SMART VALVE POS| TI ONER BACKGROUND OF THE | NVENTI ON The present invention
relates to ﬂox?émﬂé?’pom tioner for controlling a val ve whi ch BET/E895047245

process vari abl e. More specifically, the present invention relates to
a val ve positioner having a mcropr ocessogl_Vari ous types of positioners
are used in the process control industry. Some positioners are 10°

mechanically coupled to a orporate the
positioner within the actuat :)Bm#hm}r#;t §s£gg%a‘gﬁmeans for
physical |l y positioning the vVaBXEKEGROUNDYORETRE CCNVENT] der aulic or
pneumatic. Electric actua rs h ye g current, Si drives a_15

rgnal t
not or whi ch positions the eSEPhr TSR aLrSIJ‘E ﬁﬁvet‘al 12 £ V341¥E neans
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and di aphragm position_the valve. on the pI | catlon
and the | evel ofDVEREASR | KEdgEESi 0RO p%sﬂﬁ%fﬁer?%&é%rse\’i@wa-lnq ypes of
i nput from a confic@piocssisdlr.are representative of the desired valve

position. One type is a rrent |n ut hV|n 20 MA or a
nmagni t ude, a second is a ?J gé’?}ﬁgpﬁ?’rﬁog‘éﬁ Bﬁeéhéncﬁﬂéent
signal and a- process control 1ndustry Some positioners ar

10 mechanically coupled to an actuator while some
incorporate the positioner within the actuator. The
actuator provides means for physically positioning the
valve and may be electric, hydraulic or pneumatic.
Electric actuators have a current signal which drives a

15 motor which positions the valve. Hydraulic actuators
have oil-filled means for positioning the valve. By far
the most common in the process control industry, a
pneumatic actuator has a piston or a combination of a
spring and diaphragm which position the wvalve.

20 Depending on the application and the level of control
integration, positioners receive several types of input
from a controller which are representative of the
desired valve position. One type is a current input
having a 4-20 mA or a 10-50 mA magnitude, a second is a

25 digital signal superimposed on the current signal and a
third is a fully digital input such as Fieldbus or
Modbus®. Alternatively, thie positioner may receive a 3-
15 or 6-30 pound per square inch (PSI} pneumatic input
representative of the desired valve position. Depending

30 on the level of integration and the application as well,
positioners have different types of outputs. Some
positioners provide an output current to an electric
actuator motor, while still others have a fast



third i sW@92943§ digital input such as Fieldbus or MdbusPerugesodr24
Alternatively, the positioner.may receive a 3- 15 or 6-30 pound per square
inch (PSI) pneunatic input representative of the desired val ve position. .
Dependi ng 30 on the level of integration and the application as well,

positioners have different types of outpuzs. Some positioners provide an
output current to an electric actuator notor, while still others have a
f ast -2- respoaEPRgingdhydrpulagt putPuthe fst meStrIemmge wpeosfti oner

output is a 0-288sPSloRESUBtSuOULBUta BQ20bi OFEY . pRdulEe iWOr&huiSusised in
this application, includes all these field rmuat ed instrunments, i1ncluding 5
the various inpBP8LEAARGH! p@Ss EREWRFLi 15 USELE AR & RPPHFCHoEPR4 oni ng

val ves, if appl inabhdes|all hchewstfiidmounted bdhstrapents, aivicHadphg agm

actuator, the dipgph flq%& | t sure delivere he,
positioner,gt he*r:g y%gfgl%ngl. ¢ J.Maéﬁgrggtg?@?braﬁg ?r#eaﬁf:o‘ﬁ??%‘?é%ﬁe stem
or rotary nenbemeangsfertposiyioningsvadvesanyt applpeabieon of the val ve.

Many positioners have a mpghappé&amodt 2BofhSs! 'CA¥eC 88Sid | @Br3BBSO4nd O
provide a posi th?Qpﬁ'rgaﬁl actuator, the diaphragm deflects with the
' pressure delivered by the positioner, thereby exerting
10 a force or torque on a control valve stem or rotary
member, respectively, so as to change the position of
the valve. Many positioners have a mechanical or an
electronic position sensor to provide a position signal ‘
which is fed back into a microprocessor-based control
15 section of the positioner. No matter what the specific
means are for delivering force to position a valve,
positioners having microprocessors are known. Existing
microprocessor-based positioners provide good loop
dynamic response, but have a limited band-width so that
20 their usage is limited to slow control loops such as one
which controls level in a tank or temperature in a
reactor. _
With the introduction of microprocessors into
valve positioners, the microprocessor is being called on
25 to perform increasingly complex functions, resulting in
"higher overall power requirements for the positioner.
In control systems using, for example, the 4-20 mA,
10-50 mA, Fieldbus and Modbus® protocols, the operating
power of the positioner is limited, since the positioner
30 operates exclusively on the power supplied by the
control loop. This limitation has placed an upper limit
on the amount of computation and the clock frequency-
(dynamic response) of the microprocessor in the valve
positioner. As technology has advanced, it has been



