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Introduction

Many ndustra processes are now requred to
perform efficiently over a wide range of operating
condtons Inmany cases these processes andthe r
contro systems were nta y desgned to produce a
sng e product at a snge producton rate  Current
economic conditions often require the same process to
produce a var ety of products at a var ety of product on
rates In many cases, the necessary operatng
eff ¢ enc es requ re major changes n both the process
design and the control strategy

One fundamental prob emcontinuesto m tprocess
performance Conventona process control ers can
not effectvely contro the required var abes over a
broad range of process operat ng cond t ons

Many techn ques address th s prob em. but on'y
with hmited success Bailey Controls provides a
un que se f tuning contro capab ty whch comb nes
the attrbutes of many of these technques, and
overcomes the prob ems assoc ated w th each The
most effective elements of modern control theory
estimat on theory and numer ca anaysis have been
combned with a so d base of process coniro
experence to develop ths seftunng contro
capability This applicaton guide discusses the
concepts and mplementat on of se f tuning contro N
Ba ey m croprocessor based contro ers
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Summary of Benefits

The Ba ey approach to sef tunng contro offers the
fo ow ng funct ona benefts

S mp e commss onng w th no user sett ngs requ red

Effectve contre for processes wth a ong transport
de ay (deadt me)

E mnaton of poor contro er performance durng
se f tun ng for pred ctab e changes n process behav or

Opt mum contro er performance throLghout the entre
process operat ng range w thout manua retun ng

Desgn fexb ty to accommodate speca process
character st cs

Fu ntegraton wth standard Ba ey contro ogc
funct ons

Nepend ng an the app cat on these funct ona benefts
can often be trans ated nto spec f c econom ¢ benefts

Bailey Self-Tuning Control

A group of speca zed functon bocks have been
deve oped to prov de se f tun ng for the nferenta Smth
Contro er (SC) agorthm ava abe n Ba ey mcro
processor based contro ers These funct onb ocks canbe
conf gured nto the contro  og ¢ to prov de super or contro
for ndustr a processes wh ch must perform eff ¢ ent y over
a wde range of operatng condtona The reatonsho
between these speca zed functon kocks s shown
schematca y n Figure 1

The Mode Parameter Est mator mon tors the contro ed
process varabe and contro output for the SC and
automat ca y estab shes a frst order dynam ¢ mode of
these var ab es The parameters of th s dynam c mode are
automat ca y trans ated to the requ red contro er tunng
parameters by the SC Parameter Converter For
processes where SC tunng parameters are re ated to
other process var ab es an Adapt ve Parameter Schedu er
a.tomat ca y estab shes a statstca y va d corre aton
and adjusts the tun ng parameters forthe SCbasedonth s
corre aton

Spec a features have beendes gned nto these funct on
bocks to smp fy commssonng and operaton of the
sef tun ng nferenta Smth Contro er Tocomm ss onthe
contro er ony the fo ow ng user act vt es are requ red

The process measurement s gna (s) mustbe ca brated
connected and va dated

The contro va ve must be connected and ts operat on
verfed

The process must be cperated manua y to set the
contro vave to a nomna operatng poston {typca y
50%)

The automated nta zat on rout ne must be act vated
and the contro er must be set to AUTOMAT C mode
Th s rout ne automat ca y exerc ses the contro vave a
preset amount from the manua y set va ve poston to
co ect nformaton about the process No manua
adjustments are requred to nta ze the contro er
However ths step can be e mnated f suffcent
eng neerng nformaton s ava ab e on the process to
manua y nput nta sett ngs for the se f tun ng funct on
b ocks

The nta settngs can be rev ewed after the automated

nta zatonrout ne has teencompeted Thecontro er
w be automatca y swtched to MANUAL mode to
prov de th s opportun ty forrevew These nta sett ngs
can be adjusted manua y atths pont fdesred

The contro er must be returned to AUTOMAT C mode

Once the contro er s returned to AUTOMAT C mode
after the automated nta zaton routne has been
comp eted the se f tun ng a gorthm qu ck y converges to
the opt ma tun ng for the des red contro er performance
As the process dynam cs c1ange the dynam ¢ mode and
the contro ertun ng parameters are automat ca y updated
to ma nta n the des red performance

Each of the speca zed sef tunng functon bocks s
dscussed brefy beow and an examp e app caton for
seftunng contro s presented A bref d scuss on of the
nferenta Sm th Contro er functon b ock sa so prov ded

Inferential Smith Controller (ISC)

The nferenta Smth Contro er s a mode based
contro a gor thm wh ch has been shown to prov de contro
equvaent to a standard PD agorthm n many
app catons However 1 app catons witt syr “cart
transport de ays (process deadtme) the SC provdes
contro whch s super or tc the P D agor thm

The nferenta Smth Contro er utizes a frst order
dynam ¢ mode w th deadt me to pred ct what the current
vaue of the contro ed process var ab e shoud be from



past vaues of the contro output A contro acton s
calculated from the d tterence between the pred cted and
actua vaue of the contro ed process varabe The
magn tude of the requ red contro acton s d ctated by the
parameters of the mode  Athough many ndustra
processes are known 1o be of second or higher order this
f rst—order mode prov des an effect ve representat on of
these processes for the purpose of regu atory contro

The ISC algorthm prowvides servo response and
d sturbance reject on super or to a standard P D a gor thm
for processes wth sgnfcant deadtme  Snce the
nferenta Smth Contro er recognzes the dynamc
behav or of the process t nherently paces the contro
act on to the process response capab ty Ths scrtca for
processes w th a s gn f cant de ay batween the t me thata
contro acton s ntated and the tme that the
correspond ng effect on the contro ed process varabe s
detectab e (transport de ay or deadtme) The standard
P D agorthm cannot compensate for th s deadt me and
can eas y over react to process upsets and/or setpo nt
changes produc ng process osc atons whch are ony
e mnated by detun ng the contro 2r to prov de sugg sh
response

