Problem 1

Consider the following plant transfer function

o) = oy )

and the PI controller with SIMC rules

Lt

Using the results of Problem 3 in Exercise 10, compute:

c(s) =05

a) Gain margin
b) Phase margin
¢) Delay margin

Indicate these margins in the Bode plot in Figure 1. Note: if you have not solved problem
3 in exercise 10, you may use

L(s) = g(s)c(s) = 0.51%;(;1;533
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Problem 2

1. A pure time delay process is:
g(s)=e"

If a pure time delay process is controlled with a P-controller and the controller gain

is increased, one eventually gets persistent oscillations (on the limit to instability).
What is the period of these persistent oscillations?

2. A pure I-controller is:

What is the period of oscillations if you use a pure I-controller and increase Kj to
the limit of stability?
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Problem 3

Consider a first-order process with delay,
-l

g(s) =

1. Derive the SIMC PI controller and find L(s) for the two choices 7. = # = 1 and
T.=3.

2s+1°

2. Plot the Bode-plot for the two choices.
You can use Matlab; you would have to define the transfer function L(s) and then
use bode(L). Remember to change the magnitude units from dB to absolute.

3. Indicate the GM, PM and delay margin in the plot, for the two choices.

4. Using the values of |L(jwiso|, ZL(wc), and w, from the plot, calculate analytically
the GM, PM and delay margin, for both choices.

5. Simulate for the two cases: show y and u for setpoint change at ¢ = 0 and input
disturbance at t = 20.
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