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Application of computers
and sicroprocessors in
Process Instrumentation.

MICROPROCESSOR-BASED SYSTEMS IN CONTROL
AND DATA ACQUISITION IN PROCESS PLANTS,
A_QUALITATIVE APPROACH

K.R. CHOWDHARY
Bhabha Atomic Research Centre
Reactor Operations Division

In the modern process control instrumentation the
microprocessor-based systems are predominantly being used
because of their simplicity and design standerdization of
herdware and software. The implementation has been econo-
picelly justified even in a small process of few control-
loops &8 against the computer-controlled process of olden

deys.
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PROCESSOR-BASED SYSTEMS IN CONTROL
mm ACQUISITION IN PROCESS PLANTS,
A QUALITATIVE APPROACH

K.R., Chowdhary
Bhabha Atomic Research Centre
Reactor Operations Division

the past twenty years, the automated process

contrf?riggustryphaa natuer significantly. This is due to
the introduction of the digital computer as an element of
the control system. At the beginning of this period, the
use of digital computer was limited to a supervisory status
in which the actual control was performed by various combi-
nations of relay, analog and pneumatic systems. Today,
systems are off-the-shelf digital hardware and software to
perform all the control applications. Indeed, the use of
the hardware/software combination has opened entirely new
areas of comtrol applications. The significant increase in
computer capabilities and the corresponding reduction in
sige has been accompanied by a substantial drop in cost,
This has led to a strong incentive for users to employ
computers in totally new application areas which have resul-
ted from this change in economics. Twenty years ago, few
computer control projects were initiated and these which
were could only be justified economically in terms of control
system which controlled upward of 100 loops. Today, a
microcomputer system can be justified for a small process
which contains as few as 3 or 4 control loops.

SC/MP was the first microprocessor by National
Semiconductors which was extensively used in process control
industry in diverse applications allocating the trend of
process control technology towards digital electronics. The
success of SC/MP was accounted for its application oriented
design to the industrial standerds which permitted its
operation in harsh industriasl environments. The break
by masy other prosecoons cense Tols Ty ves leter followed
Texas, HP, etc, ffiong them were intel, zilog,
GENER%ﬁggEDacongTfR APPLICAT;ON AREAS IN PROCESS INDUSTRY:
- pplications in which computers are finding
— eg ance can generally broken down into two broad areas.

e first envolves the acquisition and manipulation of

$::;g§§25¥ghy;§g:iugzragfterslof the process, for example,

’ ’ oW, level, etc. by suit

;::ﬁggzgzzg ;o produce proportional voltagz signgffe This

BERLrel o 11: :gmmon for both data-acquisition and process

it b Pplications. 1In the latter, microprocessor interact
Process in order to manage it. This normally

involves the activati
on and movement
which is incorporated into theproceasoio:pmechanical siement
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1/0 BOARDS FOR TEMPERATURE
%ﬂ ATALYSIS: DATA ACQUISITION -

) critical part of the tesperature-controller hardware
the snalog input of t ture
, - - empers , because, until the
pd 1s digl fzed, it is susceptible to interference and
4ft. Consequently, the anslog %o cigital conversion is
rried out as early as poseible end the reet of the
strusentation, including the outpute is then purely

gitel .

¥hen the number of temperature signale sonitored

gresses to a large value, standard analong input/output

ords available are the beet solution for bardware and
al oconditioning. Theee boarde bave mumberl of analog

put eignale, one pelected at a tise bty the sultiplexer;

ter A to D convereion thepe are estored in the memory for
en o result of

gther processing. The sctuating signal
ocessing, which is in the 4igital fors, ie cooverted
D/A convertore and delivered for

to analong eigosal b{

atrol of, for exasple, & velve on the fuel-line lending

) aystes which will coptro)l tbe fuel fow and consequently

pperature of the process.
These doards come cospatible %o di1fferent type of bue

M the number of analog ;:gol. vary sccording to require-

ats. For s large size (Data Acquisitiosn Syestesm)

pepe boardes consist ¢ T0-80% of tbe ayetes bardware, the

gditional requiremer - 49 only & processor board, 80

slled single board osputer, witd processor caip, ports,

pavolatile memoIy ( {PROMS) to bold tbe systes progrea,

platile memory f{oT res) tice dats storage and a clock.
Combining both input and output functiors, the

{ndicated in Pig-1,

opdinstion &nclof 1/0 board, 8s
includes & data acquisition eystem, @& digitel

» analog convertior, and a microcomputer interface

trocture, which pleces ell the circuit
in contrast, e&n arslog input board

rogrem control.
vrtains just the dete
hoe logic, while &o output board bas
YA convertors &£loRg with the required interface logicC.