The desred performance of lhe nferenta Smth
Contro er s estab shed by the va ue of the contro ert me
constant Thsvauetypca yranges from 30% to 300% of

the process agtme 1he ower sett ng prov des extreme y
1 ght control butrequ res an accuraie mode of the process
The h gher sett ng prov des over damped contro whch s
more robust a ow ngs gn f cant m smatch between mode
and actua process behav or Typ ca responses of an SC
to a setpont change for this range of controller time
constants s shown n Figure 2

The conf gurat on requ rements for the nferenta Sm th
Controller are identified in Table 1 When this function
bock s usedw ththe SC Parameter Converter the va ue
for specfcatons S7 (Process (Gan) S8 (Process
Deadt me) S9 (Process Lag Tme) and S10 (Contro er
Time Constant) are provided automatcaly dunng the
nta zatonrout ne andthe va ue of spec f cat ons S7 and
S9 are perodca y adapted as requred to optmze
contro er performance

Model Parameter Estimator

Wthout seftunnc the nferenta Smth Contro er
operates from a f xed mode Ths mode may effectvey
represent the process at some pont n tme but f the
process behav or changes sgntcanty possby dueto a
shft n operatng pont or equpment deteroraton the
performance of the ISC (or any other contro a gor thm) w
deter orate Th s deter orat on genera y has a s gn f cant
adverse econom ¢ mpact on process operat ons
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To compensate for a change n process behav or the
Mode Parameter Estmator contnuousy montors the
dynam ¢ response of the contro ed process var ab e to the
contro output The response of the process to the contro
actonprovdesa ofthe nformat on necessary to est mate
va ues of the process gan and agtme

nta setings for the varous Mcde Parameter
Est mator spec f cat ons are automat ca y prov ded by the
8C Parameter Converter at the corncuson of the
automated nta zaton routne Once the Mode
Parameter Estmator has been nta zed and the
Inferenta Smth Contro er s returned to AUTOMATIC
mode the Mode Parameter Est mator qu ck y converges
on the opt mum va ues for the process mode parameters
(at the current process operat ng po nt) us ng a spec a zed
recurs ve east squares techn que Ass gnfcantchanges
n process behav or are detected the dynamc mode s
automat ca y updated to ref ect these changes

Severa heurstc rues are ut zed by the Mode
Parameter Est mator to max m ze the effect veness of the
est mates The comb ned effectofthese raes stoprovde
the fo ow ng funct ons

* Deactvat on of the est mat on a gor thm dur ng per ods
of stab e process performance Th s prevents ong term
dr ft of the mode parameter est mates

* Re nta zaton of the estmaton agorthm for each
s gn fcant d sturbance or change n process behav or
Th s acce erates convergence of the mode on the new
process response data

The Mode Parameter Estmator aso contnuousy
assesses the va dty of the mode parameter est mates
us ng a comp ex procedure When the mode parameters
are determned to be nva d a New Parameter Est mate

n Progress fag s ndcated and the est mator attempits to
converge to a new estmate Ths s anorma occurrence
and w occur frequent y throughout the operat on of the
est mator

The confguraton requrements for the Mode
Parameter Estmator are dentfed n Table 2
Specfcatons S4 (Samp e T me) S5 (Process Deadt me)
and S6 (Expected Nose Leve of Process) are
automat ca y setdurngthe nta zatonroutne Whenthe
Mode Parameter Est mator s used n comjunct on w th the
SC Parameter converter specfcaton S5 (Process
Deadtme) s not used and the process deadtme s
nterna y updated by the SC Parameter Converter

ISC Parameter Converter

The SC Parameter Coaverter frans ates the mode
parameters determ ned by the Mode Parameter Est mator
nto the specfc tunng parameters requred for the
nferenta Smth Contro er Th's funct on b ock enforces
the a owabe range for the tunng parameters and
suspends retun ng of the contro erwhen e ther an externa
ogc fag s setorthe status New Parameter Est mate n
Progress of the mode parameter est mates s nd cated

The SC Parameter Converter aso superv ses the
automated contro er nta zaton routne When ths
routne s actvated the SC Parameter Converter
exercses the contro output wthn the estab shed
constrants (typ ca y +5%) from the manua y estab shed
vaveposton Onceadequate datahasbeenaccumu ated
to estab sh nta est mates of the mode parameters the
SC Parameter Converter trans ates these vauesto nta
va ues for se ected spec f catons of the nferenta Sm th
Contro er and the Mode Parameter Est mator and pu ses
the SC contra stat onto MANUAL mode The automated
nta zaton routne can be nterrupted at any tme by
sett ng the assoc ated contro stat on to MANUAL mode

The cont gurat on requ rements ana funct ona deta s of
the SC Parameter Converter are dentfed n Table 3
Specfcatons S5 (M nmum A owab e Process Ganj S6
(Maxmum A owabe Process Gan) S7 (Mnmum
A owab e Process Lag T me) and S8 (Max mum A owab e
Process Lag Tme) are automatca y estab shed durng
the nta zaton routne
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FIGURE 3 On Line Aduptatton of an Estublished Nondinear Gain Schedule
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Adaptive Parameter Scheduler

As the process shfts from one operatng pont to
another, the nferenta Smth Contro er w  be
automatca y retuned to mantan the desred contro er
performance at the new operat ng point However dunng
seftunng SC performance can be temporar y ess than
desrabe napp catons where the specfc vaue of an
SC tun ng parameter (process gan and/or ag tme) s
related to some process variable or discrete event (an
ndex var ab e) these per ods of sub—opt mum contro er
performance ourng sefwnng can pe e mnateo by
adapt ve schedu ng of the tun ng parameter

The Adaptve Parameter Scheduer ut zes a
east squares technque to automatca y correate a
prese ected ndex varabe wth one contro er tunng
parameter output by the ISC Parameter Converter Once
an effectve near corre at on has been estab shed the
Adaptve Parameter Scheduer adjusts the tunng
parameter for the ISC as a functon of ths ndex varab e
f more than one tun ng parameter must be schedu ed
more than one Adaptve Parameter Schedu er must be
used

