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Tota svstems availab ity of an industria plant

, a Tuncuon of process equipment rehability contra
~ystem cqu pment reliabi 1ty. and the t me needed 10
repair hoth categories of equipment The design and
apphicaton <f control svstems in an 1ndustrid plant
:ap hate a ma or mpact on total availab 1ty of the
pant in sexera wavs This paper aescribes this
mpact in the fo low ng areas and provides examples
or a part cu ar class of distributed control svstems

o Use of redundancy to max mize control
svstem avaniab hin

a Sc ecting control and safety strategies that
are appropriate lor the process
con igurat on

[¥] The role of control syvstems 17 se ecling
and implementing the best maintenance
strategs for the plant

o The use of expert systems n detecting
in¢ pient faitures and dingnosing those that
have already occurred

) Sl N OF 1 GEHEREVIARIEITA CONTROL SYSTEMS

Gl REJIANRILILL A

Orve 1o past several years tiwere has been
aterest 1n R g Sutra a1d monitor ng

ty aad or ava labiliy 1t
Lol v el o zed vid ag ced 1hata gh

ty are des rable qual ties, but
1o¢ g e s donut know speutfiea y what

(TR

¢t 1 oadava ab oty are Webster defnes
< vy e Lto bie re ed on ad ava i bility as
[ NS v g a b o ¢ feo

Mirc Lt na v relab 11y e afes to s
ty tiat the system

« nos telactorty for 0 ocast @ given period
ey oen used toader stuted vod 1111s (Sce

oo vaee boStated matw mat ooy

e 1 v « MTBk

WIc ¢ 1 mission (or \pcrql ona } tme
MTBF  Mean 1 o dtwcel banures
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11c msson i e s scected to be cither the
v ymeat biet mo ¢ S to 20 years or nore) or the
10 Biiwee sooedu «d cqu pmienl vutages (generd Iy
GILe 1 VLl LF OfLe gvery two years) The value
Ciesel cepeds cn the purpose o the ana ysin  For
L Comoi osuns we w louse a twoyear period

Axva ab 1y relates to whether the device (o7
dey ves) W be operational 1t any given instant of
(SR TH L upreb Uty tat e system > Operat by

Pt y ataay po it ot e when used under

ol e wuae tuis woaere the tota 1ome cons dered
[ + 1 udes operat ng time and active repa v

ne 13d 1 some cases adm mstrative ume and

Ly ctme {Sce Reierence 1) Reecciog u o urther
Jooows cdnoastrat re ime as that portion of down

1 ot e uded under act ve repalr t me and
sl i and ug stic 1 ne as that pustioa o
Jow 1t ne du1g which repa ras de ayed sole y
bue e ol Lie neeessity lur watting {or a
Op el net part ur ooer subd » s on v the syvstem
NMatiematically

Availabil ty MTB
MTBF + MTTR

where MTBF  Mcan Time Between
Fa lures
MTTR Mean T me To Repatr

Control systems can be categorized nto two
majar grhups those that operate continuously
(cont nuous systems) and those required 1o operaie
ater n ttent y (as batch systems) Batch systems
gencra v have a mission t me that encompasses ti¢
pbatcy durat on p us charging, discharging, and
necessary clein ng or purg ngt me We w1 | discuss
on v continuous ¢ystems

A simp ¢ control svstem m ght be composed of
o1e or 1nwg contral loops requining 1/Q Giaput/output)
modules, provessnr modules, mounting rachs. and
power supp ¢ A pictor diagram for tmis system
is shown 1n Figure 1 | The success diagrams are
shown 1 Figures 1 2A & 12B This system wil
pror de the hasis for al comparisons that fo low 1s
such tis ass gned a relative tavalability, relab I oy,
& cost) value of unity

To ¢ hance the rel ab litv, a second power
madu ¢ ean be added. as shown i F gure | 3 When
compt ting the rel abslity, repair s permitted so ong
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INMPACT ON CONTROL_AND MONITORING
S RATFGY

The praper strategy for monittoring and
countrolling cach piece of plant cqu pment varies,
deperding o ts tapact on overa 1 plant ava labihity
1 tic oosc 0o duplicated equipment, 1c best
1 oac generally 15 to monitor and caatrol cach
pece ¢l eqr puent n such a way that it does not

