-1- TWO- W RE FI ELD- MOUNTED PROCESS DEVI CE BACKGROUND OF THE | NVENTI ON The
present invention relates to process devices. Mre, specifically, the
present invention 5 relates to field-nounted process control and

measur enent devi ces. Process devices are used to neasure and control

i ndustrial processes such as the refining of petrochem cals, the processing
of food, the generation 10 of electric power, and a nunber of other
processes. Process neasurenent devices iLnclude process variable
transmtters, which nmeasure a process variable such as pressure or
tenperature and comwmwmtmE@BsmwNTminJ@cmssamvgm controller.
Anot her type of 15 process device is an act uator, such as a val ve
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measurement devices.

Process devices are used to measure and
control industrial processes such as the refining of
petrochemicals, the processing of food, the generation

10 of electric power, and a number of other processes.
Process measurement devices include process variable
transmitters, which measure a process variable such as
pressure or temperature and communicate the measured
variable to a process controller. Another type of

15 process device 1is an actuator, such as a wvalve
controller or the 1like. Generally, process control is
accomplished wusing a combination of transmitters,
actuators, and a process controller that communicate
across a process control loop to a controller. Both

20 types of process devices interact with the physical
process through process interface elements. Process
interface elements are devices which relate electrical
signals to physical process conditions, and include
devices such as sensors, limit switches, valve

25 controllers, heaters, motor controllers, and a number
of other devices.

The process controller 1is typically a
microcomputer located in a control room away from the
process. The process controller can receive process

30 information from one or more process measurement
devices and apply a suitable control signal to one or
more process control devices to influence the process
and thereby control it.
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vibration, corrosive and/or flammable environments,
and electrical noise. In order to withstand such
conditions, process devices are designed specifically
for "field-mounting." Such field-mounted devices

utilize robust enclosures, which can be designed to be .

explosion-proof. Further, field-mounted process
devices can also be designed with circuitry that is
said to be "intrinsically safe", which means that even
under fault conditions, the circuitry will generally
not contain enough electrical energy to generate a
spark or a surface temperature that can cause an
explosion in the.presencé of an hazardous atmosphere.

Further still, electrical isolation techniques are
usually employed to reduce the effects of electrical
noise. These are just a few examples of design
considerations, which distinguish field-mounted
process devices from other devices, which measure
sensor characteristics and provide data indicative of
such characteristics.

Aside from the environmental considerations
listed above, another challenge for field-mounted
devices is that of wiring. Since process devices are
located near the process far from the control room,
long wire runs are often required to couple such
devices to the control room. These long runs are
costly to install and difficult to maintain.

One way to reduce the requisite wiring is by
using two-wire process devices. These devices couple
to the control room using a two-wire process control
loop. Two-wire devices receive power from the process

for

encl osur es,



expl osi on-proof. Further, field-nounted process devices can also be
designed with circuitry that is said to be "intrinsically safe", which
nmeans that even wunder fault conditions, the circuitry will generally 15 not
contai n enough electrical energy to generate a spark or a surface
tenperature that can cause an explosion in the presence' of an hazardous

at nosphere. Further still, electrical isolation techniques are wusually
enpl oyed to reduce the effects of el ectrieal 20 noise. These are just a few
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and others. Although two-wire process control systems
provide wiring simplification, such systems provide a
limited amount of electrical power to connected
10 devices. For example, a device that communicates in
accordance with 4-20 mA signaling must draw no more
than 4 mA otherwise the device’s curxent consumption
would affect the process variable. The frugal power
budget of two-wire process devices has traditionaliy
15 limited the functionality that could be provided.
Another way the process control industry has
reduced field wiring 1s by providing transmitters with
two sensor inputs. Such transmitters reduce the
number of transmitters/sensor and thereby reduce
20 wiring costs as well as overall system costs. One
example of such a transmitter is the Model 3244MV
Multivariable Temperature Transmitter, available from
Rosemount Inc., of Eden Prairie, Minnesota.
Although current multivariable transmitters
25 can reduce wiring costs as well as overall system
costs, they have traditionally been limited to
applications involving two sensors. Thus, in
applications with sixteen sensors, for example, eight
multivariable transmitters would still be required.
30 Further, if different sensor groups are independently
grounded, there is a possibility that ground loop
errors could occur and adversely affect process
measurement.
Current methods used to overcome the problem
35 of coupling a large number of sensors to the control



to the control roomusing a two-wire process control 35 | oop. Two-wire

devi ces receive power fromthe process -3- control |oop, and communi cate
over the process control loop in a nmanner that is generally unaffected by
the provision of power to the process device. | techniques for

communi cating over two-wires include 4-20 mA 5 signaling, the H ghway

Addr essabl e Renpote Transducer (HART@ Protocol, FOUNDATI ON TM Fi el dbus,
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control room. These direct run configurations are
generally less expensive than the cost of obtaining a
number of single or dual sensor transmitters, however,

10 a significant wiring effort is required, and process
measurement is rendered more susceptible to electrical
noise due to the long runs. .

The process control industry has also
reduced the effects of 1long wire runs on process

15 control by providing field-mounted devices that are
capable of performing control functions. Thus, some
aspects of proceés control are transferred into the
field, thereby providing quicker response time, less
reliance upon the main process controller, and greater

20 flexibility. Further information regarding such
control functions in a field-mounted device can be
found in United States Patent No. 5,825,664 to Warrior
et al, entitled FIELD-MOUNTED CONTROL UNIT, assigned
to Rosemount Incorporated.

25 Although multivariable transmitters and
process devices implementing control functions have
advanced the art of process control, there is still a
need to accommodate applications requiring a
relatively large number of sensors, as well as

30 applications requiring enhanced control in the field.

