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PREFACE

The Departw2nt of Housing and Urban
Development (HUM) is conducting the Moiular
Integrated Ntility System (MIUS) Prcgram
devoted to developrent and demcnstration of
th2 techwuical, =conomic, and institutional
advantaqges of integrating the systems for
providing all or several of the utility serv-
ices for a community. Th2 utility services
inclvile elactric power, heating and cooling,
rotabls water, liguid-waste treatment, and
solid-waste management, The objective of the
MI1U5 concept is to provide the desired util-
ity services conrsistent with reduced use of
critical ratural resources, protection ot the
environment, and minimized cost. The progranm
goal is to fcster, by etftfective development
and demonstration, 2arly implementation of
th2 integrated utility system concept by the
organization, nrivate or public, selected by
a given.community to provide its utilities,

Tnder HUD directicn, several agencies
are participating in the HUD-MIUS Program,
including the Atomic Tnergy Commission, the
Department of nN=fense, the Fnvironmental
Prctection Agency, the National Aeronautics
and Space Administration, and the National
Bureau of Standards (NBS). The National
Academy of Engineering is providing an inde-
pendent assessmont of the Precgram.

This publication is one of a series
develored under the HUD-MIUS Program and is
intended to further a particular aspect of
the rrcgram goals,
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COORDINATED TECHNICAL REVIEW

Drafts of technical documents are reviewed by the
agencies participating in the HUD-MIUS Program.
Conments ars assenbleu by the NBS Team, HUD-MIUS
Project, into a Coordinated Technical Review, The
draft of this publication received such a revievw and

all comments were reso.ved.
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TFCHNCIOGY EVALUATICN CF CONTROL/MONITORING

SYST®MS FCE MIUS APPLICATION

o s Y

By L. “aricn Pringle, Jr.
Lyndon B. Jchnson Space Center

: SUMHARY

Tha Urban Systems Project Oftice at tha NASA Lyndon 3,
Johnscn Space Center has conducted a general survey of
possible systems and hardware reguired fcr
ccntrol/monitoring in a Modular Integrated Utility System
(MIUS). This survey was scheduled for completion early in
the YIUS Program bhecause its purpose supports early events
in the program sequence, The purgose of the survey is to
fariliarize aerospac® engineers who will undertake the
design and analysis worhk specific toc MIUS with anpropriate
technigyues and hardware for monitoring and ccntrol of
individual prccesses that are applicable to MIUS; that is,
powar generaticn, solid-waste tr=atm=2nt, et cetera.

This repert givz2s a goneral description of
control/monitoring hardware, including logic controls,
central contrcl stations, subsystem hardware, and actuators,
Several operational control/monitoring systems were visited
during the survey and are described herein. The
requirements for a control/monitoring system for the MIUS
are given., The results of the initial survey show that only
cne major hardware dA=velopment is raquired - the autoratic
monitoring of waste and water treatment fprccesses, Computer
modeling c: MIUS subsystems is a required software ‘
development, In keeping with the directive for use of

. articles c¢f ccrmerce in the dovelopment of the MIUS desian,
the survey has shcwn that a wide range of capabilities
exists that will provide the MIUS a contrcl/mcnitcring

. system for which equipment exists as off-the-shelf hardware.
Bas«wline systems have bheen selected.

This repcrt shou'd be considered as a tirst look at the
control/monitoring system technology., 11t is nct intended to
be the final assessmeont nor an economic assessment of this
technology. It is anticipated that the Perartment cof
Housing and Urban Devalopment (HUL) MIOUS project will
continue an in-depth study of the control/monitoring
subject.
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The optimization of the overall Modular Integrated
Utility Systm (MIUS) operations an’ the individual
subsystom prccesses is provided by the control/monitoring
equipment, Techniques for monitering and centrcl cf
individual fprocesses that are applicable to the MIUS - that
is, power generaticn, waste processing, and air-conditioning
= have been dJdermonstrated in various implementations.,
Examples of these techniques are includ2d in this report.
Many ot these 2xamples are advanced to an operational state
that requires no technclogical improvement or further
research to meet the expected MIUS requirements for these
tyres of subsystems, ¥or exaample, the operational contrcl
cf rumps, valves, motors, and switchas on offshore oil well
plattorms by using r:mote contrs) and monitoring devices
provides techniques that can be uscd in the MIUS Frograwm.
The requirements to control flow, pressures, temperatures,
and :ixtures of liquids aud semiliquids on these platforms :
can be applied directly tc the MIUS water and liquid-~waste
treatment subsysters., Some developmental effcrts funded by
the Departmant of Housing and Urban Develcpment (HUD) and
the Fnvironmertal Protection Agency (EPA) should also be
considerad as MIUS candidate subsystems. These efforts
inccrporate ccntrol and monitoring techniques that are
similarly advanced heyond tha conventicnal apgrcaches,

Total-enerqy plants for power generation and heat/cooling
functions and for solid-waste pickuf and incineraticn
technijues are some of the examples that are summarized in
this regcrt.

The design definition of the MIUS control system will
be accomplished through a consid<:ation of the individual
techniqu2s irplementsd in applicabls areas; hcwever, an
extensive correlation of thes=2 techniques will Le required
so that the integrat=d systems apprcach tc the overall
operations can be achieved., This regort identifies the
availabla techninues fcr controlling individual subsystenms
ind points and gives examgles of supervisory control
implementations on related system agplicaticns,

In scme of the cases - for example, power generaticn
cecntrols - individual controllars are dedicated to
particular motor generation units with a master control unit
supervising the overall operation. This illustrates th-
directicn in which the MIUS control system definiticn is
troceeding; that is, toward a central control station that
is coynizant of the s=2veral processes, This type of control
center concept will allow tor the optimization of each
individual subsystem performance, based cn its effect on the
overall crperations.
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As an aid to the reader, whare necessary th2 original
units ot measure have been converted to the equivalant value
in the Systdpe International d'Unitdés (SI). The SI units
are written first, and the original units are writ* -.
parenthetically thereafter,

GENESBAL_DESCRIPTION Jf CONIROL/MONITORING HAEDWARE

LOGIC CONTROLS

The tollcwing discussion of control/monitoring hardware
is rased on the curr~nt state of the art.,

Logic controls are remote sensinc and actuation devices
thact will provide the “IUS control/mcnitoring syster with
the input and output signals from th2 subhsystems., A gereral
description, the interfac=2 range, th2 relative cost, and the
advantages an. liwmitations of each type ot controller are
presented.

Flectromechanical Pelays

kelays are the tirst generation of logic controls.
They are available with normally open and,/or normallv closed
contacts, cn-off cr off-ielay timers (using motor, therral,
radio-ccntrolled circuit, and dashpot techniques), and
magnetic latching, =Relays range from general-purpose
commercial to high-performance industrial relays to military
and special-purpose types. They are available in sizes from
miniature to large ani can be mounted on panels or used in
plug-in sockets. Th2 enclosures fer the relays are both
standard (dustfroof and hermetically sealed) and open tyges.
A wide range of current ani voltage levels is availatle in
direct current and alternating current. Generally, the
relays are 2 tc 10 amperes with voltages as large as 6CGC
volts,

Felays provid~ controls at a very lov relative ccst. A
srall ccntrecl system can be only a fraction of the cost cf
other systems if the logic is simple and can ke done with
relatively few relays,

Mdvaptages.- Eleéctromechdanical relays are a good choice
for simpler systems with a moderate number cf inputs and
outputs and a moderate number of logic decisions. They
rrovide good reliability at lower cyclic oparating rates,
Yaintenance personnel are most familiar with this type of
contrcl, and electromechanical relays are ra2latively easy to



maintain. Wide flexibility in selection of contact
arrangem=nts and ratings is possible. Llow contact
resistance, generally a few milliohms, is typical, Relays
ate least sencitive to underrating. The treakdown voltage
is generally many times the operating voltage because of the
rugged construction of the relays., Fairly standardized
contiquraticns are available., Wiring to pilot and output
devices is easily facilitated because inherent voltage and
power levels are sufficient. FRelays generally can tke used
in aghient temreratures as high as 343 K (779 C). Other
types ar> available for higner temperatura2s. Eelays dc not
Jenerate a large amount of heat, and they provide higk noise
ismunity, The inputs and outputs are completely isolated.
There 1s rarely a requirement tor auxiliary power supglies
cr for input/output voltage converters. Because input logic
and cutput voltages are usually the same, cost advantages
can result, PBelays can have low therral electrcmctive fcrce
(pnf) characteristics. The relay control system is custon
designed and wired uniquely to fit the specific design. 1Tts
operation can be detected audibly and visually.

life if the operating rate is high., The variability cf
creratinu time on alternating-current wave shape complicates
cecntrcl for radiotrequancy interference (RFI) suppressicn,
These relays are slow in switching ti-~=2 (generally 15 to 23
milliseconds) and comparatively large n size. Relays
consume mcre pcwer than equivalent electronic systems and
can be adversely affected by vitraticn, heat, c¢r caustic
otmosphere, Fxterrnal suppression of the coils may te
requira2d to avecid inadvertz2nt solid-state triggering if <he
relays are used in proxiTity tc sclil-state devices, The
response time in cascaded circuits may place inharent
limivations on production cycle times, Response times fcr
similar devices within a given system can vary.

Solid-State Relays

Solid-state relays are made from thyristors, silicone-
controlled rectifiers, Triac switches, or power transistors
and ar2 used fcr power switching. They are availaltle with
ncrrally open and normally closed contacts. Cn-off delay
timers generally use remote-control circuits and are also
available, It is technically pcssible toc match vcltage angd
current capabilities of electromechanical relays: however,
the availatility of off-the-shelt solid-state relays that do
tnis is limited,

Solid-state relays are more expensive than 2lectrc-
rechanical cr hybrid relays. List vrices for solid-state
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relays ©¢. v "uit about tovr times more than those for electre-
mechanical relays,

Advantages.- The power needed to drive sclid-state
relays is compatible with low=-driving capabilities of sclig-
state lcgic elements. The low-level input requirements ease
interface problems with complex solii-state control systers,
Solid-state relays ar2 useful for high-cyclz-rate controls
and can accept a wid= range of alterrating- and direct-
current input voltages, Units are availahle that are
interchangeahkle with .lectromechanical relays, relative tc
apflication, wiring, and maintenance. Solid-state ecircuitry
can Aliminate RFI on opening; zero-crossing circritry can
eliminate FFI cn clcsing, Thase relays can operate at high
speeds (mictcseconds)., The lifeotime of solid-state relavs
is ygen=rally considerabhly longer than that of electro-
machanical relays. Transformer cr cptical ccupling prevides
corplete isolaticn batween input and output, as well as
Fetwean poles, Poles can be mad2 convertilkle ty inverting
plug-in units, Solid-state relays can be used in
tapperatur2s as high as 343 K (709 C). Excelleut shock and
vikration resistance is provided. They are easy to maintain
if not potted., Phase control of silicone-controlleu-
rectifier (SCF) or Triac firing can ririwmize surge currents
caused by indcuctive or other loads. This type of relay
generally has ycod surge current handling capability,
typically 10 rimes tha rated current for one alternating-
current cycl=,

Limitations.=- Solid-state relays have a junction
voltage drop of approximately 0,7 *c 1.5 vclts, 1They
require built-in cr ~xterpal heat sinking to curb heat
dissipation caused by juncticn voltage, They alsc rzquire
built-in or external suppression circuits on input angd
output sections tc ccunteract electrical ncise that could
cause inadvertent triggering. For sraller ratings, their
size is ccmpatable tc that of cther types; but as ratings
increase, their overall siz~ (size of unit plus size of
heat-sinking acccrmodation) comparatively increases., There
is limited availability of standard characteristics.
whereas functicne from a given manufacturer Jgenerally are
compatible, logic from two Jdifferent vendcrs usuvally is not
compatible, The d2sign procedure is similar for all
vendors, but the symhols, voltage levels, and functions
available diftear amonq manufacturers. The btreakdown vcltaye
is rairly close to oparating voltage (operating voltage glus
approximately 170 volts). Surge voltages can cause
conducticn for ona-~half of an altern-*ing cycle. When
Ariving an inductive load, solid-state relays ar2 sulbiject to
a secondary breakdcwn of the power semiconductor unless
there is dicde suppression. Thes2 relays require a

W



precisely designed syst=m because underrating can cause
failure.

Drj—Reed Relays

Dry-reed relays can perfcrs all relay functions but are
qgenerally used at lower power levels. They are availatle
packayed as shift reqgisters, or flip-flops, that use
maynretic latch relay and thus have retentive memory.

Special lcgic units are also available. A_ many as six
Foles are readily aviilahle; the number depends on the form
(A, B, or C) s=lected. Special combinaticns can exceed the
nusber cf generally available poles - those availatle with
normally open contacts, normally clcsed ccntacte, magnetic
latching, and time ieflay (using solid-state driver and reed
relay output). Dry--eed relays are used for electronic
prcc2ss centrcl equipment in low-level switching
applications, including instrumentaticn, lcgic switching
Arrays, high-frequency switching, control of other relays
and sclenoids, nigh-voltage switching, and current a&nd
voltage sensirg. Applications include electrostatic ccriers
and comruters, transfer machines, and conveyors.

Dry-reed relavs are available in typical levels tc 25C
volts; the upper limit is generally 1007 volts. The maximur
current is 3 amperes for all types. High-voltage dry-reed
relays are also availabla to 20 kilovolts and 1 milliarpere
of current for direct-current resistive loads.

