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_ ‘BACKGROUND OF THE INVENTION
10  The present invention relates to a barrier
device for a field mounted measurement transmitter
sensing a process variable representative of a process.
More particularly, the present invention is a barrier -
device that mounts near the transmitter to allow
15 electrical access to a terminal block located therein.
Transmitters sense a process variable, such as
pressure, temperature and flow, which is representative
of a process and provide an output representative of the
process variable over a current loop to a controller.
20 Transmitters are mounted in the field in a process
control application, and as such are subjected to
environmental extremes including caustic and hazardous
atmospheres. Transmitters mount to a process connection
at a selected point of interest in the field to sense
25 the process variable at the selected location. A
lengthy run of cabling connects the transmitter to a
controller in a remote control room and forms the two
wire current loop circuit, which communicates all
signals to and from the transmitter and also wholly
30 powers the transmitter. A piece of conduit threads into
a cabling aperture on the transmitter and the cablling is
carried in the hollow conduit to the controller, where
the cabling is typically connected to the controller
through a barrier circuit. Inside the transmitter, the
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transmitter are periodically connected to a handheld

communicator for periodic test or recalibration
purposes. When it is inconvenient or unsafe for a user
in the field to connect the calibrator to the
10 transmitter, the user must go to the remote control room
| and connect a handheld communicator to the two wire
circuit in order to remotely diagnose, reconfigure and
recalibrate the transmitter. It is both inconvenient -
and expensive to diagnose and investigate' problems
15 exclusively from a remote control room. . While it is
possible to remove the transmitter cover and diagnose/
recalibrate the transmitter in the field where the
transmitter is open to the elements, the possibility of
sparking and arcing compromises reliable transmitter
20 operation. '
A field mounted device is needed which allows
a user to safely connect a handheld commtinicator to
terminals within a field mounted transmitter, but which
limits the available power at the device to ensure
25 reliable transmitter operation.
SUMMARY OF THE INVENTION o
A barrier device for mounting in the field to
a transmitter includes a housing with a first and a
second aperture. A pair of conductors pass through the
30 first aperture, for connecting to a terminal block in a
transmitter. A pair of signal terminals is mounted in
the second aperture. The signal . terminals are
connectable to a handheld communicator in the field.
The barrier device, further includes a barrier circuit
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10 loop circuit. The barrier device has a conductive
housing with a first and a second aperture. The barrier
device also has a pair of conductors which pass through

- the first'aperture of the barrier device, for connecting
to a terminal block in the transmitter. A pair of

15 signal terminals is mounted in the second aperture of
the barrier device. The signal terminals are
connectable to a handheld communicator, which is used to
calibrate, monitor and test the transmitter. A barrier
circuit is mounted in the housing and is electrically

20 connected between the signal terminals and the
conductors. The barrier circuit allows signals from the
communicator to access terminals in the terminal block
and limits the power available at the signal terminals.
Although other barrier circuits could be used, one of

25 the two conductors in a preferred barrier circuit is
grounded to the housing and the other conductor has a
current limiting resistor in series. “Three sets of two

" back-to-back zener diodes, the anode of one diodé of a
set connected to the anode of the other in a set, are

30 connected between one end of the current limiting
resistor and the ground connection to limit the current
from the signal terminals and the voltage difference

between the terminals.
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second aperture. A pair of conductors pass through the 30 first aperture,
for connecting to a termnal block in a transmtter. A pair of signal
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are connectable to a handhel d coonmmditator in the field. The
barrier device further includes a barrier circuit WD 96/ 10730 _
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that the passageway carries cabling from the transmitter

through to the third aperture. The -housing has an

elongated section ending in the second aperture where

the barrier circuit is potted. The inner surface of the

10 elongated section has grooves in it to secure the

potting. In yet another embodiment of the invention,

the housing is stub shaped and one end. of stub is the

first aperture, and the other end is the second

aperture. The first aperture has thr_eads which are

15 adapted to thread to the cabling aperture on the

transmitter, and the barrier circuit :Ls potted in the
stub shaped housing:

_ ' In another aspect of the J.nvent:l.on, a fJ.eld

mountable measurement transmitter is d;sclosed for

20 sensing a level of a fluid in a tank and providing power

to and communicating with a temperature sensor sensing

a temperature of the fluid in the tank. The measurement

transmitter includes a housing and a measurement circuit

mounted in the housing for measuring the level of the

25 fluid. A first output circuit powers the temperature

sensor and receives a sensor signal representative of

the temperature of the fluid. A microprocessor is

coupled to the measurement circuit and receives a first

signal representative of the level of the fluid. The

30 microprocessor is further coupled to the output circuit

for receiving the sensor signal. The microprocessor

calculates a value of a selected parameter of the fluid

as a function of a value of the first signal and a value

of the sensor signal. A second output circuit is
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aperture. A pair of signal terminals 1.s mounted in the
second aperture. The signal terminals are connectable
to ‘a handheld communicator in the field. A pair of
signal lines extend out the third aperture to the
15 temperature sensor. A barrier circuit is mounted in the
second housing and is electrically connected between the
signal terminals and the conductors, and is electrically
connected between the pair of signal lines and the
conductors. The barrier circuit allows frequency
20 encoded signals from the communicator to access the
output circuit and limits the power available at the
signal terminals and through the pair of signal lines.
EF DESC ON OF THE D NGS
Figure 1 is a perspective view of a first
25 embodiment of the present invention; '
~ Figure 2 is a modified sectional view of the
first embodiment, showing some electrical components in
a blocked format, with a correspond;.ng transmitter
illustrated in section; _
30 Figure 3 is an electrlcal block draw:.ng of a
. barrier device of the present invention connected
between a transmitter and a controller;
Flgure 4 is an electrical schematic view of a

. barrler circuit in the present invention;
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anot her enbodi nent, the barrier device has a third aperture
directly across from the first aperture. The first aperture
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corresponding transmitter illustrated in section;

Figure 7 is a part perspective, part sectional
view of a third embodiment of the present invention;

Figure 8 is a side elevational view of a cover

10 to the third embodiment;

Figure 9 is a perspective view of a fourth
embodiment of the present invention used on a microwave
level detecting system; ' |

Figure 10 is an electrical block drawing of

i5 the nicrowave level detecting system and the fourth
embodiment of the barrier device of the present
invention; and

Figure 11 is a sectional view of a portion of
the fourth embodiment.

20 DETAILED DESCRIPTION OF THE FE D._EMBODIMENTS
' Figures 1 and 2 show a first embodiment of a
barrier device 2. Barrier device 2 provides convenient
electrical access to terminals 10,12 of a terminal block
4 located within a pressure transmitter 6 while limiting
25 power to signal terminals 16,18 but without removing a
cover 8 of transmitter 6. Specifically, terminal block
4 includes terminals 10, 12 that connect transmitter 6
to a two-wire loop comprising two wire cabling 14.
Cabling 14 transmits power and instructions to
30 transmitter 6 from a controller in a remote control room
location as well as carrying the signal representing the
. pressure back to the controller. Conductors 20 of
barrier device 2 are routed through a cabling aperture
24 of transmitter 6 and connected to ter_mina-ls 10,12 of
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In anot her aspect of the invention, a field nount abl e . nmeasur enent
transmtter is disclosed for 20 sensing a level of a fluid in a tank and
provi di ng power to and communicating with a tenperature sensor sensing
a tenperature of the fluid in the tank. The-nmeasurenent transmtter

i ncludes a housing and a nmeasurenent circuit nounted in the housing for
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second output circuit WO 96/ 107
pCT/Usg5/1g532 and 74. Barrler g%é%%e 2 screws to conduit 76

(eventually connected to the controller in the remote

control room) and to transmitter 6. Inwardly facing
10 threads on end 70 threadably mate with outwardly facing
"threads on an end 78 of conduit 76. Similarly,

outwardly facing threads on end 72 threadably mate with
threads provided about cabling aperture 24 of
transmitter 6. An internal pathway or channel 80 formed
15 within barrier device 2 extends between ends 70 and 72,
and allows cabling 14 to pass through barrier device 2
.~ on its way to the controller.

