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Description

1. Fisld of tha Invention

[0001] The present invention relates to a control unit
communicating over a two-wire circuit and providing an
output representative of a process variable produced by
d procass.

2. Background of the Invention

[0002] Transmitiers measurs process variables rep-
resentative of a process controlled by remcte devices
and communicate transmitter outputs representing the
process variables 1o controllers over two wire circuits.
The transmitters are typically mounted in a field area
where current and voliage levsls are limited to provide
intrinsic safety. The transmitter output is scaled by user
definable parameters such as span, zero and damping.
Span and zero adjustments allow the user to reference
the measurement range extremes of the transmitter to
spacific fransmitter output levels, thereby ssiting the
range of desired outputs. Damping affects the response
time of the transmitter to changes in the process varia-
ble. The scaled transmitter output is sent over the two
wire circuit to the controller.

[0003] Ceoenirollers, typically located in a conirol room,
combine the transmitter output with signals representing
other process variables o generate command output
signals. Command output signals are typically sent over
a separate pair of wires 10 remote devices, such as a
valve, which control the process according to the com-
mand output. In centain applications, controllers select
the most appropriate sst of instructions for process con-
trol from multiple sets of instructions, depending on the
process o be controlled and the accuracy required.
[0004] Inother applications, controllers sense several
transmitter outputs representing process variables to
determine the command output for the remole device.
Typically, a separate transmitter senses each process
variable. The transmitters send a signal represeniative
of the sensed process variable to the controller over a
two wire circuit, the controller determines the command
output and controls the remote device, such as a valve
position, pump speed, thermostat setting, etc.

[0005] One limitation of the prior art arrangsment is
that the transmitter, remote device and controller, com-
ponents in the feedback loop, must all operate continu-
ously for control of the process. Ancther limitation is the
amount of interconnecting cabling connecting the feed-
back loop components. The controller is typically far
fromthe process in a control room, while the remote de-
vice and the transmitter are usually in the fiseld and phys-
ically proximate 1o each other and the process. Installa-
tion and maintenance complexity is another limitation,
since sach cable may require installation of an intrinsic
safety barrier device at the interface between the control
room and the field devices. In cases whers multiple
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process variables are used by the controller, cabling is
required between each transmitter and the controller.
Feadback loop reliability is a fourth limitation, since fail-
ure of one of several interconnections adversely affects
process control.

[0O0B] JP-A-683/198B-41804 discloses atwo-wire field
device incorporating a sensor for detecting a specific
physical quantity which is used to control a regulator.

SUMMARY OF THE INVENTION

[0007] To reduce thess limitations, a process variable
transmitter {or control unit} provides a control output di-
rectly, thereby bypassing the controller itself. OQutputs
representative of other process variables are communi-
cated 1o the transmitter {or control unit) rather than the
controller. The transmitier communicates with the con-
troller aver a common two-wire link which forms a single
loop with the controller, control unit and extemal control
device all connected in series. Process control reliability
and response time is enhanced and control is realized
with fewer communication exchanges while installation
complexity, maintenance complexity and cost decreas-
as.

[0008] According fo the present invention, thers is
provided a two wire control unit for mounting in the field
comprising:

a housing;

a sensing device in the housing having means for
sensing a process variable and generating a proc-
ess variable signal representative of the process
variable;

input means in the housing for coupling to a DC cur-
rent two wire process control loop forreceiving pow-
er from the two wire process control loop, the input
means comprising means for receiving at least one
process signal via the two-wire process control
loop, and for storing such process signal; and
control means inthe housing coupledtothe sensing
device and the input means for providing a com-
mand output for an external control device which
controls a process characterized in that the control
means is also for storing the command output,
where the command output is a function of the
stored process signal, the process variable signal
and a previously stored value of the command out-
put;

and in that the control unit is adapted tc generaie a
digital output signal in a carrier modulated format
which is superimposed on the command output.

