Advanced Process Control 2016 Name:

Emnemodul: Advanced Process Control

30. Nov. 2016. Time: 0915 - 1200.
Answer as carefully as possible, preferably using the available space.
You may answer in Norwegian; however, English is preferred.

Problem 1 (20%)

i

a)

b)

@

What are the steps of Skogestad’s plantwide control procedure? Classify them into two

different categories.
Define self-optimizing control. Is it an alternative or complement to Real-time optimization

(RTO)? Is it an alternative or complement to Model Predictive control?

d
yg,, . It can be additionally derived from

The optimal sensitivity matrix F is defined as F =

the linear model for y and the cost function as F =GJ,"J, +G,. Show how to derive this

expression.

How is the selection matrix H obtained in the nullspace method?

In which case does the nullspace method give zero loss? Derive an expression which
shows this.

An alternative of the nullspace method is the exact local method. How is selection matrix
H obtained in this case?

What are the advantages of the exact local method compared to the nullspace method?
Explain why using the gradient of the cost function, J,, as self-optimizing control variable

is a good idea.
Is it a good idea to control a variable that reaches a maximum or minimum at the optimum?

Why?
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Problem 2 (10%)

Consider the following step response from u to y. The step change in u is given by Au =1.
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You want to use u for the control of y.
We consider two cases
i) The measurement of y is perfect.
ii) The measurement of y has an additional delay of 20s.

a) You want to achieve tight control of the process and hence consider 7, =6, . For each

of the two cases, fit a first order + time delay process (or integrator + time-delay process)
to this process and apply the SIMC rules.
b) Extra points: What do you think the process model is (transfer function g(s))?
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Problem 3 (10%)
Consistency is crucial property for process control and should be fulfilled at all times

a) Define (“global”) consistency and local consistency?

b) Why is consistency a highly desired property?

c) Propose for the following process (i) a control structure which is only globally consistent
and (ii) a control structure which satisfy local consistency. Reason for your choice. As-
sume that F1 and F2 are given and outside of our control range.
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A sumply fei

(i) Only global consistent control structure:

e F2

(ii) Local consistent control structure:

iﬂ.
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Problem 4 (10%)

Cascade controllers are frequently used to improve control performance. Answer the following
questions regarding control performance.

a) Draw a block-diagram of a cascade control system and explain which disturbances can
be easily rejected by cascade control and for which there is less advantage. D
b) Give the main reasons for the application of cascade cqntrol. !

Z R dpt
Problem 5 (20%) - Bﬁo&{i’/\ Mg’, e Sowa ks kwnl

Feedforward control can be advantageous if the influence of a disturbance on our measured
variables has either a high time constant or time-delay. A general feedforward structure can
be represented as the following block-diagram. Here both Ksand B are to be selected.
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Consider feedforward control with constant setpoint, y, =0. The most common way to imple-

ment a combined feedback and feedforward controller is
u=K,d+Ke

where Ky is the feedforward controller. This corresponds to B =0 in the block diagram.

= =0 ol k"‘i b F &4
Consider an example with G =3¢, G, = 2 ol k=0 Ce=
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a) Design a feedback controller K using the SIMC rules. 1

| = <6igg J=b 9 {=-6'W

b) Design a feedforward controller K (you may here assume K=0) . )’:@(L-e K 2 V{P—

c) Krister Forsman mentioned in his lecture that the feedback controller (K) may try to coun- =-§-
teract the effect of the feedforward controller (Kr), leading to an undesired overshoot fory ..
when there is a disturbance (see lower left subfigure of the figure below). This may be
avoided with a good choice for B. The idea is to make the feedback action independent of
d. This happens if the transfer function from d to e is 0.

bt

i) Derive an expression for B which gives this (with symbols only). NG
ii) Calculate B for the above mentioned case (with your K and Kr). C/AN E
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Comment:

The following plots show the advantage of using a matrix B to remove the counteraction of the
feedback controller on the effect of the feedforward controller for the above mentioned system.

Only Feedforward Kff Only Feedback K
'
o 1} : i -
e}
2
a0 0
£
<€
-1 4 -1 :

0 5 10 0 5 10

Feedback, Forward, and B=0 Feedback, Forward, and B= 0
1 2 ﬂ
'
o 17T 17
O
=
30 0
-

-1 -1 :
0 5 10
Time [s] Time [s]

() Wond Jo wobe Yansfor fundhon frevn i do @ zord T
G (odthacle ot WAL not hangge Cht feectfpruod a o

ap (=<0)
Get §UTH + G Lwtia

S BaGU X =0 > B0k Hid ()

CThe ua oL & Bl aok ways Gy
}j& g%b\ \(O\Qq&éﬂ M&&WM"’L m, Dogconnns B¢
ol mokee! A dffertne WM~ Q-N(-_QJ&C%‘JWM“
o purkoh (i st feudfonaed 0<0 i (34 o
oo et fowoudh 5 vl perfioh wet way o (ot baws
bayafah- of frestbua |

Page 5



Advanced Process Control 2016 Name:

Problem 6 (10%)

Consider the semi-batch reactor shown below. In this process, the reactant A is constantly fed
from a not shown tank. Due to the danger of a thermal runaway, we need tight control of the
concentration of our reactant A.

In this system, we have two valves for the feed of A, a large coarse (poor) valve which has
discrete steps and a small, accurate valve.

Propose a control structure for this process. What is it called?
Y 41 e
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Problem 7 (20%)

Consider a sequence of distillation columns for separating four components A, B, C, and D as
shown in the figure below.

The feed and its composition are given
by the upstream processes and our out-
side of the analysis. The pressure in
each column is controlled by the coolant
flowrate (see figure).

Purity constraints are imposed on the
four products (distillate and bottom
streams of column 2 and 3) as follows

Xap2 297% A
Xggr 297% B
Xops 297% C
Xcps 297% D

Bt To prevent flooding of the columns, the
» Xc 81 Xp 81 o
c maximum vapor flowrate in the stripping
i g sections of the columns are given by:
o
o
= V, <5 mol/s
NOt D V%<3 mol/s
V, <4 mol/s
B3, X553
Your task is the minimization of the
costs given by
B & L
J = — Profit = p.F + p, (V1 +V, +V3) = Pp2Ds = Pg;B; — PpsDs — PgsBs

In which the product prices are given by

# i 2 O3 .
Cacsuimy Fand € oupsWions ack o asnd gruduch gie-ay,

ps =1%/mol

P, =18%/mol

As the process is operated in Iceland with cheap industrial energy prices, the energy price is
compared to the general industrial energy price very low and given by:

p, =0.0001%/mol  (chlup sy S (ondttiks on Nz Uz acki
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A D (G ces 5 W
and NN
a) How many dyna\é‘uic and stgaadyiagtate{gree of freedoms does this system have?
b) Based on your experience and engineering know-how, which constraints will be active for

the above mentioned system. Justify your answer. Qy QW @
c) Propose a control structure for this case and draw it in the figure on the nixt pa&%Explai}‘

Based on the above information, answey the followjng questiongs. v“m >
W €, dosd A ({&g@{) w SN "*&:;

your choice. \1 (Y VARG DAF Q..“ ) ?WGW ey

d) If you have degree of remaining freedoms that are not used for controlling active con-
straints or stabilizing inventories, then propose possibilities on how to use them.

e) What happens, if the feed rate is increased? Would you suggest moving the TPM? '’} ‘u%ﬂ

f) The product streams of A and C shall be sold directly to the customers, hence the product
composition constraints are hard constraint and may not be violated at any point. Can the

idea of squeeze and shift be used? How would you apply it?/v\dlq N\lm.l
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