‘Pressure transmitter 6 is of a standard
design, and includes a sensor module housing 26, and an
20 electronic assembly housing 28. Electronic housing 28
screws down over sensor module 26 with suitable seals,
so that the interior of transmitter 6 is closed to the
environment when cover 8 is also in place. 1In use,
sensor module housing 26 includes a pressure sensor, not
25 shown. The sensor fluidly communicates through a flange
30 to two process lines each filled with pressurized
fluid. In the embodiment illustrated, transmitter 6 is
a differential pressure transmitter since the sensor
senses the difference between the pressure in the two
30 lines. Other types of field mounted transmitters such
- as ones which sense and transmit signals representative
of temperature,' fldw, "pH, level and other process
variables are also appropriate for use with the present

invention. - ' | S
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an A/D converter 50, a microprocessor 52, a clock 54,
memory 56, a power distribution circuit 58 and an

10 input/output circuit 60.  Sensor 46 senses the

 differential pressure between the two pressurized

process lines and provides a sensed signal

representative of the process variable to input circuit

48. Input circuit 48 is a signal conditioning circuit,

15 such as a buffer, level shifter or an amplifier, and

provides a conditioned output signal to A/D converter

50. A/D converter 50 converts. the conditioned output

signal to a digital signal according to known

techniques.  Clock 54 provides timing signals to

20 microprocessor 52. Memory 56 “provides program-

instructions and information which are accessed by
microprocessor 52 during operation of transmitter 6.

Microprocessor 52 compensatesfthe_digitized

sensor signal fronlA/D-converter 50 for known-repeatéble

25 errors in sensor 46 and.provides a compensated output to

I/0 circuitry 60. In a preferred embodiment, I/O

"circuitry 60 outputs a 4-20 mA current onto loop 14 as

a function of the compensated output. Alternatively,

circuit 60 couples a digital signal representative of

30 the compensated output onto loop 14. The digital signal

nay be superimposed on the analog current output

mentioned above. In other modes, output circuit 60

couples frequency encoded signals, such as those encoded

according to the HART® protocol, which are responsive to

v
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Power d:LstrJ.but:Lon circuit 58 provides a
regulated voltage output for powering the remainder of
the circuitry in transmitter 6. Power distribution
circuit 58 is energized by loop 14 through connectors at

2 R\é\ls)emounQE?’% 68 HandHeld Comunlca%or, but other unltﬁ gure '

terminals 10 and 12. " In differential pressure

transmitters, sensor 46 is inside the transmitter
housing. In flow transmitters and many temperature
transmitters, the sensor is outside the transmitter
housing as illustrated at dashed box 62. Although
illustrated as connected to a pressure transmitter, it
is to be understood that the barrier device 2, and other
embodiments of the present invention are also well
suited to provide proximate, easily accessible terminals
for any other type of transmitter such as a temperature,
level or flow transmitter. Barrier circuit 22 is
schematically illustrated in Figure 4. In order to

limit power available at signal terminals 16,18, which
are exposed to _atmosphe_re when a field mounted 25

transmitter is uncapped, the magnitude of current
through terminals 16,18 and the voltage difference
across the terminals must be limited. Various worldwide
safety approval agencies, such as CENELEC, FM and CSA
mandate maximum voltage and current levels present in
the potentially hazardous atmospheres which can
sometimes be present in the field. One of the two
conductors 20 is 'conhected to the conductive housing of
barrier device 2, as shown at terminals 88,90, and from
the housing to ground connection 85. The other of the
two conductors 20 connects to the series combination of
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Figure 7 is a part perspective, part sectional view of a third
enbodi nent of the present inventlon Figure 8 is a S|de
el evational view of a cover to the‘ltch'f rd enbodi nent ;

Figure 9 is a pesspective vi of Qurt embodi nent of the present
i nvention usédl(J 6p :‘p\g f \)é %@Téﬁﬁ’@t%sﬁ%rﬁ°r rating
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cabling;34. 23, to limit the effective potential difference between
signal terminals 16,18. The second and third zener
diode set 86,87 connects in parallel with zener diode 84
for redundancy in the event zener diode set 84 fails.
It is preferable to use the back-to-back zener - diode

15 . arréngement over a '-single zener diode, since the fuse
will not be shorted if terminals 20 are improperly
connected to. the transmitter terminals 10,12. It is
preferable that the zener have a reverse breakdown

. voltage of about 28V. A current limiting resistor 81,

20 having a resistance of approximately 300 ohms and a
power rating of 5 watts, is connected between the
ungrounded side of the zener pairs and terminal 18. The
resistance is selected to be approximately the same"
resistance as the input resistance of a Rosemount® 268

25 HandHeld Communicator, so that the input voltage
requirements of the Rosemount handheld unit is
satisfied. The resistance is also selected to limit the
current available at terminals 16,18 for intrinsically
safe systems. With a barrier circuit constructed of

30 these components, the potential difference between
terminals 16 and 18 will remain less than approximately
31V and the current out of terminals 16,18 remains less
than 103mA, even when the input to barrier circuit 22 is
as high as 250V and 4000A. Even though two wire



¢abl i ng 14 transmts power and |ns.truct|ons to 30 transmtt
Heatpbilpe
he

control | er WO%/18B8ote control room | ocation as well as _

si gnal representing the pressure back to the controller. Conduct ors
20 of barrier device 2 are routed through a cabling aperture 24
of transmtter 6 and connected to term nals_ 10,12 of - WD 96/ 10730

PCT/ US95/ 11532 -11- 7. the transmitter. A
handhel d communi cat or test device, connected to the_si naI

terninal s 16, 18transBitbepss %S %‘?W%dt °trerﬁﬁa1’r'd1°§lslo oPp | KUBPAL:
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ends i ndicated at
conduit 76 . thabrbamrier @inmuitsl kimithpovent ablterminalnel§ anst 48

