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resent invention relates to process control HwaatSIH% t er s

operating i'n the/process control |ndustry. In particular, transmtter
built-in test &qui prent useful in solving malfunctions or failures of

m cropr oces r-based'process control transmtters. Efficient manipul ation
of a procegs variable in a controlled process requires that faults in a
transmt¥er or its related transducer or conmimi cat'ion circuits be
identi#ed i mediately so that appropriate corrective action or
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priate warnings

R ELRe TRANSMITTER BUILT~-IN TEST EQUIPMENT
GRO o) E I ON
The present invention relates to process
control transmitters operating in the process control
industry. In particular, transmitter built-in test
equipment useful in solving malfunctions or failures of
microprocessor-based process control transmitters.
Efficient manipulation of a process variable
in a controlled process requires that faults in a
transmitter or its related transducer or communication
circuits be identified immediately so that appropriate
corrective action or appropriate warnings. may be

.implemented. Verification of a malfunction or error

prior to stopping the process and removing a transmitter :
from a process loop provides inherent efficiency.
Present microprocessor-based transmitters contain

~complex electrical circuits that sometimes appear to

have failed, while actually only a leakage or shunted

- electrical current has occurred. For example, a circuit
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leakage current that affects loop current may be
reported as a transmitter fault.
SUMMARY OF THE INVENTION

The present invention includes various
transmitter diagnostic measurement technigues useful in
trouble-shooting transmitters installed in a process
control loop. The techniques of the present invention
periodically calculates the process loop cabling
resistance, transmitter terminal voltage, process loop
power supply voltage, trénsmitter electronics current

~ draw and process loop electrical current.

The invention includes a microprocessor
coupled to the.loop with anaiog—to-digital converters.
The A/D converters measure loop current, leakage current
and terminal voltage. The microprocessor controls loop
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irrp;ierrented Verification of a mal function or error prlthQbstaoéAQ&aoo

priocess and removing a transmitter:ffom a process |oop provides inherent
efficiency. Present mcroprocessor-based transmtters contai n conpl ex
el ectrical cuits that sonetinmes appear to have failed, while actually
only a Ie d% or shunted electrical current has occurred. For exanpl e, a
circuit akage current that affects | oop cu;%ent may be reported as a
transnLIter fault. SUMMARY OF THE INVENTICN present invention

i ncl udes various thapeftttehrdhgs n %@@éw@s% alé P q}ﬂfér&’éfirg'aﬁd"

trpolbl e-shooting trapnsmtters in rocess co
yéchnlques of t%e 5?%§Bﬁ?t?ﬁv%ﬂ?PdﬁFSlStance ind power supply potentxa’s.

ESC ION OF THE DRAW S
The sole Figure is an electrical schematic
5 drawing of an electronics and loop current measurement
circuit of the present invention.
D SCR N EFERRED NTS
The present invention is a transmitter in a
two-wire process control loop including electronics to
0 measure resistance of the current loop and voltage of
the power supply used to power the loop. The electrical °
current flowing in a process loop will exceed a desired
process loop current value when a transmitter
electronics current has a high leakage or shunt current
15 such as when moisture or some other electrical conductor
contacts the electrical supply rail for an internal
transmitter electronics circuit.
The Figure shows transmitter 6 for
transmitting -a signal from a sensor 8 over a two-wire
20 current loop. The sole Figure shows an electrical
circuit diagram depicting a circuit 34 for measuring a
shunt current within the transmitter, as well as a
circuit 10 for measuring an electrical current flowing
in the process loop. The electronics current draw of
25 the transmitter can be derived by subtracting the shunt
current value from the electrical current actually
flowing in the process loop.
The electrical current present in a .process
loop, denoted by arrow 12, flows through the process
30 loop cable which inherently has resistance which varies
- linearly with the length of the cable. The electrical
resistance, denoted as R(loop), inhibits the electrical
current flowing through the cable, so that when the
electrical current consequently flows through a loop
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periodically cal cul at€s the process | oop cabling resi stancéj,c-'{ir%sr}“‘ﬁéro 920\
tegrm nal vol tage, ocess | oop power supply voltage, transmtter
el ectronics current draw and process | oop electrical current. The invention
i ncl udes a ni cp-6processor coupled to the | oop with anal og-to-digital
converters. e A/D converters neasure | oop current, |eakage current and
termnal velftage. The m croprocessor control s=3eo0p -2- current through a
di gi tal -+0-anal og converter, and cal cul ates | oop resistance and power
suppl ypotentials. current control sense resistor R(s2) it causes a

negative electrical potential to appear on a transmitter
terminal 13 with respect to a reference voltage or
ground potential 15. This negetive electrical potential

3 at terminal 13 is amplified and inverted by an
operational amplifier 14 coupled to terminal 13 and a
first end of sense resistor R(s2). Operational
amplifier 14 has a first end of two high impedance
resistors R(fl) and R(i) coupled to the inverting

10 terminal 16 of amplifier 14 to produce an electrical
potential V(sl), representative of electrlcal current .
present in the process loop, at a node 18 where a second
end of the high impedance feedback resistor R(fl)
electrically couples to the output terminal 20 of

15 amplifier 14. The electrical potential V(sl) at node 18
is related to electrical current actually f£flowing
through the process loop of interest and as determined
by the following equation:

20 (1) V(sl) = [(I(loop) * R(s2)) * (-1 * (R(f1)/R(i))]

V(sl) is measured with analog-to-digital converter (ADC)

28, coupled to microprocessor 38 and EEPROM 44, and 1is
proportional to the actual loop current 12. This is

