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P1. Consider the following input-output differential equation: N :
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§(E) +e™y(t) — y(t) = u(t)

where u(t) is the input and y(t) is the output. The initial conditions are (0) = 0 and
y(0) = 1.

(a) Please answer the following questions and give brief explanations (or derivations)
to justify your answers.

i. Is the system linear?
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ii. Is it time-invariant?
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iii. Is it dynamic?
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(b) Write down the ditferential cquation in state-space form. Specify also the initial

conditions of the state-space model. (Hint: your state-space matrices might in-
clude non-constant terms)
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P2. Consider the Simulink block diagram below, with b # 0, a; # 0 and a; # 0.
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Assume the initial conditions of both the integrator blocks (1) are zero. Write the
SLODE model (linking y to r) for this diagram. @~
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P3. The plot below depicts the response y(t) of a first order SLODE
§+ay=bu, y(0)=-2

when the input is a unit step (u(t) = 0 for t < 0 and u(t) = 1 for t >0).
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Determine a and b. (Note 1: the output steady-state value is 3. Note 2: try to be as
accurate as you can.)
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P4. A (static) system is modeled by the equation:

y=Gu
where u is the input, y is the output and G is a constant. We wish to control the

system by using a controller of the form

= Kju+ Ky(r —y) ) D//D

where r(t) is the reference signal, and K, and K, are constants.

(a) Write the closed-loop SLODE model.
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(h) Assume Ky = [, and a perfect model knowledge with G = 20, Design a controller
K such that

(1) the closed-loop system is stable,

(2) the steady-state output tracking error is less than 10% when the reference

signal is a constant (r(¢) = 7 for ¢ > 0), i.e. |yss — 7| < 0.1|7| where y,, is the
steady-state output.

(3) The closed-loop settling-time is smaller than 0.3 seconds. (Use settling time
equal talthre®times the closed-loop time-constant.)
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(¢) Use K (and K3) you found in the previous question. What is the offect of a 50%
decrense in the model G on the tracking error?
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(d) Remove the assumption that K3 = K. Can you design /; and K; such that the
:;tea.dy-stat.e tracking error is O for any value of G?
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P35. Consider the first order SLODE

9(t) + ay(t) = bu(e)

where @ > 0 and b > 0. The bode plot for this system is shown below.
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Write the steady state output y,,(t) of the SLODE when the input u(t) is

u(t) = 0 t<0
" l1+45sin(3t) t>0°

(ps. just to be clear, I am not asking you to sketch it, just report the analytical
it N A
solution)
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