SUMMARY
A two-wire field-mounted process device is
provided. In one embodiment, +the process device
includes multiple isolated channels includes a channel

35 that can be an input channel or an output channel.



20 wiring costs as well as overall systemcosts. One exanple of such a
transmtter is the Model 3244W Ml tivariable Tenperature Transmtter,
avai l able from Rosenmount Inc., of Eden Prairie, Mnnesota. Although current
mul tivariable transmtters 25 can reduce wiring costs as well as overal
system costs, thev have traditionally been Iimted to applications

i nvol ving two sensors. Thus, in applications with sixteen sensors, for
exanple, eight nultivariable transmttebs would still be required. 30
Further, if different sensor groups are independently grounded, there is a
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characteristics of sensors coupled to an input channel
and to control actuators coupled to an output channel.
The process device also includes a loop communicator
that is adapted to communicate over the two-wire loop.

10 In another embodiment, the two-wire field-
mounted process device includes a controller that is
adapted to execute a user generated control algorithm
relating process input information with process output
commands. The process device of this embodiment also

15 includes a loop communicator that i1s adapted to
communicate over the two-wire loop.

BRIEF bESCRIPTION Of THE DRAWINGS

Fig. 1 is a diagrammatic view of a process

control system employing a two-wire field mounted
20 process device in accordance with an embodiment of the
present invention.
Fig. 2 is a system block diagram of the
process device shown in Fig. 1.
Fig. 3 is a system block diagram of a method
25 of providing a process variable with a field-mounted
process device in accordance with an embodiment of the
present invention.
Fig. 4 is a system block diagram of a method
of operating a field-mounted process device in
30 accordance with an embodiment of the present
invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A two-wire field mountable process device 16

shown in Fig. 1 is provided which can be adapted to
35 execute sophisticated user generated control



control room These direct run configurations are generally |ess expensive
than the cost of obtaining a nunber of single or dual sensor transmtters,
however, 10 a significant wiring effort is required, and process
measurenent is rendered nore susceptible to electrical noise due to the

| ong runs. The process control industry has also reduced the effects of
long wire runs on process 15 control by providing field-nmounted devices
that are capable of perform ng control -Buncti ons. Thus, some aspects or
process control are transferred into the field, thereby providi ng quicker
response time,alewsithngl,i angehupbrka héhpaen pweatessidonthr@diddongdd great er
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field-munted device can be found in United States Patent gg 5,825,664 to
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currently limit multiple input transmitters. Finally,
power management 1s such that embodiments of the
present invention are wholly powered by a two-wire
10 process loop 14. These and other features will become
apparent upon review of the figures and the related
description provided below.
" Fig. 1 is a diagrammatic view of process
control system 10 which includes control room 12,
15 process control loop 14 and process device 16. Process
control system can comprise a single process device
coupled to controi room 12, however system 10 can alsc
include hundreds of process devices coupled to one or
more control rooms over a number of process control
20 loops.
Control room 12 1is typically a facility
located away from device 16 that includes a
microcomputer. A user stationed in control room 12
uses the microcomputer to interact with wvarious
25 process devices through process control loop 14 and
thus controls the process(es) from the control room.
For clarity, control room 12 is illustrated as a
single block. However, 1in some control system
embodiments, control room 12 may in fact couple
30 process control loop 14 to a global computer network,
such as the internet, so that users worldwide could
access process device 16 from traditional web browser
software.
Loop 14 is a two-wire process control 1loop.
35 A number of two-wire process communication protocols



30 applications requiring enhanced control in the field.

SUMVARY A

two-wire field-nmunted process device is provided. In one enbodi nent, the
process device includes nultiple isolated channels includes a channel 35
that can be an input channel or an output channel. -5- The given input or
out put channel can couple to nultiple sensors or actuators, respectively.

The process device is wholly powered by the two-wire

process control | oop.

The process device includes a 5 control4®efr adapted to neasure one or nore

characteristics of sensors coupled to an input channel

and to control
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communication between the various devices.

providing

Process device 16 includes cover 17 and base

19 which are preferably constructed from a suitable

10 plastic material. Base 19 is adapted to mate with an

industry standard DIN rail for mounting.

described in more detail, device 16 is

As will be
adapted to

operate solely upon electrical power received through

loop 14, and is adapted for field-mounting. Thus,

15 device 16 is configured to withstand

a relatively

large temperature range (such as -40 to 85 deg. C.),

mechanical vibrations, and relative humidity in excess

of 90%. Such environmental resistance

is effected

primarily through the selection of robust components,

20 as will be described later in the

specification.

Optional enclosure 18 (shown in phantom) provides

added durability and can be any known enclosure such

as a National Electrical Manufacturers

Association

(NEMA) enclosure, or an explosion-proof enclosure. The

25 process device embodiment shown in Fig. 1 has a number

of inputs and outputs, and includes suitable computing

circuitry (shown in Fig. 2) to execute a wuser

generated control algorithm. The

algorithm is

comprised of a number of logic statements relating

30 specific input events to outputs controlled by device

16. The user can change the algorithm either by

interfacing locally with device

1e, or by

communicating with device 16 over control loop 14.

The algorithm can be generated using

conventional

35 logic generation software such as Relay Ladder Logic
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clarity, since embodiments employing solely inputs, or
outputs are expressly contemplated. Traditionally
devices with the computational power of device 16
could not be operated upon two-wire process control
loops due to prohibitive power constraints.