control roony anghif L5ARETRAd Chofoa kPeArdPpLicdi #9 the input to the
barrier 'circuit. The presently described p-teferred
circuit is 25 applicable to all embodiments of the
present barrier device. Limiting the potential powef at
signal terminals 16,18 reduces the chances of a spark
10 occurring which may interfere with operation of the
transmitter 6. Since barrier device 2 provides only
signal terminals 16,18 that a technician may need to
test or recalibrate transmitter 6, misconnection of test
leads to transmitter 6 is also minimized.
15 In Figure 5, barrier circuit 22 mounts within
‘an extended portion 100 of barrier device 2 between
channel 80 and an end 102. A suitable potting material
104 secures barrier circuit 22 within portion _100;
Grooves 107 in an extension 100 also help to retain the
20 potting in extension 100 of barrier device 2. Signal
terminals 16,18 are preferably ring tongue lug members
that partially extend through an insulating material 106
which seals end 102. Signal terminals 16,18 pénetrate
_ through insulation material 106 so as to project beyond
25 and be accessible on an outer surface 108. The ring
members provide convenient fastening points for test
leads from the handheld communication device, not shown.
Other forms of conventional terminal ends could be used
other than the ring members illustrated. Signal
300 terminals 16,18 are preferably recessed within end 102,
so as to protect ring members from the surrounding
environment. A removable cap 110 is secured to end 102 |
with suitable mating threads. A chain 112 having a
first end connected to cover 110 and a second end
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sensor nodul ePR&§SAkginyentdpndés ingicstedegenesallynin Pgurehbvat The
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h filled th pressurized flu
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senses the di 2ber ene bimiesn powerdr 66T €rafsinieteso 362 . hl [Sﬂléril‘fs"%l%%her
e ol Lo SRS g By %ﬁé'eﬁaspa?uoneamvﬁowfngm
ot her processsuitabieri fbresmonatingo baprder atcdrfowituse2an tindide present
inventiofp Barrier device 200 is mounted to a transmitter 202,
similar to transmitter 6, and is opt:.onally used in
place of the first embodiment of device 2 when
transmitter 202 is at the end of a group of
conduit—connected transmitters, or when transmitter 202
15 is individually connected to the controller through
conduit. The former situation is illustrated by conduit
76 and other conduits such as conduit 120 illustrated in
Figures 1 and 2, which interconnect transmitter 6 with
a second transmitter . (not shown), to form a
20 communication pathway or channel f'of each two wire
cabling, ‘each of which individually powers a
transmitter.
A third embodiment of a barrier device of the
present invention is illustrated in Figurés 7 and 8.
25 Shown generally, barrier device 250 is incorporated into
a cover 252 of a transmitter. 254. Cover 252 provides
access to a terminal block 256 hav:.ng terminals 258,260
similar to the terminals 10,12 described above. Barrier
device 250 includes a barrier circuit 22 mounted to an
30 inside surface 264 of the cover 252. In this
embodiment, terminals 88 and 90 are grounded to the
transmitter body, and from there to a user installed
earth ground through transmitter terminal connection
282. Conductors 266 connect barrier circuit 22 to
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tyansmtter 6 and a control system 40. Control system 40 i s nodel | ed
by a resistance 42 in series with a voltage source 44 and comuni cat es
with transmtter 6 5 over the current |oop forned by cabling 14.

Transm tter 6 is wholly powered by +p8-two wire current |oop.

Transmitter 6 includes a.sensor 46, an input circuit 48,

an A/D

converter 50, aterminalsc@s89r2692,0f terminsdd, blocknﬂﬁﬁny 5Broseptedr
distribution C'éf%b#¥§§afng1?ﬂaig e&&EuEﬁ%@H%E 2?'%ﬁﬂbﬁ h 6Bonduce8so’

senses the erentiar pressure between
process |ines268n370 956vt€§@lna§¢ aschiggs 23t gAdp-

pressuri zed
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signal conditioning circuit,

amplifier, Band and cepperhed EYchﬁh??Bn%€°0utbugégpgﬁip

shifter, or

F8mﬂP5188ﬁ9§rter

connects to 5 terminals 274,276. Ring members 274,276

extend through an aperture in cover 254.

In order to
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30

satisfy flameproof stendards requirements, an insulator
plug 284'e1ectriCa11y insulatee ring members 274,276
from each other and is at least a half inch thick, so as
to contain flames within the housing in the unlikely
event of an ekplosion. A removable COver 278 protects
51gnal terminals 274,276 when not in use.

A fourth embodiment of a barrier device 300 of

the present invention is illustrated in Figures 9 and
11, 'In this embodiment, barrier device 300 is

electrically connected between a sensor 301 and a
transmitter 302 which supplies power to sensor 301 and
receives a signal therefrom representing a sensed
variable.

In the embodiment illustrated, sensor 301
comprises an average sen31ng unit (ASU) that provides a
51gnal 1nd1cat1ng a temperature of fluid 303 contained
in a tank 305. ASU sensor 301 is a well known device
and is available, for example, from Whessoe Varec, Inc.
of Cypress, California. ASU sensor 301 includes
multiple resistive elements 306 that extend into tank
305. Resistive elements 306 are each of different
lengthSISO depending on the level of fluid 303 in tank
305 some resistive elements 306 are partially submerged,
while others are completely submerged. The level of
fluid 303 in tank 305 is detected by microwave level
detector circuit 309 (Figure 10). To ascertain the
temperature of fluid 303 in tank 305, transmitter 302

46
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tank 305, transmitter 302 also poﬁersiASU sensor 301.

Upon receipt of_the_ouﬁpﬁf signal from ASU
sensor 301, transmitter 302 calculates the volume and
mass of f£luid 303 in tank 305 as a function of the level
and temperature of £luid 303 us;ng*well known equatlons.
Transmitter 302 transmits a signal representatlve of the
volume and mass of fluid 303 to a remote control room
312. Communication between ASU sensor 301 and
transmitter 302, and transmitter'302 and control room
312 can be either analog or digital_according to known
protocols or encoding schemes such as the HART®
protocol. |

If transmitter 301 is located in a potentially
explosive atmosphere a housing 314 of transmltter 301 ls
made exp1051on proof and exploSLOn proof conduit 316 is
used to enclose signal llnes to control room 312. Due
to the design of ASU sensor 301, and in particular to
resistive elements 306 located in tank 305, ASU sensor
301 can not be made explosion proof. Under' these
circumstances, barrier device 300 is coupled to
transmitter 302 and a conduit 318 extending to ASU
sensor 301. Barrier device 300 electrically connects
transmitter 302 to ASU sensor 301, while_limiting the
magnitude of current through.eignal'lines 320 (Figure
10) and the voltage difference acrose signal lines 320
in order to limit the potential power available at ASU
sensor 301.

col ,
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One exanpl e andhel d communi cator is a Rosenount

HandHel d Comuni cator, but other units wi th or encodi ng schenmes may
al so be used, as 5 appropriate. - Power distribution circuit
58 provides a regul at ed voI t age out pui for powering the remainder of
the circuitry in transmtter 6. Power dis ?Tbution circuit 58 is

energi zed by | oop 14 through. connector %E %O n 1
In differential pr essur(Lekg ferr T304 i qut S, sénérbo! Qaﬁ% dl"g%s‘f%dg“ zs.
transmitter simibangto bartiew tesicei 2t slescuibedarabavepandt h@é a
transmitters, t Ol mi r

asrf"le‘(;ﬁ T %}Qﬂéé d&[zl 'E al@éﬁr%fﬁgr 322 Hh8V$hBJ 8hree

illustrated at box trated as_ connected to a

pressure transnithreaded ends F-Bdf-ﬁaﬁé uﬁ&er@ﬁoo@zt%aﬂnq he2®ar r PEFTAEY ce

2, and ot herg deﬁf@std@rB&@is tefee dvmﬁrﬁ 318V ekt end 32¢ akvenvahlly
suited to provide proxi as%%(\vaccess 4Ot her

e
type of transmi t$¥RNeGE a o athe atEReor Oanﬁti é%lg’é?nfﬁiﬁ/tF% Eh’g%n ter.
Barrier circui t é’r?dl3526. BattHerntireuliy 22 |msunts edithiriagportion 3B8A

g; ceie(raxtpgs ed to a? %V\fér %é%i@eb £ 3 e(f‘ ' %D%%?.ltghggnbaﬁltinlgﬁméﬁer‘i@lc332
©  secures barrier circuit 22 within portion 330.