The ccmponent cost can be equivalent, Ltut it is
genarally mcre expensive to implement dry-reed relays in
special logic units rather than standard elactrcmeckanical
relay systems tecaus< direct-current pcwer is requirzd. 1In
single-throw applications, dry-reed relays can te
competitive with the elactromechanical relays. They are
less expensive than marcury-wetted, hybrid, or solid-state
relays.

nlass to provide increased envircnmental reliability.
Rcuting of wiring to pilot and output devices is
facilitated, Ccmpar:d with solid-state relays, dry-reed
relays are less susceptible to overload. f1hey can operate
mounted in any position, They are approximately 3 times as
fast and have 20 timas the life of standard electro-
mechanical relays, Operating speeds range frcm 1 to 6
milliseconds, depending on contact configuration and coil
driving power., Operating temperature ranges to 358 K

(B9 C)., Maintenance fpersonnel can te trained in a shcrt
pericd of time because the basic theory, symhols, and test
techniques cf electromechanical relays apply. 1Inouts and
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outputs can be made to the rsed system withcut a need for
signal ccnverters or simplifiers. Reed relays have very lov
contact noise and can exhibit very low thermal eaf
characteristics, They are generally rated for 100 sillion
cperaticns at signal level loads and 5 to 10 sillion
operations at rated lcads. Coegplete input/cutput isolaticn
is provided, <Cosglex interface groblems involving a wide
range of sigral and power levels can be solved through the
use or dry-reed relays. They cgerate with very lcw coil
power requir2ments {(generally in the millivatt region).
dreakdown voltage, whan compared with operating voltage, can
ke very »uch higher., These relays are availatle with
. integrated circuit-comgatibhle (standard 5-volt diode
transistor logics/transistor transistor lcgic (DTL/TTL)
drives) low-profile packages designed fcr grinted circvuit
toard sounting., Pry-reed relays ar2 generally issune tc
false trigygerirg by overload transients and have less
contact tcunce and greater rasistanc2 to shock and vitratica
thar electrcmechynical relays.

\
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Limitaticns.- Dry-reed relays are sore susceptible tc
an overlodad than are electromachanical relays. They are
slcwer thar scl'id-stata switches bu+t are as fast as the
tastest ot the 2lectromechanical swi*ches. The dry-reed
relays are relatively larger than switching transistors, aind
their opan ccnstructicn is more fragile tkan- that of
transistors. Contact grotecticn is required fcr wmecst
reactive (capacitive or inductive) loads and for tungsten
lamp loads. These I:lays are susceptible to stray amagnetic
fields and therefore need shielding. They are usually luilt
for direct-current oparation but can be usel on alternating-
current circuits with groper filtering.

Mercury-Wetted Contact Relays

The mercury-wetted contact relays switch on a file of
mercury. Ihe contacts ar€ glass-encagsulatsd fixed urder
qas pressure with a povakle reed armature. The fixed

- contacts are ccntinuously mercury wetted through capillary
action. The switch action is produced by an electromagnetic
tield that mcves the armature from the normally closed
contac* to the norwmally cpen contact. These relays can
cperate in 1 rillisecond in single-pole forms. The lifetirwe
nof these relays is approximately 100 milliom to 10 Lkillion
operations, degpending cn the lcad., Contact relays are
available as plug-in units tor printed circuit Ltoard
enclosures. They car e€asily switchn lcw-leval or logic loaids
and syster pcwer load levels. There is a very wide range of
permissible operatina voltage in addition to nominal
voltage. The high r:peatability afforded ty mercury-swetted
relays makes them us=ful in data transmission, telephcre,

i



and telegraph applications. Tso-pcle relays are most cowaon
fcr printed circuit mountings; four poles are most coskron
for pluy-in tyges.

Operating-condition maximuss fcr rercury relays are 50%
vclts direct current cr peak alternating current and S
amperes airect current or p2ak alternating current; the
terperature range is 235 to 378 K (=389 to 1CS° (C).
Mercury-wetted relays are generally mora expensive than
electromechanical and dry-reed relays, They are comparatle
in rrice to hyhrids and less expensive than solid-stat<
relays,

Agvantages.- Mercury-vetted relays cffer lcw and stable
contact resistance. The speed ranges frce 1 to 6 milli-
seccnrdg, with high rapeatability., They are gcod switches
tor level signals and require less power to operate than
other electrceechanical devices. Mercury-vetted relays can
pe dariver by sclid-state circuitry because of low power
input requirerents., They bave lcw ccntact noicse and tigh
infput/output isolation. The constant contact resistance
variaticn is typically ¢2 milliohms, They can withstand
transients hetter than solid-state relays can. These relavs
trcevide pcsitive on-otf switching vith relatively no tcunce
of contacts btecause of the curhicnirg effect cf the mercury
film. This capatility makes possible a vary wide drive-
rower range, The film and pressurized hydrogen atmostghere
alsc dissipate heat and minimize contact erosion.

Limitaticns.- H;rcury wetted relays are position
sensitive, Ihc focl ot mercury must be at the btottom of the
capsule for carillary action., They are not as resistant to
overlcads as electromechanical relays are but are more

resistant than reed relays. Ccantact protection is required

fcr mcst reactive (capacitive or inductive) loads.

Hybrid FRelays

The hybrid generally consists ot reed relay input and
semiconductor cutput but can he the oppcsite. It is
available with built-in amplifiers to directly interface
low-level signals (DTL,/TTL) and ocutfput power control
requirements., A lifetime of approxisately 10 rillicn
Cperations (the same as for the reed device) is ncrral,
Voltage and current capabilities depond on the solid-state
device used and on the mcunting and enclosure methods.,

The input to the hybrid relays ranges from 6 to 48 V dc
or 24 to 115 V ac., Current ratings range from apgroxirately
Je5 tc 7 amperes rms at 6C hertz and 298 K (25° C). Higher
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current ratings can bhe achieved with additional heat
sinking.

Hykrids are three times as exgensive as electrc-
rechanical relays, but their lifetime is considerably
qreater.

Advantages.- Hyorids combine the lcug life of solid-
state relays with th2 input/output isolaticn cf reei relays.
They can interface s2miconducter logic circuits with
inductiv: lcads (motours, sclenoids, tungsten lamp loads, and
traenstorver. ,. They can accapt a wide range of input
voltages, 1Interference is inherently eliminated on opening
and clcsing hy use of a zero-crossing circuit. With load
derating andy/cr imgroved heat sinking, they can be used in
teryeratures aktove 298 K (25° C). Eecause of reed relays or
1nguts, hykrids are g=nerally more immune than all solid-
state devices tc inadvertent triggering by input transients.

Lipitatjons.- There 1s little standardization of hykrid
relays. Built-in or external heat sinking is requira4 to
dissipate heat frcm juncticn voltages. Maintenance
perscnnel must be highly trained. Auxiliary power supglies
are needcd if precise requlation is required on amplifier-
driven units,

Functioral Systems (Special Electronic Logic rackages)

Special electronic packages find arplicaticn whare
system complexity is moderate - between that cf
2lectroraechanical control systems and that of wired lcgic,
printed circuit card systams, They Jenerally consist of 1
to 10 salf-ccntained modules. Each modules consists of input
sensors and sensor interface, decision logic and tire
delays, an output section, and a power supply operating frcr
standard 117 V ac., Basically, 2ach module is equivalent to
cne or two linfs of 4 relay ladder diaqram, The modules are
ccupled to proximity and photoelectric sensors to provide a
complete electronic system to reet special needs for
reliability, high-sp<ed response, anrd ncncontact sensing,
Inspecticn, sarpling, counting, synchronization,
ccofirmaticn, protec*ion, flow control, and operation
validaticn are available in standard functional systenms,
Functional systems use a maximum voltage of 115 volts for
inputs and outputs, Low-level direct-current vcltage cf a
tew millivelts tc 24 V dc is used for the logic.

A sclid-state~-type control system can be confiqured in
this ranrer at relatively low cost, The overall cost falls
betwe=n that ct a relay system and that of 2 morec comfplex
hardwired solid-state systen,
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Advantages.- Each module is fully indepeudent with its
own powel supply, and modules are easily tied tcyether fcr
mcre complex requirements, Thay usually find applicaticn in
fairly simple systems in which limit switches and
alectromechanical relays suffer frcr ccrparatively short
lifetimes because of high operational rates and in which
ccoglex tiring, time delay, and lcqgic processing are not
eccnomical with the use of relays. They can Le used in
ccrbhinaticn with relays and lisit switches in specific areas
where sp2cial requirements indicate the use of a functicnal
solid-state "package," These packages are vikration
resistant,

that they must be spacifically tailcred tc the applicaticn.
Plant rerscnnel are not e2xperienced in the maintepance and
use of these systems. The costs incrz2ase rapidly for
systems larger than the equivalent ot 10 to 20 relays.

Hardwir>d Solid-State Controllsrs

liardwired solid-stats controllers are the sescond
generaticn c¢f logic controls. They are used for contrclling
a large number of functions in such applications as
automotive, packaqging, focd processing, multistaticn
transfer lines, injection molding amachines, metal casting,
and matarials handling equipment. They use integrated
circuits and discret= components (diodes and transistcrs)
for logic circuitry. Th2 ccntrcllers include functicnal
¢ rds rcr basic lcgic gites, up and down counters, shif*
reqist2res, range tim2rs, flip-flops, ret=antive memories, and
assortad inputs and outputs. Generally, card-mounted lcgic
functions are fplugged into rack-mounted connectors or panel-
mounted receptacles. The cards are classified as input
interface, logic, anl output interface; their inter-
cornections are wired according to a logic diagram or a
systers logic equation,

Th- solid-state ccntrollers cperate cn 115 velts, input
¢ outgut, whereas logic circuits make use of low-level
signals (5 to 24 V ic)., Solid-state controllers comprise
fewer compcnents (only ne2d2d functions are purchased) ani
Aare less expensive than the more universal gprcqrammatle
units, Although engineécring, assesbling, and dccumenting
costs must be considered for tailor-mad2 systems, they can
ofter. ne spread over multiple applications %o produce a
large system for a reasonahle overall cost,

designed
They opera

Advantages.- Solid-state ccntrollers are custom
, have long lifetimes, and have nc mcving garcts.,
te at hiaqh speeds, are ccrpact in size, and are
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very reliatle, Their control actions are highly repeatatle.
They can re easily protected against adverse environments,
Cards frcm which a solid-state controller is tuilt generally
contdain more function types than are available frce relays,
and they are easily removed for use in a new system,
Functionally, solid~state ccntrcllers are the most direct
equivalent tc relay systems. The modularity of the cards

.reduces inventcry. Tepair or maintenance often involves

cnly regplacement of plug-in logic cards. The logic voltages
are compratibtle with computers, but actual interfacing
requires custcm design,

Ligitations.- There are rno standard confiqurations for
solid-state ccntrellars. Functions frcm different vendcrs
are compa*itle but their lcgic usually is nct. These
centrellers operate at lowar voltage and power levels than
electrorechanical relavs; effects cf electrical ncise on the -
system thus must be considered., Electrical ncise can be
rinirized by groundirqg of the chassis, by use of
2lectrorachanical shieldiny, and by physical separation of
sclid~state centrols from electromachanical devices such as
starters and sclenoids. Cther methcds include using high-
ncise~immunity lcyic elements; these have inc 2ased ncise
impunity by a ratio of more thar 10 tc 1 ovar commonly used
computer-type logic 2lements. Maintenance fperscnnel are
less rfarmiliar with this type of system, btut assistance fronm
manufacturers is available. Solid-stat2 logic svmbols are
not as familiar as are relay circuit ladder diagranms.

Sclid-State Programmable Controllers

Solid-~state programmable ccntrollers are the third
generation ot logic ccntrols, They perfcre ccntrcl
functicns like relays or hardwired solid-state controllers,
They provid2 hasic logic functions, timing, and counting and
readily acccmncdate diffarent types of inputs and outputs.
These controllers can incorporate hardwired solid-state
logic for specitic inputs and cutputs for auxiliary
functions, They can contain memory and ¢cmruter sonitcring
capabilities, Theg? ccntrcllers are in packaged systers
(such 45 in National Flectrical Manufacturers Associaticn
(NFMA) 12 enclosures) and accept inputs from limit,
Fushbuttcn, pressure, or proximity switches, Operaticns of
cutput devices in machines or systems are controlled
accordina to a predetermined ccntrcl sequence, as
established by a program, This programing, and a sgsacified
number of iuguts and outputs, tailors the control to a
specific apfplication, Proqrammable controllers are
available with read-write (alterable, generally magnetic
core) and read-only (RCM, hardwired or programmatle dicd=
patrix) memcria2s., Machine operating logic is softwired
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{prroqgqramad) to contrcl machine sequence. 7This avcids the
necessity fcr custom design and unique hardware
confiquraticn for each control application; instead,
Jdifferent ccntrol applications can b2 performed fronm
standard hardware configurations., These controllers use
sequential (serial) scanning. Th?2 memory unit scans inputs
in a cyclic fashicn and determines whether outputs should te
turn2d on or off, These ccntrcllers are vsed in industrial
apglicaticns, including severe environment. They replace
magn2tic relays or conventional solid-state controls feor
machine tools, conveyors, and parts handling. Theyv are
usatul tcr ccntrolling large, complex systems or several
related svysters,

The input and output voltages for these controllers are
the sam= as for hardwired sclid-state ccntrcllers: 11%
volts input/output logic level, 5 tc 24 V dc.

The initial cost of thes~ units is generally higher.
The. wiring for external interfaces such as computers is
integral to the package; it is this flexikility that makes
programmable ccntrcllers the most expensive type c¢f ccntrcl
for most applications initially. They beccme practical with
increasing nurhers of circuits. The crossover po./nt is
aprroximately 3C tc 57 circuits; they then begin t» provide
space-saving flexitility and mainterance advantages.

provide flexitility for incr<ased autcraticn and cuntrcl
system ccmplexity., Contrcl can te expressed in 3oolean
statements for machine flexibility. Changing systers is
less expensive and faster than changing hardwired solid-
state contrcllers or relays. These ccntrcllers have long
lifetimes and greater reliability. Most proqgrammable
centrcllers have computer interface options for supplying
status informaticn to a monitoring corputer. All Pasic
control e¢l=2rents in a factory can be optimized through the
software and trken implemented with sirilar hardware. A
Fasic hardware complement meets all control requirements,
Programmatle ccntrcllers provide fast control response in
moderate~-sizad systems; however, because cf the sequential
nature ot ccntrol in mcderate-sized systems, the contrcl
resgcnse decreases as the system gets larger. Frogrammakble
centrcllers are ccmpact. They replace relay logic and
termit the design of a control system using relay circcuit
technigques, including conventicnal ladder diagrars,
Prcyraring qgenerally is done with a tape reader or a
programing keykoard, using conventicnal ccntrcl rather than
ccmputer language. The use of programmable centrcllers
facilitates future addition of a computer monitoring systen
(because of the ease of interfacing). TrLebugging and
maintenance are simplified because of indication lamps cn

12
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all input and output tuncticns, Scre systeme have debuqging
frcgrars and maintenance aids.