Process device 16 is coupled to sensors 20,
22, 24, 26, 28 and 30 as well as actuators 32 and 34.
Sensors 20, 22 and 24 are thermocouples, of known
type, which are coupled to various process points to
provide voltage signals based upon process variables
at the respective process points. Resistance
Temperature Deviées (RTD's) 26, 28 and 30 are also
coupled to various process points and provide a
resistance that is based upon process temperature at
the respective process points. RTD 26 is coupled to
device 16 through a known three-wire connecticn and
illustrates that various wiring configurations can be
used with embodiments of the present invention.
Actuators 32 and 34 are coupled to process device 16
and actuate suitable valves, switches and the 1like
based upon control signals from device 16. As noted
above, device 16 can execute a user generated control
algorithm to »relate specific input conditions to
specific output commands. For example, device 16 may
sense a process fluid temperature, and cause actuator
32 to engage a heater coupled to the process fluid in
order to maintain the fluid temperature at a selected
level.

Fig. 2 1is a system block diagram of device
16 shown in Fig. 1. Device 16 includes loop



5 isolated fromthe renmai nder of the process device. Such isolation renoves
ground loop errors that «currently limt nultiple input transmtters.
Finally, power managenent is such that enbodi nents of the present
invention are wholly powered by a two-wire 10 process |oop 14. These and
other features will beconme apparent upon review of the figures and the
related description provided below. Fig. | is a diagranmatic vi ew of
process control system 10 which includeg~control room 12, 15 process
control |loop 14 and process device 16. Process control system can conprise a
singl e process aewiuwd catoupld] tmoweantnaiuleodd,l2comoneMerr sy8t eand0 car,
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control room 1Zricgin | Iqmrtmedtasna device such as a traditional
FOUNDATION™ Fieldbus communication controller or the
like. Additionally, communicator 36 can include
suitable isolation circuitry to facilitate compliance
10 with the intrinsic safety specification as set forth
in the Factory Mutual Approval Standard entitled
“Intrinsically Safe Apparatus and Associated Apparatus
for Use in Class I, II, and III, Division 1 Hazardous
(Classified) Locations,” Class Number 3610, published

15 October 1988.
Power module 38 is coupled to loop 14 such
that power module 38 provides power to all components
of device 16 based upon power received from loop 14.
Although power module 38 has a single arrow 50
20 indicating that power module 38 provides power to all
components, it 1s noted that such power can be
provided at multiple voltages. For example, power
module 38 preferably includes a switching power supply
that provides electrical power at a plurality of
25 voltages. Thus, some components such as the A/D
converters and the isolators can receive a higher
voltage such as 4.9 volts, while low-power components
such the controller 40, memory 52 and loop
communicator 36 receive a lower voltage such as 3.0
30 volts. Additionally, power module 38 1is preferably
programmable to such an extent that at least one of
the voltages provided can be varied. The selectable
nature of power  module 38 facilitates power
management, which will be described 1later in the

35 specification.



si ngl e bl ock. However, in sonme control system enbodi ments, control room 12
may in fact couple 30 process control loop 24 to a global conputer network,
such as the internet, so that users worldw de could access process device
16 fromtraditional web browser software. Loop 14 is a two-wire process
control loop. 35 A nunber of two-wire process conmuni cation protocols -7-
exi st for comrunicating on |loop 14, and any suitable protocol can be used.
For exanple, the HART@ protocol, the EQYNDATI ON7~~ Fi el dbus protocol, and
the Profibus-PA protocol can be used with enbodi ments of 5 the present
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memory in which both flash memory and volatile memory
are provided on a single memory module. The user
generated control algorithm, or "program" executed by
controller 40 can be changed by a user either by
10 coupling to device 16 locally, or by accessing device
16 through loop 14. In some embodiments the program
includes instructions that relate process event inputs
to outputs determined by controller 40. In this
sense, device 16 functions similarly to a programmable
15 logic controller, which is a device that typically has
not been robust enough for field-mounting, nor able to
operate on the low power levels of two-wire field
devices. However, by so providing the functions of a
programmable logic controller, much more sophisticated
20 process control algorithms can be implemented through
a user friendly interface, such as Relay Ladder Logic

or the like.
Controller 40 receives power from module 38,
and communicates with loop communicator 36. Controller
25 40 preferably includes a low-power microprocessor such
as the model MMC 2075 microprocessor available from
Motorola 1Inc. of Schaumburg, IL. Additionally,
controller 40 preferably has a selectable internal
clock rate such that the clock rate of controller 40,
30 and thus the computing speed and power consumption,
can be selected through suitable commands sent to
device 16 over loop 14. Since higher clock speeds
will cause controller 40 to draw more power, clock
selection of controller 40, and selection of the
35 voltage level ©provided by power module 38 to
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communication such as a Synchronous

Peripheral

Interface (SPI). Channels 42, 44, 46 and 48 are
coupled to bus 54 through communication isolators 56,

10 58, 60 and 62, respectively, which are preferably

known optoisolators, but which can be any

suitable

isolation devices such as transformers or capacitors.
and 4

provide data in parallel form, and parallel-serial

In some embodiments, channels 42, 44,

46

8

15 converters 64 are used to translate the data between

serial and parallel forms. Preferably,

converters 64

are Universal Asynchronous Receiver/Transmitters

(VART's) .

Channel 42 is coupled to controller 40,

20 includes sensor terminals 1 - n, multiplexer

66, analog-to-digital (A/D) converter

communication isolator 56, and power isolator 70.

is contemplated that communication isolator

56

an

(MUX)

68
I

d

’

t

and

power isolator 70 can be combined in a single circuit.

