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WAT-E2130 EXAM 2 -- Process control				June 02, 2023
Answer the following questions.
1. (4p) Explain the following control configurations:

a) Open-loop control.
b) Feedback control.
c) Feedforward control.
Provide some practical examples of application in wastewater treatment plants, highlighting the pros and cons of each configuration.

 


2. (6p) One popular tuning method for PID controller is based on the process reaction curve given in Figure 1. Answer to the following:

a) Explain how the curve is obtained in practice, the information it provides and how it can be used for the tuning of the controller. 
b) Explain the meaning of “PID controller”, the pros and pros, and cons of the P, I and D terms in the controlled variable response compared to an open-loop strategy.

[image: ]
Figure 1. Process reaction curve for question 2.


3. (6p) For controlling the plant schematically represented in Figure 2 you have the possibility of acquiring ONE dissolved oxygen sensor and ONE suspended solid sensor, answer the following:

a) Given this instrumentation, formulate and discuss a control configuration for the plant.
b) Locate your sensors and identify the manipulated variables.
c) Define and justify reasonable values for the set-points of the controlled variables.
d) Discuss the effects that you expect your control strategy could bring to the plant performances.
             [image: Plant]
Figure 2. Plant layout for question 3.


























4. (4p) Figure 2 shows a cascade controller representation in SUMO where the dissolved oxygen setpoint controller targets of matching the effluent ammonia concentration to a setpoint. Do the following:

a) Represent the system as block diagram identifying the outer and inner loops, as well as the input/output to/from each block.
b) What benefit you expect from the cascade control configuration in Figure 2 with respect a single dissolved oxygen controller in the plant?
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Figure 2. Plant layout for question 4.
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110 Chapter 7 Development of Empirical Models from Process Data
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Figure 7.4 Temperature response of a stirred-tank reactor
for a step change in feed flow rate.



The time constant obtained from the tangent construction
shown in Fig. 7.4 is τ = 5 min. Note that this result is consis-
tent with the “63.2% method,” because



T = 140 + 0.632(20) = 152.6 ∘C



Consequently, the resulting process model is



T′(s)
W′(s) =



4
5s + 1



where the steady-state gain is 4 ∘C/kg/min.



Very few experimental step responses exhibit exactly
first-order behavior, because



1. The true process model is usually neither first-order
nor linear. Only the simplest processes exhibit such
ideal dynamics.



2. The output data are usually corrupted with noise;
that is, the measurements contain a random com-
ponent. Noise can arise from normal operation
of the process, for example, inadequate mixing
that produces eddies of higher and lower con-
centration (or temperature), or from electronic
instrumentation. If noise is completely random
(i.e., uncorrelated), a first-order response plot may
still be drawn that fits the output data well in a
time-averaged sense. However, autocorrelated
random noise, such as in drifting disturbances, can
cause problems in the analysis.



3. Another process input (disturbance) may change
in an unknown manner during the duration of
the step test. In the CSTR example, undetected
changes in inlet composition or temperature are
examples of such disturbances.



4. It can be difficult to generate a perfect step input.
Process equipment, such as the pumps and control
valves discussed in Chapter 9, cannot be changed



instantaneously from one setting to another but
must be ramped over a period of time. However,
if the ramp time is small compared to the process
time constant, a reasonably good approximation
to a step input may be obtained.



In summary, departures from the ideal response curve in
Fig. 7.3 are common.
In order to account for higher-order dynamics that are



neglected in a first-order model, a time-delay term can
be included. This modification can improve the agree-
ment between model and experimental responses. The
fitting of a first-order-plus-time-delay model (FOPTD),



G(s) = Ke−θs



τs + 1
(7-12)



to the actual step response requires the following steps,
as shown in Fig. 7.5:



1. The process gainK is found by calculating the ratio
of the steady-state change in yto the size of the
input step change,M.



2. A tangent is drawn at the point of inflection of the
step response; the intersection of the tangent line
and the time axis (wherey= 0) is the time delay.



3. If the tangent is extended to intersect the steady-
state response line (where y= KM), the point of
intersection corresponds to time t = θ + τ. There-
fore, τ can be found by subtracting θ from the point
of intersection.



The tangent method presented here for obtaining
the time constant suffers from using only a single point
to estimate the time constant. Use of several points
from the response may provide a better estimate. Again
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Figure 7.5 Graphical analysis of the process reaction curve to
obtain parameters of a first-order-plus-time-delay model.
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