®he dsta-acquisition syestes at the neart of an input
hard includes: & ppltiplexer, &B {nstrusentation espli-
Ner, a sample-end-bold € ¢ and en anslog-to-digital
oIvertor. These compopente Operé
®-board control and interface logic tha

Onder digitel

the imstrumentation asplif

St enelsy be enpeoaes, 12 et ar il o

ls d1ti ¢ necessary € ’ -

g ol anal impt cxpmder.mi'd;.
Depending on its the plexer

tither pingle ended oF differestial 1np¥ sode. 5ingle

*d gode 1s suitable fof spplicati .“.gul

els are eignificantly larger thas the ca.a:

tage present in the gystes. 1z the spplicstions such

e-®




gnal ut from thermocouple, where ¢
::;:::p;::::r;l.:nly ‘1g£' millivolts, differemtia) .1:;‘1
mode is used although it halves the channel capacity fqp a
particular multiplexer. Thewe are multiplexing techniques
which provide isolation through reed relays or optica)
couplers, so as to withstand hundreds of volte of common-
mode voltage. Among its other features the multiplexer muet
have minimum on-channel resistence for better accuracy,
typically it varies from 15052 to 2.5k .

Driving the multiplexer, the instrumentation ampli-
fier provides impedance buffering, signal gain, and Common
mode rejection. To prevent errors due to loading thig
eamplifier presents a high impedance - 100 Mega ohme Or more
to the analog input source. To increase the systenm Bengiti-
vity, amplifier boosts the input signal. The differentia)]
gain of most of these amplifiers may be programmed through
software or adjusted with resistors, typically over a range
of 1 to 1000.

Pollowing the instrumentation amplifier and for
driving the A/D convertor is sample-and-hold circuit, which
freezes its output on receipt of a software command. R
although the input signal may continue to change, the A/D
receives an essentially constant voltage throughout its
conversion cycle. For the temperature monitoring applica-
tions, where the thermocouple or RTD time constant i8s of the
order of a few seconds, the instrument amplifier 8ignal will
be reasonably constant in the A/D conversion cycle as the
A/D conversion cycle is not more than few tens of micro-
seconds, the S-H amplifier is not a requirement.

For the selection of accuracy of the DAS, resolution
of the A/D convertor plays an important role. Resolution
is usually 8, 10 or 12 bits with byte selectable data
outputs. Most A/D convertors may be connected to deliver
binary, offset binary, or two's complement codes. In terms
of software, all these convertors generate a status bit
which, depending on its logic state, signals either a
conversion in progress or end of conversion., Unless opera-
ting in a free running mode, the A/D convertor requires a
start command or strobe.

Since it is a peripheral, the input board imposes
certain signalling protocol on the bus. Por example the bus
sends out the binary value of the desired chamnnel to the
multiplexer and starts conversion process. The bus must
respond to the end-of-conversion 8ignal from the ADC. Similar
to input, an analog output board also serves as a peripheral
with digital to Analog convertors (DAC) which deliver either
current or voltage outputs. Fullscale outputs for individual
DACs are jumper selectable for 0 to 10V, + 5V and + 10 volts.
Current output version generally deliver The standard 4 to 20
mA and the output loading can range from 5052 to 4K .

In eall respect, with broad selection of speed,
sensitivity and isolation characteristics, analog I/0 boards



FROCESSING CAPABILITIES;
€y Yo the rapia
rocess control hag b P d &rowth of d4igita) computers in

een th
The hardware mebflexibility offered by the

? mga To b
cations, a digital computer syste
panner which optimg % e,
tA powerful ing
sre to be performed efficiently by the processor. For
‘ao: :._:{ t:lilthmntice :ﬁich is extensively used in pProcess
¢0 ere ar - processors ilabl .Z. 808
{rom in%ell wm.txhq'la . loating point’ aeis :

can perform floating point arithmatic
and a wide variety of arithmatic and trigonomatric
functions.

