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CURRENT- TWOPBBSHYRE TRANSDUCER W TH SELECTABLE, PEDVSSIIZE | NPUT
FI LTER "~ Technical Field The present invention relates
generally to 5 current-to-pressure transducers and, nore

particularly, .to a current-to-pressure transducer havi ng a sel ectabl e,
adj ustabl e input filter. Background Art Contro
systens, such as for controlling 10 liquid or gas flow processes,
typically include a current-to-predsure transducer coupled to an
actuator which, in turn, is coupled to a val ve which controls a
process. An output signal froma process controller is coupled to the

current-to-pressure 15 cunmgﬂmsco-ﬁngssangrQkhusnucbn process.

I n an open-100p progess BERCES D ontrol | er

supplies a 4-20 nA TONLTORL AT B Lot et -t 8P ess Ur e

t ransducer which converts the control S|gnal I nto an out put pressure

20 causing the actuator to operate the valve to control t he process

~in a predeterm ned manner. In contrast, in a closed-1oop process
control syst @echaiealk ®ield detects the value of a parameter of the

process The present invention relates generally to
5 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
10 1liquid 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
15 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
20 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
25 " 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
30 value for the sensed process parameter.



being controlled so that the value of the paraneter 25 can be fed back to

the procewmoogossadl l er. The . process controller then rpgmMUsSIsesI2 s
out put si gnal continuously to maintain a mnimal difference
bet ween the val ue of the sensed process paraneter and an i nput
command, called a setpoint or desired 30 val ue for the sensed process
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applications where the process to be -= 2 ~controlled has a small tine
constant, it is - desirable to enploy a current-to-pressure transducer

having a slow first-ordein reppbicsstions owheret the provess 8o be -

spri ng-and- di aplyAAR AR YIO'a exdfs Uile conbl@RSUUEETyhS the Type 546
current-to-pressure transducer,, nanU'ac?ure; Y Fishier Controls

| nt er nat i onal ,desikrabie to reRRIRY 3 -currentrtorpregsure transducen its

response char aghAigtd Gl o St el eradP rédhénséOrhPasajhhbteonith a iarge:

time constant. . . (ah ;r devel opnents in tranSducey _

t echnol ogy haVett A PR NG T3P T%ﬁ&m L ackRRLer.  Paei 8RChsecond- order

| ow-pass filt eravisdwegeristtins Type V66 corventet+pressageuat or such as-a
spring-and- 1 di aphragm actuator .. VWil e,these trapsducers can be

..enpl oyed to o%&%@ﬁ%ﬁﬂatﬁﬁufqﬁfﬁemg%’-'%%f)’ &onefggfrol of fast .

processes, thdnhepwtianal, gine. ofThis t¥angducessisofiunctienallyt be

reduced by rediiiyir in i FULEETSe COMLLELEF 140107 €6 al BingRESE -

10 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-

15 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 -—
20 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
25 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--
30 a change in the setpoint. 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,

35 or ordinary wear, or simply -when a technological



20 transducers to achieve the éahe degree of process | oop danpi ng as
SHbsEOe

transducd¥Q9@¥hg relatively  slower, first-order |ag ¥ Rstics.
In sone i nstances, even after the controller is re- tuned in an
effort to.achieve systemstability, the 25 controlled process variable or
paranmeter still exhi bits overshoot, or limt cycles (i.e., small
anplitude oscillations), or does not conform as closely as desired to
t he command i nput signal or set poi nt and responds nore slowy than is
desired to 30 a change in the setpoim.’ = The foregoi ng

probl ens arise, for ex | e, en the current-to-pressure-transducer
nust be r‘&ﬁ’?ﬁ‘iﬁi Qﬁe@'{% Upen F QLhRk SYRLew rempanents oy hosyre
to vibration,isdesised herlml suchdtdses s, cliinges i dtheryespserise or
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transducer orfigtsferorden ¢ corfrgrrdsorder j lagictharactemistin eanes,
changes ig t@&m%ffec@fpf@eéﬁlﬁéﬁs Qinidy didnssinassy and actuat or
froma first-order to a second-order 1ag characteristic can 5 adversely
af fect process |oop tuning and control. Summary of the Invention

The present igummdrwroprihe desvention ent - t o- pressure transducer having
a sel ect abl e,

The present invention provides a current-
to-pressure transducer having 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 signal 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 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.