25 Channel 42 1is specifically adapted

specific sensor type such as thermocoupl

to

measure

a

es, resistance

temperature devices, strain gauges, pressure sensors,

or other sensor type. BEach sensor terminal is adapted

to couple a single sensor, such as a thermocouple, to
30 multiplexer 66. Multiplexer 66 selectively couples
one of the sensors to A/D converter 68 such that a
characteristic of the sensor (voltage for a
thermocouple) is measured and communicated to
controller 40 through isolator 56 and UART 64. Power
35 for channel 42 1is received from power module 38



sense, device 16 can be considered a two-wire field- nountable progranmabl e
| ogic controller. Although the description will focus upon the enbodi nent
shown in 5 Figs. 1 and 2, such description is provided for <clarity, since
enbodi ments enpl oying solely inputs, or outputs are expressly contenpl ated.
Traditionally devices with the conputational power of device 16 could not
be operated upon two-wire process control 10 | oops due to prohibitive power
constraints. Process device 16 is coupleg-to sensors 20, 22, 24, 26, 28 and
30 as well as actuators 32 and 34. Sensors 20, 22 and 24 are thernocouples,
of known typethwugh grevexouplsedatorvald.ous poeeessiqudiatios t 8015 provi de

boi nt e, Reel o ﬁ%%éf%%%afﬁ%ﬁ%ée%é?ﬁ% o6 e SR S S oo
coupl ed to var@eusCor ocBBesposhiblethdiprid\ deta vidéspepPanes2thaihds based
Coupl ed o . dey e o ki Loy eer o Lo comeetLon and 11 ust rat es
that vari ods vi PG SORT FGursti Bb EARC bEHSUBEH @t i SrBOBrREhtE B ¢ he
present inventisolatdédtiratrorsha82emtd oF4darecedpl ed to process device 16
Channel 44 is similar to channel 42, and
like components are numbered similarly. Channel 44
can be configured to measure sensors of a different
10 type than that of channel 42. For example, in one
embodiment, channel 42 is configured to measure the
voltage of thermocouples, and channel 44 is configured
to measure the resistance of RTD's. Each - sensor
terminal in channel 44 is thus configured to couple to
15 an RTD in a two, three, or four-wire (Kelvin)
connection. Because channels 42 and 44 are each
electrically isolated from the rest of device 16,
coupling a first independently grounded sensor to
channel 42, and a second independently grounded sensor
20 to channel 44 does not result in the generation of
undesirable ground loop errors. Additionally, since
each channel can be configured for a specific type of
sensor, which <can be optimized for a specific
application, parameters such as &A/D precision and
25 conversion rate can be tailored for the specific
sensor type. For example, a channel designed for
high-precision may employ an A/D converter of
configured to provide a very high accuracy having a
relatively slower conversion time. Conversely, a
30 channel designed for sensors that measure a process
variable that can changes quickly can employ a lower
precision high speed A/D converter. Essentially, any
sensor input can be switched between operation with
resistance-type sensors to operation with voltage-type

35 sensors based upon configuration information received



2S and actuate suitable valves, switches and the |ike based upon control
signals fromdevice 16. As noted above, device 16 car. execute a user
generated control algorithmto relate specific input conditions to

speci fic output commands. For exanple, device 16 may 30 sense a process
fluid tenperature, and cause actuator 32 to engage a heater coupled to the
process fluid in order to maintain the fluid tenperature at a sel ected
level. Fig. 2 is a system bl ock di agramypf- device 35 16 shown in Fig. 1
Device 16 includes | oop -9- comuni cator 36, power nodule 38, controller 40,
and channel s 42pmd4ordGoMBr and. nenDoytmA leroopd canmpricdider Bifei S

coupl ed 10 ProgeasGRNLLRL,! 0O ddnaddni s Adant edfor DindbLgciignal data
conmuni cati on over | oop 14, oop conmmuni cator 36 can jinclude a known
communi cati on degeéBedueveas PR ddit i Dhatnr FTOUNGATH eFe TM IR W dbRRTE

communi cati on egaalhrpll er audiReonklke, Asdidrcanabl yocossnni paseids86 can
include suitable isola%ion circuitr o] fac{lita li,ance. 10 with the

intrinsic saf efyPSHERFRFLAR; ol LETes O%oﬁfh s f%%nggggoﬁ§)Nﬁ?ﬁ%ﬁtﬁmproval

St andard entitleedlog-to-digital sampling rates for each channel, or
even for ~ each sensor. This is particularly
advantageous where sensor rates of change are
anticipated based upon information known about the

10 process.

Channel 46 is similar to channels 42 and 44,
however since channel 46 is configured to receive
digital inputs, it does not include an analog-to-
digital converter. As illustrated, inputs 1 - n are

15 coupled to multiplexer 66 which conveys the signal of
a selected input to bus 54 through communication
isolator 60 and UART 64. ~ In some digital dinput
embodiments, the input level may be such that the
digital inputs could be provided directly to UART 64

20 through isolator 60. Digital inputs are generally
indicative of logic-type signals such as contact
closure in limit switches as the 1like. However,
digital inputs 1 - n can also be coupled to digital
outputs of other process devices such that the inputs

25 represent logic signals such as alarms or other
Boolean type signals.

Channel 48 is similar to channel 46, but
essentially operates in reverse compared to channel
46. Thus, serial information sent to channel 48

30 through the UART is converted into parallel form, and
conveyed across communication isolator 62 to set
individual actuator outputs. Thus, logic signals are
sent to the terminals labeled ACTUATOR 1l-n to cause
actuators coupled to such terminals (not shown) to

35 engage or disengage as desired. Such actuators can be



"Intrinsically Safe Apparatus and Associ ated Apparatus for Use in Class I,
1, and Ill, Division | Hazardous (C assified) Locations,” Cass Nunber
3610, published 15 Cctober 1988. Power nodule 38 is coupled to | oop 14 such
t hat power nodul e 38 provides power to all conponents of device 16 based
upon power received fromloop 14. Al though power nodule 38 has a single
arrow 50 20 indicating that power nodul e 38 provides power to al

conponents, it is noted that such power -gan be provided at nultiple
vol t ages. For exanple, power nodule 38 preferably includes a switching
power supply taay pesoutdbieel eetviiceal poher at avplueal idcoptebl28rwyol t ages.