which is fed PRA*Bnto a nicroprocessor-based control 15  sECTUSHSANT2 he
positioner. No matter what the specific neans are for delivering force to
position a val ve, positioners having mcroprocessors are known. Existing

M croprocessor-based positioners provide good,|oop dynam ¢ response, but
have a limted band-wi dth so that 20 their usage is limted to sl ow
control loops suchpas<qp8 eWit&h HRALND| fok8V onphtatlidiia 10T phBRer Aty € 5i n
a reactor.. Wth the introducti on of m croprocessors into va?ve_p05|t|oners,
the nicroprocessor TLETRPERGEESCre Wibhont 1ncgegsingr Fhenelegsrigry BOWBrex

functi ons, rlesul ti ﬁtgq:ulirbh@hets.ovab&b_ NFQQWEheF ajab'&i-ehn‘eat srzxtagﬁzbaigongrol
positioner. In contr syst ens _usin exanpl.e, the 4- - ,
Fi el dbus and Nbdbu?F@rPEﬁ%ﬁﬁﬂﬁﬁﬁ%&éhrﬁéiﬁﬁﬂgégﬁﬁfﬁﬁﬁﬁﬁ4%?Stﬂ%tBB§ngGggr
is limted, sifBce abelptyitiofier t3® operapreocessbusi vieby deltiverpowehe

supplied by the coptiolreh@ds HAuRy! k! aEb8UnlAt;haged188UPRET bLELL ON
the anmpunt of conputation and the clock frequency t ynam c responsej of the
m croprocessor in FREBSEERIBLSosi th oheY. POWRY ROSHdCRgy MELhdvide esanit
has been -3-  widths under computer control is needed.
SUMMARY OF THE INVENTION
10, A valve positioner assembly includes a valve

positioner which provides a control pressure to a
pneumatic actuator operably coupled to a valve. The
valve positioner has an interface coupled to a process
control loop for receiving a desired valve position and
15 an analog PID controller which generates a command
output for controlling the value, based upon the desired
valve position which and a sensed valve position. A
microprocessor calculates PID constants, each of which
control a variable impedance in the analog PID
20 controller. The digital control signal is stored in a
latch and is periodically updated by the microprocessor.
In one embodiment, first and second power supplies
provide power to the positioner as received over the
control loop. The supplies are connected in series.
25, BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of a control loop
including a valve positioner in accordance with the
invention.
Figure 2 is a block diagram of the wvalve
30 positioner of Figure 1.
Figure 3 1is a block diagram of control
circuitry of Figure 2.
Figure 4 is a simplified electrical schematic
diagram of a PID controller of Figure 3.



possi bl e WO 9533 n nore conput ati onal - power from a m cr oprreaRsH47ek t hout
I ncreasing the electrical power requirenents. However, the desire to

i ncrease control and performance of valve positioners has outpaced the 5
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10 process variable from transmitter 12 and valve
positioner assembly 20 which receives a desired valve
setpoint from controller 16 and which controls a
physical variable in process 14. Transmitter 12 ‘
provides the sensed ‘process variable over a first two-

15 wire circuit formed by cabling 22a and 22b, and
controller 16 communicates with positionér assembly 20
over loop 24a and 24b.

A valve positioner circuit 26 in positioner
assembly 20 receives a 4-20 mA current representative of

20 the desired valve position, and provides a 3-15 psi
pneumatic output 28 to pneumatic actuator 30. Actuator
30 controls valve 32 which controls a flow in process
14. Actuator 30 prdvides pressure and position feedback
34 to positioner 26. _

25 In i‘-‘igure 2, positioner 26 includes
communications interface 40 for receiving a 4-20 ma
current signal representative of the desired position of
valve 32 from controller 16 over wires or a digital
setpoint 24a/24b. Interface 40 also provides power

30 supply outputs VS1 and VS2 generated from ioop 24a/24b.
Circuit 24a/24b can also be a three or four wire circuit
as used in the process control industry. Pneumatic
output 28 of positionef 26 is connected to valve 32
through .actuator 30 so that the applied pressure



