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EXISTING CONTROL THEORY

General controller designformulation (Ph.D.level)

(weighted) weighted
exogenousnputs € o%m:o:WEGSm
control w_@:m_z H,mmsmmeé::m
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e w: Disturbancegd) andsetpointqr)
e v: Measurement§y,,, d,,) andsetpointgr)

e u: Manipulatednputs(u)

e z: Controlerror, y — r PRACTICE

e Findacontroller K which basecn theinformationin v, generatea controlsignal Typical baselevel controlstructure
u which counteractsheinfluenceof w on z, therebyminimizing the closed-loop
normfrom w to z.

Relevant questionsin practice
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1. How shouldthe plantbe controlled(plantwidecontrol) ?
2. Is theplanteasyor difficult to control?(contmollability analysig?

OVERALL PROCESS CONTROL
SYSTEM STRUCTURE

SETPOINT .

PRACTICE
Typical controlhierarcly



Controllability analysis Relationship betweencontrollability analysisand planwtide control

.. o
(Is the planteasyor difficult to control?) e Plantwide control: Controllability analysuss usedfor a quick evaluationof al-

e Judgecontrol propertieswvithout a detailedcontrol systemdesign ternatve controlstructures
e Usefulatthe early DESIGN stage(comparedesigns) e Controllability analysisat early designstage: Not doneontheentireplant; must
e Usefulfor evaluatingalternatve controlstructuredor plantwidecontrol assumesomethingaboutthe plantwidecontrolstructre

Need: A dynamicmodelof the plant (from which we canobtaina linearizedmodel) ~ ® Both controllability analysisand plantwide control

Most of thetools: Basedon alinearmodel Two basicapproaches:

1. Systematidasedon dynamicprocessnodel(theoretical)

Plantwide control 2. Process-orienteginsights)

e Thestratgy andSTRUCTURE of the controlsystem
o Which boxesshouldwe have andwhich signalsshouldbe sendbetweerthem?
e Usefulatthelaterdesignstage(malke P&ID)

e Usefulfor re-evaluationof controlsystemat existing plant(Common!)

PLANTWIDE CONTROL Alan Foss(“Critique of chemicalprocessontroltheory”, AIChE Journal 1973):
The control philosphy for the overall U_w:ﬁ with emphasison the structural deci- ”
sions: Thecental issueto beresolved.. is thedeterminatiorof control systenstructure.
» Which "boxes” (controllers;decisionmalers) do we have andwhatinformation  which variablesshouldbe measued, which inputsshouldbe manipulatecandwhich
(signals)aresendbetweerthem links shouldbe madebetweerthe two sets?
NOT: Thegapis presenindeed but contrary to theviewsof many it is thetheoreticianwho
mustcloseit.

e Theinsideof theboxes(designandtuningof all the controllers)

Themostimportantsub-problemCONTROL STRUCTUREDESIGN



CONTROL STRUCTUREDESIGN e Top-davn consideratiorof control objectvesandavailabledegreesof freedomto
Tasks: meetthese(tasksl and?2)

1. Selectionof contolled outputs(a setof variableswhich areto be controlledto  ® Bottom-updesignof the controlsystem startingwith stabilization(tasks3, 4, 5).
achieve a setof specificobjectves)

2. Selectionof manipulationsand measuementgsetsof variableswhich canbe ma-
nipulatedandmeasuredor control purposes)

3. Selectiorof control configuration (astructureénterconnectingneasurements/commands
andmanipulatedrariables)

4. Selectionof contwller type(controllaw specificationg.g.,PID, decouplerLQG,
etc.).

Notedistinctionbetweercontrol structue (all tasks)andconfiguation (task3).

