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Question ONE (Compulsory)

a. Figure Qla shows a process which is being controlled in a closed-loop system with
unity feedback. The process can be modelled using a first-order model with system

gain, K, and a system time constant, . (15 marks)
Controller Process
Oi(s) + | K Oo(s)
5 s+1

Unity Feedback
Figure Qla

i.  Obtain the expression for the forward-path transfer function for the system,
Go(s).
ii.  Determine the system type number.
iii.  Obtain the expression for the closed-loop transfer function for the system, G(s).
iv.  If this system was subject to a unit step reference input, what would be the
steady-state error value? Use your knowledge of system types, controller effects
or the final value theorem.
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v.  If the system time constant, 7is 0.1 seconds and the system gain K is 2.5, will the
closed-loop system be underdamped, critically damped or over-damped?
b. Consider the closed loop system with a unity feedback as shown in Figure Q1b.

K
R(s)—)(‘%—) s(s+10) > C(s)

Figure Ql1b
i.  Determine the gain K so that the system will have a damping ratio of 0.5.
ii.  For the obtained value of K determine the following for a unit step input:
1. Settling time,

ii.  Rise time,

iii.  Time to peak,

iv.  Maximum overshoot (15 marks)

Question TWO

a. State any TWO advantages of modern control approach to system modeling as
compared to classical approach. (2 marks)

b. Define the following terms:

i. State vector,
ii.  State variable, (2 marks)

c. Consider a transfer function of a system as shown in Figure Q2a

s2+7s+2
R(s) = $3 1952 + 265 + 24 > C(s)

Figure Q2a

i.  Find the state equation and output equation for the phase variable
representation of the transfer function.

ii. ~ Draw an equivalent block diagram showing phase variables. (10 marks)

d. Figure Q2b shows the translational mechanical system. Obtain the state model of the
system. (6 marks)
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Figure Q2b
Question THREE
a.
i. State Routh-Hurwitz criteria for stability. (3 marks)
ii. State any THREE limitations of using Hurwitz criteria for determining stability of a
system. (6 marks)
iii. Consider the closed loop system shown in Figure Q3a. Determine the range of values
of K for which the system is stable. (6 marks)
K
R(s) —>  s(s2+s+1D(s+4) > C(s)
Figure Q3a

b. Figure Q3(b) shows the block diagram for a system which has two subsystem blocks
on the feed-forward path and two subsystem blocks on the negative feedback path.
Derive an expression for the output response 6, (s) in terms of the reference input

0;(s) and the two disturbance inputs 84, (s) and 64, (s). (5 marks)
Ba(s) Baz(s)
0(s) + p +¢ Ou(s)
—> Giis) | GoAs) =
H(s)
Figure Q3b
Question FOUR

Figure Q4 shows the block diagram of a complex system which includes three negative
feedback loops, the outermost of which is a unity feedback loop.
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X(S) + + 1 + 10 Y(S)
— -1 -
A X S X 25+1
0.5
s+2
Figure Q4
a. Show whether the above closed-loop system is stable or unstable. (8 marks)

b. Either through knowledge of the response of system types to different inputs or by
applying the final value theorem calculate the steady-state error for this system to the
following inputs:

i. A step input of magnitude 10.
ii.  Aramp input given by x(t)= 10t .

iii. A parabolic input given by x(t)= 10#2 (6 marks)
c. Calculate an expression for the output time response of the system y(t) when the input is a
step input of magnitude 10 if the output response is zero at time ¢ = 0. (6 marks)
Question FIVE

a. State the effect of introducing feedback on the stability of control systems. (2 marks)
b.
i.  State the Nyquist criterion.
ii. ~ The Nyquist plot of a unity feedback system having open loop transfer function
is as shown in Figure Qba.

oD\
Z

-1.33

Figure Qba.
Given the open loop transfer function:
K(s+5)(s+3)
(s=2)(s—4)
When K=1 the system is stable. Determine the range of K for the system to be
considered stable. (8marks)

G(s) =
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c. Figure Q5b shows a schematic of an armature-controlled d.c. motor which essentially
consists of an armature coil in a magnetic field. The armature consists of a resistance,
R, and an inductance, L, in series. When current, i, flows through the armature, the
coil rotates generating a torque, T, which is proportional to the current, so that T =
Ki. Since the armature is rotating in a magnetic field, a voltage, known as the back
e.m.f. (e) will be induced in it. The back e.m.f. is proportional to the armature rotation
speed, w , so that e = Kj, . The motor drives a mechanical load with moment of
inertia, I, and with a rotary viscous damping coefficient, c.

i R L
T —
Armature 4 w(t) T(1)
ltage, v |— rmature 33_1_L‘
vottage, —|' circuit 4 \ N 1
L
Constant ¢
field
Figure Q5b

Show that the transfer function which relates Q(s) , the Laplace transform of the armature
rotation speed, w(t), to V(s), the Laplace transform of the armature voltage, v(t) , is given by
the following expression: (10 marks)

Q(s) K,
V(s) (LIs?+ (RI + cL)s + (Rc + K, K,

G(s) =
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