~adjustable input filter which overcones the problens 10 described above.
| n accor dan®é0 96/@384one aspect of the present invention, aPCHESH0E813s
:responsive to a control signal for devel oping a pressure includes a
‘current-to-pressure transducer including neans 15 responsive to the
rcontrol signal for devel oping the pressure and a filter disposed
“intermediate the control signal and the current-to-pressure

- transducer. The filter has a dynam c input-to- out put characteristic
"With an adjustable time 20 constant so < Rat=the dynam c i nput -t o-out put
‘ characteristic may be varied. The apparatus al so I ncl udes neans for
. sel ectively act iPrefierpakdyy the qnignlatﬁnqmpeansfintthe Jatterably, the

Cfilter comgﬂﬁgaiﬁghﬁrﬁﬁgyﬁaegmgtmfgrééfb t to- 25 pressure

transducer. I'n one enbodi men Tter is a
' dominant, first-order |ag ¥ & &YShep %ﬁ%ﬁ?ﬁ%ﬁﬁ?ll¥§9 a Proces®- pass
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Lo 4- parameter and means for deriv;ng -a-controller output

signal which depends on the ihput-signal; a current-

10 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 present

15 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-outout=oharaoteristio-
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 oompensate~for load variations in the
process. The dynanmic input-to-Output.oharacteristic

25 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.

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



Preferably, the cal cul ating neahs in the latter enbodi ment i ncludes a

M Cr opr o SEB9HNSS44 In-a 'systemfor controlli ndPCH/IH50WI2

havi ng a process paranmeter, wherein the system 5 includes detecting neans
for detecting the process paraneter, a controller having nmeans for

recei ving an input signal -derived fromthe detected process

paraneter and neans for deriving a controller output si gnal which
depends on the input signal;, a current- 10 to-pressure transducer
responsive to the controflter out pub signal for devel oping a pressure, a
val ve actuator responsive to the pressure devel oped by the

transducer, AFSORPARVIAY SXpvisngse (i whdohalike reégﬁﬁmﬁﬁbr for

control l'ing nigeraldecidentityP19%eNe1bmentis N ithe" stverades an i nprovenent

conprising a_, filter dispgsed internediate the control signal and
the current - f3IHrESs FE éFaHggﬁgbr, the filter havi ng a dynami ¢

| nput -t o-out put charactrdgi.stli ds a blaake lditgramillustyating @s that the
gai n of the S %%kﬁ% sny| 0 i ¥%o) bq%@ t ' in the
stabili t)t? of % ﬁges%%s%em an& Irigro e(iglng'g’gh (')ﬁ%na I g‘gd@ée\ét @ pi%}%cess

par anet er t opPFesgmtydiwentdon is ugediantially conpensate for |oad

variations in the FAQC2SSs BP1&EkHiagramt i-1estHatingc Rar act eri stic
25 of the filter has a user-adjustable tinge gonstant so t hat the
dynani ¢ i npuES! '%&'pgﬁé%ﬁréﬂstﬁi% having, 3, gelggtallemer, neans
are provi ded adjustablesdinput \fdlltexctiny aldctydantedadth thid ng the filter.

Bri ef Dg Cri%ﬁ#%%ég fﬂya%%;gg,ngs 30 The features of this

I nvent i wh I'dved to be novel are set forth with
particularity in the agligndéd isl @ msheliadiionddagram illustaatingest
under st 00d by e @uiddifentO!dOWHY input VP IO FiigAKYY N
conjunction wth the
and :
Fig. 4 is a schematic block diagram -
15 illustrating a digital embodiment of the input

filter of Fig. 2.

esc Pre e >diments _
Referring initially to Fig. 1, 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
ligquid pressure process, or a small-volume gas
pressure process, or any other desired process. A
25 process controller 30 supplies a 4-20 mA control
signal 32 to the current-to-pressuré transducer 22
" to control the procesé 28.
The process control system 20 may be an
open-loop or a closed-loop system. In a cloéed-loop
30 systenm (showh 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
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-5- acowopPemssdsg draw ngs, in which |like reference NRCEAUSHS09872
(identify like elenents in the several figures and in which:
. Fig. 1 is a block diagramillustrating a 5 process control |oop in which
- the transducer of the present invention is used; Fig. 2
. 1s a block diagramillustrating a current-to-pressure transducer
“ having a sel ectabl e, adj ustable input filter in accordance with the 10
~present invention; Fig. 3=i® =a schematic di agram
Fillustrating . an anal og enbodi nent of the input filter of Fig. 2;
: and is goypledtoanchaverting| dnrubi afr ansummer; BBustrating a