11 e actioy and (poss bly) cause the a lure of other
Pt gt puent A good sirategy n th s case 1s 1o
stnp y the structure ol the sontrol and monitoring
syste ns ad to design the n so that tiey shut the
p at cquipme it dow 3 an casc of an actual or

upend 13 [a lure There is probab y no need for
cduadant coitruls ur complex tay ure monioring or
prad ction systems Since Lie plant can run despite
asing e a ure wien ) deubt shut t downt

11 tie case of a major p ¢ue of p ant cquipment
titt s neg dip cated and nist work lor the plant
12 Cutl L nue operation, the best approach 1s to try to
heep the cquipment runn ng at all ¢osts, even at
rcduced capacity  H ghly redundant control systems
and more cump cx and extensive momitoring, may be
ast fied 1o m o1 nize downtime of this critical piece
o cquip nent

() coLrse, more extensive control and
MU 131y SMrAteg o3 nay a 30 be justificd af the
al re ol even a dupl cated prece of process
cqu pnent van have a major ¢ficct on other p ant
cquipme it or p ant personncl  For example, 1t may
be w se 1o mon tor and control a ¢coa pulverizer
ve y carelu Iv, since af st explodes 1t can kil people
a3d damage a major poraon of a power plant

As 11e contro system becomes increasingly
cu nplex, several attributes of modern
microprocessor based, distr buted contral systems can
be ¢xplo ted  These relate to the physical and
fuact ona scparat on capatsbities It s no longer
eess v L0 COACE M aie LI comput g power na
«aatral locat un Processors or 1/0 can be located
FCNOte 3 4t the 11€ @ Juncuon buxes or marshatling
cabincts This not only reduces the wir ng costs but
also tic cost v the central control but ding (fewer
vonlru cne osures nced to be housed and wired) It
also . dds an ncre nental tnerease n cliabslity,
bLecruse fewer conneciions and pre processers are
reeu ted  Inoadd tion, a loss of the p ant’s
cum nunicat on system wil not atlect a node’s ability
t cownun cate with its own I O, no- s abr ity to
i ovide cont ol (execute s contro a gorithms)

Ihe tunciional distribution capabslities provide

tic abi ly tu ded cate a proccsaor to a sing ¢
process un t or graup of un ts As a esult, the

P Ll u v € ad auC OF U Processor cr power sysiem
v n be restricied 1o a known subset ol equipment
T sparttoniig, asatisca ¢d perm ts a subgroup

ot o doedware w ot pe haps, o higher level of
et diey to be ded cated Lo a process ua t to
p ovide tae requ red re ab ity Control tor mu tiple,
paral ¢l aux  ary units tsuch as pumps, heat
Cau o ngers va ves cte ) can benctit from the
reduced cost ol reduced re abil ty oo atrol hardware
cul gurations ( ess redundancy) Conversely, 1t s

ny e vost ¢ fective 1y ancrease the rel abihity of the
Lot o port uy of tic wontru ,auxibary equ pment
cenb wation, 1 by do ng so wil permut the reduction
by onc (or more) of the required quantity of

auat ary units | or examp ¢, if three parallel pump
trasis are required to mect re 1abe ity eriteria, 1t may
be possible 10 increase the rehability of the control
hardware (and perhaps the pumps themselves)

suffic ently to permit 2 pump trains to sat s’y the

o gonal re ab 1 gy or teria The resuiting savings ol
tic turd pump t ain n terms of capital cost,

rep tcement parts, and maintenance (manpower) cost
over the Itfe o e p ant can be sigmifcant

PART TIONING FOR ADVANCED CONTROL

S bstant al imprevements in renabisgy {and security)
rest e rowm oer ¢ om g a lunct on or contro

O tan at tie owest possible level 1n the
verad ¢y to min mize the number ot clements
letween the process and the controller Using a
min conputer in combinat on with the control system
1o pertorm advanced control strategies can only
ach eve red abilsties of approximately 7 percent
(MTBF 6700 hours), whereas a separate controd
processor operating with the same control system has
a rchiab 1ty of aver 85 (MTBF > 100,000 hours)
Theretore, advanced control algorithms and
superyvisory sct potnt calculations should always be
de e at the prucessor level, or at very least at the
boLeeas vo™ 10wl eve (Sce heyes, 1982)