Tasksl and2 combined:input/output selection
Task3 (configuration):input/output pairing

Shinsley (1967,1988);Morari(1982); Stephanopoulogl 984);BalchenandMumme (1988)
Nett (1989);vande Wal andde Jager(1995); Skogestacand Postlethvaite (1996)

ApproachControl structur e design:. ) ) ] )
TASK 1: Selectionof controlledoutputs « Why do we in a plant control a lot of internal variables,like tem-

peraturespressureandcompositionsfor which thereareno control

Contmolled outputc: Measuredutputwith referencgr, c;) requirements? u

Two distinctquestions:
1. Whatshouldbethe controlledvariablesc? ANSWER:
(includesopen-loopoy selecting: — u) « We have degreesof freedomthat needto be specifiedto achieve op-

2. Whatis their optimalvalues(c,p)? timal operation
Secondquestion: A lot of theory « But why dowe selecta particularsetof controlledvariables?
BUT First question: Almost no theory Decisionsmostly madeon experienceand Example:A distillation column“inside” theplant. Why controlthecompositiorrather
intuition. thanspecifyingdirectly the reflux flow?
ANSWER:

 To reducethe sensitvity to uncertaintyandachieve self-optimizing
control



Example 1: Cake baking
Given: Bake cake for 15 minutes
Goal (purpose):Well-bakedinsideandnice outside
Manipulatednput (degreeof freedom):Heatinputu = @
Implementation

1. Open-loopmplementationHeatinput

Example 2: Distillation column

Goal (purpose): Operatethe column suchthat overall operatingcostsof the entire

plantareminimized(primarily determinedy steady-stateonsiderations)

Degreesof freedomat steadystate(with givenfeedandpressure)?2
May for examplebeselectedhs

1. Split D/ F andreflux L

of oven

2. Closed-loopmplementation:
y = oventemperature
“Optimizer”: Cookbook(look-uptable)
Usedin practice.lnsensitve to changes.

Therearemary otherpossiblepairs(y’s) which canbe keptconstant
2. Two productcompositiongzp, zp) ,,
3. Two temperaturesl;,,, Thim,)

4. RefluxandonetemperaturgL, 7},)

5. RefluxratioandonetemperaturéL/D, T;,,)
6. Tworatios(e.g.L/D,V/B)

7. Refluxandboilup (L, V)

8..

Question:

e Which of thesepairs(y’s) shouldbe keptatthe givenoptimal setpoint?

Issues:

e Changesn operatingpoint (disturbances)

e Accuray of control(measurementoise)

(alongwith the correspondingaluesfor the othercolumnoperatingvariables suchas

compositionstemperaturestc.)
BUT how shouldthe optimalsolutionbeimplemented?

OEMQ,& OEMQ,& OE.MQ..\o
L L Optimizing

_ Optimizer _ O_H:_B_Nm_‘ww Controller .
u
(@) (b) ©

(a) Open-loopoptimization.
(b) HERE: Closed-loogmplementatiorwith separate&ontrollayer
(c) Integratedoptimizationandcontrol.

Hierarchicalstructuring:
e optimizationlayer — computeseferences

e contol layer— implementghisin practicey ~ r (¢ =~ ¢;).



SELF-OPTIMIZING CONTROL Outline of the idea of self-optimizing control
o Findthesetof controlledvariablesc, whichwhenkeptconstantresultin close-to- e Basis: Have NV, deggreesof freedomat steady-statevhich shouldbe usedto opti-
optimaloperation(in spiteof disturbanceandotherchanges) mizethe operation

e Steady-statanalysisoftensufficient e Assume:Have an optimizerwhich for a given setof nominaldisturbancesom-
putesall optimalvalues(of flows, temperaturestc.).

e Question: How shouldthis optimal solutionbe includedin practice?(Which N,
variablesshouldbe specified?)

e Initial Answer:Doesnot matter(aslong asthey areindependent)

e Buttherealworld is uncertain:

1. Thedatato the optimizermaybeincorrect

2. Thereare unknavn disturbancenteringduring the time betweeneachopti-
mization

3. Therelative accurag in the implementation(“signal to noiseratio”) for each
variableis different.

Thustheinitial answeiis only truein a perfectworld (with no uncertainty).

e BetterAnswer:Chooseasspecifiedvariablegcontrolled outputd thesetwhichare Procedurefor wm_mozsm_oo::,o__ma outputs
leastsensitve to uncertaintyi.e. which achieve self-optimizingcontrol. . .
2 Step1: Degree of freedomanalysis. Determinethe numberof degreesof freedom
e More precicely: The selectedsetof variablesc should (N,) availablefor optimization,andidentify a baseset(u) for the degreesof free-
1. Have asmallvariationin optimalsetpoints dom.
2. Be easyto controlaccurately(smallimplementatiorerror) Step2: Cost function and constraints. Define the optimal operationproblem by

formulatinga scalarcostfunction J to be minimizedfor optimal operation,and
specifythe constraintghatneedto be satisfied.