. digital enbodi nepiich éoputesta difféiéhee 96 be€weén an inf:uQeSC” ption

- of the Preferred Enbod] nents " g@feérlng.lnlilg ly to Fig. 1
~a process SAARaRd S1gnal -or ; fetRaint 42 ppd e BigRrdsdfre 20

. transducer 22 caapresemtingathe waluatof €Hevparameter 36nasurn, is -

‘ coupled to val ye [ t - L PLOCEeS N 28 may
. be a flow p?socesas/é,\':ga&:gﬁI Ql%?é%#%%gu?% p:géegg,égéﬁalé-%él ?Hé%?%%e ‘gas

| pressure processsonrahysysten 2@s{netl phownks. the2genpeucad4sandnthel|er 30
~supplies a 4-20 g 5®! are omsteed! @ralenéhenpit’ 88hmhRaPEE§AHTC

i transducer 22 to control tre gr00f53-38.

or setpoint 42 is coupled directly to the process

controller 30 to control the process 28 in a

10 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

15 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

20 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

25 select either of two input-signals.tb 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 filtér 60, or an unfiltered

30 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



" The process control system 20 may be an - - open-loop or a closed-1oop
system |WOP6OFYded-1 00p 30 system (shown:i:n Fig. 1), a PERYSPSeP72

operates to detect the value of a process paraneter 36, such as a
flow rate or pressure, a tenperature, a liquid | evel, a specific
gravity, or any other desired paraneter. The detected val ue of the
paraneter 36 WO 96/05544

PCT/ US95/ 09872 - 6- is coupled to
an inverting |nput of a sunner 38 = Whtch conputes a difference 40
between an in nd si, or. setpoint 42 and _a signpal 44
representing ﬂﬁrﬁﬁfﬁ 6£ﬂaﬂ5 ﬁégﬁﬁEFth8653§e§tah38teE@éHsE bige sensor
34. In an openpuboﬁibterese. control system 20 (not shown), the sensor
34 and the sunmer he | t nd signal or
setpoint 42 is cou | ed |rec?fg Iﬂ’?he p gés 4hd %bn roller 30 to

control the piBeEd 12919h5aWhQreprEeﬁﬁnﬂmhsa afnkbe prose85maare|n t he

controlles arei 88MinafitNoh f:ﬁépéaﬁti‘Sth kBemV3byetnk Ehgndgt ected
process paranet rlngﬁnOM/to Fig. 2, the

current-to- fﬁ?é@%u?é %?aﬂEﬁEEEPd2§°h§§‘§ﬁl Eth&81PRHFch 15 typically
is either a 4£2Dted e0r (£né.5i goatouple the unfilt¥real kighasi gnal and

5) ‘and o CS.+AECEpbE 52 prCERBLkaRAcRR BBT Inagulipa®al % 3 Jiicer
22 al so incl uthes GDF%B%BHucﬁirsb-hadengfilter is not required in
10 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
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 signal.
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



20 an input 52. The pressure output 54 of the current- t o- pressure
~transducer ¥ 9ewss4aupl ed directly to an out put 55 of thepgTrosssdosIr
50. The input 52 of the transducer 50 is  coupled to a

. signal selector 56 which is operable to 25 sel ect either of two input

| signals to 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 30 signal 62, which is sinplg the input 48 to the
‘current-to-pressure transducer 22.. In other words, t he signal selector
56 is operabl e positlivet inputeterminadelésciof!t ithe idperatigrialncti on of the

filter 8050 amph 3% ekNBacur TR el vloh S W GaphRAYM Yy 3 can be VO
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-7- oper at equpled betweemother P@sé-é’-lié'@t dmput ferminad 66 of i nput

Cfilter the operatﬁiehaur aRi$11PVekO 67 Ghd b Ybuhd iterminal '
g |nstallat|o$ m@gre the dynam cs of the process 28 5 are domnant in the
em

~control sys * the signal - selector 56 is operated to de-select the
- i nput filter 60 (i.e. Theoresisitanicec and datpaceld:as:cy\aﬁams of to the

I nput 52 of the a 5 S h . h o] t or der
~filter is not r‘e:{aél ?ég'ig%sfogbshc %s%t al %J&?? %4 IP(?%%% jﬁ}se[lg{’l ations,
. where t he dpaynbescbbsenctor obtain’a &n.mencpnethtarﬂor tthe si gnal