'REVENTIVE AND PREDICTIVE MAINTENANCE
TECHN OQUES

Muost ndistnial plants have put in place a
pPreventine mamienance program, in which items of
plait equ p nent are cheched and repaired regularly,
usually on the bas 5 of clapsed calendar or operating
t me for the item of equipment  In theory, th s
approach siou ¢ increase the ava labilaity of plant
cquipment because tic mawnienance operat ons shou d
catch nany potent al problems before they occur
i \,Jrl“nJ(‘:|y p[ctcnll\l(‘ maintenance programs in
p it ee oftey al v ¢t m 1o budget cuts or are not
muaaged proper y (¢ 8, due to poor record hecping
on the work done on the equipment) Esen when
1uplemented accord ng to plan, preventive
N1 olenance pragrams can be neff cicat due to over
ceaserval ve schedules and rcpair p ans  The actual
wearout ¢yC ¢ 0 cquipment ncver matches the
tico ¢t cal cycle, and therelfore unnecded work may
e doae and perfectly good parts arce replaced

A better approach s one called predigtive
ma ntenance  In this approach, a distributed
no utoring,/control system 1s uscd to monitor key
pari neters tiat determine the wearout/fa: ure status
ol a picce of plant equipment  Using past history of
the behavior ol these parameters, the monitoring
syste n regularly predicts the future time at which
that p ece of ecquipnent s hely to faill Well an
adrance ol that t me, the monttor ng system warns
p a1t personnel that a far ure 15 imminent, and
p ¢y Jdes the p ant mamtenance personnel wath twa
opl uns 4) take that p ece of cquipment off | ne and
per urm maintgnance now, or b) wait until the next
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sciedt ed sutage 1o make the [ x In Luth cases
TAC 1CALOr 18 33800 1 Ld 1 Prov ae some est nates of
Lic ceuasm oL nsequeices v the vpuons and ct tie
Lorpesuane nokbe the best cho ce on an
bordee by,

Somc o the teery ques trom the e d of SPC
£5tat st eal Process Contro ), such us trend riles or
bole notests cdn b tsed to make tar ure
red <t oy Statist cal Process Contro s based on

Clu damenty pronc pe tiat there »a normal,
Lt ab ¢ ¢ye O variation I Cyvery process
Yest ement Ty s vanation e udes both random
N t v ad s var v wh choaan be ater buated to
vy Coluses Ay s gnfocanat change n norma
AT TR BN R O Tis. .l o pracass J‘:mgcs ar

ol 1ent changes Twe parameters are ¢va uated by

[ buted centra and mongur ng system \
BAR L1 Lag e mo ng ave age and R s the
tange o the d vidual values (of Ny n a subgroup

R AMux wun X\ m nus Mimimum \) From these the

svale i estib ashes the boundar os of the nor na

[ thoe O parandder (N) Zone s (otined as

Loare dnemt e 1ot p tstor noats) ¢ ae s1g M)

tev b Z e B s ticarea from poas (or m nus)
S ERTL M {er WIS FESPeLt Ve v (WO S gma

bhew se Zure & sl e arca frun plus {ur 1 nus)

W s gNa to p s (ur winuy Tespect ve y) three

SEN Seven commoay used pattern tests are

s owa T pere 7 See Reference M tor Turther

e 01 SC % ¢n one of these pat crns s

te e ad e svsle monorma ) aorts the Operations

der tadit o tieat me y to determ ne the cause
tonge nabo process o he et pucnt The

a Py e e passed to tic expert system for

FUrt or ¢va uat 01 as d scussed n Seet on 4

sy ud be nctad taat adding wure redund. nt
ottt (o ther procesy cquipment ur vontrol

Arewdre) w nereise plant ava ab lity However
Ve oIpLraaca w d S0 increase the overal number
1 Bres or potent b ta ures oF plant cquipment

s e there s sty v nore eqt pmet to fail and

VNt Asa ceut notoaly woithe capital cost
PO pantanaaase, but se wil 1ae cost ol

N enaace ad the required spare parts inventory

Ui aat des paer nust make the proper ccanomic
adet (¢ max1Mmze Tae p ant’s overa  return on
vestrent, o 3 ng twse actors nto ac<count

VRO F OF MEASUREMENT & CONTROI SYSTEMS

Pieredas ng the rel aby ty «f the control svsiem
ochaes the rel b 6y of e overal system o a
ot To o rtnte te acyeve rel ab y
rencnts he sensors and prine o vers must be
Py dad L General'y this nvg vee sclecting
U rere ab o sensors or estab sh ng redundang
SLAN s ar meastoemats . Re tundant sanyars snoutt
ool od 0 adepeardent measurement po nts
taten oy sepurate taps or d fterentia pressure
mceisure ne its) 1 he sens rs are connected o
deocacent 1 O ¢ rds e processors co a