10 . Referring back to Figure 4, signal lines 320
are electrically connected to barrier circuit 22 in
parallel with terminals 16 and 18.  As with the
embodiment described above, signal terminals 16 and 18
allow convenient communication to the ASU sensor or the

15 transmitter with a handheld communicator for per:.odlc
test or recalibration purposes.

Unlike prior art microwave level detecting
systems, which have a controller (typically mounted
adjacent the tank) that receives a level input from a

20 microwave detector mounted on top of the tank and
controls an ASU sensor to receive an indication of the
temperature of the fluid in the tank, transmitter 320
‘includes elements capable of ascertaining the level of
fluid 303 in tank 305, communicating and powering ASU

25 sensor 301 as well as calculating and transmitting the
volume and mass of fluid 303 in tank 305 to control room.
312. ' _

 Figure 10 is a block diagram illustrating
transmitter 302. Transmitter 302 includes the known

30 FMCW (Frequency Modulated Continuous Wave) detection
circuit 309 that is controlled by a microprocessor 340
which operates according to instructions and information
stored in memory 342 at a system clock rate set by clock
344. A voltage regulator 346 receives a power input -and



transmt | capped, the nagnitude of current 25 thro erm nal s

16, 18 anwé%&éﬁv%wt age difference across the termnals #&Yé%lrf#m t ed.
Vari ous wor !l dwi-de safety approval agencies, such as CENELEC, FMand CSA |
nmandat e maxi mum vol tage and current |evels present in the potentially

hazar dous at nospheres which can 30 sonetines be present in the field.

One of the two conductors 20 is connected to the conductive housi ng of
barrier devic 8o f e hou ing to
ground conneotioy BE" i eeginakeavBRL Ao oftpullite K98 ciogh IRt T
the series coﬁ@ﬁ%ﬁﬂ%ﬁ¥@ﬁ 302. wWp 96/ 10730
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82 and a o resi stor or ra
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t he - Benensimay microvavé cdeteckdvq acineit P09 I ahi Mficrowave
source 352 provides microwave radiation to a voltage
controlled oscillator (VCO) 354, which receives a
further input from microprocessor 340 through a digital-
to-analog converter 356. Typically,_the-freqﬁenCy of

10 microwave source 352 is between about 5.8 GHz and 30
GHz, and is preferably about 24 GHz. The output of VCO

354 is provided to waveguide 359 after passing through (
a filter 358 and microwave couplers 360 and 362.
Microwave signals reflected off the surface of fluid 303
15 are received through mixer 364 which is a standard
superheterodyne mixer which mixes an incoming microwave
signal with the output of coupler 360, and provides a
base band output to filter 366 which is digitized and
provided to microprocessor 340 by analog-to-digital
20 converter 368. In one embodiment, filter 358 is a band

pass and filter 366 is a low pass filter. -

As is well known in the art, in FMCW, the
carrier frequency of the microwave signal is modulated.
In the instant case, this is under control of
25 microprocessor 340. Reflected signals have a phase
| change in the time domain which is detected by
microprocessor 340 after the received signal is down
converted with mixer 364 and digitized by A/D converter

368. From the output of the A/D converter 68,
30 microprocessor 340 calculates the level of fluid 303 in
tank 305.

A power supply 370 is connected to voltage
regulator 346 and supplies power to ASU sensor 301'along
signal lines 372, which when necessary are connected to
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ungrounded WaR/18T30arrier circuit 22. Three sets of tvvc}’qgﬁs@f"."(f%des
84, 86 and 87, each set having the - anodes of the di odes connected
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signal termnals 16, 18. The second and ThiTd zener di ode set 86, 87

connects in parallel _wth, zener,dio 4 f (K=Y an in th ent
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20 having asresist agePeft 2EREOXapPieprigte obapistive elefener Bobi.ng of
S watts, is connlgct grgg ween the . un roundeg sgg:i?gf. t he zengr. gil rs
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processed by communications interface 374 and provided

to microprocessor 340. Suitable instructions are stored

in memory 342 to operate "microprocessor 340 and

calculate the volume and mass of fluid 303 in tank 305.

15 The mass of fluid 303 in tank 305 is displayed on
display 380 and provided in an analog format at the
analog output of circuit 382 driven with A/D converter
' 384, and in a digital format at the digital output of
circuit 386 driven with UART 388.

20 Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention. For example, the

25 present invention works equally well with three and four

wire transmitters.
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for varl ‘oug l oop supply vol t.ages rangi ng between 12V
and 55V, int rm.rcwaé’[ﬁ_éym% gt equi rements mandated by the approval
agencies require arrrer circuits limt power at- terminals 16 and
18 5 when 250V and 400BAP8FEieppAeEscat fORemPHptiingoinhshe £ieddyi er
circuit. Theorﬁppﬁgmgy described preferred circuit is 25 applicable

to all enbodinents of th resent b ier device. Linmiting the
potential power at e‘b‘h‘é?”?%r‘fﬁﬂhl%%%%&cé?@ﬁé ERERLETSHf a

are desi gned

spark 10 occurring which nmey paierdfcondudtoae passihgthrdtigh the

transmtter

6. Since barrieg;geyi Cé‘p&-ﬂ{f’é’,i defsorqnlc\énnecting_ to a
- terminal block in a transmitter;

- a pair of signal terminals mounted in the
second aperture, the signal terminals
connectable to a handheld communicator
in the field; and _

a barrier circuit mounted in the hous.mg and
. electrically connected between the
signal terminals and the conductors,

where. the Dbarrier «circuit allows.

frequency encoded signals from the
communicator to access the terminal
block and limits the power available at
the signal terminals. _ _
2. The barrier device of Claim 1 further

- comprising a third aperture directly across from the

first aperture, the first aperture threadably

connectable to the transmitter, a passageway in the .

housing extending between the first and third apertures,

~so that the passageway carries cabling from the

transmitter through to the third aperture.

3. The barrier device of Claim 2 where the

housing has an elongated section ending in the second
apértu're, and where the barrier circuit is mounted in
the elongated section. _

4, The barrier device of Claim 3 where the
barrier circuit is potted in the elongated section.
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5|gnal termnals 16,18 that a technici Ny need
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6,is also mmimzed. 15 In. qugpmcﬁp barrjier circuit 22 mounts
W t hin mm\uon 100—ef—barrier—device 2 between '
channel 8 ﬁ“ﬂg\lﬁ sui tabl e potibng materl al 104 secures
barrier circ wi thi portion 100. Grooves 107 in an extension 100

also help to reﬁgl n the Zoghgottgé]&g_‘f era%vi%%l ngé?]‘g Q‘{Tba,‘rr er‘l\eV{:ﬁS 2.

Si gnal ternfhals 16,1 yTing
that partially ealengatado@:ﬂ!maxpn nbaisat ang iener @urmer th\ﬁhl éﬁn§§al S

end 102. . S gnal é&f é' ﬁa@.@gésgﬂ%@é a&fsgosed"@ﬁ@f‘%n' nsul ation mater| al

106 so as to prOJec eyo e accessl bl e, on an outer urf 108.

The ring menber s provi Tee kAR device of Ghaili hvhers a t Fea | eads

from the handhel da ofanstireddann C}ﬂ%\bh.@l%d g6t tB80¥écond’ agsaﬂfwré @omasoto
conventional term nal ends,cou the ring nenbers

illustrated. <$EfAkL the Sigpfy nﬁ?gmi%ag§ ﬁfgmpgg?e?g’ﬂ?ﬁpnggssed within
end 102, so7as to proThetbarrnereiewice bifoglahm SWhemmd:heg cap is

envi ronnent. A ren %gggéﬁxc%?ﬁéége&s gegﬂéego\aglgg%%og cha.mW' th suitable

mat i ng t hreads. avin d connected to cover
110 and a second8end -~ The barr:Ler device of Claim 2 where the:

housing has a ground connection for electrically
grounding the housing.