Thus, sone conpREentss Su%tﬁ%ht Q%n%/rgllgpglve&\{/ﬁr sargnd dehe A 5%@’59:5& can

recei ve a higher voltage as_ 4.9 ts go onent s
such the controff&kCQ, ﬁ%ﬁﬁPﬁlgé &ndamdoﬁeWﬁﬁﬁnﬁﬁ%%tb §€’F€E§ R a | ower
vol tage such asb3séd 3pomwld st.ogﬁdﬁlttyp@nahtyut posvexn reochidzaec38 i s preferably

progrannablqato such an ext enty that at t%@sklo%% ggﬁg&gg ¥9I5a§ gjovided

can be varied. The selectab?e rat ur e X power aC|I| es power
managenment , whi ef wrbtrlﬁenqegcmmssat‘e?rrmarbltehevvlth a fleld-mounted

process device in accordance with an embodiment of the
present invention. The method begins at block 80
where a field-mountable process device 1is wholly
10 powered by a two-wire process control loop. At block
82, the process device is coupled to a first sensor
through a first isclated input channel. A sensor
signal 1is acquired through the first isolated input
channel, which signal is indicative of a process
15 wvariable. At block 84, the process device is coupled
to a second sensor through a second isolated input
channel in ordef.to acquire a second sensor signal.
Since the first and second input <channels are
isolated, independent grounding of the first and
20 second sensors will not cause undesirable ground loop
errors. At block 86, the process device computes a
process variable based upon one or both of the sensor
signals. Moreover, although the method is described
with respect to two sensors, a number of additional
25 sensors could be used such that the process variable
would be a function of any number of sensor signals.
For example, the process device could average the
values of the sensor, provide their difference,
standard deviation, or any other appropriate function.
30 At block 88, the computed process device is output.
Such output can be in the form of information sent
over the process control loop, a local display, or a
local output effected through an output channel.
Fig. 4 is a system block diagram of a method
35 of  operating a field-mounted process device in



35 specification. _10- Controller 40 is coupled to nmenory 52 and executes
programinstructions stored therein. Menory 52 is preferably |ow power
menory operating on 3.0 volts, such as the nodel LRS1331, avail able from
Sharp 5 Electronics. Additionally, menory 52 can he "stacked” nenory in

whi ch both flash nenory and volatile nenory are provided on a single nenory
nodul e. The user generated control algorithm or "progrant executed by
controller 40 can be changed by a user ehgher by 10 coupling to device 16

| ocal |y, or by accessing device 16 through |oop 14. In sone enbodi nents the
program incl udescorddraet i @asht haénreleaibedﬁzm@ﬁess ceﬁ/enthbanﬁﬁeseﬁﬁ out put s

det er m ned by cont%r%ljioenrv 4%*:' n thllf GQ?VJ S’LGWQ Lﬁm;a OquSerse' mlarly

to a program’rab:VW 0gi c “con ch is a device plcally has
not been robusfbfnbhghtw@rWﬂKélduwﬁwﬁﬁlﬂanﬁﬂieﬂﬂqpto A@péﬂ&?é 'the | ow

power Ievel S Oftﬂéhoa@usef&c@kglveevIathesmadwevegmc}bylﬁpu@r e¥hdibag jhhe
functions programmabl e | ogi.c controll nmuch npre sophi sticated 20

process contsr ol tR§ gbPFRhRE é&r? 5 rﬁﬁceﬁr?é’ﬁfjedﬂ'trfﬂu@ﬁ’gﬁn%‘tus armelsndl y
interface, suchswsh Red ayhd adderigdl@giicsolated input channels described

above, in the form of process information received
through the two-wire process control loop, in the form
of a local input, or any combination of input signals
10 and information. At block 94, the device executes
user-programmable logic to relate the input
information to one or more process outputs. The user-
programmable logic can be simple or complex algorithms
such as 1ladder 1logic, SFC's, fuzzy 1logic, Adaptive
15 Control, or neural networks and the like. At block
96, the device provides the output determined via
operation of the'user—prdgrammable logic. The output
can be a local output, either digital or analog, or
the output can be sent as information over the two-
20 wire process control loop.

Although the present invention has been
described with reference to embodiments of two-wire
process device having four channels, workers skilled
in the art will recognize that changes may be made in

25 form and detail without departing from the spirit and
scope of the invention, which are defined by the
appended claims. For example, although various
modules have been illustrated and described
separately, it 1s expressly contemplated that some

30 such modules can be physically embodied togethexr, such
as on an Application Specific Integrated Circuit.
Further, although controller 40 is described as a
single module, its functions can be distributed upon
multiple microprocessors such that one microprocessor

35 could provide low-level I/0O interaction, such as



or the like. Controller 40 receives power fromnodule 38, and conmuni cates
with | oop conmmunicator 36. Controller 25 40 preferably includes a | ow power
m croprocessor such as the nodel MMC 2075 m croprocessor avail able from
Motorola Inc. of Schaumburg, IL. Additionally, controller 40 preferably has
a selectable internal clock rate such that the clock rate of controller 40,
30 and thus the conputing speed and power consunption, can be sel ected

t hrough suitable commands sent to deviegesd6 over |oop 14. Since higher

cl ock speeds w Il cause controller 40 to draw nore power, clock selection
of controller 4lidrktdehect loneetichei®@s vad agehd eviel kg owitdield bya power
modul e 38 10 _Idsc gt rreiél% r%&rs%rpreéﬁ&ﬁléé pe&rt@r MBdeDgéandamy In this

manner the processing speed power consunpt i on device 16 are
sel ectabl e and SRIFYS gé‘t]’r?@rrlt@Bht rol | er ﬁ‘@)lﬁjsortaolu‘m'ed FF e arihsus 5
channel s thr Ougflasld’iil@itfl@QEhblSS foénswBtctpos phefies abhy ocatsetrs abeinds

desi gned for, QE% qg g 0 icagl n ag ghro us .Peri pheral
I nterface (é%ﬂ)é& Tannel s f“ﬁh?ngﬁean i%gli%%@ nnit¥] AT OIS 5
expressly contemplated that some process inputs or
process outputs could be communicated from/to other

process devices through the process control loop.