Liritaticns.- The loyic design must be translated into
4 farm acceptable tc the memory of the ccntrcller, Scre
restrictiocns are ingposed on a ladder diaqram format as
applied to the contrcller, Th2 possibility of electrical
noise pulses causing erronecus changes in the read-vwrite
memory may require protection in thcse units, A sequential
scaunirg requirerent can be a time response limitation in
certain hiqh-speed applications. An auxiliary umit (such as
a frograring ranel or minicomguter) is regquired for
progqraming,

Fluid Controllers

Fnvircnmental conditions and machkine, material, and
manual mctions, as w2ll as measurable process parameters,
are ccnverted to fluidic input signals through sensors and
transduc2rs ty contrcl of airflew (cr fluid ficw) into or
out of fluil circuits, Mcving-parts senscrs and
transduccers, as well as nonmcving-parts and noncontacting
fluidic sencors and transducars, accomplish these
ccnvarsicns, Circuit logic components use low-power
gnaumatic (fluid) siqgnals to redirect fluid strears tc
selected output signal ports within such elements, Logic
elements (CE/NCR, AND/NANC, FIIE-FLCES, etc,) are
interccnnected with tubing formed in the tasic structural
material at the time of fatricaticn., 1Lcgic elements ars
available in gplastic, ceramic, and metal. For higher
speeds, output devices can also be fluidic devicas at .
higher pcwer level. PFor low speeds, output is usually
thrcugh a mcving-part interfac2 valv2, The format includes
glug-in elements, bolt-on 2lements, inteqrated circuwits, and
stacked laminaticns tc form a circuit tlock, Systems can ke
gquoted acccrdirg to the logic diagram of the user. The
usual packaging, in conventional heavy electrical boxes, is
standard. Fluidic ccntrcllers are used in liquid-‘evel
centrcl, sequencing, safety and interlock control, selected
gaginy, flcw mcnitcring, air-conditioning, leak detecting,
and ligquid-waste management applications. hdvanced systers
have the capability for digital multiplexing and two-way
eignal transmission ovar a single gneuratic line, 1In
additicn to digital centrols, fluidic analog systems are
available fcr conventicnal process control applications,

Fluidic cantrollers operate with a suprly pressure that
ranges from 1,4 X 103 to 3,1 X 10S pascals (0.2 to 4% psig).
A tyrical range is 6,9 X 133 to 21 X 103 pascals (1 tc 3
rsig). The air {or tluid) consumption depends on the size
of the pcwer nczzle (ranges from 0.1 by 0.2 millimeter
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(C.004 by G.008 inch) to C.5 by 1,C rillimeter (G.02 by 7,04
inch) for lcgic elemcnts) and on the supply pressure levels,

The cost eof fluid controllers is generally lower than
that of other types of pneuratic contrcl systers. These
contrcllers are mcre competitive for simple systens,
especially where hazardous environments, pneumatic sensing,
cr high-cutput power levels are involved. They are not
presently competitiv2 in very large, extremely complex
systers,

Advantages.~ Fluidic contrcllers are 2asy to maintain;
reliability and electrcnic skills are nct needed fecr
servicing, Thay are very suitable for hazardous or extreme
envircnmental ccnditions becauseé they are explcesicngrect.
Fluidic ccntrcllers offer new or improved sensing
capabilities in the areas of airsgeel at lcw velocity,
tlcuneters, ncncentacting sensors for gaqing, location, and
preserce or absence of the element h=2ing monitorad. They
withstand a reasonabhle amount of abuse, operate at low
pressures, use no electricity, and are not damag2d ty
accidentally incorrect iaput/output connections. Thev react
at higher speeds than moving-part pneumatic devices, Also,
they interface =asily with high-force-level pneumatic and
hydraulic actuators.

Liritations.~- Fluidic cortrollers work at ruch lcwer
spead than electronic types, Clean 3ir is required
(filtraticn frcm 2.5 to S micrometers, depending on =2lerent
nozzle size), Moving-part intertace devices are needed for
lcw-duty-cycle, high-power-level outputs., There is a lack
of p-rsornel acquainted with fluidic capaktilities. Tkhe
logic ccmpcnents from available manufacturing sourc<ss are
not interchangeakle; hence, cne rust return tc the criginal
source of lcgic ccmponents for replacement parts,

Fneumatic Moving-Part logic

Pneumatic moving-part logic (MFL) controllers use fpilct
actuators to cperate one or mor> control valves fronm a
comgressed-air power source., Filct cecntrcl rrcvides such
Cpticns as remcte or multiple control; interlccking ccntrol;
pover-level changes; isclaticn (separaticn c¢f ingputs and
outputs); simplified piping and ccmponent placerent; and
interfacing to pneumatic, hydraulic, or electronic systenms,
They can function in control enclosures or in the open cn
many machines., All tyfpes of directional control valves,
flcw ccntrol valves, and special-purpose valves are
available in plug-in modular systems and manifold varieties.

14
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Th2 MIL ccntrcllers typically require 207 X 1C3 tc 1034
X 103 pascals (3€C to 150 psi) for the pilot ccntrol valves,
System rower levels range in pressure from J to 2C68 X 1C3
pascals (0 to 30C psi). Power levels must be hiqgh encugh to
Cfperate sizakle cylinders, yet low enough to ke easily
handled in ccntrol circuits,

These ccntrcllers are gen=rally available at low
initial cost and are gencrally ccmparable in cost tc¢
2lectromechanical relays. Miniaturizaticn reduces cost.
Preumatic controls can be lower in cost than other
electromechanical and solid-state relays.,

- e i "

control components is available for contrcl circuit designs,
The ccmrpcnents can b2 miniaturized to save space. Ensumatic
controls seldcr fail unexpectedly; there generally is ar
advance indicaticn of a potential malfuncticn. In
industries with high dcwntime ccsts, this is important.
Basic functions, despite variance in size and speed of units
frce different manufacturers, can be interchanged. The MEL
ccntrollsrcs are explosionproof and sparkproof and present no
shecck hazards, They are suitable fcr severe industrial
snvironments, Being sealed from within, pneumatic
centrcllers resist dirt, dust, and moisture and will
tolerate much of the usual contamination found in air lines.,
They can alsc cperat> underwater. Fneumatic controllers
operate directly from the readily available plant air
supply. They are dependatle ard ccmpact and require rinimum
mainterance skills. They do not require flow to maintain
positicn and memory. FEn2umatic d2vices of the "butkletight®
variety can remain activated indefinitely, with no interir
lcss ¢t power., Hardware, fittings, and accessories are
availarle fcr inctallation and maintenance. Eneumatic
ccntrol valve cshifting (r2sponse) times are in the low
milliseconds (50 tc 50J) range. Pneumatic ccrotrcllers
typically have very long lifetimes (5 to 100 million
operations),

Limitatjiors.- Compressed air is required. Although
generally not a problem in industrial apglicaticns, this
could b2 a prchlem in cther areas, Air power consumgticn
can te high, but miniaturized systems can alleviate this.,
The operating temperature is lipmited to approximately 3831 K
(23C° F) because of temperature limits of seals and standard
lubricants., 1t pressures in the ccrrressed-air pcwer scurce
vary, the respcnse time and time dalays can ke aftected,
Moisture ccntarination in the air supply can deteriorate
lutrication.
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CENTFAL CCNTFOL STATICNS

The following discussion of contrcl/mcnitcring hardwvare
is based on A review of current operaticnal centrcl certers,
The technclcgy level that has been implemented in the
central contrcl stations is sufficient to provide
optimization ot inteyrated MilS systems wvith respect tc
nanpower, hardware, and ov2rall perfcrmance, Available
ccntrcl centers are hased un two primary concepts - the
analog control cent2r and the digital control center. The
tollowing general discussion describes each.

Analoy Contrcl Centers

Central ccntrel provides c¢bservation of operations from
A4 vdantagye point that allows maximur ccrmunicaticn with all
subsystems, Informaticn is provided through individual
wirss frce the s~nsors and actuators to panel-mounted
reters, gyaqes, contrcllers, and switches in the central
contrcl staticn., 1The status lights, meters, and switches
can be arranged on the viewing panel in a schematic format
of the operaticnal system that will shcw flcws, valve
fositicns, engine status, and fpressures in relaticn to the
nverall system, Banks ot gayes, meters, and switches
supplement the schematic display. A panel of this sort is
corrcnrly called a mimic display, and the name is indicative
of the tunctional us=. These ccntrcl centers serve well tc
tridge the gap between manual ccntrol and autcmaticn., Not
all analog ccntrol c=nters include mimic displays Lecause,
in many situvations, the operator's tamiliarity with the
overall operation proceded the trend toward automated
control,

The techniques cof operating the syster are the sare as
if it were under ranual ccutrol., The equipment incorgcratad
in the subsystem is jenerally capable of hreing automatically
controlled without rodification. An excepticr is the sole
use of pneumatic ccn*rols in a subsystem; these must te
replaced with electrcmechanical devices.

The ccst ct central control stations is higher than
that ot individually ccntrclled subtsysters, Furthermcre, it
is an exgpencsive endeavor to innovate a central station in
such a manner, tecause the sare amcunt cf electronics is
necessary for the basic operaticn of the equipment in
addition to the hardware required tc relate the gerformance
of each componrsnt to the coperators. The ccst advantage is
in reduced manpower, This is not evident at first glance
and do~s not usually get much publicity; however, the numter
of operators required at a central analog control staticn in
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a local refinery was teduced “rom 36 sen working in 3 shifts
(averag~ of B+ menyshift) 7 «:ys a w2ek tc cnly 8 men
working 1 shift/day for S5 days a week, 1This amcunts tc a
4.5:1 reducticn in manpower that occurred as experience was
Jained in the use of the ccntiol station over a 2-year
period,

Advantages.- Th>» obvious advantage of an analog control
center is the cverview nf the operaticns that is grcvided.
The inherent savings in personnel costs tecome very
sigrificant as the use of the system matures, 1Typically,
the added ccsts of the central control station are returned
in manpover savings in 2 to 3 years.,

Ancther advantage of the analog control center over the
11gital system is th= acceptabtility ct the techniques cf
control. FEssantially, the same eauipment that was locally
used at the sultsystem for monitcring and control is used in
the central ccntrol station; only the location has Lkeen
changed. Hence, the experienced cperatcrs car easily make
the transiticn to automation and operatior frcm the central
control syster, This is not true with more advanced digital
control techniaues in which pushbuttons and cathode-ray-tubse
displays are used and computers rake mcst cof the decisicns,

Limitaticns.~ Tha size ot the panels that display the
sansor information can become very large, Retineries have
parels that are 250 teet lony. Obviously, there is a pcint
of diminishing return in c2ntralization of this sort merely
trom the standpoint of unwieldiness because ct size. A
further limitaticn is the maintenance of such a control
center. Failures caused bty wirinrg prcblems mrust ke traced
thrcugh ccrgplex artays of cables, trays, junction Loxes, and
harnesses.

ns
re

This technique ot control is also limited in the degree
of automaticn that can be achieved., 1Interrzlationshigs
tetween the subsystems are controlled by the operators, and
recognition ct impending problems and expeditious corrective
action are strictly their respcnsitility,

Diqital Control Center

Ihe desire for centralized control with an aksolute
minimum of operator decisionraking and with irgrovad
cogrunricaticn within crerations has astablished a field fcr
computerizaticn of the contr.l/monitoring effort, Tata are
taken frcm sensors ard transmitted to the computer througn
cormunicaticns channels (such as standard teleghkone lines).
The ccrputer ccmpar2s sensor :1ata with prestored limits; if
tolerances are exceeded, they are displayed on a
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televisionlike tube called a cathcde ray tube (CRT). Colors
are frequently used to depict alarm levels. The computer
provides visual and auditory alarms; with prestored
proqrams, it can initiate corrective acticn tc normalize the
cperation. This is accomplished in the same manner as if
the operatcr initiat2s the change through a pushkutton or
switch atter reading the alarm. The ccoputer determines the
actuator that is tc be stinmulated and transmits updated
control siqgnals tc the unit over the same tyce cf
communication channels. A check c¢f the statuies is thaen rade
tc verify that prcper operation has been achieved, These
systems are tyrically inmplementad in addition to the
conventional subsystem analcg ccntrcllers., 1In the event of

4 railure of the central station equipmsnt, t jubsysten
andalog contrcls allow cperations +to continu? faile=sate
mode,

Th2 range of input/output fparameters that arce
icceptable by the remote units is usually liwmi+ed to the
logic l12vels of the units., Standard lcgic levels cf i tc ©
vV dc andi 17 tc 5" milliamperes are commcnly used, These
ranges are ccmpatible with most of th: sensors and actuatcrs
that are implemented in the subsystem hardware. In those
cas€s where further signal conditioning is required to ratch
the input/output characteristics, it is a simfle matter to
include this capability as required. Develcprental grccranms
fcr space-flight unitrs have centered around programmatle
signal conditioning that allows multiple us2rs tc cshare the
same unit, with switching and contrcl ty the ccmputer. This
is not dacne t¢ any degree in industrial or commercial
applications tecause ot the lcwer ccst cf individual unites,

The ccst cf digital control centers is distributed over
four major areas: displays, ccmputer system, remote units,
and software fcr the overall system, These ccst areds are
directly related to analog systems only with respect to the
displays, which are the cperatcr interface and, like the
centrol ranels, serva to conv2y the performance of the
overall system., A CET~-type display represents atcut cne-~
aighth of the total svstem hardware costs. The ccrputer
system, which includes the auxiliary memory and interfacas
with the r~motc units, comprises about threa-eighths cf the
costs., Approximately one-halt of the hardware costs are for
the rerote units that interface with the suksystems. The
cost of these remcte units is depend=nt on the quantity cf
signals. The hardware costs are generally aqualed ty the
cost ¢t the scftware required to operate the system.
Jperating system and minimal d=2cisionmaking software is
supplied by the ccrputer system supplicers; however, the ccst
¢f programing the autcmated procedures, display formats, and
remcte unit centrol is significant, a1nd this cost must te
Fcrne by the user,
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Digital control systems can be sugglied at
Agpproximately che tame cosgt as analoqg systems, In most
cases, a wininal set of analog controls is included on each
subsyetcw, and this cost is added to the total cost.