‘ DEVELOPMENTS IN TEMPERATURE SENSING AND
: SIGNAL LINBARIZATION TECHENIQUES:
BSSENSE OF COLD JUNCTION COMPENSATION IN T/Cs:

When the hot Junction of a thermocou le is maintained
at the process temperature, the cold Juncgion,
pormally terminated some where to recorder or indicator,
located in the contro) Toom, may not remain at a constant
temperature value because of the combined effect of
heating produced by electroni

C components in the instrument
'and cooling due to ai- conditicning, Consequently the

'T' across the T/C

e and will produce
any other temperature value, this can
e thermocouple Junction voltage after

ts for proportionality factor and isola-~
tion. In OEM products and standard analog i

nput boards,
emperature transducers are used for this
Job. Semiconductor temperature transducer, for example,
AD 590 or AC 2626 from analog devices produces a linear
output current of 1,0 microamperes/°k. This can be mani-
pulated with all the other temperature input signals to
‘he acquisition system. The manipulation can be done at
the hardware stage, before the multiplexer or later in the
Software after A/D conversion. The current signal trans-
ucers have the advantage that they are unaffected by the
Yoltage drops and induced voltage along the transmission
hige and the signal can be cerr%edito :]L.ong distances
t th i of sigaal.

mggcode AT 1743708 IHTREPOLAIIOH-TECE:I'Q’EBS:

es ol thermocouples generate some em en
%A}i :ygitference of tegperature across its junctions.
m‘ Semf is not a linear function of the differential

across its junctions. Consequently if same is
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uped, ssuming ipear, in control and data acquisition a
ificant ngﬂl:ude oi‘ error is involved. ?{e pm::g:t
up:dc:ocwputer system have solved this pro 1:- by i
::ycnned thermocouple linesrization in t'gi::hand gg:ge air s
momvolatile memory etable of T/C te.perath . Sorne
ndingemf in digitel form is stored B0 alllimylt ?m )
gfzre velue can be caslculated for a given mi fvo tg en
required. For example, the entries are made foT ermo-
couple linearigation every 25 microvolts for a 50 millivolt
range, this teble will have 2000 entries. Further, each
cntry'neeu 2 bytes, eo it requires roughly 4K memory. But
thip is guite an enconvenient formate for byte structured
e letion techniques that would reduce the

interpo L
mmbefyof e:g'iea by estimeting the function value in
between, the same job can be done by a much smaller table and

better accuracy.

Where sccuracy requirement is not high, linear
interpoletion can be used but it causes errors by ignoring
the derivetivee of the function past the first. Second-
order interpoletion epproximates the function with a
quedrstic, thue, better performance is expected (but not
without more computetions). To make the arithmatic simple
it ie importent thet there is constant spacing between the
detes. The general cless of interpolation formulas using
constent difference i termed as "finite difference
interpoletion", Notetion in the below given formulas uses
the A (delts) or operator, defined as:

Af(r;) = f(Xo4K )~ £(X)

slso written as Afy, Becond order differences are
defined as

2
At= Afirn— f;
and in general
x 3
fi= Afisi— A f'c'

4 typicel interpolati
interpolat ion:rp on formula is Newton's forward

Foo= £ + (x-x P afy

=%) T (X=Xi) (X% yai '53'&
:'g: :;:g;ig;gig;: htlterpoln ion is rosaonablg good for all
thap 0.1 0f process control giving accuracies better

IMPACT OF THIN FILn SENSOR TECHNOLOGY:

Ad
o b.tz::O::ctrn electronic eignal conditioning and the need
8y and stability have been responsible for

therme) p pteri
t{ eis in RTD 8ensors, Aleo, while all three

TDe - wi
become more ltablor:;guz:' rotok film and thin filn - have

°zr3t°- thin film sensors are
in nicroproceasor-baaod produun-or oy Ket. ldeal for use

replace thermoc cts, they are being used t
4 ouples in many applications, ue need To

With ¢
e use of licroproconora, error in the RTDs
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_ to thermal hysteris
o order of 0.04%. The taneeiought down to miniwms
sors with poor thermal ﬁyﬁggﬁgcge:r g
st 3es Thon the terperiture rine, 1o geall, or tae
. 8 a e either end of the
nge s thermal hysterisis will have little effect'::.giz
1 sccuracy. Conversely, when the measured tempe-
ture range is wide or the thermal history of the sensor
g unknown, the_hysterisis can be a major source of error.
The thin film RTDs have two major areas of applica-
on: OEM Products and fast-response control systems. For
jpits, their low cost and excellent accuracy make them
eal for use in microprocessor-based industirial contro-
hers and resdouts. Also, the thin film RTDs offer a
jght weight low mass package which is very competitive

ith thermocouples.
In conclusion, the recent entry of microprocessor
sed systems into a broad field of process control
pplications is substiating the billing as & "Super-compo-
nt". Single board computers provide a solution to
1ved by the use of

versal problems that have not been so
onventional computers: cost, size and design specilization.
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