Figure 1 is™2%B8BR diagramof a control 1oop including a vaP¢EUSS¥4720ner
I n accordance with the invention. Figure 2 is a block diagramof the valve
30 positioner of Figure 1. Figure 3 is a block diagramof control
circuitry of Figure 2. Figure 4 is a sinplified electrical schematic
diagram of a PID controller of Figure 3. 4- Figure 5is asinplified”

el ectrical schematic_di a r | it t

val ve positioner o‘?e%f%,%% @QMEQ@% %ﬁeg#é@yfﬁ%%gRégE%g 22
EVMBODI MENTS 5 and move§i guew 44 wihbip valverdzessPlegnmdonatésopith
generally at 10 wichn! Y8l €8 b iidehyiehdeitiol 1P ddtRiuudPlid 2yaivens
senses a process variable representative _of_process 14, a controller 16
whi ch may reside i and eeRE¥et FBenfigvaRf FebidvER PHRCsefsedCiPer pYBeSss

variable from trgpsvhives, adchaad rushyy padvéspneayasbesbby @eahi ch
recei ves a desired val ve setﬁglcggp;‘égénsgglrjt rg&l'er w}&c%nd iv\é’hi C&g&{‘éém gya
oscillator 56, includes on-chip program and storage
memory 54 and is preferably made in a low power
technology such as CMOS. Microprocessor 52 is connected

10 to a latch and decode circuit 58 and analog-to-digital
converter (A/D) 60. Analog-to-digital converter 60
couples to multiplexer MUX 62.

Sum-node circuit 64 is coupled to

interface/power supply 40 and receives a signal

i5 representative of the desired wvalve position from

interface 40. Sum-node 64 receives three signals from

latch and decode circuitry 58: span, zero and input

roll/off control. Sum-node 64 provides a position
request signal to controller 66.

20 Control circuit 66 receives four digital
control constants from latch and decode c¢ircuit 58
representative of the proportional gain signal (P), the
integral (I), and the derivative (D), along with a
position request adjustment signal. The PID control

25 equation which analog circuit 66 implements is given by:

Equation 1:

Control (Command) Output = P'e(t)+Ife(t) de+p-delt)

dt

+C’o

where e(t) is the difference between the desired valve
position and the current valve position, t is time, and

30 C, is the desired control {command) output.
Control circuit 66 also receives feedback 34

from position and actuator pressure feedback circuitry



physi cal WoWaRd438l e i n process 14. Transm tter 12 previrdssscosnze sensed
process variable over a first two- 15 wre circuit fornmed by cabling
22a and 22b, and controller 16 conmunicates with positioner assenbly 20
over | oop 24a and 24b. A valve positioner circuit 26 in positioner assenbly
20 receives a 4-20 nA current representatéve of 20 t he desired val ve
position, and provides a 3-15 psi pneunmmtic output 28 to pneunmatic actuator
30. Actuator 3®&emS dfs AWML Qe tc 6At PHP¥ides |awant yalosdgnals.

Actuator 30 prayd GRS I EiWcidie, PAsiWHieh Gaedbiekeddelso aPptiein@Rgle 26. 25
In Figure 2, osi_tioner 26 I,ncl udes comuni cations interface 40 for
receiving a 4- & F@teenCoBEERY FBBFEseEE%'Pi VE TS dR red P& tion
of valve 32 frarpamducdd 88 16hbukrinelneleson bodstet adt sy )paieulatas24b.
Interface 40 al A sﬁHfé |, S o¥S1 .and er at ed
from | oop Z4a/ flsl%.srgﬁlc%?f %‘?\a%f?pgéln a g_:c}%b%%gg# rgg c%rS od"}\ﬁv%ntrq%%ci rcuit
as used in the 9f dh&sF@gntdwiive nipihage signadumati c out put 28 of

positioner 26 is connect aihdid {6H ¥enddr! 82 Gl kApledl €6 BRSO dthat dehe
appl i ed pressure . L _ ,
and temperature sensor 84 1is positioned proximate to

