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This invention relates to a field mounted
measurement transmitter measuring a process variable
representative of a process, and more particularly, to

such transmitters which have a microprocessor.

Measurement transmitters sensing two process
variables, such as differential pressure on either side

- of an orifice in a pipe through which a fluid flow, and

a relative pressure in the pipe, are known. The
transmitters typically are mounted in the field of a
process control industry installation where power
consumption 'is & concern. Other measurement
transmitters sense process grade temperature of the
fluid. Each of the transmitters requires a costly and
potentially unsafe intrusion into the pipe, and each of
the transmitters consumes a maximum-of 20 mA of current
at 12V. 1In fact, each intrusion into the pipe costs

' between two and seven thousand dollars, depending on the

types of pipe and the fluid flowing within the pipe.
There is a desire to provide measurement transmitters
with additional process measurements, while reducing the
number of pipe intrusions and decreasing the amount of
power consumed. '

Gas flow computers sometlmes include pressure
sensing means common~ to ‘a measurement transmitter.

P

Existing gas flow computers "ar’é mbuntedf J.p. process
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OF THE | NVENTI ON Thi's invention rel ates tmuggrgwt gg]a 1 9
measurenent transmtt ‘measuring a process .vari abl t % ¢

process, and nore particularly, to such transnitters which have a

m croprocessor. ' Measurenment transmitters sensing two process
vari abl es, such as differential pressure on either side of an orifice in a
pi pe through which a fluid flow, and a rel#2+ve pressure in the pipe, are
known. The transnmitters typically are nounted in the field of a process
contr ol industrbensraﬂléndbﬁtﬁMePZapbaefOEdWﬁm%ﬁ¢(9F°¢Q$Se?onﬁﬁﬂﬂawin

Qther  nmeasur emeplstb@PSt-dh £f Er EPPEL FHOLHPS U ABAILORFPERA I enOf e E
fhuid. Each of the transmtters requi rea a gostl and pot ent]al lé’ cimsafe
géﬁ an hea

intrusion into tREIFPERTPARS EhBRSEErTe sometimes at well heads to
monitor the natural gas or hydrocarbon output of the

'S well. Such flow computers provide an output
representative of a flow as a function of three process
variables and a constant containing a
supercompressibility factor. The three procéss
variables are the differential pressure across an

10 orifice in' the pipe containing the flow, the line

> pressure of the fluid in the pipe and the process grade
temperature of the fluid. Many flow computers receive
the three required process variables from separate
transmitters, and therefore include only computational

15 capabilities. One existing flow computer has two
housings: a first housing which includes differential
and line pressure sensors and a second transmitter~like .
housing which receives an RTD input representative of
the fluid temperature. The température_measurement is

20 . signal conditioned in the second housing and transmitted
‘to the first housing where the gas flow is cOmputed.'

_ The supercompressibility factor required in
- calculating the mass flow is the subject of several
standards mandating the manner and accuracy with which

25 the calculation is to be made. The American Gas
Association (AGA) promulgated a standard in 1963,
detailed in “"Manual <for the Determination of
Supercompressibility Factors for Natural Gas", -PAR
Research Project NX-19. In 1985, the AGA introduced

30 another gquideline for calculating the constants, AGAS
1985, and in 1992 promulgated AGA8 1992 as a two part
guideline for-the same purpose. Direct computation of
mass flow acgb;ding to these guidelines, as compared to
an approximétibn method, requires many . instruction
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the transmtters consu a maxi nrum of 20 mA of current at 12V. fac ,E;

each intrusion into thé pipe costs between two and seven thousand dol | ars,
dependi ng on the types of pipe and the fluid flowwng within the pipe. There
is a desire to provide neasurenment transmtters with additional process
measurements, while reducing the nunber af;pipe intrusions and decreasing

t he anobunt of power consuned. Gas flow conputers soneti nes

i ncl ude pressurgyseasi Fs WBE Pg GHMENRW ApdalBAELHESIPEnd (ARG Feant
Exi sting gas flow cofrpufers are nounted In process
' amount of power consumption. In many cases, the rate at
which gas flow is calculated undesirably slows down
process loopé. Cumbersome battery backup or solar
5 powered means are regquired to power these gas flow
computers. One of the more advanced gas flow computers
consumes more than 3.5 Watts of power. f
‘There is thus a need for an accurate field
mounted multivariable measurement transmitter connected
10 with reduced wiring complexity, operable in critical
. environments, with additional process grade sensing
capability and fast £flow calcuiations, but which
consumes a reduced amount of power.:
SUMMARY OF THE INVENTION
15 " In this inVention, a two wire process control
transmitter has a sensor module housing having at least
one 'sensor which senses a process variable
representétive of the process. The sensor module also
includes an analog to digital converter for digitizing
20 the sensed process variable. A first microprocessor in
the sensor module compensates the digitized process
variable with output from a temperature sensor in the
transmitter housing. The sensor module is connected to
an electronics housing, which includes a set of
25 electronics connected to the two wire circuit and
including a second microprocessor which computes the
physical parameter as a function of the cdmpensates
process variable and has output circuitry for formatting-
the physical parameter and coupling the parameter onto
30 the two wires. In a preferred embodiment of the present
invention, the physical parameter is mass flow, and the
sensor module housing includes a differential pressure
sensor, an absolute pressure sensor for sensing line
pressure and a circuit for receiving an uncompensated
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control iﬁdusf?y pl ants for precise process control cusgody transfer
applications to nonitor the quantity of hydrocar bonpef;!gﬁ %ﬁa
sofreti mes at well heads to nonitor the natural gas or rocar al lf

the well. Such flow conputers provide an output representative of
a flow as a function of three process variables and a . constant
cont ai ni ng a superconpressibility factor. The three process

variables are the differential pressure-4across an orifice .in the pipe
containing the flow, the line pressure of the fluid in the pipe and the -
process grade output from a process grade temperature measurement

downstream from the differential pressure measurement,
In this dual microprocessor embodiment of the present
invention, the first microprocessor compensated sensed
5 process variables and'the'secondxnicroprocessor provides
communications and installation specific computation of
the physical parameter. In an alternate embodiment, a
third microprocessor in tHe electronics housing provides
communications arbitration for advanced communications
10 protocols.
FIG. 1 is a drawing of the present invention
connected to a pipe for sensing pressures and
temperature therein; and

15 FIG. 2 is a block drawing of the electronlcs
- of the present invention.
DETAIL SC 0] BODI TS

FIG. 1 shows a multivariable transmitter 2
mechanically coupled to a pipe ¢4 through a pipe flange
20 6. A flow, Q, of natural gas flows through pipe 4. 2
temperature sensor 8 such as a 100 ohm RTD, senses a
process grade temperature downstream from the flow
transmitter 2. The analog sensed témperature is
transmitted over a cable 10 and enters transmitter 2
25 through an explosion proof boss 12 on the transmitter
body. Transmitter 2 senses differential pressure,
absolute pressure and receives an analog process
temperature input, all within the same housing. The
transmitter body includes an electronics housing 14
30  which screws down over ‘threads in a sensor module
housing 16. Transmitter 2 is connected to pipe 4 via a
standard three or five valve manifold. When transmitter
2 is connected as a gas flow computer at a remote site)
wiring conduit 20, containing two wire twisted pair
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tenperature”ofthe fuid. Many flow conputers receimm tge required .
process variables fromseparate transmtters, and t 69 il (@9%1 3
housI .

cofrput at i onal

capabiliti €s. One existing flow conmputer has two
a first housing which includes differential
second transmtter-1ike housing which receives an RTD i nput representative

of the fluid tenperature. The tenperature hgasur ement I s signal
conditioned in the second housing and transnitted to the first housing

where the gas Tl Opab3ifgiPUbAlects output £hh %gja%rsﬁaﬁsye%swg e bagractor
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computer, transmitter consumes approximately 8 mA of

- current at 12V, or 96 mW. When transmitter 2 is

configufed as a high performance multivariable

‘transmitter using a suitable switching power supply, it

operates solely on 4-20mA of current without need for
battery backup. The switching regulator circuitry
ensures that transmitter 2 consumes less than 4 mA.

In FIG. 2, a metal cell capacitanée based
differential pressure sensor 50 senses the differential
pressure across an orifice in pipe. 4. Alternativély,
differential pressure may be sensed using a venturi tube
or an annubar. A silicon based strain gauge pressure
sensor 52 senses the line pressure of the fluid in pipe
4, and 100 ohm RTD sensor 8 senses the process grade
temperature of the fluid in pipe 4 at a location
downstream from the differential pressure measurement.