When the re at onsh p between t1e ndex var ab e and
the tunng parameter s known o be noninear wth a
prevousy estab shed shape the Adaptve Parameter
Schedu ercanbe usedtodetermnea nearcorrectonb as
to adjust the f xed non near parameter schedu e for actua
process behavor Once the non near re atonshp has
been confgured nto the contro og ¢ the correcton b as

s cacu ated by the Adaptve Parameter Schedu er and
added to the output of the fixed noninear parameter
schedu e to estab sh the vaue of the schedu ed tun ng
parameter for the contro er Ths feature s ustrated n
Figure 3

Conf gurat on requ rements and funct ona deta s of the
Adapt ve Parameter Schedu er are dentfed n Table 4

Example Application

To ustrate app caton of the Ba ey seftunng
Inferentia Sm th Controller a relatively smp e exampe
has been seected Ths exampe w be used to
demonstrate the un que se f tun ng features ava ab e w th
Ba ey mcroprocessor based contro ers  Bref dscus
s ons of the process aconvent ona contro techn que. and
app caton ofthe Ba ey se f tun ng a gor thm are prov ded

Process Description

A process whch benefts substanta y from the
app caton of se f tun ngcontro s the f red process heater
shown n Figure 4 Tte product stream from one process
un tmust be heated to a spec f c temperature before t s fed
nto another process unt P ant off gas a combustbe
waste byproduct from the var ous process un ts w th n the
pant s used as the prmary fue for the heater The
object ve of the contro system s to prec se y contro the
measured product temperature by regu at ng the f ow of
off gas 1o the heater
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As shown n Figure 5 precse prodict temperature
contro scrtca tothe overa econom cs of the process n
thsexampe fthetemperature stoo ow theyedoffna
product w be sgnfcanty reduced ncreasng the
average producton cost for qua ty product f the
temperature s too hgh the qua ty of the fna product s
sgnfcanty reduced resutng n ncreased waste
product on and/or recyc ng costs wh ch agan ncreases
the average product on cost for qua ty product

f the product temperature var es too much around the
setpont the cost penates from both hgh and ow
temperature resut However f the product temperature
can be effect ve y contro ed the setpo nt can be sh fted to
amore econom ca y favorab e vaue ncreas ng the proft
margn n addton to avo d ng cost penates

Severa factors comp cate effectve product
temperature contro nthsexampe

« Process Deadtime The des red product temperature
s measured downstream of the heater atthe nettothe
next process unt Ths ntroduces a arge transport
de ay or deadt me. nto the heat ng process When the
off gas contro vave poston s changed 1t can be
severa mnutes before the effect of ths change s
detected by the temperature sensor The contro acton
must be compensated for th s deadt me orthe contro er
w have to be detuned for contro stab ty and the

temperature w vary s gn f cant y above and be ow the
setpo nt

Flow Rate Variation The product f ow through the
heater changes frequent y due to the contro acton of
the upstream tank eve contro er Ths eve contro er
reacts to varatons n pant operatons and process
upsets from a varety of sources The product fow
change strong y nf uences the dynam cs of the heat ng
process At a h gher product fow a arger change n
off gascontro vavepostonw berequredtoe mnate
a 10°F temperature error than wou d be requ red at a
ower product fow Aso ths change must be made
sooner and more rapdy for effectve temperature
contro at the hgher product fow Ths change n
product f ow causes s gn f cantchanges nthegan tme
constant and deadt me of the heat ng process

To effectvey stab ze product temperature wth
these changes n process behavor contro er tunng
parameters must be adjusted to accommodate the
change n product f ow tnrougn e neater ftne tunng
parameters are not adjusted to compensate for the
change n process behav or e ther unstab e or s ugg sh
temperature contro w result as the product fow
changes from the va ue atwh ch the contro erwastuned
for opt mum performance produc ng w de varatons n
product temperature
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* Offi—Gas Heating Value Variation The heat ng vaue
ofthe process off gas var es as a funct on of the process
unts currenty operat ngwth nthe pant As the off gas
heatng vaue decreases a arger change n off gas
contro vave poston s requred to compensate for a
109F temperature error than woud be requred for
off gas with a higher heatng value To effectvely
compensate for ths change n heatng process gan
contro er tunng parameters must be adjusted to
accommodate the change noff gasheatngvaue Ifthe
tun ng parameters are not adjusted to compensate for
the change n process gan e ther unstab e or s ugg sh
temperature contro w resut as the off gas changes
from the heat ng va ue at wh ch the controlier was tuned
for opt mum performance

Conventional Product Temperature Control

The conventona approach to product temperature
contro for th s heater ut zes a PID contro er as shown n
Figure 6 The temperature contro er s tuned for effect ve
contro ata spec f ¢ product fow a spec f ¢ off gas heatng
va ue and a spec f ¢ product temperature setpo nt When
any one of these process condiions change fromthe va ue
used durng nta adjustment contro er tunng w be
e ther too fast or too s ow to effect ve y stab  ze the product
temperature and major product temperaiure f uctuat ons
w resut

OFF GAS
CONTROL VALVE

FIGURE 6 Comentional Product Temperatwre Contiol

Self-Tuning Product Temperature Control

The Ba ey sef tunng nferenta Smth Contro er can
be smply mplemeried on ths process wthout any
deta ed engneerng know edge of the process The
seftunng SC w effectvey adust tsef for opt mum
control performance despite vanations n  process
deadt me gan and/or ag tme

However the Ba ey approach to se f tun ngcontro aso
hasthefex b tyto ncorporate any eng neer ngknow edge
ot the process ava abe to mnmze perods of
sub opt mum contro er performance durng sef tun ng
This knowledge can be effectivey incorporated at the
des gn stage rather than durng commssonng of the
se f tun ng contro er S nce there are s gn f cant econom ¢
ramfcatons to the performance of the product
temperature contro er nths exampe app caton of both
basc seftunng and advanced seftunng w be
dscussedto ustratethefexb tyofthe Ba ey approach

