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

10. In a system for controllinq a process 
10 havinq a process parameter, wherein the system 

includes detectinq means for detectinq the process 
parameter, a process controller havinq receivinq 
means for receivinq an input siqnal derived from the 
detected process parameter and derivinq means for 

15 derivinq a controller output siqnal which depends on 
th~ input siqnal, a current-to-pressure transducer 
responsive to the.controller output siqnal for 
developing a pressure, a valve actuator responsive 
to the pressure developed by the transducer, and a 

20 valve responsive to the valve actuator for 
controlling the process, the improvement comprising: 

a filter disposed intermediate the control 
siqnal and the current-to-pressure transducer, the 

· filter having a dynamic input-to-output 
25 characteristic which substantially ensures that the 

qain of the system is small enouqh to substantially 
maintain the stability of the system and large 
enouqh to enable the process parameter to be 
adjusted to substantially compensate for load 

30 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 

s which is adjustable to enable variation of the 
dynamic input-to-output char.acteristic. 

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

10 12. The system of claim 10, wherein the 
filter is a dominant, first-order lacj filter. 

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

14. The system of. clai• 10, wherein the 
15 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 
20 filter is a diqital filter. 

25 

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

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

I 