‘The uncompensated analog output from temperature sensor

8 1is connected to transmitter 2 via cabling 10.
Compensating output from sensor 8 in sensor module
housing 16 minimizes the error in compensation between

process variables and consumes .less power, since

separate sets of compensation electronics would consume
more power than a single set. It is preferable to sense
differential pressure with a capacitance based sensor
since such sensors have more sensitivity to pressure
(and hence higher accuracy) than do strain gauge

sensors. Furthermore, capacitance based pressure
sensors generally require less current than strain gauge
sensors employ in sensing the same pressure. For

example, a metal cell differential pressure sensor

typically consumes 500 microamps while a piezoresistive
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1985,”and in 1992 promnul gated AGA8 1992 as a two part

-6-.3-
differential pressdre sensor typically consumes 1000
microamps. However, strain gauge sensors are preferred
for absolute pressure measurements, since the absolute
pressure reference required in a line pressure
meaéurement is more easily fabricated in strain gauge
sensors. Throughout this application, a strain gauge
sensor refers to a pressure sensor having an output
which changes as a function of a change in resistance.

Sensors having a--frequency based output representative

of the sensed process variable may also be used in place
of the disclosed sensors. A low cost silicon based PRT
56 located on a sensor ahalog board 68 senses the
temperature proximate to the pressure sensors 50,52 and
the digitized output from sensor 56 compensates the
differential and the line pressure. Analog signal
conditioning circuitry 57 filters output from sensors
8,50 and 52 and also filters supply lines to the A/D

‘circuits 58-64. Four low power analog to digital (A/D)

circuits 58-64 appropriately digitize the uncompensated
sensed process variables and provide four respective 16
bit wide outputs to a shared serial peripheral interface
bus (SPI) 66 at appropriate time intervals. A/D
circuits 58-64 are voltage or capacitance to digital
converters, as appropriate for the;input signal to be
digitized, and are constructed according to U.S. Patents
4,878,012, 5,083,091, 5,119,033 and 5,155,455, assigned
to the same assignee as the present invention.
Circuitry 57, PRT 56 and A/D circuits 58-64 are
physically situated on analog sensor board 68 located in
sensor housing 16. ‘

The modularity of the present invention,
configured either as a mass flow computer or as a
multivariable transmitter, allows lower costs, lower
power consumption, ease of manufacture,
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consunption. In nmany cases;y the rate at which gas fl

undesirably sl ows down process |oops. Cunbersone battery backup or solar
powered rmeans are required to power these gas flow conputers. One of the
nore advanced gas flow conputers consunes nore than 3.5 Watts of power.
There is thus a need for an accurate field qggnted mul tivariable
measurenent transmtter connected with reduced wiring conplexity, oper abl e

in critical enviro |ons g%fﬁg%m qﬂablg%%8§§sbgg§ g s QSig@Eﬁmgﬁf'l'ty

and fast flow cal cula consuies -a reduced. anount
SUMVARY OF ‘THE | I\I\WEN'IIIQN communlcatlwntshpsor:ﬁvehsu ofalblens irer engrmeas

control - weight over prior art flow computers. In the present
invention, all raw uncompensated process variables

5 signals are received at sensor module housing 16, which
also includes a dedicated microprocessor 72 for
compensating those process variables. A single bus 76
communicates compensated process variables between the
sensor housing and electronics housing 14, so as to

10 minimize the number of signals between the two housings
and therefore reduce capaéitance and power consumption.

A second microprocessor in the electronics housing
computes installation specific parameters as well as

_ arbitrating communications with a master. For example,
15 one installation specific physical parémeter is mass
flow when transmitter 2 is configured as a gas flow
transmitter. Alternatively, transmitter 2 includes
suitable sensors and software for turbidity and level
measurements when configured ' as an analytical

20 transmitter. Finally, pulsed output from vortex or
turbine meters can be input in plabe of RTD input and

used in. calculating mass flow. In various embodiments

of the present multivariable transmitter invention,
combinations of sensors (differential, gauge, and

25 absolute pressure, process Jgrade temperature and
- analytical process variables such as gas sensing, pH and
elemental content of f£fluids) are located and are
compensated in sensor module housing 16. A serial bus,

such as an SPI or a I bus, communicates these

30 compensated process variables over a cable to a common
set of electronics in electronics housinq 14, ‘The
second microprocessor located in electronics housing 14
provides application specific computations, but the
structure of the electronics is unchanged; only software
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transmtter has a sensor nogdl e housing having at |ea I gh
senses a process vapfabl e representative of thesppm.%%agri 1 3
nodul e al so i ncludes a nalog to digital converter for digitizing the

sensed process variable. A first mcroprocessor in the sensor nodul e
conpensates the dig¥tized process variable with output froma tenperature

sensor in the tragnsmtter housing. The sensotgaodul e is connected to an
el ectronics hotGsing, which includes a set of electronics connected to

the two wire circuwitaia thel tud mg cropacares sdmy dpr aleesed Wiaeaomw#gs
t he physi cal paranghgrs 2 qugn%kgﬁchk-tQﬁ_conpensates process varia
and has out put C|rCU|tr§ ot or ttlngxfhe physi cal parameter and coupling
the paraneter onto the two wBedore maaufestainidg dmesdnidierof2 t pressagent
invention, the phyghpabrRar 35S Ia3™MIHdihAMuANG [ Rharacterized over
5 temperature and pressure and appropriate correction
constants are stored in electrically erasable
programmable read only mémory (EEPROM) 70.
Microprocessor 72 retrieves the characterization
constants stored in EEPROM 70 and uses known polynomial
10 curve fitting techniques to compensate the digitized
- differential pressure, relative pressure and process'
grade temperature. Microprocessor 72 is a Motorola
68HC05C8'procéssor operating at 3.5 volts in order to
conserve power. The compensated process variable
15 6utputs from microprocessor 72 connect to a bus 76 to an
output electronics board 78, located in electronics
housing 14. Bus 76 4includes power signals, 2
handshaking signals and the three signals necessary for
SPI signalling. When transmitter 2 incorporates flow
20 computer software, both'differential and line pressure
is compensated by the digitized output from the
temperature sensor 54, but the differential pressure is
compensated for zero shift by the line pressure. For
high performance multivariable configurations, the line
25 pressure is compensated by the differential pressure
measurement. However, when transmitter 2 is configured
as a high pérformance multivariable transmitter,
differential and line. pressure is compensated by the
digitized output from the temperature sensor 54 and.
30 differential pressure is compensated by the line
pressure measurement. A clock circuit 74 on sensor
digital board 67 provides clock signals to
microprocessor 72 and to the A/D circuits 58-64 over a
12 bit bus 66 including an SPI. A serial bus, such as
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sensor nodul e housi ng i ncl
pressure sensor for sensi
‘unconpensat ed

grade tenperature ne
measurenment In thi

#® o differential pressur r BAOKULE o
g line pressure and a ci rcmmgraaiagi 1 3
-4- output froma process
urenent downstreamfromthe differential pressure

dual m croprocessor enbodi nrent of the present
. _g-
the SPI bus, is preferred for use in a compact low powér
application such as a field mounted transmitter, since
serial transmission requireé less power and less signal
interface connections than a parallel transmission of
5 the same information.

A Motorola 68HCLIFl microprocessor 80 on
output circuit board 78 arbitrates communications
requests which transmitter 2 receives over a two wire
circuit 82. When configured as a flow computer,

10 transmitter 2 continually updates the computed mass
flow. All the mass flow data is logged in memory 81,
which contains up to 35 days worth of data. When memory
81 is full, the user connects the gas flow computer to
another medium for analysis of the data. When

15 configured as a multivariable transmitter, transmitter
2 provides the sensed process variables, which includes
as appropriate differential pressure, gauge pressure,

- absolute pressure and process grade température.
. ' The dual microprocessor structure of

20 transmitter 2 doubles throughput compared to single
microproceéSor units having the same computing function,
and reduces the possibility of aliasing. In transmitter
2 the sensor microprocessor provides compensatedfprocess
variables while the electronics microprocessor

25 simultaneously computes the mass flow using compensated
process variables from the previous $6 mS update period.
Furthermore, a siﬁgle microprocessor unit would have
sampled the process variables half as often as the
present invention, promotihg.unwantod aliasing.