The bas ¢ mp ementat on of se f tun ng forth sexamp e
s shown schematca y n Figure 7 Ony the Mode
Parameter Est mator anatne SC Parameter Converterare
requred n addton to the nferenta Smth Contro er
As de from connect n¢ the funct on b ocks w th nthe contro
ogc the ony eng neerng nput requred s the a owabe
contro va ve movement dur ng the automated nta zaton
rout ne

The advanced mmdementabon of seftunng for ths
examp e s shown schematca y nFigure 8 A deta ed
eng neer ng know edge ava ab e for the process has been
ut zed to optmze the effectveness of the product
temperature contro  The process gan s adjusted as a
funct on of product f ow ut zng a f xea non near process
gan schedue from the heater manufacturer and an
Adapt ve Parameter Scheduer The process agtme s
aso adjusted as a near funct on of product fow wth an
adapt ve Parameter Schedu er The process deadtme s
adjusted as a functon of flowrate through the ISC
Converter, wh ch updates the Mode Parameter Est mator
and the nferenta Smth Contro er



—
N —
MODEL
PARAMETER
[ [ EST MATOR
sc I
A s
' PARAMETER
CONVERTER
C
OFF GAS
CONTROL VALVE

FIGURE 7 Buvic Self Tuniny Product Ten peratiae Control

Advanced Self-Tuning Considerat ons

From the process descrpton t s apparent that the
product f ow through the heater w have a major effecton
the process deadt me. gan and agtme andthatths fow
w be changng frequenty To mantan contro er
performance duf i g 1aP d c-a~ges ~ product fow, trese
parameters can be schedu ed as a funct on of productf ow
As the process behav or changes due to factors unré ated
to product fow, the tunng parameter schedues are
automat ca y adapted to optm ze SC performance Ths
e mnatespotenta y unacceptab econtro er performance
dur ng the retun ng per od after a f ow change

Eng neer ng ana ys sreveas that the process deadt me
s approx mate y the ength of t me requ red for the heated
product to trave from the heater out etto the ocaton ofthe
temperature sensor Th s deadt me can Je approx mate y
cacuated as a ‘u~cton of tve product fow wth the
fo ow ng equat on

Deadt me (sec) 2 45‘D#*L/F

where D s the d ameter of the praduct p pe (nches) L
s the ength of p pe between the heater outet and the
temperature probe (feet) and F s the product f ow (gpm)
Ths re at onsh p does not have to be prec se t can be
approx mate and st be of major beneft to contro er
performance

Athough the actua rea anshp between the process
gan and the product fow s much more comp ex than the
deadtme reatonshp a near approx maton of ths

reatonshp coud sgnfcanty mprove contro er
performance W noul  €xcess ve nformaton and
cacuatons Snce the process gan s contnuousy

re est mated by the Mode Parameter Converter and the
correspondng  tunng parameter S cont nuous y
reca cu ated by the SC Parameter Converter the Adaptve
Parameter Scheduer can be used to automatca y
corre ate the requ red process gan w th product fow to
prov de ths near approx maton

However a more compex non near reé atonshp
between the process gan and the product f ow s ava abe
for ths examp e from manufacturer heater performance
tests Ths re at ur sk p was estab s-ed ‘o~ a spec *c fue
and a specfc product Snce ths data s ava abe a
non near functon w be Lsed 1o schedu e process gan
as a functon of product fowrate and the Adaptve
Parameter Scheduer w  be used to automatcay
determ ne the correct on b as requ red to compensate th s
non near re at onsh p for the actua fue the actua product
f u d and heater performanc2 degradat on (eg tube fou ng
purner deter orat on)

The process agtmew aso be adjusted as a functon
of product fow A though the reatve merts of ths
auto~at ¢ adjust—et cou dbe argued tw beprov ded
for ths exampe because of the potenta economc
ram f cat ons and the re at ve ease of accomp shng ths
funct on

From the process descr aton, the off gas heat ng va ue
5 a so expected to vary s gn fcanty and ths varaton s
expected to requ re some changes n contro er tunng
Conce vab y the contro er gan cou d a so be adapted as
a funct on of an oft gas heat ng va ue measurement Ths
wou d undoubtedy enhance contro ef performance but
the cost effect veness and the re ab ty of the anayzers
ava ab e forth sapp caton are g.estonabe nthscase
the ISCw be a owed to sef tune for changes n off gas
heat ng va ue these changesw appear as correctons n
the adapt ve parameter schedu er
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Implementation

The speca zed functor bocks requred for
sef tun ng of the nferenta Smth Contro erareava abe
n standard Ba ey mcroprocessor based contro ers
(NCOMO4 CLC02and NMFCO03 04 05) AnyoftheBa ey
CRT based operator conso es can be used to ntate and
montor the automated nta zaton routne for the
NETWORK 90 controllers A Confguraton TYunng
Ter~na (CTT0') w be requ-ed for thre LOOP
COMMAND contro er (CLC02)

The actua conf gurat ons requ red to mp ement the
basc and advanced seftunng product temperature
contro n these Ba ey contro ers are shown n Figure 9
and Figure 10 A thoughthe conf gurat onsarespecfca y
forthe d scussed examp e they are genera y app cabeto
a broad range of ndustra process contro app catons
requrng self tunng The confgurat on requ rements of
t~e sta~da-d Ba ey ‘u~ct 0~ b ocks s*owr are d scussed
n the Bailey Function Code Application Manual
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TABLE I

Inferental Snuth Controller Descripiion

FUNCTION CODE 160

The nferenta Smth Contro er ( SC) functon b ock
provdes regu atory process contro sm ar to a P D
agorthm However the SC has the acded advantage
of effectve contro for processes with a sgnfcant
transport de ay (deadt me) Ths agorihm functona y
rep acesthe standard P D Contro erfunct onb ocks and
provdes a the enhancements requ red tor regu atory
contro ncudng output mtng track ng and externa
reference capab tes