Step3: Identify the most important disturbances (uncertainty). Thesemay be

3. Shouldbe sensitie to the manipulatednputs(u) (i.e. have alargerange)
4. Be independenfnot closelycorrelated)

causedy

dav- d o ; Foutinel e Errorsin theassumed@nominal)modelusedin the optimization(includingthe
Today: Steady-stateptimizationis performedroutinely effect of incorrectvaluesfor the nominaldisturbances), usedin the optimiza-
Thus: Have the maintoolsneededor a properselectionof controlledoutputs: tion)

e Steady-statenodel ¢ Disturbanced — d, (includingparametechanges)hatoccuraftertheoptimiza-

o Informationaboutoperationatonstraints tion . .

) o . L e Implementatiorerrors(d,) for the controlledvariablesc (e.g. dueto measure-
* Well-definedeconomicobjective (scalarcostfunction J to be minimized) menterroror poorcontrol)

Step4: Optimization.
Find the optimal steady-stateperationfor the variousdisturbances

Step5: Identify candidate controlled variables. Typically, thesearemeasuredari-
ablesor simplecombinationghereof.Look for variablesvhich optimalsetpointis



constant. Toy example

Step6: Evaluation of loss. Computethe meanvalueof thelossfor alternatve setsof

e , H : B
controlledvariables-. Thisis doneby evaluatingtheloss LetJ = (u—d)* wherenominallyd, = 0. For thisproblemwe alwayshave J,,:(d) = 0

correspondingo u,,:(d) = d. Letis now considerthreealternatve choicesfor the
L(u,d) = J(u,d) — J(uope(d),d);  uw= f ey +d.,d) (1) controlledoutput(e.g.we canassumehey arethreealternatve measurements)

with fixed setpointsc, for the defineddisturbancesi € D andimplementation c1=01(u—d); ca=20u; c3=10u—5d

errorsd, € D,. For the nominalcasewith d;, = 0 we have in all threecaseghatc,,:(dy) = 0, sowe

Step7: Further analysisand selection. selectin all threecases:; = 0. Sinceu,,(d) = d, we have thatthe optimal valuefor

. . . . thethreealternatve controlledoutputsasa functionof thedisturbancere
o Selectfor further consideratiorthe setsof controlledvariableswith acceptable

loss. QHS:A&V = Cw Owo@%&v = MC&J C3opt = od

e Seeif they areadequatavith respecto othercriteriathatmayberelevant,such We assumethat the variableshave beenscaledsuchthat |d| < 1 (disturbancepand
like l[dei] < 1,4 = 1,2,3 (@assumesamemagnitudeof implementationerror for all three
— region of feasibility variables). . . .
— expecteddynamiccontrol performancdinput-outputcontrollability) Let usfirst evaluatehow the threecandidatevariablesmeetthe threerequirements.

1. Its optimal valueis insensitiveto disturbances.From this point of view, the pre-
ferredcontrolledvariableis ¢; (zerosensitvity), followedby c; (sensitvity 5) and
¢y (sensitvity 20).

2. It is easyto contol accurately Thereis no differenceheresincetheimplementa-
tion errord,. is the samefor thethreevariables.