30 ' Microprocessor 80 ‘also calculates the
computation intensive equation for mass flow, given in

- AGA3 part 3, eq 3.3 (Which .one is this; it needs to be
cited properly in the background section) as:

————
———

—_——
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i nvention, the first m creprocessor conpensated sen r v iy
and the second m croprgeessor provi desrrgom“runi cati omsg%ﬂﬁgf 1 3
speci fic computation t he physical paraneter. In an alternate enbodi nent,

a third mcroprocesSor in the el ectronics housing provides comruni cati ons -
arbitration for vanced communi cati ons.protocol s. BRI EF
DESCRI PTI ON CE-/THE DRAW NGS _ FI&10= is a drawing of the present

i nvention cgnﬁécted to a pipe for sensing pressures and tenperature

therein; ard "~ - FIG 2 is a block draw ng e el ectronics of the
present invention. DETAI LED.DES Pl FERRED EMBODI MENTS

FIG 1 shows a nultivariable St:‘i“angﬁilot';Elgrg(\’J %-Bﬁanimrky coupled to a pipe 4
t hrough a pi pe flange :

where C, is the discharge coefficient, E, is the velocity

of approach factor, y, is the expansion of gas factor as

calculated downstream, d is the orifice plate bore

5 diameter, 2, is the gas compressibility factor at

standard condition, G, is the reql'gas relative density,

Pl is the line pressure of the gas in the pipe, hw is

: the differential pressure across the orifice, 2, is the

compressibility at the flowing condition and T, is the

10 process grade temperature.. Computation of mass flow is

| discussed  in co-pending patent application.

Non-volatile flash memory 81 has a capacity of 128k

bytes which stores up to 35 days worth of mass flow

informatiqn. A clock circuit 96 provides a real time

15 clock signal'haying a frequency of approximately 32 kHz,

to log absolute time corfesponding to a logged mass flow

value. Optional battery 98 provides backup power for

the real time clock 96. When transmitter 2 is

configured as a multivariable transmitter, the power

20 intensive memory 81 is no longer needed, and the

switching regulator power supply is obviated.

When flow transmitter 2 communicates according

to real time communications protocols such as ISP or

FIP, a third microprocessor in the electronics housing

25 provides communications arbitration for advanced

communications protocols. This triple microprocessor

structure allows for one microprocessor compensating
digitized process variables in the sensor module -

housing, a second microprocessor in the electronics

30 housing to compute a physical parameter such as mass
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6. Aflow, Q of natural
such as a 100 ohm RTD, s
‘the flow transmtter

flows through pipe 4. PCJW?SM/SQSQQBI 3

ses a process grade tenperature downstreamfrom
The analog sensed tenperature is transmtted
over a cable 10 and efiters transmitter 2 t hrough an expl osi on proof boss 12
on the transmtter body. Transmitter 2 senses differential pressure,

absol ute pressur.e” and recei ves an anal og pLpgess tenperature input, al
within the sa housi ng. The transmtter body includes an el ectronics

housi ng 14 yHi ch SrgwvendoanciRyed rhhdsﬁ@plﬁod:eseoseasoarmpdyaee h@é@iﬂ@uﬂé-
Transm tt 2 is -connected. to a_a, st ndar &gﬁ?e or_five va

nani f ol g« Mhentw%ﬁ@ﬁﬁ?%%ﬁtfp?g conﬁéﬁbaaggs HYastt d%h%ﬁ?%¥°5fs§9r
renot g”site, W riswreordioe t c2surest anow e gchnwentr echan sthd phial micro

structure, real-time communications protocols allow for
5 a larger power consumption budget than existing 4-20 mA
compatlble protocols.
Transmitter 2 has a positive terminal 84 and
a negatiﬁe terminal 86, and when configured as a flow
computer, is either powered by battery while logging up
i0 to 35 days of mass flow data, or connected via remote
. telephone lines, wireless RFI link, or directly wired to
a data collection system. When transmitter 2 is
configured as a high performance multivariable
transmitter, terminals 84,86 are connected to cwo
15 terminals of a controller 88 (modélled by a resistor and
a power supply). In this mode, transmitter 2
communicates according  to a HART communications
protocol, where controller 88 is the master and
transmitter 2 is a slave. Other communications
20 protocols common to the process control industry may be
used, with appropriate modifications to microprocessor
code and to encoding circuitry. Analog loop current
control circuit 100 receives an analog signal from a
power source and provides a 4-20.mA current output
25 representative of the differential pressure. HART
receive circuit 102 extracts digital signals received
from controller 88 over two wire circuit 82, and
provides the digital signals to a circuit 104 which
demodulates such signals according to the HART protocol
30 and also modulates digitai signals for transmission
onto two wire circuit 88. Circuit 104 is a Bell 202
compatible modem, where a digital one is encoded at 1200
Hz and a digital zero is encoded at 2200 Hz. Requests
for process variable updates and status information
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cabling, connects output f transmtter 2 to a bat t -
box 22 is optionally ch ed by a solar array  24. WMt%zaegélal 3

‘1l oggi ng gas flow co er, transmtter 2 consunes approximately 8 mA of
current at 12V, or 98 nmW When transmtter 2 is configured as a high
performance multivariable transmtter using a suitable sw tching power
supply, it e '

ya | - -l2-
e about the integrity of transmitter 2 are received via
e the above described circuitry by microprocessor 80,
_ / which selects the requested process variable from SPI
:'2/// bus 76 and formats the variable according to the HART
' protocol for eventual transmission over circuit 82.

Diodes 90,92 provide reverse protection and

isolation for circuitry within transmitter 2. A
switching regulator power supply circuit 94, or a flying
charged capacitor power supply design, provides 3.5V and

10 other reference voltages to circuitry on output board
- 78, sensor digital board 67 and to sensor analog board

68.

[§))

Although the present invention has been
described with reference to preferred embodiments,
15 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.

i
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oper at es Wﬁcurrent wi t hout need m Ya b : Thee
swtching r tor circuitry ensures that transm §§4r2§6-|§it1a3

4 mA. ; lmy,ﬁ ,MWﬂ metal cell capacitance based differentla .
pressure sensor ‘ ﬂlﬁe differential pressure across an orifice in

pipe 4. Alternatively, Mifferential pressure may be sensed using a venturi

tube or an annubar. A silicon based stra+p3gauge pressure sensor 52 senses
the line pressure of the fluid in pipe 4, and 100 ohm RTD sensor 8 senses

t he process graﬂﬁg:gigggﬁg;mgggl§ihe fluid in pipe 4 at a |ocation
anal og. out put Trom t erper i e oS Ee e gL PEEE LR el ORRVRERED U
cabling 10. CorBRTARARYSN ©RiPLedron? SPFREESS, | poBpALeingndul e housing 16
mnimzes the error in colMeRwR{NONLBAEWRRN comprising at least one
' sensor for sensing a process variable
representative of the process, a
digitizer for digitizing the sensed
~ process variable and a microprocessor

for compensating the digitized process

variable; _
< a ‘temperature sensor in the transmitter
compensating the sensed process

variable; and

an electronics housing coupled to the module
'housing and to a two wire circuit, the
electronics housing comprising
microcomputer means . for providing the
physical parameter as a function of the
sensed process variable and output means
for.fbrmatting the physical parameter
and for coupling the parameter onto the

_ two wires. _
2. The transmitter of 'claim 1 where the
transmitter receives power over the. two wire circuit.
3. The transmitter of claim 1 where the physical'

parameter is mass flow and where one sensor in the
module housing senses a differential pressure
representative of the procéss, and a second sensor
senses a line pressure representative of the process and
a third sensor senses a prbcess- grade temperature
representative of the process. _
4, The transmitter of claim 3 where the
 differential pressure sensor is a capacitance based

This Sheet Has B

i



;)rocess vari abl ew ess power, since ﬁ?? %ffg L 1
' t a!i£35|ng ) ts) ;!

conpensati on ﬂ troni cs woul d COF’ISUTTE nore power

‘preferable to Humm,e’mﬂ pressure with a capacitance based sensor
since such se ensitivity to pressure (and hence hi gher
accuracy) than do straln aube sensors. Furthernore, capacitance based
pressure sensoyé generally require | ess carrent than strain gauge sensors

enploy in sen5|ng t he sane pressure. exanple, a netal cel

differential presguLe 9e03RtoLYRhE AN 19MSIFREsA0Q BLAEGRTDS MM ik
pi ezoresi stive : .
gauge sensor.