[0009] The process signals received from the two wire
circuit can determine operation of the control means in
producing a command output. Alternatively, the process
signals comprise a process variable reporied io the con-
trol unit over the two wire circuit or a set of instructions
sent over the two wire circuit for determining the com-
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mand output. When the process signals comprise a set-
point representative of a desired state of the process,
the controlling section can genserate the command out-
put as a function of the difference between the setpoint
and the process variable. As appropriate for the process
1o be controlled, the controlling section uses an equation
including a linear combination of the process variable
and the tims integral of the process variable 1o deter-
mine the command output. As the application requires,
the equation for determining the command output in-
cludes the time-rate-of-change of the process variable.

BRIEF DESCRIPTION OF THE DHAWINGS

[0010]

FIG. 1 shows a diagram of a part of a process con-
trol system having a control unit, a supervisory mas-
ter unit and a master controller; and

FIG. 2 shows a block diagram of a preferred am-
bodiment of a control unit coupled to a remote de-
vice.

DETAILED DESCHIPTION OF THE PREFERRED
EMBODIMENTS

[0011] FIG. 1 shows an industrial process control ap-
plication as in a petrochemical tank farm 1; where a fluid
2 flows in a pipe network 4. A master controller 8 com-
mands a supervisory master unit 10 via a cabling 12.
Supervisory master unit 10 communicates over a two
wire circuit 18 with a fesdback loop 14, which controls
flow in pipe segment 20. Feedback loop 14 comprises
a control unit 22 and a two terminal remocte device 28,
which controls fluid flow, Q, from a tank 30 into pipe net-
work 4. The capacity of tank farm 1 can be expanded
by additional feedback loops, located at pipe segments
204, 20B, 20C and 20D and controlled by master su-
pervisor 10. An sven larger expansiocn requires even
more additional feedback loops and additional supervi-
sory master units. Regardless of capacity, tank farm 1
is divided into a field area 34 requiring intrinsically safe
equipment and a control room area, indicated by block
38. An intrinsically safe barrier device 16, which limits
valtage and current 1o specified levels, is mounted on
cable 12 at the interface between control room 38 and
field 34. Each additional cable between control room 36
and field 34 requires installation of such a barrier device.
[0012] The flow, @, in pipe segment 20 is given as:

Q=k{p*DP}°® Eq. 1

where Q is the mass flow rate, p is the density of fluid
2, DP is the differential pressurs across an orifice in pipe
segment 20 and k is a constant of proportionality. This
calculation of flow requires one process variable repre-
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sentative of differantial pressure.

[0013] However, when p varies as is typical in petro-
chamicals, a more accurate assessment of the flow, Q,
is given as:

Q=k {AP*DP/AT}%® Eq. 2

where AP is the absolute pressure in pipe segment 20,
k' is another constant of proportionality and AT is the
absolute temperature of fluid 2. Two additional process
variables, absclute temperature and absolute pressure
are required.

[0014] FIG. 2 shows a "smart" control unit 22, com-
municating with supsrvisory master unit 10 over two
wire circuit 18 and comprising input means 50 and con-
trolling means 52. "Smart" means that a computing ca-
pability is in the control unit, such as is performed by a
microprocessor. Control units are connected in two wire
circuits in a variety of ways. Each two wire circuit is cou-
pled 1o a power source powering instruments on the cir-
cuit. In a first configuration, the supservisory master unit
includes the power source which powers a control unit.
Additional control units may be powsered by the super-
visory master unit and are connected in parallel across
the power source. In a second configuration, the super-
visory master unit includes the powsr source which pow-
ers at least one control unit and at least one remote de-
vice, connscied in series across the powsr source. Ina
third configuration, a control unit used in the first config-
uration powers one or more remoie devices, control
units or both. The number of instruments receiving pow-
er is typically limited by available current, but alternative
power sources are somstimes available for remote de-
vices. The remote device may be connected 10 the con-
trol unit by a pair of wires, or alternatively, by a second
two wire circuit.

