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Abstract

Processes with large deadtime to tmc constant ralies v radit one Iy provcrde et e oo e ledt vy

— In practice, PID controllers (tuned 1o assurg robustness at the eapense of performance) are general v employed
tor the control of these processes Conceptually better performance > achicvable through deadume
compensation using a Smuth Predictor or Model Based Controller Unlortunate v these techmques are parcly
used n practice due, 1n part, to untamilianty of techmeians and operators with the tuning of these controllers
Recent work mn self tumng control has had little impact on the control of large deadi me proceses . Thisaan
be aftributed to reliance of most self tuning controllers on the PID algorithm and the abseacc o teehn ques ¢
the dentification of process deadtime

This paper describes a model based control algorithm that directly incorpurates deadtime compensatcn and a
novel closed loop process iden ification technigue capable ol wenutbviag process deadume directly  This
combination provides an ettective system for the control of large deadtime process The resulung controler s
easy (v lmplemem and commussion s auto tumng TedlUre Provides o simp e muena AUsM LOF relun oy Lk
controller on a pertodic bas s Extensive stmulation Jesulls and pro m nary Lod usbresuts iy prese wd 0
addition 1o a brief deseription of the controlier and auto tuner

Introduction

The application of selt tuning controllers to processes with large. unhnown or UM varving deadumes, has been
the goal of much rescarch A majoriy ot research 1n this area has attempted o cxtend recursive least squares
paramcter estumation o include deadume 1denulication Two particy ar methods, une emploving a4 bank o
estrmators with different assumed values for the deadume [1] «1d a second cmploving 4 single ot mator 10
Wentfy o set of paramelcrs exterded oser the mo henzon i the ugbbo Svou v wbasu P v wure 2
have recerved much atienuoy L ntortuate y thust techngues, along, with ol signal procossing ol cat ooy
wee [3] for a sunvey, have proven impractical for general purpose apphcation n on adustr al set g

Py {takura [4] and Nishikawa, et al 5] describe a techmque for estimating process faraneters e ud o dueact e
for systems operating 1n closed lcop This technique, henceforth referred to as o deadtime /paramoter o5t mata
(DPE), calculates tume integrals of system variables reacting to a step or impulse nput Preper scluet on of these



D
integrals (contre areas) results nascto 1o nearccuat s sl e r e 1 s F ot s w DFE
wdent fes the complete dynam ¢ cha adler stes e potesses s Uiy po 0 10 s W Ve

cffectne base lor the mpementat v o an bl e coatne ¢

Th s paper describes an auto tun ngimp cmeatatorus ng the DPE 1coqund sviw ay mawe ol <
o First the details of the mode vased control or arc rey ewed
0 Second, the dervation of the coatrol arca parimeler ot matyr o the moace ased 0 alie

ts reviewed A rgorous deser pton can be tound 6]

[§] Last, simuldtlon restlls die oresented Uy stppoart (10 sc el ¢ var us oo ne e s tsed 3 1
algonthm and sllustrate the strengths and mutations ol this weh ngque

Muodel Based Controller Descaptions

The il smplementation of the DPE auto tuner v bused cn a moded wsed veit ¢ Lie nade o wee
controller was selected vier o more conventional PID controller for tav icaons The pomcey cas vwes il
contruller’s ability to compensat (o the eflects of process deadtinic Ths g ows D w ¢ ¢
to a more general € ass o processes than the cass o processes st tab o PID ¢ are Ao meooy gt
of the model based contrcler 1s the Use 0w SCPorate paramiier crsfee Vg e sl ©opoc noae 1
contrast, PID parameter selectt noreguires cosed cop perormanee e oo b ol red nt e s ool o
tunung pararmetess

Figure 1 presents 4 bluck diagram ot the nodel bascd contre o awd (hrdafones ¢ nse w1
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This particular formulation assumes that the controlled process can bo appro s ted by a Lrst order lag w1
deadtime The controller 1s tuned m terms ol the observed process gam g tme comstatt and deade ne A
fourth tuning parameter, the filter time constant specilies the des red t e Gyponse e process s et
a change in sctpotnt or o a disturbance

Deadtime/Parameter Estimation Technique

The use of the previously described model based controller requires Anowledge of the dynamic dhioracte stes
of the controlled process To extznd the app wahility of this system to processes w L1 unhnown or Lne vary 1,
dynamics, 4 leature based parameter estimauon tecnnique 1 cmpoyed T e yue Fas the adva nane F
estmating all process paramcters, including deadiime, ¢ osed loop  The techn Jue sefected tor this work
parallels that described by Itakura {4} and Nishihawa 5] The bastc idea 1s gl curta noquanttetve meast res
of the system response 10 4 step sctpuint change can be directly re ated e the process parameters Us g varicos
control areas involving the pracess output, one can deselop and thorsose et war teh cocon toas
n the process parametcrs