5. The transmitter of claim 3 where the
differential and the line pressure sensor sense pressure
by a change in capacitance. _

6. A two wire transmitter for sensing process
variables representative of a process, comprising:

a module housing comprising a first pressure
sensor for providing a first process
variable representative of differential

. ' . pressure, a second pressure sensor for
providing a process ‘variable
representative of relative pressure and
means for receiving a third process
variable representative of a process
grade temperature, the module housing
including a digitizer for digitizing the
process variables, and a microprocessor
for compensatlng the dlgltlzed process
variables;

a temperature sensor in the transmitter
compensating at least one of the sensed
process variables; and

an ‘electronics housing coupled to the module

" housing and to a two wire circuit over
which the transmitter receives power,
the electronics housing comprising
‘microcomputer means for formatting .and
for <coupling the digitized process

. - variables to the twé,wire circuit.
7. The transmitter of claim 6 where the
temperature sensor for compensation is located in the
sensor module. | |
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differenti al pres&uate—seﬁsgt—ypi—cmﬂ y consumes 1m.

strain gauge sensors_ar ‘f or absol ute pr Awfi 3
since the absol ut eLuu ﬁﬂ m mgﬂﬂnce required-in a |line pressure
measurenent is noré® S ed in strain gauge sensors. Throughout
this application, ,a strain gauge sensor refers to a pressure sensor having
an out put which tﬁanges as a function of a change in resistance. Sensors
having a frequency based out put representafﬂéé of the sensed process

vari abl e may alsoape used i@hglaq? of tfg%égscggse%lgigsors. A | ow cost

silicon based PRT" ' . ransm where the
differential pressure sensor senses pressure as a

function of a ‘change in capacitance, and the line
pressure sensor senses pressure as a function of 4
~change in resistance. '

9. The transmitter of «claim 6 where the
differential and the line pressure sensors sense
pressure as a function of a change in capacitance.
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56 | t ed nﬁ board 68 th ' -
The pressure sensors 5052 and tne digitizes out pPUTIGDET0TT 1°8

conpensates the differential and the |line pressure. Anal og si gnal

conditioning circuitry 57 filters output fromsensors 8,50 and 52 and al so
filters supply lipes to the AAD circuits 58-64. Four |ow power analog to

digital (A/D) ci Cuits 58- 64 appropriately digitize the unconpensated

sensed process vari abl es and provi de four Tb%pectlve 16 bit wi de outputs to

fa shared serial peripheral interface busgg&ﬁ» E 66 at approprlate tinme

‘intervals. A/Dcircuits 58-64 MVETIYARE
converters, as appropriate for ANSTRZ

5& to digital
oche Galtlzed and are

| d d ' 1 d
constructed according to Ug Faellsedeol8. 0%51*11?&%%%‘%%&%#%%ﬁ??""”

(2) providing an output representative of mass flow has
a dual microprocessor structure. The first
microprocessor (72) compensates digitized process
variables and the second microprocessor (80) computes
the mass flow as well as arbitrating communications
between the transmitter (2) and a master (88).
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d’ rcuitry~ 57, PRT SGF::md A/D circul t§ 58- 64&”%8%”)031&&3

on anal og sensor board 68 |ocated in sensor housing 16. The

modul arity of the present invention, configured either as a nmass fl ow
conputer or as a nmultivariable transmt £8. al l ows | ower costs, |ower power
consunpti on, ease of manuf act ur'e,

————
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conmmuni cations protocofs, snaller size and | ower weight over prior art flow
“cbnputers. In the present invention, all raw unconpensated process

vari abl es signals are received at sensor nodul gousi ng 16, which al so

I ncludes a dedicated m prorcn?ﬁor r72for-ca sating those process

vari abl es. A si e S co [eg-Y conpgnsat ed proce vari abl es
bet ween t he sengr, hm,t ' and el ec{fﬁ_ﬁﬁ:‘_@’%um ng 14, o%s to mnimze
t he nunmber of signals be n the two housings and th ore reduce
capaci tance and power-cerdsgInpld-on.-A-second_nicropra -in_the
el ectroni cs housi ng conputjes I nstall at i@@&(jﬂ fic par Mers gs well as
! S ES ~N
: B s o
o | ™ S R H
N ' §$QQIQ g
| ¥ ) NSRS [’/ﬁ
! §§% SS ll\\J
O 'S %T\l N
IRSS ~IEN
' \1\1'" L'\dl% ~ IN
TN NI
RS SRS
T —\p < SSE S| S
Q]! |
XN § S S X
SN \1'~u§4 &G !
oS! ! ,Eg t NI
R &Y | & |
e e e e e R g g ey gy —
S Y
N
I"'é ------------ E—/: ------------ | Q
1 {
N 'S 8 Q '%§
SN SIS IES
i ST S
| e ] :"SQ
S | S PSS
S o - I .
: -k |
!
I : I
.| ]| IS
o ! N
(8] S
| f |
| X
| |
| S 5 N
! N R g % N vl i
I
| RES R T D0 ]E\'”
L S _i M Y
This Sheet Has Been

LT



arbltraﬁhng conmuni cat i ons Wi

th a master, For -ex

$peC| T
as a
sensoy
confi
vorte
cal cu
trans

tter

S%%&“éo"?"[ 3&3?% {gg
g NE G
[t Abriyefins s° FBOW: 1 1° 0355

CED REEHT e 156 Masy
ternatively,
ﬁtdlgy and | evel

DATErOF r&éﬁEIPdh ----- eonhi-nati:

f1 ow when ftr
tran
nmeaf
al ansmitter. F
Eéffﬁrut i i-pl ace o
rous gnbodi nenfs of

" 440095L-7 Ifes

hnpl n,epmxegmmwmkmmnn SG
AN T4t 61 2~1s-@®nf|gu&egd 2,
>mytter 2.inchudess suitabh
¥ent s -when . w%ﬁ
s -pulsed out pyt, f{p
RTD 1 nput and used in gott e

3 of sensors (d

i PATR R RECRET AT

absol ute pressure,

process gradmnmm mmm'nkcal'

vari abl es such as gas sensing, pH and
| ocated and are conpensateé %Wéj ﬁnggg

as an SPI

process
uids) are

ontent og
1 P e

such

or a I@ecu@énbusqnca&mmnnazﬁufalImhmzh is sub:ec* to copyright

protection. The copyright owner has no ocbjection to the
facsimile reproduction by anyone of the patent document
or the patent disclosure, as it appears in the Patenc
and Trademark Office patent file or records, buc
otherwise reserves all copyright rights whatsoever.
BACKGROUND OF THE INVENTION

This invention relates to a field mounted
measurement transmitter measuring a process variable
representative of a process; and more particularly, to

- such transmitters which have a microprocessor.

Measurement transmitters sensing two process
variables, such as differential pressure on either side
of an orifice in a pipe through which a fluid flow, and
a relative pressure in the pipe, are known. The
transmitters typlcally are mounted in the field of a
process control industry installation where power
consumption is a concern. Other
transmitters sense process grade temperature of the
fluid. Each of the transmitters requires a costly and
potentially unsafe intrusion into the pipe, and each of
the transmitters consumes a maximum-of 20 mA of current
at 12vV. 1In fact, each intrusion into the pipe costs

measurement

. between two and seven thousand dollars, depending on the

types of pipe and the fluid flowing within the pipe.
There is a desire to provide measurement transmitters
with additional process measurements, while reducing the
number of pipe intrusions and decreasing the amount of
power consumed. '

Gas flow computers sometimes include pressure
sensing means common toO a measurement transmitter.
Existing gas flow computers are mounted in process