[0015] The input means 50 has receiving means 54
coupled to two wire circuit 18 for receiving process sig-
nals and storing means 56 coupled to receiving means
54 for storing process signals 55. Controlling means 52
receives process signals 55 from receiving means 54
and storing means 56 of input means 50, as desirad. A
storage means 53 racsives command output 58 and
outputs a previous command output 60. Command out-
put 58 is provided by block 52a as a function of process
signals 55 and previous command output 80 and cou-
pled to cable 57, which may be part of a second two wire
circuit depending on the configuration. The command
output 58 can be provided in some applications as a
function of process signals 55 alonse. A control unit such
as this is used in a feedforward control application,
where no feadback is used ioc generate the command
output. In either application, remote device 26 is a trans-
ducer such as one which uses a current magnituds to
regulate a pressure and is known in the process control
industry as a current to pressure (I/P) converter. In a
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cascaded control application, however, the command
output of one control unit is used as a process signal
reprassniative of a selpoint for ancther control unit. Ac-
cordingly, in a cascaded control application, remote de-
vice 26 is another control unit 22.

[0016] Remote device 26 applies an energy source
58 of pneumatic air 1o the process as a function of the
command output 58. Process signals used in generating
command output 58 comprise setpoints representative
of a desired process siate, process variables produced
by the process, commands directing the operation of
controlling means 52, instruction ssts in part or in whole
for operatiocn of controlling means 52, cosfficients of
terms for controlling means 52 and requests for status
information about control unit 22 from supervisory mas-
ter unit 10. Different types of process signals are sent
1o control unit 22 depending on control unit 22 and the
process control application.

[0017] Afirsttype of process signal is the process var-
iable. Process variables are calegorized as primary
process variables when they are directly representative
of the variable 1o be controlled by the feadback loop.
The primary process variable for control unit 22 is flow.
Sacondary process variables affect the primary process
variable and are typically used o more accurately as-
sess the primary process variable. Such compensation
techniques are disclosed in U.S. Patent No. 4,598,381
titled Pressure Compensated Differential Pressure Sen-
sor and Methed, owned by the same assignes as this
application. Alternatively, two process variables repre-
sentative of the same measurand are sent to control unit
22 from different instruments on the same feadback
loop, providing redundancy of a critical measurement.
[0018] A sscondtype of process signal is the setpoint,
indicative of a desired process state. In this application
an example of a setpoint is a desired flow of 10 m3
minute in pipe segment 20. Typically, process signals
55 representative of a setpoint and representative of
process variables are sent to control unit 22. The prima-
ry process variable is typically compensated by other
process variables sent over circuit 18. Controlling
means 52 evaluate the difference between the setpoint
and the compensated process variable and adjust com-
mand oulput 58.

[0015] Ancther type of process signal 55 is represent-
ative of commands which sslect betwesn instructions
sets stored in control unit 22 for providing command out-
put 58. For example, a shut-down command causss
command output 58 to be governad by an instruction
set for safely shutting down feedback loop 14. Shut-
down commands allow manual intervention of feedback
loop 14. Another type of command instructs control unit
22 1o adaptivsly set its own instruction set for operation
of controlling means 52. In adaptive control, the instruc-
tion set may vary as a function of time. In such mode,
control unit 22 calculates its own terms and coefficients,
as desired, for operation of controlling means 52. Alter-
natively, another command may cause control unit 22
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1o operate in an exceptional mods, where it communi-
cates with supervisory master unit 10 only if process var-
iables exceed spsacified limits. Exceptional mode oper-
ation reduces communications between instruments in
tank farm 1 and releases supsrvisory master unit 10
from continually communicating with feedback loop 14.
The resulting decrease in communication overhead
frees supervisory master unit 10 to monitor larger num-
bers of feedback loops and to perform more duties than
belfore.