The nferenta Smth Contro er ut ses a frst order
dynamc mode wth deadtme to predct the current
va ue of the process var ab e based onpastva ues ofthe
contro output Any d fferenice between the pred cted
and actua process var ab e san nd cat on of a process
d sturbance and a change n contro otput s requ red
to compensate for ths d sturbance Tre 1SC uses the
dynam ¢ mode ta ca cu ate the change ncontro output
requred  Nns agorinm nnerenty paces the conwro
acton to the ab ty of the process to respond

Each spec f cat on for the nferenta Smth Gontro er
s d scussed br ef y be ow

Block Address of Process Variable Ths
specfcaton dentfes the process varabe to be
contro ed by the SC

Block Address of Setpoint Ths specfcaton
dent f es the setpo nt to wh ¢ch the process varab e sto
pecontro e "nssgna stypud yger erated lu™— a
Stat on funct on b ock

Block Address of Track Reference Value Ths
spec fcaton dentfes the track vaue forthe SC The
track va ue becomes the contro output from the SC n
MANUAL mode permttng the operator to manua y
contro the process

INFERENTIAL SMITH CONTROLLER

Block Address of Track Reference Flag Ths
specfcaton dentfes the fag whch estab shes the
operat ng mode of the ISC  fthe track f ag s setto zero
the SC s n MANUAL mode fthe track fag s set to
one the SC s n AUTOMAT C mode and adjusts the
contro output as necessary to ma nta n the estab shed
setpo nt

Block Address of External Reference Value Ths
specfcaton dentfes the externa reference vaue
wh ch perm ts the SC to be used as the pr mary (outer)
contro er n a cascade ccnfguraton The externa
reference va ue sthe contro ed process var ab e for the
secondary { nner) contro er Thss gna permtsthe SC
to remove the dynam cs of the secondary contro er from
ts nterna dynam ¢ mode of the process and prevents
wnd up n the event that the nner contro er becomes
saturated

External Reference Flag Ths specfcaton
prov des an externa reference f ag wh ch nd cates the
ex stence of an externa reference sgna When set to
zero the SC does not montor the externa reference
sgna When set to one the reference sgna s
mon tored and compensated for by the SC

Process Gain, Deadtime and Lag Time These
spec f cat ons def ne the dynam c process mode used
nterna y by the nferenta Smth Contro er Process
gan sdefnedasthe change nprocess var ab edv ded
by t-e c~a~ge -~ co~t0 output a~d ~ay have postve
or negat ve s gn

Controller Time Constant — Ths specfcaton
estab shes the des red coniro er response to process
d sturbances and setpo nt changes For tght contro
w th an accurate mode th s parameter may be set to
30% of the process ag tme For sower contro er
response or when the process mode s not cons dered
accurate the va ue of th s parameter can be ncreased
to the process deadt me p us 300% of the process ag
tme
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TABLE | Inferenttal Smith Controller Description (Cont d)
FC160 SPECIFICATIONS:
SPECNO | TUNE | DEFAULT TYPE RANGE DESCRIPTION
S1 No 5 NT Oto™ B ock Address of Process Varab e
S2 No 5 INT Cto* Block Address of Setpoint
S3 No 5 NT Oto™ B ock Address of Track Reference Vaue
S4 No 0 INT Oto* Block Address of Track Reference Flag
0 track
1 reease
S5 No 5 INT Oto" B ock Address of Externa Reference Va ue
(cascade)
S6 No 0 BOOLEAN Oor1 Use External Reference Flag
0 norma
1 use
S7 Yes 1 000 REAL(3) Fu Process Gan
S8 Yes 0 000 REAL(3) 0 0to 9 2E18 | Process Deadt me (seconds)
39 Yes 0 000 REAL(3) 00to 8 2E18 |Process Lag T me (seconds)
S10 Yes 9 2E18 REAL(3) 00to 9 2E18 | Contro er T me Constant (seconds)
S11 Yes 105 000 REAL(3) Fu Output Hgh L mt
S12 Yes 5 000 REAL(3) Fu Output Low L mt
* s the max mum b ock address perm tted for the specfc contro er modu e
FC160 OUTPUTS:
BLOCK NO TYPE DESCRIPTION
N REAL Control Output




TABLE °>  Model Paiameter Extimator Descriprion

FUNCTION CODE 152 MODEL PARAMETER ESTIMATOR

The Mode Parameter Est mator funct on b ock uses
a recursve eastsquares agorthm to dentfy a
mathemat ca mode of the process Tt s funct on b ock
cacuates the parameters for a near frstorder
dynam ¢ mode w th deadt me of the spec f ¢ form

Yt aeyp 4 +beuy i +cC

nthsequaton y; sthe vaue ofthe orocess varab e
attmet y; ¢ sthe vaue of the process var ab e at one
samp et mebeforetmet uy s the va ue of the contro
output one process deadt me (expressed as k samp e
t me ncrements) beforetmet anda b andcare mode
parameters

The Mode Parameter Estmator contnuousy
mon tors the va ue of the contro ed process varabe
and the contro output The vaue of the mode
parameters are cacuated whenever the process
behav or dev ates sgnfcanty from ithe estab shed
parameters The Mode Parameter Estmator outputs
the va ue of the ca cu ated process mode parameters
the stat st ca res dua between the actua data and the
cacuated mode and the status of the parameter
aest mator

The Mode Parameter Est mator contans a set of
heur stc rues to e mnate the practca dffcutes of
est mat on theory These ru es prevent ong term dr ft
of the mode parameter est mates curng cons stent
process performance and nappropr ate react on ot the
Mode Parameter Estmator to externa process
d sturbances

Each specfcaton for the Parameter Estmator s
d scussed br ef y be ow

Block Address of Process Variable Ths
spec fcaton dentfes the contro ed process varabe
to be used by the Mode Parameter Estmator

Block Address of Control Output - Ths
spec fcaton denttes the contro er output 1o be used
by the Mode Parameter Est mator