valve stem 46. Signals from sensors 82 and 84 are
10 provided to multiplexer 62 through position interface 86
and temperature interface 88, respectively. Circuit 68
outputs a temperature ccmperisated positioﬁ signal to
control circuit 66. Actuator pressure interface 76 ‘
receives a feedback signal 34 from pressure sensor 90,
15 which measures the pressure in pressure line 28 and
provides an input to multiplexer 62 and ‘feedback to
control circuit 66. Microprocessor 52 periodically
samples the inputs to MUX 62 through A/D converter 60.
There is a continuing need to improve the
20 accuracy with which control valves are positioned.
Existing valve positioning devices with a microprocessor
allow improved control valve positioning. Additionally,
the microprocessor can be used to monitor performance
and diagnostics of the control valve. The benefits of
25 an electronic microprocessor-based positioner are
extensive and provide many advantages in controlling
operation of a valve. _
In the present invention, power reduction is
achieved by incorporating analog circuitry controlled by
30 mic¢roprocessor 52. The ané.log circuitry performs some
of the computationally intensive functions (notably the
PID . control equation) otherwise performed by
microprocessor 52, thus allowing microprocessor 52 to
perform other functions without sacrificing control



defl ects di HPR#342 which exerts a force on spring 44 and RETAISIH4IH 46
within valve 32.© Plug 48 mates with stem 46 to slidably obstruct a
passageway in valve 32 and control the flow of fluid in pipe 50. O her
types 5 of valves such as rotary val ves, nay al so be used.

M cr opr ocessor which 1is «clocked by o&Cillator 56, includes on-chi p

program and storage mor v 54. and rably magde in a | ow r
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the derivative (D), |on request adj us
PI D control 25 eq@arﬁ:u@mmrc@r&dﬁt@gn@ne@uml@ssl rrppémngsstsagwsmaby:

10 operation, the constants are infrequently updated but
with a high level of accuracy and control. When
responding to abrupt changes, the constants are
frequently updated. Typically, when the constants need
frequent updating, their accuracy is less important thus

15 allowing faster processing. For example, updates may
occur every 0.1 to 0.25 seconds. As the values get
closer to their final value, the updating may be less‘
frequent allowing microprocessor 52 greater time for
higher accuracy. .

20 Analog circuitry includes sum-node/span and
zero adjustment circuitry 64, control block 66, position

. feedback circuitry 68, driver circuitry 70 and
diagnostic <circuitry 72. The control equation
implemented in the analog circuitry is determined by

25 microprocessor 52 which provides digital control signals
to the circuitry. Circuit 66 outputs a command output
according to Equation 1.

Figure 3 is a simplified schematic diagram

showing a portion of control circuit 66. Circuit 66

30 includes sum-node 100, PID circuitry 102 and variable
| gain circuitry 104. Sum-node 100 receives a
representation of a desired valve position from
circuitry 64, an adjustment input from latch and decode
circuitry 58 which allows microprocessor 52 to adjust



Equat i on vko 9§/99483 Where 'e(t) Is the difference between th 'glﬁz al ve
position and the current valve position, t is time, and 3 e s the
desired control (commuand) output. Control circuit 66 also receives feedback,

34 fromposition and actuator pressure feedback circuitry - -6- 68 and 76.
Control circuit 66 provides a control signgl to driver circuitry 70 which
al so receives a pneumatic slewrate control input fromcircuitry 58.

|/ P transducer 7héwidekuede) udam aabogatsetlahagséeasgénkatm&weﬁ%&ﬁi zed
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and tenperature [nterface ‘respectively reult
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pressure interfaggrifbl€CeaiRScRréeLePRCkos] JnEdiBof IQIRAIRSSHI 061 0r
90,
controlled by a pressure feedback output from pressure
feedback ‘circuitry 76 and provides a control signal
output to driver 70. -

10 Figure 4 is a simplified schematic diagram of
PID circuit 102 in accordance with the present
invention. PID circuitry 102 includes operaitional

amplifier 110, analog switch 112, analog switch 114 and ‘
analog switch 116. Switches 112-116, respectively,
‘15 control the P, I and D constants of circuit 102. The
inverting input of OPAMP 110 connects to resistor 118
which connects to node 100 through resistor 120. The
non-inverting input to OPAMP 110 is coupled to s:Lgnal
ground and the output couples to driver 70. Analog
20 switch 112 is connected in series with capacitor 122
across resistor 120. Analog switches 112-116 include
resistors R,-R;, and field effect transistors Q,-Q,.
Switch 116 controls P, switch 114 and capacitor 123
control I and switch 112 and capacitor 122 control D.
25 The gates of FETs Q,-Q, are coupled to
circuits 58a, 58b and S8c of latch and decode circuitry
58 shown in Figure 2. Latch and decode circuitry 58a,
58b and 58c 1receives P, I, and D inputs from
micrdprocesso‘r 52. For example, decode 58c receives a
30 digital wvalue of the derivative constant (D) from
microprocessor 52. Decode and latch circuit S58c decodes
this value into a combination of analog voltage signals
provided to the gates of transistors Q,-Qs, thereby
selectively controlling whether each of transistors