This is the replécement sheet
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. conmpensat ed processfvarrables over a cable to a comon set of el eetronics
in electronics housing 14. The.second m croprocessor |ocated in el ectronics
housi ng 14 provi des application specific conputations, but the structure of

the el ectronics is unchanged; only software within the two
m croprocessors is -altered to accommodate
: -2 -

contrel industry plancs for precise pracess concral, in
custody transfer applications to monitor the quanzity af
nydrgcarbons transferred and sometimes at well heads to

monizor the natural gas or hydrocarbon outpuz @f the
well.,  Such £flow computers provide an ouzput

represencative of a flow as a function of three pracess
variables and a constant containing a
supercompressibility factor. The <three process
variables are the differential pressure across an
orifice in the pipe containing the flow, the line
gressﬁre of the fluid in the pipe and the process grade
temperature of the fluid. Many flow computers receive
the three required process variables from separate
transmitters, and therefore include only computational .
capabilities. One existing flow computer has two
housings: a first housing which includes differential
and line pressure sensors and a second transmitter-like
housing which receives an RTD input representative of
the fluid temperature, The temperature measurement is
signal conditioned in the second housing and transmitted
to the first housing where the gas flow is computed.
The supercompressibility factor required in
calculating the mass flow is the s$ubject of several
standards mandating the manner and .accuracy with which
the calculation is to be made. The American Gas
Association (AGA) promulgated a standard in 1963,
detailed in “Manual for the ‘Determination of
Supercompressibility Factors <for Natural Gas", -PAR
Research Project NX-19. In 1985, the AGA introduced
another guideline for calculating- the constants, AGAS
1985, and in 1992 promulgated AGA8 1992 &s a two part
guideline for the same purpose. Direct computation of
mass flow according to these gquidelines, as compared to
an approximation method, requires many instruction
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the specific appllcatlon - Before nanufacturlng transmtter 2,

. pressure sensors 50,52 are |nd|V|duaIIy characterized over- tenmperature and
“pressure and appropriate correction constants are stored in
electrically erasable programmable read -only menory ( EEPROV) 70.
M croprocessor 72 retrieves the charaéterization constants stored in
EEPROM 70 and uses known pol ynom al curve fitting techni ques to conpensate
“the digitized dic¥icdesntesnlsiagsbneslo¥uRdate Fricesn @lghd prerbibcarade

tenperature.  Mrei@ir @EepsRer/dohsumpbRbAL Ol fn GRINP T4y OtaRsPacEPEEAL i NG
at 3.5. volts in qrder to conserye The ate rogess

vari abl e out put ¥ ﬁ?ﬁréﬁfﬁ%e&%oF 35Wniﬁ%%tUFﬁea§Ea§i (194%1 AYPut

el ectroni cs boatotess | 06aped i N Calmbeiisefiec SbAeYREHY bé,ékun oBussoY&r

i ncludes  pover Sleg:cl lheans are required to power these gas £low
computers. One of the more advanced gas flow computers
consumes. more than 3.5 Watts of power.

There is thus a need for an accurate field
mounted multivariable measurement transmitter connected
with reduced wiring complexity, operable in critical
environments, with additional process grade sensing
capability and fast £flow calculations, but which
consumes a reduced amount of power.:

SUMMARY OF THE INVENTION

In this invention, a two wire process control
transmitter has a sensor module housing having at least
one sensor which senses a process variable
representative of the process. The sensor module also
includes an analog to digital converter for digitizing =
the sensed process variable. A first microprocessor in
the sensor module compensates the digitized process
variable with output from a temperature sensor in the
transmitter housing. The sensor module is connected to
an electronics housing, which includes a set of
electronics connected to the two wire circuit and
including a second microprocessor which computes the
physical parameter as a function of the compensates
process variable and has output circuitry for formatting-
the physical parameter and coupling the parameter onto
the two wires. In a preferred embodiment of the present
invention, the physical parameter is mass flow, and the
sensor module housing includes a differential pressure
sensor, an absolute pressure sensor for sensing line
pressure and a circuit for receiving an uncompensated
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handshaki ng - si gnal s- and the three signals necessary for SPI signalling.
When transnitter 2 incorporates flow-conputer software, both differential
and line pressure i's conpensated by the digitized output fromthe
tenperature sensor 54, but the differential pressure is conpensated for
zero shift by the line pressure. For high pgfornmance nmultivariable
configurations, the line pressure is conpensated by the differential

pressure neasure%su%—b\@e.\ﬁr,amﬁg%cre@%nsg;.gagr tenipe ey (;ﬁgured a high

performance nmultivariable transmtter, fferepntial AN i s
conpensat ed by tfﬁPYﬂiﬁ??i@d ﬁ@?pu?ef¢0ﬂf?ﬁ%‘?éﬁ$eP5F§FB~§emst#ufhhéﬁui

differential pressurenis aqe:mems.&&earbtets&e:ﬁ |eme:dme@§w &;%@wr
clock circuit 74 on sensor

' |
to mcroprocessor-VERNEo ?h% g&ffglytﬁ;?grggeggogvgpmaensave sensegna >

process variables and the second microprocessor provides
communications and installation specific computation of
the physical parameter. In an alternate embodimenc, a
third microprocessor in the electronics housing provides
communications arbitration for advanced communications
protocols. _

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing of the present'invention
connected to a pipe for sensing pressures and
temperature therein; and

FIG. 2 is a block drawing of the electronics
of the present invention. '

D L SC ON O BODIMENTS

FIG. 1 shows a multivariable transmitter 2
mechanically coupled to a pipe 4 through a pipe flangé
6. A flow, Q, of natural gas flows through pipe 4. A
temperature sensor 8 such as a 100 ohm RTD, senses a
process grade temperature downstream from the flow
transmitter 2. The analog sensed temperature is
transmitted over a cable 10 and enters transmitter 2
through an explosion proof boss 12 on the transmitter
body. Transmitter 2 senses differential pressure,
abgolute pressure and receives an analog process
temperature input, all within the same housing. The
transmitter body includes an electronics housing 14
which screws down over threads in a sensor module
housing 16. Transmitter 2 is connected to pipe 4 via a
standard three or five valve manifold. When transmitter
2 is connected as a gas flow computer at a remote site,
wiring conduit 20, containing two wire twisted pair
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12 bit bus 66 including an SPI. A serial bus, such as = - ~ the SPI
bus, is preferred for use in a conpact |ow power application such as a
field mounted transmtter, since serial transm ssion requires |ess power
and | ess signal

-G -

cabling, connects output from transmitter 2 to a haztery
box 22. Battery box 22 is optionally chargead by a sglar
array 24%. In operation as a data logging gas 3slow
computer, transmitter 2 consumes approxXimately 8 ma o=
current at 12V, or 96 mW. When ctransmitter 2 is
configqured as a high performance multivariable
transmitter using a suitable switching power supply, it
operates solely on 4-20mA of current without need for
battery backup. The switching regulator circuicry
ensures that transmitter 2 consumes less than 4 mA.

| In FIG. 2, a metal cell capacitance based
differential pressure sensor S50 senses the differential
pressure across an orifice in pipe.4. Alternatively,
differential pressure may be sensed using a venturi tube
or an annubar. A°'silicon based strain gauge pressure
sensor 52 senses the line pressure of the fluid in pipe
4, and 100 ohm RTD sensor 8 senses the process grade
temperature of the fluid in pipe 4 at a location
downstream from the differential pressure measurement.
The uncompensated analog output from temperature seasor
8 is connected to transmitter 2 via cabling 10.
Compensating output from sensor 8 in sensor module
housing 16 minimizes the error in compensation between
process variables and consumes .less power, since
separate sets of compensation electronics would consume
more power than a single set. It is preferable to sense
differential pressure with a capacitance based sensor
since such sensors have more sensitivity to pressure
(and hence higher accuracy) than do strain gauge
sensors. Furthermore, capacitance based pressure
sensors generally require less current than strain gauge
sensors employ in sensing the same pressure. For
example, a metal cell differential pressure seansor
typically consumes 500 microamps while a piezoresistive
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interface connections.than a parallel transm ssion of the sanme information.
A Motorola 68HCHIFlI microprocessor 80 on output circuit board 78 o
arbitrates conmunications requests which transmtter 2 receives over a two
wire circuit 82. When configured as a flow conputer, transmtter 2
continual ly updates the conputed nmass flow. Al the mass flow data is
~logged in -menory 81, which contains up tag35 days worth of data. Wen
menory 81 is full, the user connects the gas flow conputer to another