25 because the circuit 10 is characterized over a broad
" temperature range so that proper corrections to restore
linearity to the transmitter output signal may be made.
During the characterization process at the factory, all

loop current control circuits are run during temberature

30 cycles, covering the anticipated complete operating
range of the transmitter. Correction coefficients
generated from these cycles are stored in the outpu:
electronics memory and used for signal correction during
operation. This compensation data is stored :irn
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BRI EF DESCRI PTI ON CE~ THE DRAW NGS The sole Figure is anPéI chls &4/09200

schematic draw ng of an el ectronics and |oop current neasurenent circuit of

t he present invefiti on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The present ipfention is a transmtter in a two-wre process control |oop

~including eléctronics to neasure resistance of the current |oop and voltage

r supply used to power the | oop. <he el ectrical current flow ng

in a pregcess loop will exceed a desired process | oop current val ue

: trﬁnsm' %ﬁn@émﬁipgimmm rﬁﬁohﬂfga&ta hingii sl elak:ag&soreshﬁméd in

i cupfent such as re or t her ctrl al; £C 0 S
%?Elaﬁ%&f &4 |trli‘t e%ﬁ*g'nsml s6%4 QTQEEEQEJ 8&9&

t e electrical suﬂb
to the transmitter is interrupted the transmitter is

functional upon power-up. This. compensation data is
5 used to correct and linearize the 4-20 mA output signal.
Referring again to the Figure, an electrical
circuit schematic useable for measuring terminal voltage
is shown generally at 32. Once the terminal voltage and
loop current values are resolved,' the actual loop
10 resistance and the power supply voltage can be resolved
by use of an algorithm, as hereunder dlsclosed
Analog-to-digital converter 28 converts the
analog output signal V(t2), which is representatlve of
a process variable, at a node 30 to digital form. The
15 transmitter analog output signal at node 30 is an
electrical potential proportional to the terminal
voltage V(t) as given in the following equation:

{2) V(t2) = [V(t) = (I(loop) * R(s2)) * [(R2/R1l + R2)]
20 _
Thus, once V(t2) is known, the equation can be solved
for V(t) since the loop current R(s2), R1 and R2 are all
known values.
To solve for the loop resistor value R(loop)
25 the loop current is set by the microprocessor 38 to a
first known milliamp value i(11l). The output electrical
potential signal V(t2) is converted by the ADC 28 and
the terminal voltage V(tl) is solved by the
microprocessor 38. Then the loop current is changed by
30 the microprocessor to a second known value i(lh) higher
than the first value, and V(t2) is converted by the ADC
and the terminal voltage V(th) solved and displayed if
below a preselected value below which malfunctions can
occur if the transmitter attempts operations requiring
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transnitter el ectroni S".circuit. The Figure shows REBp‘s‘&t‘&é/Oﬁ‘?ZOO

for transmtting a_gignal froma sensor 8 over a two-wire current | oop.

The sol e Figure ows an electrical circuit diagramdepicting a circuit 34
for measuring shunt current within the transmtter, as well as a circuit

10 for nmeasyring an el ectrical current flomdng in the process | oop. The

el ectroni current draw of the transmtter Tan be derived by subtracting

t he shu current value fromthe electrical current actually flowing in the
procesd | oop. The EREEhEFcAleqhmignl pPREEFY - i n TRUSy Jeddy ¥o5ﬁ°“'&e X&E by
arpow 12, flows thpewek 5G8pRYOseghaloM pedh! andhictle vl@agdl ldkdpRs/(Rs2)

S|stance whi ch vari es
across resistor Rs2, the value of the process loop

cabling resistance R(loop) can be solved with the

5 following equation:
{3) R(loop) = [(V(tl) - v(th)/(i(lh) - i(1l1l)]) - V(Rs2)

It should be noted that this calculation
10 occurs when - the transmitter is initially electr1cal1y
energized, since this technique requires differing test
currents be passed through the process loop.'.Although
for process loop having very slow periods, an operator
skilled in the ért could implement this technique with

15 adequate results.

The power supply voltage V(ps) can now be
solved based on the known value of the process locc
resistance R(loop), which is assumed constant, and ore
of the loop current test conditions, for example i(ix:

20 as follows: '

(4) wVv(ps) = V(t) + V(dl) + v(d2) + i(lh)(R(loop) + V(Rs:

The resistance values of diodes, V(dl) an:z

25 v(d2), can be assumed to be constant values or can te
ignored entirely because the criteria voltage V(c) for
adequate energy for logging data can be implementec
without them. They can be ignored if we assume that i e
voltage drop due to the diodes is not much differen:

30 over the operating current draw required by =:-e

transmitter.
Using the same electrical circuit as above,

the present invention can be adapted to indicate whetler

_—
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linearly with the length of the cable. The el ectrical resiPstagn@‘S %he{thBZOO
as R(loop), inhibits the electrical current flow ng through the cable, so
that when the electrical current consequently flows through a | oop - 3-
current control sense resistor R(s2) it causes a negative electrical
potential to appear on a transmtter termnal 13 with respect to a
ref erence | tage or ground potential 15. Thigs negative el ectrical
potential at termnal 13 is anplified and inverted by an operational
anplifj€r 14 couplegd peokessi Bghtislatamsmitter can safely enter process

