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Problem 1 (25%) — Simple process

Let
6
1= g5+ 10
-3
Y2 = os 1t
y=y1+Y

(a) Assume that the system is initially at steady state with u=y1=y>=0. For a step change
inu (u=1 at t=0), compute yi(t), y2(t) and y(t) at t=0,1,2,5,10,20,40,100 and plot y1, y2
and y as function of time t. (13%)

(b) What do you call the response for y(t)? How can you predict this behavior from the
transfer function g(s) from u to y? (You should also find g(s)). (6%)

(c) Suggest Pl-settings for this process (with u as the process input and y as the process
output). (You may use the half rule + SIMC-settings) (6%)

Problem 2 (35%) — PI control of first-order with delay process

(a) What are the SIMC PlI-rules for a first-order plus delay process? (4%)

(b) We have given the following process: g(s) = 6/[(32s+1)(8s+1)]. Suggest PI-tunings
for this process based on the SIMC rules. (6%)

(¢) Would you recommend using PID control for this process? What would the PID
settings be? (6%)

(d) PI-control. Make a block diagram of the control system. Sketch the expected response
to a step disturbance at the input, without control and with PI-control (note: by sketch
is meant that you do not need to do detailed calculations, but you should show the
approximate response of the output y as a function of time t). (8%)

(e) PlI-control. Draw (sketch) the Bode plot of the loop transfer function L=gc with your
PI controller. What is the gain margin, phase margin and allowed time delay to remain
stable? (11%)

Comment: If you did not find a PI-controller in (b) then use c=0.02(32s+1)/s



Problem 3 (40%) — Mixing process

Consider the mixing process depicted in Figure 1. Three streams are mixed in a mixer with volume
V=100 I with the objective of controlling the total flow (want q= qs= 1.25 I/s) and temperature (want
T~ T, = 54C) of the product stream. We can manipulate the flows of the first two streams (u = [q1,
q2]") while the third stream is a disturbance. The streams also contain an impurity (as given by the
concentrations ¢, ¢; and c3), but to begin with you can assume that the value of ¢ in the product does
not matter.

You can assume that the volume V is constant and that the densities and heat capacities of the three
streams are constant and equal.
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Figure 1. Process flowsheet.

Stream 1: T; =20C, c; =0 g/l,
Stream 2: T> = 120C, ¢, = 0.5 g/l,
Stream 3: T3 =40C, ¢3 = 3.8 g/l, q3=0.45 /s

(a) What are the nominal steady-state values for the flows qi1and gz and of the
concentration c? (8%).

(b) Formulate a nonlinear dynamic model for predicting the outputs q and T (y’s). (8%)

(c) Letu=[qi, q2]" and y = [q, T]". Linearize the model around the nominal point and
determine the transfer matrix G(s) for the process, y = G(s) u. (8%)

(d) What is the RGA-matrix of G? (Comment: it is sufficient to consider s=0 since the RGA-
matrix is independent of frequency in this case). (4%).

(e) If you cannot find the RGA, then use:

_70.7 0.3
RGA_[O.B 0.7

Suggest a control strategy based on two single loops (you may use the results from the
RGA analysis for this, but you may also use common engineering sense). Draw your
proposed control system on the flow sheet. (6%)

(f) We want to make sure that the impurity concentration in the product stream always
remains below an upper limit (c<cmax=2 g/1). Propose a control strategy that will give up
controlling the total flow to satisfy this constraint and show it on the flow sheet. (6%)
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