Block Address of Reset Trigger Th sspec f cat on
dentfes a reset trgger for the Mode Parameter
Est mator Whenth s tr gger changes va ue from zeroto
aone the Mode Parameter Estmator s nta zed The
reset trgger aso updates the Mode Parameter
Converter to the defaut settngs (process gan and
process ag) stored n non vo at e memory of the SC
These sett ngs may be updated manua y by tun ng the
correspond ng SC specfcatons

Note: The est mator does not stop when the oop s n
manua or the process s shut down Reset tr gger must
be used on start up of process

Sample Time — Ths specfcaton provdes tme
sca ng for the est mat on agorthm To assure proper
operat on of the Mode Parameter Est mator the samp e
tme shou d be se ected so that t s between 20% and
50% of the process ag 1me Because of the strong
dependency of the ca cu ated mode coeff c ents on the
se ected samp et me when the samp et me schanged
more than 10% or n excess of 05 sec the mode
coeffc ents are automatca y nta zed

Process Deadtime Ths spec fcat on def nes the
deadt me or transport de ay exh bted by the process
Under—estmaton of deadtme adversey affects
parameter estmaton  more severey than
over—est mat on Whenthe Mode Parameter Est mator
s nked wthan SC Parameter Converter the process
aeaot me s automatca y ~put by t~e SC Para~ete-
Converter

Expected Process Noise Level The Mode
Parameter Estmator uses ths specfcaton n ts
dent f cat on of process upsets Th sva ue nd cates the
max mum dev at on from setpo nt that can be attr buted
tono se ntheprocess The Mode Parameter Est mator
treats dev atons greater than ths vaue as process
upsets
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~— TABLE 2 Model Parameter Esumator Description (Cont d)
FC152 SPECIFICATIONS:
SPEC TUNE | DEFAULT TYPE RANGE DESCRIPTION
S1 No 5 NT(2) Qto* B ock Address of Contro ed Process Varabe
S2 No 5 NT(2) Oto™ B ock Address of Contro Output
S3 No 0 INT(2) Oto” B ock Address of Reset Tr gger
S4 Yes** 025 REAL(3) | 025t09 2E18 { Samp e T me (sec)
[t Yea** i0 RFEAL (3) | 0 25t0 0 2F18 | Pracess Deadtime (32 must he less than S4*40)
S6 Yes™* 00 REAL(3) | 00to 92E18 |Expected No se Leve of Process Varab e
(Peak to Peak)
* s the max mum block address perm tted for the spec f ¢ controller module
** automatca y specfed by nta zaton routne n SC Parameter Converter (FC 153)
***used ony when Mode Parameter Est mator s not used w th ISC Parameter converter (FC 153)
Caution® The re at onsh p between S4 and S5 must be va d
before the modu ew go nto execute mode If you are add ng
ths bock wth an SC (FC160) the samp e t me S4 must be
greater than 1SC deadtime (FC160 38) divided by 40
FC152 OUTPUTS:
o~ BLOCK NO TYPE DESCRIPTION
N REAL Mode! Parameter a
N+1 REAL Mode Parameter b
N+2 REAL Mode Parameter ¢
N+3 REAL Res dua
N+4 BOOLEAN | Status of Mode Parameter Est mator
0 Parameter Est mator ocked on
1 New Parameter Est mat on n progress
—




TABIE

ISC Parameter Converter Descripuon

FUNCTION CODE 153

The SC Parameter Converter functon b ock
ca cu ates opt ma tun ng parameters for the assoc ated
nferenta Smth Contro er us ng the outputs of the
Mode Parameter Est mator D rect nks between these
funct on b ocks s mp fy mp ementat on

The Mode Parameter Est mator generates the va ue
for the process gan and process aj tme These
outputs descr be process dynamcs at one operat ng
pont Ths nformaton sd recty convertedto optma
tun ng parameters for the nferenta Sm th Contro er at
th s operat ng po nt us ng s mp e a geb-a ¢ equat ons

The tun ng parameters for the SC (process ga n and
ag tme) are automatca y adusted by the SC
Parameter Converter as the Mode Parameter Est mator
changes ts estmates However the contro er tme
constant for the SC s not automat ca y adjusted ths
t me constant prov des a mechan smforestab sh ngthe
des red contro er performance

The SC Parameter Converter aso superv ses an
automated nta zaton routne for the seftunng
nferenta Smth Contro er When the contro staton s
set to AUTOMAT C mode after the nta zaton trgger
s changed from zero to one the SC Parameter
Converter exerc ses the contro output by a ser es of two
step changes ( noppos ted rect ons) ofas ze prev ous y
estab shed (typca y + 5%) and mon tors the react on
of the contro ed process varabe to estmate the
process deadtme gan and ag tme The automated
nta zatonroutne s mmed ate y aborted fthe contro
staton for the SC s set to MANUAL mode After
enough data has been co ectedtoestab shstatstca y
va destmates the nta zatonroutne sautomatca y
term nated, and the contro staton for the SC s set
automat ca y to Manua mode

The process deadt me est mate fromthe nta zaton
routne s used by the Mode Parameter Est mator to
determne on ne vaues of the process gan and ag
tme whenever S3 specfes bock address 5 If the
process deadt me s externa y cacu ated as a funcron
of some process var ab e thenth s va ue sconnected to
S3 nputand s used by the Mode Parameter Est mator
and SC

ISC PARAMETER CONVERTER

The est mated va ues of process deadt me ganand
agtmefromthe nta zat onrout neareusedbythe SC
Parameter Converter to automatca y estab sh the
nta vaues of a number of other spec f cat ons

* Mnmum Process Gan s set to 50% of the nta
process gan observed durng the nta zaton
rout ne

® Max mum Process Gan s set to 200% of the nta
process gan observed durng the nta zaton
rout ne

* Mnmum Process Lag T me s setto 50% ofthe nta
process ag tme observed durng the nta zaton
rout ne

