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Q1

Q2

Q3
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(@  What components are required to convert an open loop system into a closed loop
system?

(2 marks)

(b) Draw the general block diagram of a closed loop control system.

(3 marks)

(©) Figure Ql(c) shows a schematic diagram of an armature-controlled direct
current motor. This motor is assumed to have a constant magnetic field. Explain
clearly with the aid of a suitable schematic diagram, how the motor angular
displacement B,(t), can be controlled in a closed-loop manner.

(20 marks)

By using the general rules for sketching root locus, sketch the root locus for a control
system with the open loop transfer function given by:

GSYH(s)=———
($)H(s) s2+10s+9
(16 marks)

From the root locus

@ Determine the range of K so that the system response will be over-damped.
(3 marks)

(b)  Obtain the value of K so that the response is critically damped.
(3 marks)

(c)  Determine the range of K so that the response is under-damped
(3 marks)

Figure Q3 shows a block diagram for a control system.

(@  Determine the damping ratio { and the undamped natural frequency ®n .and
explain qualitatively the nature of response that can be expected be obtained

from this system.
(10 marks)

(b) Derive and sketch the system response c(t) for a unit step input.
(15 marks)




Q4

Q5

(@)

(b)

(a)

(b)
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Design a closed-loop speed control regulator that will produce a regulation 0.1%
when the no load speed is 1000 rpm and the load torque is 10 Nm. A
tachogenerator is available as a speed transducer and this has a sensitivity of 10

V per 1000 rpm. The direct current motor that is used in the regulator has the
following properties:

1) On no load, its speed increase linearly with input voltage with a
sensitivity at 10 rpm per input volt; and

(i)  Its speed falls linearly on a torque load with sensitivity of 10 rpm per
Nm of load torque.

(18 marks)
Calculate the percentage  regulation for the same values of no load speed and
load torque if the speed control-regulator is on open loop. Give your comment

on the value obtained.

(7 marks)

Figure Q5(a) shows a phase lead compensator circuit. Show that the transfer
function of this circuit is given by:

E,(s) R, 1+ R,Cs
E() R+R| 1, R pog
Rl + 2

(5 marks)

Design a phase lead compensator by giving the components’ values of the
compensator circuit used, for a control system with a unity feedback such that
the dominant closed loop poles have the damping ratio (=0.5 and the undamped
natural frequency ©,=3 rad/s. The open loop transfer function of the control

system is given by:

G@H@=“Hn

(20 marks)
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