_.m.ﬁcmsoaQm_cmﬁmﬁsm_ommmm.ﬂoﬂE_mm_Bc_mmxmBU_mﬁ:m_ommmmnm:com,\m_c&mo_ w @W%oﬂ %momq:%%_ m_mmv o.m m m< oqmmmsﬁm_:mov Ho__oémag\ Sﬁm_:
analytically andwe find for thethreealternatves mqmmm\m:m m& @m_: IS veTy poorin thisrespec

”s e Letc = Gu (linearmodel)

L= (10de)’s Ly = (0.05de — )% Ly = (0.1des — 0.5d)" e Scaleoutputsc (and ) suchthat ||c — Q%A&:_ ~ 1 (dueto measuremenrgrrors
(For example,for c; we have u = (¢ + 5d)/10 andwith c; = ¢35 + des = d.3 We get anddisturbances)
J = (u—d)* = (0.1des + 0.5d — d)*). With |d| = 1 and|d,| = 1 theworst-casealues o prefera setof controlledoutputswith large a(G(0)).
of thelossesare

. Note: o (G 1(0)) = 1/a(G(0)).
Ly=1000 Lp=105=11025 ILs=06°=0.36 o(G7(0)) = 1/a(G(0))
andwe find thatoutputc; is the bestoverall choicefor self-optimizingcontrol (with

the smallestioss),andc; is the worst. (This is the sameconclusionthat followed by
consideringhethreerequirements.We seethatwith noimplementatiorerror(d. = 0)

c1 would bethe best,andwith no disturbancéd = 0) ¢, would bethe best.



SUMMARY TASK 2: Selectionof manipulationsandmeasurements

Rulesfor selectingcontrolledoutputse Dynamicsandcontmllability aremoreimportanthere.

Selectthe controlledoutputse suchthat: e Manipulationsu — usuallyfixed (the valves),but may not wantto useall of them

1. Optimalvaluec,(d) is insensitve to disturbancegchangesn theoperatingpoint) (seetaskl) or maychangeheirlocation.
2. Resultinsensitve to expectedcontrolerrorfor c. ¢ Measurements maywantto addsecondaryneasurements,,, to
(a) “Optimumiis flat” and/or 1. Compensatéor lack of measurementsf primaryoutputy
(b) Canachieve tight control of ¢ (needaccurateneasurement) 2. Improve dynamicresponse- e.g. by addinga measuremerntf 3, “close” to the

3. Theoutputsareweakly correlated manipulation the manipulationu

Thisis usuallybasedon a steady-statanalysis Canperformcontrollability analysisof alternatve combinations.

PROBLEM: Combinatorialgrowth TASK 3: Selectionof controlconfiguration
Possibilitieswith 1 to M/ inputsandl to h%cﬁ_ocﬁmﬁzmn. 1989): Controller ' connectsvailablemeasurements/comman@$ andmanipulationgu):
M L (L\(M =
‘M:MHTXSW L
B Control configuration: Therestrictionsimposedbn the structure of theoverall con-
M = L = 2: 4+2+2+1=9candidates troller K by decomposingt into a setof local contmllers (subcontollers, units,
M — L — 4: 225candidatesetc. elementsblodks) with predeterminedinks andwith a possiblypredeterminedle-

signsequence
TOOLSTHAT AVOID COMBINATORIAL GROWTH DESIRED.

RGA is onesuchtool.

Someelementsisedto build up configuration:
e Decentralizectontrollers(K diagonal)
e Cascadeontrollers(with predetermineadrderfor tuning)
o Feedforvardelements
e Decouplingelements
e Selectors
= Splitthe“big” controllerinto mary smallerboxes.



Cascadedcontrollers Why usecontrolconfigurations?

e Decomposedonfigurationoftenquite comple.

¢ Betterperformance:Optimizationproblem— resultingin a centralizedmultivari-

(a)Extrameasurements (corventionalcas- ablecontroller

cadecontrol)

Sowhy usecontrolconfigurations?

e Costassociateavith obtaininggoodplantmodels(neededor centralizedcontrol).

» Extra inputs u; (input reset. . ﬂmwomgmammm::m_ﬁmamﬁo.“ Controlleris usuallytunedon-line oneatatime with
ting) little modellingeffort.