® Max mum Process Lag 1 me s set to 200% of the
nta process ag tme observed durng the
nta zaton rout ne

® Contro er Tme Constant for the Inferenta Smth
Contro er ssetto 100% ofthe nta process agt me
observed dur ng the nta zaton rout ne

* Samp e Tme for the Mode Parameter Est mator s
setto 20% ofthe process agt me observed dur ngthe
nta zaton rout ne

®* Expected Nose Leve for the Mode Parameter
Est mator s set based on the peak to peak va ue of
the no se onthe contro ed process var ab e observed
durng the nta zaton routne for constant vave
poston

These nta zed specfcatons can be manuay
changed after the nta zaton routne s comp ete
However they shou d be va d for most app cat ons

Upon competon or fa ure of the automated
nta zaton routne the SC Parameter Converter
automat ca y returns the contro staton for the ISC to
MANUAL mode and sets the va ue of the appropr ate
contro erspecfcatons Atthspont the nta settngs
can be mon tored and va dated before they are actua y
used by the contro er The nta zaton tr gger must be
manua y set to zero for noima operat on
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TABLE 3

ISC Parameres Comvertes Desunprion (Con )

Each spec f cat on for the ISC Parameter Converter s
d scussed br efly be ow

Block Address of Associated Model Parameter
Estimator Ths specfcaton estab shes the nk
between the SC Parameter Converter and the
assocated Mode Parameter Estmator The SC
Parameter Converter obta ns the est mated va ue of the
process mode parameters and the status of the
est mates through ths nk The process deadt me for
the Mode Parameter Est mator s updated throughth s

nk

Block Address of Associated Inferential Smuth
Controller— Th s spec fcaton nksthe SC Parameter
Converter w th the assoc ated SC Updat ng of the SC
tun ng parameters and the process deadtme occurs
through ths nk

Block Address for Process Deadtime Ths
spec fcaton ocates the vaue of the deadt me to be
used by the SC and the Mode Parameter Estmator i
the deadt me s not pred cted as a funct on of a process
varab e the defaut address shou d be used to perm t
the process deadt me sett ngofthe SCtobe usedbythe
SC Parameter converter

Block Address of Hold Signal — Thus spec ficahon
dent fes aho d sw tch forthe SC Parameter Converter
f the vaue of ths swich s set to one parameter
convers on cont nues but the tun ng parameters of the
1SC are not automat cally updated New values for the
ca cu ated tun ng parameters are ava ap e atmne b ock
outputs whenever the status of the Mode Parameter
Est mator nd cates Parameter Est mator Locked On
When the status nd cates New Parameter Est mator n
Progress . the tuned SC parameter w be dsp ayed
and ihe operator can manua yturethe SC fthevaue
ofthe sw tch s setto zero the ISC Parameter Converter
w automatca y tune the parameter of the ISC
specfed by the adapt opton The operator can
manua y tune the SC when the status from the Mode
Parameter Esumator ndicates New Parameter
Estimator n Progress

Minimum and Maximum Tuning Parameters — These
spectcatons are requred for commssonng of the
sef tun ng SCandto ncrease the fau t to erance of SC
operaton M n mum and max mum va ues are preset by
the automated nta zaton rout ne but can be adjusted
from user know edge of the process  n the event that
the SC Parameter Converter generates va ues for the
tun ng parameters outs de of the prevousy specfed
constra nts the tun ng parameters for the contro er w
be mted to the constra ned va ues

Adapt Option—Th s spec f cat on perm ts the user to
select self tuning for either or both controlier tuning
parameters f Adapt ve Parameter Schedu er (FC154)
s used the schedu 2d parameter(s) shoud not be
se ected for se f tun ng wth th s spec fcaton

Initiahization Trigger — Th s spec f cat on prov des
the tr gger for the automated nta zatonroutne When
the tr gger s changed from zero to one and the SC s
nmanua mode the nta zatonrout ne sactvated As
a safeguard the stat on assoc ated w th the SC must
then be p aced n AUTOMAT C mode for nta zatonto
proceed The routne s automatca yterm nated when
adequate data has been generated for process
dentfcaton As ongasthe nta zatontrggerequas
one the process deadtme w be that est mated by the
niahzation routine  This value can be changed
manua y by tunng the SC The Mode Parameter
Est mater s automat ca y updated to th s vaue When
the nia zatontr gger ssetequa tozero, Spec fcaton
S3 (Block Address for Process Deadt me) s utl zed

Maximum Control Output Change for
Initialization — Ths specfcaton estab shes the
max mum change from the manua y set va ve poston
to be permtted durng the automated nta zaton
routne One can specfy ether a postve or negatve
step change
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TABLE 3 ISC Parametcr Comverter Descriprion (Cont d)

FC153 SPECIFICATIONS:

** automat ca y spec fed by the nta zaton routne

s the max mum b ock address perm tted for the spec f ¢ contro er modu e

FC153 OUTPUTS:
BLOCK NO TYPE DESCRIPTION
N REAL Est mated Process Gan

N+1 REAL Est mated Process T'me Constant

N+2 REAL Adjusted 2rocess Deadt me

N+3 REAL Est mated Process Operat ng Po nt

N+4 REAL nta zaton Status
0 norma operaton
1 nta zatonfa ed or aborted
2 nta zaton n progress

N+5 BOOLEAN | Pu se output from 0 to 1 and back to 0 after 5 cyc es,
n t ated after comp et on of the automated nta zaton
rout ne

