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This paper contains two questions.
All answers must be in provided answer sheets.

Answer ALL questions.

An outline marking scheme is shown in a square to the right of each question.

ILinear—Logarithmic Graph Paper is provided with this examination paper. |

(A table of Laplace Transforms and few formulas are given at the end of this examination paper. ‘

Only University approved calculators may be used.
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Question 1

Part a

Consider the electrical circuit shown in Figure 1, where v,(t) represents the voltage across the

resistor and v;(t) is the input voltage. The component values are given as Ly = Ly = 1 H,
3 =1 Euemel =20

ilt) C) R w,(t) CT”— velt)

Figure 1: Electrical circuit for Question 1.

la. Formulate the mathematical model of the circuit in the state-space representation. Con-
sider the state variables zy = 4y,, 3 = i1,, and z3 = v¢, the input © = v;, and the output

y = v, (the voltage across R).

Part b

Consider the state-space model for a system as:

x(t) = Ax(t) + Bu(®),  y(t) = Ox(t) + Du(t),

where

1b.1 Obtain the transfer function between the output y and the input u using the state-space

method. .

1b.2 Sketch the location of the poles and zeros in the s-plane and discuss the stability of the

system.
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Question 2

Consider the block diagram shown in Figure 2. The closed-loop system represents a satellite
attitude control system with both angular position and angular velocity feedback. The constant
gains K and K, are to be determined.

Satellite

Y

S A——

Figure 2: Block diagram of the satellite control system.

2.1. Simplify the block diagram and determine the transfer function G(s) between the input

r(t) and the output 6(¢).

2.2. Compute the steady-state error e, of the closed-loop system for a unit-step input.
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Question 3

Consider the block diagram shown in Figure 3.

R(s) < 1 Y(s)
—

“s(s+1)(s+2)

X
i
Y

Figure 3: Block diagram for Question 3.

3.1. Using the Routh—Hurwitz stability criterion, determine the range of values of the gain K
for which the closed-loop system remains stable.

3.2. Sketch the root locus of the system Clearly indicate the asymptotes, breakaway points,

and imaginary-axis crossings (if any). 10 Marks

3.3. Determine the value of the gain K that makes the closed-loop system marginally stable.
For this value of K, calculate the corresponding natural frequency of oscillation.
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Question 4

The open-loop transfer function of a third-order system is given by:

80(s+ 1)

Bla)= s(s+4)(s+20)

4.1. Sketch the magnitude and phase Bode plot of the open-loop transfer function. Use loga-
rithmic scales and apply asymptotical approximations.

4.2. Calculate and show the gain and phase margin for the transfer function L(s) using the

Bode plot.
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Key Formulas
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1 1 Laplace Transform Properties
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