[0020] Process signals representative of instructions
sets, in part or whols, are sent o control unit 22 o direct
operation of controlling means 52. Partial instruction
sels are sent to control unit 22 when a subset of an in-
struction set is nesded o adjust command output 58.
[0021] Atypical instruction set adjusts command out-
put 58. A general squation for control is given:

L4 X
Agy - Y ar+Y by, Eq.3
%0

a0

where gy is the command cutput at the Kth time, r; and
y; are the setpoint and process variable values at the
Kth time respectively, i varies from 0 to K, and a; and by
are application specific constants which may be time
varying. Many applications require control which is pro-
portional 1o a substantially linear combination of the
process variable, the time integral of the process varia-
ble and the tims-rate-of-change of the process variabls,
sometimes called proportional-integral-derivative (PID)
action. The following equations define constants a; and
b; from Eq. 3 appropriately for PID control action. The
congtant a; for the present time and two previous eval-
uations are dsfined in Eq. 3.1a-<:

ae =Kp +K;. Eq. 3.1a

where K and K, are defined as proportional or integral
gain consiants.

ag,=-Kp, Eq. 3.1b

A, =0, wherex =2 Eq. 3.1¢c

The constant b, for the present time and two previous
evaluations is dsfined in Eq. 3.2a-c:

be={R/(1-Q)-Kp-K,} Eq 32a

where R= (Kp TpN)/(Tp+Nh),



7 EP 0 495 001 B1 8

Q=Tp/{Tp+Nh), and Ky is a derivative gain con-
stant, Ty is a derivative time constant , N is a rate limiting
consiant and h is a measure of the amount of time re-
quired 1o adjust command output 58. Furthermore,

by ={2R/(1-Q)+K, Eq.32b

by, =R/(1-Q) Eq 3.2c

and all by, =0, wherexz 3.

Substituting Eq. 3.1a-c and Eq. 3.2a-c into general con-
trol Eq. 3 yields a three term PID control Eq. 3.3, which
becomes a Pl equation when the third term is set 1o 0:

Aqy = APy + Al + AD, Eq. 3.3

where AP, =Kp { E¢ - Ey ¢ }, Al =K, Eand
ADg={R/(1-Q)H{ ¥k -2¥k.1 +Y¥ke}and

Ek = 1k - ¥ Is the difference between the process
variable and the setpoint at time K and represents the
error.
[0022] The process control application dictates ap-
propriateness of a Pl or PID control equation. When pro-
portional gain of a control application is relatively low,
varies over a wide span and the controlled variable is
slow 10 change, as is typical in flow and liquid pressure
applications, integral control action is necessary, while
derivative control action is not. Such control best uses
a Pl control action. PID control action, on the other hand,
is best suited for applications such as temperature con-
trol, where proportional gain is low, is confined to a nar-
row band of values and the controlled variable is slow
1o change.
[0023] Another typs of process signal is representa-
tive of coefficients for terms of an instruction set already
stored in control unit 22. For example, if modifications
in pipe network 4 wars required, supsrvisory master unit
10 sends a new value of K, in Eq. 3.1a, 1o control unit
22,
[0024] A finaltype of process signal is representative
of a request for information from control unit 22. This
request originates from other control units and from su-
pervisory master unit 10, as desired. Status information
such as process control statistics, current modes of op-
eration, process variable values and unit serial numbers
may be monitored.
[0025] Various types of remote device 26 can be used
with control unit 22. As discussed, remote device 26 is
an I/P converter receiving command output 58 applying
pneumatic air 59 for positioning valve 62 as a function
of command output 58. Other process control applica-
tions may control absolute pressure, temperature, con-
ductivily, pH, oxygen concentraticn, chlorine concentra-
tion, density, force, turbidity, motion and others. In these
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applications, remote device 26 may comprise a motor,
a valve for a gauge pressure application, a switch and
contact as desired in a temperature controlling applica-
tion, a relay in a pH or level application or other imple-
mentation device.

[0026] The control unit 22 includes in the housing a
sensing device 100 having a sensed output 112 from
aither a sensing means 102 or a scaling means 104. In
this application, flow is given by Eq. 1, requiring only a
process variable representative of differential pressurs.
In sensing device 100, sensing means 102 senses pres-
sure on sither side of an orifice 106 protruding into fluid
2. As required, scaling means 104 scales sensed proc-
ess variables according to user definable constants
such as span, zero and damping. Span and zero adjust-
ments allow known pressures to be referenced to the
range exiremas of sensing means 102 while damping
affects the time response of the unit 1o a process varia-
ble input change. Methods for scaling the process vari-
able through the use of span and zero adjustmenis are
disclosed in U.S. Application 112,410, titled "Transmitter
with Magnetic Zero/Span Actuator" and owned by the
same assignee as this application, incorporated herein
by referenca.