15 which WOP52P433 t he pressure in pressure |ine 28 and propCT®sIsaa7Tanput
to multiplexer 62 and feedback to control circuit 66. M cr oprocessor 52
periodically sanples the inputs to MJX 62 through A/D converter 60. There
is a continuing -need to inprove the 20 accuracy with which control val ves
are positioned. Existing valve positioning dévices with a m croprocessor -
al l ow i nproved control valve positioning, Additionally, the m croprocessor
can be used to nonPt&e bEerFgﬁﬁc@naﬁH gffgnoReredehiand L 3 r i rad vEY
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| ow Decoders 58a and 58b work in a similar manner whereby

the proportional (P) and integral (I) constants are

10 output by microprocessor 52 and selectively modify
resistances 114 and 116, respectively.

Valve positioner 20 operates using a hybrid of
digital and analog circuitry and thereby achieves
advantages of both types of circuitry. BAnalog circuity

15 performs much of the control which requires high speed
and wide band-width so that microprocessor 52 operates
with reduced power. However, microprocessor 52 controls
operation of analog circuity through latch and decode 58
such that control of valve 32 is not sacrificed.

20 Reférring to Figure 2, microprocessor 52 receives a
desired position request from two-wire control 1loop
24a/24b and feedback from analog-to-digital converter
60. Based upon these inputs, microprocessor 52
configures the analog circuitry by supplying the digital

25 control constants to latch and decode circuitry 56.
Figure 4 is an example of PID circuitry 102 which
operates under control of microprocessor 52.
Microprocessor 52 also controls sum node/zero and span
circuity 64, the slew rate of actuator drive 70, and

30 position request adjustment to circuit 66 of Figure 3.
Although the specific example shows adjustment of a
resistance value through switches 112-116, other analog
parameters can be adjusted by microprocessor 52 such as

current, inductance, capacitance, etc., using similar
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periodically updates the constants of the PID equation.

there 5 are four cases which affect the update
startup, steady state operation, and response to trans
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n, for exanple, - past

startups or predeterm ned values. During steady state 10 operation, the
constants are i FAFSHIERD \inREEFAINME \With ithe ginyerkiont aééaﬂdéydand
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shown ‘receiving all electrical power through loop
24a/24b, and does not require an additional power
source.  Figure 5 shows interface 40 which includes
input/output circuity 140, a 4 volt power supply 142 and
a 9.5 volt power supply 144 connected in series with
two-wire loop 24a/24b. Four volt power. supply 142

-provides voltage VSl for operation of microprocessor 52

and other digital circuitry. Supply 144 provides VS2,
a 9.5 volt regulated power supply for analog circuity.
I/0 circuitry 140 receives the desired position signal

. over loop 24a/24b in accordance with techniques known in

the process control industry. In the embodiment shown
in Figure 5, decode circuitry 58 and sensor interface
circuitry are powered by 9.5 volt power supply 144. The
circuitry of Figure 5 shows "stacked" power supplies
which use almost the entire 15 volt maximum allowed

between wires 24a and 24b. If the stacked power supply

shown in Figure 5 is employed, level shifting circuitry
(not shown) is necessary to shift levels of various
signals. | _
' Although the present invention has been
described with reference to preferred embodiments,
workers skilled.in the art will recognize that changes
may be made in form and detail without departing from

the spirit and scope of the invention. For example,



accordi ng tWOR§@MBon 1. Figure 3 is a sinplified schematic BEHEPMMEHOW ng
a portion of control circuit 66. Crcuit 66 30 i ncl udes sum node 100,
PID circuitry 102 and variable gain circuitry 104, Sum node 100
receives a representation of a desired valv f position fromcircuitry 64,
an adjustnent input fromlatch and decode ci %U|try 58 which all ows ’

m cr opr ocessor 52 p qggﬂ
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PID circuitry 102.emplryedcuandydaoode cebreuestxnesd siaheepmprisem BOM.
digital control signals from5 circuitry 58 and provides a control signal

output to variable gain circuitry 104. Gain of circuitry 104 is controlled
by a pressure feedback output from pressure feedback circuitry 76 and

provi des a corgrol signal output to driver 70. 10 , Figure 4 is a
sinmplified schematic diagramof PID circuit -102 in accordance with the
present invention. PID circuitry 102 includes operational anplifier 110,

analog switch 112, analog switch 114 and
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anal og swid¢sPp9436. Switches 112-116, respectively, 15 pcfg 2t he P,
and D constants—of citcuit 102. The inverting input of OPAWMP 1 connects

to resistor 118
non-inverting i

couples to dr|v le
capaci t or

resistors [err]