coupl ed to bus 54 through comrunication isolators 56, 10 58, 60 and 62,
respectively, which are preferably known optoisol ators, but which can be
any suitable isolation devices such as transfornmers or capacitors. |In sone
enbodi nents, channels 42, 44, 46 and 48 provide data in parallel form and
paral |l el -serial 15 converters 64 are used to translate the data between
serial and parallel forns. Preferablyl7eonverters 64 are Universal
Asynchronous Receiver/Transmitters (UART' s). Channel 42 is coupled to
controller 40, and 20 includes sensor termnals 2 - n, nultiplexer (MJX)

66, analog-to-digital (A/D) converter 68, comrunication isolator 56, and
power isolator 70. it 1is contenplated that conmunication isolator 56 and
power isolator 70 can be conbined in a single circuit. 25 Channel 42 is
specifically adapted to nmeasure a specific sensor type such as

t her nocoupl es, resistance tenperature. devices, strain gauges, pressure
sensor ¥HAToASoLRBAIMERNESE type. Each sensor terminal is adapted to couple a
singl e sensor, such as a thernocouple, to 30 nultiplexer 66. Miltiplexer 66

sel ectively couples one of the sensors to A/D converter 68 such that a
1. B two-wire fiield-mountable process device comprising:

a power module couplable to a two-wire loop &nd adzpted
to wholly power the process device with power
received from the two-wire loop;

2 loop communicator coupled to the power module, &and
being couplable to the two-wire loop to
communicate on the two-wire loop in =accordance
with the Fieldbus or Profibus protocol, wherein
the communicator d1s cconfigured to provide =an
output on the loop; _

controller coupled to the loop communicator and power

[W))

module;

a first channel operzbly coupled to the controller, ths
first channel configured to couple to a2t lezst a
first senscr and configured to receive a <Eensor
input:;

second channel cperably coupled to the controller,

)Y

the second channel configured to couple to a
second sensor and receive z sensor input; and |
wherein the first and second channels are substa
electriczlly isolated from each other and from the

two-wire loop.

2. The process device of clzim 1 whexein the first
sensor is of a first type, thé second sensor is of z seccnd type,
eand wherein the first and second types are different.

3. The process device of claim 2 wherein the first

type is. selected from the group of sensors consisting of



characteristic of the sensor (voltage for a thernocouple) is nmeasured and
comuni cated to controller 40 through isolator 56 and UART 64. Power 35 for

channel

42 is received from power nodule 38 -12- through power isolator '70.

Power isolator "70 is preferably a transforner, but can be any suitable

devi ce.

Those skilled in the art will appreciate that communication

i solator 56 and power isolator 70 5 ep®perate to ensure that channel 42 is
electrically isolated fromthe rest of device 16. Channel 44 is simlar to

channel

42, and |ike components are nunbered simlarly. Channel 44 can be

configured to neasure sensors of a different 10 type than that of channel

42. For exanple, in one enbodinent, channel 42 is configured to neasure the
vol t agehefmpherpdesu@res RTdRL channel 44 is configured to neasure the

resi stance of RTD s. Each sensor terminal in channel 44 is thus configured
to couple to 15 an RTDin a two, three, or four-wire (Kelvin) connection.
Becaus®-channel s 42 Trid IPeres edeW celebtelzin| Y i 2of afedthedm t he rest of
devicecéﬁpriggﬂghing a first independently grounded sensor to

5.

g first znalog-to-digital converter operebly coupled to
the first channel and to the controller, the first
converter being adapted to ccnvert an analog signal
from the first channel, into at least one digital
value at 2 first conversion rate, and to convey the
digital signal to the controller; and

a2 second anzlog-to~digital converter operably coupled to
the second channel and +to the controller, the
second converter being adapted to convert an analog
signal from the second channel, into at least one
digital value at = second conversion rate, and to
convey the digital signal to the. controller; and

wherein the first and second conversion rates are

different.

The process device oif claim 4 wherein the first

conversion rate is related toc & type of sensor to be coupled to

the

6.

first sensor terminals.

The process device of claim 5 wherein the second

conversion rate is related to z type of sensor to be coupled to

the second sensor terminsls.

7.