[0027] The sensed culput 112 of sensing means 102
and scaling means 104, as desired, is used in controlling
means 52 or coupled diracily to cabling 57, as desired.
When sensed output 112 is coupled to cabling 57, the
signal on cabling 57 is representative of the sensed
process variable, as from a transmitter. Transmitters
sense process variables and output a signal represent-
ative of the sansed process variable. Transmilters ars
known and disclosed in U.S. Patent No. 4,833,922 by
Frick et al. titled "Modular Transmitter", owned by the
same assignee.

[0028] Control unit 22 as shownin FIG. 2 is connected
in two wire circuit 18 per the second configuration as
discussed above, but may be connected in other con-
figurations. One terminal of remote device 26 is con-
nected via cable 57 1o control unit 22 while the other is
connected to master suparvisor 10 by two wire circuit
18.

[0025] The ability of control unit 22 to function as a
transmitter or a controller allows use of several types of
process signals. Different options are available for proc-
ass signals represantative of process variables.

[0030] Process signals 55 representative of aprocess
variable and thoss representative of a setpoint are sent
over two wire circuit 18 and used by controlling means
52 for providing command output 58. Process variables
sent to control unit 22 are typically represantative of sac-
ondary process variables as when Eq. 2 is used to cal-
culate flow and typically compensate the primary proc-
ess variable sensed by sensing device 100. Altemative-
ly, process signals 55 representative of a redundantly
sensad primary process variable are sent via two wire
circuit 18 for increased reliability in critical applications.
A third command provides for simultaneous exscution




2] EP 0 495 001 B1 10

of the controlling mode and transmitier mode. In such
dual mode operation, command output 58 is coupled to
cable 57 in an analog fashicn and the magnituds of ca-
ble 57 current varies as command output 58. Remote
device 28 adjusts valve 62 as a function of cable 57 cur-
rent magnitude. Several communication standards vary
current magnitude as a function of the information sent,
such as 4-20mA and 10-50mA current loop communi-
cations standards. Alternatively, the voltage on cable 57
is representative in a voltage magnitude communication
standard such as 1-5V. Concurrently, control unit 22 dig-
itally couples sensed process variable 112 to cable 57
in a carrisr modulated fashicn. For exampls, signals rep-
resentative of a command output are encoded by the
4-20mA standard and signals repressntative of a proc-
ess variable are digitally encoded by a carrier modulated
format. Typical carrier modulation communication
standards which may be used are frequency shift key
(FSK), amplitude modulation {AM), phase maodulation
(PM), frequency medulation (FM), Quadrature Ampli-
tude Modulation {QAM) and Quadrature Phase Shift
Key (QPSK).

[0031] Master supervisor 10 monitors process varia-
bles while control unit 22 controls the remote device 26
simultansously, dus io the seriss connection of master
supervisor 10, control unit 22 and remote device 26 and
because remote device 26 cannot change current on cir-
cuit 18 due to its passive nature. Such operation pro-
vides cost and efficiency advaniages, becauss the
number of two wire circuits needed for process control
is reduced from two circuits 1o one circuit for each feed-
back loop. If such a mods is not used, a first two wire
circuit communicates a process variable between a
transmitter and master supservisor 10 and a second two
wire circuit communicates a command output between
master suparviscr 10 and remcte device 26. With such
meods, a single two wire circuit connecting master su-
pervisor 10, control unit 22 and remote device 26 in se-
ries controls the process. Wiring cosls in fisld areas ars
expensive, with each feedback loop wiring representing
approximately the sams investment as a transmitter and
a remote device. Secondly, process signals 55 repre-
sentative of commands sent over two wire circuit 18 se-
lect betwean the two operational modes. This command
directs control unit 22 1o couple sensed process variable
112 or command output 58 onto cabling 57. Upon such
command, the same control unit 22 functions as a trans-
mitter or a controller, respsctively. During opseraticn as
a controller, a command directing opseration on excep-
tional basis is sent aver circuit 18. Exceptional basis op-
eration instructs control unit 22 to communicate with
master supervisor 10 only when process variables re-
ceivad or sensed by the unit are not within spacific limits.
Such commands obviate master supervisory 10 moni-
toring or intervention in control unit 22 operation, result-
ing in fewer communicaticns to maintain process con-
trol. Another advantage is increased reliability of proc-
ass control, since cable 12 may bs broken without com-
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promising the process in this mode.