- selector 56 is gpguet ed1tersebehavify Whltever value is needed for

10 the process control ajsﬁaﬁ 20 to be stable. Of
course, the value of the time constant will depend
on the characteristics'cf5a11 of the dominant lags
present in the process control systémlzo as will be
evident to those of ordinary skill in the art.:

15 " In addition; as“an alternative to the use
of the above-described signal selector 56 as a means
for selecting and desaléctihg the filter 60, the
filter 60 can be effectivclyfdaselected by choosing
resistance and capacitaﬁce'valaea for the resistor

20 72 and the capacitor 74;':aspactive1y, so that the
time constant for the filter 60 is very small or
zero. In other wcrdé, thé’resistanccfof.tha
resistor 72 should be small or nearly zero and, in
any event, much less than the input impedance of the

25 operational amplifier Gl'séleCtad 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
suffzclently larga to load the input 48 during

30 transients. ' s

In an analcq emhbdiment, the resistance
and capacitance values may be selected simply by
coupling resistive and capacitive elements having
the desired values into the filter 60.

35 Alternatively, in a digital embodiment, a user-
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filter 60 (|.e. to coupl e the flltered S|gnal 58 to the input 52 of the
transduceVO96954é that the 15 filter 60 nmay be adjusted toPEUNBH09872

stability of the process control system 20. Ref erri ng now
to Fig. 3, the input filter 60 is now described in nore detail.
Initially, it shoul d be noted that while the filter 60 is 20

descri bed bel ow in. connection wth an anal og circuit, it will be
readily apparent to those skilled in the art that the filtering
functi on may al so be ‘achi eved by~ @ gttal nmeans such as a

m cr opr ocessor SU|tany programmed to cal cul ate the 25 samne

i nput - t 0- out piefined paraneter may vbesebecto a valwerated by the equival ent

anal og f'|t€”c5¥¥é%PHKHLng térhﬁﬂgheéired txmeéfonstanfﬁféﬁ Opfein Fig. 3,

the input filter ncl udes anp operatlon l'1fier 64, haV|ng a 30
positive i npﬁl%iﬁ%%lswlﬁ by SiitRpl ylpgﬁ'ogrammpég nFiRdbgitahd an
out put term nElltdr afivdi cin téitther soptwsté 0wl £ wrmbarfeé er 64 ‘produces an

out put signal ut pu is.fe k_fromthe output
term nal 70 tpor?% ﬁr’%ﬁiﬁ v%é) éu?)%’flgfﬁr'm n%ﬁ' %%‘? B T ®or 72 i s coupl ed
bet ween the idigitalB embodiment, anwtlper Os$er-defined parameter

PCT/U595/098E&¥ be used to Select and ?e-select tﬁ% £ilterPg§! Live | nput
term nal 66 of the opera fler : ddltlon a capacitor

74 i o RRATRPY FTREA IR, A med:r%mltmmt%- gFhe

same functionality as is provided by the signal
10 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

15 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

20 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

25 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

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 maintaining

35 the stability of the process control system 20.
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25

straightforward matter 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'user-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. :

Referring again to Fig. 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

30

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.

35

response of the prcngS'parameter-36-to'changes.in
the setpoint 42 than could be achieved by process

2 eg#éﬁpt ereéioﬁs%%ep £8P3G} ! ¥P:|.§ifrfeﬁi-§ havi ng

" the desired values |nto t

al



.o ~ defined paraneter may be; set ‘to-a val-ue | corresponding to the

desired tiwe@9ees544 ant for the filter 60 sinmply by sui t RET/UISHMTAmi ng
. the digital filter (i.e. in either software or firmwvare 5 programming,
as desired). -In addition, in the di gi tal ~enbodi ment, anot her
user-defined parameter - nmay be used to select and de-select the filter
60, thereby providing, in the digital enbodi nent, the sane
functionality as is provided by the signal 10 sel.ector 56 in the
above-descri bed anal og enbodi nent - b1 #he filter 60. O
course, it will be readily, apparent to those . skilled in the art that
the filter fucsntfiplosystens |20 fquRloyisw muiar-antoy ittt by any ot her
anal og or 15 gdididriing thFdrit-ao re@;dwl@ﬁnémﬂf&s nstead of t he
op-anp/ RC circuit descrl ed above and I n any case,
what is inportant is thdn& kPregoing \%iPﬁiﬁﬂe¥§cﬁéki i nput - t o- out put

