The use of smart
loop monitors
can save
manpowear
costs and
maintenance
time, and
prevent false
shutdowns.
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housands of smart instruments are hard

at work in process plants throughout the

warld. Though a number of smart trans-
mitter technodogies ane on the market, the
maost widely applied is the HART® (Highway
Addressable Remote Transducer) digital
communications protocol. Offered by liter-
ally dozens of manufacturers, there are
smart HART transmitters available to handle
nearly every type of process measurement.
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The HART protocol uses the frequency
shift keying (FSK) principle derived from the
Bell 202 communication standard to siemulks-
necusly communicate analog and  digital
signals om the same two wires, The method
calls for a digital signal made up of sine
waves from two frequencies, 1200 He and
22001 H, to be superimposed onto 4-20 mA
JL‘H.FF wiring. The 1200 Hz frequency signal
represents bit 1, and the 2200 Hz signal nep-

. mesents bit 0 {(Figure 7). The average

value of the frequency signal is
always zero, so the amalog signal is
| unaffected by i prsence,

Introduced in 198%, HART was
one of the first industrial profocols
that was capable of providing two-
way digital commumnications between
field instruments and the control
rood. At the time, many believed that
one day it would routinely be used as
an  all-digital data transmission
miethod. and eventually replace the 4-
20 mA analog standard. The thinking
was that digital data containing a
wide array of information feom multi-
dropped field instruments would be
sent directly to a HART-communicat-
| ing control system, The Information
comtained  would include  process
measurements, identification infor-
mation like tag numbers, comfigura-
tion and calibration parameters, and
instrument diagnestics,

But almost ten vears after the
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introduction of this technology into the
industrial market, the vast magority of smart
HART instrumients are still vsed inoa traci-
Himal r|||:|n1-l-:'--|::-c'-i1:|l .tn.sl-:'.l; moclic. HART s
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inﬂ A comvenient way fo Ex-rirxir;;nll:..- chick
and  me-configurne smart instmiments  once
they are installed in the febd, Digital inter
i= most often
accomplished when a technician connects a
handheld communicator o a lermination
point aleng the current loop

Because maost control systems won't han-
die HAKT digital data, it hasn't become a
widely implemented b-direchional commuimi-
catioms strategy, And, at 1200 baud, it general-
Iy is thomaght to be too slow for many of these

face with the instrument
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types of applications. A= a result,
there are thousands of smard
HART imstruments out there (hal
could be delivering a lot more
than a solitary 4-20 mA signal.
Waluable process and diagnostic
information that couald,
should, be used o |||.'][.'l '|.1mt|.'l."|
|'II1I.1 t':l.l'llll'".L' | F'IIH.I.‘."-E"- FlE'Er
miakes it ikt of the feld.

and

Unbotling the HART "genie”

Th kl.':r' ik :'.||1:I1|'I|..-"ir|;.; 1
smart HART transmitter's intelli-
BEne iw ko momitor and uwe thie
digital information that'= al
walys riding transparently on its
420 mA loop. Included in the
digital signal is field devioe sta
tus data that tells you when the
smart instrument, or its process
inpuit, is not behaving properly
(see Tabde o feftd

For example, it's nol
uncommaon for a smart transmit-
ter's analog output to lock up
Referred ke as a transmikter
seizure, latch, or freeze, this

{ problem can be caused by a vari-
| ety of circumstances such as a
| Hghining strike, RFI/EMI intes-
| Ference, or a short cireuit created
| by water Aowing through con-

duit into the fransmibers elec-
Eromies ."u.l:l.- of these can cause a
I:rI:ILn'\II.In'\-\.'\:'h-ﬁ1|"-|:"..1.‘HI.'|J. transiminl-
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ter's digital-to-analog (D7 Al converter to stop
FI-II'Il.'I'ilJI'IiI.'I.g When it dioses, the aufput lowks
at a level that doesn't reflect real process con-
ditions {Fig. 2). The danger here is that you
may not know there's a problem. The 4-20
mA signal may be locked at a level that looks
perfectly fine to vou, and ks the distributed
contmol system.

The only way o head off this situation is
b continuously mondtor the smart insto-
mient's digital diagnestic information, Unfor-
tunately, msost af us can't afford a new HAKT-
cormmunicating DCS. And dedicating a tech-
mician to walkch every trouble-prone loop 24
hours a dav & out of the question,

Cme salution is use smart loop monitors
and alarms designed to continuously tap into
i smart HART tramsmitter's Ridden digital
information (Fig. 3k Introduced o the
process sceme over the past vear, smart loop
monitors ane already available in configura-
Hons ranging from a simple single point
alarm trip to highly functional instruments
that accommodate multiple inputs with
mixed alarm and analog outputs.,

Beyond analog high/low alaming

Analog alarm trips’ (or switches) have
been used for vears o monktor a loop and
provide wamings and process shutdown
when high or low process conditions are
detectod. These alarms act on a current or
voltage signal, of on a primary sensor input
such as an KT They trip when the process
input excesds high or kow rip points select-
ed by the user. Thelr contact closure outputs
can be used W provide everything from a
simple annumciator waming to complete
process shutdown,

Mew smart loop monitors provide (he
same process variable high/low alarm func-
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Hons, plus a lot more. Mounted transpanent-
Iy onto the 420 mA boop, their job i o con-
tinually monitor the constant fow of digital
information that's being transmitted by a
HART instrumsent.