Advantages.- A digital control system provides a
significant advantaye over an analog systesr in that
mapagenent by exception is  rovided. The d.cisionmakinrg
capabilities cf the digital computer allow for message
communication of 2xceoption data, which minimizes operator
duties. When excertional conditions are detected, the
orerator intervention is concerned only with that particular
problem, The control system digital surerviscr will
cccrdinate all other related decisions; in cases in which it
is predetermined and programed, the digital superviscr will
verifv and assure correctn=ss of all the operator decisions
15 he intervenes.

Lipitations.- The provisicn cf fail-safe
control/moritoring n-céssitates either a totally redundant
digital centrcl system or an analog control system for
packup operaticns in the =2vent ot a failure in the digatal
system, The totally redundant syster is expersive to
irglement, and the switching of the failed comgonents is a
major ccntrol job its21f; hznce, an analog control system is
generally used to allow continu=2d oparations after tailure
of the digital systen,

SUBSYSTEM CCNTRCL/MCNITCFING HAFLWARF

The follcwing discussion of subsystag hardware concerns
various types cf sensing elemants and actuators, which arce
the pieces cf equipmont that intertace with the logic
control and then in turn with the ccntrcl center, Senseores
and actuators are commcnly well integrated into the
subsyntems in otf-the-shelf ccnfiguraticns,

Sensors

Sensors are transducers that transform the energv of a
given condi*ion, state, or value cf a fprccess variable into
ancther type cf enerqgy that is relatable to the ccatrclling
logic. 1The mcre freguent energy transrormaticn is frcm
physical tc e’ .ctrical; how2var, physical-to-physical
transtormaticn (as h2at to pressure) is frequently used ain
pneumatic coutrol systems.

Motjon_sensoLs.- Linear and angular mcticn senscry are
used to detect slight degrees cf mcticn. They are
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implemented hy the use of pctenticmeters, variable
cafacitors, cr variable transforrers with a gphysical link to
the equirrent where movement is to be detected. 1The vcltage
output is prcgcrtional to the movement of the slider, plate,
or core ot the potentiometar, capacitor, or transforeer,
respectively. Linear motion is limited by the length of the
sansor in tha arm connection linkage technigque. The anqular
rcticn 1s limited to less than a full revolution ty mast
sensors cof this type., 1A potantiometer can sense as muct as
3)0° of angylar rotation., A variabl=2 capacitor is lirited
to a maximuw cf 1830° ot angular motion, and a variatle
transfcrmer can sensc frce ¢ to #45° of angilar motion,

Speed cf rotaticon is a widely used sensing requitement
in industry. A centrifugal gcverncrt is cre c¢f the carliest
sepscrs cf speed cf rotation. This device consists of a
rotating shatt directly ccupled to the unit Lkeing monitcred,
As the shaft syrins, centritugal force causes counterweights
tc spin cutwaid. Th-~ cutward motion moves an arm connec*sd
to an indicator needle showing revolutions per minute. lhen
the indicatcr needle is connectad to a potentiometer, the
output voltage is proccrtional to the speed. This voltage
can than be used tc ccntrol the currant or fuel to the
engine, and a constant speed is achieved.

Force_scensors.- Pressur2 o compression SEeNSOrS are
usually tased on the use c¢f Ltonded-wirs strair gages. As
wire ip the device is stretch2d cor compressed, its langth
and cross-sectional arcsa chanyge; h2nce, its resistance
changes. A current transmitted thrcocugh the wire will then
vary in prepcrticrn to the pressure or compr=2ssion. These
devices are imglementad with diaphragms to serse fluid

FIEeSSUr€s in engines.

detact the pressure or differential rressure ct becth static

and flowing fluids., They include tho bourdon tube, mercury

columns, bellcws, diaphragms, and differential gressure

cells, each of which can indicate, transmit, record, and/or

contrcl tluid acticns. Turbin2 meters and rotameters are .
used for fluid flow measurements only.

A bcurdcn tube is a thin, partly flattened tute made of
springy wetal in a curved arc and closed at one end. Fluid
is fed irtc the tub> in th= form of a liquid or gas, and
increasing fpressure t2nds to straighten the tuke. The
sliqht mcvement of the closed end causes a couplad inédicatcr
to move over the pressurs scals, Bcurdcn tules can also te
sfiral cr helical to provide greater movement as [Fressure
changes., P[ellcws and diaphragrs furcticn in much the same
tanner and can be -oupled with linsar or angular moticn
sensors to prcvid_ electrical cutfputs,
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In fluids, pressure diffterential acrcss an orifice
tlate cr venturi tub= is the sost ccamon parameter used tc
measure flow., Mercury ccluans with high- and lcw-pressure
irLputs that fead rcticn sensors such that the motion is
nroportional tc the pressur2 difference are used in many
standard configurations.

Fluid sensors tkat measure rate and quantity ct flcw
atre tased cn several ccmbhinaticns of sensors. A typical
quantity-measuring d:vice is the watermeter. This devics
works on the hasis of incomingj gpressure against an
oscillating disk. As the disk cscillates hecause of the
tressure, a quantity of water (constant in proportion to the
oscilla*ticne) is released to the exit pipe. The disk is
courled to a ccunter *hat is calilrated in terzs ct quantity
Jf water per ascillatrice,

A direct-sencsing rate-of-flov device is the turltine
flowmeter. A svall line-rcunted rctcr with prcgeller tlades
that turn as the fluil flcws through the line senses tkhe
rate of flcw. The rotor contains a magnet that spins with
the tlades and irluces in a1 pickup coil a curr=nt that is
proportional tc *he speed of rctaticr and hence tc the fluyid
flow.

Another device that is ccrrcnly used tc indicat> flcw
ct a liquid is the rotameter. It conslsts of a taperad
vaertical glass tube in which a metal float moves up with
increasing flcw ard dcwn with dxcreasing flos. Size
relaticnships tetween the tapmrrad-tuke diamster and lencgth
and tke metal tlcat deterwine thes range ct flcw ccvered Lty a
3Jiv>1 rotamecter, For transzission of the flow reasuresent
tc ancther locaticn fcr indicating, recording, and/cr
ccntrol, th= {icat is equipped with a position-sensitive
electromag: "~ pickup arrangement.

Ligrid-i=vel_sgensors.- in 4any process invelving the
flox and stozaje of liquids, th=s r=asuresert and ccentrcl cf
the level EkeccrFe iwgportarnt parameters. Althcugh pany tyg2s
ot level-acasutrement hardware are rsadily availatle, cnly
the basic wmethcds tor level datection, transmission, and

centrcl will be discussed in this report,

Wide-range level-measuremant units are the tape-flcat
and differential cressure types. 1ln the tape~tloat urit, a
tape mcvas over a digital indicator/transmitter as the flcat
moves up and dcwn with the liauid level in the tank., Cutgput
signals can be telemat2rvd tc remote stations for readcut
and control of the l2v2l., TCiffarential pressur2 cells can
sense prossures ahov> and relow the ligquid through the use
of butlkle tutes and can transwmit electrcnic cr pneumatic
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signals to remote staticns for readcut and ccntrol cf the
level,

Narrcw-range level measuresents can be made with
displacers, capacitance fgrohes, ard gasxa radiaticns., In
the disglacer unit, buoyance variations that occur vith
liquid~level changes operate through a torque tuke to
reposition 2 flapper nczzle; this regositicning groduces an
output air sicnal properticnal to the level. This pneuratic
signal is transduced to an elactric current for readout and
control of level-adjustment hardware. A capacitance frote
mcunted in the liquid to be gaged and controlled gains
capacitance vith rising liquid level and furnishes an outgut
of 4 to 2C milliamperes of current for rewcte indicating and
control of the level., A radiation level device uses
cchalt-60 garra radiations to "look" through container walls
and across the liquid surface to detact and control level.
The gamma rays are ahsorbed by the liquid as it rises
between the radiation scurce and detector, and a sharp
change occuyrs ir the output from the detector, which is
registered in agpprcpriate indicating and control hardware.
Most lavel-measurement ejuipmant can he arranged to operate
alarms and/or switches at preset bhigh ard lcw levels fcr
reasons of safety, assured perfcrrance, cr gpreservaticn cf
liguid sugpjplies.

Temperature _sensgors.~ Foth temperature level and
temperature differences are important parameters in the
cecntro! cf frccesses involving consumption, transmissicn, or
grcducticn cf h2at (or erergy). Changes in volume of
ccnfined liguids, length of metals, resistance of
sericcnducters, erf of bimetallic junctions, and heat
radiations can be used for measurement and control of
temperature (temperatur= changes) and tempezature
differences. This discussion will include cnly the basic
and roro easily applied techniques for monitoring,
indicating, recording, and ccatrolling temperature.

The sirglest davice for temperature sensing is a filled
system such as the mercury-in-glass thermcmeter because the
glass thermometer is not readily used for purgccses cther
than indicating temperature. The same principle is used in
a filled-bulb system., As temperature changes, the confined
tluid exgands cr ccnrracts; this movament operates through
levers to position indicating and cecntrclling systenms.
Because of the unegqual linear ezxpansion of two dissimilar
metals, rimetallic strips bend with temperature changes and
constitute a near universal method of thermostatic cont-ol
for both large and small terperature systemss,

The functional capability of resistance thermcreters is
based on the tact that most metals experience am increase in
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electrical resistance with a rise in terperature. For »
metal like platinuw, the temperature/res stance reélaticushig
is very near linear frem 5 to 3000 K. Coavarsely,
sericcnductcr flements such as thermistors have a negati-e
temperature ccefficiznt that is ncnlinear and quite large .(r
tha 273 to 423 K (C to 153° C) range an] that decrea<es o
nonusefulness at temgeratures atove 473 K (2609 C). Bcth
the resicstance thermometer and the thermistor element are
relatively exgpensive and require Wheatstcre bridge circu:trv
to oktain voltage output signals at a useful level., Ecth cf
these temp:arature-sensing ~lements ar2 small in both siz-~
and heat capacity; howvever, toth are alsc tragile and
require adequate shielding and rrotection in all
applications.

1herrocouples, or junctions cf twc dissirmilar wmetals,
are the "wcrkhcrses" of the temperature measurement
industry, whereas raliaticn thermcreters are very sgecial
temperature serscrs and their discussion in this report is
unwarranted., Cperaticn of the therscccuple is kased on the
facts that electrcn pressure within a metal varies with
temperature and that the electrcn prassure/terperature
relationship is different for any two dissirilar retals in
yccd therral ccntact. What this means is that as th2
juncticn between two metals increases in temperature, an enf
cr difference in potential is produced in the two metals
that is proportional to the temperaturs rise aktcve some
referenc: temperatur<, Although the accuracy, linearity,
and range of the thermccouple as a temparature senscr ate
scmewhat less than those fcr the resistarce thermcmeter, 1ts
applicaticn in industrial processes 1is far more cxtensive
than that of the resistarce thsrmcreter, Bcth low cost and
rugged ccnstructicn contribute to th> extensive use of the
therrocouple in all phases of tesgerature measurerent and
control, If greater emf output is needed than is availatle
frcm a4 single-junction thermoccuple for a given temperature,
increased respcnse per dagree of temperature change can ke
achieved by usec ct multiple-juncticn thermcccugples, These
units are called thermopiles and may contain as many as 2°
junctions ior a twentyfold increase in cutput vcltage.

Vigible-light_sensors.- Fhotoelectric effects prccéuced
as light strikes a miterial are classified as three types:
(1) photoemissive, wherein electrcns are released from the
material; (2) ghotovoltaic, wherein a voltage is generated;
and (3) rhotoconductive, wherein the resistance to
electrical current is reduced by the light. All these are
tased on emission of electrons, although they are listed

separately,

Thototubss are light-sensing devices that cortain a
light-sensitive cathods that emits electrcns when struck by
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light, The ancd2 collects tho epitted electrons, and a
current results if a positive voltage is kept on the anode,
Gas ionizaticn within the phototube is used to cause a
Jreater current with resgect to a given light intensity.
Phototubes are widely used in industry as on-off switches,
sucnh as fcr lighting ccntrol or alarm systems for intrusi n
or smouke. Autcmatic dcor openers, ccunters, and conveyor
kelt contrcls gen2rally use light beams to shine into tte
rhototute.

FPhotovoltaic cells produce a vcltage prcpcrticnal tc
the light incident uron an iron disk coated with
photoemissive selcnium on one side., The ccating allows
clectrcns to flcw readil; from the s2lenium to the ircn tut
not in the cther dir>ction. when light strikes selenium,
free electrcns flcw to the iron, This wwransfer give . he
ircn a nejative charge and leaves the selenium positive:
thus, a voltage is estabtlished that car be used to prcduce
current flcw tc an indicating meter., Ulight meters or
aXposur2 meters wcrk on this princigple.

Photccenductive c2lls alsc use semiconductors suchk as
s2leniur to reduce r=sistarc2 in the presence of light. A
voltage scurce acrcss the cell will cause more current tc
flovw as increased liqht is applied. Cadmium sulfide
crystals (in very small sizes) react to ordinary rcor
lighting in somewhat the samec way.

Phctotransistors combine transistors with a lens tc
focus light on the tase oppcsite the ccllector. In this
case, ligbt enecrqgy breaks down covalant bonds to produce a
freec electrcn fer each boni broken, This process causes a
revers2 current through the transistor that is proporticnal
to the intensity cf light rays falling cn the lens.

