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Question 1

(a) Give two (2) advantages of a closed loop system
(2 marks)
(b) Many luxury automobiles have thermostatically controlled air-conditioning systems
for the comfort of the passengers. Draw the functional block diagram of an air-
conditioning system where the driver sets the desired interior temperature on a
dashboard panel.
(3 marks)
(© The schematic diagram for the positional servo system is shown in Figure 1. Assume
that the input and output of the system are the input shaft position and the output

shaft position respectively. Assume the following for the system constants:

K = gain of the potentiometer error Km = motor torque constant
detector (7.64 v/irad) (6 x 10®° N-m/ampere)
K, = amplifier gain (10 volts/volt) Jn = moment of inertia of the motor
R. = armature winding resistance (1 x 10°° kg-m?
(0.2 ohms) b, = viscous-friction coefficient of
L, = armature winding inductance the motor (negligible)
(negligible) J. = moment of inertia of the load
i, = armature winding current (A) (4.4 x 10”° kg-m?)
K, = back emf constant b, = viscous-friction coefficient of
(5.5 x 10 volt-sec/rad) the load (negligible)

N, /N, = Assuming the gear ratio is 1

i. Write the mathematical equations of each of the subsystems and draw the
functional block diagram of the system.
(12 marks)

%(s)

i. Determine the overall transfer function of the system.

(3 marks)
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Figure 1: Schematic diagram of a positional servo motor
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Question 2

(@) Find the transfer function, % for a block diagram of a system in Figure 2 by using
S
the block diagram reduction method.

(10 marks)

Gi(s) |

R(s) > G (s) >l Gs(s) G(s) C(s)

Y

»{ Gs(s)

| Gy(s)

G(s)

A

Figure 2: A block diagram of a system

(b) Figure 3 shows a block diagram of a unity feedback system. Answer the following
guestions:
i. Determine the values of K and P of the closed—loop system so that the maximum

overshoot is 25% and peak time is 2 seconds. Assume J = 1.

(8 marks)
ii. Determine the settling time (Ts),
(2 marks)
1
R(s) —» Qg — o > C)
Js-
1+Ps |«

Figure 3: The block diagram of a system
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Question 3

(a) Figure 4 shows a signal flow graph of a system. Obtain the overall transfer function,
€s) of the system.

R(s)
(20 marks)

— H3
Figure 4: A signal flow graph

(b) Referring to the negative feedback system shown in Figure 5, find the number of
closed-loop poles located in the right half-plane, left half-plane, and on the jw-axis by
using Routh-Hurwitz criterion and comment on the system stability.

(10 marks)

. I
R(s) — | - - C
© _8 07 4353+ 105243054169 (s)

A

L

Figure 5: The negative feedback system
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Question 4

(@) The block diagram of a position control of a crane with load on the end of cable is

shown in Figure 6.

R(s) —» LS > C(s)
(0.5s +1)(s” +3.25 +16)

Figure 6: Crane position control system

i. Plot the asymptotic Bode diagram for the system if given that K = 1000.
(20 marks)
. From the bode plot, determine the gain margin (GM), phase margin (PM), gain
cross over frequency (wyco), Phase cross over frequency (wyeo), and hence state
and justify the stability of the system
(5 marks)

(b) An engineer has found the frequency response of an open loop system and tabulated

it as shown in Table 1.

Table 1: The data of an open loop system.
w (rad/s) | 0.01 | 0.02 | 0.03 | 0.06 | 0.11 | 0.19 | 0.34 | 0.52
IGldB | 21 [195|16.2]|11.2] 4 -3 | -13 | -19
pdch -32 | -52 | -76 | -101 | -125| -146 | -160 | -165

i. Sketch the Nichols plot on the Nichols chart.
(3 marks)

ii. Determine from the Nichol chart, the resonant peak and the bandwidth of the

closed loop system.
(2 marks)
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Question 5

(@) The open loop transfer function of a unity feedback system is given by

G(s) = 100
s°(s+2)(s+5)
i. Determine the system type
(2 mark)
ii. Find static error constants K,, K, and K, for the unity feedback system.
(3 marks)
iii. Determine the steady state error when the input is 5u(t), 5tu(t) and 5t°u(t).
(6 marks)
(b) An open loop transfer function of a unity feedback system is given by
G(s) =— 620K
S°+6s°+11s+6
i, Sketch the Nyquist diagram for (0 < @ < o) for K= 1
(7 marks)
ii. Determine the range of K for stability.
(2 marks)
iii. Determine the frequency of oscillation for marginal stable
(1 mark)
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Question 6

The block diagram of a unity feedback closed loop system is shown in Figure 7.

A

+ 1
R(S) —>®—> K(s+3) > oD 25 49) —» C(s)

Figure 7: Unity feedback closed-loop system

i. Sketch the root locus of the closed loop system as K varies from zero to infinities,
in the s-plane. Indicate the asymptotes, break points on the real axis, cross-over
points at the imaginary axis, angle of departure or arrival, where appropriate.

(15 mark)

ii. Determine gain, K so that the closed-loop system operates at 22% overshoot.

(5 marks)

END OF QUESTION
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Appendix 1
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