The following steps describe the procedure used for estimating the deadt me und process parancters o o sl
order lingar system using the controller (1)

v The manmum deviation of the process variable from setpomnt 1s determ ned vver a f sed t e hornzon
along with the average value for the controller output This nfcr nat on s used o deter e wacy the
process has redched steady state and to provide an 11 ta valuc o tie vt cutput

o The setpont to the cont ol er 15 increased (decreased) by u prescribed anount W start e cslinat o
procedure
o The ntegrals in (2) and (3) are cacuated numer caly as 110 1 coss coada b e sel e

Note that the values (f both ol these ntegra s converge as the process cutput aporcac s the wew

setpoint  Therclore, these nitegrals can be cacuated over the inte tnc o conron b Cie

Figure 2 dllustrates the calculation of these mtegra s

0 The process 1s considercd to have achieved steady state cond tons when tic crror sclwedn L pooeess
variable and the new setpoint 1s less than twice the max mum dev ation measured mostep 1 or afied
amount of time

o The final value of the control output 1s calculated by weraging over a hxed time hornizon Ths
minmimizes the elfects of process nuise on the tust

N Atter observing the process response to a step setpoint change, 4 and > re taed te cst matc the process
parameters Clearly 7, and T, cannotbe computed direetly nbiescceu £y Faee o eads
nevertheless, have been obtamed by solving the cxponenta crm o 3 os g g success ve se sttt n
technigue and starting t-om an ntial 7 of 4

T [or 1
1 m m(t)| dt [S%5]
1 s J LSS J
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Simulation Results

Simulation testing was conducted using o Bailey Controls Multi function Controller (MFCu3)  The DPE
algorthm was implemented as a C program, the exntng model based controller was used and two generic
processes were simulated using s andard Function code logie  The generic processes used ler the ~ mu aticn
testing, consisied of a third order cad lag network with deadume aad aseeo 3 rdar po ynomia w i de du e
specified i terms of natural frecuency and damping rauo  Both | ncar proceases werc desgned Lo operate
around a bias of 50 0 and with a gan of 10 Zero mean, gaussian white notse with a »recilied standard deviation
was added to the output of each process The simulabon was designed to run the process at ¢ sump g rale 3
tumes that of the controlier to approximate the behavior of a digital controller operaiing on an analoy, process
A supervisory program controlled each stmulation run to assure repeatabil ty and corsistency boiween a ltests

Preliminary simulations used a tirst order lag with deadtime process to determine the =tfccts of the rutio between
process time constant and deadtime and selection of the model bascd contrullerst ter ime costant o est nater
performance Table 1 summanzes the results of mtial testing by showing the worst estimates genc rated o >
first order processes with deadtime 10 e constant ratios ot 1/6 to4 The controller parameters were specthed
to match those of the actual process with filter time constants ranging hetween 100 a1d 9 1 secrids

Table 1 Estimator performance for hirst order process with controller/p rocess mater g and ne s
p I L

L Tp Test Teast T(worst case)
o0 10 4918 1041 45
30 30 3210 27498 )
30 o0 320 S8 )7 90
— 30 120 3670 11379 9()
30 5 3150 ol R

Table 1 shows that smaller values of the tilter tme constant resulied msmproved cstmat ) pur ofia e 4 wa
to the poiat at which controller saturation QLCurs In response to the required sctpont change For smal bt
time constants, the value of ¢ ®F remans large for a grealer percentage of the total process responise nereas ng,
the amount of nformation captured by the mtegral I, and thus improving cstimator acclrdey The er crbatwen
the estsmated and actual parameters increases as a function of the deadt me value used v the controtler resu s
from accuracy i the controllers implementation of the deadume  Whea ¢stimated parameters wete
implemented 1n the controller, this error was tound to have no impact on the over. 1 perbor nunce

Additive output noise with a standard deviation ot less than U 25 had min mal impact on vstimator peslotmana
The 1mpact of noise, however, cannot be fully understood by analyzing the results sl simulation test ng alone
1t 15 assumed that the type of nowse present and the magnitude of the nose w th respect tw the sizc of sctpomt
change used for estmation and the process gain will aftect est mator purlormanes m ways Diat tat ony be
understood through tield testing

A sccond set of simulation tests were used 1o determine the eltect ol mitn ] pa ancler eali nates vl st Nator
performance A first order plus deadume process with o 300 seconds and T 3L seeonds was used
Controller parameters were vansd as tollows