medium for an@i§Sesenoialt Beesdaid sensdencgBiballketaumedU! igqmri abl e
transmtter, transmtter 2.provides the.sensed process variables, VSn!ch
i ncl udes as app’f"'b%'ﬁ‘f%%sdi FIETEMT s PReSs GRESHI8FS e dsh BRI tRdit e
pressure and priceszhgnhues tprPesateiteasurements, [5&ncedylié absoluze
m croprocessor ;résésfdjrcet.urgefegfence cequired in a line gpressurs
measurement is more easily fabricated im straia gauge
sensars. Throughout tiais application, a strain cauge
sensor refers to a pressure sensor having an ouspus
which changes as a function of a change in resistance.
Sensors having a- frequeancy based output represeatative
cs the sensed process variable may alsc be used in place
of the disclosed sensors. A low cost silicon based BRT
S§ located on a senscr .analeg board 68 senses the
temperature proximate to the pressure seansors 50,52-and
the digitized output from seasor 56 compensates the
differential and the line pressure. Analog signal
conditioning circuitry 57 f£ilters output from sensars
8,50 and 52 and alsc filters supply lines to the &/D
circuits 58-64. Four low power analog te digital (A/D)
circuits 58-64 approprié.tely digitize the uncomperisated
sensed process variables and provide four respective 16
bit wide outputs to a shared serial peripheral interface
bus (SPI) 66 at appropriate time intervals. Aa/D
circuits 58-64 are voltage or capacitance to digital
converters, as appropriate for the.input signal to be
c‘.igitized., and are constructed according to U.S. Pacencs
4,878,012, 5,083,091, 5,119,033 and 5,155,455, assigned
to the same assignee as the present invention.
Circuitry 57, DPRT 56 and A/D circuits 358-64 ‘axe
physically situated on analog sensor board 68 located in
sensor housing 16.
The modularity of the present invencion,
configured either as a mass flow computer or as a
multivariable transmitter, allows lower costs, lawer
power consumption, ease Qf manufacture,
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transmtter 2 doubl es throughput conpared to single mcroprocessor units:
havi ng the sanme conputing function, and reduces the possibility of
aliasing. In transmtter 2 the sensor m croprocessor provides conpensated
process vari abl es whi |l e t he el ectronics ~ mcroprocessor

si mul t aneously conputes the mass fl ow usi ng conpensated process vari abl es
fromthe previous 56 nS update period. Furthernore, a single m croprocessor
‘unit woul d have sanpled the process variables half as often as the present
i nvention, pronoting unwanted aliasing. - M croprocessor 80 also
.cal cul ates t he coq¥utat|on | nfensive e atlon or ss flow, given in

AGA3 part 3, eq FAFSRFRAISIELICY1MS; S TS cFPed2preRedate n

t he background Sewiﬁxﬁﬁsitmmmunlcat-cns protocols, smaller size and lower
weight over prior art flow computers. In the presentc
invention, all raw uncompensated process variables
signals are received at sensor module housing 16, which
also includes a dedicated microprocessor 72 for
compenéating those process variables. A single bus 76
communicates compensated process variables between the
sensor housing and electronics housing 14, so as to
minimize the number of signals between the two housings
and therefore reduce capacitance and power consumption.
A second microprocessor in the electronics housing
computes installation specific parameters as well as
arbitrating communications with a master. For example,
one installation specific physicai parameter is mass

. flow when transmitter 2 is configured as a gas flow
transmitter. Alternativeiy, transmitter 2 includes
~suitable sensors and software for turbidity and level
measurements when Eonfigured " as an analytical
transmitter. Finally, pulsed output from vortex or
turbine meters can be input in plaée of RTD input and
used in calculating mass flow. In various embodiments
of the present multivariable transmitter invention,
combinations of sensors (differential, gauge, and
- absolute pressure, process grade temperature and
analytical process variables such as gas sensing, pH and
elemental content of fluids) are located and are
compensated in sensor module housing 16. A serial bus,
such as an SPI or a I bus, communicates these
compensated process variables over a cable to a common
set of electronics in electronics housing 14. . The
second microprocessor located in electronics housing 14
provides application specific computations, but the
structure of the electronics is unchanged; only software
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[err] where CJerr] is the discharge coefficient, E[err] Is the vel omty
of approach factor, y[err] is. the expansion of gas factor as

-

within the twe microprocessars is altered to accommecace
the specific application.

Before manufacturing transmicter 2, pressure
sensors 50,52 are individually characterized gver--
temperature and pressure and appropriate correction '
constants are stored in  electricall erasaple
programmable read enly memory (EEPROM) 70.
Microprocessor 72 retrieves the characterization
constants stored in EZPROM 70 and uses known polynomial
curve fitting techniques to compensate the digitized
differential pressure, relative pressure and process
grade temperature. Microprocessor 72 is a Motorola
68:!(:05(:8 processor operating at 3.5 volts in order to
conserve power The compensated process variable
outouts from microprocessor 72 connect to a bus 76 ta an
outout electronics board 78, located in electrom.cs_.
hous:.ng 14. Bus 76 J.ncludes power .sigmals, 2
handshak:.ng signals and the three signals necessary for
SPI signalling. When transmtter 2 incorporates flow
computer softwafe, bath differential and line pressure
is compensated by the digitized output fram the
temperature sensor 54, but the differential pressure is
compensated for zero shift by the line pressure. For
high performance multivariable configurations, the line
pressure is compensated by the differential pressure
measurement. However, when transmitter 2 is configured
a3 a high performance multivariable transmitter,
differential and line pressure is compensated by the
digitized output from the temperature sensor 54 and
differential pressure is compensated by the line
Pressure measurement. A clock circuit 74 on sensor
digital board 67 provides clock signals to
microprocessor 72 and to the A/D circuits 58-64 over a
12 bit bus 66 including an SPI. A serial bus, such as
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_cal cul ated downstream d is the orifice plate bore dianeter, Z[err] is the
gas conpressibility factor at standard condition, Jerr] is the real gas
relative density, Pl is the line pressure of the gas in the pipe, hwis the
differential pressure across the orifice, Zerr] is the conpressibility at
the flowi ng condition and T[err] is the process grade tenperature.

Comput ation of mass flow is discussed I n co- pendi ng pat ent
application. Non-volatile flash nenory 81_Pas. a capacity of 128k bytes

whi ch stores up to 35 days worth of mass flow information. A clock circuit

96 provides a redle ts'P’IEb%OCEssgﬂélaé:Pé‘&'f@r%Jé qqy%ne»smsfacappwxq'?ﬁatel y 32
e

kHz, to | og absolute-tine corr pon|n¢qtoa oged mass ow valfree

Optional batt er PPP3 LGARATeS YRt 1AM HAVRLS JROYTHeed  eERASHI FeeT | Higice 96.
Wien transm tt geridl reoSniGyich dequifest leasl polvert aadsiesseiiglde

power interface connections than a parallel transmission of
the same informacion.

‘A Motorola 68HCL1Fl microprocessor 80 on
output circuit board 78 arbitrates communications
requests which transmitter 2 receives over a two wire
circuit 82, when conf;gured as a £low computer,
transmitter 2 continually updates the computed mass
flow. All the mass flow data is logged in memory 81,
which contains up to 35 ciays worth of data. When memory
81 is full, the user connects the gas flow computer to
another medium ¢for analysis of the data.,  When
configured as a multivariable transmitter, transmitter
2 provides the sensed process variables, which includes
as appropriate differential pressure, gauge pressure,
absolute preésure and process grade temperature.

The dual ' microprocessor structure of
transmitter 2 doubles throughput compared to single
microprocessor units having the same computing function,
and reduces the possibility of aliasing. In transmitter
2 the sensor microprocessor provides compensated process
variables while the  electronics microprocessor
simultaneously computes the mass flow using compensated
process variables from the previous 56 mS update period.
Furthermore, a single microprocessor unit would have
sampled the process variables half as often as the
present invention, promoting unwanted aliasing.

Microprocessor 80 ‘also .calculates the -~
computation intensive equation for mass flow, given in
AGA3 part 3, eq 3.3 (Which one is this; it needs to be
cited properly in the background section) as:
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i ntensive nenory 81 is no | onger. needed, and the switching regul ator power
supply is obviated. : When flow transmtter. 2 communi cates accordlng
to real tinme communications protocols such as ISP or FIP, a‘third

m croprocessor in the electronics housing provides conmunications
arbitration for advanced communi cationsiprotocols. This triple

m cr oprocessor structure allows for one m croprocessor conpensating

digitized process variables in the sensor nodul e E?usifg, a second
m croprocess.(‘)r in the el ectro&: c_ssgeygbggd_& ga Se g=physi cal .par anet er
such as nass T,

[ &1
od .

where C, is the discharge coefficient, E, is the velociz
of approach factor, y, is the expansion of gas factor as
calculated downstream, 4 is the orifice plate bore
diameter, 2, is the gas compressibility factor at
standard condition, G, is the real gas relative density,
Pl is the line pressure of the gas in the pipe, hw is
the differential pressure across the orifice, 2, is the
compressibility at the flowing condition and T is the
process grade temperature. Computation of mass flow is
discussed in co-pending patent application.
Non-volatile flash memory 81 has. a capacity of 128k
bytes which stores up to 35 days worth of mass £low
information. A clock circuit 96 provides a real time
clock signal having a frequency of approximately 32 kHz,
to log absolute Eime corresponding to a logged mass flow
value. Optional battéry 98 provides backup power for
the real time clock 96. When transmitter 2 is
configured as a multivariable transmitter, the power
intensive memory 81 is no longer needed, and the
switching regulator power supply is” obviated.