« s o porren and 3 arm on sign §ocant
Ly 100wt s o orate of Lhange mon tor ng
SO gh ates « Change can be osed  wor

s ttvaut asacud be exere sed 11 us ng
[ Toors or tohang aot on ur

S g transnitter Jar ure  Experience has shown
Tt g h garate a thange may Le the resuit ot aa
< Dorna ipsit s tie provess and cantru
enp acers hadn t covs dered n o tierr des g0 analys )
N Nost C1se, O vards ave been spect od with
veb ¢ mode reyectioy . Common mode
C el Y spee (At NS are actutl ¥y spee | cat ns lor
aput £ tee 1g (¢ 4 ph conuon mode reject n and

a0 FOSPUISE At v Loy te ends ol the same
sxutrum ) For g rate o change mon tor (0 be
et ve tonust be set s awer tian the input

teriag (Ccomme v mode reject an), but aster than
(1c fastest puss b trans ent of that ncastre nent

Stic eng necrs Wi traas or tae contrul loop tu
M A | [E4 IV & FY SR A Tungl AssSu ng a
troaswotter farure w U trigger the rate nonitor In
115 s tual n, the trawsmiutter a1 ure action may bc
Ly oppropr ate For the ox of ng o reumstances
I a sterr g a o p ot manual dur ng a trans ¢nt can
fest € mager upsets and, nomany cases direct y
resut v the Ins ua process un t (tr p or other
S Cly det o) Fou taiese reasons rate o change
ner s ong s gereral vorestrivted W ow prior ty)
darung Waen a neasure ment s or ( ca other
lev iy qles are used

Mo petarsuirtery are employed (Lsua y
Cireel with an arbitrat ng method (> qut of 3 Vot ng
r 1 Prero et on ke 1n aetaa chothe
oot v €A TRy L conputed v ue (us np
Earpt ticterst s tsed tu va rdate tie erinsm qeor
Yo asume crtes tic vomputed va ue s
SUst tuted Eor t1e travs n tter vilue when the
fratsmitter va uc s hnown to be nva d (e g, out vt
range) Mu t p e transn iters nerease
roe bty ava laby ty but a so tncrease maintenance
d1d repor wosts hawever, the use of a computed
! diten vaie s g X st Ng measurements,
Woteots bty ova wb v gl mienma wost {the
5 11 sav gt entease of extra
e

As woestrve dur hgare v, we must be
VEoamt ooomoa ng the cost of each nerement ol
re by 14 ew CIses the vonscquences  the

FEe ¢ ocrexanpe  requ re largor oopitg
VM ML D1 g re ab oy systens E ncrgency
s utdow v and  re (1 ght ng & prutect un) syste ns
requ o commensorate level of rel al ty wichare
¢ wved g part to Mg prov dngsnge oup
ML v ur ot moa mum tncuoaa ntegrty S agc
Hpodtegr v st ¢ h paest urm ot par( gt on ng
B F ke 3yl € Ut n one wip cann st and wy
VUit pe ot o of any other loop
S by, uireaa nregr ty proy dos tar separat
sl ltacto s such as fire punp tra ns Ths a [us
vherat oy of cach pUap tra n wdependent v ut the
Pic s Conmos cgwipment such as a building haly
S3sfe b s sep rate nad ndopeice rom the re
pu o ps

AT tively s up e method to detornne the
e bewl e o AN TS Y L B RTNN 1Y
determ e tie ds ars per MTBE for cach d | crent
SOl ogUrat a A Crapdr sin can be nade and fe
Woeme Costal e aproved rebab oty or
A v dete onaee For our pu poses the D



Rattu (do ars per MTBEF) w | be norma 1zed using
the s11g ¢ vop syste 1 as a base ot one As can be