Padiocactivity s2nsors.- rRadioactive materials emit cne
or more of three typss of radiaticn: algha garticles, beta
particles, and gamra rays. Alpha particles are helius atces
that have lcst two electrons; hence, they are positively
charged and have fcur units of wmass (two protoms and two
nautrons). Beta particles are high-speed electrons; they
have a negative charge and neqligible mass. Gamma rays are
electrcragretic; they have en~argv but have neqgligitle mass
and no charge. Gamma rays ar» of the same natur=2 as light
rays and X~rays but have shert2r wavelengths and higher
frequencics., Because of their extremely shcrt wavelencgtls
(1C-% micrometers), agamma rays ar2 more penaetrating tkan X-
rays (and much more so than beta particles); hence, ttey are
the type ct radiation norrally used in radiation sensors.,

Bata particles can te used fcr thickness measurerments
only on very thin ratarials, and alprha garticles have nc
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measurement agglications. Gammda rays, howvever, are used
extensively in the merasurement and control of level and
density. Level measurement by qasra rays was discussed in
the section c¢n liquid-level sensors. Density is measured in
terms of energy absorba2d from the penetrating team of ganmma
rays as they pass through a fixed thickness or the material
in question, Density measur2ments may be made inside
Erocass pipes cr ccntainers with wall thicknesses to S.(8
centimeters (2 inches) cf ircn,

Tha most cecmmon typa ot radiation sensor is the Geiger-
Muller tube, wltich consists cf a lcryg ancde and cathode and
ccntaine a srall arocunt of a gas such as argqon. Fotential
difterence Letween the positive anode and the negative
cathods 1s increased until the gas icnizes. Current flowe
through the ¢tute as 2lectrons mcve toward the positive arncdc
aud positive icns move toward the negative cathode. Voltage
on the tulbe elecctrcds is neld just below the icnizaticn
level of the qas; as gamma radiaticn fpenetrates the
detacting leps, it causes tha gas atcrs tc icnize, As a
rosult, a current pulse flcws through the resistance in tke
ancd2 circuit and prcduces an output voltage drop across
this resistance, This voltage drcr ofpcses the applied
vcltage and causes deionization ot the gas and hence a
stoppag2 ot currert until additional garma rays renetrate
the tube and the cycle 1s cepeated. The output fpulses can
be amplitied to register on indicating devices such as
lights or lcudspeakers. Ccunting the fpulses gives an
indicaticn of the nurber of photons received, which is the
relative intensity of the radiation lavel,

Proximity sensors.- A maqnetic pickup that has a
stationary tield abtout it is used tc detect rthe rres>rce cr
atsence cf an ckject on the assembly line or ccnveyor. As
the ohject rasses through the tield, the fizld is distor*ted;
this distcrticn induca2s voltage in the coil. Rate of
rotaticn can te sensed by using this technirjue to sense gear
teeth movement as a shaft revclves, Fach tccth will
interrupt the field, and the resultant pulse train permits
the determinaticn of the sgeed of rotation.

Capacitive relays are also used as proxirity switches,
The tody of ths operatcr acts as one of the plates of the
capacitor conrected to grcund., TIf the creratctr places his
hand cr tcdy in a hazardous position, the altscrted enerqy of
the electrical circuit is sufficient to stop a radio-
trequency oscillatcr that ccntrols current to an €lectro-
magnetic davice that shuts pcwar dcwn and frevents the
bazard.

Moisture-content sensgors.~- The sling psychrometer is a

Adry-bulb/wet-tullt sensing *hermcrater that reqgisters two
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tamperatur<s wtap it mcvas throuqgh air in which the water
content is less than saturaticn., The lcver the water
content ot the air, the greater the difference in
temperature betweer *he wet and dry *hermometers; thus, the
coocling =ffect cf evapcration is a fuunction ot relative
humidity. The differenc2 in the two temperatures perrits
Jatermination cf relative humidity from a chart or
calibration curve.

The functioning of a hair hygrcmeter 1s tased cn the
vrincirpls that hair (human, for instance) will stretch as it
ibsorbs moisturs (hygrcscopic). This stretching with sgring
hackup can cause a noedle to move over a scale calitrated to
read directly in relative humidity.

Moistur=2-csensitive ch2micals that chanje resistance as
more moistur2 is atsorted are alsc used ¢tc detect relative
numidity., Moisture cont-nt ct rowde¢red cr granular sclids
can be dz=terrired by insa2rting two caracitance prongs a
tixed distance apart., If the resistance c¢f the dry ratzrial
is kncwn, then the chinge in resistance vwith moisturs added
(vhich w1ll vary inversaly) may be ottained. The dielectric
ccnstant of water is approximately 15 to 20 times that of
ncst materials; thkar=fere, srall changes in the quartity of
water produce relatively large change2s in the dielectric
constant or the material. If a wet sanmple is placed Letween
the plates cf a capacitor tor measur2ment of dielectric
constant befcre and ifter drying, the reasurements grrovid:
tata trom whkich mwcisture content can be Aatermirsd,

Other ncteworthy methcds by which mo:sture can te
measured include intrarec¢ ahsonrpticn, electrclytic
hygrcmetry, heat cf adsorpticn, and piezoelsctric
adscrption. RAltkcugh th= devices employing thes= methcds
prtcvide mcisture measurements in the parte-per=-millicr
range, they are sxpensiv> and cfter require rather extensive
preparaticn cf samtles hefore the measurement,

Ponsity_senscrs.- Scm2 of the simpler methods an4d
ttardware by which th= density ¢f liquides (and scme sclids)
can ke medasured and transritted for cortrcl cf an creraticn
1ire the transritting hydrometer, displacer with tcrgue tuhe,
displacer with electromagnetic suspansion, chainomatic
displacer with magn=2t, static head, and gamma ray altsorpticn
technigues., The principles of the torque tube, static hefad,
and gamna ray metheis for density measurements were
discussel earlier in *this rercrt.

The hydrcmeter sinks deeper into a fluid as densi‘y
de2creas=s, anag its voartical pceiticn is s2nsed Lty an
attach2d retal recd and an axterral magnetic ccil. 1In tk=
displacer electrcragn2tic-susp2nsion unit, the displacer
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veight is adjusted to tarely sink ip the rluid with the
highest density to he measured. Current reguired in the
electrcmagnetic ccil to mairtain support (susgension) cf the
lisplacer increases as the density decresases and therefore
becomes an inverse signal for measur2ment and centrcl. 1In
the chaincratic displacer, three metal chains are connected
locsely between the displacer and the walls of the
container, As the chaincratic displacer mcves upward with
increasing fluid density and downward witi decreasing fluid
density, it supports mcre or lass chain weight,
respectively, The vertical location of the displacer is
detected by a magnet internal to the displacer and a pickup
coil external to the ncnmagretic ccrtainer.

pH_sensor.- The acidity or alkalinity ot a scluticn can
ke determined ty irmersing sgpecial electrcdes in the
scluticn and r=asuring the voltagye developed. The fH scal-
ranges trcr a value of 1 for highly acidic solutionrs tc 7
ror neutral soluticns to 14 for strongly al<aline soluticns.
The pH of a scluticn is redally an exponential measure cf the
concentration cf hydrocen icns versus the ccncertraticn cf
hydroxyl ions. At a pH of 7, the scluticn is neutral and
ccntains 6,22 x 1216 hydrogen ions and 6.72 x 1Cté hydrcxyl
icns per liter of scluticr., For each one-unit decrease in
gil, the concentration of hvydrogen ions increases tenfcld and

the concantration of hyiroxyl ions decrevases ty 1 facter cof
10,

Measurerent ¢t p4 in industrial streams and chenical
processes is impcrtant recausz cf its effect on corrosicn of
metals, deposition of solids, and rates ot reactions.
Liquids with fH valu-=s trom 5 to 3 are highly corrosive and
requir2 special alloy metals (such as stainless steels) fcor
handlingy. ULiquids with [l values atove 8 raridly deposit
solids (saltg) when heated, and this deposition will cause
rlugging of transrission lines, <Chemical reactions such as
the pclynmerization of butajiene and styrene in the
manufacture of synthetic rubkter require car=2tful ccntrcl ot
pH to produce the test reaction rates fcr the desired
prcduct quality.

%l2ctrcde potentials are hoth 2ero at a pH of 7, and a
gotantial difference of approximat2ly 59 millivolts is
dleveloped for each urit pli value abcva ard kelow 7., E<cause
of the extremely high imr2dance between the special
alectrodes and the scluticn for which fH is reing measur=d,
a special vcltage amplifier is required; sven the Lest vclt-
meter or potenticmetoer will nct measure ph in a satisfactory
manner.
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Actuators

An actuator is a device that converts a signal input
intc a mechanical moticn. The input signal may te
electrical, pneumatic, hydraulic, or mechanical, The
mechanical mction may be linear, rotary, or reciprocatirg,
Gears and linkages may be used to change one type of mcticn
to anotner, Actuators are to te ccnsidered as contrcl
devices rather than as sensing devices.

Sclencids_and_motors_-_elsctrical actuators.- The most
common type of electrical actuatcr is the sclencid. It is
an electromragnet that is energized by an electrical signal
and censists of a coil and a movable iron core or plunger.
As the coil is en=argized by the input signal, its magnetic
field fpulls the ccre into the coil. A spring pulls the core
tack cut ot the ccil when the coil is deenergized., Tkhe
actuation is acccmplished by attaching the element to te
moved to the core. Solencids are cn-cff devices in that
they are cafpable cf rroducing only two movements (push,
rull). They are usetul in such applications as valves,
trakes, gates, docrs, and dampers, where a mechanical force
in a straight line is required,

Fotaty sclencide ar-» ccnstructed by suspending %he ccre
on tearings sc that the result cf tha electrical tield
causes the core tc rotate in outpu¢t strckes frem £9 te 379,
depending on ccnstruction,

Floctric rotcrs can be conslider=d actuatcrs ot 31 scit
in that they ccnvert electrical input signals into
mechanical motion. They are us=2ful in prcviding power tc
drive tars, fpurps, and tocls. When coupled with gears,
clutches, or drive trains, motors can he used for opening
and closing deccrs, valves, and so forth.

Clutches and brakes: A solenoid actuator can ke used
to engage two fricticn disks t¢ jrcduce a clutch
arrangem=nt, This method is useful 1n ccrnecting an cutput
shaft tc a rctating mctor fcr production of torce for a
contrclled period cf time, A brake is made ky using a
solencid actuvatcr to engage a rotating shaft and a
stationary friction plats.

Toraue and force rotcrs: Torgue and force motors ars
particular applications of sclencid techniques that are ussd
to produce a tew degrees cf rotary roticn cr deflecticn at
the end cf a lever arr.

Position centrols: Electrical actuators are desigred

tc positicr the actuated device in response to input
signals, Because solenoids are on-off devices, it is
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evident that they must he designed in ccrplex fashicn tc
operate proportionally for producticn of the required few
degrees ¢f ccntrcl; hence, motcrs are used as actuatcrs and
may te coupled with generators to produce an output shaft
motion representative of input signals. The counter
electrcmctive force of the generator serves as a trake c¢n
the motor., Cortinations cf mctcrs and gereratcrs, called
synchrosystems, can be used to provide the stepping pcwer
tequired tc mcve or cotate valves, dampers, or doors in any
increments required by the fprocass.

Fluid_rower_actuators.- The pressure exerted ty a fluid
can bhe used to operate a plunger tc prcduce a push cr pull
tcrce as required. Actuatcrs operated by a gas (generally
alr) are called pneumatic, and those operated ty a liquid
{generally cil) are called hydraulic actuators. Cylindrical
actuators can jroduc=2 a push or pull and may te tacked ty a
sprang or dual-part syster that reverses the plunger
qlrectior when pressure is reduced to a rreassigned value.

Fotary actuators are made by attaching a shatt to a
fixed set of vanes. 1llsually, rotary actuatcres are limited
t¢ lecs than a full r=aveclution (maximum 273°) Lty a tarrier
in the chamber arcund the shaft and vunes,

The cperaticn of diaphragm motors is tased on the
application cf pressure tc a diaphragr that pushes against
the device being actuated, such as a valve stem. The ar=a
of the diaphragm and the arcunt of pr=ssure applied derend
cn the force required tc clcse ct cg2r the valve, door, and
sc¢ fcrth, When fressure is reduced, a return Spring causes
the actuating rod tc mcve back to th- norrally open or
normally closed pesiticn. Mcticn of thecse actuators can te
ccentrelled precportionally bacause th? pressure exertsd on
the diaphragm moves the actuator in a proportional manner,
€0 that indicatcrs or el=actrical sensing devicas can te used
to show relative pcsitions of the actuatcr.

Valves.- » valve is a variable-ojpening device used tc
control flow of fluids or semifluids such as pcwdered
raterial. They can be either cn-off or throttling davices
and, ar discussed previously, can be controlled Lty <ither
electrrcal cr gneumatic actuators. Most common valves are
rlug and seat arrangements that are sometim2s called
throttling or needle valves, Gate valves =lide a plate into
an opening tc stcg flow and move the plate out of the
opening to permit flow. Buttarfly valvee have gatecs that
rctate tc control th- flcw and are especially etfective fcr
materials that will tcul cr clcgqg plug-type cr slide-type
valves. Actuation of ltutterfly valves is acccmplished with
electrical, fpreumatic, or hydraulic actuators, and fpositicns
cf the valve can be sensed by various methods.
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OQREKATICNAL CCMNIECLZMCNITCRING SYSIEMS

Th= deterrination of the applicable level of contrcl
systens technology comrmensurate with the HUL direction for
the MIUS Program was ltas2d on a survey cf rany types cf
cperaticnal systems with tunctions similar to those of tha
MIUS. Pcwer generation, heating and cooling, water
distrikuticn, solid-waste handling, fluid flow, and building
system (tire alarm, -levators, and sacurity) installaticns
wore visited, and their centrol systems were studied.

Examples ¢t centrol/monitoring system functions and
descripticns are given in this section. Several
installaticnes tor liguid-waste-treatment control and
nonitorirg were also visited; however, the techncloqy us=ad
in these cperaticnal systeams was advanced only to a pcint
that vwould provide a design baselira fcr the »IlUs5, and it
was nct ccnsidered of sufficiant interest to include. Motor
contrcl tcr pumps anl valve:s was tound to re jJuite
conventional, Cetenticn time in prccesses was kased cn
creraticnal experience and manual tests. Hence, this etfcrt
ct the MIUS Jesian romains the most sigrnificant
techroloyical d-veloprent arca. The instrurertaticr
requirements fcr the MINS liguid-waste-treatment contrcl and
monitoring have Leen included in the section entitled WMIUS
Cocntrol/Monitoring Svstems."