data to an electronic data logger. Accordingly,
adequate power supply voltage must be available to
provide the electrical energy required by known
nonvolatile, reprogrammable memory devices. Some
nonvolatile reprogrammable memory devices consume
additional amount of electrical current during a write
to the data logging equipment. It is possible that such
additional amount of electrical current will draw enough
i0 current to collapse the voltage rail, or electrical
power supply, which is 3.5 VDC in the present case. If
the rail collapses, the data to be logged is lost.
Adequate power supply voltage will prevent the 3.5 volt
"rail from collapsing. To prevent this from happening,
15 the present invention provides a measure of transmitter
terminal voltage with a known amount of electrical
resistance inserted in series with the loop circuit when
a known loop electrical current is conducted
therethrough. Thus, 3 determination is made of whether
20 peak current will still leave adequate terminal voltage
for data logging. Data logging'is a process of writing
information to a non-volatile memory and requires
substantial energy. _
The possible values of the respective voltages
25 can be broken into three alternate forms of action: (1)
if V(ps) is within V(c) + 0.5 volts a warning of low
power supply voltage is triggered by setting a software
flag in the HART® protocol; (2) if V(ps) = V(c¢) logging
may not be possible at the peak current required for
30 logging and appropriate warning flags- are set; (3)
analysis of the two above equations prior to an
attempted logging event will provide information
regarding the ability to successfully complete the log.
It should be noted that once V(c) = V(ps) for logging at

w

I ————
as Been R laced

T



firét end of sen resistor R(s2). Oper at i onal arrpﬁll’ §er % ésC)agz‘O"J

first end of two pfgh i npedance resistors R(f1l) and R(i) coupled to the
inverting term 16 of anplifier 14 to produce an electrical potenti al
V(sl), represefitative of electrical current present in the process |oop, at
a node 18 where a second end of the high inpedance feedback resistor R(fl)
electric y couples to the output term nal-720 of anplifier 14. The

el ectri potential V(sl) at node 18 is related to electrical current

fl ow ngpédk asgirétve, pi og£ss 169 p-ﬂfolahezapkoundramdetreaabaed by
71Ol 9 SO el sbhual (‘Jarosg Fceirt 58l toy iR, AR5
saved in the event that the rail voltage collapses as a
result of the attempted data log. |
5 The measure of power supply voltage is a very
useful diagnostic method especially for battery-powered
process control transmitters. Warnings of low supply
voltage provides a preventative maintenance diagnostic
useful to the end user, it may be displayed locally or
:0 transmitted remotely via the industry standard HART®
protocol. Thus, the calculated loop residence and power
supply potential values can be transmitted over the loop
by modulating current through the loop with circuit 36.
‘Furthermore, the measurement of loop
i5 resistance will provide a means of tracking an increase
in apparent loop resistance so that a leakage path or
shunt current from a twisted wire pair to ground can be
detected, or the field wiring' cable length can be
determined without stopping the process and inspecting
20 the . transmitters in the loop, it may be displayed
| locally or transmitted remotely via the industry
standard HART® communications protocol.
In the present invention, loop current is
"characterized" over a broad range of temperatures with
25 a digital-to-analog converter (DAC), which allows
accurate control of the 1loop current under normal
operating conditions. The DAC provides a preset
electrical current and the loop current is the sum of an
electronics current and any shunt currents. The circuit
30 of the present invention always supplies the preselected
electrical current requested by the DAC, provided the
electronics current to the transmitter electronics does
not exceed the desired loop current, since the shun:
current cannot be negative.
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rocessor 38 and EEPROM 44, and is proportional ’t'o/t e923'
actual |oop curre 12. This is because the circuit 10 is characteri zed

over a broad tepgerature range so that proper corrections to restore

linearity to t.He transmitter output signal may be made. During the
characterizag¥ion process at the factory, all_J]oop current control circuits

28, coupled to mcr

are run dy’ing tenperature cycles, covering the anticipated conplete
oper at i range of the transmittér, . ' scoeffici dgnerated
from tHese cycles are storeaﬂ?na?hﬁﬁ%%?%ﬁ§béﬁggé%g§iésggeh%r§?§h§mﬁ§é or

| correction theinfudper stdadre. of Thineasurepentat iadh dat galiidbragedr ed
transmitter requires the full 16 mA range to register
and communicate measurements at the low end of the

Si g

scale. As 1is known, if a fault occurs in the
electronics causing the electronics draw 6 mA, the loop
current can only be as low as 6 mA. Thus, while the
transmitter will operate reasonably well with a range of
6-20 mA, the transmitter will not be able to communicate
10 to remote controllers or other procéss control
instrumentation with a loop current of 6 mA for certain
industry standard communication protocols. For example,
the open communication protocol known as the Highway
Addressable Remote Transducer protocol or HART®, will
15 not operate at 6 mA, since the HART® protocol requires -
electrical shunt current modulation of +/- 0.5 mA for
communications and operations. The operator of the
process may not know of the problem and may receive
inaccurate data if the transmitter needs to send
20 anything less than a 6 mA process control signal.
Accordingly, the circuit of the present invention
displays a message locally, and can annﬁnciate an

wn

appropriate .signal representative of an error condition

when the electronics current exceeds a preset value or

25 when the transmitter terminal voltage falls below a
preset value. 1In conjunction with this circuit a second
part of the present invention teaches a circuit for
measuring terminal voltage. Adequate terminal voltage

is needed to determine if data logging or other

30 electrical energy-consuming operations are possible. It
. has been found that once the terminal voltage and the
loop current are known, the actual loop resistance and
power supply voltage can be solved. Suitable alarm or
status signals may then be routed so that the operator