[0032] Thirdly, process signals 55 representative of
varied instruction sels are sent to control unit 22 as ap-
propriate for the process control application discussed
above. Diverse functionality in varied applications is
achieved. For example, control unit 22 senses differen-
tial pressure in a process controlling flow when a first
instruction set governs controlling means 52 and senses
differential pressure in a process controlling level when
a second instruction set governs controlling means 52.
Alternatively, control unit 22 provides command output
58 io different typses of remote devices 28, changing
such command output 58 as a function of process sig-
nals 55.

Claims

1.  Atwo wire control unit for mounting in the field com-
prising:

a housing;

a sensing device (100) in the housing having
means for sensing a process variable and gen-
eraling a process variable signal {112) repre-
sentative of the process variable;

input means {54} in the housing for coupling to
a DC current two wire process control loop {18)
for receiving power from the two wire process
control loop {18}, the input means (54) compris-
ing means {56) for receiving at least one proc-
ess signal via the two-wire process control
loop, and for storing such process signal; and
control means (52) in the housing coupled to
the sensing device {100) and the input means
{(54) for providing a command output {58) for an
external conirol device {28) which controls a
process characterized in that the control means
is also for storing the command output, where
the command output is a function of the stored
process signal, the process variable signal and
a previously stored value of the command out-
put;

and in that the control unit (22) is adapted fo
generate a digital output signalin a carrier mod-
ulaied format which is supserimposed on the
command output.

2. A syslem comprising a two wire control unit as re-
cited in claim 1, an external control device (26) and
a master unit {10} which are elsctrically connacted
in series.

3. A two wire control unit as recited in claim 1 which
adaptively sets an instruction set for operation of the

control means.

4. A two wire control unit as recited in claim 1 where
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the process signal comprises instructions for oper-
ation of the control means.

5. Atwo wire control unit as recited in claim 1 where
the process signal comprises a setpoint and where
the control means is adapted to adjust the com-
mand output as a function of a difference between
the setpoeint and the process variable signal.

6. A two wire control unit as recited in claim 1 wherse
the control means is adapted to adjust the com-
mand output, q,, according tc an equaticn

x k
Ag =X ar+LY by,
{=0 i=0

where qy is the command output at a kth time, r; and
y; are a setpoint value and a process variable signal
value at an ith time respectively, i varies from 010 k
and a; and b; are application specific constants
which may be time varying.

7. A two wire control unit as recited in claim 1 where
the command output is adapted 1o be coupled in an
analog manner 1o the external control device (26}
over the two-wire process control loop.

8. Atwo wire control unit as recited in claim 7 where
the format for coupling the command output to the
two-wire process control loop comprises a 4-20mA
current loop communications standard.

9. Atwo wire control unit as recited in claim 1 where
the means for sensing comprises a sensor selacied
from the group of sensors for sensing pressure,
termperature, flow, mass, conductivity, moisture, pH,
oxygen concentration, chlorine concentration, dsn-
sity, force and turbidity.