. scen a1 | ogure 31 add ag a redundant power supply

5> teat e lective because 1t drives these D Rauo

Le ow 100 e most cost ¢ fective sysiem, based
w1 the  gure, 15 tae 1 wut of 2 redundancy Figure
17 5siows the s m ar camparison for tic 50 loop
system prey ous y deser bed  Fur the s 1g ¢ loop
svste n the most cost ¢ tect ve system s Case V |
Qut 0 2 Redundancy whereas, for the 50 oop

syvs e it s Case 1V Redundant Power Processor &
1 ONMJ o

AU TOMATION OF RELIABIIITY ENGINEERING
PROCESS

Iudey, tie proposal, des gn and implementation

v uist boted measurement and control systems to

eet a ree red level uoava lability 5 @ 1ed ous,
t ne st uoag provess  Genera ly, the engineer
respe 1s ble tiese systems must [ orst lay out a
tr v con girativtr then do tie reliability and cost
aralys s 1o see | that contigurat on 1s acceptable
Tic ana vsi5 s usual y done by hand, or at best with
2 spread sacel program 11 the configurat an is pnot
WeeMad e ramnetier g el ab 1y or vost po nt of
vew toceng e nust try alolier cont guration
aad redo the ana ysis Need ess to say once the
«1g 1we linds a conligurauwn that meets the
SV LID 1Y SPECS, 3¢ OF SNE W il not usua y bodher
to luok turtier even tiough there may be anotaer
su ution Liat 138 a ower cost  There s mply sn't

P~ 1 nc tut nd aropt mal con gurat on

Fortunate v, ¢1g neering autvmation o s based
ciart o al inte | gence technology have been
deve ¢ ded 104 uw alte nanwon of tie equ pment
ces gy wduen o it o3 proess Onc stch too,
tie Coureept Model er 1s av vbject o oented
programnong system tat s deseribed n Relerence 3
7T e Concept Made ler represents hnowl:dge about a
putcu ar product or an y ol products 1 tic Fform
v 4 part stbpart hierarchy of objects An example
O L LS approach vur the case of auwtomob le design s
swwn 1 Fgue3d Tie top level object 1s the

o1 1L oowd e st level o subparts
cutaists o Lie chassis, the drive train the
SUs 3 1> on system, tic braking system, and the
¢ octr ¢a system i1 turn, the drive tra n cons sts
ol «taer subparts, such as the cngine, transmission,
dr ve shatt, and di ferential  Assoc ated with cach
3F aese objects 11 the hierarchy 15 a set of
. Ur butes, such as s1ze weigat, ocation material
type nd nrvaulactur ng cost The va ue ol cach

(b1 ¢ ead be at xed quant ty (such as a punber
«r 5y nbo o descriptor) or ¢ n be a luiction of the
. Les o olaer afiributes n the des gn For
cximp e tie ength of a connecting rod 1n the
C1p ne m oght be deter wined Irom a tab ¢ lookup
funct an that depends on the conl guration of the
c1g w bock the s ze o the eng ne, ani the type ol
Yol [ Owe b oese st onsy ps 11ve beea set

o, L} 0T C 12N Cass o autunab es ttar example),

i tes pn of a spec o automoell € can be generated
ait v teo v Uy rgger g te re at onsh ps w th a

sct ¢ custumer spec wations for that autumobile
{cg s 20 cccecrat on and braking capability, and
bene g proy <)

T s abject oriented approach to represent ng
an cnglicer ng des pn 3 5o can nc ude rel ab ity and
yamntainab 1ty 1n ormat on Assuciated w th each
5% t n the des gn 1 erarchy wou d be a set of

t 1 butes tiat del ne the parts puss b e la lure
1ueees the rels b ity gure assouated w th cach

ure nodce and he nean repair t ne needed to

cerreet 1At 1 ure mode  Then, the ava labr sty of
¢1c1 ohject 1t 1 erarchy wou d be a funct un ot
1ic avat bt ¢s of cach of 1ts subparts, or at east
¢ taiuse subparts that are cr 1 cal to the

Uil 0na 1y 0 1iat obJect 3 nCe DOIN 3MVAL ADIHY
nd cost nourmatian are 11c tded n o taie description
ol 1ie eng eered prudied, tic designer can nake (e
approp e tradco s dur ng the des gn process

V1 osus alternative des gns can be analyzed very

U ok v our ticir Lnpact on tota cost vs re ab hity
Vs per ol mance ad tie apprupriate cho ce can be
made mmediate y