9. The barrier device of Claim 2 where the
barrier circuit further comprises a current limiting .
resistor having a first end common to one of the sighal
terminals. |

10. The barrier device of Claim 9 <further
comprising a zener diode, the zener diode connected
between the other of the signal terminals and the second
end of the current limiting resistor.

11. The barrier device of Claim 9 further
comprising two zener diodes each having an anode and a
cathode, the anode of both zeners connected together,
the cathode of one of the zeners connected to the second
end of the current limiting resistor and the cathode of
the other zener connected to the other of the signal
terminals.

12. The barrier device of Claim 11 where three
sets of two zener diodes are connected between the other
of the signal terminals and the second end of the
current limiting resistor.

13. - The barrier device of Claim 1 where the
housing is stub shaped and one end of stub is the first
aperture, and the other end is the second aperture,
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16. The barrier device of Claim 1 further
comprising a third aperture directly across from the

first aperture, a pair of signal lines connected in
parallel with the signal terminals extending through
the third aperture. _
17. A field mounted measurement transmitter
powered by and communicating over a current loop, the
measurement transmitter comprising:
a housing; '
an A/D converter for converting a sensed
process variable into a digitized
process signal; _
a microprocessor for compensating the
digitized process signal;
an output circuit having a pair of process
terminals within the transmitter for
coupling the compensated power signal to
the current loop, _
a barrier circuit electrically connected to
the process terminals;
and a pair of signal terminals extending from
the housing, the signal terminals
connectable to a communicator for
receiving frequency encoded signals
therefrom, the signal terminals
electrically connected to the barrier

-‘Nﬁ*“““**--~_‘_ circuit, where the barrier circuit
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A third enbodi nent
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ransm tter

Conductors 266 connect barrler circuit 22 to

a housing with a first arRCH W8kl 3perture;

a pair of conductors passing through the

first aperture, for connecting to a

" terminal block in a transmitter, and a

third aperture dlrectly across from the
first aperture;

a palr of signal terminals mounted in the

a pair of signal lines extending out the

a barrier circuit mounted in the housing and

19. The

second aperture, the signal terminals
connectable to a handheld communicator
in the field; '

third aperture; and

electrically connected between the
signal terminals and the conductors, and
electrically connected between the pair
of signal 1lines and the conductors,
‘where the barrier «circuit allows
frequency encoded signals from the
communicator to access the terminal
block and limits the power available at
the signal terminals and through the
pair of signal lines.

barrier device of Claim 18 where a

threaded cap is threadably joined to the second aperture
so as to seal the signal terminals from the atmosphere.

20. The
barrler circui

barrier device of Claim 18 where the
t is potted in the elongated section.

21. A field mountable measurement transmitter for

sensing a level of a fluid in a tank and providing power

_‘—~‘_‘-__——-__.
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termnal g 258 260 of termnal S Protected electrical signals °

exit cirNFIWBY 1, o eh—eonduct . Phe=27Q_and ter mi nRE/ESISHITH s

274, 276 Ri ngs 274,276 are 0gy ;17' ’threadably mated to
cover ﬂ“lmm“ ﬂmt ed by a chohnedd hydhel d .conmmuni cat or
connect s 74,276. R ng @%-’ S 4 t?6 extend t hrough
an apertufe fn cover 254. In order to flaneproof st andar ds

requi renents n 284 V.

negbers 274,596Qfg romeactl hgﬁQh % ﬁﬁ@?& %gggézféégagégéﬁ%%d#]

as to coﬁt§Pﬂpﬁr§#§§ewpﬁhthetﬁbuh@usmr&h¢rtankatnhelmaqsuremen&wn of an

expl osi on. Atggﬁgmng@chMﬁbrggg ,otects signal term nals 274,276 when
not in use. ourP%renbodlnent of a barrier device 300 of 15

the present invention PshPPP&§Bbated in Figures 9 and - 11. In this

embodi nent, barrier demeagsurdf@nti 8ircuitefSE imedslt ing XHE QAL IEt Ween a
sensor 301 and a t ransmit &gﬁ %&? gglch suppl i es power to sensor 301
and receives a signal Pﬁe r 6ot resenting a sensed 20 vari able.

In the embodiment illustrfizdt oetpet 3ircuit domripmeemingyatrge

sensing unit (ASU) that progbﬂﬁgrEt§6g §%§ﬂﬁ% rgh&ai B8ed ik erature of

fluid 303 contained in a ensor 'S a aknown
device 25 and is avail abl EenfeF cRAGPRA, Fﬁ?ﬁﬁﬁ#@§§¢évﬂammﬁ Iﬁhﬁ

temperature of the fluid;

a microprocessor coupled to the measurement
circuit for receiving a first signal ' (
representative of the level of the fluid
and coupled to the output circuit for
receiving. the sensor signal, where the
microprocessor calculates a value of a
selected parameter of the fluid as a
function of a value of the first signal
and a value of the sensor signal; and

a second output circuit coupled to the
microprocessor for transmitting an
output signal representative of the
value of the selected parameter. '

22. The field mountable transmitter of claim 21
wherein the housing includes an opening and the
transmitter further comprises a barrier device having:

‘a second housing with a first and a second
aperture; |

a pair of conductors passing through the
first aperture, for connecting to a the
first output circuit, and a third
aperture directly across from the first
aperture;

This Sheet Has Been Re ﬂ
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of Cypress Cal i fornia. ASU sensg

resistive eW?OSOG that extend i eS| gw#éﬂé’?’émﬁt S
306 are eac W ‘length eIeveI of fluid
303 in tank 30 eS|st|ve 3 tially subnerged,

whil e ot hem‘\mml subrrerged. ' TJJ fluid 303 in tank
305 is det sowave | evel det ector Ci rcwt 309 (Figure 10).

To ascertai i tfe tenpegatgsie Abf f kYigHa30%drnimdks S%untéanslrntﬁﬁé 302
WD 96/ 10730 PCT/ US95/ 1153

provides a control signal to AEPSRREoRPSFEULS i nkhey&ignal ’A%U“%Eﬁ%ﬁr 301

on which resistive el enent 306 é@nnlsetib1e to anagsndheld t bomhenpeasour e of
fluid 303. ASU sensor 301 n_p ges an out put signal to
transmtter 302 5 indicative 'b? ?‘ﬁ% f%ﬁib tature of fluid 303. Besides
provi ding control signals aopedlrecoft heignalk opinese extending out the

third aperture to the temperature
sensor; and _

a barrier circuit mounted in the second
housing and electrically connected
between the signal terminals and the
conductors, and electrically connected
between the pair of signal lines and the
conductors, where the barrier circuit
allows frequency encoded signals from
the communicator to access the output
circuit and limits the power available
at the signal terminals and through the
pair of signal lines.

