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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)
EEE2108: MODERN CONTROL SYSTEMS ENGINEERING
FINAL EXAMINATION: APRIL 2019 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 square brackets. Present your answers neatly and clearly. The assessor
reserves the rights to ignore your answers if they are ambiguous.

Question 1

a. Applyrule-based block diagram reduction method to convert the block diagram shown in

Figure-Q1(a) into a canonical block diagram with a single feedback loop. [10]
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Figure-Q1(a)

b. Convert the block diagram shown in Figure-Q1(a) to a signal flow graph and hence

identify the system'’s transfer function expression in terms of G's and H’'s by making use
of the Mason’s gain formula. [15]
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Question 2

a. Anelectronic system is modeled by the equation,

d?v,(t)  du,(t)
4 = 96v;
Ie2 +9 e + 48v,(t) = 96v;(t)
v, () is the instantaneous output voltage while v;(t) is the instantaneous input voltage.
Calculate the circuit’s,

i. undamped natural frequency, w, [3]
ii. damping ratio,{ [2]
iii. damped natural frequency, w, [£]
iv. unit step steady-state response. [3]

b.  An electronic system is desired to attenuate its input voltage signal by half. However, in
the process of designing, the actual system exhibited the following transfer function,

2
s?+2s+4
where T, (s) is the actual system’s transfer function.

T,(s) =

Examine the steady-state error between the actual system’s output and the desired
system'’s output when responding to a unit ramp input given as,

V() = t [15]

Question 3

a. Sketch the root locus diagram for the system shown in Figure-Q3(a). Show all your
workings clearly. [10]

K(s+2) N
R(s) _’(J%_'s(s FDs+a| 1@

Figure-Q3(a)

b. Identify the closed-loop poles and the associated value of K for the system shown in
Figure-Q3(a) such that it exhibits a closed-loop damping ratio of 0.7071. [15]
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Question 4

a. The open-loop transfer function of a unity feedback system is given as,
10
(1+0.55)(1+0.1s)

Calculate the system’s phase margin. [10]

G(s) =

b. The asymptotic log-magnitude curve for an open-loop transfer function of a unity
negative feedback system is given in Figure-Q4(b).

201ogy0|G(jw)| dB
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Figure-Q4(b)
i. Identify the gain crossover frequency of the system. [3]
ii. Identify the open-loop transfer function expression of the system in factor form. [6]

iii. Examine the phase margin of the system. [6]
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Question 5

Represent the passive circuit shown in Figure-Q5(a) as a block diagram having one

integral feedback and one derivative feedback. V;,,(t) is the input voltage while I(t) is

the circuit current response. Both the capacitor and inductor in the circuit are initially

neutral. [8]

It) R C L

Vin () =\/\—

Figure-Q5(a)

Figure-Q5(b) shows the root locus of a control system when its gain K varies from 0 to
infinity.

K =10--7%
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Figure-Q5(b)
i.  Identify the range of the system gain such that the system is stable and does not
exhibit any underdamped response. [2]

ii. Identify the range of the system gain such that the system is unstable. [2]

iii. Differentiate the system’s impulse responses when its gain K is set at 3.5 and 9.5
respectively. [4]

The characteristic equation of a control system is,
S5+ 7s*+11s% + 252 +10s+14 =0

Determine if the system is stable. [4]
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d. The switch in Figure-Q5(d) is turned off for a long time such that capacitor C is fully
discharged. The switch is turned on again att = 0 s. Express the instantaneous value of
the voltage drops across the capacitor, v.(t) and thus identify the transient and steady-

state expressions of v,.(t) respectively. [5]
t=0s R
.5
Vpe = —C |vc(®)
< <
Figure-Q5(d)

Question 6

a. The open-loop transfer function of a control system is given as,

bs+1

G(S)H(S) = m

where a and b are positive integers.

Identify the maximum value of a, expressed as a function of b, such that the system will
be stable when the feedback loop is closed. [12]

b. The open-loop transfer function of a control system is given as,

G(s)H(s) = 2 =
s(s+1) (§ + 1)
i. Complete the table given in “Worksheet for Q6(b)". [5]
ii. Plot the Nichols chart using linear graph paper provided. [4]
iii. Identify the phase margin of the system. [2]
iv. Identify the gain margin of the system. [2]
~ The End ~
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