T 1¢ use of the Councept Mode ler to determ ne
votr hatdware requirements fron a set of
syect ations 5 nothing new and such a system s
cirten y be g ansty cd  Thas system not only
cele nones i best dardware con p ement for a given
cpb tav ol ot ot uis the prysical requirenmerta
(s1ze, pcwer heat duissipation ete) for the chosen
app vat on A npatura cxtension of 1ts capabi ites 1s
oy dere Dltycrtertd and have  generate an
¢ot pment conl gurat on meet ng those or teria The
eng neer cotld compare the twu conf gurations to
deter none of hesshe wants to pay the price tor tie
re a3 lty that s spee  ed

4 DIAGNOSTIC TECHNIQUIS TO M NIM ZE
REPAIR TIME

Most o tie e nphas s in Jdes gming tor

1w ab 1y s placed on the MTBE companent o the
cquat on, tiat is, 1n nintmizing the a3 lure rate of
tie part be g Jdes gied  However, the time nceded
(e _epa. or replage a fa ed part (MTTR) a so has a
n. jur impact on plant and cotrol systen

i abie ty  Part repa r t me has these components
} Fo t we aecded to deter no1e whicy part has

ed M) tie tone ceded to obty narepyroer
Cadet ot part and cbta n otie regu red tuols, and
3yt t ne needed vactua y Lia the b ed part er
epace t with a new une The th rd factor can be
nn nzed by ¢ uw ng good pruduct des gn ru es,
suc1 s mak ng the part accesstb ¢ for repa r, making
£ Lasy 1o remore w oul spec a equipnent and
vovd ageerr 13 ngso t s ear how to
re asti | the part (vr better vet des gning 1t so that
toin ony be nstal ed une way) Anvone who has
W hed onatte v boles or hyne app 1ances, let a one
Leay d e wen ) owgquipne it haows that these

rodict des gnooues are rare y 1o Jowed to the

clter
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M fern pracess ne s remengand Lentro.
syste na can be of preat help v mnmzng the [irst
{3ct ran the repd ©Une cquation  the nme needed
(o dent by the ta ed part Most well des gned
o stobuted control svstems have se diagnostic
¢ wb ey t1at detect daalures 1n modu cs and otaer
Comen s b the contrel system  These se
¢ gies cuagab  tes e ude the Tol owing

\ Iiterna d agnost o procedures withia cach
mudu ¢ that shut the module duwn or puts
it 1n a sate state of operation if
m soperatton s detected  For example, the
CPU 1n a microprocessor based mudule may
be requ red to resct a watch dog tumer
perod o1y { thie timer 15 10t reset
proper vy  Lsiuls tic nodule down and’or
broadeasts o niessage thiat the modu ¢ has

ared

") The vperatur snterface dev ces n a
distributed control system periodica ly
check on the operat onal statas of other
¢le nents tn the system, such as the
communicat o subsystems the power
svste m, and the m croprocesser based
modu ¢s 1n the disiributed syttem  Any
detected farlures are reporied immediately
10 natntenance personnce

3) Redundant commun cation or control
dev ces per odically chech on each other
10 mnate surc opcration 1s normal Some
systems period ca 1y switch the designation
o pr nary and sccondary clements na
redundant pair 1o make sure hat the
Dickip o emen 1s alwins ready tu tahe
uver nease ¢ a ta ure in the pr mary
eemnet

-4 M croprocessor bascd modu ¢s run periodic
prigrammat « vhechs on the aperat una
stitus «  the r subsystems, comparing
results odl4Ined w th hnown correct
resu ts  Fur examp e the modu e might
per or 1 Lerta nonemiry writce and read
vperat ons, output and nput operat ons or
ar th net ¢ operations (o make sure that
Le sy o ted h rdware s work ng
praypery

A vomp ote descr pt on of these se f diagnostic

C pab 1t es 1y pros ded n Chapter 4 ol Relerence 4
Wacta alure 15 detested, tie d str buted control
system rmmed ate y reports ¢ ocat un and type of
Joure to e appruprmle upcranng or ma ntenance
AIY XU Nl

Ecta y tmportaitas nic abily 10 d agnuse a
vs o erat g ocr fou by part s e abi ty to replace
o1 1 and vnder power Toach cve 1iese
1 aubits BTN ISILRA MUst Be made 1o hold an ouvipuwt
r 1 drve it h ghor luw on a processur farure In
spoLt yghre abl y mut ple  ailurer can occur,
[ Us oo d or vutprtdrive Lag aby ity aawu d be
. ded cven w th redund ney  Other capabr tes
3o ute the ab oty te use 2 qard mnanual backup to

arat de 1€ obtput wven 1t the ert re system were 2
1 h s bachup adds another evel of redundacy