Sheet Has Been Reﬁaced
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resistive %@g&% 06 based on the level of fluid 303 in PCEBSY$13633 .
transmtter aPso powers ASU sensor 301. Upon recei pt of

the output signal fromASU 10. sensor 301, transnmitter 302 cal culates the
vol ume and" mass of fluid 303 in tank 305 as a function of the |evel
and tenperature of fluid 303 using well kngwn equati ons. . Transmtter
302 transmts a signal representative of1pﬁe vol ume and mass of fluid
303 to a renote control room 15 312. Conmuni cati on between ASU

sensor 301 and transmtter 302, and transmtter 302 and control room
312 can be either analog or digital according to known protocols or
encodi ng schenes such as the HART[err] protocol. 20 | f
transmtter 301 is located in a potentially expl osi ve atnosphere a
housi ng 314 of transmitter 301 is made expl osi on,  proof and expl osion
proof conduit 316 is ugad to enclose signal lines to control room 312.
Due to the design of AS{ sensor 301, and in particular to 25 resistive
el ements 306 | oca ' , ensor 301 can not be nade
expl osi on proof. Undgr these circunstances, Dbarrier device 300
Is coupled to ansmtter 302 and a conduit 31gQextending to ASU
sensor 301. Barrier deVice 300 electrically connects 30 transmtter 392
to ASU sensor 301,é§$'I= limting the magni tude of current Yt hreugh o
signal lines 320 Lr: 10) and t¥e vol tage difference acros§§¥i

i nes 320 :




in order to_|imt_the potential power avail able at ASU sensor 301.

VWO 96/ 10730‘J° fiorda® P P PCT/ US95/ 115 ¥ TUSONi1832
-45- . Referring to Figure 11, barrier device 300 is

simlar to barrier device 2 described above and has a hol | ow T- shaped
conduit housi ng 322 having three t hreaded ends indicated at 324, 326
‘and 328. Barrier 5 device 300 screws t@/@onduit 318 at end 324

(eventual ly connected to the ASU sensor) and to transmtter 302 at

end 326. Barrier circuit 22 mounts within a portion 330 of barrier
device 300. A suitable potting material 332 secures barrier circuit 22
w thin portion 330. 10 Referring back to Figure 4, signal |ines
320 are electrically connected to barrier circuit 22 in par al | el
with termnals 16 and 18. .= As with the egﬁeﬂiqent descri bed above,
signal termnals 16 and 18 -
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5II0m1convenient communi cation to the ASU sensor or the 15 transmtter

Wi th a handMeP#¥3dmuni cator for periodic test or recal i BFHPFSA1S32

pur poses. . Unlike prior art mcrowave | evel detecting

systens, which have a controller (typically nounted adj acent the tank)
that receives a level input froma 20 mcrowave detector nounted on top of
the tank and controls an ASU senso/%o receive an indication of the
tenperature of the fluid in thegank,gtransmtter 320 i ncl udes

el ements capabl e of ascertaininéélhe vel fluid 303 in tank 305,

communi cating and powering ASU
transmtting the vol une
room 312.

transmtter 302. Transmtt
Modul at ed Conti nuous \Wave)

as well as cal culating and
303 in tank 305 to control
sa|bljock diagramillustrating

t he known 30 FMCW ( Frequency
idcuit 309 that is controlled by

a m croprocessor 340 whi ch opg¢rates according to iQf§tructions and
i nformation stored in nenory g at a systemclock.rate set by clock
344. A voltage regul ator 346 receiVYes|a Qfmer i nput andSN WD 96/ 10730
PCT/ US95/ 11532 \t/\ | | u‘:‘
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-16- provi des a regul ated voltage output to the circuitry of

transm tt e'wQ9a10730 M croprocessor 340 is coupl eRCT/USYM1532t enna
350 for neasurenent of the level of fluid 303 level 5 using mcrowave
detection circuit 309. A m crowave source 352 provides m crowave
radiation to a vol tage controlled oscillator (VCO 354, which receives
a further input from m croprocessor ? 0 through a digital -
t o-anal og converter 356. Typically, the %quency of 10 m crowave source
352 is between about 5.8 GHz and 30 GHz, and is preferably about 24
GHz. The out put’ V 354 is provided to wavegui de 359 after passing
t hr ough a fi 58 ' ‘\
M cr owave signaIsLT gr faceof—ftord—S0S—45Mf reE%ived
t hrough m xer 36 ‘MhIC < uper het er ody r h
m xes an |ncon1n§§§1cnama\e si g it h out put c o 890, and
provi des a e bandloutput to filter ich is dyqi d and
provided to m ocessor™3?0vby—analog-td- dif af/t 20 __copverfer 8. In
one enbodi ment NI ter 358 is a band Ra nd |filt 66 IS a | ow pass
filter. " 3 3
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As is well known in the art, in FMCW the carrier frequenc ofy%he

m crowave IYQAHI073L npdul at ed. In the instant case, th

control of 25 m.croprocessor 340. Ref l ect ed signals have a phase

change in the tinme domain which is detected by m croprocessor
340 after the received signal is down converted with m xer 364 and
digitized by A/D converter 368. B/8n the output of the A/D
converter 68, 30 mcroprocessor 340-cal cul ates the level of fluid 303 in
tank 305. A power supply 370 is connected to voltage
regul at or 346 and supplles power to ASU sensor 301 al ong signal lines
372, which when necessary are connected to WO 96/ 10730 - .
PCT/ US95/ 11532 -17-- signal lines
320 with Dbarrier device 300. Upon calculating the level of fluid

303 in tank 305,
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r?icro-processor 340 transmts suitable control signals t hrough a
comuni cat | W@I6/18T38r f ace 374 to ASU sensor 301 5 to sel ecPCTURS/11532

appropriate resistive elenment 306. Preferably, comrunications
interface 374 is capacitively coupled to signal lines 372 with

| sol ating capacitors 376. ASU sens®/9301 returns .al ong signal |ines
372 an out put signal representative of the tenperature of fluid 10
303 in tank 305. The output signal is suitably processed by
conmmuni cations interface 374 provi ded to m croprocessor 340.

Sui tabl e instructions are sto§§ §g in menory 342 to operate

m croprocessor 340 and IqUN\at e t he vol une and nmass of f«yid 303 in

tank 305. 15 The mass of flgild 803 i@ tank 305 is displayed ory
g‘\Dumt of

di spl ay 380 and provi ded ,'“}"T?'{’Smm'w-"‘“»

circuit 382 driven with A ﬁgl'o%h S ﬁﬂfmfﬁd%///'% el foxggt at
the digital output of % 35 rvernmrh UAR 38 20 o=

Al t hough the descyi be ithr ence
to preferred e t he t wll recognize

t hat changes t hout departing from
the spirit and ,~l he 25 present

i nventi on worKks | S%

wire transmtters.
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I. A barrier device for nounting in the field, ¢ DATE O a
housi ng W tWwo®6/10738t aperture and an open passageway extendi RGTUSWHEMISIZe
first aperture to a second aperture to carry cabling to a transmtter
through the first aperture; a pair of conductors, separate from
t he cabling, passing through the first aperture for connecting for to a
termnal block in a transmtter; 7/9a pair of signal termnals
nounted to the housing and accessible fromthe field, the signal term nals
connectabl e to a handhel d comunicator in the field; and a
barrier circuit nounted in the housing and electrically connected between
the signal termnals and the conductors,where the barrier circuit allows
frequency encoded sig@nals fromthe conmmuni cator to access the term nal
block and limts thé??oae&—a¥ailable at the signal termnals. 2.