Patentansprache

1. Zweidraht-Steuereinheit zum Anbringen am Ein-
satzort, dis aufwsist:

ein Gehiuss;

aine Erfassungsvorrichtung {100) in dem Ge-
hduse, die eine Einrichtung zum Erfassen einer
Prozefvariablen und zum Erzeugsn sines Pro-
zeBvariablensignales {112) hat, das fir die Pro-
zeBvariable reprasantativ ist;

eine Eingangseinrichtung {54} in dem Gehause
zum Koppeln mit einer Gleichstrom-Zweidraht-
Prozefstsuerschlsife {18 zum Empfangsn
von Energie von der Zweidraht-ProzeBsteuer-
schlsife {18), wobei die Eingangseinrichtung
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(54) aufwsist sine Einrichtung {56} zum Emp-
fangen von zumindest einem ProzeBsignal
Uber die Zweidraht-Prozsf3steusrschlsife und
Zum Speichern dieses ProzeBsignals; und
aine Steuersinrichtung {52} in dem Gehauss,
die mit der Erfassungsvorrichtung (100) und
der Eingangseinrichtung (54) gekoppelt ist,
zum Erzeugen sines Befehlsausgangs {58) flr
eine externe Steuervarrichtung (26), die einen
ProzeB steuert, dadurch geksnnzsichnet, dafi
die Steuereinrichtung auch zum Speichern des
Befshlsausgangs ist, wobsei der Befehlsaus-
gang eine Funkiion des gespsichertan
ProzeBsignals, des ProzeBvariablensignals
und sines zuvor gespseicherten Warls des Be-
fehlsausgangs ist; und

daB dis Steusrsinheit {22) dafiir ausgslegt ist,
ein digitales Ausgangssignal in einem trager-
modulierten Format zu erzeugen, das dem Be-
fehlsausgang Ubesrlagert ist.

System, das sine Zwsidrahi-Stsusersinhesit, wis in
dem Anspruch 1 zitierl, eine externe Steuervorrich-
tung (28} und sine Hauptsinhesit {10} aufweist, die
elekirisch in Serie verbunden sind.

Zwsidraht-Stsuersinhsit, wis in Anspruch 1 zitiert,
die einen Befehlssatz fir den Betrieb der Steuer-
einrichtung adaptiv setzl.

Zweidraht-Steuereinheit, wie in Anspruch 1 zitiert,
wobsi das ProzeB3signal Befshles fiir den Betrieb der
Steuereinrichtung aufweist.

Zweidraht-Steuereinheit, wie in Anspruch 1 zitiert,
wobsi das Prozefsignal sinen Sollwert aufweist
und wobsi dis Steusrsinrichiung daflr ausgslegt
ist, den Befehlsausgang als eine Funktion der Dif-
ferenz zwischen dem Sollwert und dem ProzeBva-
riablensignal einzustellen.

Zweidraht-Steuereinheit, wie in Anspruch 1 zitiert,
wobei die Steuereinrichtung daflr ausgelegt ist,
den Befehlsausgang g, gemas einer Gleichung

x x
A‘?;,'-'EIZO: ar, +Z§ by,

einzustellen, wobei g, der Befehlsausgang zu ei-
nem k-ten Zeitpunkt ist, r, und y; ein Sollwert bzw.
ein ProzeBvariablensignalwert zum i-ten Zeitpunkt
ist, wobei 1 zwischen 0 und k variiert und g und b
applikationsspezifische Konsianten sind, die sich
mit der Zeit &ndem kénnen.
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Zwsidraht-Sisuersinhsit, wis in Anspruch 1 zitiert,
wobei der Befehlsausgang ausgelegt ist, in einer
analogen Art und Waise mit der externan Stsuer-
einrichtung (26) Uber die Zweidraht-Prozef3steuer-
schleife gekoppelt zu sein.

Zweidraht-Steuereinheit, wie in Anspruch 7 zitiert,
wobei das Format fir das Koppesln des Befehlsaus-
gangs mit der Zweidraht-ProzeBsteuerschleife ei-
nan 4-20mA-StromschlsifeKommmunikations-
standart aufweist.

Zwsidraht-Sisuersinhsit, wis in Anspruch 1 zitiert,
wobei die Einrichtung zum Erfassen einen Sensor
aufweist, der aus der Gruppe von Sensoren flr die
Erfassung des Drucks, der Temperatur, des Flus-
ses, der Masss, der Leitfahigksit, der Feuchtigksit,
des pH-Werts, der Sauerstoffkonzentration, der
Chlorkonzentration, der Dichte, der Kraft und der
Trabheit ausgewahlt ist.