When flow transmitter 2 communicates according
to real time communications protocols such as ISP or
FIP, a third microprocessor in the electronics housing
provides communications arbitration for advanced
communications protocols. This triple microprocessor
structure allows for one microprocessor compensating
digitized process variables in the sensor module
housing, a second microprocessor in the electronics
housing to compute a physical parameter such as mass
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flow and a third n1croprocessor to arbltrate real -time connunlcatlons :

., -Al'though the triple mcroprocessor structure consunes nore current than the
“dual mcro structure, real-tinme conmuni cations protocols allow for a |arger
power. consunpti on budget than existing 4-20 mA conpati bl e protocols.
Transmitter 2 has a positive termnal 84 and a negative termnal 86, and
when configured as a flow conputer, is either powered by battery while

| oggi ng up to 35 days of mass flow data, orlédnnected via renote

£low and a third microprocessor to arbitrate real-zinme
communications. Although the triple microprocessor
structure consumes more current thaan the dual micro
structure, real-time communications protocols aliow for
a larger power consumption budget than existing 4-20 mA
compatible protocols.

Transmitter 2 has a positive terminal 84 and
a negative terminal 86, and when configured as a flow
computer, is either powered by battery while logging up
to 35 days of mass flow data, or connected via remote
telephone lines, wireless RFI link, or directly wired to
a data collection system. When transmitter 2 1is
configured as a high performance multivariable
transmitter, terminals 84,86 are connected to :wo
terminals of a controller 88 (modelled by a resistor and
a power supply). In this mode, transmitter 2
communicates according to a HART communications
érotocol, where controller 88 is the master and
transmitter 2 is a slave. Other communications
protocols common to the process contrel industry may be
used, with appropriate modifications to microprocessor
code and to encoding circuitry. Analog loop current
control circuit 100 receives an analog signal from a
power source and provides a 4-20.mA current output
representative of the differential pressure. HART
receive circuit 102 extracts digital signals received
from controller 88 over two wire circuit 82, and
provides the digital signals to a circuit 104 which
demodulates such signals according to the HART protocol
and also modulates digital signals for transmission
onto two wire circuit 88. Circuit 104 is a Bell 202
compatible modem, where a digital one is encoded at 1200
Hz and a digital zero is encoded at 2200 Hz. Requests
for process variable updates and status information
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tel ephone lines, wireless RFl link, or directly wired to a data .collection
~system When transmitter 2.is configured as a high perfornmance
‘multivariable transmitter, termnals 84,86 are connected to two terminals
of a controller 88 (nodelled by a resistor and a power supply). In
this node, transmtter 2 communicates-agcording to a HART conmuni cati ons
protocol, where controller 88 is the naster and transmtter 2 is a

sl ave. Q her abounurheatiinveyrireyt @D sradmiDtcd® & harer eeeasyeantiQ
e, e hndtd "o ARERRN ! £ B L Shion, Lo RSSO0 coe
recei ves an anavVdichi grilectisornhe meqrestad (@roceisprvariesla £r3f SAI
current output $epregeRnal isinicd Nadlid 1 A01d A PEEIEHECro HAREARRCE! Ve
circuit 102 extracts digital signals recelived |

protocol for eventual transmission over circuit 82.

Dicdes 90,92 provide reverse protection and
isolation for circuitry within transmitter 2. A
switching regulator power supply circuit 94, or a flying
charged capacitor power supply design, provides 3.5V and
other reference voltages to circuitry on output board
78, sensor digital board 67 and to sensor analog board
68.

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.
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fromcontrol | er 88 over two wire circuit 82, and provides the digital
signals to a circuit 104 which denodul ates such signals according to the

HART protocol and al so nodul ates “digital signals forqtlimﬁmm
i "

Zero |1 s*enco

wire circuit 88. GCircuit 104 is a Bell 202 conpatib

di gi tal

Requests for

one is encoded at 1200 Hz and a €lg+t al

WHAT IS CLAIMED IS:

-

process variabl e updates and status information

parameter related to a process, comprising:

a module housing comprising at

01

at s2200 Hz.

. A two wire transmitter transmitting a physical

least one

sensor for sensing a process variable

representative

of

the

digitizer for digitizing the s
process variable and a microprocessor
for compensating the digitized process

variable;

4 temperature sensor

process, a

ensed

in the <transmitter

compensating the

variable; and

sensed pr

ocess

an electronics housing coupled to the module
housing and to a two wire circuit, the

electronics housing

comprising

microcomputer means for providing cthe
physical parameter as a function of the
sensed process variable and output means
for formatting the physical parameter
and for coupling the parameter onto the

two wires.
2. The transmitter of

claim 1 where

the

transmitter receives power over the. two wire circuit.

3. The transmitter of claim 1 where the physical
parameter is mass flow and where one sensor in the
module housing senses a differential pre

representative of the process,

representative of the process.
4. The transmitter of

ssure

and a second sensor
senses a line pressure representative of the process and
a third sensor senses a process: grade temperature

claim 3 where

the

differential pressure sensor is a capacitance based

\\

\
This §

Wi



CLAI MB: 1. Atwo'wire transn1tter transn1tt|ng mass f|OM/Of a fluid,
conpri si ng: ‘a first pressure sensor for sensing a c“mngm Imllm
pressure of the fluid; a second pressure sensor fo IM“"
pressure of the fluid; an input for receiving a tenperdtute Yartable
representative of process grade tenperatuié;:

pressure sensor and the line pressure sensor is a strain

gauge sensor.

5. The transmitter of «claim 3 where the

ifferential and the line pressure sensor sense pressure

H

by a change in capacitance.
6. A two wire transmitter for sensing process
variables representative of a process, comprising:

a module housing comprising a first pressure
sensor for providing a first process
variable representative of differential
pressure, a second pressure sensor for
providing a process variable
representative of relative pressure and
means for recéiving a third process
variable representative of a process
grade temperature, the module housing
including a digitizer for digitizing the
process variables, and a microprocessor
for compensating the digitized process

. variables;

a temperature sensor in the transmitter
compensating at least one of the sensed
process variables; and

an electronics housing coupled to the module
housing and to a two wire circuit over
which the transmitter receives power,
the electronics housing comprising
microcomputer means for formatting and
for coupling the digitized process
variables to the two wire circuit.

7. - The transmitter of claim 6 where the
temperature sensor for compensation is located in the
sensor module.

This Sheet Has Been Replaced

This is the replacemen-t'sheet

pate: 19 JUL 199_8




a conpensation mi croprocessor receiving the ' \Bl‘e*

ture varia '
tand signals fromthe : first and second pressurem s
. providing a conpensated differential pressure

conpensated |ine pressure output; - a nass flom1n1croprocessor r%cé|VMng
the - conmpensated differential preddme output and t he
conpensated |ine_pressure signal output and providi ng an output
representative of-mass ~ THe CRamARIWHRF Of acdedmuniCatvbese cx
M croprocessor rageféredciae rresassuv-e sensbbovsenseyt §dsd Ll ng the
mass fl ow , ﬁut ut fnd coug to aavg)cvgre circult _ :
whi ch powers t he*PPEhE nge” 17 %apitildnce, 'and che line
pressure sensor senses pressure as a function of

change in resistance.

a

9. The transmitter of claim 6 where the

differential and the line pressure sensors sense
pressure as a function of a change in capacitance.

