PSET 9 – Due 10.30.2018 at the start of class
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12.5 A process strecam is heated using a shell and tube heat
exchanger. The exit temperature is controlled by adjusting the
steam control valve shown in E12.5. During an open-loop
experimental test, the steam pressure P, was suddenly changed
from 18 to 20 psig and the temperature data shown below
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were obtained. At the nominal conditions, the control
valve and current-to-pressure transducers have gains of
K, =09 psi/psi and K, =0.75 psifmA, respectively. Deter-
mine appropriate PID controller settings using the following
approaches:

(a) Internal Model Control (select a reasonable value of t,)
(b) AMIGO (with p=1and y=0)

(¢) ITAE (disturbance)

Which controller is the most aggressive?
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12.6 Consider the FOPTD model in Eq. 12-10 with K =35,
t=4, and 0= 3. Design Pl and PID controllers using
the IMC tuning method with T, =6 =3. Simulate the

closed-loop systems for a unit step change in set point. Does

the addition of derivative action result in significant improve-
ment? Justify your answer.
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127 A process including sensor and control valve can be
(‘—':_] modeled by a fourth-order transfer function:

= 1

OO = GF 02+ DO0ds + DO+ 1)

(a) Design PID controllers using two design methods:
(i) A SOPTD model using the model reduction approach
proposed by Skogestad (Section 6.3) and the IMC tun-
ing relation in Table 12.1.
(i) Repeat part (i) for the AMIGO method and an
FOPTD model obtained by model reduction.
(b) Evaluate the two controllers by simulating the closed-loop
responses to a unit step change in a disturbance, assuming that
G(s) = G(s).
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12.10 Consider the blending system shown in Fig. E12.10. A
G feedback control system is used to reduce the effect of
= disturbances in feed composition x, on the controlled
able, product composition, x. Inlet flow rate w, can be
manipulated. Do the following:

(a) Draw a block diagram of the feedback control system.

(b) Using the information shown below, derive a transfer func-
tion for each block.

(¢) Simulate the closed-loop response for the P controller set-
tings given below and a step disturbance of +0.2 in x,.

(d) Repeat part (c) for a set-point change of —0.1. Attempt to
obtain better closed-loop responses by tuning the Pl controlier.
Which controller settings give the best results?

(e) Attempt to obtain improved control by adding derivative
action to your best PI controller of part (d). Try several values
of derivative time, t,. Which one gives the best results?
(f) Suppose that the sampling line to the composition analyzer
becomes partially plugged so that the measurement time delay
is now three minutes. Using your best controller settings of
part (d), simulate the closed-loop response for the same
sel-point change and the new time-delay value. Explain your
new simulation results. Does the larger time delay have a
major effect on control system performance?
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Figure E12.10

Process Information

The pilot-scale blending tank has an internal diameter of 2 m
and a height of 3 m. Inlet flow rate w, and inlet composition
x, are constant. The nominal steady-state operating conditions
are as follows:

= 650 kg/min =02 h=15m
W, = 350 kg/min X, =06
p=1g/em* ¥=034

The overflow line maintains a constant liquid volume in the
tank.
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Instrumentation: The range for all of the electronic signals is
41020 mA.

Current-to-pressure transducer: The 1/P transducer acts as a
linear device with negligible dynamics. The output signal
changes from 3 to 15 psi when the input signal changes
full-scale from 4 to 20 mA.

Control valve: The behavior of the control valve can be approx-
imated by a first-order transfer [unction with a time constant
of 55 (i.e., 0.0833 min). A 1.2-psi change in the signal to the
control valve produces a 300 kg/min change in w,.

Composition measurement: The zero and span of the comp:
tion transmitter for the exit composition are 0 and (.50 (mass
fraction), respectively. A one-minute time delay is associ-
ated with the measurement.

Feedback controller: Initially, consider a standard PI con-
troller tuned using the IMC relations in Table 12.1. Justify
your choice of ..
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11.19 A process model is described by the transfer function

4(1-5s
(255 + T)(ds + D@2s + 1)

which includes actuator and measurement dynamics. The
process engineering group has the option of redesigning the
process o climinate the right-half plane zero. They need to
determine whether this modification will yield a substantially
better (faster) controlled process.

(a) For a proportional-only controller, find the stability
bounds for K, for the existing process using direct substitution.
(b) Repeat part (a) for the case where the RHP zero has been
eliminated.

(c) From analysis and/or your knowledge of closcd-loop
systems, what can you conclude about the potential speed

G(s) =
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of response of this controlled process if the zero can be
eliminated?
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123 A process has the transfer function, G(s)=2e%/
@ (s + 1). Compare the PI controller settings for the fol-
o lowing design approaches:

(a) IMC method (t, = 0.2)

(b) IMC method (t, = 1.0}

(c) ITAE performance index (disturbance)

(d) ITAE performance index (set point)

(e) Which controller has the most conservative settings?
Which has the least conservative?
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(f) For the two controllers of part (¢), simulate the closed-
loop responses to a unit step disturbance, assuming that
Gy(s) = G(s).




