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Oppgave 1/ Oppgave 1.
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Y

Figure 1: Utstrgmning fra tank gjennom langt rer

Vann strgmmer inn i en sylinderisk tank og ut gjennom et langt rgr. Utstrgmningen fra tanken
(gjennom rgret) kan beskrives ved ligningen
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der f er en friksjonskoeffisient. Leddet pa venstre side, dg/dt, tar hensyn til at noe kraft trenges for
& akselrere vaesken i rgret. (Merk: Ved stasjoner tilstand er dg/dt = 0 og (1) kan omformes til

g= An/29/f -vVd+h (2)

som er uttrykket for turbulent utstrgmning som vi har benyttet tidligere 1 faget.)
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(a) Formuler massebalansen for systemet og utled et uttrykk for dh/dt.
(b) Lineariser modellen, og innfgr avviksvariable for A, g og gip.

(c) Utled transferfunksjonen A{s}/gn(s) (ingen tallverdier her).

(d) Innfgr tallverdier og skisser responsen for A til et sprang i gip.

(e) Hvordan kan du endre designen av prosessen for & unnga svingninger?

Parameters and steady-state data. A, = 4.56- 10 m? 4, =1.14-107° m* d=025m; L =9
m; f =5.2;9=98m/s* h=0.1m;g=1.309-10"3m?¥s.

English text. Water flows into a cylinderical tank and exits through a long tube. The outflow from the tank (through the
tube) can be described by equation (1), where f is a coeffisient of friction. The term on the left of (1), dq/dt, accounts
for force needed to accelerate the fiuid in the tube. (Note: At steady state (1) can be rearranged to give (2) which is
the expression for turbulent outflow that we have used previously in this course). (a) Formulate the mass balance for
the system and derive an equation for dh/dt. (b) Lineariize the model, and introduce deviation variables for A, ¢ og
Gin. (¢) Derive the transfer function A(s)/gin(s) (No numerical values here). (d) Introduce parameter values and sketch
the expected response for A to a step change in gin. (¢) How would you change the design of the process to avoid the
oscillations?

Oppgave 2/ Oppgave 2,

L

La

Figure 2: Varmeveksler og tank

En prosess-strgm varmeveksles med en varm strgm gy (til temperaturen T3} og sendes til mellom-
lagring der vi gnsker & holde temperaturen T3 konstant. Responsen i 75 til en endring i gx har
tidskonstant 2.5 min, dgdtid 0.5 min og forsterkning 50K/ kg/s. Reponsen i T3 til en endring i
T, har tidskonstant 10 min (oppholdstiden i tanken), dgdtid 0.2 min og forsterkning 1 K/K. Alle
temperaturmélinger har en tidskonstant pa 0.2 min.

(a) Tegn et blokkdiagram for prosessen med transferfunksjoner inntegnet.
(b) qu (pAdrag) skal brukes til & regulere T3. Foresla innstillinger for en Pl-regulator.

(c) Foresla istedet et reguleringsopplegg basert pa kaskaderegulering (tegn inn pé et flytskjema
tilsvarende Fig.2). Trenges integralvirkning for begge regnlatorene? Foresld innstillinger for to
PI-regulatorer.

(d) Diskuter forventet forskjell i respons for de to tilfellene i (b) og (c) (hva blir anslagvis Tukket
sigyfes responstid?)
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English text. A process stream exchanges heat with a hot stream gg (so it reaches temperature 7%) and is send to a
buffer tank in which we want the temperature T3 to be constant. The response in T% to a change in gz has time constant
2.5 min, delay 0.5 min og gain 50K/ kg/s. The response in T3 to a change in 75 has time constant 10 min, delay 0.2
min og gain I K/K. All temperature measurements have a time constant of 0. 2 min. (a) Make a block diagram for the
process and put the transfer functions in the blocks. (b) gy (manipulated input) shall be used to control T3. Suggest
tunings for a PI-controller. (c) Suggest instead a control scheme based on cascade control (show on a flowsheet of the
kind in Fig.2). Is integral action needed in both controllers? Suggest tunings for two Pl-controllers. (d)} Discuss how

you expect the responses to differ in cases (b) and (¢) (what is the approximate closed-loop time constant?)
Oppgave 3/ Oppgave 3.
For en prosess er fglgende transferfunksjoner bestemt

(0.15 -+ 1)e~ 15 e~dls

T6) = 0 T s r 0 s + 72 0531

g2(s) (3)

Her er T' [K] temperaturen som gnskes holdt konstant med maksimum avvik £0.5 K, g; [kg/s] er
padraget og go [kg/s] er den viktigste forstyrrelsen. Padraget ¢; kan maksimalt endres med 40.7
kg/s, og forventet maksimal endring i ¢g» er 42 kg/s. Er prosessen regulerbar? Vil det kunne hjelpe
a bruke foroverkobling?

English text. The transfer function model in (3) has been derived for a process. Here T [K] is the temperature which
should be held constant with a maximum deviationi of £0.5 K, g; [kg/s] is the input and g2 [kg/s] is the main disturbance.
The maximum change allowed in the manipulated input q; is £0.7 kg/s, og expected maximum change in g» is +2 kg/s.
Is the process controllable? Would there be any advantage in using feedforward control?

Oppgave 4/ Oppgave 4.

Betrakt en integrerende prosess
—fs
e
s)=Fk
a(s) .

(for a forenkle beregningene kan du om gnskelig sette = 11 det videre).

(4)

(a) Utled PI-innstillinger for denne prosessen med (i) Skogestads IMC-regler, og (ii) Ziegler-Nichols
regler.

(b) Bestem for de to alternativene frekvensen w,, der |L| = 1 Hva er lukket slgyfes responstid (den
er tilnermet lik 1/w,)?

(c) Bestem for de to alternativene forsterkningsmargin (GM), fasemargin (PM) og maksimal tillatt
ekstra dgdtid (i prosent av 8).

(d) Kommenter resultatene (hvilket alternativ vil du foretrekke i hvilket tilfelle?).

English text. Consider the integrating process in (4) (to simplify the calculations you may set # = 1 in the following).
(a) Derive Pl-tunings for this process with (i) Skogestad’s IMC-rules and (ii) Ziegler-Nichols’ rules. (b) Find for the
two alternatives the frequency w¢, where |[L} = 1 What is the closed-loop response time (it is approximately 1/w.q)?
(c) Find for the two alternatives the gain margin (GM), phase margin (PM) og maximum allowed extra delay (in precent
of 8). (d) Comment on your results {(which alternativ would you prefer in which case)?
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