: switch 114 and gqapacitor ¥%3v§

control

circuits, 58a, 595°§ﬁ§359@n§Fq1at

val ue of

D. 25

I
r

control ling whether each of tr nS|sto

command output;
a microprocessor' for calculating a digital
control signal; and
analog circuitry providing the command output
to the actuator in respdnse to the
desired valve posi;ion as a function of
a control equation implemented in the
analog circuitry wherein the control
equation is a function of the digital
. control signal.
2. The valve positioner of claim 1 wherein the
control equation is a PID equation of the form:
m?:)+c

Command Output = P-e(t)+;fe(t)dt+D- ;

where e(t) is the difference between the desired valve
position and the current valve position, t is time, and
C, is a desired control (command) output.

3. The valve positioner of claim 1 wherein the
analog circuitry includes a switch responsive to the
digital control signal for selectively coupling the
analog circuitry to a preselected electrical component.
4. The valve positioner of claim 1 including a
latch coupled to the microprocessor for latching the
digital control signal, wherein the microprocessor
periodically outputs an updated digital control signal
and actuates the latch to latch the updated digital
control signal.

8@588?152°nDecode and

0. node 100 through resistor 120. The
Bﬂ mpmmm i's coupled to signal ground and the out put
nal og 2 SW tch12%2 is connected in series with
122 across resistor 120. Analog swi tches 112-116 include

iransistors [err]. SMAtch 116 controls P,

a 22
glOSltfa‘BﬂEET é‘féer %l ggucqxtcgﬁ %
Pan§°@€€é§én6|rCU|try 58 shomn in Figure

2. Latch and decode CIrCUbhrin&%&fa%%bc&&éuﬁ&chaﬁﬁéaeﬁoPthé 1685 Bol-nput s
from m croprocessor 52. For exanple .decode 58c recegves gita

the derivative const ZFCELVBPI fr SREAFEALER
latch circuit 58c decodes ahi sauahaEOrnt coupdedi nadi oma of vailaledg ¥okt age

signals provided to the gates &%%hﬁbo%ﬁgfvaﬂvetfH”ﬁ%Qbéﬁ%SCEBVS'Y

n

L



[err] is ei WR¥2IB3pr of f. Decoder and latch circuitry 58c | RCTASYSH4TR4
data foll ow ng the decoil“ﬂllﬁ&“ﬁﬂlll”ﬂ' m croprocessor 52 does not
continuously supply digi d I | s to decoder 58c. Based upon the
5 conbination of transistors "[err] turned on, the resistance

provi ded by anal og switch 112 is controll ed td-deternine the derivative

constant of PID-cigcuit 102.T c%g (3 58a .and _58b qer_Ln %_siniia%.nanner
wher eby the proportional (P) dhd Vi gglpaﬂsj%l)onggnsci ant s At e 157°HY f‘b%taby
m croprocessor 52 aauserlsendimy amopeirptiog pananéser bf yadveéldperation

respectively. Valvg Bog%ivga% 28e8RBLAKEEoUEhBIaf f%gr'%gr&ﬁiéfgi tal and
anal og circuitry and thereby aghieves a vant ages of poth Types bf ‘
circuitry. Analog €ircuity 15he J@les nBoriEROBeTYt IR cBh2IB| hiRAlHEHDEr es

hi gh speed and w dgokaprdsupgiy éQrE{liErgi eHRAPEPSER§Or 52 operates with
reduced power. However, m croprocessor 52

controls operation of analo
circuity through latch and dBc&d&S53PSWER tﬁﬁ’é’tplé’orﬁ"r"&elea %Ir&éeﬁ"?ggﬂ?)t
sacrificed. 20 Referring to Fi glvepZpravidimy aeEisest vagntaeedesohtage
desired position request from t\/\o-ﬁ/{__ﬁgtc%gt% I“'elro%réiﬁ/&%ﬁ%@{ elexgb@ﬁg
. as t S,

from anal og-to-digital converter 8 sed ~ Upon ese 1 np
m-croprocessor 52 configures thevahueopogitionery agdsuppl ying the digital

25 control constants to |ajcBeaBHadpeREe Shppt¥t EYupPed to the control
loop and the first ©power supply
providing a second regulated voltage
output to power second circuitry in the
valve positiomer.

