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Instructions :
1. When necessary, you can answer in French or in English.
The only material you can consult is your personal A4 recto-verso piece of paper.
You may use a hand calculator with no communication capabilities.
Marking rule : for each question, +2 points for a correct answer and 0 point for a wrong or no answer
Good luck!
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Multiple choice questions (there is one correct answer from the choices only)

Which of the following statements is valid for a linear time-invariant dynamic system ?
O It is described by an ordinary differential equation with time-invariant coeflicients
[ Its response to a sinusoid of a given frequency is also a sinusoid of a different frequency
[0 It represents all dynamic behaviors of physical systems that exist on earth
Which statement best describes a transfer function ?
[0 It is a linear differential equation that describes the transient response of a system
[0 It is single mathematical function that relates the input and output Laplace transforms of a system
[J It represents a dynamic system in state-space
Which of the following is a characteristic of a first order system ?
[J Tts step response has a non-zero slope at the origin
O It can be modelled using a first-order differential equation
[0 It does not exhibit oscillatory behavior when excited
O All of the above

If the differential equation of a system is : §(t) + 5y(t) = —10u(t)
then the steady-state gain of the system is :

01 0 -2
s 0 —-10
) ) 0.2
If the transfer function of a first-order system is : G(s) = 01
s+ 0.
then the time-constant of the system is
U % seconds ] % seconds
O 10 seconds O 2 seconds
. . 2
If the transfer function of a second-order system is : G(s) = Pis11
5?2+ s
then the damping ratio of the system is
oo 01
1
a3 02
Y (s) 2

If the transfer function of a second-order system is : G(s) = —~ = ——
U(s) s(s+2)
then its response to a unit step u(t) =I'(¢) is
O y(t) = (¢t + 0.5e2H)T(¢) O y(t) = (1 — e 2HT(t)
O y(t) = (t+ 0.5+ 0.5e2)T(¢) O y(t) = (t — 0.5+ 0.5e2)T(¢)



Match each of the four given transfer functions G;(s) for i =1,...,4

s+0.1 1 1.3 2
Gi(s) = ; Ga(s) = ————; Gs(s) = ——; Gy(s) =
1(5) sz 2(5) s24+0.4s5+1 3(s) s24+s5+1’ 4(s) 542
with one of the unit step responses labelled with a Roman number (I to VI) displayed in
Figure 1.1.
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FIGURE 1.1: Step responses of 6 different linear systems
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If for a closed-loop system, the Laplace transform of the error signal is : £(s) = S0
s

then the steady-state value of the error () is

0 3.6
024

0 1.8
oo
From the pole-zero diagram shown in Figure 1.2, the system is

O] stable ] marginally stable
O unstable [0 possibly stable
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FIGURE 1.2: Pole-zero diagram.



Assuming the system has unit steady-state gain, determine from the pole-zero diagram shown
in Figure 1.2, its transfer function is :

G(s) =

A system has the following characteristic equation : s* 4+ 253 + 352 + 10s + 8 = 0.
Select the number of roots in the right half of s-plane that the system has :
O one O two
O three O four

The closed-loop block-diagram for a system is shown in Figure 1.3.
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A

F1GURE 1.3: Closed-loop block-diagram of a feedback control system

The range of values for k, that ensures the stability of the closed-loop system is :

O0<ky,<2 Ok, >1
Ok, >2 O0<k,<1

For the range of values for k, that ensures the stability of the closed-loop system represented
in Figure 1.3, the steady-state error to a unit step reference is :

01 O kp

0 400 oo

The closed-loop block-diagram for a servo-control system is shown in Figure 1.4.
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FIGURE 1.4: Closed-loop block-diagram of a servo-control system

The value for k, that makes the closed-loop step response to be critically overdamped is (the
correct answer gives 3 points) :
Ok, = i O kp
Ok =1 Ok

2
4

P

The closed-loop block-diagram for a servo system with both feedback and feedforward control
is shown in Figure 1.5 (the correct answer gives 3 points).
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F1GURE 1.5: Closed-loop block-diagram of a servo system with both feedback and feedforward control

Determine the closed-loop transfer function : Fop(s) = ) =



Some useful properties of the Laplace transform

L(ax(t) + By(t)) =aX(s) + BY (s)
L (i(t)) =sX(s) — (0)

lim «(¢) =lim sX(s) if the limit exists
t——+oo s—0

Some Laplace transform pairs

Signal Laplace transform

1

T'(t -

(t -

1

r(t) = tI'(t) 2

1

7atr t
e”"'I(t) i a
First-order systems
K
G =
() 1+Ts

The 2 characteristic parameters of a first order system are :
— K : steady-state gain : K = lim G(s)

s—0
— T : time-constant

Characteristic values of a first-order system step response

Rise-time at 63% T63% =T
Rise-time at 95% T95% 3T

m

Settling-time at 5 % T>% ~ 3T

Second-order systems

G(s) K Kuw?

5)= "2 T 2419 2

8—2—1—2134—1 §% 4+ 2zwos + wy
Wy wo

— K : steady-state gain
— %z : damping ratio (z > 0)
— wp : undamped natural frequency

Characteristic values of a underdamped second-order system step response

-7z
Th ) — ——
Value of the first overshoot in % Dy = y(Tp,) — y(+oc) x 100 = e V1 —2% x 100
y(+00) —y(0)
(In(Dy))?

Damping coefficient as a function of D; (not in %) 2z = (D)) + 2

b
Time-instant of the first overshoot Tp, = ——
YVl = 22
Value of the n*® overshoot in % Dyo, = —(—D41)™ x 100
Time-instant of the n*" overshoot Tp, =nTp,