—_—
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2. The transmitter of claim1l mhere_the first_preséurefsensor is a’
capaci tance based pressure sensor and the second pressure sensor is a
strai n gauge sensor. 3. The transmtter.- of claiml1l where the first and
t he second pressure sensors sense pressure by a change in capacitance
' -16-
MULTIVARIABLE TRANSMITTER
S CT OF T DISCLOSU

In this invention, a multivariab.le transmicter
(2) providing an output representative'of mass flow has
a dual microprocessor structure,. " The first
microprocessor (72) compensates digitized process
variables and the second microprocessor (80) computes
the mass flow as well as arbitrating communications
between the transmitter (2) and a master (88).

o
"

een Re‘laced

T e,
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1. Atw-wire transmtter (2) for sensing process variables representative
of a process conpri-sing: . - a nodule housing (16) conprising a first
pressure sensor (50) for providing a first process variable representative

of a differential pressure, a second pressure sensor (52) for providing a
process variable representative of a line prlessure, and a digitizer (58-

64) for digitizing the- process vari abl es; a tenperature sensor (54) in
the transmitter for conpensating at | east one of the sensed process

™~

N
-~

This is the replacement sheet
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vari abl es; and an el ectroni.cs housing (14) coupled to the nodul e
housi ng (16) and to a two-wire circuit over which the transmtter receives
power, the el ectronics housing (14) including nlcroconputer nmeans (80) for
formatting and for coupling an output to the two-wire circuit;

characterised in that t he nodul e housing (16) further conprises nmeans
for receiving a third process variabl e representative of a process grade
tenperature and a microprocesgor (7 QL_coqpensatlng the digitized

and in thawlt he mnre transmtter (2) is for sensing

jprocess vari-abl es;

Imass flow, the m croconput fl ow based on the

‘process variables of different pressure “Telative essure and process .
tative of

'grade tenperature of the pro S“aﬁd° = n"Uutpgggreﬁresen
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flowto the two-wire circuit. 2. The transmtter of claiﬁw%}fﬁ$thér

“conprising a process grade tenperature sensor (8) for sensing the third
~process variable representative of process grade tenperature and providing
~an unconpensated output, the process grade tenperature sensor (8) being

connected to
_ -16-

MULTIVARIABLE TRANSMITTER.

OF TH SCLOSUR,

In this invention, a multivariable transmitter
(2) providing an output representative of mass flow has
a dual microprocessor structure. - The first
microprocessor (72) compensates digitized process
variables and the second microprocessor (80) computes
the mass flow as well as arbitrating communications
between the transmitter (2) and a master (88).

Figure 2
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i d freans for

conpensation is |ocated in

transmitter ﬂlﬂu uwm‘t

capaci tance
strai n gauge sensor.

t he sensor

receiving the third process vari abl e. 3.

transn1tter—aeee%d+ng~%e—9LaLn11 i.n.which .the tenperaLuLg~§ensor
modul e’ (16)

Bro52-7 =fes
A two-wire
(54) for

ﬂlrhe first pressure Sen%fsSﬁe%mashgen%
n

“%ﬁmmmnﬂmﬂiifﬁ

- 13 -
CLAIMS:

1. A two wire transmitter transmitting mass flow of a
fluid, comprising:

a first pressure sensor for sensing a differential

pressure of the fluid;

a second pressure sensor for sensing a line

pressure - of the fluid;

an input for receiving a temperature variable

representative of process grade temperature;

a compensation microprocessor receiving the

temperature variable and signals from the

first and second pressure sensors and

providing a compensated differential pressure

output and a compensated line pressure output;

a mass flow microprocessor receiving the

compensated differential pressure output and

the compensated line pressure signal output

and providing an output representative of mass

flow;

and

a communications microprocessor receiving the mass

flow output for formatting the mass flow

output and coupling to a two wire circuit

which powers the transmitter.

2. The transmitter of claim 1 where the first pressure

sensor is a capacitance based pressure.sensor and the

second pressure sensor is a strain gauge sensor.

3. The transmitter of claim 1 where the first and the

second pressure sensors sense pressure by a change in

capac:l.tancems is the replacement sheet
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of claim1l where the first and the second pressure
sens lﬂﬂiSo 52) sense pressure by achange in capacitance. 6. The

tran ”ﬂﬂl”“ﬂ1 in which the meroconputer neans  (80)

conp | ow m croprocessor for receiving the conpensated
digitized proces§ variabl es and providing an output representative of mass
fl'ow and a comruni cati ons m croprocessor. fQr _providing real -tine

conmuni cations arbitration. 7. The transmtter of claim1l where the

di.fferential pressure sensor senses pressure as a function of a change in
‘capaci tance, andgthe Ai#go PWESS W LaksitOfer for sensing process

variables representative of a process, comprising:

a module housing comprising a first pressure sensor
for providing a first process variable
representative of a differential pressure, a
second pressure sensor for providing a process
variable representative of a relative pressure
and means for receiving a third process
variable representative of a process grade
temperature, the module housing including a
digitizer for digitizing the process
variables, and a microprocessor for
compensating the digitized process variables;

a temperature sensor in the transmitter
compensating at least one of the sensed
process variables; and

an electronics housing coupled to the module
housing and to a two wire circuit over which
the transmitter receives power, the
electronics housing including microcomputer
means calculating mass flow based upon
differential pressure, relative pressure and
process grade temperature of the process and
for formatting and for coupling mass flow to
the two wire circuit.

5. The transmitter of claim 4 where the temperature
sensor for compensation is located in the sensor module.

6. The transmitter of claim 4 where the differential
pressure sensor senses pressure as a function of a
change in capacitance, and the line pressure sensor
senses presgsure as a function of a change in resistance.
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%‘nses pressure as a functlon of a change in resistance.

ABLE TRANSM TTER ABSTRACT COF
e oL L A
- 15 -
' 7. The transmitter of claim 4 where the differential

and the line pressure sensors sense pressure as a
function of a change in capacitance.
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- Lo0s52-7
Inthis invention, a nmultivariable transmtter jamv ng an ouf’ﬁ’ut

(80) commutes the puS

rébresentative of mass fl a ‘dual mcro BbQﬁEMfNT%
The: first m cessor ‘ﬁ“?Z) conpensates digiti zed process vari a es

and the second m.c
arpitrating c \&m‘ ween the ¥ ansnitterg (:; : rbT§88) SG
Fi gure 2 &, e 10 poged .,
CLAIMS: - | . L puged .7
DATE OF RECEIPT...25l5/4).......
1. A two-wire transmitter (2) for senaing process

varlables representative of a process comprising:

a module housing (18) comprising a first pressure
sengor (50) for providing a first process variable
representative of a differential pressure, a second
pressure sensor (S52) for providing a process varlable
representative of a line pressure, and a digitizer (58-
_64) for digitizing the process variables;

W a temperature sensor (54) in the transmitter for
' compensating at least one of the sensed process
variables;

and an electrom.cs hous:.ng (14) ‘coupled to the
module housing (16) and to a two-w:.re c::.rcu:.t over which
the transmitter receives power, the electronics housing
{14) including micro’computer"means @ “for  formatting

and for coupling- an ou:put to the two-w;re circuit;
characterised “in that - o

the module housing (16) -furt;‘her' comprises means for

receiving a third process variable -~:Eegreentative of a

process grade temperature and a microprocessor (72) for
compensating the digitized process variables; and in

U | that the two-wire transmitter (2) is for sensing mass
flow, the microcomputer means (80) calculating mass flow

based on the process variables of differential pressure,

relative pressure- and process grade temperature of the

process and coupling an output representative of mass
flow to the two~-wire circuit. '

2. The transmitter of claim 1 further comprising
a process grade temperature sensor (8) for sensing the
third process variable representative of process grade
temperature and providing an uncompensated cutput, the
procese grade temperature sensor (8) being connected to
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said means for recesiving the third process variable.

3. A two-wire transmitter according to claim 1 in
'which the temperature sensor (54) for compensation-is
loca:ed in the sensor medule (16). '

4. The transmitter of claim 1 where the first
pressure sensor {S0) is a capacitance based pressure
sensor and the second pressurs sensor (52) is a strain
gauge sensor. '

5. The transmitter of claim 1 where ﬁhe £irst and
the gecond pressure sensors (50, 52) sense pressure by
a change in capaci:ance.

6. The traﬁsmitter of claim I in which the
microcomputer means (80) compriees a mass flow
microproceseor for receiving the compensated digicized
process variables and providiﬁg an output representative
of mass flow and a communications microprocessor for
providing real-time communications arbitratién.

7. The transmitter of claim 1 where the differential
pressure sensor senses pressure as a functlon of a
change in capacitance, and the line pressure sensor
senses pressure as a function of a change in
resistance.
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MULTIVARIABLE TRANSMITTER

H SC R
In this invention, a multivariable transmiczer
(2) providing an output representative of mass flow has
a dual microprocessor structure, The firsc
microprocessor (72) compensates digitized process
variables and the second microprocessor (80) computes
the mass flow as well as arbitrating communications

between the tfansmitter (2) and a master (88).
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