_—
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-4-" nonvol atil e EEP menory 44. This data is retained in ihe EEP?&CJ\/4Q 61200
the transmtter sg”/1f electrical power to the transmtter is interrupted
the transmtter #s functional upon power-up. Thi s- conpensation data is
used to correct” and linearize the 4-20 mA output signal. Referring again to
the Figure, An electrical circuit schematic useable for neasuring termn nal
vol tage i s/shown generally at 32. Once the T®rninal voltage and:| oop
current xal ues are_ resolved the actual | oop resistance and the power

suppl yAol t age caffbé Pe§6P€§65b§°Gs€°éfQi?@ﬂﬂiﬁ%ﬁ?nﬁaﬂm§QKQWQRREQCblve
di sg¥osed. Anal ogateidhgakaheceB¥artsr 28 converts the

Although the present invention has been
described with referenced to preferred embodiments,
5 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.
Although the present invention has been
described with reference to preferred embodiments,
10 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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(t2), which is representative of a plpgbteéévgr‘{*dépegaoc

analog out put si gnal
at a node 30 to di mtter anal og output signal at node
|onaI to the termnal voltage V(t) as

30 is an el ectrjcal

given in the ||ow. Emﬂ“ “ﬂf V(t2) = [V(t) - (1(loop) * R(s2)] *

[ RR/IRL + R2)| Thus, , the equation can be solved for

t he Ioop current R(s2), Rl and R2_are all known val ues. To sol ve

oop resistor val ue R(Poop) t he IooT)1 Urrent is set by the

ocessor 38dgifaj r st 'IIianp value i (lI1).. The out put
ri cal potent converted by the ADC 28 and the

voltagd. V(t1l) is A smeaedremgntt eransmitter, having two
terminals connected to a two-wire circuit, the circuit
naving a power supply and a loop resistance, a loop
current flowing through the transmitter, power supply

and loop resistance, the transmitter comprising:
means for setting the loop current to a first

and a second current level;

means' for sensing a potential between the
terminals at the two current levels; and
microprocessor means for dividing the sensed
potential by the change in the curren:
level to provide a loop resistance

value.
2. The measurement transmitter of claim 1 wherein
the microprocessor includes means for calculating a
potential across the power supply based upon the loop
resistance and one of the -current levels.
3. A transmitter having two terminals connected
to a two-wire process control loop, comprising
means for measuring current flowing throug:
the loop and providing a current loco
output;
means for measuring a potential between the
two terminals band providing a termina.
potential output; and
a microprocessor including an input couplec
to the loop current output,  an inpu:
coupled to the terminal potential outp.:
and an output related to loc:
resistance.
4. A method of measuring loop resistance cf
a two-wire current and power supply poteﬁtial with a
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m croprocessor 38. Then the | oop current i's changed by the m croprocessor
to a second kno Hr than the first value, and V(t2) is
converted by tby ‘““'HIIIEI“E“ Iﬁﬂl vol tage V(th) solved and di splayed if
bel ow a pregB¥ected val ué bel dw vhi ¢h mal functions can occur if the
transmttep attenpts operations requiring -5- further electrical energy.

Thus, w a known fixed power supply signal V(ps) and the vol tage drop
V(Rs2) /across resistor Rs2, the val ue of the process | oop cabling

resistance R(lOOpkﬂEﬂEﬁ%%ﬁ%%\ﬁﬁbfﬂérEJJ“Eermlnals connected to the two-
wire circuit, comprising:
setting loop current through the two-wire
circuit to a first current level;
sensing a first potential between the two

terminals;
setting loop current through the two-wire
circuit to a second current level;
sensing a second potential between the two
terminals; and
dividing a difference between the first -
potential and he second potential by a
difference between the first current
level and the second current level to
_ calculate loop resistance. ‘
5. The method of claim 4 including calculating
power supply potential as a function of loop resistance
and one of the current levels,

_—
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fol 'owi ng equation: (3) R(loop) = [(V(t]) - V(th)/(i ST QL)Y A
It should be noted that this calcuylatiion.occurs WnenPt Jl{éargsﬁ){t‘érgj@zm
initially electrically energized, since this technique requires differing
test currenggp be passed through the process l'oop. Al though for process | oop
havi ng very”sl ow periods, an operator skilled in the art could inplenent
this technique with adequate results. The power supply voltage V(ps) can
now be sol ved based on the known val ue of fH@‘process | oop resistance

R(1 oop), which is assuned constant, and one of the |oop current test
condi tions, for exanpleHY SHITFER BUILT-IN TEST EQUIPMENT

ABSTRACT OF THE DISCLOSURE

An improved error  detection for
microprocessor-based transmitters in two-wire process
control loops operating in the process control industry.
In particular, techniques are shown which are useful in
solving malfunctions or failures of microprocessor-based
transmitters. When the transmitter (6) is energized,
the impedance of the process loop cabling is resoclved
and stored, displayed or transmitted as desired. The
loop impedanée is used to calculate potential of a power

-supply used to power the control loop. this information
is used in testing the two-wire loop.

—_—
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(4) “V(ps) = V(t) + V(dl) + V(d2) + i(lh)(R(l.oop) + V(RSt The: resi stance
val'ues of diodes, V(dl) and V(d2), ican bé assuned to @arg t |

can be ign { entirely because the criteria voltage V(C)ngénaiﬂa(qaaéﬁ 6B
energy for gi ng data can be inpl enent Wi t hout them They can be
ignored if we assunme that the voltage dr due to the diodes is not nuch
different over the operating current draw re%lflired by the transmtter.