The barrier device o '

o 1|where the housing has an extended portion,
and where the signal XM;

4 are disposed on the extended portion and the

i
barrier circuit is E;
% <
N
L e

7%
/

301
J00 -




founted in the extended portion. 3. The barrier devj claim?2
where the bWO36EP730i rcuit is potted in the extended portion. k&?@%&/usﬁ

- The barrier device of claim3 where the extended portion has an inner
surface, the inner surface having grooves di sposed thereon. 5. The
barrier device of claim1 where a threaded cap is threadably joined to the
. extended portion so as to seal the signalgfermnals fromthe atnosphere.
6. The barrier device of claim5 where the cap is renovably attached

to the housing[ Py a char g 7. ‘The barrger devige of claim1l mnere
t he housing has a ground:ngﬁhection f or ekggéﬁ§?ally gRPupdi ng the housi ng.
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8. The barrier device of claim1 where the barrier circuit further
conpri ses AVOQ6M@IB® | initing resistor having a first end confEHUSYW/IH2 of
the signal  terninals. 9. The barrier device of claim8 further
conprising a zener diode, the zener diode connected between the other of
the signal termnals and the second end of the current Iimting resistor.
10. The barrier device of claim8 fu8f%er conprising two zener diodes
each having an anode and a cat hode, the anode of both zeners connected
toget her, the cathode of one of the zeners connected to the second end of
the current limting resistor and the cathode of the other zener connected
to the other of the signal term nals. 11. The barrier device of claim
10 where three sets of two zener diodes are connected between the other of
the signal termnals and the second end of the current limting resistor.
12. A field nounted nmeasurenment transmtter powered by and

communi cating over a current |oop, the neasurenent transmtter conprising:
a housi ng; .
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an A)'I; converter for m ng a sensed process va| abgy Q~ 14 @ :
bocess & SUMUMIIERN o 57 et s 5
terminals within tde frafsnttter for coug ng t ei“ eqmnmﬂ eghmﬂcgi‘r(mzmed -----
process signal to the current |oop; a b ms.(:,q\,l rcm;;d ow&d%z

—

uanﬂs*ﬁeces spzignﬂ fronpiged ..
field, the signal termnals connectable to a co ni cator for receiving
frequency encoded signals therefrom the signal Fﬁ,{’i‘ﬂ‘i‘iﬁ@(ﬁﬁﬁ‘@w‘g*q*

connect ed 1t 0 t he DkiriePldetice Fo¢ MnouRl fn HREFIIRT dontirrshrig—CeH+ Hpr S Re
anount of power available at the signal term nal s.

REPLACEMVENT SHEETR housing3with a firstpaperrejandoamppdsl paspassway cpreending ﬁﬂ@nﬁhptﬁ?ﬁt
f t
ot on APefrk S scBhind abdlied od Rady LBMlngTACh RERKLHLN B BRChe BsPibrne: | |

in the tank, the ar‘p}msaﬂc&iﬁfﬂtﬂétoﬁsr eqﬁmté fiem therqabliitg, pgssing through tha flistusplertare

a measurenent ci r_cui% for neasuring. the |level of the fluid,
for connecting for to a terminal block in a transmitter;

a paif of sxgnal terminals mounted to the housing and accessible from the field,
the signal termihals connectable to a handheld communicator in the field; and

a barrier circuit mounted in the housing and electrically connected between the
signal terminals and the conductors,where the barrier circuit allows frequency encoded
signals from the communicator to access the terminal block and limits the power available

at the signal terminals.

2. The barrier device of claim 1 where the housing has an extended portion, and
where the signal terminals are disposed on the extended portion and the barrier circuit is

mounted in the extended portion.

3. The barrier device of claim 2 where the barrier circuit is potted in the extended
portion.
4. The barrier device of claim 3 where the extended portion has an inner surface,

the inner surface having grooves disposed thereon.

5. The barrier device of claim 1 where a threaded cap is threadably joined to the

extended portion so as to seal the signal terminals from the atmosphere.

6. The barrier device of claim 5 where the cap is removably attached to the housing

by a chain.
7. The barrier device of claim 1 where the housmg has a ground connection for

electrlcally grounding the housing.

| REPLACEMENP SHEET
27 MAR 1998




' b . .

o j [
a fi

rst ‘out put circuit for\jﬁ[\/_\eri ng the terrper.ature SGREP%QEEMENTQQEET

sensor sign m“mm:lmﬂﬂ i\ of the tenperature of the flui
m croprocesa I

| maasuremané circuit for receiving a first
signal representti've of the level of thHé Tluid and coupled to the output
circuit for receiving the sensor signal, where the m croprocessor

calcul ates a value of a selected paraneter of the fluid as a function of a
val ue of 8he firThe bargendevaesiofclaial Lavhefe thadagensucuis further comprises a curreat
second out ﬁt Cl r.ctuit coupled to.the mcro rocfetgsor f@{ transmtting all

out put si é’ﬁ ng, TeRISIOL aying; 4, firsy end igamman Mhia® SENACITRS ' amet er ;. and

a barrier device conprising: a second housing with a
first and a second aperture; ) .. a pair_ of conductors
passi ng through Thebarries devige of glaém & Brthep somprising a zener diode, the zener diode t o
the first ' | Ly ' . : i .gn termnal s
nmount ed” icr??lk'l %ﬁ%é’%‘é‘&%“a%gr ?tlljnrﬂéogﬁ}%f signal terminals il B geC%Czlaie(r:lgs(Zfli %’Ieeé rregﬁ]

t he fi el dimiting bigroal terninals connectable to a _

handhel d conmuni cator in the field; : pai r of si-gnal

| i nes extending out the second aperture and electrically

connect edyg o t herﬁeegﬁ‘?i%ﬁtdh'&i@e %ﬁ'&&%?s ither comprising two zener diodes Badh®hdvif)
circuit nounted in the second housing and elecCtrically

connect ecknbatode eandt heatbodgn dhe amodei ofdbath aemkrs lvenmeotedutogether, therdathode of one

el ectrical connect ed t ween t-he paifr signal ..lines and th

conduct ord, MHEENES EENSHF s SERE, T1ept R PRI ERERAHd the cathode
si gnal s fafaf tofifer GRATRLIEHNGBLE 1 ChePSHESST thRighal Ritnidllg. CUIt and limts

t he power available at the signal term nals and through the pair of

signal lines. 14. A field nountable transnmtter in a process control
| oop, congyr | _S' "OThe barrier device®ofeTARCI0 WRbre 382 59 of 1l 93P FiohaY !ar%bclo%ﬁected

between the other of the signal terminals and the second end of the current limiting resistor. -

12. A field mounted measurement transmitter powered by and communicating over
a current loop, the measurement transmitter comprising:

a housing; _

an A/D converter for converting a sensed process variable into a digitized process
signal;

a microprocessor for compensating the digitized process signal;

an output circuit having a pair of process terminals within the transmitter for
coupling the compensated digitized process signal to the current loop;

a barrier circuit disposed in the housing electrically connected to the process
terminals; and |

a pair of signal terminals mounted to the housing and accessible from the field,
the signal terminals connectable to a communicator for receiving frequency encoded signals
therefrom, the signal terminals electrically connected to the barrier circuit, where the barrier

circuit limits the amount of power available at the signal terminals.