¢ = Relyonfeedbackatherthanon models

Otheradwantageslecentralized/cascade/hiariical configurations: THEORY FORCONTROL CONFIGURATIONS
» “Stabilize” the plantsuchthatit is canhe controlledby operators. Partial control "
« Simpleor evenon-linetuning Closeloop involving u; andy, usingcontroller Ks:

e Tuningparameterfave directand“localized” effect ﬁ

e Ofteneasierto understandor operators Ga Gar

e Tendto beinsensitie to uncertainty

o Allow simplemodelswhendesigninghigherlayers ﬂ.m: G

e Reduceheneedfor controllinks S

o Allow for decentralizedmplementation E

e Simplerimplementation Figure. 1: Block diagramof a partial controlsystem

e Reduceccomputatiorload IMPORTANT

e Longersamplingintervalsfor thehigherlayers e Closing a loop doesnot imply a loss of degreesof freedom(DOFs) (sincethe
setpointr, replaces:; asa DOF),BUT we usually“useup” someof the dynamic

Comment.Theterms“stabilize” and“unstable”asusedby operatingpeoplemay not
referto a plantthatis unstablein a mathematicabense put ratherto a plantthatis
sensitiveto disturbancesndwhich s difficult to controlmanually

range.



Partial control

Meas./Contro

| Controlobjectve

ofy, ? for y, ?
Sequentiatlecentralizedontrol Yes Yes
Sequentiatascadeontrol Yes No
“True” partialcontrol No Yes
Indirectcontrol No No

THEORY FORCONTROL CONFIGURATIONS

Stabilization

Tool: Poledirections

37

Example:Tenness&astmarchallengeproblem

mmﬂ@w =79 — Ny

y = (G — QSQMMHQEV ur+ (Ga1 — QEQMMHQ%V d+ QBQMMAS — ng)

Somecriteria for selectingu, andys; in lower-layer:

1. Lower layermustquickly implementthe setpointdrom higherlayers,i.e., control-
lability of subsystemu./ y» shouldbegood.(G2s)

2. Provide for local disturbancerejection. (partial disturbawe gain P; shouldbe
small)

3. Imposeno unnecessargontrol limitations on probleminvolving u; and/orr; to
controly,. (P, or P,)

¢ Avoid negative RGA for pairingus/y» — otherwiseP, likely hasRHP-zero

“Unnecessary”Limitations (RHP-zerosill-conditioning, etc.) notin original prob-
leminvolving v andy

Summaryof procedurdor plantwidecontrol

Theoverall procedureconsistof .

I. Top-down analysisto identify degreesof freedomandcontrolobjectives
Il. Bottom-up designof the contol structure

Iterationis requiredin this overall procedure!



A plantwidecontroldesignprocedure

Step Tools(in additionto insight)

Top-down analysis:

1. CONTROLLED VARIABLES:
What is the control objectve and which vari-
ablesshouldbe controlled?

Steady-statenodeland opertional objectives

o Degreeof freedomanalysis
e Selectcondidatecontrolledvariables

e Evaluate (economic)loss and look for
“self-optimizing” controlstructure

2. PRODUCTION RATE: Optimal choicefollows from steady-statepti-
Whereshouldthethroughputbe set? mization,but may requirecontinousreconfigu-
This choicehasa large effect on the remaining| ration(useMPC)
controlsystem If setone place: The throughputmanipulator

should have a strongand direct effect on the
productionrate.

A plantwidecontrol

Bottom up design:
(With given controlled and manipualtedvari-
ables)

STABILIZATION.

Selectiorof measuremen@ndinputsfor stabi-
lization (includingslowly drifting modes).
Goal: enablemanualoperationof the plant

CASCADED CONTROLLERS.

Selectionof (extra) secondarymeasurement;
(andinputs)to improve dynamiccontrol. Use
of feedforward control(ratio controllers).

DECENTRALIZED CONTROL.

If noninteractingprocess: designa decentral-
izedcontrolstructure.

MULTIVARIABLE CONTROL

e Usefor interactingprocesgcoordination
includingfeedforward control)

e MPC: Usefor trackingactive constraints|

(If steady-stateoptimization shows that
the active constraintsare changingwith
disturbances)

REAL TIME OPTIMIZATION

designprocedure

Controllability analysis
Computezeros poles,relative gainarray mini-
mumsingularvalue,etc.