Using the sanme electrical circuit @ above. e present invention can be
adapted to indicate whether AN N
’ 'IIF AAAA~ -
1 =1
S

)

9] L

O - N

\O |
N LS e |
| | |
SE g}éﬂ 0
\
D .;:il \ > |
&1 ! N/ |
N | IR |
\, _?'_lrl | }
| ' '
| | | f
| R |
| Sb)cfo
| } e H PN ;
I | [
% l N )
= — e —— .
-3 A
e "R
r*§§l
W
')
D . i LR N
Y
S8 (¥ | =
S8 X
f | * " This SheetH

LT



-6- th
el'ectr

CAREMENT St

must b
nonvol

vailable to p o'ide

till e24 OEP99w a

ble nmenory devices. Sorme nonvol atile
eyi ces consume additional anount of el ectrical

ransmtter can safely enter process data tmetames
Accordi ngly, adequate power supply voltage
the electrical energy required by known

repr ogriargmabl e menory

current] d ' t¢ the data | ogging equipnment. It is possible that
such additional amount of electrical curspat will draw enough current to
col l apse the voltage rail, or electrical power supply, which is 3.5 VDC in

t he present case.

Adequat e power supply volta 'dlo t é“ﬁ

The present invention relates to process
control transmitters operating in the process control
industry. In particular, transmitter built-in ctest

 equipment useful in solving malfunctions or failures of

microprocessor-based process control transmitters.
Efficient manipulation of a process variable
in a controlled process requires that faults in a
transmitter or its related transducer or communication
circuits be identified immediately so that appropriate
corrective action or appropriate warnings may be

.implemented. Verification of a malfunction or error
prior to stopping the process and removing a transmitter -

from a process loop provides inherent efficiency.
Present microprocessor-based transmitters contain
complex electrical circuits that sometimes appear to
have failed, while actually only a leakage or shunted
electrical current has occurred. For example, a circuit
leakage current that affects loop current may be
reported as a transmitter fault.
SUMMARY OF_ THE INVENTION

The present ~ invention includes various
transmitter diagnostic measurement techniques useful in
trouble-shooting transmitters installed in a process
control loop. The techniques of the present invention
periodically calculates the process loop cabling
resistance, transmitter terminal voltage,'procéss loop
power supply voltage, transmitter electronics current

~draw and process loop electrical current.

The invention includes a microprocessor
coupled to the loop with analog-to-digital converters.
The A/D converters measure loop current, leakage current
and terminal voltage. The microprocessor controls loop

| f Fizipe.Dr ZRANSHITIER SUILE-INMIZESD EQUIPMENRT is | ost.
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rgi1 f ' i prevent this from happening, the present invention
provid_R KCB&@@QESHE ? nsmtter termnal voltage wth a known anount of
electrlcql resi stance gngerted in series with the loop circuit when a

known ljloop 4 Q€T 4996 i §a current S conducted therethrough. Thus, a
determindti on is made fimhether peak current will still |eave adequate

term ngl | oggi ng. Data Iggglng Is a process of witing
i nfor ion to a non- voI tile memory and fequires substantial energy. The

possi bl'e-varues_ of t Y Kk t-h
al ternate fornY5F A& gﬁ%8§§& g V?ié?ggg &??ﬁHSlQ o EBnVEEQe lgegn
war ni ng of Iowcpdwuﬂas@ppﬂpoporeagét#§cﬁrPQSeP@UeByBBBP%Yh@°%e%6$?mére

BRIEF DESCRIPTION OF THE DRAWINGS
The sole Figure is an electrical schematic

drawing of an electronics and loop current measurement
circuit of the present'invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a transmitter in a
two-wire process control loop including electronics to
measure resistance of the current loop and voltage of
the power supply used to power the loop. The electrical °
current flowing in a process loop will exceed a desired
process loop current value when a transmitter
electronics current has a high leakage or shunt current
such as when moisture or some other electrical conductor
contacts the electrical supply rail for an internal
transmitter electronics circuit.

The  Figure shows transmitter 6 for

transmitting a signal from a sensor 8 over a two-wire
current loop. ' The sole Figure shows an electrical
circuit diagram depicting a circuit 34 for measuring a
shunt current within the transmitter, as well as a
circuit 10 for measuring an electrical current flowing
in the process loop. The electronics current draw oI
the transmitter can be derived by subtracting the shunt
current value from the electrical current actually
flowing in the process loop.

The electrical current present in a process
loop, denoted by arrow 12, flows through the process
loop cable which inherently has resistance which varies

- linearly with the length of the cable. The electrical
resistance, denoted as R(loop), inhibits the electrical
current flowing thrcugh the cable, so that when the
electrical current consequently flows through a loop



| "}'PLACEM‘ENT_SH BBl

ofocol; (2) if V(ps) = V(c) logging may not be

flag in

possi bl 6pu r g¢nt reqU|red for Iogglng and appropriate warning
flags ane anal35|s of the two above equations prior to an
attenptgd |l 'wil | provide information regarding the ab|I|ty to

successfully conplete theilog. It should be noted that once V(c) V(ps)
for | oggt current, a dat§ | og into an EEPROM or other

. a p
| ocal menory device should first occur so’fhat the data is saved in the
event that the 5%E2n¥0|t%%%roqllag 8% %%eBistor R(s2) it causes a
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negative electrical potential to appear on a transmitter
terminal 13 with respect to a reference voltage or
ground potential 15. This negative electrical potential
at terminal 13 is amplified and inverted by an
operational amplifier 14 coupled to terminal 13 and a
first end of sense resistor R(s2). Operational
amplifier 14 has a first end of two high impedance
resistors R(fl) and R(i) coupled to the inverting
terminal 16 of amplifier 14 to produce an electrical
potential V(sl), representative of electrlcal current .
present in the process loop, at a node 18 where a second
end of the high impedance feedback resistor R(fl)
electrically couples to the output terminal 20 of
amplifier 14. The electrical potential V(sl) at node 18
is related to electrical current actually flowing
through the process loop of interest and as determined

by the following equation:
(1) V(sl) = [(I(loop) * R(s2)) * (-1 * (R(f1)/R(i))]