27 MAR 1998




¢

atransmtter Wa first threaded apertureREpmemENT §HEET

t hr eaded ﬁ ble to conduit; -
. conduit joined t&““ mﬂ“ ded aperture for carrying conductors of

t he process cont an-i2Aput circuit di sposed in the
transmitter housihg for rece| ving an input signal indicative of the process

vari abl e; ~an output circuit disposed-in-the transmtter housing
havi ng prixess tArﬂBlmﬁio&nﬁbEQhéésﬂt&dem cransmitieefbrisensifigpa tayeliofa ﬂuir;i ipfa tahle
process control, |oop for ¢ nlcatln information to a remte |ocation and
for recei aMRIOHIRS ROV & an communicafl WP SiCRRTAULe mrqe§§1ﬂéatemperature

a housi ng,d QL HRfiq §:P tﬁ nf eﬁ@'}ﬂeagmeﬁﬁﬂﬁq'aﬁs%ﬁ%ﬂj&&n prising: a
pai r ‘of signal term nals nount to the housing and accessible

fromthe field, aheusmg;nal ter m nal s being connectable to a handhel d
conmuni cator in the field; rrier circuit
mounted in the Hb REASHY e A %lfcé]étt for é’éﬁaf'ifl%ﬂwga’%cff the ol

a first output circuit for powering the temperature sensor and receiving a sensor
signal representative of the temperature of the fluid, _
~ a microprocessor éoupled to the measurement circuit for receiving a. first signal
representative of the level of the fluid and coupled to the output circuit for receiving the
sensor signal, where the microprocessor calculates a value of a selected parameter of the
fluid as a function of a value of the first signal and a value of the sensor signal;
a second output circuit coupled to the microprocessor for transmitting all output
signal representative of the value of the selected parameter; and -
a barrier device comprising:
| a second housing with a first and a second aperture;
a pair of conductors passing through the first aperture, for connecting
to the first output circuit;
a pair of signal terminals mounted in the second aperture and
accessible from the field, the signal terminals connectable to a
handheld communicator in the field,;
pair of signal lines extending. out the second aperture and electrically
connected to the temperature sensor; and
a barrier circuit mounted in the second housing and electrically
connected between the signal terminals and the conductors, and
electrically connected between the pair of signal lines and the
conductdrs, where the barrier circuit allows frequency encoded
signals from the communicator to access the output circuit and limits
the power available at the signal terminals and through the pair of
signal lines. |
14, A field mountable transmitter in a process control loop, comprising:
a sensor for sensing a process variable;

a transmitter housing having a first threaded aperture and a second threaded

aperture joinable to conduit; . REPLACEMENT SHEET

27 MAR 1998




bet ween °t he si gnal termnals and the process term nal SREIEILAGEMENT SHEET
cuirt—alTows frequen -

barrier cir requency encoded signals fromthe

oWs
comuni cat or t inal block and limts the power
avai | abl e at jmﬂﬂmﬂmﬂlm‘m S. 15. The transmitter of claim 14
wherein the h g of ®#hesbarrier devieg includes a passageway for

carrying conductors of the process loop'to the transmtter. 16. The

tLansm'tter of claim 14 where the housing of the barrier device is stub
shaped and one end of stub (s jpined the second apgrture, and rei he
signal terninal s &PBAY é?)‘BE‘i:cP af‘ge Rﬁg &‘f??QFE@HBT.mre %.cmyingTﬁ%n‘i{\'hF&& rﬂ?télgr

of cl ai m#ﬁc%%‘ﬁ*r&hfoo??”i er circuit is potted in the housing. 18.
The transmtter of claim 16 where the housing has a ground connection for

el ectrical |y groamifiputjciréuit Hispesedgn the transmitter housing for receiving an input signal
'REPLACEN%igE‘\IIEeE-gf the process variable; '

' an output circuit disposed in the transmitter housing having process terminals
electrically connected to the conductors of the process control loop for co_mmunicating
information to a remote location and for receiving power; and

a barrier device comprising:
a housing joined to the second threaded aperture;

" a pair of signal terminals mounted to the housing and accessible
from the field, the signal terminals being connectable to a handheld
communicator in the field; and
a barrier circuit mounted in the housing and electrically connected
between the signal terminals and the process terminals, where the
barrier circuit allows frequency encoded signals from the
communicator to access the terminal block and limits the power

available at the signal terminals.

15. The transmitter of claim 14 wherein the housing of the barrier device includes a

passageway for carrying conductors of the process loop to the transmitter.

16. The transmitter of claim 14 where the housing of the barrier device is stub shaped
and one end of stub is joined the second aperture, and wherein the signal terminals are
disposed at the other end.

17. The transmitter of claim 16 where the barrier circuit is potted in the housing.

18. | The transmitter of claim 16 where the housing has a ground connection for

~ electrically grounding the housing.

REPLACEMENT SHEET
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transmitter housi®g ©aw ng asfirst threaged aperture joinable to conduit,

and a second threaded aperture; a conduit joined to the first
t hreaded aperture for carrying conductors of the process control |oop from
a renote | ocation; an input circuit disposed in the transmtter

housi ng &% recei#ifipld aounteble transgitier innaipeasessveonspl laep, pewpEsiBgvar i abl e;
-an out put circui L S?riés%gqgregen%ﬂgth%&otcésg%ﬁ\?hl%er housi hg havi ng process

term nals accessib hroug seco readed aperture, the process

term nal s el ectrhcahisiteohoasihg haviag tafirse thieadet Gipsriofe joiRblr RC&MAuREOMd !
| oop for conmunicating information to the renote |ocation and for receiving
power ; antpcond threaded 2pepyifer j oined to the second threaded aperture;

a pair of signal ;t b n ' | f g om

Cho 1 el wi iht hethauifomediay the dine ik Mefyd o Aehiyih A CORTRIG, o HET

t er mi nal spigeéssgrontmhémpafsbre ¢ emotd dovdhen;d communi cator in the field; and

a barrier circuit electrical,l cgnnetﬁt ed bet wegn t he.si gnal. termnals anpd
sPose

the process ter nfth4IPUt CiffF di ga,the Gpnsmiftes, pousig fRFLEGEiRY @AJPPY d

signal s f{ngma{m@opwy,@bgs@t%iagg- access the process termnals and limts
the power avail abl e the signal termnals. 20. The transmtter of

cl ai m 19 wher ei nan leutpvhcireeit dispossdi in the tensmiter heusitge haivgprocess terminals
accessible through the second threaded aperture, the process terminals electrically connected

to the conductors of the process control loop for communicating information to the remote
location and for receiving power; and

a cover joined to the second threaded aperture;

a pair of signal terminals mounted to the cover and being accessible from the
field with the cover joined to the second threaded aperture, the signal terminals being
connectable to a handheld communicator in thé field; and

a barrier circuit electrically connected between the signal terminals and the
process terminals, where the barrier circuit allows frequency encoded signals fr(jm the
communicator to access the process terminals and limits the power available at the signal

terminals.

20. The transmitter of claim 19 wherein the barrier circuit is mounted to the cover.
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Je

A barrier device (2) threadably
mounts to a cabling aperture (24) on a
field mounted transmitter (6). The field
| mounted transmitter (6) receives and
transmits signals, and is wholly powered
by a current loop circuit (14). The barrier
device (2) has a conductive housing with
at least a first (72) and a second (74)
aperture and a pair of conductors (14)
passing through the first aperture (72) :
of the barrier device (2), for connecting 8
to a terminal block (4) in the transmitter
(6). A pair of signal terminals (16, 18)
are mounted in the second aperture (74) B
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of the barmier device (6). The signal
terminals (16, 18) are connectable to a
handheld communicator, which is used to y/4
calibrate, monitor and test the transmitter /4
(6). A barrier circuit (22) is mounted in :

-the housing and is electrically connected

between the signal terminals (16, 18) and

the conductors (14). 0_
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at the signal termnals a-nd'through the _ pair of signal
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