The process device of claim 1 and further

comprising:

& multiplexer coupled to the first channel; and
an analog-to-digital converter operably coupled to the
first channel wvia the multiplexer, +the =znalog-to-

igital converter being operzbly coupled to the

0.



channel 42, and a second independently grounded sensor 20 to channel 44 does
not result in the generation of undesirable ground |oop errors.
Additionally, since each channel can be configured for a specific type of
sensor, which can be optimzed for a specific application, paranmeters such
as A/D precision and 25 conversion rate can be tailored for the specific
sensor type. For exanple, a channel d&é8rgned for high-precision my enploy
an A/D converter of configured to provide a very high accuracy having a
relatively slower conversion tine. Conversely, a 30 channel designed for
sensors that neasure a process 'variable that can changes quickly can
enploy a |lower precision high speed A/D converter. Essentially, any sensor
i nput can be rS1WI tl(ih&ﬁbrheﬁd\BBgrppﬁhéﬁ:ieQﬁb\Mhbg aﬂeﬁiﬁd@%we@zf P § ipel Seﬂﬁifaé_ﬁtéﬁ
operation with vol tage-type 35 sensors based upon_configuration_information
recei ved -13- from cont EGRRHEY gowqﬁl}voq-‘q*fer afo BER-BPovT UE? efrom the
configuration inforniton kasedruposrmitLOrgvat iano recefleedtovere | @ogid41 or

t hrough a | ocal input_-(not ﬁgoqﬂ). Addi tional ly,,.controll er 40 can provi de
5 conti gurat i on i nf GRS o T (e SRR o A aiger=l stenel °B0 PIRY
controller. o
8. The ©process device of claim 1 wherein the

controller operates in accordance with a program.

9. The process device cf claim 8 wherein the program

can be changed.

10. The process device of claim 9 wherein the program

can be changed by zccessing the device through the two-wire loop.

11. The process device of claim 8 wherein the program
relates an input to the output.

12. The process device c¢f <claim 1 wherein the

-~

controller computes a process variable based upon a sensor input.

13. The process device of claim 1 wherein the process

device is in accordance with 2 DIN standard.

14. The process device of clzim 1 wherein the process

device complies with an intrinsic safety specification.

15.
sensor input operably coupled to the controller, the third sensor
input configured to couple to a third sensor znd configured to

-]

he process device of claim 1 including third

receive & third sensor input.

16. The ©process device of claim 15 including a



anal og-to-digital sanmpling rates for each channel, or even for each sensor.
This is particularly advantageous where sensor rates of change are
anti ci pated based upon information known about the 10 process. Channel 46
is simlar to channels 42 and 44, however since channel 46 is configured to
e digital inputs, it does not include an anal og-to- digital

ter. As illustrated, inputs 1 -20rare 15 coupled to nmultiplexer 6G

whi ch conveys the signal of a selected input to bus 54 through

receiv
conver

conmuni cati on

the in

i ndi ca
as the

i solator 60 and UART 64. In sone digital input enbodinents,

put | evel may be such that the digital inputs could be provided
directly to UART 64 20 through isolator 60. Digital inputs are generally

ﬁri‘xﬁﬁ.i%fléx%@ CedyPEgSAaks SUCh @S Y acbuptlOSHEE dehddr¥ trsWEhes
| Ke

However, digital inputs | - n'can also be coupled to digital

out put §CBEIEHRET -pr ocess devi ces such that the inputs 25 represent |ogic
signal s such as alarms or other Boolean type signals. Channel 48 is simlar
to chagggl 46, but essentially operates in feverse %%HH%&Fd to cham&%g

module

The process device oIl clalm ing an ana

to digitzl converter coupled to an output of the multiplexer and

to the controller configured to provide =z digitized signal to the

controller.

18.

The process device of claim 1 wherein the loop

communicator includes isolation circuitry.

19.

second

20.

The process device of claim 1 including a power
which is configured to power circuitry of the first and

channels.

A two-wire field-mountable process device comprising:

a.power module couplable to a two-wire loop and adapted
to 'wholly power the process device with power
received from the two-wire loop;

a2 loocp communicator coupled to the power module, and
being couplable to the two-wire loop to
communicate on the two-wire loop;

a controller;

irst sensor terminsls coniigured to couple to at least

Hhy

a first sensor and configured to receive a sensor
characteristic;

second sensor téerminals configured to couple to =a
seccnd sensor and configured to receive a sensor
characteristic the second sensor terminals
operably coupled to the controller;

third sensor terminals configured to couple to a third
sensor and configured to receive z third sensor

characteristic;



46. Thus, serial information sent to channel 48 30 through the UART is
converted into parallel form and conveyed across conmunication isolator 62
to set individual actuator outputs. Thus, logic sighals are sent to the
termnals | abel ed ACTUATOR 1-n to cause actuators coupled to such termnals
(not shown) to 35 engage or disengage as desired. Such actuators can be -14-
any suitable device such as valve cotirol l ers, heaters, notor controllers
and any other suitable device. Essentially, any device that is addressable
based upon a logic type output is an actuator. 5 Fig. 3 is a system bl ock

di agram of a nethod of providing a process variable with a field-nounted
process device in accordance with an enbodi nent of the present invention.

The met hod begi nsz atmbl 06K S0 r Whedrer Bgd+ &b d-guniedld & ireges coiglicce the
whol 'y 10 powered by a_fwo-w re process confrol | oop. Atlnglocilli§E 62 t@g
process device is coupt®tSto &Y st FEBRELT Stﬁroouﬁﬁeacl‘} o Liled a2 %ed tPRput
channel . A sensor si gfied r& Ssecgutredrihbroughtbhenhti eshtirsdllat-ed i nput

channel . which signal 1o L ndbcative 9f & rocess A5, vArl bl ey, R, bLogk 84

the multiplexer and to.an input of the controller,
the analog'.té digital converter configured to
provide z digitized signal to the controller;

wherein an output from the loop communicator on the
two-wire process control loop is related toc at
lezst one of the first, second or third sensor
characteristics; and

wherein at least the first and second sensor terminals
are substantially electrically isolated from each
other and from the two-wire loop and the second
eand third sensor terminals are substantially
electrically isolated from each other and frem the

two wire loop.

21. The process device of clzim 20 wherein the first
senscr is of a first type, the second sensor is of z second type,
and wherein the first and second types zre different.

