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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)
EEE2108: MODERN CONTROL SYSTEMS ENGINEERING
FINAL EXAMINATION: JANUARY 2017 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. Find the negative unity feedback system that is equivalent to the system shown in Figure-

Q1(a). [13]

R(s)—@— : I S ! - C(5)
s+ 1

4 ==

Figure-Q1(a)

~b. Find the transfer function, T(s) = C(s)/R(s), of the system represented in the signal flow
graph shown in Figure-Q1(b). [12]

Figure-Q1(b)



ERXREZ108 (F)/ Paze 2 0f 5
Question 2
a.  The behavior of a control system is described by the following differen tial equation,

d?c(t) de(t)

12
dt? K dt

Where, c(t) = controlled variable and r(t) = reference variable.

+32¢(t) = 32r(L)

All initial conditions of the system is assumed zero.
i.  Solve for c(t) if r(¢) is a unit step function. [8]

ii. From the solution obtained in part (a)(i), determine the steady-state value of the
controlled variable. [3]

iii. From the solution obtained in part (a)(ii), determine the steady-state error of the

system. [2]

b. i. State one advantage of analyzing the behavior of a system in frequency domain. [2]
ii. Define “poles” of a system. [3]

iii. Explain how poles help to identify the stability of a given system. [3]

iv. The transfer function of a system is given by,

T(s) = 50(s +2)
T2t 13s+4
Calculate the system’s poles and identify if the system is stable. [4]

Question 3

a. i Explain how Routh-Hurwitz stability criterion helps to immediately identify a system
with the following transfer function is unstable.

5s
s3—3s2+4s5+7 [3]

T(s) =

i, When the Routh-Hurwitz array table has an entire row containing all zero value
elements, explain how this condition helps to identify all the pole locations of a forth
order system using manual calculation. [3]

iii. Explain how Routh-Hurwitz array table can be used to identify the parameter limits
of a system to ensure system stability. [3]
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b.  Asecond order system has poles located ats = —2.1 + j5.62 and a DC gain of 10.
i.  State if the system is stable or unstable and briefly explain. [2]
ii.  State the damped natural frequency of the system. 2]
iii. Calculate the time constant of the system’s transient response. [3]
iv. Calculate the undamped natural frequency of the system. [3]
v.  Calculate the damping factor of the system. [3]
vi. Derive the system’s transfer function. [3]

Question 4

a. A negative unity feedback system has an open-loop transfer function given as,

60(s + 3)(s + 4)(s + 8)
S (5488 17)

Calculate the steady-state error of the system if the input is 80t%u(t). [8]

G(s) =

b. The closed-loop transfer function of a system is given by,

T(s) = 2500
*/ = 5315257 + 1505 + 2500
Approximate the damping factor and undamped natural frequency of the system. [8]

c. Determine appropriate values for the components in Figure-Q4(c) so that the output
voltage, V.. exhibits the following performance criteria when responding to a unit step
input:

Overshoot = 16.3%
Settling time = 80 us at 2% accuracy
Peak time = 36 us [9]
L
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Figure-Q4(c}
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Question 5

a.  Figure-Q5(a) shows the root locus of a control system.

Figure-Q5(a)

i.  Determine the system open-loop transfer function, G{(s)H(s). [4]

ii. By calculation, find the value of the system open-loop gain, K which locates a closed-
loop pole on the locus at P. 7 [6]

b. A system has an open-loop transfer function given by,
K

COHS) = o e T 65 1 68

i.  Determine by calculation, the maximum value of the gain constant K for which the
system is stable in closed-loop. [4]

ii. Sketch the complete root loci for the system. [11]



Question 6

4. Atype-0 negative unity feedback system has an open-loop transfer function given by,

) =
fits] 1+ sT;
. Calculate the static position error constant (Kp) of the system. [2]
ii. Sketch the Bode magnitude diagram of G (s). [3]

iii. From the sketch obtained in part (a)(ii), identify the point that indicate the static
position error constant of the system. [1]

b. A type-1negative unity feedback system has an open-loop transfer function given by,

fs) = (14 sTy)
1
Assume K > 1land — > 1.
1
i.  Calculate the static velocity error constant (K,,) of the system. [2]
ii. ~Sketch the Bode magnitude diagram of G (s). [4]

iii. From the sketch obtained in part (b)(ii), identify the points that indicate the static
velocity error constant of the system. ' [2]

c.  Atype-2 negative unity feedback system has an open-loop transfer function given by,

Fly) = sy
) $*(1+ 5Ty)

1
Assume K > land — > 1.

T
i,  Calculate the static acceleration error constant (K,) of the system. [2]
ii. Sketch the Bode magnitude diagram of G(s). [5]
iii. From the sketch obtained in part (c)(ii), identify the points that indicate the static

acceleration error constant of the system. [4]
~ The End ~
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Tran Response Perormancs St itevia of 2™ Order

Overshoot, 0S =e V1=
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Rise Time, t, =
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Settling Time,t; = *—Ez;—ln (TO-O)
n

Esrmulas for Reot Locus Construction
%(poles) — L(zeros)

n—m

Asymptote Centroid, o, =

2g-+1
Asymptote Angle, ¢ = =

e % 180°, g = L2 (n—m-—1)}

Angle of Departure, ¢ = —¥(other GH pole angles) + %(GH zero angle) + 180°
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