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INTI INTERNATIONAL COLLEGE PENANG '

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEET)
EEE2108: MODERN CONTROL SYSTEMS ENGINEERING
FINAL EXAMINATIONS: AUGUST 2016 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the answer
booklet provided. All questions carry equal marks. Marks for each sub-question are
shown in sauare brackets. Present your answers neatly and clearly.” The assessor
reserves the rights to ignore your answers if they are ambiguous.

Question 1

a. The unit impulse response of a certain system is a sinusoidal signal, sin(t). Determine the
system transfer function and its differential equation. [6]

b. Figure-Q1(b) shows a circuit model of a voltage amplifier circuit. Derive the amplifier’s
voltage transfer function in factor form. From the derived voltage transfer function,

identify the order of the system. [71
R, Co
Vin(s) e—{ i Vour (s)
Ve (861 == ImVe1(s) Ry

Figure-Q1(b)

c. Convert the block diagram in Figure-Q1(c) to a signal flow graph. Making use of the

converted signal flow graph, determine the system transfer function. [12]
1 1 K c
R(s) Ta . - = (C(s)
s? =
0.1 |

Figure-Q1(c)
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Question 2

d.

Figure-Q2(a) shows a negative unity feedback system with an open-loop transfer
function, G(s) given by,

K(s*+ 1)
Gt DT+

K is the system gain value which is greater than 0.

R(s) —*@—A G(s) = (s)

Figure-Q2(a)

G(s) =

a. Determine if the system can be unstable. [6]
b. State the general name of the input signal to the G (s) block. [2]
¢.  State the type number of the system. : [2]
d.” Determine the steady-state error of the system if a unit step input is applied to the system

with K = 5. ' [4]
e. Ifanintegral blockis included in the feedback path of the system, determine the new

steady-state error if a unit step input is applied to the system. [51
£.  From the result of part (e), determine the steady-state value of the output signal. (3]
g, Suggest a proper approach to eliminate the steady-state error of the system in response to

a unit step input. Justify your suggestion. [3]
Questioh 3
a. A closed-loop system has an open-loop transfer function given by,

1+ fs
G(s)H(s) = m—im"}?

i Determine the conditions of a and j for the system to subject for Routh-Hurwitz
stability test. : [51

ii. Determine the relationship of @ and 8 for the system to be marginally stable. [5]




b. A closed-loop system has a closed-loop transfer function given by,
C(s) 50
R(s) s+50
In response to a unit step input, |
i.  Derive the expression of the output signal, c(%).
ii. Determine the steady-state value of the output signal.
iii. Calculate the system's time constant, .
iv. Calculate the system's settling time, t; (assume 2% accuracy)
v.  Calculate the system’s vise time, £,
Question 4

EEE 2108 (F) / Page 3 of 5

[4]
[2]
[3]
[3]
[31]

Identify the pole locations and sketch the unit step response for each of the following system.
Also, state the instantaneous expression for each of the output signal, c(t). Present your
answers using "Worksheet-Q4".

®

R(s):%“—mmb 9 s ()
R(s):%M s:rg O
R(S):% g sz+§s+9 W
R = ey [
ko) = r— Frsers [

[2]

[5]

[6]

[6]

[6]




EEE 2108 (F) / Page 4 of 5
QQuestion 5

Figure-Q5 shows a root locus plot of a negative feedback closed-loop system. The system has a
general characteristic equation expressed as,
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Figure-Q5
a. In general, state if the system is stable for all value of gain K. Justify your answer. [4]

b. Derive the characteristic equation of the system in terms of s and K. Express the
characteristic-equation in polynomial form. [5]

c. Determine the value of gain K if a closed-loop pole of s = —1 is desired. [4]

d.  Make use of the root locus graph to estimate the system’s dominating poles if it's damping
factor is 0.4472. ' [5]

e.  Make use of the root locus graph to estimate the value of gain K that causes the system to
oscillate indefinitely in response to an impulse input. [4]

f. Make use of the root locus graph to estimate the value of gain X that generate two real
overlapping closed-loop poles. : (31
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Question 6

A control system with unity negative feedback has an open-loop transfer function given by,
K

6) = 3789

a. i Derive an expression for the peak value of the modulus of the closed-loop frequency
response M, in terms of K and T. [8]

ii, 1fthe time constant T is 0.01 s, determine the value of open-loop gain K- that will give
an M,, value of 1. , : [4]

b. i  Derive an expression for the phase-margin of the open-loop frequency response in

terms of K and T. [8]
ii. Using the value of KT which correspond to the value of K determine in part (a)(ii),
find the value of the phase margin in degrees, which will give an M, value of 1. [5]
~ The End ~
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