22. The prcocess device of claim 20 wherein the first

sensor is selected from the group of sensors consisting of

thermocouples and RTDs

23. The process device of claim 20 comprising:
2 second analog-to-digital converter operably coupled to -
the second sensor terminzls zand to the controller.

24. The ©process device c¢f «claim 20 wherein the

controller operztes in accordance with a program.



to a second sensor through a second isolated input channel in order to
acquire a second sensor signal. Since the first and second i nput channels

i sol at ed, independent grounding of the first and 20 second sensors wil |
not cause undesirable ground |oop errors. At block 86, the process device
conputes a process variable based upon one or both of the sensor signals.
Mor eover,
nunber of additional 25 sensors could be used such that the process variable
woul d be a function of any nunmber of sensor signals. For exanple, the
process device could average the values of the sensor, provide their

ar e

di f ference,

bl ock 88,

for
a

m of
| oca

PS

al t hough the nmethod is descr2bed wth respect to two sensors, a

standard devi ati on, or any other appropriate function. 30 At
the conputed process device is output. Such output can be in the

f t th trol . |
utput of 1 ool PRVRRGH Monpic: chahng 24eie 1L Bhs, kBB ck

di agr ancaf, denetizodbedB5 of operating a field-nounted process deV|ce in _15-
accordance with an enbodi nent of the present invention. At block 80, the
device is wholly powered

26.

The process device of clzim 25 wherein the program

can be changed by accessing the device through the two-wire loop.

27.
relzites a sensor characteristic to the output.

28.

The process device of clzim 24 wherein the progrem

The ©process device of claim 24 wherein the

controller computes =& process varieble based upon a sensor

characteristic.

The process device o ciaim 20 wherein the process

device is in sccordance with =z DIN standaxrd.

30.

The process device of claim 20 wherein the process

device cocmplies with an intrinsic szfety specification.

31.

The process device of claim 20 wherein the loop

communicator includes isoleation circuitry.

32.

module which is configured to power ci

The process device cof claim 20 including z powver

cuitry of the first sensor

T
terminzls, circuitry of the =second sensor terminzls, =znd
1 4

circuitry of the third sensor termina

33.
I

irst chennel which includes the first and third

0}

.

The process device of claim 20 wherein including =z
s

terminzls.

34.

The process device of clzim 33 including z second



by the two-
Such input can be in 5 the formof signals received through input

i nput .
channel s,

the f ormof process information received
| oop,

contr ol

wire process control |oop. At block 92, the device receives an

such as the nultiple isolated i nput channels described above, in
t hrough the two-w re process

in the form of a local input, or any conbination of input

At bl ock 92B-the device executes

signals 10 and i nformation.

infornmation to one or nore

user-progranmmabl e logic to relate the input
process outputs. The user-

programuabl e | ogi ¢ can be sinple or conpl ex

al gorithns

such as | adder

|l ogic, SFC s, fuzzy | ogic,

Adaptive 15 Contr ol

or neur al

out put JEBIPE

net r

oo

.and.the l.ike.
ifh

i ides *hétsblogk tgg’ te>
BHLFaEF ol PEf SERETHs EF T FGgramiabi

t he deviqiifrovides t he

[ =S

ogi c. The out put

can be a local output, either digital or analog, or the output can be sent
as inforpation over the two. 20 wire process contral.loop. Al though the _
present ?ﬁvention has bBen “¥&5&FiTHed 'ﬁéﬁilﬁ%ﬁ%ﬁg%lro efb8&iSrent s Of -

t wo- W r econgetessgdevi ce having four channels, workers skilled

will

in the art

recogni ze that changes be made in 25 form and detail wthaout ., .
departi ng fr0n1theESB?VTt %ﬂggXe COouD dbie L0 a two-wlre loop cné1ac pted
to whelly rower the process device with power

received from the two-wire loop;

loop communicator coupled to the power module, and
the

two-wire loop;

N

being couplable to two-wire loop to

communicate on the

2 contreller coupled to the loop communicztor end power
module;

a first channel cperzbly ccupled to the controller, the
first channel configured to couple to at least =
first senscr;

z seccnd channel coperably coupled to the . controller,
the second channel configured to cocuple to =z
second Sensor;

wherein +the first and second sensor channels are
substantially electriczlly isolzted Ifrom ezch
other; and |

wherein circuitry of the first channel znd circuitry of
the second channel ere powered by the power
module

36. The process cdevice -of «claim 35 including a
connection to & third sensor.

37 The ©process device of clzim 36 including a
multiplexer configured to selectively couple the first sensor to
the controller or the third sensor to the controller.

38. The process device of claim 37 including an



scope of the invention, which are defined by the appended clains. For
exanpl e, although various nodules have been illustrated and descri bed
separately, it is expressly contenplated that some 30 such nodul es can be
physical ly enbodi ed together, such as on an Application Specific Integrated
circuit. Further, although controller 40 is described as a single nodule,
its functions can be distributed upore41ultiple mcroprocessors such that
one m croprocessor 35 could provide |owlevel 1/0 interaction, such as -16-
calibration, linearization and the like, while a second m croprocessor
executes the user-generated control algorithm Additionally, although the
description has focussed upon inputs and outputs being 5 provided through
t he di sokdbsed dhannEl@E,tdll iconexpress| goephednplat et hatuigmme prDcetsise
i nputs_or, . S qutputs caoul d icated £ o of her 0Gess,
devicegufﬁﬁggg‘%?heaaﬁocégé ggh rgﬁnﬁ%ggggr Eh{QLL oL her, BEOSESS,
digitized signal to the controller.

39. The process device of claim 36 wherein the power
" module is configured to power circuitry of the connection to the

third sensor.

40. The process device of claim 35 wherein the power
module .simultzneously powers the circuitry of the first channel

and circuitry of the second channel.