CHILLED WATED SYSTLEM
NASA LYNDCN B. JCHNSON SFACE CEINTEE

The chilled wat=r system at ths NASA Iynden B, Jdchrscn
Space Center (JSC) supfplies chilled water at 278 K (U9 F)
through ritelined utility tunnels that serv2 centrally
located air-conditicned buildings., The chilled water system
is designed tcr the return water to reach a maximunm
temperature of 286 K (569 F), The systam includes seven
centrifugal refriqgerition units operating in parallel; each
ynit is Jdriven by a steam turbine, TFach unit has 1814 x 13
kilcgrams (200C tcns) of refrigeration capacity and is
designed to cccl 0,1493 m3/sec (3000 gal/min) cf circulating
water trcm 286 tc 278 K (569 to uylo F),

The system operates under either autcomatic or manual
control, Curirg normal op=sraticn, the cafpacity ct eaclt unit
is centrclled autcmatically to maintain a preset chilled
water temperature at the evaporater cutlet., The contrcl
system sensee the temperatur2 of the chilled water and
adjusts the speed of the turbine and modulates a JAmper in
the suction lire tc comgensate fcr heat removal
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raquirements, This i1s accomplished at all lcads from full
tc 2% percent. lLcads trom 25 to 10 percent require manual
operaticn cf a bypass valve to supplement the automatic
techniques,

In oft-normal operations when manual ccntrol is used,
toth the turktire govarnor sge2ds and compressor sucticn
Jamper positicns are adjusted with manuai switches, Scre
chillers are equigpped with elactric motor-driven speed
changers that are manually contrciled frcr a display painel,
These speed changers cverride pheumatic temperature
controllers and allow manual oreraticrs +¢ set *urbhinpe
speeds akcve cr belcw normal sat points,

In additicn to operational controls for the chilled
water system, safety cutout devices are inccrgcrated to
trotect the syster undzr extreme conditions. Fxamples cf
cafety cutout parametars ccre as follows:

High terperatur= Compressor main tearing
(both =nds), ccmpresscr
ci1l, turkine main tearing
{both ends), and turtin= cil
low terferature Chilled water and refrigerart
Pressure Zefrigerant, ccmpresscL cil,
turbin2 0il, low differen-
tial gressures, chilled
water, and condenscr witer
Overspeed Turbine

The safety devices make up the interface tc an advanced
alarm system to alert operatcrs befcre shutdcwn of the
system, They Aalsc previde tailure indicaticns c¢cn a status
ranel after shutting dcwn the systen.

OPEXATICN BFEAKTHRCUGH - AUTOMATIC COCNTKCL SYSTEM
JEPSFY Ci.Y SITE

The Jersey City total-energy site contains five engine-
generator units., Each of thes2 units uses an individual
ccntrcl cabinet, Th~ functions of sp=2ed control, real-lcad
divisicn, reactive-load division, voltage regulaticn, <naine
and electrical system start seju2ncing, alarms, and
jrotecticn trcrm undesirable cperating conditions are
controlled ky these separate units, Tc attair the desired
syster perfcrrance, a master ccntrol unit is implemented *c
cocrdinate all the units in oparation., This rmaster ccntrol
unit surervises the iutomatic starting and stopping of all

n
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units in respcnse to the lcad demand. Freselected sz2quences
ard variaticns to the sequences are provided in this centrol
ct start/stop. Automatic paralleling with cafatility of
ranual faralleling is alsc a requirement that the master
control unit mu. t accomnodcte, Any cr all units can te
orerated ir a raruval mode. Th2 failu- protecticn manitcr
and ccntrol features incorporated on the engine-generatcr
units ar norsallv not over.idden during manual operaticns,

The individual unit controller will sense the follcwing
undesirabkle operating conditicns:

Icw oil pressurz (with High =2xhaust temgerature
lcckout during startup) High intake-air tempera-
High water temporature ture
High oll temperature Circuit breaker trir
Cvarsgeed Excessiv2 start tire
Undrspeed Cverlcad
Fxcessive vikra+ticn Failure tc parallel
High cil-~ccclant tampera- Reverse power protecticn
ture Generator underspced
Tubricaticn filter high Cvervcltage
differential pressure Undervcltage

Fu2l filtsr high Jdift=ren-
tial pressurs

An occurrence ot any of these undesirable ccnditicne will
r2sult in the shutting down of the engine-ganeratcr urit by
the unit ccntrcllag, Some of these conditions 4are
transmritted tc the mast=r controller in two sS.ages: an
alarr is issued first and then 2 =signal is =sent that+t the
unit has bhz2en shnt icwn as a result ct the galfuncticr., 1In
any evant, the shutotf notification must ke sent to the
master control unit, A lcckout k2y is manually operated tc
tring th? engine-qenerator unit back on line after the
malfuncticn has heen corrected. 1Individual=-unit ralfuncticn
and status indications ara reported to the master contrcl
unit from each of the five gencratcrs. The indications are
unit s2lecticn in either manual or automatic control, gross
unit ralfunction, unit ready, unit starting, unit stopping,
urit cr line, and 4C and 90 percant load adjustatle signals,
The tive generators can be automatically controlled frecr the
master unit to te trought on line cr drcrred off as the lcad
demands, A required minimum nurher of units cn line at any
time will cverride such dropotf in the loade=sensing citcuit.

Manval ccntrel for a givan unit allows start, stop, and
patallelirqg rrcm the master control unit., The protective
features of the automatic system operate in the normral
manner during this manual contrcl mcde, Nc autcmatic
centrcl is prcvided frcm the individual unit controllers,
The cverall cperational performance of the power generaticn
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functions can cnly be ronitored ard ccntrclled frcr the
master unit. The mast<r unit inccrporates 4 singlc reter to
tread line voltage, a single meter to read total current in
any phase, and a singl2 meter to read the trequency cf 2uy
unit cr btus. A recording wa‘tmeter, a tctalizing watt-hour
reter, and a pcwer~factor meter provide system sutput
inforratiuvn at the master control unit,

The prcvision for terminals for additional enygineering
instrumentaticn has heen specified. These terrinals w»ill
allcw likoratory tests of voltaqge coatrol, frequency
ccentrcl, oversgeed on startup, real-time and near-real-tirme
lcad divisions during raralleling, and load dumping. They
can alsc bhe used to verify the functions of the protective
devices on the eng’nes ané the sequencirg prccedures of the
master control,

OFFSHCFE PLATFORM WEILL CONTRCL SYSTEM
LAKE CHAEKLES DIVISION, TCCNTINFNTAL CIL CCHMEANY

Th2 offshcre platform well control system provides
computerized centrel and mcenitering cf cffshowe gas wells,
including well testing, production shut-in, turn on, and the
hurrticane emergency timer. Approximately 158 wells on 13
tlatfceme are monitored and controlled ty the computerizzd
system, The data are transmitted by mi . wave transmission
frem Lake Charles to the Gulf, and = * .. 2 telephone catle
is run frem the Gult to each platform.

Fumcte terminal units locat2d on each platform sarve as
the interface hetween the computer system and the well
hardvare., Flectrically ccntrclled valves, requlator:, and
monitcrirg gcints ar> tied into the remote terminal units.
These unite can serv~ as “stand alone'" remote control units
1rrespective ot the corputer system. Thrcugh a series ct
switches and centrcl knobs, th2 operator can perform rarual
ccntrol electrcnically at a console on the platform,

The ccntrcl system central hardwars complex is based c¢n
a Control Tata Corporation (CDC) 1730 ccaputer with miriral
peripherals (i.e., teletyp2, card/reader/punch, and disk),

A special conscle for communications allows a highly trained
operator to ccntrol the wells fror the ccntrcl rccr.,
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The autoratic control system tcer the CEN-40) gilct
rlernt monitors ané ccntrols a sclid-waste preraraticn arnd
stcrag2 sukeystem, a solii-waste combustor ard c¢as
frejaration subsystam, and a turboelectric sut.ystem. This
tilot plant system is a develogment item, and the ccntrcl
subsyster is presently tailor21 to the precise control ot
*the gas temperature and fl:v rate delivered bty the
combustcrs These factcrs affect the energy cutput ci the
jas turtine, which in turn produc=s the electrical energy.
This elz2ctrical energy is the primary output of the pilce
tlant and is the primacry parameter teing ccntrclled.,

The ccntrc) subsystom consists of 3 manual contrcl
system and a computerizad ccntrcl systen, <he rarnual
contrcl systerm is corpos2i of signal transmitters, analca
cecritrollers, tcgyle switch=s, and relay logic n=atworks. The
cerputarized syster includes portions of th=2 atcrementicned
items, the ccrruter main frame, op=ratcr terminals, ang
irput/cutput and storage devicas,

Op=rating modes of th2 comnbustor svstem are mdnua.ly
controlled with five mcde switckes that selact cne and cnly
on= of the fcllewirg modes: (1) trackhead, (2) flcvidized
nperation on diesel furl, (3) fluidized creraticn cr dies=al
fuel ana sclid waste, (4) tluidized operaticn on =o0liAd
waste, apd (5) fluiiized operation without fuel,

Valves are automatically ccntrolled ky analog
controllars. Ihe valves are electrically cperated
prcporticnal valves (positions proportional to the ingput
siqnals) that are controllad automatically ty the aralcc
contrcller, Set-point adjustment is by thumkwhecl, with 23
reter rfadina tcr inlicatinn ot the signal teing
transmitted,

In the automatic mode, the analcq ccntrcller ccrpares
signals frcm the syster rarama2ters with anticipated (by
operator selecticn) levels, The output signal is then
increasel or dscreas21 kased cn the difference retween the
measured value and the selectzd value,

The ccrputer system ccnsists ¢f a 16-kit word length
minicomputer with 20K words of semiconductor main memcry, 1
tattery nack fcr memory refreshing during power outajes, an
inteinal communications rogister for input/output, and a
control vanel with a k2ylcck.
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The computer accepts 30 chanmels cf low-level analcy
measurements fror therecccuple-type devices and 82 chanuels
of high-~level analcg measurepents frce pressure, spe24,
gcsiticr vcltaqe, flow rate, and othar types cf transducers,
It uses 1€l channels ot discret2 contact sensing
measurements to ronitor ccntact clcsures and alarre
conditions and 3z bits of diqital data tc ecunitcr mcde
cselecticor,

The ccmgputar uses 18 channels c¢f high-level aralcg
cutput for set-pcint ccrmands and 167 channels of discrete
ccotact clcsure outputs to control the relays and contactcrs
for prograred segueEnceEs.

An annunciatcr panel containing lights, 3 CFTI, 3and a
schematic provide-s s*tatus inlication to the opera*tor during
automatic coepruter-contrclled cperaticns. Fcr manual
cperations, a schematic that 1s back-1lit will indicate
ofperating tuncticns., When a parameter goes out of
tclerance, indicatcr lights tlash. The coamputsr will
prcvide 1 hardcopy output ot ilare condi*tions and a CRT
status indication during ccmfputer-ccntrcllel ¢ raticn.

Sc2cial-furpos2 jas <ampling anl recordirg squiprent
crevides particle remcviay, gas ccclirng, dryirg,
terperature, ard flow control. Thes2 specific analyzers
rcni*cr cxygen, nydrocarbons, carbon monoxile, carlton
dioxide, sulfur dicxide, nitrogen oxide, and hydrcchlcric
acid. Thesy are nct connacted tc th2 manual or autoratic
centrcl systes, An outlin2 particle size and count using
photoluminescent technigues 1s being develcged; hcwever,
this Jdovelorment 1s not yet copplete and a more cornplex
techniqu~ is recing usel., This w2thcd fcrces a samgple
throuah a calitrated orifice that has a jiven current
passing through it. The chang2 ir resistance caused ty the
particles is gropcrticnal to the size of the particle.

WATFR DISTRIBUTICK CCNTFCI SYSTE®
SAN ANTONIO

The water distributicn control system (fig. 3) ccnsists
of ccntrcl equipwent, telemetering eguipment, a syster rar,
and cormunicaticns facilities. Th2 system covers 4€6 square
kilcmaters (180 cquare miles) and is divided into 6 service
levels, 9 major pumfp staticrs, 13 elevated stcrage tanks, 27
seccndary purg stations, and 57 monitoring sites.,

The computer systam used is the IB® 187C. The ccrmputer
mcnitcrs mcre than 6.2 pcints and controls 35C variatles,
It allcws for cne cporator to manage hoth water 3Jistrituticn
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and a chilled-vater/stean gla The ccrputer renitors all
focints 2very SC pilliseconds, - gs all transactions, scunds
1lares tcr cut-of-tolarance conditons, and performss
statistical data processing functions such as tilling.

The TBM 226C computar furnishes display equigrert, The
crerator uses the IBM 2260 to request status. he may alsc
tequest a special printcut. Two IBM 1053 printers are used:
crhe prints alarm messages and the other vrints hourly
transaction lcgs. A grinter ksytoard (IBM 1816) jprints a
full-day lcg eack midnight.

Chilled-water billing is achisved by monitorinag tthe
flow apd ccnverting it tc ton-hcur billing units. Funched
cards ars output daily.

Transmiscsions are made over leased tel2phcne lines,
Tone sijgnals, zert once 2very 15 seconds, have a maximunm
length ot 12 seccrds; the lerngth is proportional to the
value of the pararet~r beinq sarpled. The ccoputer syster
samples the tcre signals that have peen discriminated
throuqgh passive filters tc represent irdividuval channels,
Fach parawmeter is sampled =2vary 50 milliseconds. The
ccmputer 1s sirply looking for the presence of the tcne. On
receipt cf a null geriod (iriicating ~nd cf transmitted
value), the ccmputer tctals tha counts received. A maxirmurm
of &Cf ccunts is regpresentative of a full-scale value (i.e€.,
12-secondi signal sargled every 50 milliseconds and tone
detected €ach tirve). Hence, a 6-seccrd tcpre indicates €0
rercent cf fuvll scal=, which is interpreted tv the corputer
to be a half-full tark or a pressure of only cne-half of
full force.

All varialtles are convertad tc 2ngireerirg units svary
rinute and checked against preset limits every 2 mirutas,
Operator decisions are mad> on the basis c¢f processed data.
Priority interrupts alert the computer to evaluate critical
gnantities. Auditle tcnes on alarm hcrns are used with
frinted alarm ressag-s and alternative actions messages to
irndicate emergency rrocedures.

Ccd=3 sch=matics ot the water and heating/cooling
systems are graphically shcvn cn a ccmputer-ccntrclled slide
projector. This setnp allows the oreratcr tc interfacs with
the syster thrcugh the computer without using unwieldy
textbock~-tyge procedures.