Because they mosiios o smark fransmit-
ter's digital data (in place of an analog sig-
nall, they have access to a wide range of
additional process status and instrument
diagnostic informatton (Fige. 4 and 3, In
addition to alarming on high or low process
conditions, smart lvop monitors can provide
contact closure outputs when instrument
and input fault conditions are detected. This
information can be wsed to detect imstroment
inefficiencies amd malfunctions, reduce
maintenance and trmoubleshooting time, and
reduce the number af costhy false shubdmams,

Avsiding false shutdowns

False shutdowms are a major source of
frestration, shattered schedules, and blown
budgets. A smart transmitter, like a regular
anabog, transmitter, drives its 4-20 mA output
upscale or downscale to warn that there's a
prodlem (Fig, 61 At the control svstem, veu'l]
know something is wrong, but vou won't

SEFTEMBER 1995 IRCS

79



HAT [l

Ll

Tramrdies

e N NN

4 ek PRpaEaTng Ta
Py WaERE (LN

T v Peul HJ

= i &

Fonp® il (T S ——JHF

= e o mm owm owm mm o o

4- 271 ref ige Third Yoriobls [TF)

Sreyl | oop Meridor 2ed Hah

4:710mé Reprrmniing e
Primary ‘Wi ([Fieres gl Sreses)

Hie
L Te g ]
T e

Ermar Loop Monilor ong Am

1700

Fespresaniy e
Fourh Voriobis (Tempeegioe;

iz, % Smarf HART aioems
can be el fa np ¥ they
serise fgh Tow peacedd
candifovis o an, kama,
o @l of the primary, sec-
ond, Mird, and/or Kurth
vviaties

B, 10 A smar alanm e
fand o 4-20 M eiresen-
fation af o mufvoriable
franemiter’s pamany, k-
and, thing, ar faurff wan-
abies o the DCE ar
bockup sysieume

([

| IMCS SEPTEMBER 1998

knioaw what's causing the problem. [t may be
a magar process malfunction that warrants an
emergency shitdown, bul more Likely it's &
nomeritical sensor of iransmitter failure. For
these types of mointenmiece problems (as
opposed bo the more serious process prob-
lems), you probably dom't want an expensive
and disruptive shutdown.

Unfortunately, some control systems ane
impossible, or very difficult, o configune
such that vou can easily tell the difference
between a maintenance and a process prob-
lem. With these systems, to avoid a lob of
wasted  product, damage b equipment, or
worse, a dangerous condition, you may have

ner chioboe Buk o shut down until you can fig-
ure cast exactly what's going on. Or, your DCS
strabegy may make the decision for you with
an automatic shubdoswn.

Perhaps the biggest advantage of the
smart kyop monitor is that it can use a smart
transmitter's digital data o distinguish
bebween o noncritical instrument problem
and a true process problem (Fig. 7L Some
smart loop memitors allow vou to configune
which instrument fault and /or process vari-
able parameters you want them to alarm on
and which vou don't, Instead of arbitrarily
shutting down on a nebulous ransmitter
upscale/downscale action, you can set the
monitor to issee 4 shutdown command only
on conditions that you specife. Other trips
can be set to report noncritical problems, sig-
naling that a technician should b sent out o
correct the problem

Multivaricble transmilters:
Mare than meels the aye

Some of the mewest HART transmitters
are designed to simultaneously measurne
multple process elements such as pressure,
differential  pressure, and temperature
Called the second, third, and fourth varn-
ables, these measurements are often used by
the transmutter o provide a compensated or
cabculated value, such as mass dow, The
resulting value, called the HART prirmary
vanabhe, 15 the one that & sent as a 420 mA
signal to the DCS (Fig. 8.

In some process applications, ik may be
advan tgeous o montkor One oF mone mon-
primary varahbles. For example, if you have
a process that is very temperature-sensitive,
you might want to keep track of the temper-
ature variable in addition to the calculated
miass flow

Digital information from the second,
third, and fourth variables also rides on the 4-
30 mA loop, along with the diagnostic infor-
mation discussed eartier, Uinfortunately, most
systems can't read this data either, so then's
o way o contineally momitor it

The solution is touse a smart loop mon-
itor o access supplemental multivariable
transmitter information. Installed onbo the
#-20 mA loop, these monitors can keep track
al one, some, or all of the multivariable
tranamitter's measurements. The more



advanced monitors can be configured to trip
if they sense unwanted high/low process
conditions from one, some, or all of the pri-
mary, second, third, and/or fourth vari-
ables. The contact closure alarms can be senl
to the DCS, or o albernabe monitoring and
comtrol systems (Fig. 9,

II' analog (in addition to alarm) signals
are requined, some smart loop monitors ane
able to convert one or mome analog signals
from the HART digital data. In the case of sin-
gle-variable smart transmitters, this allows
you to send an identical 4-20 mA measure-
ment to two locations. For multivariable
transmitters, a 4-20 mA representation of the
primary, second, thind, or fourth variables
can be sent to the DCS, or to backup monitor-
ing and control systems (Fig. 0.

A notural maich

The very characteristic that has made
smart HART transmitters so popular is also
the foremost attribute of the new class of
smart koop monitors and alarms. Like HART

instruments, smart loop monitors let you
capitalize on highly functional digital tech-
nodogy, while still providing signal types that
can be readily used by existing analog mond-
toring and control systems, Thus, untl you
can go all-digital, smart loop monitoss will
help you get the mest from the smart capa-
bilitiest you have today.
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Joseph Hage, vice president of engineer-
ing for Moore Indusiries-International, Inc.,
iversees new  product development. For
more than tem years, his speciality has been
developing smart interfaces designed to
bridge the gap between analog and digital
technologies.
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