7. A valve positioner for use in a process
control loop, comprising:
an interface adapted to couple to the loop to
receive a desired valve position and
electrical power to operate the valve
positioner from the loop;
an actuator adapted to position a valve in
response to a command output;
microprocessor circuitry for calculating
values of at least one constant in a PID
control equation; and
an analog PID control circuit providing the
command output to the actuator based
upon a PID control equation configured
by the PID constant provided by the
microprocessor.
8. The valve positioner of claim 7 wherein the

PID control equation is of the form:

Command output = P-e(t)+Ife(t)desp- 2L 4 c,



Fi gure 4WQ95l29413<anq91—e—efr—Pl—B—c1—r‘c“Ty 102 whi ch oper at ePCT/USOSIEST24
control of n1cro croprocessor 52 also controls sum
node/ zero and span c lﬁm mw Iew rate of actuator drive 70, and 30 -
position request adj CBFCUIt 66 of Figure 3. Although the

"~ specific exanple shows adjustnment of a r é%i%St ance val ue t hrough sw tches

112-116, other analo r.anet e ad ted b 'cr rocessor .52 such
as current, i ndlyg}eﬁegee,o&(?aﬁ‘acett anégnf e Zﬁeﬁé’e %‘mg'}‘ rdesiregd valye,itry
i n accordance wipdsitien rax@ttihsncurseanduablveip@sﬁ.t'mnn ts tdmgi,neadi ng

appl i cations hartdbggkg 9@9193? EQHEEB'H ngmﬂghgg oﬁ%ﬁ%@resent t echni ques.

For exanple, a vdl fage coniro galn circulrt 1s c roll ed by
provi di ng a vol t%ge out putThe salye Reieiensr gof telate 2i ingiludindt age

i nput. Figure 5év&tﬁ:hilfﬁépéné?ﬁbé“@@f@l&féoﬁwab&ﬁseﬂﬁtthBGEdgé 590%Q9 a
power supply connectlon I n acﬁco danc W|th tly Rre ent vent
i\ el

Posi ti oner 26 | SMGFOP ECP 18§|t Pa Br 840h
| oop 24a/ 24b, arubronmsl mrcueqwrtaoalpaddeﬁ.eonad gleatrialr cemponengure 5

shows |nterface 49 Wh'Ch'fHéLWETVe positioner of claim 7 including a
" latch coupled to the microprocessor for latching the PID

constant, wherein the wmicroprocessor periodically
outputs an updated PID constant which is held in the
latch.
11, The valve positioner of claim 7 including a ‘
sensor sensing an operating parameter of valve operation
and providing feedback to the analog PID control
circuit. _
12. The valve positioner of claim 7 including
power supply dircuitry comprising:

a first power supply coupled to the control
loop providiné a first regulated voltage
output to power first circuitry in the
valve positioner; and '

a second power supply coupled to the control

" loop and the first power supply
providing a second regulated voltage
output to power second circuitry in the
valve positioner.
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i nput / out put c?%é‘ﬁ?ty 140, a 4 volt power supply 142 and a FGWOBéver

supply 144 connected in series with 15 two-w re | oop 24al 24b. Four volt
power supply 142 provi.des voltage VS1 for operation of m croprocessor 52
and other digital circuitry. Supply 144, provides VS2, a 9.5 volt regul ated
power supply for analog circuity. I/Ocircuitry 140 receives the desired”
position signal 20 over | oop 24a/24b in accordance with techni ques known
in the process co ol industry. r{?l t he enmbodi nent shown in Figure 5,
decode circuitry ‘%*'rsensor i néénface circuitry are rpewer-eel--by—9—5—v-plt

pomerwfs]upﬁly 144|. The A cuit showgZ§h a%: pewer—stf| Les
25 I ch use al nost the ent mum al | owe 4a
ZRAVSHUTTER |5 oy 5 1 COMTRAUL R e
I S necessary

and 24b. If the stac

shifting circuitry ( 0 _leVgls of ggarioug !

signals. 30 Al tho Nt 1 nventi ® has— been t

described with referfence to preferred enbodi ments, workérs k_IJ_l.Ed..I..n_J‘.{
/5

art will recognize tjhat changes nay be made in form and detfail wi tthout
departing fromthe/spi™NNt and scope of the invention. Zj&r e>?%

