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Please answer all questions. This exam has 11 pages.
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1. Cousider the following input-output differential equation:

() +y(t)u(t) +2y(t) =0

where u(t) is the input and y(¢) is the output. The initial conditions are y(0) = 2 and
y(0) = 1.
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) Write down the differential equation in state-space form.
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(¢) Sketceh the Simulink block diagrain for the system by composing integrators. Show
also where the initial conditions ¢(0) and y(0) are sct.
Hint: To multiply two signal v, and u, in simulink, you can use the product block
diagram as shown below:

ul
—__EE_'N % ul ¥ u2

Product




2. Consider the system described by the differential cquation

y+2y=2u+d

where w(t) is the input, d(¢) is the disturbance, and y(¢) is the output. The initial
condition is y(0) = 2.
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Let u(t) =
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and d(t) =

t<1.5
t> 1.5

Sketch the response y(¢) on the graph provided next.
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3. A system is desceribed by the following differential equation:
g(t) =2y(t) = u(t)
where u(f) is the input and y(¢) is the output. The initial condition is y(0) = 0

(a) Is the system described by the SLODE stable?
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(b) We wish to control the SLODE using a controller of the form
u(t) = Kpp(r —y) + Kppr + uq(t),

with iy, the feedback gain , Ass the feedforward gain, and u,(t) an input distur-
bance signal (an external signal we do not have control over). Write the closed-
loop differential equation.
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(c) Sketch the Simulink block diagram for the closed-loop system in the previous
question 3(b). )
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(d) Which values of the controller K, and (s guarantee closed-loop stability?
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(e) Assume I 77 = 0. Can you design a controller Ky, such that
(1) the closed-loop system is stable,
(2) the steady-state output tracking error less than 10% when the reference signal
is constant and when w,(t) = 0, i.e. |ys — 7] < 0.1]r| with yg, the steady-
state output when uy(t) = 0,

(3) The steady-state attenuation of a constant input disturbance is greater or
cqual than 90%, i.e.
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with 7,4 the steady-state output when r = 0 and w, is constant.
(4) Ky, can not have a magnitude more than 20, i.e. |Kp| < 20.

Report the value of the controller Ky, if you were able to find one. Otherwise
claim that the control design problem has no solution.
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; = 0 and solve the control design in the previous
| controller Kpp and feedback
of the previous question 3(e).

() Remove the assumption that [y
question 3(e). In other words, design a feed-forware
controller Ky, which meet the specifications (1)-(4)
Report the values of Ky and K.
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4. Consider the same system of the previous exercise
B0 =290 = )
and a controller described by the differential equation
u(t) = K (r —y) + Ky

What are the conditions on [} and [, which result into a stable closed-loop system?
(Hint: the closed-loop system linking r and y will be a second order differential equa-

tion)
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5. Cousider the first order LTI system described by the differential equation

y(t) + ay(t) = bu(t)

0 E I _ .
where u(t) = ) ) is the input, and y(t) is the output.
2sin(wt) + sin(100wt) ¢t >0
The bode plot for this system is shown below.
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(a) Assume that the output has reached steady state after 4 seconds, based on the
bode plot, draw the steady-state output y.,(t) for w = 3. Make sure you label the
response properly, i.e. amplitude, phase-shift, period.
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