char ac]t eri sti purpose afhYerdhialg ytlﬁwlrsiﬁ]t]t‘ai irheehd) azgaltme)f t he process
control syste S i intain
Che stabi b1y bevt ik gf deorying, U ol WA G TG d ted®

process par anschst3med-iag imlustna;xxstnnkxit<Numerou§mstant|ally
conpensat e fohdd%fld&%idﬁé(Hﬁa'dwﬂéFhéﬁivé” 20t gﬁﬁitransducer Furt her

regardl ess of the ter 60 use 22, the

dynani ¢ i nput -Yshkion ‘é%é?ﬂéﬂ%aﬁ%nfoft‘t thage skilled iy Ryl d have a
time constant agt dih ivviedjos e descriptma.bl erwrdea&aﬂs @£ tdree dynani c

i nput -t o-.qutp when a
current - t?pre%%%‘ﬁ%%?%&%% ﬁafﬁsf‘gﬁﬁeﬂf ‘%)aéwaentiﬁ&ess contr ol
system 20, thavighoutidepartingifrom the |spirido ofs therinwentionadj ust the
I nput -t 0-0Ut PYng the exclusive use of all modifications within

the scope of the appended claims is reserved.



characteristic of the filter 60 while maintaining 35 the stability of the

process coniwgdeossst em 20. WO 96/ 05544 PCT/US95/09872
PCT/ US95/ 09872 , - 10 -
Referring nowto Fig. 4, the digital enbodi nent of the filter 60

. includes a m croprocessor 78 and cal cul ati ng neans _such as a

program 80 adapted to be executed by the 5 m croprocessor

' the dynam c input-to- out put characteristic of the
deriving an output bit stream 82 (whigh ey be elt!mn "m”mr E ﬂ'
» serial) froman input bit stream 84 (which al so may* be et

. or serial). Towhf@t i#oedadhmedrdssary skill in the art, it is a

- straightforward natter to devel op the program80 to performthe

. calculations required to inplenment the ' dlgltal enbodi nent of the filter

| 60. The digital filtde 6apphratnscraéppnalusemcdafnnmarpéraneter 86 15
- for choosing a éiéﬁ?ioféfaaﬁ égapgggeglk&@gsggean%OPPFisi -defi ned

paranmeter 88 for ecting an selfecting t'h ter . As an
- optional addi ti onal f8aFUrEept-tRcpPuESEuEE SXBHGANSOT ﬁﬂ%@u ingyr ogr am

- 80 may enplgy amésﬁsufésgehhwa ter thaecbh&oaosigemtwr when the
"~ user-defined pa to zero and the user-defined paraneter
tﬁFl

. 88 is set to egg 88§ngh Prepsgyei - | - Referring again to
' Fig. 2, the current-to- a fmltexuﬁésppsadddntarﬁ&dﬁuﬁeomheomdﬂtrcﬂe

- equi pped " signal and the current-to-pressure transducer and
having a dynamic 1nput-to-output characteristic with - | 'I
10 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.

15 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.

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 5, wherein the
25 filter further includes a resistor-capacitor network
coupled to the operational amplifier.



e

25 with a filter 60 which cannot be de-sel ected, such as by the signal

sel ect or WO%E88EAi bed above, for use i n.those install aPCONS95/698%hi ch
the filter 60 is al ways necessary (e.g., ‘installations in which the
dynami cs of the process 28 will never be dom nant in 30 the process
control system 20). A transducer 22—tavimg a selectable,

adj ustabl e input filter 60 in accordance with the I on
facilitates relatively quicker response of theJiﬂt‘i @jw t 36 to
changes in 35 the setpoint 42 than eoaBd=be achie ess  x VO
96/ 05544 : PCT/ US95/ 09872

- 11 - control - systems 20 enploying prior-art, non- filtering

current-to-pressure tranpsdufied Sap aratus o aﬁi gscription
is for the %ﬁ fe of Ieah¥|ggi hose si ?} in t e art t e 5 Dbest
node of carryﬁ*i% i FRFis to be construed as

