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QI (10 points). For the closed loop control
system shown in figure (7).

Determine the value of the two system variables
K and a so that the maximum overshoot is 35%
and the peak time is 1.5 sec.

-\'-"md also the value of the rise time and the
setting time.

Figure (/)

Q2 (10 points). Consider the open loop system described by the transfer function G(s) and configured as
in the block diagram of figure (2). If the input signal is given as (u(t) = 20 sin 5¢) and

G(S) o (s+5)

(s+2)(s+1+/)(s+1-j) ~
(a) Is this system being a stable system? Why?
(b) If the system is stable, find the response of

this system as a function of time (y(t)).
/ (¢) If the system was configured in a closed 4 ue) &) ¥
[ s . put varisble System Output variable
| loop control with a gain K, sketch an ¥
\ approximate plot of the root locus of the Figure (2
\ system. o

\ 03 (10 points). For the system described
by the block diagram of figure (3) with:

K 1
G, =1, Gy =55 G3=7; Gs=1land

Ut ¥s)

a - Find the overall all transfer function
that relates the output signal Y(s) to the
input signal U(s).

b - Find the values of K for which this
control system is stable.

—_—
0410 /mm/s) For the control system of the fig, igure (4),

+4
G(s )_ = ) A ,C(s)=K, Il(s)—\I and
s+4

2 455+ 5) Ufs)
o—

U(s)= _, . Find the following:

a) The overall transfer function of the system.
@ The expression of the error signal as g function of
time e(v), for K=1.
¢) The relation pctwccn the steady state error and the Figure (4)
controller gain.
d) The values of the gain X that keeps this control
system stable.




block diagram of figure (5):
| a- What is the time constant of the process.
b- If the transfer function of the controller is

‘ 05 (10 points). For the control system shown in the

I‘ G, (s)= A:L *mdl;’(s):%. find the values of K, to

| have a peak time ¢, = 2secand a maximum

overshoot M, =15%.
| e- What is the time constant of the overall system.
| d- Find the transfer function that relates the output Figure (5)

| signal to the load L(s).
[ e 2

\ Q6 (10 points). For the control system described by the open loop transfer function, j

(1+105s) 5 o .
\ G(s) = , plot Bode d and find the gain and phase margins. )

‘ 5(1+5) (140.15) (1+.015)
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0173 points). Consider the open loop system described by the transfer function G(s) and configured as in
the block diagram of figure (/). If the input signal is given as ((t) = 20sin 5¢t) and

(5+5)

G(s) = (s+2)(s+1+/)(s+1=j)
(a) Is this system being a stable system? Why?
(b) If the system is stable, find the response of
this system as a function of time (¥(t))-
(¢) If the system was configured in a closed mpuf/\":"mhk S(y;xﬁv)n m"w}" (‘.), o
loop control with a gain K, sketch an
approximate plot of the root locus of the Figure (/)
system. J

Q2 (4 points). For the control system described by the open loop transfer function,

g K (s+1) : : : -
G(s) = G 10) (G100)" plot Bode diagram and find the gain and phase margins for X = 10000.

03 (7 points (5+2)). For the control system of figure (2-a):
1. If the control strategy is a proportional control with an amplification term X.

. Find the overall transfer function of the system.
. Find the open-loop transfer function of the system.
. The characteristic equation of the system.
. Find the values of X that keeps stable this control system.
. Find the values of X that keeps the roots of the characteristic equation of this system out

of the relative stability zone (refer to figure (2-b)).

Stability zone Im_ nstabiy

oo o

(a) (b)
Figure (2)

~

- If we want 1o use the PID controller
schematized in figure (3). Using the
Ziegler-Nicholas methods, what values of
Ke, Trand Tp we must use to obtain an
optimal response of the system.
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FQI {3 points). Consider the system described by the following differential equation:
‘ 2x" 46X +8x—u(t) =0 |

‘ Knowing that u(¢) is the input signal to the system, x(t) is the output signal of the system, and all the
! initial conditions are zeros.
a) Find the transfer function G(x)that relates the outpul to the input
| b) Isthe system in the standard form? 1f not identify it o the standard form
| ¢) Find the values of the undamped naturel frequency (w),) and the damping ratio ({) of the system

L = ==

| . A o {
| Q2 (2 pomts). Consider the system described by the following transfer function

‘ k
‘ &)= Gras vk

Find the valuc of the variable k that gives the most rapid response without any oscillations to a step input
to the system

Q3 (4 ponts). For the control system of the figure (1),
(Eley e ) LR R e
s(s+2)(s+3)" T
Find
a) The overail transfer function of the system.
b) The open loop transfer function of the system.
¢€) The characteristic equation of this system.
d) The values of the gain K that keeps this control
system stable. Figure (1)

L The

085 +1

| Q4 (6 points). Consider the control system of figure (2-a) with G, (s) = i and G(s)=—;
a

response of the system, y(f), to a step input of amplitude 10 is shown in figure (2-b).

(a) Find the value of the parametera .

(b) Find the value of the damping ratio (£, ) and the time constant (7, ) of the process (;(s)
(c) Find the value of the damping ratio (£ ) and the time constant ( 7 ) of the overall system.
(d) Find the peak time 7, the rise time ¢, and the setting time ¢, of the response of the overall

system

Vigure (2-a) Figure (2-b)