1 ol et vey prov des o a backup 1o an ent re

wontrel loop  The etfect @ this bachup device has

1wt beer ne uded poany o tac dawa prescnted n
Sooer

Each tacility has ts own (somet me mult ple)
wintenance and repaic pht osophy  There sa
1 cra vy of poss ble strarcg cs that can be used

¢ond tun bised ma ateaance
OUpt no y p anncd Na ntenince
*aaed mamnte wance

Period © ma ntenance

F » ( when Us broke

Ay you mose down this fuerarchy, tie overs | Costs
Ne case dlce (0 1¢ Aureds 1g custs o wst
p oduct on and bott encuvh ng the pant

A nedera d st buted wonator ng and contral
cvs o also vin be very use ul in detecling ja urcs
a prucess equ puent  These can be either direct or
ind reot measurements  Examp es of direct
neast rements ire v bration and temperature
monitaring te predwt bearing arlures lnd rect
measurements tnclude computing the frictional losses
deter noning the rd str bution. and monitor ng tor
Chitges nothe me11 aid vd LES N CXEESS L the two
5 p 1 nt

Anuther metrod s tu use the Al capibi tes 1
s Vg causes of wutages through tic tsc 0
Is1 Fawa Ditgrans {a su ca cd Lause and E tect
D agrams or Fishbone P ots) Some systems have
i Todded oxpert system capa»  t oy thata ow hie
tser ¢ arogram and run §F THEN dnagndstic vge
W L1 1L ¢ cOitiu system w thout any spec d
C npuler tee puent

Ancther techn que 15 the use of Opt ma
Productiun Coatrol (OPC) to 1mprove availab bty and
reduce Oper1t NG wusts i he OFC system <an be
¢ 11ur ©C nputer OF processor restdent The
P eveat e Mo nee Opportun ty Pred vt un
Lap i 1y ol DPC Gor cplim 2¢ tac product o3 rate

1 1en bottlonech process units nog maaner that

w lecuser ust prc fuct on resu t ng trom (ur

duee orte arrdienn R At wipat L of) ma atenance
cUl Bty AU R o uoeost

5 ¢ ONCI USIONS

Dre to 1ae won plex nature o the av atlab i vy

o 1t i € 0y more [0 mprov ng tota system

B ty « o~ omply addiey red.ndant ¢c.oments t

Lprocess uf iy Luntre system If not dene
carctt]l y, adding redundancy w H simp y add tu the
cipitd cost and mM1111ENANCE Feyuire ne s on the
4.6tem without impeoving avaslabdity an a cost
¢ cutnne mainer Toaere s aclear nced to des gn
{ ¢ process i vontic A 3d nonitor ng svs ems and
ticd phest e wnd repar phi osopy tu max m zc
suslem y Al 1y v ¢ keep ng tac kip tal and
nore) dee Lods At aceeptable feve
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In ¢va uating these tradeol s, the systems

«ng ncer o tey wil Lind that the design ol the
AmEOLEss (5 pretty wel fixed by throughput and

p o constraries However, t s possib ¢ to tahe
dyvaatige of (e powe tu capab ht es ¢ the process
2l aad nonater ng systems (0 maximsze the

avar ab {1y of the total process at a reasonable cost,
tirocgh the fo ow ng techniques

o Rcdundancy Use redundancy only where
1t 1ds d pos tive tmpact on total system
aval ab ty based un the cost benefit
rativs nyu ved 1n using redundancy

u Nt tng control system design to the
piteess  Rewrenmber that the goal s to
keep the process operating, so sclect and
« ige ¢ contro cquip nent accordingly
(dontoverhid  vse only the a nount and
type needed)

0 Ma ntenynee strategy  Use the power of
modern distributed coptro Sys ems to
nunitur current behasvor o plang
cev pment and perfor n optim zed
N1 oHenee based on totad coenom ¢
« s ade atons

o Lapert systems  Take advantage ol cxpert
syste s it are £ 0 fded n the cantrol
systen 1o d agause cgu p nent ailures and
m atn ze the t me needed for repa
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L Processor Modules
/0 Modu es (As Requ red)
Power Supply Mocdule
FIGURE 11
- PS RACK 10 INPUTS | PROCESSOR —Pj VO OUTPUTS [~ —