V(sl) is measured with analog-to-digital converter (ADC)
28, coupled to microprocessor 38 and EEPROM 44, and is
proportional to the actual loop current 12. This is
because the circuit 10 is characterized over a broad
' temperature range so that proper corrections to restore
linearity to the transmitter output signal may be made.
During the characterization process at the factory, all
loop current control circuits are run during temberature
cycles, covering the anticipated complete opérating
range of the transmitter. ‘Correction coefficients
generéted from these cycles are stored in the output
electronics memory and used for signal correction during
operation. This compensation data is stored in



resul t oﬁ”fﬁé%ﬁttﬁﬁﬁié&ﬁé%ka | og. The neasure of power supply voltage is a
very useful; “di'agnost thod especially for battery-powered process

cont rol Qrans téﬁtﬁ%ﬁ r i ngs of | ow supply voltage provides a
prevent afi ye i cejdt agnostic useful to the end user, it may be
Thus,

itted renotely via the industry standard
he cal cul ated ,l_.oop residence and. power supply
nsmtted over ‘the | oop by nodul ati ng current

through the |%%&G@ﬂ4%f¥é ﬁRdﬁime%%EghQQ”Dr?hls the, jpeaspLegERt;, oOf

| oop resistance will provide a means of tracking an Increase I'n apparent
| oop reS|stan6@es§E?ﬁQN 44 edkshe pRARASBLtERGnEOCcLErehectrbarh AWt ed wire

pair to groundoCafhdetransmitter is interrupted the transmitter is
functional upon power-up. This compensation data is
used to correct and linearize the 4-20 mA output signal.
Referring again to the Figure, an electrical
circuit schematic useable for measuring terminal voltage
is shown generally at 32. Once the terminal voltage and
loop current values are resolved, the actual loop
resistance and the power supply voltage can be resolved
by use of an algorithm, as hereunder dlsclosed
' Analog-to-digital converter 28 converts the
analog 6utput signal v(t2), which is representative of
a process variable, at a node 30 to digital form. The
transmitter analog output signal at node 30 is an
- electrical potential proportional to the terminal
voltage V(t) as given in the following equation:

{2) V(t2) = (V(t) - (I(loop) * R(s2)] * [R2/R1 + R2)]

Thus, once V(t2) is known, the equation can be solved
for V(t) since the loop current R(s2), Rl and R2 are all
known values.

To solve for the loop resistor value R(loop)
the loop current is set by the microprocessor 38 to a
first known milliamp value i(ll). The output electrical
potential signal V(t2) is converted by the ADC 28 and
the terminal voltage V(tl) is solved by the
microprocessor 38. Then the loop current is changed by
the microprocessor to a second known value i(lh) higher
than the first value, and v(t2) is converted by the ADC
and the terminal voltage V(th) solved and displayed if
below a preselected value below which malfunctions can
occur if the transmitter attempts operations requiring
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St oppi ng t hg process lspecting the transmitters in the loop, it may be
di spl ayed I)cll@A&Kﬂ? tted renmotely via the industry standard

HART[ err] conm In the present invention, |oop current
I's "characteri — over a bro&d range of tenperatures with a

digital -to-4 2 — (DAC), whigb allows accurate control of the
| oop current under nornmal operating conditions. The DAC provides a

preset’ electrigabtREEr @lectd ddie dPOPgEUr I @Musdl,S wieh SEMkabowan flxeed roni cs
current and any shunt currents. The citcuit of the present,inventiaon always
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t he across resistor Rs2, the value of the process loop
' cabling resistance R(loop) can be solved with <the

following equation:
{3) R(loop) = [(V(tl) - V(th)/(i(lh) - i(1ll)]) - V(Rs2)

It should be noted that this calculation
occurs when-the transmitter is initially electrically
energized, since this technique requires differing test
currents be passed through the process loop.'-Although
for process loop having very slow periods, an operator
skilled in the ért could implement this technique with
adequate results.,

The power supply voltage V(ps) can now be
solved based on the known value of the process locp
resistance R(loop), which is assumed constant, and one
of the loop current test conditions, for example i(1lh)

as follows:
{4) WVvi{ps) = V(t) + V(dl) + V(d2) + i(lh){R{loop) + V(Rs:

The resistance values of diodes, V(dl) and
V(d2), can be assumed to be constant values or can te
ignored entirely because the criteria voltage V(c) for
adequate energy for logging data can be implemented
without them. They can be ignored if we assume that the
voltage ‘drop due to the diodes is not much different
over the operating current draw required by the
transmitter.
' Usihg the same electrical circuit as above,
the present invention can be adapted to indicate whether



el ectroni g Pt ransnmitter el ectronics does not exceed the

‘desired | qiil t"T";the shunt current cannot be negati ve. -8- On
an i ndustn transmtter, the full scale of nmeasurenent
of a calj§ requires the full 16 mA range to register and
comuni cat he | ow end of the scale. As is known, if

a fault C s ctronics causing the electronics draw 6 mA,
the loop chirrent can_onl as |low as 6%M. Thus, while the

the process control transmitter can safely enter process
data to an electronic data logger. Accordingly,
adequate power supply voltage must be available to
provide the electrical energy required by known
nonvolatile, reprogrammable memory devices. Some
nonvolatile reprogrammable memory devices consume
additional amournt of electrical current during a write
to the data logging equipment. It is possible that such
additional amount of electrical current will draw enough
current to collaése the voltage rail, or electrical
power supply, which is 3.5 VDC in the present case. If
the rail coliapses, the data to be logged is 1lost.
Adequate power supply voltage will prevent the 3.5 volt
"rail from collapsing. To prevent this from happening,
the present invention provides a measure of transmitter
terminal voltage with a known amount of electrical
resistance inserted in series with the loop circuit when
a known loop electrical —current is conducted
therethrough. Thus, a determination is made of whether
peak current will still leave adequate terminal voltage
for data logging. Data logging is a process of writing
information to a non-volatile memory and requires
"substantial energy.