Revendicatlons

Unité de régulation & deux fils destinée & &tre mon-
tée sur site, comprenant :

un boitier ;

un dispositif de détection (100} placé dans le
boitier et ayant des moyens pour détecter une
variable de procédé et générer un signal de va-
riable de procédsé (112) représentant la variable
de procédé

des moyens d'entrée {54} placés dans |e boitier
et destinés & &tre accouplés & un circuit {18) de
régulation de procédé a deux fils, & courant
continu, pour recevoir ds I'énergis du circuit de
régulation de procédé & deux fils (18), les
moyens d'enirés {54) compranant des moyens
(5B) pour recevoir au moins un signal de pro-
cédé par l'intemmédiaire du circuit de régulation
de procédé a deux fils, et pour stocker ce signal
de procédé; et

des moyens ds régulation (52) placés dans le
boitier et accouplés au dispositif de détection
(100} et aux moysns d'snirée (54) pour foumir
un signal de sortie de commande (58) & un dis-
positif de régulation extema {28} qui régule un
procéds, l'unité de régulation étant caractéri-
sée en ce que les moyens de régulation servent
agalsment a stocker le signal ds sortie de com-
mande, ou le signal de sortie de commande est
uns fonction du signal de procédé siocks, du
signal de variable de procédé et d'une valeur
préalablement stockée du signal de sortie de
commands ;

et en ce que |'unité de régulation {22) est con-
cus pour générer un signal de sortie numéri-
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qus, dans un format 4 medulation ds porteuss,
qui est superposé au signal de sortie de com-
mands.

Systéme comprenant une unité ds régulation a
deux fils selon la revendication 1, un dispositif de
régulation externe (26) et une unité mafresse (10),
qui sont conneciés par raccordemsnt élsciriqus en
série.

Unité de régulation & deux fils selon la revendication
1, qui établit de manisdre adaptative un snsemble
d'instructions pour le fonctionnement des moysns
de régulation.

Unité de régulation & deux fils selon la revendication
1, dans laquslle |s signal de procédsé comprend des
instructions pour le fonctionnement des moyens de
régulation.

Unité de régulation & deux fils selon la revendication
1, dans laquelle le signal de procéds comprend un
point de réglage et dans laquelle les moyens de ré-
gulation sont congus pour ajuster le signal de sorlie
de commande en fenction d'une différence entre le
point de réglage et le signal de variable de procédé.

Unité de régulation & deux fils selon la revendication
1, dans laquelle les moysns ds régulaticn sont con-
¢us pour ajuster le signal de commande, gk, selon
une équation

I 4 3
Agy =) ar +13 by,
(=1} i=0

ol gy est le signal de sortie de commande &
uninstant kth, r; et y; sont respectivement une valeur
de point de réglage et une valeur de signal de va-
riable de procéds a un instant ith, 1 variede 0 a k,
et g; et b; sont des constantes spécifiques d'appli-
cation qui peuvent varier en fonction du temps.

Unité de régulation & deux fils selon la revendication
1, dans laquslle ls signal de sortie de commande
est congu pour &tre transféré de maniére analogi-
que a un disposilif de régulation externe (26} par
l'intermédiaire du circuit de régulation de procédé a
deux fils.

Unité de régulation & deux fils selon la revendication
7, dans laquslls |e format ds transfert du signal de
sortie de commande au circuit de régulation de pro-
cédé & deux fils comprend une norme de commu-
nication de circuit de courant de 4-20 mA.

Unité de régulation & deux fils selon la revendication
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1, dans laquelle lss moyans de détsction compran-
nent un capteur choisi parmi le groupe constitué
des captseurs servant a détscter la pression, la tem-
pérature, le débit, la masse, la conductivité, I'humi-
dité, ls pH, la concentration en oxygéns, la concen-
tration en chlore, la masse volumique, laforce et la
turbidité.
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