COMMUNICATIONS
SYSTEM

COMMUN CATIONS
SYSTEM

FIGURE 1 2A  Deiailed Success Diagram



COMMUNICATIONS
SYSTEM

— PS }—»L RACK ™| wo# PROCESSOR
FIGURE 1 2B Stmplified Success Diagrum
COMMUN CATIONS
SYSTEM
PS —»| RACK 1o -] ——*»l PROCESSOR
Ps
FIGURE 1 3 Redundant Power Modules
COMMGUNICAT ONS
SYSTEM
| ps »| RACK 1o PROCESSOR [———»
L —
REDUNDANT
PS PROCESSOR
COMMUNICATIONS
SYSTEM
FIGURE 1 4 Redundant Power and Processors
COMMUNICATIONS
SYSTEM
PS RACK — o }—- PROCESSOR r——
ps REDUNDANT REDUNDANT
1) PROCESSOR

COMMUNICATIONS
SYSTE!

FIGURE 1§ Redundant Power Processors and 11O



— PS [ RACK - 1o —| PROCESSOR SELECTION [—>
—| PS RACK "o PROCESSOR
FIGURE 16 1 of2 Redundancy
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VOTER/
— PS - RACK L—’ Vo PROCESSOR SELECTION
— PS [ RACK o PROCESSOR
FIGURE 17 ot 3 Kedundancy
Pearcent
90.
o
70
o
REL ABLTY
MTRF 5o
RATO
P
.
20
CASE Base S ng 6 Loop cAasE Basa Sing @ Loop
CASE Redundant Pcwer Modu es CASE!  Redundant Power Modu es
CASE Redundant Pcwer and Processot Modu es EFFECT OF ASE Redaundant P Bnd Processor Modu es
CASE V. Redundant Pcwer Processar end U0 Modu es it CASE V  Redundant Fowsr Processor and O Modu es
CASE V 1 Out of 2 Redundancy CASEV Out of 2 ARedundancy
CASEV 2 Out of 3 Redundancy CASEV 2 Out ot 3 Redundancy

FIGURE 18

FIGURE 19



AVAILABILITY COMPARISONS

AVAILABILITY
CASE
Base S ng e Loop 99 99947693%
ASE
Redundant Power Modu es 99 99975929%
CASE
Redundan Power & Processor Modu es 99 99987202%
CASE V
Redundant Power Processor & /O Modu es 99 99993231%
CASEV
1 Qut Ot 2 Redundancy 99 99999000%
CASE V
2 Oyt LI 3 Redunaancy 99 YIBIBUUCe

FIGURE 1 10

RELIABILITY/AVAILABILITY COMPARISONS - 50 LOOP CASE

MTFB
RATIO RELIABILITY

CASE

Base S ~g e Loop ‘0 0 2284224072
CASE

Redundant Poxe Modues 12 0 2784435265
CASE

Redundant Powe & Processor Modu es 12 03013482181
CASE V

Redundant Powe Processor & /O Modues 43762 0 9999662595
CASE V

1 Out Of 2 Redundancy 2092 0 99296834467
CASE VL

2 Out Of 3 Redundancy 11265 09998689377

FIGURE I 11

AVA LAB LITY

99 9977593«

39 93217687%

99 99828959%0

99 99999998°

99 99999000%

99 999980007
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CASE Base Sng e Loop
CASE | Redundant Power Modu es
CASE Redundant Powes and Processor Modu es

CASEIV  Redundant Powar Processor and /O Modu es
CASEV 1 0Outof 2 Redundancy
CASEV 2 Outotd Redundancy

COST FOR MTEF FOR S NGLE LOOF SYSTEM
{DESCR BED N F GURE 18}

CASE1
CASEI
CASE |
CASE V
CASEV
CASE VI

Base Sng e Loop
FAedundant Power Modu es

Redundant Power and Processor Modu es
Redundant Power Processor and O Modu es
1 Out of 2 Redundancy

2 Qut af 3 Redundancy

COST FOR MTBF FOR 50 LOOP SYSTEM
{DESCR BED NF GURE 1T1)

TIGURE 32

FIGURL 3 1
Automob e
Chass s Drve Tran Suyspension Brak ng System E ectr ca System
System

A

7L

/|

7L

TN /TN 71

FIGURE 3 3
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