Illustrative only. Nunerous nDdlflcations and alternative enbodi nents
of the invention wig o) fh he, art in
view of this descrlptlon ?ﬁh s $ %ﬁ éﬁ dfsg#%g%%ns Plict ure may

be varied subEikgsr am%'/ludesvﬁ:illfmlablmmemgﬁffmphefemlnq of the
invention  aigitai 'eaBeeldeidiks USS d’érﬂré f@g'éfﬁéﬁié’n:‘?nﬁ‘ﬁihw— the

f the appended cl ai ns eserved
scope 0 &%iut characterist{

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

10. In a system for controlling a process
10 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
15 deriving a controller output signal which depends on
the input signal, a currént—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
20 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
25 ' 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 substantlally compensate for load
30 variations in the process; and



WD 96/ 05544

. constant which

I nput -t o- out pu

: activating and

. apparatus of c
- the current-to

20

pass filter5
10
i5
20
25

- PCT/ US95/ 09872

is adjustable to enable=- 14 variation of the dynamc

- -12- . VW®19610854d] ai med i s: 1. Apparatus r &IHRISNBWII0 a
. control signal for devel nu“\ﬁmw “L conpri si ng: a
i current-to-pressure transducﬁ“mﬁ ans responsive to the control
. signal for devel opi ng the*pressuré; - a filter disposed

- intermediate the control si gnal and the current-to-pressure transducer
: and having a dynami c input-to-output characteristic with 10 a tine

t characteristic; and means for selectively
deact i seleatingemeansefor selectively activatimg

lgﬁ&1&ea&e£&sﬁ§?§ansa fi&ih&er conpri ses an integral part of

- pressur e

dehadéeteppsticusrotne! gilcér Hherﬂlﬁihbeconstﬁhkter
which is adjustablg to enable variation of the
dynamic input-to-output characteristic.

_ 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 d1gita1 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.

_ . The appar at us
" of claim1, wherein the WhGFPFFthFsdHnéE#Fnéﬁ?“trtPSPHSPﬂﬁr lag filter.

is alow
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5. The apparatus of claim11, wherein t he filter includes an operational

anpl i fi erwo 96/05544 6. The apparatus of claim5, whBEEUSIYNEIZ5
filter further includes a resistor-capacitor network coupled to the
operational anplifier. WO 96/ 05544

PCT/ US95/ 09872 -13 - 7.
The apparatus of claim1l, wherein the filter is adigital filter.

8. The apparatus of claim 7, wherein the filter includes cal cul ating
means for performng 5 digital calculations to derive the dynam c input-to-
out put characteristic. 9. The apparatus of claim8, wherein
t he cal cul ati ng neans includes a m croprocessor. 10. In
a systemfor controlling a process 10 having a process paraneter, wherein.
the system i ncl udes detecting neans for detecting the process

parameter, a pr ocesg;dcont rﬂﬁl er haallng receivi ng,bf nmeapg for Zf?cei ving an

i nput S|gnal derl\pé fro / /
Cvr fr"} T~ ;4
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troller

detected process paraneter and deriving neans for 15 derlv g 5@& n
i the input signal, a cuP gﬁessure

out put os¥fdi ch depends on
t ransducer responsive to the controller output signal for
devel oping a pressure, a valve actuagg&bresponsive to the pressure

devel oped by the transducer, and a 2 al ve responsive to the valve
actuator for controlling the process, the inprovenent conprising:
a filter disposed intermediate the cogt ol signal and the
current-to-pressure transducer, t filter having a dynamc
i nput -t o- out put 25 y—ctraractertsric whi ch substantially ensurles that the
gain of the systen1is€§$all enough to subsG ntlaIIy tain the
stability of the system af@d | arge ( 8Qo | e the process
paraneter to be _ djn ted to subsE‘[ nsate for] | oad 30
variations iQ_th and ‘
PCT/ US95/ 09872 !
sel ecting neang for} sele tighﬂ y acti g the
filter; ?f \ the d T
characteristic of th@lfilte gati aé{&stable to
enabl e variation of|the dynam c i stic.
11. The system of gl ai m 10z\Awher ei 1
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Apparatus responsive to a control signal for developing a pressure includes a current-to-pressure transducer (22) including a transducer
(50) responsive to the control signal for developing the pressure and a filter (60) disposed intermediate the control signal and the current-
to-pressure transducer. The filter (60) has a dynamic input-to-output characteristic with an adjustable time constant so that the dynamic
mput-ho—outputcharactensuc can be varied. The apparatus also includes a sngnal selector (56) for selectively activating and deactivating the