Pole vectos

Giveinsightaboutwhich measurementsndin-
putscanbeusedfor eachunstablemode.Select
large elements:Smallinput enegy needecand
large noisetolerated.

Partially controlled plant

s Therelationshipgor apartially controlledplant
tell how the plantlooks from the above control
layer

Contwllability analysisfor decentalized con-
trol

Pair onrelative gainarraycloseto identity ma-
trix at crosseer frequeng, provided not nega-
tive at stead-stateMore informationfor tuning
(requiredbandwidth): Closedloop disturbance
gain(CLDG) performanceyainarray(PRGA).

OC>_|_._.>._|_/w._m< . §¢Y<:ma_8_5:_%o:
(chapteron“The art of processontrol”):

CONTROLLABILITY ANALYSIS

41

42,
Beforeattemptingcontrollerdesignoneshouldanalyzethe plant: 1. Control outputsthat are not self-rgulating

2. Contol outputsthat havefavorable dynamicand static characteristics,i.e., there
shouldexist an input with a significant,directandrapid effect.

e |sit adifficult controlproblem?
o Doesthereexist a controllerthatmeetsthe specs?

. 3. Selectinputsthat havelarge effectson the outputs.
e How shouldthe procesde changedo improve control? P g P

4. Selectinputsthatrapidly effectthe contolled variables

¢ \We have developedcontrollability toolswhich quantifythesestatements.
e Scalevariables.Mustthenrequire

1. Self-rggulation: |G4| < 1 atall frequencies
2. Disturbanceejection:|Gy (j;)| < 1
3. Disturbanceejection: |G| > |G,| atfrequenciesvhere|G4| > 1



y = concentratiorof product(meas.delayf=10s)
u = Flowpgse
d = Flowggiq

Introduceexcessof acidc = cy — cog [mol/l].
In termsof ¢ thedynamicmodelis a simplemixing processd!

d
%G\& = gAca +gBCp — qC

EXTREMELY SENSITIVETO DISTURBANCES.



IMPROVE CONTROLLABILITY
BY REDESIGNOFPROCESS

e Useseveralsimilartanksin serieswith gradualadjustment

With 6 = 10 sthefollowing designshave the samecontrollability:

No. of Total Volume

29
tanks  volume each tank

no Vie[md o [mY]
1 250000 250000
2 316 158
3 40.7 13.6
4 15.9 3.98
5 9.51 1.90
6 6.96 1.16
7 5.70 0.81

Minimum total volume:3.66m? (18 tanksof 203| each).
Economicoptimum: 3 or 4 tanks.
Agreeswith engineeringules.

With n tanks: Ga(s) = kq/(1 4+ T8)™
7: residencdime in eachtank.

To rejectdisturbancanustrequire
1
Gy(j-)] < 1
Galy m:
whered is the measuremerdelay Gives
>0 QA&%\: —1
Totalvolume: V,,; = nTq whereg = 0.01 m?/s.

PLANTWIDE DYNAMICS

¢ Polesareaffectedby regycle of enegysandmassandby interconnections

¢ Parallelpathsmaygive zeros- possiblecontrol problems
¢ Reg/cleyieldspositive feedbaclkandoftenlarge open-looptime constants
e This doesnot necessarilyneanthatclosed-loopmustbe slov

e SeeMYTH on distillation contolwhereopen-looptime constanfor compositions
is long becaus®f positive feedbackirom reflux andboilup

e Luyben’ “snowball effect” is mostly a steady-statelesignproblem(do not feed
morethanthe systemcanhandle...)