T W0 60T seconds
T, 100 60 o seconds

m

¢ 150 600 sceonds



The DPE 1dentitied both the pracess ime constant and deadume e w th n+1 S seconds or ¥ Forcoseswth
either the model ime constant or the model deadume of the model based controlle sets gl canty arec 110
the correct value and with a small filter ume constant, no ¢st mates were obtomed  Oaaervaton o 10 ¢ e
loop response for these cases revealed margina stability or instablity of e dosed cop sssien, peventig
convergence of the integral 1,

The above simulation studies validated the pert sumance of the DPE tor Lic deat «oten Ipr noerso N
order processes  Excellent results were obtaried adependent ol milia cont oS0 s Te 1 0 et e
of modcrate Ievels of process nose  The est not resperenced d o cuty Cay wact e o [N TRV
during the course of the closed loop test or when the Tl Gnlre ¢ wng U ie I T 6 1 Vs te
unstable closed loop svstem

Further simulation testing was conducted to explore the abi ty ot the DPE to approw mote b orde dvir g
systems with a first order process model  Twe processes were used far ths test ng

(1 + 1)
Gyls) e 308
(30s + 1)®
\\n2 T
Gigls) (S

2
5
5+ —CW S + W

The DPE was tested on Gy(s) Isng contra ler sctt ngs

o )0 9 seconds

T, 30U 900 seconds

T 30100 s nds

For all controller sctiings evohk ag a stable closed 1 op response 010 o8t nate < cs td twe 1w de
process with
¢ 755
("lcst(b)
SSs 41

F gure 3 shows the open Joap response of T os mted process, Go o (s) osupe mp sadove e Jor g
response of the process it appreyumetcs Gy(s) Figure 4 sh s the J\Md VP oGspose 0 e pr e Ggls
under the contro of the mode based contrcller us ng the cstimeted mode to estay srtcr W ts e ter
t me constant of 6L C seconds

Th « «eries of tests ¢ ear v show that the DPE 5 caube Wpros g apr o dor sare e poess
dvnamics with a tirst order mod 1 cvenanthe presence ctnunerctr dviemes Furtie moy e Drsse o el
show that using the cstimated parameters o tune the moadel bused contro or prondes esce citevsee
control of ugh order processes

S mulaton test ng with the proc.ss Go(s) revcaled antwabil ty o tht DPE tcapp oy alu taeere 1 ec sy s
using a tirst order model bpulhuﬁl\ the estimator proy ded sutab o cppron vatens e proceses Wi

damping ratio above € & Simudarly, the tirst order model bascd contre crp v ded stab o sad lee v aspe s
on processes with a damping roto below thvvaltc ony wih the use ¢ ¢ et b e o mstn Las vw



of tuning resulted n sluggish closed loop performance Clearly ne tier tic DPE crtac 1at v de mede sosee
controller are well susted tor use with h ghly underdamped processes

Conclusion

Bailey Controls 1s deve op ng a powertul sutotun ng controller, usiig a deadt mesparameterestine o ra g m
to dentify process charactermstics and a mode based coatroler 1y proy do deadt ne compe 1sated cosed o0
control  Simulat on results show that this autotiner s app abe 0 a wde ronge 1 ndust Poreesses
Currently, this autotuncr ~ undergo 1z urther Cvatation at severg od st caate s I s e o
contiguration, the DPE partion ot the autotuner is able to rospond to naturally occuimg step seipe t chages
Also, an external trniggermg mech quism can pe used w jorce ne DPE w0 raaent iv vie process

The development ol the autatuming controller s near ng completion After vadatior of twc agorian
implementation and documentation through ficld tesung, the DPE wil be added to Ba ley s Thrary ¢ sionde ¢
function codes Neverthceless, several areas of interest have been identihed as targets or cont nu ng davede pmet
Fir<t, stmulation results suggest that the DPE 1s not app cab ¢ lo process bt exabh rpiy ose cle v o s
oop responses  Fortunately, one can otten stabihize closed 0op rosjonses by incrcas ng the Tlier tme ¢ nstent
of the model based controller Theretore, a irst goal of cvatinu ng rescarcrw I ose te dent by amecwansm or
automatically mereasing the hilter time constant of the nade bascd coatro or 1t sty 70 cosed vop sstom
response and allow dentification of process characterstics Scecad, PID cot e os crcaureainy used n
majority of apphcations  Intal dovddopment ol the DPE ademt od cnd va dated couat s
wdent t cation for use with PID ¢ ntro ors Therddore asceond voe of cone agpres archw
aversion of the DPE for use with a PID cont ol cr
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