36



B e A

L Ataguies o

AUTCPATIC CCNTWCL ANLC MCNITOFYNC SYSIEM
CISN"YWORLL, FLCRICA

The autcmatic control and monitoring system at
Disueyworld (fig. 4) fgrovides 3 ccrmunicaticns-criented
mcnitcring and manag2rant system for tha follcwing areas:

Fire alarr and Flevator emergency
Suppression prcceduress

Sewage treatment Air handlers

Solid-waste handling Fuel lcading

Domestic water Refrigerated storage

Ceatral =nergy Security

*nergy distributicn Secondary power

Lrainaqe

There ar: 13C{ sensing and ccntrol pcints with plans fcr
2xtensicn ct these as existing servicss are expandad and
additicrs are inccripcrated.

Tha syster is comprised of six data terminals, called
Ccentri, which are locatad geoyraphically. Thése terrinals
sCanh th> varicus parimsters in their area once each secend,
Critical measur2ments are irplemented on two or mere
terminals. The Jdata are scannzd, ard ary sigrificant changs=
1s regcrtred to the computer system. The computer systern,
urder operator ccmmand, can request data at any time, These
remote terripnals are center=d around minicomputers that,
through scitwar2, op~rate the terminals. It is possitle
that all the reguired procassing for a given arei coulc te
acccamplished at +he “entrl terminal. Each terminal ccr*ains
the necessary digitalyzanalog logic to intarface with tte
sensing gpoirts in the Disneywcrld svstem, Si» rerote
terminals were chcsen as a ra2sult of cost trade-otf s<udies,
Primarily, the cost of installation and inte2graticu of
catles (wires) ccrpared to that of digital equirment pcinted
tc mcre ra2mots terminals rather than a single one as lteing
cost effective, 1The ccnsideraticn c¢f grcwth thrcugh
additicn cr furctions also affected the choice of several
ramote terrinales rather thkan a single cne,

There are fcur typ2s of displays in each of seven
locations, They ccnsist cf (1) CKT Jata terminals, which
provid: the wcrking interfaces with the operator, (2)
teletypewriters for hard copy, (3) audio alarrs, and (U)
lamp display ranels, In those instances wherein a dual
display ct a single critical paramet>r is implemented, it is
driven by separate comgruters,

The two central ccmputers are used tc irplemernt
redundancy for critical coperaticons. A ccncept cf stardby
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tedundancy is used wherein computer B performs all
operations whkile ccmputer A does self-tast prcqrams on tte
entire system {(including computar B). The computers are
located sefparately to avoid common catastrophies that wculd
cause fallure of ltoth systems. In high-activity grocsessing
pericds, the standby ccmputer takes over some of the
prccessinag load. Eithker computer can serve in either role,

1The tctal software system for the Cisneyworld au*tcmatic
control and mcnitcring syster ccnsists ct the fcllcwing
categories: executive, applicaticns, self-test, data base,
and utility., These software packages are self-descrigtive.

The Disneyworld system probably represents the mcst
torward apprecach tc overall utilities rcnitoring and ccntrcl
*hat has been implercnted to date. As an agglication tc the
MI1IUS, it contains all th2 tunctions of the hardware and most
¢t th® scitware, The area of the MIUS in which dfvelcpment
data and demonstration are lacking is the physical
integration c¢f the varicus subsystegs and their acssociated
control and monitoring software,

SFACE SHUTILE AVIONICS
LYNDCN Do JCHMSCN SERCE CENTEF

The avicnics subsyster of the NASA space shuttle
consis*s of gyuidance, navigaticn, and flight ccrtrcl; data
FIccessing ard sottwars; communications ang tracking
instrusentaticn; displays and controls; and electrical fgcwer
i1stribution and ccntrcl. The apgplicaticn of the sgpace
shuttle avionics technclogqy to the MIUS is most beneficial
from a funcrional consideration rather than an actual
implementation. The functions cf cnbcard systers
managsment, irtegration, and simulation are of particular
interest. Technolcgy regquiremants for the NASA space
shut*le are centered arcund the use ot proven equipment
andsor techniques. Many of the ccncepts that are to te
inplemented in the shuttle avionics have teen well
demonstrated in the z=lectrcnics laktcratories at JSC.
Because the detailed shuttle design is currently lteing
formulated, nc particular configuraticn can descrite it;
hcwever, those tuncticns related to the MIUS have becn
treated in the following manner.

The systers management provisions include ontoarc
functions required bty toth flight and grcund crews to
determine vehicle status, configuraticn, perfcrrance, and
operational readiness. These provisions include cauticn and
warning, perfcrrmanc2 mcnitoring, and in-flight data
recording ror later 4rcund analysis., The frimary features
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of the onboard systems management ar-2> used in airline
systems and are tased cn the fcllcwing criteria.

1. 1Theé ccckpit is the center of both in-flight and
greund activities, except for hazardous servicing.

2. Operaticnal disglays and controls are used tc the
maximur extent tor chackout,

3. Autcratic fault detection is provided for fligtt-
critical functional paths,

4, Built-in test eguipment is incorgporated in avicnics
and ncnavicnics equirrent,

S. Previcus flight subsystem performance is the ltasis
for rcst grcund checkout activitieds.

The perfcrmance of subsystems is monitored at the subtsystenms
management staticn and center and at the fpilot consoles.
Althouyh some systems ccntain provisions for automatic
switching of redundant elements cr for autcratic safing cf
failed 21ements, most redundancy ranagerent is acccrplished
ranually. It is gen2rally based on iata made available
through the perfcrmance monitoring function and dedicated
cockpit displays.

The hardware tor the perfcrmance rcnitoring functicn
ccnsists cf the fcllcwing elaments:

1. Compyter and associated inpnt/output switching
2. CRT, keybcard, and annunciator panel disglays
3. Pulse-code-modulated (ECF) data lus system

U, Data acquisition system (includes remote units witn
stcred prcqgrar fcrmat controller)

S. Special-purpose recorders for ground and in-fligkt
playback

SUFMARY CF CEFRATICNAL SYSTENS

The contrcl/mcnitoring systess that have bkcen generally
described could have been implemented in several Lkasic ways,
These systemrs were chosen to illustrate the technology level
of existing systems, The instrumentation techniques
available have heen discussed in earlier sections of this
teport., 1The choice of ccmputers in these types of systers

39



can be made frcr a multitude of applicable candidates. A
survey of the rinicomputer market and a compilation of
selection advice fcr minicomputer users are presented in
reterence 1, Frices for central rrccesscrs with a standard
complement ot memory (usually 4K tc 24K maximum) are shcun
in reference 1 and in rost trade advertisements, 1The add-=d
cost tcr peritheral equipzent must be considered tefore
price comparisons ar: meaningful., Fefererce 1 outlines the
rcst significant selection criteria for this field of
technology and lists 65 suppliers ¢f riniccsputers and
associated harcéwvare.

SELECTION CRTYTERIA

The selected system for the MIUS ccntrcl and mcnitcring
functicn will rrcvide the information necessary for each
subsystem and for tho overall MIUS to accomplish intended
goals, Faclk sutsystem and the interfaces amona subsystems
will te rcnitored for those parameters that determine safe
and optimur cperaticnal levels based cr load reguirements,
To achi=ve these levels, switching of the subsysten
corpenznts otf the line or to a different operating level
will te accomplishel as raquired. A functional tlock
didagram for the MTUS ccntrol/monitoring syster is shcewn in
figure 5.

Automatic contraols shall he implemerted into the MINS
design such that mcr2 <ffective operations can t2 achisved,
The diversicn cf tlows and loads and the addition of
chemicals in treatment processas shall require only general
supervision by a sinyle operatcr.

Valve controllers, cumg switches, mctcr ccentricls, and
autcmatic lcaders shall be irplemented into the MIUS design
such that an individual otr a grour of measured or sensed
guantities within a sutsystem will grcvide cufficient
information to the control center sc that ccmpensaticr can
be made for changing operational situaticns such as flcw
diversicn, pumfp ccntrol, and sc¢c forth. This requirement
does not eliminate the need for regular maintenance Crews
that pericdically service the ccntrcllers and manually till
the hoppers.

A cantrally lccated control rcem will previde space tor
all ccntrelling, ccmruting, and recording equipmant, as well
as torL operatcr personnel, All siqgnals shall ke routed to
the ccnticl rocm for indicating, recording, and/or
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controllinag frcm one lccation. Ncncontrclled measurefents
shall be available for monitoring only in this rooa. 1In
additicn to hcusing control 2quipment, the control rocr
shculd provide suitable and proper (guiet) space for
discussions cf prcblems as they may arise in the MIUS
facility.

The contrcl system shall be capatle ¢f creraticn in
three difterent wmcdes from the control center: (1) manual
contrcl bty the operators from control center valve
positioners, (2) automatic ccntrcller cperaticn with signal
cutput based cn value c¢f siqgnal received, and (3) autcratic
signal cutput bty digital computer based on received sicnals
and processed associated values. Ir additicn tc these
ccnsole cperations, manual positioning of valves must te
pcssible at service positions independent of the contrcl
centeAr,

Ccntrol technigques for the types cf subsystems used by
the MIUS arc advanced to 4 state of computerized
conventicnal ccntrcl. Conventional analog controllers
pcunted cn panelkcards can be adjusted Lky the opsrator cor ty
a computer,

Continuous monitoring fror a cecntrol rccom cf the MIUS
subsystens ard the intertaces among subsystems shall b=
provided as a part of the MIUS installation. Sufficient
instrumsntaticn shall be included as a part ot each
subsystem and on the interfaces among subtsystems co as to
provide a contirucus status to the cperatcr in the central
ccntrcl rccrn, Cperaticn of the MIUS shall be conductad
without the nececeitv of the operator haviny to routinely
read gaqges, reters, and cther indicatcrs arcurd the
equiprent rccr flcecr. Th=2 equipment room environrent fcr
the MIUS, like that of similar system installations, 1is
expected to te such that routine manual operations can te
performed without the need for extersive thysical gprotection
for eyes, ears, and sc forth.

The MINS control and ronitorirg equigpment shall be
caratle cf lcgging and recording selected measurements,
Certain cperational parameters that are of intersst fcr
long-terr status reports and that are cf daily or even
hourly interest to operator personnel shall be lcgged.
Strip-chart recorders and a printer output shall serve as
the logging devices, Selection ot data tc te lcgged shall
ke by patch panel cr kevbhoard input at the control corscle,
Automatic lecqging ¢f parametars that vary unusually and cf
alarm conditions shall ke a functicn cf the digital
supervisor and its intarface to the printer. Daily oferator
lcgs can te sugpplemented or fully furnishea by the dicital
superviscry cutput to the printer.
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SUBSYSTFM INSTRUMENTATICM

Performance cf a MIUS subsyster shall be mcnitcrea and
controlled with sensors and contrcl techniques that ara
conpventicnal ir centrol systems for vtility and
petrochemical industries. The measuring and control
technigqu2s discussed in the following s=2ctions shall ke
usedo

Temparatures

Thermeccuples shall be used to sense tamperatures in
heating and cocling water lines and acrcss heat exclarges in
2nyines, pumgs, incireratols, and process tanls where
temperatur2 ccntrcl 2nhances the operation. Amglitiers,
ccntrcllers, and transmitters shall he implemented as
necessary fer the centrolled responses to valves, pumgs, and
s¢ fecrth, such that the optimur range of temperature is
raintain=d.

Er2ssure

Fluid pressure sensor transritters with local recadout
shdll he used to det>rrine gpressure in the varicus
ccrpcnents of the MIUS. A U- to ZC-milliampere signal that
is prcporticnal to the sensedl pressure shall be transmitted
to the contrcl rocwm. Ccntrcllers ar= required for those
parareters for which the pressure must be regqulated within
high=-low limits, at a specified rate c¢f change, cr for cther
rredeterrined coniitions,

Flow

The flow cf wat-r in various loops of the MIUS shkall te
monitored with rate-of-flcw devices such as crifices cr
flcw, venturi, or Fitot tubes, Differential pressur=2 cells
that transmit 4- to 20-milliampere signals representativs of
the flow rate shall he used to provide the signal frorm the
device to the centrcl rocr.

The tlcw ¢t conductive materials that are thick,
ccrrosive, turbulent, or solids-bearing (such as sludge)
shall be mcnitcred with magnetic sensors. These senscrs
shall prcduce millivclt signals that ar2 transduced to a
U- to 2C-milliampere current cutput prcporticral to the flow
rate.
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Controllers fcr both categcries cf flcw-rate senscrs
shall be used where the flcv is to he mocdulated or diverted,
based on preletermined factors asscciated with the rate,

The valves or purps that alter the flow shall coentain
interfaces that will accepr a sigral frcm the ccntrcller for
position or start/stap control.

level

Liquid levels in tanks shall bte monitorec Lty using
float, buoyancy, cr differential pressure serscrs tc
transmit either the voluge on a continuous tasis cr an
inrdication of Ligh or lcw levels as alarm signals. The
transmitter ouvtput shall then be used to turn pumgs cr cr
off or tc pcsiticn valvaes as necessary to adjust the level
<0 the proper volume,

Kater Quality

Instrurentaticn for determining the <ffects of anrd the
reqyuirewents fcr tr2atment of waste water and potatle water
shall be included in the MIUS., FExawmples cf sensors that are
to he used to determine the quality cf such water follcw,

1, Chlcrine - Icn probes for chloride detection ard
tctal chlcrine mcnitoring, using reagents such as
orthctolidine, provid=2 continucus chlorine levels in tte
strear cr tank,

2. Carbon - A total organic carkcn (TOC) analyzer
shall be used as a continuyous monitoring device tc detect
the irmediate crganic loading.

3. Conductivity - The monitoring of total dissolved
solids in coeling towers and bhoilers shall be required. A
continuocus blcwdcwn rrocedure that uses a conductivity cell,
a transmitter, and a ccntrcllar to operate the durp valves
. shall be irplemented.

4, pH = Cn-line control cf the pF of treated water
shall be implerented through th2 use of electrodzs,
transmitters, and controll-ars to add acid, carton dioxide,
or cthar substances to change the pH as it varies atove cr
telow the optirum level fcr prcper treatrent.