'—- ———————————————— e - — b e -
VLVE |
VALVE \e— ACTUATORYH POSITIONER | |
| 2 30 L |y
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-11- act uators%%%ﬁ%r than pneumatic based actuators may be eP@lI/t§es@472and

decode circuitry 58 may conprise a ROM 5 10 15 20 25 30 -12- WHAT IS
GCLAIMED | S 1. A val ve positioner receiving power froma process
control |oop, conprising: an interface &Ffcuit coupled to the | oo

receiving a desired val ve positi an actuator coupled to &
for positioning the valve in res s?--t-e--e-ee—rmﬁ-nd-eu-t-pu a mc
for calculating a digital control 12; auﬁ afygl og @r Uity prop

t he conmmand out put to the actuator |r|1 r dspodBe t¥ the
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wo : , , : :
desired val ve 96'8%?3& on as a function of a control equation | AGI/ERIMED i n

the analog circuitry wherein the control equation is a function of the
digital control signal. 2. The val ve positioner of claiml wherein
the control equation is a PID equation of the form Conmand Qutput - [err]
where e(t) is the difference between tH& desired val ve position and the -
current valve position, t is tine, and [err] is a desired control (comand)
out put. 3.. The val ve positioner of claiyg1l wherein the anal og
circuitry includes a switch responsive to thea%gi tal control signal for
selectively coupling the analog circuitry to resel ected el ectri cal
conponent. 4. The val ve positioner of Iim1l including a latch
coupl ed to the m croprocesso for |au-ch| ng th igital control signal,
wherein the m croprocessor p odi c Iy out put§ an updat ed digital contypl
signal and actl_yia_tgs_t_hg_l.gtgﬁo Iat];h the upddated digital control sign
-13-
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5. The val ve positioner of claim1 including a sensor®SEP¥SNR$24n
operating paraneter of valve operation and providing feedback to the anal og
circuitry. 6. The val ve positioner of claim1l including power supply

circuitry conprising: a first power supfly coupled to the control |oop
providing a first regul ated voltage output to power first circuitry in the
val ve positioner; and a second power supply coupled to the control | oop
and the first power supply providing a second regul ated vol tage out put
to power second circuitry in the valve positioner. 7. A val ve
positioner for use in a process control |oop, conprising: an interface
adapted to couple to the loop to receive a desired val ve position and

el ectrical power to operate the valve positioner fromthe | oop; an actuator
adapted to position a valve in response to a command output; m croprocessor
circuitry for calculating values of at |east one,constant in a PID control

equation; and

.
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an anal og PID control circuit providing the command output to t 'fa.m
based upon a Pl IZP@'IMOI equanRelPlI m ERRY GRRENATON const anty
Ry the m croprocessor. a

oy D e A TN AL AT CATIPN B LISHER UNDER HE 1 @ﬁéﬁ%&gx%ﬁﬂm

- 14- W@ Entéhdtipnai mehhmsdﬁcf-tfoﬂﬁence betjwee 1(1i)hﬁmdﬁﬁia[ Pblicdn\Nampe@s i t i QWO B5/29433

t he currerﬁosﬁaigyﬁ‘,%zt I on, Is ting,Apnd [err] is a desired control
(commapd) “out put . The val ve pos [4)iInteragtionst PablicatiomDpte; n 2 Nowgmbey 1995 (02.11.95)

swi tch responS|ve [0 The PIrD constant provj ded by the mcroprocess%

sel ect &Bllgtermnml ApplcatidoNumbend 0Q 8251472 (81 Pmmt@rsg (%:qu;ﬁ‘? l%{}l%{ uropean patent

II;II‘ UMC

el ectr p03|t
| at ch @%6 Wﬁﬂnénmcropr‘oﬂékgégggsx Tok Lt chi ng the 5| D const ant, wherein

the m groprocessor periodically outputs an [gdat ed PI D constant whi chis
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A valve positioner (26} controls operatxon of a valve (32) in a process control system. The valve positioner (26) is coupled to a
process control loop (24a, 24b) over which it receives a signal representative of a desired valve posmon and operating power for the
positioner (26). The valve positioner {26) controls a pneumatic actuator (30) which in tumn controls position of the valve (32). The valve
positioner (26} includes a microprocessor (52), associated digital circuitry and analog circuitry.




11. The val ve positioner of claim7 including a sensor sensing an
operating paraneter of valve operation and providing feedback to the anal og
PID control circuit. 12. The val ve positioner of claim?7 including
power supply circuitry conprising: a first power supply coupled to the
control loop providing a first regul ated vol tage output to power first-
circuitry in the valve positioner; and a second power supply coupled to the
control loop and the first power supply providing a second regul ated

vol t age out put to power second circuitry in the val ve positioner.
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