18

SPEC NO | TUNE | DEFAULT | TYPE RANGE DESCRIPTION
S1 No 5 NT(?) Qto* B ock Address of Assoc ated Mode Parameter
Est mator
S2 No 5 NT(2) Oto~ B ock Address of Assoc ated SC
S3 No 5 NT(2) Oto” B ock Address for Process Deadt me
S4 Na o] NT(2) Oto™ B ock Address of Ho d S gna
S5 Yes™™ 9 2E18 | REAL(3) Fu Mnmum A owab e Va ue for Process Gan
S6 Yes™™ 9 2E18 REAL(3) Fu Max mum A owab e Va ue for Process Gan
s7 Yes** 00 REAL(3) |0 0to92E18 |Mnmum A owab e Va ue for Process Lag T me
S8 Yes** 92E18 | REAL(3) [00to @ 2E18 | Maxmum A owab e Va ue for Process Lag T me
S9 No 0 NT(?) Oto3 Adapt Opt on
0 no adapt
1 adapt process ganony
2 adapt agtmeony
3 adapt both process gan and agtme
S1 Yes 0 NT(1) Oto1 nta zaton Trgger
S11 Yes 50 REAL(3) Fu Max mum Contro Qutput Change for Inta zaton J
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TABLE 4 Adupthe Pmameter Scheduley Descy ption

FUNCTION CODE 154 ADAPTIVE PARAMETER SCHEDULER

The Adaptve Parameter Schedu er functon b ock
a ows know edge of process character st ¢s to be used
to adjust the tunng parameters for the assoc ated
nferenta Sm th Contro ler funct on b ock Th s feature
optmzes contro er performance for predctabe
changes n process operat on and prevents per ods ot
potenta y unacceptabe contro wh e the SC s
retun ng tse f to these changes

The Adaptive Parameter Scheduler can be used to
automat ca y estab sh the re at onsh p betweenan SC
tun ng parameter and a measured or ca cu ated ndex
varabe usng near regresson The Adaptve
Parameter Scheduler uses 1his relatonship 1o
automat ca y adjust the spec f ed SC tun ng parameter
based on the va ue of the specfed ndex varabe

Aternatve y the Adapt ve Parameter Scheau’er can
be used to automat ca y determ ne the correcton b as
requred for a pre estab shed gan schedue Ths
permts a non near reatonshp to be estab shed
between the SC tunng parameter and the ndex
var ab e w th automat c correct on of the re at onsh p for
desgn naccuraces and/or changes n process
behav or

The Adapt ve Parameter Schedu er ut zes a b nned
data structure for regress on of the near re atonsh p
between the index vanable and the correct onbas The
range u“the ndex va ue sautoimnatca ydv ded rtoten
bns and when a va d data setbecomes ava abe t s
stored n the b n correspond ng to the va ue of the ndex
var able for the data set Ony one data po nt s stored n
eachbn Asnew databecomes ava abeforabn the
oddata s rep aced and the regress on s reca cu ated
To fac tate comm ss on ng of the Adapt ve Parameter
Schedu er when there s ony one data set a ne
pass ng through the data pont wth zero sope s
assumed

EQUATIONS:

Qutput Output from F xed Ga n Schedu e (at S2)

+ Correction Bias (at block address N)
CorrectonBas Ax4 B,
where x s the va ue of the ndex varab e (at S1)

The A and B coefficients are updated by the
regress on a gor thm

Each of the spec f cat ons for the Adapt ve Parameter
Schedu er s d scussed br ef y be ow

Block Address of Index Variable Ths
specfcaton dentfes the ndex varabe used by the
Adapt ve Parameter Schedu er

Block Address ol Fixed Gain Schedule Ths
spec f cat on dent f es the output of the assoc ated f xed
gan schedule !f no pre established gain schedue isto
be used th sspec f cat onshou dbe settob ock address
5 (defaut vaue) wh ch has a constant va ue of zero

Block Address of Scheduled Parameter This
spec f cat on dent f es the est mated va ue of the tun ng
parameter to be schedued Ths vaue s used to
determne the realonshp between the tunng
parameier and naex varab e

Block Address of Reset Trigger Th sspecfcaton
dent f es an externa tr gger used to reset the regress on
data When th s tr gger changes from zero to one a
hstorc data used for determnng the corre aton
equat on s erased anc the correcton b as s set to zero

Address of Block Containing Parameter to be
Adapted — Ths specfcaton dentfes the bock
address for the parameter to be adjusted by the
Adaptive Parameter Scheduler

Specification to be Adapted Ths specfcaton
dent f es the exact spec fcat on at the dentfed b ock
address whch s to be adjusted by the Adaptve
Parameter Schedu er

Minimum and Maximum Values for the Index
Variable - These spec fcatons def ne the a owabe
range for the ndex varabe They a so def ne the data
b n structure used for regress on

Block Address of Coefficient Update Flag— Ths
spec ‘cato~ a ows t-e use- (as a~ opt 0~) to suspe~d
the reca cu at on of the A & B coeff ¢ ents The correcton
bias will st | be computed and the output updated A so
the parameter n the target bock and specfcaton
cont nues to be updated
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TABLE 4  Adaptnne Parameter Scheduder Descriprion (Cont d)
FC154 SPECIFICATIONS:
SPEC NO. | TUNE DEFAULT TYPE RANGE DESCRIPTION

S1 No 5 NT(2) Oto" B ock Address of ndex Varabe

S2 No 5 NT(2) Oto” B ock Address of F xed Gan Schedu e

S3 No 5 NT(2) Oto~ B ock Address of Schedu ed Parameter

S4 No 0 INT(2) Oto* B ock Address of Reset Tr gger

S5 No 5 NI(2} vto ™ B ock Aaaress of Spec to be Adapted

S6 No 0 NT(1) 0 to 255 Spec to be Adapted

s7 No [s] REAL(3) Fu Mnmum ndex Vaue

S8 No 00 REAL(3) Fu Max mum ndex Vaue

S9 No 00 REAL(3) Fu Spare Rea Parameter

S10 No 0 NT(2) Oto* B ock address of Coeff ¢ ent Update F ag
1 Hod Update of Aand B
0 Update Aand B

FC154 OUTPUTS

- s the max mum b ock address perm tted for the spec f ¢ contro er

BLOCK NO TYPE DESCRIPTION
N REAL | Schedu ed Tun ng Parameter
N-+1 REAL | Coeffcent A of Correct on Equat on
N+2 REAL | Coeff c ent B of Correct on Equat on
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