Subsystcm Instrumentation Summary
The instrumentation techniqu2s specified in this

secticn have teen grovsd throuqh their uses in industrial

43



chemical and refining orerations and 1n utilities operaticns
during the past 1% years. The goneral overdll acceptance ¢t
these types of instrumentation techniques at such major
industrial installations qualifies ther as keing equally
acceptable for MILUS installaticns, Majcr hardware
sufppli=rs, architectural and engineering firrs, and
rechanical ccntractors will bhave no difficulty in suppcrting
the projoct =fforts with respect tc the instrumentaticn
called for in this speci€icaticn. In additicn, the asgz20cts
ct creraticr ard raint-nance will be accomplished with
Lelative easz because tha techniques are universal.

SYSTEM ACCUFACY

The instrureptaticn for the MIUS ccntrcl/menitering
system shall have an overall accuracy c¢t at least +3 gerc=ant
ct tull scale, The tollcwing 4ccuracies (raxirum srrcrs
dllcweil) for the varicus comporants of the control ani
ronitorirg ipstrumentation shall ke met as a mwinirum
requirer=nt,

SensoLse t£.5 parcent of full scale
Transnitters $1C.5 percent of full scale
Lanel reters +2 percent of full scale
Multipcint readout

devices +0.5 percent ot full scale

“tt-the=-shelt instrumants provide thnse accuraci=ss in
standard confiqurations.,

REDUNLCANCY

Tho MIUS irstrumentation shall ke implemented
redundantly in accordance with the f£cllcwing guidelines
(rinirur redundancy requirements) .

1. Nc primary -l-ment or associatea hardware
redundancy is requir-d for flow measuremants, Failure ot a
qiven inctrument will not result in degraded systen
performance as long as related pressure and terfperature
parare+ars are still availatle.

2., All temperatur? measurements that are transwittel
to individval indicators, racorders, or controllers shall
originate frcm a duplicate s2t of temperature protes,
2eadundant prcbes shall be mounted in the same tharmowell 3s
the temperature sensors that supply measurermerts fcr
logging, multipoint readout, and digital supervision,
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3, No grimary sensor 2lement or associateéd hardware
reduniancy is required f.r pressure and leval measurements,
However, lccal gages sha'l b2 irmplemented to provide syster
l.ackut.

4, Fcr transmission wire, 15 to 27 percent ot
redundant (spare) wire pairs shall be included in all
muiticonductor cabl=s in conduit cor trays that lead frem th=
control center terminal bcards tc juncticn bkeoxes in the
sutsystem equiprent area,

5% All crstrear wat:sr analysis instrurerts nust be
tacked up by labcratory cavabilities for periodic
veritication cf calitraticn, perfcrrance, and measutement
data,

Th=se reccmrendaticns tcr btackur cr reidundant
instrumentaticrn ar¢ *the rminimum requirements tor effective
contirucus cperaticns,

SFARF FARIS

A spar> gparts i1nventcry of the ccntrcel and mcnitcring
systen wardwdare shall bFe raintained. The fcllcwirg ririmunm
quartiti== of spares should be kept 1n stock.

1. Spare pancl meters with gercent-full-scal: {acss
shall k¢ kept in irnventory tc represent S to 10 percaint ct
the total nurbter of meters in use,

2. MAnalcg ccntrcllors (three mod=) shall te supared at
a level cf 1C rercent.

3. One three-p=n strip~chart racorder should t: kept
as a snare for every five used in th> control center.

4, Multipcint temrperatur~ indirators shall te install=d
redundantly., Ac sparing is required.

€, DNiscrete inlicaters (alarme and lights) cshall te
spared at a 1C-percent level.

€, 1en tc twenty percent spares Jdr at least one of :ach
type ot plug-ir circuit hoard for 21l tield-replaceatle
digital hardware shall te required te ke kept ir stcck.

Installaticn ot these types of spares can te perferred
as a part ot the nerral ocutics cf the cteratcr.



CCNTROL CENTER CISFLAY

The ccntrcl center shall contain sufficient ‘raneltoard
space for the disgplay cf the sensed measurements and their
associated contrcllers., 7The contrcl center shall grcvids
display fcr as many as 150 temperature measurements., No
rore than two cf these measurements need be displayed
simultaneously. Selsction of the particular temperature
meacurements tc be displayed shall be made from the ccntrol
panel, Temperature reasurements that are ccntinucusly
disflayed cn indicating ccntrollers shall alsc te included
redundantly on the selectatle disglay.

Pressurs, flcw, and level indications shall te
displayed on individual panel meters or on indicating
contrcllers, Fanel space shall be allccated for as many as
12C such meters,

i1ndividual discret=2 measurements (onyoff, high/lcw)
shall be indicated on dedicated control panel lights,
centrellers, and alarms. The changing status or alarm
cendition shall ke reccgnizable from the operator's staticr,
An acknowlz=dqgment ¢f an alarm or a discrete~level change
shall be initiated by th2 operator ty pushlLuttcn cr keytnard
control. Fdanel spac- for 5C such discrete indicatcrs shall
te includz:d in the control center.

Analcqg ccntrcllers with indicating meters and discrets
lights <shall ke a part of the ccntrol center equipment,
Panel space shall Fe resarved fcr as many as 100
contrcllers, As peinted out previously, these ccntrollers
will delete the nocossity ot some of the panel meters and
discrete lights menticned earlier.

Digital-supervisor-processad data (data gprocessed Lty
the computer syster) shall be displayed on a computer-
output-corpatitle electronic disglay screen. Ccntrcl center
space allccaticn fcr a single such device is required.
Format selecticn by alihanumeric or functional keytoard will
allov multiple usage in various operaticnal wrcdes,

The arrangement of these displayvy meters, indicators.
and ccntrcllers ¢cn the control panel shall hte organized such
that related corpcnents ct subsystems of the MIUS hardware
can be monitored ty cbservingy a certain secticn ot the
ccntrcl panel rather than the entire panel,
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The digital superviscry equignent shall svpport the
project management in pertorming the administrative Jdutiec
pertaining tc logistice, payroll, rental availability, ani
sigilar factcrs that promot? more 2conomical operation ct
the overall rrcjects 1The computer system shall contain
auxiliary wvemcry and grograms that support the consumatles
usaygye and recider effert for fuel, cil, treatment chemicals,
and filters, 1he reldative values of enerqgy generated in the
form or electricity and heat/cooling and the value of
water/waste-trcatment [roceéss creraticns as cyppesed to fuel
consumpt ion shall be ccmnuted reqularly, The additicnal
eguiprent required tc rerform thesa specifizd tunctions is
not extensive in that cnly additicnal nmercry rcdulzs dre
necessary to allow the ccmputaticns tc te run ccncurrently
with the rormai creraticns ot the contrcl systam,

TFCHRNCLOGY ADVANCTMENT

The results ¢f the initial survey of contrel ard
mcnitoring techniaques applicable to the MIUS have revealed
cnly cne rmajcr kardware develogment rejuirement: the
au*omatic monitoring of water Aand waste treatwent [rccesses,
trganic, cherical, and biolojicel measuring tecnnigues
requir~ slcw, detailed aralysis proc=dures that are not
readily adartahles to autcmation hecause results are nct
chktairahle fcr as long as 5 days after sar:los are taken,
Fence, =lectrcric techniques of detecting and analyzing the
constituents cf fprocesssd water and tr2at=d waste effluent
need to be pursued. There are several candidate ccrcepte
that provide a technolcgy taseline for the effcrt,

~ Ccmputer rodelirg of MIUS5 subsystems stands cut
signiticantly as reauire=d sofcware davelogment, The
algcrithws develcprent for applications programs require] to
operats the MIUS must pace the tardware prcdvcticn schedule.
Orly througdh a modeling effort can the varinus expect=zd
subtsystem configuraticns ke analyzed ir rirnimal *time and at¢
minimal «xpense suchk that the develcprant cf the algcrithrs
can proceed,

These iters cf controismonitoring technolcqgy are

suggested as fiscal-yecr 1974 hudqget iters and ate a part of
the overall MIFS develcpment prcgram,
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LABRCFATORY EVALUATICNS

Many ot the ccntrcl/rscnitcring system integraticn
ptoblemss that are directly related tc the integration cf
cther MIUS suksystems will ke resoclved during tha MIUS
integraticn and subsystem tests (MIST) development prograr,
The use cf the MIST as a tool tor furthering concepts of
systems integration will especially enhance the
ccntrcl/rcnitcring techniques develcpment.

CCNCLUSICNS

In keepinrg with the HUD directive for use cf articles
cf ccmmerce in the Jevelopment of the MIUS design, *his
survey has shcwn that a wide range of capatilities exists
that will provide th- MIUS & ccntrcl/rcnitcring system tor
which eaunipment for sensiny, actuaticn, lccal and remcte
ccntrcl, prccessing, and display exist as off-the-sh21f
hardwars. FEnhanced, more automatic operation of water and
ligquid-waste treatment processes seems achievatle with a
cecncentrated developmenrt cf ticlcgical cr tacterial senscrs.
The monitoring and control techniques for other sulsysteaxs
have teen well demcnstrated in cpsraticnal systems
thrcuachcut the Unitel States.

FTaselire systems for the MIUS control and monitoring
equipment have been selacted fci the jurgcses of minirizing
op2rator perscnnel and optisrizing perfcrrarce. Techniques
erplcyed in everyday usage in refinaries, petrochemical
processinag plants, ard utilities installations have Lteen
ccrbined and specitically tailocred to meet the MIUS
applications,

Lyrden B. Jchpson Space Center
National Ac¢ronautics and Space Administration
ltouston, Texas, April 12, 1974
386-31-05-00-72

43

o —— b s g bt A




- — ¢ e ot

t 1] . ‘ . . )

REPRODUCIBILITY GF THE
REFFRENCE ORIGINAL PAGE IS POUR

1. Kaye, David N,: Focus on Hinicosputers. Ilectronic
Nesigr, vcl. 22, no. 2, Jan. 13, 1974, pp. 56-64.

BIBLICGEAPHY

Anon.: Autramn - Ccntrol Cata Ccrgcraticn®s Frccees Centrcl
and Software System, Publ. XC217331, CPC ladolla Systerms
Pivision, laJdolla, Calit.

Ancn.: City wWater 3oard of San Antonio. 1BM Apnlicaticn
brircrf GKZ2C-(C254-1,

Ancr.: Plan fcr Automatic Ccntrol T2sting of the Low-
Prossure Ccrbustor Filot EFlant System. Tech. iept.
T&-72-1C, Ccebustion Power Cc., Inc., Menlo Eark, Calif.

Brookman, Denise, e€d.: Facilities Fnaineering - 1Irainirgqg
Flectrical Efrscnn2l. Plant Fngineering, vol. 26, rnc, 18,
Sept. 7, €72, p. S2.

Ellictt, Thcras C,: HeatinasCccling for Frocess and
Ccrfcrt - Fire Safety in Skyscratvers. Fover, vol, 11¢,
no. 4, Aug. 1972, rg. 51-53.

Franke, M, E.: Introduction to Fluidic Cevices. Fro-
ceedings Naticnal Aerospacz Electronics Confersnce, IFEZ
Transactiors on Aercspace and Elecrrcric Systers,
“C-C-14-AES, 1972, pr. 1S4-1eC.

Geating, Jchn A,; anl zudek, Fred F.: Eacteria Senscr fcr
Reprecessed %ater - Micrcbiology Research, Lesign, and
Fabriceticn. DTcc. APRL-TE-68-173, Fekb. 1966.

Gilran, liarold C.; Goodman, Maurice Y.; and DeMoycer,
Robert Jr.: Feplication Mod=2ling for Water [istriltution
Ccntrol. Pafper presented at American water Works Assccia-
ticn 92nd Anrual Conference, Ckicajo, Illinois,
June 4-9, 1572,

Jcnes, Arthur I.,: A Ccmparison of Avionics Systems Tequire-
rents ané Fluidic Technology Capabilities, Froceedincs
Hational Rercspace Elactronics Conforencc, IEEE Trans-
acticns on Aerospace and Tlactronic Systems, 77-C-14-RE3,
197C, pp. 161-165.

49



Mason, John F.: Miniccmputers Takinq Over in Factories in
Blue-Collar and White-Collar Roles. Electrcnic Design,
vel. 23, nc. 15, July 20, 197z, pp. 28-32,

Wagner, Polf E.: Fluidics - A New Control Tool. IEEF
Sgectrum, vcl. 6, no. 11, Nov. 1909, pp. =8-68,

wilkinecn, D, M.; and Flskes, ¥, C.: Central Equipment

Mcnitoring Systes., Flant Engineering, vol. 26, no. 19,
sept., 21, 1§72, . 94.

SC




e

-

g

KIRE PSS 5 NHRIL AT A A3 8 e

‘wa3sAs TOAJUOD SSTFTTFIN JSL JO uBIBBTP OOTY ~'T 2andtg

waeje djewony

40322{pu}

RdINdwo)

pieoq
sniejs

FRTvaTNY

pieoqhay
Aeidsip
- 4ndwo)
pdeoq jeulwda |
T .u, y 4 ’ J Hﬁ e m_..__u__zm
L1 =
< ] sbuipjing 3310
jauun |
l 1 — L x3|d13n\ ﬂ S40SU3S
4amo3 b6uijo0)
(41e) SJ08Sa4dwo)
s43j109g J— . dnayew se ysaiy
SR l""ll-ll_lln $105U3G sJa|puey 1y
ease Juawdinb3y - _ $393p pjod/10H

s ) DN S s



e ey

‘wa1sAs TOI3UOD TToM wroy3e1d agoysgjo Jo urBIFB TP qooTg -2 aandty

wood 433ndwo?)

Wwawdinba ~ Lyl ....onM@W.I _
_— 49induiog g -~ pieoq Aejdsig
. 13A1995URN AIIVZ/_/ZLAoZ%
AABMOID I N n
T 0313y jo 3in9
341m auoydaja |
SiPm 21 SlI9m 21 Sliem 21 S|1am 21

‘.‘i. wJdoyje|d wiojie|d wio4je|q wJojie| 4

52



Telephone lines
|~ arr————enm— .
Water production

facilities

Cooling and
heating plant

Multiplexer/terminal
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| R
Operators c Log and alarm
console di"g’;‘l’:;e' printers

Figure 3.- Block diagram of San Antonic water distribution con.xrol system.
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