The possible values of the respective voltages
can be broken into three alternate forms of action: (1)
if v(ps) is within V(c) + 0.5 volts a warning of low
power supply voltage is triggered by setting a software
flag in the HART® protocol; (2) if V(ps) = V(c) logging
may not be possible at the peak current required for
logging and appropriate warning flags are set; (3)
analysis of the two above equations prior to an
attempted logging event will provide information
regarding the ability to successfully complete the log..
It should be noted that once V(c) =V(ps) for logging at
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24reasonably well with a range of 6-20 mA, the
i dble to communicate to renote controllers or other
leritation with a loop current of 6 mA for certain
I"

y standard conng ration protocols. For exanple, the open
comuni am-orr=protttor knpwn as the Hi ghway Addressabl e Renote Transducer

U
protocof or' HART errl,. . wil not oper at e .at 6 mA, since the HART[err]
pr ot ocol™™FEGlires el ectrical shunt currént nmodul ation of +/- 0.5 mA for

of The probl S e e, alfe OFES Bh ErphDf BEVOERECTHECIR. 0T
send anyt hi ngnenioays denbee asborbdpridgsds ocowr r 8P tdiagndihe AdevediAgly, the
circuit of the ALIeMne"¥SRNORhat the rail voltage collapses as a

result of the attempted data log.

The measure of power supply voltage is a very
useful diagnostic method especially for battery-powered
process control transmitters. Warnings of low supply
voltage provides a preventative maintenance diagnostic
useful to the end user, it may be displayed locally or
transmitted remotely via the industry standard HART®
protocol. Thus, the calculated loop residence and power
supply potential values can be transmitted over the loop
by modulating current through the loop with circuit 36.

Furthermore, the measurement of loop
resistance will provide a means of tracking an increase
in apparent loop resistance so that a leakage path or
shunt current from a twisted wire pair to ground can be
detected, or the field wiring cable length can be
determined without stopping the process and inspecting
the transmitters in the loop, it may be displayed
locally or transmitted remotely via the industry
standard HART® communications protocol.

In the present invention, loop current is
"characterized" over a broad range of temperatures with
a digital-to-analog converter (DAC), which allows
accurate control of the loop current under normal
operating conditions. The DAC provides a preset
electrical current and the loop current is the sum of an
electronics current and any shunt currents. The circuic
of the present invention always supplies the preselected
electrical current requested by the DAC, provided the
electronics current to the transmitter electronics does
not exceed the desired loop current, since the shunt

transm
pr ocessj
i ndust r¥

current cannot be negative.
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preset val @24QCTABI6 theltransmitter ternminal voltage falls bel ow a preset

val ue. }Ir iction Wth this circuit a second part of the present

i nvent ijort thes a circgit for measuring term nal voltage. Adequate

termngl volt | ged to determ negif data | ogging or other electrica
It has been found that once the

ener gy- consum ng operations are possible.
termnal voltage and t§g hROPHAUEES! sRa@daRAM~2loheuacialsd 0ok ¥ esi st ance
and power supply goltage can be solved. Suitable alarmor status ilgnals
may then be Yo%t edUdd tEf2kse Bper HeGBurement of a calibrate

transmitter requires the full 16 mA range to register
and communicate measurements at the low end of the
scale. As 1is known, if a fault occurs in the
electronics causing the electronics draw 6 mA, the loop
current can only be as low as 6 mA. Thus, while the
transmitter will operate reasonably well with a range of
6-20 mA, the transmitter will not be able to communicate
to remote controllers or other process control
instrumentation with a loop current of 6 mA for certain
industry standard communication protocols. For example,
the open communication protocol known as the Highway
Addressable Remote Transducer protocol or HART®, will
not operate at 6 mA, since the HART® protocol requires
electrical shunt current modulation of +/- 0.5 mA for
communications and operations. The operator of the
process may not know of the problem and may receive
inaccurate data if the transmitter needs to send
anything less than a 6 mA process control signal,
Accordingly, the circuit of the present invencion
displays a message locally, and can annunciate a=n
appropriate signal representative of an error condition
when the electronics current exceeds a preset value or
when the transmitter terminal voltage falls below a
preset value. In conjunction with this circuit a second
part of the present invention teaches a circuit for
measuring terminal voltage. Adequate terminal voltage
is needed to determine if data logging or other
electrical energy-consuming operations are possible. It
. has been found that once the terminal voltage and the
loop current are known, the acﬁual loop resistance &nd
power supply voltage can be solved. Suitable alarm or
status signals may then be routed so that the operator



-9- o“;”” T-ff””tToI transmtter can take corrective action as
‘necesgany. t hejpresent invention has been described with
ref er @ng¢e ¢di{enbodi nents, .  workers skilled in the art will

)i 2 naed y be made in formand detail w thout departing
from tthe splrlt and scope of the invention. Al though the present invention
has been &l reference to preferred enbodi ments, workers skilled
in the art wll recognlze t hat changes may be made in form and det ai

Wi thout departdfgféOQfocess control transmitter can take corrective

action as necessary.