EXAMPLE: Regscle aroundreactor(snavball efect)
Simpleexample(Luyben,Yu):
e ReactionA — B
e Regycle of unreactedd

e Productis pureB

At steady-state

Feed of A = Generation of B in reactor = Production of B
whereGeneratiorof B in reactoris

QR = \AA\HVH&M\R\

DISTILLATION EXAMPLE

_ L . _ Y% 7 F
u = T\_ A s [mol — % light]
Steady-statgainsy = Gu (LV-configuration)
87.8 —86.4
G0) = Tom.w L%.L

RGA-valueabout35 at steady-state>- Strongtwo-way interaction

Qm = »“GJVR;Z\N
Threewaysto increase= s:
1. Increaseaeactotemperaturd’

2. Increaser 4 by increasingheregycleratio RR
RR
1+ RR

(the “snowball effect” of Luybenisthatzs — 1 asRR — oo —occurswhenthe
reactoris too small)

T4 =

3. IncreasdhereactorvolumeVy

e BUT: Loosemong by not operatingat maximumvolume (Possibletrade-of
betweeroperatingcostsandcontrollability)

e Gasphaseeactor:Increasinghe pressuréasthe sameeffect (largerinventory
in reactor).

OVERALL DISTILLA TION PROBLEM
Typically, overall controlproblemhas5 inguts
w=[L V D B Vr]

(flows: reflux L, boilup V, distillate D, bottomflow B, overheadvapourVry)
and5 outputs
y=|yp zp Mp Mg p]
(compositionsand inventories: top compositionyp, bottom compositionzz, con-
densemholdup M p, reboilerholdup M, pressure)

Withoutary controlwe havea’ x 5 model
y = Gu+ Gud

(which generallyhassomelarge RGA-elementsit steady-state)



DISTILLA TION CONFIGURATIONS AnalyzeG*t andG' with respecto

Thereareusuallythree“unstable”outputswith noor little steady-stateffect o
1. No compositioncontrol

y=[Mp My p] e Considerdisturbancegain G;' (e.g.effect of feedrateon compositions)

Remainingoutputs 2. Closeonecompositionloop (“one-pointcontrol”)
v1=|yp zB]

. . . S . Considerpartial disturbancegain (e.qg. effect of feedrateon yp with constant
Many possiblechoicesfor thethreeinputsfor stabilization.For example,with ¢ P &gain (.9 yo

rp)
uw=[D B Vr] 3. Closetwo compositionoops(“two-pointcontrol”)
we getthe LV -configurationwhere e Considefinteractionsn termsof RGA
w=[L V] e Consider‘closed-loopdisturbanceyains” (CLDG) for single-loopcontrol
areleft for compositioncontrol. Problem:
Anotherconfigurationis the DV -configuration(hassmallRGA-elementsyvhere « No singlebestconfiguration
u=[D V]| « Generallygetdifferentconclusionon eachof thethreecases

After closingthestabilizingloops(u; <> y2) we geta2 x 2 modelfor theremaining o = Stabilizingcontrolis not necessarilatrivial issue
“partially controlled”system

y1 = G"uy + Gyld
Which configurationss thebest?

A PARADOX CONTROLLABILITY ANALYSIS OF VARIOUS DISTILLA TION CONFIGU-

Distillation columnshave large RGA-elements RATIONS

= _nc:QmBm:ﬁ_"o:qo_ro_mBmﬁom::oﬂm\m decouplingcontrol) *

e S. Skogestad;Dynamicsandcontrol of distillation columns:A tutorial introduc-
BUT: DV configuration has small RGA-elementsand we can decouplethe com- tion”, TranslIChemE(UK), 75, PartA, 1997,539- 561.

positionsloops
How is this possible?

e Availableat: ntt p: /1 wwv. chenbi o. nt nu. no/ user s/ skoge/ publ i cat i ons/ 1997/ di st pl enary. pdf

Solutionto paradox: DV configurationhascouplingbetweencompositionandlevel
loops
(wheread.V hasdecouplingbetweerevel andcomposition)



CONCLUSIONS/ FUTUREWORK

1. Importantproblem- theoryhasbeenlacking
2. Generaprocedurgnotonly procesontrol)

3. Mary theoreticaltools are alreadythere— still someeffort left to geta unifying
approach

4. Wantto avoid “casestudy approach”(but the casestudiesare useful for under
standingtheissues)

5. Hopeto make goodprogressn nearfuture
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