Although the present invention has been
described with referenced 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,

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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conpri i _'2t4/\OCE'eW%n for coupling to the two-wire prdcess tonfrot *
| oop; ensor for sending a process variable; circuitry for transmtting

the two-wire |loop; current setting circuitry for

R the two-wire loop to a first current
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WHAT IS CLAIMED IS:

1. A measurement transmicter, having two
terminals connected to a two-wire circuit, the circuit
naving a power supply and a loop resistance, a loop
current flowing through the transmitter, power supply
and loop resistance, the transmitter comprising:
means for setting the loop current to a first
| and a second current level;
means' for sensing a potential between the
terminals at the two current levels; and
microprocessor means for dividing the sensed
potential by the change in the curren:
level to .provide a loop resistance
value. ' '
2. The measurement transmitter of claim 1 wherein
the microprocessor includes means for calculating a
potential acress the power supply based upon the loop
resistance and one of the -current levels.
3. A transmitter having two terminals connected
to a two-wire process control loop, comprising:
means for measuring current flowing throuch
the loop and providing a current locp
output;
means for measuring a potential between the
two terminals band providing a terminal
potential output; and
a8 microprocessor including an input couple&_
to the loop current output,- an input
coupled to the terminal potential output
and an 'output related to loop
resistance.
4. A method of measuring loop resistance cf
a two-wire current and power supply potential with a

Sheet Has Been Reflaced
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| evel and PES ATIN gt |evel; voltage sense circuitr gl a
sensed vol|t\Aget i .ﬁ*%" ted to a sensed vol tage potentialﬂuﬂiﬁmnﬂ@ﬂ!ﬂm,
termnals;} dnd a m croprodqeqsor coupled to the voltage sense Cler ' L
the current lse4 GT&uilt dy for calculating | oop resistance of the two-
wire currepnt|{ | oop based o a difference between the first and second
current |leyel's and a first violtage potential sensed at the first current
| evel and second..molt.age- potential sengqd at the second current |evel. 2.
The measurement transmitter of claim1l wherein

transmitter having two terminals connected to the two-

wire circuit, comprising: .
setting loop current through the two-wire
circuit to a first current level;
sensing a first potential between the two
terminals; -7 .
setting loop current through the two-wire
circuit to a second current level;
sensing a second potential between the two
terminals; and _
dividing a difference between the first -
potential and he second potential by a
difference between the £irst current
level and the second current level to
calculate loop resistance. .
5. The method of claim 4 including calculating
power supply potential as a function of loop resistance
and one of the current levels.

\
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et '}uoes means far. calculatlng a potential across a | oop

the n

power: sj on the | oop reS|stance and one of the current |evels.
3. The trh bnmitter Of claim2 wherein the m cropr ocessor
provi def Aityif the potential across the | oop power supply is

| ess than a'prEdetern1ned‘Iomer limt. - 11 - 4. © The neasurenent
transm ti e Cimin #ierein t he m cr opr ocessor determ nes the potenti al

across the pomer supply prior to |loggingtdata, and inhibits data

FIELD TRANSMITTER BUILT-IN TEST EQUIPMENT
ABSTRACT OF THE DISCLOSURE

An improved error detection for
microprocessor-based transmitters in two-wire process
'control loops operating in the process control industry.
In particular, techniques are shown which are useful in
solving malfunctions or failures of microprocessor-based
transmitters. When the transmitter (6) is energized,
the impedance of the proceqs loop cabling is resolved
and stored, displayed or transmitted as desired. The
loop impedance is used to calculate potential of a power
supply used to power the control loop. this information
is used in testing the two-wire loop.

FIGURE 1.
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"
CLAIMS _ : | TATE OF RECEIPT ... .......
1. A measurement transmitter coupllng to a two-wire

process control loop, comprising:

two terminals for coupling to the two-wire
process control loop; '

a sensor for sensing a process variable;

circuitry for transmitting the process variable
over the two-wire loop;

current setting circuitry for setting a current
through the two-wire loop to a first current
level and to a second current level;

voltage sense circuitry pfoviding a sensed
voltage output related to a sensed voltage
potential between the two terminals; and

a microprocessor coupled to the voltage sense
circuitry and the current setting circuitry
for calculating loop resistance of the two-
wire current loop based upon a difference
between the first and second current levels
and a first voltage potential sensed at the
first current level and a second voltage
potential sensed at the second current
level.

2. The measurement transmitter of claim 1 wherein
the microprocessor includes means for calculating a
potential ‘across a loop power supply based upon the
loop resistance and.one of the current levels.

3. The measurement transmitter of claim 2 wherein
the microprocessor provides a warning output if the
potential across the loop power supply is less than a
predetermined lower limit. '
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4, The measurement transmitter of claim 2 wherein
the microprocessor determines the potential across the
power supply prior to logging data, and inhibits data
logging if the potential is less than a predetermined
lower limit.

5. The measurement transmitter of claim 1 wherein
the microprocessor controls the current setting
circuitry.

6. The measurement transmitter of claim 1 wherein
the circuitry for transmitting receives the loop
resistance from the microprocessor and transmits the
loop resistance over the two-wire loop.

7. The measurement transmitter of claim 6 wherein
the loop resistance is transmitted in a digital
format.

8. The measurement transmitter of claim 1 wherein
the microprocessor monitors current in the process
control loop prior to logging data, and inhibits data
logging if current is less than a predetermined lower
limit.



